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SUMMARY

This report represents completion of milestone deliverable M2SF-24SN010309082 Annual Status Update
for OWL due on November 30, 2023. It contains the status of fiscal year 2023 (FY2023) updates for the
Online Waste Library (OWL).

High-Level Purpose of This Work—OWL, a database with extensive search capability, has two primary
purposes:

e Provide Consolidated Source for DOE-Managed Waste Information—The first purpose is to
deliver a user-friendly, consolidated source of information on the many different United States
Department of Energy (DOE)-managed (as) high-level waste (DHLW), DOE-managed spent
nuclear fuel (DSNF), and other wastes that are likely candidates for deep geologic disposal.
Users access OWL through an internet connection to Sandia National Laboratories’ External
Collaboration Network (ECN). Content is traceable to supporting documents, and internal
calculations are also documented. Provided there are no copyright or other restrictions, all
documents supporting content or calculation methods are available to the user. The database is
subject to regular maintenance and updates. A configuration management system safeguards the
integrity of OWL content and structure. Steps taken to ensure database traceability and integrity
are intended to build confidence in the use of OWL content in a variety of scientific pursuits
including those in a regulatory environment.

o Provide Geologic Disposal Safety Assessment (GDSA) Interface To Generate PFLOTRAN
Input Files—The second purpose of OWL is to provide users the ability to generate input
parameter files for PFLOTRAN, a multiphase flow and reactive transport code. Potential input
includes information on waste types, inventory, waste form characteristics, vessels, etc. for
performance assessment (PA) analyses in the context of the GDSA framework.

FY2023 Accomplishments—FY2023 updates to OWL include general enhancements as well as
advances on several ongoing, multiyear, capability expansion projects as follows:

e Routine Release of New OWL Version—OWL version 5.0 (SAND2023-09589W) was
released on September 25, 2023 with the most significant change being associated with the new
screening review process described below.

o Development of Screening Process To Help Identify OWL Supporting Documents That
Have Been Revised or Replaced by External Entity—The technical review of OWL
version 4.0 pointed out the need for a process to help identify whether an existing supporting
document not originated by the OWL team has been revised or replaced and, if so, whether the
newer document supplements or supersedes the older document. The process was developed and
implemented resulting in several recommended changes that were included in OWL version 5.0.

e Development of a GDSA Interface—One of the expansion projects consists of developing a
GDSA interface for OWL. The goal is to build the capability within OWL to generate input
parameter files using OWL content for use in PFLOTRAN. The information required in
radionuclide inventory input files for PFLOTRAN depends on whether the input file is for waste
packages containing SNF or for waste packages containing HLW glass. The focus for the first
area of integration was on developing an input file for HLW glass because OWL currently
contains more information about HLW glass than SNF. Regular discussions between the OWL
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and PFLOTRAN teams during FY2022 resulted in the selection of specific inventory and waste
information for glass waste; during FY2023, data were collected, calculations were performed,
and the process of updating supporting documents necessary to support the input parameter files
was initiated.

Expansion of OWL for Vessel Information—A second capability expansion project involves
adding vessel information to OWL. For this effort, the OWL team is creating additional database
structures supporting information on vessels (e.g., containers, canisters, casks, waste packages)
that can be used for storage, transportation, and/or disposal of DOE-managed nuclear waste. The
types of information being compiled include dimensional characteristics, weights, regulatory
certification for usage, waste types and waste forms that could potentially utilize these vessels,
material properties of the vessels, etc. Progress has been made on the testing and refinement of
the vessel information model and tables. Sample data have been entered into the tables, and
database views have been created to help evaluate the table functionality within the structured
guery language (SQL) server environment. In addition, preliminary vessel SSRS reports have
been developed to examine how well the tables support the display of information to the user.

Leveraging Selected Information from the Spent Fuel Database (SFD)—Another multiyear,
expansion project involves leveraging selected information from INL’s SFD for use in OWL.
The SFD is a Nuclear Quality Assurance-1 (NQA-1) database with over 700 entries of DSNF. It
is neither efficient nor desirable to independently duplicate information in OWL on the many
different types of DSNF already residing in the SFD. In FY2022, the OWL team requested and
received from INL a subset of SFD information in spreadsheet format. The spreadsheet was
designated as official use only (OUQ), though the controlled unclassified information (CUI)
system has since replaced the OUQ system. In late FY2023, the OWL team received an updated
spreadsheet generated from a new SFD release. Planning is currently underway regarding how
best to incorporate the SFD content into OWL. This cooperative effort allows the two databases
to complement each other. Access to the SFD is limited by necessity because it is a classified
database. Even with OUO/CUI restrictions, the information, once included in OWL, will be
more accessible to a wider group of users. Also, as part of OWL, this information can be
analyzed within the context of DOE-managed wastes beyond just DSNF.

Next Stages of This Work—Future work on OWL is expected to focus on the following:

Update OWL as needed to ensure information integrity

Continue GDSA interface development by expanding the database and database reports to
include additional PFLOTRAN-specific information such as DSNF information similar to the
HLW glass waste information already added

Continue vessel expansion effort with primary focus on completing changes to structural
database elements and secondary focus on data mining, data entry, data checking, and supporting
document development

Continue efforts to leverage SFD information already received, including determination of
structural and process changes needed to incorporate SFD information into OWL

Explore leveraging selected information from other DOE databases such as the UNF-
ST&DARDS database, which contains information on vessels that may be of interest

Prepare for the migration of OWL to the SNL’s cloud computing platform
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SPENT FUEL AND WASTE DISPOSITION
ANNUAL STATUS UPDATE FOR OWL

1. INTRODUCTION

This report represents completion of milestone deliverable M2SF-24SN010309082 Annual Status Update
for OWL due on November 30, 2023. It provides the status of fiscal year 2023 (FY2023) Online Waste
Library (OWL) updates for the work package “OWL - Inventory - SNL” (SNL refers to Sandia National
Laboratories). The OWL has two primary purposes: (1) to provide a user-friendly, consolidated single
source of information on United States (U.S.) Department of Energy (DOE)-managed (as) high-level
waste (DHLW), DOE-managed spent nuclear fuel (DSNF), and other wastes that are likely candidates for
deep geologic disposal, and (2) to provide input parameter files with relevant information on waste types,
inventory, waste form characteristics, vessels, etc. for performance assessment (PA) analyses in the
context of the geologic disposal safety assessment (GDSA) framework. Much progress has already been
made on fulfilling the first purpose, given that OWL was publicly released in FY2019 and afterwards
entered the cycle of having improvements made for new releases. The second purpose of being able to
support GDSA with input parameter files is a work in progress.

A general overview of OWL providing background information and context for the rest of the report
appears in Section 2. Topics discussed include key definitions; database purpose, scope, and work
package history; OWL architecture and components; waste type and waste form information modeling;
user interface; and configuration management.

The status of OWL updates conducted during FY2023 is described in Section 3. The current version of
OWL (version 5.0, SAND2023-09589W) was released on September 25, 2023. In addition, the OWL
team made advances on several ongoing, multiyear, expansion projects including the following:

o Development of a GDSA Interface—The goal of developing a GDSA interface (Section 3.1) is
to build the capability within OWL to generate input parameter files for use in the context of the
GDSA computational framework, primarily the massively parallel subsurface flow and reactive
transport code, PFLOTRAN (Hammond et al. 2014; Lichtner et al. 2020a, 2020b; Nole et al.
2021). To further the integration between OWL and GDSA, data were collected, calculations
were completed, and the process of updating supporting documents regarding the PFLOTRAN
input files for glass waste was started.

e Expansion of OWL for Vessel Information—The vessel expansion of OWL (Section 3.2)
involves creating a new subsite with information on vessels (e.g., containers, canisters, casks,
waste packages) designed for storage, transportation, and/or disposal of nuclear waste. The types
of information being compiled include dimensional characteristics (inner and outer), weights,
regulatory certification for usage, waste types and waste forms that could potentially utilize these
vessels, material properties of the vessels as appropriate, etc. Progress has been made on the
testing and refinement of the vessel information model and tables. Sample data have been
entered into the tables, and database views have been created to help evaluate the table
functionality within the structured query language (SQL) server environment. In addition,



18

Annual Status Update for OWL
November 30, 2023

preliminary vessel SQL Server Reporting Services (SSRS) reports have been developed to
examine how well the tables support the display of information to the end user.

Leveraging Selected Information from the Spent Fuel Database (SFD)*—Another multiyear,
expansion project involves leveraging selected information from Idaho National Laboratory’s
(INL’s) SFD for use in OWL (Section 3.3). The SFD is a Nuclear Quality Assurance-1 (NQA-1)
database with over 700 entries of DSNF (DOE 2007). In FY2022, the OWL team requested and
received from INL a subset of SFD information in spreadsheet format. The spreadsheet was
designated as official use only (OUQ), though the controlled unclassified information (CUI)
system has since replaced the OUO system. In late FY2023, the OWL team received an updated
spreadsheet generated from a new SFD release. Planning is currently underway regarding how
best to accomplish the following: (1) change the OWL structure to accommodate SFD
information (applies to existing structure for waste types/waste forms and vessel structure still in
development), (2) ensure SFD information has adequate safeguards especially with respect to
end-user access and export markings, (3) develop a script to transfer information automatically
from the SFD spreadsheet to OWL, and (4) use the SFD spreadsheet as the source for a
supporting document to link to the new content.

A summary of the status of OWL updates appears in Section 4. Appendix A provides further information
on the vessel expansion, specifically some examples of candidate vessels identified through data mining.
Appendix B reproduces the OWL User’s Guide (SNL 2023), which includes a change history of the
database.

! Note that, while the report refers to this database as the Spent Fuel Database, or SFD, the database is also sometimes referred to

as the DOE SNF Database.
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2. GENERAL OVERVIEW OF OWL

This general overview of OWL introduces the database by providing background information and context
useful to the discussion in Section 3 on the progress made on OWL updates.

For convenience, a list of key definitions is provided in Section 2.1 followed by a description of the
database purpose, scope, and work package history in Section 2.2. Section 2.3 briefly introduces the OWL
architecture and components, including the three OWL environments hosting three different versions of
OWL. Each version of OWL has multiple components including a database and SharePoint site.

Section 2.4 addresses the waste type and waste form information modeling, and Section 2.5 uses multiple
screenshots to enhance the description of the user interface. Finally, Section 2.6 discusses the
configuration management of OWL, including the change control process and the release process.

2.1 Key Definitions

The following key definitions clarify the meaning of certain terms that are used in a specific manner
within OWL and this status report. These terms may or may not be defined in the same manner in other
reports cited herein.

Waste Type—The currently existing materials (in whatever form, abundance, and location they occupy)
that either are or will be processed into some waste form to be disposed of in a deep geologic repository.
Some waste types may have more than one possible waste form depending on the processing needed prior
to disposal, whereas waste types that require no processing other than packaging may equate to a single
waste form. In this report and in the OWL database, the waste type is sometimes referred to more simply
as the “waste,” a usage that is still distinguishable from the “waste form” or “disposal form.”

Waste Form—The end-state material, as packaged, that is to be disposed of in a deep geologic
repository. Examples include commercial spent nuclear fuel (SNF) and high-level radioactive waste
(HLW) glass. For this report, a vessel that cannot be separated easily from the waste form is considered to
be part of the waste form. For instance, a glass pour canister is essential for making the glass waste form.
After the HLW glass is poured into the canister, the canister is not removed easily and it is not intended to
contain additional waste forms or waste types. Therefore, once a glass pour canister is used for HLW
glass, the canister is considered part of the waste form.

Vessel—A canister, container, cask, overpack, etc. that can serve as a single layer in a nested system
designed to surround and contain? the waste form for the purposes of storage, transportation, and/or
disposal.

2.2 Database Purpose, Scope, and Work Package History

In 2014, SNL led an analysis of the disposal of both commercial SNF and DHLW and DSNF in the
variety of disposal concepts being evaluated within the previous Used Fuel Disposition Campaign and
generated a report titled Evaluation of Options for Permanent Geologic Disposal of Used Nuclear Fuel
and High-Level Radioactive Waste Inventory in Support of a Comprehensive National Nuclear Fuel

2 Unless stated otherwise in this report, “to contain” something means “to hold” it. The term does not imply containment in the
regulatory sense, e.g., the definition provided by transportation regulations in 10 CFR 71: “Containment system means the
assembly of components of the packaging intended to retain radioactive material during transport.”
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Cycle Strategy (SNL 2014). For convenience, that report is referred to herein as the WFDOE, an acronym
for Waste Form Disposal Options Evaluation. That Used Fuel Disposition Campaign work covered a
comprehensive inventory and a wide range of disposal concepts and provided the impetus for developing
the OWL database and for evaluating waste form characteristics. These two activities—developing the
OWL database and evaluating of waste form characteristics—were part of the same work package until
FY?2021. The two activities were considered complementary because evaluation of waste characteristics
includes assessing the inventory data and ensuring information exists for disposal-relevant radionuclides.
However, as work on the two activities evolved, the decision was made to separate them.

January of 2021 marked publication of the last combined report, Annual Status Update for OWL and
Waste Form Characteristics (Weck et al. 2021a), which addressed FY2020 activities. The annual status
report documenting FY2021 activities under the work package “OWL - Inventory — SNL” (Weck et al.
2021b) focuses solely on the OWL database. The FY2021 activities related to the evaluation of waste
forms were conducted under the work package SF-21SN01030902 “Waste Form Testing, Modeling, and
Performance — SNL”. The first progress report (milestone deliverable M4SF-21SN010309021 Modeling
Activities Related to Waste Form Degradation: Progress Report) was released on June 30, 2021 (Jove-
Colon et al. 2021).

The remainder of this subsection presents the purpose and scope of the OWL database as well as a
summary of the work package history starting from its inception in FY2016.

Purpose of the OWL Database—The purpose of OWL is two-fold. The first purpose is to provide a
consolidated single source of information on the many different DOE-managed radioactive wastes that
are likely to require deep geologic disposal, such that one can easily query the data. The second purpose is
to provide input parameter files with relevant information on waste types, inventory, waste form
characteristics, vessels, etc. for PA analyses in the context of the GDSA framework. Much progress has
already been made on fulfilling the first purpose, given that OWL was publicly released in FY2019 and
afterwards entered the cycle of having improvements made for new releases. The second purpose of being
able to support GDSA with input parameter files is a work-in-progress.

Scope of the OWL Database—The OWL database itself provides the documentation and delivery of the
full array of information/data for the waste types and potential waste forms for use in GDSA evaluations
for generic repository analyses. The scope of the inventory information included in OWL covers DSNF
and DHLW, both of which are currently planned for disposal in a deep geologic repository. Note that the
DHLW includes wastes that may be dispositioned in the future with a waste classification different than
HLW, a possibility that would perhaps entail a different disposal pathway. In the future, the scope of
database content will also include vessel information.

OWL Work Package History—As stated above, the OWL work package previously included
development of the OWL database plus the evaluation of waste form characteristics. Some highlights of
the activities completed under the OWL work package starting from FY2016 appear below.

The initial effort on the work package was documented in The On-line Waste Library (OWL): Usage and
Inventory Status Report (Sassani et al. 2016). This report provided the initial development status
including (1) development of the preliminary inventory for engineering/design/safety analyses,

(2) assessment of the major differences of this included inventory relative to that in other analyzed
repository systems and the potential impacts to disposal concepts, and (3) the initial design and
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development of the prototype version of OWL to manage the information of all those wastes and their
waste forms. In addition, Sassani et al. (2016) reported on the identification of potential candidate waste
types and waste forms that might be added to OWL in the future to the full list from the WFDOE (SNL
2014, Table C-1).

Sassani et al. (2016) also discussed the Wilson (2016) preliminary inventory for initial GDSA analyses.
That inventory includes both DHLW and DSNF waste canister counts and thermal information (Wilson
2016, Tables 2-1 and 2-3 to 2-6). The Wilson (2016) report describes each waste form in terms of both
average radionuclide content and average thermal output evolution. The tabulation includes canister
counts and ranges of thermal characteristics for each DHLW and DSNF waste form considered (Wilson
2016). The various types of DSNF are listed in Appendix A of Sassani et al. (2016, 2017) for the ~2,485
DSNF canisters (Wilson 2016, Table 2-1). The DHLW canister counts are given in Wilson (2016) in
Tables 2-3 through 2-6, respectively, for Savannah River Site (SRS) glass (7,824 canisters), Hanford
glass (11,800 canisters), INL hot isostatic pressed (HIP) calcine (4,391 canisters), and additional Hanford
glass from vitrifying the contents of the Cs and Sr capsules (340 canisters; also in SNL 2014).

Sassani et al. (2017) provided an update to Sassani et al. (2016) and included the following:

e An updated set of inputs (Sassani et al. 2017, Section 2.3) on various additional waste forms
covering both DSNF and DHLW for use in the inventory represented in the GDSA analyses

e Summaries of evaluations initiated to refine specific characteristics of a particular waste form for
future use (Sassani et al. 2017, Section 2.4)

e Updated development status of the OWL database (Sassani et al. 2017, Section 3.1.2) and an
updated user guide to OWL (Sassani et al. 2017, Section 3.1.3)

o Status updates (Sassani et al. 2017, Section 3.2) for the OWL inventory content, data-entry
checking process, and external OWL beta testing initiated in FY2017

Sassani et al. (2017) updated the preliminary FY2016 inventory by adding the additional possible waste
forms (DOE 2014) not previously included in GDSA representations, for which GDSA evaluation of
thermal or radionuclide inventory aspects may be somewhat expanded compared to the previous analyses.
Specifically, this expansion included the following:

e The 340 canisters of glass from vitrifying the contents of the Cs and Sr capsules at Hanford
(Wilson 2016, Table 2-6)

e The 34 canisters of Hanford Federal Republic of Germany (FRG) glass, which has been
designated as remote-handled transuranic (TRU) waste (Bounini and Anderson 2000), though it
may be disposed in a deep geologic repository with other heat-producing waste

e The planned waste form for calcine waste, which is a HIP waste form (glass ceramic), with
~10 HIP cans loaded/stacked into naval canisters for a total of ~320 canisters (~5.5 ft diameter x
~15 ft height naval canisters/waste packages containing ~10 HIP cans each; SNL 2014)

Although most of these updates are relatively small from the standpoint of inventory mass, they may have
implications for analyses of thermal effects. The reason is that some of these added wastes tend to have
higher average thermal loads per canister than the inventory previously evaluated in GDSA. Additionally,
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some of these waste forms represent larger waste packages, which may expand handling and
emplacement considerations (e.g., planned calcine HIP waste form waste packages).

In Sassani et al. (2017), a number of questions regarding the characteristics of various waste forms led to
three studies on waste form characteristics details. The first study assessed the potential sinks for 121 in
the various processes at the SRS that form the HLW glass and estimated the *?°I content of the SRS glass.
The second study assessed the quantity of **Cs contained in the Cs capsules and in the FRG glass at
Hanford. Estimates of the quantities of $3Cs and ?°I are documented in Price (2018) and Savannah River
Remediation (2018), respectively. The third study validated characteristic isotopic ratios for various waste
forms included in postclosure performance studies. This aspect arose because of questions regarding the
relative contributions of radionuclides from disparate waste forms in GDSA results, particularly
radionuclide contributions of DSNF versus DHLW glass.

Sassani et al. (2017) reported on the OWL database updates in three areas. First, additional data for waste
types (and their potential waste forms) and source documentation were added to OWL to flesh out its
content covering DHLW and SNF. Second, in conjunction with further data entry, a process of checking
the data entered into OWL against the source documentation was launched to search for and rectify any
errors in data entry. This checking was performed by technical individuals independent of the data-entry
process. These individuals documented any issues noted and resolved the issues with the data-entry staff.
Third, because OWL was modified throughout the year in terms of its interface and features, another
process to assess the usability of OWL was completed. This process consisted of an external OWL beta
test involving technical staff from within the DOE Office of Nuclear Energy (DOE-NE) and DOE Office
of Environmental Management (DOE-EM), as well as at other national laboratories, using OWL.
Feedback on the utility and content of OWL was provided.

In FY2018, the OWL team pursued three studies to evaluate/redefine waste form characteristics and/or
performance models (Sassani et al. 2018). The first study evaluated characteristic isotopic ratios for
various waste forms included in postclosure performance studies to delineate isotope ratio tags that may
guantitatively identify each waste form. In the second study, the team evaluated the basis for using the
glass waste degradation rate models to simulate degradation of the HIP calcine waste form. The third
study is an investigation of the performance behavior of tristructural-isotropic (TRISO) particle fuels. The
effort includes development of a stochastic model for the degradation of those fuels that accounts for
simultaneous corrosion of the silicon carbide (SiC) layer and the radionuclide diffusion through it.

In FY2019 activities included evaluations of waste form characteristics and waste form performance
models, updates to the OWL development, and overview descriptions of the management processes for
OWL (Sassani et al. 2019). Those updates to OWL included an updated user’s guide, additions to the
OWL database content for waste types and waste forms, changes implemented as a result of the beta
testing. The first public release of OWL (version 1.0) occurred in FY2019. In addition, work began on
developing methods for interfacing with the SFD (DOE 2007) at INL on the numerous entries for DSNF.
This effort involved defining preliminary data exchanges to facilitate future testing of integration
protocols.

FY2019 also marked the start of work on change control and release management processes for OWL
development, version control, and archiving to ensure configuration management of the database after the
initial release. This work became one of two focus areas for FY2020 OWL database activities. The other
focus area was the preparation OWL version 2.0, which was publicly released in November of 2020. As
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mentioned above, the lessons learned on version 2.0 were used to finalize and document those processes
in two reports (Weck et al. 2021c, 2021d). These two reports were reproduced in appendices of the
FY2020 annual status milestone 2 report (Weck et al. 2021a), which was originally planned for
November 2020 but was released in January 2021. These processes are also discussed in Section 2.6.

Besides the FY2020 activities to update the OWL database, Weck et al. (2021a) also documented the
FY2020 activities with respect to the evaluation of waste form characteristics. Section 3.3.2.6 of Weck

et al. (2021a) summarized work performed to understand better the Stage-I11 (higher) glass degradation
rates due to transitions from steady state degradation rates (i.e., from the lower Stage-Il rates). This effort
included evaluating the glass degradation data sets in terms of fluid compositional evolution and changes
to secondary phase formation. As mentioned previously, FY2020 marked the last year that the OWL
database and the evaluation of waste form characteristics were combined in a single work package, the
result being that Weck et al. (2021a) is the last combined report.

In FY2021, the primary tasks consisted of (1) using the lessons learned from the release of OWL
version 2.0 to finalize the change control and release processes, (2) collecting and adding information
regarding sodium-bonded spent fuel waste types and wastes forms to OWL, and (3) advancing the effort
to add new information on the types of vessels capable of disposing of DOE-managed waste to OWL. The
results of the first task are documented in OWL Change Control Process (Weck et al. 2021d) and OWL
Release Process (Weck et al. 2021c). The results of the second task were included in OWL version 3.0,
released in early FY2022. To support the third task, a new document library was created on the
Development SharePoint Site to help manage workflow and promote better coordination amongst OWL
team members. As discussed in Section 2.3, the Development SharePoint site is an OWL component
residing in the Development Environment, the electronic workspace for OWL development activities.
Initially, the library was loaded with a little over 400 documents (mostly for data mining), each of which
was assigned one of four content types: “data mining,” “supporting doc development,” “vessel
spreadsheet,” and “data modeling.” Each content type has its own set of metadata designed to suit the
needs of that particular content type. The effort to populate the metadata began in FY2021.

Some progress was also made in FY2021 on the goal of giving OWL the ability to generate turn-key
inventory-related output files according to end-user specifications such that the resulting files are ready
for use as input for postclosure performance simulations. In particular, preliminary discussions with the
GDSA/PFLOTRAN team were conducted, setting the stage for more substantial cooperation in FY2022
and beyond.

FY2022 started with the release of OWL version 3.0 (SAND2021-14487W) and ended with the release of
version 4.0 (SAND2022-12754W), which included 17 new radionuclides added to make more complete
decay chain information available for future PFLOTRAN analyses (Weck et al. 2022). FY2022 activities
also included work on three multiyear expansion projects. For the first project involving development of a
GDSA interface, the focus was on developing a PFLOTRAN input file for HLW glass because OWL
contained more information about HLW glass than SNF. Regular discussions between the OWL and
PFLOTRAN teams resulted in the selection of specific inventory and waste information for glass waste
along with efforts to implement the selection. Progress on the second project—the expansion for vessel
information—was two-fold: (1) continued population of the metadata for the new SharePoint VVessel
Library created previously to facilitate and manage workflow, and (2) advances in the vessel information
modeling resulting in the initial creation of the associated database tables. The third project involved
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leveraging selected information from the SFD. The OWL team selected a subset of information and sent a
data request. INL responded with the requested information in spreadsheet format from SFD version
(version 8.1.8) and marked the information as OUO. Planning was begun regarding how best to
incorporate the content into OWL.

2.3 Architecture and Components

OWL development was guided by the SNL software development methodology documented on an
internal SNL wiki site (Lane 2017). This methodology provides requirements for software documentation
and version control, user access, and archival of system components. A key feature of this methodology is
the use of multiple environments for developing software systems.

Depicted in Figure 2-1, the OWL architecture consists of three versions of OWL residing in three
different environments. To the right of the figure is the development version of OWL, which resides in
the Development Environment on the Sandia Restricted Network (SRN). The Development Environment
is where all modifications to OWL originate except those that must be implemented directly to the
Production SharePoint Site. Examples of possible modifications include database content changes,
structural changes to tables, the addition or revision of supporting documents, the addition or revision of
stored calculation tools, and the addition or revision of database reports. In general, changes are made
first in the dev schema, which is a database schema used to identify and group database objects
considered to be under development. When the changes are considered ready for use in the next
OWL release candidate, the database objects are moved to the dbo schema (“dbo” refers to “database
owner”). Both schemas exist within the Development Environment. The middle of Figure 2-1 shows the
release candidate version of OWL, which resides in the Release Candidate Environment on the SNL’s
External Collaboration Network (ECN). Finally, the production release version, which resides in the
Production Environment on the ECN, is seen to the left.

Figure 2-1 also illustrates how users and developers access the different versions of OWL. The
development version of OWL is available only to the OWL team, which has access to the SRN. The
release candidate is available to the OWL team as well as any person participating in the independent
technical review. Because the release candidate is hosted on the ECN, which is available through the
internet, access can be granted to technical reviewers from SNL, other national laboratories, or DOE.
ECN access requires coordination with SNL for the creation of an ECN account with a username and
password. In addition, because SharePoint provides the user interface, the appropriate SharePoint
permission level must be granted by adding the new user to the OWL Visitors group. Once permission is
granted, a link to the SharePoint site is sent to the new user. The ECN also hosts the production version of
OWL, which is the version available to the end user. Users from DOE or one of the national laboratories
do not need anything for access beyond an ECN account and assignment of the appropriate SharePoint
permission level. As discussed in Section 3.3, one of the ongoing expansion projects for OWL involves
incorporating OUO/CUI content derived from the SFD. As a result, the access process will be evaluated
to determine whether any additional steps are needed to safeguard OUO/CUI content.

The OWL components existing in each environment are displayed in Figure 2-1. Each OWL environment
contains a database and SharePoint site, both named according to the applicable environment, as well as
other components. There are two types of system components: (1) major components (darker green
shading) common to all environments such as the database and SharePoint site, and (2) local components
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(lighter green shading) specific to the particular environment. For example, the local components in the
Development Environment on the SRN (right-hand side of Figure 2-1) are the Internal Documents
Library, Change List, and Task List. Further information on the system components is provided in Weck
et al. (2021c, 2021d). The configuration management of OWL is discussed in Section 2.6 as well as Weck

etal. (2021c, 2021d).
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Figure 2-1. High-level Architecture of OWL showing the Three Versions Existing
within the Development, Release Candidate, and Production Environments
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2.4 Waste Type and Waste Form Information Modeling

The core mission of the OWL database structure is to manage information on DOE-managed waste and
waste forms. Much of the basic information modeling used to develop database tables and the user
interface was completed in FY2017 (Sassani et al. 2017), with incremental improvements since then.

There may be up to several hundred different DOE-managed wastes that are likely to require deep
geologic disposal. As discussed in Section 3.3, one of the ongoing efforts to improve OWL is to leverage
information in the SFD, which contains information regarding the SNF that DOE manages. OWL is not
intended to replicate this database and the information in it; the idea is to take advantage of that existing
data set by incorporating selected data fields from it into OWL, thereby making those data fields available
for use in postclosure PA. While the OWL information modeling will be adjusted as needed to support
SFD integration, the details are still under development. Therefore, the discussion below focuses on the
waste and waste form information modeling developed for OWL independent of what changes may
happen due to SFD integration.

The information modeling development for OWL accommodates a number of different types of
information that are currently available or could be available for each waste (and its alternative waste
forms):

e Waste characteristics

- Narrative description of waste (some waste types have variable processing characteristics
because the processing or treatment of the waste is currently in progress leaving the
processed or treated portion with different characteristics than the remaining unprocessed or
untreated portion, e.g., SRS tank waste [processing in progress]; sodium-bonded fuel
[treatment in progress]; Hanford tank waste [once treatment starts, situation will be similar])

- Type of waste (HLW or SNF or other)

- Origin of waste (commercial, DOE-managed, foreign, research, other?)
- Total quantity of waste (volume and/or mass as appropriate)

- Physical form of waste (e.g., rods, plates, powder, liquid, glass)

- Dimensional characteristic of waste (if a solid waste)

- Radionuclide inventory and thermal information (for reported baseline date with options to
show calculated projections (1) in tabular form for any user-selected date from the current
year to the year 3000 or (2) in graphical form over time for 200 years in the future)

- Bulk chemistry of the waste (noting hazardous constituents)
- Resource Conservation and Recovery Act (RCRA) considerations (e.g., not an issue,
characteristic, listed)
e Current storage information
- Current storage location (e.g., INL, Hanford)

- Description of current storage method (e.g., tanks, canisters, high-integrity canisters,
capsules)

- Number of current containers
- Dimensions of current storage method (per container, as appropriate)
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Volume of current storage method (per container, as appropriate)
Mass of packaged waste as it currently exists (per container, as appropriate)

Radionuclide inventory and thermal information at specified times on a per-container basis
(or as available)

Current status (e.g., awaiting treatment, awaiting packaging, ready for disposal)

e Planned or alternative processing and packaging options for final disposition

Description of baseline/alternative processing and/or packaging for disposal, including
options for processing and/or packaging

Number of baseline/alternative packages
Dimensions of baseline/alternative package
Volume of baseline/alternative package
Mass of baseline/alternative package

Status of baseline/alternative planned processing (e.g., none, in progress, under
development)

Status of baseline/alternative packaging (e.g., ready, being developed)

Radionuclide inventory and thermal information for treated/packaged waste at specified
times on a per-package basis (or as available)

o Transportation considerations (e.g., certified transport canister exists [yes/no])

e Current base-line disposition pathway (e.g., deep geologic disposal in a repository for HLW
and/or SNF, Waste Isolation Pilot Plant [WIPP], or to be determined)

o Copies of any Records of Decision (RODs) or agreements affecting the waste and its associated
plans (linked to the specific data provided)

o Effects of ROD on waste (e.g., date of promised removal from state)

e Option to have the OWL team pass a user request for further information to responsible
contact(s) currently in charge of the waste types and forms for storage oversight, for processing,
etc. (with the intent being to keep information about the responsible contact internal to OWL)

2.5 User Interface

As mentioned in Section 2.3, the OWL user interface is provided through a SharePoint site. Figure 2-2 is
a screenshot of the Production SharePoint Site home page on the ECN for the current version of OWL.
The home page contains a short description of the database, a link to the OWL User’s Guide, a link to the
Errata List, Announcements, and a series of links to various database reports under the heading “For More

Information About...” (referred to in this report as the “Report List”).
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ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible)

Users Guide

Errata - reported data errors

Announcements

Release V5.0 is now available
by Walkow, Walter M.

9/25/2023 451 PM

OWL has been updated to V5.0. The User Guide Appendix will contain a summary of the changes.

Limitations on which browser to use
by  Walkow, Walter M

FireFox and Chrome, are the recommended browsers. There are limitations on the use of other browsers such as

11/16/2021 12:40 PM

EDGE (Chromium) and Internet Explorer
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National

ion laboratory managed and operated

of Honeywell International, Inc,, for th
Administration under contract DE-NA-0003525

Laboratories

© 2019 National Technology and Engineering Solutions of Sandia, LLC

by National Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary
Department of Energy’s National Nuclear Security

@ Sandia National Laboratories
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DOE-Managed Wastes
Waste Forms
Inventory Calculator
200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste
Radionuclides

Supporting Documents
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Figure 2-2. Home Page Screenshot for OWL Production SharePoint Site



Annual Status Update for OWL
November 30, 2023 29

The main source of information on the various options for queries and reports available in OWL is the
OWL User’s Guide. For the user’s convenience, a link to the current OWL User’s Guide is provided not
only on the home page, but on all database reports generated within OWL. Version 5.0 of the OWL
User’s Guide (SNL 2023), which corresponds to OWL version 5.0, is reproduced in Appendix B.

Aside from the home page, all other database content is viewed by the end user through database reports
that use SQL to search the database contents and display the results on web pages. These reports, called
SSRS reports, are designed in advance by the OWL team. Infrastructure deployed in OWL allows the user
to pick an SSRS report of interest and generate it on demand by clicking a link. The Report List on the
home page provides access to the following primary set of SSRS reports:

e DOE-Managed Wastes—Search on all the wastes as well as view waste details and supporting
documents

o Waste Forms—Search waste disposal forms, their related wastes, and supporting documents

¢ Inventory Calculator—Calculate the inventory of a selected waste in a chosen year (based on
initial reported inventory)

e 200-Year Inventory and Thermal Output—Display the projected inventory and thermal output
of wastes and radionuclides by year for the next 200 years (based on initial reported inventory)

e Baseline Radionuclide Inventory in Each Waste—View baseline radionuclide inventory
reported to be in each waste as of a specified date

o Radionuclides—View radionuclides, their properties, and supporting documents

e Supporting Documents—Display “List of Supporting Documents” with the ability to open or
download the documents

Taking advantage of the web-based interface, these SSRS reports can have links allowing users to access
information available in other reports. Descriptions and screenshots of this primary set of database reports
are provided below. Note that the reports all have a standard OWL banner at the top with the report title,
the OWL release stamp, and links for the home page, the DOE-Managed Wastes report, and OWL User’s
Guide. There is also a footer with the date/time stamp when the report was run, a contact email, and
information specific to SNL and DOE. The top banner and footer have been removed from the report
screenshots for simplicity.

DOE-Managed Wastes—Because of the way the database is structured, users who select the DOE-
Managed Wastes option can sort waste by facility (e.g., Hanford, INL, SRS), and waste classification
(e.g., HLW, SNF). This feature makes it easy to identify all the HLW types captured in OWL that are
currently at Hanford, for example, which is similar to the DOE SFD capabilities.

Figure 2-3 is a screenshot of the visual display of the Waste Forms report in which users can select wastes
by Facility and/or Waste Classification as well as sort by Waste, Classification, or Storage Facility (using
the up/down arrows). The total volume and total radioactivity of each waste are also shown.
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million gallons of liquid waste slored al Hanford. It may be transuranic (TRU) wasle Hanford
but has not officially been determined to be sa by the DOE

This waste i a subsst of the 54.6 million gallons of liquid waste stored at Hanlord Hanford
This waste mmmwmnmmmuyn i 1) wekle u sbesd ol e
546 anford (TRU) Hantord

wasts, but has not o‘ﬁasllv besn ualermmou obeso rw tha DOE.

Total Volume

160,000 Cubic Fest

128 Cubic Feat

1295 Cubic Fest

106 Cubic Fest

384 Cubic Fesl

34 Cubic Fest

671 Cubic Fest

938 Cubic Fest

183,000 Cubic Feat

6,600,000 Cubic Feet

484,000 Cubic Fest

Description, Storage Facility, Total Volume, and Total Radioactivity

Total Radioactivity

Curies.

Curies

Curies

Because there is a large variety of waste information, the user can click on any waste for additional waste
detail information. For example, Figure 2-4 provides a sample screenshot of the waste detail that appears

when “Savannah River Glass Waste” is selected. The first two sections load first, giving the user the

following options for what type of additional detail to display:

1. Waste Characteristics

Waste Source

Disposal Waste Forms

Radionuclide Inventory

Disposal Waste Form Characteristics

8.
The bottom part of Figure 2-4 shows the display provided when both “Waste Characteristics” and

2
3
4,
5
6
7

Radionuclide Characteristics
Waste Supporting Documents

Waste Contacts

“Disposal Waste Forms” are selected.
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Savannah River Glass Waste

Waste Classification Waste Description SRS A sy I:J:::g B'?::::;:‘;?‘.Tﬂ.:ﬁf *

This waste consists of 4,179 vitrified glass logs produced in the Defense Waste Processing Facility at the  Savannah River

High Level Waste o . 1 nah River Site from reprocessing Savannah River Tank Waste. Site Government No 12/31/2018 | Inventory Cs

Display Specific Waste Information by Expanding (+) the Type of Content Listed Below

El1. Waste Characteristics B3. Disposal Waste Forms @5. Radionuclide Inventory E7. Waste Supporting Documents

E2. Waste Source E4. Disposal Waste Form Characteristics @6. Radionuclide Characteristics [E8. Waste Contacts

1. Waste Characteristics

Characteristic Characteristic Description Value Supporting Document

Average thermal output of a unit of the nuclear waste /d\:gage thermal output of a canister of glass waste as of the baseline 40 Watts

Diameter of the nuclear waste container Diameter of a container of glass waste 2 Feet

Length of the nuclear waste container Height of a container of glass waste at Savannah River 10 Feet

Numbes of containers g‘g‘:‘;;ber of containers of glass waste at Savannah River as of December 4179

Physical form of the waste Physical form of the glass waste at Savannah River Borosilicate glass

Total radioactivity - the total curies of all the radionuclides -

in the waste as of the baseline date Total radioactivity of glass waste at Savannah River 45,600,000 Curies SF

Total volume of the waste as currently stored, including any 4

Total volume of glass waste at Savannah River 129,000 Cubic Feet SRS Glass Waste Information
packaging
3. Disposal Waste Forms
Projected or  Preferred or
Waste Form Description Extating AN ativE Quantity Supporting Document

4,179 2 ft. diameter, 10 ft. tall

Glass waste Glass logs in canisters Existing Preferred canisters Revision 21

Figure 2-4. Waste Detail for Savannah River Glass Waste with Additional Selection
of Options 1 and 3 for Waste Characteristics and Disposal Waste Forms Respectively

Woaste Forms—As seen in Figure 2-5, the Waste Forms report provides the following information for
each disposal waste form: the related waste type(s), waste form description, whether the waste form is
projected or existing, whether the waste form is the result of the preferred or alternative treatment, the
projected or existing quantity, the projected or existing volume, and the supporting document for this
information. Clicking on a specific waste form produces a report giving the waste form characteristics.
For example, Figure 2-6 shows the resulting report for Savannah River Glass Waste.
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Cakine Waste

Cesium and Strontium Capsules

Experimental Breeder Reactor- [
(EBR-11) Driver Spant Muclear Fuel

Experimental Beeeder Reactor-1
(EBR-11) Experimaental Driver Spent
Nuclear Fuel .

Experimental Broeder Reactor-11

Waste Types and Associated Disposal Waste Forms

Waste Form Description

Direct cementation of the caicine wasta without vitrification.

Cakine waste treated by hot isostatic pressing, incuding sikica, Stanium
and cakium sulfate (glass ceramic). Processing the cakine with the siica
and titanwum is needed to eiminate RCRA hazardous waste
charactarsbes.

Cakine waste treated by hot isostatic pressing without sikca, ttanium and
calcum sulfate (glass ceramic).

Cakcine waste that has been vitrified following separation.
Cakine waste that has been vitrified without separation.

Caicine waste that is disposed of without further treatment

Cs and Sr capsules, as-s, disposed of in waste packages designed for a
deep borehole, 18 capsules per package

Glass logs in canisters

Glass-bonded sodalite material produced from mixing cooled, crushed sat
from the electrorefiner with eciite and borosiicate binder glass. The
and volume represent the quantity and volume of

eramic by electrorefiung all sodum-bonded spent fuel
(driver and blanket) from the EBR-1 and the FFTF.
A LCHKO sak mix with lesser amounts of NaCl produced from
wactrorefining driver sodum-bonded spent fusls from both the EBR-11
and the FFTF. This waste form would be disposed of without further
treatment or processing (i.e., 25 sakt). Note that Technical Feasibity of
Direct Disposal of Electrorefiner Sait Waste (2017) and Roadmap for
Disposal of Electrorafiner Sait as Transuranic Waste (2017) present an
alternative packagng plan using exsting containess.
A Fe-CrNi-Zr mixture and an iron sofid soution phase that are

na scale and are produced from electrorefiner
metal waste stream in the form of ingots. The quantity and volume
reproted represent the quantity and volume of metalic waste produced
by electrorefining all sodum-bonded spent fuel (driver and blanket) from
the EBR-1 and the FFTF.

Glass-bonded sodalite material produced from mixing cooled, rushed st

ALCHKO salt mix with lesser amounts of NaQl produced from
ining driver sodim-bonded spent fuls from both the EBR-11
and the FFTF. This waste form would be disposed of without further

efectrorefinng 21 sodum-tonded spent fuel (driver and tianket) from
the EBR-11 and the FFTF,
Giass-bonded sodaite from meng cooled,
from

material produced , crushed sakt
the electrorefiner with zelite and borosilicate binder glass. The

Alternative

Preferred

Preferred

Alternatve

Preferred

Quantity Volume Supporting Document
2R dameter, 10 . tall
18,000 570,000 cubc feet
Cans of cakcine that have been
B e 190,000 cubsc foat
Cans of cakcine that have been
36 tcally g 150,000 cubic feet
2. dameter, 10 . tal
KL Rrdams 37,000 cubic feet
2. dameter, 10 f. tall
12,000 380,000 cubic feet
2t dameter, 10 f. tal
6,100 . 190,000 cubc feet
8.625 in. diameter, 16 ft. tall
- 686 cubic fost
2R. dameter, 15 . tall
o 16,000 cubic feet
9% 2 dameter, 10 tal canister 60 cublc meters
27 om damter, 155 om tal
e e RO 0.8 cublc meters
6 21t Gameter, 10 . tal canister 1.2 cublc meters
9 2 dameter, 10 tall canister 60 cublc meters
27 cm armter, 155 om tal
9 & 0.8 cublc meters
6 21t dameter, 10 . tal caniter 1.2 cublc meters

Figure 2-5. Partial View of Waste Forms Report Showing Waste Forms, Description,
Related Waste Types, Various Properties, and Supporting Documents

Disposal Waste Form Characteristics

Waste Form Form Characteristic Characteristic Description Value & Unit Supporting Document
Gloss weste Avneaing range Aneaiing range of MUW borosicate glass (lower value) 450 degrees C
Aonealng range Annealing range of HLW borosicate glass (upper value) 500 degrees C
Average thermal outout of a canister of glass waste at Savanvoh River as
Average thermal outout Arenge e o 0 s
Comoressve wengts Comprasave strengeh of MU boroicate gass 50 W
Density Density of HLW borosiicate glass 275 glabic com
Duareter of contamer Nomnal cuter dameter of containar of glass waste at Savannah Rover 6 on
Mest capscty Hast caacity of MUW borosiicate glass 083 NoK(at25€)
Hoght of contarer Merght of contaner of glass waste st Savannah River 30 m
Mass of loaded glass container Maxmum weight of contanar of glass waste at Savannah River 2500 kg
Softening point Softening point of HUW borosiicate glass. 500 degrees C
Tensia strength Torwio strength of LW borosiicate glass 57 W
Thermal conductvty Thermal conductviy of MUN borosscate glass 095 W/mK (at 100C)
Total volume of waste at Savannoh River that exists as glass a8 of
Total volume bonadqmerid 129,000 b fout
Waste Types and Associated Disposal Waste Forms
Waste Disposal Waste Form Waste Form Description L 'WM'" f m“"‘""’ Quantity Volume Supporting Document
Savannah River Glass Waste Glass logs n canvsters Eustng Preteces a2 Koo 0 .t 129,000 cubic feet

Figure 2-6. Disposal Waste Form Characteristics for Savannah River Glass Waste

Inventory Calculator—The OWL database features a Radionuclide Inventory Calculator, which is made
possible through the use of a stored calculation tool. The user makes selections from the following
options: waste classification (all, HLW, SNF, or TRU), nuclear waste (all or any of the different waste
types), radionuclide (all or a specific radionuclide), and year (anything from current year to 3000 C.E.).
The radionuclides included in the “all” category or available for individual selection are limited to those
included in the initial reported inventory for at least one of the wastes in OWL. Based on the user
selections, the Radionuclide Inventory Calculator does the necessary calculations using the initial
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reported inventory information and returns the results in an SSRS report. The user can access supporting
documents for the basic information stored in OWL as well as documentation regarding the calculation
methods used by the Radionuclide Inventory Calculator. OWL database reports can be generated to
provide the inventory in various units, such as volumes, radioactivity, and/or thermal output of wastes as
they currently exist.

Figure 2-7 provides an example screenshot of the projected inventory database report generated by the
Radionuclide Inventory Calculator for “Savannah River Glass Waste” from the baseline inventory date to
the selected target year 2200. On the right is the panel showing the filter selections used for the
calculation.

ventory Selected Filter Parameters

Waste Classificaion AL Muclear Waste  Savannah River Glass Waste Radionuclide AL Target Year | 2200

High Level Waste

BASELINE | PROJECTED
T e Podonechde vrLm | vy | o | P [R—— [ —y—
fouries) (grams) | Output (watts) | {euries) (Grams)
‘Savannah River Glass Waste Americium 241 432000Vears | 080E-04 19664004 | 221E+003 5.34E+004 1.58E+004 17364003
? ) Amencium 242 metastatie 141.000 Years 2.73E+002 261E+001 0.00E+000 1.12€+002 1.07E+001 0.00E+000
‘Americaum 243 7364000 vears | 345E-003 1TIEN04 | DOOE+DOD 339€+003 17064004 0.00€+000
Barium 137 metastable 2562Minutes | 17884008 331E003 | Bs8Ee003 27384008 s07E.008 1L.07Es002
Berkelium 247 1380000 vears | 502E0000 47oEM000 | DOOEs00O 45820000 437E4000 0.00€4000
Caforrium 248 351000vears | 288Ew001 70480000 | DOOE+000 201E4001 49280000 0.0084000
Caforrium 251 se000veaws | SasEwo0t 3ssE:01 | 000Ee000 5.08€+001 321E4001 0.00€+000
Casium 137 30080 Years 1.88E+008 ZATE+004 2.09E+003 2 87E+004 IIE+002
Chionna 36 01000000 Years | 220Ee002 BHIE00T | 000E000 22880002 69154003 0.00£+000
Coba 60 S20vears | 9.50Ee002 849E001 | DOOE+000 0.008+000 0.00+000 0.00€+000
Curum 264 18.110 Yaars 1.00E4005 12484003 | 344E+003 96280001 11964000 330€4000
Curum 265 8,.423.000 Years 3.56E4001 20664002 | DOOE+00D 15184001 20064002
Curium 246 4780000Years | 721E<001 23664002 | DOOE-000 70284001 23064002
Curum 247 15,600,000.000 Years 17484001 sEEs0s | 0.00Ee000 174001 18864005
Curuim 248 348,000,000 Years 1.84E+001 46964003 | DOOE+DOD 1 $4E+001 4882000 0.00€+000
Neptunium 237 214400 832E+001 11864005 | DOOE+000 83264001 1.18E+008
Nickel 53 78000000Yeers | 236E+003 20664004 | DOOE+00 23884003 20884004 00084000
Nicket 83 101.200 Years 1.76€+005 3uEw03 | o00Ee000 508004 9.08E+002 00084000
Nicbium 93 metastable 16.120 Years 4.86E+002 2.04E+000 0.00E+000 1.88E-001 B.32E-004 0.00E+000
Plutonium 238 a7 70vess | 351E-005 208Es004 | 114Ee004 83054004 48862003 2728003
Plutonium 239 24,110.000 Years 3.36E+004 5 42E+005 1.02E+003 3 34E+004 5.39€+005 1.02€+003 -

Figure 2-7. Partial View of Report from Radionuclide Inventory Calculator showing Projected Inventory
from the Baseline Inventory of Savannah River Glass Waste to the Target Year of 2,200

200-Year Inventory and Thermal Output—In addition to providing the ability to calculate projected
inventory for a specific target year, the database can calculate and visually display the projected inventory
and thermal output by year for the next 200 years. The calculations consider only those radionuclides
included in the initial inventory reported for at least one of the wastes in OWL. The calculation results are
shown in charts (Figure 2-8) with user controls available to change the display according to the selected
waste and radionuclide options. Figure 2-8 displays the results for all wastes in OWL. Note that the user
can also display results for individual wastes and/or individual radionuclides. The option to display the
inventory in either curies or becquerels is also provided. A link to the supporting document (Price 2022)
with additional information on the calculations is provided.



Annual Status Update for OWL
34 November 30, 2023

Waste Type: AL DISPLAY in 5L UNITS (Ba) Radonucide:  ALL

Inventory in Curies Projected Thermal Output in Watts

>

Figure 2-8. Visual Display of Calculated Projected Activity and Thermal Output
for a Waste by Year for the Next 200 Years

Baseline Radionuclide Inventory in Each Waste—As seen in Figure 2-9, this report provides the
baseline inventory reported to be in each waste type as of the date specified in the supporting document.
Clicking on a particular waste type brings up the associated waste detail such as that in Figure 2-4. A link
next to the waste type provides access to the document supporting the inventory information. The panel
on the left allows the user to filter by facility, waste classification, and/or radionuclide.

If an inventory value is reported as zero, then the actual value is < 1.0e-7 curies. The
actual value can be found in the supporting document for the waste inventary.

To fitter results, click on item's text below Nuclear Waste 5'-'"-"';.'2"""'? Waste Classification Facility Name Radionuclide Inventory in Curies
Select a Facility lcine Wast - Jan 01, 2016 High Level Waste Idaho National Lab Americlum 241 8.55€+003
ALL Americium 242 metastable 2.22E+000
Hanford

Idaho National Lab Americium 243 1.06E+000

Savannah River S
Barium 137 metastable 7.BBE+006

Select a Waste Classification

= Cerium 144 1.39€-005
High Level Waste Curium 242 1.84E+000

Spant Nuclaar Fusl
Transuranic (TRU) Waste Curium 244 8.45E+000

By-product material
Cobalt 60 9.1BE+002

DOE Managed as High Level Waste

EExpand to Select a Radionuclide Coslum 134 4.965-+001
Selected Radionuclide AL Cesium 135 1.46E+002
Cesium 137 8.33E+006
Europium 152 2.54E+002
Europium 154 1.50E+004
Europium 155 1.09E+003
lodine 129 5.82€-002
Nickel 63 9.45E+003
Neptunium 237 7.26E+001
Protactinium 233 7.26E+001
Promethium 147 2.9BE+002
Praseodymium 144 1.39€-005

Figure 2-9. Partial View of Report for Baseline Radionuclide Inventory
in Each Waste with Filtering Options Panel
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Radionuclides—Currently, the OWL database captures information on 104 radionuclides, 87 of which
are included in the initial inventory reported for at least one waste listed in OWL. The additional

17 radionuclides are provided because of parent-child relationships with radionuclides that are included in
the reported initial inventory. The inclusion of these additional radionuclides is part of the effort to
establish the interface between GDSA and OWL. Figure 2-10 provides a screenshot from a database
report showing a sample of the radionuclide information. A control panel on the right allows the user to
see one of three views by choosing “Select All,” “No Inventory,” or “Has Inventory in Wastes.” In this
context, “No Inventory” means that no initial inventory for the radionuclide was reported for any of the
wastes, but the radionuclide is included in OWL for establishing radioactive decay chains. “Has Inventory
in Wastes” means that some initial inventory for the radionuclide was reported for at least one of the
wastes in OWL. For those radionuclides included in the inventory, clicking on one of the projected
inventory links brings up a screen with graphs similar to those seen in Figure 2-8 for projected inventory
and thermal output. The difference is that, while graphs shown through the 200-Year Inventory and
Thermal Output report can be filtered to select a waste type and radionuclide, the graphs accessed through
clicking a link in the Radionuclides report (Figure 2-10) reflect the inventory of the selected radionuclide
for all waste types.

Thermal Output = Parent Inventory i
(wattafkCi) Radionuclide Ratio

Half Life I Inventory : Atomic Mass (u) : Supporting Document

Ac-227 Actinium 227 2177 Years 227.00 ] (Select

L8

Am-242m Americ

c1:252 Califomium 252 265 Years 252.00

Cm-242 Curium 242 16286 Days 24200 Am-242m 0.830

Figure 2-10. Partial View of Radionuclides Report
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Supporting Documents—An effort from FY2017 to FY2018 consisted of loading supporting documents
into OWL to provide the underpinning sources and to supplement the database content. With each OWL
release, modifications are made to the Supporting Documents Library as needed to ensure the database
content is adequately supported by the appropriate documents. The library typically has several hundred
documents, all of which can be accessed and viewed from within OWL. Figure 2-11 provides a
screenshot sample of documents available.

As part of the effort to provide supporting documents for each waste, the Excel™ spreadsheet for each
waste that can be used to calculate its inventory and thermal output and (in some cases) the volume of
waste was turned into a pdf. Results from the beta testing of OWL indicated that users sometimes had
trouble opening or viewing the spreadsheets as Excel™ spreadsheet files, so the spreadsheets were
formatted appropriately, checked, and saved as pdf files before being sent through SNL’s information
release (IR) process. Thus, each spreadsheet can be viewed and is referenceable. The original Excel™
spreadsheet is available upon request via an email to OWL @sandia.gov.

Copyright  Document
Tide Dacument Description Comments Author Publisher, Date Rorctors  Avallabiny
This report gives the design basis feeds for SNF project e — Numatec Hanford, Inc., Internal Full
Horben HNF-SD-SNF-TI-009, Volume 1, Rev. 3 M.J. Packer HovEEA 108 Hone comaed
This is the settlement agreement reached by the State of ; ) \ .
Idaho, the LS. Department of Energy, and the Department  None LS. Courts District of Idaho ]”_1'::? ?}:ﬁf‘;‘;"i;’g”“ of Mone "]"e”‘ri;.“'
of the Navy regarding the management of naval SNF. g "
The State of Idaho, the Department  The State of Idaho, the Lo
This is an addendum o the 1995 settiement agreement.  None of Energy, and the Department of  Department of Energy, and the None vl
the Nawy Departmentof the Nawy, 2008
This report describes the development of a finite difference .
+  model to predict the consokdation of the ceramic waste as ft ANL-NT-209 K. ). Bateman and . D. Capson Argonne National Laboratory, None Intemal Full
October 2002 Document
s produced
Westinghouse Hanford Company, Internal Full
This report describes the Fast Flux Test Facility HEDL-400 C. P_ Cabell December 1980 MNone Document
) , ter, nternal Full
This data sheet gives the half-ife of Ac-227 Available at http:/fwww.nndc bil.gov/  National Nuclear Data Center ey e Data Center None | fhteman Ful
T data shee s decay raditon iRt for A g g fow .o gov ettt tarbenr Dot Cantar NatlNuciar Dta Cter, Mone Internal Full
port estimates the activity of fuel batches processed ) N . Intermal Full
at Hanford thicugh 1969 RPP-13489 Rev. 0 Waootan, D. W. and 5. F. Finfrock CH2MHill, November 2002 Mone Document
; / National Nuclear Data Center, Internal Ful
This data sheet gives the half-life of Al-26. Available at http:/fwww.nndc,bnl. gov/ National Nuclear Data Center 2017 Mone: Document
This data shest gives the half-ife and decay energies of N - ot i ! National Nuclear Data Center, Internal Ful
Am241, e e s okt fay ot wailable at hitp:fwww.nnde.brl. gov/ National Nuclear Data Center fromrigt- Hone Y
This data sheet gives the haif-ife and branching fraction of . National Nuclear Data Center, Interal Full
— Avallable at http:/fuww.nndc.bnl.gov National Nuclear Data Center el None H
This data sheet gives the half-life and branching fraction for y National Nuclear Data Center, Internal Full
Heietvrd Available at hitp:fwww.nndc bl gov National Nuclear Data Center Mard 2017 MNone Doousent
Ints | Full
This data sheet gives the hal-lfe of Am-243 Available at hitp://www.nndcbilgov  National Nuclear Data Center ey None  fhteman Ful
This report provides the radionuclide inventory in a sample . Savannah River Nuclear Internal Ful
of shudge from macrobatch 7 at Savannah River. SRNL-5T1-2011-00555 F. C. Johnson Laboratory, February 2012 None: t
This report provides the radionucide inventary in a sample . . Savaninah River National Intermal Full
of siudge from macrobatch § at Savannah River SRNLSTI-2012-00017 e LTS Laboratory, October 2012 Hone Document
This report provides the radionuciide inventory in samples of Savannah River National Internal Full
sludge from macrobatch 5 and macrobatch 6 SRNL-STI-2010-00435 M. M. Reigel and N. E. Bibler Laboratary, September 2010 None Document
This report provides the radionucide inventory in a sample o oo F.C. Johnson, C. L Crawford, and  Savannah River National - Internal Full
of siudge from macrobatch 9 at Savannah River. M. Pareizs Laboratory, November 2013 Document
This is Appendix D of the Environmental Impact Statement e : . U. 5. Department of Energy, Internal Ful
to support decisions. on disposal of sodium-bonded fuel. DOE-E15-0306_Val 2-2000 U. 5. Department of Energy 2000 None Dooument
Karen L. Toews, Steven D.
> ] nternal Full
e ot e d e VDT O e e S o e L, gy Bl
Rigg, and Robert G. Pahl
This data sheet gives the half-life and decay energies of Ba- y National Nuclear Data Center, Internal Full
137 metastable, which are used to calculate decay heat Available at http:  femw nndc. brl.gov National Nuclear Data Center March 2017 None Document
I | Full
This data sheet gives decay radiation information for Bi-212  Available at hitp:/fwww.nnde.bnl.gov Mational Nuclear Data Center ;‘5‘;‘3"‘*‘ e Hone [',‘,'Ji';;ol\?

Figure 2-11. Database Report Sample of Supporting Documents

2.6 Configuration Management

An important part of the infrastructure supporting OWL is a coherent suite of processes working together
to preserve information integrity and traceability as the database evolves over time. Planning for the
change control and release processes started in FY2019 along with the first public release of OWL
(version 1.0). Much of FY2020 was spent developing the details before putting the draft processes in to
practice with the release of OWL version 2.0 in late FY2020. Using the lessons learned, the processes
were revised and finalized in FY2021, resulting in the documents OWL Change Control Process (Weck
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et al. 2021d) and OWL Release Process (Weck et al. 2021c). These documents were also reproduced as
appendices in the annual status milestone 2 report for FY2020 OWL activities (Weck et al. 2021a).

Overview—The change control process and the release process work together to ensure the quality of the
release version of OWL. OWL is maintained and updated with the use of three environments: the
Development Environment, the Release Candidate Environment, and the Production Environment. Each
environment has the appropriate OWL database and SharePoint site components. The change control
process governs all changes that will eventually appear in the released version of OWL in the Production
Environment. In general, changes to OWL are made first in the Development Environment. When it is
time for a public release, the release process controls the migration of changes to the Release Candidate
Environment for technical review and IR, and then to the Production Environment for public release.
Changes to the Production SharePoint Site (governed by the change control process) are implemented in
conjunction with the public release (governed by the release process). The release process also controls
archival of the previous version of OWL and updating the OWL User’s Guide as appropriate to support
the new OWL release.

Change Drivers and Mechanisms—The most obvious driver of change is planned updates and/or
modifications to the OWL structure or content to respond to the priorities of the Spent Fuel & Waste
Science and Technology (SFWST) disposal research and development program. In addition, there are
multiple other mechanisms capable of triggering the need to modify OWL including (1) discovery of
newer published documents that supplement or supersede the supporting technical documents for data in
OWL, (2) receipt of updates from the SFD, (3) receipt of new information with supporting documentation
from DOE/national laboratory staff responsible for the wastes, (4) identification of any types of issues by
OWL users via the OWL email service, (5) changes to data used from the National Nuclear Data Center,
and (6) discovery of errors. Currently, a user can provide feedback through the OWL email service.
However, consideration is being given to developing a more refined user feedback process to enable users
to ask questions, provide feedback, and report errors. This feedback information could be used to evaluate
the need to plan changes in new OWL versions.

Change Control Process—Regardless of the driver for change, all changes in OWL are implemented
through the change control process, which specifies that changes and associated tasks are entered into a
tracking system. The key infrastructure elements for managing change are the Change List and Task List,
which reside on the OWL Development SharePoint Site. When a change to OWL is approved, it is
entered on the Change List. Each change has various properties (i.e., metadata fields) associated with it
including a field to track status. In addition, each change has at least one associated task; complicated
changes may have several associated tasks. Each task listed for a change in the Change List is entered on
the Task List along with the properties for that task. The tasks are assigned to activities with defined
process steps, one of which is always a review by someone independent of the work to ensure the task
fulfills the intended purpose. Tasks involving data entry or development of stored calculation tools are
subject to a rigorous checking process. All tasks associated with a change in the Change List must be
completed before the change can be marked as complete.

The change control process also includes steps to ensure the OWL content and results from stored
calculation tools are transparent and traceable. All OWL content is tied to the original source within the
database structure and that source is available to the user in the OWL Supporting Documents Library.
While the user can go to the Supporting Documents Library, there are also links available to provide easy
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access to the document associated with a particular piece of information. Occasionally a supporting
document is subject to copyright or some other restriction. In this case, permission to publicly release the
document as part of OWL is sought. If the document cannot be provided, a summary identifying and
describing the document is provided in the public release of OWL so that the content is still traceable to
the original source. In addition, stored calculation tools are documented both in terms of the OWL content
being used and the calculations being done. The documentation is stored in the Supporting Documents
Library and also made available to the user through links, which means that the results from stored
calculation tools are also transparent and traceable.

During the technical review for the release of OWL version 4.0, an issue arose concerning the reliance in
OWL on supporting documents that have since been revised or replaced by an external entity. The change
control process already addressed how to replace a supporting document with a new revision or a
replacement document as well as how to handle updates to any other affected content as appropriate.
However, there was no mechanism in place to help identify whether a supporting document not originated
by the OWL team has been revised or replaced and, if so, whether the newer document supplements or
supersedes the older document.

During FY2023, the OWL team developed a two-pronged screening process that could be implemented
annually to address the identified issue. The first part is to conduct an informal waste-by-waste review.
Knowledgeable people, principally other team members, are consulted to determine, for each waste, if
anything significant happened in the last year. For example, the OWL team knows that the number of
HLW glass logs and the volume of tank waste change every year at the SRS because waste is being
actively processed. However, SRS does not necessarily issue reports every year, so a search is needed to
determine if a new revision of the original supporting document has been issued. Similarly, Hanford tank
waste volumes could change because wastes are being pumped from one tank to another. Again, a search
is needed to check for any pertinent document revisions.

The second part of the screening process begins with a query developed to identify all supporting
documents, currently included in OWL, that have revision numbers. Then a search of internet sources is
conducted to identify documents that have been revised. If the document has not been revised, this
observation is noted as part of the review process. An impact analysis is conducted to evaluate the
identified revised documents. If the information used in OWL did not change, this observation is also
noted as part of the review process. The revised document is added to OWL as a supporting document for
the appropriate waste. In addition, the earlier document is retained in OWL to provide historical
information for OWL users. If the information used in OWL is changed in the revised document, then a
change and task are created to replace the superseded information with the information from the revised
document. The document with the new information is also added to OWL as a supporting document for
the appropriate waste.

The screening process was implemented for the first time in FY2023. A check on SRS documents led to
the discovery that there is a new revision of the system plan, but it is not yet publicly available. The
document will be added to OWL when it becomes publicly available, and an impact analysis will be
completed to identify any required changes to OWL. A check of Hanford documents revealed that there is
a new revision (Rev. 9) of the River Protection Project System Plan (Bernards et al. 2020), which was
evaluated for impacts. Of the document revisions identified by OWL team members or by query, the
majority of the new documents did not impact information used in OWL. That said, the impact analysis
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did result in recommendations for various updates to OWL, which were entered into the configuration
management system. The change and associated tasks were processed, and the updates were incorporated
into OWL version 5.0.

Release Process—The OWL release process ensures that all OWL releases go through independent
technical review and IR in the Release Candidate Environment before being posted to the Production
Environment for public access. In addition, each public release version has a release stamp indicating the
version number, release date, and SAND number. The release stamp is also included on the web page
displays generated by SSRS reports. As of the most recent release of OWL, only some of the output files
available to export SSRS report information include the release stamp, with the goal being to ensure that
it is included in all output files at some point in the future.

In any new OWL version, all system components in the Production Environment are released together as
one version. Individual components are not released separately. The one caveat is the OWL User’s Guide,
which is an item within a system component (i.e., the Supporting Documents Library) that is updated in
the Production Environment. The update occurs as part of postprocessing at some point—typically about
a month—after an OWL release. Postprocessing and archival steps include gathering the change history
from the previous release (being archived) to the new release (just posted). This change history is
appended to an appendix in the OWL User’s Guide. Appendix B of this report reproduces the latest
version of the OWL User’s Guide. The change history documenting database changes from OWL

version 1.0 to the present is shown in Attachment B-1. Because the change histories are always appended,
each version of the OWL User’s Guide contains an appendix with a running history of all changes
organized according to the OWL release version since version 1.0.

Summary—The change control and release processes were developed and implemented to provide
confidence in the integrity of OWL information and to ensure that OWL can be used even in a more
rigorous quality assurance (QA) environment. These processes are actively maintained and updated as
appropriate, giving OWL the flexibility to respond to changing needs. This aspect of OWL may prove
beneficial if the QA requirements for GDSA analyses change in the future.
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3. STATUS OF OWL UPDATES

Since OWL is updated at least once a year, each fiscal year involves supporting the release of a new
database version. The current version of OWL (version 5.0, SAND2023-09589W) was released on
September 25, 2023. The primary changes in this release involved making updates as appropriate to deal
with existing supporting documents that have been revised or replaced by an external entity. This issue
was recognized during the technical review of OWL version 4.0. As a result, a new screening process was
developed and implemented to identify such documents as well as whether the newer document
supplements or supersedes the older document. The recommended changes were entered into the
configuration management system (Section 2.6) and processed for inclusion in OWL version 5.0.

The subsections below highlight the progress made on major OWL activities during FY2023. The focus
has been on several ongoing, multiyear expansion projects. Section 3.1 presents the progress on GDSA
interface development. The goal is to build the capability in OWL to provide input parameter files to the
GDSA framework. Progress on a second expansion project—the addition of a new area of OWL to
provide information on vessels—is described in Section 3.2. Section 3.3 highlights progress on a third
expansion project that involves leveraging selected information from INL’s SFD for use in OWL. The
SFD is an NQA-1 database with over 700 entries of DSNF (DOE 2007).

3.1 GDSA Interface Development

Progress was made with respect to OWL being able to provide input parameter files to the GDSA
framework. Work this fiscal year focused on continuing the effort begun in FY2022 to create an input file
for PFELOTRAN that could be used to model waste packages containing HLW glass. PFLOTRAN
(Hammond et al. 2014; Lichtner et al. 2020a, 2020b; Nole et al. 2021) is a massively parallel, multiphase
flow and reactive transport code that is part of the GDSA suite of codes used to study postclosure
performance of multiple representative disposal concepts. The primary overlap between OWL and
PFLOTRAN is the radionuclide inventory of various DOE wastes, so it was logical to begin developing
the interface between OWL and PFLOTRAN with radionuclide inventory. The information required in
radionuclide inventory input files for PFLOTRAN depends on whether the input file is for waste
packages containing SNF or whether it is for waste packages containing HLW glass; the decision was
made to focus on an input file for HLW glass because OWL currently contains more information about
HLW glass than it does about SNF. Future work will expand the effort to creating input files for DOE
SNF.

In PFLOTRAN, the WASTE FORM GENERAL block is used to specify a waste form mechanism,
details of the radionuclide species in the waste, the waste form bulk material details, and the canister that
contains the waste form. Specifically, the WASTE FORM GENERAL block requires the following
information:

1. Mechanism (options are GLASS, DSNF, FMDM, FMDM SURROGATE, WIPP, and
CUSTOM)

2. Name of waste (e.g., Hanford glass)
3. Specific surface area — value and units (maybe only for glass waste)

4. Matrix density — value and units
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5. For each isotope

a. ldentification of isotope (e.g., 2*Am)

b. Atomic weight (g/mol)

c. Decay constant (In(2)/half-life (seconds)) in 1/seconds

d. Quantity of radionuclide (grams of species/grams of bulk waste)

e. Instant release fraction (a number between 0 and 1)
f.  Name of daughter if it exists

After conferring with the PFLOTRAN team, the OWL team decided that OWL would provide all the
information for this block except for “Mechanism (#1)” and “Instant Release Fraction (#5¢)”. The waste
degradation mechanism is specific to PFLOTRAN and is something that is appropriate for the
PFLOTRAN analyst to select, but not something that would be appropriate to store in OWL. Similarly,
the instant release fraction, which is the fraction of the isotope that is assumed to be released instantly
from the waste when a waste package fails, is also something that is appropriate for the PFLOTRAN
analyst to select and would not be something that would be appropriate to store in OWL. For most
radionuclides, the instant release fraction is 0; therefore, the default value of the instant release fraction
will be set to 0 in OWL and the file produced for PFLOTRAN will have this default value and will have a
note to the PFLOTRAN user to provide a different instant release fraction, as appropriate.

Creating an input file for PFLOTRAN requires six different tasks; these are described below.

Develop Data for Input to PFLOTRAN—For some of the glass disposal waste forms, the specific
surface area and the matrix density, which are properties of the glass waste form used to calculate glass
degradation rates, were already available in the database. However, this was not true for all the glass
disposal waste forms. Therefore, the first task was to find the data and do the necessary calculations to be
able to provide the specific surface area and the matrix density for the glass disposal waste forms in
OWL. After evaluating several sources of information, the OWL team decided that the best source of
information for the specific surface area and matrix density of glass produced at Hanford, INL, and SRS
is the Defense HLW Glass Degradation Model (BSC 2004). For the German glass waste, it was decided
that the best source of information for the matrix density of glass is from SNL (2014). The specific
surface area of the German glass waste was calculated based on canister information available in SNL
(2014). These calculations and information will be available to OWL users in a future version of OWL.

Modify Database To Incorporate Data Needed for PFLOTRAN—The database had to be modified to
specifically include the data developed in the previous task. Modifications included adding two columns
to the Disposal Waste Form database table: “Specific Surface Area” with the unit of measure specified as
m?/kg and “Matrix Density” with the unit of measure specified as kg/m*. In addition, a new table was
created that associates radionuclide inventory with a disposal waste form; previously, radionuclide
inventory was associated only with a waste, not a disposal waste form. Finally, a column was added to
this new table giving the “Instant Release Fraction” with a default value of 0. Some of these modifications
have been completed in the dev schema; they will be moved to the dbo schema at some point and then
processed as part of an OWL release.
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Populate Database with Radionuclide Daughter Names—The PFLOTRAN input file requires the
name of the daughter radionuclide, if it exists (#5f). Previously, parent radionuclides and branching
fractions were in the OWL database for some radionuclides, primarily for the purpose of performing
radioactive decay and ingrowth calculations. Providing the daughter radionuclide for each radionuclide (if
it exists) required identifying the daughter radionuclide for each radionuclide (if there is one and if the
radionuclide is in the OWL database), modifying the database to add a “Daughter” column to the
“Radionuclide” table to be able to add this information, and then populating the database table with that
information. These changes have been completed in the dev schema, which is the first step to making the
information available to OWL users in a future version of OWL.

Perform Decay Chain Assessment—As a result of the previous task, new radionuclides needed to be
added to the database. Therefore, the OWL team identified all actinide radionuclide decay chains, ensured
that radionuclides that are precursors to radionuclide for which inventory information is reported are in
the database, added new radionuclides to the database as needed, and identified the radionuclide with
which each new radionuclide is in secular equilibrium (as appropriate). Finally, supporting documents
from the National Nuclear Data Center for these new radionuclides were added to the database and to the
Supporting Documents folder in OWL. The information on these new radionuclides was included in
OWL as of version 4.0 released in FY2022.

Update Radionuclide Supporting Documents—In performing the previous two tasks, the OWL team
realized that the radionuclide supporting document for each radionuclide did not give the decay product
for that radionuclide. Therefore, the radionuclide supporting document for each radionuclide was updated
by replacing it with a more complete document downloaded from the National Nuclear Data Center, a
document that showed the daughter product(s) for that radionuclide. If a radionuclide had more than one
daughter product, the one with the highest probability was selected and was highlighted to improve
transparency. Note that the highest probability daughter is included on the OWL SSRS reports, and
information on all other possible daughter products is included in the supporting document. In addition,
half-life data were updated, if necessary, to reflect new values. These updated supporting documents were
included in OWL as of version 4.0 released in FY2022.

Modify Supporting Document with PFLOTRAN Data—The last task is to update the On-Line Waste

Library Supporting Information report (Price 2022) to provide the basis for the specific surface area and

matrix density information added to the database and to explain the decay chain information added to the
database. The update of this report is in progress and will be available in a future version of OWL.

3.2 Vessel Expansion of OWL

From the beginning, the plan for OWL has been to allow the database to evolve over time in terms of both
content and capability. One of OWL’s primary functions is to provide access to information on DOE-
managed wastes that are likely to be disposed of in a mined geologic repository. As a complement to this
function, OWL is being expanded to include a subsite with information on the vessels capable of
disposing of that DOE-managed waste, with the ancillary aspects of storing and transporting those
wastes/waste forms.



Annual Status Update for OWL
44 November 30, 2023

Terminology Clarification—Within OWL, the generic term “vessel” will be used to describe a can,
canister, container, cask, overpack, waste package, etc. that can serve as a single layer in a nested system
designed to surround and contain® the waste form for potential disposal, storage, or transportation uses.
Note that in some instances a “vessel” is considered a part of the waste form if that vessel cannot be
separated easily from the waste form. A good example is a glass pour canister that is essential for making
the glass waste form. Once the pour canister is filled with the glass, the canister is not easily removed
from the glass nor is it intended to contain additional waste forms or waste types. The approach to
managing information in this situation is to include the details regarding such a vessel in the expanded
OWL vessel information while acknowledging in the waste form information that the vessel is regarded
as part of the waste form.

Vessel Information Modeling and Development of Tables and Database Reports—\Vessel expansion
activities are currently focused on information modeling and development of tables and database reports.
Based on the knowledge gained through initial data mining efforts, the OWL team developed a vessel
information model mature enough to warrant creation of tables in the dev schema (Section 2.3).

The vessel information captured in the information modeling falls into three categories as follows:

e General information for each vessel (primarily descriptive information)
- Vessel name
- Vessel category (waste package, canister, container, cask, overpack, etc.)
- Purpose (storage, transportation, or disposal)

- Vessel description (brief text about vessel; can include content about components,
configuration, basket, etc.)

- Diagram
- Material(s)

- Development status (indicator of whether vessel exists, is in some stage of planning, or is
conceptual in nature)

- Waste type (as appropriate, identification of the nuclear waste type associated with the
vessel)

- Waste form (as appropriate, identification of the waste form in OWL associated with the
vessel)

- DOE facility (general facility identification only; specific locations within the site will not
be given to help ensure information remains suitable for UUR designation)

- License/certification (confidence-building documentation; may specify alternative to license
or certification such as DOE safety report as appropriate)

- Relevant regulations, codes, and standards (list reflects what is found in supporting
document(s) and as such may or may not be comprehensive)

3 As stated previously, “to contain” something in this context means “to hold” it. The term does not imply containment in the
regulatory sense, e.g., the definition provided by transportation regulations in 10 CFR 71: “Containment system means the
assembly of components of the packaging intended to retain radioactive material during transport.”
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Disposal licensing considerations (information, especially from the U.S. Nuclear
Regulatory Commission [NRC], about any considerations from the standpoint of potential
future repository licensing with respect to the use of the vessel for disposal purposes )
Supplier (entity that supplied or may supply the vessel to DOE; not necessarily the
manufacturer)

Capacity

Other loading considerations (beyond properties given below)

Comments (any additional comments or caveats about the vessel information, including

whether the vessel is associated with commercial SNF; association with a DOE-managed
waste or waste form, which is the primary focus, is already addressed above)

Properties for each vessel (characterized by numbers and units)

Cavity diameter

Cavity length

Cavity width

Cavity height

Available cavity volume
Outer diameter
Maximum outer diameter
Outer length

Outer width

Outer height

Minimum outer length
Maximum outer length
Wall thickness

Vessel bottom thickness
Vessel lid thickness

Top shield plug thickness
Empty weight

Loaded weight
Maximum loaded weight

Vessel system information (identification of nested or layered system of vessels to be used for
storage, transportation, or disposal)

System name
System description

Identification of position of each vessel within the nested structure of the system (each layer
is numbered starting with “1” for the innermost layer and working out from there)
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The fact that some property-related fields above have a maximum version or both a minimum and
maximum version whereas others do not is simply an outgrowth of what has been found in the data
mining. Of course, not every field will be applicable to every vessel. The data mining conducted thus far
has shown that the types and level of detail of information available for any given vessel vary greatly
between vessels. Appendix A provides some examples of the different types of vessels identified through
data mining.

Figure 3-1 is a schematic of the current vessel information modeling. Flexibility has been built into the
table structure to ensure that the database is not locked into the initial set of fields already identified. This
flexibility allows the OWL team to respond to new information, which is important since data mining is
ongoing. If need be, new fields can be created on the fly while the tables are still being tested or even
after data entry has started. There can even be changes after the vessel information has been included in
an OWL release. The only requirement is that any actions taken for the vessel expansion itself or for
modifications made after the expansion appears in a release must be done in accordance with the OWL
change control process as described in Section 2.6 and Weck et al. (2021d).

Progress has been made on the testing and refinement of the vessel tables. Sample data have been entered
into the tables, and database views have been created to help evaluate the table functionality within the
SQL server environment. In addition, preliminary vessel database, or SSRS, reports have been developed
to examine how well the tables support the display of information to the end user. Examples of reports for
a general vessel list and vessel detail are shown in Figure 3-2 and Figure 3-3 respectively. However,
change in the organization and design of the SSRS reports is expected as work progresses. The tasks to
create vessel tables and SSRS reports will stay open until both are ready to be closed to ensure the tables
and reports function properly with each other.

As is standard practice for OWL, the information for vessels will have clear ties to the associated
supporting documents to ensure traceability. Those supporting documents will be integrated into OWL’s
existing Supporting Documents Library with the links to source information contained in the data tables.
In addition, any supporting document that is a diagram of the vessel will be flagged as such so that the
user interface can provide easy access.
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Vessel Name

18D Long DOE Standardized

a1 > D@

-
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Description

This vessel is the 18 in. diameter x 15 ft long DOE standardized
canister. There is a canister shell and an internal basket
assembly. The 6 basket types are the following:

- FFTF-Mixed Oxide Basket

Canister

18D Short DOE St

t LWBR Basket

-« Shippingport PWR Basket

- Fort St. Vrain Basket

- Three Mile Island Unit 2 Basket
-- Advanced Test Reactor Basket

This vessel is the 18 in. diameter x 10 ft long DOE standardized
canister. There is a canister shell and an internal basket

Canister

2:-MCO/2-DHLW

21-PWR/44-BWR TAD

The 3 basket types are the following:
- Enrico Fermi Basket

-- TRIGA Basket

- Advanced Test Reactor Basket

Vessel has two concentric cylinders. Inner vessel includes inner
cylinder, bottom inner lid, and closure inner lid. Outer Corrosion
barrier includes outer cylinder, outer bottom lid and top closure
outer lid.

21-PWR/44-BWR TAD has two concentric cylinders. Inner
structure includes inner cylinder, bottom inner lid, and closure
inner lid. Outer corrosion barrier includes outer cylinder, outer
bottom lid and top closure outer lid.

Waste Canister

Waste Canister

To be Determined

Overpack

On-Line Waste Library

Vessels (Draft)

Development Status

Partially Designed

Partially Designed

Partially Designed

Partially Designed

License or Certification

Unlicensed; planned to be part of NRC-certified system.
However, it has been N-stamped in compliance with 1995
ASME Boiler and Pressure Vessel Code.

Unlicensed
Licensed: N-stamped in compliance with 1995 ASME Boiler
and Pressure Vessel C

Inner vessel: N-stamped signifying compliance with 2001
ASME Boiler and Pressure Vessel Code (ASME 2001)

Outer vessel is not N-stamped because it is not a pressure
vessel.

Unlicensed; planned to be part of NRC-certified system

Figure 3-2. Example of a Preliminary SSRS Report for a General Vessel List

Version -TBD-, Development,

Shell: SA-312 (welded or seamless pipe) Stainless
Steel Type 316L (UNS $31603)

Heads and lifting rings: SA-240 (plate) Stainless Steel
Type 316L

Optional plugs: SA-479 (bar) Stainless Steel Type
316L.

The stainless steel materials are annealed and pickled.

Shell: SA-312 (welded or seamless pipe) Stainless
Steel Type 316L (UNS $31603)

Heads and lifting rings: SA-240 (plate) Stainless Steel
Type 316L

Optional plugs: SA-479 (bar) Stainless Steel Type
316L.

The stainless steel materials are annealed and pickled.

Inner vessel: Stainless Steel Type 316 (UNS $31600),
modified with additional constraints on nitrogen and
carbon content

Inner vessel fill gas: helium

Divider plates: carbon steel (SA 516)

Outer corrosion barrier: Alloy 22 (UNS N06022);
restrictions on alloy constituents imposed to ensure
adequate performance

Upper and lower sleeves: Alloy 22

Inner structure: Stainless Steel Type 316 (UNS
$31600), modified with additional constraints on
nitrogen and carbon content

Inner structure fill gas: helium

Outer corrosion barrier: Alloy 22 (UNS N06022);
restrictions on alloy constituents imposed to ensure
adequate performance

Upper and lower sleeves: Alloy 22
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18D Long DOE Standardized
Canister

Materials
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Capacity Description

Disposal Licensing
Considerations

(1. Properties

(2. Vessel Systems
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Version -TBD-, Development,

OnLine Waste Library (OWL)
Vessel Detail (Draft)
DOE MANAGED WASTES USER GUIDE
Vessel Description Category Development Status Facility Name Supplier Name
This vessel is the 18 in. diameter x 15 ft long DOE standardized canister. There is a
canister shell and an internal basket assembly. The 6 basket types are the
following:
-- FFTF-Mixed Oxide Basket
-- Shippingport LWBR Basket Waste Canister Partially Designed
-- Shippingport PWR Basket

-- Fort St. Vrain Basket
-- Three Mile Island Unit 2 Basket
-- Advanced Test Reactor Basket

Shell: SA-312 (welded or seamless pipe) Stainless Steel Type 316L (UNS S31603)
Heads and lifting rings: SA-240 (plate) Stainless Steel Type 316L

Optional plugs: SA-479 (bar) Stainless Steel Type 316L.

The stainless steel materials are annealed and pickled.

Unlicensed; planned to be part of NRC-certified system. However, it has been N-stamped in compliance with 1995 ASME Boiler and Pressure Vessel Code.

For FFTF-Mixed Oxide Basket: 5 FFTF driver fuel ies and 2 Ident-69 iner with partially di d FFTF ies and individual fuel pins from assemblies that have
undergone postirradiation examination

For Shippingport LWBR Basket: 1 Shippingport LWBR seed assembly
For Shippingport PWR Basket: 1 Shippingport PWR Core 2 assembly
For Fort St. Vrain Basket: 5 FSV assemblies

For Three Mile Island Unit 2 Basket: 1 Three Mile Island Unit 2 canister

For Advanced Test Reactor Basket: 1 rectangular basket

As part of Condition No. 8, DOE must provide additional information on certain waste packages and canisters. NRC review and approval is required before receipt for canisters andf before use for waste
packages. Specifically, the NRC staff found that “these specific waste packages (i.e., 5-DHLW/DOE long codisposal, 2-MCO/2-DHLW codisposal, and Naval Short) and canisters (i.e., DHLW long, DOE
long, and Naval Short) that were not analyzed by the applicant also shall not be accepted at the repository, without prior NRC review and approval, of information from DOE that either (i) confirms that the
current PCSA bounds the intended performance of these waste packages and canisters at the GROA or (ii) demonstrates, through the PCSA, that these waste packages and canisters can be safely
received and handled at the repository during the preclosure period in accordance with 10 CFR 63.112."

Display Specific Vi I Inf ion by Expanding (+) the Type of Content Listed Below

[3. Regulations Codes Standards 5. Disposal Waste Forms 7. Supporting Documents

4. Purposes 6. Nuclear Wastes

Figure 3-3. Example of a Preliminary SSRS Report for Vessel Detail
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Efforts to Leverage Other DOE Databases—Information on vessels used for commercial SNF is
already part of the Used Nuclear Fuel-Storage, Transportation & Disposal Analysis Resource and Data
Systems (UNF-ST&DARDS) database at Oak Ridge National Laboratory. The OWL team does not
intend to duplicate the information in that database. Instead, the plan is to explore ways to integrate with
UNF-ST&DARDS in the future so the relevant content can be leveraged. However, if the OWL team
finds information regarding a vessel being used for DOE-managed waste as well as commercial SNF, that
information is captured when found rather than waiting until later when integration with UNF-
ST&DARDS has been achieved.

The SFD at INL is another database with information of potential interest to OWL end users. As
discussed in Section 3.3, the OWL team requested and received selected information in spreadsheet
format from the SFD in FY2022. Besides information on DSNF, this spreadsheet contains information on
vessels currently storing DSNF. In late FY2023, the OWL team received an updated spreadsheet
generated from the latest SFD version based on the same data request. Planning for how to incorporate the
SFD content into OWL is in progress. The vessel expansion project is one of the considerations in the
SFD planning because some overlap is expected between vessel information gathered through data
mining and that available through leveraging the SFD. The goal is to ensure a consistent and coherent
treatment of vessel information within OWL. A preliminary review of the vessel information in the SFD
spreadsheet recommended that work on the vessel information model and tables proceed without any
immediate changes to accommodate SFD content. Such changes will wait until the scope and
implementation strategy are better understood.

Another DOE database called RAMPAC (DOE n.d. [no date]; https://rampac.energy.gov/) provides
information on RAdioactive Materials PACkages certified by DOE, the NRC, and the U.S. Department of
Transportation (DOT). While this database does not contain tabular information that can be integrated
with OWL, it can serve as a resource for vessel-related documents.

Summary—The effort to include vessel information in OWL is large and complex. Although significant
progress has been made, it is expected that an OWL release with vessel information will occur at some
point beyond the current fiscal year. Future work includes continued data mining, further refinement of
the database structures as appropriate, data entry, and data checking. Eventually, when plans for
integration with the DOE SFD and the UNF-ST&DARDS database come to fruition, there will also be the
work of incorporating the vessel information from the other databases into OWL.

3.3 Leveraging Selected SFD Information

Although the DSNF inventory from some sources (e.g., N-reactor, which represents the major mass of
DSNF, and sodium-bonded SNF) has been entered directly into the OWL database, it is neither efficient
nor desirable to re-enter the other 700+ entries of DSNF in the INL’s SFD, an NQA-1 database supported
by DOE (DOE 2007). As a result, the OWL team is working with INL staff to leverage a select subset of
SFD information for use in OWL.

In FY2022, the OWL team requested a subset of data, with particular attention paid to data fields that
could support performance analyses of the back of the fuel cycle (primarily disposal). Fields useful to the
development of the new vessels area of OWL were also identified. The OWL team took care to avoid
selecting any single piece of information or combination of information with a classified designation. INL
responded to the data request with a spreadsheet generated from SFD v8.1.8. The spreadsheet was
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designated as OUQ, and INL retained ownership of the information. As a result of the OUQ designation,
the OWL team created a working area in the Internal Documents Library on the OWL Development
SharePoint Site for SFD-related materials. Access to this library is restricted to OWL team members only.

One element of planning for leveraging the SFD is the use of periodic updates from INL, ensuring that the
OWL team works with current information from the latest SFD release. In late FY2023, the OWL team
received the first such update, an OUO spreadsheet generated from SFD v8.2.20 based on the same data
request. Evaluation of the updated spreadsheet is in progress.

Planning To Incorporate SFD Spreadsheet into OWL—Incorporating the SFD information is a
complex undertaking. While some of the fields needed to store SFD information already exist in OWL
(i.e., the area dealing with waste types and waste forms), new fields will be needed as well, which means
there may be a need for new tables and SSRS reports and/or modifications to existing tables and SSRS
reports. In addition, the table structure being tested for the OWL vessel expansion (Section 3.2) may need
to be adjusted. Another issue is the fact that OWL currently has a UUR designation, but the SFD
spreadsheets are marked as OUQO. Moreover, the OUO system has been replaced with the CUI system.
Thus, one of the planning considerations is ensuring that future use of the SFD content within OWL
complies with the OUO legacy and CUI requirements.

Steps to safeguard the SFD information will likely include the following: (1) designing and implementing
the necessary infrastructure to electronically segregate the controlled and uncontrolled content from each
other, (2) ensuring a process exists to control end-user access to controlled content, and (3) ensuring
export files that contain controlled content are marked accordingly.

One of the other challenges for the OWL team is determining how best to use code to transfer the data
from the SFD spreadsheet into OWL. To the extent possible, the technical software specialists on the
OWL team will develop a software script to automate the transfer process. An automated method is both
easier to manage and less prone to error. This script would also facilitate the processing of future periodic
updates from the SFD.

To maintain the traceability of OWL content, the SFD-provided content in OWL will rely on the SFD
spreadsheet (in pdf format) as the supporting document. There is no need for additional support because
the SFD is an NQA-1 database. This designation signifies that the SFD content is adequately supported
and maintained.

The planning required to incorporate the SFD information into OWL is a complex, ongoing effort that
will extend into FY2024. When the scope and implementation strategy for changes are better understood,
the OWL team will make appropriate entries in the change control system (Section 2.6) for the associated
work.

Future Work—The planning discussion above effectively describes the future work needed to
incorporate the initial SFD information into OWL. In summary, the effort will involve the following:
(1) change the OWL structure to accommodate SFD information (applies to structures for waste
types/waste forms and for vessels), (2) ensure SFD information has adequate safeguards with respect to
end-user access and export markings, (3) develop a script to automatically transfer information from the
SFD spreadsheet to OWL, and (4) use the SFD spreadsheet as the source for a supporting document to
link to the new content. The work will be managed and documented through the relevant change and
associated tasks in the change control system.
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The OWL team and INL will coordinate regarding periodic updates to ensure that, when the SFD has a
new release, the OWL team has access to the latest SFD information. The first step in this direction was
the receipt of the updated SFD spreadsheet in FY2023. Ideally, once the SFD information is incorporated
into OWL, these periodic updates from INL will occur once or twice a year as appropriate, with about two
to three months lead time prior to the next OWL release to allow time to deal with any unforeseen issues
with the file handling. However, in practice the timing of the periodic updates will depend primarily on
the release schedule for new SFD versions.
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4. CONCLUSIONS

This report represents completion of milestone deliverable M2SF-24SN010309082 Annual Status Update
for OWL due on November 30, 2023. It provides the status of FY2023 OWL updates for the work
package “OWL - Inventory - SNL.” Work on the OWL database is guided by two primary purposes. The
first purpose is to provide a user-friendly, consolidated single source of information on DHLW, DSNF,
and other DOE-managed wastes that are likely candidates for deep geologic disposal. There may be up to
several hundred different DOE-managed wastes suitable for inclusion in OWL. Because DOE programs
involving nuclear waste continue to evolve, the content suitable for OWL continues to evolve as well. To
fulfill the first purpose, OWL is updated periodically to capture applicable information as it is publicly
released. For example, when updated information on SRS glass waste is released, OWL is updated to
include the information. The second purpose is to provide input parameter files with relevant information
on waste types, inventory, waste form characteristics, vessels, etc. for PA analyses in the context of the
GDSA framework. There is also the potential for codes outside of the GDSA framework (e.g., process
modeling codes not coupled to GDSA or storage/transportation systems assessments) to benefit from
similar integration efforts.

Since OWL is updated at least once a year, each fiscal year involves supporting the release of a new
database version. OWL version 5.0 (SAND2023-09589W) was released on September 25, 2022. The
primary changes in this release involved making updates as appropriate to deal with existing supporting
documents that have been revised or replaced by an external entity. A new screening process was
developed and implemented to identify such documents and enter any recommended changes into the
configuration management system (Section 2.6). The changes were processed for inclusion in OWL
version 5.0.

During FY2023 the primary OWL activities involved the following: (1) GDSA interface development,
(2) vessel expansion of OWL, and (3) leveraging selected SFD information. A summary of the status of
these updates appears below.

GDSA Interface Development (Section 3.1)—The goal of developing a GDSA interface is to build the
capability within OWL to generate input parameter files for use in the context of the GDSA
computational framework, primarily the massively parallel subsurface flow and reactive transport code,
PFLOTRAN. Regular discussions between the OWL and GDSA teams in FY2022 resulted in identifying
the inventory and characteristics of glass waste as the first area of integration between OWL and GDSA.
In FY2023 the necessary data were collected andnecessary calculations were performed; required
modification of supporting documents was initiated.

Vessel Expansion of OWL (Section 3.2)—The addition of vessel information to OWL is a complex,
multiyear project. The plan for OWL since its inception has been to allow the database to evolve over
time in terms of both content and capability. One of OWL’s primary functions is to provide access to
information on DOE-managed wastes likely to be disposed of in a mined geologic repository. The OWL
expansion to include information on the vessels capable of disposing of that DOE-managed waste, with
the ancillary aspects of storing and transporting those wastes/waste forms, is seen as a complement to this
function. Thus far, development efforts for the vessel area have emphasized mining the literature,
determining which pieces of information (i.e., database fields) to capture for each vessel, building the
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necessary database structure into OWL, and designing the SSRS reports necessary to display the
information.

The OWL team has decided to create the vessel area as a subsite to the main OWL structure containing
waste type and waste form information. Once the information modeling was mature enough, the initial
table structure was created in the SQL server. Testing and revision of the tables is in progress. Sample
data have been entered, and database views have been created to help evaluate the table functionality
within the SQL server environment. In addition, preliminary vessel SSRS reports have been developed to
examine how well the tables support the display of information to the end user.

Leveraging Selected SFD Information (Section 3.3)—DOE has other databases containing information
that is attractive for use in OWL. Rather than try to duplicate this information, the preference is to
leverage the information of interest. The SFD is a DOE-sponsored, NQA-1 database hosted by INL with
over 700 entries of DSNF (DOE 2007). Although the DSNF inventory from some sources (e.g.,
N-reactor, which represents the major mass of DSNF, and sodium-bonded SNF) has been entered directly
into OWL, it is neither efficient nor desirable to re-enter the other 700+ entries of DSNF contained in the
SFD.

In FY2022, the OWL team requested and received from INL a subset of SFD information in spreadsheet
format. The spreadsheet was designated as OUOQ, though the CUI system has since replaced the OUO
system. In any case, the use of controlled information marks a change for OWL since all previous data
obtained has had a UUR designation. The initial planning calls for the OWL team and INL to coordinate
regarding periodic updates to ensure that, when the SFD has a new release, the OWL team has access to
the latest SFD information. In late FY2023, INL sent the first such updated file, an OUO spreadsheet
generated from the latest SFD version based on the same data request. Evaluation of the updated
spreadsheet is in progress.

Planning is currently underway regarding the changes to OWL necessary to not only store and display the
SFD information, but also to ensure OWL has adequate safeguards, especially with respect to end-user
access and export markings, to control the SFD information. In addition, the OWL team is exploring what
would be involved in developing a software script to automate the transfer of data from the SFD
spreadsheet into OWL. To maintain traceability, the new SFD content will be linked to the SFD
spreadsheet (in PDF format) as the supporting document. No additional support is needed because the
SFD is an NQA-1 database, a designation signifying that the SFD content is adequately supported and
maintained.

The planning required to incorporate the information from the initial SFD spreadsheet is a complex,
ongoing effort that will extend into FY2024. Afterwards, the OWL team will make appropriate entries in
the change control system (Section 2.6) for the work needed to implement the planning.

Future Work on OWL—Future work on OWL is expected to emphasize the following:

e Maintain and Update OWL—There is an ongoing need to maintain OWL to ensure identified
errata are documented and corrected and to update the database as newly released information on
DOE-managed wastes becomes available.

e Continue Effort on GDSA Interface Development—Integration with the PFLOTRAN team
will be continued, expanding the database and database reports to include more of the
information needed by PFLOTRAN to model the waste in different waste packages. Specifically,
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information for spent fuel would be added to the information after the process for adding glass
waste information, as described above, has been completed.

o Continue Effort on Vessel Expansion—As discussed previously, the effort to add vessel
information to OWL is a complex, multiyear endeavor. The primary focus will be on completing
the testing and refining of the vessel information model and tables along with work on
development and refinement of other database structures (i.e., stored calculation tools if any, and
SSRS reports for display). Afterwards, attention will shift to continued data mining, data entry,
data checking, and development of supporting documents. Eventually, when the SFD integration
effort is more advanced, there will also be work incorporating the vessel information from the
SFD into OWL. A similar situation will exist if plans to leverage selected information from the
UNF-ST&DARDS database come to fruition.

o Continue Effort on Leveraging Selected SFD Information—As discussed above, planning is
currently underway regarding how best to accomplish the following: (1) change the OWL
structure to accommodate SFD information (applies to existing structure for waste types/waste
forms and vessel structure still in development), (2) ensure SFD information has adequate
safeguards especially with respect to end-user access and export markings, (3) develop a script to
automatically transfer information from the SFD spreadsheet to OWL, and (4) use the SFD
spreadsheet as the source for a supporting document to link to the new content. This planning is
expected to continue into FY2024, after which the work will enter the implementation phase.

o Explore Leveraging Selected Information from Other DOE Databases—Another DOE
database of interest is the UNF-ST&DARDS database at Oak Ridge National Laboratory. This
database contains information on commercial SNF and related vessels, though it is the vessel
information that is of interest since OWL focuses on DOE-managed waste. Similar to the SFD
effort, the goal would be to identify and obtain a subset of information deemed suitable for use in
OWL. Again, the OWL team would rather leverage information of interest from UNF-
ST&DARDS than try to duplicate it.

e Prepare for Migration of OWL to the Cloud—The OWL Development Environment resides
on the SRN and the Release Candidate Environment and Production Environment reside on the
ECN. At some point in the future, all three OWL environments are expected to be migrated to
SNL’s cloud computing platform. The migration will likely be staged according to network, with
the ECN-based environments being processed first. The effort will require planning and
resources, especially given that some elements within OWL will not be available on the cloud.
One example is the suite of SSRS reports currently used to display database content. These
reports will likely need to be converted to paginated reports in MS Power Business Intelligence
(B1) on Azure cloud computing platform.
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APPENDIX A. EXAMPLES OF VESSELS IDENTIFIED
THROUGH DATA MINING

The data mining effort provides the foundation for the majority of the tasks associated with vessel
expansion. Some of the vessels actually exist while others are in various stages of planning and design.
The types and level of detail of information available for any given vessel vary greatly. The emphasis has
been on vessels that are either planned for use or are already in use for DOE-managed wastes. These
vessels may have been developed for DOE use or may have originally been developed for commercial
use. Detailed information on commercial vessels is already part of the UNF-ST&DARDS database at Oak
Ridge National Laboratory, and a future effort is planned for integrating with that database. In the
meantime, information from other sources about commercial vessels being used to store and/or transport
DOE-managed waste is being processed as part of the data mining effort.

Five different vessels are presented below as examples of the vessel information found through data
mining. The example vessels are the following:

e Transportation, Aging, and Disposal (TAD) Canister

e TAD Waste Package (21-PWR/44-BWR TAD; PWR refers to pressurized water reactor and
BWR refers to boiling water reactor)

e M-290 Transportation Cask
e NUHOMS 12-T Dry Shielded Canister

e Modified NAC-1 Cask (NAC refers to the manufacturer, Nuclear Assurance Corporation
International)

Table A-1 provides a summary of some of the descriptive information available for the example vessels,
which were selected to display some of the variety within the pool of vessels identified by the data mining
thus far. Some of the vessels currently exist and some are only partially designed. Some are developed
solely for DOE use and some have commercial use as well. The primary purpose may be storage,
transportation, disposal, or some combination thereof. In addition, each vessel is subject to a hierarchy
that dictates the layering used in a nested system of vessels. In fact, being part of a nested system of
vessels is something all vessels, not just the example vessels, appear to have in common. A vessel
typically needs one or more additional vessels to fulfill its intended function, be it for storage,
transportation, or disposal. The additional vessel(s) may be inner or outer layers relative to the vessel of
interest depending on the situation. Although the TAD canister and TAD waste package are intended for
commercial SNF, they are included in the list because they serve as straightforward examples of (1) two
layered vessels working together for the purpose of disposal, (2) two partially designed vessels that have
standing as part of recognized DOE planning or decisions, and (3) two vessels intended solely for DOE
use. They are also discussed in the Yucca Mountain license application (DOE 2008).

The subsections below provide more information about each example vessel as well as tables of physical
attributes.



Table A-1. Descriptive Information for the Five Example Vessels

Descriptive
Attribute

TAD
Canister

TAD Waste Package
(21-PWR/44-BWR TAD)

M-290
Transportation Cask

NUHOMS 12-T
Dry Shielded Canister

Modified
NAC-1 Cask

Primary Purpose

Transportation and
Disposal

Disposal

Transportation

Storage and Transportation

Storage

Hierarchy of
Vessel System

Transportation/Inner Layer
— None

Disposal/lnner Layer —
TAD Canister

Transportation/Inner Layer
— The cask is licensed to

Storage/lnner Layer —
Canisters of TMI-2 Fuel

Storage/Inner Layer — LWR
Canister

(layering of Transportation/Outer Layer |Disposal/Outer Layer — transport both canistered  [Debris Storage/Outer Layer — 1ISO
vessels)? — Transportation Cask None and bare fuel Storage/Outer Layer — Shipping Container (tall or
NUHOMS 12-T horizontal |[short)
Disposal/inner Layer — Transportation/Outer Layer [Storage module (storage
None — None overpack)
Disposal/Outer Layer — .
TAD waste package (21- Transportation/Inner Layer
PWR/44-BWR TAD) —None
Transportation/Outer Layer
— MP-187 (transportation
and transfer cask)
Description The TAD canister is a right |This waste package The cask is part of a Dry shielded canister The modified NAC-1 cask

circular cylinder with
components including a
canister shell, lid(s), and
other required components
(e.g., basket for holding
fuel assemblies, thermal
shunts, neutron absorbers)
needed to perform its
functions.

consists of two concentric
cylinders. Inner vessel
includes inner cylinder,
bottom inner lid, and
closure inner lid. Outer
corrosion barrier includes
outer cylinder, outer bottom
lid and top closure outer
lid.

Configuration: 21-PWR/44-
BWR TAD

shipping container system
(including specialized rail
car) used by Navy to
transport Naval SNF from
shipyard to INL

consists of cylindrical shell
with welded top and bottom
cover plates forming a
containment boundary.
Baskets provide heat
transfer paths, criticality
control and structural
support.

is a smooth-surface, right
circular cylinder with an
inner and outer shell. It has
been modified such that
impact limiters protrude
radially at both ends.
Modifications also include
removal or plugging of
several valves connected
to the confinement cavity,
removal of anti-rotational
lugs in the interior cavity to
accommodate the LWR
canister, and replacement
of neutron shield tank
pressure relief penetrations
with threaded solid plugs.
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Table A-1. Descriptive Information for the Five Example Vessels (continued)

Descriptive TAD TAD Waste Package M-290 NUHOMS 12-T Modified
Attribute Canister (21-PWR/44-BWR TAD)| Transportation Cask | Dry Shielded Canister NAC-1 Cask
Development Partially Designed Partially Designed Exists Exists Exists
Status
Contents Commercial SNF 1 TAD canister containing |Canisters of Naval SNF Canisters of TMI-2 fuel 1 LWR canister containing
assemblies commercial SNF debris commercial PWR
assemblies assemblies (Calvert Cliffs
and Point Beach)
DOE Facility NA NA Shipped to INL INL Hanford Site
Licensing/ Unlicensed; planned to be |Unlicensed; planned to be |[NRC certified under 10 NRC certified (SNM-2508) |DOE safety evaluation:

Certification

part of NRC-certified

system system

part of NRC-certified

CFR 71 (CoC 9796 R2)

for storage at INL

Carrell, R. 2002. Annex D-
200 Area Interim Storage
Area Final Safety Analysis

Report. HNF-3553, Rev. 2.

March.

NOTE:

Source:

2 For convenience, inner and outer layer designations are provided relative to the position of the vessel in the column header. Note that the vessel information model uses
numbers to identify vessel positions within the vessel system as a whole (Section 3.2).

BWR = boiling water reactor

CoC = Certificate of Compliance

DOE = Department of Energy

INL = Idaho National Laboratory

ISO = International Standards Organization
LWR = light water reactor

NA = not applicable

NAC = Nuclear Assurance Corporation
NRC = Nuclear Regulatory Commision
PWR = pressurized water reactor

SNF = spent nuclear fuel

TAD = transportation, aging, and disposal
TMI = Three Mile Island

TAD Canister: DOE 2008.

TAD Waste Package (21-PWR/24 BWR TAD): DOE 2008.
M-290: NRC 2019.

NUHOMS 12-T: Greene et al. 2013.

Modified NAC-1: Carrell 2002.
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A-1. TAD Canister

The TAD canister was intended for multiple uses including transportation, aging, and disposal of
commercial SNF, according to the Yucca Mountain license application (DOE 2008). Detailed design
information for the TAD canister has not been developed. A performance specification was developed for
selected system components in support of the license application. Table A-2 provides the physical
properties of the TAD canister.

The plan presented in the license application was based on loading the majority of commercial SNF into
TAD canisters at the utilities. The TAD canisters would be sealed at the utilities and transported to the
repository. At the repository the TAD canisters would be loaded into TAD waste packages (21-PWR/44-
BWR TAD) and emplaced into the repository. There are provisions in the plan for loading some,
approximately 10%, of the TAD canisters at the repository. There are also provisions for aging, or storing,
TAD canisters on the surface before loading them into TAD waste packages. Surface aging would be
determined by operational considerations.

Table A-2. Physical Properties of TAD Canister

Physical Property Value
Canister Height 186.0 — 212.0in.
Canister Diameter 66.5 in.
Maximum Weight — TAD Canister and Waste Package Spacer 54.25 tons
Content Specification — Fuel Types PWR & BWR assemblies
Content Specification Limit — PWR Assemblies Less than 5% initial enrichment
Content Specification Limit — PWR Assemblies 80 GWd/MTU or less
Content Specification Limit — PWR Assemblies No less than 5 yr cooling time
Content Specification Limit — BWR Assemblies Less than 5% initial enrichment
Content Specification Limit — BWR Assemblies 75 GWd/MTU or less
Content Specification Limit — BWR Assemblies No less than 5 yr cooling time

NOTE: BWR = boiling water reactor
PWR = pressurized water reactor
TAD = transportation, aging, and disposal

Source: DOE 2008, Section 1.5.1.1.1.2.1.4.

A-2. TAD Waste Package (21-PWR/44-BWR TAD)

The TAD waste package was intended for disposal of commercial SNF in a TAD canister, as described in
the Yucca Mountain license application (DOE 2008, Section 1.5.2). The waste package consists of two
concentric cylinders; the TAD canister fits inside the waste package inner cylinder. The inner cylinder is
Stainless Steel Type 316 (UNS S31600) and the waste package outer barrier (i.e., outside of the outer
cylinder) is bounded by a layer of Alloy 22 (UNS N06022). The Alloy 22 is a corrosion resistant material
that is included in the design to enhance the long-term performance of the waste package. Table A-3 lists
the physical properties of the TAD waste package.
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Table A-3. Physical Properties of TAD Waste Package (21-PWR/44-BWR TAD)

Physical Property Value
Waste Package Length 230.32in.
Waste Package Outer Diameter 77.28in.
Loaded Weight 162,055 Ib
Capacity 1 TAD canister

NOTE: TAD = transportation, aging, and disposal
Source: DOE 2008, Table 1.5.2-3.

A-3. M-290 Transportation Cask

The M-290 is the rail transportation cask developed by the Navy. In 2013, the NRC licensed this cask for
the transportation of both bare fuel and canistered SNF, with the last supplement being processed in 2019
(NRC Certificate of Compliance [CoC] 9796 R2 [NRC 2019]). The certificate pertains to transporting
A1W and A1G SNF modules. In 2017, the Nuclear Waste Technical Review Board (NWTRB) reported
that the Navy is planning to use the casks to ship the Naval SNF from the sites where the SNF is removed
from naval vessels to INL for storage (NWTRB 2017). The cask can also be used for transport of the SNF
to a future repository.

According to NWTRB (2017), the details of the configuration of the vessel internal contents vary
depending on nature of the fuel being transported. The most significant differences relate to whether bare
fuel or canistered SNF is being transported. However, characteristics derived from the fuel configuration
and use can also be important. The Navy is expected to develop 16 different core dependent safety
analysis reports for review by NRC. Each of the 16 will reflect a distinct configuration of Naval SNF. The
physical properties of the cask are listed in Table A-4.

Table A-4. Physical Properties of M-290 Transportation Cask

Physical Property Value
Maximum Height (Including Domes) 361.5in.
Maximum Outer Diameter 128 in.
Maximum Weight (Including Contents) 520,000 Ib
Cavity Diameter 71in.
Cavity Height 242 in.
Body Outer Diameter — upper section 92.151in.
Body Outer Diameter — lower section 96.15in.
Body Steel Wall Thickness — upper section 10.6 in.
Body Steel Wall Thickness — lower section 12.6in.

Source: NRC 20109.
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A-4. NUHOMS 12-T Dry Shielded Canister

Manufactured by Transnuclear Inc., the NUHOMS storage system is a storage and transport system
reported in Greene et al. (2013, pp. 139-176). This system relies on a dry shielded canister, a transfer
cask, a horizontal storage module made of reinforced concrete, and a transportation cask. There are
multiple dry shielded canisters designed for different uses. According to Greene et al. (2013), NRC issued
SNM-2508 on March 19, 1999 for the use of NUHOMS 12-T dry shielded canister to store Three Mile
Island-2 (TMI-2) fuel debris canisters at INL. The “12” indicates that the dry shielded canister can
contain 12 canisters and the “T”” means that it is transportable. As of March 2013 (the date of the report),
345 TMI-2 canisters had been loaded into 29 NUHOMS 12-T dry shielded canisters, which were then
placed into horizontal storage modules for storage. The M-187 cask was identified as the transfer cask
and the transportation cask for the NUHOMS 12-T dry shielded canister.

Table A-5 provides the physical properties for the NUHOMS 12-T dry shielded canister recorded in
Greene et al. 2013. The NUHOMS 12-T dry shielded canister was also mentioned by the NWTRB in a
report to Congress and the Secretary of Energy written in 2017 (NWTRB 2017, Section 5.1.1.1).

Table A-5. Physical Properties of NUHOMS 12-T Dry Shielded Canister

Physical Property Value
Materials of Construction (canister body, basket, shield plugs) carbon steel
Overall Length 163.51in.
Cross Section 67.2in.
Cavity Length 151 in.
Wall Thickness 0.625 in.
Loaded Weight <70,000 Ib
Design Heat Rejection 0.86 kw
Maximum Burnup 3.2 GWD/MTU
Cavity Atmosphere air
Capacity (intact assemblies) 12 TMI-2 fuel debris canisters

NOTE: TMI = Three Mile Island

Source: Greene et al. 2013, unnumbered table on p. 66.

A-5. Modified NAC-1 Cask

The modified NAC-1 cask is part of a nested system used for storage at Hanford. Table A-6 lists some of
the physical properties of the cask. A DOE safety evaluation documented by Carrell (2002) is the primary
information source. The NWTRB later discussed the cask in a 2017 report to Congress and the Secretary
of Energy (NWTRB 2017, Section 4.1.2).

The modified NAC-1 cask is a right, circular cylinder with an inner and outer shell. Each modified
NAC-1 cask contains one light water reactor (LWR) canister, which serves as the innermost layer in the
vessel hierarchy. The LWR canister contains commercial PWR assemblies (Calvert Cliffs and Point
Beach) and provides a confinement boundary during storage. The modified NAC-1 cask provides
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structural protection and shielding. It is placed in an International Standards Organization (ISO) shipping
container (tall or short) for storage. In this case, the shipping container is intended only to provide shelter;
it is not meant for on-site or off-site transportation.

Manufactured by NAC International, the NAC-1 cask (unmodified) was licensed by the NRC to
transport LWR SNF and waste material. Later at Hanford, the cask was modified for storage and on-
site transportation purposes as follows: (1) impact limiters were changed to protrude radially at both
ends, (2) several valves connected to the confinement cavity were removed or plugged, (3) anti-
rotational lugs to the cavity interior were removed to accommodate the LWR canister, and

(4) neutron shield tank pressure relief penetrations were replaced with threaded solid plugs. When the
cask was modified, the NRC license for transportation was not retained. Therefore, while the
modified NAC-1 casks can be transported on site, they cannot be transported off site from Hanford
unless the appropriate NRC transportation license is obtained.

Table A-6. Physical Properties of Modified NAC-1 Cask

Physical Property Value

Materials of Construction Main Structures: stainless steel
Shielding: chemical-grade lead
Axial Fins at Lead/Steel Interface: copper

Capscrews for Closure Lid: ASTM A-320,
Grade L43, low alloy steel

O-ring Seals for Closure Lid:
polytetrafluoroethelene

Impact Limiters: balsa, stainless steel,

asbestos
Cavity Diameter 13.50in.
Cavity Length 178.0in.
Wall Thickness 0.3125in.
Maximum Outer Diameter 50 in.
Outer Length (including impact limiter) 214 in.
Vessel Lid Thickness 7.5in.
Loaded Weight 47,150 Ib

NOTE: ASTM = American Society for Testing and Materials
Source: Carrell 2002.
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A-6. Summary Observations about Vessel Information

As indicated by the example vessels shown above, there is a great deal of variety within the population of
vessels identified through data mining the literature. Basic descriptive information includes determining
whether the vessels (1) actually exist or not, (2) are used for DOE-managed waste, commercial SNF, or
both, and (3) are used for storage, transportation, disposal, or some combination. VVessels must be
considered in terms of a vessel system consisting of a hierarchy of vessel layers nested inside one another
to accomplish the purpose of storage, transportation, or disposal. The hierarchy associated with a vessel
may change if the purpose changes (e.g., the same inner vessel may use a storage overpack, a
transportation cask, or a disposal waste package depending on the situation). The OWL table structure is
being designed to ensure vessel systems used for different purposes can be identified and that, for each
system, the relative positions of different vessels within the system are clear.

A challenging aspect of the data mining is that there is also variety in the type and level of detail of
information available for different vessels. Part of that variability is a function of whether the vessel exists
or not. For example, a vessel that exists and has been licensed for storage or transportation by the NRC
will have far more information available than a vessel that is in the preliminary design stage.
Nevertheless, a comparison of Table A-4, Table A-5, and Table A-6 reveals that, even for existing
vessels, variation exists in the types of information reported. As a result, it is natural and expected that
only a portion of the available fields in the vessel tables will be populated for any given vessel. Data
mining of public documents really is a case of “what you see is what you get”.

The variety in the nature of the vessels as well as the type and level of detail of the information available
must be taken into account in the design of the vessel tables and the relationships between the tables. Care
must also be taken in designing the links to the waste/waste form area of OWL. Another challenge is
designing the user interface with controls to select what the user wants to see and determining how that
information is going to be displayed. For the five vessel examples above, the choice was made to have a
summary table (Table A-1) allowing for a comparison of certain information for all five examples. Then
individual tables (Table A-2 to Table A-6) with physical properties for one example vessel at a time were
presented. Similarly, the user interface is being designed to allow users to pick one or more displays that
compare information for multiple vessels. The design will also allow users to pick one or more displays
that provide more detailed information about a single vessel. In the end, the goal is to add useful
information on vessels to OWL and to provide the user easy ways to examine the information at a high
level or drill down to details to get what he or she needs.
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APPENDIX B. OWL USER’S GUIDE

The links to the OWL User’s Guide are available to the user on the OWL home page and on all of the
SSRS reports. The process for updating the document is governed by the OWL release process (Weck

et al. 2021c). At some point—typically about a month—after the release of a new version of OWL, the
OWL team updates the OWL User’s Guide and replaces the old version with the new version in all OWL
environments. This action is the last step in the postprocessing phase of the release process.

The updated OWL User’s Guide (version 5.0; SNL 2023) corresponding to the current OWL release
(version 5.0) is reproduced below. The formatting from the OWL User’s Guide has been retained for
consistency with the original document. For example, the subheads are unnumbered, the fonts are
different, and the figures do not have captions. The links in the OWL User’s Guide to various locations in
the document are shown through appropriate formatting, but they are not active in this appendix. In
addition, Appendix A of the OWL User’s Guide has been relabeled as Attachment B-1 to avoid confusion
with the appendices in this annual status update report.
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SAND2023-13489R

OWL User’s Guide — Version 5.0
November 10, 2023

The purpose of the Online Waste Library (OWL)
(https://collaborate.sandia.gov/sites/OWL/SitePages/Home.aspx) is to provide a single
site that contains information on the many different U.S. Department of Energy (DOE)-
managed wastes that are likely to require deep geologic disposal. Generally, these
wastes are classified as either spent nuclear fuel (SNF), high-level waste (HLW), or
transuranic waste (TRU). A complete list of all the DOE-managed wastes that are in
OWL is available by clicking on “DOE-Managed Wastes” on the home page. TRU waste
that is already destined for WIPP is not included in OWL, and commercial SNF that is
not managed by the DOE is also not included in OWL.

Note that Firefox and Chrome are the recommended browsers, as there are limitations
on the use of other browsers.

Navigation

Clicking on an item to open it, such as a link to a document, opens the item in a new
window. To close the item, simply close the window. To go back to the previous
webpage, click on the window containing that page. Many webpages allow you to
navigate back to the Home Page, to the DOE-Managed Wastes webpage, or to the
User Guide via links in the upper left corner of the webpage.

ED -—

HOME PAGE USER GUIDE

Printing and Saving

To print or save a webpage, click on “Actions” in the upper left corner of the webpage
you wish to print or save. From the drop-down menu that appears, select “Print” if you
want to print the webpage or “Export” if you wish to save it in a different format (e.g.,
pdf, Excel, Word).
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How Do I....?

See which wastes are included in OWL?

See which wastes are at a particular site?

See the DOE-managed wastes by classification (high-level waste, spent nuclear fuel, or
transuranic waste)?

See what the DOE has planned or proposed with respect to the disposal waste forms
for the wastes?

See the radionuclide inventory of a particular waste?

See the radionuclide inventory of a particular waste or wastes as of a specific date
(yean?

See a graph showing the total radioactivity and thermal output of a waste (or all wastes)
over the next 200 years?

See a list of radionuclides included in OWL?

See a list of documents used to support the information in OWL?

See which wastes are included in OWL?

Click on “DOE-Managed Wastes” from the home page.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...
The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Waste Forms

Inventory Calculator

Users Guide 200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste

Errata - reported data errors
Radionuclides

Announcements Supporting Documents

See which wastes are at a particular site?

Click on “DOE-Managed Wastes” from the home page, then select the name of the
desired facility from the selection pane on the left side of the page. In the example
shown below, Hanford is selected.
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ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current

@ Sandia National Laboratories

DOE-Managed Wastes

Waste Forms

Find Information About ...

rting d ts for the data (wh ible).
supporting documents for the data (when possible) At CalGilator
Users Guide 200-Year Inventory and Thermal Output

Baseline Radionuclide Inventory in Each Waste

Errata - reported data errors mr
Radionuclides

Announcements Supporting Documents

Version 6.0, 2023-09-25, SAND2023-09689W

To fiter Wastes, click on fem's text. beiow

Select a Facility Name

Waste
(click on Name for details)

Calcina Waste

AL

Hanford

Idaho National Lab

‘Savannah Rives Ste

Select a Waste Classification

Cesium and Strontium Capsules

eder Reactor-I|

AL

High Lovel Wasle

‘Spent Nuclear Fuel

“Transuranic (TRU) Wasto.

Bre:
(EBR-I) Driver Spent Nuclear
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Experimental Breeder Reactor Il
{EBR.II) Expenimental Driver
Spent Nuclear Fuel

Expenmental Breeder Reactor-Il
(EBR-I1) Radial Blanket Spent
Nuclear fuel

East Flux Test Facility (FETF

Formi-1 Blanket Spont Nuclear
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Sep 30,2017

Sep 30,2017
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Jan 01,2008
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See the DOE-managed wastes by classification (high-level waste, spent nuclear
fuel, or transuranic waste)?

Click on “DOE-Managed Wastes” from the home page, then select the desired waste
classification from the selection pane on the left side of the page. In the example shown
below, “Spent Nuclear Fuel” is selected.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current Waste Forms

rting d ts for the data (wh ible).
supporting documents for the data (when possible) Inventory Calculator
Users Guide 200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste
Errata - reported data errors )
Radionuclides

Announcements Supporting Documents

then

OWL > ReportSource

actions < 1 ()11 < BTt > D@

i Version 5.0, 2023-09-25, SAND2023-09589W
H
OnLine Waste Library (OWL)
DOE-Managed Wastes
‘To fiter Wastes, click on flem's text below Waste B BaseLine ‘Waste Classification = Wast Storage Facllity *
(click on Name for details) Inventory Date * Description ity = Total Volume Total Radioactivity
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%y Salcine Waste Jan 01,2016 HghLevelWaste | TS Wastets 3 from i 2 1330 National Lan 160,000 Cubic Feet 31300000 Curies
i reprocessing SNF.
Hanford “This waste consists of 1335 CsCl capsules and 601 SIF2 capsules, each about 21
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Ydaho Natonal Lab Cesium and Stiontum Capsules | Jan 01, 2016 N Level st | o1 e Wesie Ecameon a1 Siereot £ty ot Hanforg 128 Cubic Feet Curies
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High Level Waste disposal waste forms. from
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“This waste consists of 34 canisters of glass prepared by Pacific Northwest
Laboratory to provide heat and radiation SOUTCeS for repositary testing by the.
Federal Republic of Germany in the Asse salt mine. This wasle has been classfied
2an01,1587 | Transurani (TRU) Waste |25 R TRU but does not meet the equirements of the WIFP WWaste Acocpiance Hanford 036 Cubic Feet 17.200000 Curies

Crtenia and 0 cannot be disposed of at the WIPP Two of the 34 canisters are
thought to contain depleted uranium and natural thorium, but no cesium or
strontium, The 34 canisters are currently stored In 6 CASTOR casks and 2 GNS
casks
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See what the DOE has planned or proposed with respect to the disposal waste

forms for the wastes?

Click on “Waste Forms” from the home page, then select the waste form in which you
are interested. In the example shown below, “Calcine waste that has been hot

isostatically pressed, with additives” was selected.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Users Guide
Errata - reported data errors

Announcements

then

UWL > Keportsource

actions = 1 ()1 |<1<. o1 > D@ find Next ([100% [¥]

OnLine Waste Library (OWL)

Waste Types and Disposal Waste Forms

Waste Types and Associated Disposal Waste Forms
or  Preferred or

Waste Disposal Waste Form Waste Form Description i Exn"m‘:hd Alternative
Cakine Waste ste comented without vitrification | Direct of the cak tion. Projected Alternative

Cakine waste treated by hat isostatic pressing, |r\<ludmg silica, titanium

and calcium sulfate (glass ceramic). Processing the calane with the siica -

and it mmlsneededmdlmtel\mhazamswa;m fecind
characteristics.

Calcine waste treated by hat isostatic pressing without slica, titanium and 5,
caloum sulfate (glass ceramic). geaed

Preferred

Alternative
Calcine waste that has been vitrfied following separation. Projected Aernative
Calcine waste that has been vitrfied without separation. Projected Arernative

Calcine waste that is disposed of without further treatment. Bxisting Arernative

Cs and Sr capsules, as-is, disposed of in waste packages designed for a

Cesium and Strontium Capsules iias vl 16 tabsiesd po¥ besdos Existing Arernative

Glass logs in canisters Projected Preferred

Glavaunded sodalite material produced from mixing cooled, mxhai salt
(txuvmn;ml.ll Breeder "‘&‘; - from the electrorefiner with zeolite and borasilicate binder
Dirves: Spen; Ceramic Waste Form rewwd quantity and volume represent the quantity and vomme of Projected Preferred
waste produced by electrorefining all wdurrrbomed spent fuel
(Mandblmim)hmnﬂ-em 11 and the
A LIC-KC salt mix with lesser ammsduad omduoadhvm
electrorefining driver sodium-bonded spent fuels from bath the EBR-IT

Electrorefiner Salt Waste Foan from Drver a0 Wie PFTE: This Wadte fovm Wokd be disposed of WRboUE fither

o T T emment o processig (i, o sk}, ket Techcal Fensbiy of Projected Atermative

(
Direct Disposal o Eectrrelner Sl Waste (2017) and Roocmop
Disposel o Elecrorehner Saf s Transuranc Woste (2017) presnt an
altemative packaging plan using existing containers.
AFeCr e 2 mature and an ron sodsokton phasethat are
interspersed on a
metal waste §.n:-'m\ in the form oflmms ‘The quantity and volume
reproted represent the quantty and volume of metallc waste produced
by eecrorehing ol soda bonded spent el (drver and bk fom
the EBR-11 and the FFTF.
Glass-bonded sodalite material prodiuced from mixing cooled, crushed salt
from the electrorefiner with zeolite and borosilicate binder glass. The
2 Form fmvoste ity oo nhers v e ity b of Projected Preferred

by electrorefining all sodium-bonded spent fuel

v and boeser) rom fhe EOR-I an e FFIF.

ALICIKC! salt mix with lesser amounts of NaCl produced from

Metallic Waste Form Projected Preferred

Experimental Breeder Reactor 11
(EBR11) Expermental Drives Spent
Nuclear Fuel -

Find Information About ...

DOE-Managed Wastes

Waste Forms

Inventory Calculator

200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste
Radionuclides

Supporting Documents

Version 5.0, 2023-09-25, SAND2023-09589W

Quantity Volume Supporting Document

2ft. diameter, 10 ft. tall

18,000 570,000 cubic feet On.Line Wase Library Supporiing Information
4,045 c"’““’"“f‘i"“;";h“h”‘ 190,000 cubic feet | On-Line Wasle Library Supporing Informalion
3,23 M@lm""t'd’;';"’;';f“m 150,000 cubic feet | On-Line Waste Library Supporting Infarmation
2t diameter, 10 f.tall T o
1o 2% 37,000 cubic feet | OnLine Waste | ibeary Supoaring Information
2 . dameter, 10 f. tall .
1200 2 380,000 cubic feet
2 . diameter, 10 . al nLine Wasie | ieary Spporing information
G100 2 o 190,000 cubic feet | On-Line Wasle Library Supportiog Information
8625 in. dlameter, 16 . tal T D,
08 686 cubic feet Deep Rorehole Disposal Safefy Analys
sa0. 21 dameta 151 16000 ot
96 2 ft. diameter, 10 fr. tall canister 60 cublic meters Source Tenms for HLW Glass Canisters
27 cm diater, 155 an tall
B gt 0.8 cubic meters
6 2Mdometer, 10M tol canister  1.2cublemeters | Source Terms for HLW Glass Ganisters.
96 2ft diameter, 10 . tall anister 60 cubic meters | Source Terms for LW Glass Canisters
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See the radionuclide inventory of a particular waste?

There are three different ways to do this. One way is to click on “DOE-Managed
Wastes” from the home page, then click on the name of the waste, then click on the
plus sign (+) next to “5. Radionuclide Inventory.” This will display the inventory (in
Curies) for the waste. In the example below, Cesium and Strontium Capsules is the
waste selected.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...
The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Waste Forms

Inventory Calculator

Users Guide 200-Year Inventory and Thermal Output

Baseline Radionuclide Inventory in Each Waste

Errata - reported data errors e
Radionuclides

Announcements Supporting Documents

then

adions 1 () Fnd et |[100% []

Varsion 5.0, 2023-09-25, SAND2023-09580W

OnLine Waste Library (OWL)

DOE-Managed Wastes

HOME PAGE

To filler Wastes, click on dem's fext_ below Waste i Baseline ion = ity =
(click on Name for details) Inventory Date  "/#8t® Classification © Waste Description Storage Facility © Total Volume Total Radioactivity

Select a Facility Name
ity T ot 2016 e v | T3 ks G el e O VSN oo | 163000 cume e .
ALL

Hardord This waste consists. of 150:
inches tall and 3 inches in
dsho Nationsl Las Cesium and Stronfium Capsules | Jan 01, 2016 Hign Level wasie waste and stored in pools
Savannah River Ste Hanford
‘Sodum-banded driver SNF from the Experimental Ereeder ReactorI, The
reatment for this waste: ing, wihi
Breeder Reactor-Il uranium product, a salt waste (see Mark IV Sall Waste), and 3 metal waste (see
3pent Nucl Sep 30,2017 Spent Nuckear Fuel  Melallc Wasle from Elecirorefining). The same elecliorefining process is used lo  Kdaho Mational Lab 1295 Cudic Feet 090000 Curies

SCi capsiles and 601 S1F2 capsules, each anout 21
meler. They are curenlly managed as high-jevel § oo
the Waste Encapsulation and Storage Facilty at Haniorg 128 Cubic Feet ALY Sures

Selert a Wasta Classification

e R.A|) D
Fuel reprocass the ofher EBR.I| SNF and FFTF drver SNF As a resul, quantiies of
High Lavel Wasts dsposal waste for Jated with b
P —— more than just this
‘S0dum bonded exper mental dMuer SNF fTom the EXpeRmental Breedar Reacror.

Transuranic (TRU) Wasls 11, The treatment metnod selecles for this waste i electorefining, which produces

xperimental Breader Reactor.Il 2 wranium product, a salt waste (see Mark IV Sait Wasle), and a metal waste (see
(EBR1) Experimental Driver Sepan 2017 uetalic Waste The process susedto | idaha National Lab 106 Cusic Feet 00000 Cures
Spent Nuclear Fual feprotess e olner EBR.II SNF and FFTF river SNF.AS a Sl Quaniies of
quantlies resuling om

p wilh is p
lectiorenning more Man Ust IS SOCILM.DONGed SNF
‘Sogum-bonded biankel SNF from the Expenimental Breeder Reactor-l. The
reatment far’ a

Expenmental Breeder Reactor-Il UrANWIM RrOOUGT, 3 SA WASTE (588 MMk W Sall Waste). and a metal waste (see
(EBRAI) Radial Blankel Spen Sep 30, 2017 Spent Nuclear Fuel Metallic Wasle from Elecirorefining). The same electiorefining process is used lo Idaho Natienal Lab 384 Cubic Feet £1.200 Curies
Nuclear fuel reprocess the other EBR-II SNF and FFTF driver SNF. As a result, quantities of
o s o
electrorefining mere than just this sedium-bonded SNF.
St dru SHE o Fat Fx st acty (7 1F) Thevesimer
o e tod o s WENE 1 thTATIT, e e i
FSEITO PV EETE) ooy spenutewrue s o Cemareinng) 1 Same SecToeIong (OcEss 8 sses aeprcess o atona e e s cures
e - EBR-Il SNF. As a result, waste: mis
e e e e o YT M
oo e

Eenmi-1 Blankel Spent Nuclear
et Blankel Spend Nucker Sep 30,2017 Spent Nuckar Fuel SO D0ndS0 DIGNKe et Tom Fry-1. T eI s 1ot e sl o

have the other Idaho National Lab &7

Cubic Feet 2220 Curies

i

neicte. of 14 ranichare of nlase nranaied he Barific Nodhwset
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then

Actions ~ | () | Find Next | |100% v

95 *_6‘;;‘:‘ ‘ W 5 Version 6.0, 2023-09-25, SAND2023-09589W
- OnLine Waste Library (OWL)

Waste Detail

HOME PAGE DOE MANAGED WASTES

Cesium and Strontium Capsules

Waste Classification Waste Description Storage Faciity Produced By ‘waties - mventoy Coiotor -
This waste consists of 1335 CsCl capsules and 601 Srf2 capsules, each about 21 inches tall and 3 inches
High Level Waste in diameter. They are currently managed as high-level waste and stored in pools at the Waste Hanford Government Yes 1/1/2016
Encapsulation and Storage Facility at Hanford

Inventory Calculator

Display Specific Waste Information by Expanding (+) the Type of Content Listed Below

@1. Waste Characteristics ®3. Disposal Waste Forms B5. Radionuclide Inventory @7. Waste Supporting Documents
E2. Waste Source @4. Disposal Waste Form Characteristics @6. Radionuclide Characteristics @8. Waste Contacts

then

adions » | ()| Find Next | [100% ~

- >,

Version 5.0, 2023-09-25, SAND2023-09580W

OnLine Waste Library (OWL)
Waste Detail
" HOME PAGE DOE MANAGED WASTES USER GUIDE
Cesium and Strontium Capsules
Waste Classification Waste Description Storage Facility ProducedBy  'SMXed Baseline Inventory Date &

Waste? Inventory Calculator
This waste consists of 1335 CsCl capsules and 601 5rF2 capsules, each about 21 inches tall and 3 inches

High Level Waste in diameter. They are currently managed as high-level waste and stored in pools at the Waste Hanford Government Yes 1/1/2016

Inventory Calaulator
Encapsulation and Storage Facility at Hanford

Display Specific Waste Information by Expanding (+) the Type of Content Listed Below

B1. Waste Characteristics @3. Disposal Waste Forms B5. Radionuclide Inventory @7. Waste Supporting Documents
B2, Waste Source @4. Disposal Waste Form Characteristics. 6. Radionuclide Characteristics B8 Waste Contacts
5. Radionuclide Inventory If an inventory value is reported as zero, then the actual value is < 1.0a-7 curles.
The actual value can be found in the supporting document for the waste inventory.
Radionuclide Inventory Description Inventory Calculator Value Supporting Document
Barium 137 metastable The total curies of Ba137-m in the 1,335 capsules. Inventory Calculator 3.18E+007 Curies Capsule Calculations
Cesium 135 The total curies of Cs135 in the 1335 capsules Inventory Calculator 387E+002 Curies Capsule Calculations
Cesium 137 The total curies of Cs137 in the 1335 capsules Inventory Calculator 3.35E+007 Curies Capsule Calculations
Strontium 90 The fotal curies of Sr90 in the 601 capsules Inventory Calculator 142E+007 Curies Capsule Calculations
Yttrium 90 The total curies of YO0 in the 601 capsules. Inventory Caleulator 1.42E+007 Curies Capsule Calculations
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-OR-

The second way is to click on “Inventory Calculator” from the home page. This will
display the inventory (in Curies and grams) of every radionuclide in every waste, along
with the thermal output of heat-generating radionuclides in every waste, both as of the
baseline date for the waste and at some specified time (date). From the Radionuclide
Inventory Calculator page, you can filter the wastes by waste classification, waste, and
radionuclide, and you can select the year for which you would like the inventory
calculated. After making these selections, click “Apply” on the lower right side of the
webpage. In the example below, the inventory for the Cesium and Strontium Capsules
is calculated for 2050.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current Waste Forms

supporting documents for the data (when possible). T

Users Guide 200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste

Errata - reported data errors )
Radionuclides

Announcements Supporting Documents

Then
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OWL » ReportSource 9
agons - 10114 <ot > D@ i3]
- Parameters
: Version 5.0, 2023-09-25, SAND2023-09589W ~
Seloct a Waste Cassfication
OnLine Waste Library (OWL) Al 2|
Radionuclide Inventory Calculator* S e
Gesum and Strontum Capaies v
= | To fiter resulls, select items from lsts in the vertical I T
HOME PAGE DOE window on the right and hit enter or select 'apply’ at the AL v
bottom
Enter a Year: Current to 3000
‘Assumptions for Calculating Projected Inventory 20
1f an Inventory value I reported as zero, then the actual value Is < 1,07 curles.
The actual value can be found in the supporting document for the waste inventory. Selected Filter Parameters
Waste Classificaion AL Nuclear Waste | Cesium and Strontium Capsules Radionucide | AL Targel Year | 2050
High Level Waste
BASELINE PROJECTED
‘Waste
(Base Line Inventory Date) PELTIEGS AR Inventory Inventory “Thermal Inventory Inventory “Thermal Output
(curies) (grams) | Output(watts) | (curies) (Grams) (watts)
Cosium and Strontium Capsios Barum 137 metastabie 2552 Minutes | 31854007 591E-002 12564005 1 44E4007 267E-002 55364004
(2016-01-01)
Cesium 135 2:300,000.000 Years 3.67E+002 336E4005 | 0.00E+000 387E+002 2.36E4005 0.00E+000
Cesium 137 20,080 Years. 3.3564007 3.86E4005 3.71E+004 1.51E4007 1.74E4005 1.68E+004
,
Strontium 50 28.910 Years 1.42E+007 1.03E+005 1.64E+004 6.19E+006 4.51E+004 T19E+003
Yitrium 90 64.053 Hours 1.42E4007 261E+001 7.83E4004 6.19E+006 1.14E+001 3.43E+004
TOTAL 9.36E+007 8.25E+005 | 2.57E+005 419E+007 5.56E+005 1.14E+005
Spent Nuclear Fuel

**** No Spent Nuclear Fue! Dala Selected *™**

Transuranic (TRU) Waste

**** No Transuranic (TRU) Waste Data Selected ****

You can see the assumptions made in calculating radionuclide inventories by clicking

Parameters
Version 5.0, 2023-09-25, SAND2023-09589W ~
Select 3 Waste Classéication

OnLine Waste Library (OWL) AL v
Radionuclide Inventory Calculator*

) { To fiter rasults, select items from lists in the vertical
HOME PAGE DOE window on the right and hit enter or select apply’ at the
bottom
Enter 3 Year: Curent t 3000
for ing Projected Inventory 2050
1 an inventory value s reported as zero, then the actual value is < 1.0e-7 curies.
The actual value can be found i the supporting document for the waste inventory. Selected Filter Parameters
Waste Classiicaton  ALL Nuclear Waste | Cesium ana Strontium Capsules Radionucide  ALL Taret Year 2050
High Level Waste
BASELINE PROJECTED
sty Radionuclide Half Life
(Base Line inventory Date) Inventory Inventory Thermal Inventory Inventory Thermal Output
(curies) (grams) | Output (watts) (curies) (Grams) (watts)
Cesium and Strontium Capsules | Banum 137 metastable 2552Mnutes | 3.18E+007 591E-002 125E4005 1.44E+007 267E-002 56364004
(2016.01-01)
Cesium 135 2,300,000.000 Years 387E4002 33584005 0.00€4000 387E002 33654005 0.00E+000
Ceswm 137 30080 Years 335E+007 3.86E+005 3T1E+004 151E5007 17484005 1.68E2004
»
Strontium 90 28910 vears 14264007 1.03€4008 16484004 6.19E4006 45164004 7.19E4003
Yitrum 90 64,053 Hours 14264007 261E+4001 7834004 6194006 1.14€4001 34364004
TOTAL 9.36E4007 8.25E+005 [ 2.57E+005 4.19E4007 5.56E+006 I 1.14E+005 ]
Spent Nuclear Fuel

**** No Spent Nuclear Fuel Data Selected ****

-OR-

The third way is to click on “Baseline Radionuclide Inventory in Each Waste” from the
home page. This will display the inventory (in Curies) of every radionuclide in every
waste as of the baseline date for that waste. You can filter the number of wastes or
radionuclides that appear by selecting a facility, a waste classification, and/or a
radionuclide from the selection boxes on the left side of the page. In the example shown
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below, the facility selected is Hanford, the waste classification selected is High Level

Waste, and all radionuclides are shown.

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Users Guide

Errata - reported data errors

@ Sandia National Laboratories

Find Information About ...
DOE-Managed Wastes
Waste Forms
Inventory Calculator
200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste

Radionuclides

Announcements Supporting Documents
OWL > ReportSource
saons » 1 () 1|4 < 1Jor1 > D@1 Fnd text {[100% [¥]
Version 5.0, 2023-09-25, SAND2023-09589W
OnLine Waste Library (OWL)
DOE-Managed Wastes
HOME PAGE DOE MANAGED WASTES USER GUIDE
To fiter Wastes, click on item's text below Waste : BaseLine Waste Classification = Facllity =
(click on Name for detals) Inventory Date : Waste Description Storage ity = Total Volume Total Radioactivity
This waste consists of 1335 C5Cl capsules and 601 SiF2 capsules, each about 21
Select a Facility Name
Sl Cagsal nes tall and 3 Inches In ey are curretiy managed as high-level ek e
e Cesium and Stionlum Capsules | Jan 01,2016 High Level Waste 0 Pl the Wikia ExanAuaon wut Sitesge Facety &t Hanforg 128 Cudic Feet 92600000 Curles
Hanford
idaho National Lab Hanford Tank Waste (HLW) Jan 01,2008 High Level Waste  This waste 1S a subset of the 54.6 millon galons of Iquid waste stored at Hanforg Hanford 6500000 Cudic Feet 171000000 Curies

‘Savannah River Site

Select a Waste Classification
AL
Spent Nudear Fuel
Transuranic (TRU) Waste

10232023 128.03 PM.
‘ander contract DE-NA-0003525.

Sandia
National
Laboratories £ 2019 Natioes! Technology and Engineering Souticns of Sandia, LLC.

Contact Email: OWL @sandia g

Sondis L
LLC, nwhoty owned ey ofHoaeywetaerasons, b, o the U Deprmet ofEaey s ol Noclw Sty Adesnrsion

{2} ENERGY

See the radionuclide inventory of a particular waste or wastes as of a specific

date (year)?

Click on “Inventory Calculator” from the home page. This will display the inventory (in
Curies and grams) of every radionuclide in every waste, along with the thermal output of
heat-generating radionuclides in every waste, both as of the baseline date for the waste
and at some specified time (date). Enter the desired date (year) into the selection pane
on the right side of the page and click on “Apply” on the bottom of the right side of the
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page or hit “Enter” on your keyboard. You can filter the list of radionuclides displayed by
selecting the waste classification, a particular waste, or a radionuclide from the selection
pane on the right side of the page and clicking on “Apply” on the bottom of the right side
of the page. In the example below, Cesium and Strontium capsules is the selected

waste and the year for which the inventory is selected is 2050.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear
fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Find Information About ...
DOE-Managed Wastes
Waste Forms
Inventory Calculator
Users Guide 200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste
Errata - reported data errors e
Radionuclides

Announcements Supporting Documents

then

OWL » ReportSource

sans - 1 (114 < [t

Radionuclide Inventory Calculator*

“Assumptions for Calculating Projected Inventory

rted  the Is < 1,067 curles.

en
The actual value can be found in the supporting document for the waste inventory.

Waste Classification ~ ALL Nuclear Waste

High Level Waste

Selected Filter Parameters

Cesium and Strontium Capsules Radionuclide  ALL

OnLine Waste Library (OWL)

Version 5.0, 2023-09-25, SAND2023-09589W

To filter results, select items from lists in the vertical
window on the right and hit enter or select 'apply’ at the
bottom

Taget Year 2050

BASELINE PROJECTED
i) Half Life.
(BaseL ) Inventory Inventory Thermat Inventory inventory | Tnermai output
(curies) (grams) | Output(watts) | (curies) (Grams) (watts)
Cesium and Strontium Capsules | 8anum 197 metastable: 2552 Minutes | 3 18E+007 591E.002 12564005 14464007 2676002 56364004
(2016-01-01)
Cesium 135 2.300,000.000 Years 3.87E+002 336E2005 | 0.00E2000 387E+002 23664005 0.00E+000
Cesium 137 30,080 Years 33564007 386E0005 | 871E400¢ 15164007 1.74E4005 16864004
Strontium 90 20910 Years 14224007 1.03E+005 16454004 61964006 45164004 71964003
Yitium 90 64,053 Hours 1.4280007 281E4001 7.83E4004 5194006 1.14E4001 34384004
TOTAL 9.36E+007 8.25E+005 | 2.57E+005 4.19E+007 5.56E+005 1.14E+005
Spent Nuclear Fuel

Transuranic (TRU) Waste

**** No Spent Nuclear Fuel Data Selected ****

" No Transuranic (TRU) Waste Data Selected ***

Parameters
Seec a Viate Cavitication

a S

oot a Noxlear Wastn

Cosum and Suorum Capaies =
seect a Radonucids

s ~l

et  vear Curentto 3000

0%
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See a graph showing the total radioactivity and thermal output of a waste (or all
wastes) over the next 200 years?

Click “200-Year Inventory and Thermal Output” from the home page. This will display a
graph of the total radioactivity of all the wastes and the thermal output of all the wastes
over the next 200 years. You can switch between Curies and GBq for the projected
inventory by clicking on “Display in Sl Units (Bq)” or “Display in Curies,” as appropriate.
You can filter the wastes included in the graphs by selecting the waste type or
radionuclide from the selection pane on the right side of the page and clicking on
“Apply” on the bottom of the right side of the page. In the example shown below, “All”
waste types is selected and “All” radionuclides is selected.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...

The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current Waste Forms

supporting documents for the data (when possible). TSRy I

Users Guide 200-Year Inventory and Thermal Output

Baseline Radionuclide Inventory in Each Waste
Errata - reported data errors )
Radionuclides

Announcements Supporting Documents

then
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]

[
Version 5.0, 207

OnLine Waste Library (OWL)

Projected Inventory (200 Years) in Curies & Thermal Output

HOME PAGE DOE MANAGED WASTES USER GUIDE

ng Projected Inventory

Waste Type: ALL DISPLAY in SI UNITS (Bq) Radlonuclide: ALL

Projected Inventory in Curies Projected Thermal Output in Watts

2.000000E+006

232023 140197 Sandia
National
OWLgumdin o Laboratories

© 2019 National Technelogy wad Engioeering Sclutions of Suadis, LLC.

See a list of radionuclides included in OWL?

Click on “Radionuclides” from the home page. This will display a list of all radionuclides
in OWL, along with the half-life of each radionuclide, a link to a graph of the inventory of
that radionuclide over the next 200 years, its atomic mass, its heat generation rate (if
applicable), its parent radionuclide (if needed for radioactive decay calculations), and its
decay ratio (if needed for radioactive decay calculations). Radionuclides can be sorted
alphabetically, by half-life, by atomic mass, and by thermal output by clicking on the up
and down triangles in the header row of the table. In the example shown below,
radionuclides are sorted by decreasing half-life. You can filter the inventory displayed by
selecting “Select All,” “No Inventory,” or “Has Inventory in Wastes” from the selection
pane on the right side of the screen. In this context, “No Inventory” means that no initial
inventory for the radionuclide was reported for any of the wastes but it is included in
OWL for establishing radioactive decay chains. “Has Inventory in Wastes” means that
some initial inventory for the radionuclide was reported for at least one of the wastes in
OWL.
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@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...
The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Waste Forms

Inventory Calculator

Users Guide 200-Year Inventory and Thermal Output
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Version 5.0, 2023-09-25, SAND2023-09589W
OnLine Waste Library (OWL)
Radionuclides (104 items)

: : Half Life : inventory : AtomicMass(u) : TerelOURt c o Rwen . Mema”  Supporting Document
Ac-227 Actinium 227 2177 Years P”’?E‘g%"'":fé}‘” 227.00 Ac-227 Nuclear Data
Ac-228 Actinium 228 6.15 Hours No Inventory 228.00 Ra-228 1.000 Ac-228 Nuclear Data
AL26 Aluminum 26 717.000.00 Years T 26.00 AL26 Nuclear Data
Am-241 Americium 241 43260 Years Brolacty inveniony. 241.00 32.450 Pu-241 Am-241 Nuclear Data
Am-242 Americium 242 1602 Hours ~ Proiecied inventory 242,00 Am-242m 0995 | Am-242 Nuclear Data
Am-242m Americium 242 metastable 141.00 Years P 242.00 Am-242m Nuclear Data
Am-243 Americium 243 7.364.00 Years Erojocted Invontory 243.00 Am-243 Nuclear Data
Ba-137Tm Barilum 137 metastable 2.55 Minutes m‘z;—?‘;w 137.00 3.920 Cs-137 0.950 Ba-137m Nuclear Data
Bi-212 Bismuth 212 6055 Minutes No Inventory 212.00 Th-228 1000 | Bi212 Nuciear Data
Bi-214 Bismuth 214 19.71 Minutes No Inventory 214.00 Ra-226 1000 | Bi214 Nuclear Data
BK-247 Berkelium 247 138000 Years ~ Proiectedinveniory 247.00 BK-247 Nuclear Dala
c14 Carbon 14 5700.00 Years W 14.00 C-14 Nuclear Data
Cd-113m Cadmium 113 metastable 1410 Years Profecid knsoiory. 113.00 Cd-113m Nuclear Data
Ce-144 Cerium 144 284.91 Days mﬁ%“jﬂg—;]"l 144.00 Ce-144 Nuclear Data
Cf-249 Californium 249 351.00 Years 249.00 C£249 Nuclear Data
cr251 Californium 251 898.00 Years m‘{ﬁjﬂ%‘ﬂ 251.00 C1-251 Nuciear Data
cr-252 Californium 252 265 Years Projocted nventory. 252.00 C252 Nuciear Data

(200 years|
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See a list of documents used to support the information in OWL?

Click on “Supporting Documents” from the home page. This will display a list of all the
supporting documents found in OWL, along with a description of the document, any
comments (such as report number), author(s), publisher, and date of publication.
Clicking on the document title will open the document in a new browser window.

The supporting documents include technical reports; radionuclide data from the National
Nuclear Data Center; government reports such as Records of Decision, Environmental
Impact Statements, and planning documents; and documents that provide additional
information that may be of interest to OWL users. Multiple versions of regularly updated
reports are sometimes included to provide historical information and promote
traceability. Documents that are not approved for public release are avoided to the
extent possible.

@ Sandia National Laboratories

ONLINE WASTE LIBRARY(OWL) Release V5.0 is now available Find Information About ...
The online waste library contains information regarding DOE-managed (as) high-level waste (HLW), spent nuclear DOE-Managed Wastes

fuel (SNF), and other wastes that are likely candidates for deep geologic disposal, with links to the current
supporting documents for the data (when possible).

Waste Forms

Inventory Calculator

Users Guide 200-Year Inventory and Thermal Output
Baseline Radionuclide Inventory in Each Waste

Errata - reported data errors )
Radionuclides

Announcements Supporting Documents

then
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Version 5.0, 2023-09.25, SAND2023-09685W
OnLine Waste Library (OWL)
Supporting Documents (292)
Document Description Comments Author Publisher, Date Cololds

gives the design busis feeds for SNF project

HNF-5D-5NF-11-009, Volume 1, Rev. 3 M.J. Packer

unite urts District of
Idaho, October 17, 1995

of
ment | None U.5. Courts District of 1daho

he State of Idaho, the Department  The S
d the Department of

None

the Navy.

o 9 a1 . < i
ast ANLNT-209 K. J. Bateman and D, 0. Capson oo 2003

HEDL-400

Westinghouse Hanford Company,
December 1980

Available at hitp:ffwivw.nnde bol. gov/

[P ——— N Nk Dl Cener,

RPP-13480 Rev. O CH2MHil, November 2002

Available at http:/fwww.nndc bolgoy/  National Nuclear Dota Center

Avallabie at hitp: ic.bel. gov/ National Nucl

2 3§ 3 7 8 8

Avallable at hetp:fwavw.nndc, National Nuclear Data Center

National Nocl

raction 1o avitable at hitp:

SRNL-5T1-2011-00555 £. €. Johnson

SRNLSTI-2012-00017 F.C. Johnson and ). M Pareizs

E|E|Z|8

ot SRNL-STI2010-00435 M. M. Relged and N, F. Bibler

£..C. Johnson, C. L. Crawford, and
I Parelrs

o 3 vl

SRNL STI 2013 00462 st B

M DOE-EIS-0306_Vol 2-2000 U5 Desertrmeat of Eneror;.
2000

This paper e

Fermi-1 sodum+-bonded soent nuclear fuel,

Agonne National Laboratory, ]
None Unknown o

The information available by clicking on each of the links under “Find Information
About...” on the OWL home page is discussed below.

DOE-Managed Wastes

The information for each waste on this webpage includes its baseline inventory date, its
classification (SNF, HLW, or TRU), a description of the waste, where it is stored, its
current total volume, and its total radioactivity as of the baseline date. Clicking on the
name of the waste opens a Waste Detail Report for that waste. This webpage reports
whether the waste was produced by the government, whether it is a mixed waste, and
its baseline inventory date, and contains links that present:

A graphical representation of the projected inventory and thermal output of the
waste over the next 200 years (Projected Inventory link)

Waste Characteristics - thermal output, chemical constituents present,
dimensions of the nuclear waste container, the number of containers of the
waste, and the physical form of the waste

Waste Source

Disposal Waste Forms

Disposal Waste Form Characteristics — thermal output, dimensions of the waste
form, mass of the waste form

Radionuclide Inventory — Activity (Curies) of each radionuclide reported or
calculated to be present in the waste

Radionuclide Characteristics — half-life and decay ratio (where applicable) for
each radionuclide in the inventory for that waste
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e Waste Supporting Documents — a list of all documents used as sources of
information for that waste. Clicking on the title of a supporting document will open
that document in a new window

e Waste Contacts — the name and contact information for a person who is
knowledgeable about that waste.

Waste Forms

Each waste also has at least one “disposal waste form.” For some wastes, such as N-
reactor spent fuel or Savanah River glass waste, the waste is intended to be disposed
of without further treatment. Hence, the current waste is also the disposal waste form.
For other wastes, such as the Hanford tank wastes, the current plan is to treat the waste
prior to disposal. For these wastes, the current waste is not the disposal waste form,
and possible waste forms are presented. For each disposal waste form, OWL indicates
whether the waste form already exists or is planned, and whether the waste form has
been declared by the DOE to be the preferred waste form or if it is an alternative to that
preferred waste form. All wastes and their associated waste forms are available by
clicking on “Waste Forms” on the home page.

Inventory Calculator

Clicking on “Inventory Calculator” from the home page opens a page that gives the
radionuclide inventory and thermal output of each waste as of its baseline date and
allows the user to calculate the inventory and thermal output at a user-specified year.
The selection pane for the parameters for the calculation is on the right side of the page.
You can select the waste classification (HLW, SNF, or TRU), a specific nuclear waste, a
radionuclide, and a year. Click on the “Apply” button on the bottom of the right side of
the page after selecting the desired parameters to generate the report. The selection
pane on the right side of the page can be made to disappear by clicking on the triangle
in the gray bar to the left of the selection pane. Assumptions that were made in
calculating the inventory can be seen by clicking on “Assumptions for Calculating
Projected Inventory” at the top of the Radionuclide Inventory Calculation page.

200-Year Inventory and Thermal Output

Clicking on “200-Year Inventory and Thermal Output” from the home page opens a
page that gives a graphical representation of the inventory and thermal output of the
user-selected waste and radionuclide over the next 200 years. The selection pane for
the waste type and radionuclide is on the right side of the page. You can select a
particular waste (or all of the wastes) and a particular radionuclide that is reported as
having an initial inventory in a waste (or all of the radionuclides). Click on the “Apply”
button on the bottom of the right side of the page after selecting the desired parameters
to generate the report. The selection pane on the right side of the page can be made to
disappear by clicking on the triangle in the gray bar to the left of the selection pane.
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Baseline Radionuclide Inventory in Each Waste

Clicking on “Baseline Radionuclide Inventory in Each Waste” from the home page
opens a page that gives the inventory of each radionuclide reported to be in each waste
as of the baseline date for each waste. On the left side of the page the user can select
wastes by facility or by classification and can select “all” radionuclides or a specific
radionuclide.

Radionuclides

Clicking on “Radionuclides” from the home page opens a page that gives the following
information for each radionuclide in the OWL database: name, half-life, atomic mass,
thermal output (if applicable), its parent (if applicable), the inventory ratio with the parent
(if applicable), and a link to the supporting document for some of the information for that
radionuclide. You can filter the inventory displayed by selecting “Select All,” “No
Inventory,” or “Has Inventory in Wastes” from the selection pane on the right side of the
screen. In this context, “No Inventory” means that no initial inventory for the radionuclide
was reported for any of the wastes but it is included in OWL for establishing radioactive
decay chains. “Has Inventory in Wastes” means that some initial inventory for the
radionuclide was reported for at least one of the wastes in OWL.

Supporting Documents

Clicking on “Supporting Documents” from the home page opens a page that lists the
following information for the supporting documents in the OWL.: title of the document, a
description of the document, document number (if applicable), URL address (if
applicable), the author, the publisher, the date and whether there are copyright
restrictions. Clicking on the title of the document will open a new webpage displaying
the document or will open a dialog box that allows the user to open the document, save
the document, or save the document with another name.

Waste-Specific Spreadsheets

Each waste has a spreadsheet that gives the inventory and thermal output as of the
baseline date and allows the user to calculate the inventory and thermal output as of a
user-specified target date. Depending on the waste, spreadsheets may also have other
information, such as the volume of the waste as currently stored. These spreadsheets
are displayed in pdf format to allow users to view the spreadsheet without needing
access to Excel™. If you would like the Excel™ version of the spreadsheet, please
send an email to OWL@sandia.gov specifying which spreadsheet(s) you would like.

Access, Questions or Comments

If you would like access to OWL, or if you have any questions or comments, please
send an email to OWL@sandia.gov.
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On-Line Waste Library - Production Date: 9/25/2023, SAND2023-09589W

Changes for Version 5.0 - Major Update

Category Change Title

Errata Correct errors identified in
review of OWL Release
Candidate 5.0

Planned Work -  Enhance OWL by developing a

New systematic approach to
incorporating updates to existing
information

Change Description

Several errors were identified in the review by OWL
personnel of OWL Release Candidate 5.0 This Change Item
tracks the tasks associated with making corrections.

Supporting documents provide traceability for data that have
been entered into OWL. Some of the data, and the
documentation for the data, will be periodically updated.
This change will evaluate options for incorporation of these
updates into OWL. The change will include both the
evaluation and the implementation of the best option.
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On-Line Waste Library - Production Date: 9/26/2022, SAND2022-12754W
Changes for Version 4.0 - Major Update

Category Change Title Change Description
Errata Implement Enhancements = Tester Feedback has identified typographical errors

Planned Work -
New

Planned Work -
Revisions

from Tester Feedback
Comments

Correct errors identified in
reviews of the Release
Candidate for OWL v4.0

Add Notes To Explain
Setting Very Small
Amounts to Zero

Add radionuclides to OWL
to support Pflotran decay
chains

Improve display of
projected inventory of Pa-
233

and enhancements to the description of the ER salt
waste forms.

This change will implement corrections to OWL
required as a result of Tester Feedback provided from
the independent review of Release Candidate V4.0 and
errors discovered by OWL team reviews.

The following Tasks have been completed to
implement this change:

Correct half-life of Po-212 in database;

Add title page to
Appendix_D_Na_Bonded_Waste_EIS.pdf;

Correct File not found in Link by replacing the file in the
RC with the correct file from development;

Add message ‘No Records Found’ when search for
Nuclear Wastes results in no records;

Correct the field used to display the ‘tool tip’ of the
Supporting Documents link in the Radionuclide report.

When the amount (curies or gm) of a radionuclide falls
below a threshold, the OWL value is set to zero. It is
confusing when a radionuclide is included in the
inventory for a particular waste form but has 0 curies or
gm. Notes will be added in the affected SSRS reports
to explain the situation and direct the user to the
supporting document with the correct number.

Add radionuclides to OWL to support decay chains
used in Pflotran analyses.

The following radionuclides have been added - Bi212,
Pb212, Po216, Ra224, Rn220, Pu243, Np240, U240,
Ac228, Bi214, Pb214, Po214, Po218, Rn222, Pa234,
Th234, Po212.

The half-life for Pa-233 is 26.975 Days, but the
inventory remains constant throughout the 200 year
projection that is displayed. The reason for this is that
Pa-233 is in secular equilibrium with Np-237 and the
half-life of Np-237 is 2,144,000 years. It would help the
user to have this information displayed along with the
graph. This change should also be implemented in
other cases where secular equilibrium is involved. The
priority for this change is low becuase this is not an
error. This is an opportunity for improvement to assist
the users.
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On-Line Waste Library - Production Date: 11/18/2021, SAND2021-14487W
Changes for Version 3.0 - Major Update

Category Change Title Change Description

Errata Correct Erratum Identified The Inventory Calculator report has a default
in the Inventory Calculator  projected date of 2021. When you open the report

the values for Cm-242 in Calcine waste are
Baseline = 1.84E+000 curies & Projected =
2.57E+004 curies. Hanford HLW Baseline =
1.20E+002 curies & Projected = 2.88E+004 curies.
Hanford RH-TRU Baseline = 1.11E+000 curies &
Projected = 7.00E+003 curies. Hanford CH-TRU
Baseline = 3.96E-002 curies & Projected =
7.43E+001 curies. The baseline inventory values
are correct but the projected values cannot be
correct. The source of the error is unclear, but it is
noted that in each of these cases the parent Rn -
Am-242m is absent from the waste inventory. The
problem may be with the stored calculation tool for
this SSRS report.

Planned Work = Add Sodium-Bonded Spent = Add information regarding sodium-bonded spent
- New Fuel Waste Type and fuel, its quantities, planned treatments, and current
Waste Forms to OWL status to the OWL database.

Planned Work = Modify 200-Year Inventory = Implement improvements to the 200-year inventory
- Revisions and Thermal Graphs and thermal graphs, per the discussion during the
OWL teleconference on October 20, 2020.
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On-Line Waste Library - Production Date: 11/13/2020, SAND2020-12464W
Changes for Version 2.0 - Major Update
Category Change Title Change Description
Errata Fix Typo on Production On the Production SharePoint Site home page in

SharePoint Site Home Page

Correct Error on Thermal Graph
for Cs-137 and Pu-238 in
Hanford Tank Waste (CH-TRU)

Identify secular equilibrium
between Pa-233 and Np-237 as
well as between Th-231 and U-
235.

Update the total radioactivity for
the Hanford Cesium and
Strontium Capsules

Change INEEL identification to
INL

Correct Barium-137 metastable
designation

Fix 200-Year Inventory and
Thermal Output Report

the announcement identifying recommended
browsers, "Flrefox" should be "Firefox". Note also
that in the first announcement "initial" is spelled
"intial". However, that error does not need fixing
since the first opportunity to fix it (i.e., during
release of OWL version 2.0) is also when the
announcement will be deleted because it will be out
of date. Note that the task to fix this typo cannot be
done until the Production SharePoint Site is
updated during the release process.

In the 200 Year Inventory and Thermal Output
report, when Cs-137 or Pu-238 and Hanford Tank
Waste (CH-TRU) are selected, the thermal graph
comes up with an error — “Axis Object — auto
Interval doesn’t have proper value.”

The decay calculations for Pa-233 and Th-231
should reflect that Pa-233 is in secular equilibrium
with Np-237 and that Th-231 is in secular
equilibrium with U-235. This can be fixed in the
database. Pa-233 and Th-231 are not important
radionuclides, so the impact of this error is
insignificant.

Modify the total radioactivity for the Hanford
Cesium and Strontium Capsules to reflect
appropriate significant figures. The current value of
93,575,237.7 Curies will be changed to 93,600,000
Curies.

"ldaho National Engineering and Environmental
Laboratory (INEEL)" became "ldaho National
Laboratory (INL)" in 2005 after consolidation, so all
instances of INEEL should be changed to INL.

The designation for Barium-137 metastable should
be changed from Ba 137-m to Ba-137m in
dbo.RadioNuclide in the database.

In the 200 Year Inventory and Thermal Output
report, the thermal output for Cm-244 is not shown.
According to the Radionuclide Inventory Calculator,
though, this radionuclide does produce heat. The
fix may involve simply re-running a stored
calculation.
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Planned
Work -
Revisions

Move Sand Number next to
Release

Link Liquid Waste Plans Revs.
17, 19, and 21 to Savannah
River Tank Waste

Delete "ldaho National Lab -
Navy" from the Baseline
Radionuclide Inventory in Waste
SSRS report

Sand Number is related to the Release, move it
next to Release on Home Page and on SSRS
reports

Three SRS Liquid Waste System Plans (Revs. 17,
29, and 21) are in the list of Supporting Documents
but are not linked to Savannah River Tank Waste,
so that when a user looks at the Supporting
Documents for the SR Tank Waste, these three
documents do not appear. They do not support any
data directly, but provide background information.

Change how the drop-down list is generated so that
"ldaho National Lab - Navy" does not appear.
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On-Line Waste Library - Production Date: 9/30/2019, SAND2019-11783W

Changes for Version 1.0 - Initial Release

No Changes - Initial Release
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