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FOREWORD

The Cementitious Barriers Partnership (CBP) Project is a multi-disciplinary, multi-institutional collaboration
supported by the United States Department of Energy (US DOE) Office of Tank Waste Management. The
objective of the CBP project is to develop a set of tools to improve understanding and prediction of the long-
term structural, hydraulic, and chemical performance of cementitious barriers used in nuclear applications.

A multi-disciplinary partnership of federal, academic, private sector, and international expertise has been
formed to accomplish the project objective. In addition to the US DOE, the CBP partners are the Savannah
River National Laboratory (SRNL), Vanderbilt University (VU) / Consortium for Risk Evaluation with
Stakeholder Participation (CRESP), Energy Research Center of the Netherlands (ECN), and SIMCO
Technologies, Inc. The Nuclear Regulatory Commission (NRC) is providing support under a Memorandum of
Understanding. The National Institute of Standards and Technology (NIST) is providing research under an
Interagency Agreement. Neither the NRC nor NIST are signatories to the Cooperative Research and
Development Agreement (CRADA).

The periods of cementitious performance being evaluated are up to or longer than 100 years for operating
facilities and longer than 1000 years for waste management. The set of simulation tools and data developed
under this project will be used to evaluate and predict the behavior of cementitious barriers used in near-
surface engineered waste disposal systems, e.g., waste forms, containment structures, entombments, and
environmental remediation, including decontamination and decommissioning analysis of structural concrete
components of nuclear facilities (spent-fuel pools, dry spent-fuel storage units, and recycling facilities such as
fuel fabrication, separations processes). Simulation parameters will be obtained from prior literature and will
be experimentally measured under this project, as necessary, to demonstrate application of the simulation tools
for three prototype applications (waste form in concrete vault, high-level waste tank grouting, and spent-fuel
pool). Test methods and data needs to support use of the simulation tools for future applications will be
defined.

The CBP project is a five-year effort focused on reducing the uncertainties of current methodologies for
assessing cementitious barrier performance and increasing the consistency and transparency of the assessment
process. The results of this project will enable improved risk-informed, performance-based decision-making
and support several of the strategic initiatives in the DOE Office of Environmental Management Engineering
& Technology Roadmap. Those strategic initiatives include 1) enhanced tank closure processes; 2) enhanced
stabilization technologies; 3) advanced predictive capabilities; 4) enhanced remediation methods; 5) adapted
technologies for site-specific and complex-wide Decontamination and Decommissioning (D&D) applications;
6) improved Spent Nuclear Fuel (SNF) storage, stabilization and disposal preparation; 7) enhanced storage,
monitoring and stabilization systems; and 8) enhanced long-term performance evaluation and monitoring.

Christine A. Langton, PhD
Savannah River National Laboratory

David S. Kosson, PhD
Vanderbilt University / CRESP
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1 INTRODUCTION

The Cementitious Barriers Partnership (CBP) has developed a set of software tools, namely the CBP Software
Toolbox, to predict the structural, hydraulic, and chemical performance of cement barriers used in nuclear
applications over extended time frames. These tools can be used to evaluate the behavior of cementitious
barriers used in near surface engineered waste disposal systems including waste forms, containment structures,
entombments, and environmental remediation. Cementitious materials can be exposed to various dynamic
environmental conditions that cause changes in material properties; the current CBP Software Toolbox models
(i) sulfate attack, (ii) carbonation, (iii) oxidation and (iv) primary constituent leaching.

Two state-of-the-art software tools were selected as a starting point to capture important phenomena:

o LeachXS™/ORCHESTRA developed by the Energy Research Centre of the Netherlands (ECN) (ECN
2007, Meeussen 2003) and

o STADIUM® developed by SIMCO Technologies, Inc. (SIMCO 2008).

The GoldSim Monte Carlo simulation program (GTG 2010d, GTG 2010e) was chosen as the code integration
platform to allow LeachXS™/ORCHESTRA and STADIUM® to be run probabilistically (Brown & Flach
2009b). GoldSim™ is a Windows-based, graphical object-oriented computer program that provides a flexible
environment for probabilistic model development (Brown & Flach 2009b).

A general Dynamic-link Library (DLL) interface was developed by the CBP that links GoldSim with the
selected external codes (Smith III et al. 2010a). The DLL uses an instructions file, updated by GoldSim for
each realization to create an input file for the external application, runs the external code, and returns a list of
outputs (read from files created by the external application) back to GoldSim. GoldSim provides: 1) a
consistent user interface to the selected external applications, 2) the capability of performing probabilistic
analysis with individual codes, and 3) the capability of ultimately coupling selected codes in a synergistic
manner.
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A GoldSim Player version is made available by the GoldSim Technology Group that allows running but not
editing GoldSim models (GTG 2010c). The Player version makes the software readily available to a wider
community of users that would wish to use the CBP application but do not have a license for GoldSim.

Version 1.0 of the CBP Software Toolbox was released in 2012. Version 2.0 is now available and the GoldSim
interface component is described in this User Guide. The most significant changes to the software are listed
below.

Version 2.0 of the GoldSim interface includes new modeling capabilities:
e Input to the STADIUM model has been modified to allow modeling chloride attack on concrete in

addition to the original sulfate attack model.

e A more complete model of cement carbonation using LeachXS/ORCHESTRA replaces the
preliminary carbonation model in Version 1.0.

e A new “Percolation with Radial Diffusion” model describing leaching through cracked concrete using
LeachXS/ORCHESTRA has been added to the Toolbox.

In addition to these new modeling capabilities, several other modifications to the software have been made.
The most significant of these changes are (Smith III et al. 2013):

e Improved graphical display of model results.
e Improved error analysis and reporting.
e An increase in the maximum number of model nodes allowed from 301 to 501 nodes.

e The ability for the user to set LeachXS/ORCHESTRA simulation times through the GoldSim
interface.

This user guide describes use of the GoldSim interface to the CBP Software Toolbox in detail and discusses
the following topics:

e  What is the CBP Software Toolbox?

e How does the CBP Software Toolbox work?

e  What Partner Codes are in the CBP Software Toolbox?

e CBP Software Toolbox File Structure

e Basic GoldSim Interface Concepts including model elements, navigating, and running

e Tutorials for interfacing with both STADIUM® and LeachXS™/ORCHESTRA
The user guide for Version 2.0 closely follows the user guide published for Version 1.0 and repeats some of
the information provided in the initial guide. However, the Toolbox modifications were felt to be significant

enough that a new user guide should be issued.

The information provided in this user guide supersedes previous versions of the Toolbox user guide.
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2 WHATIS THE CBP SOFTWARE TOOLBOX?

The CBP Software Toolbox is an integrated system that allows state-of-the-art partner codes (namely,
STADIUM® and LeachXS™/ORCHESTRA) to be evaluated within a probabilistic framework created using
the GoldSim™ software. Each of the partner codes is also available to be run independently. The GoldSim
framework provides a consistent interface to selected external applications allowing probabilistic analysis of
individual codes that were generally designed for the deterministic analysis of reactive transport in
cementitious materials for important aging and degradation phenomena. The degradation phenomena involved
in the current revision of the CBP Software Toolbox include sulfate ingress, chloride attack, carbonation and
attack (via cracking) of cementitious materials used in nuclear applications.

2.1 How s the CBP Software Toolbox Installed?

Installation of the CBP Software Toolbox requires that the user be registered with the CBP to obtain the
appropriate installers and instructions.

A request for registration can be made by emailing the Toolbox Administrator (Ibliss@cresp.org). The
request will be processed and, upon approval, download, and installation instructions (Brown et al. 2013) will

be provided to the registrant.

2.2 Whatis in the CBP Software Toolbox?

The CBP Software Toolbox consists of:

¢ A GoldSim model (in this instance saved in a GoldSim Player file,
CBPsoftwareToolbox V2.0.gsp) including a series of Dashboards and external interface
elements that control partner code evaluation. Instructions on downloading the GoldSim Player (GTG
2010c¢) will also be provided during the registration and installation processes.

e A CBP custom Dynamic-link Library (DLL) (Smith III et al. 2010a) that is called from the GoldSim
external interface element to link to the selected CBP partner code.

e CBP partner codes including:

o LeachXS™/ORCHESTRA — LeachXS™ is a database coupled with an expert system for material
characterization and environmental impact assessment based on estimated contaminant release
rates derived from leaching tests. Geochemical speciation and chemical reaction/transport
modeling capabilities are integrated into LeachXS™ using ORCHESTRA.

o STADIUM® — A numerical model used to predict the transport of ions and liquids in reactive
porous media that has been used to estimate service life of concrete under attack from chloride
and sulfate ions. Results have been validated through laboratory test results and field exposure
observations.

o A custom CBP Mesh2D program (Flach & Smith II1 2012) called from a GoldSim external interface
that creates the finite element mesh that is used in the STADIUM® partner code.
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e A text editor to modify the model input files, including the finite element mesh file, needed to run a
STADIUM® simulation.

e  Gnuplot to view the finite element mesh created to run a STADIUM® simulation and used to view
model results.

2.3 What can | do with the CBP Software Toolbox?

Although partner codes can be run in standalone mode, the GoldSim interface for the CBP Software Toolbox
can be used to simulate the selected, state-of-the-art partner codes (namely STADIUM® and
LeachXS™/ORCHESTRA) either deterministically or probabilistically for a predefined set of scenarios and
conditions. The primary scenarios involved in the current version of the CBP Software Toolbox are sulfate
ingress, chloride attack, carbonation and attack (via cracking) of cementitious materials.

For the STADIUM® code, contaminant (sulfate and chloride) ingress, ionic leaching in the pore solution, and
modifications to the microstructure of cementitious material are simulated for one-dimensional transport for 1-,
2-, and 3-layer models as illustrated in Figure 2-1.

x=L+ x=L
Waste material Waste material
(saltstone) (saltstone)
x=L
Concrete | § Concrete | € Concrete | §
barrier |9 barrier (o barrier o
x=0 x=0
Soil
x=0T
a) Multilayered case b) Simplified two-layer case c) Single layer case

Figure 2-1. Schematic representation of STADIUM® demonstration cases (SIMCO 2010)

For LeachXS™/ORCHESTRA, external sulfate attack and carbonation can be simulated for a one-
dimensional, one-layer model analogous to that shown in Figure 2-1(c). The situation for the percolation with
radial diffusion model is better described by Figure 2-2.
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Figure 2-2. Idealization of heterogeneous system in advection-radial diffusion approach
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3 HOW DOES THE GOLDSIM INTERFACE WORK?

The CBP code integration uses a GoldSim model linked to the STADIUM® and LeachXS™/ORCHESTRA
partner codes through a custom Dynamic-link Library (DLL) interface developed by the CBP (Smith III et al.
2010a). The DLL interface passes input augments from GoldSim to the selected code and then extracts output
from the code-generated result files. The two partner codes are run independently from GoldSim with no
coupling between the codes. Figure 3-1 shows a schematic diagram of the code integration structure.

CBP ToolBox < [
+ =

Compositions and
physical property data
(Spreadsheets)

o ﬂ | @ Spreadsheet
o O C
5() ) ® f—
Mesh2d N CBP Generic DLL c’vv/ , Dynamic-link library
T External Interface

| Executable (.exe)
Text Editor

Text files

‘ LeachXS/ORCHESTRA

Figure 3-1. Schematic representation of CBP code integration framework

GoldSim provides a framework for performing probabilistic analysis with the partner codes by sampling
stochastic distributions of selected model parameters within GoldSim. The analysis is accomplished by
utilizing built-in GoldSim capabilities to create and sample stochastic distributions and to make repeated
model runs (realizations) in conjunction with the code interface’s ability to send random values from the
distributions as input to the selected code.

The approach is demonstrated by the example calculations in the tutorials provided in Section 7. The standard
version of GoldSim allows the user to run up to four realizations simultaneously. If the GTG distributed
processing module is licensed (GTG 2010b), an essentially unlimited number of realizations can be run
simultaneously to enhance productivity. Please refer to the GoldSim Distributed Processing Module User's
Guide (GTG 2010b) for details on setting up and using the distributed processing module.
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4 WHAT PARTNER CODES ARE IN THE CBP SOFTWARE TOOLBOX?

Brief descriptions of the partner codes (STADIUM® and LeachXS™/ORCHESTRA) that have been selected
for the CBP Software Toolbox are provided in this section. This material was summarized from the CBP Task
3 report where detailed code descriptions are available (Brown & Flach 2009a).

4.1 Whatis the STADIUM® Partner Code?

SIMCO Technologies, Inc. has developed a numerical model called Software for Transport and Degradation in
Unsaturated Materials (STADIUM®) that can be used to predict the transport of ions and liquids in reactive
porous media (SIMCO 2008) including degradation of unsaturated concrete structures exposed to chemically
aggressive environments. In particular, the model has been used to estimate the service life of concrete
structures under attack from chloride and sulfate ions. STADIUM® results have been validated through
laboratory test results and field exposure observations.

Calculations in STADIUM® are divided into two primary modules as shown in Figure 4-1. The first module
accounts for coupled transport of ions and water omitting chemical reactions using a volume-averaged version
of the extended Nernst-Planck equation. Transport equations are coupled to Poisson’s equation that gives the
electrical potential in the material as a function of the ionic distribution and including equations for moisture
conservation and heat conduction. The second module is a chemical equilibrium code. After each transport
step, this module equilibrates concentrations at each node with the phases present. Solid phases form as a
result of species penetrating into the pores of the material. Variation of solid phases leads to local variations in
porosity, which affects the local transport properties of the material (in the transport module).

Input parameters:
material properties
exposure conditions

Mass and energy
transport equations
Chemical equilibrium
equations

Output analysis:
chloride ingress rate
corrosion Initiation

End of
calcutation?,

STADIUM Calculation Engine

Figure 4-1. STADIUM® Overview
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The input information needed to run STADIUM® consists of information entered into a text file (SIMCO
2008, Brown & Flach 2009a):

o Geometry and Time — the user provides the space and time discretization parameters needed for the
underlying numerical algorithm.

e Material Properties — the user provides the characteristics of the material to be modeled including:
mixture proportions, transport properties, binder chemical composition, and initial state.

e Exposure Conditions (Boundary Conditions) — the user enters the exposure conditions including
information describing the ionic species and temperature and humidity boundary conditions (e.g.,
average temperature and relative humidity of the environment, the salinity of seawater, or the
concentration of the ionic contaminant).

o Initial Values — the user provides initial values for each variable in the model including data on the
initial chemical and mineral composition of the hydrated cement paste.

e Corrosion and Printing Options — the user defines the output frequency (step), how and when
corrosion results are computed, and the frequency and number of rebar positions to be analyzed.

At the end of a simulation, output text files are created containing three series of results (SIMCO 2008, Brown
& Flach 2009a):

e Content versus depth — species concentrations over the material thickness as a function of time,

e Content versus time — corrosion related quantities, in total chloride or chloride/hydroxide ratio at
specific locations as a function of time, and

e Corrosion initiation results.

4.2 Whatis LeachXS™/ORCHESTRA?

The Leaching eXpert System (LeachXS™) is a database coupled with an expert system for material
characterization and environmental impact assessment based on estimated contaminant release rates derived
from leaching tests. Databases used by LeachXS™ include data for over 600 materials, scenarios, and
regulations to allow comparisons of test data against specific utilization or disposal conditions. The expert
system assists in evaluation and laboratory guidance, data management and evaluation, source term
description, impact evaluation, and decision analysis.

Geochemical speciation and chemical reaction/transport modeling capabilities are integrated into LeachXS™
using the Objects Representing CHEmical Speciation and TR Ansport (ORCHESTRA) modeling environment.
ORCHESTRA is a modeling framework for defining geochemical equilibrium models and combining these
models with mass transport (diffusion, convection, etc.) for user defined processes (Meeussen 2003). The
ORCHESTRA chemical module calculates chemical thermodynamic equilibrium in a similar way to other
speciation codes but is internally organized very differently. Instead of defining all model equations within the
source code, equations are defined in a user accessible text file in ORCHESTRA. ORCHESTRA has been used
in practice for a wide range of applications that include aqueous speciation, precipitation, ion exchange,
surface complexation, diffusion, convection, solid solutions, colloid adsorption, and biota uptake.
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Figure 4-2. LeachXS™/ORCHESTRA Overview

All ORCHESTRA models contain chemical equilibrium modules describing the chemical reactions and
distribution of elements over different physical-chemical forms in a material. These models require:

e A set of chemical equilibrium reactions representative for the material under consideration.

e A set of element concentrations that can be estimated from total composition measurements or from
pH dependent leaching test results.

e A set of parameters describing adsorbing surfaces; the necessary parameters can be estimated by
determining extractable Fe and Al.

e Liquid to solid ratio.

The main result of a chemical equilibrium calculation is the distribution of elements over the different physical
and chemical forms according to the set of thermodynamic equilibrium reactions provided as input. For each
element, the distribution over the possible forms is calculated. Other generated outputs include: pH, REDOX
potential, ionic strength, and electrical conductivity. The set of results from the LeachXS™/ORCHESTRA
chemical equilibrium module is described by Brown & Flach (2009a). The LeachXS™ user guide also
provides more detailed information about running the program and the results obtained (Seignette et al. 2013).

ORCHESTRA transport modules calculate mass transport and maintain mass balance using information
provided by the chemical modules on the mobility of elements. The transport model needs a set of physical

input parameters including:
e Physical dimensions of the system,
e Porosity, density and effective tortuosity of the material(s),

e  Flow rates (for column simulation),
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e Refresh rates (for tank test),
e  Water saturation/gas volume, and

e Chemical composition of each solid material and each solution that is used in the simulation,
including the parameters describing adsorbing surfaces.

The ORCHESTRA reactive transport model generates a chemical composition that provides basically the same
output as that for a single chemical equilibrium reaction, but as a function of time and space. Outputs include:

e Chemical composition of the system as a function of time and space (i.e., concentration profiles)
including distribution of elements (over mineral, aqueous, gaseous, and other phases), pH, and
REDOX conditions.

e Total fluxes of elements over chosen internal or external system boundaries.

The set of results from the LeachXS™/ORCHESTRA transport module is described by Brown & Flach
(2009a). Additional, detailed information is available in the LeachXS User Guides (ECN 2007, ECN 2012,
Seignette et al. 2013).

10
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5 CBP SOFTWARE TOOLBOX FILE STRUCTURE

The code integration application is supplied with the top level file structure shown in Figure 5-1. The folders
Codes and Template contain executable versions (subject to user licensing) of the CBP partner codes used for
the code integration software. Template is a local folder that contains the information that the user needs to
perform a simulation. The Codes folder and the other auxiliary folders, briefly described below, would
normally be of secondary interest to a user.

As indicated in the Toolbox Installation Guide (Brown et al. 2013), it is recommended that the user create a
copy of the Template folder to run their simulations, this operation is performed, for example, to run the
tutorials presented in this Guide (Section 7) .

Codes
Commen
Information
Installers

Preferences

| Ternplate
@Installatiu:unPru:ucess.du:ucx
[l NotesOnlnstallationPreparation.docx

Figure 5-1. An example of the top-level file structure for CBP code integration application. The
Template folder contains the information needed to perform a simulation.

5.1 Codes Folder and Files

The substructure of the Codes folder, which contains the various software programs that may be needed to run
a simulation, is shown in Figure 5-2.

DLLDel
DLLExternalCode
DLLTie
forgnuplot_V1.1
GetComputerMameA
gp0rcl_win

Lx0

Mesh2d

STADIUM

Figure 5-2. Contents of Codes folder
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Subfolders in the Codes folder contain the software that can be run using the GoldSim code integration

interface. Not all source files will be provided to all users. The subfolder names are largely self-explanatory:

1.

DLLDel and DLLTie contain source code and compiled DLL files used as part of the interface to the
STADIUM code. The folder and source code for these DLLs may not be provided for reasons of
security.

DLLExternalCode contains the source code and compiled DLL files for the primary DLL interface
to the CBP partner codes. Details of the DLL interface and instructions for its use are described by
Smith, et al. (2010a).

forgnuplot_V1.1 contains Fortran 90 source code and an executable file called by the GoldSim
interface to plot results from model calculations. The plots are created using the open source gnuplot
4.4 software.

GetComputerNameA contains Fortran 90 source code and an executable file called when a
STADIUM simulation is run to ensure that the software is resident on the computer that was
registered for using the CBP Toolbox.

gp440rc1_win and its subfolders contain files for the open source plotting software Gnuplot
(http://www.gnuplot.info/).

LXO contains subfolders that perform LeachXS™/ORCHESTRA calculations for cement carbonation
for a 1-layer system, grout cracking (and radial diffusion), and external sulfate attack for a 1-layer
system. The two- and three-layer sulfate attack models are not currently available from the GoldSim
model; the model structure serves as a placeholder for these subsequent options. A fully functional
version of LeachXS™ will be provided by ECN.

Mesh2d contains the source code and executable for the grid generation software used in the code
interface application. A complete description of the functionality of the grid generation software is
provided by Flach and Smith III (2012). The user can access this software and associated files
through the GoldSim interface.

STADIUM contains an evaluation version of the STADIUM® executable program (provided by
SIMCO Technologies as described in the CBP Software Toolbox Installation Guide (Brown et al.
2013)) and the input files: PITZER-STADIUM-V3.dat, CHM-DB-STADIUM-V3. txt and
SOLUTES-DB-STADIUM-V3.dat that are required by STADIUM®. A fully functional version of
STADIUM® specifically designed for CBP use only will be provided by SIMCO Technologies, Inc.
(http://www.stadium-software.com/).

The free software contained in these subfolders is neither supported nor endorsed by the CBP.

5.2 Auxiliary Folders and Files

The auxiliary folders shown in Figure 5-1 perform the following functions:

1.

2.

Common is currently unused and is intended for future use as a folder to store data common to all
CBP partner codes (e.g., common databases called by the GoldSim interface).

Information contains:

a. Copies of the DLL documentation (in the CBP_DLL subfolder)

12
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c.

Copies of relevant CBP reports (in the CBPreports subfolder),
Relevant LeachXS-ORCHESTRA documentation,

Relevant documentation and example of the Mesh2d program used to generate the finite
element mesh for STADIUM® execution, and

Relevant STADIUM® documentation.

3. Installers contain the installation files for:

a.

=

e e ©

G95 contains the g95 FORTRAN compiler that was used to develop some applications such
as DLL interfaces and plotting routines used in the CBP Toolbox.

GNUplot used to view the finite element mesh for STADIUM® execution
GoldSim Player

Java Runtime Environment (JavaRE) needed to run LeachXS™/ORCHESTRA
LeachXS-ORCHESTRA that includes the LeachXS installer

STADIUM is currently empty as a fully functional evaluation version of the necessary
executable file is provided separately by SIMCO Technologies, Inc. as described in the CBP
Software Toolbox Installation Guide (Brown et al. 2013)

4. Preferences contains shortcuts to text editors and plotting programs that the user can modify for use
as desired as described in the Toolbox Installation Guide (Brown et al. 2013). For example, the
shortcut MyTextEditor points to the default text editor which is currently specified to be WordPad.

While source code is available for the CBP generic DLL interface, the Mesh2d software, and GNUPIot
plotting routines it is expected that the user would not normally modify this code.

1t is recommended that the user work entirely in a copy of the Template folder as described both below and in
the Toolbox Installation Guide (Brown et al. 2013).

5.3 Template Working Folder and Files

The expectation is that the CBP Software Toolbox user would work exclusively in a copy of the Template
folder (Brown et al. 2013). The contents of the Template folder are shown in Figure 5-3. The full GoldSim
model used to link to partner codes is in CBPsoftwareToolbox V2.0.gsm; a GoldSim Player version
(GTG 2010c) of the same model is provided for users that do not have a GoldSim license in
CBPsoftwareToolbox V2.0.gsp. The free Player version of GoldSim allows users to view and run but
not edit GoldSim models. Using the dashboards explained in Section 6, the Player version can be used to
modify code inputs and run CBP simulations.

13
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JLEO

| Materials

| Mesh

JRuns

| STADIUM

| THAMES
CEF‘SD&‘J’\'EFETDD"ZIDH_"." 2.0.05m
* CBPsoftwareToolbox_v2.0.gsp
(E|Default_depth_1layer xlsx
@Default_depth_zLayers.xlsx
@Default_depth_layers.xlsx
@DEfﬂult_dEpﬁﬁ_CGlxlsx
@Default_depﬂﬁ_PRD.xlsx
| 7|DLL_LXO_1layer.dat
|Z|DLL_LXO_1layer.log
| 7|DLL_LXO_Aayers. dat
| 7|DLL_LXO_3Layers.dat
|7|DLL_LXO_CO3.dat

Figure 5-3.

|Z|DLL_L*0_CO3.lag

|7 |DLL_LXO_PRD.dat
;DLL_LK'O_F'RD.ng

| ¥|DLL_STADIUM_21 ayers.dat
|Z|DLL_STADIUM_2layers.log

| 7| DLL_STADIUM_3Layers.dat
|Z|DLL_STADIUM_3Layers.log

|| DIDel. di

|| DIExternalCode_LX0_1layer.dl

|%| DIExternalCode_LXO_2layers.dll

|| DIIExternalCode_LXO_3Layers.dl

| %] DlIExternalCode_LX0_CO3.d

|| DIExternalCode_LXO_PRD.dI

|| DIExternalCode_STADIUM_2layers.dl
|%| DIExternalCode_STADIUM _3Layers.dl
|| DIiee. dll

& leps. xls

Example contents of the Template folder

The Template folder currently contains multiple versions of the DLL code interface for 2- and 3-layer
STADIUM® modeling of sulfate ingress or chloride attack, 1-, 2- and 3-layer LeachXS™/ORCHESTRA
(LXO) modeling of external sulfate attack (where only the 1-layer model is active), 1-layer LXO modeling of

cement carbonation, and LXO modeling of percolation with radial diffusion. The difference among these

DLLs is the dimensioning of the input and output arrays used to exchange data between the GoldSim model

and the DLLs and the naming of input and output files. Since these fixed parameters must be defined prior to

model execution, DLL files specific to each application must be created. The corresponding DLL data
specification (* . dat) and log (* . Log) files and other LXO support files are also contained in this folder.

The subfolders in the Template directory perform the following functions:

1. The LXO folder (Figure 5-4) contains the Window batch files (* . bat) used to run
LeachXS™/ORCHESTRA (LXO) and duplicates of the folders in Codes/LXO containing the
corresponding models. Each of the model folders expands as shown in Figure 5-5 for the
CBPCarbonation model. The final folder with the simulation name (CBPCarbonation) contains an
input file (leachxs parameters. txt) thatis updated by the CBP DLL at run time and copied to
the appropriate realization folder (described below) for execution. The line and column numbers
referenced in the DLL . dat input instructions file (Smith III et al. 2010a) must conform to the data
locations in the leachxs parameters.txt file.

Typically, basic LXO models are generated and edited using LeachXS™ (Seignette et al. 2013);
however, the LXO models in the Toolbox for sulfate attack, carbonation, and percolation with radial
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diffusion models have been tested and should not be edited by the user. These models should be used
in their pre-configured modes, additional models will be added to the Toolbox for other scenarios
(multiple layers, different geometries and/or additional phenomena) that will also be defined using
LeachXS™ advanced modeling capabilities.

The batch files bincopyl.bat, bincopyCO3.bat and bincopyPRD.bat are called from the
DLL to copy the files needed for execution of the 1-layer sulfate attack, cement carbonation, and
percolation with radial diffusion models, respectively. The corresponding files for the 2- and 3-layer
sulfate attack models are included as placeholders. The batch files noscreenl.bat,
noscreenCO3.bat and noscreenPRD.bat are called from the DLL interface to make LXO
calculations; these batch files run models without opening the normal, interactive LXO GUI. The
CBPSulfateAttack _1Layer, CBPCarbonation, and CBPPercolation_RadialDiffusion folders
contain copies of the LXO model files for the 1-layer sulfate attack, carbonation and percolation with
radial diffusion models, respectively. The batch files also copy results files (e.g.,

output profiles.dat) to the Runs directory (described below) for subsequent processing by
the DLL. This folder also contains the Excel workbooks that are linked to the GoldSim model. Based
on the model run, GoldSim writes summaries of the LXO input used for each realization to separate
spreadsheets in the workbook. The workbook saves the input values used for later analysis and is
particularly valuable for stochastic runs where input values are randomly assigned.

Blank worksheets should already exist for each realization in the LXO _Summary.xls,
LXO_Summary CO3and LXO Summary PRD.x1ls workbooks. (The information in
LXO_Summary CO3 by rows.xls workbook is added by rows, which has a maximum of 65,536
in supported versions of Microsoft Excel. The maximum number of worksheets in a workbook is
limited by available memory.) If a realization is run corresponding to a non-existent worksheet, then
GoldSim will add worksheets as described in Section 8.5. Worksheets can be added to a workbook as
described in Microsoft Excel Help.

| CBPCarbonation IEJL?{O_Summary.xls
| CBPPercolation_RadialDiffusion @L?{O_Summary_ctllxls
| CBPSulfateAttack_1layer @LKO_Summary_CO 3_by_row.xls
| CBPsulfateAttack_2layers @LXO_Summary_PRD.xls
| CBPSulfateAttads_3Layers % Inoscreeni.bat
. bincopy 1.bat | noscreen2. bat
& Jbincopy2.bat “# noscreen3.bat
| bincopy 3.bat | noscreenC03, bat
# bincopyCO3.bat Z|noscreenPRD. bat

| bincopyPRD. bat

Figure 5-4. Example contents of the LXO folder
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Template
LXO
CBPCarbonation
bin
Projects
CBPCarbonation

Figure 5-5. Example contents of the CBPCarbonation model folder

The Materials folder (Figure 5-6) currently contains three Microsoft Excel spreadsheets containing
composition and physical property data for concrete, salt waste, and soil. The spreadsheets, at a
minimum, hold data for Type 1 and Type 2 concrete, Type 1 and Type 2 Saltstone (i.e., SRS salt
waste), and Type 1 soil. Type 1 concrete composition and properties are representative of the
concrete used to make SRS Saltstone Vault 2 while the Type 2 concrete properties are representative
of the concrete used to make SRS Saltstone Vaults 1 and 4. The Type 1 and Type 2 Saltstone differ
only in the initial composition of chemicals and minerals. The properties used for these materials
were taken from the SIMCO Technologies, Inc. CBP Task 7 report (SIMCO 2010).

Izl_] Concrete_Data.xdsx
IE_I] Saltwaste_Data.xls
IE‘_] Soil_Dataxls

Figure 5-6. Example contents of Materials folder

The Mesh folder (Figure 5-7) contains the data files used to define the STADIUM® computational
grid and output files created from running the Mesh2d finite element mesh generation program (Flach
& Smith 111 2012) using the GoldSim interface as shown in Section 6.4.1. Creating the grid also
generates files that can be used to view the grid formatted for Tecplot Viewer, Gnuplot, and as a
Visualization Tool Kit (VTK) graphics file suitable for viewing with the Vislt and Paraview plotting
software. Mesh files formatted for use by STADIUM® and PORFLOW are also created.

|E| COOR.dat | | Mesh2d.tec
|| Geometry.tec | | Mesh2dwts

| |gnuplotG5P.bt |E| mitypMesh.dat
=] Meshdd.dat || polygon.tec
57| Mesh2d.gif |E'| supertesh.dat
|| Mesh2d.gnu |E| TYPE.dat
EMeshEd.la}r |E'| xMesh.dat

|| Meshdd.log |E'| yMesh.dat

Figure 5-7. Example contents of Mesh folder

The Runs folder contains subfolders where simulation results including hard copies of graphical
displays are stored. The DLL interface automatically creates subfolders in Runs for each realization
when the Save Output option is selected. For a deterministic calculation, a subfolder named
realization_0 is created as shown in Figure 5-8. The contents of this folder with input and output files
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from example deterministic 2- and 3-layer STADIUM® runs are shown in Figure 5-9.

|Chrealization_0

| |CHM-DB-STADIUM-V3. bt B |stad09d-chp-task7-Aayers. s
e [date_23-05-2013_time_13-02-53,jpeg |E'| stad09d-chp-task?-Slayers.inp
= |date_23-05-2013_time_13-03-30.jpeg  |E|stad09d-cbp-task?-3layers.out

| |PITZER-STADIUM-V3.dat B |stad09d-chp-task7-3layers.xls
| 7| SOLUTES-DB-STADIUM-V 3. dat || stadium_2Layers, xml
|E'| stad09d-chp-task7-2ayers.inp |2 stadium_3Layers. xmi

|E'|stad09d-chp-task7-Aayers. out

Figure 5-8. Example contents of Runs folder for STADIUM® simulations

The STADIUM folder contains an input template file (stad09d-cbp-task7-template.inp)
as shown in Figure 5-9 which is used by the DLL interface to create input files for STADIUM
simulations. The line and column numbers referenced in the DLL . dat input instructions file (Smith
III et al. 2010a) must conform to the data locations in this template file. The DLL interface uses this
template and the instructions in the appropriate DLL . dat file to create a STADIUM input file that
will be placed in the corresponding realization folder in Runs (Figure 5-8). The STADIUM folder
also contains the appropriate mesh coordinate and element files (e.g., 20cm-50cm-mesh. cor and
20cm-50cm-mesh. ele, respectively, as illustrated in Figure 5-8) that are required as input to
STADIUM®. Example mesh coordinate and element files for two and three layer STADIUM models
are provided.

The batch files noscreen2.bat and noscreen3.bat are called from the DLL interface to make
STADIUM calculations; these batch files run models without opening the normal, interactive
STADIUM GUI. The batch files also copy results files (e.g., output profiles.dat) to the
Runs directory (described below) for subsequent processing by the DLL.

This folder also contains the Excel workbook STADIUM Summary.x1ls thatis linked to the
GoldSim model. For stochastic simulations, GoldSim writes a summary of the STADIUM input used
for each realization to separate spreadsheets in this workbook. This workbook saves the input values
used for later analysis and is particularly valuable for stochastic runs where input values are randomly
assigned.

Blank worksheets should already exist in the STADIUM Summary .x1ls workbook for each
realization. If a realization is run corresponding to a non-existent worksheet, then GoldSim will add
worksheets as described in Section 8.5. (The maximum number of worksheets in a workbook is limited
by available memory.) Additional worksheets corresponding to increased realizations can be added to
the summary workbook as described in Microsoft Excel Help.
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| | 20cm-50cm-mesh. cor |E'|stad09d-cbp-task7-Aayers.inp
|Z| 20cm-50cm-mesh. ele |E'|stad09d-chp-task7-3layers.inp
| 7] 100em-20cm-300cm-mesh.cor B stad09d-chp-task7-template.inp
|=| 100em-20cm-300cm-mesh. ele @STADILIM_Summary.xlsx
[Elnoscreen2. bat

[E]noscreen3.bat

Figure 5-9. Example contents of the STADIUM folder

6. The THAMES folder is currently not used but is included as a placeholder for planned NIST
development work that will, in part, create an interface to this additional CBP partner code.
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6 BASIC GOLDSIM INTERFACE CONCEPTS

The GoldSim interface for the CBP Software Toolbox provides a bridge to the STADIUM® and
LeachXS™/ORCHESTRA partner codes. Operation of the bridge or interface is controlled through a series of
GoldSim Dashboard elements (i.e., “‘control panels” with simulation control and display functions) that have
been created within the GoldSim software (GTG 2010d). When the user first opens the GoldSim interface
model, the top level container shown in Figure 6-1 appears. (If the GoldSim model does not open as shown in
Figure 6-1, the user can select the “Go” button on the GoldSim Run Controller and select “Go to Model Root
. from the resulting list. It is assumed for this guide that the GoldSim Player will be used.) GoldSim
Dashboard elements (accessible from the Top-Level or Root container) have been created so that the user can
set up and run a simulation and view the results without having to interact directly with the underlying
GoldSim model or linked codes (which would require a fully-licensed version of GoldSim). The Dashboard
functions will be explained in the following sections.

& GoldSim Player - CBPsoftwareToolbox {CBPsoftwareToolbox.gsp) | = | (5] |
File View Model Help

e EYE | al< 2 [HQE®

Cortainer Path: I -
@ - .
T Cementitious Barriers Partnership (CBP)

£ Cementitious Models DLL Link to STADIUM® and LeachXS™/ORCHESTRA Codes

+-§fi Dashboards
-&# Help

~&i Quick_Start_Guide The Cementitious Barriers Partnership (CBP) is a multi-disciplinary, multi-institutional collaboration

supported by the US Department of Energy (DOE) Office of Waste Processing. The objective of the CEP =
project is to develop a set of analytical and computational tools to improve understanding and

prediction of the long-term structural, hydraulic, and chemical performance of cementitious barriers and
waste forms used in nuclear applications. This GoldSim model is the first step to couple partner models
within a probabilistic framework.

Click on '+ to =
i Doubleclick links in A Dashboard is a user
g = interface employed

Goldsim to activat
© s? © activate in Gold Sim to control a
n Ii 4—’// simulation.
F . Dashboards
Help i “\
The GoldSim model
5 F information is
tart Here . containined here.
| P
|
Quick_Start Guide Cementmous_mdels %
cementbarriers.org
Copyright © 2012, § River Nucl Soluti LLC and Vanderbilt University

Distribution Statement: This computer software has been developed under sponsorship of the U.S. Department of Energy. Any further distribution or
use by anyone other than the named licensee of this software package or any data contained therein, unless otherwise specifically provided for, is
prohibited without the approval of the Office of Scientific and Technical Information. Requests for DOE developed computer software shall be referred to
the Energy Science and Technology Software Center at the Office of Scientific and Technical Information, P.0. Box 62, Oak Ridge, TN 37831-1020

This product includes software produced by Savannah River Nuclear Selutions, LLC under Contract No. DE-AC09-08SR22470 with the United States
Department of Energy and under Cooperative Agreement Number DE-FC01-08W07053 entitled The Consortium for Risk Evaluation with Stakeholder
Participation Ill (CRESPY awarded to Vanderbilt University by the United States Department of Energy.

Disclaimer: This material was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor the United States Department of Energy, norVifllsseeeeee——— Baldsim Run Controller
assumes any legal liability or responsibility for the accuracy, col
represents that its use would not infringe privatety owned rights

¥ Containmert ... 5 —

Run Mode: Press F5 to start simulation.

Figure 6-1. Top-Level or Root Container in the GoldSim Interface and the GoldSim Run Controller
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6.1 GoldSim Model Elements

The various objects with which a GoldSim model is constructed are referred to as elements. Each element
represents a basic building block of the simulation and has a particular symbol or graphical image (that can be
customized) representing it on the GoldSim model browser (Figure 6-1). Most elements accept inputs and, in
turn, produce outputs. Typically, elements are given unique names by which they are referenced in the model.
Elements provide mechanisms for entering data into the model and for sampling from distributions for
probabilistic analysis. However, because the GoldSim interface is primarily acting as a “whiteboard” for
information obtained from running partner codes, only a subset of the GoldSim elements are used—and fewer
are critical to the interface operation. The primary elements used are described in Table 6-1.

Table6-1. Overview of GoldSim Model Elements used in the GoldSim Interface (GTG 2010d)

Default Browser

Element Symbol Icon Function
Data = Defines scalar, vector, or matrix data.

e .5
Stochastic /\\ h Defines uncertain data using probability distributions.
Expression Defines mathematical or logical expressions.

|
Lookup p— Defines a one-, two-, or three-dimensional lookup table (e.g.,
Table =l representing a response surface).
External DLL . Dynamically links to a user-specified external function (compiled as
(DLL) f‘ M a Microsoft Windows Dynamic-link Library or DLL).
Spreadsheet Dynamically links to an Excel spreadsheet.

5 | s

(W

Array View ‘ |” Displays vectors and matrices of results.

L e

A special set of function elements (e.g., Spreadsheet and External) can be used to link GoldSim models to
external applications. Because much of the functionality needed for the CBP tools is available in existing
partner codes, the External elements that use the generic Dynamic-link Library (DLL) developed by CBP to
link the GoldSim model to external codes are the most critical to the interface operation.

GoldSim elements are grouped in Containers; these are easily identified in the model as

they all have a small B in their upper left-hand corner. Selecting the B (or

Crtl+double-clicking on the element) opens the container. Containers can be nested, and

the picture associated with the Container can be changed. ‘
Containerf
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6.2 Navigating through the GoldSim Interface for the CBP Software
Toolbox

There are a variety of ways to navigate through a GoldSim model based on the situation. For example, when
the user is examining the model using the browser window (e.g., Figure 6-1), the easiest way to navigate is to
use the controls at the top of the browser window as shown in Figure 6-2. These controls remain available as
one drills down into the Containers that organize the GoldSim interface. There is also an optional browser
view of the model in the pane on the left-hand side of the window that displays the containment hierarchy in a
manner similar to how a Microsoft Windows directory structure is shown.

Move back to previously Move forward
viewed Containers (after moving back)
(=] (@ o Container I\Hevenues\ j

Moves up to Model Root

Select a Container to jump
Moves up one level to from the drop-list

Figure 6-2. The GoldSim Navigation Bar (GTG 2010d)

When a Dashboard element is being displayed in the GoldSim Player, neither the navigation bar (Figure 6-2)
nor the optional browser view are available to the user. However, many Dashboard elements in the interface
contain control buttons that allow the user to navigate to other Dashboards or to browse the model (by
returning to the Root level (or Model Root) shown in Figure 6-1).

In general, the user can also navigate through the various Dashboard elements in a GoldSim Player model by
selecting the Go button on the GoldSim Run Controller (Figure 6-1) and then selecting the name of the
desired Dashboard from the resulting list as shown in Figure 6-3.
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6.3 Starting Up and Controlling a Simulation using the GoldSim Interface

Double clicking on the - button shown in Figure 6-1 opens the Simulation Control Dashboard shown in
Figure 6-4, where the user can access simulation controls for selected partner codes. In general, the color blue
corresponds to STADIUM® information and the color green to LeachXS™/ORCHESTRA. These top level
controls, consisting of a GoldSim Combo Box used to select the partner code and scenario and buttons that are

Go to Model Root ...

STADIUM_DashBoard
STADIUMResults_DashBoard
Main_DashBoard
Mesh_DashBoard
L¥XO_DashBoard
STADIUM_More_DazhBoard
LXOResults_DiazhBoard

LX0O Sulfate Attack Modes
LXOResults_DashBoard
L¥O_DashBoard

LXO Carbonation Modes

a_.J S| HULATION TINE

Fezet | © Run | DR DORT | ooy k..

Figure 6-3. Selecting a Dashboard from the GoldSim Run Controller

activated based on the selection to open dashboards to create a simulation mesh and setup and run

STADIUM® for sulfate ingress or chloride attack or to set up and run LeachXS™/ORCHESTRA for either
sulfate attack, cement carbonation, or percolation with radial diffusion. Clicking on the Combo Box opens the

selection menu shown in the insert on Figure 6-4.
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% GoldSim Player -

Controls for Cementitious Barriers Simulation

In this release of the CBP Software ToolboX, you can run either a LeachXS™/ORCHESTRA (LXO) or
STADIUM® simulation for a pre-defined scenario. Current models focus on sulfate ingress or chloride
attack (STADIUM®) and sulfate attack, carbonation or dual regime (LXO) on a cementitious material.

Select STADIUM® or LeachXS™/ORCHESTRA (LXO) to run
the simulation. Simulation settings are set as described below.

[STADIUM - Suffate Ingress -

1a. Define Mesh

Set up and run the SJADIUM® sulfate ingress or chloride

1b. Run Controls . .
attack simulation

STADIUM

Set up the LeachXS™/ORCHE
including cells and refresh scheme

\ (LXO) scenario
be used

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation

of sulfate attack on a cementitious material

: STADIUM — Sulfate Ingress
i oR STADIUM - Chloride Attack
: Set up the LeachXS™/ORCHESTRA (LXO) sq L¥0 — Sulfate Attack

: (Parts are disabled because numbers of cells || ¥0 — Carbanation

: ‘ Set up and run the LeachXS™/ORCHESTRA (L2 7.'.:”‘?.5'3..'5".?“":"',' with Radial Diffusion

of carbonation and leaching on a cementitious material
i OR |
; | Set up the LeachXS™/ORCHESTRA (LXO) scenario :

(Parts are disabled because numbers of cells are fixed) '

LeachXS/ORCHESTRA

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation
of percolation-diffusion model on a cementitious material !

Figure 6-4. Controls Dashboard to Select Partner Code and Scenario

6.4 Running the STADIUM® Partner Code

The STADIUM® partner code can be used from the GoldSim interface to simulate sulfate ingress or chloride
attack on concrete and the resulting damage by selecting the STADIUM — Sulfate Ingress or the STADIUM
— Chloride Attack calculation option from the Combo Box shown in Figure 6-4. When either option is
selected, the “l1a. Define Mesh” and “1b. Run Controls” control buttons become active (i.e., are not grayed
out) and the buttons for the other scenario options are inactive (i.e., grayed out).

6.4.1 Generating the STADIUM® Finite Element Mesh using the CBP Mesh2d Program

The GoldSim interface can be used to simulation sulfate ingress or chloride attack (and corresponding damage)
using the STADIUM® partner code; the code requires a finite element mesh to run. For either the STADIUM
— Sulfate Ingress or STADIUM — Chloride Attack option, the finite element mesh is defined by selecting the
“la. Define Mesh” button (Figure 6-4); the Controls dashboard takes the user to the simulation mesh
dashboard shown in Figure 6-5. The simulation mesh dashboard allows the user to: Create input files for the
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Mesh2d program (included with the CBP Toolbox) that builds a finite element mesh for STADIUM®; Run the
Mesh2d program; and View the resulting grid.

<1 Goldsim Player o€

Build STADIUM® Simulation Mesh

@'I Ifthe light bulb is on, then STADIUM is the currently selected model

1. Define mesh Open superMesh ‘ Open xMesh ‘ Open yMesh | Open mtypMesh ‘

For information only.
Layers 3 Layer1 |0.25m Layer 2 05m Layer3 |0.25m User controls above.
2. Build mesh Mak H I 1 Finite Elements — User controls element
$ allocation in #1. No check within Gold Sim.

m

3. View mesh Text Open output

Tecploi | | |

Licensing issues
being addressed.

Gnuplot Edit batch fie | Run batch fie | View batch plot |

Open window

Simulation Controls ‘
These text files help

control the simulation.

Input File ‘ Instructions File ‘ Batch File ‘

STADIUM Cortrols |

Figure 6-5. Simulation mesh generation dashboard

Mesh2d is a Fortran90 program developed by SRNL to generate two-dimensional structured grids of the form
[x(1),y(i,j)] where [x,y] are grid coordinates identified by indices (i,j). The x(i) coordinates generated from the
Mesh2d program can be used to specify a one-dimensional grid, such as for STADIUM®. Because all the
models linked to from the Toolbox are one-dimensional in nature, only the x(i) coordinates are considered in
detail in this guide. A full explanation of the Mesh2d software is provided by Flach & Smith III (2012).
Mesh2d also assigns an integer (representing the material type) to each grid cell, mtyp(i,j), in a user-specified
manner where the complete grid is specified through three separate input files defining variations in x(i), y(i,j),
and mtyp(i,j).

The overall mesh is constructed from grid zones (usually corresponding to distinct materials or larger
geometric shapes) that are typically subdivided into a collection of smaller grid cells. The structured grid zones
are identified through uppercase indices (I,J). Subdivision of zonal regions into grid cells can be done
uniformly, or non-uniformly using either a polynomial or geometric skewing algorithm. Grid cells may be
concentrated backward, forward, or toward both ends.
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The four control buttons on the line labeled “1. Define mesh” (Figure 6-5) are used to define the finite element
mesh needed to run STADIUM®. Each button opens the corresponding text file (superMesh.dat,
xMesh.dat, yMesh.dat or mtypMesh.dat) that resides in the Mesh folder in Template using the
default text editor specified in the top level Preferences folder; the preferred editor can be changed as
described in the Toolbox Installation Guide (Brown et al. 2013). These four text files contain instructions that
are read by the Mesh2d program to create the computational grid for STADIUM®.

The top-tier input to Mesh2d is a superfile containing filenames and high-level option specifications, in the
order indicated by Table 6-2. The input file containing the x(i) grid specifications (Table 6-3) can be assigned
an arbitrary name, but is conventionally denoted as xMesh.dat by default. Similarly, yMesh.dat (Table 6-4) and
mtypMesh.dat (Table 6-5) are the traditional names for the y(i,j) and mtyp(i,j) specifications. The contents of
the yMesh . dat file can be changed by the user, but this operation is not recommended because all models
will be one-dimensional for the current implementation, and the default yMesh . dat file provided with the
Toolbox installation is appropriate for one-dimensional models. The conventional names will be used for
convenience in the remaining discussion.

The formats of the xMesh.dat, yMesh.dat and mtypMesh.dat text files are defined in Table 6-3
through Table 6-5. All three text files may contain empty lines and/or comment lines denoted by an
exclamation point in column 1, as any such lines will be discarded during input processing. Material type
specifications in mt ypMesh . dat overwrite any prior specifications.

25



GoldSim Interface for the CBP Software Toolbox, Version 2.0 User Guide

Table 6-2. Mesh2d Superfile format (Smith Ill et al. 2010b)
Input Description

Mesh2d inputs:

xMesh.dat Input file containing x(i) grid specifications

yMesh.dat Input file containing y(i,j) grid specifications

mtypMesh.dat | Input file containing mtyp(i,j) grid specifications

Xyz or xrt Cartesian (xyz) or cylindrical (xrt) coordinates for PORFLOW
Mesh2d outputs:

Mesh2d.log | Log file

Mesh2d.dat | PORFLOW high-level grid specification statements

COOR.dat PORFLOW coordinates file

TYPE.dat PORFLOW material type file

Stadium.cor

Stadium coordinate file

Stadium.ele

Stadium element connectivity and material file

Mesh2d.tec

Tecplot graphics file containing grid data points

Geometry.tec

Tecplot graphics file containing "TextGeom" geometries outlining grid zones & material boundaries

polygon.tec

Tecplot graphics file containing "TextGeom" geometries for polygons (if used) to define materials

Mesh2d.vts | VTK graphics file suitable for Vislt and Paraview plotting software
Mesh2d.gnu | Gnuplot graphics file
Table 6-3. File format for specifying the x(i) grid coordinates (Smith lll et al. 2010b)
Line Format
Line 0 scale  x0
Line I, =1->M|iFlag nx dir scheme skew scale dx|x
(one line per each of M grid zones in the x-direction)
Input Description

iFlag Mode flag (integer = 0 or 1):

0 = Interval size specification for grid zone in field 7 (dx)

1 = End position of grid zone specification in field 7 (x)
nx Number of grid cells within the grid zone (integer > 1)
dir Skewing direction (character):

n =negative | p = positive | ¢ = central | d = disabled (uniform gridding)
scheme Skewing scheme (4 character string):

prev = (previous) polynomial skewing scheme

poly = polynomial skewing scheme

geom = geometric skewing scheme
skew Skewing parameter, s (real < 2.0)
scale Multiplier to dx|x typically used for units conversions (real > 0.0),

e.g., scale = 30.48 to convert dx|x in feet to centimeters for grid coordinates.

x0 Line 0: The origin of the x coordinate system (x0) (real)
dx|x Line I > 0: The size (dx) or ending position (x) of grid zone I (real, dx > 0.0)
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Table 6-4. File format for specifying the y(i,j) grid coordinates (Smith Ill et al. 2010b)

Line Format
Line 0 iFlag scale  yO[nPts
Line 0.1 x  y(ifiFlag=1)
... 0.nPts ... (nPts instances)
Line J, iFlag ny dir scheme skew scale dy|y|nPts
J=1-N (one line per each of N grid zones in the y-direction)
Line J.1 x  dyly (if iFlag = 2|3)
... J.nPts ... (nPts instances)

Input Description
iFlag Mode flag (integer = 0 to 3):

For Line 0,

0 = Fixed baseline for grid in field 3 (y0)
1 = Variable baseline for grid in field 3 (nPts)
For Line J,
0 = Fixed interval size specification for grid zone in field 7 (dy)
1 = Fixed end position of grid zone specification in field 7 (y)
2 = Variable interval size specification for grid zone in field 7 (nPts)
3 = Variable end position of grid zone specification in field 7 (nPts)

ny Number of grid cells within the grid zone (integer > 1)

dir Skewing direction (character):
n = negative | p = positive | ¢ = central | d = disabled (uniform gridding)

scheme Skewing scheme (4 character string):

prev = (previous) polynomial skewing scheme defined by Equation (1)
poly = polynomial skewing scheme defined by Equations (1) and (2)
geom = geometric skewing scheme defined by Equations (3) and (4)

skew Skewing parameter, s, in Equations (1) through (4) (real < 2.0)

scale Multiplier to dyly typically used for units conversions (real > 0.0),
e.g., scale = 30.48 to convert dy]y in feet to centimeters for grid coordinates. The scaling factor is also
applied to any x values specified (e.g., iFlag = 2|3).

y0nPts Line 0: The origin of the y coordinate system (y0) (real)
dy|y|nPts Line i > 0 and iFlag = 0|1: The size (dy) or ending position (y) of grid zone J (real, dy > 0.0)
Line i > 0 and iFlag = 2|3: The number of (x,dy|y) pairs to follow (integer > 0)

x dyly For iFlag = 2|3, (x,dy|y) pairs, nPts in total, one pair per line
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Table 6-5. File format for specifying the mtyp(i,j) material assignments (Smith lll et al. 2010b)

Line Format
Line K iFlag imjxm ip[xp jm|lymm jplypm mZone
Line K.2 ymp ypp
if iFlag =2
Line K.2 polygon (filename)
if iFlag =3
repeat as needed
Input Description
iFlag Mode flag (integer = 0 to 3):

0 = Material zone specified using grid zone indices (L,J)

1 = Material zone specified using grid element indices (i,j)

2 = Material zone specified by trapezoid with vertical sides using (x,y) points
3 = Material zone specified by general polygon using (x,y) points

im|xm iFlag = 0, 1: starting zone (I) or element (i) index in x-direction (integer)
iFlag = 2: left or x- coordinate of trapezoid (real)
iFlag = 3: read but ignored

ipxp iFlag = 0, 1: ending zone (I) or element (i) index in x-direction (integer)
iFlag = 2: right or x+ coordinate of trapezoid (real)
iFlag = 3: read but ignored

jm|lymm iFlag = 0, 1: starting zone (J) or element (j) index in y-direction (integer)
iFlag = 2: lower left y coordinate of trapezoid (real)
iFlag = 3: read but ignored

jplypm iFlag = 0, 1: ending zone (J) or element (j) index in y-direction (integer)
iFlag = 2: lower right y coordinate of trapezoid (real)
iFlag = 3: read but ignored

mZone Material type identification number (arbitrary integer)
ymp iFlag = 2: upper left y coordinate of trapezoid (real)
ypp iFlag = 2: upper right y coordinate of trapezoid (real)
polygon iFlag = 3: filename of polygon with (x,y) vertices. Empty lines and lines with 'P', '#' or a blank in
column 1 are ignored. The first vertex is repeated to close the polygon, e.g.,
(xLyl)
(x2,y2)
(xLyl)

Examples of the superfile.dat, xMesh.dat, yMesh.dat and mtypMesh.dat text files are provided
in Table 6-6 through Table 6-9, respectively, for an example one-dimensional, three-layer mesh. The user
enters the number of layers for the model, and the layer dimensions in the input blocks on the STADIUM®
Run Controls Dashboard (see Figure 6-6 in Section 6.4.2) so this information is available to both the GoldSim
model and the Mesh Generation Dashboard (Figure 6-5). This information is reproduced on this Dashboard for
reference. Similar controls have been developed to modify scenario geometry for LeachXS™/ORCHESTRA
simulations and are discussed in Section 6.6.
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Table 6-6.  superfile for example one-dimensional, three-layer mesh

xMesh.dat

yMesh.dat

mtypMesh.dat

XyZ

Mesh2d.log

Mesh2d.dat

COOR.dat

TYPE.dat

. .\STADIUM\25cm-50cm-25cm-mesh.cor
. .\STADIUM\25cm-50cm-25cm-mesh.ele
Mesh2d.tec

Geometry.tec

polygon.tec

Mesh2d.vts

Mesh2d.gnu

Table 6-7. xMesh.dat file for example one-dimensional, three-layer mesh

'iFlag key:

! O=constant interval

! l=constant position

!'dir key:

! p=positive

! n=negative

! c=center

! d=disabled

!'scheme key:

! geom=geometric growth factor

! poly=polynominal transformation
! prev=previous polynomial transformation

'iFlag nx dir scheme skew scale dx | x

1 0 lorigin at x=0
0 25 c poly 1.35 0.01 25 125cm w/lcm spacing
0 50 n poly 1.56 0.01 50 !'50cm w/lcm spacing
0 25 d poly 1. 0.01 25 125cm w/lcm spacing
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Table 6-8. yMesh.dat file for example one-dimensional, three-layer mesh

'iFlag key:

! O=constant thickness

! l=constant elevation

! 2=variable thickness

! 3=variable elevation

'dir key:

! p=positive

! n=negative

! c=center

! d=disabled

!'scheme key:

! geom=geometric growth factor

! poly=polynominal transformation
! prev=previous polynomial transformation

'iFlag ny dir scheme skew scale dyly|InPts

! X1 yi
!bottom
1 d poly 1 1 0.5 !top

Table 6-9. mtypMesh.dat file for example one-dimensional, three-layer mesh

'mtyp key:

! 1=so0il

! 2=concrete

! 3=saltwaste

!

'iFlag key:

! O=zone indices from x and y mesh input

! 1=element indices

! 2=(x,y) trapezoidal zone with vertical sides
|

'iFlag im|xm iplxp jm|ymm Jplypm mZone

! ymp ypp

0 1 1 1 99 1 !soil

0 2 2 1 99 2 !concrete

0 3 3 1 99 3 !'salt waste

Clicking on the Make mesh button on the line labeled “2. Build mesh” on the Mesh Generation Dashboard
(Figure 6-5) runs the Mesh2d executable file contained in a subfolder within the Codes folder (Figure 5-2).

The Mesh2d executable reads the input files edited in the previous “Define Mesh” Step and creates the

computational grid that will be used in the simulation. The functions in the box labeled “3. View mesh” can be

used to view the computational grid either in a text file or graphically. Currently, the Gnuplot plotting
software is provided as the graphic programs for plotting the mesh. The Tecplot viewer is disabled in the
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current version of the GoldSim interface pending resolution of licensing issues. The mesh information is also
written as a VTK graphics file suitable for viewing in Vislt (https://wci.llnl.gov/codes/visit/) and ParaView
(http://www.paraview.org/), which are available to the user at no cost. The text output uses the default text
editor to view the mesh file formatted for Tecplot viewing.

6.4.2 Running a STADIUM® Simulation from the GoldSim Interface

A STADIUM® simulation is controlled using the STADIUM® Run Controls dashboard shown in Figure 6-6.
This Dashboard is opened from the simulation controls dashboard (Figure 6-4) by selecting the “1b. Run
Controls” button (in the STADIUM block), or from the mesh generation dashboard (Figure 6-5) by selecting
the “STADIUM Controls” button, or generally by selecting the Go button on the GoldSim Run Controller
(Figure 6-1) and then selecting “STADIUM_Control” from the resulting list. This Dashboard is used for both
the STADIUM sulfate ingress and chloride attack models.

# GoldSim Player - CBPsoftwareToolbox {CBPst'twareTcolbox.gs;)-- = | (S| S
STADIUM® Run Controls Dashboard
Scenario Options General Run Settings
W. Iflight bulb is on, then STADIUM is the currently selected model Initial Time Step, sec 26400
Max Ti st 4.32e+006
Three Layer Model | Selectthe number of layers in the model TN, SEE
Step Adapt Factor 15
4 Width Conc.
==L T (m) CoV Step Adapt Criterion 0.005
Layer 1: | Salt Waste Type 1 - | 0.25 | 0.05 Total number of nodes 101
1T Check to Save STADIUM® Output [V
&= Layer2: |Vaut 1/4(1) ~| [ o5 [ 005
l View STADIUM® Results
Layer 3: |Soil Type 1 ~| [ oz [ 005 Visw s | Jon Fles s |
x=0 —+ Simulation Controls
Generate Mesh | View Geometry | RESO Options ‘ Hoes = | JeLUE LD ‘
Simulation Settings (FZ) | Simulation Controls |
These text files help .
conirol the sEnuiafion. Input File ‘ Instructions File ‘ Batch File ‘ ey |

Figure 6-6. STADIUM® Run Controls Dashboard

The STADIUM® run controls dashboard allows the user to enter basic data used for a STADIUM®
simulation. Using the group of inputs labeled “Scenario Options” on the left hand side of the dashboard, the
user first selects whether a two- or three-layer system is modeled. The materials present in each layer are
selected from a list of available materials and the layer thicknesses in meters are entered. In the final input box
for each layer, the user specifies the coefficient of variation (CoV) applied to the initial chemical and mineral
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compositions for use in probabilistic calculations. For probabilistic calculations, it is assumed in the GoldSim
interface that the nominal compositions provided in the materials property spreadsheets are the mean values
of normal distributions with relative standard deviations specified by the concentration CoV entries. Truncated
normal distributions have been used in the GoldSim interface because the chance that a negative sample
concentration is generated increases as the standard deviation increases relative to the mean (for a normal
distribution).

The group of “General Run Settings” contains four input boxes that allow the user to enter time step control
parameters for the simulation and a box where the number of nodes in the mesh can be modified. The
maximum number of nodes that can be entered is 501 (which is a change from Version 1.0 where there were
301 nodes available). A check box is located below these entries where the user selects whether or not to save
the output from STADIUM® calculations. When the save output option is checked, the integration software
will create files in the Runs folder (Figure 5-8) saving output from each realization during a stochastic
simulation.

Below the Scenario Option entries, control buttons are provided that allow the user to generate the
computational mesh (Section 6.4.1), view the scenario geometry and related information (none of which can be
altered by the user), and enter the STADIUM® RESO options. Clicking the RESO Options button opens the
Dashboard shown in Figure 6-7 that allows the user to enter or select seven additional parameters that control
STADIUM® solution methods. The STADIUM® manual (SIMCO 2008) should be consulted for an
explanation of these additional features, and it is highly recommended that only expert STADIUM® users
change these values from their default values. One exception to this general rule is that when modeling
chloride attack with STADIUM®, the user enters the NaCl concentration at the concrete boundary on the
RESO Options Dashboard. This input box becomes active when the chloride attack option has been selected.

The user can return to the Run Controls Dashboard (Figure 6-6) by either selecting the STADIUM Options
button or the Go button on the GoldSim Run Controller (Figure 6-3) and then “STADIUM_Control”.

The only difference between STADIUM input and output files in moving from CBP Toolbox Version 1.0 to
CBP Toolbox Version 2.0 is that the number of minerals has been increased from nine to ten by the addition of
a Friedel Salt to allow simulation of chloride attack on concrete. The example input files and materials data
Excel files supplied with the Toolbox include this addition. STADIUM simulations run with Version 1.0 can
be updated to be compatible with Version 2.0 by changing the parameter Nsolids in the input from 9 to 10 and
adding the mineral Friedel IX to the list of mineral species in the CHIM and INIT blocks.

Below the Scenario Options block on the Run Control Dashboard (Figure 6-6) are three control buttons that
allow the user direct access to three text files that help control the STADIUM® simulation:

¢ Input File — Opens the input template file (e.g., stad09d-cbp-task7-3layer.inp as shown in
Figure 5-3 for a 3-layer model) used by the DLL interface to run the simulation. /¢ is recommended
that only knowledgeable users change the information in this file.

¢ Instructions File — Opens the DLL instructions file (e.g., DLL_STADIUM 3Layers.dat fora3-
layer model — the location is shown in Figure 5-3). This file should be changed as desired based on the
information provided by Smith III, et al. (2010a).
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e Batch File — Opens the Windows batch file (e.g., noscreen3.bat for a 3-layer model as shown in
Figure 5-3) that controls running of the STADIUM® executable. It is recommended that only
knowledgeable users change the information in this file.

FA GoldSim Player - CBPsoftwareToolbox_tutorial (CBPsoftwareToolbox_V2.0.gsp) 1Ol =1

RE SO Block
FEM integration points I 2 Chleoride Attack Boundary Condition
Convergence tolerance I 0.001 MaCl (mmaol/L) I o
Maximum iterations I 30 Set chloride binding factor = 1

Coordinate system

Linear

Tortuosity parameter
Millington
Martys

STADIUM® Run Controls--More RESO Options

FEM solution method View STADIUME Results

Chloride binding factor [ 1 pi= 2 F‘BSL‘E’J Vi F‘BSUH
Simulation Controls
View Geometry | STADIUM Options |
Browse Model _J Fun Simulation {F5) |

Exit Gold Sim ‘J Simulation Settings (F2) | Simulation Controls J

Figure 6-7. STADIUM® RESO solution control dashboard

6.4.3 Viewing STADIUM® Inputs and Results

Below the General Run Settings portion of the Run Control Dashboard (Figure 6-6) in the View STADIUM®
Results block are three control buttons that allow the user to view inputs to and results from STADIUM®
simulations. Selecting the View Inputs button opens the STADIUM Summary.xls spreadsheet that
summarizes the STADIUM® input used for each realization in separate worksheets as shown in Figure 6-8.

This workbook is useful for later analysis and is particularly valuable for stochastic runs where the input values

are randomly assigned. Blank worksheets must already exist for each realization in the workbook.

33



GoldSim Interface for the CBP Software Toolbox, Version 2.0 User Guide

b

|‘._—(|' = |+ STADIUM_Summary.xls [Compatibility Mode] M = &1
_FEE Home| Insed | Page | Formi | Data | View | JMP | Revie' | Devel | & e = mF 28
= % - Q‘ - = % _[2‘ :_;:_II x - %\r'
Paste =F I £ u- A A Alignment| Mumber| Styles Cells Ev ﬂﬁ'
- | & A - - = = el
Clipboard Font Editing
Al - Jx | Chemicals (mmol/L) v
A B c D E e
22 Monocarboaluminate ] o 11
23 | Gypsum 0 1] 1]
24
25 Minerals (g/kg) Soil Concrete SaltWaste
26 Temperature, C 23 23 23
27 Water/Binder Ratio 0 0.378924 0.595
28 Binder, kgs’m:’ 1291.5 446 930
29 Aggregates, kg/m® 1358.5 1639 ]
30 Binder Density, ka/m® 3150 2885  2603.5
31 Porosity 0.35 0.095163 0.65
32 Permeability, m® 5E-11  1.8E-21 4E-19 A
33 OH Diffusion Coefficient, mis 5.27E-10 1.4E-11 7.5E-11 3
34 Isotherm Parameter g -29 -25.928 -6.4651
35 Isotherm Parameter 3 1.25 0.4285 1.7825
36 Relative Permeability 18 18 18
37 |Initial Hydration, days 28 28 28
38 Reference Time, days 28 28 28
39 |Hydration Parameter a 1 0.8 0.3
40 |Hydration Parameter o, 1/s 0 0.015 0.003
A1 Thermal Conductivity, WimJiC 2 2 2
42 Specific Heat, JkgiC 1000 1000 1000 3
W «> W[ RO Ri| R2 ‘RS R4 RS W6 [ [ [N
Ready | P | | M@ 100% (=) [} (+)

Figure 6-8. A Portion of the STADIUM_Summary.xls Workbook

As part of the GoldSim interface enhancements in Version 2.0, viewing simulation results using built-in

GoldSim plotting functions has been replaced with graphical displays of simulation results created using the

gnuplot software (Smith III et al. 2013). Two options are available: 1) two-dimensional display of results at the

last time step saved in the simulation or 2) three-dimensional results displaying the output at each time step.

The two-dimensional plots show chemical or mineral concentrations as a function of position in the one-
dimensional model. Three-dimensional displays plot chemical and mineral concentrations as a function of time
and distance. Selecting the View 2D Results button opens the Dashboard shown in Figure 6-9 that allows the

user to view graphs of STADIUM® results for selected minerals or chemicals. Selecting the View 3D Results

button opens a Dashboard with the same functionality as that shown in Figure 6-9. Using external plotting has

the advantage that results from an existing output file can be plotted without running a new simulation.
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Figure 6-9. Dashboard for selecting a plot of STADIUM® results

Example two- and three-dimensional plots are shown in Figure 6-10 where the concentration of chlorine (Cl)

in the waste material and in concrete as a function of depth (2D) and of depth and time (3D) is plotted. In this

example, the plot is for a 100-year simulation of a two-layer system where the interface between layers is

located at 120 cm. The concrete barrier is located between 120 and 140 cm in the model. The Dashboard
controls (Figure 6-9) can be used to generate quick plots of the results; other graphs can be generated by
working with the computational results outside of the interface.
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Figure 6-10. Example GoldSim results displaying plots of chloride concentration from a two-layer
STADIUM® simulation

6.5 General Dashboard Controls including Run Simulation

There are a set of common Dashboard control buttons (as shown on Figure 6-6, Figure 6-7, Figure 6-14, Figure
6-17, and Figure 6-19). These simulation controls are:

e Browse Model — Selecting this button opens the GoldSim model browser (Figure 6-1). The various
elements used to define the GoldSim interface can be examined. The components of the interface are
described in detail by Smith, et al. (2010b).

e Simulation Settings (F2) — Selecting this button opens the Simulation Settings... interface shown in
Figure 6-24 that allows the user to control temporal and probabilistic settings for the model. For the
GoldSim Player version, the Windows function key F2 is disabled.

e Run Simulation (F5) — Selecting this button runs the simulation, equivalent to selecting Run on the
GoldSim Run Controller (Figure 5-1). For the GoldSim Player version, the F5 function key is disabled.

e Simulation Controls — Selecting this button returns to the Runs Control Dashboard (Figure 6-4).

6.6 Running a LeachXS™/ORCHESTRA Simulation

As the first step to run a LeachXS™/ORCHESTRA (LXO) simulation, the user selects one of the available
LXO scenarios (Sulfate Attack, Carbonation, or Percolation with Radial Diffusion) from the Combo Box
on the Run Controls Dashboard (Figure 6-11); this Dashboard can be opened by clicking on the Go button on
the GoldSim Run Controller and then selecting “Main_DashBoard” from the resulting list. When a scenario
has been selected in the Combo Box, only its controls are active (and others are grayed and inactive). In
general, the color green corresponds to LXO operations and information.
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Controls for Cementitious Barriers Simulation

In this release of the CBP Software Toeclbox, you can run either a LeachXS™/ORCHESTRA (LXO) or
STADIUM® simulation for a pre-defined scenario. Current medels focus on sulfate ingress or chloride
attack (STADIUM®) and sulfate attack, carbonation or dual regime (LXO) on a cementitious material.

'I Select STADIUM® or LeachXS™/ORCHESTRA (LXO) to run
the simulation. Simulation settings are set as described below.

‘ Create the finite element mesh for a STADIUM®E sulfate
ingress or chloride attack scenario

[x0 - sulfate Attack

STADIUM

‘ Set up and run the STADIUME sulfate ingress or chloride
attack simulation

Set up the LeachXS™/ORCHESTRA (LXO) scenario

2a. Cell 2b. Refresh : x
e ‘ - | including cells and refresh scheme to be used

| Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation

Zc. Suffate Attack - .
of sulfate attack on a cementitious material

OR

| Set up the LeachXS™/ORCHESTRA (LXO) scenario
(Parts are disabled because numbers of cells are fixed)

Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation
of carbonation and leaching on a cementitious material

OR

LeachXS/ORCHESTRA

| Set up the LeachXS™/ORCHESTRA (LXO) scenario
(Parts are disabled because numbers of cells are fixed)

Set up and run the LeachXS™/ORCHESTRA (LXO) simulation
of percolation-diffusion model on a cementitious material

Figure 6-11. Runs Control Dashboard when LeachXS™/ORCHESTRA Sulfate Attack Selected

6.6.1 Simulating Sulfate Attack in LeachXS™/ORCHESTRA

As shown in Figure 6-11, when the “LXO -- Sulfate Attack” option is selected from the Combo Box on the
Simulation Control Dashboard, three active control buttons appear in the LeachXS™/ORCHESTRA (LXO)
block of buttons. The top control button, “2a. Cells”, in the LXO block opens the Dashboard illustrated in
Figure 6-12. However, this Dashboard is currently only provided for information purposes since only a one-
layer, one-dimensional model (with a boundary condition representing sulfate in an external salt waste layer) is
currently supported based on the work performed by Sarkar (2010). Furthermore, the number of nodes (of
constant dimensions) for the sulfate attack model is fixed at 100 nodes based on previous work.

Other versions of the sulfate attack models including two- and three-layer models with non-uniform node
dimensioning have been investigated and will be included in subsequent versions of the CBP Toolbox. The
LXO sulfate attack modeling is essentially unchanged from that available in Version 1.0 except for the refresh
editor that described below.

Four text control buttons are provided at the bottom of the LXO Node Area (Figure 6-12) that allow the user
direct access to text files that help control the simulation. These controls will be described below. It is
recommended that only experienced users change the information in these files.
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Figure 6-12. The LeachXS™/ORCHESTRA Dashboard for Defining Cells

The user can return to the Runs Control Dashboard (Figure 6-11) by selecting the Simulation Controls button.

The refresh scheme used in the sulfate attack model (Figure 6-13) is important to how the model operates. As
indicated in the diagram shown on the Dashboard, the model is based on the assumption that the cement barrier
(i.e., the vault in the case of SRS Saltstone) is in contact with liquid with a high salt concentration (e.g.,
representing Saltstone). The refresh scheme is thus defined for this model based on the 1) refresh interval
(representing expected rainfall and percolation) and 2) external liquid volume to solid contact area ratio. The
ratio used to define the solution volume differs from those relationships used in related EPA and ASTM
methods since only one face of the monolith is in contact with the external solution.

The control button entitled “2c. Sulfate Attack” in the LXO block opens the LXO Sulfate Control Dashboard
illustrated in Figure 6-14. The LXO Sulfate Attack controls can also be opened using the “LXO Sulfate Attack
Controls” button on either Dashboard shown in Figure 6-12 and Figure 6-13. The layout of the LXO Sulfate
Control Dashboard is similar to that of the STADIUM Control Dashboard (Figure 6-6). Using the group of
inputs labeled “Scenario and General Options” on the left hand side of the dashboard, the user selects the
concrete representing the vault layer. Currently, only a one-layer, one-dimensional system is modeled.
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Define LeachXS™/ORCHESTRA (LXO) Sulfate Attack Refresh

The refreshirenewal scheme is defined. There are two steps: 1) define the refresh interval and 2) define the external
liquid volume to solid contact area ratio that also establishes the contact volume exchanged at each refresh interval.
Note the ratio used to define the solution volume differs from the ratios used in related EPA and ASTM methods since
only one face of the monolith is in contact with the external solution.
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Figure 6-13. LeachXS™/ORCHESTRA Dashboard for Defining the Sulfate Attack Refresh Scheme

The layer thickness in meters can be entered as well as the coefficient of variation (CoV) applied to the initial
compositions for use in probabilistic calculations. For probabilistic calculations, it is assumed that the nominal
compositions provided in the materials property spreadsheets are mean values of normal distributions with the
standard deviations specified by the concentration CoV entries.

The check box entitled “Treat data uncertainty for concrete compositions” toggles on/off the treatment of

data uncertainty (i.e., data sparseness) for the compositions related to the concrete compositions in the manner
described by Sarkar (2010).

A new feature is being tested with Version 2.0 of the CBP Toolbox. A button entitled “Model Changes” can be
located below the materials input part of the Sulfate Attack Dashboard (Figure 6-14). Selecting this button
provides a text file with current information on any changes made to the model obtained from LeachXS that
are made to help the model run (or run better) with the GoldSim interface and any changes foreseen for future
models. This addition allows developers a way to easily add the information instead of using GoldSim. A
potential change to future versions may be to use a text display program that does not allow the user to change
the contents of the file. It is recommended that only experienced users change the information in this file.
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LeachXS™/ORCHESTRA Controls for Sulfate Attack
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Figure 6-14. LeachXS™/ORCHESTRA Run Controls Dashboard for the Sulfate Attack Scenario

The block labeled “Settings for External Sulfate Attack” contains a set of controls that allows the user to enter
parameters related to the external sulfate boundary condition (the pH and SO4 concentration representing the
salt waste in contact with the concrete layer) and the concrete layer. For the concrete, the porosity and
tortuosity are taken from a spreadsheet corresponding to the concrete selected and are displayed for
information purposes. Fractional porosity relates to the sulfate attack model used by Sarkar (2010). The
compressive strength is used to estimate the Young’s modulus and tensile strength; these parameters are not
entered but are displayed for information purposes. Values representing the variances in these parameters can
also be entered by the user that describes the distributions used for probabilistic analysis as defined by Sarkar
(2010).

Below these controls a check box has been placed where the user selects whether or not to save the output
from the LXO calculations. When the Save option is checked, the integration software will create files in the
Runs folder (Figure 5-8) saving output from each realization during a stochastic simulation.

Below the Scenario and General Options block on the Run Control Dashboard (Figure 6-14) are a set of
control buttons that allows the user direct access to text files that help control the LXO simulation:
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instructions File — Opens the DLL instructions file (e.g., DLL_LXO 1lLayer.dat fora l-layer
model — the location is shown in Figure 5-3). This file should be changed as desired based on the
information provided by Smith III, et al. (2010a).

leachxs_parameters — Opens the input template file (i.e., lLeachxs parameters.txt as shown
in Figure 6-15) used by the DLL interface to run the simulation. /¢ is recommended that only
experienced users change the information in this file.

bincopy.bat — Opens the Windows batch file (e.g., bincopy.bat seen in Figure 5-4) that copies the
files necessary for LXO to run properly. It is recommended that only experienced users change the
information in this file.

noscreenl.bat — Opens the Windows batch file (e.g., noscreenl .bat for a 1-layer model as seen
in Figure 5-4) that controls execution of LXO. It is recommended that only experienced users change
the information in this file.
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Figure 6-15. Example LeachXS™/ORCHESTRA Model Files (for 1-Layer Sulfate Attack)

6.6.2 Simulating Cement Carbonation in LeachXS™/ORCHESTRA

To run a LeachXS™/ORCHESTRA (LXO) simulation of concrete carbonation, the user must first select LXO
- Carbonation from the Combo Box on the Simulation Control Dashboard. This Dashboard can be opened by
clicking on a Simulation Controls button from anywhere in the model (for example, see Figure 6-14) or by
clicking on the Go button on the GoldSim Run Controller (Figure 6-3) and then selecting
“Main_DashBoard” from the resulting list. When a scenario has been selected in the Combo Box, only its
controls are active and others are grayed out and inactive.
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When the “LXO -- Carbonation” option is selected from the Combo Box on the Simulation Control Dashboard
(Figure 6-4), control buttons “3a. Define Nodes” and “3b. Carbonation” activate in the
LeachXS™/ORCHESTRA (LXO) block as shown in Figure 6-16. As with the LXO Sulfate Attack model, the
top control button, “3a. Define Nodes”, in the LXO block is active; however, this Dashboard is currently
provided for information purposes because only a one-layer, one-dimensional model is supported.
Furthermore, the number of nodes (of constant dimensions) for the carbonation model is fixed at 200 nodes
based on previous work.

¥ GoldSim Player - CEPsof

Controls for Cementitious Barriers Simulation

In this release of the CBP Software ToolboxX, you can run either a LeachXS™/ORCHESTRA (LXO) or
STADIUM® simulation for a pre-defined scenario. Current models focus on sulfate ingress or chloride
attack (STADIUM®) and sulfate attack, carbonation or dual regime (LXO) on a cementitious material.

Select STADIUME or LeachXS™/ORCHESTRA (LXO) to run
the simulation. Simulation settings are set as described below.

[LXO — Carbonation

Create the finite element mesh for a STADIUME sulfate
ingress or chloride attack scenario

Set up and run the STADIUM® sulfate ingress or chloride
attack simulation

Set up the LeachXS™/ORCHESTRA (LXO) scenario
including cells and refresh scheme to be used

Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation
of sulfate attack on a cementitious material

OR

Set up the LeachXS™/ORCHESTRA (LXO) scenario

RO S (Parts are disabled because numbers of cells are fixed)

Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation

3b. Carbaonati : i iti i
LTSI of carbonation and leaching on a cementitious material

OR

LeachXS/ORCHESTRA

Set up the LeachXS™/ORCHESTRA (LXO) scenario
(Parts are disabled because numbers of cells are fixed)

Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation
of percolation-diffusion model on a cementitious material

Figure 6-16. Runs Control Dashboard when LeachXS™/ORCHESTRA Carbonation Selected

The active control button labeled “3b. Carbonation” in the LXO block, opens the LXO Carbonation Control
Dashboard illustrated in Figure 6-17. This LXO Control Dashboard is similar in appearance to the STADIUM
Control Dashboard (Figure 6-6). Using the group of inputs labeled “Scenario and General Options” on the left
hand side of the dashboard, the user selects the concrete representing the vault layer from the four options
provided in the Combo Box display.
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LeachXS™/ORCHESTRA Controls for Carbonation
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Figure 6-17. LeachXS™/ORCHESTRA Run Controls Dashboard for the Carbonation Scenario

Currently, only a one-layer, one-dimensional system can be modeled. The layer thickness in meters can be
entered as well as the coefficient of variation (CoV) applied to the initial compositions for use in probabilistic
calculations. For probabilistic calculations, it is assumed that the nominal compositions provided in the
materials property spreadsheets are mean values of normal distributions with the standard deviations
specified by the concentration CoV entries.

The check box entitled “Treat data uncertainty for concrete compositions” toggles on/off the treatment of

data uncertainty (i.e., data sparseness) for the compositions related to the concrete compositions in the manner
described by Sarkar (2010).

Four text control buttons are provided at the bottom of the LXO Node that allow the user direct access to text
files that help control the LXO simulation. These controls were described in Section 6.6.1 for the LXO Sulfate
Attack model. It is recommended that only expert users change the information in these files.

The block labeled “Settings for the Carbonation/Leaching Model” contains a set of controls that allows the
user to enter parameters related to carbonation of the concrete layer. For the concrete, the porosity and
tortuosity are material properties taken from the spreadsheet corresponding to the concrete selected that are
displayed on the Dashboard but cannot be changed. The partial pressures of CO, and O, (which may change as
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a function of soil depth for buried structures) can be entered by the user. Values representing the variances in
these parameters can also be entered by the user to describe the distributions used for probabilistic analysis.
The user can also enter the concrete temperature, concrete saturation, and an infiltration flow that represents
the flow of water at the surface of the concrete. The soil saturation value is currently assumed to be 0.5 to
allow CO; transport via the soil-gas phase. The concrete temperature is used to calculate the diffusivities of
CO; and O; in the concrete. The calculated diffusivities are displayed on the Dashboard but cannot be changed
by the user.

A new feature is being tested with Version 2.0 of the CBP Toolbox. Buttons entitled “Model Changes” and
“Refresh Scheme” are located below the materials input part of the Dashboard (Figure 6-17). Selecting the
button entitled “Model Changes” provides a text file with current information on any changes made to the
model obtained from LeachXS that are made to help the model run (or run better) with the GoldSim interface
and any changes foreseen for future models. Selecting the button entitled “Refresh Scheme” explains how the
refresh scheme is determined from model inputs. This addition allows the developers a way to easily add the
information instead of using GoldSim. A potential change to future versions may be to use a text display
program that does not allow the user to change the contents of the file. /¢ is recommended that only
experienced users change the information in these files.

Below these controls is a check box where the user selects whether or not to save the output from the LXO
calculations. When the Save option is checked, the integration software will create files in the Runs folder
(Figure 5-8) saving output from each realization during a stochastic simulation.

6.6.3 Simulating the Behavior of Cracked Grout with the Percolation with Radial
Diffusion Model in LeachXS™/ORCHESTRA

A LeachXS™/ORCHESTRA (LXO) model incorporating percolation flow through cracks with orthogonal
diffusion to and from crack interfaces has been developed to evaluate impacts of infiltration, cracking,
oxidation, and carbonation on constituent leaching. To run a LeachXS™/ORCHESTRA (LXO) simulation
using the percolation with radial diffusion model, the user must first select “LXO -- Percolation with Radial
Diffusion” option from the Combo Box on the Simulation Control Dashboard (Figure 6-4). This Dashboard
can be opened by clicking on a Simulation Controls button from anywhere in the model (for example, see
Figure 6-14) or by clicking on the Go button on the GoldSim Run Controller (Figure 6-3) and then selecting
“Main_DashBoard” from the resulting list. When a scenario has been selected in the Combo Box, only its
controls are active and others are grayed out and inactive.

When the “LXO -- Percolation with Radial Diffusion” option is selected from the Combo Box on the
Simulation Control Dashboard (Figure 6-4), control buttons “4a. Define Nodes” and “4b. Percolation with
Radial Diffusion” activate in the LeachXS™/ORCHESTRA (LXO) block as shown in Figure 6-16. As with the
LXO Sulfate Attack and Carbonation models, the top control button, “4a. Define Nodes”, in the LXO block is
active; however, this Dashboard is currently only provided for information purposes because only a one-layer,
one-dimensional model is supported. Furthermore, the number of nodes (of constant dimensions) for the LXO
model is fixed at 50 mobile zone and 450 immobile zone nodes based on previous work.
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< | GoldSim Playe:

Controls for Cementitious Barriers Simulation

In this release of the CBP Software ToolboxX, you can run either a LeachXS™/ORCHESTRA (LXO) or
STADIUM® simulation for a pre-defined scenario. Current models focus on sulfate ingress or chloride
attack (STADIUM®) and sulfate attack, carbonation or dual regime (LXO) on a cementitious material.

Select STADIUME or LeachXS™/ORCHESTRA (LXO) to run
the simulation. Simulation settings are set as described below.

[LXO — Percolation with Radial Diffusion V]

Create the finite element mesh for a STADIUME sulfate
ingress or chloride attack scenario

Set up and run the STADIUM® sulfate ingress or chloride
attack simulation

Set up the LeachXS™/ORCHESTRA (LXO) scenario
including cells and refresh scheme to be used

Set up and run the LeachX5™/ORCHESTRA (LXO) simulation
of sulfate attack on a cementitious material

Set up the LeachXS™/ORCHESTRA (LXO) scenario
(Parts are disabled because numbers of cells are fixed)

Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation
of carbonation and leaching on a cementitious material

OR

LeachXS/ORCHESTRA

Set up the LeachXS™/ORCHESTRA (LXO) scenario

4a. Define Cell X .
= e (Parts are disabled because numbers of cells are fixed)

4b. Percolation with Radial Set up and run the LeachXS™/ORCHESTRA, (LXO) simulation
of percolation-diffusion model on a cementitious material

Figure 6-18. Runs Control Dashboard when LeachXS™/ORCHESTRA Percolation with Radial
Diffusion Selected

The active control button labeled “4b. Percolation with Radial Diffusion” in the L.XO block, opens the LXO
Percolation with Radial Diffusion Control Dashboard illustrated in Figure 6-19. This LXO Control Dashboard
is similar in appearance to the model control Dashboards previously shown (e.g., Figure 6-6). Using the group
of inputs labeled “Scenario and General Options” on the left hand side of the dashboard, the user selects the
concrete representing the vault layer from the four options provided in the Combo Box display.
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Figure 6-19. LeachXS™/ORCHESTRA Run Controls Dashboard for the Percolation with Radial
Diffusion Scenario

Currently, only a one-layer, one-dimensional system can be modeled. The layer thickness in meters can be
entered as well as the coefficient of variation (CoV) applied to the initial compositions for use in probabilistic
calculations. For probabilistic calculations, it is assumed that the nominal compositions provided in the
materials property spreadsheets are mean values of normal distributions with the standard deviations
specified by the concentration CoV entries.

The check box entitled “Treat data uncertainty for concrete compositions” (partially obscured by the drop
down list) toggles on/off the treatment of data uncertainty (i.e., data sparseness) for the compositions related to
the concrete compositions as described by Sarkar (2010).

Four text control buttons are provided at the bottom of the LXO Node that allow the user direct access to text
files that help control the LXO simulation. These controls were described in Section 6.6.1 for the LXO
Percolation with Radial Diffusion model. It is recommended that only expert users change the information in
these files.

The LXO block labeled “Settings for the Percolation with Radial Diffusion Model” contains a set of controls
that allow the user to enter parameters related to concrete cracking. The infiltration rate and CoV are entered.
For the concrete (or grout), the immobile zone porosity and tortuosity are taken from a spreadsheet
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corresponding to the material selected; the CoVs for these parameters can be adjusted. The mobile zone
volume fraction and porosity can all be changed by the user where a valid range of the mobile zone porosity is
provided. The inputs are used to calculate a total (column) porosity which is displayed on the Dashboard but
cannot be changed by the user.

A new feature is being tested with Version 2.0 of the CBP Toolbox. A button entitled “Model Changes” can be
located below the materials input part of the Dashboard (Figure 6-19). Selecting this button provides a text file
with current information on any changes made to the model obtained from LeachXS that are made to help the
model run (or run better) with the GoldSim interface and any changes foreseen for future models. This mode
allows the developers a way to easily add the information instead of using GoldSim. A potential change to
future versions may be to use a text display program that does not allow the user to change the contents of the
file. It is recommended that only experienced users change the information in this file.

Below these controls resides a check box where the user selects whether or not to save the output from the
LXO calculations. When the Save option is checked, the integration software will create files in the Runs
folder (Figure 5-8) saving output from each realization during a stochastic simulation.

6.6.4 Viewing LeachXS™/ORCHESTRA Inputs and Results

The Run Control Dashboards for Sulfate Attack (Figure 6-14), Carbonation (Figure 6-16) and Percolation with
Radial Diffusion (Figure 6-19) all contain a View LeachXS™/ORCHESTRA Results block that contains three
control buttons that allow the user to view inputs to and results from LXO simulations. Selecting the View
Inputs button opens the LXO Summary.xls, LXO Summary CO3 by rows.xlsor

LXO Summary PRD.x1s spreadsheet for the Sulfate Attack, Carbonation, or Percolation with Radial
Diffusion model, respectively. These spreadsheets summarize the LXO input used for each realization in
separate worksheets (for Sulfate Attack and Percolation with Radial Diffusion) or in separate rows (for
Carbonation). The Sulfate Attack summary is similar to that for STADIUM® (Figure 6-8); however, the
Carbonation Summary displays the information differently (realization by row instead of by worksheet) as
illustrated in Figure 6-20. These workbooks are useful for later analysis and may be particularly valuable for
stochastic runs where the input values are randomly assigned. Blank worksheets must already exist for each
realization in the LXO Summary.xls and LXO_Summary PRD.x1ls workbooks (for Sulfate Attack and
Percolation with Radial Diffusion modeling, respectively). Additional worksheets can be added to the
summary workbook as described in Microsoft Excel Help.
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Figure 6-20. A Portion of the LXO_Summary_CO3_by_row.xls Workbook

Selecting the View 2D Results button on any LXO Run Control Dashboard opens the Dashboard shown in

Figure 6-21 that allows the user to view graphs of LXO results for selected minerals, properties, and

chemicals. Note that the controls shown in Figure 6-21 vary based on the selected model; for example,

CO2[g] and O2[g] results are only available for display when running the LXO carbonation model.

Selecting the Show Cem07 Minerals or Show Solid Solutions button on this Dashboard opens the Dashboard

shown in Figure 6-22 or Figure 6-23, respectively, where additional plots of minerals concentrations can be
displayed. Similarly, selecting the View 3D Results button on any LXO Run Control Dashboard opens a

Dashboard for the same species as shown above. The plotting capabilities built into the CBP Toolbox provide

two-dimensional (x-y) plots showing the value of the selected variable along the width of the one-dimensional

cement region at the end of the simulation or three-dimensional plots shown the value of the selected

parameter along the width of the cement region at each saved time interval. These graphs are generated using
an external FORTRAN application that uses the gnuplot software (Smith III et al. 2013). Using the external

plotting has the advantage that results from an existing output file can be plotted without running a new

simulation. Dashboard controls (Figure 6-21, Figure 6-22, and Figure 6-23) can be used to generate quick plots
of the results; other graphs can be generated outside of the interface.
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Figure 6-21. Dashboard for initial selection of a plot of LeachXS™/ORCHESTRA results
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Figure 6-22. Dashboard for selecting a plot of LeachXS™/ORCHESTRA Cem07 mineral results
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View 2D LeachXS/ORCHESTRA Solid Solution Results

x-y plot of results for the last calculated time step will be displayed

Al Ettringite phases ‘ {Al-)Ettringite_ss | AsO4_Bitingte_ss | BO3_Ettringite_ss |
Ba_Ettringite_ss ‘ CO3_Ettringite_ss | Cr04_Eitringite_ss | MoO4_Ettringite_ss |
PO4_Httingtte_ss ‘ Pb[OH}4-2_Ettringtte_ss | Sr_Hitringite_ss | VO3_Btringte_ss |

AFhc_ss ‘ Cem07_C4Ac[0_5]H12 ss| CEmDT’_Cch[D_S}H12_ss|
AFm_ss ‘ CemD7_C4AsH12_ss | CemD7_C4FsH12_ss |
AFmc_ss ‘ Cem07_C4AcH11_ss | Cem07_C4FcH11_ss |
AR _ss ‘ CemD7_CBAs3H32 ss | CemD7_CBFs3H32_ss |
CSHi_ss ‘ Cem07_SiO2[am]_ss | Cem07_Tob_| ss |
CSHii_ss ‘ Cem07_Jenn_ss | Cem07_Tob_Il_ss |
LDH_ss ‘ CemD7_M4AH10_ss | Cem07_M4FH10_ss |
LeachX%f;)_ﬁF:gISESTHA Retum to LX0 Minerals Retum ta Cem07 Minerals

Figure 6-23. Dashboard for selecting a plot of LeachXS™/ORCHESTRA Solid Solution results

6.7 Defining Simulation Settings

There is a control button entitled Simulation Settings (F2) located on multiple Dashboard elements in the
GoldSim interface (e.g., Figure 6-6, Figure 6-7, Figure 6-14, Figure 6-17, and Figure 6-19). Selecting this
button opens the Simulation Settings... interface shown in Figure 6-24 allows the user to control temporal and
probabilistic settings for the model. For the GoldSim Player, the Windows function key F2 is disabled.
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# GoldSim Player - CBPsoftwareToolbox (CBPsoftwareToolbox Simulation Settings... 4 L

I Time |Monhe Carlo I Globals I Information

STADIUM® R

I i Specify model start time and duration, and define global time steps
" for model calculations and result plotting.

. . Basic Time Settings
Scenario Options

Time Display Units: d
-,
@ If light bulb is on, then STADIUM is the curren @ Duration: 900 d
] Start-time: 8132009 [E~  12:00:00 AM =
Three Layer Model « | Select the number of layers in
End-time: 1302012 12:00:00 AM
Time Phase Settings
Time Range [d] | #5teps | Length [d] | Plot Every |F'\-' |
Salt Waste Type 1 0-800 1 900 1
| Layer2 [vaut1/4(1 -
Layer 3: | Soi Type 1 -
OK ] [ Cancel ] [ Help ]
w=0 T T T OrmnroTs ot
Generate Mesh | View Geometry | RESO Options ‘ Ekunssiode ‘ huntSonl toaiiss |
Simulation Settings (F2) ‘ Simulation Controls ‘
These text files h
control the si l.llat?:l:. Input File ‘ Instructions File | Batch File ‘ - .
Exit Gold Sim

Figure 6-24. GoldSim Simulation Settings window for time control

The first tab (Time) on this window is used to control the total simulation time and the time steps used in the
model. The simulation duration is passed to STADIUM® as the simulation time by the DLL; however, the
STADIUM® time step control is specified separately as discussed in Section 6.4.2. A single GoldSim time
step should be specified so that the DLL will only run the codes linked to GoldSim one time (to completion).
The final results from the partner code are then transferred to GoldSim by the DLL.

The second tab on the Simulation Settings... window (Monte Carlo) is used to specify whether a deterministic
or Monte Carlo simulation is to be made. For Monte Carlo simulations, this window is also used to set the
number of realizations made, which results are saved in memory, and stochastic sampling parameters. An
example of the Monte Carlo simulation settings panel is shown in Figure 6-25.
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Figure 6-25. GoldSim simulation settings window for Monte Carlo control

6.8 Help

Help is provided for selected general topics concerning the GoldSim interface. The Help facilities are accessed
from the Top-Level or Root container (Figure 6-1); a Quick Start Guide container has also been provided
(explained below) that is accessible from this container. The Top-Level container is generally accessed in the
GoldSim Player version by selecting Go from the GoldSim Run Controller (Figure 6-3) and then “Go to Model
Root...” from the resulting list. (The Browse Model control button on the Run Controls Dashboards will also
take the user to the Top Level or Root Container as described in Section 6.5.)

The Help container is on the upper left-hand side of the Top-Level or Root container (Figure 6-1). The Help

container is opened by selecting the B control on the upper left-hand corner of the Help icon. The contents of
the Help container are displayed in Figure 6-26. Each of the subcontainers shown contains material that
provides a limited amount of information on the following subjects:

e CBP_Description provides a brief description of the CBP project and goals related to the Toolbox.

e Terminology provides a listing of relevant terms (ASTM 2008).

e DOE_Applications provides illustrations of a number of applications relevant to DOE.
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e DLL_Description provides a brief description of the Generic Dynamic-link Library developed by the
CBP.

e Partner_Codes provides brief descriptions of the LeachXS™/ORCHESTRA and STADIUM® partner
codes.

® Nuclear_Facility_Applications provides illustrations of a number of applications relevant to nuclear
facilities.

# GoldSim Player - CBPsoftwareToolbox (CBPsoftwareToolbox.gsp) | = | [E ﬁ]
File View Model Help
ed ke EFEHuE a4 ? [HAED

@ < Container Path: [IEEY -
#h -

Search Options...
T e Cametiious Mo Help Information

+i‘i Dashboards
= Help

m

Quick_start_Guide

%3} CBP_Description %?} DLL_Description
%%bﬁrminology %?} Partner_Codes
%3} DOE_Applications %g} Nuclear_Facility_Applications

¥ Containment . . — .

Run Mode: Press F5 to start simulation. Scale: 100%  Filter ON | IS

Figure 6-26. Contents of the GoldSim Interface Help container
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7 TUTORIALS

The design and general operation of the CBP GoldSim Dashboard (GTG 2010a, GTG 2010d) interface to
LeachXS™/ORCHESTRA and STADIUM® are presented in the following CBP technical reports (available at
http://cementbarriers.org/reports/):

e  (CBP Software Summaries for LeachXS™/ORCHESTRA, STADIUM®, THAMES, and GoldSim, CBP-
TR-2009-003 (Brown & Flach 2009a)

e (CBP Toolbox Version 1.1: Code Integration Enhancements, CBP-TR-2013-03, Rev. 1 (Smith III et al.
2013).

o  CBP Phase I Code Integration, CBP-TR-2011-009-1 (Smith III et al. 2010b)
e  (CBP Code Integration GoldSim DLL Interface, CBP-TR-2010-009-2 (Smith III et al. 2010a)

An example model simulation was provided by Smith, et al. (2010a). Complementary tutorials on specific
operations are provide here for the LeachXS™/ORCHESTRA and STADIUM® partner codes. The exercises
were developed in preparation for user workshops conducted at the National Institute of Standards and
Technology (Washington, DC), the Savannah River Site (Aiken, SC), and the Hanford Site (Richland, WA)
between April and June 2012. Future workshops are planned for Version 2.0 of the CBP Toolbox in 2014 and
additional tutorials will be posted to the Cementitious Barriers partnership website
(http://cementbarriers.org/toolbox-v2/).

As described in the CBP Software Toolbox Installation Guide (Brown et al. 2013), the initial installation of the
Toolbox includes the Template folder (Figure 5-3) that is used as a template for creating new simulations,
such as those in the present tutorial exercises. The Template folder can be copied as many times as desired (or
based on disk space) to create additional workspaces. The tutorial exercises which follow assume that a copy
of the Template folder was created and renamed Tutorials (Figure 7-1), which will initially have the contents
shown in Figure 5-3.

Common
Information
Installers
Preferences
Template
Codes
Tutorials

W7 InstallationProcess.docx

Figure 7-1. Tutorials folder created by copying the Template folder
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7.1 STADIUME® Tutorials

Two STADIUM® tutorials are provided in this user guide: one deterministic based on default settings (for the
sulfate ingress model) and one probabilistic to demonstrate how to modify settings before running a
simulation.

7.1.1 STADIUME® Tutorial #1 - Deterministic simulation with default settings

The CBP GoldSim Dashboard interface to STADIUM® comes pre-configured to make a single deterministic
simulation of external sulfate ingress / attack for a three-layer, one-dimensional, saltwaste-concrete-soil
system. This tutorial is focused on using the Dashboard controls and GoldSim Run Controller to open and
launch a typical STADIUM® simulation and ensure that STADIUM® is operable on the host computer.

The first step is to launch the GoldSim Player file named “CBPsoftwareToolbox V2.0.gsp” (Figure
5-3) that opens the Top-Level or Root container shown in Figure 6-1.

Double clicking on the START button shown in Figure 6-1 opens the Simulation Control Dashboard shown in
Figure 6-4, where the user can define the scenario and access simulation controls for the selected partner
codes. In general, the color blue corresponds to STADIUM® information.

Select the STADIUM - Sulfate Ingress from the drop down menu as shown in Figure 6-4. Next select the
STADIUM® ““1b. Run Controls” button that takes the user directly to the pre-configured scenario, bypassing
the “Define Mesh” control for this tutorial. The CBP STADIUM® Runs Control Dashboard (Figure 6-6) and
GoldSim Run Controller (Figure 6-3) will appear.

The pre-configured scenario is run by either clicking on the “Run Simulation (F5)” button on the CBP Runs
Control Dashboard or clicking “Run’ on the GoldSim Run Controller. For the GoldSim Player version, the
function key F5 is disabled and cannot be used to start the simulation. When running, a series of command-line
windows will appear, with the top-level window running STADIUM®, as shown in Figure 7-2.

The pre-configured scenario is set to run for only a short simulation period, 1100 days (~3 years), and should
complete in a few minutes time depending on computer capabilities. GoldSim signals completion of the run as
illustrated in Figure 7-3; click “OK” to proceed.

Simulation results can be viewed by pressing the “View 2D Results” or “View 3D Results” buttons (as
described in Section 6.4.3). Example output is shown in Figure 7-4. In the two-dimensional view, results are
plotted as a function of the spatial coordinate for the last time step saved. In the three-dimensional view, all
saved results are plotted as a function of time and spatial position. The complete set of STADIUM® input and
output files for the simulation can be found in the Runs folder (Figure 5-8). Deterministic simulation files are
placed in a folder named “realization_0" (Figure 7-5).
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7.1.2 STADIUME® Tutorial #2 - Monte Carlo simulation with modified settings
This tutorial modifies the pre-configured STADIUM® sulfate ingress scenario using the following steps:

1.  Omit the soil layer and switch to a two-layer saltwaste-concrete system

2. Increase the salt waste thickness to 0.5 meters

3. Decrease the total number of computational elements (grid cells) from 100 to 50, 25 in each material,
for a total of 51 nodes (i.e., grid vertices).

4. Run three probabilistic (Monte Carlo) simulations

While not comprehensive, this exercise illustrates how to make some of the more likely changes needed to
customize the pre-configured scenario. Because the CBP GoldSim interface couples existing stand-alone
codes, some changes can be made directly through Dashboard controls while others are performed through
manual edits to input files.

The first step above is an example of changing the simulation using the Dashboards. The scenario is changed
from three-layers to two-layers using the pull-down menu in the STADIUM® Run Controls dashboard (Figure
6-6); this change also requires changing the input file to the mesh generation program.

The mesh specifications are accessed from either the Run Controls Dashboard (Figure 6-6) by selecting the
“Generate Mesh” button or from the Simulation Controls Dashboard (Figure 6-4) by clicking on the “1a.
Define Mesh” button. Either button takes the user to the Mesh Generation Dashboard (Figure 6-5). A user
manual for the Mesh2d finite element mesh generation program is also available (Flach & Smith I1I 2012); this
document is provided with the CBP Software Toolbox in the ...\Information\Mesh2d folder or can be found
on the CBP website (http://cementbarriers.org/reports/).

The “Open xMesh” button opens the x-coordinate grid specification input file, named “xMesh .dat”. Figure
7-6 shows the edits needed for this tutorial, including commenting out the last data line representing the soil
layer. The other edits correspond to Steps 2 and 3 (above). The new computational mesh is created by selecting
the “Make Mesh” button. Selecting the “Run batch file” and then “View batch plot” buttons will display an
image of the grid (Figure 7-7).
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Figure 7-6. Edits made to the “xMesh.dat” file for STADIUM® Tutorial #2

« [ 1 | r

Figure 7-7. New computational mesh for STADIUM® Tutorial #2

The next step is to open the STADIUM® Run Control Dashboard (Figure 6-4) to make changes; this
Dashboard is opened by either selecting the “STADIUM Controls” button on the Generate Mesh Dashboard or
by selecting Go from the GoldSim Run Controller (Figure 6-3) and then “STADIUM_DashBoard” from the
resulting list. Figure 7-8 highlights the edits to be made on the Run Controls Dashboard.
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Figure 7-8. Changes to STADIUM® Run Controls Dashboard for Tutorial #2

STADIUM® is a stand-alone program run from the GoldSim interface using a command-line invocation. The
Dashboards and a supporting library function in an external DLL modify the STADIUM® input files, run the
code, and retrieve data from output files following specifications in a “DLL instructions” file. The file is
accessed from the “Instructions File” button on the Run Controls dashboard. The format of the DLL
instructions file is described in CBP Code Integration GoldSim DLL Interface (Smith I1I et al. 2010a); this
document is provided with the CBP Software Toolbox in the ...\Information\CBP_DLL folder or on the CBP
website (http://cementbarriers.org/reports/). Because the grid size was reduced from 101 nodes to 51 nodes (as
show in Figure 7-8), the DLL library function must be told to only retrieve 51 values from the output
STADIUM® output file. The corresponding edits are shown in Figure 7-9.

GET stad0%d-cbhbp—task7-2layers.out.xls =pace ign
1 value 2.0 1 0.1 col 4 3 11
33212 walu=2.0 1 —0.1 col 18 =] =]

Figure 7-9. Changes made to the DLL instructions file for STADIUM® Tutorial #2
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The final changes are to switch the GoldSim simulation mode from Deterministic to Probabilistic and to
specify the number of simulations. Clicking on the “Simulation Settings (F2)” button on the Run Controls
menu brings up the GoldSim dialog window shown in Figure 7-10, which highlights the required changes.
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Figure 7-10. Changes to GoldSim Simulation Settings

As with Tutorial #1, STADIUM® simulations are launched either by selecting the “Run Simulation (F5)”
button on the CBP Runs Dashboard or by selecting “Run” on the GoldSim Run Controller. For the GoldSim
Player version, the function key F5 is disabled and will not start the simulation. When running, a series of
command-line windows will appear, with the top-level window running STADIUM®, as shown in Figure 7-2.

As before, the simulation time is short, 1100 days, so that the three simulations will finish within a reasonable
time frame. When all three STADIUM® simulations are complete, a GoldSim dialog window appears as
shown in Figure 7-3. If the “Check to Save STADIUM® Output” box was checked on the Runs Control
Dashboard (Figure 6-6) (current default), then the input and output file from each simulations is saved to the
...\Tutorials\Runs subfolders “realization_1" through “realization_ 3” corresponding to the three realizations.
If the “Check to Save STADIUM® Output” box is unchecked, the all input and output files are successively
placed in the “realization_0" folder; only the input and output file from the last simulation are preserved.
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7.2 LeachXS™/ORCHESTRA (LXO) Tutorials

A set of LeachXS™/ORCHESTRA tutorials are also provided in this guide: one based on deterministic sulfate
attack using default settings, one probabilistic sulfate attack simulation to demonstrate how to modify settings
before running a simulation, and a deterministic cement carbonation simulation.

7.2.1 LXO Tutorial #1 - Deterministic Sulfate Attack simulation with default settings

The CBP GoldSim Dashboard interface comes pre-configured to make a single deterministic STADIUM®
simulation of external sulfate ingress/attack on a one-layer system (Section 7.1.1) with the following default
parameters (i.e., concentrating on those that will be changed in the next tutorial in Section 7.2.2):

e Concrete composition is Vault Concrete Two (VCT)
e Concrete vault thickness is 0.50 meters

o Initial sulfate (SO4) concentration is 0.25M

e  Default probabilistic parameters

This tutorial is focused on using the Dashboard controls and GoldSim Run Controller (Figure 6-3) to open and
launch a typical LeachXS™/ORCHESTRA (LXO) sulfate attack simulation for a one-layer, one-dimensional,
concrete vault (with a boundary condition representing the salt waste) and to ensure that LXO is operable on
the host computer.

The first step is to launch the GoldSim Player file named “CBPsoftwareToolbox V2.0.gsp” (Figure
5-3) that opens the Top-Level or Root container shown in Figure 6-1. Double clicking on the START button
shown in Figure 6-1 opens the Simulation Controls Dashboard shown in Figure 6-4, where the user can define
the scenario and access simulation controls for the selected partner codes. In general, the color green
corresponds to LXO information.

The “LXO -- Sulfate Attack” option should be selected from the Combo Box on the Runs Control Dashboard;
three active control buttons appear in the LXO block as shown in Figure 6-11.

Selecting the LXO “2c. Sulfate Attack” button will take the user directly to the pre-configured LXO scenario,
bypassing the “2a. Define Nodes” and “2b. Refresh Scheme” controls for this tutorial. The CBP LXO Runs
Control Dashboard (Figure 6-14) and GoldSim Run Controller (Figure 6-3) will appear.

The pre-configured scenario is run by either clicking on the “Run Simulation (F5)” button on the CBP Runs
Control Dashboard or clicking “Run’ on the GoldSim Run Controller. For the GoldSim Player version, the
function key F5 is disabled and will not start the simulation. When running, a series of command-line windows
will appear as shown in Figure 7-11 and then LeachXS™/ORCHESTRA appears as shown in Figure 7-12.
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Figure 7-12. LeachXS™/ORCHESTRA running during a simulation
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The pre-configured scenario is set to run for only a short simulation period, 1100 days (~3 years), and should
complete in a few minutes (elapsed time) depending on computer capabilities. GoldSim signals completion of
the run as illustrated in Figure 7-13; click “OK” to proceed.
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Figure 7-13. LeachXS™/ORCHESTRA transient simulation at completion

Simulation results can be viewed by pressing either the “View 2D Results” or “View 3D Results” button (as
described for the STADIUM® code in Section 6.4.3). In the two-dimensional view, results are plotted as a
function of spatial coordinate for the last time step saved. In the three-dimensional view, all saved results are
plotted as a function of time and spatial position. Example plots are shown in Figure 7-14. The complete set of
LXO input and output files for the simulation can be found in the Runs folder (Figure 5-8). Deterministic
simulation files are placed in a folder named “realization_0” (Figure 7-5).
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Figure 7-14. Example LeachXS™/ORCHESTRA results by spatial position and time: (a) sodium, (b) Al-
Ettringite. Results may vary from those shown for current tutorial case.
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7.2.2 LXO Tutorial #2 - Monte Carlo sulfate attack simulation with modified settings

This tutorial modifies the pre-configured LeachXS™/ORCHESTRA (LXO) scenario using the following
steps:

Change the concrete composition from Vault Concrete Two (VCT) to Vault Concrete One (VCO)
Decrease the concrete vault thickness from 0.50 meters to 0.25 meters

Increase the initial sulfate (SO4) concentration from 0.25M to 0.5M

Run three probabilistic (Monte Carlo) simulations using default probabilistic parameters

bl

While not comprehensive, this exercise illustrates how to make some of the more likely changes that would be
needed to customize the pre-configured LXO scenario. Because the CBP GoldSim interface links to existing
stand-alone codes, some changes can be made directly through Dashboard controls while others must be
performed through manual edits to input files.

The changes for this tutorial are examples of changing the simulation using the Dashboards. The concrete
composition is changed using the appropriate pull-down menu in the LXO Controls Dashboard (Figure 6-11).
The other changes (#2 and #3) are made using the LXO Controls Dashboard as highlighted in Figure 7-15.

No changes made for this tutorial require changing any of the instructions or template text files as described in
Section 6.6.1; all changes are made using Dashboard controls.

P4 GoldSim Player - CBPsoftwareToolbox_tutorial (CBPsoftwa o =] |

LeachXS™/ORCHESTRA Controls for Sulfate Attack

Scenario and General Options Concrete Settings for External Sulfate Attack
Parameter CoV
(") Iflight bulbis on, then LeachXSIORCHESTRA
3 isthe currently selected model
IOna Layer Model ‘l Selectthe number of layers in model
¥ Initial concrete porosity - 1 0.05
oy Tt Vt(ﬂd;h Cg;: Initial concrats tortuosity 015
I m;
Fractional porosity 0.3 0.1
SWD_5R2
" 0
T | Compressive strength, MPa 7 St Dev.
375037
. [Vaull Concrete Orne (VO] [ 005 nitial Young's mocuius, WPa | 375037) [ 2007
=l
E Tt da - r Ultimate tensile stiength, MPa | 50958] [ 015
Teat inty for i I
l 1 Check to Save LeachXS/0ORCHESTRA Output v
Zi i 0.1 0.05 r
[20e._sai | [ [ View LeachXS/ORCHESTRA Results
= View Inputs ‘ View 2D Results ‘ View 3D Results ‘
Define Nodes i View Geometry ‘ Ext GoldSim 1 Simulation Controls
Browse Model I Run Simulation (F5) ‘
These text files help Instructions File i bincopy bat i
control the simulation. it a | o | Simulation Settings (F2) i Simulation Controls i
=] ;_parameters noscreen | 4

Figure 7-15. Changes to LeachXS™/ORCHESTRA Run Controls Dashboard for Tutorial #2
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The final changes are to switch the GoldSim simulation mode from Deterministic to Probabilistic and to
specify the number of simulations. Clicking on the “Simulation Settings (F2)” button on the Run Controls
menu brings up the GoldSim dialog window shown in Figure 7-16, which highlights the required changes.
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Figure 7-16. Changes to GoldSim Simulation Settings for LeachXS™/ORCHESTRA Tutorial #2

LXO simulations are launched either by selecting the “Run Simulation (F5)” button on the Runs Dashboard or
by selecting “Run” on the GoldSim Run Controller. For the GoldSim Player version, the function key F5 is
disabled and will not start the simulation. When running, a series of command-line windows will appear as
shown in Figure 7-11 and then LeachXS™/ORCHESTRA appears as shown in Figure 7-12.

The simulation time is short, 1100 days, so that the three simulations will finish within a reasonable time
frame. When all three LXO simulations are complete, a GoldSim dialog window appears as shown in Figure
7-13. If the “Check to Save STADIUM® Output” box was checked on the Runs Control Dashboard (Figure 6-6)
(current default), then the input and output file from each simulations is saved to the ...\Tutorials\Runs
subfolders “realization_1" through “realization_ 3” corresponding to the three realizations. If the “Check to
Save LeachXS/ORCHESTRA Output” box is unchecked, the input and output files are successively placed in the
“realization_0" folder; in this case, only the input and output file from the last simulation are preserved.

Simulation results can be viewed by pressing the “View 2D Results” or “View 3D Results” button (as
described in Section 6.6.4). Note that these results are plotted as a function of spatial coordinate (Figure 7-17).
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The complete set of LXO input and output files for the simulation can be found in the Runs folder (Figure 5-8).
Deterministic simulation files are placed in a folder named “realization_0" (Figure 7-5). Currently the view

results buttons only plot deterministic results in folder “realization_0".
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Figure 7-17. Example LeachXS™/ORCHESTRA probabilistic results by spatial position and time for

deterministic realization
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7.2.3 LXO Tutorial #3 - Deterministic carbonation simulation with modified settings

The CBP GoldSim Dashboard interface comes pre-configured to make a single deterministic STADIUM®
simulation of external sulfate ingress/attack on a three-layer system (Section 7.1.1). This tutorial is instead
focused on using the Dashboard controls and GoldSim Run Controller (Figure 6-3) to launch a
LeachXS™/ORCHESTRA (LXO) cement carbonation simulation on a one-layer, one-dimensional, concrete
monolith and to ensure that LXO is operable on the host computer.

The first step is to launch the GoldSim Player file named “CBPsoftwareToolbox V2.0.gsp” (Figure
5-3) that opens the Top-Level or Root container (Figure 6-1). Double clicking on the START button shown in
Figure 6-1 opens the Simulation Controls Dashboard (Figure 6-4), where the user can define the scenario and
access simulation controls for the selected partner codes. In general, the color green corresponds to LXO
information.

The “LXO -- Carbonation” option is selected from the Combo Box on the Runs Control Dashboard; two active
control buttons appear in the LXO block as shown in Figure 6-16.

Next the LXO “3b. Carbonation” button is selected that takes the user directly to the LXO Carbonation
scenario. The appropriate CBP LXO Run Controls Dashboard (Figure 6-17) and GoldSim Run Controller
(Figure 6-3) appears.

This tutorial modifies the pre-configured LeachXS™/ORCHESTRA Carbonation scenario using the following
steps:

1. Change the concrete composition from Vault Concrete Two (VCT) to Standard Vault Concrete (SVC)
2. Decrease the concrete vault thickness from 1.0 meters to 0.5 meters
3. Increase the CO,(g) partial pressure from atmospheric to 0.0050 atm

While not comprehensive, this exercise illustrates how to make some of the more likely changes that would be
needed to customize the pre-configured LXO scenario. Because the CBP GoldSim Dashboard links to existing
stand-alone codes, some changes can be made directly through Dashboard controls while others must be
performed through manual edits to input files.

The changes for this tutorial are examples of changing the simulation using the Dashboards. The concrete
composition is changed using the appropriate pull-down menu in the LXO Controls Dashboard (Figure 6-17).
The other changes (#2 and #3) are made using the LXO Controls Dashboard as highlighted in Figure 7-18.

No changes made for this tutorial require changing any of the instructions or template text files as described in
Section 6.6.1; all changes are made using Dashboard controls.
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LeachXS™/ORCHESTRA Controls for Carbonation

Settings for the Carbonation/Leaching Model

Scenario and General Options

Q If light bulb is on, then LeachXSIORCHESTRA
is the currently selected model

g‘

0O5[g], partial pressure (atm)
Dog(05) (Ms)

CO5[gl, partial pressure (atm)
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Width Col
Cells ne.

Distribution
infor mation
fixad for
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Std Wault Concrete (SVC) -

!
l

[ Wodel Changes | [ Refresh Scheme | =4— For more information

View LeachXS/ORCHESTRA Results
View Inputs J View 2D ResuhiJ View 3D ResultEJ

Define Cells i View Geometry J Edt GoldSim J Simulation Controls

Erowse Model i Run Simulation (F5)
These text files help Instructions File i bincopy bat l J

control the simulation. Simulation Setti P ——
leachxs_parameters i noscreenCO3 bat i T AL ':Fai B rols i

Figure 7-18. Changes to LeachXS™/ORCHESTRA Run Controls Dashboard for Tutorial #3

The LXO Carbonation scenario is run by either clicking on the “Run Simulation (F5)” button on the CBP Runs
Control Dashboard or clicking “Run” on the GoldSim Run Controller (Figure 6-3). For the GoldSim Player
version, the function key F5 is disabled and will not start the simulation. When running, a series of command-
line windows will appear as shown in Figure 7-19 and then LeachXS™/ORCHESTRA appears as shown in
Figure 7-20.
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Single Step | Stop I

Scenario and General Options
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Figure 7-19. LeachXS™/ORCHESTRA transient carbonation simulation in process
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Figure 7-20. LeachXS™/ORCHESTRA running during carbonation simulation
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The LXO Carbonation scenario is set to run for only a short simulation period, 1100 days, and should complete
in a few minutes time depending on computer capabilities. GoldSim signals completion of the run as illustrated

in Figure 7-21; click “OK” to proceed.

LeachXS™/ORCHESTRA Controls for Carbonation

Scenario and General Options

':_‘_t:' Iflight bulb is on, then LeachXS/IORCHESTRA
¥ iz the currently selected model

Y Width
- Cells (m) CoV

Conc.

Settings for the Carbonation/Leaching Model
CoV

0.02

Parameter
0.2
2.07e-5m2/s

COyla], partial pressure (atm) 0.005

0,[g], partial pressure (atm)

D(05) (ms)

Distribution
irfarmation
fined for
thesa cases

1.63e-5m2/s

| Std Vault Concrete (SVC)  ~ |

[ =

Treat data uncertainty for concrete co

0K

Simulation Complete!

[ Model Changes ] [Hefresh Scheme ]

ete Saturation

View LeachXS/ORCHESTRA Results

View Inputs |

View 2D Results | View 3D Results ‘

Define Cells View Geometry | Exit GoldSim

Concrete Temperature (°C)

Initial concrete porosity

I—
o
o

Initial concrete tortuosity
Check to Save LeachXS/ORCHESTRA Output | |

Instructions File ‘ bincopy bat

These text files help

control the simulation.

leachs_parameters ‘ noscreenCO03 bat

Simulation Controls

Browse Model ‘ Run Simulation (F5) ‘

Simulation Settings (F2) ‘ Simulation Controls ‘

GoldSirn Run Contraller

Figure 7-21. LeachXS™/ORCHESTRA transient simulation at completion

Simulation results can be viewed by pressing the “View 2D Results” or “View 3D Results” button (as
described in Section 6.6.4). Note that these results are plotted as a function of the spatial coordinate (Figure
7-22). The complete set of LXO input and output files for the simulation can be found in the Runs folder
(Figure 5-8). Deterministic simulation files are placed in a folder named “realization_0” (Figure 7-5).
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Figure 7-22. Example LeachXS™/ORCHESTRA cement carbonation results by spatial position and
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8 KNOWN ISSUES WITH THE GOLDSIM INTERFACE TO FOR CBP
SOFTWARE TOOLBOX

Issues have been identified with the GoldSim Toolbox that are currently being diagnosed to be addressed in
future releases of the Toolbox. However, these issues do not prevent the user from successfully using the
Toolbox. Please contact the CBP team (Section 9) if you experience a problem not described in this section.

8.1 Cannot find an Output Specified in the DLL Instructions File

One common error (Figure 8-1) is when the DLL cannot find the results described in the instructions file
(Smith IIT et al. 2010a). The most common reason for this error is that the desired output time entered in the
instructions file is not available in the outputs from the partner code. Please assure that the output time entered
in the instructions file is available in the results from the partner code and that the search settings for locating
results are as described by Smith 11, et al. (2010a). For example, it may be necessary for the user to increase
the tolerance related to the time for finding the desired output information. Also the model may need to be
rerun the simulation a second time when changing the instructions file.

A Fatal Error occurred while simulating the model:
|
Realization: 1 of 10 (Monte-Carlo)

Model Time: 0.0114077 yr (time step 1 of 1)

Reported by: Element 'Link_to_LX0O_CO3"
Located im: WCementitious_Models\LXO_CO3\

Error Description:
DLL returned the following error message during call XF_ CALCULATI{}H
‘row value 3.0 not found in GET from DLL_LXO CO3.dat

[ ok || Got.

Figure 8-1. Example of a Fatal Error related to a Missing Value in the Results File

8.2 Error Associated with an Open Spreadsheet

If a spreadsheet referenced by a GoldSim spreadsheet element (for writing) is open when a simulation is
started, then the simulation is halted and an error like that shown in Figure 8-2 is displayed indicating the open
spreadsheet file. This error is fixed by closing the open spreadsheet and rerunning the simulation.
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GoldSim is unable to initialize the simulation. The following error has occurred:
il
GoldSim is unable to obtain write access to spreadsheet file " ILXOWLXO0_Summary.xls’, which iz required by element

'LXO_Summary'. GoldSim cannot carry out a simulation until all spreadsheets requiring write access are closed.

POk |[ Goto... ] I

Figure 8-2. Example of a Fatal Error related to an Open Spreadsheet

8.3 The LeachXS™/ORCHESTRA Model does not Run

There are innumerable probabilistic simulations that are possible using the GoldSim interface. The Toolbox
developers have attempted to make the models used as robust and the sampling distributions as descriptive as
possible; however, the CBP team cannot assure every possible realization will run. The message provided
when an LXO simulation fails to run is shown in Figure 8-3. This type of error will cause the simulation to halt
(and a message like that in Figure 8-4 will be shown after continuing).

Message - ﬁ

e

,ff chemistry2.inp: Sorry, this calculation was not successful.
[teration report written to lteration.dat

OK

Figure 8-3. Example of an Error when Running a LXO Simulation

A few common issues related to LXO simulations not running to completion include:

e Carbonation Model: The initial pH value used for a material may be set to too high a value for this
specific model (where initial values for materials have been set based on a selected evaluation of
material properties for all LXO models used in the Toolbox). This parameter is found in cell B46 in
the Concrete Materials database (Concrete data v2 1.xlxs) spreadsheet in the Worksheet
associated with the material. 4 lower initial pH may often remedy this error. Care should be
exercised when adjusting the values in the materials database. Please contact the CBP Team (Section
9) for more information.

o Sulfate Attack Model: Known issues related to running this model often result from infeasible
starting availability (or composition) estimates. These issues may be compounded if data uncertainty
is also selected (Section 6.6.1). Work has been done by the developers to assure sampling
distributions are reasonable for all LXO models; however, the sulfate attack model appears sensitive
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to sampling starting availabilities. Please contact the CBP Team (Section 9) for more information if
you are experiencing problems.

e Percolation with Radial Diffusion Model: The primary issue related to this model is the fact that it
often takes considerable time to begin running. The CBP Team is working to address this issue and
updates to this model will be provided in future versions of the Toolbox.

Please contact the CBP Team (Section 9) if you experience additional problems with running the Toolbox.

8.4 Missing Realization Folder

A folder (..\Runs\realization #) mustbe available inthe . ..\Runs\ subfolder corresponding to
each simulation that will be run. If no such folder exists, an error like that shown in Figure 8-4 will be
displayed by GoldSim. This error is prevented by creating a new folder in . . . \Runs\ corresponding to the
realization. The CBP Team is working on creating the necessary realization folder at runtime in the next
release of the Toolbox.

FATAL ERROR _— - S|

“" A Fatal Error occurred while simulating the model:

Realization: 11 (Single Monte-Carlo)
Model Time: 0.0114077 yr (time step 1 of 1)

Reported by: Element 'Link_to_LX0O 1Layer'
Located in: Cementitious_Models\LXO_1Layer

Error Description:
DLL returned the following error message during call XF_CALCULATION:
‘input file . LALKXONWCEBP SulfateAttack_1Layer\Projects\CBP SulfateAttack\leachxs_'

[ ok || Gotw..

Figure 8-4. Error when a Realization Folder is Missing

8.5 Running a Realization without a Corresponding Summary Worksheet

Microsoft Excel worksheets are provided that are used to summarize the input parameters used in the various
realizations in a simulation. For the STADIUM® and LeachXS™/ORCHESTRA sulfate attack simulations, a
worksheet corresponding to a realization is populated at run time. A blank worksheet should exist for each
realization in the pertinent workbooks. (The maximum number of worksheets in a workbook is limited by
available memory where worksheets can be added as described in Microsoft Excel Help.)
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If a realization is run corresponding to a non-existent worksheet, then GoldSim will add worksheets up to that
corresponding to the realization; however, the headings typically associated with the input information will be
missing as shown in Figure 8-5. In the example shown, the 51% realization has been run when only 50
worksheets have been added to the summary workbook. The input information is placed in a new worksheet
entitled “Sheet1” without headings.

|1_—t|' = |= LXO_Summary.xls [Compatibility Mode] - Microsoft Excel | = [ = L
m Home Insert Page Layout Formulas Data Wiew IMP Rewiew Developer [~ e = B EZ
= X Calibri 11 v = == General - A g=Insert - - )v éa
2l L
=l Ea~ B I U~ A A =R T sty 5% Delete - | ] Z
Paste fles ., Sort & Find &
- F HL | e A E = | ¥~ a8 %8 -~ | BEiFormat ~ | <2~ Filter - Select -
Clipboard a Font 1 Alignment a Mumber a Cells Editing
Al - I ~
A B C D E F G H 1 J ™~
. =
2 6.5 11.5 10.5
3 7.5 7.5 -3.5
4 0 0.226363 0.000147
5 0 1.077731 0.00038
] 0 0.003773 0.002929
7 0 0.032977 1.76E-17
8 0 0.261512 4.01E-17
9 0 0.006302 4.294014
10 o 0.16667 0.010356
11 0 0.018365 2.871647
12 0 5.B8E-17 0.681842 =
L L R45 R46 R47 R48 R49 R50 Sheetl Shem 4| ] | » |I|
Ready | P | | (2o 100% (=) . (+)

Figure 8-5. Input Summary for Realization 51 when 50 Worksheets are Prepared

8.6 Exception Thrown after Multiple Simulations without Exiting and
Restarting the GoldSim Model

An exception may be intermittently thrown after completing a simulation because one or more of the
(exponent of the) floating-point results exceeds the maximum allowed size for that data type as illustrated in
Figure 8-6. Typically this type of exception is thrown after a simulation has already been completed and a new
simulation is being performed. This issue was discovered running Toolbox Version 1.0 but has not been an
issue with GoldSim Version 10.5.X and Toolbox Release 2.0. If a floating-point exception is thrown as
illustrated in Figure 8-6, it is recommended that the simulation be Reset and Run again. If the error persists,
please Exit the GoldSim interface and restart.

78



GoldSim Interface for the CBP Software Toolbox, Version 2.0 User Guide

LeachXS™/ORCHEST,
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e

Realization: Deterministic

Model Time: 900 d (time step 1 of 1)

Reported by: Element 'Link_to_LXO_1Layer"
Located in: \Cementitious_Models\LX0_1Layer\

Error Description:

Exception Code: EXCEPTION_FLT_OWVERFLOW
Exception Address: 0x10496847

[ OK

]

Goto...

]

Concrete Settings for External Sulfate Attack

Parameter

An exception was caught during the function-list update for element Link_to_LX0_1Layer in SubSystem 'LXO_1Layer".
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Example of the exception thrown during GoldSim Interface simulation
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9 TECHNICAL SUPPORT

If you are experiencing problems with installing or running the CBP Software Toolbox or have any questions
concerning its use, please contact either:

Kevin G. Brown, Ph.D.

Vanderbilt University, School of Engineering

Consortium for Risk Evaluation with Stakeholder Participation (CRESP) 111
Nashville, TN 37235

E-mail: kevin.g.brown@vanderbilt.edu (Preferred method)

Phone: 615-343-0391

or

Gregory P. Flach, Ph.D.

Savannah River National Laboratory

773-42A, Savannah River Site, Aiken, SC 29808
E-mail: gregory.flach@srnl.doe.gov (Preferred method)
Phone: 803-725-5195
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10 GLOSSARY OF TERMS

Browser

An alternative view of a GoldSim model, in which elements are displayed in a tree-like structure,
and organized either hierarchically or by type.

Carbonation

Carbonation denotes various natural processes that result in the neutralization of concrete. The
most significant such process is the reaction of atmospheric carbon dioxide with calcium
hydroxide forming calcium carbonate that reduces the pH of the concrete and increases the
potential for corrosion of steel reinforcement.

Container

Object within a GoldSim model that is analogous to a folder that is used to organize the model in
a hierarchical manner.

Dashboard

Specialized user interface that can be built into a Player file. A dashboard looks like a "control
panel", with buttons, sliders and display panels, and provides a mechanism by which inputs to a
model can be modified within the Player.

Deterministic (probabilistic)1

Consistent with the principles of “determinism” that hold that specific causes completely and
certainly determine the effects of all sorts. The term "probabilistic” is associated with an
evaluation that explicitly accounts for likelihood in the analysis in an integrated fashion.

Dynamic-link Library (DLL)

A DLL is a library containing code and data that can be used by more than one program at run
time, which helps promote code reuse and efficient memory usage.

Element
Object that represents a basic building block of a GoldSim model.
GoldSim Interface

An integrated system developed in GoldSim that allows state-of-the-art partner codes (namely,
STADIUM® and LeachXS™/ORCHESTRA) to be evaluated under a probabilistic framework.

! Taken from the US NRC full-text glossary at http://www.nrc.gov/reading-rm/basic-ref/glossary/full-text.html.
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Graphics Pane

The primary portion of the GoldSim interface, where the graphical depiction of the model is
shown.

Realization

A single model execution within a Monte Carlo simulation that represents one possible path the
system could follow through time.

Run Controller
A dialog used to control the manner in which a GoldSim simulation is run from the Player.
Sulfate Attack

The deleterious chemical/physical reaction between sulfate in groundwater or soil and various
solid components in cement that result in expansion and cracking of concrete.

Superfile

The top-tier input to Mesh2d is a superfile containing filenames and high-level option
specifications.

Toolbox (also CBP Software Toolbox)

An integrated system that allows state-of-the-art partner codes (namely, STADIUM® and
LeachXS™/ORCHESTRA) to be evaluated either in standalone mode or under a GoldSim
probabilistic framework.
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