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ABSTRACT

Sandia National Laboratories (SNL) continued evaluation of total system performance assessment
(TSPA) computing systems for the previously considered Yucca Mountain Project (YMP). This was
done to maintain the operational readiness of the computing infrastructure (computer hardware and
software) and knowledge capability for total system performance assessment (TSPA) type analysis,
as directed by the National Nuclear Security Administration (NNSA), DOE 2010. This work is a
continuation of the ongoing readiness evaluation reported in Lee and Hadgu (2014), Hadgu et al.
(2015) and Hadgu and Appel (2016), and Hadgu et al. (2017). The TSPA computing hardware (2014
server cluster -CL2014) and storage system described in Hadgu et al. (2015) were used for the
current analysis. One floating license of GoldSim with Versions 9.60.300, 10.5, 11.1 and 12.0 was
installed on the cluster head node, and its distributed processing capability was mapped on the
cluster processors. Other supporting software were tested and installed to support the TSPA-type
analysis on the server cluster. The FY18 task included developing an inventory of software used for
the Yucca Mountain Project process models and preliminary assessment of status of the software;
enhancing security of the cluster and setting a backup system. The 2014 server cluster and
supporting software systems are fully operational to support TSPA-LA type analysis.
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EXECUTIVE SUMMARY

Sandia National Laboratories (SNL) continued evaluation of total system performance assessment
(TSPA) computing systems for the previously considered Yucca Mountain Project (YMP). This was
done to maintain the operational readiness of the computing infrastructure (computer hardware and
software) and knowledge capability for total system performance assessment (TSPA) type analysis,
as directed by the National Nuclear Security Administration (NNSA), DOE 2010. This work is a
continuation of the ongoing readiness evaluation reported in Lee and Hadgu (2014), Hadgu et al.
(2015) and Hadgu and Appel (2016), and Hadgu et al. (2017).

The TSPA computing hardware (2014 server cluster - CL2014) and storage system described in
Hadgu et al. (2015) were used for the current analysis. One floating license of GoldSim with
Versions 9.60.300, 10.5, 11.1 and 12.0 was installed on the cluster head node, and its distributed
processing capability was mapped on the cluster processors. Other supporting software were tested
and installed to support the TSPA-type analysis on the server cluster. The FY18 task included
developing an inventory of software used for the Yucca Mountain Project process models and
preliminary assessment of status of the software; enhancing security of the cluster and setting a
backup system. The 2014 server cluster and supporting software systems are fully operational to
support TSPA-LA type analysis.
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ACRONYMS AND DEFINITIONS

Abbreviation Definition

API Applications Programming Interface. A set of interfaces on an OS or other
system, usually exposed as documented functions, that can be called by
programs to perform commonly required tasks. APIs can expose parts of
the system that can't be controlled in other ways.

Backwards
Compatibility

The property of an evolving system, OS or API especially, to remain
compatible with earlier versions of itself, so that software that runs under or
uses the system, can continue to work on later versions without
modification.

CL2014 2014 TSPA server cluster (Computing Hardware)

Code Short for Engineering Code, the word "code" refers to a computer
program.

COM, the
Component Object
Model

A binary standard for software components introduced by Microsoft in
1993. It is the basis for several other Microsoft technologies including
Visual Basic, OLE, ActiveX, COM+ and DCOM.

Console Program or
Application

Text-based software that runs in the console. Input is received at the
command line, by an input deck (usually a structured text file) or by
querying the user via output and input commands at the console.

COTS Commercial off-the-shelf software. General-use software purchased from a
software vendor. This software may have been customized for use on the
YIVIP LA by analysts or computer programmers.

DLL Dynamically Linked Libraries

DOE Department of Energy

DP Distributed Processing

DTN Data Tracking Number

Fortran Intrinsic Commands that are directly callable by programmers in Fortran source
code.

Fortran Intrinsic,
Vendor-Specific

Fortran intrinsic that is available in some Fortran compilers and not others.
Vendor-specific intrinsics are nonportable and tie the source code to a
specific compiler vendor.

GB Gigabyte

GOTS, Government
Off-the-Shelf

Software developed at Sandia or a U.S. Government agency for a general or
non-YMP LA purpose, which may have been modified at Sandia usually by
creation of an input deck. Sometimes source is received with GOTS
software, sometimes not.

GTG GoldSim Technology Group
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GUI, Graphical User
Interface

Software with dialogs and user interface elements, to make it more user-
friendly. Such software is usually less portable but easier to use.

HAL A Hardware Abstraction Layer is a logical division of code that serves as an
abstraction layer between a computer's physical hardware and its software.
It provides a device driver interface that allows a program to communicate
with the hardware. In virtual machines, it also presents a raw hardware
interface to the virtual client, making it look like the client software owns
the hardware it's running on.

LA License Application

NL National Laboratory

OS Operating system. Windows, Linux, Unix, OpenVMS, etc.

PC Personal Computer

Preprocessor
Directive

Meta code inserted into source code to cause it to compile (or not compile)
different fragments depending on which system is being targeted. The
presence of preprocessor directives can indicate that a programmer at least
considered the possibility that the code would run on/under more than one
type of hardware and/or OS.

RAM Random Access Memory

SCM Software Configuration Management

SNL Sandia National Laboratories

Source Code Series of instructions, usually in text, that when compiled produce a binary
or interpreted program that can be executed.

TSPA Total System Performance Assessment

USACE US Army Corps of Engineers

USGS US Geological Survey

YMP Yucca Mountain Project
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1. INTRODUCTION

Sandia National Laboratories (SNL) continued evaluation of the total system performance
assessment (TSPA) computing systems for the previously considered Yucca Mountain Project
(YMP). This was done to maintain the operational readiness of the computing infrastructure
(computer hardware and software) and knowledge capability for total system performance
assessment (TSPA) type analysis, as directed by the National Nuclear Security Administration
(NNSA), DOE 2010. This work is a continuation of the ongoing readiness evaluation reported in
Lee and Hadgu (2014), Hadgu et al. (2015), Hadgu and Appel (2016) and Hadgu et al. (2017). The
TSPA computing hardware (2014 server cluster - CL2014) and storage system described in Hadgu et
al. (2015) were used for the current analysis. One floating license of GoldSim with Versions
9.60.300, 10.5, 11.1 and 12.0 was installed on the cluster head node, and its distributed processing
(DP) capability was mapped on the cluster processors. Other supporting software were tested and
installed to support TSPA-type analysis on the server cluster. The current tasks included
maintenance of the TSPA-LA system (hardware and software), and developing an inventory of
software used as process models. CL2014 is currently running smoothly. Versions 9.60.300, 10.5,
11.1 and 12.0 are currently operational on the cluster. The 2014 server cluster and supporting
software systems are now fully operational to support TSPA-LA type analysis with the GoldSim
version used for the license application (GoldSim, 2007).

In FY15, through FY18 SNL conducted evaluation of the TSPA computing system to verify the
readiness of the capability to perform TSPA-type analysis of the Yucca Mountain repository
following the 2014 server replacement. The reports by Hadgu et al. (2015), Hadgu and Appel (2016),
and Hadgu et al. (2017) documented the work performed to achieve and maintain the readiness of
the computing infrastructure (computer hardware and software) and knowledge capability to
perform TSPA-type analyses. The reports provided details of specifications of the 2014 computer
hardware, the evaluation of the required components of the hardware and software systems, as well
as the instructions to setup and conduct the TSPA-LA type simulations and post-processing of the
model output. This report is a continuation of the work performed since 2015.

As was done in previous work (Lee and Hadgu, 2014, Hadgu et al., 2015, Hadgu and Appel, 2016,
and Hadgu et al., 2017) one of the goals of this work is to demonstrate the readiness of the 2014
hardware and software systems. This is to insure that the computing system can support reliable
execution of the TSPA-LA models and post-processing of the model output. The other goal of this
work is to develop an inventory of software used in Yucca Mountain process models and to begin
assessment of the current status of the software. The following main topics were identified for the
current investigation to evaluate the status of the TSPA-LA model capability.

• Maintaining readiness of the TSPA-LA.

• Inventory of and assessment of software used for the YMP License Application process models.
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2. THE TSPA COMPUTING SYSTEM

2.1.The TSPA Server Cluster Hardware (CL2014)

The TSPA computing system, (the hardware and software), is discussed in great detail in Hadgu et
al. (2015). The new TSPA cluster (CL2014) consists of a total of 32 Dell PowerEdge R620 servers,
each with 3.0 GHz Intel® Xeon® E5-2690 dual quad-core processors (20 processors per server)
and 128 GB RAM. Thus, the TSPA server cluster has a total of 640 processors.

The 2014 servers reside on the Sandia DMZ domain and are running under the Windows Server
2012 r2, 64-bit operating system. The system was optimized for installation and execution of the
GoldSim software required to run the GoldSim distributed processing module utility (GoldSim
2010, 2017). The distributed processing module utility is a program extension to GoldSim which
allows use of multiple computers connected over a network to share the computational burden of a
Monte Carlo simulation. The module is the essential feature to efficiently manage and execute
multiple realizations of the TSPA-LA model run on the cluster processors. In the 2014
configuration of the total of 32 blade servers, one blade server is used as the head node, and 31
servers are used as the compute nodes dedicated to run GoldSim-based TSPA models.

2.2The TSPA Data Storage

As stated in Hadgu and Appel (2015), adequate storage space has been allocated for current work on
the network drive on which the YMP data is stored (FSO2SNLNTY/collab6). The storage space is
subject to 30 days daily backup.

A limited disk storage space is available on the head node of the TSPA cluster. That is intended
mainly for installation of application software, storage of small files by individual users using the
cluster, as well as storage of model output files while a run is carried out. The space is not enough
for storing all TSPA model output files. The total size of the files contained in a TSPA LA model
output DTN ranges from a few gigabytes to tens of gigabytes, and some DTNs are close to 100
gigabytes. The DTN package includes GoldSim model files, model output data files, post-processed
data files, plot files, etc. The total size of the GoldSim model and model output files from a routine
TSPA-LA model run typically ranges from about one gigabyte to 10 gigabytes depending on the
modeling cases. To clear space on the head node, TSPA model output files need be transferred to
the storage system described above.

2.3The TSPA Server Cluster Hardware (CL2014)

The CL2014 cluster has data backup and recovery system. The backup and recovery service follows
SNL corporate standards for the following:

• Backup and Restoration of Data: Corporate Databases follow standards and procedures

defined by the Enterprise Database Administration group (Archean, CL2014 head node, and

CL2014-2 compute node is backed up by Enterprise).

o https://sharepoint.sandia.gov/sites/backup/default.asp 

o Backup and Data restoration from corporate is only for CL2014-1 (head node) and

CL2014-2 (compute node). Data from the rest of the compute nodes are not restored as

13



all data are transferred from the compute nodes to the head node after each GoldSim

run.

o If any of the compute nodes fails, RAID array 1 is used to restore the compute node by

replacing hard drives of dead servers. The backup from corporate is a just in case

disaster recovery layer.

o CL 2014 cluster data is being backed up by the SAN and disaster recovery.

o All questions and issues are to be reported to the Corporate Enterprise team via

Corporate Computing Help Desk.

• Full File Server Backups: Performed monthly. Incremental server backups are performed

nightly.

o Back up for the File Server is done by corporate.

■ Request for retrieving data from the backup for the CL2014 cluster is to be

submitted via ticket through Corporate Computing Help Desk.

• File Restoration: Within 1 business day (requested via the Corporate Computing Help

Desk). Customer must provide file name and location to facilitate restoration.

2.4TSPA Server Cluster (CL2014) Hardware Status

CL2014 is functioning properly. During the year the system security was upgraded with installation
of a two-factor authentication method. In addition, system back up has been implemented. The
master or head node, CL2014-1 is now backed up incrementally daily and completely once a month.
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3 INVENTORY AND ASSESSMENT OF SOFTWARE USED FOR THE YMP
LICENSE APPLICATION PROCESS MODELS

This section provides an inventory of software used in the YMP process models. The section also
provides a primary assessment of the status of the software. The TSPA-LA Model components and
submodels are described in detail in the TSPA-LA report (SNL, 2008). Section 6 of the report
summarizes the process models associated with the TSPA-LA models and submodels for the
Nominal Scenario Class. The section also describes the event scenarios represented by Early Failure,
Igneous, and Seismic Scenario Classes and the Human Intrusion Scenario. Detailed descriptions of
each process and process model are described in individual analysis and model reports. The current
work used the individual reports to compile a list of software utilized for the Yucca Mountain
license application.

The software inventory is presented below in sections representing the TSPA-LA Model
components and submodels. The following are the major sections representing the model
components and processes. Each major section is further subdivided to describe the submodels.

• Unsaturated Zone (UZ) Flow
• Engineered Barrier System (EBS) Environment
• Waste Package (WP) and Drip Shield (DS) Degradation
• Waste Form (WF) Degradation and Mobilization
• EBS Flow and Transport
• UZ Transport
• Saturated Zone (SZ) Flow and Transport
• Biosphere.
• Events (Scenario classes)

For each section the process model and the individual reports where the process is described are
reported. The section also includes a list of software that supported the model development. The
software list details information about the software and a brief description on how it was used. The
availability of each software in software configuration management (SCM) is also indicated. The
software inventory is also provided in Excel Spreadsheet form in Appendix A, and in a separate
Excel file. The Excel file allows a quick search of each software and the related analysis model
report. Note that details may not be available in the original documents when commercial software
(COTS) such as Microsoft Excel are used. A preliminary list of project developed (YMP) and COTS
software is given in Appendix B.

3.2Unsaturated Zone Flow

3.2.1 Climate Analysis

Climate analysis is documented in the report: 170002 BSC (Bechtel SAIC Company) 2004. Future
Climate Analysis. ANL-NBS-GS-000008 REV 01. Las Vegas, Nevada: Bechtel SAIC Company.
ACC: DOC.20040908.0005.
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Software used: Microsoft Excel 2000 was used to develop graphic representations. The software is
not available in SCM. No other software or models were used.

3.2.2 infiltration Analysis

Infiltration analysis is documented in the report: 182145 SNL (Sandia National Laboratories) 2007.
Simulation of Net Infiltration for Present-Day and Potential Future Climates. MDL-NBS-HS-000023 REV 01
AD 01, Las Vegas, Nevada: Sandia National Laboratories.

Table 1 - Simulation of Net Infiltration for Present-Day and Potential Future Climates List of
Software Used

Software
Name

Version Software Tracking
Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

Mathcad 13.1 611161-13.1-00 PC, Windows XP The net infiltration model
(MASSIF) was developed and
implemented using standard
functions included with Mathcad.

Not available in
SCM

LHS 2.51 10205-2.51-01 DEC Alpha
Server ES45
Model 2/ Open
VMS 8.2

Performs Latin hypercube
sampling; generates the
distribution for each parameter to
be sampled; generates a
correlation matrix; and detects
invalid input data sets.

Available in
SCM

ArcGIS 9.1 11205-9.1-00 PC, Windows XP Integrates a collection of
software files for developing a
complete Geographic Information
System (GIS) for the infiltration
model.

Available in SCM

ENVI+IDL 4.2 11204-4.2-00 PC/Windows XP Conducts Radiometric
Corrections to the Region of
Interest (ROI) data; conducts
land cover characterization
calculations based on ROI data;
conducts geometric corrections
to the ROI data.

Available in
SCM

MVIEW 4.0 10072-4.0-00 PC/Windows
2000

Used for stepwise regression
analysis and the calculation of
partial correlation coefficients
and standardized regression
coefficients.

Available in
SCM

The primary software used for infiltration analysis is Mathcad 13.1. The software is not available in
SCM. This version is no longer supported by the software developer but it can be either located or
later versions used.
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Supporting software for infiltration analysis:

IVIVIEW is a project developed software. The version of the software that was used for YIVIP license
application has been recently tested for the maintenance of the TSPA uncertainty and sensitivity
analysis (Hadgu and Appel, 2016). Thus, this software is functional in a new operating environment.

LHS is also project developed. There is a need to test the software on updated operating
environment.
ENVI and IDL are COTS that allow data extraction from geospatial and other sources. The
company is Harris Geospatial Solutions. ENVI and IDL are separate codes and both are Available
in SCM. There is a need to test for accuracy of data, if use of newer versions is required. Since these
are pre-and post-processing software, they may be replaced with other codes in case of problems.

Another report supporting infiltration analysis is:

177081 SNL (Sandia National Laboratories) 2006. Data Analysis for Infiltration Modeling: Extracted
Weather Station Data Used to Represent Present-Day and Potential Future Climate Conditions in
the Vicinity of Yucca Mountain. ANL-MGR-MD-000015 REV 00. Las Vegas, Nevada: Sandia
National Laboratories. ACC: DOC.20070109.0002.

Table 2 - Data Analysis for Infiltration Modeling List of Software Used

Software Name Version Software Tracking
Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

Mathcad 13.1 611161-13.1-00 PC, Windows
XP

The net infiltration model (MASSIF)
was developed and implemented
using standard functions included
with Mathcad.

Not available
in SCM

CORPSCON 5.11.08 10547-5.11-08-00 PC/Windows
NT 4.0

Used to convert coordinate data to
the Universal Transverse Mercator
(UTM) coordinate system; convert
meteorological station coordinates
from geographical or UTM NAD 83
coordinates to UTM NAD 27
coordinates.

Available in
SCM

EARTHVISION 5.1 10174-5.1-00 IRIX 6.5 Used to extract a projected
elevation given geographic
coordinates as inputs.

Available in
SCM

CORPSCON is a free coordinate conversion software from the US Army Corps of Engineers
(UACE). There is a need to test the old version in a new computing environment.

EARTHVISION is a visualization graphics commercial software from Dynamic Graphics, Inc. The
latest version of the software is 9.0. It is not clear if it is backwards compatible. IRIX 6.5 (UNIX
based OS) operating system has been discontinued. There is a need to install EARTHVISION 5.1
on a current UNIX platform for testing.
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3.2.3 Site Scale Unsaturated Zone Flow

Site scale unsaturated zone flow is documented in the report: 184614 SNL (Sandia National

Laboratories) 2007. UZ Flow Models and Submode/s.MDL-NBS-HS-000006 REV 03 AD 01. Las

Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20080108.0003.

Table 3 - UZ Flow Models and Submodels Flow List of Software Used

Software
Name

Version Software Tracking
Number (STN)

Platform/Operating
System

Brief Description of Use Availability

T2R3D 1.4 10006-1.4-00 Dec Alpha/UNIX Used for tracer transport
simulations, tracer transport
travel-time estimates, and
modeling pore-water
chemistry.

Available in
SCM

TOUGHREACT3.0 10396-3.0-00 Dec Alpha/OSF1 V5.1 Used for conducting calcite
studies.

Available in
SCM

TOUGH2 1.6 10007-1.6-01 Dec Alpha/OSF1 V5.1,
PC-DOS Windows 98

Used to generate flow fields
and to conduct model
calibrations.

Available in
SCM

infil2grid 1.7 10077-1.7-00 Dec Alpha/OSF1 V4.0 Used to apply infiltration maps
onto the grids used for
simulating flow and transport.
It was also used to map
infiltration maps into GENER
files of TOUGH2 input data.

Available in
SCM

2kgrid8.for 1.0 10503-1.0-00 Dec Alpha/OSF1 V4.0,
PC-DOS Windows 95

Used to generate dual-
permeability grids.

Available in
SCM

bot_sum.f 1.0 10349-1.0-00 UNIX/OSF1 V4.0 Used for calculation of water
mass flux at the water table
boundary conditions.

Available in
SCM

WINGRIDDER 2.0 10024-2.0-00 PC/Windows NT 4.0 Used to generate a three-
dimensional thermal model
grid.

Available in
SCM

TOPTEMP_VO.
f

1.0 10224-1.0-00 Dec Alpha/OSF1 V4.0 Used for estimating initial
and boundary temperature
conditions.

Available in
SCM

GET_TEMP_V
O.f

1.0 10222-1.0-00 Dec Alpha/OSF1 V4.0 Used for estimating initial
and boundary temperature
conditions.

Available in
SCM

Tbgas3D 2.0 10882-2.0-00 SUN/SUN O. S. 5.5.1 Used for generating surface
gas pressure boundary
conditions.

Available in
SCM
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T2FEHM 4.0 10997-4.0-00 Dec Alpha/OSF1 V5.1 Converts TOUGH2 output files
with the format of flow9.dat
into files readable by FEHM.

Available in
SCM

WTRISE 2.0 10537-2.0-00 Dec Alpha/OSF1 V5.1 Used to adjust the FEHM-
readable files for a higher
future water table.

Available in
SCM

Bkread.f 1.0 10894-1.0-00 SUN/SUN O. S. 5.5.1 Used to obtain breakthrough
curves.

Available in
SCM

Smesh.f 1.0 10896-1.0-00 SUN/SUN O. S. 5.5.1 Used to generate grid. Available in
SCM

iTOUGH2 4.0 10003-4.0-00 SUN/SUN O. S. 5.5.1/
OS V4.0

Inverse modeling code to
perform model calibration.

Available in
SCM

There is a need for testing of the above codes on updated operating environment.

The following report also supports site scale unsaturated zone flow: 179545 SNL (Sandia National

Laboratories) 2007. Calibrated Unsaturated Zone Properties. ANL-NBS-HS-000058 REV 00. Las Vegas,

Nevada: Sandia National Laboratories. ACC: DOC.20070530.0013.

Table 4 - Site Scale Calibrated Unsaturated Zone Properties List of Software Used

Software
Name

Version Software
Tracking

Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

iTOUGH2 5.0 10003-5.0-00 Linux, Red Hat
V7.3

Used for property calibration against
field data based on inverse modeling
methodology.

Available in
SCM

e9-3in 1.0 10126-1.0-00 Sun/UNIX Used to convert coordinate data to the
Universal Transverse Mercator (UTM)
coordinate system. Specifically, used
for converting EOS9 format of initial
conditions to the corresponding E053
format, and converting coordinate
systems for the infiltration maps.

Available in
SCM

2kgrid8.for 1.0 10503-1.0-00 PC/DOSV4.00.
1111

Used to convert an ECM (Effective
Continuum Model) grid to the
corresponding DKM (dual-permeability
model) grid.

Available in
SCM

Infil2grid 1.7 10077-1.7-00 PC/DOSV4.00.
1111

Used to map infiltration data into the
top boundary of a numerical grid.

Available in
SCM

TBgas3D 2.0 10882-2.0-00 SUN/O.S.5.51 Used for mapping the infiltration rate
data into top elements of a numerical
grid, determining the top gas-flow
boundary conditions for calibration
simulations using pneumatic data.

Available in
SCM
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CORPSCON 5.11.08 10547-5.11-08-00PC/WINDOWS Used to convert coordinate data to the Available in
NT 4.0 Universal Transverse Mercator (UTM)

coordinate system. Specifically, used
for converting EOS9 format of initial
conditions to the corresponding EOS3
format, and converting coordinate
systems for the infiltration maps.

SCM

There is a need for testing the above codes on updated operating environment.

The following report also supports site scale unsaturated zone flow: 174101 BSC (Bechtel SAIC

Company) 2005. Mountain-S cale Coupkd Processes (TH/ THC / THM) Models. MDL-NBS-HS-000007

REV 03. Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20050825.0007.

Table 5 - Mountain-Scale Coupled Processes Flow List of Software Used

Software Name Version STN Platform /
Operating
System

Brief Description of Use Availability

TOUGH2 1.6 10007-1.6-01 Alpha system
OSF1 V4.0

Selected for its capability to model
effects of heat on flow in fractured
media

Available in
SCM

TOUGHREACT 3.0 10396-3.0-00 Alpha System
OSF1 V5.1

TOUGHREACT applies to porous
media in a temperature range
limited by its thermodynamic
database (currently 0 to 300°C).

Available in
SCM

FLAC3D 2.0 10502-2.0-00 PC/Windows 98 Used for mechanical analysis and
for linked TOUGH2 and FLAC3D
coupled THM analysis.

Not available
in SCM

EXT 1.1 10005-1.1-00 SUN Ultra Sparc
SunOS 5.5.1

The EXT code extracts data from
TOUGH2 output files for plotting.
The input and output formats must
be standard TOUGH2 input and
output formats, with eight-character
element names TOUGH2 mesh.

Available in
SCM

EXT 1.0 10047-1.0-00 SUN Ultra-Sparc
SunOS 5.5.1

The EXT code extracts data from
TOUGH2 output files for plotting.
The input and output formats must
be standard TOUGH2 input and
output formats, five-character
element names TOUGH2 mesh.

Available in
SCM

Infil2grid 1.7 10077-1.7-00 PC MS-DOS
V4.00.1111
under
Windows 95

This software is used to extract
surface infiltration rates to the top
of TOUGH2 model grids. This
routine is limited to eight-character
element names TOUGH2 mesh.

Available in
SCM
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WINGRIDDER 2.0 10024-2.0-00 PC/Windows NT
4.0

A grid generator program used to
produce 1-D, 2-D, or 3-D grids for
numerical modeling of flow and
transport problems based on the
integral difference method. Output
grid files are in the format
compatible with TOUGH2. Inputs
are distance, area, and volume that
must be non- negative.

Available in
SCM

GridReader 1.0 10994-1.0-00 PC/Windows NT
4.0

Gridreader is a package of utility
tools used to 1) read a grid
developed by WinGridder and write
a mesh input file for TOUGH2 with
high precision x-, y-, z-coordinates;
2) convert a TOUGH2 mesh file
with 8-character cell names into a
TOUGH2 mesh file with 5-character
cell names. This software is to be
used only with the TOUGH2 family
of codes.

Available in
SCM

Gpzones.dat 1.0 10509-1.0-00 PC/Windows 98 The software is used to find out
which zones are connected to each
grid point and how much zone
volumes are connected to each grid
point, and to calculate the
interpolation of temperatures from
TOUGH2 nodes to FLAC3D nodes.
This routine is a FISH routine that
can only be used for FLAC3D V2.0
or higher.

Available in
SCM

Tin 1.1 10889-1.1-00 PC/Windows 98 IThis software takes temperature
output from TOUGH2 and
interpolates it into FLAC3D for
coupled THM simulations. Used to
transfer temperatures from
TOUGH2 Version 1.6 to FLAC3D
V. 2.0 during linked TOUGH2 and
FLAC3D coupled THM analysis.

Available in
SCM

Delb.dat 1.0 10507-1.0-00 PC/Windows 98 The code is used to calculate
changes in fracture aperture for
linked TOUGH2 and FLAC3D
Coupled THM analyses. This
software is tested for normal stress
ranging from +10 MPa to -100
MPa.

Available in
SCM

2KGRIDV1.F 1.0 10244-1.0-00 SUN Ultra-Sparc
SunOS 5.5.1

This software is used to process
data for TOUGH2 modelling for
Yucca Mountain.

Available in
SCM
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2 kgridvl a.for 1.0 10382-1.0-00 PC/Dos
Emulation

Generates dual-permeability grids
for the TOUGH2 family of codes

Available in
SCM

Gen_incon-v0.f 1.0 10220-1.0-00 DEC Alpha
OSF1 4.0

This software is used to calculate
top and bottom boundary
temperatures and the initial block
"INCON" for starting a TOUGH2
simulation. This software only
processes valid "ELEME" block
input format for the TOUGH2 family
of codes.

Available in
SCM

Get_a_layer_vaf 1.0 10221-1.0-00 DEC Alpha
OSF1 4.0

This software is used to extract
data of a given list of elements from
TOUGH2 outputs for plotting. This
software only processes valid
"ELEME" block input format for the
TOUGH2 family of codes and valid
EOS3 TOUGH2 V1.4 output file
formats.

Available in
SCM

Get_temp vO.f 1.0 10222-1.0-00 DEC Alpha
OSF1 4.0

This software is used to search for
the nearest tabulated value of
temperature to assign bottom
boundary conditions. The
coordinates x,y and temperature
(T) are within real range.

Available in
SCM

Toptemp_v0.f 1.0 10224-1.0-00 DEC Alpha
OSF1 4.0

This software is used to generate
top temperature boundary
conditions. All valid "ELEME" range
of TOUGH2 input, real range of
elevation, and average temperature
on the Yucca Mountain surface.

Available in
SCM

Hsource_vaf 1.0 10225-1.0-00 DEC Alpha
OSF1 4.0

This software is used to generate
thermal GENER terms for TOUGH2SCM
input files.

Available in

2kgid8.for 1.0 10503-1.0-00 PC MS-DOS
V4.00.1111
under Windows
95

This software is used to generate
dual permeability meshes for the
TOUGH2 family of codes. This
software is limited to eight-
character element names for the
TOUGH2 family of codes.

Available in
SCM

The above codes, with the exception of FLAC3D, are project developed. (see Appendix B).

FLAC3D is COTS. It is possible that a new license will be required. There is a need to test the

software on updated operating environment.
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3.2.4 Drift Seepage

Drift seepage analysis is documented in the report: 177404 SNL (Sandia National Laboratories)

2007. Drift-Scale THC Seepage Model. MDL-NBS-HS-000001 REV 05. Las Vegas, Nevada: Sandia

National Laboratories. ACC: DOC.20071010.0004.

Table 6 - Drift-Scale THC Seepage Model List of Software Used

Software Name Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use Availability

TOUGHREACT 3.1.1 10396-3.1.1-
00

Alpha System/
OSF1 V5.1

Used to calculate coupled thermal-
hydrologic and chemical processes
for kinetic and/or equilibrium mineral—
water reactions and equilibrium gas—
water reactions.

Available in
SCM

Linux Custer/
CAOS Linux

Used to calculate coupled thermal-
hydrologic and chemical processes
for kinetic and/or equilibrium mineral—
water reactions and equilibrium gas—
water reactions.

Available in
SCM

SUPCRT92 1.0 10058-1.0-00 PC/Windows Used to calculate the standard molal
thermodynamic properties of
minerals, gases, aqueous species,
and reactions from 1 to 5,000 bars
and 0°C to 1,000°C

Available in
SCM

AMESH 1.0 10045-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Generates discrete 1-D, 2-D, or 3-D
grids for numerical modeling of flow
and transport problems in which the
formulation is based on the integral
finite difference method

Available in
SCM

KREG 1.1 10318-1.1-00 PC/
DOS Emulation

Used to calculate regression
coefficients of log(K) data as a
function of temperature for the
thermodynamic database of
TOUGHREACT V3.1.1

Available in
SCM

KSWITCH 1.1 10319-1.1-00 PC/
DOS Emulation

Used to switch component species in
the thermodynamic database of
TOUGHREACT V3.1.1 and above

Available in
SCM

THERMOCHK 1.1 10895-1.1-00 PC/
DOS Emulation

Used to check the consistency (mass
balance and charge balance) of
reactions in the thermodynamic
database of the reactive transport
code TOUGHREACT V3.1.1 and
above.

Available in
SCM

DBCONV 1.0 10893-1.0-00 PC/
DOS Emulation

Used to convert the YMP EQ3/6
thermodynamic database to a format
suitable for input into the reactive
transport model TOUGHREACT
V3.1.1

Available in
SCM

CUTCHEM 2.0 10898-2.0-
0.0

PC/
DOS Emulation

Used to extract automatically data
from large output data files created
by the reactive transport model
TOUGHREACT V3.1.1

Available in
SCM
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exclude.f 1.0 10316-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Used to exclude points outside a
specified radius so that points will not
overlap when output is merged using
merggrid.f V1.0 for 2-D THC seepage
model.

Available in
SCM

assign.f 1.0 10315-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Used to assign a geologic name to all
TOUGH2 elements according to their
location in the Z-direction for 2-D
THC seepage model.

Available in
SCM

merggrid2.f 1.0 10314-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Used to merge input files into one file
for input into AMESH V1.0 for 2-D
THC seepage model.

Available in
SCM

mk circ2 1.0 10312-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Used to create a radial grid for 2-D
THC seepage model.

Available in
SCM

mk_rect2 1.0 10313-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Used to create orthogonal grid for 2-
D THC seepage model.

Available in
SCM

2kgridvl a.for 1.0 10382-1.0-00 PC/
DOS Emulation

Generates dual-permeability grids for
the TOUGH2 family of codes.

Available in
SCM

mk_grav2.f 1.0 10379-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Reads AMESH V1.0 output files and
creates TOUGH2 V1.4 mesh input
file data, namely the gravity vector
data and gridblock labeling data.

Available in
SCM

savl d_dst2d.f 1.0 10381-1.0-00 Sun UltraSparc/
SUNOS 5.5.1

Creates an INCON file for TOUGH2
input for a 2-D mesh from existing
INCON and MESH data for a 1-D
column.

Available in
SCM

There is a need to test the software on updated operating environment.

Another report for drift seepage analysis is: 181244 SNL (Sandia National Laboratories) 2007.
Abstraction of Dnft Seepage. MDL-NBS- HS-000019 REV 01 ADD 01. Las Vegas, Nevada: Sandia
National Laboratories. ACC: DOC.20070807.0001.

The software used was: Mathcad 11 for calculations, and Tecplot V9.0 for graphical display.

These two codes COTS, and thus, the versions of these software have changed. However, it is
expected that any calculations and visualizations could be reproduced using later versions or other
similar codes.

Drift seepage analysis is also documented in: 167652 BSC (Bechtel SAIC Company) 2004. Seepage
Model for PA Including Drzjt Collapse. MDL-NBS-HS-000002 REV 03. Las Vegas, Nevada: Bechtel
SAIC Company. ACC: DOC.20040922.0008; DOC.20051205.0001.
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Table 7 - Model for PA Including Drift Collapse List of Software Used

Software
Name

Version Software
Tracking Number

(STN)

Platform/
Operating
System

Brief Description of Use Availability

iTOUGH2 5.0 10003-5.0-00 Sun UltraSparc/Performs
SunOS 5.5.1

extensive parameter
sensitivity analyses based on the

Available in
SCM

TOUGH2 simulator. Used for
predicting seepage rates and for
flow focusing study.

GSLIB V1.0SISIMV 10397- Sun UltraSparc/Generates three-dimensional, Available in
1.204 1.0SISIMV1.204- SunOS 5.5.1 spatially correlated random fields SCM

00 by means of sequential indicator
simulations. It is used to
generate spatially correlated
fields of log-permeability
modifiers.

MoveMesh 1.0 10358-1.0-00 Sun UltraSparc/
SunOS 5.5.1

Utility program that adds a
constant to the coordinates of a
mesh file translating the
coordinate system. This allows
the relabeling of a subdomain of
the mesh file to be used for
detailed calculations.

Available in
SCM

AddBound 1.0 10357-1.0-00 Sun UltraSparc/
SunOS 5.5.1

Utility program that adds
boundary elements to a mesh
file.

Available in
SCM

Perm2Mesh 1.0 10359-1.0-00 Sun UltraSparc/Utility
SunOS 5.5.1

program that maps a field
of log-permeability modifiers onto
a mesh file.

Available in
SCM

CutDrift 1.0 10375-1.0-00 Sun UltraSparc/
SunOS 5.5.1

Utility program that cuts a drift
portion with a diameter of 5.5 m
from the mesh domain.

Available in
SCM

TOUGH2 1.4 10007-1.4-01 Sun UltraSparc/
SunOS 5.5.1

Used to evaluate the effect of
permeability changes due to
coupled THM processes near a
drift.

Available in
SCM

TOUGH2 1.6 10007-1.6-01 PC/
Windows 98

Used to evaluate the effect of
permeability changes due to
coupled THM processes near a
d rift.

Available in
SCM

EXT 1.0 10047-1.0-00 Sun UltraSparc/
SunOS 5.5.1

Utility program that generates
three-dimensional Tecplot
formatted data from iTOUGH2
output files.

Available in
SCM

CutNiche 1.3 10402-1.3-00 Sun UltraSparc/
SunOS 5.5.1

Utility program that cuts a rock-
fall volume above the drift in the
mesh domain.

Available in
SCM

The above codes, except for GSLIB, are project developed (see Appendix B). There is a need to test

them on updated operating environment.
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3.2.5 Drift Wall Condensation

Drift wall condensation is reported in: 181648 SNL (Sandia National Laboratories) 2007. In-Dnft
Natural Convection and Condensation. MDL-EBS-MD-000001 REV 00 AD 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20050330.0001; DOC.20051122.0005;
DOC.20070907.0004.

Table 8 - In-Drift Natural Convection and Condensation List of Software Used

Software
Name

Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use Availability

FLUENT 6.0.12 10550-6.0.12-01 PC, Linux v 7.3 Computational Fluid Dynamics (CFD)
Calculations Convection Model

Available in
SCM

GAMBIT 2.0.4 N/A PC/Windows
2000

Visual Display of Data and Mesh Not available in
SCM

Ensight 7.4 N/A PC/Windows
2000

Visualization of CFD Results Not available in
SCM

MS Excel 2000 SP3 N/A PC/Windows
2000

Graphical Representation and
Arithmetic Manipulation

Not available in
SCM

Mathcad
Professional

11.2a N/A PC/Windows
2000

Graphical Representation and
Arithmetic Manipulation

Not available in
SCM

The codes FLUENT and GAMBIT have undergone major upgrades and ownership changes. Also,
software license was used on these codes and thus the license may no longer be Available in SCM.
Because FLUENT is a complex modeling software, there is a strong need for testing models
developed with the software on the updated platforms. Ensight is graphics software. Mathcad and
Excel were used for graphical representation.

3.3 Engineered Barrier System Environment

3.3.1 Engineered Barrier System Thermal Hydrologic Environment

The Engineered Barrier System thermal hydrologic environment analysis is documented in:
181383 SNL (Sandia National Laboratories) 2007. Multiscale Thermohydrologic Model. ANL-EBS-MD-
000049 REV 03 ADD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC:
DOC.20070831.0003.
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Table 9 - Multiscale Thermohydrologic Model List of Software Used

Software Name Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use Availability

NUFT 3.0s 10088-3.0s-02 Sun OS 5.8 A general-purpose code for simulating
mass and heat transport in fractured
porous media. Used for the MSTHM
simulations.

Available in
SCM

NUFT 3.0.1s 10130-3.0.1s-01 Sun OS 5.8 Used to conduct nested-mesh model
calculations in the model validation
exercises for the MSTHM.

Available in
SCM

RADPRO 4.0 10204-4.0-00 Sun OS 5.8 Calculates the radiative heat
transfer coefficients in the
emplacement drift.

Available in
SCM

XTOOL 10.1 10208-10.1-00 SunOS 5.6.1 Used to generate graphical
representations of the results given in
the NUFT and MSTHAC time-history
files.

Available in
SCM

MSTHAC 7.0 10419-7.0-00 Sun OS 5.8 Integrates the results of NUFT
submodel calculations to predict
the multiscale thermal-hydrologic
conditions in the emplacement
drifts and adjoining host rock
throughout the repository area.

Available in
SCM

readsUnits 1.0 10602-1.0-00 SunOS 5.5.1 Used to read YMESH-generated
data describing a stratigraphic
column and generates comment
lines for NUFT input files that
summarize the thicknesses of each
of the hydrostratigraphic units in
that column.

Available in
SCM

YMESH 1.54 10172-1.54-00 Sun OS 5.8 YMESH is used to generate the
thicknesses of the
hydrostratigraphic units in the
various MSTHM submodels based
upon the grids from Development
of Numerical Grids for UZ Flow
and Transport Modeling (BSC
2004 [DIRS 169855]).

Available in
SCM

boundary_conditions 1.0 11042-1.0-00 Sun OS 5.8 Used to generate upper and lower
boundary conditions for the LDTH,
SMT, and SDT submodels of the
MSTHM, as well as for other
models such as the three-
dimensional thermal-hydrologic
model for the Drift Scale Test
(DST).

Available in
SCM
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heatgen_ventTable_
emplace

1.0 11039-1.0-00 Sun OS 5.8 Modifies a heat-generation-rate-
versus-time table: it can "age" the
heat-generation table by adding a
specified number of years to the
time entries; it can account for the
heat-removal efficiency of
ventilation by multiplying the heat-
generation-rate values by a
specified fraction during the
specified ventilation period.

Available in
SCM

rme6 v1.2 1.2 10617-1.2-00 Sun OS 5.8 Converts the grid from
Development of Numerical Grids
for UZ Flow and Transport
Modeling (BSC 2004 [DIRS
169855]) to a format that is
readable by YMESH.

Available in
SCM

xw 1.0 11035-1.0-00 Sun OS 5.8 Extends the grid from the three-
dimensional unsaturated zone (UZ)SCM
flow model in the horizontal
direction for the purpose of building
mountain-scale submodels that
extend laterally beyond the grid of
the three-dimensional UZ flow
model.

Available in

colCen 1.0 11043-1.0-00 Sun OS 5.8 Used to determine the gridblock
column in the three-dimensional
UZ flow model in which a given
gridblock column in a MSTHM
submodel resides.

Available in
SCM

repository percolatio
n_calculator

1.0 11041-1.0-00 Sun OS 5.8 Used to determine the value of
percolation flux for each of the LDTH
submodels based on the percolation
flux map from the three-dimensional
UZ flow model.

Available in
SCM

extractBlocks_EXT 1.0 11040-1.0-00 Sun OS 5.8 Used to determine the effective
thermal conductivity for the
gridblocks in the drift cavity of an
LDTH submodel based on a
correlation accounting for the
influence of natural convection.

Available in
SCM

Chimney_interpolate 11038-1.0-00 Sun OS 5.8 The purpose of
Chimney_interpolate is to create a
set of virtual SDT and LDTH
"chimney" submodels from the 108
"real" chimney submodels. The
virtual chimney submodels are an
input to the MSTHAC v7.0 micro-
abstraction process.

Available in
SCM
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reformat_EXT_to_TS
PA

1.0 11061-1.0-00 Sun OS 5.8 Used to post-process the micro-
abstraction data produced by

Available in
SCM

MSTHAC. The processing includes
fmding the typical waste package and
location from a set of locations
forming a bin and writing an output
file in a format specified by TSPA-
LA.

MATLAB 6.1.0450 Used to prepare plots for different
uses.

Not available
in SCM

Mathcad 11.2a Used to perform the calculations
for developing the hydrologic
properties of the invert; for
comparing percolation fluxes, and
for prediction of RH in the invert,
respectively.

Not available
in SCM

The above codes, except for MATLAB, are project developed (see Appendix B). There is a need to
test them on updated operating environment. MATLAB was used for graphics and as a utility
software. Other pre- and post-processing codes were also used.

3.3.2 Engineered Barrier System Chemical Environment

The Engineered Barrier System chemical environment analysis is documented in: 177412 SNL
(Sandia National Laboratories) 2007. Engineered Barrier System: Physical and Chemical Environment. ANL-
EBS-MD-000033 REV 06. Las Vegas, Nevada: Sandia National Laboratories. ACC:
DOC.20070907.0003.

Table 10 - Engineered Barrier System: Physical and Chemical Environment List of Software Used

Software Version Software
Tracking
Number

Platform /
Operating
System

Brief Description of Use Availability

EQ3/6 8.0 10813-8.0-00 PC/ WIN2000 a FORTRAN speciation-solubility and
data processing code.

Available in
SCM

GetEQData 1.0.1 10809-1.0.1-00PC/ WIN2000 A Microsoft Excel macro used to
postprocess EQ3/6 output information.

Available in
SCM

ppptrk 1.0 11030-1.0-00 PC/ WIN2000 For use with particle tracking simulationsAvailable
only.

in
SCM

EARTHVISION 5.0 10393-5.0-00 SGI/ IRIX 6.2
operating
system has

Used to produce three-dimensional
images and for data extraction.

Available in
SCM

EQ3/6 and supporting codes are regularly used. There is a need to test models developed using the
above codes on updated operating environment. EARTHVISION, Mathcad V. 13 and 14 as well as
other COTS was also used.
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The Engineered Barrier System chemical environment analysis is also documented in: 177411 SNL
(Sandia National Laboratories) 2007. In-DI-eft Precipitates / Salts Model. ANL-EBS-MD-000045 REV 03.
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070306.0037.

Table 11 - In-Drift Precipitates/Salts Model List of Software Used
Software Version Software

Tracking
Number

Platform / OS Brief Description of Use Availability

EQ3/6 8.0 10813-8.0-00 PC/WINDOW
S 2000

a FORTRAN speciation-solubility
and data processing code.

Available in
SCM

GetEQData 1.0.1 10809-1.0.1-00 PC/WINDOW
S 2000

A Microsoft Excel macro used to
postprocess EQ3/6 output
information.

Available in
SCM

SUPCRT92 1.0 10809-1.0.1-00 PC/WINDOW
S NT

Used to calculate the standard
molal thermodynamic properties
of minerals, gases, aqueous
species, and reactions from 1 to
5,000 bars and 0°C to 1,000°C.

Available in
SCM

There is a need to test models developed using the above codes on updated operating environment.

3.4Waste Package and Drip Shield Degradation

3.4.1 WAPDEG (Drip Shield General Corrosion, Waste package General
Corrosion, Waste package Stress Corrosion Cracking)

The analysis is documented in the report: 181953 SNL (Sandia National Laboratories) 2007. Stress
Corrosion Cracking of Waste Package Outer Barrier and Drip Shield Materials. ANL-EBS-MD-000005 REV
04. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070913.0001.

Software used: MathCad 2001i was used on a PC/Windows environment. This software is not
available in SCM and it is a version not currently supported by the software developer. There is a
need locate this version of the software and test the model. It may also be necessary to test the
model using an updated version of the software.

3.4.2 Localized Corrosion of Waste Package Outer Surface

The analysis is documented in the report: 178519 SNL (Sandia National Laboratories) 2007. General
Corrosion and Localized Corrosion of Waste Package Outer Barrier. ANL-EBS-MD-000003 REV
03. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070730.0003;
DOC.20070807.0007.

List of software used: S-PLUS 2000 Professional Release 2 is not available in SCM. This a
commercial Windows based software. The latest release of the software is Version 8.2. It is not clear
if the software is backwards compatible. There is a need to locate and test the original version of the
software on updated operating environment.
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The analysis is also documented in the report: 180778 SNL (Sandia National Laboratories) 2007.
General Corrosion and Local4d Corrosion of the Drip Shield. ANL-EBS-MD-000004 REV 02 ADD 01.
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20060427.0002;
DOC.20070807.0004; DOC.20071003.0019.

List of software used: Mathcad 2001i — this Windows based software is not available in SCM. There
is a need to locate and test the version of the software on updated operating environment. Excel 97
SR-2— this Windows based software is not available in SCM. It is expected that later versions of
Excel could be used.

Localized corrosion resulting from salt deliquescence in dust particles was also analized. Analysis of
dust deliquescence is documented in: 181267 SNL (Sandia National Laboratories) 2007. Ana/ysis of
Dust Deliquescence for FEP Screening. ANL-EBS-MD-000074 REV 01 AD 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20070911.0004; DOC.20070824.0001.

Table 12 - Analysis of Dust Deliquescence for FEP Screening List of Software Used
Software
Name

Version Software
Tracking

Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

EQ3/6 8 10813-8.0-00 PC/Windows
2000
Professional

a FORTRAN speciation-solubility and
data processing code.

Available in
SCM

GetEQData 1.0.1 10809-1.0.1-00 PC/Windows
2000
Professional

A Microsoft Excel macro. It is used to
postprocess EQ3/6 output information.

Available in
SCM

XTOOL 10.1 10208-10.1-00 SUN O.S. 5.6.1 Used to generate graphical representations
of the results given in the NUFT and
MSTHAC time-history files.

Available in
SCM

There is a need to test the software on updated operating environment.

3.5Waste Form Degradation and Mobilization

3.5.1 Radionuclide inventory

Radionuclide inventory is documented in the report: 180472 SNL (Sandia National Laboratories)
2007. Initial Radionuclide Inventories. ANL-WIS-MD-000020 REV 01 ADD 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20050927.0005; DOC.20070801.0001.

Microsoft Excel 97 was used to perform simple mathematical expressions that are standard
operations in the software. No software routines or macros were developed. The software is not
available in in SCM.

Another supporting document is: 177424 SNL 2007. Radionuclide Screening. ANL-WIS-MD-000006
REV 02. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070326.0003.
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Software used: GoldSim Version 8.02.500, STN: 10344-8.02-05, run under Windows 2000 PC, to do
radionuclide inventory decay calculations for selected times up to a million years. The software is
available in SCM. Note that GoldSim Technology Group (GTG) no longer supports versions earlier
than 9.6.000. There is a need to test the software on updated operating environment.

RadNuScreen V1.0, STN: 10732-1.0-00), installed on a Dell Optiplex GX 260 PC. The software was
used in radionuclide screening analyses. Software is Available in SCM. There is a need to test the
software on updated operating environment.

Microsoft Excel 2003 (11.8033.8036) SP2 was used to process radionuclide inventory data and
GoldSim and RadNuScreen inputs and results. Excel is appropriate for these uses because the
calculations require simple mathematical expressions and operations that are available as standard
functions in Excel. The software is not available in SCM.

3.5.2 ln-Package Chemistry

Abstraction of in-package chemistry is documented in: 180506 SNL (Sandia National Laboratories)
2007. In-Package Chemistg Abstraction. ANL-EBS-MD-000037 REV 04 ADD 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20070816.0004.

Table 13 - ln-Package Chemistry Abstraction List of Software Used

Software
Name

Version Software
Tracking Number

(STN)

Platform/ Operating
System

Brief Description of Use and
Components Used

Availability

EQ3/6 7.2b UCRL-MA-110662
(LSCR198)

PC/WINDOWS 95
and HP-UX 10.20 B

EQ3NR: a FORTRAN
speciation-solubility code

Available in SCM

PC/WINDOWS 95
and HP-UX 10.20 B

EQPT: a data file preprocessor
in FORTRAN

EQ6 7.2bLV 10075-7.2bLV-02 PC/Windows 2000
and NT 4.0

EQ6: a reaction path code that
models water—rock interaction
or fluid mixing in either a pure
reaction progress mode or a
time mode

Available in SCM

GetEQData 1.0.1 10809-1.0.1-00 PC/Windows 2000,
NT 4.0, 98, and 95

A Microsoft Excel macro used
to postprocess EQ3/6 output
information

Available in SCM

transl 2.0 10251-2.0-00 PC/Windows 2000,
NT 4.0, 98, and 95

A code for translating a
nonPitzer EQ3/6 database into
PHREEQC format

Available in SCM

PHREEQC 2.3 10068-2.3-01 PC/Windows 2000,
NT 4.0, 98, and 95

A code for geochemical
speciation, reaction path
modeling, reactive transport,
and surface-complexation.

Available in SCM

Mathcad 11 PC/Windows 2000,
NT 4.0, 98, and 95

Used for calculations Not available in
SCM

32



There is a need to test the codes on updated operating environment. Mathcad 11 is not available in
SCM. In addition, the version is no longer supported by the software developer. There is a need to
locate the software or test using later versions of the code.

3.5.3 Cladding Degradation

Cladding degradation analysis is reported in: 180616 SNL (Sandia National Laboratories) 2007.
Cladding Degradation Summag for LA. ANL-WIS-MD-000021 REV 03 ADD 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20050815.0002; DOC.20070614.0002.

No controlled or baselined software was used.

Another supported document is: 177422 SNL (Sandia National Laboratories) 2007. MOX Spent
Nuclear Fuel and LaBS Glass for TSPA-LA. ANL-WIS-MD-000022 REV 01. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20070220.0007.

No controlled or baselined software was used.

3.5.4 CSNF, DSNF, HLVII Degradation

Section 3.4.4 is on Commercial Spent Fuel (CSNF), DOE-owned Spent Nuclear Fuel (DSNF) and
High Level Waste (HLW) degradation analyses.

Abstraction of CSNF waste form degradation is documented in:169987 BSC (Bechtel SAIC
Company) 2004. CSNF Waste Form Degradation: Summag Abstraction. ANL-EBS-MD-000015 REV
02. Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20040908.0001; DOC.20050620.0004.

Table 14 - CSNF Waste Form Degradation List of Software Used
Software
Name Version

Software
Tracking Number

(STN)

Platform/Operati
ng System

Brief Description of Use Availability

Excel 2002 PC/Windows
2000 Professional

Used to perform calculations
using user-defined formulas
and the application's standard

Not available in
SCM

SigmaPlot 8 PC/Windows
2002

Used for the linear and
nonlinear regression analyses.

Not available in
SCM

Mathcad 2001i SUN/O.S. 5.6.1 Used for the regression
analysis.

Not available in
SCM

It is expected that later versions of Excel can be used. The Mathcad version is not currently
supported by the software developer. There is a need to either locate this software or use later
versions of the software to test the model.

Abstraction of DSNF waste form degradation is documented in: 172453 BSC (Bechtel SAIC
Company) 2004. DSNF and Other Waste Form Degradation Abstraction. ANL-WIS-MD-000004 REV
04. Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20041201.0007.
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No computer software was used in the development of the abstracted upper-limit DSNF model
described in this report.

Analysis of defense high level waste glass degradation is reported in: 169988 BSC (Bechtel SAIC
Company) 2004. Defense HLW Glass Degradation Model. ANL-EBS-MD-000016 REV 02. Las Vegas,
Nevada: Bechtel SAIC Company. ACC: DOC.20041020.0015; DOC.20050922.0002.

List of software used: Microsoft Excel 2001 was used to compile test data and perform simple
arithmetic calculations, such as calculating the mean and standard deviation values that are used in
this report. Excel 2001 is not available in SCM. Microsoft KaleidaGraph Version 3.0.5 was used to
plot the data within this report. The software is not available in SCM. It is expected that work
developed using each software can be reproduced using later versions of the software. It is also
possible that the software KaleidaGraph can be replaced with another graphics software.

3.5.5 Dissolved Radionuclide Concentration Limits

Analysis of dissolved radionuclide concentration limits is reported in: 177418 SNL (Sandia National
Laboratories) 2007. Dissolved Concentration Limits of Elements with Radioactive Isotopes. ANL-WIS-MD-
000010 REV 06. Las Vegas, Nevada: Sandia National Laboratory. ACC: DOC.20070918.0010.

Table 15 - Dissolved Concentration Limits of Elements with Radioactive Isotopes List of Software
Used

Software
Name

Version Software Tracking
Number (STN)

Platform/Operati
ng System

Brief Description of Use and
Components Used

Availability

EQ3/6 7.2b UCRL-MA-110662
(LSCR198)

PC/Windows 95
and HP-UX
10.20 B)

EQ3NR: a FORTRAN
speciation-solubility code

Available in
SCM

Windows 95 and
HP-UX 10.20 B)

EQPT: a data file preprocessor
in FORTRAN

EQ6 7.2bLV 10075-7.2bLV-02 PC/Windows
2000 and NT 4.0

EQ6: a reaction-path code that
models water—rock interaction or
fluid mixing in either a pure
reaction progress mode or a time
mode

Available in
SCM

EQ3/6 8.1 10813-8.1-00 PC/Windows
2000

See above for Versions 7.2b and
7.2bLV

Available in
SCM

GetEQData 1.0.1 10809-1.0.1-00 PC/Windows
2000

A Microsoft Excel macro. It is
used to postprocess EQ3/6
output information.

BUILDEQ3.
BAS

1.00 10365-1.00-00 PC/DOS
Emulation

A QBASIC code used to
generate EQ3NR input files.

Available in
SCM

PHREEQC 2.11 10068-2.11-00 PC/Windows
2000

A code for geochemical
speciation, reaction path
modeling, reactive transport, and
surface-complexation modeling.

Available in
SCM
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transl 2.0 10251-2.0-00 PC/Windows 98 A code for translating a non- Available in
Pitzer EQ3/6 database into SCM
PHREEQC format.

There is a need to test the software on updated operating environment.

3.5.6 WF and EBS Colloids

Analysis of waste form and engineered barrier system colloids is reported in:177423 SNL (Sandia
National Laboratories) 2007. Waste Form and In-Drift Colloids- Associated Radionuclide Concentrations:
Abstraction and Summag. MDL-EBS-PA-000004 REV 03. Las Vegas, Nevada: Sandia National
Laboratories. ACC: DOC.20071018.0019.

The calculations performed in this analysis used Excel 2003 (11.8117.8107, SP-2) on a personal
computer running Windows XP Service Pack 2. Excel 2003 is not available in SCM.

3.6 Engineered Barrier System Flow and Transport

3.6.1 EBS Flow

The Engineered Barrier System Flow Submodel implemented in the TSPA-LA Model is described in
the report: EBS Radionuclide Transport Abstraction (SNL 2007 [DIRS 177407]). Software list used in
both EBS Flow and EBS Transport is shown below in Section 3.5.2.

3.6.2 EBS Transport

Engineered Barrier System flow and transport abstraction is documented in: 177407 SNL (Sandia
National Laboratories) 2007. EBS Radionuclide Transport Abstraction. ANL-WIS-PA-000001 REV 03.
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20071004.0001.

Table 16 - EBS Radionuclide Transport Abstraction List of Software Used

Software
Name

Version Software Tracking
Number (STN)

Platform/
Operating
System

Brief Description of Use and
Components Used

Availability

GoldSim 8.02.500 10344-8.02-05 PC/WINDOWS
2000.

Developed to perform dynamic,
probabilistic simulations.

Available in
SCM

GoldSim 9.60.100 10344-9.60-01 PC/WINDOWS
2000.

Developed to perform dynamic,
probabilistic simulations.

Available in
SCM

PHREEQC 2.11 10068-2.11-00 PC/WINDOWS
2000.

A code for geochemical
speciation, reaction path
modeling, reactive transport, and
surface-complexation.

Available in
SCM
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Grab lt!TM Digitizing Software is Excel-based
commercial off-the-shelf software
from Datatrend. Software that
enables bitmap images of plots
that have been captured from
journal articles to be converted
into (x, y) data in an Excel file for
further processing.

Not available
in SCM.

S-PLUS 6.0 Commercial off-the-shelf support
software used in conjunction with
standard desktop software such
as Excel.

Not available
in SCM.

JMP 5.1 Commercial off-the-shelf support
statistical and data analysis
software. The standard sorting
and table-joining functions in JMP
V. 5.1 were used to extract and
sort data from UZ flow field
calculations for use in the EBS-UZ
interface model, described in
Section 6.5.2.6 (output DTN:
SNO703PAEBSRTA.001, file
Repository Values for Saturation
and Flux.doc).

Not available
in SCM.

There is a need to locate unavailable software and test all the codes on updated operating

environment.

3.7 Unsaturated Zone Transport

3.7.1 Unsaturated Zone Transport

Unsaturated zone transport analysis is documented in: 177396 SNL (Sandia National Laboratories)

2007. Radionuclide Traniport Models Under Ambient Conditions. MDL-NBS-HS-000008 REV 02 ADD

01. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20050823.0003;

D 0 C.20070718.0003.

Table 17 - Radionuclide Transport Models Under Ambient Conditions List of Software Used

Software
Name

Version Software
Tracking
Number

Platform /
Operating
System

Brief Description of Use Availability

iTOUGH2 4.0 10003-4.0-00 Dec Alpha /
OSF1 V4.0

Used for model calibration and predictionAvailable
of Alcove 8/Niche 3 tests.

in
SCM

TOUGH2 1.11MEOS9n 10065- Dec Alpha / Simulates flow and the decoupled Available in
TV1.0 1.11MEOS9nT OSF1 V4.0 transport of multiple radioactive solutes SCM

V1.0-00 and/or colloids (parents and daughters)
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TOUGH2 1.4 10007-1.4-01 Dec Alpha /
OSF1 V4.0

Solves the Richards equation to simulate
flow in complex subsurface systems
(involving porous and/or fractured

Available in
SCM

TOUGH2 1.6 10007-1.6-01 Dec Alpha /
OSF1 V5.1

Solves the Richards equation to simulate
flow in complex subsurface systems
(involving porous and/or fractured

Available in
SCM

TOUGH2 1.6 10007-1.6-00 Dec Alpha /
OSF1 V4.0

Solves the Richards equation to simulate
flow in complex subsurface systems
(involving porous and/or fractured

Available in
SCM

T2R3D 1.4 10006-1.4-00 Dec Alpha /
OSF1 V4.0

Simulates flow and the coupled transport
of a single radioactive solute tracer in
complex subsurface systems involving

Available in
SCM

DCPT 2.0 10078-2.3-00 PC /
Windows NT
V4.0

involves the particle-tracking method to
simulate transport of a single radioactive
solute tracer in complex subsurface

Available in
SCM

PHREEQC 2.3 10068-2.0-00 PC /
Windows 98

For elements that sorb primarily through
surface complexation reactions, the
experimental data are augmented with

Available in
SCM

Bkread.f 1.0 10894-1.0-00 Sun Sparc /
SunOS 5.5.1

Used for model calibration and predictionAvailable
of Alcove 8/Niche 3 tests.

in
SCM

XtractG.f90 1.0 10930-1.0-00 Dec Alpha /
OSF1 V5.1

Used to ready the mesh files for the
EOS9nT simulations, for the preparation
of the corresponding initial conditions

Available in
SCM

Smesh.f 1.0 10896-1.0-00 Sun Sparc /
SunOS 5.5.1

Developed for the test site to compare
the simulation results with the relevant
field observations.

Available in
SCM

There is a need to test the software on updated operating environment.

Another report supporting unsaturated zone transport analysis is: 184748 SNL (Sandia National

Laboratories) 2008. Particle Tracking Model and Abstraction of Transport Processes. MDL-NBS-HS-000020

REV 02 AD 02. Las Vegas, Nevada: Sandia National Laboratories.

Table 18 - Particle Tracking Model and Abstraction of Transport Processes List of Software Used

Software Version Software
Tracking
Number
(STN)

Platform/
Operating System

Brief Description of Use Availability

FEHM 2.20 10086-2.20-00 PC/Windows 2000
and SUN/OS 5.7
and 5.8

Used in extracting repository
coordinate locations for
nodes for use in the GoldSim
system model.

Available in
SCM

FEHM 2.21 10086-2.21-00 PC/Windows 2000,
and SUN/OS 5.8

Generation of transfer
function curve information
using a discrete fracture
model. Simulation of particle
tracking validation runs.
Abstraction model

Available in
SCM
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simulations.

FEHM 2.23 10086-2.23-01 SUN/OS 5.9 Simulation of particle tracking
base case runs. Abstraction
model simulations.

Available in
SCM

GoldSim
7.50.100 10344-

7.50.100-00
PC/Windows 2000

Abstraction model
simulations.

Available in
SCM

ppptrk 1.0 11030-1.0-00 SUN/OS 5.8 and
5.9

Post-processing of particle
breakthrough curve
information.

Available in
SCM

discrete_tf 1.1 11033-1.1-00 PC/Windows 2000 Post-processing of discrete
fracture model results to
convert results to transfer
functions.

Available in
SCM

fehm2post 1.0 11031-1.0-00 PC/Windows 2000
and SUN/OS 5.8
and 5.9

Executes multiple FEHM
simulations along with pre-
and post-processing runs.
Used to execute the
individual simulations and
generation of transfer
function curves used in the
TSPA-LA UZ transport
abstraction model.

Available in
SCM

Fortner
Plot

N/A SUN Workstation The commercial software,
Fortner Plot, was used for
plotting the results of
breakthrough curve
simulations.

Not
available in
SCM

Tecplot 10 N/A IBM PC, Window
2000 Operating
System

The commercial software,
Tecplot 10, was used for
plotting the results of
breakthrough curve
simulations.

Not
available in
SCM

GoldSim V7.5 is an older version and is not supported by the developers (GTG). There is a need to

check the unavailable software. There is also a need to test the software on updated operating

environment.

3.8Saturated Zone Flow and Transport

3.8.1 1-D Saturated Zone Flow and Transport

The 1-D SZ Flow and Transport Abstraction is implemented directly in the TSPA-LA Model in

GOLDSIM to calculate the radioactive decay, ingrowth, and transport for four decay chains. Thus,

there is no separate software used.
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3.8.2 3-D Saturated Zone Flow and Transport

Abstraction of the saturated zone flow and transport is documented in: 183750 SNL (Sandia

National Laboratories) 2008. S aturated Zone F low and Transport Model Ahstraction. MDL-NBS-HS-

000021 REV 03 AD 02. Las Vegas, Nevada: Sandia National Laboratories. ACC:

DOC.20080107.0006.

Table 19 - Saturated Zone Flow and Transport Model Abstraction List of Software Used

Software Name Version Software Tracking
Number (STN)

Computer
Type, Platform,
and Location

Brief Description of Use Availability

FEHM 2.20 10086-2.20-00 Sun
/UltraSPARC -
SunOS 5.7
SNL

This code is a finite-element
heat- and mass-transport code
that simulates nonisothermal,
multiphase, multicomponent
flow, and solute transport in
porous media.

Available in
SCM

GoldSim 7.50.100 10344-7.50.100-00 Dell OptiPlex
GX260
Window 2000
Professional
5.0.2195
SNL

This code is the modeling
software
used in the TSPA-LA.
Probabilistic simulations are
represented graphically in
GoldSim.

Available in
SCM

GoldSim 8.01 SP410344-8.01SP 4-00 Computer:
Master 06
Windows 2000
Advanced
Server
YMP Offices,
Las Vegas

GoldSim (GS) is a Windows-
2000—based program that
provides the following general
capabilities:
Quantitatively address the
inherent variability.
Superimposes the occurrence
and consequences of discrete
events onto continuously
varying systems.
Builds top-down models,
dynamically links external
programs or spreadsheets
directly to the GS model.
Directly exchanges data
between any ODBC-compliant
database to the GS model.

Available in
SCM

CORPSCON 5.11.08 10547-5.11.08-00 IBM Thinkpad
770Z-
WINDOWS NT
4.0
SNL

This software is used to convert
coordinate data to the Universal
Transverse Mercator (UTM)
coordinate system

Available in
SCM

SZ_Pre 2.0 10914-2.0-00 Sun
UltraSPARC -
SunOS 5.7
SNL

This software is an automated
method for preparing the FEHM
input files for the SZ site-scale

flow and transport model a for
use in TSPA-LA analyses.

Available in
SCM
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SZ_Post 3.0 10915-3.0-00 Sun
UltraSPARC -
SunOS 5.7,
Solaris
2.7
SNL

This software is used to
translate the output files from theSCM
SZ site-scale model into the
format used by the
SZ_Convolute software code.
SZ_Post reads the output files
from the FEHM software code
and writes the breakthrough
curve data for radionuclide
transport in the SZ.

Available in

SZ_Convolute 2.2 10207-2.2-00 Dell OptiPlex
GX260
Windows 2000
Professional
5.0.2195
SNL

This software is used to
calculate SZ response curves
based on unsaturated zone (UZ)
radionuclide source terms,
generic SZ responses, and
climate scenarios for the YMP.

Available in
SCM

The codes include project developed as well as GoldSim (see Appendix B). There is a need to test

the software on updated operating environment.

The saturated flow model is documented in: 177391 SNL (Sandia National Laboratories) 2007.

Saturated Zone Site-Scale Flow Model. MDL-NBS-HS-000011 REV 03. Las Vegas, Nevada: Sandia

National Laboratories. ACC: DOC.20070626.0004; DOC.20071001.0013.

Table 20 Saturated Zone Site-Scale Flow Model List of Software Used

Software Name Version Software
Tracking
Number
(STN)

Platform/Operating
System

Brief Description of Use Availability

CORPSCON 5.11.08 10547- WINDOWS NT 4.0 This software is used to convert Available in
5.11.08-00 coordinate data to the Universal SCM

Transverse Mercator (UTM)
coordinate system

FEHM 2.24 a 10086- PC or Sun Ultra Solution to SZ flow. Available in
2.24-02 Sparc with Sun SCM

Solaris 5.7 or 5.8
operating system

LaGriT 1.1 a 10212-1.0- Sun Ultra Sparc with Software package for grid Available in
00 Sun OS 2.7

operating system at
generation, analysis, and
visualization

SCM

LAN L
PEST 5.5 a 10289-5.5- Sun Ultra Sparc with Preconditioning and parameter Available in

00 Sun Solaris 5.7 or optimization for FEHM runs SCM
5.8 operating
system at LANL

EARTHVISION 5.1 10174-5.1- Silicon Graphics Commercial software for 3D model Available in
00 Octane workstation

running IRX 6.5.
building and visualization used in
contouring, plotting, and
visualization of the data and for
evaluation of results.

SCM
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Extract 1.0 a 10955-1.0-
00

Sun UltraSPARC/
SunOS 5.7
operating system at
SNL

Pre/postprocessor used to extract
lateral flow data from the USGS
regional flow model

Available in
SCM

Extract 1.1 a 10955-1.1-
00

Sun UltraSPARC —
SunOS 5.7
operating system at
SNL

Pre/postprocessor used to extract
lateral flow data from the USGS
2001 regional flow model

Available in
SCM

EXT_RECH 1.0 a 10958-1.0- Sun UltraSPARC/ Pre/postprocessor used to extract Available in
00 SunOS 5.7

operating system at
recharge data from the USGS
regional flow model

SCM

SNL
Mult_Rech 1.0 a 10959-1.0- Sun UltraSPARC/ Pre/postprocessor that scales Available in

00 SunOS 5.7, Solaris
2.7 operating
system at SNL

recharge data from the USGS
regional flow model and maps the
data to a new grid

SCM

—Ditr —RhXread sec 1.0 a 10960-1.0- Sun UltraSPARC/ Pre/postprocessor used to extract Available in
00 SunOS 5.7

operating system at
recharge data from the USGS
1999 regional flow model

SCM

SNL

—Ditr —RhXread sec 1.0a 10961-1.0- Sun UltraSPARC/ Pre/postprocessor that maps Available in
UZ 00 SunOS 5.7

operating system at
recharge data onto a new grid
excluding the UZ flow model region

SCM

SNL
Xread _Reaches 1 0a 10962-1.0- Sun UltraSPARC/ Pre/postprocessor that maps local Available in

00 SunOS 5.7
operating system at

recharge from four stream
channels onto a new grid

SCM

SNL
Xwrite_Flow_New 1.0_125a 10963-1.0- Sun UltraSPARC/ Used both to map the combined Available in

125-00 SunOS 5.7
operating system at
SNL

UZ and SZ site-scale fluxes onto a
125-m grid and to create a flux file
that is compatible with FEHM flow
macros

SCM

Zones 1.0 a 10957-1.0- Sun UltraSPARC/ Used to extract zonal designation Available in
00 SunOS 5.7

operating system at
data from the USGS 2001 regional
flow model

SCM

SNL

a Project developed

There is a need to test the software on updated operating environment.

The site-scale saturated zone transport model is documented in: 177392 SNL (Sandia National

Laboratories) 2007. Site-Scale Saturated Zone Transport. MDL-NBS-HS-000010 REV 03. Las Vegas,

Nevada: Sandia National Laboratories. ACC: DOC.20070822.0003, DOC.20080117.0002.
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Table 21 - Site-Scale Saturated Zone Transport List of Software Used

Software Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use Availability

FEHM 2.24-01-00 10086-2.24-01 Sun, PC Sun OS
5.9,
Windows 2000,
2003 and
XP, Red Hat
Linux 2.4.21,

Location: LANL

Used for calculations throughout this
model report. The FEHM V 2.24-01
application is based on a finite-
volume/ finite-element heat- and
mass-transfer code that simulates
nonisothermal, multiphase,
multicomponent flow and solute
transport in porous media.

Available in
SCM

FEHM 2.20 10086-2.20-00 Sun, PC
Sun OS 5.7 &
5.8,
Windows 2000,
RedHat, Linux
7.1
Location: LANL

Used for calculations in Appendix C
of this model report. The FEHM V
2.20 application is based on a finite-
volume/finite-element heat- and
mass-transfer code that simulates
nonisothermal, multiphase,
multicomponent flow and solute
transport in porous media.

Available in
SCM

cr8sptr.c 2.0 10927-2.0-00 Sun, Sun OS
5.7,
Location: LANL

Used to create an input file for sptr
macro in FEHM.

Available in
SCM

calc_cdf.c 1.0 10924-1.0-00 Sun, Sun OS
5.7,
Location: LANL

Used to calculate the cumulative
distribution function of the stochastic
distributions of Kd.

Available in
SCM

GS2FEHM.0 1.0 10923-1.0-00 Sun, Sun OS
5.7,
Location: LANL

Used to create an input file for the
perm macro in FEHM.

Available in
SCM

GSLIB 1.0GAMV3V
1.201

10398-1.0GAM
V3V1.201-00

Sun, Sun OS
5.5.1,
Location: LANL

Used to calculate a three-
dimensional variogram of input data.

Available in
SCM

GSLIB 2.0MSISIMV
2.0

10098-2.0MSI
SIMV2.0-00

Sun, UNIX,
Location: LANL

Used to generate a stochastic
distribution of parameters, such as
Kd and permeability.

Available in
SCM

PHREEQC 2.3 10068-2.3-01 PC
Windows 2000
Location: LANL

Calculates surface complexation
reactions for radionuclides.

Available in
SCM

RELAP 2.0 10551-2.0-00 PC, Windows
2000/NT
Location: LANL

Generate BTCs Available in
SCM

FRACT_p 1.0 11009-1.0-00 PC, LINUX
2.4.18,
Location: LANL

Calculates data that correlate
concentrations with time for transport
in the fractured media.

Available in
SCM

fehm2post 1.0 11031-1.0-00 WINDOWS
2000, SUN
0.S 5.8&5.7,
Redhat
Linux 2.4.18

Software is a set of perl scripts used
to automate the repetitive series of
steps required to make multiple runs
of FEHM and
post-process the output data.

Available in
SCM?

fehm2post 1.0 11031-1.0-01 SUN
0.S 5.9

Software is a set of perl scripts used
to automate the repetitive series of
steps required to make multiple runs
of FEHM and

Available in
SCM?
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post-process the output data.

EARTHVISIO
N

5.1 10174-5.1-00 Silicon Graphics
Octane
workstation
running IRIX 6.5.

This software was used for plotting
and visualization of data

Available in
SCM

Tecplot 360 PC, Microsoft
Windows
2000/NT, Sun
with UNIX OS,
FORTRAN

Used for plotting and visualization of
analysis results in figures shown in
this report. No data analysis was
done with this software. Only built-in
standard functions in this software
were used. No software routines or
macros were used with this software
to prepare this report. The output
was visually checked for
correctness.

Not available
in SCM

BestFit V4.5 PC, Microsoft
Windows
2000/NT

A statistic program that finds the
distribution that best fits given data.
Output of this program was used
only as a guide for the selection of
the distribution functions.
V. 4.5 (a subset of @RISK V 4.5
STN 600806-4.5-
00), Serial # 11874954, March 2000,
Palisade
Corporation, 798 Cascadilla Street,
Ithaca, NY 14850

Not available
in SCM

There is a need to test the software on updated operating environment.

Another supporting document is: 177394 SNL (Sandia National Laboratories) 2007. Saturated Zone

In-Situ Testing. ANLNBS- HS-000039 REV 02. Las Vegas, Nevada: Sandia National Laboratories.

ACC: DOC.20070608.0004.
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Table 22 - Saturated Zone In-Situ Testing Transport List of Software Used

Software
Name

Version Software
Tracking
Number

(STN)/DIRS
Number

Platform/
Operating
System

Brief Description of Use Availability

2WELLS_2D 1.0 10665-1.0-00 LANL, PC,
Windows
2000/NT
4.0*/98

This software is used in the analysis
of longitudinal dispersivity in the
Prow Pass Tuff C-wells field tracer
test. It is used to obtain predicted
tracer responses in homogeneous,
isotropic, confined (two-dimensional)
aquifers under partial recirculation
conditions. It has been used both to
correct dispersion-coefficient
estimates for dispersion caused by a
dipole-flow pattern and for pretest
predictions of ATC cross-hole tracer
tests.

Available in SCM

2WELLS_3D 1.0 10667-1.0-00 LANL, PC,
Windows
2000/NT
4.0*/98

This software is used to obtain
predicted tracer responses in
homogeneous, isotropic, confined
three-dimensional aquifers under
partial recirculation conditions. It
has been used both to correct
dispersion-coefficient estimates for
dispersion caused by a dipole-flow
pattern and for pretest predictions of
ATC cross-hole tracer tests.

Available in SCM

DIFFCELL 2.0 10557-2.0-00 LANL, PC,
Windows
2000/NT 4.0*

This software is used in the analysis
of laboratory diffusion cell
experiments. It provides a numerical
solution to an equation describing
one- dimensional diffusive transport
through a rock wafer with time-
dependent concentration boundary
conditions.

Available in SCM

EQUILFIT 1.0 10668-1.0-00 LANL, PC,
Windows
2000/NT
4.0*/98

This software is used to obtain
cation-exchange coefficients, given
experimental data on cation sorption
(both for sorbing and displaced
cations) and given independent
cation-exchange-capacity
measurements.

Available in SCM

Filter.vi 1 10970-1-00 USGS, PC,
Windows
2000/NT
4.0*/98

This software uses the standard
Butterworth filter with standard
coefficients. It is for filtering higher-
frequency diurnal pressure changes
due to barometric pressure changes
and tidal effects.

Available in SCM
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Injection
Pumpback.vi

1 10675-1-00 USGS, PC,
Windows
2000/NT
4.0*/98

This software is used for tracer test
analysis for single-well testing.
Analysis considers tracer injection,
drift, and pumpback.

Available in SCM

rcv2amos.exe
and
MOENCH.vi,
Function(1)

1.0 10583-1.0-00 USGS, PC,
Windows
2000*/NT
4.0/98

The software routine rcv2amos.exe
is used to analyze cross-hole tracer
tests. In conjunction with the use of
rcv2amos.exe, the routine
MOENCH.vi was developed to serve
as a user interface and to display
the results.

Available in SCM

MOENCH.vi
Function(2)

1.0 10582-1.0-00 USGS, PC,
Windows
2000*/NT
4.0/98

This software is used for the analysis
of cross-hole tracer tests.

Available in SCM

MULTRAN 1.0 10666-1.0-00 LANL, PC,
Windows
2000/NT 4.0*

This is a two-dimensional numerical
model that uses an implicit-in-time,
alternating-direction, finite-difference
method to solve the equations
describing multicomponent transport
of sorbing and nonsorbing solutes in
a dual-porosity medium. This
software is used for analysis of
laboratory crushed-rock and
alluvium column experiments. It is
also used for the analysis of the first
peak in the Bullfrog Tuff C-wells field
tracer test and for prediction and
analysis of ATC tracer experiments.

Available in SCM

Neuman.vi 1.0 10972-1.0-00 USGS, PC,
Windows
2000/NT
4.0*/98

This software displays the standard
and accepted type curve for
unconfined aquifers and allows the
fitting of the input data curves over
the type curve. The .vi extension
displays the appropriate resulting
hydrologic parameters associated
with the data curve matching
(transmissivity and storativity).

Available in SCM

PEST 5.5 10289-5.5-00 USGS, PC,
Windows 2000*

This software assists in data
interpretation, model calibration, and
predictive analysis. PEST adjusts
model parameters and/or excitations
until the fit between model output
and field or laboratory observations
is optimized in the weighted least-
squares sense.

Available in SCM
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RECIRC.vi 1.0 10673-1.0-00 USGS, PC,
Windows
98/NT
4.0*/2000

This program is used for
recirculating and
partial-recirculation cross-hole tracer
test analysis.

Available in SCM

RELAP 2.0 10551-2.0-00 LANL, PC,
Windows
2000/NT*

This software models tracer
transport by convoluting a Laplace-
domain transfer function for
transport through dual-porosity
media with transfer functions that
describe tracer injection, mixing in
the injection and production
wellbores (or flow manifolds in
laboratory experiments), and
recirculation of the product fluid (in
field experiments only). It also
performs curve fits to field or
laboratory tracer test data to obtain
the best-fitting transport parameter

Available in SCM

RETRAN 2.0 10552-2.0-00 LANL, PC,
Windows
2000/NT 4.0*

-I —
This software models reactive
transport in dual- porosity media
with a general, nonlinear sorption
isotherm and with time-varying flow
rates.

Available in SCM

Streltsova-
Adams.vi

1 10971-1-00 USGS, PC,
Windows
2000/98/NT
4.0*

This software displays the standard
and accepted Streltsova-Adams
type curve for fractured aquifers and
allows the fitting of the input data
curves over this type curve. The .vi
extension displays the appropriate
resulting hydrologic parameters
associated with the data curve
matching (transmissivity and
storativity).

Available in SCM

Theis.vi 1.0 10974-1.0-00 USGS, PC,
Windows
2000/NT
4.0*/98

This software displays the standard
and accepted Theis type curve and
allows the fitting of the input data
curves over this type curve. The .vi
extension displays the appropriate
resulting hydrologic parameters
associated with the data curve
matching (transmissivity and
storativity).

Available in SCM

There is a need to test the software on updated operating environment. The COTS will need to be

checked for licensing and other requirements.
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Another supporting document is: 170006 BSC 2004. Saturated Zone Colloid Tran.rport. ANL-NBS-HS-
000031 REV 02. Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20041008.0007;
DOC.20051215.0005.

Table 23 - Saturated Zone Colloid Transport List of Software Used

Software
Name

Version Software
Tracking

Number (STN)

Platform/Operat
ing System

Brief Description of Use Availability

RELAP 2.0 10551-2.0-00 PC, Windows
2000/NT

This software models tracer transport by
convoluting a Laplace-domain transfer
function for transport through dual-porosity
media with transfer functions that describe
tracer injection, mixing in the injection and
production wellbores (or flow manifolds in
laboratory experiments), and recirculation of
the product fluid (in field experiments only). It
also performs curve fits to field or laboratory
tracer test data to obtain the best-fitting
transport parameter values.

Available in
SCM

Excel 2000 PC, Windows
2000/NT

Software used for statistical analysis of data
and plotting of graphs.

Not available
in SCM

The software RELAP is project developed. There is a need to test the software on updated
operating environment. It is expected that later versions of Excel can be used on an updated
operating system.

3.9 Biosphere

The Biosphere Process Model documented in Biosphere Model report [DIRS 177399] is used to
develop the capabilities for calculating annual radiation dose to the RMEI using the TSPA-LA
Model. The analyses and abstractions of the two exposure cases in the Biosphere Process Model and
reported in Biosphere Model Report (SNL 2007 [DIRS 177399]) resulted in two data sets biosphere
dose conversion factors (BDCFs) for the groundwater and volcanic exposure cases. The software
used in the process model is listed below.

The biosphere model analysis is reported in: 177399 SNL (Sandia National Laboratories) 2007.
Biosphere Model Report. MDL-MGR- MD-000001 REV 02. Las Vegas, Nevada: Sandia National
Laboratories. ACC: DOC.20070830.0007.

Table 24 - Biosphere Model Report List of Software Used

Software Version Software
Tracking

Number (STN)

Computer
Type and
Platform

Brief Description of Use Availability

GoldSim 8.02.500 10344-8.02-05 PC, Windows
2000

This version of GoldSim was used
to execute the biosphere model to
produce the BDCFs.

Available in
SCM
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GoldSim 9.60 10344-9.60-00 PC, Windows Used in conjunction with Available in
XP ASHPLUME_DLL_LA V.2.1, this

software was used for probabilistic
simulations.

SCM

ASHPLUME_DLL_LA 2.1 11117-2.1-00 PC, Windows
XP

This software was used for
calculation of initial ash/fuel areal
concentrations at the location of
the RMEI.

Available in
SCM

GoldSim 8.02.500 is not supported by GoldSim Technology Group (GTG). There is a need to test
the software on updated operating environment.

Another supporting document is: 172827 BSC (Bechtel SAIC Company) 2005. Characteristics of the
Receptor for the Bio.phere Model. ANL-MGR-MD-000005 REV 04. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: DOC.20050405.0005.

The only software used during this analysis was Microsoft Excel (Version 97 SR-2 and Version 2000
SR-1). The Excel versions are not available in SCM.

3.10 Events

3.10.1 Early Failure (Early Failure Scenario Class)

3.10.1.1 Drip Shield Early Failure

Drip shield early failure analysis is documented in: 178765 SNL (Sandia National Laboratories) 2007.
Ana/ysis of Mechanisnas for Early Waste Package/ Drip Shield Failure. ANL-EBS-MD-000076 REV 00. Las
Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070629.0002; DOC.20071003.0015.

Table 25 - Drip Shield Early Failure List of Software Used

Software
Name

Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use Availability

SAPHIRE 7.26 10325-7.26-00 PC/Windows
2000

Used to develop and quantify event trees forAvailable
the analysis.

in
SCM

Mathcad 13.0 PC/Windows
XP

Used to conduct numerical manipulations
and graphics.

Available in
SCM

Both are COTS. There is a need to test the software on updated operating environment. licensing of
the software also would need to be checked.

3.10.1.2 Waste Package Early Failure

Waste package early failure is documented in the same document as drip Shield early failure (Section
9.1.1)
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3.10.2 Igneous Activity (Igneous Scenario Class)

3.10.2.1 Igneous Intrusion

Igneous activity analysis is documented in: 169989 BSC (Bechtel SAIC Company) 2004. Characterke

Framework for Igneous Activi0 at Yucca Mountain, Nevada. ANL-MGR-GS-000001 REV 02. Las Vegas,

Nevada: Bechtel SAIC Company. ACC: DOC.20041015.0002; DOC.20050718.0007.

Table 26 — Characterize Framework for Igneous Activity List of Software Used

Software
Name

Version Software
Tracking

Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

FITCD 1.0 10262-1.0-00 PC/Pentium 486
FORTRAN77

Computes discrete cumulative
probability distributions for dike length
from cumulative probabilities specified at
selected values of length.

Available in
SCM

SFCD 1.0 10275-1.0-00 PC/Pentium 486
FORTRAN77

Computes discrete cumulative
probability distributions for dike length
using user• specified distribution forms.

Available in
SCM

DCPELD 1.0 10258-1.0-00 PC/Pentium 486
FORTRAN77

Computes discrete probability
distribution for dike length from expert-
specified distributions (output of FITCD).

Available in
SCM

CPDI 1.0 10257-1.0-00 PC/Pentium 486
FORTRAN77

Computes conditional probability of
intersection from volcanic events on an
x,y grid using output of DCPELD and
expert-specified azimuth distributions.

Available in
SCM

UZVH 1.0 10277-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection from
volcanic source zones using output of
CPDI.

Available in
SCM

UZVHLH 1.0 10278-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
from volcanic source zones using Latin
Hypercube sampling and output from
CPDI.

Available in
SCM

FKVH 1.0 10265-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection
using kernel density estimation with
specified h
and output of CPDI.

Available in
SCM

FKVHLH 1.0 10266-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
using kernel density estimation with
specified h, Latin Hypercube sampling,
and output from CPDI.

Available in
SCM

UZVPVH 1.0 10279-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection from
volcanic source zones using volume
predictable volcanic event rate model
and output of CPDI.

Available in
SCM

UZVPVHLH 1.0 10280-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
from volcanic source zones using
volume predictable volcanic event rate
model, Latin Hypercube sampling, and

Available in
SCM
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Software
Name

Version Software
Tracking

Number (STN)

Platform/
Operating
System

Brief Description of Use Availability

output from CPDI.
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FKVPVH 1.0 10267-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection
using kernel density estimation using
volume predictable volcanic event rate
model and output of CPDI.

Available in
SCM

FKVPVHLH 1.0 10268-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
with kernel density estimation using
volume predictable volcanic event rate
model, Latin Hypercube sampling, and
output from CPDI.

Available in
SCM

ZBCKVH 1.0 10283-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection
using kernel density estimation with h
constrained by a source zone boundary
and output of CPDI.

Available in
SCM

ZBCKVHLH 1.0 10284-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
using kernel density estimation with h
constrained by a source zone boundary,
Latin Hypercube sampling, and output
from CPDI.

Available in
SCM

FITFIELD 1.0 10263-1.0-00 PC/Pentium 486
FORTRAN77

Computes parameters of a bivariate
Gaussian distribution that approximates
boundaries of a defined polygon.

Available in
SCM

FIT2CNTR 1.0 10261-1.0-00 PC/Pentium 486
FORTRAN77

Computes parameters of a bivariate
Gaussian distribution from locations of
volcanic events.

Available in
SCM

PFGVH 1.0 10273-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection
using a bivariate Gaussian distribution
with specified field parameters and
output of CPDI. Bivariate Gaussian
distribution parameters obtained from
programs FIT2CNTR or FITFIELD.

Available in
SCM

PFGVHLH 1.0 10274-1.0-00 Computes simulations of contributions to
frequency of intersection on an x,y grid
using a 2D-Gaussian distribution with
specified parameters, Latin Hypercube
sampling, and output from CPDI.
Gaussian distribution parameters
obtained from programs FIT2CNTR or
FITFIELD.

FPFGVH 1.0 10269-1.0-00 PC/Pentium 486
FORTRAN77

Computes frequency of intersection
using a bivariate Gaussian distribution
with parameters fit to volcanic event
locations and output of CPDI.

Available in
SCM

FPFGVHLH 1.0 10270-1.0-00 PC/Pentium 486
FORTRAN77

Computes simulations of contributions to
frequency of intersection on an x,y grid
using a 2D-Gaussian distribution with
parameters fit to volcanic event
locations, Latin Hypercube sampling,
and output from CPDI.

Available in
SCM
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VHTREE 1.0 10282-1.0-00 PC/Pentium 486
FORTRAN77

Computes mean and fractiles of
frequency of intersection over an
individual expert's volcanic hazard logic
tree and aggregate over all experts
using outputs of UZVH, UZVHB, FKVH,
UZVPVH, FKVPVH, ZBCLVH, PFGVH,
and FPFGVH.

Available in
SCM

VHTIELHS 1.0 10281-1.0-00 PC/Pentium 486
FORTRAN77

Computes mean and fractiles of
simulations of contributions to frequency
of intersection on an x,y grid over an
individual expert's volcanic hazard logic
tree using Latin Hypercube sampling
and output from UZVHLH, FKVHLH,
UZVPVHLH, FKVPVHLH, ZBCLVHLH,
PFGVHLH, and FPFGVHLH.

Available in
SCM

NECPDS 1.1 10272-1.1-00 PC/Pentium 486
FORTRAN77

Computes distributions for number of
eruptive centers per volcanic event and
average spacing between eruptive
centers.

Available in
SCM

FITIDSR 1.0 10264-1.0-00 PC/Pentium 486
FORTRAN77

Computes discrete incremental
probability distributions for dike length
using input to FITCD.

Available in
SCM

SFIDSR 1.0 10276-1.0-00 PC/Pentium 486
FORTRAN77

Computes discrete incremental
probability distributions for dike length
using input to SFCD.

Available in
SCM

DLECD 1.0 10260-1.0-00 PC/Pentium 486
FORTRAN77

Computes joint discrete probability
distributions for dike length and number
of eruptive centers per volcanic event
using output from FITIDSR.

Available in
SCM

DILECDLH 1.0 10259-1.1-00 PC/Pentium 486
FORTRAN77

Computes joint conditional distribution of
dike intersection length, dike azimuth,
and number of eruptive centers within
the repository footprint from outputs of
program VHTIELHS using Latin
hypercube sampling of dike length and
volcanic event location distributions from
DIECDIST.

Available in
SCM

CFRAC 1.0 10254-1.0-00 PC/Pentium 486
FORTRAN77

Locates individual expert's simulation
results that represent specified
percentiles of the composite distribution
for frequency of intersection from
outputs of VHTIELHS.

Available in
SCM

COMBSM 1.1 10256-1.1-00 PC/Pentium 486
FORTRAN77

Computes composite joint distribution of
dike intersection length, dike azimuth,
and number of eruptive centers within

Available in
SCM
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the repository footprint across experts
from outputs of DILECDLH and
VHTIELHS for mean hazard.

COMBSM 1.1 10255-1.1-00 PC/Pentium 486
FORTRAN77

Computes composite joint distribution of
dike intersection length, dike azimuth,
and number of eruptive centers within
the repository footprint across experts
from outputs of DILECDLH for selected
percentiles of the hazard.

Available in
SCM

MARGIN 1.1 10271-1.1-00 PC/Pentium 486
FORTRAN77

Computes marginal distributions for dike
intersection length, dike azimuth, and
number of eruptive centers within the
repository footprint from output of
COMBSM and COMBSF.

Available in
SCM

There is a need to test the software on updated operating environment.

Volcanic Eruption

The analysis is documented in: 177431 SNL (Sandia National Laboratories) 2007. Atmospheric

Dispersal and Deposition of Tephra from a Potential Volcanic Eruption at Yucca Mountain, Nevada. MDL-

MGR-GS-000002 REV 03. Las Vegas, Nevada: Sandia National Laboratories. ACC:

D 0 C.20071010.0003.

Table 27 - Volcanic Eruption List of Software Used

Software Name Version Software
Tracking Number

(STN)

Platform/
Operating
System

Brief Description of Use Availability

ArcGIS 9.1 11205-9.1-00 PC, Windows
XP

Qualified geographical data
visualization and basic spatial
analysis; used for

Not
available in
SCM

ASHPLUME_DLL_LA 2.1 11117-2.1-01 PC, Windows
Server 2003

This version is used by TSPA Available in
SCM

ASHPLUME_DLL_LA 2.1 11117-2.1-00 PC, Windows
2000, XP

Parameterization developed in
this model report directly
feeds this version of the

Available in
SCM?

ASHPLUME 2.0 10022-2.0-00 PC, Windows
NT 4.0

This version is used in
validation studies.

Available in
SCM

ASHPLUME_DLL_LA 2.0 11117-2.0-00 PC, Windows
2000

This version is used for model
validation studies.

Available in
SCM

ASHPLUME 1.4LV 10022-1.4LV-dll-
00

PC, Windows
2000

This version is used
corroboratively with V 2.0 for
comparison of calculated and

Available in
SCM
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FAR 1.2 11190-1.2-00 PC, Windows
2000 & 2003

This software was used in the
Ashplume model validation
activity.

Available in
SCM

GoldSim 9.60.000 10344-9.60-00 PC, Windows
2000,
2003, & XP

This software was used to run
the ASHPLUME DLL LA
V2.1 and FAR

Available in
SCM

Microsoft Excel 97 SR-2
and 2000

N/A PC, Windows
2000/NT/XP

The commercial software was
used for plotting graphs and
statistical calculations.

Not
available in
SCM

Microsoft Access 2000 N/A PC, Windows
2000, XP

The commercial software was
used for unit conversions and
data segregation

Not
available in
SCM

OriginPro 7.5 N/A PC, Windows
2000, XP

The commercial software was
used for data visualization and
generation of basic statistics
using built-in functions.

Not
available in
SCM

Microsoft PowerPoint 97 SR-2 N/A PC, Windows
NT

The commercial software was
used for visualizing model
validation results.

Not
available in
SCM

Golden Software's Surfer6.01 N/A PC, Windows
NT

The commercial software was
used for visualizing model
validation results.

Not
available in
SCM

Matlab 11 N/A PC, Windows
XP

The commercial software was
used for generation of
synthetic ash plume data sets
based on simple equations.

Not
available in
SCM

Tecplot 360 N/A PC, Windows
XP

The commercial software was
used for visualization and grid
processing,

Not
available in
SCM

There is a need to test the software on updated operating environment. ArcGIS and GoldSim are

COTS. The rest of the codes are project developed. It is possible that a new license is needed to run

ArcGIS.

Another report supporting the analysis is: 179347 SNL (Sandia National Laboratories) 2007.

Redistribution of Tephra and Waste by Geomorphic Processes Following a Potential Volcanic Eruption at Yucca

Mountain, Nevada. MDL-MGR-GS-000006 REV 00. Las Vegas, Nevada: Sandia National

Laboratories. ACC: DOC.20071220.0004.

Table 28 - Redistribution of Tephra and Waste by Geomorphic Processes Following a Potential
Volcanic Eruption List of Software Used

Software Name Version
Software Tracking
Number (STN)

Platform/Oper
ating System

Brief Description of Use
Availability

ASHPLUME_DLL_LA 2.1 11117-2.1-00 PC, Windows
2000/2003
server

Used to generate the initial
tephra deposit required to
run FAR.

Available in SCM
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ArcGIS 9.2 11205-9.2-00 PC, Windows
XP

Used to develop and
analyze spatial data sets
such as the digital

Available in SCM

FAR 1.2 11190-1.2-00 PC, Windows
2000/2003
server

Tephra redistribution
model, implemented as a
dynamic link library (DLL)

Available in SCM

GoldSim 9.60.10 10344-9.60-01 PC, Windows commercial graphical, Available in SCM
0 2000, 2003,

XP
object-oriented,
probabilistic computer

MVIEW 4.0 10072-4.0-00 PC/Windows
2000

MVIEW was used to
perform the stepwise linear
regression analysis as part

Available in SCM

Mathcad 13.1 611161-13.1-00 PC, Windows
XP

Used for standard post-
processing calculations and
plotting.

Not available in
SCM

There is a need to test the software on updated operating environment.

Another report supporting the analysis is: 174260 SNL (Sandia National Laboratories) 2007.
Characterke Eruptive Processes at Yucca Mountain, Nevada. ANL-MGR-GS-000002 REV 03. Las Vegas,
Nevada: Sandia National Laboratories. ACC: DOC.20070301.0001.

List of software used:
Excel versions were used for this work. It is expected that use of updated platforms and operating
systems will not affect the results.

Conflow, version 1.0.0, is an open-source conduit flow code developed by Mastin and Ghiorso (2000
[DIRS 170144]) and further discussed by Mastin (2002 [DIRS 178163]). This software is not
available in SCM. Conflow was run on a Windows-based desktop PC running Windows XP and was
used within its range of validation. Use of this unqualified code is limited to providing context for
characterizing the conduit flow conditions and final configuration of conduit profiles during the
eruptions at the study areas.

Another report supporting the analysis is: 177430 SNL (Sandia National Laboratories) 2007.
Dike/ Dn:fi Interactions. MDL-MGRGS- 000005 REV 02. Las Vegas, Nevada: Sandia National
Laboratories. ACC: DOC.20071009.0015.

Table 29 - Drift/Dike Interactions List of Software Used

Software Version Software
Tracking
Number

Computer
Type

Platform

Brief Description of Use Availability

NPHF2D 1.0 10904-1.0-00 PC/Windows
2000/NT4.0

Dike Propagation Model; performs numerical
modeling
supporting analysis of magmatic dike
propagation and analysis of the dike/drift
interaction where magma enters a drift, modified
and requalified for this task. This code was
developed specifically for fracture propagation
to the surface; no other code can evaluate the
number
of physical phenomena required.

Available in
SCM
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FLAC 4.0 10167-4.0-00 PC/Windows
2000/NT 4.0

This is commercially Available in SCM software
that is used for
a very broad range of geomechanical problems
including hydraulic, mechanical, and thermal
coupling.

Available in
SCM

FLAC 4.04 10167-4.04-00PC/Windows
2000/NT 4.0

This is commercially Available in SCM software
that is used for
a very broad range of geomechanical problems
including hydraulic, mechanical, and thermal
coupling. It is the same software as V. 4.0 but is
also validated for
fluid flow and coupled hydro-mechanical
analyses.

Available in
SCM

FLAC3D 2.1 10502-2.1-00 PC/Windows
2000/NT 4.0

This is commercially Available in SCM software
that is used for
a very broad range of geomechanical problems
including hydraulic, mechanical, and thermal
coupling. It is the preferred code for analyzing
regional stresses, accounting for topography;
and opening preexisting fractures by magma.

Available in
SCM

FLAC3D 2.14 10502-2.14-00PC/Windows
2000

This is commercially Available in SCM software
that is used for
a very broad range of geomechanical problems
including hydraulic, mechanical, and thermal
coupling. It is the same software as V. 2.1 but is
also validated for
fluid flow and coupled hydro-mechanical
analyses.

Available in
SCM

UDEC 3.1 10173-3.1-00 PC/Windows
2000/NT 4.0

Analyzes opening of preexisting fractures by
magma. This was the only code Available in
SCM for hydromechanic behavior of fracture
media.

Available in
SCM

UDEC 3.14 10173-3.14-00PC/Windows
2000

Analyzes opening of preexisting fractures by
magma. Same software as V. 3.1, but also
validated for fluid flow and coupled hydro-
mechanical analyses.

Available in
SCM

Most of the above codes are commercial and used for numerical modeling (see Appendix B).

Licensing requirements needs to be checked. There is a need to test the software on updated

operating environment.

Another report supporting the analysis is: 177432 SNL (Sandia National Laboratories) 2007. Number

of Waste Packages Hit by Igneous Events. ANL-MGR-GS-000003 REV 03. Las Vegas, Nevada: Sandia

National Laboratories. ACC: DOC.20071002.0001.
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Table 30 - Number of Waste Packages Hit by Igneous Events List of Software Used

Software Version Software
Tracking

Number (STN)

Platform/Operating
System

Brief Description of Use Availability

QUALIFIED SOFTWARE

LHS 2.51 10205-2.51-00 DEC Alpha, with Open
VMS AXP V. 7.3-1
operating system

Stochastic parameter
sampling

Available in SCM

DIRECT 4.0 11121-4.0-00 PC running Windows
XP operating system

Geometric intersection
calculations

Available in SCM

FLAC 4.0 10167-4.0-00 PC running Windows
2000 operating system

Dike/drift proximity
calculations

Available in SCM

CORPSCON 5.11.08 10547-5.11.08-
00

PC running Windows
2000 operating system

Conversion of UTM to NSP
coordinate

Available in SCM

EXEMPT SOFTWARE

VULCAN 6.0 NA PC running Windows
XP operating system

Standard CAD applications Not available in
SCM

Rhinocerous
(Rhino 3D)

3.0 NA PC running Windows
XP operating system

Standard CAD applications Not available in
SCM

Milkshape 1.8.1b NA PC running Windows
XP operating system

Standard CAD applications Not available in
SCM

Codes DIRECT, FLAC and CORPSCON are commercial software. There is a need to locate
unavailable software and to check for licensing requirements. There is a need to test the software on
updated operating environment.

3.10.3 Seismic Activity (Seismic Scenario Class)

The list of software used for both Ground Motion and Fault Displacement Seismic Scenario cases
are listed below.

Abstraction of seismic consequence is documented in: 176828 SNL (Sandia National Laboratories)
2007. Seismic Consequence Abstraction. MDL-WIS-PA-000003 REV 03. Las Vegas, Nevada:
Sandia National Laboratories. ACC: DOC.20070928.0011.

Software used:
PFC2D V. 2.0, Software Tracking Number: 10828-2.0-00, Operating Environment: PC/Windows
2000. The software is available in SCM.
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PFC2D was used to characterize the behavior of a rubblized rock mass in the lithophysal units of
the repository. PFC2D was selected for its capability of modeling the nonlinear response of a
rubblized rock mass by combining the behaviors of individual grain particles to simulate the
overall deformation of a rubblized rock mass with voids.

The software was used to abstract output of other software. There is a need to test the software
on updated operating environment.

Another supporting document is: 178851 SNL (Sandia National Laboratories) 2007. Mechanical
Assessment of Degraded Waste Packages and Drip Shields Subject to Vibratog Ground Motion. MDLWIS- AC-
000001 REV 00. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070917.0006.

Table 31 - Mechanical Assessment of Degraded Waste Packages and Drip Shields Subject to
Vibratory Ground Motion List of Software Used

Software Version Software
Tracking
Number

Platform/
Operating
System

Brief Description of Use
(Range of

Use/Selection/Limitations)

Availability

UDEC 3.1 10173-3.1-00 PC/Windows
2000

UDEC was used to analyze the drip
shield
failure (Section 6.4) and the waste
package surrounded by rubble
(Section 6.5). UDEC was selected
for its capability to model solid body
interactions with a computationally
efficient algorithm.

Available in
SCM

FLAC 4.0 10167-4.0-00 PC/Windows
2000

FLAC was used to simulate the
invert
material during seismic shaking
(Sections 6.4 through 6.5). FLAC
was selected for its capability to
model dynamic loading for the
continuum with a computationally
efficient algorithm.

Available in
SCM

FLAC3D 2.1 10502-2.1-00 PC/Windows
2000

FLAC3D V. 2.1 was used to
simulate the drip
shield and invert during quasi-static
loading (Section 6.4.6). FLAC3D V.
2.1 was selected for its capability to
model dynamic loading for the
continuum with a computationally
efficient algorithm. FLAC3D V. 2.1
simulates the behavior of three-
dimensional structures built of soil,
rock, or other materials that are
subject to various loading
conditions.

Available in
SCM
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FLAC3D 2.14 10502-2.14- PC/Windows FLAC3D V. 2.14 was used to Available in
00 2000 simulate the drip shield during

quasi-static and dynamic loading
SCM

(Sections 6.4.3 and 6.4.7), and to
simulate the waste package loaded
by the drip shield (Section 6.5.2).
FLAC3D V. 2.14 was selected for its
capability to model dynamic loading
for the continuum with a
computationally efficient algorithm.
Note that FLAC3D V. 2.14 and
FLAC3D V. 2.1 are identical codes.

LS-DYNA 970.3858 10300- DEC The software was used to analyze Not available in
SMP D 970.3858-02 ALPHA/OSF1 V.

5.1
the kinematic impacts between the
waste packages and between waste
packages and pallets (Section 6.3).

SCM

LS-DYNA was selected for its
capability to model solid mechanics
in dynamic loading conditions

LS-DYNA 971.7600.398 10300- Intel LS-DYNA V. 971.7600.398-00 Intel Not available in
971.7600.398-Itanium/Redhat ltanium/Redhat Linux Chaos 3.0 SCM
00 Linux Chaos 3.0 was used to analyze the kinematic

impacts between the waste
packages and between waste
packages and pallets (Section 6.3).

LS-DYNA was selected for its
capability to model solid mechanics
in dynamic loading conditions.

LS-DYNA 971.7600.398 10300- Intel LS-DYNA V. 971.7600.398-00 Intel Not available in
971.7600.398-ltanium/Red hat ltanium SCM
00 Linux Chaos 3.0 /Redhat Linux Chaos 3.0 was used

to analyze the kinematic impacts
between the waste packages and
between waste packages and
pallets (Section 6.3).
LS-DYNA was selected for its
capability to model solid mechanics
in dynamic loading conditions.

km_impacts 1.0 11235-1.0-00 Intel Itanium2 km_impacts_pp was used on an Available in
_pp Redhat Linux 4 Intel Itanium2 Redhat Linux 4

system to postprocess output from
SCM

LS-DYNA. km_impacts_pp is used
to produce estimates of damaged
areas for the waste packages along
with estimates of the number of
ruptured waste packages.
km_impacts_pp was selected for its
capability to process the output of
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LS-DYNA and directly produce data
for the seismic abstraction.

GoldSim 8.02.500 10344-8.02-
05

PC/Windows
2000

GoldSim was used to sample the
rock block pattern, rock strength,
and ground motion number.
GoldSim is widely used for
probabilistic and decision analyses
and provides capability for Latin
Hypercube analysis used to sample
the parameters listed above.

Available in
SCM

LS-
PREPOST

1.0 and 2.0 AMD Opteron
Redhat Linux 4,
Intel Itanium2
Redhat Linux 4,
and DEC
ALPHA/OSF1 V.
5.1 systems.

Post processing software to
visualize output.

Not available in
SCM

TrueGrid 2.2.0, 2.2.6,
and 2.3.0

were used to preprocess data and
generate model geometry for input
to LS-DYNA.

Not available in
SCM

Mathcad 7.0 postprocess data from UDEC and to
solve non-linear equations for stress
profiles.

Available in
SCM

Most of the above software are COTS (see Appendix B). There is a need to locate unavailable
software and check for licensing requirements. There is a need to test the software on updated
operating environment.

3.10.4 Human Intrusion (Human intrusion Scenario Class)

The human intrusion scenario case implemented in the TSPA-LA Model is developed within the
TSPA-LA report (SNL, 2018, MDL-WIS-PA-000005 REV 00 ADD 01). However, the drift
degradation analysis provides input data to this scenario class and others. Thus, the list of software
used for the drift degradation analysis is documented here.

Drift degradation analysis is reported in: 166107 BSC (Bechtel SAIC Company) 2004. Dnft
Degradation Analysis. ANL-EBS-MD- 000027 REV 03. Las Vegas, Nevada: Bechtel SAIC Company.
ACC: DOC.20040915.0010; DOC.20050419.0001; DOC.20051130.0002; DOC.20060731.0005.
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Table 32 — Drift Degradation Analysis List of Software Used

Software Name Version

1

Software
Tracking
Number

1

Operating
Environment

(Platform/Opera
ting System)

Brief Description of Use (Range
of Use/Selection/Limitations)

Availability

UDEC 3.1 10173-3.1-00 PC/Windows
2000

UDEC was used to analyze the
seismic and thermal effects on
block movement in the lithophysal
rock units (Section 6.4). UDEC
was selected for its capability of
modeling block slip and block
separation in plane strain
condition. Also, it is capable of
thermal and dynamic simulation.
There are no known limitations on
outputs

Not available
in SCM

3DEC 2.01 10025-2.01-00 PC/Windows
2000

3DEC was used to analyze the
seismic and thermal effects on
block movement in the
nonlithophysal rock units (Section
6.3). 3DEC was selected for its
capability of modeling of wedge
type of rockfall with consideration
of block slip and block separation
in three- dimensional space. Also,
it is capable of thermal and
dynamic simulation.

Available in
SCM

FLAC 4.0 10167-4.0-00 PC/Windows
2000

FLAC was used in the thermal-
mechanical calculation to define
the distribution of stresses around
the drifts due to the progressive
heating of the repository area
(Section 6.2).
FLAC was selected as an efficient
code to run thermal-mechanical
analysis. There are no known
limitations on outputs.

Available in
SCM

FLAC3D 2.1 10502-2.1-00 PC/Windows
2000

FLAC3D was used in the thermal-
mechanical calculation to define
the distribution of stresses around
the drifts due to the progressive
heating of the repository area
(Appendix C).
FLAC3D was selected as an
efficient code to run thermal-
mechanical analysis for the
regional scale and drift scale.
Thinrin .-Arc. nrs 1,nrstAzt, l¡m¡f,1-;rst-tc, rs•-•

Available in
SCM
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PFC2D 2.0 10828-2.0-00 PC/Windows
2000

PFC2D was used to characterize
rock mass behavior, including the
analysis of long-term strength
degradation (Section 7 and
Appendix S). PFC2D was
selected for its capability of
modeling behaviors of a rock
material by combining
behaviors of individual grain
particles to simulate complicated
non- linear deformation of a rock
material including long-term
mechanical strength degradation
and rock mass deformation with
voids.

Available in
SCM

PFC2D 2.0 10828-2.0-01 PC/Windows
2000

This version of PFC2D was used
to run impact analyses to confirm
the initial PFC2D results (using
software tracking number 10828-
2.0-00), as documented in
Appendix Q. The initial PFC2D
software qualification did not
specifically identify the library of
support functions (known as Fish
functions) that are used within the
code. This new version (software
tracking number 10828-2.0-01)
specifically qualifies FishTank
041b, which is the library of Fish
functions included within the
code. The impact assessments in
Appendix Q confirm that the
results are identical using either
the initial or new version of
PFC2D.

Available in
SCM
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PFC3D 2.0 10830-2.0-00 PC/Windows
2000

PFC3D was used to characterize
rock mass behavior, including the
analysis of long-term strength
degradation (Section 7 and
Appendix S). PFC3D was
selected for its capability of
modeling behaviors of a rock
material by combining
behaviors of individual grain
particles to simulate complicated
non- linear deformation of a rock
material including long-term
mechanical strength degradation
and rock mass deformation with
voids.

Available in
SCM

PFC3D 2.0 10830-2.0-01 PC/Windows
2000 This version of PFC3D was used

to run impact analyses to confirm
the initial PFC3D results (using
software tracking number
10830-2.0-00), as documented in
Appendix Q. The initial PFC3D
software qualification did not
specifically identify the library of
support functions (known as Fish
functions) that are used within the
code. This new version (software
tracking number 10830-2.0-01)
specifically qualifies FishTank
041b, which is the library of Fish
functions included within the
code. The impact assessments in
Appendix Q confirm that the
results are identical using either
the initial or new version of
PFC3D

Available in
SCM

DRKBA 3.31 10071-3.31-00 PC/Windows
2000

DRKBA was used to analyze
block development and failure in
the nonlithophysal rock units
(Appendix D). DRKBA was
selected to assess the impact of
small-scale fractures on rockfall
because it has an efficient
key-block simulation algorithm.
DRKBA was also selected as an
alternative numerical code to
verify the results from 3DEC.
DRKBA does not directly apply
seismic and thermal loads, and
therefore was not selected as the
primary code for rockfall
mnniwene

Available in
SCM
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FracMan 2.512 10114-2.511-
00

PC/Windows NT FracMan was used to replicate
the fracture geometry observed in
the ESF to develop a
representative volume of jointed
rock mass (Section 6.1.6).
FracMan was selected for its
capability of discrete fracture data
analysis, geologic fracture
network construction, spatial
analysis, and visualization.

Available in
SCM

NUFT 3.0s 10088-3.0s-01 SUN/SUN O.S.
5.7

NUFT was used to simulate heat
transfer around the emplacement
drift (Section 6.2). NUFT was
selected for its capability of
modeling thermal-hydrology of an
unsaturated zone including
subsurface heat and fluid flow.
There are no known limitations on
outputs from NUFT.

Available in
SCM

EARTHVISION 5.1 10174-5.1-00 SGI/IRIX 6.5 EarthVision was used to extract
stratigraphic unit thickness and
cross-sections from the
Geological Framework Model
(GFM2000) (Appendix M).
EarthVision was selected for its
capability of extracting specific
data from GFM2000 and
presenting the data in a common
graphical format. EarthVision was
not used to perform data
manipulation in this report.

Available in
SCM

UNWEDGE 2.3 30053 V2.3 PC/DOS
Emulation

UNWEDGE was used as a
reference-only example of a
deterministic method for
key-block analysis (Appendix D).
UNWEDGE was selected for its
common usage on static block
analysis for the geotechnical and
mining industries.

Available in
SCM

Clustran 1.1 11162-1.1-00 PC/Windows
2000

Clustran was used to analyze
fracture data Clustran was
selected for its common usage on
fracture orientation analysis for
the geotechnical and mining
industries

Available in
SCM
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Read DXF 1.0 11159-1.0-00 PC/Windows
2000

Read DXF was used to read
fracture data files in DXF format
and extract polyline data with
associated strike/dip tags for input
into FracMan (Section 6.1.6).

Available in
SCM

Read DXF was specifically
developed to extract fracture data
from full periphery geologic maps
to facilitate the comparison of field
fracture data to synthetic
FracMan fracture data.

Most of the codes are COTS (see Appendix B). Licensing requirements need to be checked. There is
a need to test the software on updated operating environment. EARTHVISION is a visualization
graphics commercial software from Dynamic Graphics, Inc. The latest version of the software is 9.0.
It is not clear if it is backwards compatible. IRIX 6.5 (UNIX based OS) operating system has been
discontinued. There is a need to install EARTHVISION 5.1 on a current UNIX platform for
testing.

3.11 Preliminary Assessment of Software Status

A preliminary assessment of the current condition of the software was also carried out. To facilitate
the assessment, the list of software was divided into major modeling codes and supporting utility
and graphics software. Each group was also subdivided into project developed (YMP) COTS. A
preliminary list of software in each category is given in Appendix B. A detailed analysis on YMP LA
software fimess categorization and strategy is given in Appenidx C. The analysis provides a general
assessment of legacy software, and provides techniques for mitigation of possible software failures.

In general, it is expected that assessment of project developed codes will be easier than commercial
codes. Some of the project developed codes are currently in use in National Laboratories and
elsewhere on updated operating environment. Commercial software usually has licensing
requirements. Some licenses are in-perpetuity while others are term-limited. In both cases there is a
chance that the version of the software that was used for YMP license application may not be
supported because of substantial upgrades to the software. This may require testing of the model
with a new software version. If the commercial software was used for graphics or as a utility code,
the software could be replaced in case of software issues. Further software assessment would require
an in depth analysis that may include locating of unavailable software, analyzing licensing
requirements of commercial software and testing of individual codes on updated operating
environment. There may also be a need to run software on legacy operating systems. Running legacy
operating systems on virtual machines is an option; however, the underlying hardware would not be
emulated and would actually be modern hardware made accessible through a hardware abstraction
layer (HAL).
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00. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20071220.0004.
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Processes. MDL-NBS-HS-000020 REV 02 AD 02. Las Vegas, Nevada: Sandia National Laboratories.

183750 SNL (Sandia National Laboratories) 2008. Saturated Zone Flow and Transport Model Abstraction.
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69



APPENDIX A. TABULATED INVENTORY OF SOFTWARE USED IN THE
YMP PROCESS MODELS

Note: The discussion for a particular code in this table can be located in the body of the
report by searching for the six digit code prefacing the Reference in the table
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Appendix A

FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Mifirallople

Primary i

Supporting Soltware NEM Vorelon STN Flatfonn OS SCM7 Source Comment

Problem l

Migation

Cone(a) ft% 

GZ Flow Clirnate Excel
2000

Excel 2000 - no tinware mule
anticipated

170002 BSC (Becntel MK Company) 2004 Futire Climate Ana ysis ANL NBS GS 000000 REV 01. Las Vegas,

Nevada: Bechtel SAE Company. ACC! DOC.20040908.000S.

Infiltration Excel
2000

611161-13.1-00 PC, Windows XP
N

18214s SNL (Sandia Nat ona Laaorate,$) 2007. Sm .1 atm of Net heltraton to- Present Day and Potent al

suture climates. milL-KES HS 000020 REV 01 AD 01, Las Vegas, Nevada! Sand-a National Laboratories.

Infiltration P Mathcad 13.1 N

Version 13.1 no longer supported
COTS by PTC

Irifat oti S LITS
2.51

10205.2.51.01

D p

SeEt''CverA Sh4a5
Model 2

Open VMS 8.2
Y

NL S.CP, SRN. S-
AM

Infiltration ArcGIS 9.1 11205-9.1-00 PC, Windows XP
Y

COTS Developed by Esri FI-CT

Infiltration S ENVIsIDL 4.2 11204-4.2-00 PC Windows XP Y COTS COTS Hartis Geospatial Solutions B-CT

Maranon S MVIEW 4 10002-4.0.00 PC Windows 2000 y NU/FM B-C'f

Infiltration

177081 SNL (Sandia Natora La oratones)2008.OataA'lalynstorinliRranon ModelIng, Extracted Weather

Station Data Used., Rep,sent Present-Day and Potential Future Climate Cond t ons n the Vicirity of 0.IC.

Mountain. ANL-MGR- MR-000013 REV 00. Las Vegas, Nevada: Sandia National Labo.attyies. ACC:

DOC.20070109.0002

Infiltration CORPSCON 5.11,08 10547.5.11.08.00 PC Windom NT 4.0 y USACE US Army Corps of Engineers B-OT

Infiltration EARTHVISION
R1

10174-5.1-00 'RIX 6.5
Y Com COTS Dynamic Graphics. Inc B-CT

IMS has not been actively maintained. The most current version 0 RS and SNL can probabhg acqj i re the sosece

code I needed.

Site Scale UZ Flow

Dec Alpha

184614 SNL (Sandia Nat onal Laboratories) 2007. LIZ now Modeis and Sulamodels. MOL.MiREIS-000006 REV 03

AD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20080108.0003.

Site Scale UZ Flow T2R3D 1.4 10006-1.4-00 UNDC y YM

5il a Scale liZ Flow TOIJUHREACT 3 10396-3.0-00

1 0007-1.6-01

Dcc Alpha

Dec Alpha

OSF1 V5.I Y YM SRN

SR Scale UZ Flow TOGERL2 1.6
OSFI V5.1, PC-
DOS windows If

I'M S-FN

Site Scale UZ Flow in8l2grid 1.7 10077.1.7.00 Dec Alpha OSF1 V4.0 Y YM

Sitc Scale UZ Flow 2kgrid8.for 10503-1.0-00 Dec Alpha
OSF1 V4.0, PC-

DOS Window95 ¥
YM SRN

Site Scale UZ Flow bot_surof 1 10349-1.0-00 UNIX OSFI V4.0 Y YM SRN

5ilc Scale UZ, Flow WINCRIDDF.R 2 10024-2.0-00 PC Windows NT 4.0 If YEA

Site Scale UZ Flow TOFTEMP_VOi 1 10224-1.0-00 Dec Alpha OSFI V4.0 y YM S-FN

Sii u Scale IIZ Flaw GET TEMP VOL' i 10222-1.0-00 Dm Alpha O5F1 V4.0 Y YM SFN

Site Scale UZ Flow Tbga63D 2 10882.2.0.00 SI7N SUN 0.S. 5.5.1 Y YM

Silt Scale UZ Flow T2FBIIM 4 10997-4.0-00 Dec Alpha OSF1 V5.1 y YM SRN

Site Scale UZ Flow WTRISE 2 10537-2.0-00 Dec Alpha OSFI V5.1 y YM SRN

Sin Scale 1/7, Flow Bkread.f i 10894.1.0-00 SI:N SUN O. S. 5.5.1 Y YM S-FN

Site Scale UZ Flow Srnenf I 1 0896.1.0.00 SUN SUN O. S. 5.5.1 y YM S-FN

tine Scale UZ Flow iTOLIG112 4 1 0003-4.0-00 SUN 0. 5.55.1 OS V4.0 Y YM SRN

Slip Scale IlZ Flow 
179546 SNL (Sandia NaTorm I Laboratories) 2007. Calibrated If nsaturated Zone Prooerties. ANL-PBS-HS-003058

REV 00. Las Vegas, Nevada: Sandia Nationa Laboratories. ACC: DOC.20070530.0013

Site Scale UZ Flow iTOUGH2 s 10003.5R-00 Limn Red Hat V7.3 y YM SFN

Site Scale UZ Flow e9-3in l 10126-1.0-00 Sun UNIX Y YM

Sim Scale LIZ Flow 2kgrid8.for 1 10503-1.0.00 PC DOSV4.00.1111 y YM S-FN

Site Scale UZ Flow Infingrid 1.7 10007-1.7-00 PC DOSV4.00.1111 y YM

Site Scale UZ Flow TBgas3D 2 10882-2.0-00 S'Lli 0.5.5.51 Y YM

5iIc Scale U7, Flow CORPSCON 5.1 1 R8 10547-5.11-08-00 PC WINDOWS NT 4.0 y USACE US Array Corps of Engineers
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-topic

Primary /

Sapporling Software Name Version STN Platform OS SCM? Some Comment

Problem ,'

Mitigation

Cadets) Rafaranca

Mountain Scale Coupled 17410111SC (Bechtel SAIC Company) 2006. Mod.In.Sca le Coupled Processes (TH/THC/THM) Models. M151.4413S-

HS-000007 REV 03. Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20050825.0007.Provesses

Mountain Scale Couoled
TOUGH2

1.6
1.00074.6-011

Alpha system

OSFI V4.0

Alpha System

OSFI V5.1

Y YM

Selected for its capabllity to model

effects of heat on flow in fiactured

media S.FN

S-FN

Processes 

Mountain Scale Counted
TOUOHREACT

3

10396-3.0-00 Y YM

lTOUGHREACT applies to porous

media in a temperature range

!RITMO,' by its thermodynamic

database (ainvntly 0 to 300'X').
Procesws

Mountain Scale Coupled
FLAC3D

2
10502-2.0-00 PC Windows 98 N coy,

L. sed for mechanical analysts and

for linked TOCGII2 end FLAC3D

coupled THM analysis.Processes

Mountain Scale Coonled
EXT

1.1

10005-1.1-00 SUNUItia Sparc SunOS 5.5.1 Y YM

TOUGH2 output files for plotting.

The mput and output feernats must

be standard TOUCJI2 input and

output formats, with eight-

character element names TOUGH:I

medi.

Processes

Mountain Scale Coupled
EXT

1

10047.1.0.00 SUN Ultra Sparc SunOS 5.5.1 Y YM

The EXT code extracts data horn
TOEGH2 output files for plotting.

The input and output fonnats must

be standard TOUGH2 input and

output formats. five-cherazter

demon names TOUGII2 =Wt.

Processes

Mountain Scale Coupled
Inti12grid

1.7

10077.1.7-00 PC

MS-DOS

V4.00.I I I I under

Windows 95

Y ym

Tlus software is used to extract

surface infiltration rates to the top

of TOUGH2 model grids. This

routine is limited to eight-eh aracter

element names TOUGH2 tnesh.

Prows.,

Mountain Scale Coupled
WINCIRIDDER

2

10024-2.0-00 PC

1

Windows Tat() Y ym

A grid generator program used to

produce 1-15, 2-0, or 3-15 grids for

numerical modeling of flow and

transport problems based on IIIC

integral ddldence method. Outpul

grid files are in the format

compatible with TOUGH2. Inputi

are distance, area and Nrollinn Rid

niust be non. negative.

I

I

Processes

Mount ain Scale ('oupled
Gridkeader

1

10994.1.0-00 PC Windows NT 4.0 Y ym

Grilkeader is a package of utility

tools used to I) read a grid

generated by Winoridder and Wrilo

a mesh input file for TOUGFI2

with high precision x-, y-, z-

coordinates; 2) convert a TOUGH2

mesh file with 8-character cell

names into a TOL-OH2 rudi file

with 5-character cell names. This

software is to be used only with the

TOUGH2 family of aides.

Processes

NO1111041 Soole Ctilly1011
Cipzonesdat

i

10509.1.0.00 PC Windows 98 Y YM

The wftware is used to fmd OW.

WhiCh zones are connected to each
grid point and how much zone

volumes are conmmed to each grid

point, and to calculate the

interpolation of tentperatutes frurn

TOUGH2 nodes to FLAC3D

nodes This routine is a FISH

routine that can only be used for

FLAC3D V2.9 or higher.

Procesws
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Topic Sub-topic

Primary /

Sapporting Software Name Version STN Platform OS SCM? Source Comment

Problem ,'

Mitigation

Cadets) itateranca

Mountain Scale Coupled
Tin

11

10889-1.1-00 PC Windows 98 Y YM

This software takes temperature
output from TOUGH2 and

intapolates it into FLAC3D for

coupled 114M simulations. Used to

transfer temperatures from

TOUGII2 Version 1.6 to VLACH)

V. 2.0 during linked TOUGH2 and

RAC'S') cerpled THM analysis.

Procesms

Mountain Scale Coupled
Delb.cIW

I

10507-1.0-00 PC Windows 98 Y YM

The cork is used to calculate

changes ill h.:lure aperture for

linked TO1:Veil and Fli47313

Coupled THAI malyses. This

software is tested for nornial strew

rouging from 310 MPa to .100

.MPe.

Processes

Mountain Scale Counted
21CGRIDVI.F

I
10244-10-00 SUN Ultra-Sparc SunOS 5.5.1 Y ym

This software is used. process

data for TOUGH2 modelling for

Yucca Mountain. S.FNProcesses 

MOIMIrill Scale Coupled
2kgidvla.for

I 10382-1.0-00 PC DosEmulation Y YM

Generates dual-permeability grids

for dm TOUGH2 Mistily or cod. S-FNProcesses

Mountain Scale Coupled
Gen incrm-v0.f

1

10220-1.040 DEC Alpha OSF1 4.0 Y YM

Thus software is used to calculate

top and bottom boundary

temperatures and ftie initial block

"rNcow foe starting a TOUGH?
simulation. This software only

process. valid "ELEME' block

input format for the TOUG112

family of axles. S-FN

Processes

Mountain Scale Coupled
Get_a_layer—v0.f

I

I 0221-1.04M DEC Alpha OSFI 4.0 Y YM

This software is used to extract

dais of a given list of elements

from TOI:(412 outputs for

plotting. This software only

processes valid "ELEILIE' block

input format for the TOU(112

family of codes and valid EOM

TOLIGH2 VI.4 output file formats. S-FN

PrOCESSCS

Mountain Scale Coupled
Get_laup_vOf

I

10222-1.0-00 DEC Alpha OSF1 4.0 Y YM

This software is used to search for

the mane tabulated value of

temperature to amigo bottom

boundary conditions The

coordinates x,y and temperature

(1) are within real range.

S-FN

Processes

MO1111[841 Scale Coupled
Toplentp_v01

1

10224-1.040 DEC Alpha OSF1 4.0 Y YM

This software is used to generale

top temperature boundary

conditions. All valid "ELEME7'

range of TOUGH2 input. real

range or aeration. arid average

temperature on the Yucca

Mourne. surface

Processes

Mountain Scale Coupled
Hsource_vOf

1
10225-14-00 DEC Alpha OSF1 4.0 Y YM

This software is used to gmenne

thermal GENER tennsfor

TOUGH? input files. S-FNProcesses 

Monntain Scale Coupled
21cgid8for

1

10503-1.040 PC

MS.DOS

V4.00.1111 under

Windows 93

Y YM

Thu software is used to generate

dual permeability meshes for the

TOUGH2 family of codes. This

software is limited tn eight-

character element names for the

TOUGH2 family of codes. S.FN

Processes

Drill Scam. 
177404 SNL (Sandia Nat ona Laboratories) 2007. Drift-Scale TIE Seepage Model, MU-NM-HS-000001 REV 05.

Lm Lieges, Nevada, Sandia National Laboratories. ACC, 40f.20071010.0004
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-topic

Primary /

Supporting Software Name Version STN Platform OS SCM? Source Conunent

Problem ,'

Mitigation

Cadets) Warmed

Drift Somme TOUGHREACT

3.1.1

10396-3.1.1- Alpha System OSF1 V5.1

Y

ym

L sed to calculate coupled themal-

hystologic and chemical processm

for kinetic anclior equilibrium

mineral water rearlicris and

equilibrium gas-water reactions. &EN

Drift Sewage TOUGHILEACT

3.1.1

10396-3.11- Limns Cuger CAOS Linux

Y

ym

L scd to calculate coupled thermal.

hydrologic and Mendes! proiessm

for kinetic and/or emilibriurn

mineral-water reactions and

equilibrium gas-water reactions. S-FN

Drift Seem. SUPCRT92

1

10058-LO-00 PC PC Windows

y

ym

Used to calculate die standard

mold thermodynamic properties of

minerals, gases. aqueous species,

end reactions from 1 to 5.000 bars

and 1PC M 1,00(PC

Drill Somme AMESII

1

10045-1.0-00 Son Uhrepare SUNOS 5.5.1

y

ym

D grids for numencal modeling of

flow and trangiort problems in

Mach the formulation is based on

the integral finite difference

method

Drift Sewage KREG

1.1

10318-1.1-00 PC DOS Emulation

Y

ym

'Used to calculate regression

coefficients of load() data as a

'Unction of temperature for the

limn odynamic database of

TOUGHREACT V3.1.1

Drill Osamu KSWITCH

11

10319-1.1-00 PC DOS Emulation
Y

ym

L wd to switch component species

in the thermodynamic databaw of

TOUOHREACT V3.1.1 md above

Drift Socuam THERMOCHK

1.1

10895-11-00 PC DOS &ululation

Y

1..sed to check the consistency

(mass balance and Marge balance,

of reactions in the thermodynamic

database of the reactive tratmion

code TOUGHRE ACT V3.1.1 and

above

am sennec DBCONV

1

10893-1.0-00 PC DOS Emulation

y

ym

Used to couvert the YMP EQ3/6

diemlodynamic database to a

fonnat suitable for input into the

reactive transport model

TOUGIIREACT V3.1.1

Drift Seepage CUTCHEM

2

10898-2.0-0.0 PC DOS Einulation

y

YM

Used to extract mtnmarically dala

finm large output data files created

by the reactive transport model

TOUGHEEACT V3.1.1

Dri11 Semage mcludeS

1

l0316-10-00 Sort IltraSparc SUNOS 5.5.1

y

ygg

ti sed to exclude ponds outfide a

specified radius so that points will

aot overlap when output is merged

using maggricIf V1.0 for 2-D

THC seepage model S.FN

Drift Somme assign.f

1

10315-10-00 Sun UltraSparc SUNOS 5.5.1

y

YM

L sed to assign a geologic mune to

all TOUGH2 elements according to

their location in the 2-direction for

2-D TIIC seepage model S-FN

Drift Sewage maggrid2.f
1

10314-10-00 Sun UltraSparc SUNOS 5.5.1
y

ym

Nedra merge mput film Into me

file for input into AMESH VI .0 for

2-13 MC seepage model S.FN

Drill Swinge mk_circ2
1

10312-1.0-00 Sun UltraSparc SUNOS 5.5.1 y YM
Use

C 

d to create a

NI semsge model

rathal grid for 2-1)

'
Drift Seepage mk_rect2

1
10313-1.0-00 Sun UltraSparc SUNOS 5.5.1 y YM

-Used to create orthogonal grid for

2-D THC seepage model
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Topic Sab-topic

Primary /

Supporting Software Name Version STN Platform OS SCM? Source Comment

Problem ,'

Mitigation

Code(s) Reionmeo

Drift 5.1420 2kgridvla.for 10382-1.0-00 PC DOS Emulation y YM

Generalm MiMpenneability ands

for the T0UGH2 family of codes S-FN

Prift Semagc ink_gravl.f

I

10379-1.0-00 SUS UltraSparc SUNOS 5.5.1

y

ym

Raids AMESH VI .0 output files

and creates TO1:GH2 V14 rash

input file data, namely the gravity

vector data and gridblock labeling

data S-FN

Drift Seenage sav1ddst2d.f

I

10381.11400 Sun Ultra-Sparc SUNOS 5.5.1

y

YM

°mites m 1NCON file for

TOUGH2 input for a 2-13 mmh

firm existing D1CON and MESH

data for a 1.D column S.tiN

Drill Somme 

for calculations S.MC

181244 SN I. (Sandia National Laboratories) 2007. Abstraction of Drift. Seepage. MOL.N85-11S,000019 RCV 01 ADD

Ot Las Vegas. Nevada! Sandia National Laboratories_ ACC: DOCT00701307.0001

Drill Somme Mathead II COTS

Drift Seem. Tecplot 9 COTS for graphical display

Realm sy: Collapse 
167652 BSC (Bechtel SAIC Company) 2004. Seepage Model for PA Including Drift Collapse. MDL-M3S-11S-1300002

REV 03. L0S Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20040922,00013: DOC.20051205.0001

Seepage wl Collapse iTOUGH2 5 10003-5.0-00 Sun UltraSparc SunOS 5.5.1 y yM

Somme wi Collapse GSLIB
VLOSISMC

10397-LOSISIMV1.20

4-00 Sun UltraSparc Suo0S 5.5.1 Y COTS Geostatigical software library

S0005 1 COURDS5 MoyeMesh 1 10358-1.0-00 Sun UltraSparc SunOS 5.5.1 y yM

Menage u' Collapse Addllound 1 103574.040 Sun UltraSparc SunOS 5,5.1 Y yM

Scone mq Collapse Periti2Mesh 1 10359-1.0-00 Sun Ultra-Sparc SunOS 5.5.1 y YM

Semage wl Collapse CulDrift 1 10375-1.0-00 Sun UltraSpare SunOS 5.5.1 y YM

Sewage wi Collapse TOUGH2 1,4 10007-1.4-01 Sun ultrasparc SunOS 5.5.1 y yM &FM

-
Sewage w: Collapse TOUGH2 1.6 10007-1.6-01 PC Windows 98 y yM S-FN

SCCUSEC wi C0110055 EXT 1 10047-1.0-00 Sun UltraSperc SunOS 5.5.1 y YM

Seepage wi Collapse CulNiche 1.3 10402-1.3-00 Sun Ultrasparc SunOS 5.5.1 Y YM

Prill Wall Condensation

1.8164 a8 Std. ndia National Laboratories) 2007. InDrIft Natural Convection and Condensation. M DL-EBS-MD-

000001 REV 00AD 01. Las Veg., Nevada: Sandia National Laboratories. ACC: DOC.20030330.0001;

D0C.20051122.0005, DOC.20070907.11004

Drift Wall Condensation
FLUENT

6.0.12 105506.0.12-01 PC -Linux V 7.3 Y

COTS

Computational Fluid Dynamics

(CFD) Calculations Convection

Model B-CT

Drift Wall Condmsaion GAMBIT 2.0.4 NIA PC Windows 2000 N COTS Visual Display of Data and Mmh &CT

Drill Wall Condensation Ensight 7.4 NIA PC Windows 2000 N COTS Visualization of CFD Results B-CT

Drift Wall Condensation MS Excel
2000 SP3 NIA PC Windows 2000 N COTS

Graphical Representanon and

Arithmetic Manipulation 13-CT

Drift Wall Condmsution Mathcad Professional 11.2e NIA PC Windows 2000 N COTS

Graphical Representation and

Arithmetic Manipulation 13-CT

E13S Environment Thermo.hydrologic

181383 SNL (Sandia Natanal Laboratories) 2007. MRtisca e Thermohydrologic Model_ ANL-MS-MD-1100099 REV

03 ADD 01, Ms Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070831.0003

Therm o-hydrologic NUFT 3.0s 10088.3.0.02 Sun OS 5.8 Y yM

Thermo-hydrologic /RIFT 3.0.1s 10130-3.0.1s-01 Sun OS 5.8 y YM

Thermutlydrologic RADPRO 4 10204-4.0-00 Sun OS 5.8 y YM

lhenno-hydrologic XTOOL 10.1 10208-10.1-00 Sun OS 5.6.1 Y YM

Thermo-hydrologic MSTHAC 7 10119-7.0-00 Sim OS 5.8 Y YM

Thermo-hydrologic readsUnits 1 10602-1.0-00 Sun OS 5.5.1 Y yM

l'henilrohisic YMESH 1.M 10172-1.54-00 Sun OS 5.8 y YM

Thermo-hydrologic hamdaryconditions 1 -11042-1.0430 SD. OS 5.8 y YM
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Topic Sab-topg

Primary /

Sapporling Software Name Version STN Platform OS SCM? Source Comment

Problem ,'

Mitigation

Code(s) Raiaranea

Thermo-hydrologic
hmtgm_ventTable_emp

lace I 11039.1.0.00 Sun OS 5.8 Y yNl

Thermo-hydrologic mre6 v1.2 1.2 10617-1.2-00 Suri OS 5.8 Y YM

Therniehydrologix zw I 11035.1.0.00 Sun OS 52 Y YM

Them o-Flrolovic coiCen 1 11043-1.0-00 Sun OS 5.8 Y YM

Thermo-hydrologic
repositom_percolation_

calculator 1 11041-1.040 Sun OS 52 Y YM

Thermo-hydrologic eatractElodo_EXT 1 11040-1.0-00 Sim OS 5.8 Y YM

Thermo-hydrologic Chimney_interpolate 110321.040 Sun OS 5.8 Y YM

Thar-nu-hydrologic
refonnat_EXT to TSP

A 1 11061-1.0-00 Sun OS 5.8 Y ME

S-MLlhenno-hydrologic MAILAB 6.1.0450 N COTS

Thermo-hydrologic Mathmd 11.2a N COM EMC

177412 SRL (Sandia Natonal Laboratories) 2007. Engineered Barrier system: Physical and Chemical

Environment. ANL-EBS-M D-000033 REV 06. Las Vegas, Nevada: Sandia National laboratories. ACC:

DOC.201370907.M303.

Chemical
EQ3/6

8 10813-8A-00 PC 121142000 y Nuym

temperature, pressum, and

oomposition range determined by

the input thermodynamic database

a£1064
CletEQData

1.0.1 10809-1.0.1-00 PC W1N2000 y Mind

Regimes EQ3/6 V.8.0 or V.7.21,

moo film

Chemical PPPOk 1 110341.0-00 PC W1N2000 y yikt

Tor use with particle tracking
simulations only

Chemical

EARTINVISION

5 10393-5.0-00 SCI FIX 6.2 Y COTS

'Used to prod.ce thrm-dimensk. i al

images and for data extraction.

Operating system has bem

discontinued

10-0011 Precit,

i5andia NaLonal Laboxtories) 2007. In-DnR Preopitates/Salts Madel. ANL-EBS-MD 00004a REV 03.

Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.200703080037

lo.thift Precip. EQ3/6 8 108134.400 PC WINDOWS 2000 y NIJYM

IndhiftPrecin. CeLECE/ata 1.0.1 10809-1.0.1-00 PC WEIDOWS 2000 y M1JYM

In.Dritt Precip. SUPOR792 I 1080944.140 PC WINDOWS NT y YM

TAP and DS

Degradation

WAPDEG

11319535EL (Sandia Nat ona Laboratorms)-2007. Stress Corrosion Cracking of Waste Package Outer Barrier and

Drip Shie d Materials. AIM-ENS-MD-000005 REV 04. Las Vegas, Nevada: Sandia National laboratories. ACC:

DOC.20070913.0001.

WAPDEC Mathcad 2001i PC Windiows N oGis Not mpported by PTO S-MC

Localized COMISIOn of 178519 SNL (Sandia Natonal Laboratories) 200/. General Corrosion and Localized Corros on ot Wage Package

OuWr Nude-. ANL-ENS-MD-000003 REV 03. Las Vegas, Nevada, Sandia Natrona Laboratories. ACC:

DOC.20070730.0003; DOC.20070807.0007

Wage Package Outer

Surface

Localized Corrosion of

Mathcad 13 Windows Y COTS &MO

Wage Package Outer

181129

Localized Corrosion of

S-PLLIS 2000

Profmsiona

I Release 2 Windows N COn

Waste Package Outer

S~r -1. SS

General Localized Corrosion

1130778 5N L (Sandia Natonal Laboratories) 2007. General Corrosion and Loaded Corros on of the Drip gueld.

AN LEOS-MD-000004 REV 02 ADD 01. Las Vegas, Nevada: Sandia Natronal la borativies. ACC:

DOC.200604274002, D0E200708117.0004; DOC20071003.0019of Drip Shield

General Localtzed Corrosion

Mathcad 2000i N COTS &MCofilield

General Localized Corrosion

Excel 97 SR-2 N COMof Diield
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Topic Sab-topic

Primary /

Sapporling Software Name Version STN I Platform OS SCM? Seneca Comment

Problem ,'

MItlgidion

Cadets) Refarance

WF Degradation and

Mobilization

Radionuclide Inventory 14/A

180472 SNL (Sandia Naticaboratories) 2007. I lira Radii, JC e nventories. ANL-W IS-MD-000020 REV 01

ADD 01. Las Vegas, Nevada: Sandia National Laborato--es. ACC: DOC20050927.000S; DOC.20070001.0001 RCV

01 initial Radiormclide Inventories

177424 SNL (Sandia Natbna Laboratories) 2007. Radionw.de Screening. ANLWIS-MD-000006 REViOrGš

Vegas. Nevada: Sandia National Laboratories. ACC: DOC.20070326.0003.Radionuclide Inventory

Radionuclide liwentory GoldSim 8.02.500 10344-8.02-05 Windows 20W Y cora

To do raifionuchde inventory decay

calculations for selected times up

to a million years B-CT

Radinnuclielclnvcnlory RadNuottean 1

Den Opliplex

10732-1D-00 260PC Y

ln.Paelcaee Chemist,

rx

180306 SNL (Sandia National Laboratories) 2007. In-Package Chemistry Abstraction ANL-EBS-MD-000037 REV 04

ADD 01. Las Vegas, Nevada: 5andia National Laboratories. ACC: D0C2W70816.0004

1n-Package Chemistry EQ3/6 7.26

Qualified on

Windows 95 arid

UCRL-MA-110662 I1P-UX 10.2013 y NL/YM

In.Package chemistry EQ6 7.2bLV

Qualified on

Windows 2000

10073-72bLV-02 and NT 4.0 Y NLJYM

hi-Package Chatibtry fletEQDrita 1.0.1

Qualified on

1 Windows 2000,

NT 4.0, 98, and

10809-1.0.1-00 95 Y 141.11/M

hi.Package Chemidry transl 2

vQvuinliafied 9on.

10251-2.0-00 

dows 

Y YM

hi.Packase Chemistry PHREEQ 2.3 10068-2.3-01 y NL,Inig

reaction path rnodding. reactive

transport and surface.-

cornplexation

In-Packaue Chemist, Medic:ad 11 N corm

Older version n longer supported

byPTC 13-CT

Claddbrg Degradation N/A

180616 SNL (Saadib-kat ona Laboratories) 2007. Cladding Degrades on Summary for LA. ANL-WIS-MD-000021

REV 03 ADD 01. Las Vegas, Nevada: sand -a National La amatocios. ACC: DOC20050815.0002;

DOC20070614.0002

Cladding Degrollo I N/A

177422 SNL (Sandia National Laboratories) 2007. MOX Spent Nuclear Fuel and LaE1S Glass for TS PA-LA. ANL-W1S-

MD-00022 REV 01. Las Vegas, Nevada: Sanda National Laboratories. ACC: DOC20070220.0007

CSNF, DSNFD, HLW

Degradation

Diasescence

181267 SNL (Sandra National Laboratories) 2007. Analysis of Dist De flqueseence lor FEP Screening. AN L-EBS-M0-

000074 REV 01 AD 01. Las Vegas, Nevada: Sandia National laboratones. ACC: DOC.2007091111004;

DOC20070824.0001

Dust Deliquescence EQ316 8

Windows 2000

10813-8.0-00 Professional YM

Dust Deli wescmce CratEQ1314a 1.0.1

riEaoven 2000

108094.0.1-00 Professional Val

Dust Deliquescence XTOOL 10.1 10208-10.1-00 SUN 0.S. 5.61 YM

Waste Form Draradation - 169987 BSC (Bechtel SAIC Company) 2004. CSNF Wwte Form Degradation: Summar, Abstraction. ANLE BS-MD-

000015 REV 02. Las Vegas. Nevada: Bechte SAIC Company. ACC: I:OG.20040908.0001: DOC.20050620.0004Summary Abstraction

Waste Form Degradation -

Excel 2002 PC
Window 2000

ProfcasionalSummary Abstraction

Waste Fonn Deeradation -

SigmaPlot 8 PC Windows 2002 COTS B-CTSummary Abstraction,

Waste Form Degradation -

Mathcad 2001i SUN 0.0. 5.6.1 COTS S-MCSummary Abstraction

DNSF Dewa Al1011

MA

172453 BSC (Berhte SAIC Company) 2004. DSNF and Other- Waste Form Degradation Abstracton. ANLWIS-MD-

000004 REV 04. Les Vegas, Nevada: Bechtel SAIC Company. ACC: DOC20041201.0007Abstraction

IlLW Claw Degradatioz

109988 BSC (Beate SAIC Company) 2004. Defense HLW Glass Degradation Model. ANL-CBS-he D-000016 REV 02.

Las Vegas, Nevada: Bechtel SAIL Corn pany. ACC: DOC20041020.001S; DOC.20050922 AO
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Topic Sub-topic

Ptimary /

Samarling Software Name Version STN Platform OS SCM? Sonrce Comment

Problem ,'

Mitigation

Code(s) WO...

HLW Glass Degradation Excel MAC 2001

l sed to compile tess data and

perform simple arithmetic

calculations, such as calculating

the mean and standard deviation
values that are used in this report

ILLW Glass Degradation Microsoft KaleidaGrapb 3.0.5

L sed to plot the data within this

report

Dissolved Radionuclide

177418 SNL (Sandla National Laboratories) 2007. Dtssolved Coneentyralon Limits of Elements with Raclioacorve

Imoopes. ANL-WFS-MD.000010 REV 06. Las Vegas. Nevada: Sandia National Laboratory. ACC:

DOC.20570918.0010.Concentration Limiti

Dissolved Radionuclide

EQ316 7.2b

UCRL-MA-110662

(LSCR198) toftiyhg

EQ3Nit.: a FORTRAN spaelation.

solubility code S-FNConcentration Limits

Dissolved Radionuclide

EQ316 7/6

(Qualified on Windows

95 and HP-UX 10.20

B) oLoym

EQPT: a data file preprocessor in

FORTRAN S-FNConcentration Limits

Dissolved Radionuclide

EQ6 7.2bLY

10075-7.2bLV-02

(Qualified on Windows

2000 and NT 4.0) 141.11918

models wilier-rock mteraction or

fluid mixing in either a pure

reaction progressmode or a time

tftodoConcentration Limas

Dissolved Radionuclide

EQ316 8.1

10813-8.1-00

(Qualified on Windows

2000) NLoym
See above for 'Versions 7/b and

7.2bLVConcentration Limits

-

Dissolved Radionuclide

Clet.EQData 1.0.1

1

10809-1.0.1-00

Qualified on Windows
2000)

10365-1.00-00 (DOS

Emulation)

A Microsoft Excel macro. his used

to postprocess EQ3i6 output

information.

A QBAS1C code used to generate '

EQ3NR input files

Concentration Limits

Dissolved Radionuclide

BUILDEQ3.BASConcentration Limits

Dissolved Radionuclide

PHREEQC 2.11

1.0068-2.11-00

(Qualified on Windows

2000) ming

A code for geochernical speciation,

reaction padi modeling. reactive

transport and surface-

complerottion modeliogConcentration Limits

DisAilved Radionuclide

transl 2

10251-2.0-00
(Qualified on Windows

98) NUM

A code lor translatmg a non-Pdger

EQ3/6 database into PHREEQC

bonaConcentration Limits

WT and EBS Colloids Exml 2003 PCINinAows

177423 SR 0 (Sande Nat onal Laboratories) 2007. Waste Form and ln-Dr :ft Colloids-Associated Radionucl: de

Concentrativrs: Abstraction and Summary. M DL-E BS-PA-000004 REV 03. Las Vegas, Nevada: Sande National

Laboratu-ies.ACC:DOC.20071018.0019

EBS Flow and

17ansport

EBS Flow

the LOS Flow Submodel

implemented in the TSPA-LA

Model is described in 1:BS

Radiation:fide Transport

Midsection (Mel. 2007 [DIES

1774071). Software list used in

both EDS Flow and OBS Transport

is shown below in Section 5.2

177407 SNL (Sandia National Laboratories) 2007. FRS Radionuclide Transport Abstraction. ANL-WlS-PA-000001

REV 03. Las Vegas, Nevada: Sandia National Laboratories. ACC: MC.20071004.0001.

FAS Tipans ort

177407 5NL (Sandia Natona Laboratories) 2007. E135 Radionuclide Transport Abst action. ANL Wl5 PA 000001

REV 03. Las Vegas, Nevada:Sandia National La boratooles. ACC: DO C.20071004.0001.

EBS Transport GoldSien 8.02.500

run on Microsoft

Windows 2000
on a Dell

workstation with

Mkt Xeon

10344-8.07,05 ance.. y COTS B-CT
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Topic Slab-topic

Itrimary /

Swporling Software Name Version STN Platform OS SCM? Source Comment

Problem ,'

Mitigation

Cadets) Reriartnee

Oparis ort GoldSim 9.6

run on Microsoft

Windows 2000

on a Dcll

work:Haim with
Intel Reim

10344-9.60-01 processor Y COTS

CBS Transport PHREEQ 2.11 10068.2.11.00

run on Microsoft

Windows 2000

on a Dell

Precision 670 PC

with an Intel

Roan processor y

NI-NM

FRS Tipans ort Orabit! N

Gm

'Datatrmd Software truth!es bitmap

images of plots that have been

captured from joulnal articles to tin

convened into m, y) data in an

Excel file for further processing

CBS Transport S-Phis 6 14 COTS

EBS Tiprins ort DSP 5.1 N COTS B-CT

UZ Itansport Ellmawslet

177396 SNI (Sandia National Laboratories) 2007. Radon.. de 'Da nsport Models under Ambent Conditions.

MERNBS.HS.000008 REV 02 40001. Las Vegas, Nevada: Sandia National Laboratories. ACC:

DOC20050823.0003: DOC.20070718.0003.

LIZ itanvort iTOUGH2 4 10003-4.0-00 Dec Alpha OSP. V4.0 Y NL S-FN

17Jainava TOUGII2 1.11MEOSS10065-111 MEOS9ny Dec Alpha OSF1 V4.0 y bft. S-FN

U2. Itansport TOUGH2 1.4 10007.1A-01 Dec Alpha OSFI. V4.0 y NE. S-FN

UZATit on TOO:1M 1.6 10007-1.6-01 Dec Alpha OSFI V5.1 y NI, S-FN

UZ Ikansoort TOUGH2 1.6 10007.1.6430 Dee Alpha OSF1 V4.0 y NL S-FN

U2 'Ir. mm iiit T2R3D 1.4 10006-1.4-00 Dec Alpha OSF1 V4.0 y NL S-FN

UZ Ihniend DCPT 2 100784.0.00 PC Wmdows NT 1/4.0 y NL S-FN

U2'IFansornt PHREEQ 2.3 10068-2.11-00 PC Windows 98 ? NIJYM S.FN

1.711- tott Bkread.f 1 10894-1.0-00 Sun Sparc SLInOS 5.5.1 y NL S-FN

UZ Itansoort Xtrac10.190 1 10930.1.040 Dec Alpha OSF1 V5.1 y NL S.FN

UZ Iltarimort Smeshf 1 10896-1.0-00 Sun Spam SunOS 5.5.1 Y NL SRN

UZ Ihnimort 

184748 sNl. (Sandia National Laboratories) 2008. Paric le Tracking Model and Abstraction of Transport Processes.

MDL NOS-HS-000020 REV 02 AD 02. Las Vegas, Nevada: Sandia Natio. taboret-ayes

UZ Itansport FEHM 2.2

PC-Windows

10086-2.20-00 2000 and SUN OS 5.7 and 5.8 y
ra.,

L sed in extracting repository'

coordinate locations for nodesfor

use in the GoldSim system model. SEN

U2. Trangaort REHM 2.21 10086-2.21-00

PCWindows

2000, and SUN OS 5.8 y

NL

Generation of transfer ibrionon

curve infennation using a discrete

fracture model. Simulation of

particle tracking validation mns.

Abstraction model simulations. S-FN

UZ Rumor( FEHM 2.23 10086.2.23.01 SUN OS 5.9 y
NIIYM

smulahon of particle tracking
base case runs. Abstraction model

simulations. S-FN

CZ Tlansoon GoldShn 7.50.100 10344-750.100-00 PC Windows 2000 y COTS Abstraction model simulations. 13-CT

UZ Ihrigiort twat& 1 11030-1.0-00 SUN OS 5.8 and 5.9 y Yid
Post-processing of ',Miele

breakthrough curve Mformation.

U2ii at dist:rick tf 1.1 11033-1.1-00 PC Windows 2000 y
YM

Post-proceming of disuete fracture

model results to convert remits to

trander functices. S.FN
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sob-topic

Mammy /

Sopporling Software Name Version STN Platform OS SCM? &sorra Comment

Problem ,'

Mitigation

Cutlets) itataraoca

LIZ Trsnsoon fehm2post 1 11031-1.0.00

PC-Windows

2000 md SUN OS 5.13 and 59 y

ym

Executes multiple IMHM

simulations along with pre- and

post.proceming mos. Used to

mead a the individual simulati to r

and generation of transfer function

cirves used in the TSPA-LA CZ

transport abstraction model. S-FN

UZ Rant-port Fortner Plot
I

N'A

SUN

Workstatien N Dom

Plot, was used for plotting the

results of breakthrough cum

simulations. Only lmiltin rtardard

binctions in this soflware were

used. No software routirm or

macros were used with this

software to prepare this report. The

output was visually checked for

correctness. B-CF

UZ Tnnsootr Techplot 10 IBM PC

Window 2000

0110.008 SIsterst N Con

The commercial sorware, Teeliplot

10, was used for planing the results

of breakthrough curve simulations_

Only builtin standard functions in

this software were used. No

software routines or macros were

used with this sollivart to prepare

this report. The mina was visually

checked for correctness. F. ' I

SZ Flow and

Itansport

SZ Flow and Tranmort

183750 SNL (Sal-KIM National Laboratories) 2008. Saturated Zone Flow arid Transport Model Abstraction. INDL-

N63-tis-000021 REV 03AD 02. tas Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20080107.0000

SZ Flow md 17ansport FEHM 2.2 10086-220-00 Still UltraSPARC SunOS 5.7 y NI-IYM

and mass.transpoll code that

simulatm nonisathernal,

multiphase, multicomponerat flow,

end solute trangmat in porous

media. S-FN

SZ Flow md 13ansport GoldSim 7.50.100

Dell OptiPlex

10344-730.100-00 OX260

Window 2000

Professional

5.0.2195 Y COTS

This co& Is the modeling software

used in the TSPA.LA. Probabilistic

sillItAtions are represented

graphically in GoldSim. B-CT

SZ Flow and ltansport CroldSim 8.01 SP4 10344-8.01SP 4-00

Computer,

Master 06

Windows 2000

Advanced Server Y COTS

CloldSim I,GS) is a Windows-

2000-based prograrn that provides

the following general capabilitim,

• Quantitatively address the

inhrtent variability.

• Superimposm the occurrarte and

consequences of discrete evmts

onto continuously vatying system,.

• Builds top.down models.

dynamically links external

programs IN spreadsheets directly

to the GS work].

• Directly exchanges data between

my ODBC-compli ant database to

Me OS model.

SZ, Flow and Hanstiort, COM3SCON 5.11.08

IBM Itinkpad

10547-5.11.08-00 770Z-

W1M3OWS NT 4.0

SNL r GRADE

US :tinny Corps of Sommers Thrs

sofilVero is used to convert

coordinate data to the Universal

Transverse Mercator (DIN)

coordinate syVern
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sub-topic

Primary /

Sspporling Software Name Version STN Platform OS SCM? Soares Conunent

Problem ,'

Mitigation

Code(s) Rerfarance

SZ Flow and Panmon SZ_Pre 2 10914-2.0-00 Sun UltraSPARC SunOS 5.7 y hunt

This software is an automated

method for preparing the FEHM

input film for the SZ sitnscale

flow and !minor( model a for use
in TSPA-LA analyses.

SZ Flaw and Rangiort SZ_Pon 3 10915-3P-00 Sim UltraSPARC

SunOS 5.7, Solaris

2.7 y h11.JYM

scale model b into the format used

by the

SZ_Convolute software code.

SZ Pon roads thc output files from

the—FEHM software code and

writm the breakilmargh curve data

for radionuclide transport in the

SZ.

SZ Flow and Tranvort SZ_Convolute 2.2 10207-22-00

Dell OpliPlex

GX260

Windows 2000

Profemional

5.0.2195 y hIL/ym

This software is used to calculate

SZ renionse curves based on

unsaturated zone (I1Z) radionuclide

Norm terms, generic SZ responses,

and cilantro scenarios for the IMP.

SZ Flow and Transport

177391 5NL (Sandia National Laboratories) 2007. Saturated Zone sitSca le Flow Model. MDL-Nas-H5-000011

REV 03. las Vegas, Nevada: Sandia National Laboratodes. ACC: DOC.20070626.0004: DOC.20071001.0013

SZ Flow and Transport CORPSCON 5.11.08 10547.5.11.08-00 WINDOWS NT 4.0 Y I7SACE

US Army Corps of Engineers. This

software is umd to convert

coordinate dam to the Uniyermil

Transverse Mercator (1111.4)

wooldillaillarl S-GT

SZ Flow and hanmort FEHM 2.24 10086-224-02

PC or Sun Ultra

Sparc

Sun Solans 5.7 or

5.8 operating system y N1JYM Solution lo SZ lbw S-FN

Sz Flow and Ponmon LaGriT 1.1 10212-1.0-00 Sun 1/1111a Sparc

Sun OS 2.7

operating system at

LAIR. y mint

Software package for grid

generation. analysis. and

visualization

SZ Flow and Transoort PEST 5.5 10289.5.5.00 Sun Ultra Sparc

Sun Solaris 5.7 or

5.8 operating system

at LANL y

Preconditioning and parameter

optimization for FEHM runs

SZ Flow and Mansion EARTHVISION 5.1 10174-5.1-00

Silicon Graphics

Octane

workstation IRX 6.5. r curs

Commercral software for 3D model

building and visualization used in

contouring. plotting. and

visualization of the data and for

evaluation of results. B-CT

SZ Flow and Transuort Extract 1 10955.1.0.00

Prepostprommor

wed to extract

lateral flow dam

from the USW

regional flow

model y ym

Prepostprocessor used to extract

lateral flow data from the USG'S

regional flow model

SZ Flow and Unman Extract Ll

Prelpostprocessor

used to extract

lateral flow data

from thc USGS

regional now

109551.1-00 model y ym

hcipostproceswr used to extract

lateral now dala lion, the USGS

2001 regional flow model

SZ Flow and Rangiort EXT RECH 1

Prelpostprocessor

used to extract

latend flow data

from the USGS

regional flow

10958.1.0-00 model y yM

Pre/podprocessor used to extract

recharge data from the USGS

regional flow model
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sub-topic

Primary /

Sapporling Software Name Version STN Platform OS SCM? Santee Comment

Problem ,'

Mitigation

Cadets) galaranca

SZ Flow and Transport Mull Rech 1.0 b

Pre/postprocessor

used to extract

lateral flow data

frorn the 1/SG3
regional flow

10959-1.0-00 model y ym

Preiportprocessor that scales

recharge data from lhe USGS
regional flow model and maps the

data to a new grid

SZ Flow and Transport XreadDistr Red 1.0 b 10960.1.0.00

Prerportproœssor

used to extract

lateral fiONV data

from the USGS

regional flow

model y vie

Preipostproceswr used to extract

recharge data from We USGS 1999

regional flow model

SZ Flow and Transom/ Xread_Distr Zech UZ 1.06 10961.1.0-00

Pre/postprocessor

used to extract

lateral flow data

from the USGS

regional flow

model y ym

Preipurtprocewor that niaps

recharge data onto a new grid

excluding the UZ flow model

region I

SZ Flow and Tranatort Xrmd Reaches 1.0b 096241,00

Prerportprocessor

used to adract

latent flow data

from the USGS

regional flow

model

rnap We
combined UZ

and SZ site.scale

fluxes onto a 125.

m grid and to

create a flux Me

that is

compatible with

FEHM flow

y ym

Prgt oaprocessor that maps local

recharge from four stream channel.

onto a new wid

SZ Flow and Transoort Xwrite Flow New 1.0-1256 10963-1.0-125-00 y ym

Used both to map the combMed

UZ and SZ site-scale fluxes onto a

l 25-m grid and to ereale a flux lilc

that is compatible with FEHM flou

MKT.

SZ Flow and Manama. Zones 20 b

INTd 10 extract

zonal designation

data from the

USG'S 2001

regional flow

109571.0.00 model y ru

Used to extract zonal designation

data Ran the USGS 2001 regional

flow model

SZ Flow and Salmon I

.Zo2nuo0Tora3n, spOcrti. 0M0D80L-ia:17500-1.105-2111300111 REV0I372,..37,Seti.L orS:NneduloadNaulandnaiaLaNbootir,,antorozsb).,2110.7r.le%rtuAC-Sca,;epacSaa;roato,oed Po

SZ Flow and Ran ort, FEHM 2.24.01.00 10006.2_24.01 Sun, PC

Sun OS 5.9,

Microsoft Windows

2000, 2003 y 611./YM

Used fec calculations throughout

this model report. The FEHM V

2.24-01

application is based on a finite-

volume/ flnite.elernent heat. and

mass-transfer code that simulates

nonisothennal, multiphase.

multicomponent flow and solute

transport in porous media

SZ Flow and 'fleawort. TEHM 2.2 10066-2.20-00 Stm, PC

Sun OS 5.7 &5.8,

Windows 2000, y NL/YM

Used for calculations in Appaidix

C of this model report. The FEIIM

V 2.20 appliartion is based on a

flnite.volumar

finite.eletrient heat. and mass-

bander code that simulates

noniwthemurt, multiphase.

multicomponent tlow and solute

rtanwort in porous media.
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Topic Sab-tople

Ptimary /

Sapporling Software Name Version STN Platform OS SCM? Source l Conuttent

Problem ,'

Mitigation

Code(s) Raianmea

SZ Flow and Transport #r8kPft# 2 10927-2.0-00 Sun

Sun OS 5.7,

Location: LANL y 24ifygg

p . . ptr
macro in REHM_ S-CP

SZ Flow and 'Mansion calc cdf.c 1 10924-1.0-00 Sun

Sun OS 5.7,

Location: LARK y Rft_GEN4

L rod to caluilate Me C11111t1 Mac

distribution function of the

stochastic distributions of Kd S-CP

SZ Flow and Ransport GS2FEHM.0 1 109234.0430 Sun

Sun OS3.7,

Locatiow LANL y triLing

Itised lu create an input file for the

perm macro In IIIIM S-CP

SZ Flow and Transport OSUB 1.00AMV310398-1.00AM V3V1.1Sun Sun OS 5.5.1. y

dunamonal vanogram of Input

dam.

SZ Flury Mid Ramona GSUB 2.0MSISIM 10098-2.0MSISLMV2.4 Sun UNIX r

Used to generate a stochastic

distribution of parameters, such as

Kd and penneability

SZ FloW and Transport PHREEQC 2.3 10068-23-01 PC

Wrodows 2000

Location: LANL y hiuym

Cslculates SW aCC comp ata 011

reactions for radionuclides.

SZ Flow multi- rolt RELAP 2 105514.0-00 PC

Windows 2000

Location: LANL y bunt Generate Hirt S-FN, S-OT

SZ Flow and 'tionsport FRACT_p I 11009-1.0-00 PC

LINUX 2.4.1 8,

Location: LANL y yht

Calculates data lhat correlate

concentrations with time for

transport in the baronet! meths

SZ Flow and Ilan oft. fehm2post 1 11031-1.0-00

WINDOWS 2000,

SUN 0.3 5.880.7,

Rabat Lime 24.18 y bruym

Software rs a set of perl carrots

used to automate the repetitive

series of steps required to make

multiple rocs of FEILM and post-

moues, the output. data

SZ Flow and Tranmort fehnOpost. 1 11031-1.0-01 SUN O.S 5.9 y Num

Software a a set of perl scripts

used to automats the repetitive

sm of icons required to make

mu

cri

ltiple nms of FF.HM and post-

process the output data

This soltivarc was used for plottirm

and visualization of dataSZ Flow coil Ran ftgat EARTHV1SION 5.1

Sthcon Grapl"

Octane

10174.5.1-00 workstation IRIX 6.5.

SZ Flow and Hansnort Tecplot. PC

Microsoft Windovvs

2000 NT. Sun with

UNIX OS,

FORTR.AN N COTS

of analyfts marks in figures ohm, a

in this report. No data analysis svm

done with this software. Only bulb-

ar standard fillIdiollS in this

software were used. No software

routines or macros were used with

this software to prepare this roporl.

The output was visually checked

for cotrectness

1

13-CT

SZ Flow and Transport BestFil PC

Microsoft Windows

2000 NT ems

distribution that best fits given

&ALL Oulpol ollhis program was

used only as a guide for the

selection of the distriketion

functions. Only built-in standard

&nations in this software were

used. No software routines or

macros woe used with this

software to prepare this report. The

output was visually checired for

correctness.

V. 4.5 (a subset of @RISK V 43

STN 600806-4.5-00). Serial #

11874954, Mardi 2000, Palisade

Corporation, 798 Cascadilla Street,

Ithaca, NY 14850

Saturated Zone In-Silu 177394 Sit L (Sandra National Laboratories) 2007. Saturated ione In-Situ Testing. ANL.NRS-115-002039 REV 02.

Las Vegas, Nemdar Sandia National Laboratories. Aar DOT.20070608.0004.Trogin
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-toplc

Milieu /

Sopporling Software Name Version STN Platform OS SCM? Soorce Comment

Problem ,'

Mitigation

Code(s) notanmea

Saturated Zone In.S On

2WELLS_2D I 10665-1.0-00 LANE., PC

Windows 2000 NT

4.0.198 Y
Num,

...

analysis of longitudinal

dispersaity in die Prow Pass Tuff

Cdreells field tracer test. It is used

to obtain predicted tracer response,

in homogeneous, isotropic.

confuted (twodliniensional)

aquifers under partial recirculation

conditions It has been used both to

correct dispersion-coefficient

estimates for dispersion caused by

a dipole-11 ow pagan and for

Tidiest predictions of ATC CMS,Tespi

Saturated Zone ne-S du

2WELLS_3D 1 10667-1.0-00 LANL, PC

Windows 2000 NT

4.0./99 y truysd

This sdiware is umd to obtain

predicted tracer responses in

homogeneous, iddropic, confmed

three-dimensional aquifers under

padial recirculation conditions. It

has been Inal lath to correct

dispersion.coeffi Cialt Colf1118loS fill

dispersion caused by a dipole.flow

pattenn and for pretest predictions

of ATC crom-hole tracer lens.

,

Tesgn

Saturated Zone 1n.S int

DIFFCEI.I. 2 l 0557-2.0-00 LANL, PC

Windows 2000 NI

4.0./100 Y mjym

This softivare is used in the

analysis of laboratory diffusion cell

experiments ft provides a

numerical solution to an equation

describing one- dimmsional

difffisive transport through a rock

infer with time-dependent

concentration boundary conditions• esgf in

Saturated Zotie In-Silo

EQUILFIT 1 10668-1.0-00 1.ANL, PC

Windows 2000 NT

4.0./101 Y ryDytd

This software is used to obtam

cation-exchange coefficients, given

experimental data on cation

sorption (both for sorbing and

diddaced cations) and given

independent eation-escbange-

capacity measummentsTesino

Saturated Zone In-Situ

Fihervi 1 10970-1-00 COGS, PC

Windows 2000 NT

4.0.998 Y USGS

This software uses Ow dandard

Butterworth filter with standard

coefficians. It is for filtaing

higher. frequency diumal pressure

changes due to barometric pi-65.re

changes and tidal effectsTcs. gin

Saturated Zorte In.Situ

Injection_ Pumphtick.vi 1 10675.1.00 USGS, PC

Windows 2000 NT

4.0./99 Y USGS

fins software is used for tracer as

analysis for singlawell teding.

Anal5sis considers traces injection.

drift, and ptunpbasic.:aging

Saturated Zinie lu-S nu
rcv2amos.ace and

MOENCTIvi,

Function(1) 1 10583-1.0-00 USGS, PC

Windows 2000 NT

4.0./100 Y USGS

The software routine rcv2amos me

is used to mere cross-hole tracer

tests. In conjunction with the use ot

rcv2andos.exe, the routine

MOENCIINi was developed to
serve as a 11Sef intaface and to

display the results.Tes,nv

Saturated Lone In-Situ lidOENCHvi

Funetiont2) 1 10582.1.0-00 USGS, PC

Windows 2000 NI

407101 Y USGS

This software is used for the

analysis of moss-hole tracer tests.Tesgn
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Topic Stab-topic

Milieu /

Supporting Software Name Version STN Platform OS SCM? Source Comment

Problem ,'

Mitigation

Code(s) RIIIIMICO

Saturated Zone In-Situ

MULTI1AN I 10666-1.0-00 LANL, PC

Windows 2000 NT

4.0.19S Y tjuym

numerical model that uses an

inaplicit-in-time, alternating.

direction, finite-difference method

to solve the ovations describing

multicompunent transport of
smbing and nonsorbing solutes in a

dual-porosity medium. This

software is used for analysis of

laboratory crushed-rock and

alluvium column experiments. It e

atm used for the analysis of the

first peak in the Rillfrog Tuff C-

wells field tracer test and for

prediction and analysis of ATC

tracer experimuns.,le..ti ,.nr

Saturated Zone In-Situ

Netmsan.vi 1 10972-L0-00 URN, PC

Windenvs 2000 NI

4.0./1.01 Y USGS

This software displays the standmd

and accepted type curve for

unconfined tuguifers and allows the

fitting dale input data curves ovn

the type curve. The .vi extension

displaysthe appropriate remhing

hydrologic parameters associated

with the data curve matching
(trananissivity and soralivity)."lititig

Saturated Zone In-Situ

PEST 5.5 10289-53-00 USGS, PC Windows 2000. y

mterpretrition. model calibration.

and predictive analysis. PEST

adjusts modd parameters andior

mcitations until the fil between

model output and field or

laboratory observations is

optimized in the weighted Imre-

squares sense.Tesi gn

Saturated Zone In-Sint

RECIRC.vi I 106731.0-00 USGS, PC

Windows 90 NT

4.0./2000 Y ORM

recirculating and partial-

recirculation cross-hole tracer test

.11412141s.Tesgri

Saturated 7.one In-Siin

RELAP 2 10551-2.0-00 LANL, PC Windows 2000 NI* y YM

This software models tracer
tranvon by convoluting a Laplace-

domain trander function fur

transport thmugh dual-porosity

media with transfer functions that

describe tracer injection. mixing in

the injection and production
wellborm (or flow mmifolds in

laboratory experiments), and

recirculation of the product fluid

(in field experimmts only). It also

pertbrms CUINCOIS to field or

laboratory tracer test data tu oblair

the hest-fitting trangion parameter

values."li gn

Saturated Zone In-Situ

RETRAN 2 10552-2.0-00 LANL, PC

Windows 2000 NT

4.0. y ygg

This software models reactive 1

transport in dual- porosity media

with a gmeral, nonlinear sorption

isothemt and with time-vatying

flow rates.Tesga
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FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-topic

Primary /

Sapporling Software Name Version STN Platform OS SCM? &Farce Comment

Problem ,'

Mitigation

Cadets) Warmed

Saturated Zone In-Situ

Strollsova- Adamsvi 11 10971-1-00 USG'S, PC

Windows 2000 NT

4.09/9S Y USOS

This /ollwarc dispiays Mc standard
end Mcepltd SlrellolIVH-A &Ms

typE curve for bartered aquifers

and allows the filling of the input

data curvm over this type curve_

The .vi rottension displays the

appropriate rmiull ing hyttrologic

pane-riders 3ISSOchded Wial IlIC data

curve matching pranoni wivity arid

storativityl.'', ing

Saturated Zone In-Shu

Theis.vi 1 109744.0/00 DSOS, PC

Windows 2000 NT

4.0.199 Y USOS

This software displays the standard

and accepted Theis typo curve and

allows the fitting olithe input data

curves over this two curve. Tbc .vi

extension displays the appnapriale

resulting hydrologic parameters

associated with the data curve

matching pransmissivity and

storatisity).Tes._.in

Saturated Zone Colloid

17000n BSC (Bechte &SIC Company) 2004. Saturated Zone Colloid Transport. Afil-NBS-HS-000331 REV 02. Las

Vegas, Nevada! Becirtel SAIL Company. ACCr DOC.20041006.0007; POC.20051215.0005 LI.R.20080527.0006;

DOC.20090520.0003Tranroort 

RELAP 2 10551-2.0-00 PC, Windows 20014T

This software models tracer

lranwort by convoluting a Laplace-

domain transfer function for

transport through dual.porosity

media with transfer hochons that

describe tracer injection, mixing HI

the injection and production

wellboret (or flow manifolds in

laboratory experiments), and

recirculation of the product fluid

(in field expetimrots only). ft also

performs curoe fits to field or

laboratory tracer tost data to obtain

the beo-lining Iran Toil parameter

values.

Excel 2000 PC, Windows 20oNT
analyst of data md plottmg of

graphs.

Biosphere Biosphere Model

177724431217(Sondia Notarial Laborator es) 2007. Biosphere Model Report. MOL-MGR-MO0O00O1 REV 02. Las
Vegas, Nevada: Sandia Nat onal La boratories. ACC: DOC.20070830.0007

Biosphere Model CloliEhn 8.02.500 103444.02-05 PC Windows 2000 y cups

This verson of ColitSmi was med

to execute the biosphere model to

produce the EDCFs

Biosphere Model CloldSin 9.6 10344-9.60-00 PC Windows XP y COTS

'Used m conjunction with
ASHPLUME_DLL LA V.2.1. this

software was umd for probabilistic

simulations (Appendix C)

Biosphere Model ASHPLUMEDLL LA 2,1 11117-2.1-00 PC Windows XP y ym

This software was used for

calculation of initial ash/fuel areal

concentraticeis at the location of

the RMEI (Appeudix (1)

Receptor Characteristics

_ 

Excel

Versoo 97

SR-2 and

Version
2000 SR-1 COTS a-c-r

172827 BSC (Bechtel SAC Company) 20115. Characteristics of the Receptor for the Biosphere Mode . ANL MGR

MD-000005 REV 04. Las Vegas. Nemds Bechtel SAIC Compars. ACC: DOC.20050405.0005

Evalls B-CT
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Topic Sub-topic

Primary /

Supporting Software Name Version STN Platform OS SCM? Santee Comment

Problem ,'

Mitigation

Cadets) Refartmea

Waste Package Early Failure B-CT

178765 Salt (Sandia National Laboratories] 2007. Analysis of Mechanisms tor Early Waste Package/Drip Sfreld

Failure. AN LEH-MD-000E176 REV 017 Las Vegas, Nevada: Sandia Nations Laboratories.ACC:

D0C.20070629.0002, DOC.20071003.0015

Waste Packaae Early Failure SAPHIRE 7.26 10325-7.26-00 Windows 2000 y C013 B-CT

Waste Patios Early Failure Mathcad 13 Windows 7IP y COTS B-CT

B-CT

178765 SR L (Sandra Nat ona Laboratories) 2007. Analysis of MechanIsrns for Early Waste Package/Drip 51 eld

Failure. AKE-NIS-MD-000076 REV 00. Las Vegas, Nevada: Sandia NaLosa La boratories. ACC:

DOC.20070629.0002; DOC.20071003.0015

Weste Package Earls' Failure SAPHIRE 7.26 10325-7.26'00 Windows 2000 y COTS B-CT

Waste Package Early Failure Mathcad 13 Windows TS y COTS B-CT

Ianeous Intrusion

169989 BSC (Beefily. SAIC Company; 2004. Characterize Framework tor Igneous Actvity at yucca Mounta:tr

Nevada. ANL-MGR-GS-000001 REV 02. Las Vegas, Nevada: Bechtel SAIC Corn pany. ACC: DOC.20041015.0002;

DOC.20010718,0007

igneous Intrusion F1TCD 1 102624.0-00 PC Pentium 486 FORMY YM

Computes discrete cumulahve

probability distributions for dike

length from cumulative

probabilities specified at selected

values of length.

Igneous Intrusion SFCD 1 10275-1.0-00 PC Pentium 486 FORTRY YM

Computes discrete CIIMIllialve

probability distributions for dike

length using user specified

distribution forms.

Igneous intrusion DCPELD 1 10258-1.0-00 PC Pentium 486 FORTRY YM

Computes discrete prat:ability

distribution for dike length from

expert-specified distributions

(output of F1TCD).

Igneous intrusion CPD1 1 10257-L0-00 PC Pentium 486 FORTRY YM

Computes condilinnal probabfilly

of intersection from volcanic

events an an try grid using output

of DCPELD and expert-specified

azimuth distributions.

Ignoms Intrusion UZVH 1 102774.0.00 PC Pmtium 486 FORTRY YM

Computes frequmcy of

intermetion from volcanic source

zoom using output of CPDI.

Igneous Intnnion UZVHUI 1 10278-1.0-00 PC Pentium 486 FOR1RY YM

Computes simulations of

contributions to frequency of

intersection on an x.y grid limn

volcmic source zones: using Latin

Hyperathe sampling and output

Rom CPDI.

igneous intrusion FKVH 1 10265-1.0-00 PC Pentium 486 FORTRY ym

Illter.d1011 usmg kernel &natty

estimation with specified hand

output of CPDI.

Igneous Intrusion FKVIILH 1 10266-1.0-00 PC Pentium 486 FORMY YM

Computes simulations of

contributions lo frequency of

bitermtlion on an x,y grid using

kernel density estimation with

specified h. Latin Hypermthe

sampling, md output from C1131.

igneous Intrusion ETVPVil 1 10279-1.0-00 PC Pciltium 486 FORTRY YM

mtersecton from volume source

awes using volume predictable
volcanic event rate model and

output of CPDI.

Page 17 of 27

87



Appendix A

FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-topic

Primary /
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Problem ,'

Mitigation

Code(s) antaranea

Igneous Intrusion 1JZVPVHLH 1 10280-1.0-00 PC Pentium 486 FORTRY YM

Computes simulations of

contributions to frequency of

intermction on an ay grid from

volcanic source rim os using

volume predictable volcanic event

rate model, Lalin Hypercube

sampling, and output from CPDI.

Igneous Intrusion FKVPVH l 10267.1A-00 PC Pentium 486 FORTRY ym

mtersection using kernel density

estimation using volume

predictable volcanic event rate

model and output of CPDL

Igneous Intrusion FKVPVHLH I 10268.1.0-00 PC Pentium 486 FORIRY yibi

Computes simulations nf

contributions to frequency of

internction on an n.y grid with

kernel density alienation using

volume predictable volcanic event

rale model, Latin Hypermbe

sanipling, and output tkom CPDI.

Igneous intrusion ZBCICV11 1 10233-1.0-00 PC Pentium 486 FORIRY YM

intersection using kernel density

estimation with h constained by a

source zone boundary and pulps

of CPDI.

Igneous Intrusion ZACKVH1.11 1 10284.1.0-00 PC Pentium 486 FORMY ym

Computes onnulaltuns of

contrilantions lo frequency of

intersection on an x,y grid using

kernel density mtiniatim with b

constrained by a source zone

boundary. Lain Ilypercube

sampling, and output from CPDI.

Igneous Intrusion k11k1hID 1 10263-1A-00 PC Pentium 486 FORTRY YM

Computes parameters ef a 'divagate

Gaussian distribution that

approximatm boundaries of a

defined polygon.

Ignaaus Intrusion FIT2CNIR l 10261.1.0.00 PC Pentium 486 PORTAY YM

Computes parannelers of a imamate

Gausian distributing front

locations of volcanic events.

pnoaus Intrusiog PFGVH 11 10273-1.0.00 PC Pentium 486 FOR1RY ym

intersection using a bivariate

Gaumian distribution with

specified held parameters and

output of CPDI.Bivariata Gaussian

distribution parametem obtained

firm programs FIT2CNTR or

FITFIELD.

Igneous hingsion PFOVHLH I 10274-1.0-00 Y YM

contributions to frequency ol

intersection en an x,y grid usnig a

2D.Gaussian distribution with

specified parameters. Latin

Ilypereubc simpling, and output

from CPDT. Gaussian digribution

parameters obtained from

programs FIT2CNIR or

FrfnELD.

Igneous Intrusion FPFGVII I 10269.1.0.00 PC Pentium 486 FORTRY YM

Computes trequency of

intersection using a bivariate

Gaumian distritaition with

parameters fit to volcanic evmt

locations and output of CPDI.
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Problem ,'

Mitigation

Code(s) itataraima

Igneous Intrusion FPFGVHLH 1 102704.0-00 PC Pentium 486 FORMY YM

Computes simulations uf

contributions to frequency of

interaction on an Ay grid using a

2D-Creassim distribution with

parameters fit 10 volcanic event

locations, Latin Hypercube

sampling, and output from CPLE

IIgnazus Intrusion VHTREE 1 10282-LO-00 PC Pentium 486 FORMY YM

Computes mean and fractiles of

tkqu cncy of intersection CMcr an

individual export's volmnic hazard
logic nee and aggregate over all

expertg using outputs of UZVH,

CZVHB. FlCVH, UZVPVH,

FKVPVIE D3CLVIE PFOVH, and

FPFGVH.

Igneous Intrusion VETIELI4S 1 102BI-40-00 PC Pentium 486 PORTA Y YM

Cornputes mean and franks of

simulations of contributions to

frequency of intersection on an v.y

grid ovor m individual expert' s

volcmic hazard logic nee using

Latin Hypercube sampling and

output from UZVHLH, EKVHLH.

tZVPVIILH, PKVPVICH,

ZECLVIILIL PFGVIILIL and

FPFOVIILH.

Computes distributions for imam

of eruptive antas per volcanic

event and average spacing ',dotal

eruptive centers.larie011S Intrusion NECPDS 1.1 102724.1-00 PC Pentium 486 FORMY ym

Igneous Intrusion FITIDSR 1 10264-1.0-00 PC Penthun 486 FORMY YM

Computes discrete incremental

probability distributiom for dike

angle using input lo EITCD.

Igneous lntmsion SFIDSR 1 102764.040 PC Pentium 486 FORMY yhit

C

lenTlYrsin7inpudtstmo :CD', ial

probability distributions for dike

I

I

Igneous Intrusion DLECD I 102604.0-00 PC Pentium 486 PORDEY YM

COMpillespInt discrete probabilm

distribulions fa dike length and

number of eruptive centers per

volcanic event using output front

FITIDSR.

lemons Intnision DILECHLH 1 102594.140 PC Pentium 486 FOR1RY yid

Computes joint conditional

distribution of dike intersection

length, dike azimuth, and number

of eruptive centers within the

repository footprint from outputs a

program VH1TELHS using Latin

hypercube sampling of dila length

and volcanic event location

distributions front DIECDIST.

Igneous Intrusion CFRAC 1 1025444-00 PC Pentium 486 FORMY YM

Locates inavidual expert' s

simulation results that represent

specified percentiles of the

composite distribution for

ftequency of intersection from

outputs of VIITIELHS.
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Problem ,'

Milgrim

Code(s) Rclanmer

Igneous Intrusion COMBSM 1.1 102564.1-00 PC Pentium 486 FORMY YM

Computes composite tomt

distribution of dike intasection

lmgth, dike aziniuth, and number

of eruptive centers within the

repository footprint across expert s

from outputs of DILECDLH and

V1111ELHS for mean hazard.

Igneous Intrusion. COMBSM 1.1 10255-1.1-00 PC Pentium 486 FORD.Y YM

Computes composite joint

distribulion of dike intersection

length, dike azimuth, and number

of eruptive minas within the

repository footprint across expert s

ftom oulpuls of DILECDLI1 for

selected peremti les of the hazard.

Igneous Intrusion MARGIN 1.1 10271.1.1-00 PC Pentium 486 FOR1RY YM

Computes marginal thrtributions

for dike intersection length, dike

azimuth, and number of eruptive

centers within (he repository

footprint from output of COMBSM

wid COMBSF.

Volcmic Emption

177431 SNL. (Sandia Natonal Laboratories) 2007. Atmospheric Dispersal and Deposition of Tepbra from a

Potential Volcanic Eruption at Yucca Mountain, Nevada. MIX-MGR-GS-000002 REV 03. Las Vegas, Nevada:

Sandia National Laboratorim. ACC: DOC20071010.0003

Volcatu ion AreCES 9.1 11205-9.1-00 PC Windows XP N Gam

Qualified geographical data

visualization and basic spatial

tinalysig used for visualization of

AM-FLUME and ASHFALL
model output in the code

comparison model validation

activity (Section 7.5)

Volcanic Eniclion ASHPLUME_DLL LA 2.1 111174.1-01 PC

Windows Sava

2003 Y YM This version is used by TSPA

Volcanic Emotion. ASHPLUME_DLL LA 2.1 11117-2.1-00 PC Windows 2000. XP Y YM

Parametartation developed in this

model report directly feeds this

verWon of the willware for ?SPA

usage, This version is used for

rnodel validation studies described

in Section 7.

Volcanic Eruption ASHFLUME 2 10022-2.0-00 PC Windows NT 4.0 y nit

This version is uso3 in validation

studim as descriltal in Section 7.

Volcanic Emption ASIIPLUMEDLLLA 2 11117.2.0-00 PC Windows 2000 y YM

Thrs version is useel for model

validation studies described in

Section 7.

Volcanic Encoliorn

_ _ 

ASHPLUME 1.4LV 10022.1.4LV.dll-00 PC Windons 2000 y ym

corroboratively with V 20 for

comparison of calculated wid

measured arti deposition thickness

for 1995 Cerro Negro eruption (sec

Section 7.3).

Volcanic Eruption FAR 1.2 111904.2-00 PC

Windows 2000 &

2003 y YM

This software was used in the

Ashplume model validation

activity reported in Section 7.6

Volcanic Emution. GoldSin 9.60.000 10344-9.60-00 PC

Windows 2000,

2003, & XP Y COTS

This software was used to run the

ASHPLGME_DLL_LA V2.I. and

FAR V.1.2 codes io the Ashplume

model validation activity reported

M Section 7.6 B-CT

Volcanic Emplion 

179347 SNL (Sanda Natonal Laboratories) 2007. Red str buten of Tephra and Waste by Got:morph c Processes

Following a Potential Maim nic Eruption at Yucca Mountain, Nevada. MDL-MGR-GS-000006 REV 00. Las Vegas,

Nevada: Sandia National Laboratories. ACC: DOC.20071220.0004
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Code(s) Raker..

Volcanic Emptiott ASIIPLUME_DLL LA 2.1 11117-2.1-00 PC

Windows 2000 2003

SerVEr Y YM

Volcanic Euption ArcOIS 9.2 11205.92-00 PC Windows XP y con B-CT

Vokarion FAR 1.2 11190-1.2-00 PC

Win—d—mrs 2000 2003

SEMS Y YM

Volcanic Eruption GoldSin 9.60.100 10344.9.60.01 PC

Windows 2000,

2003. XP Y COTS B-CT

Volcari bon MVIEW 4 10072-4.0-00 PC Windows 2000 y TM

Volcanic Eniption Mathcad 13.1 611161-13.1-00 PC Windows XP N COTS B-CT

Volcanic Eruption

174260 SNL {Sandia Nat ona Laboratories) 2007. Characterize Er.c of ye Processes at Yuma Mountain, Nevada.

ANL-MGR GS 000002 REV 03. Las Vegas, Nevada: Sandla National Mao:stories. ACC: DOC.20070301.0001

Volcanic krtiption Excel Y

VolcanicFuol.irm Conflow 1.00 Windows XP N ym

lise of this unqualified code is

limited to providing context for

tharkteriging the conduit flow

comhtions and final configuration

of conduit profiles during the

erupt littel at the study areas

DikeDrift interactions

11

177430 SNL (Sandia National Laboratories) 2007. Dike/Drift Interactions. MDL-MGROS-000005 REV 02. Las

Vegas, Nevada: Sandia National la boratories. ACC, I:OG.20071009.0015

Dike!Drift interactions NPHF2D 10904-1.0-00 PC Windows 2000 NT4dY YM

Dike Propagation Model; performs
munWical modeling supporting

analysit of mwafic diko
propagaiion and analyds of the

diko/drift interaction where magma

alters a drift, modified and

recpialified for this task. This code

was developed mecifically for

fracture propagation lo Ow
airtime: no other code can maim,

lbe number of physical phenomena

respired.

Dikertkirl Interactions FLAC 4 10167.4.0-00 PC Windows 2000 NT4.IY Com

This is commercially available in

SCM software that is used for a

very broadrange of geornechanical

problems including hydraulic,

mechanical. and thermal couplhig. 13-CT

Dika/Drift Interactions FLAC 4.04 10167-4.04-00 PC Windows 2000 NT4tY opyg

SCM software that as used for a

very broad range of geomechanical

problans including hydraulic.

mechanical, and thermal coupling.

R is the same software as V.4.0

but is also validated for fluid flow

and coupled h}dro-mecatinical

analyses. B-CT

Hikc.Drift interartiom FLAC3D 2.1 10502.2.1.00 PC Windows 2000 MatY COTS

SCM wftware that is used for a

very broad range of geomectanical

problans including hydraulic.

mechanical. mid thermal coupling.

It is di e preferred code for

analy7ing regional siresces,

accounting for topography. and

opming preexisting frarturm by

=goo' B-CT
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Code(s) Wan...

Diner/Drat Interaction • FLAC3D 2.14 10502-2.14-00 PC Windrows 2000 Y cars

SCM software that is used for a
very broad range of gem ech anieal

problems including hydraulic.

inechmical, and thermal coupling.

11 is the same software as V. 2.1

but is also vahdated for fluid flow

and coupled hydro-mechanical

aftairctli

pikr/DrillInteraaiong UDEC 3.1 10173-3.1-00 PC Windows 2000 NT4.lY con

Analyzes opening of prewastmg

fractures by magena. This was the

only code available in SCM for

hydromechanic behavior of

*ultra media. B-CT

Dike,Loriti Interactions UDEC 3.14 10173-3.14-00 PC Windows 2000 Y COTS

Itactures by magma. Same

software as V. 3.1. but also

validated for fluid flow and

coupled hydro.rnechanical

kftkly5P5- B-CT

Waste Pack- es / Igneoga. 177432 SM. (Sandia National LabonatorilonWn7. Number of Waste Packages lilt by Igneous Events. ANLMBIL

G5-000003 REV 03. Las Vegas, Nevada! Sa nd -a National Laboratories. ACC: DOC.20371002.0001Events

Waste Packages . igneous

LHS 2.51 10205-2.51-00 DEC Alpha

Open VMS AXP V.

7.3.1 Y pnifym

Stocbashe pannnwer samplmg

(Qualified Software)Events

Waste Packages / Igneous

DIRECT 4 111214.040 PC Windows XP y yha

Geornetur mtersection calculations

(Qualified Software)Events

Riaste Packares / Igneous

FLAC 4 10167-4.0-00 PC Windows 2000 y COTS

Thkeldnft proximity calculatnons
(Qualified Software) 13-CTEonents

Waste Packages / Igneous

CORPSCON 5.11.08 10547.5.11.0840 PC Windows 2000 y USAE

Conversion of UT1Lffo NSP

mnordinate (Oliablied Software)Events

'Rasta Packaaes % leneous

VULCAN 6 NA PC Windows XP li ems

Standard CAD applIcations

(Exempt softwarei B-CTEvents

Waste Packages / Igneous

Rhinocerous (Rhino 3D)3 NA PC Windows XP N COTS

Standard CAD applIcatIons

(Exempt Software) B-CTEvents

Yaws Pockoonn i T.It011o

Milkshape 1.8.1b NA PC Windows XP N con
Snandard CAD applicannons

(Exan 1,, softwors) 13-CTEvents

Ground Motion

Feult

176x2o SNL (land la Natonal Laboratories) 2007. Se Ism lc Consequence Abstraction. MDL-4103 PA pawn. R EV

03. Las Vegas, Nevada, Sandia National Laboratories. ACC: DOC.20070928.0011.

Fault Displacement PFC2D V2.0 10828-2.0-00 PC Windows 2000 CUTS

L sad to characterize the behannor

of a rubblized rock mass in the
lithophysal on ins or tin rcpwilury B-CT

Fault Disulaceniail

178851 SNI. (Sandia Notanal Laboratories) 2007. Mechanical Assessment of Degraded Waste Packages and Drlp

Shields Subject to Vibratory Ground Motion. MDL-WIS-AC-000001 REV 00. Las Vegas. Nevada, Sandia National

Laboratwies. ACC: DOC.20070917.0005.

Fault Displacement UDEC 3.1 10173.3.1.00 PC Windows 2000 y Coss

shield failure (Section 6.4) and the

waste package sunounded by

nnbble (Section 6.5). UDEC was

selected for its capability to model

solid body interactions wilh a

computationally efficient

algorithm. B-CT

Feult FLAC te 10167-4.0-00 PC Windows 2000 y COIB

invent matePal during seismic

shalling (Sections 6.1 through 65 l

FLAC was selected for its

capability to modcl dynamic

loading for die conliTIIIIIni willi a

computationally efficient

PISMO...
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Fii.74is linient FLAC3D 2.1

2.14

10502-2.1-00 PC Windows 2000 y COTS

FLAC3D V. 2.1 was used to

simulate the drip shield and invert

during guak-static loading

(Section 6.4.6). fLAC3D V. 2.1

was selectcd for its capability to
model dynaniic loading for lhe

continuum with a computationally

efficient algorithm. FLAC3D V.

2.1 simulates the behavior of three-

dimensional knictures built of soil,

ruck. or other materials ilea are

consultideictitont%varions loadiny

B-CTFeultDi.nlacemenl FLAC3D 10502-2.14-00 PC Windows 2000 y COTS

simulate the drip shield duritig

quasi-static and dynamic loading

(Sectiens 6.4.3 and 6.4.7), and to

simulate the waste packagc loaded

by the drip shield (Section 6.5.21.

FLAC3D V. 2.14 was selected for

its capability to model dynamic

loading for the continuum with a

computationally efficient

algorithm. Notc that FLACOD V.

2.14 and FLAC3D V. 2.1 are

identical codes.

Fault Displaccmaa LEDYNA SMP D 970.31358 10306.970.365E02 DEC ALPHA OSF1 V. 5.1 N occfs

the kinematic impacts between the I

waste packages and bet.= wane

packages and pallets (Section 6.3,

LS-DYNA was selected for its

kipability to model mlid

mechanic, in drantic loading

conditions B-CT

Fault Displacement LS-DYNA 971.76003 10306-971.7600.395.0tIntcHlanium

Redid Lk. Chaos

3.0 N COTS

Intel Itamunultedhat Lulus Chaos

3.0 was used to analyze the

kinematic impacts betwecn tha

wake packages and between IVa..4 e

packages and pallets (Section 6.31.

LS-DYNA was selected for its

capability to model sohd

mechmics in d3namic loading

conditions. B-CT

1

Fault Displacernmt LS-DYNA 971.7600.3 l0300-971.7600.396-0(Intel Ranitini

Redhat Lions Chaos

3.0 N COTS

Intel lianium ?Redhat Limn Chaos
3.0 was ked to analyze the

kinematic impacts between the

waste packages and between waste

packages and pallets (Section 6.31.
LS-DYNA was selected for its

capability to model wlid
mechmi as in dynamic loading

conditions.
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Fault Displacement km_impactsig) 1 11235-1A-00 Intel Itanium2 Redhat Linux 4 y yht

Intel hamum2 Rcdhal Limn 4

system to postprocoss opal from

LS-IDYNA. km impacts pp is

used to produce estimates of

damaged areas for the waste

packages along with estimates of

the number of ruptured waste

packages. knOmpacts_pp was

selected for its capability to

process die output of LS-DYNA

and directly produ ce data for the

seismic abstraction.

Fault Displacement GoliNin 8.02.500 10344-8.02-05 PC Windows 2000 y oafs

Cloldlim was used to sampk the

rock block pattern. nick strength,

and ground motion number.

Goldsim is widely used for

probabilistic and decision analyses

and provides capability for Latin

Ilya-cube analysis uscd to wmpk

thc penman's listed above. 1

Fault Displacement LS-PREPOST 1.0 md 2.0

AMD Opteron

Rcdhal Linux 4,

Intel Ilan ium2

Redhat Linm 4,

and DEC

ALPliA

OSF1 V. 5.1

systems. N ym

Poet processing software to

visualize output.

F it rY- I TrueGrid 2.2.0, 22.6, and 2.3.0 N YM

were uscd to preprocess data and

generate model geometry Ibr input

to 1.S-DYNA.

Fault Displacement Minced 7 Y COTS

postprocess data from UDECTI ri—ri

to solve non-linear swat ions for

stress profiles. B-CT

Human 'Mission (Human

3.1

166107 BSC (Bechtel SAlC Company) 2004. Drift Degradation Analysis. ANL-EBSMD-000017 REV 03. Las Vegas,

Nevada: Bechtel SAIL Company. ACC: DOC.201340915.0010; DOC.200S0419.0001; DOC.200S1130.0002;

DOC.20060731.000S.Intrusion Scenario Class)

Human Intnsion (Human

UDEC 01734.1.00 PC Windows 2000 y COTS

seismic and theimal effects on

block movetnen in the lithophysal

rock units (Section 6.4). UDEC

was selected for its capability of

modeling blot* slip and block

separation in plane strain

condition. Alm, it is capable of

thermal and dynamic simulation.

There are no known limitations on

outputs B-CTIntrusion Scenario Claw

Human Intnision (Human

3-DEC code 2.01 0025-2.01-00 PC Windows 2000 y cuts

3DEC VI3as used to analyze Mc

seismic and dismal effects on

block movemmt in the

nonlithophysal rock units (Section

6.3). 3DEC was selected for its

capability of modeling of wedge

type ur rorkliill with con:Microdoti

of block slip and block wparation

in three- dimensional space. Also.

it is capable of thermal and

dynamic simulation.Intrusion Scenario Class)
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Comment Cadets) Rataranea

Human Intnision (Human

FLAC 1 10167-4.0-00 PC Windows 1000 y COTS

FLAC was used in the thermal-

rnediani cal calculation to define

the distribution of strevym mound

the dills due to the progressive

heating of the repository area

(Section 6.2).FLAC was selected 0,

an efficient codc to nin th canal-

mechanical analpds. There arc no

known limitations on outputs. R-CTharuHon Scenario Chissl

Human Intrusion (Human

FLAC3D 2.1 105024.140 PC Windows 2000 y COTS

rnechmical calculatia to define

die distribution of stresses around

the drifts due to the progrmsine

heating of the repoMtoly arca

(Appendix C).FLAC3D was

selected as an efficient code to nm

thermaLmechmical malysis for

the regional scale and drift scale.

There are no knotwn limitations on

Mtputs. 13-CTIntrusion Scenario Class)

Human Intrusion (Human

PFC2D 2 1.08284A-00 PC Windcms 2000 y ym

PFCID was used to charactathe

rock mem behavior. including the

malysis of long4enn strength

degradation (Section 7 and

Appendix S). PFC2D was selected

for its capability of modeling

behaviors of a rock mataial by

combining behaviors of individual

grain particlm to simulate

complicated no, linear

defonnation of a rock material

including long-tam mechanical

strength degradation and rock mem

deformation with voids.
I —1111ftlfton Scenario Clout

Human hitrusion (Human

ITCH) 1.2 IC320-2.041 PC Windows 2000 y ym

nth impact analyses to confirm the

initial PFC2D recalls timing

software tracking nurnberlO828.

2.0-000, as documented in

Appendix Q. The initial PFC2D

sofhvare qualification did not

specifically identify the library of

support Moeda. (known as Fish

functions) that are used within the

code. This new vasion (software

tracking number 101128.2.0-01)

specifically qualifies FisliTank

041b, which is thc library of Fish

functions included within the code.

The impact assemsnents in

Appendix Q confirm that the

results are idmfical using either thi

inifial or new version of PFC2D.Intrusion Scenario Class)
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Appendix A

FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Slab-topic

hinny /

Snpporling Software Name Version STN Flatfonn OS SCM? &Jaren Conusent

Problem ,'

Mitigation

Code(s) Wart...

Human hUmsion (Human

PFC313 2 10830-2.0-00 PC Windows 2000 y yM

PFC3D was used to characterize

rock mass behavior, including the

analysis of long-temi strength

degradation (Section 7 and

Amiendis 5). PFC3D was selected

for its capability of modeling

behaviors of a rock material by

combining behaviors of individual

grain particles to simulate

complicated non- linear

deformation of a rock malarial
including longdenn mechanical

strength degiadation and rock ma.

defoimation with voids.hitrusion Scenario Class,

Human intrusion (Human

PFC3D 2 10830-2.041 PC Windows 2000 y yM

nui impact analyses to conlinn the

initial PFC3Drasults (using

software tracking number10830-

0-200), as documented in

Appendix Q. The initial PFC3D

software qualification clid not

specifically identify the library of

simian fimitions (known as Fish

Enctions) that are used within the

code_ ?his new version (software

tracking number 10830-2.0-01)

specifically qualifies FidiTank

041b. which is the library of Fish

'Unctions included within the code

The impact assessments in

Appendix Q confinn that the

real lls are identical using either the

initial or new version of PFC3D.

1

ktirunon Scenario Class(

Human 1ntnision (Human

DRKBA 3.31 10071-3.31-00 PC Windows 2000 y yM

development and failure in the

nonlithophysal rock units

(Appendix D). DRKBA was

selected to mew the impact of

small-scale fkactures on rockfall

because it has an effidentkey-

block simulation algorithm.

DRKBA WM also selected as an

alternative nunierical code to verify

the resifts frotn 3DEC. DRKBA

don not directly apply misinic and

[henna] loads, and thmelifte was

nol selected as the primary code for

rockfall analyses.hitrusion scenario Classl

Human littnnion (Human

FracMan 12.512 10114-2.511-00 PC Windows NT y ours

fiacture geometry observed in the

ESF to develop a representative

volume of joined rock mass

(Section 6.1.6). FracMan ass

selected for its capability nf

discrete fracture dna analysis,

geologic fracnfte network

JORStrUCti011, spatial analysis. and

visualization. EI-CTIntrusion Scenario Class)
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Appendix A

FY 18 Status Report on the Computing Systems for the Yucca Mountain Project TSPA-LA Models and Inventory of Software used for Process Models

Topic Sab-toplc

hinny /

Snpporling Software Name Version STN Flatfonn OS SCM? Source Comment

Problem ,'

Mitigation

Code(s) fridarance

HI... TIIIIIISill11 (Human

NUFT 1.0088-3.0s-01 SUN SUN 0.S. 5.7 y Num

NUFT was used to rmulate hcat

transfer around the emplacement

drift (Section 6.2t. M.:FT was

selected for its capability of

modeling thermal-hydrology of ail

unsaturated zone including

subsurface haat and fluid flow.

There are Ho 1010,411 lirtlil alums on

outputs *OM NUFT.Intruon Scenario Class)

Human Intrusion (Htmian

EARITIVISON

13.0s

5.1 10174-5.1-00 Sal !ROC 6.5 COTS

Earthyision was used to extract

stratigraphic unit thickness and

cross-sections from the Geological

Framework Model (GFM2000) I
(Appendix M). Eartlayision was

selected for its capability of

extracting specific data from

G14512000 and presenting the dant

in a conimon graphical fonnat.

Earthvision was not used to

perform dart manipilalion in this

NP‘41.Intrusron secrta.ri a Claus)

Human namsion (Human

UNWEDGE 2.3 30053V2.3 PC DOS Emulation y ym

reference-only example of a

delenninistic method forkey-block l

analysis (Appendix 01.
1.34WEDGE was selected for its

conunon unge on static block

analysis fw the geotechnical and

mining industries.Intrufron Scenario Class)

Human InIntsion (Human

Clustran 1.1 11162-1.1-00 PC Windows 2000 y ym

fracture data m Section 6.1.6.

Clog:ran was selectot for its

common umgc on fracture I

orintation analpsis for the

geotechnical and mining

industries.hitrusiou Scenario Class1

Human Intmsion (Human

Read DXF 1 111594.0-00 PC Windows 2000 y ym

fracture data files in DXF format

and extract polyline data with

associated strikeldip lags for input

into FracMan (Section 6.1.6). Read

DXF was specifically developed to

retract fracture data from full

periphery geologic maps to

facilitate the comparison of field

fracture data to synthetic TracMan

fracture data.Intrusion Scenario Class/
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APPENDIX B. CATEGORIZED SOFTWARE LISTS

The software inventory provided in Section 3 and in Appendix A is further subdivided into various
categories to help in the assessment of current condition of the software. The categories are:

• Modeling codes, project developed

• Modeling codes, commercial or non-project developed

• Utility/graphics codes, project developed

• Utility/graphics codes, commercial or non-project developed

The list of software in the various categories are shown below.

B.1. List of project developed modeling codes

2WELLS_2D PFGVH
2WELLS_3D PFGVHLH
3-DEC FPFGVH
ASHPLUME FPFGVHL
ASHPLUME_DLL_LA VHTREE
calc_cdf.c VHTIELHS
DCPT NECPDS
DIFFCELL FITIDSR
Delb.dat SFIDSR

EQ3/6 DLECD
EQ6 DILECDLH
FAR CFRAC
FEHM COMBSM

iTOUGH2 MARGIN
LHS RETRAN
MVIEW
NUFT
PHREEQ
PHREEQC
SUPCRT92
T2R3D
TOUGHREACT
TOUGH2
FITCD
SFCD
DCPELD
CPDI

UZVH
UZVHLH
FKVH
FKLH
UZVPVH
UZVPVHLH
FKVPVH
FKVPVHLH
ZBCKVH
ZBCKVHLH
FITFIELD

FIT2CNTR
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B.2. List of commercial or non-project developed modeling codes

3-DEC
FLUENT
FracMan
FLAC
FLAC3D
GSLIB
GoldSim
LS-DYNA SMP D
LS-DYNA
Mathcad

MATLAB
UDEC
PEST

B.3. List of utility codes and graphics software that are project developed:

2KGRIDVI.F GS2FEHM.C, Tbgas3D
2kgridvl a. for Hsource_v0.f T2FEHM
2kgid8. for heatgen_ventTable_emplace Theis .vi
assign. f Injection_Pumpback.vi Tin

AMESH Infil2grid Transl

AddBound KREG THERMOCHK
boundary_conditions KSWITCH,km_impacts_pp VHTREE
bot_sum.f LaGriT,Mult_Rech WINGRIDDER
Bkread.f MSTHAC WTRISE
BUILDEQ3.BAS MoveMesh Xread_Distr_Rech

BestFit,calc_cdf. c merggrid2.f Xread_Distr_Rech_UZ,Xread_Reaches
CutDrift mk_circ2 Xwrite_Flow_New
CutNiche mk_rect2 XtractG.f90
colCen mk_grav2.f Xw
Chimney_interpolate MOENCH.vi.Function (1) XTOOL
CUTCHEM MOENCH.vi,Function (2) YMESH
cr8sptr.c MULTRAN Zones
Delb.dat NPHF2D
DBCONV Perm2Mesh
discrete_tf Ppptrk
e93in RADPRO
EXT,exclude.f readsUnits
extractBlocks_EXT repository_percolation_calculator
Extract rcv2amos.exe
EXT_RECH ReadDXF
EQUILFIT RadNuScreen
fehm2post RECIRC.vi

FRACT_p RELAP

Filter.vi rme6
fehm2post reformat_EXT_to_TSPA
GridReader Streltsova-Adams.vi
Gpzones.dat savl d_dst2d.f

Gen_inconvO.f Smesh.f
Get_a_layer_v0. f SZ_Pre,SZ_Post
Get_temp_v0.f SZ_Convolute
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GetEQData TOPTEMP_VO.f
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B.4. List of utility codes and graphics software that are commercial or non-
project developed:

ArcGIS

BestFit
Mathcad

MATLAB
Milkshape
PFC2D
PFC3D
Rhinocerous (Rhino 3D)
SAPHIRE
S-Plus
S-PLUS 2000
SigmaPlot
Tecplot
UNWEDGE
VULCAN
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APPENDIX C. YIVIP LA SOFTWARE FITNESS CATEGORIZATION AND
STRATEGY

C.1. Overview

Being able to use legacy YMP LA tools for current and future studies depends on:

• How compatible those tools are with modern operating systems (OS) and hardware

• Whether SNL has the source code, and what language the software was written in.

• That tooFs purpose

o Problem-specific, taking input and generating simulation that can be post-processed

o Conversion/post-processing, taking output from one code and converting that
output to input for another code

o Graphical, generating plots/graphs for user consumption

C.2. Software Categories

To aid in assessing fitness of any particular software package, the following categories were
enumerated:

C.2.1. Binary Categories (B)

Binary categories apply if SNL does not have access to source code.

C.2.1.1. Windows DLLs for use in GoldSim (B-DGS)

It has been determined that all the Windows Dynamic-Link Libraries (DLLs) used on the original
TSPA calculations can be recompiled. Once compiled they work as expected and generate output
exactly the same, or consistent with, output from the original DLLs. It is expected that any legacy
DLLs that aren't recompiled to exhibit the same successful behavior.

C.21.2. Written in Visual Basic (B-VB)

Microsoft stopped supporting Visual Basic, applications written in Visual Basic (VB) and Visual
Basic programmers in 2008. Since then there have been multiple versions of Windows released,
along with thousands of Windows updates and system policy changes. Additionally, at least one time
since then, Microsoft has made decisions that broke backwards compatibility of Component Object
Model (COM) DLLs distributed with Windows. This is an issue because Visual Basic is built on
COM. Most Visual Basic applications use third party programming tools distributed using COM. All
Visual Basic applications, regardless of complexity, use Windows COM interfaces and require them
to be compatible with the COM environment existing at the time they were compiled. These factors
affect whether any given Visual Basic application will run on Windows. The author estimates a
50/50 success rate based on what he has seen in the past few years. YIVIP LA software may do better
or worse. See mitigation heading below about Wine for a compelling solution to the problem of
running old Windows binaries.
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C.22. Written in Fortran (B-FN)

During the YMP LA there were two major Fortran compiler vendors: Lahey and COMPAQ.
Applications (even console applications) compiled using Lahey are especially unlikely to work on
modern OS versions. Console applications compiled using the COMPAQ compiler don't fare much
better. In short, there's no guarantee that compiled Fortran applications will run on modern systems
without individual testing. See mitigation heading below about Wine for a compelling solution to
this problem.

C.221. Written in C4-4- (B-CP)

It is expected that most C++ console applications will work without modification on later versions
of the same OS and similar hardware. This might not be the case. See mitigation heading below
about Wine for a solution to the problem of C++ binaries crashing on later OS versions and newer
hardware.

C.23. COTS Software (B-CT)

Software was licensed from external vendors for use on the project. There are multiple issues
possible with COTS software. The license may no longer be valid. The vendor might refuse to
support the version in use during the original YMP LA, and may require purchase of a new, updated
version of the software. An updated version of the software probably requires input changes, and
likely requires changes to how its output is consumed by downstream codes.

C.24. GOTS Software (B-GT)

Software, without source, was licensed from other government agencies for use on the YMP LA
project. Because this software was originally funded by the government, one is probably able to
acquire source code from the originating agency at no cost. If the source is still available, which is
likely, there may be export control issues or other licensing issues or agreements that would need to
be worked out between the originating and using agency. SNL contacted a couple of agencies
informally to inquire about receiving source and received no replies. However, the SNL Licensing
and IP office would probably be successful in requesting source through formal channels.
Insurmountable barriers are not expected in acquiring source for any Government Off-the-Shelf
Software (GOTS) package used by the project. Delays on the order of months are likely, however.

C.25. C22 Source Categories

Having source code significantly reduces the risk that a specific software package might not be able
to run on a newer or different OS. But different software categories carry with them different risk
factors. These are enumerated below.

C.2.5.1. Project Actively Maintained (S-AM)

This category is valid for any programming language. If a software package is known to be actively
maintained, its availability is assumed. Time should be scheduled towards verifying this on a code by
code basis, but current versions of actively-maintained software will compile and can probably be
plugged into the YMP LA calculation without modification.
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C.2.8. MA TLAB (S-ML)

MATLAB code used in the YMP LA is not likely to work without modification in later versions of
MATLAB. For this code to work, most of it must either be compiled and run under the original
version of MATLAB used then, or modified to work under current versions of MATLAB. Such
modification is probably not extensive, but each code must be evaluated separately.

C.2.7. Mathcad (S-MC)

The Mathcad data format, features and instruction set are not 100% compatible with previous
versions. When upgrading from one version to the next, some modification of the source code is to
be expected. To upgrade to the current version of Mathcad from the version used during the YMP
LA, having to make changes is almost a certainty. Running the code under an older version of
Mathcad is the best solution in the short term, if possible.

C.2.8. Windows DLLs for use in GoldSim (S-DGS)

It has been determined that all of the Windows DLLs used on the original TSPA calculations can be
recompiled. Once compiled they work as expected and generate output the same as, or consistent
with, output from the original DLLs.

C.2.9. Written in Visual Basic (S-VB)

Chance for successful compilation is fairly good if you have the Visual Basic source. But many VB
programmers used third-party libraries from companies that no longer exist. Many of these libraries
require a valid product key file to exist on a developer's computer before they will enable
compilation. If such a license can't be acquired (something that is very likely), an alternative to the
third-party library must be devised. Alternatives include (but are not limited to) writing custom code
in VB, wrapping another third-party library -- in Visual Basic.NET, C#.NET or C++ -- and calling
that library from VB. If the original tool exists on CD, ies possible that it can be installed and used
on a modern system. It's also quite possible that installation simply no longer works.

C.2. 10. Written in Fortran (S-FN)

Software written in Fortran for which SNL has the source code, carries low risk. Depending on
many factors detailed elsewhere in this appendix such as complexity, purpose, the use of
preprocessor directives and the use of system-specific code and Fortran intrinsics, compiling on or
porting to a new system might be time-consuming. But the risk of the code not generating identical
or consistent output is low.

C.2.11. Written in C4-# (S-CP)

If C++ standards were adhered to originally, minimal problems are expected recompiling C++
projects under a later version of the compiler. The same possible issues exist as in Fortran — the use
of non-standard code is a possibility to contend with, as is the expectation that minor changes will
be required when changing OSes due to differences between what Microsoft considers standard and
put into their compilers, and what the rest of the world considers standard.

C.2.12. GOTS Software (S-GT)

Having the source code to a GOTS software package carries the same benefits as having the source
to any other package. The source may be better structured than single-purpose source code created
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by a single developer at SNL, but would also be more complex. Thus, porting such a package, or
updating to run on a newer OS and/or different hardware would carry similar risks.

C.3. Mitigations

There are many ways to mitigate the issues discussed in this appendix. Applicability must be
considered for each individual case.

C.3.1. Run Original OS on Original Hardware (M-OH)

If a code can't be made to run on a newer system with newer OS, or ported to a different system, it
can always be made to run on the original hardware with original OS. But there are issues to
consider when doing this:

1) The original system will probably be denied access to any corporate network due to security

issues with the old OS. This would require creating a private subnet or running software
offline and manually transferring results between computer systems.

2) Certainly, the original computers no longer exist.

3) Most modern OSes run on commodity computer hardware. But some of the codes in this

study were run on DEC Alpha workstations and servers — hardware that halted production
in the 1990s.

4) Most original hardware no longer exists at SNL and would probably have to be purchased

from used computer vendors.

C.3.2. Run Original OS on Virtual Machine (M-VM)

Although a virtual machine running on a modern computer is based on the hardware of that

computer, it's fairly likely that the original operating system can be made to work with the software

in a compatible fashion. It should be noted that there would be no way, under a virtual machine, to
emulate the original hardware, however. But trying out this option would be inexpesive and low-risk.

C.3.3. Run Original OS on Emulation of Original Hardware

Although it might be difficult to source the hardware originally used to run a calculation, it might be
possible to purchase an emulator for that hardware and install the original operating system and

software. Whether or not suitable emulators are available hasn't yet been explored. It's fairly likely,

however, that if emulators are available for a specific set of hardware, it would be fairly expensive.

C.3.4. Linux/Unix to Windows (M-LW)

As long as the developer tried to adhere to application software programming standards and wrote
code in languages available on both platforms (C++, Fortran, etc.), it is usually fairly straightforward
to get code written on one OS to compile and run correctly on another, regardless of complexity.
Success is likely, but the time it takes to attain success is unknown and will differ for each software
package.
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C.3.5. Linux/Unix to Windows — GUI (M-LW-G)

Getting a Unix Graphical User Interface (GUI) built in C++ to run on Windows is almost always
easier than going the other direction. Most (not all) popular Linux GUI packages have a Windows
counterpart, for example. Also, Cygwin is an option that reduces cross platform issues considerably.

C.3.6. The use of Cross-Platform Toolkits (M-LW-TK)

Qt, wxWidgets (previously wxWindows) and other GUI programmer toolkits sport native
implementations on Linux and Windows. If either of these packages were used to create Unix or
Linux software packages, it is likely that other portability aspects were considered by the developer
as well. This knowledge can be used to help predict portability success on software source code,
even when the developer is no longer around.

C.3.7. Con version to Console (M-L W-Co)

The lowest risk route to getting GUI apps ported to another platform might just be conversion to a
console-only program. For this approach to work, the developer would need to enumerate all
possible GUI inputs and pass them as command-line arguments or in a separate input file. If GUI
outputs (such as graphs displayed with interactive user input) are supplied, this might not be an
option.

C.3.8. Target Local Linux Environment (M-LW-LL)

Cygwin and MinGW are two software packages that supply a Linux environment, including a
complete build system, on Windows. Much software written to run on Linux and never intended for
Windows, can be ported more easily to run as a guest under these packages than under native
Windows.

C.3.9. Windows to Linux (M-WL)

Getting Windows applications to run on Linux carries many of the same issues as going from Linux
to Windows.

C.3.10. Windows to Linux with GUI (M-WL-G)

On Linux an application is more likely to use a cross-platform GUI toolkit. But for Windows
developers who use more integrated development environments
(ME5), a Windows-specific, nonportable GUI is far more likely. Therefore, the default expectation
is that GUI code is non-portable. Below are mitigations for either case.

C.3.11. Target Local Windows Environment (M-WL-G-W)

This may be counterintuitive, but using Wine on Linux might be a better option than targeting the
older Windows OS on older computer hardware. Linux features the Wine package, software
designed to allow Windows applications to run on Linux by emulating services and APIs from
Windows environments. Wine targeting is an option for any Windows program and is probably the
first thing that should be tried if recompiling or porting are not options. With Wine, success is never
guaranteed. And traditionally, running newer Windows software packages on Wine can be more
problematic than running older software. However, Wine ensures good backwards compatibility
with older Windows OSes all the way to Windows 3.1. In some cases, better backwards
compatibility than Microsoft Windows itselfl
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C.3.12. Conversion to Console (M-WL-G-CC)

A route to getting GUI apps ported to another platform might just be conversion to a console-only
program. For this approach to work, the developer would need to enumerate all possible GUI
inputs and pass them as command-line arguments or in a separate input file. If GUI outputs (such as
graphs displayed with interactive user input) are supplied, this might not be an option.

C.3. 13. The use of Cross-Platform Toolkits (M-WL-G-TK)

It is unlikely that programs originally written to run on Windows use cross-platform GUI toolkits.
But it is a possibility. Qt, wxWidgets (previously wxWindows) and other GUI programmer toolkits
sport native implementations on Linux and Windows. If either of these tools were used to create
Windows software packages, it is likely that other portability aspects were considered by the
developer as well. This knowledge can be used to help predict portability success on software source
code, even when the developer is no longer around.

C.3.14. Windows to Linux — Console

Any of the strategies outlined for GUI are also valid for console programs.

C.4. Notes About Source Code

When considering whether a package will compile under newer compilers, work under newer
interpreter versions of run on a different computer system or later OS, many of the same issues are
encountered regardless of programming language. This section attempts to talk about these issues as
they relate to the programming languages used to write codes used in the YMP LA calculation.

C.4.1. C4.1 Fortran Podability

Getting older Fortran to compile under newer Fortran compilers is usually fairly straightforward. It's
never a question of whether the code will compile. The only question is how long will it take to
make that happen, and there are only as few variables that need to be considered when asking that
question:

C.4.1.1. Standard Fortran

If efforts were made to write code in standard Fortran originally, one can have a high degree of
confidence that the same code will build without problems today. However, use of intrinsics and
non-standard Fortran source code are items that must be considered on a project-by-project basis,
when determining how long it will take to get software running on new platforms or under a new or
updated compiler.

C.4.1.2. Fortran lntrinsics

Fortran intrinsics are commands innately available to the language, such as ABS, LOG, SIG,
WRITE, etc. Most of these intrinsics are enumerated in the Fortran Language Standard and are
referred to as standard intrinsics. Standard intrinsics are generally portable. Though minor
namespace changes might be required when different compilers are used, a successful recompile
virtually guarantees identical operation at runtime.
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However, Fortran standards can't address every issue encountered by programmers on every
platform. So standard intrinsics don't exist for every problem encountered. In these cases, a
developer can either use vendor-supplied intrinsics where provided, or write code that doesn't
adhere to the standard and is therefore inherently nonportable. Sometimes a needed language feature
is ignored by the standard because system solutions are too diverse to be tackled by a general
document, or because the Fortran Standards Committee can't come to agreement on how to handle
the differences between systems or how to implement a particular feature.
Most compiler vendors provide nonportable intrinsics to deal with system-specific resources like
timers and keyboard interrupts. Some needs may be supplied by some vendors and not others. And
some programmers may eschew a standard intrinsic in favor of a competing-and-better vendor-
specific intrinsic or their own hand-crafted solution. In all these cases, compiling the code under a
newer compiler version, different compiler vendor or newer operating system is likely to require
code changes. In most of these cases, such code changes, regardless of complexity, are not likely to
affect the implemented algorithms or program output.

C.4.2. Preprocessor Directives

Any reasonably complicated code base, whether Fortran or C++, is almost guaranteed to have some
nonportable code. The program author has the choice of using preprocessor directives to provide
different code for different platforms when s/he knows the code won't compile on a different
platform. When preprocessor directives (like #ifdef) are used, separate working code fragments are
supplied for each platform the program author expects to compile on. Searching for preprocessor
directives in source code is one way to assess whether the software was developed with portability in
mind.

C.4.3. MA TLAB Portability

MATLAB code used in the YMP LA is not likely to work without modification in later versions of
MATLAB. For this code to work, most of it must either be compiled and run under the original
version of MATLAB used then, or modified to work under current versions of MATLAB. Such
modification is probably not extensive, but each code must be evaluated separately.

C.4.4. Mathcad Portability

The Mathcad data format, features and instruction set are not 100% compatible with previous
versions. When upgrading from one version to the next, some modification of the source code is to
be expected. To upgrade to the current version of Mathcad from the version used during the YlVIP
LA, having to make changes is almost a certainty. Running the code under an older version of
Mathcad is the best solution in the short term, if possible.

C.4.5. C1-# Portability

Like Fortran, C++ has a published standard. If code is written to adhere to that standard, portability
between platforms and compilers is not an issue — the code will always compile. Even when the
standard is adhered to, however, some dependency notations may need to change. This is not

107



executable code, however, and getting it to compile is normally handled by using preprocessor
directives.

Without examining the code base of a specific C/C++ project, ies impossible to predict how simple
it is going to be to get code to compile on a different platform. It can be assumed, however, that at a
minimum, a developer is going to need to make minor changes to dependency notation. These
changes will not affect program operation or output.
If a program passes all arguments on the command line and has no user interaction at runtime, no
other source code changes are likely to be called for. If it receives input from the user after the
program has started, minor code changes that do not affect program operation or output are likely.
These changes are therefore low risk. If the program is not a console program and has a graphical
user interface (GUI), however, having to make source code changes is practically guaranteed.

C.4.5.1. Visual Studio IDE (MSVS)

When discussing cross-platform C++ where one of the platforms (in either direction) is Windows, it
is wise to consider the Microsoft Visual Studio IDE and C++ compiler. This is because many of the
issues encountered are due to Microsofes fuzzy approach to standards compliance. Some
namespaces are defined in nonstandard places or have slightly different names. Additionally, MSVS
creates and manages some code for the user, especially when a developer is maintaining Graphical
User Interface (GUI) code. This code is not always standard. Thus, it can be assumed that migrating
a code base from Windows to another OS is usually going to be more difficult than going from
another OS to Windows. However, problems will exist going either direction.

C.4.6. Metrics to use to Assess Code Porting Effort and Success

Most of the YMP LA software developers have moved on or retired. Hiring enough people to
individually assess over 350 software packages would be expensive. But there are metrics that can be
used to predict:

1) Portability success
2) Programmer hours per software package for code porting or recompile

3) The number of changes required for successful compilation of each software package
4) Whether an existing binary will run under modern OSes as-is

Such prediction is out of scope of this document. But it attempts to lay out some metrics that can be
used for prediction. If accurate records are kept by developers while migrating each package, such
prediction will become more reliable over time.

C.4.6.1. Metrics

When estimating any software development endeavor including the amount of time it will take to
port a software package to another OS, anything you can assign a value to and anything you can
measure is a candidate you should consider using to assist in making predictions. If ies countable,
then count. Otherwise, a predictive or modifying constant can be applied and adjusted as projects
are successfully ported. As time goes on, keeping accurate records is important as it improves
forecasting accuracy.
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C.4. 6.2. Number of Code Lines

Although rating programmers based on how many lines of source code are written per day would
likely reward the wrong things, the line count can still provide valid and useful insights that can be
used for prediction. If two software packages are similar in complexity, use of intrinsics, and
whether compiler directives were used, an estimate based on careful assessment of one package can
be extrapolated to other packages based on the difference in lines of code.

C.4.6.3. Number of Source Code Files

The number of source code files used can be indicative of the organization skills of a software
developer. Does he break software down into manageable chunks? Is she an object-oriented
programmer? Does he reuse code instead of copying and modifying snippets? Additionally, creating
a make system on a new platform takes more time when there are more source files. A modifier that
relates the number of code lines to the number of files can be useful in prediction.

C.4.6.4. Whether Compiler Directives are Present in the Code

If compiler directives are present in the code, then at least some time was spent thinking about
portability. A numerical modifier can be created based on whether compiler directives are used,
whether an #ifdef is followed by an #else, and whether this #else contains actual executable code,
code comments, or text intended to cause a compiler error. Either of these possibilities will increase
or reduce the time investment needed to get the code to compile on a new platform.

C.4.6.5. Whether System-Specific Calls are Used (Without Compiler Directives)

If system-specific calls are used and are not surrounded by compiler directives, having to modify
code to enable correct behavior on other platforms is guaranteed. Such code is easy to scan for using
a custom script. Function prototypes for shared objects (on Linux) and dynamic link libraries (on
Windows) are unique and obvious. It is possible and even easy, to write scripts to determine whether
the function prototypes exist and how many of them there are. These two pieces of information can
be used to modify an expected time for completion when applied to the number of lines of source
code.

a4.6.6. Whether System-Specific Calls are Used (With Compiler Directives)

If system-specific calls are used and are surrounded by compiler directives, this makes it far more
likely that the package being evaluated will compile and work without changes. The developer will
still spend an unknown quantity of time preparing for the build and doing things like creating a
make file, creating a project file for an IDE, and troubleshooting minor build and link errors. These
times can vary depending on the number of files and number of lines of source code.

C.4.6.7. Source Code Commenting

There are probably a few metrics that can be teased out of source code commenting, as well. Ratio
of comment lines to source code lines. Number of identical (copy-and-pasted) comments. One
position might be if there are a lot of comments, the code is unnecessarily complex. Another might
be that the software author wished to enhance readability.
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C.5. Conclusion

This appendix was created in the hopes that it would help to guide future detailed examination of
software packages used to conduct the original YMP LA calculation in determining what it would
take to, not only run the calculation again using modern systems, but to migrate the entire collection
of software packages to a modern system. It should be expanded to include additional mitigations,
additional completion metric strategies and even actual metrics applied as the next phase of this
project commences.
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