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1.0 INTRODUCTION 

The information presented within this report will inform an upcoming revision to the Performance 

Assessment (PA) for the Saltstone Disposal Facility (SDF).   

In general, PAs are documents used to describe models which provide understanding of a facilities’ 

capabilities to limit contaminant exposure to the environment and to hypothetical human receptors 

(member of the public (MOP) and inadvertent human intruder (IHI)).  As part of PA development, 

models are used to simulate the release and transport of radionuclides and chemical contaminants 

from disposal sites and to estimate exposure and consequence to the MOP and IHI.  Due to the 

complex nature of PA models, a structured methodology is necessary to ensure that relevant 

components are adequately addressed during model development.  Therefore, PA models must be 

developed within defined boundaries and with appropriate consideration of relevant (site-specific) 

features, events, and processes (FEPs). 

The determination of the site-specific FEPs for the SDF PA (hereafter referred to as the FEPs List) 

was documented in the SDF FEPs report (Features, Events, and Processes for the Saltstone 

Disposal Facility Performance Assessment).  [SRR-CWDA-2017-00057] These site-specific FEPs 

were considered during the development of the conceptual model(s) described herein. 

This report describes the recommended conceptual models and the approach used to develop these 

conceptual models for the revision to the SDF PA.    

1.1 Purpose and Scope 

At the Savannah River Site (SRS), the 2009 SDF PA was developed to provide the technical basis 

for demonstrating that the SDF will be compliant with performance objectives as defined in U.S. 

Department of Energy (DOE) Manual 435.1-1 and 10 Code of Federal Regulations (CFR) 61.  

[SRR-CWDA-2009-00017] Development of the 2009 SDF PA did not, however, apply a well-

documented, formal process for developing conceptual models.  In support of the upcoming 

revision to the SDF PA, such a process is described herein. 

The information presented shall define various scenarios (i.e., a subset of important FEPs that are 

used to identify probable conditions or future evolutions of the disposal site), provide conceptual 

model descriptions based on each of the scenarios, and describe how the relevant FEPs are related 

to the various scenarios. 

The purpose of this report is to document: (1) the methods used in the development of the 

conceptual models for the SDF PA; (2) a description of the recommended modeling scenarios 

and/or conceptual models; and (3) a discussion of how all the relevant FEPs relate to the conceptual 

models, either through explicit modeling descriptions or through other approaches.  

Section 1.2 of this report provides a description of the overall PA development process, giving 

context for how these conceptual models will be developed and used.  Section 1.3 provides a 

glossary of key terms used throughout this report.  Section 1.4 defines the Assessment Context, 

which may be used to inform decision-making for the development of an update to the SDF PA.  

Section 1.5 identifies the quality assurance (QA) standards. 

Section 2.0 provides a detailed description of the Conceptual Model for the Central Scenario (or 

Base Case) of the SDF PA. Section 3.0 discusses the development and use of the Interaction Matrix 
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(IM) for the Central Scenario.  Section 4.0 identifies the relationships between elements within the 

IM and the FEPs, and uses these relationships to develop recommended alternative scenarios. 

Finally, Section 5.0 provides descriptions of the alternative conceptual models (ACMs) developed 

from the recommended alternative scenarios. 

1.2 Overview of PA Model Development 

Prior to developing PA models, it is important to establish the Assessment Context (Section 1.4).  

Once the Assessment Context is established, a System Description should be developed which 

identifies the key features of the disposal system (Section 2.2 through Section 2.9).  Next, a 

“Central Scenario” or “Base Case” should be developed (Section 2.0).  This is the scenario that 

reflects the expected future evolution of the disposal site (i.e., the most probable and defensible 

scenario).  The Central Scenario generally does not include disruptive events but will include 

disruptive processes. 

Where the Central Scenario provides a high-level overview of the expected evolution, the 

Conceptual Model description (Section 2.0) provides a detailed, process-level description of the 

important features and interactions within the Central Scenario.   

Figure 1.2-1 shows an overview of the Conceptual Model development process.  This is an iterative 

process; the arrow using a dashed line indicates where the process returns to an earlier step for an 

iteration.  Because the Assessment Context and System Description must be considered during 

every step of the process, these are depicted as entire fields which encompass the entire process, 

rather than as single steps.  

As part of Conceptual Model development for the SDF PA, an IM (described in Section 3.0) was 

developed as a tool for ensuring that all FEPs were adequately addressed (Section 4.0).  The IM 

was used to compare the Conceptual Model for the Central Scenario against the FEPs List from 

the Features, Events, and Processes for the Saltstone Disposal Facility Performance Assessment 

(SRR-CWDA-2017-00057).  This audit process used the following steps: 

(1) Identify the primary features of the SDF PA system, 

(2) Identify interactions (or processes) between each of the primary features for the Central 

Scenario, and 

(3) Map the primary features and interactions to specific FEPs. 
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Figure 1.2-1:  Model Development Process 

 

FEPs which were outside the context of the Central Scenario were then identified and used as the 

basis for Alternative Scenarios.   Finally, these Alternative Scenarios informed the development 

of ACMs.  Figure 1.2-2 provides an overview of this FEPs auditing process which is described in 

greater detail in Section 4.0. 

While the IM provides a useful tool for identifying features and processes, it does not provide in-

depth descriptions or discussions of those features or processes.  Regardless, the Conceptual Model 

descriptions provided in Sections 2.0 and 5.0 capture the most important features and processes.   

Once all the FEPs were adequately addressed through scenario development and the respective 

Conceptual Model(s) were described, the conceptual modeling phase of the SDF PA development 

process was complete (see Figure 1.2-1).   The final steps depicted in Figure 1.2-1 (mathematical 

model development, implementation via submodels, and PA model development) are not 

described herein as they are outside the scope of this report.   
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Figure 1.2-2:  FEPs Auditing Process for Conceptual Model Development 

 

FEP = Features, Events, and Processes 

IM = Interaction Matrix 

 

LDE = Leading Diagonal Element 

ODE = Off-Diagonal Element 

 

PA = Performance Assessment 

ACM = Alternative Conceptual Model 
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1.3 Important Terms 

There are several terms used throughout this report which have very specific meanings within the 

context of Conceptual Model development and PA development.  To ensure clarity, this section 

provides a select listing of these terms and their associated meanings.   

These terms have been organized into three tables. Table 1.3-1 provides terms related to the 

process of model development and generally are organized sequentially, in the order of the process.  

Unless otherwise indicated, the definitions in Table 1.3-1 are based on the Guidance for 

Conducting Technical Analyses for 10 CFR Part 61 (draft NUREG-2175) from the U.S. Nuclear 

Regulatory Commission (NRC).  [ML14357A072]  Table 1.3-2 defines terms related to various 

periods of time and are organized chronologically.  This information is graphically depicted in 

Figure 1.3-1.  Finally, Table 1.3-3 defines the remaining terms and is organized subjectively by 

topic.   

Table 1.3-1: Important Model Development Terms 

Term Definition 

Assessment Context 

The assessment context is the collection of information that provides the basis for the 

performance assessment.  This includes the purpose for the PA, the regulatory framework, 

assessment end points, waste characteristics, and assessment timeframes.  [ML14357A072] 

This is described in Section 1.4. 

System Description 

The system description describes the disposal system and the natural environment of the site. 

At a minimum, the system description should describe the following (ML14357A072): 

• the site 

• the natural setting 

• the disposal facility 

• the interaction of the site and disposal facility 

• the waste to be disposed of including its radiological, chemical, and physical 

characteristics 

• processes controlling contaminant release and transport  

• the characteristics of members of the public potentially affected by the facility. 

This is provided in Section 2.0. 

Scenario (or 

Modeling Case) 

A scenario is a subset of important FEPs that are used to identify conditions or the future 

evolution of the disposal site.  [ML14357A072] In general, a scenario can be thought of as a 

theme for a given model.  PA documents often refer to scenarios as “modeling cases.”  

Scenario development is described in Sections 3.0 and 4.0. 

Central Scenario (or 

Base Case) 

The Central Scenario is the modeling scenario that represents the most supportable future 

evolution of the disposal site (i.e., most probable and defensible). Generally, the Central 

Scenario will not include disruptive events but will include disruptive processes.  

[ML14357A072] The Central Scenario is used to demonstrate compliance with performance 

objectives and provides a basis for comparison when considering the results of alternative 

scenarios. 

Note that the Central Scenario is sometimes referred to as the “Base Case” or the 

“Compliance Case.” 
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Term Definition 

Alternative Scenario 

(or Alternative 

Modeling Case) 

An alternative scenario is any scenario that is not the Central Scenario.  Usually alternative 

scenarios will reflect less likely, but still plausible future evolutions of the disposal site.  

Alternative scenarios may include disruptive events.  [ML14357A072]  The alternative 

scenarios are described in Section 4.4. 

Conceptual Model 

A conceptual model is a well-defined, qualitative description of how related FEPs behave or 

are impacted within the bounds of a specific scenario.  Conceptual models are used to inform 

mathematical models. The Conceptual Model for the Central Scenario is described in Section 

2.0. 

Alternative 

Conceptual Model 

(ACM) 

 

An alternative conceptual model is an additional and different conceptual model that 

introduces an alternative approach for addressing simulated conditions.  For example, in the 

Central Scenario (or Base Case), it is assumed that saltstone degradation is dominated by a 

gradually increasing saturated hydraulic conductivity; whereas an alternative conceptual 

model may assume that degradation is dominated by the formation and propagation of 

through-cracks. ACMs are developed based on the alternative scenarios.  The ACMs are 

described in Section 5.0. 

Model Abstraction 

Model abstraction is the process of constructing a mathematical model based on the 

conceptual model.  This often involves making assumptions that may reduce the complexity 

of a system to focus on quantifying the influence(s) of the major processes controlling the 

system. 

Mathematical Model 
A mathematical model defines the governing equations and formulas used to abstract the 

conceptual models from qualitative descriptions into quantifiable calculations. 

Model 

Implementation 

Model implementation is the application of a mathematical model.  To apply a 

mathematical model, the equations and formulas must be combined with appropriate model 

inputs within a modeling software (or equivalent computational platform). 

Submodel 

A submodel is any discrete model that may be used to generate intermediate modeling results 

for the PA.  Submodels are usually associated with specific modeling software and/or specific 

processes.  For example, some of submodels generated in support of the 2009 SDF PA include 

the HELP Model (for infiltration rates), the Waste Release Model (for contaminant release 

rates, developed using The Geochemist’s Workbench software), and the Vadose Zone Flow 

Model (for flow rates through the vadose zone, developed using PORFLOW modeling 

software). 

Performance 

Assessment Model 

The PA Model (or integrated system model) is the collection of all the relevant submodels as 

well as the input/output links that are used to unify the submodels.   
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Table 1.3-2:  Important Assessment Timeframes 

Term Definition 
Time Period to Use 

for SDF PA 

Pre-Closure 

Operational Period 

The pre-closure operational period is the time period of active 

operations at the SDF.  These operations include construction of 

disposal units, waste form stabilization and disposal processes, and 

installation of the engineered closure cap.  It is the only timeframe 

that is not explicitly included in modeling.  This may also be 

referred to as the “disposal operations period” or the “pre-closure 

period.” 

Time prior to October 

1, 2037 

Closure 

For the purposes of SDF PA modeling, closure is assumed to be 

the moment when installation of the engineered closure cap is 

complete.  Currently, closure is assumed to occur on October 1, 

2037 (based on the expected completion of salt solution 

processing). [SRR-LWP-2009-00001, Rev. 20]   

Closure is preceded by the pre-closure operational period and is 

followed by the institutional control period. 

October 1, 2037 

Institutional Control 

Period 

The institutional control period is a 100-year period starting at 

the time of closure.  During this period, it is assumed that controls 

are in place to prevent any MOP or IHI from exposure to disposed 

waste or contaminant releases.  This period is based on 10 CFR 61, 

which requires that DOE maintains institutional control over the 

disposal site for a minimum of 100 years after operations are 

complete. 

October 1, 2037 to 

October 1, 2137 

Compliance Period 

The compliance period is a 1,000-year period starting at the time 

of closure.  SDF PA modeling results must demonstrate 

compliance to the performance objectives within this compliance 

period.  The compliance period includes the 100-year institutional 

control period. 

The compliance period is preceded by the pre-closure operational 

period and represents the first 1,000 years of the performance 

period.  [DOE M 435.1-1] 

October 1, 2037 to 

October 1, 3037 

Performance Period 

The performance period is an assumed 10,000-year period for 

evaluating long-term performance.  Like the compliance period, 

the performance period starts at closure.  The performance period 

includes the 100-year institutional control period and the 1,000-

year compliance period. 

October 1, 2037 to 

October 1, 12037 

Long-Term 

Exploratory Period 

 

The long-term exploratory period extends from the time of 

closure and continues beyond 10,000-years until peak doses are 

reached. 

October 1, 2037 until 

time of dose peak after 

October 1, 12037 
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Figure 1.3-1:  Graphical Depiction of Important Assessment Timeframes 

 

 

Table 1.3-3:  Other Important Terms 

Term Definition 

FEPs Terms 

FEP 

A FEP is any feature, event, or process. FEPs are described in the report: 

Features, Events, and Processes for the Saltstone Disposal Facility 

Performance Assessment. [SRR-CWDA-2017-00057] 

Feature  

A feature is an object, structure, or characteristic that has a potential to affect 

the performance of the disposal system. Examples include rocks within an 

erosion layer of an engineered cover or a roof-support column. 

Event  

An event is a natural or human-caused phenomenon or change that has the 

potential to affect the performance of the disposal system and that occurs 

during an interval that is short relative to the analyses timeframe. Examples of 

events are earthquakes, floods, storms, well drilling, and excavation. 

Process  

A process is a natural or human-caused phenomenon or change that has the 

potential to affect the performance of the disposal system and that occurs 

during all or a significant part of the analyses timeframe.  Examples of 

processes are radionuclide transport, differential settlement, leaching, and 

erosion. 

FEPs screening  

FEPs screening is the process of using established criteria to eliminate FEPs 

from further consideration based on potential impacts to the performance of 

the disposal system.  The FEPs screening process is described in the report: 

Features, Events, and Processes for the Saltstone Disposal Facility 

Performance Assessment. [SRR-CWDA-2017-00057] 

Interaction Matrix Terms 

Interaction Matrix (IM) 

An interaction matrix is a tool for mapping specific FEPs to various system 

components and interactions between system components, as a method for 

developing modeling scenarios.  The interaction matrix for the SDF PA is 

provided in Appendix A. 
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Term Definition 

Leading Diagonal Element 

(LDE) 

The leading diagonal elements are primary model components identified 

within an interaction matrix.  These are identified within the interaction matrix 

for the SDF PA, as provided in Appendix A. 

Off-Diagonal Element (ODE) 

The off-diagonal elements are used to specify interactions between the 

primary model components identified within an interaction matrix.  These are 

identified within the interaction matrix for the SDF PA, as provided in 

Appendix A. 

Assessment Terms 

Performance Objectives 
Performance objectives are the regulatory requirements which must be met to 

establish compliance.  These are discussed in Section 1.4. 

Assessment Endpoints 

An assessment endpoint is any data used to assess the performance of the 

disposal system relative to the performance objectives.  For the SDF PA, 

assessment endpoints typically include location endpoints (such as the buffer 

zone), time endpoints (see Table 1.3-2), and receptor endpoints (such as the 

member of the public) which are evaluated based on exposures (i.e., peak 

concentrations and peak doses).  These are discussed in Section 1.4. 

Contaminants 

For the SDF PA, a contaminant is any waste (radioactive or chemical) that 

may render another material (e.g., water or air) impure, harmful, or unusable 

when it is outside the designated disposal units. 

Safety Function 

A safety function is defined as a function (i.e., a process or role) which must 

be fulfilled to contribute to long-term safety.  These functions may be active or 

passive and may contribute to safety by any of the following means: (1) 

providing stability to the disposal system, (2) containing or isolating the 

wastes, (3) mitigating the flow of air or water through the disposal system, or 

(4) limiting or delaying the release and transport of contaminants.  An example 

of a safety function would be the requirement that an engineered closure cap 

limit the infiltration of water into the system. 

Barrier 
A barrier is any FEP (natural or engineered) which provides a safety function.  

An example of a barrier would be an engineered closure cap. 

Buffer Zone 
The buffer zone is a 100-meter wide band surrounding the disposal units. This 

is discussed in Section 2.5. 

Model Domain 

The model domain is the area that is explicitly modeled.  The SDF is not a 

closed system (i.e., it is exposed to external interactions which can influence 

performance).  However, because it isn’t computationally feasible to model the 

entire universe for the SDF PA, physical limits must be placed and the model 

boundary must be pre-defined.   

Saltstone Disposal Facility 

(SDF) 

The SDF is the area of the Savannah River Site occupied by saltstone disposal 

units (SDUs).  This area includes the SDUs and the 100-meter buffer zone, and 

includes the natural system (vadose zone and saturated zone) within the 

boundary of the facility (i.e., the 100-meter buffer zone). 

Saltstone Disposal Unit 
SDUs are engineered structures used for the permanent disposal of the 

solidified saltstone waste form. 

Vadose Zone (VZ) 

For the purposes of the SDF PA, the vadose zone is a natural layer of the earth 

wherein the top of the layer is bounded by the ground surface, or by the 

bottoms of the SDUs (i.e., the bottoms of the lower mud mats) and any 

surrounding backfill. The bottom of the vadose zone is bounded by the water 

table.  The vadose zone is partially saturated. 
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Term Definition 

Saturated Zone (SZ) 

For the purposes of the SDF PA, the saturated zone is a natural layer of the 

earth wherein the top of the layer is bounded by the bottom of vadose zone (as 

defined by the water table), and the bottom of the layer is bounded by a 

confining unit. The saturated zone is fully saturated. 

Aquifer 

An aquifer is an underground layer of water-bearing rock or soil from which 

water may be extracted via a well.  Within the SDF, the two primary aquifers 

are the Upper Three Runs Aquifer (which is divided into the Upper Aquifer 

Zone and the Lower Aquifer Zone), and the Gordon Aquifer. 

Confining Unit 

A confining unit is an underground layer of distinctly less permeable rock or 

soil which bounds an aquifer.  Within the SDF, the bottom of the Upper 

Aquifer Zone is confined by the Tan Clay Confining Zone, the bottom of the 

Lower Aquifer Zone is bound by the Gordon Confining Unit, and the bottom 

of the Gordon Aquifer is bound by the Crouch Branch Confining Unit. 

Human Receptor Terms 

Human Receptor 

A human receptor is a hypothetical human being existing within model 

domain who is at risk of exposure to contaminants.  Within PAs, doses to the 

human receptors are used for evaluating performance.  In general, the SDF PA 

refers to two human receptors: the inadvertent human intruder (IHI) and the 

member of the public (MOP).   

Inadvertent human intruder 

(IHI) 

The inadvertent human intruder (IHI) is a hypothetical human receptor who 

is exposed to contaminants through pathways within the buffer zone. 

Member of the public (MOP) 
The member of the public (MOP) is a hypothetical human receptor who is 

exposed to contaminants through pathways beyond the buffer zone. 

1.4 Assessment Context 

The SDF exists to support DOE’s overall strategy for high-level waste (HLW) disposal.  Per the 

SRS Salt Processing Alternatives Final Supplemental Environmental Impact Statement, “The 

ability to safely process the salt component of the HLW stored in underground storage tanks at 

SRS is a crucial prerequisite for completing HLW disposal.”  [DOE/EIS-0082-S2_June2001] The 

current strategy is to separate wastes into two waste streams: HLW for vitrification and deep 

geologic disposal, and low-level waste (LLW) for immobilization and near-surface disposal.  This 

separation strategy significantly reduces the volume of HLW.  The SDF is the LLW disposal 

facility for liquid waste at SRS. 

The purpose of the SDF PA is to provide reasonable assurance that performance objectives will be 

met by the SDF.  The regulatory framework defined by the performance objectives is shown in 

Table 1.4-1.  These performance objectives are defined in DOE Manual 435.1-1 and 10 CFR 61.  

[SRR-CWDA-2009-00017] 
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Table 1.4-1: Performance Objectives and Measures 

Exposure Pathway 

Objective or Measure, 

within the Compliance 

Periodb 

Point of Assessment 

All Pathwaysa, Member 

of the Public 
25 mrem/yr 

Point of highest concentration, at least 100 

meters from disposal units 

Air Pathwaya 10 mrem/yr 
Point of highest concentration, at least 100 

meters from disposal units 

Radon 20 pCi/m2/s 
Point of highest concentration at the surface of 

the disposal facility 

All Pathwaysa, Chronic 

Intruder 
100 mrem/yr 

Point of highest concentration, within 100 

meters of disposal units 

All Pathwaysa, Acute 

Intruder 
500 mrem 

Point of highest concentration, within 100 

meters of disposal units 

a. Excludes radon in air. 

b. The Compliance Period is the first 1,000 years following Closure.  See Figure 1.3-1. 

While Table 1.4-1 defines points of assessment for the MOP and IHI, additional points along the 

local streams (McQueen Branch and Upper Three Runs) will also be assessed.  Specifically, 

contaminant concentrations at the seepline for these local streams shall be used to assess dose 

contributions based on fishing and recreational activities. 

The waste destined for SDF disposal comes from waste removal operations as part of the 

remediation of the HLW storage tanks at SRS.  The waste removed from the HLW storage tanks 

undergoes a solvent extraction process or ion exchange to separate the HLW and LLW.  The 

resulting LLW is a liquid with a high salt content.  As a liquid waste form, the waste is mixed with 

dry feeds to form saltstone then poured into Saltstone Disposal Units (SDUs) where it cures into 

an immobilized, low-activity solid.    

The performance objectives shall be evaluated within the Compliance Period (from closure to 

1,000 years after closure) as defined in Table 1.3-2.  The Performance Period and Long-Term 

Exploratory Period may will be evaluated to enhance the analyses and inform risks. 

1.5 Quality Assurance 

Development of this report and supporting analyses are subject to the QA program and 

requirements as defined in Manual S4, Procedure ENG.51 – Verification and Checking of 

Technical Documents. 
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2.0 CENTRAL SCENARIO AND CONCEPTUAL MODEL  

Table 1.3-1 defines a conceptual model as a well-defined, qualitative description of how related 

FEPs behave or are impacted within the bounds of a specific scenario.  Conceptual models are 

used to inform mathematical models. 

This section provides a description of the Conceptual Model for the Central Scenario of the SDF 

PA (Sections 2.1 through 2.9).  Typically, most of these descriptions are expected to be applicable 

to the ACMs as well (see Section 5.0), although often with modifications to parameters or 

assumptions as necessary for ACM implementation.   

2.1 SDF Purpose 

The purpose of the SDF is to reduce the risks associated with liquid waste.  At the SRS, there are 

two tank farms (F-Tank Farm and H-Tank Farm).  These tank farms presently hold approximately 

35,000,000 gallons of radioactive waste that was generated as part of the United States nuclear 

weapons programs.  This liquid waste will be removed from the waste tanks and undergo chemical 

separations.  Actinides and high activity wastes will be vitrified (i.e., turned into solid glass), 

containerized, and will eventually be disposed offsite at a deep geologic repository; while the low 

activity decontaminated salt solution (DSS) will be mixed into saltstone (an immobile solid waste 

form, similar to concrete) and permanently disposed of at the SDF.   

2.2 Site Description 

The SDF is located in Z-Area of the SRS.  SRS is located approximately 12 miles south of Aiken, 

South Carolina, and 15 miles southeast of Augusta, Georgia, along the western border of South 

Carolina (Figure 2.2-1).  
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Figure 2.2-1:  Physical Location of Savannah River Site 

  



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

Page 24 of 160 

Figure 2.2-2 shows the major operational areas at SRS.  The developed areas of SRS (shown in 

purple) make up less than 10% of the total area while the remainder of the site is undeveloped 

forest or wetlands.  Central to SRS is the General Separations Area (GSA) where liquid waste is 

processed and disposed.  The GSA includes E-, F-, H-, J-, S-, and Z-Areas, near the center of the 

SRS.  As a part of the GSA, Z-Area is more than five miles, in any direction, from the DOE-

controlled SRS boundaries. This location is inaccessible to unauthorized members of public. 

Figure 2.2-2:  SRS Operational Area Location Map 
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Figure 2.2-3 provides the general layout of the GSA in more detail.  The SDF is in Z-Area, at the 

north-eastern end of the GSA.  Z-Area and the SDF are the primary focus of the SDF PA.  As an 

alternative visualization of the GSA topography, Figure 2.2-4 depicts topographical relief 

contours.  Note that Z-Area (upper-right hand) is located on a hill, at approximately 260 feet to 

300 feet above mean sea level (msl).   This higher elevation generally provides greater vertical 

distance between the facility surface and the water table beneath the facility.  The surface streams 

most likely to be impacted by releases from the SDF are Upper Three Runs (to the northwest) and 

McQueen Branch (to the northeast).  Near the SDF, these streams are located at approximately 

150 feet to 180 feet above msl.  McQueen Branch feeds into Upper Three Runs.  Upper Three 

Runs eventually flows into the Savannah River, approximately ten miles downstream.   

Figure 2.2-3:  Layout of the GSA 
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Figure 2.2-4:  Topography (feet above msl) of the GSA 

 

[SRNL-STI-2017-00008, Rev. 1, Appendix A] 

It is recognized that some site features (e.g., depth to the water table, locations of streams) are 

likely to be influenced by changes to climate over time.  It is postulated that warmer weather may 

increase evaporation, thus decreasing the volume of water available for infiltration and recharge; 

however, this may be offset by increased storm intensity, which may increase the volume of water 

available for infiltration and recharge.  Due to the significant uncertainties associated with the 

magnitude and timing of such changes, the SDF site is assumed to remain unchanged for the 

Central Scenario of the PA.  However, sensitivity modeling or alternative scenarios may be used 

to examine the potential risks associated with changing climate.   

2.3 Natural Setting 

Z-Area covers approximately 161 acres (covering a rectangular area: approximately 580 m wide 

and approximately 1,130 m long).  Figure 2.3-1 shows a recent aerial photograph of Z-Area, 

including the SDF.  This photograph looks in a south-west direction over the SDF, such that S-

Area appears in the upper left-hand side of the image.  As can be seen, the undeveloped areas of 

SRS are heavily forested.  In the immediate vicinity of the SDF, pine trees are the dominant plant 

life.  In lower-lying areas, near the stream beds, hardwood trees dominate (e.g., sweet gum, red 

maple, and red bay).   
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Figure 2.3-1:  Aerial Photograph of Z-Area 

 

[Photograph taken March 16, 2017.] 

Figure 2.3-2 provides a conceptualization of the water cycle, including groundwater flow, at Z-

Area.  The major processes include precipitation (rainfall), surface runoff, evaporation, plant 

uptake, transpiration, and infiltration.  The infiltration contributes to recharge and groundwater 

flow rates. 
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Figure 2.3-2:  Conceptual Diagram of the Water Cycle at Z-Area 

 

Moving vertically downward from the ground surface, the hydrostratigraphic units are identified 

as the Transmissive Zone (TZ), the Upper Aquifer Zone (UAZ), the Tan Clay Confining Zone 

(TCCZ), Lower Aquifer Zone (LAZ), the Gordon Confining Unit (GCU), and the Gordon Aquifer 

Unit (GAU) shown in Figure 2.3-3.  The UAZ is also known as the Upper Three Runs Aquifer - 

Upper Zone and the LAZ is also known as the Upper Three Runs Aquifer - Lower Zone. The 

interface between the GAU and the Crouch Branch Confining Unit provides the lower boundary 

for the GSA flow modeling.   

The subsurface region which exists between the ground surface and the water table, regardless of 

the hydrostratigraphic units, may also be referred to as the “Vadose Zone” (VZ).  Similarly, the 

subsurface region which exists between the water table surface and the Crouch Branch Confining 

Unit may also be referred to as the “Saturated Zone” (SZ). 
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Figure 2.3-3:  Hydrostratigraphic Units of Concern 

 

[WSRC-TR-96-0399-Vol. 1] 

The following descriptions for these units are based on the descriptions from the Integrated 

Hydrogeological Model of the General Separations Area (WSRC-TR-96-0399): 

• The TZ is a variable sandy region through which precipitated water infiltrates into, 

facilitating the recharge of underlying aquifers.  The TZ is sometimes included as part of 

the UAZ. 

• The UAZ is characterized by sand and clayey sand with minor intercalated clay layers.   

• The TCCZ is characterized by clay and sandy clay interbedded with clayey sand and sand.  

The clay layers of the TCCZ are probably not laterally continuous over distances greater 

than 100 to 200 feet.  As such the water table may exist either above or below the TCCZ 

as a function of location relative to recharge zones.  

• The LAZ is characterized by fine-grained, well-sorted sand and clayey sand, and includes 

carbonate sediments and various calcareous components (e.g., calcarenaceous sand). 

• The GCU separates the GAU from the water table aquifer.  The GCU is also known as the 

“green clay” and is characterized as layers of interbedded silty and clayey sand, sandy clay, 

and clay.  Within the GSA, the GCU includes some calcareous sediment.  

Transmissive Zone (TZ) 
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• The GAU is the lowermost unit considered for the PA.  It is characterized as loose sand 

and clayey sand. 

The water table in the GSA is generally located in the UAZ.  However, as the water table 

approaches McQueen Branch and Upper Three Runs, the water table drops into the underlying 

units, such as the LAZ as depicted in Figure 2.3-4. [SRNS-TR-2017-00227]   Figure 2.3-5 shows 

a satellite image of Z-Area with a red line to indicate the location of the cross-section depicted in 

Figure 2.3-4.  [SRNS-TR-2017-0027] Near the SDF, the water table is typically 40 to 60 feet below 

the surface (compare Figure 2.2-4 to Figure 2.3-6).  As the water table approaches the local 

streams, this distance reduces to zero, terminating at a seepline (or seepage face) where the water 

table meets the surface, producing a spring. 

Figure 2.3-4:  Cross Section of Z-Area 

 
[SRNS-TR-2017-00227] 
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Figure 2.3-5:  Satellite Photograph of Z-Area, Showing Cross Section Location 

 

 

[SRNS-TR-2017-00227] 
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Figure 2.3-6:  Surface Contours for the Approximate Water Table Elevation (feet above 

msl) of the GSA 

 

[SRNL-STI-2017-00008, Rev. 1, Figure 7-18] 

As indicated in Section 2.2, climate change may influence the natural setting (e.g., changes to 

temperature or precipitation), but will be addressed through sensitivity modeling or alternative 

scenarios rather than the Central Scenario. 

Weathering is also expected to occur as part of the evolution of the natural setting; however, this 

is addressed in Section 2.4.1, as the SDF will be covered by an engineered closure cap designed 

to mitigate the impacts of erosion.  

2.4 Closure Cap 

At the time of closure, an engineered closure cap will be installed over the facility.  The purpose 

of the closure cap will be to limit infiltration into the SDUs and to provide protection against 

erosional processes. 

Figure 2.4-1 and Figure 2.4-2 illustrate the current conceptual design of the engineered closure 

cap, including layers of soil (e.g., backfill), high density polyethylene (HDPE), and geosynthetic 

clay liner (GCL).  Note that while these illustrations depict a number of layers with varying 

materials, this design should be considered preliminary, as the specifics may change.  Regardless 
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of the properties of the individual materials used, the final design will be driven by overall desired 

performance: specifically, how well the closure cap limits infiltration over an extended period.   

For modeling purposes, the minimum thicknesses of each material layer shall be assumed.  For 

example, at the perimeter the middle backfill layer may be up to 20 feet thick while at the apex it 

will only be one foot thick, so the middle backfill layer is assumed to be one foot thick. Similarly, 

at the apex the lower backfill may be greater than 20 feet thick while at the perimeter it will only 

be one foot thick, so the lower backfill layer is also assumed to be one foot thick.  These 

assumptions are conservative and simplify modeling of the closure cap performance.  For 

perspective, the current closure cap configuration indicates the minimum depth to the lower lateral 

drainage layer is greater than 13 feet (WSRC-STI-2008-00244, Figure 10), but with this 

assumption the depth to the lower lateral drainage layer is just over 8 feet (see Figure 2.4-2).  

Despite the initial conditions of the engineered closure cap, it is expected that the closure cap will 

degrade over time.  While multiple degradation mechanisms have been considered in previous 

studies (WSRC-STI-2008-00244), including erosion, antioxidant depletion (for HDPE layers), 

root penetrations, and silting-in (for sand layers), recent research suggests that assuming root 

penetrations through the GCL “is not a reasonable scenario.”  [GENV-18-05] Similarly, where 

previous studies assumed that the drainage layers would be “silted in” by fine clay colloids that 

migrate into the drainage layer sands (WSRC-STI-2008-00244), this assumption was determined 

to be unrealistic as this phenomenon “has not [been] observed during exhumation of modern final 

covers or in historic sites that are analogs.” [GENV-18-05] As such, erosion and antioxidant 

depletion (for HDPE layers) are expected to be the most significant mechanisms to degrade the 

performance of the closure cap. It is assumed that during the institutional control period, the 

closure cap will be maintained and grasses will be the only vegetation.  Degradation mechanisms 

will not initiate until after the end of the institutional control period. 

Figure 2.4-1:  SDF Conceptual Closure Cap Configuration 
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Figure 2.4-2:  SDF Conceptual Closure Cap Layers 

 

2.4.1 Erosion 

An erosion barrier within the closure cap is designed to prevent erosion.  Slope grading and ripraps 

along the edges of the closure cap shall also be designed and implemented to further prevent 

erosion.  [WSRC-STI-2008-00244] Regardless, it will be assumed that any layers above the 

erosion barrier (i.e., the top soil and upper backfill layers) will be subject to natural weathering 

and erosional processes. 

2.4.2 Antioxidant Depletion 

Over time, the HDPE layers are expected to degrade as a result of antioxidant depletion.  For 

estimating the service life of an HDPE geomembrane, three stages of chemical aging are 

considered (see Figure 2.4-3): antioxidant depletion (TA), induction time (TB), and polymer 

degradation (TC).  During the first stage (TA), two processes occur which deplete antioxidants: 

oxygen diffuses into the geomembrane and the physical loss of the antioxidants from the 

geomembrane.  Once the antioxidants have been depleted, oxidation of the HDPE begins (TB); 

however, this process is initially very slow with negligible impacts.  Finally, the oxidation process 

accelerates (TC), resulting in decomposition in the material as free radicals attack the polymer 

chains.  [Hsuan and Koerner, 1998]  It is assumed that this chemical decomposition process will 
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result in the formation of holes through the HDPE material.  It is through these holes that roots are 

expected to penetrate to the lower layers of the closure cap. 

Figure 2.4-3:  Conceptual Stages of Chemical Aging of HDPE Geomembranes 

 

 

[Based on Hsuan and Koerner, 1998] 

2.4.3 Infiltration Summary 

Table 2.4-1 and Figure 2.4-4 provide a summary of the expected performance based on the current 

engineered closure cap design.  Figure 2.4-4 also shows the result of an earlier infiltration analysis 

(where “Jones and Phifer (2008)” is referring to WSRC-STI-2008-00244).  This earlier analysis 

made a number of unrealistic conservative assumptions and was developed using the HELP code, 

which “uses more approximate methods to compute flow through composite barriers” relative to 

the newer data.  [GENV-18-05] The newer data, including the “Expected with Average Climate” 

values, comes from a coupled flow model developed using the variably saturated flow code 

WinUNSAT-H.  The newer model made use of “the most recent information available regarding 

the engineering properties of final covers.”  [GENV-18-05]   

Note that an unlikely scenario in which the degraded GCL is an order of magnitude more 

permeable, the HDPE is assumed to have larger defects, and the saturated hydraulic conductivity 

of the drainage layer diminishes to 1E-04 m/sec, may be represented by assuming an infiltration 

rate of approximately 19.7 mm/yr (0.78 in/yr).  [GENV-18-05]  As such, Table 2.4-1 indicates that 

the closure cap is expected to perform extremely well, even when more bounding assumptions are 

applied.  This information is preliminary and may be updated as part of PA model implementation.  
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Figure 2.4-4:  Range of Expected Infiltration (Percolation) Through the Closure Cap 

 

[Source: GENV-18-05, Figure 13] 

 

Table 2.4-1:  Estimated Infiltration Rates through the Closure Cap 

Time Frame (yr) 

Infiltration Rate (mm/yr) for Each Scenario 

Realistic and 

Expected with 

Average Climate 

Reasonable Upper 

Bound with 

Average Climate 

Realistic and 

Expected with 

Wet Climate 

Reasonable 

Upper Bound 

with Wet 

Climate 

0-500 0.1 0.1 0.3 0.3 

500-2,000 0.1 2.5 0.3 6.2 

>2,000 0.2 3.5 0.4 8.6 

[Source: Modified from GENV-18-05, Table 3] 

 

2.5 Disposal Facility 

As a disposal facility, the SDF is comprised of SDUs (see Section 2.6), which are structures 

designed to contain disposed LLW and provide stability.  Figure 2.5-1 shows the current planned 

layout for the SDF.  The red-outlined shapes provide the locations of SDUs, the orange outline 

shows the current Z-Area boundary, and the green outline indicates a 100-meter buffer zone 

surrounding the SDUs.  The outer edge of this buffer zone is known as the 100-meter boundary.  
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For PA purposes, contaminant concentrations along this boundary shall be used to assess 

compliance.   

As of September 2017, the following SDUs have been constructed: SDU 1, SDU 2A, SDU 2B, 

SDU 3A, SDU 3B, SDU 4, SDU 5A, SDU 5B, and SDU 6.  Preliminary work is underway for the 

construction of SDU 7.  In addition to these SDUs, Figure 2.5-1 shows the assumed location for 

future SDUs (SDUs 8 through 12).  These locations are subject to change.  Note that if the planned 

layout of the SDF changes, the 100-meter buffer zone surrounding the SDUs will also change to 

reflect the layout. 

In addition to these SDUs, the final SDF configuration is expected to include backfill (surrounding 

every SDU) and an engineered closure cap over the tops of the SDUs (see Section 2.4).  The source 

material for the backfill will be native SRS soils.  When emplaced, this backfill will be control 

compacted, so the material properties of the backfill are expected to be equivalent to the vadose 

zone material. As such, the backfill material is not expected to undergo any significant changes 

over time. 
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Figure 2.5-1:  Current Planned Layout for the SDF 

 

[Source: Modified from SRR-CWDA-2016-00072, Figure 3.2-2] 
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2.6 Saltstone Disposal Units 

There are three primary SDU designs at the SDF: rectangular, 150-foot diameter cylindrical, and 

375-foot diameter cylindrical.  The differences in these designs reflect an evolution based on 

lessons learned and cost-saving initiatives.   

The following figures provide examples of each SDU design.  Note that these figures depict 

vertical cross-sections of each SDU.  Appendix B provides additional guidance for new readers to 

assist in the interpretation of these types of figures. 

Regardless of SDU design, all the SDUs will have sloping roofs to help shed infiltrating water 

away from the saltstone waste form.  The roofs, walls, and floors will all be made of high quality 

concrete1 to limit infiltration into the saltstone waste form.  Because the saltstone waste form has 

a high sulfate concentration, the high quality concrete may also be sulfate-resistant to slow the rate 

of sulfate attack.  Mud mats beneath the SDUs and roof-support columns within the SDUs will 

provide structural stability; these will be made of lower quality concrete relative to the roof, floor, 

and walls.  Note that SDU 1 (the first rectangular SDU) is the only SDU without roof-support 

columns.  Further, note that while the figures only show a single roof-support column, the design 

of each SDU actually includes multiple roof-support columns.  To simplify modeling, the multiple 

columns are modeled as a single representative column zone, which form a ring when the two-

dimensional cross-sectional representation is considered in three dimensions. 

Figure 2.6-1:  SDU 1 Conceptual Design 

 
Note: * Additional joints may be included in modeling to represent through-cracks. 

                                                 
1 Note that while all SDUs are designed and constructed with high quality concrete, lower quality concrete properties may 

sometimes be assumed for modeling purposes to ensure defensibility. 
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Figure 2.6-2:  SDU 4 Conceptual Design 

 
Note: * Additional joints may be included in modeling to represent through-cracks. 

 

Figure 2.6-3:  150-Foot Diameter SDU Conceptual Design 
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Figure 2.6-4:  375-Foot Diameter SDU Conceptual Design 

 
Notes: * Additional joints may be included in modeling to represent through-cracks.  Also, only SDU 6 has the sloped floor.  All 

other 375-foot diameter SDUs will have floors (and mud mats) that are level with the ground surface. 

 

2.6.1 SDU Roof, Floor, and Walls 

Because the SDUs will be surrounded by backfill and buried beneath a closure cap, they are not 

expected to undergo significant mechanical degradation.  As such, the high-quality SDU concrete 

(roof, floor, and walls) is expected to degrade predominantly through chemical degradation – 

specifically, carbonation and sulfate attack (from the high sulfates in the waste form).  Both 

carbonation and sulfate attack are chemical processes in which chemical byproducts are formed 

and expand.   

• In carbonation, carbon dioxide (CO2) dissolves in the pore water and forms carbonic acid 

which interacts with the reinforcing steel (rebar) and other materials within the concrete.  

The carbonic acid dissolves the passive film on the metal and then the metal becomes 

susceptible to corrosion (rust).  The volume of the resulting corrosion products is much 

greater than that of the uncorroded steel. 

• In sulfate attack, sulfate (SO4
2-) dissolves in the pore water and reacts with the concrete 

mineralogy to form calcium aluminum sulfate minerals such as ettringite.  The volume of 

the resulting solid phase(s) exceeds that of the reactants.   

The expansion of the solid phase due to rust and ettringite formation creates internal pressure 

within the concrete, and can eventually result in cracking.  These byproducts then expand into the 

cracks and the process repeats.  As such, these processes are expected to occur as moving fronts 

(see Figure 2.6-5).  In general, carbonation is expected to occur from the outside-in as water carries 
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carbon dioxide into the concrete, while sulfate attack is expected to occur from the inside-out as 

sulfates from the saltstone move into the concrete.   

Figure 2.6-5:  Chemical Degradation of Concrete: Carbonation (top) and Sulfate Attack 

(bottom) 

 

It is expected that the hydraulic conductivity of the high-quality SDU concrete (roof, floor, and 

walls) will initially be extremely low. Hydraulic conductivity is the material property which 

defines how easily liquid may flow through a porous media.  A high hydraulic conductivity 

indicates less resistance to flow.  Since the SDU concrete will have an initially low hydraulic 

conductivity, most infiltrating water will shed off the perimeter of the SDU roof (via the more 

conductive lower lateral drainage layer) and down the sides of the walls (via backfill).  The small 

amount of water that does enter the SDU concrete will eventually flow through the concrete into 

the waste form.  The initial flow rates through the SDU concrete will be slow (Figure 2.6-6 and 

Figure 2.6-7), but as the concrete degrades, the flow rates will accelerate until flow approaches a 

quasi-equilibrium state (i.e., the hydraulic conductivity through the roof, floor, and walls is 

assumed to become similar to the surrounding backfill material). 



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

Page 43 of 160 

Figure 2.6-6:  Conceptualization of Flow Rates through SDU Concrete 

 

Figure 2.6-7:  Conceptualization of SDU Flow Evolution 

 

The high-quality SDU concrete (roof, floor, and walls) also includes blast furnace slag for the 

purposes of improving (decreasing) the hydraulic conductivity of the concrete. This slag may also 

be credited as a reducing agent.  This reducing agent will consume oxygen as it enters the system.  

As such, the concrete will have relatively low oxygen content until the cumulative oxygen ingress 

exceeds the reducing capacity of the concrete.  This material property is important as some 

radionuclides (e.g., Tc-99) are relatively immobile within reducing environments (see Section 2.8). 

2.6.2 Roof-Support Columns and Mud Mats 

The concrete used for the roof-support columns and for the upper and lower mud mats are assumed 

to be comprised of lower quality concrete.  Additionally, the upper mud mat may include blast 

furnace slag.  The columns will be subjected to sulfate attack moving radially inward, and 
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carbonation moving down from the top (or up from the bottom).  Because the roof-support columns 

are assumed to be made of lower quality concrete and are surrounded by the high-sulfate saltstone 

waste form, it is expected that these columns will degrade relatively quickly.  This may result in 

preferential flow paths through the columns, which might divert water away from the surrounding 

saltstone. 

The mud mats are directly beneath the SDUs.  While it is expected that these mud mats will 

perform as an additional barrier to flow, they will not be fully credited as such within the model, 

except for in the case of the upper mud mats for the 150-foot diameter SDUs.  [SRR-CWDA-2018-

00004]  The upper mud mats in the 150-foot diameter SDUs are assumed to have the hydraulic 

properties of low quality concrete, and are assumed to have the same chemical environment 

properties as the overlying SDU floor.  All other mud mats for the cylindrical SDUs will be 

assigned the same hydraulic properties as the underlying vadose zone soil and are assumed to be 

initially oxidized (Oxidized Region II). For the rectangular SDUs (SDUs 1 and 4), the mud mats 

are assumed to have the hydraulic properties of low quality concrete and are given the same 

chemical environment properties as the underlying vadose zone soil (Oxidized Region III).   [SRR-

CWDA-2018-00004] 

2.6.3 Liners 

For the cylindrical SDUs, an impermeable liner, with a layer of HDPE membrane and a GCL is 

between the upper and lower mud mats to further reduce flow.  Despite being placed at a greater 

depth and being sandwiched between two concrete layers, this liner is assumed to degrade at the 

same rate as the HDPE layer placed over the roof (i.e., the lowest layer of the closure cap (see 

Section 2.4). 

Depending on the design and construction, SDUs may also include layers of HDPE or other 

impermeable materials as interior liners along the floors and inner walls.  SDUs may also be 

surrounded with external covers such as HDPE or shotcrete.  Conceptually, these liners and covers 

would further impede flow and mitigate chemical degradation.  For SDF PA modeling, the impact 

of liners might be simulated by incorporating a delay time before the start of some processes, such 

as the start of chemical degradation.  Alternatively, the impacts from these liners may be ignored 

as a potential conservatism.  Not giving credit to this feature grants operational flexibility for 

facility design and construction.  In other words, if future SDUs are constructed without the interior 

liner, or using a different material, it will not result in a need to re-evaluate system performance, 

as there is no performance credit given to this feature. 

2.6.4 SDU Joints 

Construction joints (through the roof and floor), bearing pads, and other non-concrete materials at 

the interfaces between various concrete sections comprise a relatively small amount of the total 

surface area of each SDU.  These features are not expected to significantly impact the performance 

of the system.  As such, these are conservatively assumed to have hydraulic properties equivalent 

to gravel for modeling.   

2.7 Waste Characteristics 

The waste form (saltstone) is formed by mixing a high-salt, liquid LLW with dry feeds to form a 

grout, which is then poured into SDUs where it cures into an immobilized, low-activity solid. The 
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saltstone is designed to have a relatively low saturated hydraulic conductivity, which is expected 

to result in very low flow rates. 

Most cementitious materials are made of dry feeds (such as cement) and water.  The saltstone 

formula includes dry feeds but uses DSS in the place of water.  The dry feeds include ordinary 

Portland cement mix, fly ash (to reduce hydraulic conductivity and to improve pumping), and blast 

furnace slag (to reduce hydraulic conductivity and to provide a reducing capacity). [SRR-CWDA-

2009-00017]  The dry feeds are premixed then added to the DSS prior to being poured into the 

SDUs, where the mixture will be cured. The water-to-premix ratio varies, but is typically near 0.6.   

The blast furnace slag component of the saltstone mix is designed to produce a reducing chemical 

environment within the waste form.  This reducing agent will consume oxygen as it enters the 

system.  As such, saltstone will have relatively low oxygen content until the cumulative oxygen 

ingress exceeds the reducing capacity of the saltstone.  This material property is important as some 

radionuclides (e.g., Tc-99) are relatively immobile within reducing environments (see Section 2.8). 

2.7.1 Inventory 

The most recent SDF waste inventory document is the 2013 SDF Inventory Estimates for 

Transport Modeling.  [SRR-CWDA-2013-00147] The specific waste composition will be further 

defined through future updates to the waste inventory document prior to development of the PA 

revision.  It is expected that the total activity of the inventory (in curies (Ci)) will be dominated by 

Cs-137 and its short-lived daughter Ba-137m, and by Sr-90 and its short-lived daughter Y-90.  

Both Cs-137 and Sr-90 have half-lives of approximately 30 years, while their daughters have half-

lives of less than 3 minutes and less than 3 days, respectively.  As such, it is expected that within 

approximately 300 years from closure, nearly 99% of the total Ci in the initial inventory will be 

decayed.   

In addition to the waste activity, initial waste inventories will also be presented in terms of mass 

to assist in conceptualizing the waste content.  Based on mass, the inventory (in kg) is expected to 

be dominated by uranium (predominantly U-238 which has a half-life of approximately 4.5E+09 

years).  

2.7.2 Waste Form Degradation 

Because the saltstone will be surrounded by SDU concrete, it is not expected to undergo significant 

mechanical degradation.  As such, the saltstone is expected to degrade predominantly through 

chemical degradation – specifically, decalcification via leaching (see Figure 2.7-1).  The chemical 

degradation that occurs via the decalcification process is expected to occur as increased porosity 

and permeability of the waste form.  Functionally, this would result in an increase to the hydraulic 

conductivity, which is similar to the effects of increased micro-fractures.  While decalcification is 

expected to occur both through advection and diffusion, it is expected to predominantly occur in 

the direction of flow (i.e., primarily from the top-down). [SRNL-STI-2013-00118]  Until the 

saltstone is fully degraded, it is also expected that the leached calcium (and other minerals from 

the SDU and saltstone) will form a zone of leachate-impacted soils beneath the SDUs which may 

influence transport.  Due to the high concentrations of dissolved solids in saltstone, the saltstone 

may also be subject to micro-cracking due to osmosis and the associated movement of water from 

the wall into the saltstone.  Since the behavior of the saltstone will not have the full effect of a thin 
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membrane that would allow passage of water and not dissolved species, it is expected that solute 

diffusion will mitigate this potential to some degree.  

Figure 2.7-1:  Conceptualization of the Decalcification of Saltstone 

 

Note: Ca2+ = calcium ions; Ksat = saturated hydraulic conductivity 

2.8 Contaminant Release and Transport 

Radionuclides and chemicals within the waste form have specific release and transport properties 

that should be considered during model development.  These properties include solubility limits 

and distribution coefficients (Kd values).  These properties are described below.  Specific values 

for these properties, relative to specific radionuclides and chemicals are provided in the 

Geochemical Data Package for Performance Assessment Calculations Related to the Savannah 

River Site (SRNL-STI-2009-00473. Rev.1).  The solubility and Kd values used for future modeling 

will also consider recent studies, such as the ongoing leaching tests being performed by the 

Savannah River Ecology Laboratory.  [SREL Doc R-16-004]  

Most radionuclides are relatively immobile within the initially high pH and low oxidation potential 

(Eh) environment of the pore water in saltstone.  Over time, infiltrating water is expected to change 

the chemistry of the pore water (i.e., water within the pore spaces), eventually coming to an 

equilibrium state with the natural environment (lower pH and higher Eh).  As the chemical 

environment transitions, the release rates for specific constituents will also transition. 

Since releases are sensitive to the pH and Eh of the chemical environment, modeling of these 

environments focuses on the potential evolutions of the pH and Eh. The conceptual model for the 

pH evolution is based on the Sorption Databases for the Cementitious Near-Field of a L/ILW 

Repository for Performance Assessment, which organizes the evolution of the pore water 

chemistry into three regions: “Region I” or “young-aged” material, “Region II” or “middle-aged” 

material, and “Region III” or “old-aged” material (Figure 2.8-1).  [ISSN 1019-0643]   



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

Page 47 of 160 

Figure 2.8-1:  Illustration of the Evolution of the pH in Degrading Cementitious Materials 

 

[Based on ISSN 1019-0643, Fig.2] 

Transitions from one pH region to the next are a function of the amount of specific constituents, 

such as calcium silicate hydrate (CSH) and/or calcium hydroxide (Ca(OH)2), available within the 

material.  The availabilities of these constituents are expected to evolve over time as the 

constituents are leached.   

When the chemical environment is in Region I, highly soluble alkaline constituents are readily 

flushed out such that the initially high pH (>12.5) drops quickly.  While the major solid phases 

have already formed within the material, hydration may continue to occur as the cementitious 

constituents interact with incoming water.  Once most of the highly soluble constituents have been 

depleted, it is expected that the pH will “level off” at a fixed value (pH near 11 or 12), moving the 

chemical environment into Region II.  Material in this region is not expected to undergo any 

significant changes to the solid phases.  

In Region II, the pore water chemistry is expected to be dominated by gradual releases of slow-

leaching constituents such as CSH and/or Ca(OH)2.    Once a significant amount of these slow-

leaching constituents has been depleted, the material will move into Region III.   

(increasing over time)
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In Region III, the remaining CSH gel is expected to become less stable, resulting in increased 

dissolution of calcium (Ca2+) which would continuously decrease the pH (pH<11) of the pore 

water chemistry. [ISSN 1019-0643]   

Because the pH transitions are a function of CSH depletion, these transitions may be calculated 

based on the initial composition (or mineralogy) of the cementitious materials and how that 

composition changes as a function of “exchange cycles” as water moves through the pores (i.e., 

“pore flushes”). [SRNL-TR-2008-00283; SRR-CWDA-2011-00044]  Figure 2.8-2 shows the 

results from such an analysis, as an example.  [SRR-CWDA-2011-00044]  Note that this example 

is typical of previous analyses which show that saltstone transitions from Region I to Region II 

almost immediately (between 20 and 30 pore volume exchanges), relative to the other transition 

(i.e., from Region II to Region III, which requires the exchange of thousands of pore volumes).  

As such, previous modeling had ignored the Region I condition, and Region II conditions are 

assumed as the start of simulations.  [SRNL-STI-2014-00083] However, it has been determined 

that while a relatively small number of pore flushes are necessary for this first transition to occur, 

due to very slow flow rates in during the first few hundred years, it could take hundreds (or even 

thousands) of years for this first transition to occur.  As such, it is recommended that future 

modeling incorporate the Region I conditions as informed by recent research and development 

activities. 

Figure 2.8-2:  Example of pH-to-Pore Volume Relationships for Two Different Saltstone 

Formulas; Saltstone Assumed to React with Groundwater 

 

[Source: SRR-CWDA-2011-00044, Figure SP-8.3] 

Similar to the pH evolution, the Eh evolution is based on changes in the pore water chemistry.  For 

Eh, two conditions are considered: reduced and oxidized.  As described in Section 2.6.1, the SDU 

concrete contains slag, which is credited as a reducing agent.  The saltstone material also contains 

slag, in higher concentrations than in the SDU concrete.  The slag within these materials is 

expected to slow the ingress of oxygen into the waste form until it reaches an upper threshold of 

cumulative oxygen ingress known as the reducing capacity.  Once this threshold is reached, the 
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material will transition from a reducing chemical environment to an oxidized chemical 

environment (i.e., the Eh transition).   

As with the pH transitions, the Eh transitions may be calculated based on the initial composition 

(or reducing capacity) of the cementitious materials and how that composition changes as a 

function of “exchange cycles” as oxidized water moves through the pores (i.e., “pore flushes”). 

[SRNL-TR-2008-00283; SRR-CWDA-2011-00044]  Figure 2.8-3 shows the results from such an 

analysis, as an example.  [SRR-CWDA-2011-00044]   

Figure 2.8-3:  Example of Eh-to-Pore Volume Relationships for Two Different Saltstone 

Formulas; Saltstone Assumed to React with Groundwater 

 

[Source: SRR-CWDA-2011-00044, Figure SP-8.3] 

Based on previous analyses (SRR-CWDA-2016-00004, SP-12), it has been determined that the 

evolution of the pore water chemistry for saltstone is as follows: 

Reducing Region I  Reducing Region II  Oxidized Region II  Oxidized Region III 

This evolution shall also be assumed for SDU concrete with significant reducing agents.  For any 

cementitious material without significant reducing agents, the evolution would assume that the 

material is initially oxidized: 

Oxidized Region I  Oxidized Region II  Oxidized Region III 

 

2.8.1 Solubility Limits 

A solubility limit is a measure of the amount of solute that a solvent can hold.  Solubility limits 

are measured as concentrations (mg/L).  When the concentration of the solute is below the 

solubility limit, the solute will transport within the solvent.  When the concentration of the solute 

exceeds the solubility limit, the excess solute will precipitate out of the solvent and be immobilized 

unless acted upon by other transport mechanisms.   
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Depending upon the radionuclide or chemical constituent, solubility limits may be a function of 

the chemical environment.  For example, the solubility limit for technetium will decrease as the 

pH decreases (see Figure 2.8-4). 

Figure 2.8-4:  Example of pH-Solubility Relationship for Technetium 

 

[Source: SRNL-STI-2012-00769, Figure A-2] 

2.8.2 Kd Values 

A Kd value is “defined as the ratio of the contaminant concentration associated with the solid to 

the contaminant concentration in the surrounding aqueous solution when the system is at 

equilibrium.” [EPA 402-R-99-004A] In other words, it is a measure of how readily a contaminant 

will associate with the solid phase, effectively “dropping out” of a solution.  It is typically given 

as an inverse to a concentration (mL/g), where a high value indicates that the contaminant has a 

high propensity to drop out of solution and become immobilized, while a low value indicates that 

the contaminant is likely to remain in solution and continue being transported.  

Kd values are specific to both the contaminant and the chemical environment of the media within 

which the contaminant is being transported.  When chemical transitions occur, the Kds for 

contaminants are subject to change.  For example, when the material oxidizes (Reduced Region II 

 Oxidized Region II), the Kd values for about half of the contaminants become lower such that 

transport is faster.   

2.8.3 Gas Phase Releases 

The previous discussions focus on release and transport driven by water.  This is because the 

saltstone advective-dispersive transport model considers saturation but not two-phase flow.  In 
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general, the saltstone tends to be very close to fully saturated as a function of moisture 

characteristic curves.  In contrast, the floor saturation tends to vary from approximately 97% to 

62%.  Under partially saturated conditions, some contaminants may be volatile enough to release 

upward, toward the surface, in a gaseous form.  If this occurs, the inventory would become 

partitioned, such that the fraction of the inventory released in the gaseous phase will no longer be 

available for liquid phase release and transport, and vice versa.   

To address the potential for gas phase release, an independent airborne release model will be 

developed.  For this model, the partitioning between water and gas is critical and conservative 

assumptions will be applied.  For example, while more rigorous modeling would allow the 

inventory to be partitioned between water, gas, and solid, the entire inventory of volatile 

contaminants will be assumed to be available for both gas phase release modeling and water 

transport release modeling.   

2.9 Characteristics of the Human Receptor and Dose 

For PA modeling, there are two human receptors: the MOP and the IHI.  While the concentrations 

of contaminants are determined by release and transport modeling, the exposure to these 

concentrations are influenced by assumptions about human behavior and uptake, while the risks 

associated with exposure are determined by the dose calculations described in the Dose 

Calculation Methodology for Liquid Waste Performance Assessments at the Savannah River Site 

(SRR-CWDA-2013-00058).  As resident farmers, the human receptors drink water from 

contaminated sources and use the contaminated water for washing, for irrigating crops, and for 

sustaining livestock.  For the MOP this source is a well drilled 100 meters from the SDUs; for the 

IHI this source is a well drilled 1 meter from the SDUs. The human receptors also swim in, boat 

in, and fish from nearby contaminated streams.  These assumptions about human behavior and 

associated uptake strongly influence potential exposure to contaminants.  Additional discussion 

about the IHI is provided in Section 5.9. 
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3.0 INTERACTION MATRIX DEVELOPMENT 

Table 1.3-3 defines an interaction matrix as a tool for mapping specific FEPs to various system 

components and interactions between system components, as a method for developing modeling 

scenarios.   

3.1 Introduction to Interaction Matrices 

The “interaction matrix approach” is used herein for the purpose of developing the SDF PA 

conceptual models.  This approach is described in draft NUREG-2175 (Guidance for Conducting 

Technical Analyses for 10 CFR Part 61 (ML14357A072)), as follows: 

The “interaction matrix approach” for developing a conceptual model allows the graphical 

representation of system interactions through the use of formalized procedures but does rely on 

expert judgment and is data intensive. The approach starts with a top-down approach to dividing 

the system into constituent parts. The resulting matrix and the FEP list contents can later be 

compared. Using the interaction matrix approach to facilitate conceptual model development 

has the advantage of allowing disposal system components to be included explicitly in the 

interaction matrix and analyzed in greater detail … Moreover, the systematic process of 

examining how the system components relate to one another may help to identify new, 

previously unrecognized relevant characteristics of the system. When using the interaction 

matrix approach for developing a scenario, the convention is to allocate off-diagonal elements 

in the direction of contaminant migration. In this way, contaminant migration pathways and the 

associated exposure pathways and exposure groups can be traced and translated into the 

conceptual model. [ML14357A072, pp. 2-61] 

Figure 3.1-1 provides an example of an IM from NUREG-2175 (Figure D-3, ML14357A072).  In 

this figure, the leading diagonal elements (LDEs) are shown in blue while the off-diagonal 

elements (ODEs) are shown in yellow.  Cells where there are no interactions have no shading.  The 

ODE cells are numbered according to their positions within the IM, relative to each LDE.  This 

numbering system provides an index to facilitate additional discussion.  For example, in Figure 

3.1-1, the first interaction identified is in Cell 1.2, indicating that the Waste Form (the first LDE) 

influences the Drums (the second LDE) in some way.  A description of this interaction would then 

reference the IM 1.2. 
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Figure 3.1-1:  Example of an Interaction Matrix 

 

[Figure D-3 from ML14357A072] 

The first step for developing the interaction matrix (IM) is defining the LDEs.  The LDEs are the 

primary model components identified within an IM (Table 3.1-1).  Note that all the IM identifiers 

indicate the row (or Y-Axis) and the column (X-Axis) – because the LDEs are listed diagonally, 

the row indicators and column indicators for these elements are always equal.  

Within the IM, LDEs are organized to start in the top-left and are listed diagonally to the bottom-

right.  Table 3.1-1 provides a summary of these LDEs for the SDF PA Central Scenario IM.  These 

LDEs are depicted in Figure 3.1-2 and Figure 3.1-3, followed by Table 3.1-2 which provides a 

more detailed description and expected evolution for each LDE.  
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Table 3.1-1: Leading Diagonal Elements for SDF PA Central Scenario 

IM ID Leading Diagonal Element Associated Figure (s) 

IM 01.01 Precipitation Figure 3.1-2 

IM 02.02 Closure Cap Figure 3.1-2 

IM 03.03 SDU Roof Figure 3.1-2 

IM 04.04 Waste (Decontaminated Salt Solution) Figure 3.1-2 

IM 05.05 Saltstone Hydraulic Conductivity Figure 3.1-2 

IM 06.06 Saltstone Reducing Capacity Figure 3.1-2 

IM 07.07 Pore Water Chemistry Figure 3.1-2 

IM 08.08 Gaseous Phases Figure 3.1-2 

IM 09.09 SDU Columns Figure 3.1-2 

IM 10.10 SDU Joints/ Waterstops Figure 3.1-2 

IM 11.11 SDU Interior Liner Figure 3.1-2 

IM 12.12 SDU Walls and Floor Figure 3.1-2 

IM 13.13 Upper Mud Mat Figure 3.1-2 

IM 14.14 Liner Between Mud Mats Figure 3.1-2 

IM 15.15 Lower Mud Mat Figure 3.1-2 

IM 16.16 Backfill Figure 3.1-2 

IM 17.17 Groundwater Chemistry Figure 3.1-2 

IM 18.18 Vadose Zone Figure 3.1-2 and Figure 3.1-3 

IM 19.19 Saturated Zone Figure 3.1-2 and Figure 3.1-3 

IM 20.20 1-Meter or 100-Meter Well Figure 3.1-3 

IM 21.21 Surface Streams Figure 3.1-3 

IM 22.22 Soil Figure 3.1-3 

IM 23.23 Vegetation Figure 3.1-3 

IM 24.24 Livestock Figure 3.1-3 

IM 25.25 Human Figure 3.1-3 

IM 26.26 Exposure/ Risk Not pictured 

Table 3.1-2 also identifies associated FEPs from the FEPs List in Features, Events, and Processes 

for the Saltstone Disposal Facility Performance Assessment (SRR-CWDA-2017-00057).  Note 

that while each IM element (LDE or ODE) may be associated with a number of FEPs, it is likely 

that there are additional FEPs not identified in Table 3.1-2 which may also be associated with these 

IM elements.  The purpose for relating specific FEPs to specific IM elements is not to generate an 

exhaustive list, but to provide a basis for identifying FEPs which were not addressed through any 

of the IM elements.  As such, the inadvertent exclusion of specific FEPs results in FEPs being 

identified during the audit process and used as the basis for developing alternative conceptual 

models.  Therefore, any missing FEPs will ultimately be addressed through explicit modeling 

activities.   
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Figure 3.1-2:  Depiction of the Leading Diagonal Elements for SDF PA IM: SDUs and Near 

Field Environment 

 

Note: Not all numbered items are labeled.  See Table 3.1-1 for complete listing of numbered items. 

Figure 3.1-3:  Depiction of the Leading Diagonal Elements for SDF PA IM: Human 

Exposure and Uptake 

 

Note: Not all numbered items are labeled.  See Table 3.1-1 for complete listing of numbered items. 
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Table 3.1-2: Description of Leading Diagonal Elements for SDF PA IM 

IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

01.01 
Precipitation 

FEP 2.7.01 

FEP 2.7.07 

FEP 2.8.01 

Precipitation is naturally occurring 

rainfall, snow, hail, or other measurable 

quantities of water introduced to the 

surface from the atmosphere.  

Precipitation is typically presented as a 

rate in inches per year. For the SDF PA, 

average annual precipitation is assumed to 

be approximately 50 inches per year based 

on local data. [WSRC-STI-2008-00244; 

GENV-18-05]  See Section 2.3 for 

additional information. 

While precipitation is expected to vary over time, it is 

unknown if this variability will result in an increase or a 

decrease to average rates throughout the compliance 

period.  Given this uncertainty, annual rates of 

precipitation at SRS are assumed to remain constant. 

IM 

02.02 
Closure Cap 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.03 

FEP 3.3.04 

FEP 3.3.05 

FEP 3.3.08 

FEP 3.3.09 

FEP 3.3.10 

FEP 3.3.11 

FEP 3.3.15 

FEP 3.3.19 

FEP 3.4.04 

FEP 5.1.04 

The closure cap is an engineered barrier 

designed to prevent or reduce infiltration.  

It is expected that the SDUs will be 

backfilled and then the closure cap will be 

emplaced over the top of the SDUs and 

the surrounding backfill.  The design of 

the closure cap will be finalized closer to 

the end of the Pre-Closure Operational 

Period.  Until the design of the closure 

cap is finalized, the performance of the 

closure cap will be based on an assumed 

design.  It is expected that the most 

impermeable layer of the closure cap will 

be made of HDPE (high density 

polyethylene).  As such, the performance 

of the HDPE layer is expected to drive the 

overall performance of the closure cap.  

See Section 2.4 for additional 

information. 

The closure cap is expected to be influenced by a variety 

of degradation mechanisms including: surface erosion 

and weathering, root penetration, animal burrows, 

antioxidant depletion, and desiccation (due to wet-dry 

cycles).  The closure cap is expected to perform as 

designed – which means that the rates of water 

infiltrating through the closure cap is expected to remain 

relatively low for an extensive amount of time.  [GENV-

18-05]  Some degradation is expected to occur, 

primarily due to defects in the composite (HDPE and 

GCL) layer and the depletion of antioxidants in the 

HDPE layer.   
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

03.03 
SDU Roof 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.11 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.19 

FEP 3.4.02 

FEP 3.5.01 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.17 

FEP 3.7.18 

The SDU roof is the uppermost section of 

the SDU.  This concrete layer is directly 

beneath the closure cap and above the 

saltstone waste form or “clean cap” grout 

(i.e., grout used to fill in void space prior 

to installation of the closure cap).  The 

SDU roof acts as a barrier to prevent or 

reduce water through the closure cap from 

contacting the waste form. See Section 

2.6.1 for additional information. 

As the overlying closure cap degrades, more water will 

come into contact with the SDU roof.  Due to low 

permeability of the SDU roof, relative to the lower 

closure cap materials, most of this water is expected to 

shed from the roof.  The water that does not shed is 

expected to carry CO2, which would degrade the roof 

from the top-down, via carbonation.  Similarly, water at 

the contact between the roof and the underlying 

saltstone or grout is expected to degrade the roof from 

the bottom-up, via sulfate attack driven by diffusion (the 

saltstone waste form is expected to be high in sulfates).  

These chemical degradation mechanisms are expected to 

result in hydraulic degradation (i.e., increased saturated 

hydraulic conductivity), resulting in increased flow 

through the roof.  The top-down degradation rate is 

expected to increase over time as a function of closure 

cap degradation.  Because the SDUs will be buried, 

mechanical degradation is not expected to be a 

significant process; however, any through-cracks that 

are observed in the SDU roof prior to closure will be 

considered in modeling (for example, see the evaluation 

of SDU 6 provided in the FY2016 SDF SA (SRR-

CWDA-2016-00072)). 

IM 

04.04 

Waste 

(Decontaminated 

Salt Solution) 

FEP 4.1.01 

FEP 4.1.02 

FEP 4.1.03 

FEP 4.1.04 

FEP 4.1.05 

FEP 4.2.01 

FEP 4.2.02 

FEP 4.3.01 

FEP 4.3.03 

FEP 5.4.07 

The waste is liquid LLW with high salt 

content that is mixed with the dry feeds to 

form saltstone.  This LLW has undergone 

separations processes to remove high-

activity radionuclides and actinides.  The 

composition of the waste can be variable 

and is therefore periodically sampled and 

analyzed prior to mixing with the dry 

feeds for characterization purposes. 

Once cured as saltstone, the waste is expected to be 

relatively stable and inert.  The radionuclides are 

expected to decay, resulting in the ingrowth of daughter 

products.  The radionuclides and chemical constituents 

within the waste are expected to undergo changes to 

their properties as the chemical conditions of the 

saltstone change over time.  Specifically, the release and 

transport of the contaminants will be driven by Kd 

values and solubility limits – both of which are a 

function of the evolving Eh and pH of the saltstone. 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

05.05 

Saltstone Hydraulic 

Conductivity 

FEP 3.2.01 

FEP 3.2.12 

FEP 3.3.12 

FEP 3.3.16 

FEP 3.3.20 

FEP 3.4.02 

FEP 3.4.03 

FEP 4.2.01 

FEP 5.2.02 

Once the saltstone cures into an 

immobilized solid form, there are two 

material properties that can greatly 

influence system performance: the 

hydraulic conductivity and the reducing 

capacity.  The saltstone hydraulic 

conductivity is a measure of how readily 

fluids may move through the saltstone 

matrix.  A higher hydraulic conductivity 

indicates less resistance to flow while a 

lower hydraulic conductivity indicates 

greater resistance to flow.  The saltstone 

material is designed to exhibit a relatively 

low hydraulic conductivity.  Hydraulic 

conductivity is expressed as a rate (e.g., 

cm/sec).   

The saltstone monolith is surrounded on all sides by 

cementitious barriers, which are then backfilled and 

covered by the closure cap.  As such, degradation 

mechanisms are assumed to be limited.  Regardless, as 

water enters the monolith through the roof, walls and 

joints of the SDU, it will interact with the saltstone, then 

exit through the walls, joints and floor of the SDU.  

During this interaction, decalcification is expected to 

occur (i.e., chemical leaching of calcium).  

Decalcification may occur through advection or 

diffusion.  The net effect is a change to the saturated 

hydraulic conductivity of the saltstone.  Due to the sheer 

volume of the saltstone within each SDU, this process is 

expected to take a very long time, continuing long after 

the compliance period ends.  
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

06.06 

Saltstone Reducing 

Capacity 

FEP 3.2.01 

FEP 3.3.13 

FEP 3.3.20 

FEP 3.5.14 

FEP 3.5.16 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.08 

Once the saltstone cures into an 

immobilized solid form, there are two 

material properties that can greatly 

influence system performance: the 

hydraulic conductivity and the reducing 

capacity.  The saltstone reducing capacity 

is a measure of reductants in saltstone. 

Reducing capacity has units of 

milliequivalents per gram, where the 

larger this value is, the greater the 

capacity of the material to promote 

reducing conditions.  [SRNS-STI-2008-

00045] In other words, as oxygen enters 

the system, reducing agents will consume 

it until the reducing capacity is reached, 

then the environment transitions from 

reducing conditions to oxidized 

conditions.  This transition is important 

because certain waste constituents (i.e., 

Tc-99) have different transport properties 

based on the redox conditions of the 

transport media. 

It is expected that water entering the SDUs will contain 

dissolved oxygen.  This dissolved oxygen will interact 

with the reductants, causing transitions from reducing to 

oxidized conditions.  This is expected to occur as a 

moving front, mainly following the direction of flow (in 

early times diffusion of oxygen from the perimeters of 

the saltstone monolith may control the front movement).  

As Tc-99 is released along the front, it is transported 

ahead of the front, where it may be re-reduced, thus 

increasing the concentration of the Tc-99 along the 

moving front.  Alternatively, it is possible that once 

oxidized, the Tc-99 will pass through the saltstone with 

flow, even within the reducing zone (i.e., Tc-99 does not 

re-reduce in this scenario). Once the oxidation front has 

moved all the way through the SDU, a breakthrough 

occurs in which most of the remaining Tc-99 is expected 

to be released as a single, high-concentration pulse.  The 

timing of this breakthrough is dependent upon (1) flow 

rates, (2) the availability of Tc-99, (3) the oxygen 

content in the water, and (4) the initial reduction 

capacity value.  
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

07.07 

Pore Water 

Chemistry 

FEP 2.8.01 

FEP 3.3.13 

FEP 3.3.20 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.16 

FEP 4.2.02 

FEP 4.2.09 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.12 

FEP 5.4.02 

FEP 5.4.07 

The pore water is the water within the 

pore spaces of the SDU concrete and the 

pore spaces of the saltstone waste form.  

Due to the relatively humid environment 

of the SRS and the presence of flush water 

during disposal operations, it is assumed 

that initially the pore spaces are fully 

saturated.  With respect to the chemistry 

of the pore water, important properties 

include the pH, Eh, oxygen content, 

carbonate and sulfate content, and the 

concentrations of waste released from the 

waste form.     

The pH, Eh, and oxygen content are all used to inform 

the timing of the transitions to different chemical 

environments (e.g., reducing versus oxidized), which in 

turn influences the transport properties of the 

contaminants, thus driving the release of the waste.  The 

carbonate and sulfate content affect the degradation 

rates for the cementitious materials, which will 

influence the flow rates through the materials.   

IM 

08.08 
Gaseous Phases 

FEP 4.1.05 

FEP 4.4.06 

FEP 5.2.11 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.10 

FEP 5.3.12 

Based on the chemical properties, some 

radionuclides are assumed to be volatile 

(i.e., they have the potential to form a 

gaseous, or vapor, phase within saltstone).   

For evaluating gaseous phase releases, pore spaces are 

assumed to be partially saturated.  The volatile 

radionuclides are assumed to be released as a gas and 

then transported via diffusion through the pores of the 

saltstone, the SDU roof, and the closure cap.  Once 

released to the surface, a human receptor could be 

exposed.   
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

09.09 
SDU Columns 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.19 

FEP 3.5.01 

FEP 3.7.17 

FEP 3.7.18 

FEP 3.7.22 

The SDU columns are roof-support 

columns used to provide structural 

stability to the roof of the SDU.  As 

saltstone is poured into the SDUs during 

waste disposal operations, the saltstone 

surrounds each column.  These are 

constructed with lower quality concrete; 

therefore, the SDU roof-support columns 

are expected to undergo hydraulic 

degradation at a faster rate than the 

surrounding saltstone waste form. Note 

that every SDU, except SDU 1, has roof-

support columns.   

 

SDU 4 (except Cell 4A) uses carbon steel 

pipes filled with concrete as the roof 

support columns.  [SRR-CWDA-2009-

00017]  As such, the SDU 4 columns 

degrade by carbonation progressing 

longitudinally.  [SRNL-STI-2013-00118]  

All other SDUs (aside from SDU 1) have 

reinforced concrete columns that are 

susceptible to carbonation progressing 

longitudinally and sulfate attack 

progressing radially inward. [SRNL-STI-

2013-00118]  

As water enters through the SDU roof, it will come in 

contact with the saltstone and the roof-support columns.  

Water at the contact between the columns and the 

surrounding saltstone is expected to degrade the 

columns, radially from the outside-in, via sulfate attack 

(the saltstone waste form is expected to be high in 

sulfates).  These chemical degradation mechanisms are 

expected to result in hydraulic degradation (i.e., 

increased saturated hydraulic conductivity), resulting in 

increased flow through the columns.  The degradation 

rate is expected to occur at a greater rate than the 

surrounding saltstone, potentially resulting in 

preferential flow paths that divert water away from the 

waste and due to diffusive processes may be associated 

with earlier releases of radionuclides. 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

10.10 

SDU Joints/ 

Waterstops 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.06 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.15 

FEP 3.3.18 

FEP 3.3.19 

FEP 3.7.14 

Due to the size of the SDUs, their 

construction requires that some concrete 

elements be poured in sections.  The 

interfaces between these concrete sections 

are referred to as joints and typically 

include leak-tight waterstops or bearing 

pads (i.e., plastic, rubber, or other 

synthetic leak-tight material).   

Despite the presence of the leak-tight components (e.g., 

waterstops), the construction joints are assumed to be 

initially degraded, with flow properties that are 

functionally equivalent to gravel, and are expected to 

function as flow paths.  Because these are 

conservatively assumed to be initially degraded, no 

changes to their conditions are expected.  Also note that 

bearing pads and any cracks that are identified through 

the roof or the floor of the SDUs prior to closure are 

assumed to be functionally equivalent to these fully 

degraded joints (i.e., these are also modeled with the 

hydraulic properties of gravel). 

IM 

11.11 
SDU Interior Liner 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.11 

FEP 3.3.14 

FEP 3.3.15 

FEP 3.3.18 

FEP 3.3.19 

FEP 3.7.12 

After SDU construction, but prior to being 

placed into service for disposal 

operations, interior liners may be installed 

within the SDUs (on the floors and up the 

walls).  These liners provide additional 

assurance that the SDUs are leak-tight by 

providing an additional barrier to flow.  

The materials used for these liners vary 

between SDUs, and the material 

properties for these various liner materials 

are not fully known.  As such, for 

modeling purposes, the interior liners are 

ignored (i.e., no credit is taken for these 

barriers). 

In reality, the SDU interior liners are expected to afford 

a significant time delay for both flow through the SDUs, 

and to the sulfate attack of the walls and floors.  

However, because the interior liners are conservatively 

ignored, any potential delays will not be considered in 

modeling space. 



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

Page 64 of 160 

IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

12.12 

SDU Walls and 

Floor 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.18 

FEP 3.3.19 

FEP 3.5.01 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12  

FEP 3.7.17 

FEP 3.7.18 

FEP 3.7.22 

The SDU walls are the outermost sections 

of the SDU and the SDU floor is the 

lowermost section of the SDU.  These 

concrete layers act as a barrier to prevent 

or reduce water from contacting the waste 

form. The SDU walls are in contact with 

backfill (exterior) and saltstone (interior).  

The floors are in contact with saltstone 

(above) and the upper mud mat (below).  

See Section 2.6.1 for additional 

information. 

As water moves down the sides of the SDUs, some of it 

is expected to penetrate in through the walls and contact 

the saltstone, especially during early times.  However, as 

the roof degrades, less water will shed down the sides of 

the SDU and more water will enter from the top of the 

SDU; this transition may result in a change to the 

direction of flow, from the inward to outward along the 

faces of the walls.  Water at the contact between the 

walls and the saltstone and at the contact between the 

saltstone and the underlying SDU floor is expected to 

degrade the concrete from the inside-out, via sulfate 

attack (the saltstone waste form is expected to be high in 

sulfates).  Carbonation is also expected to occur as CO2 

is carried by the pore water.  These chemical 

degradation mechanisms are expected to result in 

hydraulic degradation (i.e., increased saturated hydraulic 

conductivity), resulting in increased flow through the 

walls and floor.   

IM 

13.13 
Upper Mud Mat 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.19 

The upper mud mat is constructed of high 

quality concrete, but for defensibility, 

lower quality concrete properties may be 

assumed.  [SRR-CWDA-2018-00004]  

For most SDUs, the SDU floor is directly 

above the upper mud mat, and a liner is 

directly below the upper mud mat. As a 

conservatism, these mud mats are 

assumed to have the flow properties of the 

underlying soils and no reduction 

capacity.  As such, within the model they 

only function as a barrier in the sense that 

contaminants take on the cementitious Kds 

as they pass through the mud mats.   

The upper mud mats are assumed to be initially 

degraded, with the flow properties of soil and oxidized 

cement Kds. As such, no evolution is assumed.  These 

assumptions are expected to be conservative.  In reality, 

it is expected that the mud mats will have lower 

hydraulic conductivity than the underlying soils (thus 

inhibiting flow) and may have some reducing properties 

(potentially slowing the release of Tc-99). 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

14.14 

Liner Between 

Mud Mats 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.19 

FEP 3.7.12 

FEP 3.7.13 

The liner between the mud mats on some 

SDUs is sandwiched between two 

concrete layers (the upper mud mat and 

the lower mud mat) which would protect 

the barrier from degradation.  This is a 

composite liner (HDPE and GCL) that is 

designed to be relatively impermeable, 

preventing downward flow beneath the 

SDUs. The liner would also decrease 

upwards diffusion of oxygen and CO2 

from the underlying vadose zone. 

Because it is sandwiched between the mud mats it is 

reasonable to expect that this HDPE liner would 

function as an impermeable barrier to flow for hundreds 

to thousands of years.  However, as a conservative 

modeling simplification, this liner between the mud 

mats is assumed to degrade at the same rate as the 

HDPE layer near the bottom of the closure cap (above 

the roof and the lower lateral drainage layer of the 

closure cap). 

IM 

15.15 
Lower Mud Mat 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.01 

FEP 3.3.02 

FEP 3.3.12 

FEP 3.3.14 

FEP 3.3.19 

The lower mud mat is constructed of 

lower quality concrete relative to the SDU 

roof, floor, and walls.  There is a liner 

directly above the lower mud mat, and the 

ground surface (modeled as the top of the 

vadose zone) is directly below the lower 

mud mat.  As a conservatism, the mud 

mats are assumed to have the flow 

properties of the underlying soils and no 

reduction capacity.  As such, within the 

model they only function as a barrier in 

the sense that contaminants take on the 

cementitious Kds as they pass through the 

mud mats.   

The mud mats are assumed to be initially degraded, with 

the flow properties of soil and oxidized cement Kds. As 

such, no evolution is assumed.  These assumptions are 

expected to be conservative.  In reality, it is expected 

that the mud mats will have lower hydraulic 

conductivity than the underlying soils (thus inhibiting 

flow) and may have some reducing properties 

(potentially slowing the release of Tc-99). 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

16.16 
Backfill 

FEP 2.5.07 

FEP 3.1.04 

FEP 3.3.04 

FEP 3.7.04 

Backfill is the soil beneath the closure cap 

but above the ground surface (i.e., soil 

surrounding the SDUs).  The backfill is 

expected to be quarried from onsite (i.e., 

Savannah River Site) and be compacted 

when it is emplaced.  [SRR-CWDA-2009-

00017] As such, it is likely that the 

backfill will have similar properties to that 

of natural background soils.   

For modeling purposes, the hydraulic properties of the 

backfill material may be used for both the backfill and 

the vadose zone soil. The vadose zone (characteristic of 

more clayey stratified soils) would retard the movement 

of water through the zone to a greater extent than that of 

the backfill (characteristic of more sandy stratified 

soils). [SRR-CWDA-2009-00017]  Thus, assuming 

backfill material properties for both the backfill and the 

undisturbed soil is defensible. 

IM 

17.17 

Groundwater 

Chemistry 

FEP 2.8.01 

FEP 3.5.02 

FEP 3.5.04 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 4.3.04 

FEP 5.1.20 

FEP 5.3.05 

FEP 5.3.07 

As infiltrating water moves through the 

engineered barrier, the released water 

influences the chemistry of the 

groundwater below. 

Cementitious leachate from the SDUs are expected to be 

carried into the groundwater below the footprint of the 

SDUs.  This leachate is higher in pH, ionic strength, and 

divalent cation concentration than the underlying 

groundwater. [SRNL-STI-2009-00473] The 

cementitious leachate is expected to raise the pH of the 

groundwater, which could modify the Kd values of 

contaminants carried within it. As the contaminants are 

carried away from the footprint of the SDUs, 

groundwater dilution along with the buffering capacity 

of the soil are expected to diminish these impacts.  Note 

that these leachate-induced changes are considered only 

in the vadose zone. 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

18.18 
Vadose Zone 

FEP 2.5.07 

FEP 2.6.12 

FEP 5.1.01 

FEP 5.1.05 

FEP 5.1.06 

FEP 5.1.15 

FEP 5.2.02 

FEP 5.2.04 

FEP 5.3.05 

The vadose zone is defined as a horizontal 

layer starting at the ground surface (top) 

and including the natural material (e.g., 

soil) down to the water table (bottom).  As 

a zone above the water table, the vadose 

zone is only partially saturated. 

Flow through the vadose zone is expected to be vertical, 

driven by gravity.  The vadose zone properties are 

assumed to remain constant over time. 

For modeling purposes, the hydraulic properties of the 

backfill material will be used for both the backfill and 

the vadose zone soil. The vadose zone (characteristic of 

more clayey stratified soils) would retard the movement 

of water through the zone to a greater extent than that of 

the backfill (characteristic of more sandy stratified 

soils). [SRR-CWDA-2009-00017]  Thus, assuming 

backfill material properties for both the backfill and the 

undisturbed soil is defensible. 

IM 

19.19 
Saturated Zone 

FEP 2.5.03 

FEP 2.5.04 

FEP 2.6.12 

FEP 5.1.02 

FEP 5.1.04 

FEP 5.1.06 

FEP 5.1.16 

FEP 5.2.02 

FEP 5.2.04 

FEP 5.2.06 

FEP 5.3.05 

The saturated zone is defined as a 

horizontal layer starting at the water table 

(top) and including the natural material 

(e.g., soil) down to the Crouch Branch 

Confining Unit, a defined permeable 

confining unit (bottom).  Within the 

saturated zone, there are other confining 

zones (the TCCZ and the GCU).  The 

extent and the competence of these 

confining zones influence the level of the 

water table. See Section 2.3  (Figure 2.3-2 

specifically) for additional information.  

Flow through the saturated zone is expected to be 

predominantly horizontal, driven by the subsurface 

topography and the potentiometric surfaces.  The 

saturated zone properties are assumed to remain 

constant over time. 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

20.20 

1-Meter or 100-

Meter Well 

FEP 1.1.07 

FEP 1.3.05 

FEP 1.3.06 

FEP 4.3.04 

FEP 4.4.01 

FEP 5.1.17 

FEP 5.1.18 

FEP 5.3.13 

It is assumed that the human receptor 

places a well in the vicinity of the SDF 

and draws water from the well for general 

use.  Depending on the receptor 

considered (i.e., IHI or MOP), the well is 

assumed to be drilled either 1-meter from 

the SDUs or 100-meters from the SDUs to 

a depth of 100 ft. [SRR-CWDA-2013-

00058]  These hypothetical wells are also 

known as points of assessment, as the 

simulated concentrations at these wells 

are used to evaluate compliance. 

It is expected that the concentrations of contaminants 

within the 1-meter and 100-meter wells will change over 

time as a function of the release and transport of 

upstream contaminants.  These contaminated waters will 

be used for domestic or agricultural purposes by the 

hypothetical human receptor. 

IM 

21.21 
Surface Streams 

FEP 2.8.07 

FEP 2.8.10 

FEP 4.3.04 

FEP 4.4.01 

FEP 5.1.04 

FEP 5.1.18 

FEP 5.3.13 

Where groundwater contacts the surface, 

it seeps out of the ground in the form of a 

spring.  Several springs feeding a single 

stream form a “seepline.”  Contaminated 

groundwater may enter surface streams 

along these seeplines.  Specifically, the 

SDF model is bounded by streams which 

are expected to receive contaminants from 

these seeplines: McQueen Branch (to the 

east) and Upper Three Runs (to the north) 

(Figure 2.2-3).   

The hypothetical human receptor is assumed to have 

interactions with these surface streams.  Specifically, the 

human receptors are assumed to fish from the streams, 

swim in the streams, and boat in the streams.  [SRR-

CWDA-2013-00058]   Due to the greater distance, it is 

expected that releases along the seepline of the streams 

will exhibit lower magnitude contaminant 

concentrations relative to those at the 1-meter and 100-

meter wells (see IM ID 20.20).  

IM 

22.22 
Soil 

FEP 2.5.07 

FEP 4.3.06 

FEP 4.4.01 

Soil is the top layer of the ground surface 

used for gardening or for agricultural 

purposes. 

Water from contaminated sources (see IM ID 20.20) is 

expected to be used for irrigation, thus contaminating 

the soil and any vegetation grown within the soil.  

[SRR-CWDA-2013-00058]  Under some conditions, 

soil contamination can build up over time. The 

concentrations of contaminants are expected to change 

over time as a function of the contaminant 

concentrations in the source water. 
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IM 

ID 

Leading Diagonal 

Element 

Associated 

FEP(s) 
Description Expected or Assumed Evolution 

IM 

23.23 
Vegetation 

FEP 2.2.04 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.01 

FEP 4.4.02 

FEP 4.4.03 

Vegetation is any fruits and vegetables 

grown for human consumption, and any 

fodder used for livestock consumption. 

Vegetation grown in soils (see IM ID 22.22) that have 

been irrigated from contaminated water (see IM ID 

20.20), are expected to take up the contamination and 

are assumed to be consumed by humans and animals, 

thus transferring the contaminants. The concentrations 

of contaminants are expected to change over time as a 

function of the contaminant concentrations in the source 

water.  [SRR-CWDA-2013-00058] 

IM 

24.24 
Livestock 

FEP 2.2.04 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.01 

FEP 4.4.02 

FEP 4.4.03 

Livestock denotes any animals, or animal 

products, used for human consumption. 

Animals that consume contaminated fodder (see IM ID 

23.23) or contaminated water (see IM ID 20.20) are 

expected to take up the contamination.  They may 

produce contaminated animal products (e.g., milk and 

eggs).  These contaminated animals and animal products 

are assumed to be consumed by humans, thus 

transferring the contaminants. The concentrations of 

contaminants are expected to change over time as a 

function of the contaminant concentrations in the source 

water.  [SRR-CWDA-2013-00058] 

IM 

25.25 
Human 

FEP 2.1.01 

FEP 2.1.02 

FEP 2.1.03 

FEP 2.1.04 

FEP 2.1.06 

FEP 2.3.02 

FEP 4.4.01 

The human receptor is the person who is 

exposed to contaminants.  The rates of 

exposure (via ingestion, inhalation, or 

external (skin) exposure) is determined 

based on assumed human behaviors and 

environmental conditions. 

The patterns of behavior for the human are expected to 

evolve over time, which would influence the rates of 

exposure.  However, for modeling purposes human 

behaviors are assumed to remain constant over time.  

Alternatively, the concentrations of contaminants that 

humans are exposed to will change as a function of the 

simulated contaminant concentrations within the source 

water or air. 

IM 

26.26 
Exposure/ Risk 

FEP 4.4.04 

FEP 4.4.05 

FEP 4.4.06 

Exposure and risk factors are determined 

based on dose conversion factors and 

based on established regulatory 

limitations. 

Dose conversion factors will remain constant over time. 
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The next step is to identify the off-diagonal elements.  These are used to specify interactions 

between the primary model components identified within an interaction matrix.  

The IM developed for the Central Scenario (Section 3.2) focuses only on expected interactions. 

After establishing the Central Scenario IM, the FEPs Audit (Section 4.0) identified unused FEPs.  

These unused FEPs were then used to inform the development of the alternative scenarios.  After 

multiple iterations, the final set of alternative scenarios included: 

• Early Release (ER) Scenario (Section 5.1), 

• Infiltration Variability (IV) Scenario (Section 5.2), 

• Fast Flow Paths Through SDUs (FFS) Scenario (Section 5.3), 

• Fast Flow Paths Through Groundwater (FFG) Scenario  (Section 5.4), 

• No Closure Cap (NC) Scenario (Section 5.5), 

• Stratified Saltstone (SS) Scenario (Section 5.6),  

• Perched Water (PW) Scenario (Section 5.7), 

• Colloid Transport (CT) Scenario (Section 5.8), and 

• Inadvertent Human Intruder (IHI) Scenario (Section 5.9), 

Note that the IHI Scenario is actually considered part of the Central Scenario; however, the 

assumptions that are necessary to appropriately assess dose impacts to the IHI are significantly 

different from those used for the MOP.  As such, the IHI scenario is developed herein as an ACM 

to ensure that the assumptions are appropriately addressed. 

The following sections provide a summary of the development of the Central Scenario IM and the 

alternative scenario.  Appendix A shows the IM. 

3.2 Interaction Matrix for the Central Scenario (or Base Case) 

The Central Scenario can be summarized as one of gradual hydraulic degradation and no disruptive 

events.  The initial conditions reflect the current or as-designed conditions, with an evolution in 

which the closure cap, the SDU concrete, and the saltstone waste form all undergo hydraulic 

degradation over time.  The Central Scenario assumes that the saltstone waste form is nearly fully 

saturated.  While the waste form is initially reduced, it is assumed to oxidize over time as 

infiltrating water carries oxygen into the system.  

The completed IM for the Central Scenario is presented in Appendix A as Table A-1.  The explicit 

interactions identified within the IM are described in Table 3.2-1.  As examples, Figure 3.2-1 and 

Figure 3.2-2 provide illustrations for a few of these off-diagonal element interactions. 

Development of the Central Scenario was generally based on the “Evaluation Case” from the 

FY2016 SDF Special Analysis (SA) (SRR-CWDA-2016-00072).  Within SAs, the Evaluation 

Case reflects an evolution of the Base Case from the SDF PA Model.  This evolution incorporates 

newer information and other modeling improvements. 
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Figure 3.2-1:  Depiction of the Off-Diagonal Elements (Interactions) From the Precipitation 

LDE (IM ID 01.01)  
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Figure 3.2-2:  Depiction of Other Off-Diagonal Elements (Interactions) To or From the 

Closure Cap LDE (IM ID 02.02) 

 

Note that within Table 3.2-1 the level of detail for each entry may vary.  The intent of this table is 

not to provide a comprehensive description of every single interaction; rather, this table is merely 

a tool used to assist PA analysts in identifying the FEPs associated with each interaction, and to 

support the FEPs audit process as used to identify FEPs which need to be addressed via ACMs 

(see Sections 4.0 and 5.0). 
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Table 3.2-1: Description of Interactions from the Central Scenario IM 

IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 01.02 
Precipitation to 

Closure Cap 

FEP 2.7.01 

FEP 2.7.04 

FEP 2.7.05 

FEP 2.8.01 

FEP 2.8.02 

FEP 2.8.03 

FEP 2.8.04 

FEP 2.8.06 

FEP 3.3.09 

FEP 3.3.11 

FEP 3.4.01 

FEP 3.7.11 

FEP 3.7.12 

FEP 3.7.13 

FEP 5.1.04 

FEP 5.1.08 

FEP 5.1.20 

FEP 5.2.02 

FEP 5.2.10 

When precipitation contacts the closure cap, it can: 

(1) runoff (flow along the surface, away from 

the SDF),  

(2) undergo evapotranspiration (plant uptake 

or evaporate), or 

(3) infiltrate (flow down into the closure cap) 

(see Figure 3.2-1). 

   

The rate of infiltration into the closure cap will be 

dependent upon the precipitation rates as well as 

the rates of runoff and evapotranspiration.   

 

Infiltration will also depend on the properties of the 

closure cap: an intact, well-designed and well-

constructed closure cap will allow for very little 

infiltration, while a degraded or poorly constructed 

closure cap can allow a significant amount of 

infiltration.   

 

Runoff rates will be influenced by the shape of the 

closure cap, which will be designed to include 

drainage channels that are far enough from the 

SDUs to preclude impacts to system performance. 

It is assumed that the closure cap is initially intact 

and will perform as designed.  Eventually, through 

erosion and antioxidant depletion, the closure cap 

will degrade, resulting in increased infiltration 

rates.  [WSRC-STI-2008-00244] 

 

SRS is a temperate to warm weather environment 

with annual rainfall averaging between 

approximately 30 and 72 inches per year.  [WSRC-

STI-2008-00244; GENV-18-05]  For the Central 

Scenario, environmental conditions (e.g., 

precipitation rates, evaporation rates, etc.) are 

assumed to remain unchanged throughout the 

simulation. Similarly, the chemical composition 

(e.g., Eh, pH, etc.) of infiltrating water is also 

assumed to remain constant. 
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 01.16 
Precipitation to 

Backfill 

FEP 2.5.01 

FEP 2.7.05 

FEP 2.7.07 

FEP 2.8.01 

FEP 2.8.02 

FEP 2.8.03 

FEP 2.8.04 

FEP 2.8.06 

FEP 5.1.20 

The rate of infiltration into the backfill will be 

dependent upon the precipitation rates as well as 

the rates of runoff and evapotranspiration, and the 

influences of the overlying closure cap.  The 

underlying topography can also influence rates and 

direction of flow.   

 

Infiltrating water that bypasses the SDUs is 

assumed to continue downward movement through 

the backfill and into the vadose zone, where it will 

contribute to groundwater recharge. The backfill 

material is credited with moisture retention 

capabilities, which would increase the saturation of 

the material over time. 

The chemical composition (e.g., Eh, pH, etc.) of 

water moving through the backfill is assumed to 

remain constant. 

For groundwater simulations, the backfill is 

assumed to be initially about 60% saturated, then 

increases in saturation over time as a function 

moisture capacity and flow.  For example, due to 

excess water shedding from the roofs of the SDUs, 

saturation may be closer to 90% within the backfill 

along the walls of the SDUs. For airborne release 

simulations, the backfill is assumed to be 

unsaturated. 

IM 01.17 

Precipitation to 

Groundwater 

Chemistry 

FEP 2.7.07 

FEP 2.8.04 

FEP 3.4.12 

FEP 5.1.20 

Precipitation is the dominant variable with respect 

to infiltration and recharge. As such, the chemistry 

of the groundwater is expected to be similar to the 

chemistry of precipitation, buffered by the natural 

system.   

 

Note: The term “groundwater” may generally be 

applied to: (1) infiltrating water entering the vadose 

zone from the closure cap and backfill, (2) water 

that is present within the partially saturated vadose 

zone, or (3) water that is present within the 

saturated zone.  However, for this IM ODE, 

“groundwater” is exclusively the infiltrating water 

coming in through the closure cap and passing into 

the vadose zone.   

The chemical composition (e.g., Eh, pH, etc.) of 

incoming groundwater is assumed to remain 

constant.   

 

Temporal fluctuations in saturation are expected to 

influence concentrations.  As a modeling 

simplification, these fluctuations are ignored.   
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 01.18 
Precipitation to 

Vadose Zone 

FEP 2.7.07 

FEP 2.8.01 

FEP 2.8.02 

FEP 2.8.03 

FEP 2.8.04 

FEP 2.8.06 

FEP 5.1.20 

 

The rate of infiltration into the vadose zone will be 

dependent upon the precipitation rates as well as 

the rates of runoff and evapotranspiration, and the 

influences of the overlying closure cap and backfill.   

 

Note: The term “groundwater” may generally be 

applied to: (1) infiltrating water entering the vadose 

zone from the closure cap and backfill, (2) water 

that is present within the partially saturated vadose 

zone, or (3) water that is present within the 

saturated zone.  However, for this IM Element, 

“groundwater” is exclusively the infiltrating water 

coming in through the closure cap and passing into 

the vadose zone.   

The chemical composition (e.g., Eh, pH, etc.) of 

incoming groundwater is assumed to remain 

constant.   

 

For groundwater transport modeling, it is assumed 

that the vadose zone increases in saturation with 

depth (i.e., the closer to the water table, the higher 

the saturation).  The saturation profile is expected 

to be influenced by changes to the saturation in the 

overlying backfill and SDUs. 

IM 01.19 
Precipitation to 

Saturated Zone 

FEP 2.5.01 

FEP 2.7.07 

FEP 2.8.02 

FEP 2.8.03 

FEP 2.8.04 

FEP 2.8.06 

FEP 5.1.20 

The recharge rate (i.e., rate of infiltration into the 

saturated zone) will be locally dependent upon the 

precipitation rates as well as the rates of runoff and 

evapotranspiration, and the influences of the 

overlying closure cap, backfill, and vadose zone.  

The local topography can also influence rates and 

direction of flow.   

 

Note: The term “groundwater” may generally be 

applied to: (1) infiltrating water entering the vadose 

zone from the closure cap and backfill, (2) water 

that is present within the partially saturated vadose 

zone, or (3) water that is present within the 

saturated zone.  However, for this IM Element, 

“groundwater” is exclusively the water that is 

present within the saturated zone.   

The chemical composition (e.g., Eh, pH, etc.) of 

incoming groundwater is assumed to remain 

constant.   

 

For groundwater transport modeling, it is assumed 

that the saturated zone (beneath the water table) is 

always fully saturated and the level of the water 

table remains unchanged over time. 
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 02.03 
Closure Cap to SDU 

Roof 

FEP 3.1.04 

FEP 3.2.01 

FEP 3.3.03 

FEP 3.3.04 

FEP 3.3.08 

FEP 3.3.09 

FEP 3.3.10 

FEP 3.3.11 

FEP 3.3.15 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.07 

FEP 5.1.08 

FEP 5.1.09 

FEP 5.2.02 

Water that has infiltrated into the closure cap (see 

IM 01.02) can: 

(1) be stored within the closure cap  

(2) flow horizontally within the closure cap 

(diverting away from the SDU), 

(3) flow down through the closure cap to the 

SDU roof then horizontally along the 

interface of the closure cap and SDU roof 

and shedding from the roof at the outer 

edges of the SDU into the backfill, or 

(4) flow down through the closure cap and 

then down into the SDU roof (see Figure 

3.2-2). 

The rates for each of these processes are 

codependent upon one another (for example, more 

flow along the interface will result in less flow into 

the SDU roof).  These rates are also dependent 

upon the material properties and performance of 

the closure cap and the SDU roof.  For example, if 

the closure cap is degraded it will allow for higher 

flow rates.  

While the SDU roof is initially intact (at closure), 

flow rates above the SDUs are expected to be 

higher in the horizontal direction.  Water entering 

the SDU roof from the closure cap will introduce 

carbon dioxide, which will induce corrosion of 

support metal within the concrete and result in 

degradation of the concrete.  As the SDU roof 

degrades, the downward flow rates (into the SDU 

roof) are expected to increase as a function of the 

difference between the hydraulic conductivities of 

the materials of the closure cap and the SDU roof. 

IM 02.07 
Closure Cap to Pore 

Water Chemistry 

FEP 3.5.07 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.17 

FEP 5.1.08 

FEP 5.1.20 

The term pore water as used to define IM 07.07 

refers to the pore water internal to the SDU.  As 

more water moves from the closure cap to the 

SDU, it will introduce changes to the pore water 

chemistry, such as increased oxygen.  

The chemical composition (e.g., Eh, pH, etc.) of 

water infiltrating from the closure cap into the SDU 

is assumed to remain constant, but will influence 

the chemical composition of the pore water within 

the SDU concrete and saltstone waste form.  Over 

time, oxygen will be introduced, which will deplete 

reductants and eventually oxidize the system.  CO2 

influx will influence the rate of carbonation.  The 

pH, which will be initially high, will drop over time 

due to leaching of basic compounds such as 

calcium silicate hydrate (CSH), and the Eh will 

increase (SRR-CWDA-2011-00044, SP-8). 
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 02.16 
Closure Cap to 

Backfill 

FEP 3.3.05 

FEP 3.3.08 

FEP 3.3.09 

FEP 3.3.10 

FEP 3.3.11 

FEP 3.4.04 

FEP 3.5.06 

FEP 5.1.08 

FEP 5.1.09 

Water that has infiltrated into the closure cap (see 

IM 01.02) can: 

(1) be stored within the closure cap,  

(2) flow horizontally within the closure cap 

(diverting away from the SDU), 

(3) flow down through the closure cap to the 

SDU roof then horizontally along the 

interface of the closure cap and SDU roof 

and shedding from the roof at the outer 

edges of the SDU into the backfill, or 

(4) flow down through the closure cap and 

then down into the SDU roof. 

The rates for each of these processes are 

codependent upon one another (for example, more 

flow along the interface will result in less flow into 

the SDU roof).  These rates are also dependent 

upon the material properties and performance of 

the closure cap and the SDU roof.  For example, if 

the closure cap is degraded it will allow for higher 

flow rates.  

While the SDU roof is initially intact (at closure), 

flow rates above the SDUs are expected to be 

higher in the horizontal direction.  This water will 

eventually shed from the roof and into the backfill 

surrounding the SDUs.  As such, backfill near the 

perimeter of the SDU roof is expected to increase 

in saturation faster than backfill that is further from 

the roof.   

IM 03.02 
SDU Roof to Closure 

Cap 

FEP 3.3.09 

FEP 3.3.10 

FEP 3.3.11 

FEP 3.4.02 

FEP 3.7.01 

FEP 3.7.10 

FEP 3.7.11 

FEP 3.7.12 

FEP 3.7.13 

While gravity is expected to influence the direction 

of flow (i.e., downward flow from the closure cap 

to the roof), the SDU roof also influences the 

performance of the closure cap.  If the roof exhibits 

a significantly lower hydraulic conductivity than 

the overlying closure cap, more water will be 

diverted in a predominantly horizontal direction 

(either along the interface of the closure cap and 

SDU roof, or within the closure cap).   

While the SDU roof is initially intact (at closure) 

higher flow rates are expected in the horizontal 

direction.  But as the roof degrades and the contrast 

in hydraulic conductivity between the closure cap 

and roof decreases, the downward flow rates (into 

the SDU roof) are expected to increase. 

IM 03.05 

SDU Roof to Saltstone 

Hydraulic 

Conductivity 

FEP 3.3.16 

FEP 3.4.02 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.10 

FEP 4.2.05 

FEP 4.2.06 

As water passes from the roof into saltstone, the 

water will leach calcium from the waste form.  This 

process will increase the hydraulic conductivity of 

the saltstone, thus increasing flow rates in the 

saltstone over time. [SRR-CWDA-2016-00004, SP-

1]  

Initially, the rates of flow from the roof to the 

saltstone will be slow.  As the roof degrades, these 

flow rates will increase.  Accordingly, the rate of 

hydraulic degradation of saltstone (and flow 

through saltstone) will also increase. 
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IM 03.06 
SDU Roof to Saltstone 

Reducing Capacity 

FEP 3.5.12 

FEP 5.3.08 

As water passes from the roof into saltstone, the 

water will carry dissolved oxygen into the waste 

form.  This dissolved oxygen will consume the 

reductants (i.e., use up the reducing capacity) of the 

saltstone, thus converting the chemical 

environment from a reduced state to an oxidized 

state.  

Initially, the rates of flow from the roof to the 

saltstone will be slow.  As the roof degrades, these 

flow rates will increase.  Accordingly, the rate of 

oxidation of saltstone will also increase. 

IM 03.10 
SDU Roof to SDU 

Joints/ Waterstops 

FEP 3.2.01 

FEP 3.3.11 

FEP 3.3.18 

FEP 3.3.19 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

Construction joints and waterstops are designed 

into and included in the roof.  These are designed 

to be leak-tight. 

While it is expected that the joints and waterstops 

will be leak-tight, the Central Scenario assumes 

these are initially degraded and behave as assumed 

leak paths through the roof.  However, these 

represent a minimal amount of the total surface 

area, such that the impacts of flow through the 

joints and waterstops are expected to be negligible. 

[SRR-CWDA-2016-00072, Section 4.4.2] 

IM 03.16 SDU Roof to Backfill 

FEP 3.3.11 

FEP 3.4.04 

FEP 5.1.09 

Water shedding off the roof will flow into the 

backfill at the perimeter (i.e., exterior walls) of an 

SDU (see IM 02.03 and IM 02.16). 

Over time, as the roof degrades, more water will 

flow vertically (into and through the roof), rather 

than flowing laterally off the roof and into the 

backfill. 

IM 04.05 

Waste 

(Decontaminated Salt 

Solution) to Saltstone 

Hydraulic 

Conductivity 

FEP 3.2.12 

FEP 3.3.16 

FEP 4.2.01 

The design of the saltstone waste form is intended 

to create a stable solid, which immobilizes the 

waste.  Components in the saltstone formula were 

deliberately selected to generate a material of low 

hydraulic conductivity.  However, the variability 

within the chemical composition of the DSS may 

translate into variability in the initial hydraulic 

conductivity. 

A reasonably conservative initial hydraulic 

conductivity shall be assumed for saltstone.  [SRR-

CWDA-2018-00004] 

IM 04.06 

Waste 

(Decontaminated Salt 

Solution) to Saltstone 

Reducing Capacity 

FEP 3.2.12 

FEP 3.3.16 

FEP 4.2.01 

The design of the saltstone waste form is intended 

to create a stable solid which immobilizes the 

waste.  Components in the saltstone formula were 

deliberately selected to create a reduced (low-

oxygen) chemical environment.  However, the 

variability within the chemical composition of the 

DSS may translate into variability in the reducing 

capacity of saltstone. 

A reasonably conservative reducing capacity shall 

be assumed for saltstone. 
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IM 04.07 

Waste 

(Decontaminated Salt 

Solution) to Pore 

Water Chemistry 

FEP 3.3.13 

FEP 4.2.01 

FEP 4.2.02 

FEP 4.2.03 

FEP 4.2.04 

FEP 5.2.01 

FEP 5.2.02 

The design of the saltstone waste form is intended 

to create a stable solid which immobilizes the 

waste.  Components in the saltstone formula 

provide a chemical environment which has a high 

pH and low Eh, relative to the native soils.  As 

water flows into and through the waste form, the 

water chemistry is influenced by this environment.  

The pore water chemistry is expected to reflect the 

chemical environment of the saltstone. It will have 

an initially high pH and low Eh.  Gradually, the 

chemistry is expected to change until it reaches 

equilibrium (or near-equilibrium) with the native 

soils. [SRNL-TR-2008-00283 and SRR-CWDA-

2011-00044, SP-8] 

IM 04.08 

Waste 

(Decontaminated Salt 

Solution) to Gaseous 

Phases 

FEP 4.2.01 

FEP 4.2.02 

FEP 4.2.03 

FEP 4.4.06 

FEP 5.2.01 

FEP 5.3.10 

Some constituents within the waste form may be 

volatile (i.e., they easily become vapor or gas).  

These potentially airborne radionuclides may be 

released to the atmosphere.  As the gas phase 

radionuclides diffuse upward, they may contribute 

to the dose exposure of an IHI or MOP.   

Volatile constituents within the waste are expected 

to be somewhat immobilized by the saltstone waste 

form, and any transport to the surface would likely 

be inhibited by the closure cap.  As such, airborne 

releases are not expected to be significant dose 

contributors. For the Central Scenario, it is 

recommended that conservative assumptions be 

applied to calculate gaseous release rates.   

IM 04.12 

Waste 

(Decontaminated Salt 

Solution) to SDU 

Walls and Floor 

FEP 3.2.01 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.10 

FEP 3.7.01 

FEP 3.7.04 

FEP 5.3.02 

As contaminants are released from the waste form, 

they will migrate into and through the SDU walls 

and/or the SDU floor.   

The SDU walls and the SDU floor are designed to 

be leak-tight.  Over time, these components are 

expected to degrade (primarily due to sulfate attack 

and carbonation).  As they degrade, flow through 

these materials will increase, which will facilitate 

increased rates of contaminant releases. [SRR-

CWDA-2014-00006, Section 4.2.3] 

IM 04.16 

Waste 

(Decontaminated Salt 

Solution) to Backfill 

FEP 3.5.02  

FEP 4.3.02 

FEP 6.1.03 

Based on monitoring wells at Z-Area, there is 

currently a contaminant plume emanating from 

SDU 4.  [SRNL-L3200-2017-00107] While outside 

the scope of PA modeling, an inventory of a pre-

closure release may be estimated (based on 

available disposal data) and the fate and transport 

of this estimated inventory could be simulated to 

provide additional insights relative to model 

validation.  Additionally, IHI modeling should 

consider impacts if drilling occurs directly into the 

pre-closure release inventory. 

The pre-closure releases are expected to represent a 

relatively small amount of the total waste. While 

minimal, these releases should be considered by 

composite analyses, and may be considered in the 

SDF PA to provide additional insights with respect 

to model validation. 
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IM 04.17 

Waste 

(Decontaminated Salt 

Solution) to 

Groundwater 

Chemistry 

FEP 3.5.02 

FEP 4.3.02 

FEP 6.1.03 

Based on monitoring wells at Z-Area, there is 

currently a contaminant plume emanating from 

soils adjacent to SDU 4.  [SRNL-L3200-2017-

00107] While outside the scope of PA modeling, an 

inventory of a pre-closure release may be estimated 

(based on available disposal data) and the fate and 

transport of this estimated inventory could be 

simulated to provide additional insights relative to 

model validation.  Additionally, IHI modeling 

should consider impacts if drilling occurs directly 

into the pre-closure release inventory. 

The pre-closure releases are expected to represent a 

relatively small amount of the total waste. While 

minimal, these releases should be considered by 

composite analyses, and may be considered in the 

SDF PA to provide additional insights with respect 

to model validation. 

IM 05.06 

Saltstone Hydraulic 

Conductivity to 

Saltstone Reducing 

Capacity 

FEP 3.4.02 

FEP 3.5.01  

FEP 3.5.12 

FEP 3.5.17 

FEP 3.7.04 

FEP 3.7.05 

FEP 3.7.10 

FEP 4.2.01 

FEP 5.3.08 

The hydraulic conductivity of the saltstone waste 

form has a direct impact on the rates of flow, which 

in turn impacts the ingress of oxygen.  The 

reducing agents then consume the incoming oxygen 

until the reducing capacity is exhausted.  

Most of the oxygen introduced into the system is 

expected to enter via advection (as dissolved 

oxygen within the incoming water).  As the 

hydraulic conductivity increases with degradation 

(SRR-CWDA-2014-00006, Section 4.2.3), the rate 

of oxidation will increase.  However, if the 

hydraulic conductivity is low enough (i.e., 

restrictive), it could increase the importance of the 

diffusive ingress of oxygen, which may alter the 

dynamics of the system. 

IM 05.07 

Saltstone Hydraulic 

Conductivity to Pore 

Water Chemistry 

FEP 3.4.02 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.5.17 

FEP 3.7.04 

FEP 3.7.05 

FEP 3.7.10 

The hydraulic conductivity of the saltstone waste 

form has a direct impact on the rates of flow, which 

then impacts the rates of change to the pore water 

chemistry.    

As the hydraulic conductivity increases with 

saltstone degradation, flow rates will increase, and 

drive chemical transitions in the pore water. The Eh 

and pH transitions may occur relatively quickly if 

the initial hydraulic conductivity is high enough. 

For example, incoming oxygen will be consumed 

until the reducing capacity is exhausted at which 

point the chemical environment will transition from 

reduced to oxidizing conditions.  
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IM 05.08 

Saltstone Hydraulic 

Conductivity to 

Gaseous Phases 

FEP 3.4.02 

FEP 3.5.01 

FEP 3.7.04 

FEP 3.7.05 

FEP 3.7.10 

FEP 4.4.06 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.10 

As with the liquid fluxes, the rates of gaseous 

fluxes are also dependent upon the hydraulic 

conductivity of the saltstone waste form.  A higher 

initial hydraulic conductivity will likely result in 

earlier gaseous phase releases for the volatile 

constituents. However, gaseous phase release rates 

will also be dependent upon a number of other 

factors such as saturation and moisture 

characteristic curves. 

Any volatile constituents within the waste are 

expected to be somewhat immobilized by the 

saltstone waste form, and any transport to the 

surface would likely be inhibited by the closure 

cap.  As such, airborne releases are not expected to 

be significant dose contributors. For the Central 

Scenario, it is recommended that conservative 

assumptions be applied to calculate gaseous release 

rates.   

IM 05.09 

Saltstone Hydraulic 

Conductivity to SDU 

Columns 

FEP 3.4.02 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

The hydraulic conductivity of the saltstone waste 

form has a direct impact on the rates of flow, which 

then impacts the rates of sulfate attack on the roof-

support columns within the cylindrical SDUs.    

The SDU columns are constructed from lower 

quality concrete.  As such, these are expected to 

undergo hydraulic degradation more quickly than 

the saltstone waste form.  Hence, preferential flow 

through the columns (i.e., faster flow through the 

columns and slower flow in the saltstone) is 

expected until the columns and the saltstone 

achieve hydraulic equilibrium.  

IM 05.10 

Saltstone Hydraulic 

Conductivity to SDU 

Joints/ Waterstops 

FEP 3.3.19 

FEP 3.4.02 

FEP 3.7.14 

FEP 5.2.02 

The hydraulic conductivity of the saltstone waste 

form has a direct impact on the rates of flow, which 

then impacts the rates of flow through the SDU 

joints and/or waterstops.    

Prior to the hydraulic degradation of the saltstone 

waste form, it is expected that the construction 

joints (through the roof and floor), bearing pads, 

and other non-concrete materials will provide a 

dominant flow path. While it is expected that the 

joints and waterstops will be leak-tight, the Central 

Scenario assumes these are initially degraded and 

behave as assumed leak paths through the roof.  

Regardless, the flow through these components is 

expected to be minimal, as these component 

comprise a relatively small surface area of each 

SDU.  This interaction is not expected to 

significantly impact the performance of the system. 

[SRR-CWDA-2016-00072, Section 4.4.2]  
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IM 05.12 

Saltstone Hydraulic 

Conductivity to SDU 

Walls and Floor 

FEP 3.3.18 

FEP 3.3.19 

FEP 3.4.02 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

FEP 5.2.01 

FEP 5.2.02 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

The hydraulic conductivity of the saltstone waste 

form has a direct impact on the rates of flow at the 

saltstone-to-SDU interfaces.  

The SDU walls and the SDU floor are designed to 

be leak-tight.  Over time, sulfates from the 

saltstone waste form will migrate into these 

components and form ettringite, which will expand 

and result in hydraulic degradation of the SDU 

concrete.  As the material degrades, flow through 

these materials will increase, which will facilitate 

increased fluxes for contaminant releases. 

IM 06.07 

Saltstone Reducing 

Capacity to Pore 

Water Chemistry 

FEP 2.8.01 

FEP 3.3.13 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.09 

FEP 3.5.14 

FEP 3.5.16 

FEP 4.2.10 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

FEP 5.3.08 

As incoming dissolved oxygen consumes the 

reducing agents present in saltstone, the pore water 

chemistry within the saltstone will change. 

As water migrates into the SDU, it will introduce 

dissolved oxygen, which will consume the 

reductants of the saltstone. Once the reduction 

capacity is exhausted, it is expected that the 

chemical environment of the pore water will 

transition from a reduced state to an oxidized state. 

[SRNL-TR-2008-00283 and SRR-CWDA-2011-

00044, SP-8] 
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IM 06.09 

Saltstone Reducing 

Capacity to SDU 

Columns 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07  

FEP 3.5.09 

FEP 3.5.14 

FEP 3.5.16 

Once the saltstone reducing capacity is reached, 

and the waste form becomes oxidized, many 

constituents within the waste form will become 

more mobile, and will likely migrate into other 

components within the closure system. 

The SDU roof-support columnshave a lower 

reducing capacity than the surrounding saltstone; 

therefore, these columns are expected to become 

oxidized more quickly than the surrounding 

saltstone.  Because these columns are also expected 

to degrade more quickly than the surrounding 

saltstone, thus creating a preferential flow path 

(SRNL-STI-2018-00077), it is expected that 

constituents, which are released from the saltstone 

waste form, may migrate into and through the 

columns. 

IM 06.12 

Saltstone Reducing 

Capacity to SDU 

Walls and Floor 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.09 

FEP 3.5.12 

FEP 3.5.14 

FEP 3.5.16 

FEP 5.3.02 

FEP 5.3.04 

Once the saltstone reducing capacity is reached, 

and the waste form becomes oxidized, many 

constituents within the waste form will become 

more mobile, and will likely migrate into other 

components within the closure system. 

It is expected that as constituents are released from 

the saltstone waste form (as the result of oxidation), 

they will migrate into and through the SDU walls 

and floors.  Note that while the SDU walls are 

expected to oxidize earlier than the saltstone, the 

SDU floors are assumed to remain reduced until 

the overlying saltstone also undergoes the Eh 

transition. 

IM 06.13 

Saltstone Reducing 

Capacity to Upper 

Mud Mat 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.09 

FEP 5.3.02 

FEP 5.3.04 

Once the saltstone reducing capacity is reached, 

and the waste form becomes oxidized, many 

constituents within the waste form will become 

more mobile, and will likely migrate into other 

components within the closure system. 

As with the overlying SDU floors, the upper mud 

mat is expected to be chemically influenced by 

dissolved species leaching from the saltstone waste 

form. As such, the upper mud mats of the 150-foot 

diameter cylindrical SDUs are expected to 

transition from a reduced to an oxidized state once 

the overlying saltstone transitions. [Section 4.1.1 

and Table 4.1-2 of SRR-CWDA-2014-00006]   

Note that the upper mud mats of the 375-foot 

diameter cylindrical SDUs are not credited for 

containing reducing agents but are expected to 

transition to a lower pH environment (ORII  

ORIII). 
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IM 06.15 

Saltstone Reducing 

Capacity to Lower 

Mud Mat 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.09 

FEP 5.3.02 

FEP 5.3.04 

Once the saltstone reducing capacity is reached, 

and the waste form becomes oxidized, many 

constituents within the waste form will become 

more mobile, and will likely migrate into other 

components within the closure system. 

As with the overlying upper mud mat, the lower 

mud mat is expected to be chemically influenced 

by dissolved species leaching from the saltstone 

waste form. Note that while the mud mat concretes 

contain cement, which can behave as a reducing 

agent (SRR-CWDA-2016-00004; Table SP-8.1), 

the mud mats are assumed to be initially oxidized 

as a modeling simplification. 

IM 06.16 
Saltstone Reducing 

Capacity to Backfill 

FEP 3.5.02 

FEP 3.5.06 

FEP 3.5.19 

FEP 5.3.07 

FEP 5.4.03 

Once the saltstone reducing capacity is reached, 

and the waste form becomes oxidized, many 

constituents within the waste form will become 

more mobile, and will likely migrate into other 

components within the closure system, including 

the backfill.   

While it is expected that most releases from the 

oxidized cementitious materials will occur 

vertically, through the floor of the SDU, some 

releases may occur laterally, into the surrounding 

backfill.  This process is not expected to be 

significant unless infiltration and flow rates are 

relatively low. 

IM 07.03 
Pore Water Chemistry 

to SDU Roof 

FEP 2.8.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

Concentrations of sulfates and CO2 within the pore 

water chemistry contribute to the degradation rates 

for the SDU roof.  

Sulfates in the pore water are expected to diffuse 

from the saltstone and into the SDU roof, which is 

expected to induce sulfate attack.  Similarly, 

infiltrating water is expected to introduce CO2 into 

the pore water, which is expected to result in 

carbonation.  These processes are expected to 

increase the rates of hydraulic degradation, thus 

accelerating flow rates through the SDU roof. 

[Sections 4.2.2.5 and 4.2.3 in SRR-CWDA-2014-

00006]   

IM 07.08 
Pore Water Chemistry 

to Gaseous Phases 

FEP 2.8.01 

FEP 3.5.03 

FEP 5.3.01 

FEP 5.3.02 

The pH and Eh of the pore water chemistry may 

influence the speciation in solution of various 

constituents within the waste form.  This, in turn, 

may affect the amount of gases that will dissolve 

into or escape from solution at equilibrium.  For 

example, the higher the pH the more CO2 will 

dissolve in water. 

The Central Scenario shall apply conservative 

assumptions with respect to how the chemical 

environment may influence gaseous phases.  
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IM 07.09 
Pore Water Chemistry 

to SDU Columns 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

FEP 4.2.10 

Concentrations of sulfates and CO2 within the pore 

water chemistry contribute to the degradation rates 

for the SDU roof-support columns. 

Despite being modeled as having the same material 

properties as the saltstone, the SDU roof-support 

columns are subject to sulfate attack from the 

surrounding saltstone and from carbonation; 

therefore, these columns are expected to become 

degraded and oxidized more quickly than the 

surrounding saltstone.  As such, waste that migrates 

into the columns is likely to be transported at a 

different rate relative to saltstone while the 

saltstone is still reduced.  Because the columns are 

expected to hydraulically degrade more quickly 

than the surrounding saltstone (SRNL-STI-2018-

00077), constituents which move into the columns 

may migrate faster than constituents held within the 

saltstone waste form. 

IM 07.12 

Pore Water Chemistry 

to SDU Walls and 

Floor 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

FEP 4.2.10 

FEP 5.3.02 

FEP 5.4.01 

Concentrations of sulfates and CO2 within the pore 

water chemistry contribute to the degradation rates 

for the SDU walls and floor.  

As pore water passes through the SDU walls and 

floor, it is expected to facilitate the migration of 

sulfates and CO2, which are expected to induce 

sulfate attack and carbonation, respectively.  These 

processes are expected to increase the rates of 

hydraulic degradation, thus accelerating flow rates 

through the SDU walls and floor.  With respect to 

oxidation, it is assumed that oxygen will be 

depleted from the pore water as it contacts the 

reductants present in the saltstone.  As such, the 

floors are assumed to remain in a reduced state 

until the overlying saltstone is fully oxidized.  The 

floor will also be impacted by the leaching of Ca2+ 

from the overlying saltstone.  The SDU walls shall 

undergo oxidation based on incoming dissolved 

oxygen and the reducing capacity of the SDU 

concrete. [Table 4.1-2 in SRR-CWDA-2014-

00006] 
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Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 07.13 
Pore Water Chemistry 

to Upper Mud Mat 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

FEP 4.2.10 

FEP 5.3.02 

FEP 5.4.01 

Concentrations of sulfates and CO2 within the pore 

water chemistry contribute to the degradation rates 

for the SDU mud mats. 

For the Central Scenario, the upper mud mat of the 

375-foot diameter SDUs is assumed to be initially 

hydraulically degraded (i.e., it is assigned hydraulic 

properties equivalent to backfill).  The upper mud 

mats for the 150-foot diameter SDUs are assumed 

to have an initial saturated hydraulic conductivity 

of 5E-09 cm/s.  [SRR-CWDA-2018-00004] For 

modeling purposes, the 4-inch working slabs (or 

mud mats) for SDUs 1 and 4 are conservatively 

ignored (i.e., the SDUs are modeled as though the 

floors lie directly on top of the natural soil).  

 

The upper mud mats for the 375-foot diameter 

SDUs are all assumed to be initially oxidized 

(Oxidized Region II). For the 150-foot diameter 

SDUs, while the saltstone is reduced, the mud mats 

shall also be reduced, but once the saltstone is 

oxidized, the mud mats will immediately be 

oxidized (similar to the SDU floors (IM 07.12)).  

[Table 4.1-2 in SRR-CWDA-2014-00006] 
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IM 07.15 
Pore Water Chemistry 

to Lower Mud Mat 

FEP 3.5.01 

FEP 3.5.02 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.10 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.17 

FEP 3.7.18 

FEP 4.2.10 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.4.01 

Concentrations of sulfates and CO2 within the pore 

water chemistry contribute to the degradation rates 

for the SDU mud mats. 

For the Central Scenario, the lower mud mats for 

the 150-foot diameter and 375-foot diameter SDUs 

are assumed to be initially hydraulically degraded 

(i.e., it is assigned hydraulic properties equivalent 

to backfill).  [SRR-CWDA-2018-00004] For 

modeling purposes, the 4-inch working slabs (or 

mud mats) for SDUs 1 and 4 are conservatively 

ignored (i.e., the SDUs are modeled as though the 

floors lie directly on top of the natural soil). 

 

The lower mud mats for the 150-foot diameter and 

375-foot diameter SDUs are all assumed to be 

initially oxidized (Oxidized Region II).   

IM 07.16 
Pore Water Chemistry 

to Backfill 

FEP 3.5.02 

FEP 3.5.04 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.08 

FEP 3.5.09 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.07 

FEP 5.4.01 

FEP 5.4.03 

Concentrations of released waste within the pore 

water contribute to the fluxes into the backfill 

material.   Note that the SDF PA assumes that 

leachate is not transported laterally into the backfill 

(i.e., only vertically, down into the vadose zone). 

While it is expected that most releases from the 

oxidized cementitious materials will occur through 

the floor of the SDU, some releases may occur 

laterally, into the surrounding backfill.  For 

example, Tc-99 may diffuse into and through the 

walls.  Such processes are not expected to be 

significant unless infiltration and flow rates are 

relatively low. 
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IM 07.17 

Pore Water Chemistry 

to Groundwater 

Chemistry 

FEP 3.5.02 

FEP 3.5.04 

FEP 3.5.06 

FEP 3.5.08 

FEP 3.5.09 

FEP 4.2.07 

FEP 5.3.07 

FEP 5.4.01 

FEP 5.4.03 

Concentrations of released waste and minerals 

leached from the saltstone within the pore water 

contribute to changes in the groundwater 

chemistry.   

  

Note: The term “groundwater” may generally be 

applied to: (1) infiltrating water entering the vadose 

zone from the closure cap and backfill, (2) water 

that is present within the partially saturated vadose 

zone, or (3) water that is present within the 

saturated zone.  For this IM Element, the term 

“groundwater” is applicable to all three.   

Pore water chemistry is expected to be significantly 

influenced by the saltstone waste form.  

Specifically, as decalcification of saltstone occurs, 

calcium ions (Ca2+) are expected be released via 

dissolution and migrate with the pore water into the 

subsurface.  [SRNL-STI-2018-00077]  In the near 

field, the high pH leachate will affect the 

underlying soil chemistry, creating a “leachate-

impacted” zone.  Leachate-impacted soils are 

expected to have different transport properties than 

non-impacted soils.  [SRNL-STI-2009-00473] For 

the Central Scenario, the vadose zone, within the 

footprint of the SDUs, is assumed to be leachate-

impacted until the overlying saltstone is fully 

oxidized. 

IM 07.18 
Pore Water Chemistry 

to Vadose Zone 

FEP 3.5.02 

FEP 3.5.04 

FEP 3.5.06 

FEP 3.5.08 

FEP 3.5.09 

FEP 4.2.07 

FEP 5.3.07 

FEP 5.4.01 

FEP 5.4.03 

Concentrations of released waste and minerals 

leached from the saltstone within the pore water 

contribute to changes in the groundwater 

chemistry.    

Pore water chemistry is expected to be significantly 

influenced by the saltstone waste form.  

Specifically, as decalcification of saltstone occurs, 

calcium ions (Ca2+) are expected be released via 

dissolution and migrate with the pore water into the 

subsurface.  [SRNL-STI-2018-00077]    In the near 

field, the high pH leachate will affect the 

underlying soil chemistry, creating a “leachate-

impacted” zone.  Leachate-impacted soils are 

expected to have different transport properties than 

non-impacted soils. [SRNL-STI-2009-00473]  For 

the Central Scenario, the vadose zone, within the 

footprint of the SDUs, is assumed to be leachate-

impacted until the overlying saltstone is fully 

oxidized.  [SRR-CWDA-2014-00006, Section 

4.4.1.4.5] 
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IM 08.03 
Gaseous Phases to 

SDU Roof 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.17 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

FEP 5.3.10 

Carbon dioxide and oxygen, which enter through 

the roof, can influence the roof’s degradation rate 

and oxidation rate, respectively.  Additionally, any 

volatile constituents that are released (in gaseous 

phase) from the saltstone waste form shall migrate 

upward through the SDU roof. 

Although the groundwater flow models do not 

solve for two-phase flow (thus preventing gaseous 

influx), carbon dioxide and oxygen are assumed to 

be dissolved within infiltrating waters with 

concentrations that are in equilibrium with 

atmospheric conditions.  [SRNL-STI-2018-00077 

and SRNL-STI-2009-00115] For airborne release 

modeling for the Central Scenario, it is 

recommended that conservative assumptions be 

applied to calculate gaseous release rates.   

IM 08.06 

Gaseous Phases to 

Saltstone Reducing 

Capacity 

FEP 3.5.03 

FEP 3.5.09 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.5.14 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

FEP 5.3.08 

Oxygen which enters saltstone will influence the 

oxidation rate of saltstone.  Additionally, any 

volatile constituents that are released (in gaseous 

phase) from the saltstone waste form shall migrate 

upward out of the saltstone. 

Although the groundwater flow models do not 

solve for two-phase flow (thus preventing gaseous 

influx), carbon dioxide and oxygen are assumed to 

be dissolved within infiltrating waters with 

concentrations that are in equilibrium with 

atmospheric conditions. [SRNL-STI-2018-00077 

and SRNL-STI-2009-00115] For airborne release 

modeling for the Central Scenario, it is 

recommended that conservative assumptions be 

applied to calculate gaseous release rates.   

IM 08.07 
Gaseous Phases to 

Pore Water Chemistry 

FEP 2.7.02 

FEP 2.8.01 

FEP 3.5.03 

FEP 3.5.09 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.5.14 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

FEP 5.3.08 

FEP 5.3.10 

Dissolved gases (carbon dioxide and oxygen) 

within pore water are important chemical 

constituents with respect to SDF system 

performance. 

Although the groundwater flow models do not 

solve for two-phase flow (thus preventing gaseous 

influx), carbon dioxide and oxygen are assumed to 

be dissolved within infiltrating waters with 

concentrations that are in equilibrium with 

atmospheric conditions. [SRNL-STI-2018-00077 

and SRNL-STI-2009-00115] 
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IM 08.12 
Gaseous Phases to 

SDU Walls and Floor 

FEP 3.5.01 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.17 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.03 

FEP 5.3.04 

FEP 5.3.08 

FEP 5.3.10 

Carbon dioxide and oxygen which enter through 

the SDU walls or floor can influence their 

degradation rates and oxidation rates, respectively.   

Although the groundwater flow models do not 

solve for two-phase flow (thus preventing gaseous 

influx), carbon dioxide and oxygen are assumed to 

be dissolved within infiltrating waters with 

concentrations that are in equilibrium with 

atmospheric conditions. [SRNL-STI-2018-00077 

and SRNL-STI-2009-00115] 

IM 08.25 
Gaseous Phases to 

Human 

FEP 2.7.02 

FEP 4.4.06 

FEP 5.3.10 

For determining total doses to human receptors, 

multiple exposure pathways are considered, 

including exposure to gas phase releases. 

It is expected that groundwater releases will be the 

dominant release mode; however, some volatile 

constituents may transition into a gaseous phase 

and migrate up to the surface where human 

receptors may be exposed. [Section 4.5 of SRR-

CWDA-2014-00006] Given the effects of 

atmospheric dispersion, this type of exposure is not 

expected to be significant to members of the public 

(i.e., receptors who are assumed to be 100 meters 

from the SDUs); however inadvertent human 

intruder might see significant impacts.  For 

airborne release modeling, conservative 

assumptions shall be made, where applicable. 

IM 08.26 
Gaseous Phases to 

Exposure/Risk 

FEP 2.7.02 

FEP 4.4.06 

FEP 5.3.10 

The risks associated with exposure to contaminants 

in the gaseous phase include inhalation doses and 

external exposure doses. 

Atmospheric concentrations of airborne releases 

shall be applied to dose conversion factors to 

quantify the risk. 

IM 09.04 

SDU Columns to 

Waste 

(Decontaminated Salt 

Solution) 

FEP 3.3.02 

FEP 4.3.01 

The roof-support columns within the SDUs have 

volume.  As such, the presence of the columns 

reduces the volume available for waste disposal. 

SDU geometry and disposal planning shall account 

for roof-support columns. [SRR-CWDA-2017-

00032] 
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IM 09.12 
SDU Columns to SDU 

Walls and Floor 

FEP 3.5.01 

FEP 3.7.04 

FEP 5.3.01  

FEP 5.3.02 

FEP 5.3.03 

Contaminants that diffuse or flow from the waste 

form into the roof-support columns may migrate 

down the columns and into the SDU floor. 

It is expected that the roof-support columns will 

degrade more quickly than the surrounding 

saltstone waste form.  [SRNL-STI-2018-00077] 

Accordingly, the columns are likely to provide less 

resistance to flow, thus providing a preferential 

flow path.  Downward advection is expected to 

carry contaminants within the columns down into 

the SDU floor. 

IM 10.03 

SDU Joints/ 

Waterstops to SDU 

Roof 

FEP 3.3.06 

FEP 3.3.18 

FEP 3.3.19 

Waterstops are installed in the roof of the SDU to 

allow for the roof to be constructed in sections, thus 

reducing the risks of cracking while the concrete 

cures.  These are designed to be leak tight, but for 

modeling purposes, may be assumed to allow for 

some flow. [See CC-5 in SRR-CWDA-2016-

00004] 

For the Central Scenario, the waterstops in the roof 

are conservatively assumed to be initially degraded, 

thus allowing flow to bypass the roof.  However, 

these features represent a very small amount of the 

total surface area of the roof, such that any impacts 

are expected to be relatively minor. [SRR-CWDA-

2016-00072, Section 4.4.2] 

IM 10.12 

SDU Joints/ 

Waterstops to SDU 

Walls and Floor 

FEP 3.3.06 

FEP 3.3.18 

FEP 3.3.19 

FEP 5.3.02 

Waterstops are installed in the floor of the SDU to 

allow for the floor to be constructed in sections, 

thus reducing the risks of cracking while the 

concrete cures.  Similarly, the interfaces between 

the walls and other SDU elements will have joints.  

These are designed to be leak tight, but for 

modeling purposes, may be assumed to allow for 

some flow. [See CC-5 in SRR-CWDA-2016-

00004] 

For the Central Scenario, the waterstops and joints 

in the floor and/or wall are conservatively assumed 

to be initially degraded, thus allowing flow to 

bypass the floor.  However, these features represent 

a very small amount of the total surface area of the 

floor, such that any impacts are expected to be 

relatively minor. [SRR-CWDA-2016-00072, 

Section 4.4.2] 

IM 10.13 

SDU Joints/ 

Waterstops to Upper 

Mud Mat 

FEP 3.3.19 

FEP 5.3.02 

Water that flows through the waterstops/joints in 

the SDU floor will flow downward to the upper 

mud mat.  Contaminants within the water will 

migrate into the mud mat or laterally along the 

interface between the floor and the mud mat. 

For the Central Scenario, the waterstops in the floor 

are conservatively assumed to be initially degraded, 

thus allowing flow to bypass the floor.  However, 

these features represent a very small amount of the 

total surface area of the floor, such that any impacts 

are expected to be relatively minor. [SRR-CWDA-

2016-00072, Section 4.4.2] 
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IM 10.16 
SDU Joints/ 

Waterstops to Backfill 

FEP 3.3.06 

FEP 3.3.18 

FEP 3.3.19 

FEP 5.3.02 

Joints at the wall-to-roof interface or the wall-to-

floor interface are designed to be leak tight, but for 

modeling purposes, may be assumed to allow for 

some flow. [SRR-CWDA-2014-00006] 

For the Central Scenario, the joint material shall be 

assumed to be initially degraded, thus allowing 

flow to bypass the roof.  However, these features 

represent a very small amount of the total surface 

area of the exterior of the SDU, such that any 

impacts are expected to be relatively minor. [SRR-

CWDA-2016-00072, Section 4.4.2] 

IM 12.03 
SDU Walls and Floor 

to SDU Roof 

FEP 5.2.02 

FEP 5.2.06 

Directions and rates of flow at the roof to wall 

interface may be influenced by the differences in 

the hydraulic conductivity. 

The SDU roof and SDU walls are expected to vary 

in the amount of time necessary to undergo 

complete degradation.  [SRNL-STI-2018-00077] 

As such, the SDU walls may be more impermeable 

than the SDU roof, or vice versa.  This may 

influence the direction and rate of flow near the top 

corner of the disposal units.  However, as these 

effects are expected to be localized, the impacts are 

expected to be relatively minor.     

IM 12.05 

SDU Walls and Floor 

to Saltstone Hydraulic 

Conductivity 

FEP 3.7.01 

FEP 3.7.04 

FEP 3.7.05 

FEP 5.2.01 

FEP 5.2.02 

FEP 5.2.06 

The saltstone hydraulic conductivity degrades due 

to decalcification, which is driven by flow. [Section 

6.0 of SRNL-STI-2018-00077]  Therefore, flow 

incoming from the SDU walls would increase the 

rate of degradation for the saltstone hydraulic 

conductivity. 

Most of the water entering the system is likely to 

shed off the outer edges of the SDU roof and into 

the backfill.  Within the backfill, it is expected that 

most water would continue flowing downward.  

However, it is also expected that a small amount of 

the water will flow from the backfill, through the 

walls, and into the saltstone waste form.  This 

incoming water would then induce decalcification.  

While this is expected to only account for a small 

percentage of the total water volume in the system, 

any amount of increased flow is expected to 

increase the rate of decalcification, thus increasing 

degradation of saltstone. 
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IM 12.06 

SDU Walls and Floor 

to Saltstone Reducing 

Capacity 

FEP 3.5.03 

FEP 3.5.06 

FEP 3.5.07 

FEP 3.5.11 

FEP 3.5.12 

The reducing capacity of saltstone is influenced by 

oxygen influx due to flow and matrix diffusion.   

Diffusion would tend to be the dominant oxygen 

influx process at the saltstone/wall interface until 

the saltstone degrades to the state that flow into the 

monolith becomes important, resulting in an 

increase to the rate at which reductants are 

consumed. 

Most of the water entering the system is likely to 

shed off the outer edges of the SDU roof and into 

the backfill.  Within the backfill, it is expected that 

most water would continue flowing downward.  

However, it is also expected that a small amount of 

the water will flow from the backfill, through the 

walls, and into the saltstone waste form.  This 

incoming water will carry oxygen, which will 

eventually oxidize the saltstone waste form. 

IM 12.10 

SDU Walls and Floor 

to SDU Joints/ 

Waterstops 

FEP 5.2.02 

FEP 5.2.06 

The SDU walls and floors are initially intact, while 

the SDU joints and waterstops are assumed to have 

an initially high saturated hydraulic conductivity.  

As such the lower hydraulic conductivity in the 

concrete is expected to divert some flow into the 

waterstops as a preferential flow path. [SRR-

CWDA-2016-00072]   

As the SDU concrete degrades, the differential in 

the hydraulic conductivities between the SDU 

concrete and the joints/waterstops will become 

smaller.  As such, over time more of the incoming 

water will flow through the SDU concrete rather 

than through the joints/waterstops.  Regardless, it is 

expected that any influence of the joints/waterstops 

on flow will probably be negligible.  This is 

because the surface area of the joints is small, 

relative to the total surface areas of the floor.  

[SRR-CWDA-2016-00072] 

IM 12.13 
SDU Walls and Floor 

to Upper Mud Mat 

FEP 3.3.19 

FEP 5.2.01 

FEP 5.2.02 

FEP 5.2.06 

FEP 5.3.02 

Water that flows vertically out the bottom of the 

SDU floor is expected to flow vertically into the 

upper mud mat. 

As the SDU floor degrades, flow rates from the 

floor to the upper mud mat are expected to 

increase.  For the 150-foot diameter SDUs, while 

the overlying floor is reduced, the upper mud mat 

shall also be reduced, but once the floor is 

oxidized, the upper mud mat will immediately be 

oxidized.  [Table 4.1-2 in SRR-CWDA-2014-

00006] 
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IM 12.16 
SDU Walls and Floor 

to Backfill 

FEP 3.3.19 

FEP 5.2.01 

FEP 5.2.02 

FEP 5.2.06 

FEP 5.3.02 

Water that flows radially outward through the SDU 

walls and floor is expected to be caught up in the 

dominantly vertical flow of the backfill. 

As the SDU walls degrade, flow rates through the 

walls and floor are expected to increase. It is 

anticipated that some portion of the radionuclides 

present in the saltstone pore water will travel 

radially outwards (via advection and diffusion) 

from the saltstone monolith, to the adjacent walls 

of the SDU, and eventually to the surrounding 

backfill. Likewise, a portion of the radionuclides 

transported to the floor from the overlying saltstone 

are expected to travel radially outwards to the 

backfill.  

IM 13.12 
Upper Mud Mat to 

SDU Walls and Floor 

FEP 5.2.02 

FEP 5.2.06 

The difference in the hydraulic conductivity in the 

upper mud mat, relative to the SDU floor, may 

influence the rate and direction of advective flow 

through the SDU floor. 

The SDU floors are expected to be constructed of a 

concrete with a lower hydraulic conductivity than 

the mud mats.  [SRR-CWDA-2018-00004] It is 

expected that in early times, the lower hydraulic 

conductivity of the floor (and saltstone above) will 

dominate the flow regime, generating little vertical 

flow from the floor into the upper mud mat.  Water 

entering the upper mud mat is expected to flow 

laterally into the backfill at early times.  As the 

saltstone, floor, and mud mat hydraulically 

degrade, the direction of flow is expected to shift 

such that predominant direction will be vertically 

downwards.   

IM 13.14 

Upper Mud Mat to the 

Liner Between the 

Mud Mats 

FEP 3.3.11 

FEP 5.2.02 

The upper mud mat provides a layer of protection 

to mitigate the degradation of the liner between the 

mud mats (e.g., it will reduce water/oxygen flow 

which will reduce the rate of antioxidant depletion, 

see Section 2.4.2).  Water flowing vertically 

through the upper mud mat will contact (and 

potentially degrade) any liner material between the 

mud mats. 

These interactions are not explicitly modeled.  As a 

model simplification, the liner will be assumed to 

have the same material properties and degradation 

rate as the liner above the SDU roof.  In reality, this 

liner is essentially protected by the mud mats, 

buried beneath the SDU and the closure cap, and 

will be too deep for root penetrations.  As such, it is 

reasonable to expect this liner to remain effectively 

undegraded and impermeable to flow throughout 

the duration of the performance period. 
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IM 13.15 
Upper Mud Mat to 

Lower Mud Mat 
FEP 5.2.02 

Once the liner between the mud mats is assumed to 

be degraded, water will flow from the upper mud 

mat to the lower mud mat.  

For the Central Scenario, the upper mud mat of the 

150-foot diameter SDUs is assumed to have an 

initial saturated hydraulic conductivity of 5E-09 

cm/s.  The upper and lower mud mats for the 375-

foot diameter SDUs, as well as the lower mud mat 

for the 150-foot diameter SDUs, are assumed to be 

initially hydraulically degraded (i.e., assigned 

hydraulic properties equivalent to backfill). The 

working slabs for SDUs 1 and 4 are assumed to 

have an initial saturated hydraulic conductivity of 

5E-09 cm/s.  [SRR-CWDA-2018-00004]  

IM 13.16 
Upper Mud Mat to 

Backfill 
FEP 5.2.02 

Water in the upper mud mat could flow laterally 

(e.g., radially outward) and into the surrounding 

backfill.  

It is expected that while the liner is intact, most of 

the water passing through the upper mud mat will 

flow laterally out the side of the mud mat.  Once 

the liner is assumed to be degraded (see IM 13.14), 

it is expected that most (if not all) of the flow 

through the upper mud mat will flow downward. 

IM 14.13 

Liner Between the 

Mud Mats to Upper 

Mud Mat 

FEP 5.2.02 

The performance of the liner between the mud mats 

will control whether water within the upper mud 

mat flows laterally (e.g., radially outward to the 

backfill) or down toward the lower mud mat.  

It is expected that while the liner is intact, most of 

the water passing through the upper mud mat will 

flow laterally out the side of the mud mat.  Once 

the liner is assumed to be degraded (see IM 13.14), 

it is expected that most (if not all) of the flow from 

the upper mud mat will flow down toward the 

lower mud mat. 

IM 14.15 

Liner Between the 

Mud Mats to Lower 

Mud Mat 

FEP 5.2.02 

The performance of the liner between the mud mats 

will control whether water within the upper mud 

mat flows laterally (e.g., radially outward to the 

backfill) or down toward the lower mud mat.  

It is expected that while the liner is intact, most of 

the water passing through the upper mud mat will 

flow laterally out the side of the mud mat.  Once 

the liner is assumed to be degraded (see IM 13.14), 

it is expected that most (if not all) of the flow from 

the upper mud mat will flow down toward the 

lower mud mat. 
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IM 15.14 

Lower Mud Mat to 

Liner Between the 

Mud Mats 

FEP 3.3.11 

The lower mud mat provides a layer of protection 

to mitigate the degradation of the liner between the 

mud mats (e.g., it will reduce water/oxygen flow 

which will reduce the rate of antioxidant depletion, 

see Section 2.4.2). 

This interaction is not explicitly modeled.  As a 

conservative model simplification, the liner will be 

assumed to have the same material properties and 

degradation rate as the liner above the SDU roof.  

In reality, this liner is essentially protected by the 

mud mats, buried beneath the SDU and the closure 

cap, and will be too deep for root penetrations.  As 

such, it is reasonable to expect this liner to remain 

effectively undegraded and impermeable to flow 

throughout the duration of the performance period. 

IM 15.16 
Lower Mud Mat to 

Backfill 

FEP 3.3.19 

FEP 5.2.02 

Water within the lower mud mat is expected to 

flow either laterally (i.e., radially inwards) at early 

times from the backfill or downwards (into the 

vadose zone) at later times. 

As a conservative model simplification, the lower 

mud mats of the 150-foot diameter and 375-foot 

diameter SDUs will be assumed to have the 

hydraulic properties of the underlying soil.  [SRR-

CWDA-2018-00004] Therefore, at early times, any 

flow coming from the lower mud mat is controlled 

by flow moving from the backfill into the lower 

mud mat and leaking from the liner above. At later 

times, flow through the lower mud mat comes 

dominantly from the degraded liner above.  As 

such, vertical flow rates into the lower mud mat are 

expected to be minimal until the liner between the 

mud mats has degraded.  Once the liner is 

degraded, downward flow is expected to be the 

dominant flow direction. 
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IM 15.17 

Lower Mud Mat to 

Groundwater 

Chemistry 

FEP 3.5.02 

FEP 3.5.08 

FEP 3.5.09 

FEP 3.5.19 

FEP 5.1.05 

FEP 5.3.07 

FEP 5.4.03 

As minerals and contaminants leach out of the 

SDU, they will pass into the underlying materials 

(e.g., the lower mud mat).  Accordingly, the 

chemistry of the water from the mud mats will be 

conditioned by the overlying saltstone.  As this 

water passes into the vadose zone, it is expected to 

alter the chemistry of the soil and the underlying 

groundwater. 

 

Note: The term “groundwater” may generally be 

applied to: (1) infiltrating water entering the vadose 

zone from the closure cap and backfill, (2) water 

that is present within the partially saturated vadose 

zone, or (3) water that is present within the 

saturated zone.  For this IM, the term 

“groundwater” is used to refer to both the water 

that is present within the partially saturated vadose 

zone and the water that is present within the 

saturated zone. 

As a model simplification, the vadose zone soils 

under the footprint of each SDU are assumed to be 

leachate-impacted until the overlying saltstone is 

fully oxidized.  [SRR-CWDA-2014-00006, Section 

4.4.1.4.5]  This change to the soil and groundwater 

chemistry will impact the transport properties of 

released radionuclides. [SRNL-STI-2009-00473] 

IM 15.18 
Lower Mud Mat to 

Vadose Zone 

FEP 3.3.19 

FEP 3.5.19 

FEP 5.1.05 

FEP 5.2.02 

FEP 5.3.01 

FEP 5.3.02 

FEP 5.3.07 

 

Water within the lower mud mat is expected to 

flow down (into the vadose zone).  The water in the 

lower mud mat comes from the backfill and 

through the liner separating the upper and lower 

mud mats at early times and increasingly from the 

upper mud mat (through the degraded liner) at later 

times. Contaminants that pass from the lower mud 

mat into the vadose zone are considered to be 

released from the SDU and become subject to 

environmental transport. 

As a model simplification, the vadose zone soils 

under the footprint of each SDU are assumed to be 

leachate-impacted until the overlying saltstone is 

fully oxidized.  [SRR-CWDA-2014-00006, Section 

4.4.1.4.5]  This change to the soil and groundwater 

chemistry will impact the transport properties of 

released radionuclides. [SRNL-STI-2009-00473] 

IM 16.07 
Backfill to Pore Water 

Chemistry 

FEP 3.5.01 

FEP 3.5.02 

FEP 3.5.03 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.17 

FEP 4.2.10 

Water entering the SDU from backfill material may 

introduce oxygen and carbon dioxide into the pore 

solution.  The incoming water will also dilute the 

concentrations of waste within the pore water.  

Carbon dioxide and oxygen may also be introduced 

into the pore water by diffusion. 

Oxidation processes and carbonation (leading to 

rust formation) are expected to occur along moving 

fronts.  [SRNL-STI-2009-00115] Processes are 

expected to be gradual, initially very slow but the 

rates will increase over time as the hydraulic 

conductivity, and to a lesser extent, effective 

diffusivity of the concrete increases.  
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IM 16.10 
Backfill to SDU 

Joints/ Waterstops 
FEP 5.2.02 

Water entering the SDU from backfill material may 

enter via construction joints and/or waterstops. 

[Figure 4.4-5 in SRR-CWDA-2016-00072] 

While the roof is undegraded, it is expected to shed 

a significant amount of water off the sides of the 

SDUs.  The water that sheds will move down along 

the walls of the SDUs, and some of it may enter the 

SDUs.  As the roof degrades, more water will enter 

the SDU from above, but most water is still 

expected to shed off the sides, making it available 

to enter through the joints and waterstops.  [Figure 

4.4-5 in SRR-CWDA-2016-00072] As the SDU 

concrete degrades, the differential in the hydraulic 

conductivities between the SDU concrete and the 

joints/waterstops will become smaller.  As such, 

overtime more of the incoming water will flow 

through the SDU concrete rather than through the 

joints/waterstops.  [Figure 4.4-12 in SRR-CWDA-

2016-00072] Note that in early times the amount of 

water flowing from backfill to SDU through 

joints/waterstops is expected to be small due to 

their small cross-sectional areas and the influence 

of the surrounding cementitious materials on the 

flow. 

IM 16.12 
Backfill to SDU Walls 

and Floor 

FEP 3.5.11 

FEP 3.5.12 

FEP 3.7.07 

FEP 5.2.01 

FEP 5.2.02 

Water from backfill material may enter the SDU 

via the SDU walls and/or the SDU floor.  The 

material properties (e.g., hydraulic conductivity, 

saturation, etc.) will influence the rates of flow as 

well as oxidation rates. 

While the roof is undegraded, it is expected to shed 

a significant amount of water off the sides of the 

SDUs.  The water that sheds will move down along 

the walls of the SDUs, and some of it may enter the 

SDUs.  As the roof degrades, more water will enter 

the SDU from above, but most water is still 

expected to shed off the sides, making it available 

to enter through the walls and floor.  Water 

entering the walls and floor from the backfill will 

introduce carbon dioxide, which will induce 

corrosion of support metal within the concrete and 

result in degradation of the concrete.   
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IM 16.13 
Backfill to Upper Mud 

Mat 
FEP 5.2.02 

Water from backfill material may enter the upper 

mud mat. The material properties (e.g., hydraulic 

conductivity, saturation, etc.) will influence the 

rates of flow. 

It is expected that while the liner between the mud 

mats remains intact, most of the water entering into 

the upper mud mat will come from above.  As 

gravity pulls the water down, it will contact the 

liner then be diverted laterally (radially outward).  

As such, it is unlikely that water will enter from the 

backfill into the upper mud mat until the liner 

degrades.  Once the liner is assumed to be degraded 

(see IM 13.14), it is expected that most of the flow 

will still enter the upper mud mat from the floor 

(i.e., only a small amount flow from the backfill 

will enter the mud mat, likely as an edge effect). 

IM 16.15 
Backfill to Lower 

Mud Mat 
FEP 5.2.02 

Water from backfill material may enter the lower 

mud mat. The material properties (e.g., hydraulic 

conductivity, saturation, etc.) will influence the 

rates of flow. 

It is expected that while the liner is intact, much of 

the water entering the lower mud mat will flow in 

laterally (radially inward) from the backfill into the 

lower mud mat.  This flow rate is expected to be 

relatively low, and will likely be driven by suction 

as pressure head in the backfill exceeds (is less 

negative) than that in the lower mud mat due to the 

lack of infiltration through the liner above the 

lower mud mat.  Once the liner is assumed to be 

degraded (see IM 13.14), it is expected that most of 

the flow will enter the lower mud mat from the 

upper mud mat (i.e., only a small amount flow 

from the backfill will enter the mud mat, likely as 

an edge effect). 

IM 16.17 

Backfill to 

Groundwater 

Chemistry 

FEP 3.3.04 

FEP 3.5.02 

FEP 4.3.04 

FEP 4.3.05 

 

As an engineered system component that is near 

equilibrium with the natural system, the backfill 

provides buffer between the cementitious materials 

and the vadose zone.  It will influence the evolution 

of the chemistry in the near-field environment in 

that water from the backfill material that passes 

into the groundwater will dilute the contaminant 

concentrations. 

The material properties of the backfill are assumed 

to remain constant over time.  As such the only 

evolution will be to flow conditions.  As the 

overlying closure cap degrades, more water will 

pass through the backfill and dilution will increase. 
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IM 16.18 
Backfill to Vadose 

Zone 

FEP 2.6.13 

FEP 3.4.01 

FEP 3.4.12 

FEP 5.1.15 

FEP 5.1.16 

FEP 5.2.02 

 

Backfill surrounding the SDUs shall retain 

moisture and act as a barrier to flow between the 

closure cap and the vadose zone. 

Changes to flow conditions from the backfill to the 

vadose zone might influence the thickness of the 

vadose zone.  Specifically, if more water flows 

from the backfill, it could contribute more water to 

the surface of the water table, thus raising the water 

table thereby reducing the thickness of the vadose 

zone.  Note that the initial emplacement of backfill 

is likely to have an opposite influence wherein the 

presence of backfill is likely to cause the water 

table to become lower, as the backfill will mitigate 

the downward movement of infiltrating water.  As 

a modeling simplification, this potential 

phenomenon shall be ignored; however it may be 

addressed via alternative conceptual models. 

IM 17.16 
Groundwater 

Chemistry to Backfill 

FEP 3.5.02 

FEP 3.5.08 

FEP 3.5.09 

Water within the backfill material is considered to 

be groundwater.  As such, the assumed chemistry 

of water within the backfill material shall be 

defined based on groundwater chemistry.  

The material properties of the backfill are assumed 

to remain constant over time.  Most of the minerals 

(and chemical properties) leached from the SDU 

are expected to migrate in a general downward 

direction.  However, it is also reasonable to expect 

that a small amount of the leachate material may 

migrate laterally (via walls or floors or joints), and 

into the groundwater within the backfill.  This 

material may influence the chemistry of the 

groundwater, yet compared to the downward 

leachate, the lateral releases are expected to trivial.  

Therefore, as a simplifying modeling assumption, 

the effects of lateral leaching on chemistry will be 

ignored. 
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IM 17.18 

Groundwater 

Chemistry to Vadose 

Zone 

FEP 5.2.08 

FEP 5.3.01 

FEP 5.3.05 

Water within the vadose zone (i.e., above the water 

table but beneath the SDUs and beneath the backfill 

surrounding the SDUs) is considered to be 

groundwater.  The chemistry of this groundwater 

may influence the transport properties of 

contaminants within the vadose zone. 

It is expected that the chemical composition of the 

groundwater within the vadose zone will be heavily 

influenced by leachates and contaminants from the 

SDUs.  In particular, it is expected that 

groundwater will have an altered chemical state 

within the footprint of the SDUs.  Over time, as 

leachates migrate through the system and as 

additional water infiltrates in, the chemistry of the 

groundwater within the vadose zone is expected to 

approach equilibrium with natural (uninhibited) 

groundwater. 

IM 17.19 

Groundwater 

Chemistry to Saturated 

Zone 

FEP 5.2.08 

FEP 5.3.01 

FEP 5.3.05 

Water within the saturated zone is considered to be 

groundwater.  The chemistry of this groundwater 

may influence the transport properties 

contaminants within the saturated zone. 

It is expected that contaminants within the 

groundwater of the vadose zone will migrate into 

the saturated zone, such that these contaminant 

concentrations in the groundwater chemistry will 

generate a contaminant plume within the saturated 

zone. 

IM 17.20 

Groundwater 

Chemistry to 1-Meter 

or 100-Meter Well 

FEP 2.5.04 

FEP 3.5.04 

FEP 4.3.04 

FEP 4.3.05 

FEP 5.1.17 

FEP 5.1.18 

FEP 5.3.01 

FEP 5.3.04 

FEP 5.3.05 

FEP 5.3.13 

FEP 5.4.01 

FEP 5.4.07 

The hypothetical wells (the 1-meter well and 100-

meter well) are assumed to be drawn from 

groundwater aquifer(s) that contain contaminant 

plumes. [SRR-CWDA-2013-00058] 

It is expected that most of the contaminants will be 

concentrated in relatively shallow aquifers.  It is 

normal practice in the area to drill drinking water 

wells into relatively deeper aquifers.  [SRS-REG-

2007-00029; SRR-CWDA-2010-00054]  However, 

for defensibility, the Central Scenario shall assume 

that water is drawn from shallow wells that are 

downgradient from the disposal facility.  It is 

expected that as waste is released from the SDUs it 

will migrate downgradient and will intercept the 1-

meter well location(s) first.  Then based on 

contaminant transport properties, the plumes will 

eventually intercept the 100-meter well(s) at some 

later time.  Due to plume spreading and dilution, it 

is expected that the further the well is from the 

SDUs, the lower the contaminant concentrations 

will be. 
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IM 17.21 

Groundwater 

Chemistry to Surface 

Streams 

FEP 2.5.04 

FEP 2.8.07 

FEP 3.5.04 

FEP 4.3.04 

FEP 4.3.05 

FEP 5.2.08 

FEP 5.3.01 

FEP 5.3.04 

FEP 5.3.05 

FEP 5.3.13 

FEP 5.4.01 

FEP 5.4.07 

Nearby surface streams are assumed to provide 

access points for contaminant plumes. 

It is expected that waste released from the SDUs 

will eventually migrate to nearby surface streams.  

However, due to distance and the influences of 

plume spreading and dilution, it is expected that 

any contaminated groundwater reaching these 

streams will be in the distant future and have 

relatively low concentrations. 

IM 18.15 
Vadose Zone to Lower 

Mud Mat 

FEP 2.8.08 

FEP 5.2.01 

Moisture from the vadose zone may migrate into 

the lower mud mats. 

While unlikely to be significant, it is possible that 

wastes within the vadose zone may show upward 

mobility into the lower mud mats via diffusion or 

capillary rise or matric suction.  It is expected that 

if these effects occur, it would slow the migration 

of waste to the receptor.  Therefore, for the Central 

Scenario, these conditions will be ignored. 

IM 18.16 
Vadose Zone to 

Backfill 

FEP 2.8.08 

FEP 5.2.01 

Moisture from the vadose zone may migrate into 

the backfill material. 

While unlikely to be significant, it is possible that 

wastes within the vadose zone may show upward 

mobility into the backfill via diffusion or matric 

suction.  It is expected that if these effects occur, it 

would slow the migration of waste to the receptor.  

Therefore, for the Central Scenario, these 

conditions will be ignored. 

IM 18.17 

Vadose Zone to 

Groundwater 

Chemistry 

FEP 3.3.04 

FEP 3.5.02 

FEP 3.5.06 

FEP 3.5.19 

FEP 5.1.05 

FEP 5.4.01 

FEP 5.4.03 

SDU releases and minerals that leach from the 

cementitious materials may migrate through the 

vadose zone and contaminate groundwater. 

As a partially saturated solid media, the vadose 

zone is expected to act as a buffer between the 

SDUs and groundwater within the saturated zone.  

It also expected that minerals from the cementitious 

materials of the SDUs (concrete and saltstone) will 

leach into the vadose zone and alter the chemistry 

of the vadose zone soil.  It is expected that this 

altered chemical state will influence the transport 

properties of the contaminants. [SRNL-STI-2009-

00473] 
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IM 18.19 
Vadose Zone to 

Saturated Zone 

FEP 2.5.02 

FEP 2.5.03 

FEP 2.5.05 

FEP 3.3.04 

FEP 3.4.06 

FEP 3.4.07 

FEP 5.1.05 

FEP 5.1.06 

FEP 5.1.15 

FEP 5.1.16 

FEP 5.1.19 

FEP 5.2.02 

FEP 5.2.04 

FEP 5.2.06 

FEP 5.2.08 

FEP 5.3.01 

FEP 5.4.01 

Water from the vadose zone will flow down and 

provide recharge for the saturated zone. 

Water within the vadose zone is expected to flow 

downward (pulled by gravity) towards the saturated 

zone.  The flow rates will be defined by the soil 

saturation, moisture retention properties, and the 

hydraulic conductivity of the soils (i.e., the 

lithology).  Vadose zone lithology is assumed to be 

clayey.  It is expected that the thickness of the 

vadose zone will undergo seasonal fluctuations; 

however, for the long-term modeling in the Central 

Scenario, an annual average thickness is assumed 

as a constant.  Contaminants that release into the 

vadose zone shall be simulated as flowing in a 

vertical direction before changing direction in the 

saturated zone, where it is assumed to flow 

horizontally (or longitudinally). 

IM 19.18 
Saturated Zone to 

Vadose Zone 

FEP 3.5.02 

FEP 5.1.06 

FEP 5.1.15 

The depth to the water table (i.e., the top surface of 

the saturated zone) defines the thickness of the 

vadose zone.  Additionally, groundwater from the 

saturated zone is used to define initial groundwater 

chemistry for both the saturated zone and the 

vadose zone. 

Aside from being used to define the thickness of 

the vadose zone and the initial groundwater 

chemistry within the vadose zone, the saturated 

zone is not expected to influence the evolution of 

the vadose zone.  
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IM 19.20 

Saturated Zone to 1-

Meter or 100-Meter 

Well 

FEP 1.3.04 

FEP 3.4.09 

FEP 4.3.05 

FEP 4.5.01 

FEP 5.1.02 

FEP 5.1.18 

FEP 5.2.02 

FEP 5.2.03 

FEP 5.2.04 

FEP 5.2.06 

FEP 5.3.01 

FEP 5.3.05 

FEP 5.4.01 

FEP 5.4.07 

Contaminant plume concentrations within the 

saturated zone are used to determine the 

contaminant concentrations for the receptor wells. 

It is expected that most of the contaminants will be 

concentrated in relatively shallow aquifers while it 

is normal practice in the area to drill groundwater 

wells in to relatively deeper aquifers. [SRS-REG-

2007-00029; SRR-CWDA-2010-00054] However, 

for defensibility, the Central Scenario shall assume 

that water is drawn from shallow wells that are 

downstream from the disposal facility.  It is 

expected that as waste is released from the SDUs it 

will migrate downstream and will intercept the 1-

meter well location(s) first.  Then based on 

contaminant transport properties, the plumes will 

intercept the 100-meter well(s) at some later time.  

Due to plume spreading and dilution, it is expected 

that the further the well is from the SDUs, the 

lower the contaminant concentrations will be. 

IM 19.21 
Saturated Zone to 

Surface Streams 

FEP 2.5.02 

FEP 2.8.02 

FEP 2.8.07 

FEP 2.8.10 

FEP 3.4.09 

FEP 4.3.05 

FEP 5.1.02 

FEP 5.1.04 

FEP 5.1.18 

FEP 5.2.02 

FEP 5.2.03 

FEP 5.2.04 

FEP 5.2.06 

FEP 5.2.08 

FEP 5.3.01 

FEP 5.3.05 

FEP 5.4.01 

FEP 5.4.07 

Nearby surface streams are assumed to provide 

access points for contaminant plumes. 

It is expected that waste released from the SDUs 

will eventually migrate to nearby surface streams.  

However, due to distance and the influences of 

plume spreading and dilution, it is expected that 

any contaminated groundwater reaching these 

streams will be in the distant future and have 

relatively low concentrations. 



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

Page 107 of 160 

IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 20.22 
1-Meter or 100-Meter 

Well to Soil 

FEP 1.1.07 

FEP 2.2.04 

FEP 4.3.06 

FEP 5.3.13 

Contaminated well water will contaminate soil 

during irrigation. 

It is assumed that water from the contaminated 

well(s) will be used to irrigate local crops, thus 

contaminating the soil.   As a model simplification, 

a soil “buildup” time is applied in which the 

accumulation of waste within soils occurs.  It is 

assumed that any soil contamination that occurs 

remains within the soil for this set period and is 

available for uptake. [SRR-CWDA-2013-00058] 

IM 20.23 
1-Meter or 100-Meter 

Well to Vegetation 

FEP 1.1.07 

FEP 2.2.04 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.02 

FEP 4.4.03 

FEP 5.3.13 

Contaminated well water will contaminate crops 

during irrigation. 

It is assumed that water from the contaminated 

well(s) will be used to irrigate local crops, thus 

contaminating the vegetation. [SRR-CWDA-2013-

00058]   

IM 20.24 
1-Meter or 100-Meter 

Well to Livestock 

FEP 1.1.07 

FEP 2.2.04 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.02 

FEP 4.4.03 

FEP 5.3.13 

Contaminated well water will contaminate 

livestock through their drinking supply. 

It is assumed that water from the contaminated 

well(s) will be used as drinking water for local 

livestock, thus contaminating the livestock. [SRR-

CWDA-2013-00058]     

IM 20.25 
1-Meter or 100-Meter 

Well to Human 

FEP 1.1.07 

FEP 2.2.02 

FEP 4.2.08 

FEP 4.4.01 

FEP 4.4.02 

FEP 4.4.03 

FEP 5.3.13 

Contaminated well water will contaminate the 

human receptors via the drinking supply and water 

used for bathing/washing. 

It is assumed that water from the contaminated 

well(s) will be used by local human receptors as a 

source for drinking water and for bathing, thus 

contaminating the humans. [SRR-CWDA-2013-

00058]  The emanation coefficient for radon has 

been considered, but is conservatively assumed to 

be equal to 1 for PA modeling.       

IM 20.26 
1-Meter or 100-Meter 

Well to Exposure/Risk 

FEP 4.2.08 

FEP 4.4.01 

The impact of contaminants will be determined as a 

function of the concentrations within the source 

water. 

The impact of contaminants will be determined as a 

function of the concentrations within the source 

water. 

IM 21.25 
Surface Streams to 

Human 

FEP 2.2.06 

FEP 4.2.08 

FEP 4.4.01 

Contaminated water within nearby streams will 

contaminate the human receptors via swimming, 

boating, and fishing activities. 

It is assumed that the local human receptors will 

swim, boat, and fish in the nearby streams, thus the 

human will be exposed to the contaminants from 

the nearby streams. [SRR-CWDA-2013-00058]       
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 21.26 
Surface Streams to 

Exposure/Risk 

FEP 2.2.01 

FEP 2.2.02 

FEP 2.2.04 

FEP 2.2.05 

FEP 2.2.06 

FEP 4.2.08 

FEP 4.4.01 

The impact of contaminants will be determined as a 

function of the concentrations within the source 

water. 

Given that nearby surface streams are small relative 

to other nearby bodies of water (i.e., the Savannah 

River) it is unlikely that people in the future would 

make extensive use of these streams for 

recreational purposes.  However, for conservatism, 

it shall be assumed that the MOP and the IHI 

participate in recreational activities (i.e., 

swimming, boating, and fishing) at these streams.  

The impact of contaminants will be determined as a 

function of the concentrations within the source 

water. [SRR-CWDA-2013-00058]        

IM 22.18 Soil to Vadose Zone FEP 4.3.06 

Contamination in soils may accumulate (i.e., soil 

recycling) and influence the underlying vadose 

zone. 

As a model simplification, a soil “buildup” time is 

applied in which the accumulation of waste within 

soils occurs over a set time.  It is assumed that any 

soil contamination that occurs remains within the 

soil for this set period and is available for uptake. 

[SRR-CWDA-2013-00058] Dose calculations for 

the Central Scenario do not explicitly account for 

contamination that may migrate from the soil back 

into the vadose zone. 

IM 22.23 Soil to Vegetation 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.02 

FEP 4.4.03 

Contamination within soils is assumed to be 

available for biotic uptake by plants and animals. 

It is assumed that a fraction of contaminated soil 

remains on fruits and vegetables.  The soil that is 

not washed off from the fruits and vegetables as 

part of food preparation is assumed to be part of the 

contamination of the plant life. [SRR-CWDA-

2013-00058] 

IM 22.24 Soil to Livestock 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.03 

Contamination within soils is assumed to be 

available for biotic uptake by plants and animals. 

As a conservative modeling assumption, it is 

assumed that fodder for feeding local livestock 

comes from contaminated sources.  As such the soil 

on the fodder (as assumed per IM 22.23) also 

impacts the livestock contamination. [SRR-

CWDA-2013-00058] 
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 22.25 Soil to Human 

FEP 1.1.07 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.02 

Contamination within soils is assumed to be 

available for biotic uptake by humans. 

As a conservative modeling assumption, it is 

assumed that the human receptor(s) inadvertently 

ingest a small amount of soil annually, and that the 

ingested soil has been contaminated. [SRR-

CWDA-2013-00058] 

IM 23.24 
Vegetation to 

Livestock 

FEP 2.4.06 

FEP 2.4.07 

FEP 4.4.03 

Livestock will consume contaminated vegetation. 

As a conservative modeling assumption, it is 

assumed that fodder for feeding local livestock 

comes from contaminated sources.  As such the 

fodder is expected to provide a path for further 

contaminating the livestock (in addition to the 

drinking water supply). [SRR-CWDA-2013-00058] 

IM 23.25 Vegetation to Human 

FEP 1.1.07 

FEP 4.4.01 

FEP 4.4.02 

The human receptor(s) will consume contaminated 

vegetation. 

It is assumed that the local human receptor(s) will 

consume contaminated vegetation.  As such the 

vegetation is expected to provide a path for further 

contamination (in addition to the drinking water 

supply). [SRR-CWDA-2013-00058] 

IM 24.25 Livestock to Human 

FEP 1.1.07 

FEP 4.4.01 

FEP 4.4.02 

The human receptor(s) will consume contaminated 

livestock. 

It is assumed that the local human receptor(s) will 

consume contaminated livestock.  As such the 

livestock is expected to provide a path for further 

contamination (in addition to the drinking water 

supply). [SRR-CWDA-2013-00058] 

IM 25.20 
Human to 1-Meter or 

100-Meter Well 

FEP 2.1.05 

FEP 2.2.01 

FEP 2.2.02 

FEP 2.2.04 

The human receptor(s) will choose the location and 

depth of their water well.   

Normal practice in the area is to drill groundwater 

wells into relatively deep aquifers. [SRS-REG-

2007-00029; SRR-CWDA-2010-00054] However, 

for defensibility, the Central Scenario shall assume 

that human receptor(s) preferentially draw water 

from shallow wells that are downstream from the 

disposal facility, where contaminant concentrations 

are highest.   

IM 25.26 
Human to 

Exposure/Risk 

FEP 1.2.05 

FEP 2.1.04 

FEP 2.1.06 

FEP 2.3.01 

FEP 2.3.03 

FEP 2.3.05 

Human behavior influences the rates of exposure. It 

is conservatively assumed that there will be no 

social or institutional developments which would 

preclude future human exposure.  

It is assumed that the human receptor(s) will 

exhibit behaviors which are likely to result in 

increased exposure to contaminants. 
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IM ID 
Impacted Leading 

Diagonal Elements 

Associated 

FEP(s) 
Off-Diagonal Element Interactions Description Expected Condition(s) for Scenario 

IM 26.25 
Exposure/Risk to 

Human 

FEP 4.4.01 

FEP 4.4.04 

FEP 4.4.05 

Contaminant dose conversion factors will be used 

to estimate potential doses to the human 

receptor(s). 

Contaminant dose conversion factors will be used 

to estimate potential doses to the human 

receptor(s). [SRR-CWDA-2013-00058] 
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4.0 RELATIONSHIPS BETWEEN THE FEPS AND THE 

INTERACTION MATRIX 

As described in Table 1.3-3, a FEP is any feature, event, or process. FEPs are described in the 

report: Features, Events, and Processes for the Saltstone Disposal Facility Performance 

Assessment. [SRR-CWDA-2017-00057]. 

The following describes the process (and intermediate results) for auditing the Central Scenario 

IM against the FEPs List from SRR-CWDA-2017-00057.  As was shown in Figure 1.2-2, before 

starting this audit, the FEPs List of 284 FEPs was reviewed and any FEPs that were not appropriate 

for explicit modeling were identified and excluded from this audit (see Section 4.1).  Section 4.2 

describes the audit based on the Central Scenario IM LDEs against the FEPs List.  Section 4.3 

repeats this process for the Central Scenario IM ODEs.  Section 4.4 describes how the remaining 

FEPs were used to inform the development of alternative scenarios. Finally, Section 4.5 describes 

the FEPs which were not explicitly addressed in the preceding sections, and provides an 

explanation for their exclusion from the Central Scenario IM or the ACMs. 

4.1 FEPs Excluded from the Audit 

Table 4.1-1 identifies each of the FEPs which were excluded from the audit process.  These FEPs 

were not included in consideration of the development of alternative modeling scenarios.  Most of 

these FEPs were excluded for one of three common reasons: (1) they are already addressed through 

documentation outside the PA, (2) they will be addressed external to the scope or context of SDF 

PA modeling, or (3) the FEP is so broad in scope such that other (more explicit) FEPs are used to 

address the specific conditions or issues raised by the FEP.  This table shows that 51 FEPs are 

excluded from this FEPs-to-IM audit process, leaving 233 remaining FEPs to be considered when 

developing alternative modeling scenarios. 

Table 4.1-1: FEPs Excluded from the Audit Process  

FEP ID FEP Name Justification for Exclusion 

1.1.01 Assessment Purpose This FEP is addressed in Section 1.4. 

1.1.02 Assessment Context Factors This FEP is addressed in Section 1.4. 

1.1.03 Assessment Conditions This FEP is addressed in Section 1.4. 

1.1.04 Assessment Timeframe (Phases of Disposal) This FEP is addressed in Table 1.3-2. 

1.1.05 Safety Effects Beyond Periods of Control 

This FEP is to be addressed as part of the updated PA.  

No interaction matrix elements are linked because this 

FEP is too broad. 

1.1.06 Spatial Domain of Concern   

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.1.08 Transparency of Assessment Approach 
This FEP is to be addressed through documentation 

(e.g., updated PA). 

1.1.09 Documentation and Presentation of Results 
This FEP is to be addressed through documentation 

(e.g., updated PA). 

1.2.01 Regulatory Compliance 
This FEP is to be addressed through documentation 

(e.g., updated PA). 

1.2.02 
Administrative Control of the Waste 

Closure Facility 
This FEP is addressed external to modeling activities. 
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FEP ID FEP Name Justification for Exclusion 

1.2.03 
Functional and Technical Requirements and 

Criteria 

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the Saltstone Facility Technical Safety Requirements 

(TSR) document: S-TSR-Z-00002. 

1.2.04 Performance Requirements and Criteria This FEP is addressed by Table 1.4-1. 

1.2.06 SDF Performance Period This FEP is addressed by Table 1.3-2. 

1.2.07 
Permitted Influent Waste Stream 

Compositions 

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the SDF Waste Acceptance Criteria (WAC): X-SD-Z-

00001 and X-SD-Z-00004. 

1.2.08 
Waste Classification and Characterization 

for Regulatory Compliance  

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the SDF WAC: X-SD-Z-00001 and X-SD-Z-00004. 

1.2.09 
Waste Acceptance Requirements and 

Criteria 

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the SDF WAC: X-SD-Z-00001 and X-SD-Z-00004. 

1.2.10 
Technical Safety Requirements for 

Operating the Saltstone Facility 

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the Saltstone Facility TSR document: S-TSR-Z-

00002. 

1.2.11 ALARA 
This FEP is to be addressed through documentation 

(e.g., updated PA). 

1.3.01 Model and Data Issues   

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.02 Conceptual Model Description This FEP is addressed via this report. 

1.3.03 Model Confidence 

This FEP is addressed external to modeling activities.  

Note: This FEP is to be addressed through ongoing 

monitoring, research, and maintenance activities. No 

interaction matrix elements are linked because this FEP 

is too broad. 

1.3.07 Model Approaches 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.08 Model Abstraction 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.09 Conservative Assessment Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.10 Realistic Assessment Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.12 
Reasonable Assurance Assessment 

Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.13 Systematic Assessment Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.14 Iterative Assessment Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 
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FEP ID FEP Name Justification for Exclusion 

1.3.15 Alternative Simplified Modeling Approach 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.16 Sensitivity Analyses 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.17 Uncertainties 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.18 Processing Limitations to Modeling 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.3.19 Software Codes 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

1.4.01 Target Audience (Stakeholder Involvement) This FEP is addressed external to modeling activities. 

1.4.02 Confidence Building (External to Modeling) 

This FEP is addressed external to modeling activities.  

Note: This FEP is to be addressed through ongoing 

monitoring, research, and maintenance activities. No 

interaction matrix elements are linked because this FEP 

is too broad. 

1.4.03 Development of Expertise This FEP is addressed external to modeling activities. 

1.4.04 Regulatory and Peer Reviews This FEP is addressed external to modeling activities. 

1.4.05 Monitoring and Surveillance 

This FEP is addressed external to modeling activities.  

Note: This FEP is to be addressed through ongoing 

monitoring, research, and maintenance activities. No 

interaction matrix elements are linked because this FEP 

is too broad. 

3.1.01 Site Characterization and Investigations 

This FEP is addressed external to modeling activities.  

Note: This FEP is to be addressed through ongoing 

monitoring, research, and maintenance activities. No 

interaction matrix elements are linked because this FEP 

is too broad. 

3.1.03 Facility Factors   

This FEP is addressed through other, more specific 

FEPs. No interaction matrix elements are linked because 

this FEP is too broad. 

3.2.02 Schedule and Planning   This FEP is addressed external to modeling activities. 

3.2.11 Operation   This FEP is addressed external to modeling activities. 

3.2.13 Disposal Unit and/or Facility Closure   This FEP is addressed external to modeling activities. 

3.5.15 Shrinking Core Model Applicability 

This FEP is to be addressed as part of model 

development or implementation.  No interaction matrix 

elements are linked because this FEP is too broad. 

3.5.26 Validation of Chemical Properties 

This FEP is addressed external to modeling activities.  

Note: This FEP is to be addressed through ongoing 

monitoring, research, and maintenance activities. No 

interaction matrix elements are linked because this FEP 

is too broad. 

3.8.05 
Inadequate Quality Assurance/Control and 

Deviations from Design   
This FEP is addressed external to modeling activities. 

3.8.08 Remedial Actions   This FEP is addressed external to modeling activities. 
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FEP ID FEP Name Justification for Exclusion 

4.1.08 SDF Waste Acceptance Criteria 

This FEP is addressed external to modeling activities.  

Note: This FEP is addressed through the implementation 

of the SDF WAC: X-SD-Z-00001 and X-SD-Z-00004. 

4.1.09 Waste Type Classification This FEP is addressed external to modeling activities. 

4.5.02 
Contaminants from Other Man-Made 

Sources or Facilities 

This FEP is outside the scope of the SDF PA modeling.  

This FEP is addressed through the SRS Composite 

Analysis (SRNL-STI-2009-00512) which considers 

contaminants from other sources or facilities. 

4.5.03 Natural or Background Radiation 

This FEP is outside the scope of the PA modeling; 

however, natural background radiation is a consideration 

for monitoring activities. 

Note: For a complete FEPs listing and a description of each FEP, refer to the SDF FEPs report (Features, Events, and Processes 

for the Saltstone Disposal Facility Performance Assessment).  [SRR-CWDA-2017-00057] 

4.2 FEPs Audit of Leading Diagonal Elements 

As described in Section 3.1, the Central Scenario IM developed in support of the SDF PA includes 

a specific set of leading diagonal elements.  These are described in Table 3.1-2, which also 

identifies FEPs that are directly associated with each of the leading diagonal elements.  After 

developing Table 3.1-2, the IM IDs were mapped to the FEPs List to determine which FEPs were 

addressed by the leading diagonal elements, and which FEPs still needed to be addressed.  Table 

4.2-1 shows the result of this audit by listing the 108 FEPs addressed through the leading diagonal 

elements.  This left 125 remaining FEPs to be addressed through interactions within the conceptual 

modeling scenarios. 

Table 4.2-1: FEPs-to-IM Audit: Leading Diagonal Elements 

FEP ID FEP Name Associated IM ID(s) 

1.1.07 Assessment Endpoints IM20.20 

1.3.05 Points of Assessment IM20.20 

1.3.06 Evaluate Multiple Endpoints IM20.20 

2.1.01 Definition of the Exposed Member of the Public IM25.25 

2.1.02 Human Physiology (Metabolism, Diet, and Fluid Intake)   IM25.25 

2.1.03 Demographics and Community IM25.25 

2.1.04 Human Behavior and Habits (Non-Diet Related)  IM25.25 

2.1.06 Human Dwellings  IM25.25 

2.2.04 Rural and Agricultural Land and Water Use   IM23.23, IM24.24 

2.3.02 Future Human Actions (Active)   IM25.25 

2.4.06 Biological Uptake IM23.23, IM24.24 

2.4.07 Bioaccumulation IM23.23, IM24.24 

2.5.03 Stratigraphy and Host Lithology IM19.19 

2.5.04 Near-Surface Aquifers and Water-Bearing Features   IM19.19 

2.5.07 Soils and Sediment IM16.16, IM18.18, IM22.22 

2.6.12 Hydrogeological Processes and Conditions IM18.18, IM19.19 

2.7.01 Climate and Weather IM01.01 

2.7.07 Precipitation   IM01.01 

2.8.01 Water IM01.01, IM07.07, IM17.17 

2.8.07 Surface-Water Bodies   IM21.21 

2.8.10 Discharge Zones Within the Assessment Domain IM21.21 
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FEP ID FEP Name Associated IM ID(s) 

3.1.04 Multi-Barrier Safety Function 

IM02.02, IM03.03, IM11.11, 

IM12.12, IM13.13, IM14.14, 

IM15.15, IM16.16 

3.2.01 Design Basis for Engineered Components  

IM02.02, IM03.03, IM05.05, 

IM06.06, IM09.09, IM10.10, 

IM11.11, IM12.12, IM13.13, 

IM14.14, IM15.15 

3.2.12 Removal or Stabilization of Waste IM05.05 

3.3.01 Closure System Features and Materials 

IM02.02, IM03.03, IM09.09, 

IM10.10, IM11.11, IM12.12, 

IM13.13, IM14.14, IM15.15 

3.3.02 Geometry of the Waste Tank, Container, or Package   

IM03.03, IM09.09, IM10.10, 

IM11.11, IM12.12, IM13.13, 

IM14.14, IM15.15 

3.3.03 Consolidation of System Components   IM02.02 

3.3.04 
Closure System Buffer (Closure Cap, Backfill, and Near-Field 

Soil) Properties 
IM02.02, IM16.16 

3.3.05 Clay (Bentonite and Vermiculite) Effects IM02.02 

3.3.06 Integrity of Non-cementitious Materials IM10.10 

3.3.08 Closure Cap Performance (Side Slopes) IM02.02 

3.3.09 Closure Cap Thickness and Material Properties IM02.02 

3.3.10 Closure Cap Performance (Hydraulic Properties) IM02.02 

3.3.11 
Performance of Disposal Structure Roofs and HDPE/GCL 

Layers 
IM02.02, IM03.03, IM11.11 

3.3.12 Waste Tank, Container, or Package: Physical Characteristics 

IM03.03, IM05.05, IM09.09, 

IM10.10, IM12.12, IM13.13, 

IM14.14, IM15.15 

3.3.13 Waste Tank, Container, or Package: Chemical Characteristics IM06.06, IM07.07 

3.3.14 
Waste Tank, Container, or Package: Mechanical 

Characteristics 

IM03.03, IM09.09, IM10.10, 

IM11.11, IM12.12, IM13.13, 

IM14.14, IM15.15 

3.3.15 Disposal Unit Drainage System IM02.02, IM10.10, IM11.11 

3.3.16 Pore Space Interconnectivity IM05.05 

3.3.18 Leak Tightness of System IM10.10, IM11.11, IM12.12 

3.3.19 Discrete Engineering Features 

IM02.02, IM03.03, IM09.09, 

IM10.10, IM11.11, IM12.12, 

IM13.13, IM14.14, IM15.15 

3.3.20 Saltstone Formula IM05.05, IM06.06, IM07.07 

3.4.02 Hydraulic Conductivity of Concrete and Saltstone IM03.03, IM05.05 

3.4.03 Hydraulic Performance of the Waste Form IM05.05 

3.4.04 Hydraulic Performance of the Closure Cap IM02.02 

3.5.01 Chemical Degradation IM03.03, IM07.07, IM09.09, IM12.12 

3.5.02 Evolving Water Chemistry in the Near-Field IM17.17 

3.5.03 
Evolving Water Chemistry in the Engineered System and 

Waste Form  
IM07.07 

3.5.04 Evolving Water Chemistry in the Far-Field IM17.17 

3.5.06 Chemical/Geochemical Processes and Conditions IM07.07, IM17.17 

3.5.07 Chemical Condition Transitions IM07.07, IM17.17 

3.5.08 pH Conditions   IM07.07, IM17.17 

3.5.09 Eh Conditions   IM07.07, IM17.17 

3.5.10 Sulfate Attack IM03.03, IM07.07, IM12.12 
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FEP ID FEP Name Associated IM ID(s) 

3.5.11 Carbon Dioxide Influx IM03.03, IM07.07, IM12.12 

3.5.12 Oxidation Influx IM03.03, IM07.07, IM12.12 

3.5.14 Reduction Capacity IM06.06 

3.5.16 Re-Reduction and Re-Concentration IM06.06 

3.7.04 
Degradation of Non-Metal Solids: Backfill, Rock, Grout, 

Cement, etc. 
IM16.16 

3.7.12 HDPE Degradation IM11.11, IM14.14 

3.7.13 GCL Degradation IM14.14 

3.7.14 Joint and Polymer Degradation   IM10.10 

3.7.16 Waste form chemical degradation IM07.07 

3.7.17 Carbonation IM03.03, IM09.09, IM12.12 

3.7.18 Sulfate Attack IM03.03, IM09.09, IM12.12 

3.7.22 Chemical Degradation of Engineered System Metals IM09.09, IM12.12 

4.1.01 Highly Radioactive Radionuclides (HRRs) IM04.04 

4.1.02 Metallic Wastes   IM04.04 

4.1.03 Non-Metallic, Inorganic Wastes   IM04.04 

4.1.04 Organic Wastes   IM04.04 

4.1.05 Volatiles and Potential for Volatility IM04.04, IM08.08 

4.2.01 Waste Form Characteristics IM04.04, IM05.05 

4.2.02 Radioactive Decay and In-Growth IM04.04, IM07.07 

4.2.09 

Solubility and Sorption Changes From Chemical and 

Temperature Interactions    IM07.07 

4.3.01 Waste Inventory IM04.04 

4.3.03 Waste Inventory (Disposal Configuration) IM04.04 

4.3.04 Contaminant Concentrations in Water and Other Media IM17.17, IM20.20, IM21.21 

4.3.06 Radionuclide Accumulation (Recycling) in Soils   IM22.22 

4.4.01 Human Exposure Pathways 
IM20.20, IM21.21, IM22.22, 

IM23.23, IM24.24, IM25.25 

4.4.02 Food Preparation and Water Processing IM23.23, IM24.24 

4.4.03 
Animal, Plant, and Microbe Uptake and Migration of 

Contaminants 
IM23.23, IM24.24 

4.4.04 Radiological and Chemical Toxicity/Effects   IM26.26 

4.4.05 Radiological Dose Effects/Risks IM26.26 

4.4.06 
Radon and Radon Daughter Exposure (Noble Gas 

Contamination)  
IM08.08, IM26.26 

5.1.01 Groundwater Flow and Movement (Near-Field) IM18.18 

5.1.02 Groundwater Flow and Movement (Far-Field) IM19.19 

5.1.04 External Flow Boundaries IM02.02, IM19.19, IM21.21 

5.1.05 Unsaturated Zone Properties IM18.18 

5.1.06 Thickness of the Saturated Zone and the Vadose Zone IM18.18, IM19.19 

5.1.15 Vadose Zone Depth IM18.18 

5.1.16 Saturated Zone Depth IM19.19 

5.1.17 Depth of Assessment Well IM20.20 

5.1.18 Horizontal Distance to Points of Assessment IM20.20, IM21.21 

5.1.20 Chemical Composition of Infiltrating Rainwater IM17.17 

5.2.02 Advection IM05.05, IM18.18, IM19.19 

5.2.04 Hydraulic Conductivities in the Natural Barrier IM18.18, IM19.19 

5.2.06 Hydraulic Potentials and Gradients   IM19.19 

5.2.11 
Effects Related to Air and Vapor Flow and Evaporation 

within the System 
IM08.08 

5.3.01 Contaminant Release and Migration Factors IM06.06, IM07.07, IM08.08 
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FEP ID FEP Name Associated IM ID(s) 

5.3.02 
Contaminant Release from the Waste Form and Engineered 

Barrier System 
IM06.06, IM07.07, IM08.08 

5.3.05 Water-Mediated Migration of Contaminants IM17.17, IM18.18, IM19.19 

5.3.07 Cementitious Leachate Impacts on Underlying Sediment IM17.17 

5.3.08 Reduction-Oxidation Potential (Redox Fronts) IM06.06 

5.3.10 Gas-Mediated Migration of Contaminants IM08.08 

5.3.12 Multiphase Transport Processes   IM07.07, IM08.08 

5.3.13 Radionuclide Fluxes to the Biosphere IM20.20, IM21.21 

5.4.02 Kd Retardation: Correlations IM07.07 

5.4.07 Solubility Limits IM04.04, IM07.07 

Note: For a complete FEPs listing and a description of each FEP, refer to the SDF FEPs report (Features, Events, and Processes 

for the Saltstone Disposal Facility Performance Assessment).  [SRR-CWDA-2017-00057] Similarly, Table 3.1-2 provides 

descriptions for each of the Leading Diagonal Elements. 

4.3 FEPs Audit for the Central Scenario 

After developing the IM for the Central Scenario (see Table 3.2-1 and Table A-1) the IM IDs were 

mapped to the FEPs List to determine which FEPs were addressed by the Central Scenario IM, 

and which FEPs still needed to be addressed.  This audit is shown in Table 4.3-1.  This table shows 

that 163 FEPs are addressed.  Note that this listing includes the FEPs associated with the leading 

diagonal elements (i.e., there is some overlap).  This leaves 70 remaining FEPs to be addressed 

through ACMs or through sensitivity models or additional discussions (see Sections 4.4 and 4.5). 

Table 4.3-1: FEPs-to-IM Audit: Central Scenario 

FEP 

ID 
FEP Name Central Scenario IM ID(s) 

1.1.07 Assessment Endpoints 
IM20.20, IM20.22, IM20.23, IM20.24, 

IM20.25, IM22.25, IM23.25, IM24.25 

1.2.05 Protection of Human Health and the Environment IM25.26 

1.3.04 Model Calibration with SDU 4 Data IM19.20 

1.3.05 Points of Assessment IM20.20 

1.3.06 Evaluate Multiple Endpoints IM20.20 

2.1.01 Definition of the Exposed Member of the Public IM25.25 

2.1.02 Human Physiology (Metabolism, Diet, and Fluid Intake)   IM25.25 

2.1.03 Demographics and Community IM25.25 

2.1.04 Human Behavior and Habits (Non-Diet Related)  IM25.25, IM25.26 

2.1.05 Anthropogenic features IM25.20 

2.1.06 Human Dwellings  IM25.25, IM25.26 

2.2.01 Natural and Geological Resources and Land Use IM21.26, IM25.20 

2.2.02 Water Management IM20.25, IM21.26, IM25.20 

2.2.04 Rural and Agricultural Land and Water Use   
IM20.22, IM20.23, IM20.24, IM21.26, 

IM23.23, IM24.24, IM25.20 

2.2.05 Urban and Industrial Land and Water Use IM21.26 

2.2.06 Leisure and Other Uses of the Environment IM21.25, IM21.26 

2.3.01 Future Knowledge of the Facility IM25.26 

2.3.02 Future Human Actions (Active)   IM25.25 

2.3.03 Social and Institutional Developments   IM25.26 

2.3.05 No Technological Development IM25.26 

2.4.06 Biological Uptake 
IM20.23, IM20.24, IM22.23, IM22.24, 

IM22.25, IM23.23, IM23.24, IM24.24 
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FEP 

ID 
FEP Name Central Scenario IM ID(s) 

2.4.07 Bioaccumulation 
IM20.23, IM20.24, IM22.23, IM22.24, 

IM22.25, IM23.23, IM23.24, IM24.24 

2.5.01 Topography and Landforms IM01.16, IM01.19 

2.5.02 Geological Environment and Processes IM18.19, IM19.21 

2.5.03 Stratigraphy and Host Lithology IM18.19, IM19.19 

2.5.04 Near-Surface Aquifers and Water-Bearing Features   IM17.20, IM17.21, IM19.19 

2.5.05 Hydraulic Properties   IM18.19 

2.5.07 Soils and Sediment IM16.16, IM18.18, IM22.22 

2.6.12 Hydrogeological Processes and Conditions IM18.18, IM19.19 

2.6.13 Impact of the Engineered System on Geologic Processes IM16.18 

2.7.01 Climate and Weather IM01.01, IM01.02 

2.7.02 Atmosphere IM08.07, IM08.25, IM08.26 

2.7.04 Warm Weather Effects IM01.02 

2.7.05 Solar Radiation IM01.02, IM01.16 

2.7.07 Precipitation   
IM01.01, IM01.16, IM01.17, IM01.18, 

IM01.19 

2.8.01 Water 

IM01.01, IM01.02, IM01.16, IM01.18, 

IM06.07, IM07.03, IM07.07, IM07.08, 

IM08.07, IM17.17 

2.8.02 Hydrological Regime and Water Balance (Near-Surface) 
IM01.02, IM01.16, IM01.18, IM01.19, 

IM19.21 

2.8.03 Evapotranspiration   IM01.02, IM01.16, IM01.18, IM01.19 

2.8.04 Infiltration and Recharge   
IM01.02, IM01.16, IM01.17, IM01.18, 

IM01.19 

2.8.06 Surface Runoff  IM01.02, IM01.16, IM01.18, IM01.19 

2.8.07 Surface-Water Bodies   IM17.21, IM19.21, IM21.21 

2.8.08 Capillary Rise   IM18.15, IM18.16 

2.8.10 Discharge Zones Within the Assessment Domain IM19.21, IM21.21 

3.1.04 Multi-Barrier Safety Function 

IM02.02, IM02.03, IM03.03, IM11.11, 

IM12.12, IM13.13, IM14.14, IM15.15, 

IM16.16 

3.2.01 Design Basis for Engineered Components  

IM02.02, IM02.03, IM03.03, IM03.10, 

IM04.12, IM05.05, IM06.06, IM09.09, 

IM10.10, IM11.11, IM12.12, IM13.13, 

IM14.14, IM15.15 

3.2.12 Removal or Stabilization of Waste IM04.05, IM04.06, IM05.05 

3.3.01 Closure System Features and Materials 

IM02.02, IM03.03, IM09.09, IM10.10, 

IM11.11, IM12.12, IM13.13, IM14.14, 

IM15.15 

3.3.02 Geometry of the Waste Tank, Container, or Package   

IM03.03, IM09.04, IM09.09, IM10.10, 

IM11.11, IM12.12, IM13.13, IM14.14, 

IM15.15 

3.3.03 Consolidation of System Components   IM02.02, IM02.03 

3.3.04 
Closure System Buffer (Closure Cap, Backfill, and Near-

Field Soil) Properties 

IM02.02, IM02.03, IM16.16, IM16.17, 

IM18.17, IM18.19  

3.3.05 Clay (Bentonite and Vermiculite) Effects IM02.02, IM02.16 

3.3.06 Integrity of Non-Cementitious Materials IM10.03, IM10.10, IM10.12, IM10.16 

3.3.08 Closure Cap Performance (Side Slopes) IM02.02, IM02.03, IM02.16  

3.3.09 Closure Cap Thickness and Material Properties 
IM01.02, IM02.02, IM02.03, IM02.16, 

IM03.02 
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FEP 

ID 
FEP Name Central Scenario IM ID(s) 

3.3.10 Closure Cap Performance (Hydraulic Properties) IM02.02, IM02.03, IM02.16, IM03.02 

3.3.11 
Performance of Disposal Structure Roofs and 

HDPE/GCL Layers 

IM01.02, IM02.02, IM02.03, IM02.16, 

IM03.02, IM03.03, IM03.10, IM03.16, 

IM11.11, IM13.14, IM15.14 

3.3.12 
Waste Tank, Container, or Package: Physical 

Characteristics 

IM03.03, IM05.05, IM09.09, IM10.10, 

IM12.12, IM13.13, IM14.14, IM15.15 

3.3.13 
Waste Tank, Container, or Package: Chemical 

Characteristics 
IM04.07, IM06.06, IM06.07, IM07.07 

3.3.14 
Waste Tank, Container, or Package: Mechanical 

Characteristics 

IM03.03, IM09.09, IM10.10, IM11.11, 

IM12.12, IM13.13, IM14.14, IM15.15 

3.3.15 Disposal Unit Drainage System IM02.02, IM02.03, IM10.10, IM11.11 

3.3.16 Pore Space Interconnectivity IM03.05, IM04.05, IM04.06, IM05.05 

3.3.18 Leak Tightness of System 
IM03.10, IM05.12, IM10.03, IM10.10, 

IM10.12, IM10.16, IM11.11, IM12.12 

3.3.19 Discrete Engineering Features 

IM02.02, IM03.03, IM03.10, IM05.10, 

IM05.12, IM09.09, IM10.03, IM10.10, 

IM10.12, IM10.13, IM10.16, IM11.11, 

IM12.12, IM12.13, IM12.16, IM13.13, 

IM14.14, IM15.15, IM15.16, IM15.18 

3.3.20 Saltstone Formula IM05.05, IM06.06, IM07.07 

3.4.01 Hydrological Processes and Conditions IM01.02, IM16.18 

3.4.02 Hydraulic Conductivity of Concrete and Saltstone 

IM03.02, IM03.03, IM03.05, IM05.05, 

IM05.06, IM05.07, IM05.08, IM05.09,  

IM05.10, IM05.12 

3.4.03 Hydraulic Performance of the Waste Form IM05.05 

3.4.04 Hydraulic Performance of the Closure Cap IM02.02, IM02.16, IM03.16 

3.4.06 Moisture Characteristic Curves IM18.19 

3.4.07 Hydrostatic Pressure on the Closure System IM18.19 

3.4.09 Dispersivity In the Saturated Zone IM19.20, IM19.21 

3.4.12 Resaturation and Desaturation   IM01.17, IM16.18 

3.5.01 Chemical Degradation 

IM03.03, IM04.12, IM05.06, IM05.07, 

IM05.08, IM06.09, IM06.12, IM06.13, 

IM06.15, IM07.07, IM07.09, IM07.12, 

IM07.13, IM07.15, IM08.12, IM09.09, 

IM09.12, IM12.12, IM16.07 

3.5.02 Evolving Water Chemistry in the Near-Field 

IM04.16, IM04.17, IM06.16, IM07.15, 

IM07.16, IM07.17, IM07.18, IM15.17, 

IM16.07, IM16.17, IM17.16, IM17.17, 

IM18.17, IM19.18 

3.5.03 
Evolving Water Chemistry in the Engineered System and 

Waste Form  

IM04.12, IM05.07, IM05.12, IM06.07, 

IM06.09, IM06.12, IM06.13, IM06.15, 

IM07.03, IM07.07, IM07.08, IM07.09, 

IM07.12, IM07.13, IM07.15, IM08.06, 

IM08.07, IM08.12, IM12.06, IM16.07 

3.5.04 Evolving Water Chemistry in the Far-Field 
IM07.16, IM07.17, IM07.18, IM17.17, 

IM17.20, IM17.21 
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FEP 

ID 
FEP Name Central Scenario IM ID(s) 

3.5.06 Chemical/Geochemical Processes and Conditions 

IM02.16, IM05.07, IM05.12, IM06.07, 

IM06.09, IM06.12, IM06.13, IM06.15, 

IM06.16, IM07.03, IM07.07, IM07.09, 

IM07.12, IM07.13, IM07.15, IM07.16, 

IM07.17, IM07.18, IM08.12, IM12.06, 

IM17.17, IM18.17 

3.5.07 Chemical Condition Transitions 

IM02.07, IM05.07, IM05.12, IM06.07, 

IM06.09, IM06.12, IM06.13, IM06.15, 

IM07.07, IM07.09, IM07.12, IM07.13, 

IM07.15, IM07.16, IM12.06, IM17.17 

3.5.08 pH Conditions   

IM05.07, IM05.09, IM05.12, IM07.07, 

IM07.09, IM07.12, IM07.13, IM07.15, 

IM07.16, IM07.17, IM07.18, IM15.17, 

IM17.16, IM17.17 

3.5.09 Eh Conditions   

IM05.07, IM05.09, IM05.12, IM06.07, 

IM06.09, IM06.12, IM06.13, IM06.15, 

IM07.07, IM07.09, IM07.12, IM07.13, 

IM07.15, IM07.16, IM07.17, IM07.18, 

IM08.06, IM08.07, IM15.17, IM17.16, 

IM17.17  

3.5.10 Sulfate Attack 

IM03.03, IM04.12, IM05.07, IM05.09, 

IM05.12, IM07.03, IM07.07, IM07.09, 

IM07.12, IM07.13, IM07.15, IM12.12 

3.5.11 Carbon Dioxide Influx 

IM02.07, IM03.03, IM03.10, IM05.07, 

IM05.09, IM05.12, IM07.03, IM07.07, 

IM07.09, IM07.12, IM07.13, IM07.15, 

IM08.03, IM08.06, IM08.07, IM08.12, 

IM12.06, IM12.12, IM16.07, IM16.12 

3.5.12 Oxidation Influx 

IM02.07, IM03.03, IM03.06, IM03.10, 

IM05.06, IM05.07, IM05.09, IM05.12, 

IM06.12, IM07.07, IM07.09, IM07.12, 

IM07.13, IM07.15, IM08.03, IM08.06, 

IM08.07, IM08.12, IM12.06, IM12.12, 

IM16.07, IM16.12 

3.5.14 Reduction Capacity 
IM06.06, IM06.07, IM06.09, IM06.12, 

IM08.06, IM08.07 

3.5.16 Re-Reduction and Re-Concentration IM06.06, IM06.07, IM06.09, IM06.12 

3.5.17 Diffusion control on chemical reactions IM05.06, IM05.07 

3.5.19 Leaching   IM06.16, IM15.17, IM15.18, IM18.17 

3.7.01 Rate and Mode of Degradation 

IM02.03, IM03.02, IM03.05, IM03.10, 

IM04.12, IM05.09, IM05.12, IM07.03, 

IM07.09, IM07.12, IM07.13, IM07.15, 

IM12.05 

3.7.04 
Degradation of Non-Metal Solids: Backfill, Rock, Grout, 

Cement, etc. 

IM02.03, IM03.05, IM03.10, IM04.12, 

IM05.06, IM05.07, IM05.08, IM05.09, 

IM05.12, IM07.03, IM07.09, IM07.12, 

IM07.13, IM07.15, IM09.12, IM12.05, 

IM16.16 

3.7.05 Degradation of Waste Form (Saltstone) Matrix IM05.06, IM05.07, IM05.08, IM12.05  

3.7.07 Corrosion IM02.03, IM16.12 
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FEP 

ID 
FEP Name Central Scenario IM ID(s) 

3.7.10 Coupled Degradation Processes 
IM03.02, IM03.05, IM05.06, IM05.07, 

IM05.08 

3.7.11 Surface and Closure Cap Degradation IM01.02, IM03.02 

3.7.12 HDPE Degradation IM01.02, IM03.02, IM11.11, IM14.14 

3.7.13 GCL Degradation IM01.02, IM03.02, IM14.14 

3.7.14 Joint and Polymer Degradation   IM05.10, IM10.10 

3.7.16 Waste Form Chemical Degradation IM07.07 

3.7.17 Carbonation 

IM02.07, IM03.03, IM05.12, IM07.03, 

IM07.09, IM07.12, IM07.13, IM07.15, 

IM08.03, IM08.12, IM09.09, IM12.12, 

IM16.07 

3.7.18 Sulfate Attack 

IM03.03, IM05.12, IM07.03, IM07.09, 

IM07.12, IM07.13, IM07.15, IM09.09, 

IM12.12 

3.7.22 Chemical Degradation of Engineered System Metals IM09.09, IM12.12 

4.1.01 Highly Radioactive Radionuclides (HRRs) IM04.04 

4.1.02 Metallic Wastes   IM04.04 

4.1.03 Non-Metallic, Inorganic Wastes   IM04.04 

4.1.04 Organic Wastes   IM04.04 

4.1.05 Volatiles and Potential for Volatility IM04.04, IM08.08 

4.2.01 Waste Form Characteristics 
IM04.04, IM04.05, IM04.06, IM04.07, 

IM04.08, IM05.05, IM05.06 

4.2.02 Radioactive Decay and In-Growth IM04.04, IM04.07, IM04.08, IM07.07 

4.2.03 Waste Homogeneity IM04.07, IM04.08 

4.2.04 Contaminant Solubility, Solubility Limits, and Speciation IM04.07 

4.2.05 Degradation of the Inorganic Waste  IM03.05 

4.2.06 Degradation of the Organic Waste IM03.05 

4.2.07 Localized Interactions Between Emplaced Wastes IM07.17, IM07.18 

4.2.08 Radiation Effects IM20.25, IM20.26, IM21.25, IM21.26  

4.2.09 
Solubility and Sorption Changes from Chemical and 

Temperature Interactions    
IM07.07 

4.2.10 Dissolution and Precipitation   
IM06.07, IM07.09, IM07.12, IM07.13, 

IM07.15, IM16.07 

4.3.01 Waste Inventory IM04.04, IM09.04 

4.3.02 Waste Inventory (Alternate Waste Locations) IM04.16, IM04.17 

4.3.03 Waste Inventory (Disposal Configuration) IM04.04 

4.3.04 Contaminant Concentrations in Water and Other Media 
IM16.17, IM17.17, IM17.20, IM17.21, 

IM20.20, IM21.21  

4.3.05 Dilution of Radionuclides in Groundwater   
IM16.17, IM17.20, IM17.21, IM19.20, 

IM19.21 

4.3.06 Radionuclide Accumulation (Recycling) in Soils   IM20.22, IM22.18, IM22.22 

4.4.01 Human Exposure Pathways 

IM20.20, IM20.25, IM20.26, IM21.21, 

IM21.25, IM21.26, IM22.22, IM23.23, 

IM23.25, IM24.24, IM24.25, IM25.25, 

IM26.25 

4.4.02 Food Preparation and Water Processing 

IM20.23, IM20.24, IM20.25, IM22.23, 

IM22.25, IM23.23, IM23.25, IM24.24, 

IM24.25 

4.4.03 
Animal, Plant, and Microbe Uptake and Migration of 

Contaminants 

IM20.23, IM20.24, IM20.25, IM22.23, 

IM22.24, IM23.23, IM23.24, IM24.24 
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4.4.04 Radiological and Chemical Toxicity/Effects   IM26.25, IM26.26 

4.4.05 Radiological Dose Effects/Risks IM26.25, IM26.26 

4.4.06 
Radon and Radon Daughter Exposure (Noble Gas 

Contamination)  

IM04.08, IM05.08, IM08.08, IM08.25, 

IM08.26, IM26.26 

4.5.01 Contaminant Concentrations Pre-Closure IM19.20 

5.1.01 Groundwater Flow and Movement (Near-Field) IM18.18 

5.1.02 Groundwater Flow and Movement (Far-Field) IM19.19, IM19.20, IM19.21 

5.1.04 External Flow Boundaries 
IM01.02, IM02.02, IM19.19, IM19.21, 

IM21.21,  

5.1.05 Unsaturated Zone Properties 
IM15.17, IM15.18, IM18.17, IM18.18, 

IM18.19 

5.1.06 Thickness of the Saturated Zone and the Vadose Zone IM18.18, IM18.19, IM19.18, IM19.19 

5.1.08 Water Influx at the Closure Facility IM01.02, IM02.03, IM02.07, IM02.16 

5.1.09 Flow Diversion and Bypass Flow IM02.03, IM02.16, IM03.16 

5.1.15 Vadose Zone Depth IM16.18, IM18.18, IM18.19, IM19.18 

5.1.16 Saturated Zone Depth IM16.18, IM18.19, IM19.19 

5.1.17 Depth of Assessment Well IM17.20, IM20.20 

5.1.18 Horizontal Distance to Points of Assessment 
IM17.20, IM19.20, IM19.21, IM20.20, 

IM21.21 

5.1.19 Minimum Buffer Zone IM18.19 

5.1.20 Chemical Composition of Infiltrating Rainwater 
IM01.02, IM01.16, IM01.17, IM01.18, 

IM01.19, IM02.07, IM17.17 

5.2.01 Diffusion (Molecular Diffusion and Matric) 

IM04.07, IM04.08, IM05.12, IM12.05, 

IM12.13, IM12.16, IM16.12, IM18.15, 

IM18.16 

5.2.02 Advection 

IM01.02, IM02.03, IM04.07, IM05.05, 

IM05.10, IM05.12, IM12.03, IM12.05, 

IM12.10, IM12.13, IM12.16, IM13.12, 

IM13.14, IM13.15, IM13.16, IM14.13, 

IM14.15, IM15.16, IM15.18, IM16.10, 

IM16.12, IM16.13, IM16.15, IM16.18, 

IM18.18, IM18.19, IM19.19, IM19.20, 

IM19.21 

5.2.03 Dispersion and Imbibition IM19.20, IM19.21 

5.2.04 Hydraulic Conductivities in the Natural Barrier 
IM18.18, IM18.19, IM19.19, IM19.20, 

IM19.21  

5.2.06 Hydraulic Potentials and Gradients   

IM12.03, IM12.05, IM12.10, IM12.13, 

IM12.16, IM13.12, IM18.19, IM19.19, 

IM19.20, IM19.21 

5.2.08 Interfaces Between Different Waters 
IM17.18, IM17.19, IM17.21, IM18.19, 

IM19.21  

5.2.10 Drainage Channel Influx IM01.02 

5.2.11 
Effects Related to Air and Vapor Flow and Evaporation 

within the System 
IM08.08 

5.3.01 Contaminant Release and Migration Factors 

IM05.08, IM06.06, IM06.07, IM07.07, 

IM07.08, IM07.15, IM07.16, IM08.03, 

IM08.06, IM08.07, IM08.08, IM08.12, 

IM09.12, IM15.18, IM17.18, IM17.19, 

IM17.20, IM17.21, IM18.19, IM19.20, 

IM19.21 
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5.3.02 
Contaminant Release from the Waste Form and 

Engineered Barrier System 

IM04.12, IM05.08, IM05.12, IM06.06, 

IM06.07, IM06.12, IM06.13, IM06.15, 

IM07.07, IM07.08, IM07.12, IM07.13, 

IM07.15, IM07.16, IM08.03, IM08.06, 

IM08.07, IM08.08, IM08.12, IM09.12, 

IM10.12, IM10.13, IM10.16, IM12.13, 

IM12.16, IM15.18 

5.3.03 Contaminant Release Pathways 
IM05.08, IM05.12, IM06.07, IM08.03, 

IM08.06, IM08.07, IM08.12, IM09.12 

5.3.04 Long-Term Release of Radionuclides 

IM05.12, IM06.07, IM06.12, IM06.13, 

IM06.15, IM08.03, IM08.06, IM08.07, 

IM08.12, IM17.20, IM17.21  

5.3.05 Water-Mediated Migration of Contaminants 

IM17.17, IM17.18, IM17.19, IM17.20, 

IM17.21, IM18.18, IM19.19, IM19.20, 

IM19.21 

5.3.07 Cementitious Leachate Impacts on Underlying Sediment 
IM06.16, IM07.16, IM07.17, IM07.18, 

IM15.17, IM15.18, IM17.17 

5.3.08 Reduction-Oxidation Potential (Redox Fronts) 
IM03.06, IM05.06, IM06.06, IM06.07, 

IM08.06, IM08.07, IM08.12 

5.3.10 Gas-Mediated Migration of Contaminants 
IM04.08, IM05.08, IM08.03, IM08.07, 

IM08.08, IM08.12, IM08.25, IM08.26 

5.3.12 Multiphase Transport Processes   IM07.07, IM08.08 

5.3.13 Radionuclide Fluxes to the Biosphere 
IM17.20, IM17.21, IM20.20, IM20.22, 

IM20.23, IM20.24, IM20.25, IM21.21 

5.4.01 
Kd Retardation: Sorption and Desorption of Dissolved 

Contaminants 

IM07.12, IM07.13, IM07.15, IM07.16, 

IM07.17, IM07.18, IM17.20, IM17.21, 

IM18.17, IM18.19, IM19.20, IM19.21 

5.4.02 Kd Retardation: Correlations IM07.07 

5.4.03 Kd Retardation: Leachate Impacts 
IM06.16, IM07.16, IM07.17, IM07.18, 

IM15.17, IM18.17 

5.4.07 Solubility Limits 
IM04.04, IM07.07, IM17.20, IM17.21, 

IM19.20, IM19.21 

Note: For a complete FEPs listing and a description of each FEP, refer to the SDF FEPs report (Features, Events, and Processes 

for the Saltstone Disposal Facility Performance Assessment).  [SRR-CWDA-2017-00057] Similarly, Table 3.1-2 and Table 

3.2-1 provides descriptions for each of the IM Elements (LDEs and ODEs, respectively). 
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4.4 FEPs Audit for Alternative Scenarios 

The remaining 70 FEPs which have not been addressed in the Central Scenario IM are listed in 

Table 4.4-1.   

Table 4.4-1: FEPs-to-IM Audit: FEPs not Addressed in Central Scenario IM  

FEP ID FEP Name 

2.4.05 Microbial Activity 

2.5.08 Geologic Discontinuities and Boundary Conditions (Fractures, Faults, and Cracks) 

2.5.10 Unconsolidated Soft Zones 

2.5.11 Undetected Geologic Features 

2.6.05 Mechanical Effects on Geologic Features 

2.6.07 Erosion and Weathering 

2.6.11 Mass Wasting 

2.6.14 Closure Cap Performance (Differential Settlement) 

2.7.03 Cold Weather Effects 

2.7.06 Acid Rain   

2.8.05 Focused Infiltration 

3.2.04 Manufacturing and Commissioning of Components 

3.2.05 Construction   

3.2.07 Alternate Container Design and Construction 

3.2.08 Discrete Capping of Disposal Units 

3.2.09 Repairs of Construction Defects 

3.2.10 Preparation of Cementitious Materials 

3.3.07 Ancillary Equipment and Piping/Transfer Lines 

3.3.17 Variability of Field Emplaced Saltstone 

3.4.05 Saturation of Fractures 

3.4.08 Dispersivity Inside SDUs 

3.4.10 Osmotic Pressure 

3.4.13 Condensation on Closure System Surfaces 

3.5.13 Dispersion of the Oxidation Front 
3.5.18 Complexation in the Natural System 

3.5.20 Reaction Kinetics 

3.5.21 Pooling Water Above SDUs 

3.5.24 Colloid Generation 

3.5.25 Chelating Agent Effects 

3.6.01 Thermal Processes and Conditions in the Engineered System   

3.6.02 Thermal Processes and Conditions in the Natural System   

3.6.05 Thermo-Chemical Alteration, Near-Field 

3.7.02 Mechanical Degradation Mechanisms 

3.7.06 Concrete Shrinkage/Expansion   

3.7.08 Swelling of Backfill and Emplacement Materials  

3.7.09 Localized Degradation 

3.7.15 Waste Form (Saltstone) and Concrete (SDU) Macroscopic Fracturing 

3.7.19 Site Stability 

3.8.02 Void Space Formation 

3.8.06 Incomplete Closure   

3.8.07 Mechanical Effects at Engineered Barrier System Component Interfaces   

4.1.06 Waste Allocation and Emplacement 

4.5.05 Radiation Effects on the Waste Closure System 

4.5.06 Radiolysis Effects 

4.5.07 Radionuclide Interaction with Corrosion Products 
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FEP ID FEP Name 

5.1.03 Focusing of Flow Along Preferred Flow Paths (Fingers, Weeps, Faults, Fractures, etc.)   

5.1.07 Episodic or Pulse Flow and Release 

5.1.10 Alteration and Chemical Weathering Along Flow Paths 

5.1.12 Film/Laminar Flow 

5.1.13 Calcareous Zone Flow 

5.1.14 Deformation at Flow Interfaces 

5.2.09 Perched Water Develops   

5.3.06 Colloid Facilitated Transport 

5.3.09 Fast Transport Pathways  

5.3.11 Solid-Mediated Migration of Contaminants 

5.4.04 Organic matter impacts on sorption 

5.4.05 Oxidation along Fractures 

5.4.06 Rinse Release 

6.1.01 Inadvertent Human Intrusion 

6.1.03 Drilling Activities   

6.1.04 Excavating and Mining Activities   

6.1.06 Animal/Plant Intrusion 

6.2.01 Seismicity   

6.2.03 Seismic-Induced Damage or Changes to System Components 

6.2.04 Effects of Subsidence   

6.4.02 Flooding or Drainage System Failure 

6.4.03 Releases Prior to Closure 

6.4.04 Forest/Brush Fire 

6.4.06 Movement of the Waste Form 

6.4.07 Cave-In, Collapse, or Rockfall 

Note: For a complete FEPs listing and a description of each FEP, refer to the SDF FEPs report (Features, Events, and Processes 

for the Saltstone Disposal Facility Performance Assessment).  [SRR-CWDA-2017-00057] Similarly, Table 3.1-2 and Table 

3.2-1 provides descriptions for each of the IM Elements (LDEs and ODEs, respectively). 

By reviewing these remaining FEPs, the Conceptual Modeling Team developed a number of 

ACMs which will non-mechanistically address the conditions expected to occur from these FEPs.  

The term “non-mechanistically” is used here to indicate that modeling will not explicitly consider 

the specific mechanism(s) which may cause changes to simulated conditions.  Instead, modeling 

will focus on the potential effects of such conditions.  While a number of FEPs may represent 

significantly different causes, they may share similar effects.  In this way, a smaller number of 

ACMs is necessary to address the specific FEPs.  

The following provides overviews for how each of the FEPs may be addressed within the specific 

ACMs.  Note that a number of these FEPs appear within multiple ACMs. 

4.4.1 FEPs Auditing for the Early Release (ER) Scenario 

For the ER Scenario (Table 4.4-2), a portion of the waste inventory will be assumed to be within 

the vadose zone directly beneath the SDU(s) at the time of SDF closure.  See Section 5.1 for 

additional information. 
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Table 4.4-2: FEPs Addressed in the ER Scenario 

FEP 

ID 
FEP Name Discussion 

2.7.03 Cold Weather Effects 

Cold weather effects could cause freeze/thaw damage to external 

surfaces or to transfer lines.  These may result in inadvertent 

releases prior to emplacement of the closure cap. 

3.2.04 
Manufacturing and 

Commissioning of Components 

Manufacturing defects to material used in SDU construction may 

result in inadvertent releases prior to emplacement of the closure 

cap. 

3.2.05 Construction   
Defects in the construction of SDUs may result in releases prior to 

emplacement of the closure cap. 

3.2.09 Repairs of Construction Defects 
Incomplete repair of construction defects may result in inadvertent 

releases prior to emplacement of the closure cap. 

3.7.02 
Mechanical Degradation 

Mechanisms 

Mechanical degradation in the form of damage to the SDU 

integrity may result in inadvertent releases prior to emplacement of 

the closure cap. 

3.7.06 Concrete Shrinkage/Expansion   

Concrete shrinkage or expansion may damage the SDU integrity or 

may create a direct pathway from the saltstone to the soil.  Both 

conditions may result in inadvertent releases prior to emplacement 

of the closure cap. 

3.7.08 
Swelling of Backfill and 

Emplacement Materials  

Swelling of backfill may damage the SDU integrity, which may 

result in inadvertent releases prior to emplacement of the closure 

cap. 

3.7.09 Localized Degradation 

Localized degradation may create a direct pathway from the 

saltstone to the soil which may result in inadvertent releases prior 

to emplacement of the closure cap. 

3.7.19 Site Stability 

Instability of the site may result in damage to the SDUs.  Such 

damage may result in inadvertent releases prior to emplacement of 

the closure cap. 

3.8.02 Void Space Formation 

Void space formation may result in a collapsed roof during closure 

cap emplacement.  This could result in inadvertent releases shortly 

after emplacement of the closure cap. 

3.8.07 

Mechanical Effects at 

Engineered Barrier System 

Component Interfaces   

Mechanical damage to the SDU(s) may result in inadvertent 

releases prior to emplacement of the closure cap. 

5.1.03 

Focusing of Flow Along 

Preferred Flow Paths (Fingers, 

Weeps, Faults, Fractures, etc.)   

Focused flow may occur as a direct pathway from the saltstone to 

the soil and result in inadvertent releases prior to emplacement of 

the closure cap. 

5.1.07 
Episodic or Pulse Flow and 

Release 

A significant episodic rainfall event prior to emplacement of the 

closure cap may result in inadvertent early releases. 

5.4.06 Rinse Release 
This FEP assumes early releases may occur due to unexpected 

contaminant release behavior.   

6.2.01 Seismicity   
Seismic damage to the SDU(s) may result in inadvertent releases 

prior to emplacement of the closure cap. 

6.2.03 
Seismic-Induced Damage or 

Changes to System Components 

Seismic damage to the SDU(s) may result in inadvertent releases 

prior to emplacement of the closure cap. 

6.2.04 Effects of Subsidence   

Instability of the site may result in damage to the SDUs.  Such 

damage may result in inadvertent releases prior to emplacement of 

the closure cap. 

6.4.02 
Flooding or Drainage System 

Failure 

A significant flooding event prior to emplacement of the closure 

cap may result in inadvertent early releases. 
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FEP 

ID 
FEP Name Discussion 

6.4.03 Releases Prior to Closure 

This FEP assumes early releases may occur.  As a sensitivity 

model, this scenario should consider potential dose impacts from 

the SDU 4 releases described in SRNL-L3200-2017-00107.  

Inventory estimates for soil might be informed by data found in Q-

CLC-Z-00026 or in N-CLC-Z-00020. 

6.4.04 Forest/Brush Fire 

A fire near the SDUs prior to emplacement of the closure cap may 

result in spalling (i.e., damage to the SDU concrete).  Such damage 

may result in inadvertent releases prior to emplacement of the 

closure cap. 

6.4.06 Movement of the Waste Form 

Instability of backfill material or other nearfield material may 

result in movement or damage to the SDUs.  Such damage may 

result in inadvertent releases prior to emplacement of the closure 

cap. 

6.4.07 Cave-In, Collapse, or Rockfall 
A collapsed roof could result in inadvertent releases shortly after 

emplacement of the closure cap. 

4.4.2 FEPs Auditing for the Infiltration Variability (IV) Scenario 

For the IV Scenario (Table 4.4-3), three potential conditions are considered to directly address 

FEP 5.1.07 (Episodic or Pulse Flow and Release).  The first condition assumes higher-than 

expected infiltration, the second condition assumes lower-than-expected infiltration, and the third 

assumes that infiltration rates vary over time. See Section 5.2 for additional information.  FEPs 

captured using the Infiltration Variability Scenario simulations are described in Table 4.4-3. 

Table 4.4-3: FEPs Addressed in the IV Scenario 

FEP 

ID 
FEP Name Discussion 

2.6.05 
Mechanical Effects on Geologic 

Features 

Mechanical effects on geologic features (e.g., compaction of 

vadose zone soils due to the overburden from the SDU and 

overlaying closure cap) may influence infiltration rates and 

assumptions related to infiltration rates. 

2.6.07 Erosion and Weathering 
Erosion or weathering of the closure cap or backfill may influence 

infiltration rates and assumptions related to infiltration rates. 

2.6.11 Mass Wasting 
Mass wasting of the closure cap or backfill may influence 

infiltration rates and assumptions related to infiltration rates. 

2.6.14 
Closure Cap Performance 

(Differential Settlement) 

The closure cap may not perform as intended, which may influence 

infiltration rates and assumptions related to infiltration rates. 

3.7.08 
Swelling of Backfill and 

Emplacement Materials  

Swelling of backfill may influence infiltration rates and 

assumptions related to infiltration rates. 

5.1.03 

Focusing of Flow Along 

Preferred Flow Paths (Fingers, 

Weeps, Faults, Fractures, etc.)   

The effects of focused flow paths may be approximated by 

increased or decreased infiltration rates. 

5.1.07 
Episodic or Pulse Flow and 

Release 

This FEP is explicitly addressed by this scenario by considering 

variable infiltration rates. 

6.2.01 Seismicity   

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by modifying 

infiltration rates. 

6.2.03 
Seismic-Induced Damage or 

Changes to System Components 

Significant seismic or subsidence events may damage disposal 

units and/or disturb groundwater flow patterns in ways which 

might be approximated by modifying infiltration rates. 
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FEP 

ID 
FEP Name Discussion 

6.2.04 Effects of Subsidence   

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by modifying 

infiltration rates. 

6.4.06 Movement of the Waste Form 

SDU movement due to sinking, uneven swelling of backfill 

materials, etc. could affect closure cap performance which may be 

approximated by modifying infiltration rates. 

4.4.3 FEPs Auditing for the Fast Flow Paths Through SDUs (FFS) Scenario 

For the FFS Scenario (Table 4.4-4), a number of potential fast flow conditions may be assumed, 

including cracks through SDU concrete, cracks through the saltstone waste form, and cracks along 

SDU walls, floors, or columns. See Section 5.3 for additional information. 

Table 4.4-4: FEPs Addressed in the FFS Scenario 

FEP 

ID 
FEP Name Discussion 

2.7.03 Cold Weather Effects 

Cold weather effects could cause freeze/thaw damage to external 

surfaces or to transfer lines.  These may result in the formation of 

cracks which may provide fast flow paths. 

3.2.09 Repairs of Construction Defects 
Incomplete repair of construction defects may result in the 

formation of cracks which may provide fast flow paths. 

3.4.05 Saturation of Fractures 

Assumed cracks or fractures must account for how the presence of 

macro-fractures may influence water movement and saturation 

conditions. 

3.7.02 
Mechanical Degradation 

Mechanisms 

Mechanical degradation in the form of damage to the SDU 

integrity may result in the formation of cracks which may provide 

fast flow paths. 

3.7.06 Concrete Shrinkage/Expansion   

Concrete shrinkage or expansion may damage the SDU integrity or 

may create a direct pathway from the saltstone to the soil.  Both 

conditions may result in the formation of cracks which may 

provide fast flow paths. 

3.7.09 Localized Degradation 
Localized degradation may create a direct pathway (fast flow path) 

from the saltstone to the soil. 

3.7.15 

Waste Form (Saltstone) and 

Concrete (SDU) Macroscopic 

Fracturing 

This FEP is explicitly addressed by this scenario by considering 

macroscopic fractures of the saltstone and SDU. 

3.7.19 Site Stability 

Instability of the site may result in damage to the SDUs.  Such 

damage may result in the formation of cracks which may provide 

fast flow paths. 

3.8.02 Void Space Formation 

Void space formation may result in a collapsed roof during closure 

cap emplacement.  This could result in the formation of cracks 

which may provide fast flow paths. 

3.8.07 

Mechanical Effects at 

Engineered Barrier System 

Component Interfaces   

Mechanical damage to the SDU(s) may result in the formation of 

cracks which may provide fast flow paths. 

5.1.03 

Focusing of Flow Along 

Preferred Flow Paths (Fingers, 

Weeps, Faults, Fractures, etc.)   

Focused flow along preferred flow paths may result in a direct 

pathway from the saltstone to the soil. 

5.1.14 Deformation at Flow Interfaces 

Deformation and associated influence on flow systems at joints 

and material interfaces may exhibit localized flow conditions 

which might be approximated by assuming a fast flow path. 
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FEP 

ID 
FEP Name Discussion 

5.3.09 Fast Transport Pathways  
This FEP is explicitly addressed by this scenario by considering 

macroscopic fractures of the saltstone and SDU. 

5.4.05 Oxidation along Fractures 
Assumed cracks or fractures must account for how the presence of 

macro-fractures may influence oxidation conditions. 

6.2.01 Seismicity   
Significant seismic events may result in the formation of cracks 

which may provide fast flow paths. 

6.2.03 
Seismic-Induced Damage or 

Changes to System Components 

Significant seismic events may result in the formation of cracks 

which may provide fast flow paths. 

6.2.04 Effects of Subsidence   
Significant subsidence events may result in the formation of cracks 

which may provide fast flow paths. 

6.4.04 Forest/Brush Fire 

A fire near the SDUs prior to emplacement of the closure cap may 

result in spalling (i.e., damage to the SDU concrete).  Such damage 

may result in the formation of cracks which may provide fast flow 

paths. 

6.4.06 Movement of the Waste Form 

Instability of the site may result in movement or damage to the 

SDUs.  Such damage may result in the formation of cracks which 

may provide fast flow paths. 

6.4.07 Cave-In, Collapse, or Rockfall 
A collapsed roof could result in the formation of cracks which may 

provide fast flow paths. 

 

4.4.4 FEPs Auditing for the Fast Flow Paths Through Groundwater (FFG) Scenario 

For the FFG Scenario (Table 4.4-5), it is assumed that there are discrete flow paths through the 

vadose zone (e.g., a “soft zone” or presence of a different type of soil) that may accelerate 

transport. See Section 5.4 for additional information. 

Table 4.4-5: FEPs Addressed in the FFG Scenario 

FEP 

ID 
FEP Name Discussion 

2.5.08 

Geologic Discontinuities and 

Boundary Conditions (Fractures, 

Faults, and Cracks) 

Undetected geologic features, may result in localized flow 

conditions which might be approximated by assuming a fast flow 

path through the vadose zone and the saturated zone. 

2.5.10 Unconsolidated Soft Zones 

Undetected geologic features, such as calcareous zones (or soft 

zones) may result in localized flow conditions which might be 

approximated by assuming a fast flow path through the vadose 

zone and the saturated zone. 

2.5.11 Undetected Geologic Features 

Undetected geologic features may result in localized flow 

conditions which might be approximated by assuming a fast flow 

path through the vadose zone and the saturated zone. 

2.6.14 
Closure Cap Performance 

(Differential Settlement) 

The closure cap may not perform as intended, which may result in 

localized flow conditions which might be approximated by 

assuming a fast flow path through the vadose zone and the 

saturated zone. 

3.7.08 
Swelling of Backfill and 

Emplacement Materials  

Swelling of backfill may result in localized flow conditions which 

might be approximated by assuming a fast flow path through the 

vadose zone. 

3.7.19 Site Stability 

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by assuming a 

fast flow path through the vadose zone and the saturated zone. 
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FEP 

ID 
FEP Name Discussion 

5.1.10 
Alteration and Chemical 

Weathering Along Flow Paths 

Alteration or chemical weathering, for example dissolution within 

calcareous zones (or soft zones), may result in localized flow 

conditions which might be approximated by assuming a fast flow 

path through the vadose zone and the saturated zone. 

5.1.13 Calcareous Zone Flow 

Undetected geologic features, such as calcareous zones (or soft 

zones) may influence localized flow conditions which might be 

approximated by assuming a fast flow path through the vadose 

zone and the saturated zone. 

5.3.09 Fast Transport Pathways  
This FEP is explicitly addressed by this scenario by assuming a 

fast flow path through the vadose zone and the saturated zone. 

6.2.01 Seismicity   

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by assuming a 

fast flow path through the vadose zone and the saturated zone. 

6.2.04 Effects of Subsidence   

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by assuming a 

fast flow path through the vadose zone and the saturated zone. 

6.4.06 Movement of the Waste Form 

Significant seismic or subsidence events may disturb groundwater 

flow patterns in ways which might be approximated by assuming a 

fast flow path through the vadose zone and the saturated zone. 

4.4.5 FEPs Auditing for the No Closure Cap (NC) Scenario 

For the NC Scenario (Table 4.4-6), two potential conditions are considered.  The first condition 

assumes that the SDUs at the SDF are backfilled (i.e., soil is packed in around the SDUs up to the 

height of the roof), but no closure cap is placed over them, leaving the roofs of the SDUs exposed.  

The second condition assumes that there is no backfill and no closure cap, leaving the roofs and 

the walls of the SDUs exposed. See Section 5.5 for additional information. 

Table 4.4-6: FEPs Addressed in the NC Scenario 

FEP 

ID 
FEP Name Discussion 

2.6.07 Erosion and Weathering 

Assuming that no closure cap is placed over the SDUs provides a 

conservatively bounding basis for comparison for gaining insights 

relative to the impacts of erosion and weathering.  

2.6.11 Mass Wasting 

Assuming that no closure cap is placed over the SDUs provides a 

conservatively bounding basis for comparison for gaining insights 

relative to the impacts of mass wasting.  

2.6.14 
Closure Cap Performance 

(Differential Settlement) 

Assuming that no closure cap is placed over the SDUs provides a 

conservatively bounding basis for comparison for gaining insights 

relative to the impacts from poor performance of the closure cap.  

2.7.03 Cold Weather Effects 

This scenario cannot take credit for the SDUs being buried beneath 

the closure cap.  As such, surface concrete shall be assumed to be 

subject to mechanical degradation mechanisms including 

freeze/thaw cycles.  

3.2.08 
Discrete Capping of Disposal 

Units 

As a sensitivity model, PA analysts may mix-and-match the results 

from SDUs with an assumed closure cap and from SDUs without 

an assumed closure cap.  Alternatively, assuming that no closure 

cap is placed over any of the SDUs provides a conservatively 

bounding basis for comparison for gaining insights relative to the 

discrete capping of SDUs. 
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FEP 

ID 
FEP Name Discussion 

3.8.06 Incomplete Closure   
Presently, DOE fully intends to cap the SDUs.  As such, assuming 

no closure cap signals incomplete closure operations. 

6.1.04 
Excavating and Mining 

Activities   

To address this FEP, the Conceptual Modeling Team recommends 

using the No Closure Cap scenario, but rather than assuming the 

receptor dwells at the 100-meter buffer zone (MOP), assume a 1-

meter distance from the SDU (IHI).  This human receptor would be 

exposed to any radiation emanating from the exposed SDU.  As 

such, this sensitivity model approximates the effects from 

excavation or mining activities.  While this is considered extremely 

unlikely given local practices, it will provide bounding insights 

with respect to the potential effects from this FEP. 

6.1.06 Animal/Plant Intrusion 

This scenario cannot take credit for the SDUs being buried beneath 

the closure cap.  As such, surface concrete shall be assumed to be 

subject to potential damage from animal or plant intrusions. 

4.4.6 FEPs Auditing for the Stratified Saltstone (SS) Scenario 

In the Central Scenario, it is assumed that the saltstone waste form is homogenous throughout the 

SDU. For the SS Scenario (Table 4.4-7), it shall be assumed that because the saltstone is poured 

into the SDUs in layers, each layer may have discrete material properties.  See Section 5.6 for 

additional information. 

Table 4.4-7: FEPs Addressed in the SS Scenario 

FEP 

ID 
FEP Name Discussion 

3.2.04 
Manufacturing and 

Commissioning of Components 

Assigning discrete material properties to the saltstone provides 

insights relative to the impacts from the potential variability in the 

components of the saltstone mix (e.g., blast furnace slag). 

3.2.10 
Preparation of Cementitious 

Materials 

Assigning discrete material properties to the saltstone provides 

insights relative to the impacts from the potential variability in the 

components of the saltstone mix (e.g., blast furnace slag). 

3.3.17 
Variability of Field Emplaced 

Saltstone 

Assigning discrete material properties to the saltstone provides 

insights relative to the impacts from the potential variability in the 

cured properties of the field-emplaced saltstone. 

3.4.08 Dispersivity Inside SDUs 

Since this scenario does not assume homogeneity of the saltstone 

waste form, it is likely that waste concentrations will undergo 

dispersive processes within each SDU. 

3.5.13 
Dispersion of the Oxidation 

Front 

Since this scenario does not assume homogeneity of the saltstone 

waste form, it is likely that waste concentrations will undergo 

dispersive processes within each SDU. 

3.7.09 Localized Degradation 

Since this scenario does not assume homogeneity of the saltstone 

waste form, it is likely that different strata within the SDU may 

undergo faster or slower rates of degradation. 

3.8.02 Void Space Formation 

It is assumed that void space is most likely to form near the top of 

the SDU.  This scenario enables sensitivity modeling to assume 

relatively high hydraulic conductivities in the upper-strata of the 

saltstone to simulate the effects of such void spaces. 

4.1.06 
Waste Allocation and 

Emplacement 

Assigning discrete material properties to the saltstone provides 

insights relative to the impacts from the potential variability in the 

disposal inventories as a function of waste stratification. 
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FEP 

ID 
FEP Name Discussion 

6.4.07 Cave-In, Collapse, or Rockfall 

It is assumed that void space is most likely to form near the top of 

the SDU.  This scenario enables sensitivity modeling to assume 

relatively high hydraulic conductivities in the upper-strata of the 

saltstone to simulate the effects of a collapsed roof. 

4.4.7 FEPs Auditing for the Perched Water (PW) Scenario 

For the PW Scenario (Table 4.4-8) assumes the formation of localized perched water.  This 

scenario assumes two conditions: one wherein the water is perched (or pooled) above the roof of 

the SDUs and one wherein the water is perched in the vadose zone about half way between the 

bottom of the SDUs and the top of the water table. See Section 5.7 for additional information. 

Table 4.4-8: FEPs Addressed in the PW Scenario 

FEP 

ID 
FEP Name Discussion 

2.5.11 Undetected Geologic Features 

This scenario assumes that there is an undetected layer of 

impermeable soil in the vadose zone above which infiltrating water 

may become trapped, forming a localized zone of perched water. 

3.5.21 Pooling Water Above SDUs 

This scenario assumes that the backfill material is more 

impermeable than currently assumed, wherein infiltrating water 

may become trapped along the roof the SDUs, forming a localized 

zone of pooled water. 

5.2.09 Perched Water Develops   

This scenario assumes that there is an undetected layer of 

impermeable soil in the vadose zone wherein infiltrating water 

may become trapped, forming a localized zone of perched water. 

6.4.02 
Flooding or Drainage System 

Failure 

A significant flood event may result in pooled water over the 

SDUs.  Therefore, this scenario provides insights relative to the 

impacts from the potential flood event. 

4.4.8 FEPs Auditing for the Colloid Transport (CT) Scenario 

The CT Scenario (Table 4.4-9) assumes that colloids will attach to specific radionuclides and may 

influence transport properties. See Section 5.8 for additional information. 

Table 4.4-9: FEPs Addressed in the CT Scenario 

FEP 

ID 
FEP Name Discussion 

3.5.18 
Complexation in the Natural 

System 

Complexing agents in the environment could, potentially, increase 

the concentrations of contaminants and/or decrease Kd values 

within the natural system.   While not explicitly modeled as 

complexing agents, simulating colloidal transport approximates the 

effects of complexing agents.  

3.5.24 Colloid Generation 
This scenario explicitly addresses this FEP by assuming that 

colloids will form. 

3.5.25 Chelating Agent Effects   

Chelating agents in the environment could, potentially, increase the 

concentrations of contaminants and/or decrease Kd values within 

the natural system.   While not explicitly modeled as chelating 

agents, simulating colloidal transport approximates the effects of 

chelating agents. 
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FEP 

ID 
FEP Name Discussion 

4.5.07 
Radionuclide Interaction with 

Corrosion Products 

This scenario assumes that corrosion products will form from 

structural support metals within the SDU concrete and that some 

radionuclides may sorb to these corrosion products. 

5.3.06 Colloid Facilitated Transport 

This scenario explicitly addresses this FEP by assuming that 

colloids will influence the transport/migration of attached 

radionuclides.  Note: Site-specific information from SRNL-STI-

2011-00498 may be useful when further developing this scenario 

into a model. 

5.3.11 
Solid-Mediated Migration of 

Contaminants 

This scenario explicitly addresses this FEP by assuming that 

colloids will influence the transport/migration of attached 

radionuclides. 

5.4.04 
Organic Matter Impacts on 

Sorption 

Organic matter in the environment could, potentially, increase the 

concentrations of contaminants and/or decrease Kd values within 

the natural system.   While not explicitly modeled as organic 

matter, simulating colloidal transport approximates the effects of 

organic matter. 

4.4.9 FEPs Auditing for the Inadvertent Human Intruder (IHI) Scenario 

For the IHI Scenario (Table 4.4-10) assumes that the human receptor farms and uses water from a 

well drilled 1-meter from the SDUs. See Section 5.9 for additional information. 

Table 4.4-10: FEPs Addressed in the IHI Scenario 

FEP 

ID 
FEP Name Discussion 

6.1.01 Inadvertent Human Intrusion The IHI Scenario explicitly addresses this FEP. 

6.1.03 Drilling Activities   

The IHI Scenario assumes that the IHI drills a water will within the 

100-meter boundary, at a location 1-meter downgradient from an 

SDU.  The drill cuttings (soil cores) removed from the ground will 

be assumed to contain specific concentrations of waste and it will 

be assumed that the contaminated soil from the cores will be mixed 

with the surface soil used for growing crops.   

6.1.06 Animal/Plant Intrusion 

To address the previous FEP (6.1.03), it is assumed that 

contaminated drill cuttings (soil cores) are mixed with the soil.  

While not explicitly modeled as an animal or plant intrusion, it is 

assumed that this contaminated soil approximates the effects from 

a burrowing animal bringing contaminated soils to the surface. 

4.5 FEPs Not Explicitly Addressed 

Upon completion of the FEPs Auditing process, there were ten FEPs identified which were not 

associated to any of the ACMs and still required disposition.  Inspection of each of these remaining 

FEPs indicated that they may be organized into one of two groups: (1) FEPs that should be 

addressed through sensitivity modeling or (2) FEPs that require no further action.  The FEPs that 

require no further action were dispositioned as such based on available information.  This final 

disposition for addressing the remaining FEPs is documented in Table 4.5-1. 
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Table 4.5-1: Recommendations for Addressing the Remaining FEPs 

FEP ID FEP Name Recommendation Discussion 

2.4.05 Microbial Activity No Further Action 

In 2012 a literature review was performed to 

evaluate the potential for biodegradation of 

saltstone and SDU concrete.  [SRNL-STI-2012-

00435]  The review concluded “that microbial 

activity in Saltstone… is unlikely due to very 

high pH and osmotic pressure.”  Alternatively, 

the review did recommend that consideration be 

given to microbial activity on the outer surfaces 

of the SDU concrete.  However, SDU concrete is 

modeled as degrading relatively quickly (i.e., 

most SDU concrete is expected to fully degrade 

within approximately 2,000 years).  [SRNL-STI-

2018-00077]  Further, concrete degradation 

modeling conservatively ignores protective 

shotcrete layers and other coatings.  Therefore, it 

is expected that the influences of microbial 

activity on SDU degradation would not be 

significant relative to the current conservatisms 

in the degradation modeling.  

2.7.06 Acid Rain   Sensitivity Model 

To address this FEP, the Conceptual Modeling 

Team recommends developing a sensitivity 

model using the Central Scenario but assuming a 

lower pH (i.e., more acidic) for the infiltrating 

water.  This is expected to increase cementitious 

degradation rates and accelerate releases. 

2.8.05 Focused Infiltration No Further Action 

The lower lateral drainage layer will extend 

approximately 25 feet from each SDU.  This 

layer is designed to divert infiltrating water away 

from the underlying SDUs.  [WSRC-STI-2008-

00244]  As such, it is assumed that any focused 

infiltration along surface channels will not 

significantly influence groundwater flow in the 

immediate vicinity of any SDUs.  Any flow 

impacts which may occur are assumed to be 

implicitly addressed through the infiltration 

variability scenarios. 

3.2.07 
Alternate Container Design 

and Construction 
Sensitivity Model 

To address this FEP, the Conceptual Modeling 

Team recommends developing a sensitivity 

model using the Central Scenario but assuming 

different SDU designs and/or locations. 

3.3.07 
Ancillary Equipment and 

Piping/Transfer Lines 
Sensitivity Model 

To address this FEP, the Conceptual Modeling 

Team recommends developing a sensitivity 

model using the Central Scenario but assuming 

that the transfer lines used for pumping grout to 

the SDUs are left in place at Z-Area (from the 

location of the Saltstone Production Facility to 

the location of the last SDU).  The transfer lines 

are assumed to contain residual waste and will 

be backfilled and buried beneath the closure cap. 
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FEP ID FEP Name Recommendation Discussion 

3.4.10 Osmotic Pressure No Further Action 

The major concern with respect to the influence 

of osmosis on radionuclide transport in saltstone 

would be with respect to the potential micro-

fracturing associated with the osmotic pressure.  

Although theoretically osmotic pressures can 

reach levels that exceed saltstone tensile 

strength, this potential is based on the existence 

of an imaginary semi-permeable membrane 

(permeable to water and not to dissolved solids).  

In reality, although saltstone can to some extent 

behave in the manner of a semipermeable 

membrane, it also allows dissolved solids to 

diffuse decreasing the concentration gradients, 

which would counter the effects of osmosis to an 

extent.  If the saltstone contacting the concrete 

totally behaved as a semi-permeable membrane, 

samples of saltstone would be expected to 

disintegrate in water.  Note that for the Central 

Scenario, stochastic runs using probabilistic 

sampling to be performed, include simulations 

based on saltstone hydraulic conductivities 

representing the expected range for fractured 

saltstone. 

3.4.13 
Condensation on Closure 

System Surfaces 
No Further Action 

During disposal operations, the interior of the 

SDUs are expected to be exposed to high 

humidity conditions such that condensation is 

expected to occur.  The condensation and high 

humidity is expected to be beneficial to the 

curing of the waste form, likely reducing the risk 

of shrinkage.  Regardless, the duration of 

disposal operations is expected to be relatively 

short (approximately 2 to 5 years).  After 

disposal operations, void spaces within the 

SDUs are expected to be grouted, leaving no 

surfaces to be exposed.  However, modeling 

conditions are expected to show that the SDUs 

are fully saturated (or close to it) throughout the 

duration of the performance period.  As such, the 

high humidity is implicitly addressed.  
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FEP ID FEP Name Recommendation Discussion 

3.5.20 Reaction Kinetics No Further Action 

Due to the low saturated hydraulic conductivity 

of the waste form, it is assumed that “each pore 

volume of fluid that enters the solid material 

displaces the existing fluid and equilibrates with 

the solid materials.” [SRNL-TR-2008-00283] 

Further, the “Kd value is the simplest construct 

describing contaminant sorption to sediments. 

Sorption is used [by Kaplan] in a manner ... [that 

represents] all processes that remove solutes 

from the aqueous phase." [SRNL-STI-2009-

00473]  In other words, because soil Kd values 

are designed to account for all processes that 

effect actual transport, it is assumed that the use 

of Kds as the primary parameter for contaminant 

transport implicitly captures the effects of 

reaction kinetics.  

3.6.01 

Thermal Processes and 

Conditions in the Engineered 

System   

No Further Action 

The saltstone waste form is expected to be a 

relatively low-heat waste form (i.e., during 

waste emplacement the saltstone waste form 

exhibits initial temperatures below 100° C 

(typically between 40° C and 80° C), but these 

temperatures quickly taper off as the waste form 

cures).  [SRR-CWDA-2013-00012; SRR-

CWDA-2018-00015] Material properties 

measured from field-emplaced core samples 

indicate that there are no adverse impacts to the 

integrity of the waste form.  [SRR-CWDA-2016-

00051] As such, the Conceptual Modeling Team 

considers this FEP to be a non-issue for the SDF 

PA.  

3.6.02 

Thermal Processes and 

Conditions in the Natural 

System   

No Further Action 

The depth to the water table beneath the SDF is 

typically only 40 to 60 feet below the surface.  

As such, wastes released from SDUs are likely 

to reach the water table (where water 

temperatures typically range between 15° C and 

25° C) rather than migrating into the deeper 

subsurface regions that are influenced by the 

thermal gradient.  Therefore, the Conceptual 

Modeling Team considers this FEP to be a non-

issue for the SDF PA.  

3.6.05 
Thermo-Chemical 

Alteration, Near-Field 
No Further Action 

The saltstone waste form is expected to be a 

relatively low-activity waste form.  Material 

properties measured from field-emplaced core 

samples indicate that there are no adverse 

impacts to the integrity of the waste form. [SRR-

CWDA-2016-00051]  Given that the saltstone 

and concrete are not expected to be impacted, it 

is unlikely that the near-field natural 

environment would be impacted in a way that 

would alter the expected performance of the 

system.  As such, the Conceptual Modeling 

Team considers this FEP to be a non-issue for 

the SDF PA.  
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FEP ID FEP Name Recommendation Discussion 

4.5.05 
Radiation Effects on the 

Waste Closure System 
No Further Action 

The saltstone waste form is expected to be a 

relatively low-activity waste form.  Material 

properties measured from field-emplaced core 

samples indicate that there are no adverse 

impacts to the integrity of the waste form. [SRR-

CWDA-2016-00051]  As such, the Conceptual 

Modeling Team considers this FEP to be a non-

issue for the SDF PA.  

4.5.06 Radiolysis Effects No Further Action 

The saltstone waste form is expected to be a 

relatively low-activity waste form.  Material 

properties measured from field-emplaced core 

samples indicate that there are no adverse 

impacts to the integrity of the waste form.  As 

such, the Conceptual Modeling Team considers 

this FEP to be a non-issue for the SDF PA.  

5.1.12 Film/Laminar Flow No Further Action 

Film flow is discussed in WSRC-TR-2005-

00074, a study on the impact of cracks on 

Saltstone SDU 4 performance. In their 

discussion regarding the suction-head transition 

between “thick” and “thin” film-flow, the 

authors define the critical matric potential as 

approximately 2 cm of suction head.  At 200 cm 

suction head, the unsaturated hydraulic 

conductivity for the fractured concrete is 

approximately the same as the saturated 

hydraulic conductivity for an unfractured 

concrete.   

Note that the saturated hydraulic conductivities 

for the fractured and unfractured concretes differ 

by approximately nine orders of magnitude 

(CBP-TR-2009-002).  WSRC-TR-2005-00074 

indicates that when suction heads of greater than 

200 cm occur, the influence of fractures (which 

would include film flow) can be neglected.  

Their conclusions about disregarding the 

fractures are drawn from predictions that suction 

heads of greater than 200 cm will occur during 

the first 10,000 years of the SDU lifetime. 
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5.0 ALTERNATIVE CONCEPTUAL MODEL DESCRIPTIONS  

Table 1.3-1 defines alternative scenarios as any scenario that is not the Central Scenario.  Usually 

alternative scenarios will reflect less likely, but still plausible future evolutions of the disposal site. 

Where Section 2.0 provided descriptions of the Central Scenario, this section provides the 

conceptual model descriptions for the alternative scenarios for the SDF PA.  Sections 5.1 through 

5.9 are specific to the alternative scenarios.  

5.1 Early Release (ER) Scenario 

Due to observed weeping from the walls of SDU 4 (SRS-REG-2007-00041) and observed cracks 

in the floors of some of the cylindrical SDUs (SRR-SDU-2016-00006), there is some concern that 

the SDUs will not perform as well as designed with respect to preventing the release of 

contaminants.  To address this concern, the ER Scenario was developed.   

This scenario assumes that early releases will occur from the SDUs.  The goal of this scenario is 

not to determine which events or processes could cause early releases; rather the goal is to assess 

the potential impacts associated with early releases.  As such, the exact mechanisms for what 

causes these releases are not considered.  This scenario non-mechanistically addresses several 

events or processes, including (but not limited to):  

• oxidation prior to closure,  

• construction flaws,  

• damage from freeze-thaw cycles,  

• a significant rainfall event resulting in flooding, or  

• spalling due to nearby fire.   

Accordingly, this scenario provides a non-mechanistic evaluation of the disruptive events 

identified and FEP 6.4.02 (Flooding or Drainage System Failure), FEP 6.4.03 (Releases Prior to 

Closure), and FEP 6.4.04 (Forest/Brush Fire). [SRR-CWDA-2017-00057] 

Since the exact cause of the release is not considered, multiple approaches may be considered for 

addressing this scenario: 

• Assume that some portion of the waste is automatically sent to the vadose zone and is 

available for transport, rather than being embedded within the saltstone. 

• Assume that some portion of the waste is embedded within the SDU concrete (walls and 

floor) rather than being embedded within the saltstone. 

• Assume very high infiltration rates for the first few timesteps. 

• Assume the first pore volume of water passing through the entire waste form occurs prior 

to emplacement of the closure cap, such that infiltrating water is uninhibited by the 

chemical environment of the closure cap (e.g., lower initial pH). 

• Assume a combination of the above approaches.  
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While this scenario assumes early releases, the waste that is released is unlikely to travel very 

quickly as the presence of the closure cap is expected to mitigate flow rates during the earlier 

times.  As such, unless extremely conservative assumptions are applied to the implementation of 

the aforementioned approaches, this scenario is not expected to yield significantly different dose 

results relative to those from the Central Scenario. 

Note that per Table 4.4-2, this scenario should include a sensitivity model which considers the 

potential dose impacts from the SDU 4 releases described in SRNL-L3200-2017-00107.  It is 

acknowledged that this specific activity is outside the scope of the SDF PA with respect to 

establishing compliance for waste disposal.  However, the results from this sensitivity model are 

expected to yield insights which will be useful in future decision-making. 

After the initial early release, normal conditions (i.e., the Central Scenario) are assumed. 

5.2 Infiltration Variability (IV) Scenario 

In the Central Scenario, annual precipitation is assumed to be constant over time based on a long-

term average (WSRC-STI-2008-00244; GENV-18-05).  This simplifying modeling assumption 

was used to help meet computational demands and was justifiable as short-term variability is 

expected to be mitigated by the extremely long-time frames considered for PA simulations (see 

Table 1.3-2).  The use of this assumption results in an infiltration rate that is directly related to the 

rate of the closure cap degradation (for example, see the “Expected with Average Climate” rate in 

Figure 2.4-4).   

To non-mechanistically address uncertainty associated with potential climate change and other 

variables associated with precipitation and infiltration, the IV Scenario considers a number of 

potential alternative conditions (as presented in Figure 2.4-4): 

• “Expected with Climate Change”  

• “Upper Bound with Average Climate” and 

• “Upper Bound with Climate Change”  

Additionally, a temporally variable infiltration rate (discussed below) will also be considered. 

Preliminary modeling will be performed to determine how the implementation of this third 

approach affects computational run times and efforts will be made to best reflect real world 

conditions, without detrimentally impacting the ability to process the information.  As such, the 

exact values to be used and the approach for implementation are yet to be determined; however, 

one preliminary proposal is to develop a cycle of increasing and decreasing values based on the 

range of observed annual rainfall values at SRS.   

For example, Figure 5.2-1 shows site-specific rainfall data over time (black line) with minimum 

and maximum values (blue dashed lines) and the long-term average annual rainfall (red lines).  

This average value reflects the assumed value used for the Central Scenario.  Superimposed on 

this figure is a proposed cycle (solid blue line with step changes) for variable rainfall values.  In 

this example, the 95th and 5th percentiles of the site-specific annual rainfall values were assumed 

as the minimum and maximum values (62.9 in and 37.4 in, respectively), and the median annual 

rainfall value was used as intermediate value (47.1 in).  This example cycles between these values 

with step changes every ten years.  Over a long enough timeline, this proposed cycle results in a 
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long-term average that is nearly identical to that used for the Central Scenario (approximately 50 

in per year (WSRC-STI-2008-00244)), indicating that this is a reasonable approach for simulating 

temporal rainfall variability. 

Figure 5.2-1:  Illustration of Possible Rainfall Cycle for the IV Scenario 

 

If this type of cycle is used (with high, mid, and low values), the model should be run three times, 

varying the starting rates between the high, mid, and low values, to ensure that the model results 

are not overly sensitive to the assumed starting conditions within the cycle.  

As the rainfall rates vary, the infiltration rates should also be varied based on updated water cycle 

estimates, with consideration for changes in evaporation rates, runoff rates, etc.  Finally, the depths 

to the water table (i.e., the vadose zone thickness) should fluctuate in parallel with the changes to 

infiltration rates.  It is expected that the long-term impacts from this variability will be relatively 

minor.   All other processes are expected to be the same as in the Central Scenario. 

5.3 Fast Flow Paths Through SDUs (FFS) Scenario 

For the Central Scenario, advective flow is expected to move through the microstructure of the 

cementitious materials.  As with any cementitious forms, cracks are expected to develop within 

the SDU concrete and within the saltstone.  However, the SDUs will be surrounded by backfill 

and will be filled with saltstone (or grout) to ensure that no void spaces remain.  As such, the SDU 

concrete (and the saltstone within the SDU concrete) will be supported in all directions, thus 

relieving many of the stressors that could induce cracks.  Accordingly, any cracks that do form are 

expected to have extremely narrow widths and are unlikely to penetrate completely through the 

system (from roof to floor). Therefore, for the Central Scenario these cracks are not expected to 

be significant flow paths.   

Alternatively, the FFS Scenario assumes that cracks or other macrostructures that form will be 

significant enough to influence flow.  Regardless of the expected conditions, there is a possibility 
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that macrostructures (e.g., cracks or fissures) may form within or through the cementitious 

materials which may provide preferential flow paths for the advection of water.  These may form 

due to damage during a seismic event, damage due to settlement, due to shrinkage (e.g., between 

the SDU wall and the saltstone waste form), as a result of significant chemical attack (see Section 

2.6), or as the result of extreme differences in the saturated hydraulic conductivity (as may occur 

if the roof-support columns degrade much faster than the saltstone).   

Regardless of the mechanism, the FFS Scenario will incorporate multiple simulations to address a 

variety of conditions and provide a context for understanding the potential impacts associated with 

fast flow paths.   

Table 5.3-1 and Figure 5.3-1 provide eight examples of possible simulations which may be 

considered.   

Table 5.3-1:  Proposed Simulations for the FFS Scenario 

FFS 

Simulation 
Description Purpose 

FFS-A 

One crack through the SDU roof and one 

crack through the SDU floor.  No cracks in 

the saltstone. 

Compare to the Central Scenario to 

evaluate impacts of cracked concrete. 

FFS-B 
One crack going all the way through the SDU 

roof, the saltstone, and the SDU floor. 

Compare to FFS-A to evaluate impacts 

of cracked saltstone. 

FFS-C 
Two cracks going all the way through the 

SDU roof, the saltstone, and the SDU floor. 

Compare to FFS-B to evaluate impacts 

from multiple cracks. 

FFS-D 
Four cracks going all the way through the 

SDU roof, the saltstone, and the SDU floor. 

Compare to FFS-B and FFS-C to 

validate impacts from multiple cracks. 

FFS-E 

No cracks but the roof-support columns are 

initially degraded to behave as a preferential 

flow path. 

Compare to the Central Scenario to 

evaluate impacts of preferential flow 

through columns. 

FFS-F 

No cracks but a gap is assumed at the 

interface between the SDU wall and the 

saltstone, which will behave as a preferential 

flow path. 

Compare to the Central Scenario to 

evaluate impacts of preferential flow at 

the interface between the saltstone 

waste form and the SDU walls. 

FFS-G 

No cracks but a gap is assumed at the 

interface between the SDU floor and the 

saltstone, which will behave as a preferential 

flow path. 

Compare to the Central Scenario to 

evaluate impacts of preferential flow at 

the interface between the saltstone 

waste form and the SDU floor. 

FFS-H 

Combines FFS-D, FFS-E, FFS-F, and FFS-G: 

Four cracks, column flow, wall flow, and 

floor flow. 

Compare to the Central Scenario to 

evaluate impacts of worst-case fast flow 

path scenario. 

Note: This list of simulations is preliminary and is subject to change during model development and implementation. 

This scenario provides a non-mechanistic evaluation of the disruptive events identified by FEP 

6.2.01 (Seismicity), FEP 6.2.03 (Seismic-Induced Damage or Changes to System Components), 

FEP 6.2.04 (Effects of Subsidence), and FEP 6.4.06 (Movement of the Waste Form). 

Note that per Table 4.4-4, it is recommended that the implementation of this modeling scenario 

appropriately account for potential effects on saturation (FEP 3.4.05) and oxidation (FEP 5.4.05). 
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Figure 5.3-1:  Illustration of the Proposed Simulations for the FFS Scenario 

 

 

Note: Images depict half cross sections of cylindrical SDUs, where the left-edge of each depicted SDU represents the center of 

the SDU (i.e., at the apex of the roof) and the right edge represents the outer edge of the SDU (i.e., the perimeter).  Figure is 

not to scale.  
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5.4 Fast Flow Paths Through Groundwater (FFG) Scenario  

For the Central Scenario, the hydraulic properties within specific layers of the vadose zone soils 

or saturated zone soils (e.g., TCCZ, LAZ, etc.) are assumed to be continuous and homogenous.  

For the FFG Scenario it is assumed that a discrete flow path is present that extends from the bottom 

of an SDU, through the vadose zone, and through the saturated zone (Figure 5.4-1).  This flow 

path may be implemented as a localized area of soils with higher saturated hydraulic conductivity 

than the surrounding soils.   

Figure 5.4-1:  Illustration of the Proposed Simulation for the FFG Scenario 

 

As optional sensitivity modeling, PA analysts may consider sensitivity models in which these fast 

flow paths are implemented through the vadose zone only or through the saturated zone only.  

Note that per Table 4.4-5, it is recommended that the implementation of this modeling scenario 

appropriately account for potential effects on saturation and oxidation. 

5.5 No Closure Cap (NC) Scenario 

The NC Scenario assumes that no closure cap is placed over the SDF.  There are two options for 

this scenario: (a) the SDUs are surrounded by backfill such that only the SDU roof is exposed or 

(b) the SDUs are not backfilled and are exposed at walls as well as the roof (Figure 5.5-1). 

The intent of the NC Scenario is to examine the impacts from not including a closure cap.  This 

may also be considered an evaluation of what happens if the closure cap is installed but fails to 

perform as designed. The reason for not installing a closure cap is not considered.   

In this scenario, the external surfaces of the SDU concrete are exposed to weather and atmospheric 

conditions and potential plant and animal intrusions.  As such, the rates of degradation due to 

carbonation are accelerated, as is the rate of oxygen ingress.   
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Figure 5.5-1:  Conceptual Illustration of the NC Scenario 

 

Because the rainwater is not buffered by the closure cap materials, the water entering into the 

system is expected to have a lower pH (i.e., the same chemistry as typical rainfall at SRS).  As 

such, the decalcification rates for the saltstone are expected to be faster.  

In the NC Scenario without backfill, no infiltration is expected to penetrate into the walls, despite 

a faster degradation rate.  This is because most or all rainwater shedding from the roof is expected 

to fall to the ground.  Water from within the SDUs (i.e., water that penetrated into the SDU from 

above and migrated into the SDUs) will still seep out at the walls and floor, as determined via flow 

modeling. 

Per Table 4.4-6,  the Conceptual Modeling Team recommends developing two sensitivity models 

with the NC Scenario to address FEPs 3.2.08 (Discrete Capping of Disposal Units) and 6.1.04 

(Excavating and Mining Activities).  To address FEP 3.2.08, PA analysts may combine 

intermediate results (flux releases from SDUs) from the NC Scenario with intermediate results 

from the Central Scenario, for specific SDUs to determine the impacts from discrete capping. 

Alternatively, the sensitivity model may assume that no closure cap is placed over any of the SDUs 

to provide a conservatively bounding basis for comparison for gaining insights relative to the 

discrete capping of SDUs. 

Additionally, a sensitivity model shall assume that an IHI will reside at or near 1-meter of the 

exposed SDUs to approximate the potential risks associated with excavation and mining activities.  

Note that this does not reflect expected future conditions.  Instead, this exercise will only be used 

to improve understanding of the risks related to the removal of the closure cap. All other processes 

are expected to be the same as in the Central Scenario (or the IHI Scenario, as applicable). 

5.6 Stratified Saltstone (SS) Scenario 

While disposal operations will maintain conditions within specified bounds, the saltstone material 

properties are expected to exhibit some minor heterogeneity based on variability in the mix, 

changes in the waste concentrations (i.e., differing “salt batches”), and fluctuations in the 

temperature and humidity during the pouring and curing of fresh saltstone.  Prior to curing saltstone 
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is highly flowable, as such it is expected that the heterogeneity will be manifested as stratified 

layers within the saltstone as each layer is poured (see Figure 5.6-1, where different colors are used 

to represent differences in the material properties).     

Figure 5.6-1:  Conceptualization of Stratified Variability in Saltstone 

 

Note: Image depicts half a cross section of a cylindrical SDU, where the left-edge of the depicted SDU represents the center of 

the SDU (i.e., at the apex of the roof) and the right edge represents the outer edge of the SDU (i.e., the perimeter).  Figure is 

not to scale. 

Each layer is expected to exhibit its own specific material properties, including: initial saturated 

hydraulic conductivity, initial waste concentrations, and initial reducing capacity.  Each layer will 

also have a unique thickness.  As a model simplification, the Central Scenario assumes that the 

saltstone within the SDUs is homogenous, with material properties equivalent to assumed nominal 

values. 

For the SS Scenario, variable saltstone properties will be assigned to the saltstone nodes of the 

model to create discrete strata.  Using the properties of these discrete strata, the degradation rates, 

flow rates, and release rates will be recalculated.  It is expected that diffusion and dispersion 

processes across the strata will mitigate some of the potential effects of theses discrete properties.  

The results will be compared to the Central Scenario to confirm (or refute) the expectation that the 

net effect will be equivalent to assumed nominal values.  A number of variations to the strata may 

be developed in support of this scenario to provide a more in-depth understanding of the potential 

impacts from the assumed heterogeneity of saltstone. 

The SS Scenario may also be used to address FEP 3.8.02 (Void Space Formation) and FEP 6.4.07 

(Cave-In, Collapse or Rockfall) as discussed in Table 4.4-7.  To address these FEPs, a sensitivity 

model will assume that an SDU is incompletely filled, leaving a void space between the top of the 

saltstone and the bottom of the roof. Under the weight of the closure cap, this void space could 

result in a collapsed roof.  With the SS Scenario model, a very high saturated hydraulic 

conductivity may be applied to the SDU roof and uppermost layer(s) of the saltstone strata to 

simulate rubble.  Note that this does not reflect expected conditions, as the current plan is to 

completely fill each SDU with saltstone or grout prior to closure. 
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5.7 Perched Water (PW) Scenario 

The PW Scenario (Table 4.4-8) assumes the formation of localized perched water.  This scenario 

assumes two conditions: one wherein the water is perched (or pooled) above the roof of the SDUs 

and one wherein the water is perched in the vadose zone about half way between the bottom of the 

SDUs and the top of the water table. 

Figure 5.7-1:  Conceptualization of the PW Scenario 

 

The pooled water over the SDU is expected to generate a pressure head and increase flow into and 

through the roof, which is likely to increase the rates of contaminant releases as the water flows 

through the saltstone.  Alternatively, the perched water in the vadose zone is likely to dilute the 

contaminant plume as it passes through the vadose zone.  

5.8 Colloid Transport (CT) Scenario 

The Central Scenario does not explicitly address the potential for colloid formation or transport.  

Colloids are microscopic particles of a substance within a mixture that does not settle.  Because 

colloids do not settle out of the suspension, they are readily transported; however, they may also 

be subject to filtration.  It is possible that some slower-moving contaminants (e.g., plutonium or 

uranium) may sorb to these colloids, resulting in differing transport properties.  

The CT Scenario assumes that radionuclides will come into contact with naturally-occurring clay 

colloids.  Figure 5.8-1 provides an illustration of the potential transport process associated with 

colloidal migration through clayey soils.  For this scenario, it is assumed that a small fraction of 

contaminants will sorb to these colloids and become mobilized.  Effectively, this splits the 

inventory of said contaminants into two groups: slower-moving and faster-moving.  It is expected 

that contaminants will undergo cycles of sorbing to mobile colloids and desorbing from mobile 

colloids.  However, as a model simplification the PA might ignore this cycle and assume that once 

a contaminant becomes attached to a mobile colloid, it will remain attached. 
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Figure 5.8-1:  Illustration of Colloid-Facilitated Transport Processes 

 

It is noted that some colloids may form as a product of corrosion on the structural support metals 

within the SDU concrete, such as iron oxides (i.e., rust).  These colloids may influence release 

rates from the saltstone waste form and SDU concrete.  However, due to the limited amount of 

metal available within the system, the impact of corrosion product colloids is expected to be 

negligible and is not considered in the CT Scenario. 

5.9 Inadvertent Human Intruder (IHI) Scenario 

The IHI is an age- and gender-weighted average person who farms and uses water from a well 

drilled 1-meter from the SDUs (Section 2.9).  This definition explicitly addresses FEP 6.1.01 

(Inadvertent Human Intrusion). 

Additionally, stylized IHI definitions will be applied to different modeling scenarios to assess the 

potential risks associated with disruptive events and processes.  To address FEP 6.1.03 (Drilling 

Activities), it will be assumed that the intruder drills directly into an SDU and that the drill cuttings 

are mixed into the crop soil (see also Table 4.4-10).  Note that based on current regional practices, 

if drillers strike materials that are relatively impermeable, they will typically move to another 

drilling site, as such this scenario does not reflect expected future conditions.   
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FEP 6.1.04 (Excavating and Mining Activities as described in Table 4.4-6) will be addressed by 

the No Closure Cap Scenario (see Section 5.5).  In this case, it is assumed that the IHI drills a well 

and lives at or near the exposed SDUs.  Again, this does not reflect expected future conditions, as 

homes are typically constructed over material that is easier to excavate and grade.  As such, the 

purpose of this stylized IHI definition is only to improve overall understanding of potential risks. 
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6.0 SUMMARY AND CONCLUSION  

This document describes the Conceptual Model for the SDF PA (Section 2.0).  To ensure that this 

Conceptual Model appropriately addresses the relevant SDF PA FEPs, the Central Scenario IM 

was developed (Section 3.0).  This IM is a tool used to verify that the Conceptual Model 

appropriately addresses FEPs.  FEPs which were not addressed within the Central Scenario IM 

were used to inform the development of ACMs.  As described in Section 4.0, the FEPs were 

addressed as follows: 

• 284 FEPs are identified as relevant to the SDF PA (from SRR-CWDA-2017-00057) 

o 284 FEPs remaining 

• 51 FEPs were excluded from consideration in conceptual modeling and future PA model 

development and justifications for their exclusions were provided (Section 4.1) 

o 284 – 51 = 233 FEPs remaining 

Note that while the FEPs Screening Team identified these FEPs as relevant to SDF 

disposal, their inclusion in the FEPs List does not require that the FEPs be explicitly 

addressed through PA modeling.  Table 4.4-1 indicates how each of these FEPs are 

addressed and/or provides justification for their exclusion.  

• 108 FEPs were addressed by the 26 leading diagonal elements within the Central Scenario 

IM (Section 4.2) 

o 233 – 108 = 125 FEPs remaining 

• 55 FEPs were addressed by the interactions within the Central Scenario IM (Section 4.3) 

o 125 – 55 = 70 FEPs remaining 

• 56 FEPs were addressed through the development of ACMs (Section 4.4) 

o 70 – 56 = 14 FEPs remaining 

Of the 14 remaining FEPs, 3 were identified to be addressed via sensitivity modeling (Table 4.5-1).  

The final 11 FEPs will not be addressed by the SDF PA (Section 4.5). 

Through this process, the following ACMs were developed: 

• Early Releases (ER) Scenario (Section 5.1), 

• Infiltration Variability (IV) Scenario (Section 5.2), 

• Fast Flow Paths through SDUs (FFS) Scenario (Section 5.3), 

• Fast Flow Paths through Groundwater (FFG) Scenario (Section 5.4), 

• No Closure Cap (NC) Scenario (Section 5.5), 

• Stratified Saltstone (SS) Scenario (Section 5.6),  

• Perched Water (PW) Scenario (Section 5.7), 

• Colloid Transport (CT) Scenario (Section 5.8), and 
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• Inadvertent Human Intruder (IHI) Scenario (Section 5.9). 

In addition to the Central Scenario and the ACMs, the following sensitivity models are also 

recommended: 

• Using the ER Scenario, a sensitivity model is recommended to consider potential dose 

impacts from the SDU 4 releases described in SRNL-L3200-2017-00107 (FEP 6.4.03, 

Table 4.4-2). 

• Using the NC Scenario, a sensitivity model is recommended to evaluate the potential 

impacts from the discrete capping of specific SDUs (FEP 3.2.08, Table 4.4-6). 

• Using the NC Scenario with the IHI Scenario, a sensitivity model is recommended to 

evaluate the impacts from an IHI who may be exposed to an excavated SDU surface (FEP 

6.1.04, Table 4.4-6). 

• Using the SS Scenario, a sensitivity model is recommended to evaluate the impacts from a 

collapsed roof due to potential void space within the SDU (FEP 3.8.02 and FEP 

6.4.07,Table 4.4-7). 

• Using the Central Scenario, a sensitivity model is recommended to evaluate the potential 

impacts of acid rain (FEP 2.7.06, Table 4.5-1). 

• Using the Central Scenario, a sensitivity model is recommended to evaluate alternative 

SDU designs and/or SDF layouts (FEP 3.2.07, Table 4.5-1). 

• Using the Central Scenario, a sensitivity model is recommended to evaluate the impacts 

from leaving grout transfer lines in place within the SDF (FEP 3.3.07, Table 4.5-1). 

The Central Scenario, the ACMs, and the recommended sensitivity models should all be 

considered during development of the SDF PA mathematical models and computational 

implementation. 
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APPENDIX A. COMPLETED INTERACTION MATRIX 

This Appendix presents the completed IM for the Central Scenario of the SDF PA as identified in 

Section 3.0.  Table A-1 presents the leading diagonal elements (LDEs) in blue while the off-

diagonal elements (ODEs) are shown in yellow.   

Note that a number of the interactions identified use generic interaction labels such as “Chemistry”.  

These IMs were used as a tool to graphically identify the interactions, but they do not provide full 

definitions or conceptual descriptions for every interaction.  Instead, readers are directed to 

Sections 2.0 and 3.0 for more detailed descriptions of these interactions. 
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Table A-1: Central Scenario, Completed Interaction Matrix 

 

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

01

Precipitation

01.02  

Infiltration 

(Water Cycle)

01.03 01.04 01.05 01.06 01.07 01.08 01.09 01.10 01.11 01.12 01.13 01.14 01.15 01.16 Flow 

Rates, 

Chemistry

01.17 

Chemistry

01.18 Flow 

Rates

01.19 Flow 

Rates

01.20 01.21 01.22 01.23 01.24 01.25 01.26

02 02.01

Closure Cap

02.03 Flow 

Rates, 

Degradation

02.04 02.05 02.06 02.07 

Chemistry, 

Oxidation

02.08 02.09 02.10 02.11 02.12 02.13 02.14 02.15 02.16 Flow 

Rates

02.17 02.18 02.19 02.20 02.21 02.22 02.23 02.24 02.25 02.26

03 03.01 03.02 Flow 

Rates, 

Degradation

SDU Roof

03.04 03.05 Flow 

Rates, 

Degradation

03.06 Flow 

Rates, 

Oxidation

03.07 03.08 03.09 03.10 Flow 

Rates

03.11 03.12 03.13 03.14 03.15 03.16 Flow 

Rates

03.17 03.18 03.19 03.20 03.21 03.22 03.23 03.24 03.25 03.26

04 04.01 04.02 04.03

Waste (DSS)

04.05 

Chemistry

04.06 

Chemistry

04.07 

Chemistry

04.08 Waste 

Release, 

Volatility

04.09 04.10 04.11 04.12 Waste 

Release

04.13 04.14 04.15 04.16 Waste 

Release

04.17 Waste 

Release, 

Chemistry

04.18 04.19 04.20 04.21 04.22 04.23 04.24 04.25 04.26

05 05.01 05.02 05.03 05.04 Saltstone 

Hydraulic 

Conductivity

05.06 Flow 

Rates, 

Oxidation

05.07 Flow 

Rates, Waste 

Release

05.08 Waste 

Release, 

Volatility

05.09 Flow 

Rates, 

Degradation

05.10 Flow 

Rates

05.11 05.12 Flow 

Rates, 

Degradation

05.13 05.14 05.15 05.16 05.17 05.18 05.19 05.20 05.21 05.22 05.23 05.24 05.25 05.26

06 06.01 06.02 06.03 06.04 06.05 Saltstone 

Reducing 

Capacity

06.07 Waste 

Release, 

Chemistry

06.08 06.09 

Oxidation, 

Waste Release

06.10 06.11 06.12 

Oxidation, 

Waste Release

06.13 

Oxidation, 

Waste Release

06.14 06.15 

Oxidation, 

Waste Release

06.16 Waste 

Release, 

Chemistry

06.17 06.18 06.19 06.20 06.21 06.22 06.23 06.24 06.25 06.26

07 07.01 07.02 07.03 

Degradation, 

Chemistry

07.04 07.05 07.06
Pore Water 

Chemistry

07.08 Waste 

Release, 

Volatility

07.09 

Degradation, 

Chemistry

07.10 07.11 07.12 

Degradation, 

Chemistry

07.13 Waste 

Release, 

Chemistry

07.14 07.15 Waste 

Release, 

Chemistry

07.16 Waste 

Release, 

Chemistry

07.17 Waste 

Release, 

Chemistry

07.18 

Chemistry

07.19 07.20 07.21 07.22 07.23 07.24 07.25 07.26

08 08.01 08.02 08.03 

Degradation, 

Oxidation, 

08.04 08.05 08.06 

Oxidation, 

Waste Release, 

08.07 

Degradation, 

Chemistry

Gaseous 

Phases

08.09 08.10 08.11 08.12 

Degradation, 

Waste Release, 

08.13 08.14 08.15 08.16 08.17 08.18 08.19 08.20 08.21 08.22 08.23 08.24 08.25  

Exposure

08.26  Dose

09 09.01 09.02 09.03 09.04 

Geometry

09.05 09.06 09.07 09.08

SDU Columns

09.10 09.11 09.12 Flow 

Rates

09.13 09.14 09.15 09.16 09.17 09.18 09.19 09.20 09.21 09.22 09.23 09.24 09.25 09.26

10 10.01 10.02 10.03 Flow 

Rates

10.04 10.05 10.06 10.07 10.08 10.09
SDU Joints/ 

Waterstops

10.11 10.12 Flow 

Rates

10.13 Flow 

Rates

10.14 10.15 10.16 Flow 

Rates

10.17 10.18 10.19 10.20 10.21 10.22 10.23 10.24 10.25 10.26

11 11.01 11.02 11.03 11.04 11.05 11.06 11.07 11.08 11.09 11.10
SDU Interior 

Liner

11.12 11.13 11.14 11.15 11.16 11.17 11.18 11.19 11.20 11.21 11.22 11.23 11.24 11.25 11.26

12 12.01 12.02 12.03 Flow 

Rates

12.04 12.05 Flow 

Rates, 

Degradation

12.06 Oxidation 12.07 12.08 12.09 12.10 Flow 

Rates

12.11
SDU Walls and 

Floor

12.13 Flow 

Rates

12.14 12.15 12.16 Flow 

Rates, Waste 

Release

12.17 12.18 12.19 12.20 12.21 12.22 12.23 12.24 12.25 12.26

13 13.01 13.02 13.03 13.04 13.05 13.06 13.07 13.08 13.09 13.10 13.11 13.12 Flow 

Rates
Upper Mud 

Mat

13.14 Flow 

Rates

13.15 Flow 

Rates

13.16 Flow 

Rates

13.17 13.18 13.19 13.20 13.21 13.22 13.23 13.24 13.25 13.26

14 14.01 14.02 14.03 14.04 14.05 14.06 14.07 14.08 14.09 14.10 14.11 14.12 14.13 Flow 

Rates
Liner Between 

Mud Mats

14.15 Flow 

Rates

14.16 14.17  14.19 14.20 14.21 14.22 14.23 14.24 14.25 14.26

15 15.01 15.02 15.03 15.04 15.05 15.06 15.07 15.08 15.09 15.10 15.11 15.12 15.13 15.14 Flow 

Rates
Lower Mud 

Mat

15.16 Flow 

Rates, 

Chemistry, 

15.17 Flow 

Rates, 

Chemistry, 

15.18 Flow 

Rates, 

Chemistry, 

15.19 15.20 15.21 15.22 15.23 15.24 15.25 15.26

16 16.01 16.02 16.03 16.04 16.05 16.06 16.07 

Chemistry

16.08 16.09 16.10 Flow 

Rates

16.11 16.12 Flow 

Rates, 

Oxidation

16.13 Flow 

Rates

16.14 16.15 Flow 

Rates Backfill

16.17 

Chemistry

16.18 

Chemistry, 

Transport

16.19 16.20 16.21 16.22 16.23 16.24 16.25 16.26

17 17.01 17.02 17.03 17.04 17.05 17.06 17.07 17.08 17.09 17.10 17.11 17.12 17.13 17.14 17.15 17.16 

Chemistry
Groundwater 

Chemistry

17.18 

Chemistry, 

Transport

17.19 

Chemistry, 

Transport

17.20 

Chemistry, 

Transport

17.21 

Chemistry, 

Transport

17.22 17.23 17.24 17.25 17.26

18 18.01 18.02 18.03 18.04 18.05 18.06 18.07 18.08 18.09 18.10 18.11 18.12 18.13 18.14 18.15 Flow 

Rates

18.16 Flow 

Rates

18.17 

Chemistry, 

Transport

Vadose Zone

18.19 Flow 

Rates, 

Geometry

18.20 18.21 18.22 18.23 18.24 18.25 18.26

19 19.01 19.02 19.03 19.04 19.05 19.06 19.07 19.08 19.09 19.10 19.11 19.12 19.13 19.14 19.15 19.16 19.17 19.18 

Geometry Saturated Zone

19.20 

Transport

19.21 

Transport

19.22 19.23 19.24 19.25 19.26

20 20.01 20.02 20.03 20.04 20.05 20.06 20.07 20.08 20.09 20.10 20.11 20.12 20.13 20.14 20.15 20.16 20.17 20.18 20.19
1-Meter or 100-

Meter Well

20.21 20.22 

Contamination

20.23 

Contamination

20.24 

Contamination

20.25  

Exposure

20.26  Dose

21 21.01 21.02 21.03 21.04 21.05 21.06 21.07 21.08 21.09 21.10 21.11 21.12 21.13 21.14 21.15 21.16 21.17 21.18 21.19 21.20
Surface 

Streams

21.22 21.23 21.24 21.25  

Exposure

21.26  Dose

22 22.01 22.02 22.03 22.04 22.05 22.06 22.07 22.08 22.09 22.10 22.11 22.12 22.13 22.14 22.15 22.16 22.17 22.18 

Contamination

22.19 22.20 22.21

Soil

22.23 

Contamination

22.24 

Contamination

22.25  

Exposure

22.26

23 23.01 23.02 23.03 23.04 23.05 23.06 23.07 23.08 23.09 23.10 23.11 23.12 23.13 23.14 23.15 23.16 23.17 23.18 23.19 23.20 23.21 23.22

Vegetation

23.24 

Contamination

23.25  

Exposure

23.26

24 24.01 24.02 24.03 24.04 24.05 24.06 24.07 24.08 24.09 24.10 24.11 24.12 24.13 24.14 24.15 24.16 24.17 24.18 24.19 24.20 24.21 24.22 24.23

Livestock

24.25  

Exposure

24.26

25 25.01 25.02 25.03 25.04 25.05 25.06 25.07 25.08 25.09 25.10 25.11 25.12 25.13 25.14 25.15 25.16 25.17 25.18 25.19 25.20  Human 

Behavior, 

Exposure

25.21 25.22 25.23 25.24

Human

25.26 Human 

Behavior

26 26.01 26.02 26.03 26.04 26.05 26.06 26.07 26.08 26.09 26.10 26.11 26.12 26.13 26.14 26.15 26.16 26.17 26.18 26.19 26.20 26.21 26.22 26.23 26.24 26.25  Dose

Exposure/ Risk



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

 

Page 157 of 160 

 

This page intentionally left blank. 

 



Conceptual Model Development SRR-CWDA-2018-00006 

for the Saltstone Disposal Facility Revision 0 

Performance Assessment May 2018 

 

 

 

Page 158 of 160 

APPENDIX B. INTERPRETING CROSS-SECTION FIGURES 

Throughout PA-related documents, vertical cross-section figures are a common way to depict the 

cylindrical SDUs.  The following provides a brief primer for interpreting these types of figures.   

First, each cylindrical SDU may be thought of as a single, wide cylinder (Figure B-1).  

Figure B-1:  Conceptual SDU Cylinder 

 
 

Next, imagine that a “wedge” is cut from this SDU cylinder (Figure B-2).  This wedge would start 

at the center of the SDU, then span right, towards the outer edge. 

Figure B-2:  Wedge Sliced into Conceptual SDU Cylinder 

 

 

Presenting only the face of the wedge, along with coordinate axes, provides a complete vertical 

cross-section (Figure B-3). 
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Figure B-3:  Example of the Vertical Cross-Section of an SDU 

 

 

Figure B-4 identifies a number of the larger features that appear within these vertical cross-

sections.  Similarly, Figure B-5 provides a more detailed view of the outer edge of the SDU and 

identifies more of the modeled features.   

Figure B-4:  Vertical Cross-Section of an SDU, Identifying Larger Features 
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 Figure B-5:  Vertical Cross-Section of the Outer Edge of an SDU, Identifying Features 
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