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1.0 Purpose and Scope

The purpose of this NRC staff Technical Review Report (TRR) is to document the NRC staff
review of the U.S. Department of Energy (DOE) Future Scenarios and Conceptual Models for
the DOE 2020 Performance Assessment (PA) for the Saltstone Disposal Facility (SDF) at the
Savannah River Site (SRS). The NRC staff performed this review to support a future decision
about whether the DOE has demonstrated that radioactive waste disposal activities at the SDF
comply with the performance objectives of Title 10, Code of Federal Regulations (CFR) Part 61.

This TRR also supports NRC monitoring of the SDF under the NRC document Plan for
Monitoring Disposal Actions Taken by the U.S. Department of Energy at the Savannah River
Site Saltstone Disposal Facility in Accordance with the National Defense Authorization Act for
Fiscal Year 2005, Revision 1 (available in the NRC Agencywide Documents Access and
Management System under Accession No. ML13100A113) (referred to as the “NRC SDF
Monitoring Plan” in this TRR). Specifically, this TRR supports NRC monitoring under both
Monitoring Factor (MF) 10.02 (Defensibility of Conceptual Models) and MF 10.14 (Scenario
Development and Defensibility), which are both under Monitoring Area 10 (Performance
Assessment Model Revisions). In this TRR, the NRC staff included recommended changes to
the NRC SDF Monitoring Plan in the NRC Staff Evaluation (Section 4) and summarized those
changes in the Conclusions (Section 7).

The NRC staff reviewed the modeling parameters and equations the DOE used in the PA model
for the 2020 SDF PA (SRR-CWDA-2019-00001 (ML20190A056)). The review scope included
aspects of the PA Model that affect the projected dose to hypothetical members of the public at
two locations: (1) 100 meters (m) (~328.1 feet (ft)) from the SDF boundary and (2) the nearest
contaminated streams®. The NRC staff will compare the projected dose to a member of the
public at those locations to the 0.25 millisievert (mSv) (25 millirem [mrem]) dose limit under 10
CFR 61.41, “Protection of the general population from releases of radioactivity.” The review
scope also includes aspects of the model that affect a member of the public that could also
affect the projected dose to an individual who inadvertently intrudes into the SDF 100 years or
more after site closure (referred to as an “inadvertent intruder” in this document). However,
aspects of the PA Model that only affect an inadvertent intruder (e.g., inhalation of suspended
soil while drilling a well) are addressed in the TRR on Intrusion Analysis (ML23017A085).

' For each modeled year, the DOE chose either McQueen Branch or Upper Three Runs, depending on
which had the greater radionuclide concentrations in the groundwater where groundwater seeped into the
stream.


file://nrc.gov/nrc/hq/shared/DWM/AA-%20DOCUMENTS%20FOR%20PROCESSING/HArlt/Open%20ADAMS%20Document%20(The%20U.S.%20Nuclear%20Regulatory%20Commission%20Planned%20Monitoring%20Activities%20for%20Saltstone%20Disposal%20Facility%20at%20the%20Savannah%20River%20Site%20Rev.%201)
https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&ForceBrowserDownloadMgrPrompt=false&vsId=%7bC7B5A09B-E952-CBBE-857B-732EACD00000%7d
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ml23017a085

2.0 Background

Because the SDF and the SRS Tank Farms (i.e., H-Tank Farm and F-Tank Farm) are both
located at the SRS, the scenarios and conceptual models for those facilities share technical
bases. Many of the features, events, and processes (FEPs) that could affect the SDF
performance could also affect the performance of the SRS Tank Farms. For the 2020 SDF PA,
the DOE provided information about FEPs, conceptual models, and future scenarios in two
documents:
¢ SRR-CWDA-2017-00057, Rev. 0, “Features, Events, and Processes for the Saltstone
Disposal Facility Performance Assessment” (ML18170A253)
¢ SRR-CWDA-2018-00006, Rev. 0, “Conceptual Model Development for the Saltstone
Disposal Facility Performance Assessment” (ML18143B265)

The NRC draft guidance document, “Guidance for Conducting Technical Analyses for

10 CFR Part 61” (NUREG-2175; ML15056A516) defines scenario development as the process
of developing the scope of the analysis that will be implemented in the conceptual and
numerical models. The NUREG also indicates that approaches to scenario development can
typically be described as “bottom-up” or “top-down”. In a bottom-up approach, the analysis will
identify, categorize, and systematically screen the FEPs that could affect the performance of the
disposal facility being analyzed. In a top-down approach, the analyst uses the safety
assessment and safety functions to develop scenarios. In the 2020 SDF PA, the DOE used a
bottom-up approach of: (1) generating a list of FEPs, (2) systematically considering their
interactions and effect on the SDF, and (3) screening the FEPs to be represented in the
Conceptual Model (SCM) and future scenarios.

To identify and screen FEPs, the DOE relied on a team of subject matter experts. The NRC
addressed the use of expert elicitation in the guidance document, “Branch Technical Position on
the Use of Expert Elicitation in the High-Level Radioactive Waste Program” (NUREG-1563;
ML033500190).

3.0 DOE Future Scenarios and Conceptual Model for the 2020 SDF PA

3.1 Overview

The DOE developed future scenarios and conceptual models, also known as site conceptual
models, for the 2020 SDF PA based in part on the DOE identification of FEPs that could affect
SDF performance. In the document SRR-CWDA-2017-00057, the DOE provided the following
definitions:

o A feature is “an object, structure, or condition that has a potential to affect disposal
system performance”

e Aneventis “a natural or human-caused phenomenon that has a potential to affect
disposal system performance and that occurs during an interval that is short relative to
the period of performance”

o A process is “a natural or human-caused phenomenon that has a potential to affect
disposal system performance and that operates during all or a significant part of the
period of performance.”

In the document SRR-CWDA-2018-00006, the DOE indicated that it defined a scenario as “a
subset of important FEPs that are used to identify conditions or the future evolution of the
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disposal site.” The DOE based that definition on the definition provided in the NRC draft
guidance document “Guidance for Conducting Technical Analyses for 10 CFR Part 61”
(NUREG-2175). The term scenario is a frequently used term in technical analyses documents.
This TRR sometimes refers to the term future scenario to distinguish it from other types of
scenarios such as exposure or receptor scenarios, which describe the FEPs associated with the
behaviors and activities of the people who may be exposed to radiation. This TRR uses the
terms scenario and future scenario interchangeably. The DOE indicated that it considered the
Central Scenario to be the scenario that represents the most probable and defensible future
evolution of a disposal site. The DOE referred to any future scenario other than the Central
Scenario as an alternative scenario. In SRR-CWDA-2018-00006, the DOE indicated that an
alternative scenario usually reflects scenarios that are plausible, although they are less likely
than the Central Scenario. The DOE also indicated that alternative scenarios may include
disruptive events. In the draft guidance document NUREG-2175, the NRC staff indicated that
the Central Scenario typically would not include disruptive events because disposal sites
typically are sited to avoid disruptive events.

In SRR-CWDA-2018-00006, the DOE indicated that a conceptual model is “a well-defined,
qualitative description of how related FEPs behave or are impacted within the bounds of a
specific scenario.” The DOE then stated that an alternative conceptual model is “an additional
and different conceptual model that introduces an alternative approach for addressing simulated
conditions.” In NUREG-2175, the NRC stated: “Plausible conceptual models of a system are
estimates of how the system may function.” The DOE provided an example of an alternative
conceptual model for the 2020 SDF PA in terms of saltstone degradation. Specifically, the DOE
indicated that the conceptual model for the Central Scenario assumed that the main
manifestation of saltstone degradation would be gradually increasing saturated hydraulic
conductivity, whereas an alternative conceptual model would be that saltstone degradation
primarily proceeded through the development of cracks through the wasteform.

Figure 1 in this TRR provides an overview of the process the DOE used to develop FEPs,
conceptual models, and scenarios for the future evolution of the SDF. In brief, the DOE
developed the Central Scenario for the SDF (i.e., the expected future evolution of the SDF)
based on expert judgement. The DOE then developed the site conceptual model to represent
how the site would function in the Central Scenario. The DOE developed a list of FEPs from
standard FEP lists and previous site analyses. Then, the DOE screened that list to include FEPs
relevant to the SDF. The DOE reviewed the FEP list to determine which of the FEPs were
included in the Central Scenario. The DOE created alternative scenarios to address FEPs that
the Central Scenario did not reflect. The DOE then created alternative conceptual models to
represent how the site would function in the alternative scenarios.
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Figure 1. The DOE Model Development Process for the 2020 SDF PA
(From Figure 1.2-1 in SRR-CWDA-2018-00006)

Figure 1 also shows the scope of the system description and assessment context. In
SRR-CWDA-2018-00006, the DOE based the definitions of the assessment context and system
description on the definitions in the NRC draft guidance in NUREG-2175. The DOE stated that
the assessment context is “the collection of information that provides the basis for the
performance assessment.” The DOE also stated that the assessment context “includes the
purpose for the PA, the regulatory framework, assessment end points, waste characteristics,
and assessment timeframes.” In SRR-CWDA-2018-00006, the DOE states “the system
description describes the disposal system and the natural environment of the site.” Consistent
with the NRC guidance in NUREG-2175, the DOE indicated that the system description should
include descriptions of the site, the natural setting, the disposal facility, the interaction of the site
and disposal facility, the waste to be disposal of, and processes controlling contaminant release,
transport, and characteristics of potentially affected members of the public.

3.2 Features, Events, and Processes

The DOE document SRR-CWDA-2017-00057, describes the DOE processes for identifying and
screening FEPs for the 2020 SDF PA. This section addresses those steps in subsections 3.2.1
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and 3.2.2.
3.2.1 Identification of Features, Events, and Processes

To identify FEPs, analysts often begin with standardized lists from different organizations and
previous analyses for the disposal site (i.e., in this case, the SDF). An analyst would then
compile the FEPs from those sources, remove duplicates, and use that list as input in the FEPs
screening process. An alternative approach is to consider potential failure modes of a site and
then to list FEPs involved in those failures. That approach is typically referred to as a top-down
approach. The NRC guidance document NUREG-2175 provides additional information about
the general bottom-up and top-down FEP identification processes. For the 2020 SDF PA, the
DOE mostly took a bottom-up approach. The DOE complied FEPs from the following sources:

o Safety Assessment Methodologies for Near Surface Disposal Facilities, Results of a
Coordinated Research Project, Volume 1 (ISBN 92-0-104004-0)

e Features, Events and Processes for the Disposal of Low-Level Radioactive Waste
FY 2011 Status Report (FCRD-USED-2011-000297)

e Features, Events, and Processes for the Total System Performance Assessment;:
Analyses (ANL-WIS-MD-000027, Rev. 0)

o Encyclopedia of Features, Events and Processes for the Swedish SFR and Spent Fuel
Repositories (SKI Report 02:35)

That compilation resulted in a list of 1,383 FEPs. The DOE then organized the FEPs to make it
easier to recognize duplicate entries.



Table 1 in this TRR shows the six groups and 33 sub-groups the DOE used to organize the
FEPs. After the DOE removed duplicates and combined similar FEPs, the list included 245
FEPs. The DOE then reviewed the 2009 SDF PA and supporting documents and identified an

additional 100 FEPs to be added to the list. Therefore, the list included 345 FEPs before the
DOE began the FEPs screening process.



Table 1. Categories for Features, Events, and Processes
(Adapted from Table 3.0-2 in SRR-CWDA-2017-00057)

Group Sub-Group

1.1 General

1.2 Regulations and Controls

1.0 Assessment Basis 1.3 Models and Calculations

1.4 Other Assessment Factors

2.1 Human Characteristics

2.2 Land and Water Management

2.3 Future Human Activity

2.0 External Factors 2.4 Biological Factors

2.5 Geologic Features

2.6 Geologic Processes

2.7 Climate

2.8 Water Cycle

3.1 General Closure System

3.2 Pre-Closure Activities

3.3 Closure System Components

3.0 Closure System 3.4 Closure System Hydrology

3.5 Chemical Processes

3.6 Thermal Processes

3.7 Material Degradation

3.8 Other Closure System Factors

4.1 Contaminant Description

4.2 Contaminant Properties

4.0 Contaminant Factors 2.3 Concentrations

4.4 Exposure Factors

4.5 Other Contaminant Factors

5.1 Flow Factors

5.0 Flow and Transport 5.2 Flow Processes

5.3 Release and Transport

5.4 Other Flow and Transport Factors

6.1 Intrusions

6.0 Disruptive Events 6.2 Seismic Events

6.3 Igneous Events

6.4 Other Events

3.2.2 Screening of Features, Events, and Processes

After developing an initial comprehensive list of FEPs, the DOE determined which of the FEPs
should be accounted for in the PA model. That step is typically referred to as “screening.” In
general, FEPS that are “screened in” are accounted for in the PA model or supporting analyses
and FEPs that are “screened out” do not need to be considered further. The DOE document
SRR-CWDA-2017-00057 indicated that the DOE might not explicitly include all FEPs that are
screened in in the PA model. Instead, the DOE could account for the FEPs through bounding
analysis, secondary analysis, design consideration, administrative procedures, PA maintenance
processes, or other methods.



The DOE developed a team of nine subject matter experts to conduct the screening analysis for
the 2020 SDF PA. Collectively, the team members had advanced education and professional
experience in radioactive waste disposal, mixed chemical and radioactive waste disposal,
cementitious waste forms, waste stabilization, surface chemistry, geology, hydrogeology,
groundwater monitoring, groundwater flow modeling, statistical and data analyses, risk
assessment, and performance assessment modeling. Although the FEPs screening team
included nine members, only eight were available? for each Phase.

Initial Programmatic Screening

Before the DOE FEPs screening team began its process, the DOE screened in 50 FEPs and
screened out three FEPs based on the assessment context. The DOE referred to that process
as “programmatic screening.” For example, the DOE programmatically screened in FEP 1.1.01
(Assessment Purpose), FEP 1.107 (Assessment Endpoints), and 1.1.08 (Transparency of
Assessment Approach) because the DOE requires those considerations as part of PA
development. The DOE also programmatically screened out three FEPs prior to the FEP
screening team beginning its work:

e Prospective evaluation assessment approach (FEP 1.3.11)
e Retrievability (FEP 1.4.06)
e Site development (FEP 3.1.02)

The DOE screened out a prospective evaluation assessment approach (FEP 1.3.11) because it
was a generic FEP designed to focus on individual model components, which was not
appropriate for a holistic PA model. The DOE screened out retrievability (FEP 1.4.06) because it
is related to ensuring waste can be retrieved after disposal, which is inconsistent with the DOE
plan for the SDF. The DOE screened out site development (e.g., constructing roads, urban
residential buildings, industrial buildings) because the DOE determined it would lead to
speculation about future land use.

Phase | Screening

After the initial screening by DOE, the screening team used a two-phase screening process. In
the first phase, each subject matter expert worked alone to evaluate each FEP based on two
criteria: (1) the expert’s perceived frequency of the FEP or perceived probability of the FEP
occurring within 10,000 years of site closure and (2) the expert’s perceived impact (i.e.,
consequence) of each FEP occurring. The team members assigned each FEP a score of 0, 1,
or 2 for both frequency and consequence using the descriptions in

2 Dr. Simner participated in Phase | only and Dr. Garrabrants participated in Phase Il only.
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Table 2 and Table 3, below. The DOE instructed each team member that, in the case of
uncertainty, the team member should assign the higher score. The team members could also
indicate “NR,” meaning they had no recommendation for the FEP. Each team member then
determined a recommended action for each FEP based on the matrix in Table 4, below.



Table 2. FEPs Screening Criteria for Perceived Frequency
(Table 4.1-1 in SRR-CWDA-2017-00057)

Description Perceived Frequency Score
Anticipated, Expected, or Already Will occur in 10,000 years 2
Known to Exist or Occur
Unlikely or Extremely Unlikely May occur in 10,000 years 1
Beyond Extremely Unlikely Not expected to occur in 10,000 years 0
Table 3. FEPs Screening Criteria for Percieved Impact
(Table 4.1-2 in SRR-CWDA-2017-00057)
Description Perceived Impact to Member of Public Score
High Significant Impact on Release or Dose 2
Moderate Moderate Impact on Release or Dose 1
Negligible No or Negligible Impact on Release or Dose 0
Table 4. FEPs Screening Criteria Matrix
(Table 4.1-3 in SRR-CWDA-2017-00057)
Frequency | Beyond Extremely Unlikely or Extremely Anticipated,
Unlikely Unlikely Expected, or Already
Known to Exist or
Occur
Impact 0 1 2
High 2 Considered Screened In Screened In
Moderate 1 Screened Out Considered Considered
Negligible 0 Screened Out Screened Out Screened Out

To conclude Phase |, the team assembled the recommended actions from each subject matter
expert for each FEP. If the members unanimously decided to screen a FEP in, it was screened
in at that point. Similarly, if the members unanimously decided to screen a FEP out, it was
screened out at that point. In any other case, the FEP was “considered” and proceeded to
Phase II.

The DOE document SRR-CWDA-2017-00057 did not indicate how the DOE considered “NR”
responses when determining whether the team members’ recommendations were unanimous.
That is, the DOE did not specify whether a response of “NR” would be interpreted as being the
same as or different from otherwise unanimous responses. However, the Phase | screening
responses in Appendix A of SRR-CWDA-2017-00057, indicated that any “NR” response
resulted in the FEP being referred to Phase Il screening. For example, the team members
unanimously recommended to screen in the FEP for “Degradation of Waste Form (Saltstone)
Matrix” (FEP 3.7.05) except for one team member who gave an “NR” response, and the DOE
referred the FEP to Phase Il screening. Similarly, the team members unanimously
recommended to screen out the FEP for “Recrystallization of Vitrified Wastes” (FEP 3.6.07)
except for two team members who provided “NR” responses and the DOE referred the FEP to
Phase Il screening.

During Phase |, the DOE screened out two FEPs: FEP 6.4.10 (Changes to the Earth’s Tidal

Processes) and FEP 6.4.11 (Changes in the Earth’s Magnetic Field). The DOE did not screen in
any FEPs during Phase I.
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Phase Il Screening

In Phase Il, the team members discussed the 290 FEPs that had not been screened in or out.
The default position of the team was to screen FEPs in and the team documented a justification
for any FEPs the team screened out. The DOE document SRR-CWDA-2017-00057 indicated
that, during Phase I, the team considered factors in addition to the frequency and impact
factors considered in Phase I. Specifically, the DOE indicated that the team considered the
available knowledge and potential interactions with other FEPs. The DOE document SRR-
CWDA-2017-00057 did not indicate whether the DOE considered a lack of available information
to be a basis for screening a FEP in our out. However, the Phase Il justifications provided in
Attachment 3 of SRR-CWDA-2017-00057 indicated that the DOE screened out some FEPs
because any attempt to address those FEP would be “highly speculative”. That DOE document
stated: “Excluding FEPs that are considered highly speculative is consistent with guidance
found in DOE G 435.1-1, Chapter IV.” In general, the DOE used that justification with FEPs that
involved hypothetical future states. The DOE used that basis for the following 11 FEPs:

Ozone layer failure (FEP 2.2.08)

Technological developments (FEP 2.3.04)
Retrograde developments (FEP 2.3.06)

Species evolution (FEP 2.4.04)

Tectonic activity and processes (FEP 2.6.01)
Orogeny (formation of mountains) (FEP 2.6.02)
Site development (FEP 3.1.02)

Waste inventory (unexpected sources) (FEP 4.3.07)
Accidents and unplanned events (FEP 6.4.1)
Extraterrestrial events (FEP 6.4.09)

Impacts from meteorites of space debris (6.4.09)

The next most common basis the DOE provided for screening out a FEP was that the screening
team considered the FEP to be too broad and determined that it was redundant with other more
specific FEPs included in the process. The DOE used that basis for screening out the following
nine FEPs:

Natural/semi-natural land and water use (FEP 2.2.03)

Pollution (soil, groundwater, air, etc.) (FEP 2.2.07)

Biomes (FEP 2.4.01)

Vegetation (FEP 2.4.02)

Animal populations (2.4.03)

Climate change (FEP 2.7.08)

Response to climate change (FEP 2.7.09)

Rind (chemically altered zone) forms in the near field (FEP 3.5.22)
Hydrological response to geological changes (FEP 5.2.05)

The remaining FEPs that the DOE screened out were screened out for various site-specific
reasons. For example, the DOE screened out sedimentation (FEP 2.6.06) because the SDF is
higher than the surrounding area and because the team expected sedimentation to enhance,
rather than diminish SDF performance. As another example, the DOE screened out
recrystallization of vitrified wastes (FEP 3.6.07) because it does not apply to the cementitious
saltstone wasteform. After screening, the DOE had a list of 284 FEPs to address with the 2020
SDF PA. Table 5 shows the number of FEPs screened in and out at each stage of the process.
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Table 5. FEPs Screening Summary
(Adapted from SRR-CWDA-2017-00057, Table 4.4-1)

Screening Phase Screened In Screened Out
Prior to Phase | (programmatic decisions) 50 3
Phase | 0 2
Phase Il 234 56
Total 284 61

3.3 Future Scenario Development

Typically, the next step after FEPs screening is the development of scenarios for the future
evolution of the site. As discussed in Section 3.1 in this TRR, the DOE referred to the scenario it
found to be the most likely as the Central Scenario and other, less likely scenarios as alternative
scenarios. The DOE developed the Central Scenario through expert judgement. In the 2020
SDF PA, the DOE referred to nine modeling cases as alternative scenarios. During the
development of alternative conceptual models (see Section 3.4 in this TRR) the DOE identified
163 FEPs represented by the Central Scenario. The DOE determined an additional 56
scenarios were addressed by the modeling cases it referred to as alternative scenarios (Table 6
below). This TRR addresses the disposition of the remaining 65 FEPs in Section 3.4.
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Table 6. FEPs the DOE Indicated are Addressed in Alternative Scenarios
(Adapted from Tables 4.4-2 through 4.4-10 in SRR-CWDA-2018-00006)

Modeling FEPs DOE Indicatefi are Addressed : _
Case Name External Closure Contaminant Flow and Disruptive
Factors @ System @ Factors @ | Transport @ Events @
g'g'gg’ gggg 5103 6.2.01, 6.2.03,
Early 2703 3.7.06, 3.7.08, 5'1'07 6.2.04, 6.4.02,
Releases o e a7 a0 T 6.4.03, 6.4.04,
3.7.09, 3.7.19, 5.4.06 6.4.06 6.4.07
3.8.07 s
Infiltration 2.6.05, 2.6.07, 3.7.08 5.1.03 6.2.01, 6.2.03,
Variability 2.6.11,2.6.14 o 5.1.07 6.2.04, 6.4.06
Fast Flow 3.2.09, 3.4.05,

Paths 3.7.02. 3.7.06, 21(1)2 6.2.01, 6.2.03,
through 2.7.03 3.7.09, 3.7.15, 5'3'09 6.2.04, 6.4.04,
Disposal 3.7.19, 3.8.02, 5'4'05 6.4.06, 6.4.07

Structures 3.8.07 o
Fast Flow

Paths g-g-?g 2708 51.10 6.2.01
through 2:5:11 3:7:19 5.1.13 6.2.04
Ground 26.14 5.3.09 6.4.06

Water

No Closure | 2.6.07,2.6.11, 6.1.04
Cap 26.14,2.7.03 | >208 3806 1.06
S . 3.2.04, 3.2.10,
tratified 3.3.17, 3.4.08,
Saltstone 3.5.13, 3.7.09, 4.1.06 6.4.07
3.8.02
Perched 2.5.11 3.5.21 5.2.09 6.4.02
Water
. 3.5.18 5.3.06
Tg?]'g)'g , 3.5.24 4.5.07 5.3.11
3.5.25 5.4.04
Inadvertent 6.1.01
Human 6.1.03
Intruder 6.1.06

(a) See Table 1 in this TRR for FEP categories and Table 9 in this TRR for FEP descriptions

The NRC staff requested additional information about the DOE development of alternative
scenarios in a Request for Additional Information Question (ML22026A391). The NRC staff
indicated that some of the modeling cases that the DOE referred to as alternative scenarios
appeared to be more like sensitivity analyses, which can focus on single parameters or features,
rather than alternative scenarios, which envision an alternative evolution of the site and
represent changes to all of the systems that would be affected in that alternative scenario. In
that RAI Question the NRC staff used the Early Releases, Infiltration, and Fast Flow Paths
through Disposal Structures Scenarios as examples. The NRC staff noted that the DOE
indicated that those modeling cases accounted for FEPs related to subsidence and seismic
activities (i.e., FEPs 6.2.01 through 6.2.04). However, in the RAI Question the NRC staff
indicated that those modeling cases do not appear to represent plausible future scenarios with
seismic activity or subsidence because they do not include damage to either the closure cap or
to the drainage and composite layers above the disposal structure roofs. Consequently, the
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infiltration rates and the saltstone inflow rates that the DOE projected in those modeling cases
remained similar to those for the Central Scenario compliance case, which is not what the NRC
staff would expect in a future scenario that included seismic activity or subsidence. Table 7 in
this TRR lists the FEPs for which the NRC staff requested additional information in the Fourth
Set of NRC RAI Questions for the 2020 SDF PA (ML22026A391).

Table 7. Disruptive FEPs for Which the NRC staff Requested Additional Information
(From text in ML22026A391)

FEP Description

Number

6.2.01 Seismicity

6.2.03 Seismicity-Induced Damage or Changes to System Components

6.2.04 Effects of Subsidence

2.6.07 Erosion and Weathering

2.6.11 Mass Wasting

5.1.07 Episodic or Pulse Flow and Release

In response to the NRC RAI Question, the DOE addressed the FEPs in Table 7 above in three
groups (see DOE document SRMC-CWDA-2022-00016 (ML22118A297)). The first group
included the FEPs related to seismicity and subsidence (i.e., FEP 6.1.01, 6.2.03, and 6.2.04), the
second group included the FEPs related to erosion, weathering, and mass wasting (i.e., FEP
2.6.07 and 2.6.11), and the third group addressed episodic or pulse flow and release (i.e., FEP
5.1.07).

The DOE indicated that it expected damage to the closure cap and disposal structures from
seismicity and subsidence to have “very low probability.” In addition, the DOE indicated that the
PA modeling team had reviewed additional information that had not been reviewed by the FEPs
screening team and determined that the probability of subsidence was lower than the FEPs
screening team had expected. For seismicity, the DOE provided two reasons: (1) ground motion
would move the disposal structures with the materials around them (e.g., engineered barriers
above the disposal structure roofs) so that the relative motion would be limited and (2) the DOE
will inform the design of the closure caps with a slope stability analysis, and the closure cap will
be designed and built to minimize damage from seismic events. For seismicity, the DOE
provided a reference that indicated that calcareous zones (also called “soft zones”) at SRS are
primarily located south of the SDF (see DOE document SRNL-TR-2012-00160
(ML13080A339)). The DOE stated: “If the FEPs Screening Team had studied this information
prior to performing the FEPs screenings, it is likely that the FEPs Screening Team could have
screened out FEPs 6.2.01, 6.2.03, and 6.2.04 on the basis that their qualitative perceptions may
have changed.” In addition, the DOE indicated that the DOE response to the NRC Request for
Supplemental Information (RSI) included a sufficient range of infiltration rates and saltstone
properties that it would account for the effects of seismicity or subsidence.

For erosion, weathering, and mass wasting (FEPs 2.6.07 and 2.6.11) the DOE indicated that the
FEPs had been addressed in the DOE RSI response because the RSI response included
uncertainty ranges for the performance of engineered layers within the closure cap sufficient to
account for the FEPs. In addition, for mass wasting (FEP 2.6.11), the DOE indicated the FEP
was addressed in the “retreating cap” sensitivity analysis in the 2020 SDF PA. The DOE also
indicated that the DOE would perform a slope stability analysis before finalizing the design of the
closure cap, and that the DOE would mitigate the risk of mass wasting based on the slope
stability analysis prior to finalizing the closure cap design.
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https://adamsxt.nrc.gov/navigator/AdamsXT/packagecontent/packageContent.faces?id=%7b2437BC48-3F57-C361-8581-7E97CDF00000%7d&objectStoreName=MainLibrary&wId=1666788187175
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For episodic or pulse flow and release (FEP 5.1.07), the DOE provided additional information to
address the FEP in the DOE document SRMC-CWDA-2020-00016. In that document, the DOE
provided projections of dose to a member of the public 100 m from the SDF boundary under
different flow conditions the DOE designed to mimic episodic flow. To represent episodic flow,
the DOE varied the modeled Darcy velocities in the vadose zone and aquifer thickness over
10-year modeling time steps based on the compliance case annual average values. For the
increased flow time periods, the DOE doubled the compliance case Darcy velocities in the
vadose zone and multiplied the Darcy velocities in the saturated zone by a factor of 1.5. For the
decreased flow time periods, the DOE set the vadose zone Darcy velocities to zero and
multiplied the saturated zone Darcy velocities by 0.5. The DOE also changed the modeled
thickness of the saturated zone to reflect changes in the flow. For the increased flow time
periods, the DOE increased the thickness of the saturated zone by 3.7 m (12 ft). For the
decreased flow time periods, the DOE decreased the thickness of the saturated zone by 3.7 m
(12 ft). The results of the DOE analysis showed small vacillations around the projected dose for
the compliance case. Based on that analysis, the DOE indicated that the FEP had been
addressed and was not expected to have a significant effect on the projected dose.

3.4 Conceptual Model Development

The DOE described the process the DOE used to develop conceptual models for the 2020 SDF
PA in SRR-CWDA-2018-00006. The first step was to develop an interaction matrix (IM). In
SRR-CWDA-2018-00006, the DOE described an IM as “a tool for mapping specific FEPs to
various system components and interactions between system components, as a method for
developing modeling scenarios.” As described in the NRC guidance in draft NUREG-2175, the
first step in developing an IM is to divide a system into components. For the 2020 SDF PA, the
DOE divided the system into the 26 components shown in Table 8.

Figure 2 in this TRR shows the DOE IM for the Central Scenario for the 2020 SDF PA. The IM
uses the 26 components in Table 8 as row and column headers. Each matrix entry represented
the effect of the row component on the column component. For example, an entry in the first
row and second column would be identified as IM 01.02 and would represent the effect of
precipitation on the closure cap. Entries on the diagonal line reference single components
because they represent the same component row and column. For example, in Figure 2 in this
TRR, element IM 15.15 represents the performance of the lower mud mat. The DOE referred to
entries with the same row and column header as “leading diagonal elements.”
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Table 8. System Components for Central Scenario
(Adapted from Table 3.1-1 in the 2020 SDF PA)

Component
Number

Description

Precipitation

Closure Cap

Disposal Structure Roof

Waste (Decontaminated Salt Solution)

Saltstone Hydraulic Conductivity

Saltstone Reducing Capacity

Pore Water Chemistry

Gaseous Phases

Disposal Structure Columns

Disposal Structure Joints / Waterstops

Disposal Structure Interior Liner

Disposal Structure Walls and Floor

Upper Mud Mat

Liner Between Mud Mats

Lower Mud Mat

Backfill

Groundwater Chemistry

Vadose Zone

Saturated Zone

1-Meter or 100-Meter Well

Surface Streams

Soil

Vegetation

Livestock

Human
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Exposure / Risk
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02 03 04 05 06 07 o8 09 10 12 i3 14 15 16 17 13 10 [1 22 23 24 25 26
01.02 01.03 01.04 01.05 01.06 01.07 01.08 01.09 01.10 o111 o112 o113 0114 o1.15 0L16Flow  [01.17 0L18Flow  [0L19Flow 0120 0121 01.22 0123 0124 01.25 0126
Infitration [Rates Rates
|(Water Cycle)
0202 01 0203 Flow 0204 0205 0206 0207 0208 0209 0210 0211 0212 013 0214 0215 0218 0219 0220 0221 0222 G2 0225 0226
Closure Cap [Rates, | Chenstry,
|Oxidation
030301 03.02 Flow 03.04 03.05Flow  [03.06 Flow  [03.07 03.08 03.09 [0310Fow 0311 0312 03.13 0314 0315 03.16Flow  [03.17 0318 0319 0320 0321 03.22 0323 0324 03.25 03.26
Rates, SDU Roof Rates, Rates, Rates Rates
Degradation _|Oxidation
040401 04.02 04.03 04.05 04.06 0407 (0408 Waste [04.09 0410 0411 0412 Waste [04.13 0414 0415 0416 Waste [04.17 Waste [0418 0419 0420 0421 0422 0423 0424 0425 0426
Waste (DSS) |Chemsstry  [Chemstry  |Chemistry  [Release Release Release Release.
[Voht
[05][os o1 [os02 0503 05.04 Salstone[05.06 Flow [05.07 Flow. mﬂ;ﬁm [0509Fow {0510 Flow 0511 [0512Fow  [05.13 0514 [os15 [o516 05.17 [os 18 [os19 0520 0521 0522 [os3 052+ [o525 0526
Hydraubc  |Rates, Rates, Waste |Release, Rates, Rates Rates,
Conductivity |Oxidation __|Release [Vohtitty
1060601 06.02 06.03 06.04 06.05 Salistone 06,07 Waste[06.08 06.09 06.10 06.11 06.12 06.13 06.14 06.15 0616 Waste [06.17 06.18 06.19 06.20 0621 0622 0623 0624 06.25 06.26
Reducing [Release. (Oxidation. Oxidation.  [Oxidation. Oxidation.  [Release.
Capacity _|Chemistry [Waste Rekase [Waste Release [Waste Release [Waste Rekease |Chemistry
[07[07.01 07.02 07.03 07.04 07.05 07.06 Pore Water |78 Waste (07,09 07.10 07.11 07.12 07.13 Waste 07,14 07.15 Waste (0716 Waste [07.17 Waste [07.18 0719 0720 0721 0722 0723 07.24 0725 07.26
Degradation. [Release, Degradation. Degradation. ~ [Release, Release, Release, Release, (Chemistry
[Vohtity _|Chemistry Chemistry | Chenuistry Chemstry _|Chemistry
08 os. o1 08.02 0803 08,04 08.05 08.06 08.07 0.09 0810 0811 08.12 0513 0814 0815 0816 08.17 0818 0819 0820 0821 0822 0823 0824 0825 0826 Dose
Degradation. Owlation, | Degradation, | S5 Degradation. [Exposure
|Oxidation, [Waste Release,|Chemistry Phases [Waste Release.|
10909.01 09.02 09.03 09.04 09.05 09.06 09.07 09.08 0910 0911 (9 12Fow (0913 0914 09.15 .16 09.17 09.18 0919 09.20 0921 0922 0923 0924 09.25 0926
Geometry SDU Cokums Rates
101001 1002 1003 Flow  [10.04 1005 10.06 10.07 10.08 1009 DU o1 1012Fow  [1013Fkw  [10.14 1015 1016Fow (1017 1018 1019 1020 1021 1022 1023 1024 1025 1026
Rates = Rates Rates Rates
111101 102 1103 1104 1105 11.06 11,07 11.08 1109 1110 - B [I¥E} 14 115 1116 17 1118 1119 1120 1121 12 123 1124 125 1126
Liner
12[1201 1202 1203Fow  [1204 12.05 Flow _|12.06 Oxidation| 12.07 12.08 1209 1210Fw 1211 DB3Few  [1214 1215 1216Fw (1217 1218 1219 1220 1221 1223 1226
SDU Walls and|
Rates Rates, Rates Four | [Rates [Rates, Waste
Degradation Release
13[1301 13.02 13.03 3.0+ 13.05 13.06 13.07 13.08 13.09 13.10 B 13.12 Flow B314Fow |1315Fkw  [13.16Fbw (1317 1318 1319 13.20 1321 B2 B3 1324 1325 1326
Upper Mud
Rates Rates Rates Rates
Mat
141401 1402 1403 1404 14.05 1406 1407 14.08 1409 1410 11 [3H] [EEE= 1415Fow  |14.16 117 1419 1420 1421 1422 [ 1424 1425 1426
Rates. Mud Mats Rates
151501 15.02 15.03 1504 15.05 15.06 15.07 15.08 1509 15.10 511 1512 1513 15.14 Flow 1516Fbw  [1517Fbw  [15.18Fow 1519 1520 1521 1522 153 1524 1525 15.26
Lower Mud
[Rates ot [Raes. Rates, [Rates,
(Chenustry. |Chemistry,
16[16.01 1602 1603 1604 1605 1606 1607 16.08 1609 1610Fw (1611 1612Fow  [1613Fkw  [16.14 16.15 Flow 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626
(Chemistry Rates Rates, Rates Rates Backfill (Chemistry,
|Oxidation |Transport
17 17,01 17.02 17.03 17.04 17.05 17.06 17.07 17.08 17.09 17.10 71 1712 713 714 17.15 17.16 17.18 17.19 17.20 1721 7.2 7.3 17.24 1725 17.26
(Chenstry DO |Chemistry,  |Chemistry,  [Chemisty, | Chemistry.
el Touspo [T Transport |Transport
181501 1802 1803 1804 1805 18.06 18.07 1808 1809 1810 B 812 B13 1814 [1815Fow  [1816Fbw  [18.17 11819 Flow [1820 1821 1822 1823 1824 1825 1826
Rates Rates Vadose Zone [Rates.
Transport Geometry
19 19,01 19.02 19.03 19.04 19.05 19.06 19.07 19.08 19.09 19.10 1911 w12 °13 1914 19.15 19.16 19.17 19.18 1920 921 1.2 193 1924 1925 1926
| Geometry Transport | Transport
[20[20.01 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2021 2022 2023 2024 2025 120,26 Dose
1-Meter or 100 I B Exposure
Meter Well
212101 2102 2103 2104 21,05 2106 2107 2108 2109 2110 2111 FIEE) 2113 2114 2115 2116 o117 o118 2119 21.20 2122 B 2124 2125 2126 Dose
Surface
Streans. [Exposue
[22[22.01 20 2203 204 2205 2206 207 208 200 210 211 N1 213 214 215 216 217 218 219 2220 221 2223 224 225 2226
|Contamnation c [Exposure
[23[23.01 502 2303 2304 23.05 23.06 .07 23.08 2309 %10 2311 B2 513 2514 2315 216 317 2318 319 2320 2321 2322 2324 2325 2326
Vegetation |Contammation |Exposure
124 [24.01 24.02 24.03 24.04 24.05 24.06 24.07 24.08 24.09 24.10 24.11 2412 24.13 24.14 24.15 24.16 24.17 24.18 24.19 24.20 24.21 24.22 24.23 24.25 24.26
Livestock |Exposure
[25]25.01 2502 2503 2504 2505 25.06 25.07 25.08 2509 2510 2511 512 2513 2514 2515 2516 2517 2518 2519 2520 Human 2521 2522 2523 2524 [25.26 Human
Behavior, Human  |Bebavior
Exposure
26.02 26.03 2604 26.05 2606 26.07 26.08 2609 2610 2611 2612 2613 2614 2615 26.16 2617 2618 2619 26.20 2621 2622 2623 2624 2625 Dose
|Exposure/ Risk

Figure 2. Interaction Matrix for the Central Scenario for the 2020 SDF PA (from Figure A-1 in SRR-CWDA-2017-00057)




The DOE used the IM and the final FEPs list to identify the need for alternative conceptual
models (SRR-CWDA-2018-00006). Figure 3 below provides an overview of the process that the
DOE used, which the DOE referred to as the “FEPs auditing process.” Although the DOE
document SRR-CWDA-2018-00006 indicated that alternative conceptual models were based on
future scenarios, the process overview shown in Figure 3 below illustrates the development of
alternative conceptual models directly from the FEPs auditing process. The DOE began with the
FEPs list and evaluated whether each FEP was represented by a leading diagonal element
(LDE) or an off-diagonal element (ODE) in the IM for the Central Scenario. If the DOE could not
map the FEP to an IM entry, then the DOE evaluated whether the FEP could be represented
with an alternative conceptual model. If it could not, then the DOE determined whether the FEP
could be represented with a sensitivity analysis. If the FEP could not be represented with either
an alternative conceptual model or a sensitivity analysis, then the DOE provided an explanation
for excluding the FEP from the PA.

Although Figure 3 below shows creation of an alternative conceptual model and creation of a
sensitivity analysis as separate steps, the DOE did not explicitly distinguish between an
alternative conceptual model and a sensitivity analysis in SRR-CWDA-2018-00006 or in the
2020 SDF PA. During an Onsite Observation Visit (OOV) with the DOE on July 9-11, 2018, the
NRC staff clarified that that a sensitivity analysis was typically designed to provide information
about the importance of a parameter or engineered feature to projected system performance
and does not necessarily reflect a plausible site condition (e.g., no closure cap), whereas an
alternative conceptual model would represent a plausible site condition (ML18219B859).
Consequently, a sensitivity analysis might represent changes to one parameter or feature in
isolation, whereas an alternative conceptual model typically represents changes to multiple
parameters or features that might function differently in the alternative conceptual model.

Based in the IM (Figure 2 above), the DOE determined 163 FEPs were addressed in the
conceptual model for the Central Scenario. During the first step of the FEPs auditing process
illustrated in Figure 3, below, the DOE eliminated 51 FEPs from inclusion in the PA Model. The
DOE eliminated most of those FEPs for one of three reasons: (1) they were addressed in
documentation independent of the PA Model (e.g., FEP 1.1.01, “assessment purpose”), (2) the
DOE planned to address them outside of the PA model (e.g., FEP 1.4.03, “development of
expertise”), or (3) the DOE determined the FEP was too broad and was represented by more
specific FEPs in the PA Model.

For many of the FEPs the DOE eliminated from the PA Model during this step, the DOE
provided more than one reason for exclusion from the PA model. For example, the DOE
excluded FEP 1.3.03, “model confidence,” both because it was too broad (i.e., reason 3) and
because the DOE addresses model confidence outside of the PA model with research,
monitoring, and maintenance (i.e., reason 2). Of the 22 FEPs the DOE identified as being “too
broad” during the FEP audit process, only one, Facility Factors (3.1.03), had no other reason for
exclusion.

Table 9 in this TRR lists the 70 FEPs that the DOE determined should be addressed in the PA
model but were not addressed in the conceptual model for the Central Scenario or excluded
during FEPs audit process (i.e., 284 FEPs screened in — 163 in the Central Scenario — 51
excluded from the PA model = 70 FEPs).


https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&ForceBrowserDownloadMgrPrompt=false&vsId=%7bA999FD08-C338-49D8-A0EA-DFD6A9ACA4C2%7d

Is FEP

Yes

Yes

Develop ACM(s) to
Address FEP(s)

Develop Sensitivity
— Model(s) to Address
FEP(s)

FEP = Features. Events, and Processes
IM = Interaction Matrix

FEPis Addressed

LDE = Leading Diagonal Element
ODE = Off-Diagonal Element

Should FEP be
Addressed by
PA Modeling?

Addressed by
IMLDE?

Is FEP
Addressed by
IM ODE?

Can FEP be
addressed by
an ACM?

Can FEP be
addressed with
a Sensitivity
Model?

Exclude FEP from PA
Modeling and Provide
Justification

PA = Performance Assessment
ACM = Alternative Conceptual Model

Figure 3. Auditing of Features, Events, and Processes List for Conceptual
Model Development (From Figure 1.2-2 in SRR-CWDA-2018-00006)
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Table 9. FEPs Not Addressed in the Conceptual Model for the Central Scenario or
Excluded During FEPs Auditing (Table 4.4-1 in SRR-CWDA-2018-00006)

No. Name No. Name
2.4.05 | Microbial Activity 3.7.09 | Localized Degradation
2.5.08 | Geologic Discontinuities and Boundary 3.7.15 | Waste Form (Saltstone) and Concrete
Conditions (Fractures, Faults, and Cracks) (SDU) Macroscopic Fracturing
2.5.10 | Unconsolidated Soft Zones 3.7.19 | Site Stability
2.5.11 | Undetected Geologic Features 3.8.02 | Void Space Formation
2.6.05 | Mechanical Effects on Geologic Features |3.8.06 | Incomplete Closure
2.6.07 | Erosion and Weathering 3.8.07 | Mechanical Effects at Engineered Barrier
System Component Interfaces
2.6.11 | Mass Wasting 4.1.06 | Waste Allocation and Emplacement
2.6.14 | Closure Cap Performance (Differential 4.5.05 | Radiation Effects on the Waste Closure
Settlement) System
2.7.03 | Cold Weather Effects 4.5.06 | Radiolysis Effects
2.7.06 | Acid Rain 4.5.07 | Radionuclide Interaction with Corrosion
Products
2.8.05| Focused Infiltration 5.1.03 | Focusing of Flow Along Preferred Flow
Paths (Fingers, Weeps, Faults, Fractures)
3.2.04 | Manufacturing and Commissioning of 5.1.07 | Episodic or Pulse Flow and Release
Components
3.2.05| Construction 5.1.10| Alteration and Chemical Weathering Along
Flow Paths
3.2.07 | Alternate Container Design & Construction |5.1.12|Film/Laminar Flow
3.2.08 | Discrete Capping of Disposal Units 5.1.13 | Calcareous Zone Flow
3.2.09 | Repairs of Construction Defects 5.1.14 | Deformation at Flow Interfaces
3.2.10 | Preparation of Cementitious Materials 5.2.09 | Perched Water Develops
3.3.07 | Ancillary Equipment / Piping/Transfer Lines |5.3.06 | Colloid Facilitated Transport
3.3.17 | Variability of Field Emplaced Saltstone 5.3.09 | Fast Transport Pathways
3.4.05 | Saturation of Fractures 5.3.11 | Solid-Mediated Migration of Contaminants
3.4.08 | Dispersivity Inside SDUs 5.4.04 | Organic matter impacts on sorption
3.4.10 | Osmotic Pressure 5.4.05 | Oxidation along Fractures
3.4.13 | Condensation on Closure System Surfaces |5.4.06 | Rinse Release
3.5.13 | Dispersion of the Oxidation Front 6.1.01 | Inadvertent Human Intrusion
3.5.18 | Complexation in the Natural System 6.1.03 | Drilling Activities
3.5.20| Reaction Kinetics 6.1.04 | Excavating and Mining Activities
3.5.21 | Pooling Water Above SDUs 6.1.06 | Animal/Plant Intrusion
3.5.24 | Colloid Generation 6.2.01 | Seismicity
3.5.25 | Chelating Agent Effects 6.2.03 | Seismic-Induced Damage or Changes to
System Components
3.6.01 | Thermal Processes and Conditions in the |6.2.04 | Effects of Subsidence
Engineered System
3.6.02 | Thermal Processes and Conditions in the | 6.4.02 | Flooding or Drainage System Failure
Natural System
3.6.05 | Thermo-Chemical Alteration, Near-Field 6.4.03 | Releases Prior to Closure
3.7.02 | Mechanical Degradation Mechanisms 6.4.04 | Forest/Brush Fire
3.7.06 | Concrete Shrinkage/Expansion 6.4.06 | Movement of the Waste Form
3.7.08 | Swelling of Backfill and Emplacement 6.4.07 | Cave-In, Collapse, or Rockfall
Materials

Although Figure 3 in this TRR illustrates a process to identify the need for alternative conceptual
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models though the FEPs auditing process, the DOE appeared to use the process to generate
future scenarios. For example, the DOE document SRR-CWDA-2018-00006 does not list
alternative conceptual models identified through the FEPs auding process, in contrast with the
plan shown in Figure 3. In general, the DOE appeared to equate alternative conceptual models
with future scenarios, although the DOE defined the two terms differently in SRR-CWDA-2018-
00006. This TRR provides a list of the future scenarios the DOE identified through the FEPs
auditing process in Section 3.4.

As discussed in Section 3.3 in this TRR, the DOE determined that 56 of the 70 FEPs in Table 9,
above, were accounted for in modeling cases the DOE referred to as alternative scenarios. The
DOE stated in Table 4.5-1 in SRR-CWDA-2018-00006 that three of the remaining 14 FEPs
were addressed with sensitivity analyses based on the Central Scenario (i.e., equations and
parameters were equal to those of the Central Scenario except for the specific changes listed in
parenthesis). However, in the DOE Response to Clarifying Comment (CC)-4 in SRMC-CWDA-
2022-00016, the DOE declared that not all of the recommendations from SRR-CWDA-2018-
00006 were directly implemented, and that there were no sensitivity models associated with the
three FEPs although the DOE response did provide insights into the potential impacts related to
the three FEPs based on the results of other, more indirect, sensitivity cases.

e Acid rain (FEP 2.7.06) (lower pH infiltrating water)
Alternate container design and construction (FEP 3.2.07) (different disposal structure
design and locations)

¢ Ancillary equipment and piping or transfer lines (FEP 3.3.07) (transfer lines include
residual waste)

Finally, the DOE determined that it would not address the remaining 11 FEPs in the PA Model
because no further action was needed. The DOE used that basis to screen out the following
FEPs:

Microbial activity (FEP 2.4.05)

Focused infiltration (FEP 2.8.05)

Osmotic pressure (FEP 3.4.10)

Condensation on closure system surfaces (FEP 3.4.13)

Reaction kinetics (FEP 3.5.20)

Thermal processes and conditions in the engineered system (FEP 3.6.01)
Thermal processes and conditions in the natural system (FEP 3.6.02)
Thermo-chemical alteration, near-field (3.6.05)

Radiation effects on the waste closure system (4.5.05)

Radiolysis effects 4.5.06)

Film/Laminar flow (5.1.12)

That step was similar to a FEP being screened out during the Phase Il screening process if the
FEPs screening team determined that a FEP was either not probable or consequential enough
(or both) to warrant inclusion in the PA model. The main difference was that the FEPs screening
team members were selected based on their expertise in a broad range of applicable technical
fields. In contrast, the DOE did not indicate the individual contributors responsible for excluding
FEPs during the FEP auditing process. The DOE provided the basis for determining that no
further action was needed for each of 11 FEPs above in Table 4.5-1 (SRR-CWDA-2018-00006).
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4 NRC Staff Evaluation

The NRC SDF Monitoring Plan does not include a monitoring area for scenarios and conceptual
models. Instead, it groups monitoring factors related to scenarios and conceptual models with
other monitoring factors under MA 10 (Performance Assessment Model Revisions). MA 10
includes three monitoring factors related to scenarios and conceptual models: (1) MF 10.01
(Implementation of Conceptual Models) related to the mathematical and computational models
that the DOE uses to implement its conceptual models; (2) MF 10.02 (Defensibility of
Conceptual Models) related to the support that the DOE presents for its SDF conceptual
models, and (3) MF 10.14 (Scenario Development and Defensibility) related to the DOE process
for developing future scenarios and the support for those scenarios. Because of the importance
of those areas to understanding model uncertainty, the NRC staff recommends creating a new
Monitoring Area tilted “Future Scenarios and Conceptual Models” to focus on issues related to
the development of plausible future scenarios and conceptual models. Therefore, the NRC staff
also recommends moving the three monitoring factors discussed above to the new MA. In
addition, the NRC staff also recommends changing the priority of MF 10.01 from high to
medium, as discussed in NRC’s Model Integration TRR (ML23017A090).

Recommendation FSCM-01
The NRC staff recommends opening a new monitoring area entitled “Future Scenarios

and Conceptual Models” under the performance objectives of § 61.41 and § 61.42.

Recommendation FSCM-02
The NRC staff recommends closing the medium priority MF 10.14 and opening a new
monitoring factor entitled “Scenario Development and Defensibility” under the new
Future Scenarios and Conceptual Models monitoring area under the performance
objectives of § 61.41 and § 61.42. The NRC staff expects to close the new monitoring
factor “Scenario Development and Defensibility” after the DOE updates the performance
assessment and the NRC staff determines that future scenarios are appropriate.

Recommendation FSCM-03
The NRC staff recommends closing the high priority MF 10.02 and opening a new
monitoring factor entitled “Defensibility of Conceptual Models” under the new Future
Scenarios and Conceptual Models monitoring area under the performance objectives of
§61.41 and § 61.42. The NRC staff expects to close the new monitoring factor
“Defensibility of Conceptual Models” after DOE updates the performance assessment
and the NRC staff determines that the conceptual models are appropriate.

In addition, in the Model Integration TRR (ML23017A090), the NRC staff recommended closing
the high priority MF 10.01 and opening a new monitoring factor entitled “Implementation of
Conceptual Models” under the new Future Scenarios and Conceptual Models monitoring area.
The Model Integration TRR (ML23017A090) also recommended changing the high priority
status of the new monitoring factor to medium priority and expects to close the new monitoring
factor “Implementation of Conceptual Models” under the performance objectives of §61.41 and
§ 61.42 after DOE updates the performance assessment and the NRC staff determines that the
conceptual models are appropriately implemented.
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4.1 Overview

Although the general scenario development for the 2020 SDF PA can be described as a
“bottom-up” approach, there are “top-down” elements involved, such as the Central Scenario
having been chosen based on expert judgement to represent the most probable and defensible
future evolution of Z-Area before any FEPs analysis was undertaken. Only after the DOE
developed the site conceptual model to represent how the site would function in the Central
Scenario did the DOE then develop a list of FEPs. The NRC staff finds that approach
acceptable if a scenario development analysis is performed in a consequential and logical
manner so that risk significant FEPs, plausible alternative conceptual models, and plausible
alternative future scenarios are included and assessed in the PA process.

In general, the NRC staff found most of the steps for developing an initial FEPs list, screening
the FEPs, and developing alternative modeling scenarios to be well documented and
transparent by the DOE. However, the NRC staff found that the DOE basis for screening out
FEPs considered to be too broad was insufficiently documented (see Section 4.2.2 in this TRR).
The NRC staff also determined that the basis for eliminating 11 FEPs from the PA model during
the FEPs auditing process on the basis that no further action was needed was insufficiently
documented. Although the DOE provided bases for determining no further action was needed to
address each FEP, the DOE did not indicate why the judgement of the individuals who
conducted the auditing process superseded the judgment of the FEPs screening team
members, who were selected based on their expertise in relevant fields. In general, the NRC
staff reviewed the technical issues specific to the FEPs excluded on this basis in TRRs specific
to each topic area. For example, the DOE excluded reaction kinetics (FEP 3.5.20) on the basis
that the DOE assumed all reactions in saltstone would come to equilibrium. The NRC staff
addressed that technical issue in a TRR entitled Near Field Flow and Transport
(ML23017A086).

In addition, the NRC staff determined that the DOE appeared to use the terms “alternative
conceptual model,” “sensitivity analysis,” and “scenario” interchangeably. That lack of precision
was detrimental to ensuring that the PA model accounted for all relevant FEPs because the
DOE labeled certain modeling cases as alternative scenarios although they treated the FEPs in
a more isolated manner, characteristic of a sensitivity analysis (see Section 4.2.2 in this TRR)
and frequently excluded FEPs based on the results of such sensitivity analyses. The NRC staff
found that rationale for screening out individual FEPs not to be acceptable, if the analyses were
performed so that interdependencies and interrelationships of the FEP were ignored, that is,
where potential impacts on or changes to other FEPs were not addressed. The DOE
probabilistic models documented in SRR-CWDA-2021-00040 (ML21160A064) and
SRR-CWDA-2021-00066 (ML21217A083) have the capability to capture such
interdependencies and interrelationships between FEPs and include parameter ranges for many
features effected by various degradation processes, including the degradation processes
associated with climate change, a potentially disruptive event. The NRC staff TRR entitled
Percolation Through and Potential Erosion near the Closure Cap (ML23017A083) discussed the
DOE climate change modeling efforts in more detail.

The DOE stated that it is likely that the FEPs analysis could have benefited from including
additional team members because the results of the FEPs analysis were limited by the
experiences and knowledge base of the FEPs Team members. For example, the DOE declared
that screening out FEP 3.4.11 “Water Table Variability” was an oversight in the DOE Response
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to RAI Question Conceptual Model and Future Scenario Uncertainty (CM&FSU)-2
(SRR-CWDA-2022-00016) and realized that water table variability to be a relevant and
potentially significant phenomenon affecting radionuclide and chemical transport from the
disposal structures. The potential impact of water table variability is especially strong when
associated with such potentially disruptive events as climate change with wetter and drier
conditions. In the DOE Response to RAI Question CM&FSU-3, which had asked for additional
information on discrete FEPs that were not included in the original list of FEPs (discussed in
Section 3.4 of this TRR), the DOE stated that it was likely that the FEPs effort could have
benefited from including more team members although efforts were made to assemble a team
with a wide range of backgrounds.

Finally, evaluating the DOE FEPS analysis and scenario development process was complicated
by features of design that have not yet been determined (e.g., from features as specific as the
fill material of the erosion barrier to the overall design of the closure cap itself) and by analyses
that have not yet been performed (e.g., site stability analyses). Those aspects limit the NRC
staff ability to assess FEPs analyses and model completeness by having such potentially
significant processes depend on a future design and work.

4.2 Features, Events, and Processes
4.2.1 Identification of Features, Events, and Processes

The NRC staff found the DOE process for developing an initial list of FEPs to be acceptable
because it was thorough and well documented. The NRC staff found the process to be thorough
because it relied on multiple relevant standard FEPs list and previous analyses of waste
disposal at the SRS. The NRC staff found the process to be well documented because the NRC
staff was able to trace the origin of the FEPs.

4.2.2 Screening of Features, Events, and Processes

The NRC staff determined that several parts of the DOE process for screening FEPs were
acceptable because they were transparent and suited for the purpose. Specifically, the NRC
staff determined that the two-phase screening process was acceptable because it fostered
independent assessments by the subject matter experts before they met to discuss the FEPs.
The NRC staff also found that the experts’ perceived frequency and probability of each FEP
were suitable for the purpose of making screening decisions. In addition, the NRC staff found
that the numeric scale the DOE used for frequency and probability was acceptable because it
provided acceptable transparency into the screening decisions. The NRC staff determined that
the composition of the FEPs screening team was acceptable because the members of the team
had professional expertise and education necessary to adequately address FEPs relevant to
SDF performance. However, the DOE stated in their comment response to CM&FSU-3 in
SRMC-CWDA-2022-00016 that the FEPs analysis could have benefited from including
additional team members with a greater range of disciplines and knowledge in topic areas since
the results of the FEPs analysis were limited by the experiences and knowledge base of the
FEPs team members. In addition, the NRC staff reviewed the insights provided by the DOE in
the comment response to CC-4 in SRMC-CWDA-2022-00016 into the potential impacts related
to FEP 2.7.06 (acid rain), FEP 3.2.07 (alternate container design and construction), and
FEP 3.3.07 (ancillary equipment and piping or transfer lines) and found them to be acceptable
bases to screen out the FEPs because the rationale was clear and logical. The NRC staff also
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found the DOE decision to programmatically screen in 50 FEPs prior to the FEPs screening
team’s two-part process to be acceptable because screening in additional FEPs is conservative
(i.e., it would tend to increase the projected dose). The NRC staff found the DOE decision to
programmatically screen out three FEPs prior to the FEP screening team assessment to be
acceptable because the justifications given by the DOE to screen out FEP 1.3.11 and FEP
1.4.06 were found to be sound by the NRC staff. As for FEP 3.1.02, “Site development,” is a
FEP closely tied with human behavior and exposure scenarios. Exposure scenarios are
developed based on the natural characteristics of the site and the natural features and
processes of the site (i.e., developed within the Central Scenario or plausible alternative
scenario). Humans will build their livelihoods and center their large and small activities around
the natural environment that they live in. The DOE contemplated plausible site development by
analyzing various exposure scenarios involving the construction and occupation of homes,
farms, etc. on the site in the inadvertent intruder assessment. The Intrusion Analysis TRR
(ML23017A085) discusses this in more detail.

However, the NRC staff did not find the DOE process for screening FEPs to be entirely
acceptable. The NRC staff determined that the use of general FEPs instead of more specific
FEPs related to discrete features of the SDF was unclear and caused significant discrete FEPs
to be left out the FEPs analysis. For example, in an RAI Question (CM&FSU-3 in SRR-CWDA-
2022-00016), the NRC staff asked the DOE for additional information about the effects of
treating the closure cap as a single component in the IM rather than addressing separate
engineered features of the closure cap (e.g., drainage layers, HDPE/GCL barrier) separately. In
response, the DOE indicated that the DOE did not represent some of the engineered features of
the SDF with specific FEPs because the DOE did not expect them to affect SDF performance.
For one of the specific engineered features, the closure cap’s erosion barrier, the DOE indicated
that the 2020 SDF PA represented the erosion barrier explicitly even though the FEPs analysis
grouped the erosion barrier with the rest of the closure cap. In addition, the DOE indicated that
the DOE did not represent some FEPs explicitly in the 2020 SDF PA because the 2020 SDF PA
represented those FEPs non-mechanistically in sensitivity analyses. For the erosion barrier, the
DOE also indicated that the “soil-only” closure cap sensitivity case demonstrated how the SDF
would function without an erosion barrier. The NRC staff did not find that sensitivity analysis
adequately addressed the effects of erosion, as discussed further below.

In SRMC-CWDA-2022-00016, the DOE stated: “... it is acknowledged that defining and
including more explicit FEPs during the FEPs process could have led to improved conceptual
model development and analyses.” Although it is difficult to discern the level of detail FEPs
should be considered at, the NRC staff finds that the FEPs team members (i.e., subject matter
experts) with their professional knowledge should be able to judge the appropriate level of detail
for each FEP. For example, in CM&FSU-3 (SRMC-CWDA-2022-00016), the DOE brought up
the example of the thermocouple trees installed in some of the disposal structures. The DOE
determined at some point that these features, which occupy a relatively small amount of surface
area, were not anticipated to have a large effect on the system performance. If such, a decision
should be informed by a team of experts. However, the DOE may not have provided that level of
detail to the FEPs team members so that they did not have an opportunity to provide their input.
That is, the team members may not have had risk-significant engineered features broken out
into enough detail so they could weigh in on specific engineered features (e.g., drainage layers,
composite barrier layers).

The NRC staff found the DOE responses (as described above) for not including significant
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discrete or specific FEPs not to be adequate because (1) the FEPs analysis team members
were apparently not given an opportunity to evaluate the specific FEPs in question, (2) specific
FEPs were not included in the scenario and conceptual model process that may have led to a
risk significant alternative scenario or alternative conceptual model from being developed
although the discrete FEP may have been explicitly included in the PA, and (3) sensitivity cases
cannot evaluate the significance of FEPs as accurately as a plausible alternative scenario or
alternative conceptual model unless the sensitivity analyses include all interdependencies and
interrelationships of the FEP in question, which is especially true for one-off, one-on type of
sensitivity cases.

However, for certain FEPs, sensitivity analyses may provide a sufficient basis to screen out
FEPs if their interdependencies and interrelationships with other FEPs are negligible and not
risk significant. This may be difficult to determine (or else the subject matter experts could have
screened the FEP out), and for many FEPs, this is not the situation. For example, the comment
response to CM&FSU-3 (SRMC-CWDA-2022-00016) states that the “soil-only” closure cap case
provided insights relative to potential influence of a post-closure system that does not include
the erosion barrier. This modeling case did not directly include erosion and mass wasting as
part of the modeling, although increased infiltration rates were included to simulate the effects of
erosion and mass wasting. However, that case did not include potential degradation of the lower
lateral drainage layer above the roof due to the filling in of the sand by fine particle being
transported downward since no upper lateral drainage layer would exist above the lower
drainage layer to trap the fine particles. In addition, if the closure cap were to consist of soil
only, the steep side slopes of the cover could quickly undergo significant erosion so that the roof
and wall of the disposal structure itself may become exposed and degrade. This one example
shows potentially important FEPs frequently have impacts on other FEPs either by their
presence or by their absence. Therefore, the NRC staff determined that subsequent DOE FEPs
analyses should be monitored to ensure that future analyses include a reasonable set of
technical analyses to evaluate performance. The NRC staff should monitor the identification and
screening of FEPs including the adequacy of the level of detail for each FEP. The NRC staff will
also monitor justifications for FEP exclusions from the PA process to ensure that these
justifications have strong bases (e.g., that inappropriate one-off type sensitivity analyses are not
used as an exclusion justification).

Recommendation FSCM-04
The NRC staff recommends opening a new medium priority monitoring factor entitled
“Identification and Screening of Features, Events, and Processes” under the new Future
Scenarios and Conceptual Models monitoring area under the performance objectives of
§61.41 and § 61.42. The NRC staff expects to close the new monitoring factor
“Identification and Screening of Features, Events, and Processes” after the staff
determines that the identification and screening of features, events, and processes
(FEPs) has resulted in no risk-significant FEPs being excluded from consideration in the
alternative scenario or conceptual model development process.

As discussed in the Section 4.1 of this TRR, many potentially risk significant degradation
processes are assumed not to take place by the DOE because the specific features in question
are part of a future design which has not been finalized, but the DOE assumes that the future
designs will prevent much of the degradation from occurring so that performance will not be
negatively affected. Evaluating the DOE’s FEPS analysis and scenario development process is
complicated by this reliance on future actions and limits the NRC staff’s ability to assess FEPs
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analyses and model completeness. Therefore, the NRC staff recommends monitoring those
future designs with regard to the model support they provide in excluding or minimizing
degradation processes discussed in this TRR.

Recommendation FSCM-05
The NRC staff recommends opening the new high priority monitoring factor “Future
Designs and Analyses as They Pertain to Potential Degradation Processes and
Performance” in the new Future Scenarios and Conceptual Models monitoring area
under the performance objectives of §61.41 and §61.42. The NRC staff expects to close
the new monitoring factor “Future Designs and Analyses as They Pertain to Potential
Degradation Processes and Performance” after the staff determines that DOE’s future
designs and analyses (e.q., slope stability analyses) can exclude or minimize the
occurrence of degradation processes previously identified by the NRC staff (e.q., future
closure cap design will specify a fill material for the erosion barrier to limit the flow of
water towards the disposal structures but also allows sufficient water to flow through the
erosion barrier to minimize saturated conditions and possible mass wasting in the layers
above it).

4.3 Future Scenarios

As previously discussed, the DOE reviewed the FEP list to determine which of the FEPs were
included in the Central Scenario, then created alternative scenarios to address FEPs that the
Central Scenario did not reflect, and based on Figure 1 in the TRR, created alternative
conceptual models to represent how the site would function in the alternative scenarios.
However, Figure 3 in this TRR shows they developed alternative conceptual models directly
from the FEPs during the FEPs auditing process. The NRC staff determined that the DOE’s
alternative scenarios lacked plausibility, that is, the scenarios did not represent a plausible set of
FEPs that could occur in the designated scenario. Instead, it appeared to the NRC staff that the
DOE developed the alternative scenarios to evaluate the sensitivity of particular parameters or
FEPs. The DOE'’s alternative scenarios mostly did not reflect alternative scenarios with a
plausible alternative evolution of the site.

Future Scenario Development

The NRC staff determined that the DOE’s top-down approach for developing the Central
Scenario is acceptable because the DOE had provided strong technical bases with data and
information to support the development of this scenario. However, there was an exception to the
NRC staff conclusion and that was the exclusion of climate change. As discussed in Section
3.2.2 in this TRR, the FEP 2.7.08, “Climate Change,” was screened out in the 2020 SDF PA. It
was identified as being too broad in scope with other more discrete FEPs having been identified
and screened in. The NRC staff is not opposed to this approach; however, it was unclear to the
NRC staff how this substitution of more detailed FEPs for the more general FEP, “Climate
Change,” was carried out. Although rainfall was one of these more discrete FEPs, the DOE did
not discuss the inclusion of other more relevant FEPs within the PA. Climate change is a
general and very inclusive FEP, so that the number of FEPs related to this general FEP is large
as are the number of interdependencies and interrelationships between it and other FEPs.
Simple sensitivity analyses that only increase or decrease rainfall rates would not be equivalent
to a future scenario with climate change. Based on the DOE Response to the RSI (see Section
3.6.3 in SRR-CWDA-2021-00036), climate transitions can occur within 10,000 years. Although
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the DOE excluded climate change and the response to climate change (FEP 2.7.09) in the 2020
SDF PA, so that no alternative future scenario including climate change could be developed for
deterministic SDF PA, the DOE’s probabilistic models documented in SRR-CWDA-2021-00040
and SRR-CWDA-2021-00066 have the capability to capture impacts of other FEPs due to
potentially disruptive events involved with climate change that can promote degradation
processes. Therefore:

Part of Recommendation FSCM-06
The NRC staff recommends monitoring how the processes and impacts related to
potential climate change are incorporated into the SDF PA. The NRC staff recommends
monitoring how the processes of climate change affect PA performance results under
the new monitoring factor entitled “Scenario Development and Defensibility” under the
new Future Scenarios and Conceptual Models monitoring area under the performance
objectives of § 61.41 and § 61.42.

The NRC staff TRR entitled Percolation Through and Potential Erosion near the Closure Cap
(ML23017A083) discussed the DOE climate change modeling efforts in detail.

Alternative Future Scenarios Identified

In general, the NRC staff found the DOE’s alternative scenarios lacked plausibility. That is,
interdependencies and interrelationships between FEPs were not addressed and frequently not
all plausible FEPs for a specific alternative scenario were included.

The NRC staff determined that the Infiltration and Soil-Only Closure Cap alternative scenarios
did not adequately address erosion or mass wasting because they did not include damage to
the drainage and composite layers above the disposal structure roofs, which would cause the
models to underestimate inflow into the disposal structures compared to a seismic scenario.
Also, as discussed above, the NRC staff determined that the DOE “soil-only” modeling case did
not represent the site evolution without a closure cap because a closure cap that did not include
riprap or the erosion barrier would undergo significant erosion of the 0.5 degree or less side
slopes and the upper perimeters of Saltstone Disposal Structure (SDS) 7 through SDS 12 would
be exposed. The NRC staff expects that exposure of those disposal structures would lead to
accelerated degradation of the roofs and walls, which would increase the likelihood of exposing
saltstone grout. The NRC staff expects that such an implausible alternative scenario, if it did
occur, could preclude meeting the performance objectives for protection of an individual who
inadvertently intrudes on the site and for site stability (i.e., 10 CFR 61.42 and 61.44). However,
implausible future scenarios generally do not require analysis because the results are not
plausible and the risk significance of individual FEPs are difficult interpret.

In the 2020 SDF PA, the DOE originally indicated that the Infiltration Case addressed erosion
and mass wasting (FEPs 2.6.07 and 2.6.11). The NRC staff determined that the Infiltration
modeling case also did not adequately address erosion or mass wasting because the modeling
case only affected the infiltration rate and did not change the modeled performance of the
drainage layer or HDPE/GCL barrier above the disposal structures, both of which could be
affected by erosion or mass wasting. In the DOE document SRR-CWDA-2022-00016, the DOE
indicated that the Retreating Cap Case addressed mass wasting. However, the NRC staff
determined that the Retreating Cap Case also did not adequately address mass wasting
because that modeling case also only changed the model infiltration rates over portions of the
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disposal structures and did not address plausible accelerated degradation of the engineered
barriers above the disposal structures or the disposal structure roofs. The DOE also indicated
that mass wasting would be limited because the DOE planned to perform a slope stability
analysis prior to finalizing the closure cap design and the DOE will alter the closure cap design
to ensure slope stability.

The NRC staff determined that the reliance on a future design and implementation of the
closure cap to limit the effects of erosion, weathering, and mass wasting limited the ability of the
NRC staff to assess the effects of those FEPs on SDF performance. Therefore:

Part of Recommendation FSCM-06
The NRC staff recommends monitoring the development of model support for the
performance of the SDF due to erosion, weathering, and mass wasting. The NRC staff
recommends monitoring the development of model support under the new monitoring
factor entitled “Scenario Development and Defensibility” under the new Future Scenarios
and Conceptual Models monitoring area under the performance objectives of § 61.41
and § 61.42.

Erosion or mass wasting [FEP 2.6.07 (Erosion and Weathering) and FEP 2.6.11 (Mass
Wasting)] were discussed in detail in the NRC’s Site Stability TRR (ML23017A114).

The DOE screened in the FEP 6.2.01, “Seismicity” and FEP 6.2.03, “Seismic-Induced Damage
or Changes to System Components” based on a combination of probability (or likelihood) and
consequence (or impact) as seen in Table 4 of this TRR. However, in SRMC-CWDA-2022-
00016, the DOE indicated that it expected seismic damage of the disposal structures or
saltstone grout to be improbable for three reasons: (1) the DOE designed the disposal
structures to withstand the design basis seismic event for the SRS; (2) the relative motion of the
disposal structures will be limited because the DOE will fill voids with clean grout, backfill around
the disposal structures with soil, and bury the structures below the closure cap; and (3) the DOE
plans to conduct a slope stability analysis before finalizing the closure cap design and the DOE
will design the closure cap to limit the effects of the design basis seismic event. Two of the three
reasons listed above are dependent on future actions by the DOE. For information on this, see
the proposed MF 14.04, “Monitoring DOE’s Future Designs and Analyses as They Pertain to
Potential Degradation Processes and Performance,” discussed above.

In addition, the DOE indicated that the DOE response to the NRC RSI included a sufficient
range of infiltration rates and saltstone properties that it would account for the effects of
seismicity. The DOE’s probabilistic models do have the capability to capture more
interdependencies and interrelationships between FEPs then the deterministic modeling and the
many sensitivity analyses performed in the 2020 SDF PA; however, seismicity and its impacts
(similar to climate change) are general and very inclusive FEPs, so that the number of related
FEPs is large. Table 4.1-5 in the 2020 SDF PA lists the following associations:

liquefaction of the backfill materials and soils,

shaking and damage to the waste form or engineered components,
rockfalls,

extension or creation of fractures or faults,

damage from repeated vibration,
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damage from physical contact between components,

damage from rockfall,

damage from stress resulting in dynamic or static loading, and
damages related to movement or displacement of components.

The results of an evaluation in the NRC staff TRR entitled Site Stability (ML23017A114) found
that the DOE analysis of settlement did not provide a sufficient basis for making a determination
about site stability because the sensitivity analyses the DOE relied on to bound the effects of
seismic-induced liquefaction and settlement were insufficiently representative or were
inconclusive, so that NRC staff will monitor this issue in one of the monitoring factors under
Monitoring Area 9 (Site Stability). Based on that, the NRC staff determined that excluding
seismicity as FEP is premature.

Regarding FEP 6.2.02, “Effects of Subsidence,” the DOE indicated that the FEPs process did
not use all of the available information about each FEP at the SRS (SRMC-CWDA-2022-
00016). In that DOE Response, the DOE provided additional information about the location of
sink holes at the SRS and indicated that, if the FEPs screening team had considered that
information during the screening process, the DOE expects the team would have screened out
FEP 6.2.02. The NRC staff addressed the additional information the DOE provided about
sinkholes at the SRS in a separate TRR on Site Stability (ML23017A114). In that TRR, the NRC
staff determined that the DOE analysis of soft zones did not allow the NRC staff to make a
determination about the effect of soft zone consolidation on site stability. Therefore, the NRC
staff determined that excluding the effects of subsidence as a FEP is premature.

The NRC staff determined that the DOE evaluation of FEP 5.1.07, “Episodic or Pulse Flow and
Release” was not adequate to address short-term episodes of high flow rates, such as individual
storms. In the 2020 SDF PA, the DOE addressed FEP 5.1.07 with model runs that changed the
flow rates over long time periods (i.e., hundreds or thousands of years). Although the DOE
provided additional information in the DOE document SRMC-CWDA-2022-00016 that
addressed 10-year changes in flow, the NRC staff did not find those sensitivity analyses
adequately addressed FEP 5.1.07 for two reasons. First, the DOE conducted those analyses
with an abstracted model that was not capable of the type of flow analysis that the NRC staff
expects would be required to represent the effects of storm events on flow through the closure
cap, engineered features above the disposal structures, disposal structures, and saltstone
grout.

Second, the DOE modeled episodic flow by adjusting the modeled Darcy velocities and aquifer
thickness based on the compliance case average values. The NRC staff determined that the
DOE did not show that doubling an annual average Darcy velocity represented the flow that the
SDF would encounter during a storm event. In the DOE document SRMC-CWDA-2022-00016,
the DOE stated: “The assumed episodic flow conditions exceed the degree of variability that can
be expected under normal conditions.” However, the DOE did not provide a basis for
determining whether doubling the Darcy velocities exceeded potential episodic flows.
Furthermore, because the DOE based the increased flow rates on variations of annual
averages, rather than the variability experienced during storm events, the NRC staff expected
that the variation the DOE used does not adequately represent variation that could occur during
storm events. Therefore, the NRC staff was unable to use the sensitivity cases the DOE
provided in SRMC-CWDA-2022-00016 to assess the potential effects of episodic or pulse flow
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on SDF performance.

The DOE document SRMC-CWDA-2022-00016 indicates that the DOE does not expect
episodic flow to affect disposal structure degradation because disposal structure degradation is
dominated by diffusive processes (SRMC-CWDA-2022-00016). However, the NRC staff
concluded that DOE determination does not have sufficient support because it does not address
the potential for advective processes to become more significant to disposal structure
degradation during episodic flow. Because the DOE did not model the flow that could occur
during storm events, the NRC staff did not have enough information to evaluate the DOE
assumption that disposal structure degradation would continue to be dominated by diffusive
process during episodic flow. The DOE document SRMC-CWDA-2022-00016 also stated:
“Assuming alternating periods that 10 continuous years of no flow and 10 continuous years with
double the flow is an extreme assumption.” However, the 10-year duration of the modeled
changes in elevation does not address the central issue of the RAI Question, which is about
episodic or “pulse” flow, such as could occur because of a storm event. Although the duration of
such events is much shorter than 10 years, the NRC staff expects the effect on the Darcy
velocities in the closure cap and disposal structures could be much greater than double the
compliance case annual average flow. Therefore:

Part of Recommendation FSCM-06
The NRC staff recommends monitoring the development of model support for the
performance of the SDF in the case of episodic flow. The NRC staff recommends
monitoring the development of model support for the performance of the SDF in the case
of episodic flow under the new monitoring factor entitled “Scenario Development and
Defensibility” under the new Future Scenarios and Conceptual Models monitoring area
under the performance objectives of § 61.41 and § 61.42.

Although the DOE referred to the Stratified Saltstone, Perched Water, and Colloid Transport
modeling cases as alternative scenarios, the NRC staff determined that it would be more
appropriate to refer to those modeling cases as sensitivity analyses because they did not
include FEPs capable of changing the evolution of the site, such as disruptive events. Although
the NRC staff does not consider those cases to be alternative scenarios, the NRC staff
determined that those modeling cases addressed many of the FEPs in Tables 4.4-7, 4.4-8, and
4.4-9 in SRR-CWDA-2018-00006 because the number of interdependencies and
interrelationships between these FEPs and other FEPs are minimal so that the results of these
modeling cases are more straightforward and clearer to interpret.

4.4 Conceptual Models
Conceptual Model Development

The NRC staff determined that the DOE top-down approach for developing the conceptual
model for the Central Scenario is acceptable because the outcome of a review of the SDF-
related FEPs by the NRC staff arrived at a similar conclusion. However, as previously discussed
in Section 4.2 of this TRR, the DOE created alternative conceptual models representing how the
site would function for the DOE alternative scenarios which lacked plausibility. Similar to the
DOE alternative future scenarios, the DOE conceptual models also appeared to be developed
to evaluate the sensitivity of particular parameters or FEPs and frequently lacked plausibility
(i.e., interdependencies and interrelationships between FEPs were not addressed and not all
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plausible FEPs for a specific alternative scenario were included.) Most of DOE’s alternative
conceptual models described how related FEPs behave or are impacted within the bounds of
implausible future scenarios that were not realistic.

Alternative Conceptual Models Identified by the NRC Staff

The NRC staff determined that the DOE had not evaluated an exposure or receptor scenario
based on a plausible alternative conceptual model of the DOE Central Scenario involving
potentially significant contaminant transport to the 100-meter boundary within the Upper Three
Runs Aquifer — Upper Aquifer Zone (UTRA-UAZ) with the UTRA-UAZ being the hypothetical
receptor’s main water source. The NRC staff found evidence for lateral flow in the UTRA-UAZ to
be convincing and sufficient for the development of an alternative conceptual model within the
Central Scenario. Sufficient water may be available in the UTRA-UAZ to be the main source of
water for a hypothetical receptor and the NRC staff expects that the plausibility of such a
receptor scenario would increase with a wetter climate.

The DOE indicated that bleed water and contaminated rainwater weeping from Cell G of SDS 4
in the 1990s (see DOE document SRR-CWDA-2016-00052 (ML16134A185)) had reached the
unsaturated zone and saturated zone (see DOE document SRR-CWDA-2016-00004
(ML16105A043)). Evidence indicated that contaminants from SDS 4 had traveled through the
unsaturated zone and were then transported in the saturated zone on top of the TCCZ toward
Well ZBG 2 and beyond. The results of the 2015 Z-Area groundwater characterization (SRNS-
RP-2015-00902 (ML16057A135)) study provided convincing evidence that the plume has
traveled past the boundaries of the Z-Area and that horizontal transport dominates vertical
transport. Because the SDS 4 plume traveled much quicker in the lateral direction compared to
the vertical direction, the majority of future contaminants may also travel much further in a
lateral direction than the DOE current conceptual model allows. That difference between
observed and modeled water flows in the UTRA-UAZ could result in two different exposure
scenarios, depending on the conceptual model being used. The plume data indicates that initial
contaminants could remain longer and more concentrated in the UTRA-UAZ than in the UTRA-
Lower Aquifer Zone (LAZ) and that the DOE needs to consider the possibility that a hypothetical
receptor could obtain water from the more accessible UTRA-UAZ. The NRC staff TRR entitled
Hydrogeology, Groundwater Monitoring, and Far-Field Modeling (ML23017A084) provided
detailed information on that topic.

The Figures 5-4 and 5-6 in the DOE document SRR-CWDA-2018-00036 (ML20206L238)
presented a general conceptual model of contamination migration from SDS 4 to Well ZBG-2
that is in alignment with NRC staff’s alternative conceptual model (see Figure 4 below). The
general conceptual model presented shows vertical unit gradient flow in the unsaturated or
vadose zone down to the saturated zone and then a predominately lateral flow in the UTRA-
UAZ with contaminants gradually flowing downward into the TCCZ and UTRA-LAZ. The NRC
staff asked the DOE about the effects of an alternative conceptual model involving potentially
significant contaminant transport within the UTRA-UAZ in the RSI Comment 8 (ML20254A003).
The NRC staff requested information about flow in the UTRA-UAZ that was consistent with the
observations from the contaminant plume from SDS 4 in the Second Set of RAI Questions for
the 2020 SDF PA (ML21133A296) in RAI Far-Field (FF)-1. The DOE Response to RSI-8 (SRR-
CWDA-2021-00065) presented an alternative General Separations Area (GSA) groundwater
flow model that better represented hydrologic conditions near SDS 4, especially the elevations
for the top and bottom of the TCCZ. In addition, the DOE presented particle tracking results for
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a refined Z-Area flow field cut from the alternative model. The DOE Responses to both RSI-8
and RAI FF-1 were not sufficient to the NRC staff because neither SRR-CWDA-2021-00065 nor
the DOE Response in SRR-CWDA-2021-00072 for RAI FF-1 addressed lateral flow in the
UTRA-UAZ.
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Figure 4. Proposed Generalized Conceptual Model of Migration of Contamination from
SDS 4 to Well ZBG 2 (majority of contaminants move laterally within the UTRA-UAZ
before flowing through the TCCZ) (From Figure 5-4 from SRR-CWDA-2018-00036)

The DOE Response to CM&FSU-5 in SRMC-CWDA-2022-00016, partially addressed the NRC
staff’'s request for additional information. The response included modeling results showing that
gross alpha and nonvolatile beta were found in the water sample obtained from ZDPT 11
(SRNS-RP-2015-00902). The response also provided individual cross-sections for each
modeled plume with depth for each disposal structure (i.e., SDS 1 through SDS 12) from the
water table to the 100-meter boundary, which included a range of concentrations. However, the
response did not address several pieces of requested information. The DOE response did not
include peak concentration results for IHI Well 1 through IHI Well 7 from the 1,000-year and
10,000-year (see Table 6.1-2 and 6.1-4 in the 2020 SDF PA) providing the percent
concentration obtained from different hydrogeological units (i.e., UTRA-UAZ, UTRA-LAZ,
Gordon Aquifer Unit). Nor did the DOE either, (1) provide the results of an analysis of an
exposure scenario with the receptor dependent on the UTRA-UAZ as the main water source
(e.g., receptor’s water well is screened exclusively in the UTRA-UAZ) or (2) demonstrate that
the proposed alternative conceptual model is not plausible, or (3) demonstrate that the UTRA-
UAZ as a main water source for a receptor is not plausible.
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The DOE did provide useful results from an alternative flow model using the alternative regional
groundwater flow model named “GSA_2021" (SRR-CWDA-2021-00065 (ML21217A082)), which
was developed to have a higher-than-expected water table and faster lateral transport in the
UAZ, such that nearly all plume migration occurs within the UTRA-UAZ. The modified

GSA_ 2021 model, named “GSA 2021 _UAZ,” incorporated modified tops of the TCCZ and
UTRA-LAZ hydrostratigraphic units near SDS 4 and the moisture characteristic curves to
increase the down component of unsaturated zone flow. That model was further modified by
increasing hydraulic conductivity of the Transmissive Zone within the UTRA-UAZ by two-times
and by decreasing the hydraulic conductivity of the TCCZ and the UTRA-LAZ by four-times to
increase lateral transport in the UTRA-UAZ and hinder downward migration. The DOE
Response did not make clear if the hydraulic conductivities that were changed were horizontal
or vertical. The results of the GSA 2021 _UAZ model did not reflect hydraulic head calibration
targets and the DOE did not attempt to simulate the past behavior of the SDS-4 plume and use
concentrations and locations of the plume as calibration targets, as recommended in the NRC
staff TRR entitlied Groundwater Monitoring at and Near the Planned Saltstone Disposal Facility
(ML18117A494). The DOE presented GSA_ 2021 _UAZ model results that included simulated
hydraulic head over the Z-Area, reverse particle tracking with cross-sections, and steady-state
tracer plume simulation for all the disposal structures. In addition, the DOE presented Table
CM&FSU-5.6 in SRMC-CWDA-2022-00016, which clearly demonstrated the GSA 2021 _UAZ
model was successfully transporting most of the contaminants in the UTRA-UAZ by showing the
mass balance percentage for the hydrogeologic units for the Z-Area: 90% within the UTRA-
UAZ, 9.3% within the UTRA-LAZ, and 1.7% within the Gordon Confining Unit. That compares
with trace mass fractions for the 2020 SDF PA: 11% within the UTRA-UAZ, 87.5% within the
UTRA-LAZ, and 1.5% within the Gordon Confining Unit.

Some of the information and results in the DOE Response to CM&FSU-5 is not clear to the
NRC staff. For example, Figure CM&FSU-5.21(a) presented simulated hydraulic heads from the
original GSA_2018 and clearly showed the upper UTRA downgradient from SDS 4 as being dry
so that it was not clear how GSA_ 2018 modeling results of the UTRA-UAZ pertaining to SDS 4
were obtained. In addition, the reverse particle tracking cross-sections from the
GSA_2021_UAZ model (Figures CM&FSU-5.23(b) and CM&FSU-5.24(b)) clearly showed
reverse particle tracking not originating from SDS 4. The NRC staff is not certain if findings
discussed above are significant to the overall results. Regardless, the GSA 2021 _UAZ model
successfully transported the majority of the contaminants within the UTRA-UAZ.

Figures CM&FSU-5.55 and CM&FSU-5.56 compared dose results for several alternative
transport simulations. However, the doses were based on the highest concentrations observed
anywhere along the 100-meter perimeter and at any depth whether in the UTRA-UAZ, TCCZ, or
the UTRA-LAZ. The DOE results did not include the results of an exposure scenario with the
receptor dependent on the UTRA-UAZ as the main water source nor did the DOE results
demonstrate that the proposed alternative conceptual model (i.e., lateral flow in the UTRA-UAZ)
was implausible nor did the DOE results demonstrate that the UTRA-UAZ as a main water
source for a receptor was unrealistic (e.g., water volume is insufficient at the 100-meter
perimeter). Therefore, the NRC staff will monitor a DOE analysis of the groundwater yield of the
UTRA-UAZ in the Z-Area to support a hypothetical receptor. Evidence for lateral flow in the
UTRA-UAZ is convincing and sufficient for the development of an alternative conceptual model
within the Central Scenario and sufficient water may be available in the UTRA-UAZ to be the
main source of water for a hypothetical receptor. Therefore,
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Recommendation FSCM-07
The NRC staff recommends opening a new high priority monitoring factor entitled
“Groundwater Yield of the UTRA-UAZ in the Z-Area” under the new Future Scenarios
and Conceptual Models monitoring area under the performance objectives of § 61.41
and § 61.42. The NRC staff expects to close the new monitoring factor “Groundwater
Yield of the UTRA-UAZ in the Z-Area” after the staff has observed an analysis of
groundwater yield of the Upper Three Run Aquifer — Upper Aquifer Zone (UTRA-UAZ) in
the Z-Area has been performed to determine the plausibility of an exposure scenario
with the UTRA-UAZ as the main source of water.

5.0 Teleconference or Meeting

There were no teleconferences or meetings with the DOE related to this TRR.
6.0 Follow-up Actions

Besides recommendations to revise the NRC SDF Monitoring Plan, there are no specific
Follow-up Actions related to this TRR.

7.0 Conclusions

In general, the NRC staff determined that the DOE processes for developing future scenarios
and conceptual models for the 2020 SDF PA was comprehensive and well documented.
Exceptions to that determination are indicated in Section 4.0 in this TRR and are addressed in
recommended changes to the NRC SDF Monitoring Plan below. However, the NRC staff also
found that the DOE addressed the implementation of several risk significant FEPs (i.e.,
seismicity, subsidence, erosion, weathering, and mass wasting) by indicating that a future
design of the closure cap would limit the consequences of the FEPs. The NRC staff determined
that the risk significance of those FEPs and the uncertainty of the future design and
implementation of that design limited the NRC staff’s ability to assess the projected performance
of the SDF.

The NRC staff found the DOE process for developing an initial list of FEPs to be acceptable
because it was thorough and well documented. The NRC staff determined that several parts of
the DOE process for screening FEPs were acceptable because they were transparent and
suited for the purpose. However, the NRC staff found that the DOE FEPs auditing process was
not completely transparent because the DOE did not indicate why the judgement of the analysts
who excluded FEPs in the final step of the FEPs auditing process superseded the judgement of
the FEPs screening team members who screened those FEPs in.

The NRC staff determined that some of the DOE’s alternative scenarios lacked plausibility. The
DOE appears to have developed those scenarios to evaluate the sensitivity of particular
parameters or FEPs, and specific processes and features that should have been screened in
and been part of those alternative scenario were absent (e.g., seismic disruption of the closure
cap without disruption of other engineered features). That is, the DOE alternative scenarios
mostly did not reflect alternative scenarios with a plausible evolution of the site different from
that of the Central Scenario.

Relatedly, the NRC staff determined that most of the alternative conceptual models appeared to
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describe how specific FEPs would behave or would be impacted within the bounds of
implausible future alternative scenarios. That is, many of the alternative conceptual models did
not account for the interdependencies and interrelationships between FEPs that would occur in
a plausible alternative future scenario and frequently not all plausible FEPs for a specific
alternative scenario were included in the conceptual model.

In addition, the NRC staff determined that the DOE did not evaluate all plausible alternative
conceptual models for the Central Scenario. For example, the NRC staff has determined that
the DOE has not evaluated an exposure scenario based on a plausible alternative conceptual
model involving potentially significant contaminant transport to the 100-meter boundary within
the UTRA-UAZ and the UTRA-UAZ as the hypothetical receptor's main water source.

The NRC staff recommends making the following changes to the NRC SDF Monitoring Plan
after the Technical Evaluation Report for the 2020 SDF Performance Assessment is complete:

Recommendation FSCM-01
Future Scenarios and Conceptual Models
e The NRC staff recommends opening a new monitoring area entitled “Future Scenarios
and Conceptual Models” under the performance objectives of § 61.41 and § 61.42.

Recommendation FSCM-02
Scenario Development and Defensibility
o The NRC staff recommends closing the medium priority MF 10.14 and opening a new

monitoring factor entitled “Scenario Development and Defensibility” under the new
Future Scenarios and Conceptual Models monitoring area (from Recommendation
FSCM-01) under the performance objectives of §61.41 and §61.42. The NRC staff
expects to close the new monitoring factor “Scenario Development and Defensibility”
after the DOE updates the performance assessment and the NRC staff determines that
future scenarios are appropriate.

Recommendation FSCM-03
Defensibility of Conceptual Models
o The NRC staff recommends closing the high priority MF 10.02 and opening a new

monitoring factor entitled “Defensibility of Conceptual Models” under the new Future
Scenarios and Conceptual Models monitoring area (from Recommendation FSCM-01)
under the performance objectives of § 61.41 and § 61.42. The NRC staff expects to
close the new monitoring factor “Defensibility of Conceptual Models” after DOE updates
the performance assessment and the NRC staff determines that the conceptual models
are appropriate.

Recommendation FSCM-04
Identification and Screening of Features, Events, and Processes
¢ The NRC staff recommends opening a new medium priority monitoring factor entitled

“Identification and Screening of Features, Events, and Processes” under the new Future
Scenarios and Conceptual Models monitoring area (from Recommendation FSCM-01)
under the performance objectives of § 61.41 and § 61.42. The NRC staff expects to
close the new monitoring factor “Identification and Screening of Features, Events, and
Processes” after the staff determines that the identification and screening of features,
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events, and processes (FEPs) has resulted in no risk-significant FEPs being excluded
from consideration in the alternative scenario or conceptual model development process.

Recommendation FSCM-05
Future Designs and Analyses as They Pertain to Potential Degradation Processes and

Performance

The NRC staff recommends opening the new high priority monitoring factor “Future
Designs and Analyses as They Pertain to Potential Degradation Processes and
Performance” in the new Future Scenarios and Conceptual Models monitoring area
(from Recommendation FSCM-01) under the performance objectives of §61.41 and
§61.42. The NRC staff expects to close the new monitoring factor “Future Designs and
Analyses as They Pertain to Potential Degradation Processes and Performance” after
the staff determines that DOE’s future designs and analyses can exclude or minimize
the occurrence of degradation processes previously identified by the NRC staff.

Recommendation FSCM-06
Modifying Scenario Development and Defensibility

The NRC staff recommends modifying the text of the new monitoring factor for Scenario
Development and Defensibility, which the NRC staff recommended opening in
recommendation FSCM-02. The NRC staff recommends updating the text under the
performance objectives of §61.41 and §61.42 to include monitoring how the processes
and impacts related to potential climate change are incorporated into the performance
assessment. In addition, the NRC staff recommends monitoring the development of
model support for the excepted performance of the SDF in the case of episodic flow, and
for the performance of the SDF due to erosion, weathering, and mass wasting. The NRC
staff expects to close the new MF after the DOE updates the performance assessment,
and the NRC staff determines that future scenarios are appropriate.

Recommendation FSCM-07
Groundwater Yield of the UTRA-UAZ in the Z-Area

The NRC staff recommends opening a new high priority monitoring factor entitled
“Groundwater Yield of the UTRA-UAZ in the Z-Area” under the new Future Scenarios
and Conceptual Models monitoring area (from Recommendation FSCM-01) under the
performance objectives of §61.41 and § 61.42. The NRC staff expects to close the new
monitoring factor “Groundwater Yield of the UTRA-UAZ in the Z-Area” after the staff has
observed an analysis of groundwater yield of the Upper Three Run Aquifer — Upper
Aquifer Zone (UTRA-UAZ) in the Z-Area has been performed to determine the
plausibility of an exposure scenario with the UTRA-UAZ as the main source of water.
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