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1. PURPOSE 


This report, the Postclosure Nuclear Safety Design Basis (PoNSDB) has been prepared to meet 
regulatory requirements of the 10 CFR 63.113(a) and 63.115 [DIRS 180319]), and to provide a 
risk-informed analysis of the postclosure technical basis for multiple barriers.  Specifically,  
10 CFR 63.113(a) [DIRS 180319] provides requirements for multiple barriers as part of 
performance objectives for the geologic repository after permanent closure; and 10 CFR 63.115 
[DIRS 180319] provides requirements for the identification of, description of, and technical basis 
for the multiple barriers.  

This document provides extensive lists of features of the barriers and rationale as to why these 
barriers are important to waste isolation (ITWI) and why the features important to barrier 
capability (ITBC) may support such an ITWI  classification (if that feature/component  
contributes significantly to barrier capability relative to the other features/components of the 
barrier). It also describes some features that are ITBC that are not significant enough to support 
that feature being classified as ITWI.  The methodology for the identification of ITBC core and 
control parameter characteristics and ITWI barrier features/components is described in this 
document.  The process starts with the examination of features, events, and processes (FEPs) and 
their screening justifications. As the FEPs form the basis of technical support for the TSPA, this 
approach is efficient and comprehensive for this purpose.  The description of the FEPs and 
screening justifications suggest a division of the repository system into barriers, and barriers into 
features/components. Parameter characteristics associated with each FEP relative to the 
features/components of each barrier are identified.  The FEP screening justification supports the 
further identification of parameter characteristics that are ITBC relative to each barrier 
feature/component. Finally, if the features/components are associated with at least one ITBC 
parameter characteristic, and that feature/component contributes significantly to the barrier 
capability relative to the other features/components of the barrier, then that feature/component is 
ITWI.  All barriers are ITWI and are associated with one or more ITWI feature/components. 

This document identifies features/components of barriers that are important to waste isolation as 
well as features/components and parameter characteristics that are important to barrier capability 
(definitions developed specifically for use in this report are contained in Section 6.1.1).  
Capability as used in this document is not synonymous with performance.  Performance, as 
defined in this report, is the realization of a capability as modeled in the Total System 
Performance Assessment (TSPA).  Capability is broadly used to refer to the ability or potential 
of a feature/component to contribute to a function of a barrier.  The identification of a parameter 
characteristic as contributing to the capability of a barrier’s feature/component is not intended to  
suggest any importance of the capability or to suggest that the feature/component is important to 
waste isolation. The importance of the capability is instead identified through its ITBC status, 
and the importance of the barrier and its features/components are identified through their ITWI 
status. While the features/components of all ITWI barriers and their associated ITBC parameter 
characteristics are considered in the Performance Assessment, some capabilities and  
features/components may not necessarily be fully realized in the TSPA because some reasonable 
conservative assumptions are invoked during TSPA implementation or because a capability may  
be masked by the performance of another capability. Features of the engineered system are 
identified as structure, system, and component (SSC) in design.  For this report, the term 
features/components will be used to maintain uniformity of terminology between the barriers,  
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some of which are natural.  Parameter characteristics are aspects of the barrier feature/component  
that contribute to the feature/component capability, and support the technical basis of the TSPA.  
Parameter characteristics are categorized into two groups.  The first group, ‘core parameter 
characteristics,’ contains those characteristics that are not controlled or manipulated by design, 
construction, or operations and contribute to barrier capability.  The second group, ‘control 
parameter characteristics,’ contains those characteristics that are able to be manipulated, 
controlled, and monitored by design, construction, or operations and contribute to barrier 
capability. A core and control parameter characteristic is further specified to be ITBC if it 1) 
prevents or substantially reduces the rate of movement of water from the repository to the 
accessible environment; 2) prevents the release or substantially reduces the release rate of 
radionuclides from the waste; 3) prevents or substantially reduces the rate of movement of 
radionuclides from the repository to the accessible environment, or 4) prevents or substantially  
reduces the consequences of disruptive events (e.g. criticality).   

The major activities documented in this report are two:  (1) conduct the barrier analysis, and 
(2) develop core parameter characteristics and analyze control parameter characteristics.  For 
natural and engineered barriers that are ITWI, the tasks associated with these two activities: 

1. 	 Describe the three ITWI barriers (Upper Natural Barrier (UNB), the Engineered 
Barrier System (EBS), and the Lower Natural Barrier (LNB)). 

2. 	 Evaluate barrier capability, including assessment of the technical bases, and evaluation 
of ITBC parameter characteristics and supporting the ITWI determination. 

This report serves as a companion document to Nuclear Safety Design Bases for License 
Application (BSC 2005 [DIRS 175546]). A second report, Postclosure Modeling and Analyses 
Design Parameters (BSC 2008 [DIRS 183627]), complements this report because of its 
emphasis on derived requirements and interface control parameters related to postclosure design 
components.  This scientific analysis was conducted consistent with the Technical Work Plan 
for: Postclosure Nuclear Safety Design Bases (SNL 2007 [DIRS 182648]) except as noted in 
Section 2. 

This analysis is intended to identify and document technical interfaces between postclosure 
analyses and repository design regarding the safety classification of systems, structures and 
components, and the design bases for SSCs classified as important to waste isolation. 
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2. QUALITY ASSURANCE 


The analysis documented herein is subject to the Office of Civilian Radioactive Waste 
Management Quality Assurance Program as documented in the relevant technical work plan 
(TWP) TWP-WIS-MD-000015 (SNL 2007 [DIRS 182648], Section 8.1).  This work constitutes 
an analysis report, therefore, the document was prepared in accordance with SCI-PRO-005, 
Scientific Analyses and Calculations.  Approved quality assurance procedures and guidance 
documents were used to conduct and document the activities described in this report as outlined 
in the TWP (SNL 2007 [DIRS 182648], Section 4.1).  The TWP (SNL 2007 [DIRS 182648], 
Section 8.4) also identifies applicable controls for the electronic management of data during the 
analysis and documentation activities.  There are three deviations from the TWP.  The first  
deviation is that a methodology for determination of features, events, and processes that are 
important to performance is now covered in an addendum to the Performance Confirmation Plan 
(SNL 2008 [DIRS 184797], Appendix A). The methodology (specifically important to dose, and 
significance to uncertainty) as originally intended in the TWP (SNL 2007 [DIRS 182648]) for 
this product is now covered in that document (SNL 2008 [DIRS 184797], Appendix A).  The  
second deviation is that, the TWP stated: “Finally, the PoNSDB document will identify 
performance confirmation activities, as applicable, for FEPs that are ITBC.”  That information is 
now better presented in the Performance Confirmation Plan (SNL 2008 [DIRS 184797], 
Appendix A) and is not presented in this document.  The third deviation is that, because changes 
are so extensive in this revision, all comments from November 2006 LP 7.5Q OCRWM review 
of ANL-WIS-MD-000024 were not directly addressed.  Technical issues were considered and 
resolved. Editorial comments were overcome by completely new text and could not be mapped 
directly to the new text. 
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3. USE OF SOFTWARE 


No software required to be qualified in accordance with IM-PRO-003, Software Management 
was used in developing this report. Standard functions of Microsoft Excel 2000 commercial-off
the-shelf software were used, but only for organizational purposes. 
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4. INPUTS
 

This report uses the information and decisions developed in other reports as references and 
utilizes professional judgment.  This work does not involve separate modeling or analyses using  
previously developed models and, as such, this report does not require model validation. 

All direct inputs (data, parameters, and other information) used in this scientific analysis are 
identified in Section 4.1. Direct inputs used in this analysis report were obtained from controlled 
source documents and other sources in accordance with SCI-PRO-004, Managing Technical 
Product Inputs. NUREG-1804 (NRC 2003 [DIRS 163274]) lists some specific acceptance 
criteria that are addressed in this report which are identified in Section 4.2. 

4.1 DIRECT INPUTS 

Direct inputs used in the analyses are listed in Table 4-1.  Indirect inputs are described in 
Section 6.  These sources are appropriate for this analysis because they are dedicated to the 
technical understanding of processes and/or events that act on the features comprising the three 
barriers (UNB, EBS, and LNB) considered in this analysis.  This type of input is directly  
applicable to the analysis discussed in Section 6 and Appendix A. 

All data used from external sources and non-conclusion sections of direct input sources have 
either been qualified for intended use in Features, Events, and Processes for the Total System 
Performance Assessment: Analyses (SNL 2008 [DIRS 183041]) or other Analysis/Model  
Reports, as cited. The only use in this report is to analyze barrier capabilities, not to present any  
new information. 
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4.2 CRITERIA 

Technical requirements to be satisfied by this document are based on 10 CFR 63.113(a) 
[DIRS 180319] and 10 CFR 63.115(a)-(c) [DIRS 180319]; as shown in Table 4-2.  The 
acceptance criteria that will be used by the U.S. Nuclear Regulatory Commission (NRC) to 
determine whether the technical requirements have been met are identified in NUREG-1804 
(NRC 2003 [DIRS 163274], Section 2.2.1.1.3) and Technical Work Plan for: Postclosure 
Nuclear Safety Design Bases (SNL 2007 [DIRS 182648]), Section 3.4).  This document meets  
Criterion 1. Part of Criteria 2 and 3, the quantitative analysis and technical basis, are met by the 
TSPA (SNL 2008 [DIRS 183478]). These acceptance criteria are included below: 

� 	 Acceptance Criterion 1—Identification of Barriers Is Adequate 

Barriers relied on to achieve compliance with 10 CFR 63.113(b) [DIRS 180319], as  
demonstrated in the Total System Performance Assessment, are adequately identified, and are 
clearly linked to their capabilities.  The barriers identified include at least one from the 
engineered system and one from the natural system. 

� 	 Acceptance Criterion 2—Description of Barrier Capability to Isolate Waste Is 
Acceptable 

The capability of the identified barriers to prevent or substantially reduce the rate of movement  
of water or radionuclides from the Yucca Mountain repository to the accessible environment, or 
prevent the release or substantially reduce the release rate of radionuclides from the waste is 
adequately identified and described: 

(1) 	The information on the time period over which each barrier performs its intended  
function, including any changes during the compliance period, is provided 

(2) The uncertainty associated with barrier capabilities is adequately described 

(3) 	The described capabilities are consistent with the results from the Total System  
Performance Assessment 

(4) 	The described capabilities are consistent with the definition of a barrier in 
10 CFR 63.2 [DIRS 180319]. 

� 	 Acceptance Criterion 3—Technical Basis for Barrier Capability Is Adequately Presented 

The technical bases are consistent with the technical basis for the Performance Assessment.  The 
technical basis for assertions of barrier capability is commensurate with the importance of each 
barrier’s capability and their associated uncertainties. 

The information presented in Table 4-2 summarizes the information category and the 
corresponding regulatory requirements of 10 CFR Part 63 [DIRS 180319]. 
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 Table 4-2. Cross Reference for Information Categories in 10 CFR Part 63 


 Information Category 10 CFR Part 63 Reference 
System Description and Demonstration of Multiple Barriers  63.113(a) 

63.115(a)-(c) 
Identification of Barriers 63.113(a) 

63.115(a) 
Barrier Capability Description 63.113(a) 

63.115(b) 
 Technical Bases for Barrier Capability 63.115(c) 

Identifying Postclosure Performance Assessment Controlling Parameters and 63.21(c)(9) 
Classifying ITWI Structures, Systems and Components. 63.21(c)(10) 

63.21(c)(14) 
63.21(c)(15) 

 NOTE:	 Meeting 10 CFR 63.115(c) [DIRS 180319] regulations also requires that the technical basis for each 
barrier capability shall be based on, and consistent with, the technical basis for the performance 
assessments used to demonstrate compliance with 10 CFR 63.113(b) and 10 CFR 63.113(c) 
[DIRS 180319], which also invoke 10 CFR 63.114 [DIRS 180319] and other requirements from Subpart L 
of 10 CFR Part 63 [DIRS 180319]. 

Postclosure Nuclear Safety Design Bases 

4.3 CODES, STANDARDS, AND REGULATIONS 

Other than the regulatory requirements and Yucca Mountain Review Plan acceptance criteria 
identified in Section 4.2, no other codes, standards, or regulations are used in this report. 

ANL-WIS-MD-000024 REV 01 4-10 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

5. ASSUMPTIONS 


The only assumptions in this scientific analysis that are used in the ITBC evaluations of FEPs are 
the enabling assumptions identified in Section 6.1.  
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6. SCIENTIFIC ANALYSIS DISCUSSION 


This report has been prepared to meet regulatory requirements of 10 CFR 63.113(a) and 63.115 
[DIRS 180319]), and to provide a risk-informed analysis of the postclosure technical basis for 
multiple barriers. Specifically, 10 CFR 63.113(a) [DIRS 180319] provides requirements for 
multiple barriers as part of performance objectives for the geologic repository after permanent 
closure, and 10 CFR 63.115 [DIRS 180319] provides requirements for the identification of, 
description of, and technical basis for the multiple barriers.  

The major activities documented in this report that address, in part, the above regulations are 
two: conduct the barrier analysis, and develop core and control parameter characteristics.  For 
natural and engineered barriers that are ITWI, the tasks associated with these two 
activities include: 

1. 	 Describing the three ITWI barriers (UNB, EBS, and LNB) 

2. 	 Evaluating barrier capability, including assessment of the technical bases, evaluation 
of ITBC parameter characteristics and supporting the ITWI determination. 

The approach used to identify parameter characteristics that support the postclosure technical 
basis, the TSPA and contribute to barrier capability, begins by analyzing the FEP descriptions  
and screening justifications. The barrier analysis uses supporting information from FEP 
screening reports, which document the processes and events that are included in or excluded  
from performance assessment models; it also uses information from process models and model 
abstraction reports that describe the technical basis for implementation of processes and events in 
the performance assessment models.  The use of information from these reports to support the 
barrier analysis ensures that the technical basis for barrier capability is consistent with the 
technical basis for the performance assessment models.  Direct inputs supporting this analysis are  
listed in Table 4-1. Indirect inputs are listed in Table 6-1.  

Table 6-1. Source of Indirect Inputs 

Reference and DIRS Citation Name 
10 CFR 63. 2007 [DIRS 180319] 10 CFR 63 
70 FR 49014 [DIRS 177357] 40 CFR 197 
70 FR 53313 [DIRS 178394] 70 FR 53313. Implementation of a Dose Standard After 10,000 Years 
ASME B46.1-2002. 2003 [DIRS 
166013] 

Surface Texture (Surface Roughness, Waviness and Lay). New York, New 
York: American Society of Mechanical Engineers. TIC: 257359. 

ASTM B 575-99a. 1999 [DIRS 147465] Standard Specification for Low-Carbon Nickel-Molybdenum-Chromium, 
Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel
Chromium-Molybdenum-Copper, Low-Carbon Nickel-Chromium
Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-
Tungsten Alloy Plate, Sheet, and Strip 

BSC 2004 [DIRS 166107] Drift Degradation Analysis 
BSC 2004 [DIRS 167652] Seepage Model for PA Including Drift Collapse 
BSC 2004 [DIRS 168138] Estimation of Mechanical Properties of Crushed Tuff for Use as Ballast 

Material in Emplacement Drifts 

ANL-WIS-MD-000024 REV 01 6-1 	 February 2008 



   

 

 

 

 

 

 

 

 

 
  

 

Postclosure Nuclear Safety Design Bases 

Table 6-1. Source of Indirect Inputs (Continued) 


Reference and DIRS Citation Name 
BSC 2004 [DIRS 169218] Natural Analogue Synthesis Report 
BSC 2004 [DIRS 169987] CSNF Waste Form Degradation: Summary Abstraction 
BSC 2004 [DIRS 169988] Defense HLW Glass Degradation Model 

BSC 2004 [DIRS 169989] Characterize Framework for Igneous Activity at Yucca Mountain, Nevada 
BSC 2004 [DIRS 170002] Future Climate Analysis 
BSC 2004 [DIRS 170035] Conceptual Model and Numerical Approaches for Unsaturated Zone Flow 

and Transport 
BSC 2004 [DIRS 171764] Seepage Calibration Model and Seepage Testing Data 
BSC 2004 [DIRS 172452] Performance Confirmation Plan 
BSC 2004 [DIRS 172453] DSNF and Other Waste Form Degradation Abstraction 
BSC 2005 [DIRS 170137] Peak Ground Velocities for Seismic Events at Yucca Mountain, Nevada 
BSC 2005 [DIRS 175150] Postclosure Nuclear Safety Design Basis Document: Features, Events and 

Processes Control Parameters and Proposed Technical Specifications 
Candidates 

BSC 2005 [DIRS 175546] Nuclear Safety Design Bases for License Application 
BSC 2007 [DIRS 182131] Basis of Design for the TAD Canister-Based Repository Design Concept 
BSC 2007 [DIRS 183743] IED Subsurface Facilities Layout Geographical Data 
BSC 2008 [DIRS 183627] Postclosure Modeling and Analyses Design Parameters 
CRWMS M&O 1996 [DIRS 100116] Probabilistic Volcanic Hazard Analysis for Yucca Mountain, Nevada 
CRWMS M&O 1998 [DIRS 103731] Probabilistic Seismic Hazard Analyses for Fault Displacement and 

Vibratory Ground Motion at Yucca Mountain, Nevada 
DOE 2002 [DIRS 155970] Final Environmental Impact Statement for a Geologic Repository for the 

Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at 
Yucca Mountain, Nye County, Nevada 

DOE 2007 [DIRS 181403] Transportation, Aging and Disposal Canister System Performance 
Specification 

DOE 2007 [DIRS 169992] Waste Acceptance System Requirements Document. 
MO0712DELNPCCA.001 
[DIRS 184172] 

Delineation of Postclosure Controlled Area. Submittal date: 12/03/2007. 

NRC 1997 [DIRS 101903] Standard Review Plan for Dry Cask Storage Systems. NUREG-1536 
NRC 2000 [DIRS 149756] Standard Review Plan for Spent Fuel Dry Storage Facilities. NUREG-1567 

NRC 2003 [DIRS 163274] Yucca Mountain Review Plan, Final Report 

Pan, L.; Wu, Y-S.; and Zhang, K. 2004 
[DIRS 169760] 

A Modeling Study of Flow Diversion and Focusing in Unsaturated Fractured 
Rock 

SNL 2007 [DIRS 174109] Hydrogeologic Framework Model for the Saturated Zone Site-Scale Flow 
and Transport Model 

SNL 2007 [DIRS 174260] Characterize Eruptive Processes at Yucca Mountain, Nevada 
SNL 2007 [DIRS 176828] Seismic Consequence Abstraction 
SNL 2007 [DIRS 177391] Saturated Zone Site-Scale Flow Model 
SNL 2007 [DIRS 177396] Radionuclide Transport Models Under Ambient Conditions 
SNL 2007 [DIRS 177399] Biosphere Model Report 
SNL 2007 [DIRS 177407] EBS Radionuclide Transport Abstraction 
SNL 2007 [DIRS 177411] In-Drift Precipitates/Salts Model 
SNL 2007 [DIRS 177412] Engineered Barrier System: Physical and Chemical Environment 
SNL 2007 [DIRS 177418] Dissolved Concentration Limits of Elements with Radioactive Isotopes 
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Table 6-1. Source of Indirect Inputs (Continued) 


Reference and DIRS Citation Name 
SNL 2007 [DIRS 177422] MOX Spent Nuclear Fuel and LaBS Glass for TSPA-LA 
SNL 2007 [DIRS 177423] Waste Form and In-Drift Colloids-Associated Radionuclide Concentrations 
SNL 2007 [DIRS 177430] Dike/Drift Interactions 
SNL 2007 [DIRS 177431] Atmospheric Dispersal and Deposition of Tephra from a Potential Volcanic 

Eruption at Yucca Mountain, Nevada 
SNL 2007 [DIRS 177432] Number of Waste Packages Hit by Igneous Events 
SNL 2007 [DIRS 178519] General Corrosion and Localized Corrosion of Waste Package Outer 

Barrier 
SNL 2007 [DIRS 178765] Analysis of Mechanisms for Early Waste Package/Drip Shield Failure 
SNL 2007 [DIRS 178851] Mechanical Assessment of Degraded Waste Packages and Drip Shields 

Subject to Vibratory Ground Motion 
SNL 2007 [DIRS 179347] Redistribution of Tephra and Waste by Geomorphic Processes Following a 

Potential Volcanic Eruption at Yucca Mountain, Nevada 
SNL 2007 [DIRS 179354] Total System Performance Assessment Data Input Package for 

Requirements Analysis for Engineered Barrier System In-Drift 
Configuration. 

SNL 2007 [DIRS 179394] Total System Performance Assessment Data Input Package for 
Requirements Analysis for Transportation Aging and Disposal Canister and 
Related Waste Package Physical Attributes Basis for Performance 
Assessment 

SNL 2007 [DIRS 179466] Total System Performance Assessment Data Input Package for 
Requirements Analysis for Subsurface Facilities 

SNL 2007 [DIRS 179545] Calibrated Unsaturated Zone Properties 
SNL 2007 [DIRS 179567] Total System Performance Assessment Data Input Package for 

Requirements Analysis for DOE SNF/HLW and Naval SNF Waste Package 
Physical Attributes Basis for Performance Assessment 

SNL 2007 [DIRS 180472] Initial Radionuclide Inventories 
SNL 2007 [DIRS 180506] In-Package Chemistry Abstraction 
SNL 2007 [DIRS 180616] Cladding Degradation Summary for LA 
SNL 2007 [DIRS 180778] General Corrosion and Localized Corrosion of the Drip Shield. 
SNL 2007 [DIRS 181244] Abstraction of Drift Seepage 
SNL 2007 [DIRS 181267] Analysis of Dust Deliquescence for FEP Screening 
SNL 2008 [DIRS 184433] Multiscale Thermohydrologic Model 
SNL 2007 [DIRS 181648] In-Drift Natural Convection and Condensation 
SNL 2007 [DIRS 181953] Stress Corrosion Cracking of Waste Package Outer Barrier and Drip Shield 

Materials 
SNL 2007 [DIRS 182648] Technical Work Plan for: Postclosure Nuclear Safety Design Bases 
SNL 2007 [DIRS 184614] UZ Flow Models and Submodels 
SNL 2008 [DIRS 184797] Performance Confirmation Plan 
SNL 2008 [DIRS 173869] Screening Analysis of Criticality Features, Events, and Processes for 

License Application 
SNL 2008 [DIRS 179476] Features, Events, and Processes for the Total System Performance 

Assessment: Methods 
SNL 2008 [DIRS 182145] Simulation of Net Infiltration for Present-Day and Potential Future Climates 
SNL 2008 [DIRS 183041] Features, Events, and Processes for the Total System Performance 

Assessment: Analyses 
SNL 2008 [DIRS 183478] Total System Performance Assessment Model /Analysis for the License 

Application 
SNL 2008 [DIRS 183750] Saturated Zone Flow and Transport Model Abstraction 

ANL-WIS-MD-000024 REV 01 6-3 February 2008 



   

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Table 6-1. Source of Indirect Inputs (Continued) 


Reference and DIRS Citation Name 
SNL 2008 [DIRS 184806] Site-Scale Saturated Zone Transport 
Wu, Y-S.; Zhang, W.; Pan, L.; Hinds, 
J.; and Bodvarsson, G.S. 2000 
[DIRS 154918] 

Capillary Barriers in Unsaturated Fractured Rocks of Yucca Mountain, 
Nevada 

Wu, Y-S.; Zhang, W.; Pan, L.; Hinds, 
J.; and Bodvarsson, G.S. 2002 
[DIRS 161058] 

Modeling Capillary Barriers in Unsaturated Fractured Rock 

YMP 1993 [DIRS 100520] Evaluation of the Potentially Adverse Condition “Evidence of Extreme 
Erosion During the Quaternary Period” at Yucca Mountain, Nevada 

YMP 2001 [DIRS 154386] Reclamation Implementation Plan 

Section 6.1 introduces the barrier analysis consistent with the tasks outlined above and in 
Section 1.  Section 6.2 provides a detailed discussion of the barrier analysis, which demonstrates 
the concept of multiple barriers.  This discussion includes identification of the three ITWI  
barriers, description of barrier capability, and the technical bases for barrier capability. Each of 
the three barriers—UNB, EBS, and LNB—is considered ITWI based on this analysis.  As 
defined in 10 CFR 63.2 [DIRS 180319], barrier  means “any material, structure, or feature” that:  
“prevents or substantially reduces the rate of movement of water or radionuclides from the 
Yucca Mountain repository to the accessible environment” or “prevents the release or  
substantially reduces the release rate of radionuclides from the waste.” 

The technical bases for barrier capability involve a description of the numerous process models 
applied to each of the three barriers to analyze their respective capabilities. It should be noted 
that not all capability of the barriers is implemented into the TSPA.  Although TSPA is largely  
dependent on technical feeds from process models, not all barrier capability is realized in the 
subsequent abstraction process.  Some conservative assumptions are made in the TSPA that 
result in a tendency to overestimate release and subsequent dose.  Additionally, full barrier 
capabilities may be masked in the systems level TSPA model.  This occurs because redundancy  
may lead to downstream barrier capabilities being unrealized by upstream barrier performance.  
The barrier analysis presented in Section 6.2 utilizes information from the FEP screening reports 
to identify processes and events that can influence barrier capability.  The analysis demonstrates 
that the three barriers (one engineered and two natural) are interrelated in the repository system.  

This report emphasizes a qualitative analysis of barrier capability, evaluated at the conceptual or 
process level, as opposed to a total system approach that emphasizes the quantitative assessment 
of the performance of the repository as measured by dose to the reasonably maximally exposed  
individual (RMEI). Therefore, an understanding of process behavior is sufficient for the 
evaluations of barrier capabilities. 

6.1 BARRIER ANALYSIS 

Section 6.1.1 contains definitions that are useful to the understanding of the evaluation of barrier 
capability and waste isolation potential.  Section 6.1.2 identifies three ITWI barriers (UNB, EBS,  
and LNB) and the consideration contributing to their selection.  Section 6.1.3 identifies the 
features of each that contribute to that barrier’s capability.  Section 6.1.3 also describes processes 
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and events that act upon the natural and engineered features and influence the barrier capability.  
Section 6.1.4 describes the methodology used to evaluate the barrier capability for each ITWI 
barrier. Section 6.1.4 describes the methodology used to identify ITBC core parameter and  
control parameter characteristics for the feature/components of each ITWI barrier. 

6.1.1 Definitions 

Features/components of the engineered barrier are each identified within the preclosure design as 
being part of the postclosure system.  Administrative and procedural controls will be developed 
to ensure ITWI barriers function as intended and as described in the postclosure technical 
baseline during the repository regulatory period.  These control processes will pertain to waste 
acceptance, procurement, construction, operations, and closure activities that affect ITWI  
barriers and corresponding control parameter characteristics. 

Barrier—10 CFR 63.2 [DIRS 180319] defines a barrier as “any material, structure, or feature 
that, for a period to be determined by the U.S. Nuclear Regulatory Commission, prevents or 
substantially reduces the rate of movement of water or radionuclides from the Yucca Mountain 
repository to the accessible environment, or prevents the release or substantially reduces the 
release rate of radionuclides from the waste.  For example, a barrier may be a geologic feature, 
an engineered structure, a canister, a waste form with physical and chemical characteristics that 
significantly decrease the mobility of radionuclides, or a material placed over and around the 
waste, provided that the material substantially delays movement of water or radionuclides.” 

Control Parameter—A quantity or variable that defines or supports a contribution to barrier 
capability or a model (conceptual, mathematical, or numerical) describing that capability.  A  
control parameter supports the postclosure technical bases and is controlled or manipulated 
during design, construction, or operations in such a fashion as to provide a reasonable 
expectation that the barrier’s capability will be as described.  Control parameters are generally 
associated with the EBS, however, they can, in some circumstances, be associated with the 
natural barriers as well. 

Control Parameter Characteristics—The specific aspects of the contribution to barrier 
capability that are defined or supported by logical groupings of control parameters that are 
controlled or manipulated during design, construction, or operations.  A control parameter 
characteristic may include, but not limited to, fit, form, and functionality of the materials of a 
barriers feature/component.  For example, Reclamation of Lands Disturbed by Repository, Waste 
Package Outer Barrier Material Specification, and Waste Package Surface Finish are examples  
of control parameter characteristics.  Infiltration rate, coefficients defining general corrosion, and  
depth of scratches are examples of control parameters that may correspond to these 
characteristics. 

Core Parameter—A quantity or variable that defines or supports a contribution to barrier 
capability or a model (conceptual, mathematical, or numerical) describing that capability.  A core 
parameter supports the postclosure technical bases and is not controlled or manipulated during, 
design, construction, or operations. 

ANL-WIS-MD-000024 REV 01 6-5 February 2008 



   

Postclosure Nuclear Safety Design Bases 

Core Parameter Characteristics—The specific aspects of the contribution to barrier capability 
that are defined or supported by logical groupings of core parameters.  In-drift chemical  
environment, infiltration and seepage properties, properties of host rock unit, and radionuclide 
inventory and source term properties are examples of core parameter characteristics.  Ionic 
strength and pH in the invert, horizontal permeability of the TSw, thermal conductivity of the 
TSw, and solubility limit of Pu are examples of core parameters that may correspond to these 
characteristics. Core parameter characteristics are candidates for monitoring during Performance 
Confirmation. 

Design Bases—10 CFR 63.2 [DIRS 180319] defines design bases as “that information that 
identifies the specific functions to be performed by a structure, system, or component of a 
facility and the specific values or ranges of values chosen for controlling parameters as reference 
bounds for design. These values may be constraints derived from generally accepted “state-of
the-art” practices for achieving functional goals or requirements derived from analysis (based on 
calculation or experiments) of the effects of a postulated event under which an SSC must meet its 
functional goals. The values for controlling parameters for external events include: 

1. 	 Estimates of severe natural events to be used for deriving design bases that will be  
based on consideration of historical data on the associated parameters, physical data, 
or analysis of upper limits of the physical processes involved. 

2. 	 Estimates of severe external human-induced events to be used for deriving design 
bases that will be based on analysis of human activity in the region, taking into 
account the site characteristics and the risks associated with the event.” 

Event—A natural or human-caused phenomenon that has a potential to affect disposal system 
performance [repository performance] and that occurs during an interval that is short compared 
to the period of performance (NRC 2003 [DIRS 163274], Section 3). 

Important to Barrier Capability—A determination assigned to a parameter or parameter  
characteristic based on an evaluation of the ability of the characteristic to be capable of  
preventing or substantially reducing the rate of movement of water or radionuclides from the 
Yucca Mountain repository to the accessible environment, or preventing the release or  
substantially reducing the release rate of radionuclides from the waste. A feature is also ITBC if 
it is associated with one or more ITBC characteristic. 

Important to Waste Isolation—The following definitions apply to the concepts of ITWI: 

Barriers/Systems Important to Waste Isolation  – With reference to addressing 
10 CFR 63.113(a) [DIRS 180319], means specifically the Engineered Barrier System, the  

Upper Natural Barrier, and the Lower Natural Barrier.  This usage is analogous with the 
preclosure usage of “system” in “structures, systems, and components important to safety. 
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Features/Components Important to Waste Isolation—With reference to addressing 
10 CFR 63.115(a) [DIRS 180319], the subdivision of the Barriers Important to Waste 
Isolation/Systems Important to Waste Isolation into physical entities that are credited in the 
postclosure safety analysis to prevent or substantially reduce the rate of movement of water or 
radionuclides from the Yucca Mountain repository to the accessible environment, or prevents the 
release or substantially reduces the release rate of radionuclides from the waste. 

Items Important to Waste Isolation—With reference to addressing 10 CFR 63.142 
[DIRS 180319] and NUREG-1804 2.5.1.3 AC 2(1) (a) (and 10 CFR 63.114 (d) (e) and (f) [DIRS 
180319]) includes Barriers / Systems Important to Waste Isolation, Features / Components  
Important to Waste Isolation and also includes: 

�	  Those engineered features/components of the geologic repository whose function is to 
prevent or mitigate the consequences of potential disruptive events (e.g., criticality)  

�	  Consumable materials to be incorporated into any engineered item important to waste 
isolation during fabrication of that item. 

A feature is classified as ITWI if it meets two conditions.  The first condition is that the feature is 
associated with one or more parameter characteristic classified as important to barrier capability 
(ITBC). The second condition is that the feature is a significant contributor to the barrier 
capability relative to the other features of the barrier. Consistent with 10 CFR 63.2 and 
10 CFR 63.142(a) [DIRS 180319], a parameter characteristic is classified as ITBC if it:  
1) prevents or substantially reduces the rate of movement of water from the repository to the 
accessible environment; 2) prevents the release or substantially reduces the release rate of 
radionuclides from the waste form; 3) prevents or substantially reduces the rate of movement of 
radionuclides from the repository to the accessible environment, or 4) prevents or substantially  
reduces the potential for criticality. 

Process—A natural or human-caused phenomenon that has the potential to affect disposal 
system performance [repository performance], and that operates during all or a significant part of 
the period of performance (NRC 2003 [DIRS 163274], Section 3). 

Q-List—A list of the set of structures, systems, and components (SSCs) that are Important to 
Safety and the barriers and barrier SSCs that are Important to Waste Isolation. 

Figure 6-1 illustrates schematically the relationship between FEPs, core parameter 
characteristics, control parameter characteristics and engineered SSCs.  Figure 6-2 illustrates  
schematically the relationship between Important to Safety, Important to Waste Isolation, 
Important to Barrier Capability, Control Parameter Characteristics, Core Parameter 
Characteristics and their controlling or monitoring mechanisms. 
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 Figure 6-1. Relationship between FEPs; Core Parameter Characteristics; Control Parameter 
Characteristics; and Design-Related Systems, Structures, and Components 
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 Figure 6-2.	 Relationship between ITS, ITWI, ITBC and Control Parameter Characteristics and Core 
Parameter Characteristics and Their Controlling or Monitoring Mechanisms  
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6.1.2 Identification of Barriers 

The barriers should include at least one barrier associated with the natural system and at least one 
associated with the engineered system.  The barrier accomplishes or contributes to one or more  
of the following functions: 

1. 	 Prevents or substantially reduces the rate of movement of water from the repository to 
the accessible environment. 

2. 	 Prevents the release or substantially reduces the release rate of radionuclides from  
the waste. 

3. 	 Prevents or substantially reduces the rate of movement of radionuclides from the 
repository to the accessible environment. 

Based on the definitions in Section 6.1.1, and the relevant sections of 10 CFR Part 63 
[DIRS 180319] outlined at the start of Section 6, the following considerations helped formulate 
the process for the ITWI determination of the barriers. 

�	  The technical basis for barrier capability is that the capability is consistent with the 
technical basis of performance assessment or differences clearly and defensively 
explained. Realization of the capabilities is quantifiable with respect to performance 
criteria in performance assessment or process modeling.  The capability considers and is 
treated with uncertainty as is demonstrated in the performance assessment modeling of 
the barrier behavior as acted upon by relevant and significant events.  Finally, it is 
important that the capabilities of the barrier be capable of demonstration through 
monitoring and testing in the Performance Confirmation Program in site 
characterization. 

Other considerations in the barrier selection process are that the barrier and its capabilities 
are readily understood and described and documented in a transparent fashion.  In order to 
provide for redundancy in system wide capability and for defense in depth, the selection of 
barriers should be diverse in terms of features and processes. There should be multiple 
features contributing to a given barrier and there should be multiple barriers that complement 
the capabilities of each other when viewed at the total system level. 

Based on these considerations and the analyses presented in remainder of Section 6.1 and the 
results of the analysis presented in Appendix A, the following three barriers are determined 
to be ITWI: 

�	  The UNB prevents or substantially reduces the rate of downward movement of water to 
the repository. 
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� 	 The EBS prevents or substantially reduces the rate of movement of water, prevents or  
substantially reduces the release rate of radionuclides from the waste, and prevents or 
substantially reduces the rate of movement of radionuclides. 

� 	 The LNB prevents or substantially reduces the rate of movement of radionuclides from 
the repository to the accessible environment. 

6.1.2.1 Technical Justification for Barrier Selection 

6.1.2.1.1 Upper Natural Barrier 

The soils and rock above the repository serve as a barrier to restrict water flow into the 
emplacement drifts and, ultimately, to the waste form.  A significant reduction in the amount of 
precipitation that falls to the surface is achieved through the processes of run off, evaporation, 
and plant transpiration within the surficial soils.  Precipitation moderated by these processes 
results in infiltration. Net infiltration then becomes percolation.  At the interface with the 
Paintbrush non-welded (PTn) unit, transient percolation pulses are damped such that the 
magnitude of episodic flow into the emplacement drifts is substantially reduced (attenuated) 
(SNL 2007 [DIRS 184614], Section 6.1.2). An additional reduction in percolation flux occurs as 
a result of the capillarity of the unsaturated fractured tuffs around the repository drifts.  These 
processes result in a diversion of percolation around the drift thus reducing the net flow that can 
seep into the emplacement drifts and potentially contact the Engineered Barrier System. 

6.1.2.1.2 Engineered Barrier 

The EBS consists of several engineered components although the barrier capability is considered 
at the system level, which accounts for barrier feature/component interactions.  These 
components include the emplacement drift, drip shield, waste package, cladding, waste package 
internals, waste form, waste package pallet, and the invert.  Each component contributes to the 
overall barrier capability; however, the predominant features are the drip shield, waste package,  
and waste form.  These are briefly summarized below. A more detailed discussion is presented  
in Section 6.2. 

Drip Shield—The drip shield prevents or substantially reduces water flow that could contact the 
waste package and, in the event of a waste package failure, contacts the waste form.  The drip 
shield’s contribution to the Engineered Barrier capability is through its integrity and resistance to 
damage by chemical and mechanical means.  Some control parameter characteristics that support 
the drip shield capabilities include Drip Shield Design and Installation, Drip Shield Fabrication, 
Drip Shield Materials and Thickness, Drip Shield Seismic Performance, and Drip Shield  
Thermal Expansion.  Some core parameter characteristics include Drip Shield Corrosion and 
Drip Shield Materials, Properties, and Configuration, Even in the situation where the drip shield 
becomes degraded, it still has a capability to limit water contacting the waste package. 

Waste Package—The waste package prevents or reduces the flow of water that could contact the 
waste form.  In conjunction with the drip shield, the waste package is exposed only to humid air 
conditions and the outer barrier of the waste package prevents water from contacting the waste  
form until the waste package is degraded.  The waste package in its intact condition prevents the 
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release of radionuclides. The waste package in its degraded form is still capable of reducing the 
rate of release of radionuclides. This ability to prevent or reduce water flow and prevent or  
reduce the rate of radionuclide release is the property that makes the waste package function as 
part of the EBS. 

As long as they remain intact, waste packages prevent contact between water and the waste form 
and prevent the release of radionuclides. Should water contact the waste packages, corrosion of 
waste package outer barrier is expected to proceed slowly and the degraded waste package still 
limits the movement of water that could potentially contact the waste form and limits the release  
rate of radionuclides from the waste packages.  The waste package design and materials of 
construction contribute to its resistance to mechanical damage during seismic events.  Some 
control parameter characteristics that support the waste package capabilities are Waste Package 
Dimensions and Component Masses, Waste Package Fabrication, Waste Package Outer Barrier, 
Seismic Design of the Waste Package, and Waste Package Handling and Emplacement.  Some 
core parameter characteristics are Waste Package Materials, Properties, and Configuration and 
Waste Package Temperature Limits. 

Waste Form—The radionuclides in the waste form are generally of a form that are highly  
insoluble to water and are not likely to mobilize, except for a limited number of radionuclides, 
thus significantly reducing the radionuclide release rate.  Some control parameter characteristics 
that support the waste form capabilities are Waste Form Moisture Removal and Inerting, 
Loading of Waste Forms, and Handling of Waste Forms.  Some core parameter characteristics 
are Waste Form Degradation, and Waste Form/Package Internal Materials, Properties, and 
Configuration. 

6.1.2.1.3 Lower Natural Barrier  

The volcanic rock below the repository and in the downgradient portion of the saturated zone has 
properties that prevent or reduce the release rate of radionuclides to the accessible environment.  
The reduction in release of radionuclides is due to diffusion from the fractures into the rock  
matrix.  Further, the volcanic tuff and the alluvial material have the capability of sorption of 
radionuclides, thus slowing the release rate of the radionuclides to the accessible environment.  
The rock below and downgradient from the repository also have the capability to filter colloids,  
again reducing the rate of release of those radionuclides potentially attached to colloids.  These 
properties of matrix diffusion, sorption, and colloid filtering combine to provide the barrier 
capability for the LNB. 

6.1.2.2 Representation of the Barriers in Relation to the Overall System 

Figure 6-3 schematically shows the three ITWI barriers of the repository system.  The geologic 
and hydrologic features and characteristics of the Yucca Mountain site form effective natural 
barriers to the flow of water and to the potential movement of radionuclides.  The underground 
environment within the natural setting is conducive to the design and construction of features of 
the EBS that prevent or substantially reduce the potential release of radionuclides from the  
waste. The barrier analysis presented in Section 6.2 describes how each of the ITWI barriers 
work, individually and together, to prevent or substantially reduce the rate of movement of water 
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and/or radionuclides to the accessible environment and the release rate of radionuclides from the 
waste. 

Figure 6-4 is a schematic representation of the approach used to identify the postclosure nuclear 
safety design bases associated with these three ITWI barriers.  The approach is described in the 
remainder of this section. 
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NOTE:	 Some of the SSCs shown are not important to barrier capability, but are illustrated here for completeness. 
The approximate RMEI location is the southern-most edge of the controlled area at 36°40�13.6661� North 
latitude.  This is approximately 18 km south of the repository along the predominant direction of groundwater 
flow. 

Figure 6-3. Schematic Illustration of the Multiple Barrier Repository System 
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NOTE:	 Processes and/or events, acting on features within a barrier are described by FEPs.  The ITBC evaluations 
are tabulated in Appendix A.  Corresponding core parameter characteristics and control parameter 
characteristics, and Performance Confirmation activities are also tabulated in this appendix.   

Figure 6-4. Schematic of ITBC/ITWI Process with Ties to Performance Confirmation Activities 
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6.1.3	 Identification of Features 

The three barriers (UNB, EBS, and LNB) are composed of features/components.  All physical 
attributes of the repository system, whether natural or engineered, are called  
features/components, and can be associated with core parameter characteristics or control 
parameter characteristics.  The principal features/components of the repository system are 
identified in Table 6-2 (SNL 2008 [DIRS 179476], Section 6.1.3 and Table 6-1). This list 
includes the features within the barriers plus those features that support the capability of the 
barrier functions or that contribute to barrier capability in the unlikely occurrence of a disruptive 
event. For the natural system, the features identified represent a logical deviation of the 
processes and barrier capability that falls out of the analysis documents in this report.  For the 
EBS, these features are consistent with the SSCs identified in Nuclear Safety Design Bases for 
License Application (BSC 2005 [DIRS 175546], Section 5.6.1.4).  For the remainder of this 
document, the term ‘features’ as used to describe the EBS is considered to implicitly include  
features and SSCs.  FEPs necessary to address repository performance but not directly related to  
the capability of barriers are discussed in Section 6.3. Table 6-2 is presented in the order of the 
features along the likely path that water takes in reaching the waste, and then the path that 
radionuclides take from the repository to the accessible environment. 

 Table 6-2. Features/Components for Each of the Three Barriers 

Barrier Features/Components 
UNB   Topography and surficial soils 

Unsaturated zone above the repository 
EBS Emplacement drift 

Drip shield 
Waste package 
Waste package internals 
Naval SNF Structure 
Cladding  
Waste form 
Waste package pallet 
Invert 

LNB Unsaturated zone below the repository 
Saturated zone  

 NOTE:	 FEPs related to human intrusion, ramp or drift backfill, biosphere, and systems are not considered 
in this scientific analysis because they are non-barrier-specific (Section 6.3). 

 

 

Postclosure Nuclear Safety Design Bases 

The principal features that correspond to the three ITWI barriers are described further as part of 
the barrier analysis in Section 6.2. 

Features may have various processes and events act upon them that contribute to or potentially 
detract from the ability of the features to perform one or more functions related to barrier 
capability (Table 6-3).  To evaluate the capability of the barriers, the impact of different 
processes and events, acting on the features that make up the barrier are assessed.  For example, 
as shown in Table 6-3, all processes and events act on the waste package and influence the waste 
package ability to perform the barrier function.  Therefore, the barrier capability analysis 
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described in Section 6.2 is evaluated in the context of the processes and events that act upon the 
features. 

The approach for identifying specific processes and events relevant to the principal features of 
the repository system is documented in Features, Events, and Processes for the Total System 
Performance Assessment: Methods (SNL 2008 [DIRS 179476], Sections 6.1, 6.2, and 6.3).  This 
systematic FEP identification effort produced a total of 374 FEPs.  The list of 374 FEPs 
represents the complete list of processes and events that could potentially affect the Yucca 
Mountain repository system (SNL 2008 [DIRS 179476], Table 7-1).  Each of the 374 FEPs was 
evaluated (screened) for inclusion into the performance assessment on the basis of probability, 
consequence (i.e., whether it could significantly affect the magnitude and timing of radiological 
exposure to the RMEI or radionuclide releases to the accessible environment), or regulatory 
specification. The disposition of the FEPs in the performance assessment and the rationale for 
excluding those FEPs that do not meet the criteria above are documented in the FEP report 
(SNL 2008 [DIRS 183041], Section 6). 

The barrier capability analysis presented in Section 6.2 utilizes the FEP screening information to 
support the demonstration of barrier capability.  Some FEPs apply to more than one feature of a 
barrier.  Rationale for the association of parameter characteristics and the determination of ITBC 
and non-ITBC are presented in Appendix A, Table A-1 (UNB), Appendix A, Table A-2 (EBS), 
and Appendix A, Table A-3 (LNB). 
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 Table 6-3. Mapping of Processes and Events to Features/Components of the Three Barriers 
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 Source: SNL 2008 [DIRS 179476], Table 6-1. 
NOTES: 
  1 Potential capability of cladding is not considered in TSPA for CNSF and DOE SNF.  For Naval SNF Structure, the 
cladding is considered as an integral part of the structure. 

2 	 The waste form for Naval SNF is called Naval SNF Structure, and includes the fuel as well as the integral 
cladding. 

3  Waste form and waste package internals includes SSCs such as the TAD canister, naval canister, DOE SNF 
canister and HLW canister and also includes the criticality control measures (absorber plates, etc) that are 
identified in Table 7-1. 

4    Human intrusion event is an evaluation of system resiliency and is not part of the barrier evaluation required by 
10 CFR 63.115 [DIRS 180319].  
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6.1.4 Description of Processes and Events 

Table 6-3 maps processes and events to features/components of the three barriers.  A brief 
description of the processes and events follows. 

Hydrologic flow processes include climate change, precipitation, infiltration, runoff, unsaturated 
zone flow, flow diversion, capillarity, matrix imbibition, evaporation, condensation, and 
saturated zone flow. 

Chemical processes include the geochemical environment and those processes that affect the 
degradation mechanisms of engineered features,  which include dissolution, precipitation, 
reduction, oxidation, salt deliquescence, general corrosion, and localized (or crevice) corrosion. 

Mechanical processes include drift degradation and those that affect the degradation of 
engineered features, which include rockfall, drift collapse, stress corrosion cracking, hydrogen 
embrittlement, buckling, and floor heave, among others.  

Thermal processes may affect the hydrologic (e.g., flow), chemical, and mechanical 
environments.  The radioactive wastes to be placed in the repository will generate varying  
amounts of heat from the time of emplacement.  This decay heat flux decreases with time.  Even 
though the heat flux decreases with time, certain effects of heat will be present after repository 
closure. The thermal processes operating within the repository include conduction, radiation, 
and convection. These thermal processes affect flow through evaporation, condensation, and 
vapor and liquid flow. The thermal effects on chemistry occur through evaporation, mineral 
precipitation, dissolution, and on thermal-chemical properties.  The thermal effects on the 
mechanical environment occur through thermal stresses and corresponding effects on rock mass 
strength and degradation. In general, for the purposes of FEP analysis, thermal processes are not  
treated separately, but instead, are coupled with the process that is affected by thermal 
conditions. For example, the processes will be generally referred to as thermal-hydrologic, 
thermal-chemical, or thermal-mechanical to indicate the principal couplings considered. 

Microbiological processes include the potential effects of microorganisms on other processes 
relevant to performance, such as microbial effects on chemistry.  

Radiological processes include the potential effects of ionizing radiation from the decay of 
radioactive materials on other processes potentially relevant to performance, such as chemistry.   
Specific radiological processes include radiolysis.  As in the case of thermal effects, the 
radiological processes are generally addressed through their coupling with other processes that in 
turn could potentially affect repository performance.  

Transport processes include advection, diffusion, dispersion, matrix diffusion, sorption 
/desorption and colloid filtration.  These processes occur within the EBS and the LNB.  In  
addition, radionuclide transport due to atmospheric transport processes following an eruptive  
volcanic event is also considered in this category. 
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Processes also include “characteristics” that are not physical-chemical-biological processes but 
are properties of the features that need to be evaluated for their inclusion in abstraction models of 
the processes and events. For example, tectonic processes are included in the characteristics 
category. In addition, a number of FEPs relate to geologic characteristics of the features (e.g., 
fractures or faults). 

Natural disruptive events that may affect the repository include igneous intrusion intersecting the 
repository, volcanic eruption from a volcanic vent that intersects the repository, seismic activity 
that produces vibratory ground motion affecting the repository and the EBS, and potential 
seismic activity, including fault displacement, that affects the repository and the EBS. 

Igneous intrusion considers the possibility that magma in the form of a dike could intrude into  
repository drifts, destroying drip shields and waste packages in those drifts, exposing the waste 
forms to percolating water that could mobilize radionuclides from the waste forms and transport 
them through the unsaturated and saturated zones.  Volcanic eruption considers that a volcanic 
conduit (or conduits) invades the repository, destroys waste packages, and erupts at the land 
surface. The volcanic eruption disperses volcanic tephra and entrained waste under atmospheric  
conditions, and deposits the contaminated tephra on land surfaces where the contaminated tephra 
becomes subject to redistribution by soil and near surface hydrogeologic processes.   

Seismic ground motion concerns damage to waste packages and drip shields due to vibrating 
ground motion, potentially resulting in rockfall and drift collapse.  Seismic fault displacement  
includes the effects of fault displacement on waste packages and drip shields.   

Criticality events include initiators of sequences of events or processes that could lead to 
configurations that have potential for criticality in the repository.  For a criticality event to occur,  
the appropriate combination of materials (neutron moderators, fissile materials, or isotopes) and 
geometric configurations favorable to criticality must exist.  Neutron absorbers are included to 
reduce the probability of criticality.  The waste package is designed such that the initial emplaced  
configuration of the waste form remains subcritical, even under flooded conditions.  The initial 
fuel geometry is considered to bound the various limiting configurations that would result for 
each of the criticality FEP scenarios (nominal, rockfall, seismic, igneous).  Therefore, for a 
configuration to have potential for criticality, all of the following conditions must occur in the 
same location at the same time: (1) sufficient mechanical or corrosive damage to the waste 
package outer corrosion barrier to cause a breach, (2) presence of a moderator (i.e., water), 
(3) separation of fissionable material from the neutron absorber material or an absorber material  
selection error during the canister fabrication process, and (4) the accumulation (external) or 
presence of a critical mass and geometry of fissionable material. 

The human intrusion event is a stylized calculation that simulates a future drilling operation in 
which an intruder drills a land-surface borehole using a drilling apparatus operating under the 
common techniques and practices currently employed in exploratory drilling for groundwater in 
the region around Yucca Mountain.  During drilling, the drilling apparatus directly intersects a 
degraded drip shield and waste package, causing a release of waste and  continues subsequently 
into the saturated zone underlying Yucca Mountain.  In the human intrusion event, potential 
releases caused by unlikely natural processes and events are exempt from consideration by 
regulation (Subpart E of 10 CFR Part 63 ([DIRS 180319], Technical Criteria)). 
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Early failure addresses the potential for drip shield and waste package early failure in the 
absence of disruptive events.  The early-failure scenarios include drip shields and waste packages 
that fail prematurely due to material defects or improper manufacturing conditions or 
pre-emplacement operations and practices, such as improper heat treatment or welding flaws. 

Table 6-4 relates the ITWI Barriers to specific models, sub-models, and abstractions in the TSPA 
and to the Analysis Reports that support these aspects of the TSPA. References are provided. 
One point of note in the table is that only the Principle Model Component, “Events” only 
impacts the Engineered Barrier in the TSPA.  While event related FEPs (seismic and igneous 
FEPs) are associated with both natural barriers, these FEPs are screened out of further 
consideration in the performance assessment (SNL 2008 [DIRS 183041], Section 6). 

All barriers and features/components that are identified as ITWI are included in the postclosure 
technical baseline and the TSPA model.  The parameters and models used in the quantification of 
barrier capability are the same as those developed for use in the TSPA for evaluation of 
performance of the natural and engineered barriers in the assessment of the individual and 
groundwater protection. Although uncertainty exists in the parameters and models of the 
relevant processes that affect the assessment of barrier capability and TSPA, this uncertainty has 
been appropriately included in the assessments.  As a result, the description of the repository 
system and the demonstration of multiple barriers increase the confidence that the postclosure 
performance objectives specified in 10 CFR 63.113(b) and (c) [DIRS 180319] will be achieved. 
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Table 6-4 Key to References in Last Column of “Relationship among TSPA Model Components, 

Submodels, and Abstraction/Process Model(s)/Analysis(es)” (Continued) 


Number Reference 
1 UZ Flow Models and Submodels (SNL 2007 [DIRS 184614]) 
2 Simulation of Net Infiltration for Present-Day and Potential Future Climates (SNL 2008 [DIRS 182145]) 
3 Future Climate Analysis (BSC 2004 [DIRS 170002]) 
4 Abstraction of Drift Seepage (SNL 2007 [DIRS 181244]) 
5 Seepage Model for PA Including Drift Collapse (BSC 2004 [DIRS 167652]) 
6 Multiscale Thermohydrologic Model (SNL 2008 [DIRS 184433]) 
7 In-Drift Natural Convection and Condensation (SNL 2007 [DIRS 181648]) 
8 Engineered Barrier System:  Physical and Chemical Environment (SNL 2007 [DIRS 177412]) 
9 Dike/Drift Interactions (SNL 2007 [DIRS 177430]) 
10 General Corrosion and Localized Corrosion of Waste Package Outer Barrier (SNL 2007 [DIRS 178519]) 
11 Stress Corrosion Cracking of Waste Package Outer Barrier and Drip Shield Materials (SNL 2007 

[DIRS 181953]) 
12 General Corrosion and Localized Corrosion of the Drip Shield (SNL 2007 [DIRS 180778]) 
13 EBS Radionuclide Transport Abstraction (SNL 2007 [DIRS 177407]) 
14 Particle Tracking Model and Abstraction of Transport Processes (SNL 2007 [DIRS 184748]) 
15 In-Drift Precipitates/Salts Model (SNL 2007 [DIRS 177411]) 
16 Saturated Zone Flow and Transport Model Abstraction (SNL 2008 [DIRS 183750]) 
17 Saturated Zone Site-Scale Flow Model (SNL 2007 [DIRS 177391]) 
18 Site-Scale Saturated Zone Transport (SNL 2008 [DIRS 184806]) 
19 Biosphere Model Report (SNL 2007 [DIRS 177399]) 
20 Initial Radionuclides Inventory (SNL 2007 [DIRS 180472]) 
21 In-Package Chemistry Abstraction (SNL 2007 [DIRS 180506]) 
22 Cladding Degradation Summary for LA (SNL 2007 [DIRS 180616]) 
23 CSNF Waste Form Degradation:  Summary Abstraction (BSC 2004 [DIRS 169987]) 
24 DSNF and Other Waste Form Degradation Abstraction (BSC 2004 [DIRS 172453]) 
25 Defense HLW Glass Degradation Model (BSC 2004 [DIRS 169988]) 
26 Dissolved Concentration Limits of Radioactive Elements (SNL 2007 [DIRS 177418]) 
27 Waste Form and In-Drift Colloids-Associated Radionuclide Concentrations:  Abstraction and Summary 

(SNL 2007 [DIRS 177423]) 
28 Analysis of Mechanisms for Early Waste Package/Drip Shield Failures (SNL 2007 [DIRS 178765]) 
29 Characterize Framework for Igneous Activity at Yucca Mountain, Nevada (BSC 2004 [DIRS 169989]) 
30 Number of Waste Packages Hit by Igneous Events (SNL 2007 [DIRS 177432]) 
31 Characterize Eruptive Processes at Yucca Mountain, Nevada (SNL 2007 [DIRS 174260]) 
32 Atmospheric Dispersal and Deposition of Tephra from a Potential Volcanic Eruption at Yucca Mountain, 

Nevada (SNL 2007 [DIRS 177431]) 
33 Redistribution of Tephra and Waste by Geomorphic Processes Following a Potential Volcanic Eruption at 

Yucca Mountain, Nevada (SNL 2007 [DIRS 179347]) 
34 Seismic Consequence Abstraction (SNL 2007 [DIRS 176828]) 
35 MOX Spent Nuclear Fuel and LaBS Glass for TSPA-LA (SNL 2007 [DIRS 177422]) 
36 NRC Proposed Rule at 10 CFR 63.321 [DIRS 178394] and 10 CFR 63.322 [DIRS 180319] 
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6.1.5	 Methodology for Important to Barrier Capability/Important to Waste Isolation  
Evaluation 

The bases for ITBC evaluations consist of FEP disposition and FEP screening justification, 
corresponding analysis and/or model reports, professional judgment, and the following enabling 
assumptions: 

1.	  ITBC is evaluated in the context of the current design (including waste package, drip  
shield, thermal loading, repository location, etc.). 

2.	  ITBC is evaluated in the context of all controls necessary to support the analyzed basis. 

3.	  ITBC is evaluated in the context of two regulatory compliance durations.  Based on the 
interpretation of regulations and consistency with the performance assessment, barrier 
capability, as such, is limited to considerations during the initial ten thousand years for 
those FEPs excluded from the performance assessment.  FEPs involving seismicity, 
igneous scenario, general corrosion, and climate change are included for both 10,000 
years and the period of geologic stability. For these exceptions and for those barriers, 
features, events, and processes associated with FEPs included in the performance 
assessment, the compliance duration is the period of geologic stability (approximately one 
million years) as proposed by 40 CFR Part 197 [DIRS 177357].   

4.	  ITBC evaluations consider only the primary feature, event, or process associated with 
each FEP – the evaluation does not consider secondary coupled processes. 

5.	  ITBC evaluations consider all TSPA scenario classes and disruptive events: Nominal 
(expected corrosion failure), Early Failure (waste package and drip shield), Igneous 
(intrusion and eruption), and Seismic (fault displacement and ground motion). 

Once the barriers are selected as described in Section 6.1.2, the process starts with a review of 
each FEP’s (included and excluded) description and screening justification.  The FEP description  
and screening justification can lead to an association with a barrier and a specific barrier 
feature/component. The resulting features/components are associated with each of the barriers.  
For the EBS, the resulting features/components are consistent with the preclosure SSCs 
identified in  Nuclear Safety Design Bases for License Application (BSC 2005 [DIRS 175546]).  
For each barrier, the list created from this first step identifies a FEP with each relevant 
feature/component. Some FEPs are repeated because they may be associated with more than one 
feature/component of a barrier. 

Once the list of FEPs is organized according to associated barrier feature/component, each FEP 
is reviewed for its relationship to core and control parameter characteristics using the definitions 
presented in Section 6.1.1. The identified core and control parameter characteristics are then 
evaluated for their impacts to the capability of a specific barrier feature/component. 
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For each barrier feature/component, the ITBC evaluations are based on the following two criteria 
linked closely to the definition of a barrier in 10 CFR 63.2 [DIRS 180319]: 

1.	  Does the parameter characteristic prevent or substantially reduce the rate of movement of 
water from the Yucca Mountain repository to the accessible environment? 

2.	  Does the parameter characteristic FEP prevent or substantially reduce the rate of 
movement of radionuclides from the Yucca Mountain repository to the accessible 
environment or prevent the release or substantially reduce the release rate of radionuclides  
from the waste?  

The term substantially in the above criteria is relative to all features that comprise a barrier.  For 
example, the engineered barrier is comprised of eight features including the waste package and  
invert. Because of the relative importance of the waste package compared to the invert, FEPs 
involving the waste package are more likely to be associated with parameter characteristics that 
are ITBC than the FEPS that are associated with the Invert.  

The determination of the ITBC status cannot rely solely on the FEP screening decision regarding 
its inclusion or exclusion from the TSPA.  There are instances where a FEP has been 
demonstrated to be excluded from the performance assessment but is associated with a parameter  
characteristic that is determined to be ITBC.  This situation may arise when the justification for 
the exclusion of the FEP relies upon the parameter characteristic.   

The bases for ITBC evaluations were implemented with rigor by soliciting participation from 
members of the Performance Assessment System  Integration Team and several other subject 
matter experts in the review of the FEP descriptions and screening justifications.  This cadre of 
experts conducted evaluations and subsequent discussions to solidify the final decisions 
regarding the ITBC status of 374 FEP/feature-component combinations listed in Appendix A. 

A feature/component is ITWI if it is associated with an ITBC parameter characteristic, and if the 
feature is judged to be a significant contributor to barrier capability, relative to the other features 
of the barrier or the feature functions to prevent or significantly mitigate the consequences of 
potential disruptive events (e.g., criticality).  All three barriers, UNB, LNB, and the EBS are 
determined to be ITWI by this analysis.  In addition to the ITBC/ITWI evaluations described 
above, the barrier capability analysis presented in Section 6.2 also includes identification of  
the following:  

� 	 Process Models Used—A summary of each model used to characterize and assess the 
capability of the ITWI barriers 

� 	 Characteristics—A summary of the general characteristics of each ITWI barrier (and its 
associated features) that support the discussion of barrier capability 

� 	 Capabilities—A discussion of specific characteristics and processes associated with each 
barrier/feature. Separate discussions are provided for each applicable barrier function. 
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� 	 Temporal Considerations—A discussion of possible changes to the barriers, features,  
and their capability due to nominal processes that may occur after closure 

� 	 Impact of Disruptive Events—A discussion of possible changes to the barriers, features, 
and their capability due to disruptive events 

� 	 Uncertainties—A discussion of uncertainties as they affect barrier capability. 

The use of the FEP information in the barrier capability analysis addresses the following issues 
related to meeting the intent of 10 CFR 63.115 [DIRS 180319]: 

� 	 The complete list of FEPs (included and excluded) that might potentially affect features 
and barrier capability is considered in Section 6.2 

� 	 Uncertainties considered during FEP screening are also considered in the barrier 
capability analysis 

� 	 The analysis and understanding, of the barrier capability are consistent with the technical 
bases of the performance assessment used to demonstrate compliance with 
10 CFR 63.113 (b) and (c), [DIRS 180319] as they are based on results from the FEP 
screening analyses.  This is strictly true for included FEPs.  FEPs whose exclusion from  
the TSPA results in conservative estimates of dose may still contribute to barrier 
capability even though they do not contribute to performance. 

Total System Performance Assessment Data Input Packages were used for consistency 
evaluations of the control parameters used in the TSPA and the analyses in this report.  These 
included the Total System Performance Assessment Data Input Package for Requirements 
Analysis for Engineered Barrier System In-Drift Configuration (SNL 2007 [DIRS 179354]), 
Total System Performance Assessment Data Input Package for Requirements Analysis for 
DOE-OWNED SNF/HLW and Naval SNF Waste Package Physical Attributes Basis for 
Performance Assessment (SNL 2007 [DIRS 179567]), Total System Performance Assessment 
Data Input Package for Requirements Analysis for Subsurface Facilities (SNL 2007 
[DIRS 179466]), and the Total System Performance Assessment Data Input Package for 
Requirements Analysis for TAD Canister and Related Waste Package Overpack Physical 
Attributes Basis for Performance Assessment (SNL 2007 [DIRS 179394]).  

6.1.6 Core and Control Parameter Characteristics 

Core parameter characteristics were identified from knowledge of defining processes and 
features relevant to FEP screening justifications and dispositions.  They were selected by a group 
of postclosure technical leads who reviewed each FEP in the context of specific barrier 
features/components. The group had working knowledge and expertise in all the areas relevant 
to postclosure science and design integration.  The group used information contained in the 
AMRs to supplement the information contained  in the FEP disposition and justification.  The 
group identified the high-level processes and informational areas that are needed to implement 
the inclusion of the FEP into performance assessment or related to the FEP screening 
justifications based upon their knowledge of these processes as supported by the AMRs. If a 
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core parameter characteristic was essentially the same as a control parameter, the core parameter 
characteristic was eliminated and the control parameter characteristic retained. 

Core parameter characteristics are listed in Table 6-5 and cited in Appendix A. 

Core parameter characteristics are defined in Section 6.1.1. They are associated with core 
parameters that contribute to barrier capability, support the postclosure technical baseline, and 
are candidates for performance confirmation.  They are related to the events and/or processes 
that act on a feature as described by a FEP screening justification or report.  Core parameter 
characteristics are generalized, and they include the materials, properties, configurations, and/or 
orientations. 

Table 6-5. Core Parameter Characteristics 

Core Parameter Characteristic1 

Characterization of Fault Displacement 
Characterization of Igneous Events 
Characterization of Seismic Events 
Closure Materials 
Corrosion Products Properties 
Criticality Characteristics 
Drip Shield Corrosion  
Drip Shield Materials, Properties, and Configuration 
Drip Shield Seismic Performance 
Emplacement Drift Configuration 
Emplacement Pallet Materials, Properties, and Configuration 
Extent of Saturated Zone 
Extent of Unsaturated Zone 
Geothermal Gradient 
In-Drift Chemical Environment 
In-Drift Chemical Environment Properties 
In-Drift Thermal Environment, Convection, Condensation, and Evaporation 
Infiltration and Seepage 
Infiltration and Seepage Properties 
In-Package Chemical Environment 
In-Package Thermal Environment,  
Inside Waste Package Waste Forms 
Interpretation of Fault Displacement 
Invert Materials Properties, and Configuration 
Pallet Materials, Properties, and Configuration 
Preclosure Ventilation 
Properties of corrosion products 
Properties of the Host Rock Unit 
Properties of Unsaturated Zone 
Radionuclide Inventory and Source Term Properties 
Radionuclide Properties 
Repository: location and depth; layout and geometry; construction, operation, and closure 
Saturated Zone Chemical Environment 
Saturated Zone Flow 
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 Table 6-5. Core Parameter Characteristics (Continued) 


Core Parameter Characteristic 
Saturated Zone Properties 
Saturated Zone Transport 
Backfill Materials, Properties, and Configuration 
Seepage Water Chemistry 
Seepage Water Properties 
Surface Soil Properties (Including Vegetation) 
Thermal Loading and Distribution 
Unsaturated Zone Chemical Environment 

 Unsaturated Zone Flow 
Unsaturated Zone Properties  
Unsaturated Zone Transport 
Waste Form Degradation 
Waste Form, Properties, and Configuration 
Waste Form/Package Internals Materials, Properties, and Configuration 
Waste Package Materials, Properties, and Configuration  
Waste Package Source Term, Inventory, Inventory Decay, and Decay Heat 
Waste Package Temperature Limit 
NOTE: 1 Core Parameter Characteristics are the specific aspects of the contribution to barrier capability that are 

defined or supported by logical groupings of a quantity or variable that defines or supports a contribution to 
barrier capability or a model (conceptual, mathematical, or numerical) describing that capability.  A core 
parameter supports the postclosure technical bases and is not controlled or manipulated during, design, 
construction, or operations.  These parameters were developed for use in this document. 
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Control parameter characteristics are defined in Section 6.1.1 and listed in Table 6-6.  They are 
associated with control parameters that contribute to barrier capability, support the postclosure 
technical baseline, and are controlled, or manipulated during design, construction, or operations. 
They are associated with features/components in such a fashion as to provide a reasonable 
expectation that the feature/component capability will be as described in the postclosure 
technical baseline, the TSPA, and the Safety Analysis Report.  A control parameter characteristic 
may include, but is not limited to, fit, form, and functionality of the materials of a barrier 
feature/component. Control parameter characteristics are that information that identifies the 
specific functions to be performed by a feature/component (or SSC) so that the nuclear safety 
design bases of a feature within an engineered barrier (based on the core characteristics for the 
engineered barrier) will be as analyzed.  These control parameter characteristics are consistent 
with Postclosure Modeling and Analyses Design Parameters (BSC 2008 [DIRS 183627]). 
Control parameter characteristics include the application of process controls during design, 
construction, and operation. For example, control parameter characteristics constrain the design 
of the EBS to ensure the performance objectives of 10 CFR 63.113 [DIRS 180319] are achieved. 
Any changes to the controls or the design will be evaluated through an established change 
evaluation process (Section 6.1.8), which will include an evaluation of the impacts. 

Focusing on core and control parameter characteristics will better ensure that the performance 
objectives of 10 CFR 63.113 [DIRS 180319] can be achieved. Core and control parameter 
characteristics are listed in Tables 6-5 and 6-6 and cited in Appendix A. 
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As stated in Section 6.1.1, core and control parameter characteristics may be determined to be 
ITBC if the characteristic prevents or substantially reduces the rate of movement of water or 
radionuclides from the Yucca Mountain repository to the accessible environment, or prevents the 
release of or reduces the release rate of radionuclides from the waste. 

Parameter characteristics were identified from consideration of the following categories of 
parameters:  the initial set of control parameters (BSC 2005 [DIRS 175150], Table 2), the 
performance assessment parameters, performance confirmation activities and candidate 
parameters (BSC 2004 [DIRS 172452], Table 3-2), and professional judgment.  These candidate 
parameter characteristics were edited, generalized, and consolidated to produce the working set 
of core and control parameter characteristics shown in Table 6-5 and 6-6.  In Table 6-6, the 
unique number in the first column is the identifier used in the Postclosure Modeling and 
Analyses Design Parameters (BSC 2008 [DIRS 183627]). These core and control parameter 
characteristics are generalized into broad categories for this report.  This generation of broad 
categories of parameter characteristics ensures proper categorization.  Subdivision will be 
included in the Performance Confirmation test plans where more specific parameter 
characteristics or parameters with corresponding ranges and values will be identified. 

Table 6-6. Control Parameter Characteristics 

Number Control Parameter Characteristic 
01-01 Repository Geographic and Geologic Location 
01-02 Repository Layout 
01-03 Repository Geologic Location 
01-04 Repository Elevation – Standoff from Water Table 
01-05 Repository Standoff from Quaternary Fault 
01-06 Repository Elevation – Overburden Thickness 
01-07 Repository Standoff from Perched Water 
01-08 Orientation of Emplacement Drifts 
01-09 Excavation Methods 
01-10 Emplacement Drift Configuration 
01-11 Emplacement Drift Gradient 
01-12 Non-Emplacement Opening Gradient 
01-13 Emplacement Drift Spacing 
01-14 Verification of Design Rock Properties 
01-15 Design of Ground Support System 
01-16 Air Circulation through Ground Support 
01-17 Emplacement Drift Ground Support 
01-18 Unheated Drift Length 
01-19 Flood Protection 
01-20 Repository Standoff from Paintbrush Nonwelded Hydrogeologic Unit 
01-21 Minimum Thickness of the Paintbrush Nonwelded Hydrogeologic Unit above the Repository 
01-22 Repository Standoff from Calico Hills Nonwelded Hydrogeologic Unit 
02-01 As-Emplaced Waste Configuration 
02-02 As-Emplaced Waste Package-Drip Shield Configuration 
02-03 Committed Materials 
02-04 Invert and EBS Components In Situ Stress and Thermal Response 
02-05 EBS In-Drift Materials Interactions 
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Table 6-6. Control Parameter Characteristics (Continued) 


Number Control Parameter Characteristic 
02-06 EBS Material Interactions – Copper 
02-07 Emplacement Drift Invert Function 
02-08 Invert Materials 
02-10 Emplacement Drift Invert Configuration 
03-01 Waste Package Dimensions and Component Masses 
03-02 Waste Package Quantities 
03-03 Waste Package Outer Barrier Material and Thickness 
03-04 Waste Package Radial Gap 
03-05 Waste Package Longitudinal Gap 
03-06 Waste Package Internal Pressurization 
03-07 Waste Package Corrosion Allowance 
03-08 Seismic Design of Waste Package 
03-09 Waste Package Worst-Case Dose Rate 
03-10 Waste Package Design Basis Bounding Dose Rate 
03-11 Waste Package Decay Heat 
03-12 Waste Package Fabrication 
03-13 Waste Package Fabrication Weld Inspections 
03-14 Waste Package Welding Materials 
03-15 Waste Package Fabrication Welding Flaws 
03-16 Waste Package Annealing 
03-17 Waste Package Closure 
03-18 Waste Package Surface Marring Prior to Emplacement 
03-19 Waste Package Outer Barrier Material Specifications 
03-20 Materials Contacting the Waste Package 
03-21 Waste Package Handling 
03-22 Waste Package Handling and Emplacement 
03-23 Waste Package Surface Finish 
03-24 Waste Package Surface Damage Prior to Closure 
03-26 Waste Package Moisture Removal and Inerting 
04-01 Loading of Waste Forms 
04-02 Handling of Bare SNF 
04-03 Waste Form CSNF Fuel Rod Maximum Burnup Limit 
04-04 Waste Form Moisture Removal and Inerting 
04-05 Cladding Temperature Limit -- Waste Form 
04-06 Maximum Temperature of HLW Glass Canisters -- Waste Form 
04-07 Waste Package Capacities 
04-08 Handling of Waste Forms 
04-09 Waste Package and TAD Canister Excluded Materials 
05-01 Waste Package Handling and Emplacement 
05-02 Waste Package Spacing 
05-03 Waste Package Thermal Limits 
05-04 No Backfill in Emplacement Drifts 
06-01 Duration of Ventilation Period 
06-02 Drift Wall Temperature 
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Number Control Parameter Characteristic 
06-03 Waste Package Temperature Limit 
06-04 Cladding Temperature Limit -- Ventilation 
06-05 Maximum Temperature of HLW Glass Canisters -- Ventilation 
06-06  Average Airflow Rate for Preclosure Ventilation of Emplacement Drifts 
07-01 Drip Shield Design 
07-02 Drip Shield Design and Installation 
07-03 Drip Shield Corrosion Allowance 
07-04 Drip Shield Materials and Thicknesses 
07-07 EBS Drip Shield / Emplacement Drift Invert Materials Interactions 
07-08 Drip Shield Seismic Performance 
07-09 Drip Shield Fabrication 
07-10 Drip Shield Fabrication Weld Inspections 
07-11 Drip Shield Fabrication Welding Flaws 
07-12 Drip Shield Fabrication Weld Materials 
07-13 Drip Shield Heat Treatment 
07-14 Drip Shield Handling 
07-15 Drip Shield Thermal Expansion Constraint 
07-16 As-Emplaced Waste Configuration – Waste Package/Drip Shield Clearance 
08-01 Emplacement Pallet Design 
08-02  Emplacement Pallet Function 
08-03 Emplacement Pallet Fabrication and Corrosion Allowance 
08-04 EBS Materials Interactions – Emplacement Pallet Function 
08-05 Waste Package and Emplacement Pallet Static Stresses 
09-01 Closure of Shafts and Ramps  
09-03 Closure of Boreholes 
09-04  Reclamation of Lands Disturbed by Repository 
Source:  BSC 2008 [DIRS 183627], Table 1. 
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6.1.7 Integration of the Performance Confirmation Program 

A completeness review was conducted to compare the results from this report and the TSPA to 
the activities in the Performance Confirmation Plan (SNL 2008 [DIRS 184797], Appendix A).  
This review used information extracted from this report to link the models and parameters 
identified in Appendix A of this report, to the analyzed basis of the barriers. It notes that this 
document identifies core parameter characteristics for feature/components important to barrier 
capability, which would be candidates for evaluation in the performance confirmation program.   

Core parameter characteristics pertain to features/components included in models supporting 
performance assessment as well as to features, events and processes (FEPs) that have been 
excluded. Performance confirmation activities will evaluate both excluded and included FEPs.  
Core parameter characteristics deemed important to barrier capability (ITBC) and which are 
possible to test or monitor would be candidates for inclusion in the confirmation program. Some  
aspects of barrier capability identified in the PoNSDB are not significant in (or in some  
instances, excluded from) performance assessment models, but are compared to the Performance 
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Confirmation Plan activities.  Thus, PoNSDB identifies all barrier capabilities, whereas, TSPA 
identifies which of these capabilities are represented in risk and performance determinations. 

The activities identified in the Performance Confirmation Plan have been compared to the 
assumptions, data, and information that comprise the performance assessment models and results 
of the TSPA and the PoNSDB document.  This exercise has confirmed that the existing  
performance confirmation activities provide a breadth of investigations sufficient to evaluate the 
performance basis of the license application.  None of these activities is identified for deletion at  
this time (SNL 2008 [DIRS 184797]). 

6.1.8 Methodology for Postclosure Change Evaluation 

Repository design, engineering, construction, and operations activities may result in changes to 
design, materials, configurations, and processes that differ from the analyzed technical bases.  In 
addition, advances in scientific research may result in information (data, models, and 
methodologies) that is different than the analyzed bases.  Finally, the regulator may dictate  
change(s). The evaluation of such changes with respect to the postclosure technical basis and  
performance assessment is a necessary part of change control management, which involves  
integration among the preclosure safety analyses of the design organization (currently Bechtel 
SAIC Company, LLC (BSC)), Postclosure Analysis Organization (currently Sandia National 
Laboratories), the Department of Energy (DOE), and the Naval Nuclear Propulsion Program.  
The process of change evaluation and documentation for the Postclosure Analysis Organization 
will be captured in a new procedure. 

10 CFR 63.44 [DIRS 180319] provides regulatory requirements associated with change control 
for the technical basis documented in the Safety Analysis Report, but is not invoked until after 
construction authorization is granted.  It is prudent to design the preconstruction change  
evaluation process to be consistent with the information needs of the program that will be  
implemented to comply with 10 CFR 63.44 [DIRS 180319] when it is invoked.  The process 
presented herein is primarily intended to provide evaluations of changes to postclosure activities 
and/or SSCs that will be required during the postclosure period during the presubmittal and 
preconstruction authorization time periods, although the process could additionally be used to 
address some of the requirements for 10 CFR 63.44 [DIRS 180319].  The requirements related to 
change control processes in 10 CFR 63.44 [DIRS 180319] addresses preclosure and postclosure 
changes. 

Once the decision is made to initiate the postclosure change evaluation, the process, will be  
implemented.  The process of evaluation remains the same regardless of the drivers for the 
change (e.g., design, operations, or science). Evaluations are made with respect to impacts on 
the postclosure compliance baseline and performance assessment.  The technical basis is defined 
and documented in the TSPA analysis and/or model report, key supporting postclosure technical 
documents, the FEPs analysis and Database, and Total System Performance Assessment design 
interface documents that define the design input parameters and current ranges for those 
parameters as the required source for postclosure analyses.  These documents summarize the 
postclosure technical bases and will be used as the basis from which to evaluate proposed 
changes. 
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A new procedure will establish the process and responsibilities for evaluating proposed changes 
to repository design, engineering, construction, and operations activities that could impact the 
postclosure safety analyses. The procedure may also be used to evaluate the potential inclusion 
of items in the Q-List, as necessary. Configuration management and change control of these 
elements are the responsibility of BSC, the managing and operating contractor for the Yucca 
Mountain facility. 

Evaluations conducted pursuant to this new procedure will include programmatic decision 
activities, as defined in SCI-PRO-002, Planning for Science Activities as these evaluations 
consist of “what-if” studies of proposed changes to technical baseline parameters and processes.  
Approved design changes will be incorporated into the design and technical baseline using 
applicable procedures. Programmatic decision activities may involve alternative conceptual 
models, parametric changes, scientific analyses or calculations. Programmatic decision 
documentation shall fully describe the intended use of the product, and shall fully justify 
assumptions, inputs, and decisions with respect to this intended use. 

The evaluation concludes with a report, which will include documentation of the analysis 
supporting the results, as well as the results, justifications and conclusions that document the 
results of the evaluations and any subsequent impacts.  Also, the report will define, if warranted, 
a proposed path forward and any additional actions to be taken.  The report will be provided to  
lead lab senior management for any further action, which includes notification of BSC and/or 
DOE, as necessary. 

6.2 SYSTEM DESCRIPTION AND DEMONSTRATION OF MULTIPLE BARRIERS  

A critical element for repository safety is a site and system that provides multiple barriers to the 
movement of water and radionuclides.  A barrier is defined in 10 CFR 63.2 as any material, 
structure, or feature that, for a period to be determined by the NRC, prevents or substantially 
reduces the rate of movement of water or radionuclides from the Yucca Mountain Repository to  
the accessible environment, or prevents the release or substantially reduces the release rate of 
radionuclides from the waste. 

The repository system is composed of natural and engineered features that are combined into two 
natural barriers and an engineered barrier, designated as the UNB, the LNB, and the EBS. These 
three barriers provide the following principal barrier functions: 

�	  The UNB, by preventing or substantially reducing the amount and the rate of water 
seeping into the drifts, prevents or substantially reduces the rate of movement of water 
from the repository to the accessible environment and prevents or substantially reduces  
the release rate of radionuclides from the waste 
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� 	 The EBS prevents or substantially reduces the release rate of radionuclides from the  
waste and prevents or substantially reduces the rate of movement of radionuclides from  
the repository to the accessible environment 

� 	 The LNB prevents or substantially reduces the rate of movement of radionuclides from 
the repository to the accessible environment, which is located approximately 18 km  
south of the repository. 

As defined by 10 CFR 63.302, the accessible environment means any point outside of the 
controlled area, including: (1) the atmosphere (including the atmosphere above the surface area 
of the controlled area); (2) land surfaces; (3) surface waters; (4) oceans; and (5) the lithosphere.  
For the purposes of the TSPA, the accessible environment is considered to be accessed by the 
reasonably maximally exposed individual (RMEI) living 18 km south of the repository in the 
Amargosa Valley.  Modeled groundwater flow paths cross the postclosure controlled area  
boundary only at the portion of the boundary located about 18 km south of the repository 
(DTN: MO0712DELNPCCA.001 [DIRS 184172]). 

The three repository system barriers are important to waste isolation (ITWI) and function in a 
manner to provide a reasonable expectation that HLW can be disposed of consistent with 
10 CFR 63.113(b) and (c) [DIRS 180319].  Accordingly, based upon the analysis performed, the 
three barriers are ITWI.  The understanding of the barriers gained through site characterization 
and/or repository design permits a demonstration that the barriers work together to perform their 
postclosure functions.  This section identifies and describes the features of the repository system 
that contribute to barrier performance.  These features and the capability of each barrier are 
described in terms of the physical processes that contribute to repository system performance. 

Section 6.2.1 identifies the features of the natural barriers and the EBS that contribute to barrier 
capabilities and considerations. This section also describes the relationships between the three 
barriers and the models utilized in the TSPA, as well as identifying the features that ensure waste 
isolation for 10,000 years after repository closure, and that prevent or substantially reduce the 
rate of movement of radionuclides for up to 1 million years.  For the EBS, these features are 
described as SSCs. 

Section 6.2.2 describes the capability of the barriers to perform one or more of the barrier 
functions and considers the impacts of likely and unlikely events. This section also demonstrates 
that the EBS and the two natural barriers, working in combination, result in a repository system 
with multiple barriers. Section 6.2.2 includes an evaluation of the time period over which the 
barriers function and the uncertainty associated with analyses of barrier capability. The 
demonstration of barrier capability considers both qualitative and quantitative information. 
Qualitative information includes a summary of the events and processes acting on each barrier 
feature that contribute to barrier capability. Quantitative information supporting barrier 
capability is developed using the TSPA model and is presented both for the time period up to  
10,000 years after repository closure, and for the post-10,000-year period (i.e., after 10,000 years 
but through the period of geologic stability ending at 1,000,000 years). 
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It should be noted that, while all barrier capability important to waste isolation is included in 
TSPA model, some unrealized potential barrier capabilities related to excluded FEPs are not 
included in the TSPA model. Reasonably conservative model assumptions are sometimes made 
in the TSPA that result in the tendency of the TSPA model to overestimate release and 
subsequent dose. Such assumptions are made to reduce model complexity or data needs, or to 
account for uncertainty in processes. An example discussed in Section 6.2.1.2 is cladding. 
Although it is recognized that cladding on commercial spent nuclear fuel (SNF) may contribute 
to barrier capability, no credit is taken for its potential performance in the TSPA model. This 
assumption is made because the effort involved in inspection outweighs the potential barrier 
benefit that commercial SNF cladding will provide. The technical basis for the barrier 
capabilities discussed in Section 6.2.2 is consistent with the technical basis for the TSPA and is 
commensurate with the importance of each barrier’s capability; any differences are identified and 
justified. 

Section 6.2.3 summarizes and cross-references the extensive discussions of the technical basis 
for the models used to evaluate barrier performance and capability and abstracted for use in the 
TSPA to demonstrate compliance with the performance objectives of 10 CFR 63.113(b) and (c) 
[DIRS 180319]. The technical basis for the barrier capabilities discussed in Section 6.2.2 is 
consistent with the technical basis for the TSPA, and is commensurate with the importance of 
each barrier capability. 

The information discussed in Section 6.2 is based on data and analyses described in the analysis 
and model reports referenced therein.  These data and analyses are the same as those used to 
support the TSPA model and analyses presented in Total System Performance Assessment 
Model/Analysis for the License Application (SNL 2008 [DIRS 183478]). 

The information presented in Table 6-7 summarizes the content of this section, the corresponding 
regulatory requirements, and the applicable acceptance criteria from NUREG-1804 (NRC 2003 
[DIRS 163274]): 

Table 6-7. NUREG-1804 and 10 CFR Part 63 Crosswalk Table 

Section Information Category 10 CFR Part 63 Reference NUREG-1804 Reference 
6.2 System Description and 

Demonstration of Multiple Barriers 
63.113(a) Section 2.2.1.1 

6.2.1 Identification of Barriers 63.21(c)(14) 
63.113(a) 
63.115(a) 

Section 2.2.1.1.3:  
Acceptance Criterion 1 

6.2.2 Barrier Capability Description 63.21(c)(14) 
63.113(a) 
63.115(b) 

Section 2.2.1.1.3: 
Acceptance Criterion 2 

6.2.3 Technical Bases for Barrier Capability 63.115(c) Section 2.2.1.1.3: 
Acceptance Criterion 3 
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6.2.1 Identification of Barriers 

A multiple barrier system consisting of natural and engineered barriers derived from the 
characteristics of the site and the design of the repository system is an important element of the 
safety case.  In addition, a thorough postclosure safety assessment based on a comprehensive  
characterization and testing program, and the use of other information including natural and 
man-made analogues that provide insight into potential repository performance, is needed. This 
technical basis for performance assessment is important to both the demonstration of safety and 
regulatory compliance.  Sections 6.2.1, 6.2.2, and 6.2.3 will describe this information for each of 
the barriers in some detail. 

The repository system is composed of three barriers:  the UNB, the EBS, and the LNB.  
Figure 6-3 is a schematic representation of the repository system that shows the three barriers 
and the features making up each barrier.  The geologic and hydrologic features and 
characteristics of the Yucca Mountain site form effective natural barriers to the flow of water and  
to the potential movement of radionuclides.  The underground environment within the natural 
setting is conducive to the design and construction of EBS features that prevent or substantially 
reduce the potential release of radionuclides from the waste. 

Each of the barriers in the repository system works individually and together to prevent or 
substantially reduce the rate of movement of water and/or radionuclides to the accessible 
environment and the release rate of radionuclides from the waste.  Table 6-4 shows the 
relationship among the three barriers and the components used in the TSPA.  These models 
provide the technical bases for the inputs and abstraction models that are implemented in the 
TSPA. Barriers are comprised of features. The features of the UNB are evaluated with respect 
to how they prevent or substantially reduce the rate and amount of water that may seep into the 
repository drifts and, in turn, the accessible environment.  The features of the EBS are evaluated 
with respect to how they prevent or substantially reduce the release rate of radionuclides from  
the waste or how they prevent or substantially reduce the rate of movement of radionuclides 
from the repository.  The features of the LNB are evaluated with respect to how they prevent or 
substantially reduce the rate of movement of radionuclides from the repository to the accessible 
environment.  

Features have various processes acting on them that contribute to the ability of the feature to 
perform one or more functions related to the barrier capability.  To evaluate the capability of the 
barriers, the impacts of different processes acting on the features that make up the barrier is 
assessed. For example, matrix diffusion and radionuclide retardation are processes acting within 
both features of the LNB (i.e., the unsaturated zone below the repository and the saturated zone) 
that contribute to preventing or substantially reducing the rate of movement of radionuclides 
away from the repository.  It is, therefore, appropriate to evaluate the capability of barriers in the 
context of the processes that act within the features. 

Features also have various events acting upon them that may affect their barrier function and 
capability. The evaluation of barrier capability provides information on the time period over 
which each barrier and feature performs its function, including the potential effects associated  
with events that are expected to occur. For example, the potential effect of seismic events on the 
capability of the EBS is considered in the evaluation of the EBS barrier capability. The impacts 
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of seismic events on the EBS and its barrier function during the period of geologic stability (one 
million years) are potentially more significant than impacts during the 10,000-year period 
following repository closure. This result is based primarily on the fact that corrosion processes 
acting over long periods of time will degrade the EBS features and reduce their structural 
integrity, making them more susceptible to damage induced by vibratory ground motion. Igneous 
disruptive events are not evaluated with respect to barrier capability, even though such events are 
included in Section 6.2, because disruptive events, in general, disrupt the barriers and are not 
attributes of the capability of the physical feature itself. 

In the following discussion, all physical attributes of the repository system, whether natural or 
engineered, are called features. In addition to the barrier function that many features provide, 
there are features that contribute to a barrier function by providing a stable environment in which 
other features perform their function. 

The processes that act on the features, which allow the natural barriers to perform the functions 
of preventing or substantially reducing the rate of movement of water or radionuclides, are 
generally hydrologic and thermal-hydrologic processes or transport processes.  The processes  
that act on the engineered features, which allow  the EBS to perform the function of preventing or  
substantially reducing the release rate of radionuclides from the waste, are generally hydrologic 
and thermal-hydrologic, chemical and thermal-chemical, mechanical and thermal-mechanical, 
and transport processes. These include the degradation, deterioration, or alteration processes 
(evaluated in accordance with 10 CFR 63.114(f) [DIRS 180319]) that can affect the integrity of 
the EBS. 

6.2.1.1 Upper Natural Barrier 

The UNB consists of (1) surface topography and surficial soils, and (2) the unsaturated zone 
above the repository. Figure 6-5 presents a schematic of Upper Natural Barrier. Both these 
features are important to waste isolation. Surface topography and surficial soils act to limit 
infiltration into the unsaturated zone through a combination of evaporation, transpiration, and 
runoff (SNL 2008 [DIRS 182145]). The unsaturated zone above the repository horizon prevents 
or limits seepage into emplacement drifts by attenuating episodic flow and diverting percolation 
laterally. At the drift walls, flow is diverted around the drift opening through a combination of 
capillarity and thermal processes (SNL 2007 [DIRS 181244]). 

The location and elevation of the repository take advantage of the characteristics of the geologic 
and hydrogeologic setting of Yucca Mountain.  These characteristics include: 

� 	 A semiarid climate with limited precipitation and significant evapotranspiration 

� 	 A thickness of rock and soil above the repository everywhere greater than 200m and up 
to more than 400 m  
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� 	 Geologic, geochemical, and geomechanical characteristics compatible with the design  
and construction of an effective EBS 

� 	 Geomechanical and thermal characteristics that provide a stable facility with adequate 
capacity for waste disposal. 

At Yucca Mountain the majority of precipitation does not infiltrate into the unsaturated zone 
because of surface runoff, evaporation, and transpiration. On the basis of the values in the 
infiltration report (SNL 2008 [DIRS 182145], Section 6.5.7), the infiltration on average ranges 
up to about only 10% of the precipitation expected over the repository area, even for future  
wetter climates. This small amount of water infiltrates the ground surface and percolates 
downward as percolation flux, driven by gravity and capillary forces, through layers of welded 
and nonwelded tuff units. The major hydrogeologic units within the upper natural barrier include 
the Tiva Canyon welded (TCw) and the Paintbrush nonwelded (PTn) units located above the 
repository and the Topopah Spring welded (TSw) unit that hosts the repository (BSC 2004 
[DIRS 170035], Section 6.1.2). 

As water percolates downward through the unsaturated zone of the upper natural barrier it is  
redistributed between fractures and matrix, and by lateral flow along layer interfaces to faults 
(BSC 2004 [DIRS 170035], Section 6.1). Over the unsaturated zone flow model domain, a 
substantial portion of flow is laterally diverted in the PTn into faults, where fault flow increases 
from 1% to 2% at the top of the PTn to 12% to  32% at the repository level. However, within the 
repository footprint, fault flow is about 1% of the total at the top of the PTn and at the repository  
horizon, indicating less significant lateral flow in the PTn for this smaller area (SNL 2007 
[DIRS 184614], Tables 6.6-1, 6.6-2, and 6.6-3). The PTn unit has high matrix permeability and 
high matrix porosity with low fracture density, and its matrix system has a large capacity for 
storing groundwater. The relatively high matrix permeability and porosity, and the low fracture 
density of the PTn unit, convert the predominant fracture flow in the TCw unit above the PTn to 
dominant matrix flow within the PTn unit, thus damping flow through the UZ. In contrast, water 
flow in the fractured welded tuffs that host the repository (i.e., the TSw hydrogeologic unit) 
occurs primarily in widely distributed fractures (SNL 2007 [DIRS 184614], Section 6.9). 

The location of repository excavations in the unsaturated zone also limits the seepage of water as 
a result of capillary processes. Water moving through the rock matrix or in fractures in the 
unsaturated zone tends not to flow into large openings, such as drifts, but tends to continue to  
flow in the matrix and fractures in the rock around openings.  These processes divert percolating 
water around the emplacement drifts and into the rock pillars between  the drifts (SNL 2007 
[DIRS 181244], Section 6.3.1). Seismic events and igneous intrusion events would tend to 
decrease the water flow diversion effect of drifts (SNL 2007 [DIRS 181244], Sections 6.5.1.5 
and 6.5.1.7). Emplacement drifts degrade with time as a result of seismic activity, potentially 
leading to changes in drift shape, size, and filling of drift openings with rubble rock material. 
Igneous intrusion events potentially lead to magma-filled drifts. The impact of changes in shape,  
size, or filling the drifts in both of these events would tend to decrease the water flow diversion 
effect of drifts. 
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The design of the repository system also takes advantage of the heat generated by emplaced 
waste to increase the diversion of percolating water away from and around the emplacement 
drifts. As long as drift wall temperature exceeds the boiling point of water, no liquid water will 
be available to flow into emplacement drifts.  Above-boiling temperatures will generally persist 
for several hundred to more than 1,000 years following closure, particularly in the drifts near the 
center of the repository footprint (SNL 2008 [DIRS 184433], Section 6.3.1). 
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6.2.1.2 Engineered Barrier System  

The EBS is composed of features/components designed to work together and to complement the  
natural barriers by preventing or substantially reducing the release rate of radionuclides from the 
waste and preventing or substantially reducing the rate of movement of radionuclides from the  
repository to the accessible environment. Figure 6-6 presents a schematic of Engineered Barrier 
System.  The EBS features/components that are important to waste isolation and that contribute 
to barrier capability are (1) emplacement drift, (2) drip shield, (3) waste package including inner 
vessel, (4) naval SNF structure, and (5) waste form and waste package internals including the 
transport, aging, and disposal (TAD) canister, naval canister, TAD and DOE SNF neutron 
absorber materials, and naval SNF canister system components.  

Commercial SNF waste packages are used to represent the naval SNF waste packages in the 
TSPA. EBS features/components that are not important to waste isolation are, (1) the waste 
package pallet, and (2) invert. Commercial and DOE SNF cladding are also classified as not 
important to waste isolation. 

The characteristics of the EBS include: 

�	  A thermal, mechanical, hydrologic (including isolation of waste from moisture), and 
chemical environment favorable to waste isolation and affected principally by the 
thermal effects of radioactive decay 

�	  Corrosion-resistant metals that are designed to perform and function in the thermal, 
mechanical, hydrologic, and chemical environments expected in the emplacement drifts 

�	  Drip shield, waste package, and cladding materials with designs and fabrication methods 
that reduce the potential effects of stress corrosion cracking, creep, and other 
physical-chemical degradation processes 

�	  Generally low radionuclide solubility and high sorption capacity of radionuclides thus  
delaying or preventing their release in the event that waste packages are breached. 

�	  Delayed transport of radionuclides through the EBS due to insignificant advection 
through the EBS features for several hundreds of thousands of years and the slow 
diffusion of radionuclides through any continuous water film. 
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Evidence from natural and man-made openings in unsaturated underground environments 
indicates that such conditions effectively limit the seepage of water and often create in-drift 
conditions in which fragile materials may be preserved for tens of thousands of years. Seepage 
exclusion in underground openings (drifts) is consistent with processes that occur in caves, lava 
tubes, rock shelters, and surface structures, which indicate that underground openings provide a 
significant reduction in seepage compared to the amount of water infiltration that enters the 
unsaturated zone (BSC 2004 [DIRS 169218], Section 8.2). Emplacement drifts provide the 
thermal, mechanical, hydrologic, and chemical environment in which the rest of the EBS features 
function. These environments are affected by the heat caused by the decay of radioactive 
materials in the waste, in particular in the commercial SNF waste form, which makes up the bulk 
of the repository waste and therefore generates the most heat. Although these environments are 
expected to change with time, in the absence of low-probability events such as seismic or 
igneous events, the rate of change is very slow. 

The drip shield is important to waste isolation. The drip shield, which will be placed over the 
waste packages, is fabricated from Titanium Grade 7 (UNS R52400), a commercially available, 
nearly pure titanium alloy containing a small addition of palladium to provide a higher degree of 
corrosion resistance. The structural components of the drip shield will be constructed using the 
higher-strength titanium alloy Titanium Grade 29 (UNS R56404), which has alloying elements 
aluminum and vanadium to provide the required strength and ruthenium to provide corrosion 
resistance. This titanium alloy is also highly corrosion resistant in a wide variety of chemical 
environments (SNL 2007 [DIRS 179354], Section 4.1.2).  

The waste package is important to waste isolation. The waste package consists of two concentric 
cylinders: an inner vessel of Stainless Steel Type 316 (UNS S31600, with further compositional 
restrictions designed for structural support), and a corrosion-resistant outer shell made of 
Alloy 22 (UNS N06022, a nickel-chromium-molybdenum alloy with further compositional 
restrictions) (SNL 2007 [DIRS 179394], Sections 4.1.1 and 4.1.2). 

Naval SNF structure is important to waste isolation. Naval SNF structure protects the 
radionuclides from contact with the surrounding environment and reduces the release of 
radionuclides from the SNF.  Commercial cladding is not important to waste isolation. 
Commercial cladding provides protection for commercial SNF from the surrounding 
environment as long as it is intact. Commercial SNF cladding will fail by mechanical action from 
seismic or volcanic events, and/or by long-term chemical degradation. Commercial SNF 
cladding is modeled in the TSPA as being failed upon emplacement of the waste packages in the 
repository. Thus, no credit is taken for any barrier capability of the commercial SNF (and DOE 
SNF) cladding. Because of the robust design of naval SNF, the radionuclide releases from naval 
SNF waste packages are considerably less than releases from commercial SNF waste packages. 
The TSPA model does not explicitly include naval SNF, but represents naval SNF waste 
packages with commercial SNF waste packages that bound its behavior (SNL 2007 
[DIRS 179567], Section 4.1.1). 
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Components of waste package internals that are ITWI include the transport, aging, and disposal 
(TAD) canister and neutron absorber materials in both the TAD canister and DOE SNF canister. 
Commercial SNF waste packages and naval SNF waste packages constitute approximately 70% 
of the waste packages that will be emplaced in the repository.  Commercial SNF waste packages 
will contain a TAD canister. The approximately 400 naval SNF canisters (BSC 2007 
[DIRS 182131], Section 3.2.1.6) are treated in the TSPA as Commercial SNF waste packages.  
The TAD canister is constructed of Type 300-series stainless steel (such as Stainless Steel  
Type 316) that fits within the inner vessel (SNL 2007 [DIRS 179394]). SNF assemblies in 
baskets fit within the TAD canister.  The waste packages that contain canisters of naval SNF will 
contain only that waste form.  

Codisposal waste packages, which constitute approximately 30% of the waste packages in the 
repository, contain both HLW canisters and DOE SNF canisters. These two canister types are not 
important to waste isolation.   

The waste forms that are important to waste isolation include commercial SNF, naval SNF 
structure and HLW. DOE SNF is not classified as important to waste isolation. The types of 
waste to be placed in the repository include commercial SNF, U.S. Department of Energy (DOE)  
SNF (including naval SNF), and HLW. The waste forms are physically solid materials that 
degrade under moist, oxidizing conditions. Commercial SNF is primarily composed of uranium 
dioxide pellets that oxidize and hydrate. DOE SNF is composed of uranium metal (N Reactor) 
fuel and other DOE SNF waste forms. These fuel types decompose by several processes  
including dissolution, phase separation, selective leaching, and oxidation. HLW is composed of a  
borosilicate glass waste form that reacts with water and forms clays, zeolites, and oxides. 

The waste package pallet and the emplacement drift invert are two features of the EBS that are 
not important to waste isolation. The emplacement pallet rests on the invert and is a platform that 
supports the waste package. The pallet is constructed of Alloy 22 end support piers and 316 SS 
connector tubes (SNL 2007 [DIRS 179354], Section 4.1.2). The emplacement drift invert is 
composed of two parts: a mild steel framework and ballast (or fill). The ballast material is 
crushed, graded and compacted tuff derived from  tunneling operations (BSC 2004 
[DIRS 168138], Section 8.2). 

6.2.1.3 Lower Natural Barrier  

The LNB consists of two natural features: (1) the unsaturated zone below the repository horizon, 
and (2) the saturated zone beneath the repository to the accessible environment (Figure 6-7).  
Both of these features are important to waste isolation. The characteristics of the LNB include: 

� 	 Depth to groundwater below repository emplacement drifts, from  about 200 m to nearly 
400 m (BSC 2007 [DIRS 183743]; SNL 2007 [DIRS 177391], Appendix C), for the 
present-day climate (estimated to decrease on average by up to 120 m for future climate 
states) 

� 	 Long transport distance from the repository to the accessible environment 

� 	 Hydrogeologic and geochemical characteristics that limit radionuclide movement. 
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The LNB below the repository horizon prevents or substantially reduces the rate of radionuclide 
movement to the accessible environment through a variety of natural processes and 
characteristics. In the unsaturated zone, these processes and characteristics include low 
percolation rates, matrix diffusion, and sorption of radionuclides onto mineral surfaces 
(SNL 2007 [DIRS 184748], Section 6). Percolating water may also be diverted horizontally over 
perched water bodies caused by permeability barriers (SNL 2008 [DIRS 184748], Section 6.2). 
Perched water bodies are found primarily below the northern part of the repository area, where 
low-permeability, sparsely fractured zeolitic rock units predominate. Perched water zones may 
laterally divert a considerable amount of flow to major faults (BSC 2004 [DIRS 170035], 
Section 6.1.4; SNL 2007 [DIRS 184614], Section 6.6.2.3), which are conservatively treated as 
localized fast flow paths that may focus flow downward to the water table. Vitric zones are 
located in the southern half of the area below the repository. These vitric layers have relatively 
high matrix porosity and permeability, and matrix flow dominates. The relatively fast flow down 
faults below the northern half of the repository results in faster mean transport times than in the 
southern half of the repository area (SNL 2008 [DIRS 184748], Section 6.2.2.1). 

The LNB also includes the volcanic rock, zeolites, and alluvium in the saturated zone below the 
water table that delay the movement of most radionuclides.  Saturated zone processes and 
characteristics that limit the movement of radionuclides include low groundwater flow rates, 
matrix diffusion, sorption, and filtration of colloids that could potentially transport radionuclides. 

Certain aspects of the performance of the LNB are radionuclide-specific.  Matrix diffusion and 
sorption within the LNB cause a delay between release of the radionuclides from the EBS and 
arrival at the accessible environment.  In addition, radioactive decay reduces the radioactivity of 
the short-lived radionuclides to negligible levels. 
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6.2.2 Barrier Capability Description 

This section describes the capability of the three barriers identified in Section 6.2.1.  The 
description includes information on the time period over which each barrier performs.  
Uncertainties associated with each barrier’s capability are also described.  The analysis and  
understanding of the capability of the barriers are consistent with the results from the TSPA 
model as they are based on results from process models and abstraction models that provide the 
technical bases for the TSPA. Because the TSPA analyses extend beyond 10,000 years but 
within the period of geologic stability ending at 1 million years after disposal as prescribed by  
proposed 10 CFR Part 63 (70 FR 53313 [DIRS 178394]), the barrier capability analyses 
presented in this section also extend up to 1 million years after closure (proposed  
10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394])). 

The barriers are described in the sequence in which water flowing through the repository system 
encounters them:  the UNB, the EBS, and finally, the LNB. 

6.2.2.1 Upper Natural Barrier 

The topography and surficial soils, as part of the UNB, substantially reduce the amount of 
precipitation that can infiltrate into and percolate through the underlying unsaturated zone. In 
addition, capillary retention and the low permeability of the unsaturated zone prevent water from 
entering the emplacement drifts over about 30% to 60% of the repository during the 
post-10,000-year climate. These processes prevent or substantially reduce the rate of movement 
of water from the repository to the accessible environment, and prevent or substantially reduce 
the release rate of radionuclides from the waste. 

The UNB is composed of two natural features: (1) the topography and surficial soils and (2) the 
unsaturated zone above the repository. The unsaturated zone above the repository is composed 
of three hydrogeologic units with distinct properties that play an important role in limiting the 
flow of water:  the Tiva Canyon welded tuff (TCw), the Paintbrush non-welded tuff (PTn) and 
the Topopah Spring welded tuff (TSw). These features are illustrated in Figure 6-8.  These 
features have different processes and characteristics that influence their ability to prevent or 
substantially reduce the rate of movement of water into the repository.  The hydrologic processes 
that affect the rate of water movement to the repository for both the topography and surficial 
soils and the unsaturated zone above the repository feature, are tabulated in Appendix A, 
Table A-1. 
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As identified in Appendix A, Table A-1, some processes are important contributors to the overall 
capability of the UNB to prevent or substantially reduce the rate of water movement.  In the 
evaluation of the important features and processes related to the capability of the UNB, 
consideration is given to both the beneficial as well as the potentially deleterious processes that 
act on each of the features of the barrier.  Beneficial processes generally result in (a) reducing the 
amount of water from precipitation that is available for infiltration (e.g., runoff and 
evapotranspiration), (b) preventing the movement of water, or (c) substantially reducing the rate 
of movement of water from the surface to the repository, therefore preventing the movement of 
water or substantially reducing the rate of movement of water that could transport radionuclides 
from the repository to the accessible environment. The presence of a potentially deleterious 
process, on the other hand, could result in an increase in the rate of movement of water. The 
evaluation of both beneficial and potentially deleterious processes that could affect the 
movement of water in the post-10,000-year period assures a more complete understanding of the 
barrier capability. 

A few examples illustrate beneficial and potentially deleterious processes and their effects on the 
UNB. Flow diversion around repository drifts is a beneficial attribute of the unsaturated zone  
flow system that decreases the amount of water that can seep into emplacement drifts.  Climate 
change is a potentially deleterious process that could increase precipitation and thus could reduce 
the effectiveness of the UNB by increasing the rate of water movement.  

Topography and Surficial Soils—The following processes and characteristics of topography 
and surficial soils are important to the capability of the UNB: 

�	  Climate Change—Long-term climate change processes can significantly affect the 
amount of precipitation that falls in any year as well as (1) the timing of when that 
precipitation is expected to occur; (2) the air temperature and other conditions that affect 
evapotranspiration; and (3) the amount and type of vegetation expected to be present in 
the surficial soils. As a result, the climate state affects the amount of water available and 
several of the key processes that are expected to affect the amount of water that can 
infiltrate into the surficial soils and percolate through the unsaturated zone. The effects 
of climate change have been included in the assessment of net infiltration and the 
variation of the net infiltration for 10,000 years after closure, as presented in Simulation 
of Net Infiltration for Present-Day and Potential Future Climates (SNL 2008 
[DIRS 182145], Section 6). After 10,000 years, the rate of percolation at the repository 
horizon is specified by the proposed NRC rule (70 FR 53313 [DIRS 178394]). NRC 
proposes that DOE represent the effects of climate change after 10,000 years by 
assigning percolation rates at the repository horizon that vary between 13 to 64 mm/yr. 

�	  Climate Modification Increases Recharge—Future climate change may significantly 
affect the amount and timing of precipitation and temperature, which in turn affect net 
infiltration into surficial soils.  The net effect of climate change in the 10,000 years after 
closure is to increase the amount of water that precipitates and can infiltrate into and 
eventually percolate through the unsaturated zone.  This increased recharge is calculated 
by the infiltration model (SNL 2008 [DIRS 182145], Section 6.5.7.4).  The climate 
effect on net infiltration has been directly included in the TSPA by developing 
infiltration scenarios for each of three climates for the first 10,000 years after 
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closure:  present-day, monsoon, and glacial-transition.  After the first 10,000 years and 
through the period of geological stability, the effect of climate modification on 
percolation and recharge is incorporated into the performance assessment using the 
distribution of deep percolation rate as specified in the proposed 10 CFR 63.342(c)(2) 
(70 FR 53313 [DIRS 178394]). 

� 	 Precipitation—Precipitation processes are important in the evaluation of the net 
infiltration into the bedrock below the surficial soils.  The temporal and spatial 
distribution of precipitation affects the amount of water available to potentially run off, 
evaporate, transpire, or infiltrate. Given the semiarid climate at Yucca Mountain,  
precipitation events are intermittent and result in long periods of time when there is a net 
evapotranspiration from the surficial soils, interrupted by short-duration precipitation 
events that can result in some infiltration.   Net infiltration during current and future 
climate states is calculated in the infiltration model (SNL 2008 [DIRS 182145], 
Section 6.5.7).  For the post-10,000-year period up to geologic stability, the precipitation 
effect is implicitly incorporated into the TSPA by using the distribution of deep 
percolation rate as specified in the proposed 10 CFR 63.342(c)(2) (70 FR 53313 
[DIRS 178394]). 

� 	 Topography and Morphology—The topography and morphology of the ground surface 
above the repository are such that a portion of the precipitation that falls at Yucca 
Mountain is unavailable for infiltration due to surface runoff.  Generally, the steeper 
slopes have more runoff and less infiltration than the more gentle slopes.  The effects of 
variability in topography on surface runoff have been included in the assessment of net 
infiltration and the uncertainty in net infiltration set forth in the infiltration model 
(SNL 2008 [DIRS 182145], Section 6.5.7). 

� 	 Rock Properties of Host Rock and Other Units—The hydrologic characteristics of the 
surficial soils and shallow bedrock above the repository significantly affect the amount 
of net infiltration following a precipitation event.  The characteristics of the surficial 
soils and shallow bedrock also affect the soil retention and the time infiltrating water 
takes to pass below the root zone to become net infiltration (i.e., where it is not subject 
to further evapotranspiration processes). The hydrologic characteristics of the surface 
soils at Yucca Mountain, including associated uncertainty (most notably the 
permeability), are included in the assessment of net infiltration presented in the 
infiltration model (SNL 2008 [DIRS 182145], Sections 6.5.2.2 and 6.5.2.3). 

� 	 Surface Runoff and Evapotranspiration—Surface runoff redistributes precipitation to  
areas away from the repository footprint where it may infiltrate.  Runoff is significant in  
moving precipitation water from where it intersects the surface to alluvial materials in  
washes, where flooding may allow storage and transpiration or infiltration below the 
root zone. Evapotranspiration removes a significant fraction of water from soil and rock 
by evaporation and transpiration via plant root water uptake, and results in a reduction in  
the amount of water available to infiltrate into the unsaturated zone beneath the surficial 
soils. Both of these processes are included in the infiltration model for the first 10,000 
years following repository closure (SNL 2008 [DIRS 182145], Sections 6.4.3 and 6.4.4). 
For the post-10,000-year period, their effects are implicitly in the TSPA by using the 
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distribution of deep percolation rate as specified in proposed 10 CFR 63.342(c)(2) 
(70 FR 53313 [DIRS 178394]). 

� 	 Infiltration and Recharge—Infiltration is the net result of all surficial processes related  
to the availability of water. These processes include the effects of seasonal and climate 
variations, climate change, runoff, evapotranspiration, and site topography (such as 
hillslopes and washes).  The processes result in a significant reduction in the amount of 
water available to percolate into the unsaturated zone beneath the surficial soils.  
Uncertainty in infiltration is a result of uncertainty in soil and rock characteristics,  
precipitation, and surface topography. The rate of net infiltration and its associated 
uncertainty are assessed for the first 10,000 years following repository closure using the 
net infiltration model (SNL 2008 [DIRS 182145], Sections 6.5 and 6.6).  Recharge is the 
percolation flux through the unsaturated zone that reaches the water table, and is 
included in the site-scale unsaturated zone flow model (SNL 2007 [DIRS 184614]). For 
the post 10,000 year period up to geologic stability, the effects of infiltration are 
implicitly included in the TSPA by using the distribution of deep percolation rate as 
specified in the proposed 10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394]). 

� 	 Fractures—Open fractures in the bedrock will tend to increase the bedrock effective 
hydraulic conductivity and result in an increased rate of net infiltration into the 
subsurface. However, a lower effective conductivity of the bedrock will tend to increase 
water storage in the surficial soil, increase the effectiveness of evapotranspiration, 
thereby reducing the rate of net infiltration into the subsurface.  For example, fractures at 
or near the surface may be partially or completely filled, which could substantially  
reduce infiltration. The uncertainty in fracture properties and their effect on bedrock 
hydraulic conductivity are included in the net infiltration model (SNL 2008 
[DIRS 182145], Section 6.5.2.6). 

� 	 Fracture Flow in the Unsaturated Zone—Fracture flow in the bedrock beneath the  
surficial soils affects the rate of water movement below the soil–bedrock contact,  
especially in areas of thin soils (SNL 2008 [DIRS 182145], Section 6.2.1).  The rate of 
water flow in fractures at the soil-bedrock interface is influenced by fracture properties 
such as fracture frequency and permeability.   As these properties increase in value, the 
effective conductivity of the bedrock will also increase and result in an increased rate of 
net infiltration into the subsurface. 

Unsaturated Zone above the Repository—The following processes and characteristics of the 
unsaturated zone above the repository are important to the capability of the UNB: 

�	  Climate Change—Future climate change causes several responses in the unsaturated 
zone, including changes in percolation flux through the unsaturated zone, seepage into 
the repository emplacement drifts, water table rise, and recharge to the saturated zone.  
Precipitation and net infiltration into the unsaturated zone tends to increase with climate  
change, causing an increase in these responses.  The effects of climate change on 
groundwater flow in the unsaturated zone above the repository are incorporated into the 
TSPA using time-dependent infiltration rates as a boundary condition to the site-scale 
unsaturated zone flow model (SNL 2007 [DIRS 184614]) for the first 10,000 years and 
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for the post-10,000-year period, using the deep percolation rate as specified in the 
proposed 10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394]).  These responses to 
climate change are included in UZ Flow Models and Submodels (SNL 2007 
[DIRS 184614], Section 6) and Abstraction of Drift Seepage (SNL 2007 [DIRS 181244], 
Section 6). 

� 	 Climate Modification Increases Recharge—The percolation flux in the host rock 
above the emplacement drifts is significantly affected by the change in recharge and 
infiltration associated with the projected future climate changes in the 10,000 years after 
closure. The increased infiltration and percolation significantly increase the amount of  
water potentially available to seep into the drifts and the amount of water that is 
projected to seep. The effects of current and future climate states on the amount of 
water percolating through the unsaturated zone are included in the site-scale unsaturated 
zone flow model presented in UZ Flow Models and Submodels (SNL 2007 
[DIRS 184614], Section 6).  After 10,000 years and through the period of geological 
stability, the effect of climate modification on percolation and recharge is incorporated  
into the site-scale unsaturated zone flow model using the distribution of deep percolation 
rate as specified in the proposed 10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394]). 

� 	 Stratigraphy—The stratigraphic sequence of unsaturated strata defines the hydrologic 
characteristics through which percolating water flows between the surface and the 
repository horizon. This sequence of both welded and nonwelded tuffs affects the 
transient propagation of infiltration pulses and tends to spatially redistribute the 
percolation rates. Stratigraphy has been directly included in the site-scale unsaturated 
zone flow model (SNL 2007 [DIRS 184614], Section 6.1.1). 

� 	 Rock Properties of Host Rock and Other Units—Rock properties, such as fracture 
capillarity and permeability, significantly affect the distribution of percolation flux in the 
unsaturated zone and the amount of flow diversion for a given percolation flux around 
emplacement drifts.  Layer-specific rock properties and fault properties represent 
large-scale heterogeneity and have a significant effect of site-scale flow processes.  
Small-scale heterogeneity within hydrogeologic units has much less of an effect on 
site-scale flow processes.  Permeability contrasts between adjacent stratigraphic units, as  
well as the slope of these units, contribute to lateral diversion of percolation flux above 
the repository. In addition, the degree of flow focusing is related to the heterogeneous 
permeability distribution of the host rock.  Properties of rock units and associated 
uncertainties are included in the models presented in UZ Flow Models and Submodels 
(SNL 2007 [DIRS 184614], Section 6 and Appendix B) and Abstraction of Drift 
Seepage (SNL 2007 [DIRS 181244], Section 6). 

� 	 Fractures—Fractures are the main conduit for flow in most of the hydrogeologic units 
in the unsaturated zone above the repository.  Fractures account for more than 90% of 
total water flux at the repository horizon within the repository footprint (SNL 2007 
[DIRS 184614], Section 6.6.2.3).  Fractures and their properties are included in the 
models presented in UZ Flow Models and Submodels (SNL 2007 [DIRS 184614], 
Section 6). 
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� 	 Fracture Flow in the Unsaturated Zone—Above the repository, the percolation flux is 
principally controlled by gravity through a network of fractures in the TCw, PTn, and 
TSw units. Fracture flow is the dominant flow mechanism in the welded units with a 
high density of interconnected fractures. In the nonwelded PTn unit with relatively high 
matrix permeability and porosity, and relatively low fracture density, fracture flow is 
also significant even though the predominant fracture flow in the overlying TCw unit is 
converted to dominant matrix flow.  As noted above, fractures account for 90% of total 
water flux at the repository horizon within the repository footprint (SNL 2007 
[DIRS 184614], Section 6.6.2.3). 

� 	 Unsaturated Groundwater Flow in the Geosphere—Unsaturated groundwater flow 
defines the distribution of percolation flux in the unsaturated zone as a function of time,  
and is the primary mechanism for radionuclide transport below the repository. Although 
the flow rate in the unsaturated zone defines the amount of fracture flow, the fracture 
characteristics are also significant in determining the rate of radionuclide movement in 
the unsaturated zone (SNL 2007 [DIRS 177412], Section 6). 

� 	 Flow Diversion around Repository Drifts—Above the emplacement drifts, a portion 
of the percolating unsaturated flow is diverted around the repository drifts. This 
diversion prevents or substantially reduces the rate of movement of water to the 
emplacement drifts.  The amount of water flow diversion is a function of:  (1) the 
percolation in the unsaturated zone above the emplacement drifts, (2) hydrologic 
properties around the emplacement drifts, notably the permeability and capillarity of the 
fractured rock mass, and (3) the geometry of the emplacement drift and drift-wall 
properties.  Assessment of the distribution of seepage into the emplacement drifts, 
including the associated uncertainties, is presented in Abstraction of Drift Seepage 
(SNL 2007 [DIRS 181244], Section 6). 

�	  Water Influx at the Repository—Water influx is the net result of flow diversion 
processes described above.  Water that is not diverted around the emplacement drifts 
will flow into the emplacement drifts as seepage.  Assessment of the distribution of  
seepage into the emplacement drifts, including the associated uncertainties, is presented  
in Abstraction of Drift Seepage (SNL 2007 [DIRS 181244], Section 6). 

The following discussion provides an integrated description of how stratigraphy, rock properties, 
fractures, fracture flow, and unsaturated groundwater flow influence water flow through the 
unsaturated zone above the repository. 

The high density of interconnected fractures and low matrix permeability in the TCw unit 
(SNL 2007 [DIRS 179545], Tables 6-6 to 6-9 and Section 6.3.2) are conceptualized as giving 
rise to significant water flow in fractures and limited matrix imbibition (water flow from 
fractures to the matrix) within the TCw.  Thus, episodic infiltration  pulses are expected to 
percolate rapidly through fracture networks, with little attenuation by the matrix, in this unit.  
The relatively high matrix permeability and porosities and low fracture densities of the 
underlying PTn unit (SNL 2007 [DIRS 179545], Tables 6-6 through 6-9 and Section 6.3.2) 
convert the predominant fracture flow in the TCw to dominant matrix flow within the PTn.  The  
dominance of matrix flow in the PTn and the relatively large storage capacity of the matrix, 
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resulting from its high porosity and typically low saturation (under ambient conditions), give the  
PTn significant capacity to attenuate infiltration pulses.  Faults (or geologic structures) may cut 
through the entire PTn unit at some locations, leading to fast flow paths if the local PTn tuff 
matrix is not able to convert all of the fault flow into matrix flow.  In addition, some lateral  
diversion of water occurs in the PTn unit owing to the capillary barrier effects and the slope of 
the stratigraphic units (SNL 2007 [DIRS 184614], Sections 6.1.2 and 6.2.2).  The PTn unit as a 
whole exhibits very different hydrogeologic properties from the TCw and TSw units that bound 
it above and below. Both the TCw and the TSw have low porosity and intense fracturing typical 
of the densely welded tuffs at Yucca Mountain. Therefore, unsaturated flow in the TSw and 
TCw hydrologic units occurs primarily through fractures. 

The process models relevant to the UNB and their abstraction for use in the TSPA are founded 
on physical principles and extensive tests and observations from Yucca Mountain and  
appropriate analogue sites. The capability of the UNB is analyzed using models that simulate the 
flow of water (i.e., infiltration, percolation, and seepage) through the topography and surficial 
soils and the unsaturated zone above the repository.  These models consider sixteen infiltration 
scenarios, resulting in 10th, 30th, 50th, and 90th percentile infiltration rates or maps for each of  
the three climate states (i.e., present-day, monsoon, and glacial-transition) estimated for the 
Yucca Mountain site and the fourth climate state (post-10,000-year climate state) specified in the 
proposed 10  CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394]).  These infiltration maps, used as 
upper boundary conditions for the UZ Flow Model, represent uncertainty in infiltration.  These 
flow fields incorporate a range of variability and uncertainty based on the calibrated unsaturated 
zone flow models for the site. For a given climate state, the relative importance of a selected  
infiltration map and corresponding flow field is represented by a weighting factor.  The  
weighting factors are determined through comparison with measured subsurface data from the  
unsaturated zone (i.e., distributions of temperature and chloride) using a generalized likelihood 
uncertainty estimation method.  Weighting factors of approximately 61.9%, 15.7%, 16.5%, and 
6.0% were determined for the 10th, 30th, 50th, and 90th percentile infiltration maps, respectively 
(SNL 2007 [DIRS 184614], Section 6).  These same weighting factors are also used for the 
monsoon, glacial-transition, and post-10,000-year climates.  

As noted earlier, the fourth climate state, the post-10,000-year state, is also implemented in 
accordance with proposed 10 CFR 63.342(c)(2)(70 FR 53313 [DIRS 178394]). The fourth 
climate state extends the simulations from  10,000 years to 1,000,000 years. The fourth climate 
state contains four uncertainty cases based on the prescribed percolation flux distribution through 
the repository footprint in accordance with proposed 10 CFR 63.342(c)(2) (70 FR 53313 
[DIRS 178394]). 

6.2.2.1.1	 Capability of the Topography and Surficial Soils to Prevent or Substantially 
Reduce Infiltration 

Yucca Mountain is in a semiarid region where precipitation and humidity are low, thus 
promoting high potential evaporation rates. The topography and surficial soils features 
significantly reduce the movement of water into the unsaturated zone.  Runoff, evaporation, and 
plant transpiration combine to divert water and permit only a small fraction of the expected low 
precipitation at the site to infiltrate into the unsaturated zone.  These processes are included in 
the infiltration model (SNL 2008 [DIRS 182145], Section 6.5.7). 
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The capability of the UNB to prevent or substantially reduce infiltration into Yucca Mountain is 
due to the geographic and geologic setting of the site. Yucca Mountain is located in the Great 
Basin of the arid desert southwest. The Sierra Nevada Mountains serve as a physiographic  
barrier to the eastward migration of moisture from weather systems originating in the Pacific 
Ocean. As a result, average precipitation in the Yucca Mountain area is low throughout the year.   
The characteristics of topography and surficial soils and processes acting on them, including the  
effects of evapotranspiration and runoff, combine to result in infiltration into Yucca Mountain 
that is significantly less than the already low incident precipitation. During the warmer months, 
precipitation occurs intermittently, usually as isolated storms in the spring or late summer.  
Infiltration during these events is limited because of the high runoff associated with the 
topography and because of the high evaporation and transpiration rates associated with warm  
temperatures.  Most of the small amount of infiltration that does occur is associated with 
low-intensity winter storms when lower evaporation and transpiration rates and the slow melting 
of snow create conditions favoring limited infiltration.  The semiarid climate and the topography  
and surficial soils portion of the UNB also contribute to favorable site characteristics, such as the 
low rates of water flow in the unsaturated zone and the great depth of the water table (SNL 2008 
[DIRS 182145], Section 6.5.7; SNL 2007 [DIRS 184614], Section 6; SNL 2007 [DIRS 177391], 
Section 6 and Table D-5). 

Determination of net infiltration rates take into account the processes important to infiltration, 
including run-on and runoff, evaporation and transpirations, soil and bedrock hydraulic 
properties and spatial distribution, as well as topographic and climatic influences. The effect of 
climate variability (i.e., precipitation, temperature, and humidity) on infiltration rates is also  
incorporated into the model.  The infiltration model is described in Simulation of Net Infiltration  
for Present-Day and Potential Future Climates (SNL 2008 [DIRS 182145], Section 6). 

The precipitation and infiltration that influence potential seepage rates into the emplacement  
drifts are assessed for three climate states representing the climate conditions forecast to exist in 
the 10,000 years after closure (SNL 2008 [DIRS 183478], Section 6.3.1.2): 

� 	 Present-day climate state, representing conditions forecast to prevail for approximately  
the next 400 to 600 years 

� 	 Monsoon climate state, representing conditions forecast to prevail for approximately 900 
to 1,400 years after the present-day climate conditions 

� 	 Glacial-transition climate state, representing conditions that are forecast to prevail over  
the following 8,000 to 8,700 years. 

The climate durations used in the TSPA-LA Model for simulating the next 10,000 years at Yucca 
Mountain are the present-day climate for 600 years, followed by a warmer and wetter monsoon 
climate for 1,400 years, followed by a cooler and wetter glacial-transition climate for the 
remaining 8,000 years (SNL 2008 [DIRS 178871], Section 6.3.1.2). 

In the proposed 10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394]), the NRC has specified that 
long-term climate after 10,000 years following disposal should be represented by a probabilistic 
distribution for a constant in time, but uncertain long-term average climate for Yucca Mountain.   
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For each climate state, four infiltration scenarios are evaluated: a 10th, a 30th, a 50th, and  
90th-percentile scenarios.  On average, the 10th percentile infiltration scenario for each climate 
state during the post-10,000-year period represents relatively dry conditions, whereas the 30th, 
50th, and 90th percentile scenarios represent increasingly wetter conditions. The climate analysis 
and infiltration model for Yucca Mountain demonstrate that limited infiltration of water into 
Yucca Mountain is expected for present-day and future climates. Precipitation falling on Yucca 
Mountain is low, even for the glacial-transition climates that are forecast for most of the first 
10,000 years after closure.  For example, annual precipitation rates for the glacial-transition  
climate at the 50th percentile are expected to be 223 mm/yr to 287 mm/yr for the 90th percentile 
(SNL 2008 [DIRS 182145], Table 6.5.7.3-3). About 87% of the water falling on Yucca  
Mountain as precipitation during the glacial-transition climate state is expected to be diverted by  
runoff or returned to the atmosphere by evapotranspiration, whereas about 90% is diverted or 
returned to the atmosphere during present day and monsoon (SNL 2008 [DIRS 182145], 
Section 6.5.7.1). 

Estimated average present-day net infiltration ranges from less than 3% of precipitation for the 
10th percentile climate scenario to about 13% of precipitation for the 90th percentile climate 
scenario, with a mean 50th percentile infiltration of about 7% of the average present-day 
precipitation. The average infiltration rates over the four scenarios vary from about 4 to 27 
mm/yr, with a 50th percentile of about 13 mm/yr for the present-day climate.  For the monsoon 
climate scenarios, average net infiltration rate estimates for the 10th to 90th percentile climate 
scenarios range from less than 3% to 17% of precipitation, with a range from about 6 to 
53 mm/yr.  For the glacial-transition climate scenarios, the average net infiltration rate estimates 
for the 10th to 90th percentile climate scenarios range from about 5% to 16% of precipitation, 
with a range from about 13 to 47 mm/yr (SNL 2008 [DIRS 182145], Section 6.5.7). 

6.2.2.1.2	 Capability of the Unsaturated Zone above the Repository to Prevent or 
Substantially Reduce Seepage 

The unsaturated zone above the repository horizon prevents or substantially reduces the 
movement of water through the unsaturated zone and into the emplacement drifts of the 
repository. The primary large-scale processes contributing to this capability are: 

�	  Lateral diversion and evaporation of percolating water 

�	  Damping of episodic pulses of precipitation and infiltration 

�	  Capillary forces limiting seepage into the emplacement drift 

�	  Limitation of seepage because of elevated temperatures in the rock associated with the 
thermal period. 

Analyses of the effectiveness of the unsaturated zone above the repository horizon to prevent or 
substantially reduce water movement are described in UZ Flow Models and Submodels 
(SNL 2007 [DIRS 184614], Section 6) and Abstraction of Drift Seepage (SNL 2007 
[DIRS 181244], Section 6).  The site-scale UZ flow model is based on field and laboratory 
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testing, and is calibrated to match data and observations from pneumatic testing, water content 
(saturation) data, and water-potential data. 

Figure 6-6 shows a cross section of the unsaturated zone down to the repository horizon.  From 
the surface to the repository horizon, the unsaturated zone includes the Tiva Canyon welded 
(TCw) tuff, the Paintbrush nonwelded (PTn) unit (indicated as nonwelded bedded tuffs in the 
figure), and the upper part of the Topopah Spring (TSw) unit. The TCw and TSw units are 
composed of moderately to densely welded, highly fractured tuff deposits.  The high density of 
interconnected fractures and the low matrix permeability of the welded tuffs result in a majority 
of the water flow in the fractures. Episodic infiltration pulses resulting from precipitation at the 
surface, less the effects of runoff, evaporation, and transpiration, are expected to move through 
the fractured TCw unit into the underlying PTn unit with little additional attenuation (SNL 2007 
[DIRS 184614], Section 6.9). 

Within the repository emplacement area, the interface between the TCw and PTn units is 
commonly characterized by a transition over a few tens of centimeters from densely welded to 
nonwelded tuff, accompanied by an increase in matrix porosity and a decrease in fracture 
frequency. Because of the relatively high matrix porosity and permeability and low fracture 
density, water flow within the PTn unit is predominantly in the matrix.  Interconnected fracture 
networks in the nonwelded tuff are rare and are typically associated with faults, so only a small 
percentage of the water is expected to pass through fractures in the PTn unit.  Because of strong 
capillarity and high matrix porosity and permeability, the PTn unit attenuates pulses in flux from 
the overlying TCw unit, resulting in approximately steady-state water flow below the PTn unit 
(SNL 2007 [DIRS 184614], Section 6.9). 

The TSw unit has lower matrix porosity and higher fracture frequency than the overlying 
nonwelded tuff. The low matrix porosity in the TSw causes locally transient saturated conditions 
above the interface and results in fracture flow into the TSw unit. The matrix hydraulic 
conductivity of the welded tuff is less than the estimated average water flux. Therefore, 
unsaturated flow is primarily through the fractures within the TSw unit (SNL 2007 
[DIRS 184614], Section 6.2.2). 

In the unsaturated zone above the repository horizon, several processes prevent or substantially 
reduce the movement of water into the repository emplacement drifts.  Most of the water 
percolating downward in fractures through the TCw unit continues to flow approximately 
vertically downward in the matrix of the PTn unit.  The down-to-the-east dip of the PTn unit 
combined with the effects of the anisotropy in the fracture and bulk permeability across the 
TCw–PTn interface results in some lateral diversion of the unsaturated flow.  In addition, at the 
interface between the PTn and the TSw units, the contrast in the hydraulic conductivity between 
the nonwelded and welded units causes some lateral diversion of the flow.  The distribution of 
chloride in the PTn tuff also indicates that some downward-percolating water is diverted laterally 
(BSC 2004 [DIRS 170035], Section 6.1.2). Water retention by capillary processes in subunits of 
the PTn unit is considered the main mechanism for lateral diversion of flow in the PTn unit, 
particularly along sloping layers. Modeling studies, using both numerical and analytical 
solutions (Wu et al. 2000 [DIRS 154918]; Wu, et al. 2002 [DIRS 161058]; Pan et al. 2004 [DIRS 
169760]), show lateral flow within the PTn unit. 
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A second effect of the unsaturated zone above the repository horizon is the damping of the pulses 
of flow down through the unsaturated zone within the PTn unit.  Net infiltration at the surface of 
Yucca Mountain is variable in space and time.  Significant pulses of infiltration occur only once 
every few years, and infiltration varies spatially depending on the degree of focusing by surficial 
processes. Pulses of moisture may also percolate rapidly through the highly fractured tuffs of the 
TCw unit, as indicated by the potential bomb-pulse 36Cl signatures in the TSw unit.  However, 
geologic and geochemical evidence indicates that percolation rates are comparatively 
homogeneous.  The change from fracture-dominated to matrix-dominated flow at the contact of 
the TCw and the PTn units significantly attenuates the episodic infiltration flux, effectively 
smoothing the variability in percolation flux rates.  Evenly distributed chloride mass-balance 
data and estimates of mineral accumulation rates in fractures and lithophysae indicate that 
percolation rates are relatively homogeneous, except for some focused flow in fault zones 
outside of the repository footprint (SNL 2007 [DIRS 184614], Section 6.6.2.1). 

Sixteen unsaturated zone flow fields were generated for climate states (present-day, monsoon, 
glacial-transition, and post-10,000 year) and four infiltration scenarios (10th, 30th, 50th, and 
90th-percentile scenarios). The analysis of these flow fields indicates that percolation fluxes at 
the repository horizon are very different from surface infiltration patterns, mainly, in the north of 
the model domain (SNL 2007 [DIRS 184614], Section 6.6.2.1).  Under a steady-state flow 
condition, percolation flux and its distribution along any horizon of the model domain would be 
the same or very similar if there were no lateral flow.  The major differences in percolation flux 
at the repository level from the surface infiltration maps are:  (1) flow converted through faults in 
the very northern part of the model domain (with the north coordinate greater than 237,000 m) 
and (2) flow diverted into or near faults located in the rest of the model domain.  Overall, 
percolation results for the repository horizon display different patterns from the surface 
infiltrations because of the lateral flow within the PTn unit as well as flow focusing into faults. 

The flow field modeling analysis also indicates that fracture flow is dominant along the top of 
the PTn unit and the repository horizon (SNL 2007 [DIRS 184614], Section 6.6.2.3). At the 
repository level, fracture flow consists of about 60% to 80% of the total percolation flux over the 
entire model layer, and is generally greater than 90% within the repository footprint. On the 
other hand, the flow of water in larger fault zones increases with depth. Over the entire model 
layer, fault flow at the TCw–PTn interface is about 1% to 2% of the total flux over the entire 
model domain, and increases to 12% to 32% of the total flux over the entire model domain at the 
repository horizon. 

The rate and distribution of seepage control the amount of water available to contact the EBS.  In 
the unsaturated zone, seepage into the emplacement drifts is less than the percolation flux 
because capillary forces limit the movement of water into the drift openings.  Water is retained in 
the small pores and tight fractures of the low-porosity welded tuff, and a substantial fraction of 
the flow moves around the drift opening and drains through the rock pillars between the drifts. 
The effectiveness of capillary forces in limiting water movement into drifts and moving flow 
around them depends on the characteristics of the rock matrix and fractures and on the 
connectivity and permeability of the fracture network.  In addition, seepage rates are affected by 
the characteristics of the drift openings (e.g., asperities on the drift walls and flow in fractures 
that may have modified hydrologic properties in the disturbed zone created by drift excavation or 
heat from emplacement waste).  For a period of time, the decay heat of the emplaced waste is 
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great enough to heat the rock near the emplacement drifts to above the boiling point of water.  As 
long as the temperature is above boiling at the drift wall, the water vapor will be driven away 
from the emplacement drift wall surfaces.  This thermal effect, combined with the capillary 
effects, further prevents or substantially reduces seepage into the emplacement drifts.  Seepage is 
also influenced by whether or not the emplacement drift is overlain by welded or nonwelded 
tuffs such as the PTn.  The PTn has a higher storage capacity and permeability, and, thus, is able 
to imbibe water and dampen episodic infiltration events.  In contrast, the nonlithophysal units 
present above emplacement drifts are welded and highly fractured, resulting in fast flow through 
the fracture network. The latter condition is an important reason why the occurrence of seepage 
was observed in the South Ramp section of the Exploratory Studies Facility (SNL 2007 
[DIRS 181244], Section 7.1[a]). 

The models that simulate seepage into the emplacement drifts under both ambient and thermally 
perturbed conditions are described in the Abstraction of Drift Seepage (SNL 2007 
[DIRS 181244], Section 6).  These drift seepage models consider matrix and fracture hydrologic 
and thermal properties of the TSw unit and the design of the emplacement drifts.  They 
incorporate the processes and conditions that evolve over time, including changes caused by the 
heat of the emplaced waste. The drift seepage model and analysis supporting the development of 
the abstraction of drift seepage uses a continuum fracture model and samples the uncertain 
stochastic distributions for the fracture permeability and capillary strength parameters to estimate 
the probability and amount of seepage.  For the modeled future glacial-transition climate, on 
average, only about 30% of the drip shield locations are expected to experience any seepage in 
the 10,000 years after closure (SNL 2007 [DIRS 181244], Section 6.4[a]). 

The following summary illustrates the barrier capability of the unsaturated flow processes in the 
fractured rock at and above the repository horizon. The results of the probabilistic seepage 
analysis for intact drifts are described in terms of the mean seepage rate, the mean seepage 
percentage (i.e., ratio of mean seepage rate to mean percolation flux), and the seepage fraction 
(i.e., fraction of waste packages in a percolation region experiencing seepage), during the 
present-day, the monsoon, and the glacial-transition climates (SNL 2007 [DIRS 181244], 
Section 6.4[a]).  The four alternative unsaturated zone flow fields, which correspond to the 10th, 
30th, 50th and 90th percentile infiltration scenarios, arrive at four different sets of seepage 
results. For the flow field based on the 10th percentile infiltration scenario—the most likely flow 
field with a relative probability of 61.91%, seepage is expected to occur at 7.6% of all waste 
packages during the present-day climate.  This percentage rises to about 13.4% during the 
monsoon climate, and 17% during the glacial transition climate.  On average over all waste 
packages, the amount of seeping water is 1.2, 4.6, and 14.4 kg/yr per waste package for the 
present-day, the monsoon, and the glacial-transition climates, respectively.  This translates to 
mean seepage percentages of 1.1%, 2.2%, and 4.7%.  In other words, during the present-day 
climate, on average about 99% of the percolation flux would be diverted around intact drifts in 
the Tptpll unit. For the wetter climate stages of the monsoon and the glacial transition period, 
the mean percentage of diverted flux would be smaller, but still at about 98 % and 95%, 
respectively. 

The higher infiltration scenarios would result in more seepage.  For the 30th percentile 
infiltration scenario, the seepage fraction varies from 16.7% for the present-day climate, to 
22.8% during the monsoon climate, to 29.5% during the glacial-transition climate.  The 
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respective mean seepage percentages are 3.0%, 4.9%, and 8.0%.  Most seepage is seen for the 
90th percentile infiltration scenario, with the seepage fraction as high as 52.6% during the 
monsoon climate.  The mean seepage percentage during this climate state is 19.5%.  Thus, even 
for the least likely of the four unsaturated zone flow fields, with a relative probability of 6% and 
comparably strong downward percolation, the diversion capacity of the unsaturated rock is about 
81% overall. However, more than half of all waste packages are expected to experience some 
amount of seepage in this case (SNL 2007 [DIRS 181244], Table 6-6[a]).  Overall, the observed 
seepage percentages demonstrate the important barrier capability of the unsaturated flow  
processes in the fractured rock at and above the repository horizon. 

6.2.2.1.3 Time Period over which the Upper Natural Barrier Functions 

The topography and surficial soils and the unsaturated zone above the repository horizon are 
durable features of the geologic environment at Yucca Mountain.  The characteristics and 
properties of these features are not expected to change in the 10,000 years after closure.  
Geomorphologic studies of the landforms at Yucca Mountain indicate that the basic 
configuration of topography, soil depth and characteristics, and stream channel locations has 
been consistent for at least hundreds of thousands of years (YMP 1993 [DIRS 100520], 
Section 3.4).  Minor changes in the precise location of stream channels may occur, and erosion 
and sediment accumulation will continue at low rates, but the changes to the parameters 
describing these features (e.g., soil depth and slope aspect) are expected to be less than the  
variability that is explicitly accounted for in the infiltration model. 

With the exception of the very minor effects caused by the construction of the repository, the 
basic geologic features of the site are not expected to change in any significant way in the 10,000 
years after closure. However, climate is expected to vary in the future.  This variability has been  
incorporated into performance models by forecasting climate states: the present-day, monsoon, 
and glacial-transition climates, and by using the regulatory specification for climate changes 
after 10,000 years. 

Wetter, cooler conditions are expected to result in changes to the vegetation that could affect  
transpiration rates, thereby affecting net infiltration rates.  The infiltration model includes  
parameter adjustments to address increases in root density, root zone depth, and vegetation cover  
and changes in vegetation type (SNL 2007 [DIRS 184614], Section 6; SNL 2007 
[DIRS 181244], Section 6). 

The effectiveness of the UNB is expected to change after closure because of changes in the 
infiltration flux. Climate changes that result in increased net infiltration are propagated through 
the unsaturated zone, which result in increased percolation at the repository horizon. This type  
of change in barrier effectiveness is taken into account in the unsaturated zone flow and seepage 
models. 

The long-term effects of heat generated by the emplaced waste on the properties of the UNB, 
including changes to rock hydrologic properties due to mineral dissolution or precipitation and 
mechanical changes in the rock, have been investigated.  The analyses indicate that the 
magnitudes of changes attributable to coupled thermal-hydrologic-chemical-mechanical 
processes do not affect the barrier capability.  On the basis of these analyses, changes in 
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drift-scale hydrologic properties induced by thermal effects are concluded to have no significant  
impact on seepage (SNL 2008 [DIRS 183041], Section 6.2, excluded FEPs 2.1.09.12.0A, 
2.2.01.02.0A, and 2.2.10.04.0A). Although explicitly excluded from the TSPA, the permeability  
of rock in the mechanically disturbed zone around the emplacement drifts is expected to be  
higher than that of the undisturbed rock, and this is effectively accounted for in the test analyses 
used to support the development and validation of the seepage calibration model presented in 
Seepage Calibration and Seepage Testing Data (BSC 2004 [DIRS 171764]). 

Drift collapse can lead to seepage behavior that is much different from that in intact drifts 
(SNL 2007 [DIRS 181244], Sections 6.4.2.4.2 and 6.2.2[a]). The larger size and possibly 
different shape of a collapsed drift can reduce the potential for flow diversion.  In addition, the 
capillary barrier behavior at the drift wall can be affected by the rubble rock blocks filling the 
opening, as the capillary strength inside the opening is different from the zero-capillary-strength 
condition in the initially open drift.  In the case of full drift collapse, when the original openings 
have filled with rubble rock material, capillary effects are still expected to cause some flow 
diversion at the interface between the solid rock and the rubble-filled drift. These effects are 
included in the drift seepage model (SNL 2007 [DIRS 181244], Section 6). 

6.2.2.1.4 Uncertainties Associated with Upper Natural Barrier Capability 

Uncertainties associated with the capability of the UNB are derived from both the models used to 
simulate important processes and from uncertainty and variability in the data and parameters 
used to represent the characteristics of the natural system.  

Uncertainty in the climate analysis is considered in the development of the range of possible 
future climate states used in the barrier capability analysis (BSC 2004 [DIRS 170002]).  These  
uncertainties are principally related to:  (1) uncertainty in the Owens Lake paleoclimate record  
and its extrapolation to mean annual precipitation and mean annual temperature, (2) uncertainty 
in the average sediment accumulation rate used  to project the duration  of the present-day and 
monsoon climate states, (3) decade- to century-scale variability in the climate proxy records, and  
(4) the selection of analogue meteorological stations to represent future climate conditions. 

Uncertainty is also accounted for in the numerical model for net infiltration (SNL 2008 
[DIRS 182145], Section 6.5.5).  The boundary conditions for the model include uncertainty in 
the annual precipitation estimates.  In addition, the model evaluates uncertainty in runoff, 
evaporation, and transpiration processes.  The model includes uncertainty distributions for 
porosity, root-zone thickness, soil depth, precipitation, potential evapotranspiration, bedrock 
saturated hydraulic conductivity, soil saturated hydraulic conductivity, bare-soil evaporation 
parameters, effective surface-water flow area, and parameters associated with sublimation and 
melting of snow cover. 

The performance of the UNB is also subject to uncertainty that is a function of:  (1) the 
applicability of the conceptual and numerical models used to describe unsaturated zone flow and 
(2) the degree of knowledge of the characteristics of the Yucca Mountain site.  To accommodate 
both variability and uncertainty in the description of the site conditions, the UZ site-scale flow 
model captures the range of variation and resulting uncertainty in surface infiltration and 
calibrated properties through the use of four infiltration scenarios for the present-day, monsoon, 
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glacial-transition, and post-10,000-year climates and four sets of calibrated parameters for the 
10th, 30th, 50th and 90th percentile maps for each of the infiltration scenarios.  These 
uncertainties are thus propagated through the TSPA by use of the sixteen unsaturated zone flow 
fields (SNL 2007 [DIRS 184614], Section 6). The model projections for flow have been 
calibrated and compared to hydrogeologic data to ensure that results are consistent with the 
characteristics of the unsaturated zone flow system in the vicinity of Yucca Mountain.  
Uncertainties in the percolation flux due to flow  focusing are addressed in site-scale UZ flow 
model through the parameters of the active fracture model, and in drift seepage through both the 
parameters for the active fracture model and a flow focusing factor.  These parameters are 
adjusted to provide consistency with measurements that implicitly take flow focusing into 
account. 

The effectiveness of the capillary diversion around the emplacement drifts is dependent on the 
percolation flux, the spatial variability of the hydrologic properties of the lithophysal and  
nonlithophysal repository host rock units, the initial geometry of the emplacement drift opening 
and subsequent geometry resulting from drift collapse, and the properties of the emplacement 
drift wall. In addition, a vaporization effect develops when the emplacement drifts are ventilated 
or are heated to above the boiling temperature of water.  The key hydrologic properties are the 
capillary strength parameter (BSC 2004 [DIRS 171764], Section 6.6.2.3) and the fracture 
permeability (BSC 2004 [DIRS 171764], Section 6.6.3).  Distributions representing these input 
uncertainties are developed as part of the seepage abstraction and are implemented by a 
probabilistic treatment of seepage in the TSPA.  The capillary strength parameter is uncertain  
due to uncertainty in the seepage-rate data and uncertainty in the seepage calibration model.  The 
capillary strength parameter is also variable in space because different locations in the repository  
have different rock property characteristics and different capillary barrier behavior (BSC 2004 
[DIRS 171764], Section 6.6.4). Uncertainties in permeability values stem from uncertainties in 
the measured airflow rate and pressure data from the air injection testing and the analytical 
method used to derive the permeability values from these data.  There are several sources of  
uncertainty related to the percolation flux estimates provided by the site-scale UZ flow model, 
including uncertainty related to the future climates and infiltration. 

6.2.2.1.5 Impact of Disruptive Events on the Upper Natural Barrier  

The UNB may be affected by unlikely disruptive events.  For seismic activity, it is expected that 
the general configuration of the geologic units will be unchanged.  However, at the interface 
between the UNB and the EBS, there may be changes in the shape of the drift opening caused by 
drift collapse.  Drift collapse can lead to seepage behavior that is much different from that in 
intact drifts (SNL 2007 [DIRS 181244], Sections 6.4.2.4.2 and 6.2.2[a]). The larger size and 
possibly different shape of a collapsed drift can reduce the potential for flow diversion. In 
addition, the capillary barrier behavior at the drift wall can be affected by the rubble rock blocks 
filling the opening, as the capillary strength inside the opening is different from the zero capillary 
strength condition in the initially open drift.   

In the case of full drift collapse, when the original openings have been filled with rubble rock 
material, capillary effects are still expected to cause some flow diversion at the interface between  
the solid rock and the rubble-filled drift. Drift collapse is a function of the rock type at the 
repository horizon (i.e., whether the Topopah Spring Tuff contains lithophysal cavities or not). 
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Analyses indicate that in the lithophysal rock units (comprising more than 85% of the repository 
horizon), peak ground velocities (PGV) exceeding about 2 m/s are required to cause significant 
drift degradation and collapse (SNL 2007 [DIRS 176828], Section 6).  Such velocities are only 
expected at annual exceedance probabilities of about one chance in a million.   

Model results indicate that individual seismic events with PGV greater than 2 m/s often 
completely fill the drifts with rockfall in the lithophysal units, while individual seismic events 
with PGV between 1 m/s and 2 m/s fill a fraction of the free space in a drift (BSC 2004 
[DIRS 166107], Figure 6-128). Such changes in barrier performance are considered in the model  
abstractions used in the TSPA (SNL 2007 [DIRS 176828], Section 6). Other potential effects of 
seismic events on the hydrology and hydrogeologic characteristics (e.g., porosity and 
permeability) of the features within the unsaturated zone above the repository have insignificant 
effects on the performance of the repository, and are excluded from assessments of the UNB  
capability (Appendix A, Table A-1). 

For igneous activity, if a volcanic eruption should occur, the configuration of the UNB in the 
vicinity of the eruption would change.  If an igneous intrusion into certain emplacement drifts 
occurs, the affected drifts are assumed to fill with magma; however, the general configuration of 
the UNB will not change.  Seepage into the emplacement drifts is expected to change as a result 
of igneous activity and is conservatively treated in the TSPA as equivalent to the percolation flux 
in the vicinity of the igneous event. Other potential effects of igneous events on the hydrology 
and rock properties do not significantly affect the performance of the repository and are excluded  
from assessments of the UNB capability (Appendix A, Table A-1). 

6.2.2.2 Engineered Barrier System  

The EBS is composed of features/components designed to work together and to complement the  
natural barriers by preventing or substantially reducing the release rate of radionuclides from the 
waste and preventing or substantially reducing the rate of movement of radionuclides from the  
repository to the accessible environment. The EBS features/components that are important to 
waste isolation and that contribute to barrier capability are (1) emplacement drift, (2) drip shield,  
(3) waste package including inner vessel, (4) naval SNF structure, and (5) waste form (excluding  
DOE SNF waste form) and waste package internals including the transport, aging, and disposal 
(TAD) canister, naval canister, TAD and DOE SNF canister neutron absorber materials, and 
naval SNF canister system components. Commercial SNF waste packages are used to represent 
the naval SNF waste packages in the TSPA. EBS features/components that are not important to 
waste isolation are (1) commercial SNF cladding, (2) DOE SNF waste form, (3) the waste 
package pallet, and (4) invert. 

The EBS performs these functions by preventing or substantially reducing the quantity of water 
capable of contacting the waste, reducing the rate of release due to the slow alteration of the 
waste and low solubility of many radionuclides, and thereby reducing the rate of radionuclide 
transport from the waste form to the LNB.  Figure 6-6 depicts the configuration of the features of  
the EBS. 

ANL-WIS-MD-000024 REV 01 6-67 February 2008 



   

Postclosure Nuclear Safety Design Bases 

The features of the EBS have processes and characteristics that influence the capability of these 
features to prevent or substantially reduce the release of radionuclides from the waste.  These 
processes include chemical and thermal-chemical processes, mechanical and thermal-mechanical 
processes, hydrologic and thermal-hydrologic processes, and transport processes, as identified in 
Appendix A, Table A-2. 

In the evaluation of the important processes and events related to the capability of the EBS, 
consideration is given to both the beneficial as well as the potentially deleterious processes and 
events, which act on every feature of the barrier. The presence of a beneficial process generally 
results in either (1) preventing the release or substantially reducing the release rate of 
radionuclides from the waste or preventing the movement of radionuclides or (2) substantially 
reducing the rate of movement of radionuclides from the repository to the accessible 
environment.  Similarly, the absence or the slow rate of degradation rate of a potentially  
deleterious process generally results in preventing or substantially reducing the release of 
radionuclides from the waste.  The presence of a potentially deleterious process could result in an 
increase in the release rate or rate of movement of radionuclides.  The evaluation of beneficial 
and potentially deleterious processes that could affect the release or movement of radionuclides, 
both for the 10,000-year compliance period and for the post-10,000-year period, ensures a more  
complete understanding of the barrier capability.  Both beneficial and potentially deleterious 
processes have been identified as important contributors to the capability of the EBS. 

A few examples illustrate beneficial and potentially deleterious processes and their effects on the 
EBS. General corrosion of the waste package is a potentially deleterious process. However, a 
beneficial attribute of the waste package is that general corrosion rates for Alloy 22 are so slow 
and spatially variable under repository-relevant conditions that degradation and breaching of  
waste packages will be distributed over hundreds of thousands of years. Sorption of dissolved  
radionuclides on corrosion products in the waste package and on the invert ballast material 
(crushed tuff) in the EBS is a beneficial process of the EBS when the waste packages are 
breached. Seismic ground motion is a potentially deleterious process that can diminish the 
performance of the EBS by inducing both dynamic and static loads on the waste package. In turn 
these loads could cause stress corrosion cracking of the outer corrosion barrier and allow 
moisture to enter the waste package and degrade the waste form.   

The features of the EBS that are important to waste isolation and the processes and 
characteristics that contribute significantly to their barrier capability are summarized below. 

Emplacement Drift—The following processes and characteristics are important to the capability  
of the emplacement drifts and the EBS: 

�	  Unsaturated Flow in the EBS—The repository and emplacement drifts are located  
above the water table and saturated zone. Therefore, water saturation in the EBS tend to 
be low thus reducing the effective diffusivity and mobility of radionuclides in a breached 
waste package and invert. 

ANL-WIS-MD-000024 REV 01 6-68 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

�  Chemical Characteristics of Water in Drifts— The chemical characteristics of water 
in the drift are affected by the incoming water chemistry (due to seepage, condensation, 
or capillary flow), evaporation, and other thermal-chemical processes in the drift that are 
a function of the thermal-hydrologic environment. These chemical characteristics affect 
the likelihood of potential localized corrosion of the waste package outer barrier 
(Section 2.3.6.4), as well as the transport characteristics of any radionuclides released 
from the waste package to the invert. As presented in Engineered Barrier System:   
Physical and Chemical Environment (SNL 2007 [DIRS 177412], Section 6), a range of 
in-drift chemical conditions that could potentially affect degradation of the EBS 
components and transport of radionuclides has been evaluated and included in the 
abstraction models for the TSPA. Dissolved Concentration Limits of Elements with 
Radioactive Isotopes (SNL 2007 [DIRS 177418], Section 6); Waste Form and In-Drift 
Colloids-Associated Radionuclide Concentrations:  Abstraction and Summary 
(SNL 2007 [DIRS 177423], Section 6); and EBS Radionuclide Transport Abstraction 
(SNL 2007 [DIRS 177407], Section 6) present the transport characteristics that are 
affected by the range of in-drift water chemical characteristics, notably the radionuclide 
solubility and colloid stability. 

� 	 Heat Generation in EBS—The heat generated by radioactive decay has multiple effects 
on repository-relevant processes, including degradation, deterioration, and alteration of 
the EBS. Heat generation in the emplacement drifts affects the timing of the onset of 
seepage processes, as well as the distribution of in-drift convection and condensation. 
The heat generation and resultant temperature also affects the chemical evolution of 
water in the rock and emplacement drifts (SNL 2007 [DIRS 177412], Section 6). 

� 	 Seismically Induced Drift Collapse Damages EBS Components—Vibratory ground 
motions associated with seismic activity could cause failure of the host rock around 
emplacement drifts. The resulting drift degradation could cause damage to the drip 
shields as a result of the static load from the rock rubble amplified by the dynamic load 
associated with vibratory ground motion. Such mechanisms may result in damaged areas 
on the drip shield plates and stress corrosion cracking. However, stress corrosion 
cracking would not compromise the barrier capability of the drip shield because crack  
openings would be very small and tight, so effective water flow rates would be too low 
to affect the performance of the drip shield in preventing or substantially reducing the 
amount of water that could directly contact the waste package, and is excluded from the 
TSPA, as discussed (SNL 2008 [DIRS 183041], FEP 2.1.03.02.0B and 
FEP 2.1.03.10.0B). Accumulated rubble on the drip shield can also cause failure (rather 
than just damaged areas) of the drip shield during a seismic event. Two failure modes of 
the drip shield could occur: (1) rupture or tearing of the drip shield plates, and 
(2) buckling or collapse of the sidewalls of the drip shield (SNL 2007 [DIRS 176828], 
Section 6.8).  In addition, this drift collapse may have a very significant effect on waste 
package degradation. This effect manifests itself by a significantly reduced waste 
package (i.e., improved performance and enhanced barrier capability) damage if the 
rubble surrounds the waste package in the absence of a drip shield.  The effects of drift 
collapse tend to degrade the performance of the drip shield while improving the 
performance of the waste package if the waste package is surrounded by rubble at late 
times (about 200,000 years). 
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�	 Thermal Effects on Chemistry and Microbial Activity in the EBS—As noted above, 
thermal effects strongly influence the evolution of the water chemistry in the rock and 
emplacement drifts. The chemistry of the water in the emplacement drift determines the 
potential for localized corrosion of the waste package outer barrier and, in the event of 
waste package failure, can affect the stability of radionuclide-bearing colloids and 
radionuclide solubility in the invert.  Microbial effects will not significantly affect the 
in-drift chemical environment, including water chemistry. 

�	 Chemistry of Water Flowing into the Drift—As seepage waters percolate into the 
drift, their chemical compositions change by dilution or by evaporation and mineral 
precipitation. Evaporation causes dissolved aqueous species concentrations to increase, 
minerals to precipitate, and the most soluble components to become concentrated in the 
resulting solution, ultimately leading to the formation of brine. Dilution generally has 
the opposite effect. The chemical composition of the seepage water on the waste 
package surface determines the potential for localized corrosion of the waste package 
outer barrier. The chemical composition of seepage in the invert affects radionuclide 
solubility and colloid stability in the invert, which in turn affect the mobile radionuclide 
source term for transport. The range of expected water chemistries, as well as their 
variation in time due to the heat generated in the EBS, is presented in Engineered 
Barrier System: Physical and Chemical Environment (SNL 2007 [DIRS 177412], 
Section 6). 

�	 Seismic Ground Motion Damages EBS Components—Vibratory ground motion has 
the potential to cause seismically-induced rockfall that changes the cross-sectional shape 
and volume of the emplacement drifts (BSC 2004 [DIRS 166107], Sections 6.3.1.2 and 
6.4.2.2) and changes the configuration of the EBS components within the emplacement 
drifts (SNL 2007 [DIRS 176828], Sections 6.1.2 and 6.1.3). A change in the cross 
section of the emplacement drifts can alter the seepage into the drifts, flow pathways 
within the drift, condensation within the EBS, and the presence of rockfall and/or rubble 
about the drip shield can alter the mechanical response and temperature time history of 
the EBS components. 

�	 Seismic Induced Rockfall Damages EBS Components—Seismically-induced rockfall 
in the emplacement drifts can change the cross-sectional shape and volume of the 
emplacement drifts (BSC 2004 [DIRS 166107], Section 6.3.1.2), and can change the 
configuration of the EBS components within the emplacement drifts (SNL 2007 
[DIRS 176828], Sections 6.1.2 and 6.1.3).  A change in the cross section of the 
emplacement drifts can alter the seepage into the drifts, flow pathways within the drift, 
condensation within the drift, and the presence of rockfall and/or rubble around the drip 
shield can alter the mechanical response and temperature time history of the EBS 
components.   
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� 	 Seismic Induced Drift Collapse Alters In-Drift Thermal Hydrology—Seismic  
activity could produce jointed-rock motion and/or changes in rock stress leading to 
enhanced drift collapse and/or rubble infill throughout part or all of the emplacement 
drifts. Drift collapse could impact flow pathways and condensation within the EBS, 
mechanisms for water contact with EBS components, and thermal properties within the 
EBS. 

Drip Shield—The following processes associated with and characteristics are important to the 
capability of the drip shield and the EBS: 

� 	 Physical Form of Drip Shield—The physical characteristics of the drip shield, 
consistent with the design of this feature, have been included in the analyses and models 
of drip shield degradation, EBS flow and transport, and EBS environments. These 
characteristics are significant contributors to the capability of the drip shield to limit the 
flow of water and release of radionuclides. The assessment of barrier capability and  
performance accounts for design features, material characteristics, and the ways in 
which the design influences the evolution of the in-drift environment. Administrative 
controls for repository construction and operations activities will be developed to assure 
that drip shields are manufactured in accordance with design specifications and are 
emplaced properly. 

� 	 General Corrosion of Drip Shield—General corrosion rates of titanium alloys in a 
range of expected environmental conditions are sufficiently low that this process does 
not cause a through-wall penetration of the drip shield until about two to three hundred 
thousand years after repository closure. General corrosion is also an important process 
affecting drip shield structural integrity, because general corrosion thins and weakens 
the drip shields over long time periods by gradually thinning the drip shield plates and 
framework. Thinning makes these components more susceptible to being damaged by 
vibratory ground motion. The slow degradation rate of the titanium drip shield is an 
important beneficial characteristic of the drip shield feature. 

� 	 Localized Corrosion of Drip Shields—Titanium is extremely resistant to localized 
corrosion due to its very passive film. Localized corrosion will not occur in repository 
environments and is excluded from the TSPA (SNL 2008 [DIRS 183041], 
FEP 2.1.03.03.0B). 

� 	 Stress Corrosion Cracking of Drip Shields—In the presence of residual stresses or  
sustained loading, titanium is potentially susceptible to stress corrosion cracking. 
Residual stresses and sustained loading are possible as a result of rockfall or seismically  
induced damage. Uncertainty exists in the stress state and threshold stress required for a  
stress corrosion crack to be initiated, and other uncertainties exist regarding the degree 
of propagation of any stress-induced crack of titanium. Due to the long time frames, 
stress corrosion cracking is modeled to be independent of the environment, although the 
environments to support stress corrosion may not occur within the repository. Although 
stress corrosion cracking is modeled to occur in the drip shield, the presence of cracks is 
an insufficient condition to affect the performance of the drip shield in preventing or  
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substantially reducing the amount of water that could directly contact the waste package, 
and is excluded from TSPA (SNL 2008 [DIRS 183041], FEP 2.1.03.02.0B). 

� 	 Effects of Drip Shield on Flow—The drip shield prevents seepage water from 
contacting the waste package. Thus the drip shield reduces the rate of movement of 
water that may contact the waste, as well as preventing potentially deleterious brines 
from contacting the waste package surface during the period when the waste package 
may be susceptible to localized corrosion. 

� 	 Advection of Liquids and Solids through Cracks in the Drip Shield— Any cracks 
that extend through the drip shield are expected to be of insufficient size and 
morphology to allow the advective flow of water through them. The process of 
formation and the physical characteristics of stress corrosion cracks resulting from 
denting of the drip shield by seismic-induced rockfall or drift collapse is summarized in 
(SNL 2008 [DIRS 183041], FEP 2.1.03.10.0B). The advection of liquids through 
seismic-induced stress corrosion cracks in the drip shield is excluded from the TSPA 
based on low consequence as a result of a number of factors, including: (1) the small 
aperture width (narrow opening and tight cracks) and the presence of capillary forces 
within the stress corrosion cracks; and (2) the potential for plugging of the cracks due to 
mineral deposits. In response to stresses induced by rockfall deformations, stress relief 
via creep mechanisms or stress corrosion cracking of the drip shield may occur. Such  
cracks in passive alloys, such as Titanium Grade 7, are tight (e.g., small crack-opening 
displacement) and are expected to be plugged by corrosion products and precipitates 
(SNL 2008 [DIRS 183041], FEP 2.1.03.10.0B). The lack of significant advection 
through cracks in the drip shield is an important beneficial characteristic of the drip 
shield. 

� 	 Localized Corrosion on Drip Shield Surface Due to Deliquescence— The potential 
for salts to deliquesce on the drip shield surface has been evaluated. Although the 
potential for salts to deliquesce exists, the effects of such deliquescence have been  
determined to be insignificant to performance because localized corrosion processes are 
not expected to be initiated. Even if localized corrosion were initiated, due to the limited 
volumes of brine caused by deliquescence, it is expected that the process would not 
propagate through the drip shield surface. As a result, this process is excluded from the 
performance assessment (SNL 2008 [DIRS 183041], FEP 2.1.09.28.0B). The lack of 
significant drip shield degradation by this process is a beneficial characteristic of the 
drip shield. 

� 	 Early Failure of Drip Shields—During fabrication and emplacement, a range of human 
factor errors could result in a drip shield being emplaced that has the potential for a drip  
shield failure. This possibility has been included in abstraction models used in the early 
failure scenario class of the TSPA as presented in Analysis of Mechanisms for Early 
Waste Package/Drip Shield Failure (SNL 2007 [DIRS 178765]). 

� 	 Creep of Metallic Materials in the Drip Shield—Titanium Grade 7, used for the drip 
shield plates, may undergo creep deformation at temperatures as low as room 
temperature when subjected to tensile stresses exceeding approximately 50% of the yield 
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strength (SNL 2007 [DIRS 181953], Section 6.8.7). Titanium Grade 29, used for the 
drip shield structural supports, has significantly higher creep resistance than Titanium  
Grade 7 (SNL 2007 [DIRS 181953], Section 6.8.7). When the drip shield deforms  
through long-term creep, a confinement caused by the rubble is developed which tends 
to inhibit further creep deformation. Creep of titanium resulting in instability (collapse) 
of the drip shield has been excluded from the performance assessment (SNL 2008 
[DIRS 183041], FEP 2.1.07.05.0B). If creep occurs, it has the beneficial effect of 
decreasing the stress profile which in turn will reduce the rate of crack propagation. This 
beneficial effect has not been included in the stress corrosion cracking model (SNL 2008 
[DIRS 183041], FEP 2.1.07.05.0B). 

�	  Seismic Induced Drift Collapse Damages EBS Components—Vibratory ground 
motions associated with seismic activity could cause failure of the host rock around 
emplacement drifts. The resulting rockfall could cause damage to the drip shields as a 
result of the static load from the rock rubble amplified by the dynamic load associated 
with vibratory ground motion. Such mechanisms may result in damaged areas on the 
drip shield plates and stress corrosion cracking. However, stress corrosion cracking 
would not compromise the barrier capability of the drip shield because crack openings 
be very small and tight, so effective water flow rates would be too low to affect the 
performance of the drip shield in preventing or substantially reducing the amount of 
water that could directly contact the waste package, and is excluded from the TSPA, as 
discussed (SNL 2008 [DIRS 183041], FEP 2.1.03.02.0B and FEP 2.1.03.10.0B). 
Accumulated rubble on the drip shield can also cause failure (rather than just damaged 
area) of the drip shield during a seismic event. Two failure modes of the drip shield  
could occur: (1) rupture or tearing of the drip shield plates, and (2) buckling or collapse 
of the sidewalls of the drip shield. 

Waste Package—The following processes associated with and characteristics are important to  
the capability of the waste package and the EBS: 

�	  Physical Form of Waste Package—The physical characteristics of the waste package, 
consistent with the design of this feature, have been included in the analyses and models 
of waste package degradation. These characteristics are significant contributors to the 
capability of the waste package to reduce the release rate of radionuclides from the 
waste. The assessment of barrier capability and performance account for design features, 
material characteristics, and the ways in which the design influences the evolution of the 
in-drift environment. Administrative controls for repository construction and operations 
will be developed to assure that waste packages are manufactured in accordance with 
design specifications and are emplaced properly.  

�	  General Corrosion of Waste Packages—General corrosion rates of Alloy 22 in a range 
of expected environmental conditions are sufficiently low that this process is projected 
to cause a through-wall penetration in only a small fraction of the waste packages by 1 
million years after repository closure. General corrosion is an important process 
affecting waste package structural integrity, because general corrosion thins and  
weakens the waste packages over long time periods by gradually thinning the Alloy 22 
outer corrosion barrier, which makes the waste package more susceptible to being  
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damaged by vibratory ground motion. Although the stainless steel inner vessel of the 
waste package and the TAD canister for the commercial SNF waste package will reduce 
the rate of movement of water that may contact the waste for tens of thousands of years 
after the Alloy 22 outer corrosion barrier is breached, this beneficial characteristic is not 
included in the performance assessment. The stainless steel inner vessel and TAD 
canister will provide additional structural resistance to vibratory ground-motion-induced  
damage to the waste packages; this beneficial characteristic is also incorporated into the 
performance assessment, but is not included in the performance assessment after the 
waste package Alloy 22 outer corrosion barrier has been breached. 

�	  Stress Corrosion Cracking of Waste Packages— Stress corrosion cracking is the 
process by which cracks initiate in a material under stress in the presence of a corrosive 
environment. Stress corrosion cracking may affect the time to waste package breach. 
Stress corrosion cracks would allow diffusive transport of radionuclides from the waste 
package and therefore could compromise the barrier capability of the waste package. 
Alloy 22, the material used for the waste package outer corrosion barrier, is highly 
resistant to stress corrosion cracking, but may be susceptible to cracking in the Yucca 
Mountain environment and the stress conditions (SNL 2007 [DIRS 181953]). Stress  
corrosion cracking can occur via three possible mechanisms: (1) through-wall 
propagation of fabrication flaws (other than in the outer corrosion barrier weld region) in 
the waste packages that result in early waste package failure; (2) through-wall 
propagation of incipient cracks that can occur on the waste package outer corrosion 
barrier closure weld regions; (3) damage to the waste package induced by seismic events 
and drift collapse (SNL 2007 [DIRS 176828]). 

�	  Localized Corrosion of Waste Packages— Localized corrosion is a phenomenon in 
which corrosion progresses at discrete sites or in a nonuniform manner. At least upon 
initiation, the propagation rate of localized corrosion is faster than that of general 
corrosion. Localized corrosion mechanisms on the waste package surface are dependent 
on the thermal-hydrologic and thermal-chemical environment on the waste package 
surface. The initiation of localized corrosion is possible in those cases where the drip  
shield has degraded sufficiently that incoming seepage is allowed to contact the waste 
package during the early part of the thermal period. In most cases, the drip shield will be 
intact during this period, protecting the waste package from seepage water contact.  
Should the drip shield fail to perform its function, such as in the unlikely event of drip 
shield failure due to large seismic motions or fault displacement in the first 12,000 years,  
seepage waters may form concentrated aggressive solutions on the waste package 
(SNL 2008 [DIRS 183478], Volume I, Section 6.3.5.2). In this case, waste packages that 
are susceptible to localized corrosion are expected to have already experienced 
substantial mechanical damage failure and any additional damage caused by localized 
corrosion would not significantly impact radionuclide release from already damaged 
waste packages.  The possibility of localized corrosion also requires aggressive 
environmental exposure conditions that are generally not present (SNL 2008  
[DIRS 183478], Volume III, Appendix O). The expected absence of the conditions 
necessary to initiate localized corrosion is an important beneficial characteristic of the 
waste package feature. 
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� 	 Advection of Liquids and Solids through Cracks in the Waste Package—Similar to 
cracks in the drip shield, cracks in the waste package are expected to be of insufficient 
size and morphology to allow for the advection of water into the waste package. As a 
result, as discussed in Features, Events, and Processes for the Total System Performance 
Assessment: Analyses (SNL 2008 [DIRS 183041]), advective release from the waste 
package is only possible when the degradation mode causing breach is by general or 
localized corrosion, manufacturing defects resulting in early failure, or waste package 
rupture due to forces induced by seismic vibratory ground motion or fault displacement. 

� 	 Localized Corrosion on Waste Package Outer Surface Due to Deliquescence—Dust 
will be deposited on the surfaces of waste packages in emplacement drifts primarily  
during the operational and the preclosure ventilation periods. After emplacement, there 
is a period up to approximately 1,000 years in which no seepage is possible because the 
drift wall temperature is above boiling (SNL 2008 [DIRS 184433], Figure 6.3-76[a]). 
During this interval, and for as long as the drip shields perform their function, the only 
aqueous phase that could potentially contact the waste package is brine that originates by 
deliquescence of soluble salts in dust residing on the waste package (SNL 2007 
[DIRS 181267], Sections 7.1 and 7.1[a]). The potential for brines formed by dust 
deliquescence to initiate and sustain localized corrosion resulting in breach of the waste 
package outer corrosion barrier has been evaluated and excluded from the TSPA. 

� 	 Seismic Ground Motion Damages EBS Components—Ground motion associated with 
seismic activity has the potential to disrupt the integrity of the waste package and other 
EBS components, which could lead to impaired waste package performance and/or 
breaching, with subsequent radionuclide release. Seismic-induced deformation of the 
waste package could result in plastic yielding or even breach of the waste package. If the 
residual stress on a plastically deformed waste package exceeds a threshold value, then  
accelerated stress corrosion cracking may result in the formation of diffusive transport 
pathways for radionuclides. Additional structural failures corresponding to the tearing or 
rupture of the waste package could also occur. A rupture or tear may occur if the local 
strain exceeds the ultimate tensile strain, and may partly or completely negate the 
effectiveness of the waste package in preventing the inflow of seepage water or the 
outward transport of radionuclides (SNL 2007 [DIRS 176828], Section 6.1.4).  

� 	 Early Failure of Waste Packages—During fabrication, waste loading, and 
emplacement, a range of human factor errors could result in a waste package being  
emplaced that has the potential for an early waste package failure. This possibility has 
been included in abstraction models used in the early failure scenario class of the TSPA 
as presented in Analysis of Mechanisms for Early Waste Package/Drip Shield Failure 
(SNL 2007 [DIRS 178765]). 

Naval SNF Structure—The following process and characteristics are important contributors to 
the barrier capability of the naval SNF structure and EBS: 

� 	 Naval SNF Structure—In the modeled repository there are 8,213 waste packages of 
commercial SNF, 413 of which represent the naval SNF waste packages (SNL 2008 
[DIRS 183478], Appendix L, Section L2.10). The TSPA model does not explicitly 
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include the naval SNF waste packages, but represents its behavior with 413 commercial 
SNF waste packages that bound the naval SNF waste packages. That is, waste packages 
containing naval SNF are conservatively modeled in the TSPA as commercial SNF 
waste packages (SNL 2008 [DIRS 183041], FEP 2.1.02.25.0B). 

Waste Form and Waste Package Internals (including the TAD canister, naval canister, 
TAD and DOE SNF canister internals, naval SNF structure, and naval SNF canister system  
components)—The following processes and characteristics  are important to the capability of the 
waste form and waste package internals and the EBS:  

� 	 Seismic Ground Motion Damages EBS Components—Vibratory ground motion has 
the potential to damage the waste forms and waste package outer corrosion barrier as a 
result of waste package-to-waste package impacts and waste package-to-pallet impacts 
that may occur during a seismic event. This damage may result in residual stresses that 
exceed a tensile threshold for initiation and growth of stress corrosion cracks.  Once the 
outer corrosion barrier is breached by a crack network, corrosion of the waste package 
internals (specifically TADs and Naval canisters represented by CNSF packages because 
of their original structural stability or weight) will compromise their capacity to support 
structural loads and to isolate the waste form during vibratory ground motion (SNL 2007 
[DIRS 176828], Sections 5.4 and 6.1.4). 

� 	 Commercial Spent Nuclear Fuel Degradation (Alteration, Dissolution, and 
Radionuclide Release)—The availability of individual radionuclides for dissolution, 
once a commercial SNF waste package and fuel cladding are breached, is limited by the 
structure, microstructure, and physiochemical properties of the irradiated fuel, as well as 
by the distribution of radionuclides in the fuel rods. The part of the radionuclide 
inventory present, either as a solid solution in the fuel matrix or embedded as discrete 
phases in the fuel grains, is not available for dissolution until the fuel matrix is dissolved  
or degraded. The rate of dissolution or degradation will influence the rate at which 
soluble radionuclides can enter solution. The commercial SNF degradation rate is the 
product of the fuel surface area and the surface area-normalized dissolution rate. The 
latter depends on pH, carbonate levels, and the oxygen partial pressure (BSC 2004 
[DIRS 169987]). 

� 	 HLW Glass Degradation (Alteration, Dissolution, and Radionuclide Release)—The 
availability of individual radionuclides for transport and release once a codisposal waste 
package is breached is determined by the rate at which radionuclides leave the waste 
form and enter solution. The rate at which radionuclides enter a solution is controlled 
either by the dissolution rate of the waste form or by the solubility limit of the 
constituent elements. A few soluble radionuclides, such as 99Tc, will enter solution at the 
same rate glass dissolves, so the waste form dissolution rate determines their rate of 
release. 99Tc from HLW is a key contributor to the annual dose to the RMEI in the 
10,000-year period. HLW glass degradation depends upon the glass surface area and the 
surface area-normalized glass dissolution rate. The dissolution rate varies as a function  
of pH, being lowest at near neutral pH. Many radionuclides, however, quickly saturate 
the solution, so the solubility limits of these radionuclides determine their rate of release. 
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� 	 Chemical Characteristics of Water in Waste Package—The chemical characteristics 
of the water in contact with the waste package internals, including void spaces, and the 
waste form affect the degradation characteristics of the waste form, the solubility of 
radionuclides in the dissolved phase, and the stability of colloidal particles. These  
chemical effects are significant in affecting the release of low solubility radionuclides 
(e.g., 90Sr, 237Np, 239Pu, 240Pu, 241Am, and 243Am) and radionuclides that may be released 
attached to colloidal particles (e.g., 239Pu, 240Pu, 241Am, and 243Am). Uncertainty in the 
in-package chemistry, in particular the ionic strength and pH that have the most 
significant effect on these coupled processes, has been considered in the abstraction 
models used in TSPA presented in In-Package Chemistry Abstraction (SNL 2007 
[DIRS 180506]). 

� 	 Chemical Interaction with Corrosion Products—The corrosion products of the steel 
and aluminum alloys in the waste package, and their control on the concentration of 
aqueous species, are of primary importance in determining the pH and ionic strength of 
the solution, which impacts the alteration rates of the different waste forms, the 
solubility of radionuclides, and the colloid concentration and stability in the waste 
package. In addition, sorption onto corrosion products can significantly slow the release 
of radionuclides from the waste package.  As discussed in EBS Radionuclide Transport 
Abstraction (SNL 2007 [DIRS 177407], Section 6.3.4.2), retardation of radionuclides 
will occur in the waste package corrosion products. 

� 	 Radionuclide Solubility, Solubility Limits, and Speciation in the Waste Form and 
EBS—Solubility limits of low-solubility dissolved radionuclides (e.g., 237Np, 239Pu,
240Pu, 241Am, and 243Am) significantly affect the amount of these radionuclides that may 
be released from the waste form through the other EBS features. The more soluble the 
radionuclide, generally the greater mass flux of that radionuclide that will be released by 
diffusive or advective release mechanisms from the waste form. The radionuclides most 
significant to dose that are released by diffusion are highly soluble 99Tc and 129I
(SNL 2007 [DIRS 177418], Section 6). 

� 	 Sorption of Dissolved Radionuclides in the EBS—The degradation of the waste 
package inner vessel and internals (such as the TAD canister) results in a significant 
quantity of iron/chromium/nickel oxide materials. These materials have a significant 
amount of retardation potential, due to sorption, for a number of radionuclides that are 
potentially significant for the release from the waste form, including 90Sr,  137Cs, 237Np,
239Pu, 240Pu, 241Am, and  243Am. This sorption significantly reduces the release of these 
radionuclides from the waste in the event that a breach in the waste package has 
occurred. The models used to evaluate radionuclide sorption are presented in EBS 
Radionuclide Transport Abstraction (SNL 2007 [DIRS 177407], Section 6). 

� 	 Reaction Kinetics in Waste Package—Chemical reactions, such as radionuclide 
dissolution/precipitation reactions and reactions controlling the reduction–oxidation 
state, may not be at equilibrium within the waste package and influence the in-package 
solution chemistry, the solubility of radionuclides, the degradation rate of HLW glass, 
and radionuclide sorption onto corrosion products. The effects of reaction kinetics on 
these processes and radionuclide releases from the waste package are included in TSPA. 
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� 	 Diffusion of Dissolved Radionuclides in the EBS—Diffusion is an important 
mechanism that transports dissolved radionuclides from the waste form surface to the  
waste package internals and then through the degraded waste package to the invert. 
Diffusion is controlled by the degree of degradation of the waste package and the 
hydrologic characteristics within the waste package, which, in turn, are a function of the 
type of waste. The model presented in EBS Radionuclide Transport Abstraction 
(SNL 2007 [DIRS 177407], Section 6) assumes there is a continuous water film if 
relative humidity is greater than 95% and the temperature is less than 100°C through 
which radionuclides can diffuse. 

� 	 Advection of Dissolved Radionuclides in the EBS—Once the drip shields fail and 
patch breaches in the waste package form, water may enter the waste package, dissolve 
radionuclides, and flow out, thereby generating advective releases of radionuclides. 
Patch breaches may form due to manufacturing defects (early failure), general corrosion,  
or seismic-induced rupture or puncture. When advective transport occurs, advective 
release rates of radionuclides from the waste package are typically greater than diffusive 
release rates, particularly for solubility-limited radionuclides (e.g., 90Sr, 237Np, 239Pu, 
240Pu, 241Am, and 243Am) and radionuclides that may be released attached to colloidal 
particles (e.g., 239Pu, 240Pu, 241Am, and 243Am). Models used for the advective transport 
processes are presented in EBS Radionuclide Transport Abstraction (SNL 2007 
[DIRS 177407], Section 6). 

� 	 Chemical Effects of Void Space in Waste Package—Upon waste package breach, the 
inert gas initially present escapes and is replaced by humid air. The reaction of this air 
with waste package internals and the resulting changes in water chemistry influence the 
solubility characteristics of  radionuclides, the degradation of waste package internals 
and the waste form, and the transport behavior of radionuclides released from the waste 
form. Chemistry effects of voids in the waste package internals are included in models 
of in-package water chemistry (SNL 2007 [DIRS 180506], Section 6.3.1.1). 

� 	 In-Package Criticality (intact configurations, degraded configurations, resulting 
from a seismic event (intact and degraded configurations), and resulting from 
rockfall (intact and degraded configurations))—For a criticality event to occur, the 
appropriate combination of materials (e.g., neutron moderators, neutron absorbers, 
fissile materials, or isotopes) and geometric configurations favorable to criticality must 
exist. As documented in Screening Analysis of Criticality Features, Events, and 
Processes for License Application (SNL 2008 [DIRS 173869], FEPs 2.1.14.15.0A, 
2.1.14.16.0A, 2.1.14.18.0A, 2.1.14.19.0A, 2.1.14.21.0A, and 2.1.14.22.0A) the 
probability of criticality for the in-package location is less than 1 chance in 10,000 of 
occurrence within 10,000 years after disposal. Therefore, in-package criticality is 
excluded from the performance assessment.  

� 	 Stress Corrosion Cracking of Waste Packages—Stress corrosion cracking is the 
process by which cracks initiate in a material under stress in the presence of a corrosive 
environment. Stress corrosion cracking may affect the time to waste package breach. 
Stress corrosion cracks would allow diffusive transport of radionuclides from the waste 
package and therefore could compromise the barrier capability of the waste package. 
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Alloy 22, the material used for the waste package outer corrosion barrier, is highly 
resistant to stress corrosion cracking, but may be susceptible to cracking in the Yucca 
Mountain environment and the stress conditions (SNL 2007 [DIRS 181953]). Stress  
corrosion cracking can occur via three possible mechanisms: (1) through-wall 
propagation of fabrication flaws (other than in the outer corrosion barrier weld region) in 
the waste packages that result in early waste package failure; (2) through-wall 
propagation of incipient cracks that can occur on the waste package outer corrosion 
barrier closure weld regions; (3) damage to the waste package induced by seismic events 
and drift collapse (SNL 2007 [DIRS 176828]). 

�	  DOE SNF Degradation (Alteration, Dissolution, and Radionuclide Release)—Little 
quality-level data exists on the DOE SNF fuel, so a bounding approach is used to 
account for uncertainty in the characteristics of the DOE SNF fuel (BSC 2004 
[DIRS 172453]) and the degradation rate of all DOE SNF except naval waste packages 
is bounded in the TSPA as instantaneous. The degradation of DOE SNF waste packages 
strongly influences the pH of the water chemistry within the codisposal waste packages  
by buffering pH in the near-neutral range and therefore impacts radionuclide solubilities, 
colloid stability, and radionuclide mobility. 

Waste Package Pallet—The following processes associated with and characteristics are 
important to the capability of the waste package pallet and the EBS: 

�	  Seismic Ground Motion Damages EBS Components—Vibratory ground motion has 
the potential to damage the waste forms and waste package outer corrosion barrier as a 
result of waste package-to-pallet impacts that may occur during a seismic event. This 
damage may result in residual stresses that exceed a tensile threshold for initiation and  
growth of stress corrosion cracks.  Once the outer corrosion barrier is breached by a 
crack network, corrosion of the waste package internals (specifically TADs and Naval 
canisters represented by CNSF packages because of their original structural stability or 
weight) will compromise their capacity to support structural loads and to isolate the 
waste form during vibratory ground motion (SNL 2007 [DIRS 176828], Section 6.1.4). 

The waste package pallet and emplacement drift invert are two features of the EBS that are not 
important to waste isolation. While intact, the waste package pallet precludes contact between 
the waste package and the invert and stabilizes the waste package during seismic events.  The 
invert maintains the pallet, waste package, and drip shield in a nominally horizontal 
configuration. 

The presence of the pallet can delay diffusive releases of radionuclides from the waste package 
to the invert, as long as the cradles remain intact and can support the waste package above the 
invert. The EBS radionuclide transport abstraction model (SNL 2007 [DIRS 177407], Section 6) 
implemented in the TSPA ignores this beneficial characteristic of the pallet and conservatively 
assumes that the waste package is in direct contact with the invert. The emplacement drift invert 
is composed of two parts: a steel invert structure and ballast (or crushed tuff). In the unsaturated 
repository environment, the crushed tuff in the invert sorbs radionuclides and slows the diffusive 
movement of radionuclides into the Lower Natural Barrier. 
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The significant processes described above determine the manner in which the features of the 
EBS work together to prevent or substantially reduce the release of radionuclides from the waste 
and prevent or substantially reduce the rate of movement of radionuclides from the repository to 
the accessible environment. These processes and their effects on the EBS can be summarized as:  
(1) chemical, thermal, and mechanical processes that affect the degradation of the drip shield and  
waste package, (2) thermal-hydrologic processes that affect the potential for liquid flow through 
cracks in degraded drip shields and waste packages, and (3) thermal and chemical processes that 
affect alteration of the waste form and waste package internals and transport from the waste form 
to the edge of the EBS. The most significant drip shield and waste package degradation 
processes are related to mechanical degradation processes associated with likely and unlikely 
seismic events that cause through-wall stress corrosion cracks.  The most significant 
thermal-hydrologic processes are related to water entering the waste package. However, tight 
flow paths through potential cracks prevent liquid flow into the waste package and limit the 
radionuclide release process to follow a diffusive path through the waste package. The most 
significant thermal and chemical processes are related to waste form degradation, corrosion of 
internal materials, and diffusive transport processes limited by the low solubility of the 
radionuclides that are a significant fraction of the total inventory (notably 239Pu, 240Pu, 241Am,  
and 243Am), as well as the sorption of these radionuclides onto iron oxide and other degradation 
products in the waste package. 

The models developed to represent the physical and chemical environment in the emplacement  
drift are described in General Corrosion and Localized Corrosion of the Drip Shield (SNL 2007 
[DIRS 180778]); General Corrosion and Localized Corrosion of Waste Package Outer Barrier 
(SNL 2007 [DIRS 178519]); and Stress Corrosion Cracking of Waste Package Outer Barrier 
and Drip Shield Materials (SNL 2007 [DIRS 181953]). The TSPA model integrates the models 
of degradation processes with models used to describe the environment within the emplacement  
drift. The waste form degradation models as well as the in-package chemistry and radionuclide 
solubility models described in In-Package Chemistry Abstraction (SNL 2007 [DIRS 180506], 
Section 6); and Dissolved Concentration Limits of Elements with Radioactive Isotopes 
(SNL 2007 [DIRS 177418], Section 6) are implemented in the TSPA model. Similarly, the 
model for EBS transport described in EBS Radionuclide Transport Abstraction (SNL 2007 
[DIRS 177407], Section 6), which simulates the mobilization and movement of radionuclides 
from inside the waste package to and through the invert, is implemented in the TSPA model. The  
TSPA model integrates the degradation, mobilization, and transport models with other 
components, such as those used to describe the chemical and physical environment within the 
emplacement drift.  

6.2.2.2.1	 Capability of the Engineered Barrier System to Prevent or Substantially Reduce 
the Contact of Seepage with the Waste Form 

The capability of the EBS to prevent or limit the movement of water and prevent contact 
between water and waste depends on the integrity of the drip shields and waste packages. Should 
the majority of waste packages remain intact for tens of thousands to hundreds of thousands of 
years as expected, only a limited number of the waste forms will be exposed to water during this  
period. The data and analyses used to assess waste form degradation are discussed in detail in 
Defense HLW Glass Degradation Model (BSC 2004 [DIRS 169988], Section 6.1), CSNF Waste  
Form Degradation: Summary Abstraction (BSC 2004 [DIRS 169987], Section 6.2.2.2), DSNF  
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and Other Waste Form Degradation Abstraction (BSC 2004 [DIRS 172453], Section 6). The 
possibility of early failure of some waste packages due to fabrication errors, as well as the effects 
of seismic-induced mechanical damage, have been considered in evaluating the overall barrier 
capability. 

The drip shield is designed to divert seepage away from the waste package.  It prevents water 
from contacting the waste package as long as it remains intact.  The waste packages prevent 
water from contacting the waste forms.  As long as the waste packages are intact, moisture 
cannot contact the waste forms.  The Zircaloy cladding that encases much of the SNF also 
prevents the contact of seepage with the waste form as long as it remains intact although this 
capability is not considered in the TSPA.  A detailed description of the testing data, geochemical 
constraints, and models of drip shield, waste package, and cladding integrity is presented in 
General Corrosion and Localized Corrosion of the Drip Shield (SNL 2007 [DIRS 180778]); 
General Corrosion and Localized Corrosion of Waste Package Outer Barrier (SNL 2007 
[DIRS 178519); and Cladding Degradation Summary for LA (SNL 2007 [DIRS 180616], 
Section 6). 

The degradation rates for general corrosion of Titanium Grade 7 (UNS R52400) are sufficiently 
low so that even the highest measured rates would not lead to failure of the drip shield for over 
150,000 years. Seismic-induced stress corrosion cracking is not expected to have significant 
consequences to drip shield performance and is excluded from the TSPA (SNL 2008 
[DIRS 183041], FEP 2.1.03.02.0B). Localized corrosion induced by seepage or by deliquescence 
will not occur in repository environments and is excluded from TSPA (SNL 2008 
[DIRS 183041], FEPs 2.1.03.03.0B and 2.1.09.28.0B). Even with stress corrosion cracking of the 
drip shields or any subsequent creep deformation, the nature of any openings (e.g., the tightness 
of cracks or the small size at the initiation of breaching) prevents water movement onto the waste 
package. Early failure of a very small number of drip shields potentially may occur due to flaws 
that are undetected during fabrication and handling (SNL 2008 [DIRS 183041], Section 6.2, 
FEP 2.1.03.08.0B). These types of flaws would diminish the drip shield's ability to withstand 
dynamic and static loads caused by seismic activity; however, they are treated in the TSPA 
model as an immediate and complete failure, which means loss of protection of the waste 
package from seepage or drift degradation at time of repository closure. 

The degradation rates for general corrosion of Alloy 22 are sufficiently low that breach of the 
waste packages due to general corrosion will be distributed over many hundreds of thousands of 
years, beginning at about 400,000 years. Although stress corrosion cracking may occur in the 
closure-lid weld regions of some of the waste packages, mitigation techniques are employed to 
reduce residual stresses below the stress corrosion cracking initiation threshold. However, stress 
corrosion cracking can eventually initiate beginning after about 100,000 years as general 
corrosion removes the stress-mitigated layer. Stress corrosion cracking of Alloy 22 may also 
occur as a result of residual stresses caused by mechanical impacts during seismic events. Such 
stress cracks are small and tight and limit the movement of water that could potentially contact 
the waste form and reduce the release rate of radionuclides from the waste packages.  Localized 
corrosion is only possible in those cases where the drip shield fails to perform its function and 
certain aggressive incoming seepage is allowed to contact the waste package. This condition may 
occur in the unlikely case where seismic ground motion is accompanied by fault displacement or 
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in the case of early drip shield failure. Early  failure of a small number of waste packages 
potentially may occur due to flaws that are undetected during fabrication and handling. 

No performance credit is taken for the ability of the stainless-steel inner vessel or TAD canister 
to preclude or limit water influx into the waste package once the Alloy 22 outer corrosion barrier  
is breached. However, performance credit is applied in the TSPA for the increase in waste 
package structural strength and accompanying resistance to seismic damage due to the inclusion  
of the inner vessel and the TAD canister (in commercial SNF waste packages). 

Although no credit is taken for the performance of cladding as a barrier, it is expected that 
cladding will be largely intact in the repository environment, except for seismic-initiated events,  
and therefore will provide defense in depth against radionuclide releases from the waste form.  

6.2.2.2.2	 Capability of the Engineered Barrier System to Prevent the Release or 
Substantially Reduce the Release Rate of Radionuclides from the Waste and 
Transport to the Lower Natural Barrier 

In the event that waste packages are breached, the release rate of radionuclides is limited by the 
characteristics and behavior of the EBS. The release of radionuclides is first impeded by the rate 
of degradation of the waste form. Waste form degradation cannot begin until the waste package 
is breached, allowing the ingress of air and water. Because of the unsaturated environment, the 
elevated temperatures within waste packages, and the presence of drip shields and waste 
packages, the amount of water in contact with the waste form is expected to be limited as long as 
decay heat exists. The data and analyses used to assess waste form degradation are discussed in  
detail in Defense HLW Glass Degradation Model (BSC 2004 [DIRS 169988], Section 6.1), 
CSNF Waste Form Degradation: Summary Abstraction (BSC 2004 [DIRS 169987], 
Section 6.2.2.2), DSNF and Other Waste Form Degradation Abstraction (BSC 2004 
[DIRS 172453], Section 6). 

Release of radionuclides out of the waste package depends on the chemical environment within 
the waste package and on moisture conditions within the waste package. Release can only occur 
if radionuclides are dissolved in water and/or attached to colloids and if there are continuous 
liquid pathways in the waste package, including thin films of adsorbed water. Slow diffusive 
transport of radionuclides can occur in these thin films. Advective transport of radionuclides out 
of the waste package and EBS can occur only if breaches are sufficiently open to permit flow 
and there is a liquid flux of water through the waste package and invert. Continuous liquid 
pathways can only form if moisture enters the waste package. Waste heat and evaporation from  
hot surfaces within the waste package will prevent moisture from entering the waste package and 
subsequently forming continuous liquid pathways for diffusive transport. Continuous liquid 
pathways will form when the waste cools and relative humidity in the waste package increases 
sufficiently. Continuous pathways may not form in the hotter commercial SNF waste packages 
for several thousand years. 

The transport of many dissolved radionuclides, including those that are the greatest contributors 
to the total inventory activity, such as 90Sr, 137Cs, 239Pu, 240Pu,241Am, and 243Am, is retarded by  
sorption on iron corrosion products within the waste package. The retardation depends on the 
volume of these corrosion products and on the distribution coefficients associated with them.  
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Sorption onto the corrosion products also reduces movement of those radionuclides that are 
reversibly attached to colloids in the water.  The mobilization and transport of radionuclides out 
of breached waste packages and through the invert in the EBS are described in  EBS Radionuclide 
Transport Abstraction (SNL 2007 [DIRS 177407], Section 6).The radionuclide inventory 
released from the EBS would be limited by diffusive transport if:  (1) the drip shield remains 
intact, or (2) the waste package breach is a stress-induced crack.  Although advective transport is 
not expected from the waste package for hundreds of thousands of years after closure, both 
diffusive and advective transport are considered in the potential for releasing radionuclides from 
the invert feature of the EBS starting at the time of repository closure. 

6.2.2.2.3 Time Period over Which the Engineered Barrier System Functions 

The EBS consists of features designed, fabricated, and constructed to perform their functions for 
well beyond 10,000 years. Through the appropriate use of thick, diverse, corrosion-resistant 
materials, the drip shields and the waste packages are expected to remain intact for tens of 
thousands of years. The EBS features will gradually degrade during and beyond the 
1-million-year period of geologic stability. This process will result in the slow release of  
radionuclides over extended periods of time. Some components, such as the waste packages, are 
expected to contribute substantially to barrier performance up to and beyond 1,000,000 years. 

The capability of the drip shield and the waste package to prevent or reduce the movement of 
water and radionuclides is not impacted until sufficient corrosion has occurred to cause 
through-wall breaches in the waste packages. General corrosion and stress corrosion cracking, 
along with seismic-initiated mechanical damage, will cause through-wall breaches in the waste 
package. A summary discussion of the thermal environment within the emplacement drift and  
how it evolves in time with respect to corrosion and condensation is presented below. 

The environment within the emplacement drift evolves through three main stages. The initial 
stage includes the heat-up after closure with the drift wall and waste package surface 
temperatures increasing above the boiling point of water, then reaching their peak temperatures; 
this is followed by subsequent cool down period in which the surface temperatures continue to 
be above the boiling point of water. No seepage is expected during this period due to 
vaporization and capillary diversion effects.  Any water vapor that flows from the host rock into 
the drift will be transported axially toward unheated regions at either end. The unheated regions 
are cooler so that condensation is possible (SNL 2007 [DIRS 181648], Section 6.3.3.1).  
Deliquescent brine films may form from salts or moisture in the air if the temperature is below  
the deliquescence point. Given the low volumes and high nitrate concentrations of such brines, 
even if they were to form and be stable, localized corrosion is not expected to occur under these 
films as presented in  Analysis of Dust Deliquescence for FEP Screening (SNL 2007 
[DIRS 181267]). This dryout period is expected to last for several hundred to more than 1,000 
years, depending on the location in the repository. As presented in Multiscale Thermohydrologic 
Model (SNL 2008 [DIRS 184433], Section 6), elevated temperatures would persist longer near  
the center of the repository and would dissipate more quickly at the edges of the repository. 

The second stage is the transition period during which drift wall temperatures drop below the 
boiling point of water and the waste package surface temperature is near the boiling point of 
water and localized corrosion on the waste package surface is possible under certain geochemical 
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conditions. The emplacement drifts will enter this stage at the edges of the repository first where 
heat dissipates more quickly. It is during this transition period when drift wall temperatures are 
above and below the boiling point of water in different parts of the repository that water 
evaporated from the emplacement drift walls and invert is transported primarily by natural 
convection from warmer to cooler areas, where it condenses on cooler surfaces. In those regions 
where drift wall temperatures are below the boiling point of water and waste package surface 
temperatures are near 100°C, waters from the rock (seepage) and condensation can fall onto hot 
metal surfaces. Evaporative concentration of seepage may produce aggressive chemistry that is 
more conducive to localized corrosion for Alloy 22 (SNL 2008 [DIRS 183478], Section 6.3.3 
and Appendix O). Condensation that forms on the drip shield or waste package surface or that 
occurs in the absence of seepage is assumed to have a benign composition with respect to the 
corrosion environment because it is dilute (SNL 2008 [DIRS 183041], FEP 2.1.08.14.0A). 
Should the drip shield fail to perform its function, these seepage and condensation waters may 
fall on the waste package. However, given the absence of drip shield failure during this transition 
period, except in the rare case of early drip shield failure and the unlikely occurrence of a 
damaging fault displacement event, localized corrosion is not expected to be initiated in 
environmental conditions relevant to the repository. In the rare case of early drip shield failure, it 
was assumed in the TSPA that a waste package under an early failed drip shield would fail 
completely due to localized corrosion; this assumption is conservative with respect to barrier 
capability because a smaller failure would reduce the release rate of radionuclides from the waste 
and waste package. In addition, analyses show that any additional damage caused by localized 
corrosion would not significantly impact radionuclide release from already damaged waste 
packages (SNL 2008 [DIRS 183478], Section 7.3.2.7). 

The third stage is the period in which drift wall and waste package surface temperatures have 
further decreased and the likelihood of localized corrosion on the waste package surface is 
reduced and will not occur after 12,000 years (SNL 2008 [DIRS 183478], Volume III, 
Appendix O). During this stage the relative humidity within the drift increases. At the locations 
of cooler waste packages, especially in the outer portions of the drift, relative humidity may 
achieve 100% so that condensation occurs. At the hotter locations (central portion of the drift and 
hotter waste packages in the outer portions of the drift), the relative humidity remains below 
100%, evaporation in the host rock continues, and condensation does not occur. TSPA 
projections indicate that condensation will cease throughout the repository by approximately 
2,000 years. This period lasts for the remainder of the period of geologic stability. General 
corrosion and stress corrosion cracking, along with seismic-initiated mechanical damage, may 
still occur. Waste packages, on average, are not expected to begin to fail until after 100,000 
years, with breaches caused by through-wall stress corrosion cracks in the weld of the outer 
closure lid and about 60% of the waste packages are estimated to fail by stress corrosion 
cracking by 1 million years. General corrosion failures would start, on average, at approximately 
400,000 years and about 10% of the waste packages would experience a general corrosion 
breach in 1 million years. Diffusion would be the only transport mechanism acting to release 
radionuclides from a waste package when cracks were the only penetration through the waste 
package. 

Degradation of the materials used in the pallet supporting the waste package may occur by 
mechanical or chemical degradation processes. These processes have been determined not to 
result in a significant adverse change in the magnitude or timing of radionuclide releases to the 
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accessible environment (SNL 2008 [DIRS 183041], FEP 2.1.06.05.0A, FEP 2.1.06.05.0C). 
However, thinning of the waste package pallet due to chemical degradation is included in 
seismic analyses, however, the effect of the emplacement pallet on radionuclide release is not 
considered (SNL 2008 [DIRS 183041], FEP 2.1.06.05.0C). The invert is anticipated to provide a 
stable mechanical foundation for the waste package pallet and drip shield for at least 10,000 
years after closure. Although chemical and mechanical changes may occur in the invert, these 
changes do not significantly affect the transport characteristics of the invert (Table A-2) or the 
response of the EBS to seismic vibratory ground motion.  The transport characteristics of the 
invert that affect radionuclide release from the EBS and waste package response are presented in 
EBS Radionuclide Transport Abstraction (SNL 2007 [DIRS 177407], Section 6). 

6.2.2.2.4 Uncertainties Associated with Engineered Barrier System Capability  

Uncertainty in the representation of the capability of the drip shields and waste packages arises 
primarily from uncertainties in environmental conditions and from uncertainties in the models 
for the various degradation processes. These uncertainties are described in detail in General 
Corrosion and Localized Corrosion of Waste Package Outer Barrier (SNL 2007 
[DIRS 178519], Section 6.4); General Corrosion and Localized Corrosion of the Drip Shield 
(SNL 2007 [DIRS 180778], Section 6.1); and Engineered Barrier System: Physical and 
Chemical Environment (SNL 2007 [DIRS 177412], Section 6). These include uncertainties in 
the data from tests measuring the various degradation processes and uncertainties in the 
conceptual and numerical models used to analyze both environmental conditions and degradation 
processes.  These uncertainties are incorporated probabilistically in the models for 
thermal-hydrologic conditions, waste form degradation, radionuclide transport, radionuclide 
solubility, and radionuclide sorption by sampling across uncertainty ranges in the inputs to these 
models. Similarly, uncertainty in corrosion or degradation processes is also represented by 
sampling degradation parameters across their uncertainty ranges. These uncertainties are  
analyzed directly in the TSPA model with multiple realizations. For each realization, input and 
parameter values are sampled and a complete simulation of the EBS thermal and chemical 
environment is performed that includes the resulting drip shield and waste package degradation, 
waste form degradation, and radionuclide mobilization. Accordingly, multiple realizations  
represent the range of uncertainty in EBS capability as modeled. Uncertainties in the 
environmental conditions affecting the degradation of the waste package (Alloy 22) and the drip 
shield (Titanium Grade 7), including general corrosion, microbially influenced corrosion, stress 
corrosion cracking, and localized corrosion, are summarized below. The use of a temperature 
dependence term is appropriate because the general corrosion (passive dissolution) of highly 
corrosion-resistant alloys such as Alloy 22 is governed by the transport properties of reacting 
species in the passive film and the rate of activation-controlled ion transfer at the film-solution  
interface, both of which are thermally activated processes. Data from short-term  
polarization-resistance data for Alloy 22 samples  tested for a range of sample configurations, 
metallurgical conditions, and exposure conditions (temperature and water chemistry) indicate a 
temperature dependence. Accordingly, the general corrosion model addresses temperature 
dependence and uncertainty in the temperature dependence data consistent with the short-term  
polarization-resistance tests. Uncertainty associated with projection of Alloy 22 general 
corrosion rates, based on the 5-year test data, to the repository performance period is bound in 
the TSPA by applying time-independent, constant general corrosion rates. The general corrosion 
rates of metals and alloys decrease with time. 
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Nickel-based alloys, such as Alloy 22, are resistant to microbially influenced corrosion.  The 
microbially influenced corrosion rate multiplier for Alloy 22 is a uniform distribution between 1 
and 2. Titanium Grade 7 is shown not to be susceptible to microbially influenced corrosion, and, 
therefore, no multiplier is applied.  A detailed discussion of the effects of microbially influenced 
corrosion on these materials is provided in General Corrosion and Localized Corrosion of Waste 
Package Outer Barrier (SNL 2007 [DIRS 178519]). 

Stress corrosion cracking may occur and contribute to the degradation of Alloy 22 and Titanium 
Grade 7. The extent of this process affects analyses of performance.  The sources of uncertainty 
in the stress corrosion cracking model have been considered in analyses of waste package 
degradation.  These analyses consider an expanded range of parameter values for the residual 
stress profile of the drip shields and waste packages, including closure-lid weld regions of waste 
packages, the threshold stress for stress corrosion crack initiation, and the orientation of the weld 
flaws. The modeling of stress corrosion cracking for Alloy 22 and Titanium Grade 7 is 
discussed in Stress Corrosion Cracking of Waste Package Outer Barrier and Drip Shield 
Materials (SNL 2007 [DIRS 181953]). The effects of seismic-induced motion and rockfall on 
stress corrosion cracking are discussed in Mechanical Assessment of Degraded Waste Packages 
and Drip Shields Subject to Vibratory Ground Motion (SNL 2007 [DIRS 178851]). 

Uncertainty in the possible initiation and propagation of localized corrosion is a function of the 
chemical environment on the waste package surface, as well as the uncertainty in the functional 
dependency of the corrosion potential and critical potential to the thermal-chemical environment. 
Uncertainty in the chemical environment for both aqueous and salt-deliquescence conditions has 
been included in the models presented in General Corrosion and Localized Corrosion of Waste 
Package Outer Barrier (SNL 2007 [DIRS 178519]); and Analysis of Dust Deliquescence for 
FEP Screening (SNL 2007 [DIRS 181267]), respectively. Uncertainty in the data used to 
develop the functional dependence, in particular the effect of variable chloride, nitrate, and 
chloride-to-nitrate ratios, has been included in the localized corrosion model described in 
General Corrosion and Localized Corrosion of Waste Package Outer Barrier (SNL 2007 
[DIRS 178519], Section 4.1.1.2). 

Uncertainty in the characterization of degradation of the waste form and cladding and in the 
mobilization and transport of radionuclides through the EBS arises from uncertainties in the 
inputs for the models for the various degradation and transport processes.  These uncertainties 
are described in CSNF Waste Form Degradation:  Summary Abstraction (BSC 2004 
[DIRS 169987], Section 6); DSNF and Other Waste Form Degradation Abstraction (BSC 2004 
[DIRS 172453], Section 6); Defense HLW Glass Degradation Model (BSC 2004 [DIRS 169988], 
Section 6); Cladding Degradation Summary for LA (SNL 2007 [DIRS 180616], Section 6); and 
EBS Radionuclide Transport Abstraction (SNL 2007 [DIRS 177407], Section 6).  These 
uncertainties include, for example, initial mass of each radionuclide per waste package, 
in-package pH and ionic strength, porosity of the commercial SNF, gap and grain boundary 
inventories, fuel specific surface area, HLW glass degradation rate and surface area exposure 
coefficients, equilibrium constants used to predict radionuclide solubilities, sorption coefficients 
and sorption rate constants for radionuclide sorption in the waste package and invert, and 
corrosion rates for waste package internals, such as the inner vessel and the TAD canister. These 
uncertainties are incorporated probabilistically in the TSPA by using ranges of parameter values 
in the models for the chemical and physical environments (e.g., temperature and chemical 
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characteristics of fluids that can contact the waste form) and for the rates of the various 
degradation and transport processes, as well as dissolved concentration limits.  The ranges of 
parameters and process rates used in the TSPA are based on the results of testing and analysis, as 
well as on the fundamental physical principles that apply. 

6.2.2.2.5 Impact of Disruptive Events on the Engineered Barrier System 

Disruptive events may significantly impact the features of the EBS; however, the natural barrier 
features remain generally intact and continue to prevent or substantially reduce the rate of 
movement of water or radionuclides from the repository to the accessible environment following 
the occurrence of a disruptive event.  

Seismic activity may cause sufficiently high levels of ground motion to result in mechanical  
interactions between waste packages or between a waste package and the waste package pallet, 
which may, in turn, cause waste packages to develop small stress corrosion cracks.  However, 
seismic events are not expected to significantly affect the performance of the drip shield with 
respect to its function of protecting the waste package from the potential effects of seeping water 
or rockfall for about the first 250,000 years after repository closure. Should the degraded EBS 
lose its ability to prevent or substantially reduce the release rate of radionuclides from the waste, 
the LNB remains intact to prevent or substantially reduce the rate of movement of radionuclides 
to the accessible environment.  A complete discussion of the effects of seismic activity on the 
EBS is provided in  Mechanical Assessment of Degraded Waste Packages and Drip Shields 
Subject to Vibratory Ground Motion (SNL 2007 [DIRS 178851]). 

Should an unlikely igneous event occur, it is estimated that the EBS would be subjected to 
significant localized damage.  There are two components of an unlikely igneous event, an 
eruptive component and an intrusive component.  In the eruptive component of an igneous event, 
the rising magma conduit interacts with an uncertain small number of waste packages (e.g., a 
maximum of seven waste packages with a median of about zero waste packages), destroying the 
waste packages and releasing the contained radionuclides in the erupting material.   

In the intrusive component of an unexpected igneous event, the rising magma interacts with the 
entire inventory in the repository. Although complete destruction of the affected waste packages 
is not expected, the ability of the EBS to prevent water from contacting the waste is assumed to 
be compromised.  The general performance of the natural barriers continues to complement the 
remaining capability of the EBS. 

6.2.2.3 Lower Natural Barrier 

The Lower Natural Barrier includes the unsaturated zone below the repository horizon and the 
saturated zone below the repository and down gradient from the repository to the accessible 
environment. Both the unsaturated and saturated features of the Lower Natural Barrier are 
important to waste isolation and prevent or substantially reduce the rate of movement of 
radionuclides from the repository to the accessible environment due to slow advective transport 
combined with matrix diffusion and radionuclide sorption processes. Figure 6-7 is a schematic  
illustration of the LNB. 
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As discussed in Section 6.2.1.3, the features of the LNB have different processes and 
characteristics that influence the capability of these features to prevent or substantially reduce the 
rate of movement of radionuclides from the repository to the accessible environment.  The 
significant processes include hydrologic, thermal-hydrologic, and transport processes, as 
identified in Table A-3.  Additional chemical, thermal-chemical, mechanical, and  
thermal-mechanical processes are generally of lesser significance in affecting the features of the 
LNB. The processes identified in Table A-3 have varying degrees of influence on the capability 
of the LNB to perform its barrier function. 

Some processes identified in Table 6-3 are more important contributors than others to the overall 
capability of the Lower Natural Barrier in preventing or substantially reducing the rate of 
movement of radionuclides from the repository to the accessible environment. Table 6-3  
identifies those processes that significantly influence the ability of a particular feature to  
contribute to barrier capability. In the evaluation of the important processes related to the 
capability of the LNB, consideration is given to both the beneficial as well as the potentially 
deleterious processes that act on each of the features of the barrier.  The presence of a beneficial 
process generally results in preventing the movement of radionuclides or substantially reducing 
the rate of movement of radionuclides from the repository to the accessible environment.  The  
evaluation of both beneficial and potentially deleterious processes that could affect the 
movement of radionuclides, ensures a more complete understanding of the barrier capability.  
The presence of a potentially deleterious process could result in an increase in the rate of 
movement of radionuclides from the repository to the accessible environment.  Both beneficial 
and potentially deleterious processes have been identified as important contributors to the 
capability of the LNB (SNL 2008 [DIRS 183041]). 

A few examples illustrate both beneficial and potentially deleterious processes and their effect on  
the LNB. Sorption (in both the unsaturated and saturated zones) has the beneficial effect of 
preventing the movement or substantially reducing the rate of movement of certain radionuclides 
that are major contributors to the activity of the radioactive waste.  Climate modification, that 
can affect the amount of recharge in the unsaturated zone and the water table rise in the saturated 
zone, can significantly increase the rate of movement of radionuclides by increasing the flux.  
While the presence of fracture flow has a generally deleterious effect on unsaturated and 
saturated zone transport (depending on the degree of matrix diffusion), the absence of fracture 
flow has a beneficial effect of decreasing the rate of movement of radionuclides. 

Unsaturated Zone below the Repository—The following processes and characteristics of the 
unsaturated zone below the repository are important to the capability of the LNB: 

�	  Climate Change—Future climate change causes several responses in the unsaturated 
zone beneath the repository, including changes in percolation flux and attendant 
radionuclide transport, water table rise, and recharge to the saturated zone.  Precipitation 
and net infiltration into the unsaturated zone tends to increase with future climate change 
causing an increase in fracture flux and, hence, a reduction in the effectiveness of matrix 
diffusion, and an increase in recharge during the first 10,000 years after repository 
closure. After 10,000 years, the rate of percolation at the repository horizon is specified 
by proposed 10 CFR 63.342(c)(2) (70 FR 53313 [DIRS 178394).  In addition, based on 
forecast climate changes in the future, a higher water table is expected in the Yucca 
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Mountain region for future, wetter climatic conditions.  A higher water table impacts 
radionuclide transport in the unsaturated zone by shortening the transport distance 
between the repository and the water table as presented in UZ Flow Models and 
Submodels (SNL 2007 [DIRS 184614], Section 6); and Particle Tracking Model and 
Abstraction of Transport Processes (SNL 2008 [DIRS 184748], Section 6). 

� 	 Climate Modification Increases Recharge—The ability of the unsaturated zone to  
prevent or substantially reduce the rate of movement of radionuclides is dependent on 
the flux of water through the unsaturated zone and the distribution of that flux within the 
fractured rock mass.  This flux is directly dependent on the surficial recharge that, in  
turn, is affected by climatic change.  The increase in recharge associated with the 
monsoon and glacial-transition climate states reduces the capability of the unsaturated  
zone feature below the repository to reduce the rate of radionuclide movement.  This 
reduction is a function of: (1) the increase in fracture flux and corresponding reduction 
in the effectiveness of matrix diffusion and (2) the rise in the water table and the 
associated reduction in the unsaturated zone radionuclide travel length. These effects 
associated with a future climate change are included in the TSPA models presented in  
UZ Flow Models and Submodels (SNL 2007 [DIRS 184614], Section 6); and Particle 
Tracking Model and Abstraction of Transport Processes (SNL 2008 [DIRS 184748], 
Section 6). 

� 	 Stratigraphy—Stratigraphy and associated hydrologic properties have significant 
effects on unsaturated zone flow and transport processes due to the contribution of faults 
in conducting flow below the repository and due to the different flow characteristics of 
the TSw and zeolitic and vitric CHn and CFu units. In particular, the low matrix 
permeability of the zeolitic CHn unit beneath the northern half of the repository block  
promotes fracture flow and/or lateral diversion towards faults.  In contrast, the unaltered, 
vitric CHn unit beneath the southern region of the repository block has a relatively high 
matrix porosity and permeability, and matrix flow dominates. As a consequence,  
radionuclides released from the northern region of the repository tend to have much 
shorter travel times to the saturated zone than those released in the southern region 
because transport is primarily downward through fast flowing fractures and faults as 
opposed to much slower matrix flow (SNL 2007 [DIRS 184614]; SNL 2008 
[DIRS 184748]). 

� 	 Rock Properties of Host Rock and Other Units—Percolation of water in the 
unsaturated zone below the repository is significantly affected by the hydrogeologic 
properties of the rock units above and below the repository. Where fracture-matrix 
properties change abruptly, such as at the contact between welded tuffs and low 
permeability units with sparse fractures, perched water zones may form, leading to  
lateral diversion of flow (SNL 2008 [DIRS 182145], Sections 6.5.2.2 and 6.5.2.3). 

� 	 Fractures—Fractures below the repository conduct the majority of the percolation flux 
through the unsaturated zone, although:  (1) the low-matrix-permeability zeolitic rocks 
of the CHn cause increased lateral diversion toward the faults; and (2) the vitric CHn is 
dominated by matrix flow.  The rate of flow and the extent of transport in fractures are 
influenced by characteristics, such as orientation, aperture, asperity, spacing, fracture 
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length, connectivity, and the nature of any linings or infills (SNL 2008 [DIRS 182145], 
Section 6.5.2.6). 

� 	 Faults—Faults of various sizes have been noted in the Yucca Mountain region, and 
specifically in the repository area. A significant fraction of percolation flux below the 
repository occurs through faults (SNL 2007 [DIRS 184614], Section 6.2.2).  Faults 
provide fast flow and radionuclide transport pathways through the unsaturated zone, 
particularly below the northern region of the repository where the low matrix  
permeability of the underlying zeolitic CHn unit promotes lateral flow and transport 
towards and down faults. (SNL 2008 [DIRS 184748], Section 6.6). 

� 	 Fracture Flow in the Unsaturated Zone—The rate of movement of radionuclides in 
the unsaturated zone is dependent on the flux of water through the fractured rock mass.  
This flux is distributed between faults, fractures, and the matrix of the host rock and  
other units in the unsaturated zone. The rate of movement of radionuclides is dependent 
on the degree of fracture flow, which is variable across the unsaturated zone below the 
repository. This rate of movement is not significantly reduced in the fractured portion of 
the unsaturated zone, unless matrix-diffusion processes occur.  The absence of fracture 
flow in the vitric portions of the Calico Hills substantially reduces the advective 
transport velocity thus increasing the delay of movement of radionuclides in the 
unsaturated zone. The effects of fracture flow are included in the TSPA models 
presented in UZ Flow Models and Submodels (SNL 2007 [DIRS 184614], Section 6); 
and Particle Tracking Model and Abstraction of Transport Processes (SNL 2008 
[DIRS 184748], Section 6). 

� 	 Unsaturated Groundwater Flow in the Geosphere—Unsaturated groundwater flow 
below the repository defines the redistribution of percolation flux in the unsaturated 
zone as a function of time, and is the primary mechanism for radionuclide transport 
below the repository. Although the flow rate in the unsaturated zone influence the 
amount of fracture flow, the fracture characteristics are also significant in determining 
the rate of radionuclide movement in the unsaturated zone. (BSC 2004 [DIRS 170035], 
Section 6.1). 

� 	 Perched Water Develops—The strongly altered northern part of the CHn unit is 
composed of zeolites and clays with low permeability and poorly developed, sparsely  
connected fractures. Because of low permeability, perched water may form at the 
contacts with CHn zeolitic (CHnz) tuffs below the northern half of the repository block, 
and a large portion of the percolating flux may be diverted laterally to the east towards 
the faults, which act as main pathways for fast flow and transport in the unsaturated 
zone. The effects of existing perched-water zones below the repository and potential 
changes in these perched-water zones caused by climate changes are included in the  
mountain-scale unsaturated zone flow model presented in UZ Flow Models and 
Submodels (SNL 2007 [DIRS 184614]). These zones lead to lateral diversion of flow in 
the CHn towards the faults, which act as main pathways for fast flow and transport in the 
unsaturated zone. 
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� 	 Advection and Dispersion in the Unsaturated Zone—Flow in the fractured rock 
system below the repository is dominated by fracture flow.  Therefore, radionuclide 
transport is primarily advection dominated, and the influence of dispersion may be 
important.  However, when compared to the spreading of radionuclides due to matrix 
diffusion effects, the impact on transport times of longitudinal dispersion is expected to 
be small (SNL 2008 [DIRS 184748], Section 6.5.2). 

� 	 Matrix Diffusion in the Unsaturated Zone—Matrix diffusion results in the diffusion of 
dissolved radionuclides from the fractures into the matrix of the rock.  Because the 
advective transport is significantly slower in the matrix, matrix diffusion is an effective 
retardation mechanism, especially for moderately to strongly sorbing radionuclides, due 
to the increase in rock surface accessible to sorption.  Matrix diffusion of colloidally  
transported radionuclides has been excluded from the unsaturated zone transport model 
presented in Particle Tracking Model and Abstraction of Transport Processes 
(SNL 2008 [DIRS 184748], Section 6). 

� 	 Matrix Imbibition in the UZ—Water and (dissolved and colloidal) radionuclides may 
be imbibed into the matrix between the flowing fractures.  Matrix imbibition affects the 
distribution of flow between fractures and the matrix in the fractured unsaturated zone.  
Matrix imbibition is dominant in the Calico Hills nonwelded vitric rock, which  
substantially slows radionuclide transport (SNL 2007 [DIRS 184748]). 

� 	 Sorption in the Unsaturated Zone—Radionuclides released from the repository have 
varying retardation characteristics. Several radionuclides that are the dominant 
contributors to the total inventory (90Sr, 137Cs, 239Pu, 240Pu, 241Am, and 243Am) are 
significantly retarded in the unsaturated zone when there has been significant matrix 
diffusion or matrix-dominated flow in the vitric Calico Hills.  The sorption of these 
radionuclides that diffuse into the matrix or are transported in the matrix of Calico Hills 
prevents the movement or significantly reduces the rate of movement of these 
radionuclides from the repository to the accessible environment.  Sorption is included in 
the unsaturated zone transport models presented in Particle Tracking Model and 
Abstraction of Transport Processes (SNL 2008 [DIRS 184748], Section 6). 

Saturated Zone—The following processes and characteristics of the saturated zone are 
important to the capability of the LNB: 

� 	 Climate Change—Climate change causes two primary responses in the saturated zone: 
(1) water table rise; and (2) recharge to the saturated zone.  A higher water table is 
expected in the Yucca Mountain region for future, wetter climatic conditions.  Also,  
groundwater flow would tend to increase for future, wetter climates.  Both these effects 
are included in the TSPA models presented in Saturated Zone Flow and Transport 
Model Abstraction (SNL 2008 [DIRS 183750], Section 6.3.1). 

� 	 Climate Modification Increases Recharge—The increase in recharge to the saturated 
zone associated with the monsoon and glacial-transition climate states is expected to 
increase groundwater flow in the saturated zone. This effect is included in the TSPA 
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models presented in Saturated Zone Flow and Transport Model Abstraction (SNL 2008 
[DIRS 183750], Section 6.3.1). 

� 	 Stratigraphy—The geometric relationships and characteristics of stratigraphic 
variations and faults have a pronounced effect on saturated zone flow at the site scale. 
The location at which groundwater flow moves from fractured volcanic rocks to 
alluvium is of particular significance from  the perspective of barrier capability. This 
volcanic/alluvium contact is important because of contrasts between the fractured  
volcanic units and the alluvium in terms of groundwater flow (fracture-dominated flow 
versus porous medium flow) and in terms of improved sorptive properties of the 
alluvium for some radionuclides relative to the volcanic rocks. Stratigraphic variations 
and geometry are also major factors leading to three-dimensional flow patterns in the 
saturated zone. These flow patterns have a significant impact on flow in the saturated 
zone with respect to radionuclide transport. The stratigraphic relationships are 
incorporated into  Hydrogeologic Framework Model for the Saturated Zone Site-Scale 
Flow and Transport Model (SNL 2007 [DIRS 174109]). 

� 	 Rock Properties of Host Rock and Other Units—Flow of water in the saturated zone 
is significantly affected by the hydrogeologic properties of the rock units, particularly 
where fracture-matrix properties change abruptly, such as at the contact between the 
volcanic and alluvium units.  Rock properties also have a significant effect on the rate of  
radionuclide movement through their influence on the transport properties (notably the 
flowing interval spacing, matrix diffusion, fracture porosity, and matrix porosity of the 
alluvium), retardation properties, matrix porosity of the volcanic units, and effective 
porosity of the alluvium.  Rock properties for 23 hydrostratigraphic units and 10 discrete 
hydrogeologic features related to faults and factures are explicitly included in the 
Saturated Zone Flow and Transport Abstraction (SNL 2008 [DIRS 183750], 
Section 6.5). 

� 	 Fractures—Fracture characteristics are important to the barrier capability of the 
saturated zone, because groundwater flow occurs primarily within the fracture network  
of the volcanic tuff units. The fracture networks in the saturated zone appear to be well 
connected over large distances at the scales of interest (hundreds of meters to 
kilometers). Fracture networks, in turn, control the movement of dissolved and colloidal 
radionuclides below the water table. Fracture characteristics (e.g., fracture porosity, 
flowing interval porosity, and flowing interval spacing) are included in the saturated 
flow and transport abstraction model using a dual-porosity effective continuum approach 
(SNL 2008 [DIRS 183750], Section 6). 
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�	 Faults—Numerous faults of various sizes have been noted in the Yucca Mountain 
region and, specifically, in the repository area. Numerous faults of various sizes have 
been noted in the Yucca Mountain region, and specifically in the repository area. Faults 
affect the groundwater flow paths, influence the horizontal anisotropy in permeability, 
and can enhance dispersion by increasing permeability heterogeneities along the 
saturated zone flow paths. Geologic features and hydrostratigraphic units are explicitly 
included in the models for saturated zone flow and transport in a configuration that 
accounts for the effects of existing faults based on the hydrogeologic framework model 
(SNL 2007 [DIRS 174109], Section 6). Geologic features and hydrostratigraphic units 
are explicitly included in Saturated Zone Flow and Transport Model Abstraction 
(SNL 2008 [DIRS 183750], Section 6.3.1) in a configuration that accounts for the 
effects of existing faults based on the hydrogeologic framework model (SNL 2007 
[DIRS 174109], Section 6). 

�	 Water-Conducting Features in the Saturated Zone—Water flow in the saturated zone 
occurs within either the fractured tuff units or the alluvium.  The groundwater flow rates, 
radionuclide transport velocities, and radionuclide retardation characteristics of these 
different water-conducting features are significantly different. In particular, the 
alluvium provides a significant reduction in the movement of radionuclides to the 
accessible environment due to the lack of fracture flow. In addition to the differences in 
flow and transport characteristics of the different lithologic units in the saturated zone, 
the presence of discrete flowing features in the fractured tuff units affects the rate of 
movement of radionuclides to the accessible environment. These characteristics of the 
saturated zone have been included in the TSPA models presented in Saturated Zone 
Flow and Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6). 

�	 Saturated Groundwater Flow in the Geosphere—Groundwater flow in the saturated 
zone below the water table may affect long-term performance of the repository.  The 
location, magnitude, and direction of flow under present and future conditions will 
influence transport to the accessible environment.  These effects are included in the 
TSPA model presented in Saturated Zone Flow and Transport Model Abstraction 
(SNL 2008 [DIRS 183750], Section 6.3.1). 

�	 Advection and Dispersion in the Saturated Zone—Advection is the principal transport 
mechanism for both dissolved and colloidal radionuclides in the saturated zone.  The 
advective flux is dependent on the hydrogeologic characteristics of the water-conducting 
features in the saturated zone, as well as the groundwater flux through these features. 
Dispersive processes tend to spread transient radionuclide pulses that may be released to 
the saturated zone (e.g., following the water table rise associated with climate changes). 
These processes have been included in the TSPA models presented in Saturated Zone 
Flow and Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6). 

�	 Matrix Diffusion in the Saturated Zone—Matrix diffusion is the process by which 
radionuclides and other species transported in the saturated zone by advective flow in 
fractures or other pathways move into the matrix of the porous volcanic rock formations 
by diffusion. Matrix diffusion can be a very efficient retarding mechanism, especially 
for strongly sorbed radionuclides, due to the increase in rock surface accessible to 
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sorption. Field scale in situ tracer tests at the C-Wells demonstrated matrix diffusion as 
an important transport mechanism in fractured volcanic formations in the saturated zone. 
Matrix diffusion is included in the saturated zone transport model abstraction (SNL 2008 
[DIRS 183750], Section 6.3.1 and Table 6-8). 

� 	 Sorption in the Saturated Zone—Radionuclides released from the repository have 
varying retardation characteristics. Several radionuclides that are the dominant 
contributors to the total inventory are significantly retarded in the saturated zone.  These 
include 90Sr, 230Th, 226Ra, 137Cs, 239Pu, 240Pu, 242Pu, 241Am, and 243Am.  The sorption 
behavior of these radionuclides significantly reduces the rate of movement of these 
radionuclides from the repository to the accessible environment.  Sorption effects are 
included in the TSPA models presented in Saturated Zone Flow and Transport Model 
Abstraction (SNL 2008 [DIRS 183750], Section 6). 

The bases for the models used in the analysis of unsaturated zone flow are described in UZ Flow 
Models and Submodels (SNL 2007 [DIRS 184614], Sections 6). The flow fields are generated 
using the three-dimensional site-scale unsaturated zone flow model with input parameters based 
on unsaturated zone calibrated properties (SNL 2007 [DIRS 179545], Section 6.3).  These flow 
fields are developed for spatially varying net-infiltration maps for the present-day, monsoon, and 
glacial-transition climate states and the post-10,000-year climate.  The bases for the model used 
in the analysis of radionuclide transport in the unsaturated zone are described in Particle  
Tracking Model and Abstraction of Transport Processes (SNL 2008 [DIRS 184748], Section 6).  
The processes incorporated into the unsaturated zone transport model include sorption, 
fracture-matrix interaction, colloid-facilitated radionuclide transport, radioactive decay and  
ingrowth, and dispersion. The bases for the process models used to assess the capability of the 
unsaturated zone component of the LNB are the same as the bases contained in the TSPA  
abstraction. 

The flow and radionuclide transport model for the saturated zone is discussed in detail in 
Saturated Zone Flow and Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6).  
The analysis of the capability of the saturated zone component of the LNB is derived from the 
same models used as the basis for the TSPA calculations.  Key uncertainty parameters (i.e., 
groundwater flux, sorption coefficients, and matrix-imbibition and matrix diffusion transport 
parameters) are varied, subject to uncertainty  distributions based on the available data and 
observations, and these uncertainties are reflected in the model results. 

6.2.2.3.1	 Capability of the Unsaturated Zone below the Repository to Prevent or 
Substantially Reduce the Rate of Movement of Radionuclides to the Water Table 

The unsaturated zone below the repository prevents or substantially reduces the rate of 
movement of radionuclides from the repository horizon to the water table.  The radionuclides 
take time to move through the unsaturated zone.  As water percolates down, sorption, colloid 
filtration, matrix imbibition, and matrix diffusion cause the movement of radionuclides to be  
slower relative to the general movement of the percolating water.  The existence of 
perched-water bodies introduces three-dimensional lateral flow within the unsaturated zone 
below the repository level. Below the northern half of the repository block, low-permeability  
layers and perched water bodies in the CHn unit channel a large fraction of flow laterally to 
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faults that act as conduits for water flow to the water table (SNL 2007 [DIRS 184614], 
Section 6.6.2.2).  Radionuclides are also dispersed during movement in the unsaturated zone 
because of variability in radionuclide transport times and in the retardation characteristics of the 
various volcanic units. 

The data and analyses supporting models of radionuclide transport in the unsaturated zone that 
are summarized below are described in detail in Particle Tracking Model and Abstraction of 
Transport Processes (SNL 2008 [DIRS 184748], Section 6).  Figure 6-8 shows the sequence of 
tuffs comprising the unsaturated zone below the repository.  This figure shows that these features 
include the lower part of the TSw and Calico Hills nonwelded (CHn) units and tuffs of the Crater 
Flat Group, including the Prow Pass welded tuff.  These units together provide a feature ranging 
from about 200-m to 400-m-thick, under present-day climate conditions.  The TSw unit is 
characterized by very low matrix permeability and well-connected, steeply dipping fracture 
networks. The CHn unit underlies the TSw unit. Below the southern part of the repository, the 
CHn unit is vitric, composed of unaltered glassy shards of volcanic ash and characterized by 
relatively high matrix permeability.  Fractures are rare to nonexistent in the vitric CHn unit and 
flow through this unit is predominantly through the matrix.  Below the vitric CHn unit are the 
devitrified and zeolitized tuffs of the Prow Pass welded tuff unit.  These tuffs have lower matrix 
permeability than the vitric CHn unit, and flow down through such tuffs is primarily in fractures. 
The fracture networks in these nonwelded tuffs are generally bed-confined and not well 
connected. 

The movement of radionuclides carried by water in the matrix of the TSw unit is slow because of 
sorption and colloid filtration processes in the rock matrix.  The rate of movement of 
radionuclides carried by water in the fractures is more rapid than in the matrix, and sorption and 
colloid filtration are weaker.  Consequently, the matrix of the TSw unit more effectively retards 
the migration of the radionuclides than the fracture system.  Matrix diffusion and imbibition 
transfers radionuclide mass from fractures into the matrix. 

As shown in Figure 6-8, downward-moving radionuclides encounter the CHn unit at the base of 
the TSw unit. Because of the low permeability and infrequency of connected fractures of the 
zeolitic CHn unit beneath the northern part of the repository block and because the flow down 
from the overlying TSw unit is primarily in the fractures, perched-water zones form at the 
TSw-CHn contact.  A significant fraction of the downward-percolating flux is diverted laterally 
to the east in this region. The present age of the perched water ranges from several thousand 
years old to as much as 11,000 years old. 

Beneath the northern part of the repository, the radionuclides either enter the zeolitic CHn unit or 
are diverted to the east in the perched water.  The zeolitic CHn unit is strongly altered to a 
mixture of minerals, including zeolites and clays.  The minerals have precipitated in the pores of 
the rock so that the matrix permeability of the zeolitic CHn unit is low.  Most of the downward 
flow that reaches the zeolitic CHn is diverted laterally through perched water zones at the 
TSw-CHn contact, bypassing this unit and flowing through faults or connected fractures, which 
leads to short radionuclide transport times to the saturated zone. 

Beneath the southern part of the repository, the radionuclides are transferred into the vitric CHn 
unit matrix where groundwater velocity is low relative to the velocity in the fractures and where 
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sorption and colloid filtration are strong. Below the vitric CHn unit, the radionuclides move  
predominantly in the fractures of the underlying devitrified and zeolitized tuffs of the Prow Pass 
Tuff. Because the fracture flow pathways are not continuous, the alternating layers of welded, 
nonwelded, and zeolitized tuffs delay the movement of radionuclides, which leads to long 
transport times to the saturated zone compared to release locations in the northern repository 
region. 

The combination of slow water movement from the repository to the water table and processes 
that retard the rate of movement of radionuclides in the unsaturated zone results in a reduction in 
the activity of the radionuclides and their release to the saturated zone. 

6.2.2.3.2	 Capability of the Saturated Zone to Prevent or Substantially Reduce the Rate of 
Movement of Radionuclides to the Accessible Environment 

Radionuclides that migrate through the unsaturated zone to the water table are transported 
through the saturated zone before they can reach the accessible environment.  The data and 
analyses supporting models of radionuclide transport in the saturated zone that are summarized  
below are described in detail in Saturated Zone Site-Scale Flow Model (SNL 2007 
[DIRS 177391], Section 6); and Saturated Zone Flow and Transport Model Abstraction 
(SNL 2008 [DIRS 183750], Section 6).  Groundwater below Yucca Mountain is part of the 
Alkali Flat–Furnace Creek groundwater subbasin within the Death Valley regional groundwater 
system.  Groundwater flow is generally to the south and east near Yucca Mountain.  The 
southeasterly flow from the site is incorporated into the stronger southward flow in western 
Jackass Flats. The expected pathway for movement of radionuclides through the saturated zone 
is southeast from the repository site, transitioning to southerly flow to the accessible environment 
in the Amargosa Desert.  

The pathways for radionuclide movement, in the saturated zone, for the first 12 to 14 km 
downgradient from Yucca Mountain, occur in fractured volcanic rocks.  This portion of the 
saturated zone is affected by the faulting and tilting of the volcanic rocks and is represented in an 
equivalent continuum model in terms of two aquifers: an upper volcanic aquifer associated with 
the Topopah Spring Tuff units, and a lower volcanic aquifer associated with the Prow Pass, 
Bullfrog, and Tram Tuff units. 

The schematic shown in Figure 6-8 is located along the approximate pathways for radionuclide 
movement as the radionuclides encounter alluvial sediments approximately 12 to 14 km from 
Yucca Mountain. These alluvial sediments are generally represented as a single porous medium 
with equivalent continuum properties to represent heterogeneity in the flow and transport 
characteristics of these sediments. 

The saturated zone feature of the LNB includes the fractured volcanic rocks from below the 
repository to approximately 12 to 14 km southeast and south of Yucca Mountain and the 
saturated alluvium at the water table from the volcanic aquifer to the accessible environment.  
The movement of radionuclides in the saturated zone is slow because the velocity of water that 
can carry such radionuclides is low. In addition, processes discussed below cause the rate of 
movement of radionuclides to be slower compared to the rate of movement of the water.  The 
data and models for saturated zone flow and transport that support this analysis are discussed in 
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Saturated Zone Site-Scale Flow Model (SNL 2007 [DIRS 177391], Section 6); and Saturated 
Zone Flow and Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6). 

The flow in the upper and lower volcanic aquifers is predominantly in the fractures.  The matrix 
materials of the volcanic tuffs generally have a 2 to 6 order-of-magnitude lower hydraulic 
conductivity than observed in flowing fractures under natural groundwater-flow conditions. The 
matrix materials also have significantly greater effective porosity than do fractures, so there is a  
correspondingly greater volume of fluid stored in the matrix pore space of these saturated 
aquifers. The additional stored fluid and pore space is important to radionuclide transport 
because radionuclides can exchange between the fractures and matrix via matrix diffusion.  This 
diffusive exchange results in a slower effective travel velocity for the bulk of the released  
radionuclides relative to water flow velocities in the fractures for two reasons. First, the velocity 
of water in the pores of the matrix is slower than that in the fracture pores.  Second, sorption onto 
mineral surface areas in the matrix pores will result in an even slower rate of movement of the 
radionuclides that diffuse into the matrix materials. 

Because the alluvial materials are a porous medium, water flow and radionuclide transport occur 
in the intergranular pores in the alluvium.  The conceptual model for transport in the alluvial  
sediments is that of a porous continuum.  The effective porosity of the alluvium is greater than 
the fracture porosity of the tuffs.  Consequently, pore velocities in the alluvium, are smaller than  
those in the fractures of the volcanic aquifers. Although matrix diffusion is not considered to be 
important in the alluvium, radionuclide rate of movement can be slow if the water velocity is 
slow. In addition, sorption onto minerals in the alluvium results in retardation of radionuclides 
relative to the water movement in these sediments. 

The volcanic rocks and alluvial material in the saturated zone also reduce the rate of movement  
of radionuclides associated with colloids.  Filtration (nonphysical) of colloids results in 
retardation of the movement of radionuclides embedded in the colloids or irreversibly sorbed to 
these colloids.  Radionuclides that are sorbed  reversibly to colloids are affected by matrix 
diffusion in the volcanic aquifers and by sorption in the alluvial hydrogeologic units; 
consequently, movement of these colloid-associated radionuclides is also retarded relative to the 
movement of water in the saturated zone. 

This analysis demonstrates that the combination of low groundwater velocity and retardation and 
sorption processes prevent or substantially reduce the rate of movement of radionuclides to the 
accessible environment. 

6.2.2.3.3 Time Period over which the Lower Natural Barrier Functions 

The LNB is a durable feature of the geologic setting at Yucca Mountain and is not expected to  
change over the regulatory period of geologic stability. With the exception of the very minor  
effects caused by the construction of the repository, the emplacement of waste, and the rise in the 
water table and increase in percolation and saturated zone flux as a result of future climate states,  
the hydrogeology and physical characteristics of the LNB are not expected to change in any 
significant way in the 10,000 year period after closure. It is also assumed that for the purposes of 
projecting postclosure performance after 10,000 years, but within the period of geologic stability, 
that the intrinsic hydrologic, geologic and geochemical characteristics of the Lower Natural 
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Barrier will not change significantly. This assumption is consistent with the requirements of 
proposed 10 CFR 63.342(c) (70 FR 53313 [DIRS 178394]) by projecting the continued effects of 
the 10,000-year screened-in features, events, and processes out to the limit of geologic stability 
at 1 million years, with the exception of those features, events, and processes outlined in 
proposed 10 CFR 63.342(c) (70 FR 53313 [DIRS 178394]) related to the effect of seismic  
events, igneous events, climate change, and general corrosion beyond 10,000 years. 

The unsaturated zone is largely unaffected by the local changes associated with repository  
construction and waste emplacement.  The magnitude of changes to rock hydrologic properties 
attributable to coupled thermal-hydrologic-geochemical-mechanical processes do not have a 
significant effect on the overall behavior of unsaturated zone flow and transport.  Geochemical  
studies have shown that minerals, such as calcite, silica, clays, and zeolites, could be dissolved 
and/or diagenetically altered in some areas or precipitated and altered in other areas, depending 
on local geochemical conditions.  However, these local changes are not expected to change the 
overall hydraulic properties of the repository host rock that are included in the variability in 
performance models (Table A-3) because changes in fracture properties due to mineral 
precipitation or dissolution or thermal-mechanical stresses are on the order of natural variation 
(SNL 2008 [DIRS 183041], Section 6.2, FEPs 2.2.08.03.0B and 2.2.10.04.0A) and are therefore 
excluded from TSPA. 

Projected climate change will raise the water table and increase the flux of percolating water 
through the unsaturated zone. The impact of these two effects on transport through the 
unsaturated zone is included in the TSPA. However, these factors are not expected to alter 
appreciably the processes that influence radionuclide transport.  The potential for increased 
percolation flux through the unsaturated zone results in increased advective transport velocities 
through the fractured rock mass in the unsaturated zone, which tend to decrease the advective 
transport time of radionuclides to the water table.  However, the properties controlling matrix  
diffusion and radionuclide retardation on radionuclide transport through the unsaturated zone are 
not expected to change with time (Table A-3). 

The volcanic tuffs and alluvium in the saturated zone are durable features of the geologic 
environment, and the characteristics of this feature of the LNB system are not expected to change 
during the 10,000-year period. Processes acting during the first 10,000-year assessment are 
propagated to continue throughout the period of geologic stability.  Although the effects may 
change with time (for example, as degradation of the drifts and engineered feature change with  
time), the processes and events acting on the system are the same throughout time.  The  
hydrologic conditions within the saturated zone may change, however, as the climate changes.  
At a regional scale, future climate conditions that are wetter than present-day conditions are 
expected to yield greater groundwater recharge, resulting in a rise in the water table and greater  
groundwater flux along the saturated zone flow path. This change in the water table and flux is 
explicitly taken into account in the model abstraction for saturated zone flow and transport. 

6.2.2.3.4 Uncertainties Associated with Lower Natural Barrier Capability 

The performance of the LNB is subject to uncertainty that is a function of the applicability of the 
conceptual and numerical models used to describe flow and transport in the LNB, and of the 
degree of knowledge of the characteristics of the Yucca Mountain site.  To accommodate both  
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variability and uncertainty in the description of the site, many of the input parameters to the 
unsaturated and saturated zone flow and transport models have been defined as probabilistic 
distributions. This approach allows a large range of uncertainty to be directly incorporated into 
process and performance assessment models.  The variability and uncertainty in barrier 
capability is reflected in the broad range of transport times and radionuclide breakthrough curves 
resulting from the unsaturated zone and saturated zone transport models.  The data uncertainties 
associated with analyses of the LNB are described in UZ Flow Models and Submodels 
(SNL 2007 [DIRS 184614]; Radionuclide Transport Models Under Ambient Conditions (SNL 
2007 [DIRS 177396]); Saturated Zone Flow and Transport Model Abstraction (SNL 2008 
[DIRS 183750], Section 6); and Saturated Zone Site-Scale Flow Model (SNL 2007 
[DIRS 177391], Section 6). 

Uncertainties in the flow and transport characteristics affecting radionuclide transport in the 
unsaturated zone have been included in the model abstractions or have been conservatively 
represented, as presented in Particle Tracking Model and Abstraction of Transport Processes 
(SNL 2008 [DIRS 184748], Section 6). Uncertain parameters related to unsaturated zone flow 
include the percolation flux and fracture–matrix interaction (which is correlated to the 
percolation flux), both of which affect the flux distribution in fractures.  Uncertain parameters 
related to matrix diffusion include tortuosity.  Uncertain parameters related to sorption include 
the sorption coefficients for various radionuclides in the vitric, devitrified, and zeolitic tuff rock 
units. Uncertain parameters used to model colloid-facilitated transport include the colloid 
retardation factor. 

Uncertainties in the unsaturated zone flow characteristics have been addressed by evaluating four 
percolation flux distributions related to the 10th, 30th, 50th and 90th percentiles of the 
infiltration rates. Uncertainties in the conceptual model of matrix diffusion are larger than the 
impact of parameter uncertainties, and have been conservatively treated in the unsaturated zone 
transport model using a dual-permeability formulation.  Other transport-related uncertainties 
have been addressed by sampling from the range of parameter values determined to reasonably 
represent the uncertainty, including sorption parameters and colloid retardation parameters. 

Uncertainties in flow and transport characteristics affecting radionuclide transport in the 
saturated zone have been included in the model abstractions presented in Saturated Zone Flow 
and Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6). Uncertain parameters 
related to saturated zone flow include uncertainty in the groundwater-specific discharge, flowing 
interval porosity, alluvium effective porosity, and horizontal anisotropy.  Uncertain parameters 
related to matrix diffusion include flowing interval spacing, effective diffusion coefficient, and 
matrix porosity.  Uncertain parameters related to sorption include the sorption coefficients for 
various radionuclides for tuff and alluvium. Uncertain parameters used to model 
colloid-facilitated transport include the colloid retardation factor, fast fraction of colloids, 
groundwater concentration of colloids, and sorption coefficients onto colloids. 

Uncertainties in saturated zone groundwater flow and transport have been addressed by using 
probabilistic representations of parameter values that are important to transport, such as 
hydrologic and geologic properties. Uncertainty in groundwater flow or advection has been 
considered by evaluating ranges of groundwater-specific discharge, flowing interval porosity, 
alluvium effective porosity, and horizontal anisotropy. 
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There is uncertainty concerning the nature of the geology in the saturated zone, along the 
inferred flow path from the repository at distances of approximately 10 to 18 km downgradient  
from the repository.  The portions of the flow path devoted to fractured volcanic rock and 
alluvium are important to saturated zone capability because the movement of radionuclides 
through the saturated zone is affected by the contrast in the flow between these two media and 
because the retardation characteristics of the two media are different.  Uncertainty in the location 
of the alluvium is represented in terms of a probability distribution for its northern and western 
boundaries. This distribution is sampled in the TSPA and in barrier capability analyses. 

6.2.2.3.5 Impact of Disruptive Events on the Lower Natural Barrier 

The LNB is generally unaffected by disruptive events.  For seismic activity, it is expected that 
the general configuration of the geologic units below the repository and downgradient to the 
accessible environment will remain unchanged.  Fault displacements do not have any significant 
effects on unsaturated zone flow and transport, as demonstrated in an analysis of effects of fault 
displacements on unsaturated zone flow and transport (SNL 2008 [DIRS 183041], Appendix I, 
Section I3). The velocity of percolating water in the unsaturated zone and of groundwater in the  
saturated zone will not increase due to seismic activity.  The characteristics of matrix and 
fracture flow, colloidal transport, and sorption are not expected to change due to seismic activity.   
For igneous activity, both the intrusive and eruptive cases involve isolated dikes of magma that 
rise through the LNB. However, the processes and characteristics of the LNB are not  
significantly affected (SNL 2008 [DIRS 183041], Section 6.2, FEP 1.2.04.02.0A); therefore, the 
general effectiveness of the LNB to prevent or substantially reduce the rate of movement of 
radionuclides from the repository to the accessible environment would not significantly change 
following disruptive events. 

6.2.3 Technical Bases for Barrier Capability 

[NUREG-1804, Section 2.2.1.1.3: AC 3]  

Section 6.2.1 identifies the three barriers that comprise the repository system: the UNB, the EBS, 
and the LNB. Section 6.2.2 presents a summary description of the capability of these barriers.  
Table 6-4 provides the relationship between the barriers and the TSPA models, where the 
performance of the features of each barrier are represented.  The following sections provide an 
overview of the technical bases for the models used to represent the performance of the barriers  
in the TSPA. 

6.2.3.1 Upper Natural Barrier 

As shown in Table 6-4, the UNB is represented in the TSPA by the infiltration, site-scale 
unsaturated zone flow, ambient seepage, and thermal seepage models.  The following paragraphs 
provide brief summaries of the technical bases for these models. 
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Infiltration Model—This model was developed on the basis of geologic and hydrologic studies 
of soil and bedrock properties, as well as data from precipitation and temperature monitoring. 
Using this information, spatial and temporal infiltration estimates were developed for use as 
input to the site-scale unsaturated zone flow model.  Ranges of annual precipitation and air 
temperatures for future climate states were forecast on the basis of analogue sites, paleoclimate 
data, and earth-orbital parameters.  Infiltration estimates include the range of infiltration 
expected under future climatic conditions (SNL 2008 [DIRS 182145], Section 6).  The 
infiltration model produces net infiltration values for use as inputs to the site-scale unsaturated 
zone flow model under present-day and future climatic conditions expected during the first 
10,000 years after closure.  For the period from 10,000 years after permanent closure up to 
1 million years after closure, infiltration rates are not provided from the analysis; rather, a range 
of deep percolation fluxes specified by the proposed 10 CFR 63.342(c)(2) (70 FR 53313 
[DIRS 178394]) is used in the unsaturated zone flow simulations (SNL 2007 [DIRS 184614], 
Section 6). 

Site-Scale Unsaturated Zone Flow Model—This model was developed on the basis of a 
combination of surface- and subsurface-based field investigations and laboratory studies that 
have produced a conceptual understanding of flow paths in the unsaturated zone. These studies 
show that subsurface heterogeneities have important effects on flow paths, and, together with net 
infiltration, control the quantity and distribution of water that comes into contact with waste 
emplacement drifts.  Several mathematical models have been developed to simulate unsaturated 
zone flow under ambient conditions and in response to future climate changes.  A method that 
represents fracture and matrix flow under ambient and thermally perturbed conditions was 
selected. A dual-permeability continuum method was selected as being most consistent with 
available data and suitable for modeling unsaturated flow at Yucca Mountain.  Mathematical 
models were calibrated against multiple sources of information (e.g., water potential, pneumatic, 
and perched water). The UZ flow model is used to generate flow fields that are used directly by 
the TSPA to predict seepage into drifts and radionuclide transport through the unsaturated zone 
(SNL 2007 [DIRS 184614], Section 6). 

Ambient Seepage Model—The physics that control water percolating through the unsaturated 
zone, combined with hydrologic properties of the rock surrounding the emplacement drifts, 
including the geometry of the drift opening (intact versus collapsed), provide the technical basis 
for this model.  When percolating water encounters an opening in unsaturated rock, it tends to be 
diverted around the opening due to capillarity. Seepage testing in the Exploratory Studies 
Facility and the enhanced characterization of the repository block cross-drift provided the data 
needed to develop a seepage process model.  Seepage tests were conducted for both natural 
percolation flux conditions and localized, high-flux conditions that could induce seepage. 
Results show that there is threshold water flux, such that seepage into the drift will not occur if 
the local percolation flux is below the threshold.  The seepage process model relies directly on 
seepage-rate data and is calibrated against other seepage data not used to develop the model. 
This model is abstracted for use in the TSPA. The seepage abstraction provides seepage rates 
and uncertainties for both intact and collapsed drifts over a range of percolation fluxes, capillary 
strengths, and permeabilities (SNL 2007 [DIRS 181244], Section 6). 
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Thermal Seepage Model—Field testing of the thermal-hydrologic response of the host rock, 
particularly the drift scale test in the Exploratory Studies Facility, provides the technical basis for 
this model.  The drift scale test was designed to monitor evolution of temperature and liquid 
saturation and to observe evidence of thermally induced liquid refluxing.  Results show that heat 
from emplaced waste will cause pore water in the rock matrix to vaporize and move away from  
emplacement drift openings.  In cooler rock, the vapor will condense in fractures and drain either 
away or back toward the emplacement drift.  While temperatures are above the boiling point of 
water, vaporization of percolating water in the fractured rock above emplacement drifts will 
prevent seepage.  The thermal seepage model, developed on the basis of these results, includes 
the effects of capillary diversion and vaporization due to heat.  In the TSPA, seepage rates and  
the fraction of waste packages locations that experience seepage are predicted using the drift 
seepage model.  The technical basis provided by this model is used in the TSPA to justify the 
assumption that seepage cannot enter the drift if the drift wall temperature is equal to or greater 
than 100°C (SNL 2007 [DIRS 181244], Section 6). 

6.2.3.2 Engineered Barrier System 

As shown in Table 6-4, the EBS is represented in the TSPA by the following models: drift 
degradation and rockfall, near-field chemistry, thermal-hydrologic, in-drift chemical 
environment, drip shield degradation, waste package degradation, in-package water chemistry, 
commercial spent nuclear fuel cladding degradation, commercial SNF degradation, DOE SNF 
degradation, HLW degradation, dissolved concentration limits, colloid transport, and EBS flow 
and transport. The following paragraphs provide brief summaries of the technical bases for these 
models. 

Drift Degradation and Rockfall—This model was developed on the basis of detailed geologic 
characterization of the repository host rock. Data were developed on rock mass structure and 
variability of rock properties. Laboratory and in situ testing provided ranges of values for  
mechanical and thermal properties for intact rock matrix, fractures, and large-scale properties of 
the lithophysal rock mass.  Two- and three-dimensional numerical models, developed on the 
basis of these data, were used to represent the processes of degradation of drift walls and 
rockfall. These models provide the tools needed to assess rockfall and time-related drift 
degradation as a function of in situ, thermal, and seismic loading states.  Results from these 
models are used to estimate impacts of vibratory ground motion, fault displacement, and rockfall 
induced by vibratory ground motion on drip shields, and waste packages.  Further discussion of 
drift degradation and rockfall model are provided in Seismic Consequence Abstraction 
(SNL 2007 [DIRS 176828], Section 6). 

Near-Field Chemistry Model—The primary role of the near-field chemistry model is to provide 
the near-field gas and water chemistries for use in simulating the in-drift chemical environment.  
Field and laboratory studies have provided the hydrologic, thermal, and mineralogical data 
necessary to develop this model.  Measurements of pore-water and gas chemistry data as 
reported in Engineered Barrier System: Physical and Chemical Environment (SNL 2007 
[DIRS 177412]), supplemented with kinetic and thermodynamic data from externally published 
sources, provide the basis for modeling the evolution of water and gas compositions in near-field 
host rock. Heat, gas, and liquid in the rock affects the chemical composition of host-rock pore 
and fracture waters and the location and type of mineral dissolution and precipitation reactions.  
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Evaporation serves to concentrate aqueous species in solution.  The TSPA uses results from this 
model to calculate in-drift water chemistry due to seepage evaporation.  

Multiscale Thermal-Hydrologic Model—Field thermal testing, modeling studies, natural 
analogues, and externally published data provide the technical basis for this model.  The model 
was developed by combining the results of submodels at various scales and dimensionalities to 
produce a three-dimensional representation of the natural and engineered systems.  This 
multiscale model relies on the UZ flow model for hydrologic properties and percolation flux 
boundary conditions and uncertainties.  The multiscale model is combined with an in-drift 
condensation model to represent temperature and relative humidity in the emplacement drifts for 
the TSPA, as well as the onset conditions, location, and magnitude of in-drift condensation as 
discussed in Multiscale Thermohydrologic Model (SNL 2008 [DIRS 184433], Section 6); and 
In-Drift Natural Convection and Condensation (SNL 2007 [DIRS 181648], Section 6). 

In-Drift Condensation Model—The in-drift condensation model complements the multiscale 
thermal-hydrologic model in terms of evaluating the in-drift thermal-hydrologic environment. 
Field thermal testing and modeling studies provide the technical basis for this model.  The 
multiscale thermal-hydrologic model provides the TSPA model with the temperature and relative 
humidity at all waste package locations; however, the model simulations do not include axial 
transport of water vapor along the drifts. The in-drift condensation model was used to calculate 
the hydrologic effects of axial transport of water vapor, namely drift wall condensation, to be 
used as input to the TSPA model.  The in-drift condensation model provides the TSPA model 
with the potential for drift wall condensation at waste package locations, and, when condensation 
occurs, with the magnitude of condensation, which is correlated with percolation rate. 
Condensation is another source of liquid water that can potentially contact the drip shield or 
waste package in EBS flow calculations (SNL 2007 [DIRS 181648], Section 6.3.1). 

In-Drift Physical and Chemical Environment—This model relies on the technical basis 
developed for the near-field chemistry model to establish the compositional range of waters that 
could contact the drip shield, the outer barrier of the waste package, and the invert. While waste 
package surface temperatures are high, seepage water will tend to evaporate and may form 
concentrated brines.  The in-drift chemical environment changes with time as heat from decay 
decreases and geochemical processes modify in-drift conditions.  Characteristics of the 
environment through the stages of dryout, transition, and return to a low-temperature condition 
are included in the range of parameters covered in this model as discussed in Engineered Barrier 
System: Physical and Chemical Environment (SNL 2007 [DIRS 177412], Section 6) and 
In-Drift Precipitates/Salts Model (SNL 2007 [DIRS 177411], Section 6). 

Drip Shield Degradation and Early Failure Model—Long-term corrosion tests on titanium for 
both weight-loss and creviced specimens provide the technical basis for models for drip shield 
degradation.  Results from testing in repository-relevant environments show that creviced 
specimens exhibit slightly higher corrosion rates than weight-loss samples.  The inner surface of 
the drip shield was modeled using data from weight-loss specimens, while the outer surface was 
modeled using a combination of corrosion rate data from weight-loss and creviced specimens. 
The rationale for this choice is that the outer surface would be exposed to seepage environments, 
whereas the inner surface would only be expected to experience water films due to condensation. 
Under repository conditions, the general corrosion penetration depth in the 10,000 years after 
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closure will be extremely limited failures resulting from through-wall penetration will not occur 
until after 200,000 years, and localized corrosion and stress corrosion cracking are not expected 
to significantly degrade the capability of the drip shield feature.  For the case of impacts on drip 
shields due to seismic-induced rockfall, stress corrosion cracking is considered possible. 
However, this degradation mode is not included in the TSPA because cracks in the titanium will 
be sufficiently tight that they do not allow advective flux of water, and, even if water is present, 
the cracks are predicted to plug from mineral precipitation and corrosion products within a few 
hundred years after a seismic event. Literature surveys were also used to obtain data on 
manufacturing defects and human error probabilities to develop a drip shield early failure model. 
The number of potential drip shield failures is very small such that, for example, the probability 
of having one early failure is about 2%. 

Waste Package Degradation: General and Localized Corrosion, Stress Corrosion 
Cracking, and Early Failure—The technical basis for waste package degradation modeling 
was derived from YMP and externally published data.  The technical basis includes data 
regarding general and localized corrosion, microbial processes, stress corrosion cracking, and 
early failures due to manufacturing defects. Data for general corrosion rates of the waste 
package outer barrier have been obtained from weight-loss and dimensional-change 
measurements of descaled Alloy 22 samples after 5 years.  General corrosion rates were also 
measured electrochemically to estimate the temperature dependence of general corrosion for 
Alloy 22.  Localized corrosion data are available for Alloy 22 from a wide range of exposure 
environments.  Long-term corrosion potential and short-term cyclic polarization data are 
available to evaluate susceptibility of Alloy 22 to localized corrosion.  Laboratory tests also 
provided estimates of the effects of microbial processes on general corrosion.  Because 
penetration rate data for localized corrosion under repository conditions are limited, published 
crevice corrosion rates under highly aggressive conditions were also used to establish the 
technical basis for waste package models. YMP and externally published data are available to 
estimate stress corrosion cracking of Alloy 22.  Threshold stresses for initiation of stress 
corrosion cracking, crack growth rates, and stress and stress intensity factor profiles for welded 
regions, as well as data on weld flaws, were compiled.  Literature surveys were also used to 
obtain data on manufacturing defects and human error probabilities to develop a waste package 
early failure model. 

In-Package Water Chemistry Model—This model is a reaction-path model that predicts the 
chemical features, such as pH and ionic strength, of in-package fluids.  The technical bases for 
this model include degradation rates for waste package and basket materials as a function of 
surface area.  Degradation rates for the various waste forms as a function of pH, temperature, and 
surface area are also inputs to the model.  A thermodynamic database has been compiled from 
YMP and externally published data containing solubilities of radionuclides and corrosion 
products as a function of solution composition and temperature.  Surface thermodynamic 
parameters for corrosion products were also obtained from the literature. 

Commercial SNF Degradation Model—YMP and externally published data provide the 
technical basis for the commercial SNF degradation model.  The rate at which the radionuclides 
enter solution is controlled either by the degradation rate of the waste form, or by the solubility 
limit of the radionuclides.  The commercial SNF degradation rates determine the rate at which 
soluble radionuclides can enter solution. The release rate of other radionuclides is determined by 
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their solubility limits.  YMP and externally published data were used to develop thermodynamic 
databases for use with a geochemical modeling tool.  

DOE SNF Degradation Model—The rate at which radionuclides enter a solution is controlled 
either by the degradation rate of the waste form or by the solubility limit of the radionuclides. 
All DOE SNF types except naval SNF are modeled as degrading instantaneously upon waste 
package breach. Commercial SNF degradation model results are used to represent the impacts of 
naval SNF in the TSPA. 

HLW Glass Degradation Model—Similar to other waste forms, the rate at which radionuclides 
enter a solution is controlled either by the dissolution rate of the waste form, or by the solubility 
limit of the constituent elements.  Glass dissolution kinetics are known on the basis of many 
experiments to be controlled by a single dissolved species, orthosilicic acid.  YMP and externally 
published data show that release of soluble components from glass decreases when the 
concentration of orthosilicic acid increases.  Dissolution studies have been conducted under 
conditions that cover the following range of water contact modes postulated for the repository: 
contact with humid air, contact with dripping water, and immersion.  The data were collected 
over a wide range of borosilicate glass compositions that meet the DOE-specified acceptance 
requirements for chemical durability and other specifications. 

Dissolved Concentrations Limits Model—This model determines the maximum dissolved 
concentration of radionuclides as a function of water chemistry over the range of physical and 
chemical conditions established in the In-package chemistry model described earlier.  The model 
relies on a thermodynamic database compiled from YMP and externally published data.  A 
geochemical modeling tool utilizes the database to establish solubility limits for radionuclides 
within the specified in-package water chemistries.  Solubility limits are determined considering 
the controlling solid phases, water chemistry, and temperature.  

Colloidal Radionuclide Availability—The technical basis for the colloidal radionuclide 
availability model rests on YMP and externally published data.  Both waste form colloids 
resulting from waste degradation and pseudocolloids, which are colloidal particles of waste 
forms and other materials with attached radionuclides, are evaluated.  Measurements of colloid 
concentrations, studies of colloid stability, and experiments to determine radionuclide sorption 
properties were used to develop the colloid source term abstraction used in the TSPA. 
Characteristics of water in the waste package from the In-package chemistry model are used to 
describe the stability and concentration of colloids and the concentrations of radionuclides in the 
waste package. 

EBS Flow and Transport Model—The technical basis for this model was developed using the 
results of the seepage models, in-drift chemical environment model, waste package and drip 
shield degradation models, in-package chemistry model, and waste form degradation and 
radionuclide mobilization models.  The EBS Flow and Transport Model consists of two parts: 
flow pathways within the EBS and radionuclide transport along specific flow pathways. 
Transport out of the waste package can occur by advection when there is a liquid flux through 
the waste package and by diffusion through continuous liquid pathways. These two transport 
processes depend on the types of penetrations through the waste package and on local seepage 
and condensation conditions. Diffusive transport depends on differences in concentrations, 
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which are determined from the In-package chemistry model, and the solubility limit for each 
radionuclide. Concentrations in the waste package depend on radionuclide solubility limits, 
sorption of radionuclides onto corrosion products, sorption and desorption onto colloids, and 
colloid stability.  Concentrations in the invert depend on radionuclide solubility limits and  
colloid stability in the invert, partitioning of radionuclides between colloids and the invert, and  
the boundary concentrations at the invert–unsaturated zone interface.  Transport at the invert– 
unsaturated zone interface may be advective or diffusive, and an important aspect of this model  
is to represent partitioning of radionuclide mass flux to the fractures and matrix consistent with  
hydrologic characteristics of the rock.  Partitioning is time dependent, and reflects variations in 
rates of radionuclide release from the EBS and changes in seepage or condensation flux in the 
emplacement drifts. 

6.2.3.3 Lower Natural Barrier 

As shown in Table 6-4, the LNB is represented in the TSPA by the site-scale unsaturated zone 
flow, site-scale unsaturated zone radionuclide transport, saturated zone flow, and site-scale 
saturated zone radionuclide transport models.  The two saturated zone process models are not 
implemented directly in the TSPA, but are used to develop radionuclide breakthrough curves 
which are implemented in the TSPA using a convolution algorithm.  The following paragraphs 
provide brief summaries of the technical bases for these models. 

Site-Scale Unsaturated Zone Flow Model—The site-scale unsaturated zone flow model is used 
to generate flow fields that are used directly by the TSPA to predict radionuclide transport 
through the unsaturated zone. This model was developed on the basis of a combination of 
surface- and subsurface-based field investigations and laboratory studies that have produced a 
conceptual understanding of flow paths in the unsaturated zone. These studies show that 
subsurface heterogeneities have important effects on flow paths, and, together with net 
infiltration, control the quantity and distribution of water that comes into contact with waste 
emplacement drifts.  Several mathematical models have been developed to simulate unsaturated 
zone flow under ambient conditions and in response to future climate changes.  A method that 
represents fracture and matrix flow under ambient and thermally perturbed conditions was 
selected. A dual-permeability continuum method was selected as being most consistent with  
available data and suitable for modeling unsaturated flow at Yucca Mountain.  Mathematical 
models were calibrated against multiple sources of information (e.g., water potential, pneumatic, 
and perched-water) (SNL 2007 [DIRS 184614], Section 6). 

Site-Scale Unsaturated Zone Radionuclide Transport Model—The technical basis for this 
model (SNL 2007 [DIRS 177396]) rests on the conceptual and numerical models developed to 
represent unsaturated zone flow (SNL 2007 [DIRS 184614], Section 6). Advection, 
fracture-matrix interaction, sorption, and colloid-facilitated transport are important processes for 
radionuclide transport in the unsaturated zone. Mass and energy transfer are included in the 
models to address thermal effects on transport.  Data sources supporting the site-scale  
unsaturated zone radionuclide transport model include laboratory sorption and matrix diffusion 
measurements, testing to support extension to larger scales at a test facility at Busted Butte, 
Alcove 8–Niche 3 testing to investigate fracture–matrix interactions, colloid retardation testing at 
the Busted Butte facility, pore-water chemistry testing, and isotope studies to address the 
prevalence and frequency of fracture flow in the unsaturated zone. The approach used to 
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represent unsaturated zone radionuclide transport is a dual-permeability model with distinct 
hydraulic and transport behavior for fractures and matrix.  This approach best accounts for data 
from geochemical studies, field tracer tests, and modeling sensitivity studies.  

Site-Scale Saturated Zone Flow Model—The site-scale saturated zone flow model provides a  
three-dimensional calibrated simulation of groundwater flow paths and rates near Yucca  
Mountain. The technical basis for the saturated zone flow models rests on geologic and field 
studies in the region surrounding Yucca Mountain.  These studies provide the overall framework 
in terms of the lateral and vertical extent of aquifers and confining units, as well as locations of  
recharge and discharge areas. This model is calibrated using water-level data and is supported 
by a variety of field data including hydrochemical and isotopic data, hydraulic field testing, and 
temperature data.  The site-scale saturated zone flow model was constructed using a continuum  
approach. A continuum model was considered appropriate because field evidence indicates 
groundwater flow occurs through well-connected fractures on the order of tens to hundreds of 
meters apart.  Use of a continuum model allows for the use of widely accepted equations  
describing groundwater flow through porous media (SNL 2007 [DIRS 177391], Section 6).   

Site-Scale Saturated Zone Radionuclide Transport Model—The technical basis for this 
model rests on the geologic and hydrologic studies used to develop the Saturated Zone Flow and  
Transport Model Abstraction (SNL 2008 [DIRS 183750], Section 6); and Saturated Zone 
Site-Scale Flow Model (SNL 2007 [DIRS 177391], Section 6) supplemented by additional data  
on chemical characteristics of dissolved or colloidal radionuclides and the characteristics of the 
geochemical environment along transport pathways.  Transport of radionuclides as dissolved 
species will be affected by advection, diffusion, dispersion, and, for reactive radionuclides, 
sorption. Transport of radionuclides sorbed onto colloids is affected by the rate of colloid 
filtration, radionuclide desorption rates from colloids, and steady-state colloid concentrations.  
The rate of radionuclide transport is a function of specific discharge, the porosity of the materials 
through which water flows, effective diffusion coefficient, dispersivity, decay constants, and 
radionuclide sorption coefficients. Data from hydraulic and tracer tests at a multiple-well 
complex provide the basis for modeling advective transport over scales relevant to radionuclide 
transport.  These test results were used to develop values for flow and transport modeling 
parameters and to confirm that the dual-porosity continuum conceptualization is appropriate for 
representing transport.  Other field tests provide evidence supporting the predominance of 
fracture flow in the volcanic tuff units.  Tracer test results were used to define flowing interval 
porosity and uncertainty in this parameter, which is the volume of pore space that is highly 
conductive. Field and laboratory tests have established matrix diffusion coefficients for 
fractured volcanic tuffs, dispersivity values for the saturated zone were estimated from the 
literature. Sorption coefficients for the volcanic tuff and alluvium were obtained from laboratory 
measurements and scaled-up for site-scale application. 

6.2.3.4 Technical Basis for Unlikely Events Potentially Affecting Barrier Capability 

The capability of the barriers is potentially affected by the occurrence of unlikely events that 
may degrade, alter, or otherwise disrupt the features and components of the natural setting or 
EBS. These events include seismic and igneous events.  Both of these event types are included 
in the scenario classes that have been retained for assessing performance of the repository 
system. 
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The technical basis of the probability of seismic-induced degradation has been formally elicited 
from an expert elicitation based upon site-specific observations of previous seismic activity and 
faulting as described in Probabilistic Seismic Hazard Analyses for Fault Displacement and 
Vibratory Ground Motion at Yucca Mountain, Nevada (CRWMS M&O 1998 [DIRS 103731]). 

However, when the models developed in the PSHA were applied, low-probability ground motion 
values were allowed to increase without bound, eventually reaching levels that are inconsistent 
with the geologic setting for Yucca Mountain. Therefore, using data, analyses, and modeling 
results developed after the PSHA, a separate analysis was performed, using data that became  
available after the PSHA, to determine a reasonable bound to peak horizontal ground velocity at 
the waste emplacement level.  A general discussion of the basis for the site specific ground  
motions and of the bounded hazard curve is presented in Seismic Consequence Abstraction 
(SNL 2007 [DIRS 176828], Section 6.4.3). 

The effects of seismic activity on a range of possible seismic response spectra at the repository 
have been modeled using site-specific rock property data.  The effects of seismic activity on EBS 
degradation have been modeled using site-specific information on rock mass response, design 
information on structural characteristics of the engineered SSCs, and laboratory testing 
information on material properties.  This information was used to evaluate the degradation of the 
EBS as a function of seismic PGV (SNL 2007 [DIRS 178851]).  The results of seismic-induced 
consequences are presented in Seismic Consequence Abstraction (SNL 2007 [DIRS 176828], 
Section 6) and are represented in the TSPA. 

The technical basis of the probability of igneous-induced degradation has been formally elicited 
from an expert elicitation based upon observations of previous igneous activity as described in 
Probabilistic Volcanic Hazard Analysis for Yucca Mountain, Nevada (CRWMS M&O 1996 
[DIRS 100116]). The effects of igneous activity on EBS degradation have been evaluated using 
analogues to similar igneous activity that have been supplemented by an independent peer 
review and a range of conservative assumptions. 

6.2.3.5 Summary of Technical Bases for Barrier Capability 

The technical bases for the assessment of the capability of the three barriers to:  (1) prevent or 
substantially reduce the rate of movement of water or radionuclides from the repository to the 
accessible environment or (2) prevent or substantially reduce the rate of release of radionuclides 
from the waste are the same as the bases used for the compliance of the repository system with 
the postclosure performance assessment objectives and requirements.  The barrier capability is  
based on the abstraction models of processes included in the performance assessment and 
considered processes and events that have been excluded from the performance assessment. 

6.2.4 Summary 

The Yucca Mountain repository system comprises three barriers that have the functions of:  
(1) preventing or substantially reducing the rate of movement of water or radionuclides from the  
repository to the accessible environment or (2) preventing or substantially reducing the release 
rate of radionuclides from the waste.  These three barriers include two natural barriers and one 
engineered barrier system: namely, the UNB, the EBS, and the LNB.  These barriers include  
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multiple features that have processes and events that may act on or within the barriers to affect 
the capability of the performance of the barrier.  

The relevant FEPs that most significantly contribute to the capability of the barriers are presented 
in Appendix A, Tables A-1, A-2, and A-3.  A complete evaluation of all potential FEPs, 
including the technical basis for their inclusion or exclusion in the performance assessment, is 
presented in the FEPs (SNL 2008 [DIRS 183041], Section 6). 

Detailed descriptions of the models used to evaluate the barrier capability, as well as the 
technical basis for the treatment of uncertainties associated with the models and parameters used 
in the evaluation are provided in the references listed in Table 6-4. 

The UNB, by preventing or substantially reducing the amount and the rate of water seeping into 
the drifts, prevents or substantially reduces the rate of movement of water from the repository to 
the accessible environment and prevents or reduces the release rate of radionuclides from the 
waste. For the present-day climate on average nearly all of the percolation flux would be 
diverted around drifts in TSw unit. For the wetter climate states of the monsoonal and the 
glacial-transition climate states, over 80% of the flux would still be diverted around the drifts 
(SNL 2007 [DIRS 181244], Table 6-6[a]). Drift collapse due to seismic events can reduce the 
potential for flow diversion. After several hundred thousand years, when drifts may fill with 
accumulated rubble from several seismic events, the diverted flux potentially is about half 
compared to the uncollapsed drifts (SNL 2007 [DIRS 181244], Table 6-7[a]).  In addition, 
during the glacial transition climate state, the Upper Natural Barrier is projected to prevent water 
from contacting more than half of the waste package locations. For collapsed drifts caused by 
seismic events this potential flow diversion is much less. Overall, the reduction in seepage into 
drifts relative to percolation flux demonstrate the important barrier capability of the unsaturated 
flow processes in the fractured rock at and above the repository horizon. 

The EBS prevents or substantially reduces the release rate of radionuclides from the waste and 
prevents or substantially reduces the rate of movement of radionuclides from the repository to 
the accessible environment.  It performs these functions by virtue of the materials and design of 
the emplacement drifts, drip shields, waste packages, and waste form and waste package 
internals. In addition, the EBS provides for chemical and thermal-hydrologic environments that 
lead to low solubilities for the radionuclides that make up the greatest fraction of the inventory 
activity. Finally, the EBS environments are such that radionuclide transport from the waste to 
the unsaturated zone is limited to a small fraction of the available inventory, even in the case of 
seismic-induced mechanical degradation. 

The LNB prevents or substantially reduces the rate of movement of radionuclides from the 
repository to the accessible environment.  The key processes associated with the performance of 
the LNB are related to matrix diffusion and sorption of radionuclides. 

The parameters and models used in the quantification of barrier capability are the same as those 
developed for use in the TSPA for evaluation of performance of the natural and engineered 
barriers in the assessment of the individual and groundwater protection.  Although uncertainty 
exists in the parameters and models of the relevant processes that affect the assessment of barrier 
capability and the TSPA, this uncertainty has been included in the assessments.  As a result, the 
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description of the repository system and the demonstration of multiple barriers increase the 
likelihood that the postclosure performance objectives specified in 10 CFR 63.113(b) and (c)  
[DIRS 180319] will be achieved. 

6.3 NON-BARRIER-SPECIFIC FEATURES EVENTS AND PROCESSES 

374 FEPs and feature-components were considered for potential effects on barrier capability.  
Most of these FEPs were addressed as part of the barrier capability analysis.  However, some  
FEPs were considered to be not relevant to any of the three ITWI barriers.  For completeness,  
these FEPs are listed in Table 6-8.   

The non-barrier-specific FEPs fall into two categories. The first category of non-barrier-specific 
FEPs relate to events that do not affect any of the ITWI barriers.  Human intrusion is a special 
case, which while potentially important to performance assessment, does not prevent or 
substantially reduce water or radionuclide movement through any of the ITWI barriers.  

The second category of non-barrier-specific FEPs relate to features of the biosphere and system 
that are not part of any of the ITWI barriers.  The biosphere is not considered part of the LNB 
because it exists at the boundary of the accessible environment.  While the biosphere is important 
to performance assessment in that it defines the characteristics of the receptor, it does not have 
any effect on movement of water or radionuclides from the repository to the accessible 
environment.  FEPs classified as “System” capture processes and events that act upon the 
repository system as a whole, but do not generally relate to the capability of a single feature or  
barrier.  Some system FEPs were relevant to the ITWI barriers and were addressed in 
Sections 6.1 and 6.2. 

Table 6-8. Non-Barrier-Specific Features and Events 

FEP Number FEP Name FEP Status 
Event:  Human Intrusion 

1.4.02.01.0A Deliberate Human Intrusion Excluded 
1.4.02.02.0A Inadvertent Human Intrusion Excluded 
1.4.03.00.0A Unintrusive Site Investigation Excluded 
1.4.04.00.0A Drilling Activities (Human Intrusion) Excluded 
1.4.04.01.0A Effects of Drilling Intrusion Excluded 
1.4.05.00.0A Mining and Other Underground Activities (Human Intrusion) Excluded 
1.4.11.00.0A Explosions and Crashes (Human Activities) Excluded 
3.3.06.01.0A Repository Excavation Excluded 

Feature: Backfill and Seals 
1.1.03.01.0B Error in Backfill Emplacement Excluded 
2.1.05.01.0A Flow through Seals (Access Ramps and Ventilation Shafts)  Excluded 
2.1.05.03.0A Degradation of Seals  Excluded 
2.1.04.09.0A Radionuclide Transport in Backfill Excluded 

Feature: Biosphere 
1.2.04.07.0A Ashfall Included 
1.2.04.07.0C Ash Redistribution via Soil and Sediment Transport Included 
1.4.01.00.0A Human Influences on Climate Excluded 
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Table 6-8. Non-Barrier-Specific Features and Events (Continued) 


FEP Number FEP Name FEP Status 
Feature: Biosphere (Continued) 

1.4.01.02.0A Greenhouse Gas Effects Excluded 
1.4.01.03.0A Acid rain Excluded 
1.4.01.04.0A Ozone Layer Failure Excluded 
1.4.07.01.0A Water Management Activities Included 
1.4.07.03.0A Recycling of Accumulated Radionuclides from soils to 

Groundwater 
Excluded 

1.4.08.00.0A Social and Institutional Developments Excluded 
1.4.09.00.0A Technological Developments Excluded 
1.5.02.00.0A Species Evolution Exclude 
2.2.08.07.0C Radionuclide Solubility Limits in the Biosphere Excluded 
2.2.08.11.0A Groundwater Discharge to Surface within the Reference 

Biosphere 
Excluded 

2.3.02.01.0A Soil Type Included 
2.3.02.02.0A Radionuclide Accumulation in Soils Included 
2.3.02.03.0A Soil and Sediment Transport in the Biosphere Included 
2.3.04.01.0A Surface Water Transport and Mixing Included 
2.3.09.01.0A Animal Burrowing/Intrusion Excluded 
2.3.11.04.0A Groundwater Discharge to Surface Outside the Reference 

Biosphere 
Excluded 

2.3.13.01.0A Biosphere Characteristics Included 
2.3.13.02.0A Radionuclide Alteration during Biosphere Transport Included 
2.3.13.03.0A Effects of Repository Heat on the Biosphere Excluded 
2.3.13.04.0A Radionuclide Release Outside the Reference Biosphere Excluded 
2.4.01.00.0A Human Characteristics (Physiology, Metabolism) Included 
2.4.04.01.0A Human Lifestyle Included 
2.4.07.00.0A Dwellings Included 
2.4.08.00.0A Wild and Natural Land and Water Use Included 
2.4.09.01.0A Implementation of New Agricultural Practices or Land Use Excluded 
2.4.09.01.0B Agricultural Land Use and Irrigation Included 
2.4.09.02.0A Animal Farms and Fisheries Included 
2.4.10.00.0A Urban and Industrial Land and Water Use Included 
3.2.10.00.0A Atmospheric Transport of Contaminants Included 
3.3.01.00.0A Contaminated Drinking Water, Foodstuffs and Drugs Included 
3.3.02.01.0A Plant Uptake Included 
3.3.02.02.0A Animal Uptake Included 
3.3.02.03.0A Fish Uptake Included 
3.3.03.01.0A Contaminated Non-food Products and Exposure Included 
3.3.04.01.0A Ingestion Included 
3.3.04.02.0A Inhalation Included 
3.3.06.02.0A Sensitization to Radiation Excluded 
3.3.07.00.0A Non-radiological Toxicity and Effects Excluded 
3.3.08.00.0A Radon and Radon Decay Product Exposure Included 
3.3.04.03.0A External Exposure Included 
3.3.05.01.0A Radiation Doses Included 
3.3.06.00.0A Radiological Toxicity and Effects Excluded 
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Table 6-8. Non-Barrier-Specific Features and Events (Continued) 


FEP Number FEP Name FEP Status 
Feature: System 

0.1.02.00.0A Timescales of Concern Included 
0.1.03.00.0A Spatial Domain of Concern Included 
0.1.09.00.0A Regulatory Requirements and Exclusions Included 
0.1.10.00.0A Model and Data Issues Included 
1.1.05.00.0A Records and Markers for the Repository Excluded 
1.1.09.00.0A Schedule and Planning Excluded 
1.1.10.00.0A Administrative Control of the Repository Site Excluded 
1.1.11.00.0A Monitoring of the Repository Excluded 
1.1.12.01.0A Accidents and Unplanned Events During Construction and 

Operation 
Excluded 

1.1.13.00.0A Retrievability Included 
1.2.01.01.0A Tectonic Activity - Large Scale Excluded 
1.2.05.00.0A Metamorphism Excluded 
1.2.08.00.0A Diagenesis Excluded 
1.2.09.00.0A Salt diapirism and dissolution Excluded 
1.2.09.01.0A Diapirism Excluded 
1.3.04.00.0A Periglacial Effects Excluded 
1.3.05.00.0A Glacial and Ice Sheet Effect Excluded 
1.4.02.03.0A Igneous Event Precedes Human Intrusion Excluded 
1.4.02.04.0A Seismic Event Precedes Human Intrusion Excluded 
1.5.01.01.0A Meteorite Impact Excluded 
1.5.01.02.0A Extraterrestrial Events Excluded 
1.5.03.01.0A Changes in the Earth's Magnetic Field Excluded 
1.5.03.02.0A Earth Tides Excluded 
2.2.06.05.0A Salt Creep Excluded 
2.3.06.00.0A Marine Features Excluded 
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7. CONCLUSIONS 


Three barriers important to waste isolation (ITWI) have been identified (Section 6.1.2).  These 
barriers are the Upper Natural Barrier, the Engineered Barrier System, and the Lower Natural 
Barrier. The specification of these barriers as ITWI is a result of an analysis conducted and 
documented in this report (Section 6.1.2 and 6.1.5).  This analysis considers these barriers to be 
ITWI because they contain at least one feature that is classified as ITWI.  Table 7-1 provides a 
list of ITWI features / components supporting each of the three barriers as well as the barrier 
function for each and the relevant control parameter characteristics that apply to those ITWI 
Features / components (Output DTN: MO0801TABLITWI.000) A feature is classified as ITWI 
if it meets two conditions.  The first condition is that the feature is associated with one or more 
parameter characteristic classified as important to barrier capability (ITBC).  The second 
condition is that the feature is a significant contributor to the barrier capability relative to the 
other features of the barrier. In addition, a feature is classified ITWI even if does not have ITBC 
control parameters if it one of the engineered features/components of the geologic repository 
whose function is to prevent or mitigate the consequences of potential disruptive events  
(e.g., criticality), or other additional constraints are placed on them (e.g. emplacement of naval 
waste packages, the TAD specification (DOE 2007 [DIRS 181403], Sections 3.1.1(1) and (2) 
and 3.1.8(1)), or the Waste Acceptance System Requirements Document (DOE 2007  
[DIRS 169992]). Consistent with 10 CFR 63.2 and 10 CFR 63.142(a) [DIRS 180319], a  
parameter characteristic is classified as ITBC if it:  1) prevents or substantially reduces the rate 
of movement of water from the repository to the accessible environment; 2) prevents the release 
or substantially reduces the release rate of radionuclides from the waste; 3) prevents or 
substantially reduces the rate of movement of radionuclides from the repository to the accessible 
environment, or 4) prevents or substantially reduces the consequences of disruptive events 
(e.g. criticality). 

Consumable materials to be incorporated into any engineered item important to waste isolation 
during fabrication of that item are also included as items important to waste isolation.  The 
control parameters that are related to this specific criteria include 02-03: Committed Materials  
and 04-09: Waste Package & TAD Canister Excluded Materials. 

Additional constraints beyond the control parameters listed are placed on some features or SSCs.  
Table 7-1 lists these additional controlling mechanisms as control parameter characteristics for  
the features or SSCs where they apply.  These include: the Transportation, Aging, and Disposal 
Canister System Performance Specification (DOE 2007 [DIRS 181403], and the Waste 
Acceptance System Requirements Document (DOE 2007 [DIRS 169992]) and information  
contained in Naval Nuclear Propulsion Program classified documents. In addition, for 
postclosure purposes, NUREG-1536 and NUREG-1567 are equivalent in their requirements for 
moisture removal and are therefore acceptable. 

The methodology for the determination of ITWI barriers is primarily based on the information 
contained in the screening justifications and screening dispositions of the Features, Events, and 
Processes (FEPs).  As the FEPs form the bases of technical support for the TSPA, this approach 
is both efficient and comprehensive for ITWI barrier determination.  The FEP screening 
justifications and dispositions can also be associated with specific parameter characteristics.  The 
parameter characteristics associated with each FEP relevant to specific features/components of 
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each barrier are identified (Appendix A and Tables 7-2, 7-3, and 7-4) (Output DTN: 
MO0802ITWITABS.000). 

Parameter characteristics fall into two categories: ‘core’ and ‘control.’ Core parameter 
characteristics are a logical grouping of core parameters that combine to produce a contribution 
to the capability of a barrier’s feature/component.  A core parameter is a quantity or variable that 
supports the postclosure technical bases and is not controlled or manipulated during design, 
construction, or operations. Core parameter characteristics were identified from knowledge of 
defining processes and features relevant to FEP screening justifications and dispositions. Core 
parameter characteristics are candidates for monitoring during Performance Confirmation. 
Control parameter characteristics are similarly defined except that control parameters are 
controlled or manipulated during design, construction, or operations in such a fashion as to 
provide a reasonable expectation that the feature/component’s capability will be as described in 
the postclosure technical baseline, TSPA, and Safety Analysis Report.  A control parameter 
characteristic may include, but not be limited to, fit, form, and functionality of the materials of a 
barriers feature/component.  It also identifies the specific functions to be performed by a 
feature/component (or SSC). These control parameter characteristics (Table 6-6) are obtained 
from Postclosure Modeling and Analyses Design Parameters (BSC 2008 [DIRS 183627]). 

Once the FEPs have been associated with specific barrier features and core and control parameter 
characteristics identified, the core and control parameter characteristics were evaluated as being 
ITBC or non-ITBC. This determination is based on evaluation of their role in FEP screening 
justifications and dispositions specific to a barrier features relevant to the three criteria identified 
in the first paragraph of this section and which follow from the regulations, 10 CFR 63.2 
[DIRS 180319].  The association of FEPs with features/components of barriers, the identification 
of core and control parameters, and the identification of ITBC parameter characteristics are 
presented in the tables of Appendix A and summarized in Tables 7-2, 7-3, and 7-4.  Core 
parameter characteristics that are ITBC are candidates for monitoring during Performance 
Confirmation.   

A qualitative discussion of the barrier capability and the contribution of each barrier’s 
feature/component to barrier capability are presented in Section 6.2.  These features and the 
capability of each barrier are described in terms of the physical processes that contribute to 
repository system performance.  This discussion supplements the analysis of ITBC by FEPs 
presented in Appendix A. The qualitative discussion is drawn from the information of the FEP 
analysis as well as information presented in the AMR reports supporting the postclosure 
technical bases, the TSPA, and the Safety Analysis Report.  The information presented in 
Section 6.2 helps demonstrate that the three repository system barriers function in a manner to 
provide a reasonable expectation that HLW can be disposed of without exceeding the 
requirements of 10 CFR 63.113(b) and (c) [DIRS 180319].  The understanding of the barriers 
gained through site characterization and/or repository design permits a demonstration that the 
barriers work together to perform their postclosure functions.  These features and the capability 
of each barrier are described in terms of the physical processes that contribute to repository 
system performance.  Key barrier capabilities of the three ITWI barriers are summarized below. 
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As described in Section 6.2.1.1, the UNB is composed of two features: topography and surficial 
soils, and unsaturated zone above the repository. The amount of water that falls on the 
topography and surficial soils as precipitation is significantly reduced by runoff and 
evapotranspiration from infiltrating and percolating through the unsaturated zone above the 
repository. In addition, the capillarity and permeability of the unsaturated zone prevent a 
significant fraction of the percolation flux from entering the emplacement drifts over a large 
fraction of the repository. These processes prevent or substantially reduce the rate of water 
movement through the unsaturated zone above the repository, which in turn prevents or 
substantially reduces the rate of movement of water from the repository to the accessible 
environment. 

As described in Section 6.2.1.2, the EBS is composed of several features designed to work 
together and to complement the natural barriers.  The EBS prevents or substantially reduces the 
contact of water with the waste, reducing the release rate of radionuclides due to the slow 
alteration of the waste and low solubility of many radionuclides, which in turn prevents or 
substantially reduces the rate of movement of radionuclides from the repository to the accessible 
environment.  The EBS features/components that are important to waste isolation and that 
contribute to barrier capability are (1) emplacement drift, (2) drip shield, (3) waste package 
including inner vessel, (4) naval SNF structure, and (5) waste form (excluding DOE SNF waste 
form) and waste package internals including the transport, aging, and disposal (TAD) canister, 
naval canister, TAD and DOE SNF canister neutron absorber materials, and naval SNF canister 
system components. Commercial SNF waste packages are used to represent the naval SNF waste 
packages in the TSPA. EBS features/components that are not important to waste isolation are 
(1) commercial SNF cladding, (2) DOE SNF waste form (3) the waste package pallet, and (3) 
invert. 

As described in Section 6.2.1.3, the LNB prevents or substantially reduces the rate of movement  
of radionuclides from the repository to the accessible environment.  The key processes associated 
with the capability of the LNB are slow advective transport, matrix diffusion, and sorption of 
radionuclides. 

As presented in Section 6.1.4 all barriers and features/components that are identified as ITWI are 
included in the postclosure technical baseline and the TSPA model. The parameters and models 
used in the quantification of barrier capability are the same as those developed for use in the 
TSPA for evaluation of performance of the natural and engineered barriers in the assessment of 
the individual and groundwater protection. Although uncertainty exists in the parameters and 
models of the relevant processes that affect the assessment of barrier capability and TSPA, this 
uncertainty has been appropriately included in the assessments.  As a result, the description of  
the repository system and the demonstration of multiple barriers increase the confidence that the 
postclosure performance objectives specified in 10 CFR 63.113(b) and (c) [DIRS 180319] will 
be achieved. 

The postclosure performance assessment, analyzes the natural environment and the engineered  
component performance after closure of the repository.  To perform those analyses, modeling 
was developed to estimate the conditions and processes spatially and temporally in the closed 
repository. To ensure that those analyses and results are representative of the repository 
postclosure performance, it is necessary that those SSCs together with the geologic conditions 
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relied upon in the analyses, are within the modeled conditions at the time the repository is closed. 
Table 7-1 provides a summary of the ITWI classification of major features/ SSCs that support 
the characterization of three barriers as ITWI.  

Table 7-5 contains a summary of the parameters that require controls including the summarized 
important to barrier capability classification to ensure the postclosure performance assessment 
analytical bases are established during preclosure operations (Output 
DTN: MO0802ITWIBARR.000).  This table also details the derived internal constraints applied 
to each control parameter characteristic (BSC 2008 [DIRS 183627]).  It also indicates which 
control parameter characteristics that were determined to be ITBC are not significant enough to 
support a feature being determined to be ITWI.  For the purposes of this table, the controls are 
grouped into nine engineered subsystem categories:  Subsurface Facilities, Engineered Barrier 
System In-Drift Configuration, Waste Package, Waste Form and Waste Package Internals, 
Emplacement and Retrieval, Subsurface Ventilation, Drip Shield, Emplacement Pallet, and 
Sealing and Closure. 

Within each barrier feature, those features / SSCs that provide substantial performance are 
selected in order to determine the parameters to be controlled.  Those features and SSCs 
identified in Table 7-5 are candidates for quality assurance controls applied in accordance with 
10 CFR 63.142 [DIRS 180319].  Through the application of the postclosure performance 
assessment and quality assurance controls, the analytical basis of the postclosure performance 
assessment will be established during the preclosure period, with additional controls on those 
parameters necessary to ensure the initial conditions for the ITWI barrier functions are 
established. 

In summary, the analysis present in the Appendix and the qualitative discussion of barrier 
capability demonstrate that the three repository system barriers function in a manner to provide a 
reasonable expectation that HLW can be disposed of without exceeding the requirements of 
10 CFR 63.113(b) and (c) [DIRS 180319]. 

ANL-WIS-MD-000024 REV 01 7-4 February 2008 



   

 

 

 
 

  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

1.
 

IT
W

I F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
S

up
po

rti
ng

 E
ac

h 
of

 th
e 

Th
re

e 
B

ar
rie

rs
 


B
ar

rie
r 

Fe
at

ur
e1  

SS
C

 
Sa

fe
ty

C
la

ss
ifi

ca
tio

n2 
B

ar
rie

r F
un

ct
io

n 
R

el
ev

an
t C

on
tr

ol
 P

ar
am

et
er

 
C

ha
ra

ct
er

is
tic

s3 

U
N

B 
To

po
gr

ap
hy

 a
nd

 
S

ur
fic

ia
l S

oi
ls

 
N

/A
 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f 
m

ov
em

en
t o

f w
at

er
 

09
-0

4 
R

ec
la

m
at

io
n 

of
 L

an
ds

 D
is

tu
rb

ed
 b

y
R

ep
os

ito
ry

 
U

N
B 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

N
/A

 
IT

W
I 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f 

m
ov

em
en

t o
f w

at
er

 
01

-2
0 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 P
ai

nt
br

us
h 

N
on

w
el

de
d 

H
yd

ro
ge

ol
og

ic
 U

ni
t  

01
-2

1 
M

in
im

um
 T

hi
ck

ne
ss

 o
f t

he
 P

ai
nt

br
us

h 
N

on
w

el
de

d 
H

yd
ro

ge
ol

og
ic

 U
ni

t a
bo

ve
 th

e 
R

ep
os

ito
ry

 
E

B
S

 
E

m
pl

ac
em

en
t D

rif
t -

 
N

on
-e

m
pl

ac
em

en
t 

O
pe

ni
ng

s 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
- N

on
-

em
pl

ac
em

en
t 

O
pe

ni
ng

s 

N
on

-IT
W

I 
N

on
e 

N
/A

 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
-

G
ro

un
d 

S
up

po
rt

fo
r N

on
-

em
pl

ac
em

en
t 

O
pe

ni
ng

s 
E

B
S

 
E

m
pl

ac
em

en
t D

rif
t -

 
C

lo
su

re
 

B
or

eh
ol

e
C

lo
su

re
  

N
on

-IT
W

I 
N

on
e 

N
/A

 

R
am

p 
an

d 
S

ha
ft

C
lo

su
re

 
E

B
S

 
E

m
pl

ac
em

en
t D

rif
t 

E
m

pl
ac

em
en

t 
D

rif
t 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f 
m

ov
em

en
t o

f w
at

er
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 

01
-0

6 
R

ep
os

ito
ry

 E
le

va
tio

n 
- O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

01
-1

0 
E

m
pl

ac
em

en
t D

rif
t C

on
fig

ur
at

io
n 

02
-0

3 
C

om
m

itt
ed

 M
at

er
ia

ls
 

E
B

S
 

E
m

pl
ac

em
en

t D
rif

t 
G

ro
un

d 
S

up
po

rt
fo

r
Em

pl
ac

em
en

t 
D

rif
t 

N
on

-IT
W

I 
N

on
e 

N
/A

 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
S

ys
te

m
 

ANL-WIS-MD-000024 REV 01 7-5 February 2008 



 
 

   

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

1.
 

IT
W

I F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
S

up
po

rti
ng

 E
ac

h 
of

 th
e 

Th
re

e 
B

ar
rie

rs
 (C

on
tin

ue
d)


 

B
ar

rie
r 

Fe
at

ur
e1  

SS
C

 
Sa

fe
ty

C
la

ss
ifi

ca
tio

n2 
B

ar
rie

r F
un

ct
io

n 
R

el
ev

an
t C

on
tr

ol
 P

ar
am

et
er

 
C

ha
ra

ct
er

is
tic

s3 

E
B

S
 

D
rip

 S
hi

el
d 

D
rip

 S
hi

el
d 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f 
m

ov
em

en
t o

f w
at

er
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 

07
-0

2 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n 
07

-0
4 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 T

hi
ck

ne
ss

es
07

-0
7 

E
B

S
 D

rip
 S

hi
el

d 
/ E

m
pl

ac
em

en
t D

rif
t

In
ve

rt 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

07
-0

9 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
07

-1
0 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
In

sp
ec

tio
ns

07
-1

1 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
di

ng
 F

la
w

s
07

-1
2 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

07
-1

3 
D

rip
 S

hi
el

d 
H

ea
t T

re
at

m
en

t 
07

-1
4 

D
rip

 S
hi

el
d 

H
an

dl
in

g 
E

B
S

 
W

as
te

 P
ac

ka
ge

 
W

as
te

 P
ac

ka
ge

O
ut

er
 C

or
ro

si
on

B
ar

rie
r 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f 
m

ov
em

en
t o

f w
at

er
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

w
as

te
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 

03
-0

3 
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
03

-1
2 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
03

-1
3 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

el
d

In
sp

ec
tio

ns
03

-1
4 

W
as

te
 P

ac
ka

ge
 W

el
di

ng
 M

at
er

ia
ls

 
03

-1
5 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

el
di

ng
 

Fl
aw

s
03

-1
6 

W
as

te
 P

ac
ka

ge
 A

nn
ea

lin
g 

03
-1

7 
W

as
te

 P
ac

ka
ge

 C
lo

su
re

 
03

-1
8 

W
as

te
 P

ac
ka

ge
 S

ur
fa

ce
 D

am
ag

e 
P

rio
r t

o 
E

m
pl

ac
em

en
t

03
-1

9 
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r M
at

er
ia

l 
S

pe
ci

fic
at

io
ns

  
03

-2
1 

W
as

te
 P

ac
ka

ge
 H

an
dl

in
g 

03
-2

3 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

 F
in

is
h 

03
-2

4 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

 D
am

ag
e 

P
rio

r t
o 

C
lo

su
re

 
03

-2
6 

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e 

R
em

ov
al

 &
 

In
er

tin
g

05
-0

3 
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 L
im

its
  

06
-0

3 
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 L
im

it 

ANL-WIS-MD-000024 REV 01 7-6 February 2008 



 
 

   

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

1.
 

IT
W

I F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
S

up
po

rti
ng

 E
ac

h 
of

 th
e 

Th
re

e 
B

ar
rie

rs
 (C

on
tin

ue
d)


 

B
ar

rie
r 

Fe
at

ur
e1  

SS
C

 
Sa

fe
ty

C
la

ss
ifi

ca
tio

n2 
B

ar
rie

r F
un

ct
io

n 
R

el
ev

an
t C

on
tr

ol
 P

ar
am

et
er

 
C

ha
ra

ct
er

is
tic

s3 

E
B

S
 

W
as

te
 P

ac
ka

ge
 

W
as

te
 P

ac
ka

ge
In

ne
r V

es
se

l 
IT

W
I 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

w
as

te
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 

03
-1

4 
W

as
te

 P
ac

ka
ge

 W
el

di
ng

 M
at

er
ia

ls
 

03
-1

5 
W

as
te

 P
ac

ka
ge

 F
ab

ric
at

io
n 

W
el

di
ng

 
Fl

aw
s 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

- T
A

D
 

C
an

is
te

r 

TA
D

 C
an

is
te

r 
IT

W
I 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

w
as

te
 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 

S
ee

 th
e 

Tr
an

sp
or

ta
tio

n,
 A

gi
ng

, a
nd

 D
is

po
sa

l
C

an
is

te
r S

ys
te

m
 P

er
fo

rm
an

ce
 S

pe
ci

fic
at

io
n 

(D
O

E
 2

00
7 

[D
IR

S
 1

81
40

3]
, S

ec
tio

ns
 

3.
1.

1(
1)

 a
nd

 (2
) a

nd
 3

.1
.8

(1
)).

 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

– 
N

av
al

 
C

an
is

te
r 

N
av

al
 C

an
is

te
r 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
re

le
as

e 
ra

te
 o

f r
ad

io
nu

cl
id

es
 fr

om
 th

e 
w

as
te

 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f
m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 

R
ed

uc
es

 th
e 

pr
ob

ab
ili

ty
 o

f c
rit

ic
al

ity
 

S
ee

 th
e 

W
as

te
 A

cc
ep

ta
nc

e 
S

ys
te

m
 

R
eq

ui
re

m
en

ts
 D

oc
um

en
t (

D
O

E
 2

00
7 

[D
IR

S
 1

69
99

2]
, S

ec
tio

n 
4.

4)
 a

nd
 N

av
al

 
N

uc
le

ar
 P

ro
pu

ls
io

n 
P

ro
gr

am
 c

la
ss

ifi
ed

 
do

cu
m

en
ts

. 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

–D
O

E
 S

N
F

C
an

is
te

r a
nd

 H
LW

 
C

an
is

te
r 

D
O

E
 S

N
F

C
an

is
te

r  
N

on
-IT

W
I 

N
on

e 
N

/A
 

H
LW

 C
an

is
te

r 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

- N
av

al
 S

N
F

C
an

is
te

r S
ys

te
m

 
C

om
po

ne
nt

s 

N
av

al
 S

N
F 

B
as

ke
ts

 
IT

W
I 

R
ed

uc
es

 th
e 

pr
ob

ab
ili

ty
 o

f c
rit

ic
al

ity
 

S
ee

 th
e 

W
as

te
 A

cc
ep

ta
nc

e 
S

ys
te

m
 

R
eq

ui
re

m
en

ts
 D

oc
um

en
t (

D
O

E
 2

00
7 

[D
IR

S
 1

69
99

2]
, S

ec
tio

n 
4.

4)
 a

nd
 N

av
al

 
N

uc
le

ar
 P

ro
pu

ls
io

n 
P

ro
gr

am
 c

la
ss

ifi
ed

 
do

cu
m

en
ts

. 

N
av

al
 S

N
F 

B
as

ke
t S

pa
ce

rs
N

av
al

 N
eu

tro
n 

A
bs

or
be

r
A

ss
em

bl
ie

s
(in

cl
ud

es
 

re
te

nt
io

n 
ha

rd
w

ar
e)

 
N

av
al

 C
on

tro
l 

R
od

s 
(in

cl
ud

es
re

te
nt

io
n 

ha
rd

w
ar

e)
 

C
or

ro
si

on
-

re
si

st
an

t c
an

s 

ANL-WIS-MD-000024 REV 01 7-7 February 2008 



 
 

   

 

  
 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

1.
 

IT
W

I F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
S

up
po

rti
ng

 E
ac

h 
of

 th
e 

Th
re

e 
B

ar
rie

rs
 (C

on
tin

ue
d)


 

B
ar

rie
r 

Fe
at

ur
e1  

SS
C

 
Sa

fe
ty

C
la

ss
ifi

ca
tio

n2 
B

ar
rie

r F
un

ct
io

n 
R

el
ev

an
t C

on
tr

ol
 P

ar
am

et
er

 
C

ha
ra

ct
er

is
tic

s3 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

- C
od

is
po

sa
l 

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

C
od

is
po

sa
l 

P
ac

ka
ge

s
In

te
rn

al
s 

N
on

-IT
W

I 
N

on
e 

N
/A

 

B
as

ke
ts

,
S

pa
ce

rs
 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

– 
TA

D
 

C
an

is
te

r I
nt

er
na

ls
 

N
eu

tro
n 

A
bs

or
be

rs
 

IT
W

I 
R

ed
uc

es
 th

e 
pr

ob
ab

ili
ty

 o
f c

rit
ic

al
ity

 
S

ee
 th

e 
Tr

an
sp

or
ta

tio
n,

 A
gi

ng
, a

nd
 D

is
po

sa
l

C
an

is
te

r S
ys

te
m

 P
er

fo
rm

an
ce

 S
pe

ci
fic

at
io

n 
(D

O
E

 2
00

7 
[D

IR
S

 1
81

40
3]

, S
ec

tio
n 

3.
1.

5(
2)

)

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

- D
O

E
 S

N
F 

C
an

is
te

r I
nt

er
na

ls
 

N
eu

tro
n 

A
bs

or
be

rs
 

IT
W

I 
R

ed
uc

es
 th

e 
pr

ob
ab

ili
ty

 o
f c

rit
ic

al
ity

 
S

ee
 th

e 
W

as
te

 A
cc

ep
ta

nc
e 

S
ys

te
m

 
R

eq
ui

re
m

en
ts

 D
oc

um
en

t (
D

O
E

 2
00

7 
[D

IR
S

 1
69

99
2]

, S
ec

tio
n 

4.
3.

8 
(b

)) 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

–
C

om
m

er
ci

al
 S

pe
nt

 
N

uc
le

ar
 F

ue
l a

nd
 H

ig
h 

Le
ve

l G
la

ss
 

C
S

N
F 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
re

le
as

e 
ra

te
 o

f r
ad

io
nu

cl
id

es
 fr

om
 th

e 
w

as
te

 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f
m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 

04
-0

4 
W

as
te

 F
or

m
 M

oi
st

ur
e 

R
em

ov
al

 &
 

In
er

tin
g 

(a
pp

lie
s 

to
 C

S
N

F 
on

ly
) 

04
-0

7 
W

as
te

 P
ac

ka
ge

 C
ap

ac
iti

es
 

04
-0

9 
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 C
an

is
te

r 
E

xc
lu

de
d 

M
at

er
ia

ls
 

H
LW

 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

– 
N

av
al

 S
pe

nt
N

uc
le

ar
 F

ue
l 

N
av

al
 S

N
F 

S
tru

ct
ur

e
(in

cl
ud

es
 

cl
ad

di
ng

) 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
re

le
as

e 
ra

te
 o

f r
ad

io
nu

cl
id

es
 fr

om
 th

e 
w

as
te

 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f
m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 

S
ee

 th
e 

W
as

te
 A

cc
ep

ta
nc

e 
S

ys
te

m
 

R
eq

ui
re

m
en

ts
 D

oc
um

en
t (

D
O

E
 2

00
7 

[D
IR

S
 1

69
99

2]
, S

ec
tio

n 
4.

4)
 a

nd
 N

av
al

 
N

uc
le

ar
 P

ro
pu

ls
io

n 
P

ro
gr

am
 c

la
ss

ifi
ed

 
do

cu
m

en
ts

 

E
B

S
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

– 
D

O
E

 S
pe

nt
 

N
uc

le
ar

 F
ue

l 

D
O

E
 S

N
F 

N
on

-IT
W

I 
N

on
e 

N
/A

 

E
B

S
 

C
la

dd
in

g 
– 

C
S

N
F 

/ 
D

O
E

 S
N

F 
C

la
dd

in
g 

(C
S

N
F 

/ D
O

E
 S

N
F)

 
N

on
-IT

W
I 

N
on

e 
N

/A
 

E
B

S
 

W
as

te
 P

ac
ka

ge
 P

al
le

t 
P

al
le

t 
N

on
-IT

W
I 

N
on

e 
N

/A
 

E
B

S
 

In
ve

rt 
Em

pl
ac

em
en

t 
D

rif
t B

al
la

st
 

N
on

-IT
W

I 
N

on
e 

N
/A

 

In
ve

rt 
S

tru
ct

ur
e 

ANL-WIS-MD-000024 REV 01 7-8 February 2008 



 
Ta

bl
e 

7-
1.

 
 

IT
W

I F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
S

up
po

rti
ng

 E
ac

h 
of

 th
e 

Th
re

e 
B

ar
rie

rs
 (C

on
tin

ue
d)


 

 
Sa

fe
ty

R
el

ev
an

t C
on

tr
ol

 P
ar

am
et

er
 

B
ar

rie
r 

Fe
at

ur
e1  

SS
C

 
C

la
ss

ifi
ca

tio
n2 

B
ar

rie
r F

un
ct

io
n 

C
ha

ra
ct

er
is

tic
s3 

LN
B 

U
ns

at
ur

at
ed

 Z
on

e 
N

/A
 

IT
W

I 
P

re
ve

nt
s 

or
 s

ub
st

an
tia

lly
 re

du
ce

s 
th

e 
ra

te
 o

f 
01

-0
4 

R
ep

os
ito

ry
 E

le
va

tio
n 

– 
S

ta
nd

of
f f

ro
m

 
 

be
lo

w
 th

e 
R

ep
os

ito
ry

 
m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
  

W
at

er
 T

ab
le

 
LN

B
 

S
at

ur
at

ed
 Z

on
e 

N
/A

 
IT

W
I 

P
re

ve
nt

s 
or

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ra
te

 o
f 

01
-0

4 
R

ep
os

ito
ry

 E
le

va
tio

n 
– 

S
ta

nd
of

f f
ro

m
 

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

  
W

at
er

 T
ab

le
 

S
ou

rc
e:

 D
TN

: M
O

08
01

TA
B

LI
TW

I.0
00

. 

N

O
TE

S
: 


 1 
So

m
e 

fe
at

ur
es

 in
 th

is
 c

ol
um

n 
ar

e 
fu

rth
er

 d
iv

id
ed

 in
to

 a
dd

iti
on

al
 g

ro
up

in
gs

 s
ig

ni
fie

d 
by

 te
xt

 a
fte

r 
a 

da
sh

 s
o 

th
at

 th
os

e 
su

bp
ar

ts
 o

f t
ha

t f
ea

tu
re

 a
s 

an
al

yz
ed

 in
 


S
ec

tio
n 

6.
2 

an
d 

A
pp

en
di

x 
Ta

bl
es

 A
-1

, A
-2

, a
nd

 A
-3

 c
ou

ld
 b

e 
pr

op
er

ly
 c

la
ss

ifi
ed

 a
s 

IT
W

I o
r N

on
-IT

W
I. 

  
 2 
IT

W
I c

la
ss

ifi
ca

tio
n 

ap
pl

ie
s 

to
 b

ar
rie

rs
. T

he
 b

ar
rie

rs
 a

re
 c

om
pr

is
ed

 o
f f

ea
tu

re
s 

an
d 

S
S

C
s 

th
at

 s
up

po
rt 

th
e 

fu
nc

tio
n 

of
 th

e 
ba

rr
ie

r. 
A

 fe
at

ur
e 

is
 c

la
ss

ifi
ed

 a
s 

IT
W

I i
f  

it 
m

ee
ts

 tw
o 

co
nd

iti
on

s:
 (

a)
 th

e 
fe

at
ur

e 
is

 a
ss

oc
ia

te
d 

w
ith

 o
ne

 o
r 

m
or

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
 c

la
ss

ifi
ed

 a
s 

im
po

rta
nt

 to
 b

ar
rie

r 
ca

pa
bi

lit
y 

(IT
BC

); 
an

d 
(b

) 
th

e  
fe

at
ur

e 
is

 a
 s

ig
ni

fic
an

t c
on

tri
bu

to
r t

o 
th

e 
ba

rri
er

 c
ap

ab
ilit

y 
re

la
tiv

e 
to

 th
e 

ot
he

r f
ea

tu
re

s 
of

 th
e 

ba
rri

er
. I

n 
ad

di
tio

n,
 a

 fe
at

ur
e 

m
ay

 b
e 

cl
as

si
fie

d 
IT

W
I e

ve
n 

if 
do

es
 

no
t 

ha
ve

 I
TB

C
 c

on
tro

l p
ar

am
et

er
s 

if 
it 

on
e 

of
 t

he
 e

ng
in

ee
re

d 
fe

at
ur

es
/c

om
po

ne
nt

s 
of

 t
he

 g
eo

lo
gi

c 
re

po
si

to
ry

 w
ho

se
 f

un
ct

io
n 

is
 t

o 
pr

ev
en

t 
or

 m
iti

ga
te

 t
he

 
 

co
ns

eq
ue

nc
es

 o
f p

ot
en

tia
l d

is
ru

pt
iv

e 
ev

en
ts

 (e
.g

., 
cr

iti
ca

lit
y)

, o
r o

th
er

 a
dd

iti
on

al
 c

on
st

ra
in

ts
 a

re
 p

la
ce

d 
on

 th
em

 b
y 

ot
he

r c
ite

d 
do

cu
m

en
ts

. 
 

 
3 

O
nl

y 
th

os
e 

re
le

va
nt

 c
on

tro
l p

ar
am

et
er

s 
re

la
te

d 
to

 th
e 

IT
W

I f
ea

tu
re

s 
an

d 
S

S
C

s 
w

er
e 

se
le

ct
ed

 if
 th

ey
 m

ee
t t

w
o 

re
qu

ire
m

en
ts

: (
a)

 T
he

y 
ar

e 
di

re
ct

ly
 a

ss
oc

ia
te

d 
w

ith
 th

e 
ba

rr
ie

r f
ea

tu
re

, a
nd

 (b
) T

he
y 

ar
e 

a 
re

le
va

nt
 c

on
tro

l n
ec

es
sa

ry
 fo

r t
ha

t f
ea

tu
re

 to
 p

er
fo

rm
 it

s 
fu

nc
tio

n 
an

d 
co

nt
rib

ut
e 

si
gn

ifi
ca

nt
ly

 to
 it

s 
IT

W
I s

ta
tu

s.
 

 
A

dd
iti

on
al

 d
et

ai
ls

 a
ss

oc
ia

te
d 

w
ith

 th
e 

ev
al

ua
tio

n 
of

 th
e 

ba
si

s 
fo

r t
he

 c
ap

ab
ilit

y 
of

 th
e 

ba
rri

er
s 

ar
e 

pr
es

en
te

d 
in

 S
ec

tio
n 

6.
2 

an
d 

Ap
pe

nd
ix

 T
ab

le
s 

A-
1,

 A
-2

, a
nd

 A
-3

.
A

cr
on

ym
s:

 E
B

S
 =

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
; L

N
B

 =
 lo

w
er

 n
at

ur
al

 b
ar

rie
r; 

U
N

B
 =

 u
pp

er
 n

at
ur

al
 b

ar
rie

r; 
IT

W
I =

 Im
po

rta
nt

 to
 W

as
te

 Is
ol

at
io

n 
(c

la
ss

ifi
ca

tio
n 

ap
pl

ie
s 

to
 b

ar
rie

rs
; S

S
C

s 
su

pp
or

t b
ar

rie
r f

un
ct

io
n)

. 

   

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 7-9 February 2008 



   

 

  

 
 

 
 

  

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

2.
 

IT
B

C
 F

ea
tu

re
s 

/ C
om

po
ne

nt
s 

an
d 

IT
B

C
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

To
po

gr
ap

hy
 &

 S
ur

fic
ia

l 
So

ils
 

In
fil

tra
tio

n 
&

 S
ee

pa
ge

 
C

or
e 

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
1.

3.
01

.0
0.

0A
 - 

C
lim

at
e 

C
ha

ng
e 

(In
cl

ud
ed

) 
1.

4.
01

.0
1.

0A
 - 

C
lim

at
e 

M
od

ifi
ca

tio
n 

In
cr

ea
se

s 
R

ec
ha

rg
e 

(In
cl

ud
ed

) 
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

2.
2.

07
.0

8.
0A

 - 
Fr

ac
tu

re
 F

lo
w

 in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
3.

11
.0

1.
0A

 - 
P

re
ci

pi
ta

tio
n 

(In
cl

ud
ed

) 
2.

3.
11

.0
2.

0A
 - 

S
ur

fa
ce

 R
un

of
f a

nd
 E

va
po

tra
ns

pi
ra

tio
n 

(In
cl

ud
ed

) 
2.

3.
11

.0
3.

0A
 - 

In
fil

tra
tio

n 
an

d 
R

ec
ha

rg
e 

(In
cl

ud
ed

) 
2.

3.
01

.0
0.

0A
 - 

To
po

gr
ap

hy
 a

nd
 M

or
ph

ol
og

y 
(In

cl
ud

ed
) 

R
ec

la
m

at
io

n 
of

 L
an

ds
 D

is
tu

rb
ed

 b
y

R
ep

os
ito

ry
 

C
on

tro
l 

2.
3.

01
.0

0.
0A

 - 
To

po
gr

ap
hy

 a
nd

 M
or

ph
ol

og
y 

(In
cl

ud
ed

) 

R
ep

os
ito

ry
 E

le
va

tio
n 

be
lo

w
 th

e 
S

ur
fa

ce
 

C
on

tro
l 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
&

 G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
)

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
2.

07
.0

8.
0A

 - 
Fr

ac
tu

re
 F

lo
w

 in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
3.

11
.0

1.
0A

 - 
P

re
ci

pi
ta

tio
n 

(In
cl

ud
ed

) 
2.

3.
11

.0
2.

0A
 - 

S
ur

fa
ce

 R
un

of
f a

nd
 E

va
po

tra
ns

pi
ra

tio
n 

(In
cl

ud
ed

) 
2.

3.
11

.0
3.

0A
 - 

In
fil

tra
tio

n 
an

d 
R

ec
ha

rg
e 

(In
cl

ud
ed

) 
2.

3.
01

.0
0.

0A
 - 

To
po

gr
ap

hy
 a

nd
 M

or
ph

ol
og

y 
(In

cl
ud

ed
) 

S
ur

fa
ce

 S
oi

l P
ro

pe
rti

es
 (I

nc
lu

di
ng

 V
eg

et
at

io
n)

 
C

or
e 

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

2.
2.

07
.0

8.
0A

 - 
Fr

ac
tu

re
 F

lo
w

 in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
3.

11
.0

2.
0A

 - 
S

ur
fa

ce
 R

un
of

f a
nd

 E
va

po
tra

ns
pi

ra
tio

n 
(In

cl
ud

ed
) 

2.
3.

11
.0

3.
0A

 - 
In

fil
tra

tio
n 

an
d 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
3.

01
.0

0.
0A

 - 
To

po
gr

ap
hy

 a
nd

 M
or

ph
ol

og
y 

(In
cl

ud
ed

) 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

C
or

e 
1.

3.
01

.0
0.

0A
 - 

C
lim

at
e 

C
ha

ng
e 

(In
cl

ud
ed

) 

ANL-WIS-MD-000024 REV 01 7-10 February 2008 



 

   

 
   

 
   

 
 

 
 

 
 

 
 

 
 

   
 

 
 

        
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

2.
 

IT
B

C
 F

ea
tu

re
s 

/ C
om

po
ne

nt
s 

an
d 

IT
B

C
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r (

C
on

tin
ue

d)
 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

U
Z 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 
In

fil
tra

tio
n 

an
d 

Se
ep

ag
e 

C
or

e 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
) 

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
1.

08
.0

1.
0A

 - 
W

at
er

 In
flu

x 
at

 th
e 

R
ep

os
ito

ry
 (I

nc
lu

de
d)

 
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

2.
2.

07
.0

2.
0A

 - 
U

ns
at

ur
at

ed
 G

ro
un

dw
at

er
 F

lo
w

 in
 th

e 
G

eo
sp

he
re

 (I
nc

lu
de

d)
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
07

.2
0.

0A
 - 

Fl
ow

 D
iv

er
si

on
 a

ro
un

d 
R

ep
os

ito
ry

 D
rif

ts
 (I

nc
lu

de
d)

 
M

in
im

um
 T

hi
ck

ne
ss

 o
f t

he
 P

Tn
 U

ni
t A

bo
ve

 
th

e 
R

ep
os

ito
ry

 
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 

P
ro

pe
rti

es
 o

f t
he

 H
os

t R
oc

k 
U

ni
t 

C
or

e 
2.

1.
08

.0
1.

0A
 - 

W
at

er
 In

flu
x 

at
 th

e 
R

ep
os

ito
ry

 (I
nc

lu
de

d)
 

2.
2.

03
.0

1.
0A

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
07

.2
0.

0A
 - 

Fl
ow

 D
iv

er
si

on
 A

ro
un

d 
R

ep
os

ito
ry

 D
rif

ts
 (I

nc
lu

de
d)

 
R

ep
os

ito
ry

 E
le

va
tio

n 
be

lo
w

 th
e 

S
ur

fa
ce

 
C

on
tro

l 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
)

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
&

 G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
)

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
2.

03
.0

1.
0A

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
2.

2.
07

.0
2.

0A
 - 

U
ns

at
ur

at
ed

 G
ro

un
dw

at
er

 F
lo

w
 in

 th
e 

G
eo

sp
he

re
 (I

nc
lu

de
d)

 
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

C
or

e 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
) 

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
1.

08
.0

1.
0A

 - 
W

at
er

 In
flu

x 
at

 th
e 

R
ep

os
ito

ry
 (I

nc
lu

de
d)

 
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 

ANL-WIS-MD-000024 REV 01 7-11 February 2008 



 
Ta

bl
e 

7-
2.

 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 U
pp

er
 N

at
ur

al
 B

ar
rie

r (
C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

 
U

Z 
ab

ov
e 

th
e 

R
ep

os
ito

ry
(C

on
tin

ue
d)

 

    

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 (C
on

tin
ue

d)
 

   

    

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
 

2.
2.

07
.0

2.
0A

 - 
U

ns
at

ur
at

ed
 G

ro
un

dw
at

er
 F

lo
w

 in
 th

e 
G

eo
sp

he
re

 (I
nc

lu
de

d)
 

 
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
 

2.
2.

07
.2

0.
0A

 - 
Fl

ow
 D

iv
er

si
on

 A
ro

un
d 

R
ep

os
ito

ry
 D

rif
ts

 (I
nc

lu
de

d)
 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k 

P
ro

pe
rti

es
 

C
on

tro
l 

2.
2.

03
.0

1.
0a

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
S

ou
rc

e:
  

O
ut

pu
t D

TN
:  

M
O

08
02

IT
W

IT
A

B
S

.0
00

. 


 
Ta

bl
e 

7-
3.

 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 


   

   
 

 

 

       Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

E
m

pl
ac

em
en

t D
rif

t  
A

s-
E

m
pl

ac
ed

 W
as

te
 P

ac
ka

ge
-D

rip
 S

hi
el

d 
C

on
fig

ur
at

io
n 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
C

ha
ra

ct
er

iz
at

io
n 

of
 S

ei
sm

ic
 E

ve
nt

s 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
C

om
m

itt
ed

 M
at

er
ia

ls
 

C
on

tro
l 

2.
1.

09
.0

1.
0A

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 D

rif
ts

 (I
nc

lu
de

d)
 

C
or

ro
si

on
 P

ro
du

ct
s 

P
ro

pe
rti

es
 

C
or

e 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

2.
2.

08
.1

2.
0A

 - 
C

he
m

is
try

 o
f W

at
er

 F
lo

w
in

g 
in

to
 th

e 
D

rif
t (

In
cl

ud
ed

) 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 T
hi

ck
ne

ss
es

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-in

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
D

rip
 S

hi
el

d 
S

ei
sm

ic
 P

er
fo

rm
an

ce
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
1.

2.
03

.0
2.

0C
 - 

S
ei

sm
ic

-in
du

ce
d 

D
rif

t C
ol

la
ps

e 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
E

B
S

 M
at

er
ia

l I
nt

er
ac

tio
ns

 - 
C

op
pe

r 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 7-12 February 2008 



 

   

 
     

 
   

 
      

 
    

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

E
m

pl
ac

em
en

t D
rif

t 
(C

on
tin

ue
d)

 
In

-D
rif

t C
he

m
ic

al
 E

nv
iro

nm
en

t 
C

or
e 

2.
1.

09
.0

1.
0A

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 D

rif
ts

 (I
nc

lu
de

d)
 

2.
1.

11
.0

8.
0A

 - 
Th

er
m

al
 E

ffe
ct

s 
on

 C
he

m
is

try
 a

nd
 M

ic
ro

bi
al

 A
ct

iv
ity

 in
 th

e 
E

B
S

 (I
nc

lu
de

d)
2.

2.
08

.1
2.

0A
 - 

C
he

m
is

try
 o

f W
at

er
 F

lo
w

in
g 

in
to

 th
e 

D
rif

t (
In

cl
ud

ed
) 

In
-D

rif
t T

he
rm

al
 E

nv
iro

nm
en

t, 
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 E

va
po

ra
tio

n 
C

or
e 

1.
2.

03
.0

2.
0D

 - 
S

ei
sm

ic
-in

du
ce

d 
D

rif
t C

ol
la

ps
e 

A
lte

rs
 In

-d
rif

t T
he

rm
al

-
H

yd
ro

lo
gy

 (I
nc

lu
de

d)
 

2.
1.

09
.0

1.
0A

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 D

rif
ts

 (I
nc

lu
de

d)
 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

2.
2.

08
.1

2.
0A

 - 
C

he
m

is
try

 o
f W

at
er

 F
lo

w
in

g 
in

to
 th

e 
D

rif
t (

In
cl

ud
ed

) 
In

fil
tra

tio
n 

an
d 

S
ee

pa
ge

 
C

or
e 

1.
2.

03
.0

2.
0D

 - 
S

ei
sm

ic
-in

du
ce

d 
D

rif
t C

ol
la

ps
e 

A
lte

rs
 In

-d
rif

t T
he

rm
al

-
hy

dr
ol

og
y 

(In
cl

ud
ed

) 
In

fil
tra

tio
n 

an
d 

S
ee

pa
ge

 P
ro

pe
rti

es
 

C
or

e 
2.

1.
08

.0
7.

0A
 - 

U
ns

at
ur

at
ed

 F
lo

w
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

 
P

ro
pe

rti
es

 o
f t

he
 H

os
t R

oc
k 

U
ni

t 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
1.

2.
03

.0
2.

0B
 - 

S
ei

sm
ic

-in
du

ce
d 

R
oc

kf
al

l D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(E

xc
lu

de
d)

 
1.

2.
03

.0
2.

0C
 - 

S
ei

sm
ic

-in
du

ce
d 

D
rif

t C
ol

la
ps

e 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
1.

2.
03

.0
2.

0D
 - 

S
ei

sm
ic

-in
du

ce
d 

D
rif

t C
ol

la
ps

e 
A

lte
rs

 In
-d

rif
t T

he
rm

al
-

hy
dr

ol
og

y 
(In

cl
ud

ed
) 

R
ad

io
nu

cl
id

e 
an

d 
So

ur
ce

-T
er

m
 P

ro
pe

rti
es

 
C

or
e 

2.
1.

09
.0

1.
0A

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 D

rif
ts

 (I
nc

lu
de

d)
 

2.
1.

11
.0

8.
0A

 - 
Th

er
m

al
 E

ffe
ct

s 
on

 C
he

m
is

try
 a

nd
 M

ic
ro

bi
al

 A
ct

iv
ity

 in
 th

e 
E

B
S

 (I
nc

lu
de

d)
2.

2.
08

.1
2.

0A
 - 

C
he

m
is

try
 o

f W
at

er
 F

lo
w

in
g 

in
to

 th
e 

D
rif

t (
In

cl
ud

ed
) 

R
ep

os
ito

ry
 E

le
va

tio
n 

- O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-in

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

08
.0

7.
0A

 - 
U

ns
at

ur
at

ed
 F

lo
w

 in
 th

e 
E

B
S

 (I
nc

lu
de

d)
 

ANL-WIS-MD-000024 REV 01 7-13 February 2008 



 

   

 
 

       
 

  
 

  
 

   
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

E
m

pl
ac

em
en

t D
rif

t 
(C

on
tin

ue
d)

 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-in

du
ce

d 
R

oc
kf

al
l D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(E
xc

lu
de

d)
 

2.
1.

08
.0

7.
0A

 - 
U

ns
at

ur
at

ed
 F

lo
w

 in
 th

e 
E

B
S

 (I
nc

lu
de

d)
 

S
ee

pa
ge

 W
at

er
 P

ro
pe

rti
es

 
C

or
e 

2.
1.

09
.0

1.
0A

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 D

rif
ts

 (I
nc

lu
de

d)
 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
2.

2.
08

.1
2.

0A
 - 

C
he

m
is

try
 o

f W
at

er
 F

lo
w

in
g 

in
to

 th
e 

D
rif

t (
In

cl
ud

ed
) 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 P
ac

ka
ge

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k 

P
ro

pe
rti

es
 

C
on

tro
l 

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-in

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-in

du
ce

d 
R

oc
kf

al
l d

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(E
xc

lu
de

d)
 

W
as

te
 F

or
m

 D
eg

ra
da

tio
n 

C
or

e 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

 A
llo

w
an

ce
 

C
on

tro
l 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t 
C

or
e 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

W
as

te
 P

ac
ka

ge
 M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 

W
as

te
 P

ac
ka

ge
 S

ou
rc

e 
Te

rm
, I

nv
en

to
ry

,
In

ve
nt

or
y 

D
ec

ay
, a

nd
 D

ec
ay

 H
ea

t 
C

or
e 

2.
1.

11
.0

1.
0A

 - 
H

ea
t G

en
er

at
io

n 
in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
11

.0
8.

0A
 - 

Th
er

m
al

 E
ffe

ct
s 

on
 C

he
m

is
try

 a
nd

 M
ic

ro
bi

al
 A

ct
iv

ity
 in

 th
e 

E
B

S
 (I

nc
lu

de
d)

2.
2.

08
.1

2.
0A

 - 
C

he
m

is
try

 o
f W

at
er

 F
lo

w
in

g 
in

to
 th

e 
D

rif
t (

In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
C

on
tro

l 
2.

1.
11

.0
1.

0A
 - 

H
ea

t G
en

er
at

io
n 

in
 E

B
S

 (I
nc

lu
de

d)
 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 L

im
its

 
C

on
tro

l 
2.

1.
11

.0
1.

0A
 - 

H
ea

t G
en

er
at

io
n 

in
 E

B
S

 (I
nc

lu
de

d)
 

2.
1.

11
.0

8.
0A

 - 
Th

er
m

al
 E

ffe
ct

s 
on

 C
he

m
is

try
 a

nd
 M

ic
ro

bi
al

 A
ct

iv
ity

 in
 th

e 
E

B
S

 (I
nc

lu
de

d)
 

ANL-WIS-MD-000024 REV 01 7-14 February 2008 



 

   

 
        

 
  

 
         

 
      

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

D
rip

 S
hi

el
d 

A
s-

E
m

pl
ac

ed
 W

as
te

 P
ac

ka
ge

-D
rip

 S
hi

el
d 

C
on

fig
ur

at
io

n 
C

on
tro

l 
1.

2.
03

.0
2.

0B
 - 

S
ei

sm
ic

-In
du

ce
d 

R
oc

kf
al

l D
am

ag
es

 D
rip

 S
hi

el
d 

(E
xc

lu
de

d)
1.

2.
03

.0
2.

0C
 - 

S
ei

sm
ic

-In
du

ce
d 

D
rif

t C
ol

la
ps

e 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

 
(In

cl
ud

ed
) 

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

 E
ve

nt
s 

C
or

e 
1.

2.
03

.0
2.

0C
 - 

S
ei

sm
ic

-In
du

ce
d 

D
rif

t C
ol

la
ps

e 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

 
(In

cl
ud

ed
) 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 A

llo
w

an
ce

 
C

on
tro

l 
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

3.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
03

.1
0.

0B
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
Sh

ie
ld

 (E
xc

lu
de

d)
 

2.
1.

06
.0

6.
0A

 - 
E

ffe
ct

s 
of

 D
rip

 S
hi

el
d 

on
 F

lo
w

 (I
nc

lu
de

d)
 

2.
1.

09
.2

8.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

D
rip

 S
hi

el
d 

S
ur

fa
ce

s 
du

e 
to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

D
rip

 S
hi

el
d 

D
es

ig
n 

C
on

tro
l 

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-In

du
ce

d 
R

oc
kf

al
l D

am
ag

es
 D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

)
2.

1.
03

.0
1.

0B
 - 

G
en

er
al

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

3.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
03

.1
0.

0B
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
Sh

ie
ld

 (E
xc

lu
de

d)
 

2.
1.

03
.1

1.
0A

 - 
P

hy
si

ca
l F

or
m

 o
f W

as
te

 P
ac

ka
ge

 a
nd

 D
rip

 S
hi

el
d 

(In
cl

ud
ed

) 
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n 
C

on
tro

l 
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
1.

2.
03

.0
2.

0C
 - 

S
ei

sm
ic

-In
du

ce
d 

D
rif

t C
ol

la
ps

e 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

 
(In

cl
ud

ed
)

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-In

du
ce

d 
R

oc
kf

al
l D

am
ag

es
 D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

C
on

tro
l 

2.
1.

03
.0

2.
0B

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
03

.0
8.

0B
 - 

E
ar

ly
 F

ai
lu

re
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
In

sp
ec

tio
ns

 
C

on
tro

l 
2.

1.
03

.0
8.

0B
 - 

E
ar

ly
 F

ai
lu

re
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

 
C

on
tro

l 
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

8.
0B

 - 
E

ar
ly

 F
ai

lu
re

 o
f D

rip
 S

hi
el

ds
 (I

nc
lu

de
d)

 
2.

1.
03

.1
1.

0A
 - 

P
hy

si
ca

l F
or

m
 o

f W
as

te
 P

ac
ka

ge
 a

nd
 D

rip
 S

hi
el

d 
(In

cl
ud

ed
) 

ANL-WIS-MD-000024 REV 01 7-15 February 2008 



 

   

       
 

         
 

        
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

D
rip

 S
hi

el
d 

(C
on

tin
ue

d)
 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

di
ng

 F
la

w
s 

C
on

tro
l 

2.
1.

03
.0

8.
0B

 -E
ar

ly
 F

ai
lu

re
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
 

D
rip

 S
hi

el
d 

H
an

di
ng

 
C

on
tro

l 
2.

1.
03

.0
8.

0B
 -E

ar
ly

 F
ai

lu
re

 o
f D

rip
 S

hi
el

ds
 (I

nc
lu

de
d)

 
D

rip
 S

hi
el

d 
H

ea
t T

re
at

m
en

t 
C

on
tro

l 
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

8.
0B

 - 
E

ar
ly

 F
ai

lu
re

 o
f D

rip
 S

hi
el

ds
 (I

nc
lu

de
d)

 
2.

1.
03

.1
0.

0B
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
Sh

ie
ld

 (E
xc

lu
de

d)
 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 T

hi
ck

ne
ss

es
 

C
on

tro
l 

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

)

2.
1.

03
.0

1.
0B

 - 
G

en
er

al
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (I

nc
lu

de
d)

2.
1.

03
.0

2.
0B

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
03

.0
3.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.1

0.
0B

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

D
rip

Sh
ie

ld
 (E

xc
lu

de
d)

 
2.

1.
03

.1
1.

0A
 - 

P
hy

si
ca

l F
or

m
 o

f W
as

te
 P

ac
ka

ge
 a

nd
 D

rip
 S

hi
el

d 
(In

cl
ud

ed
) 

2.
1.

06
.0

6.
0A

 - 
E

ffe
ct

s 
of

 D
rip

 S
hi

el
d 

on
 F

lo
w

 (I
nc

lu
de

d)
 

2.
1.

07
.0

5.
0B

 - 
C

re
ep

 o
f M

et
al

lic
 M

at
er

ia
ls

 in
 th

e 
D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

)
2.

1.
03

.0
1.

0B
 - 

G
en

er
al

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

3.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
03

.1
0.

0B
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
Sh

ie
ld

 (E
xc

lu
de

d)
 

2.
1.

03
.1

1.
0A

 - 
P

hy
si

ca
l F

or
m

 o
f W

as
te

 P
ac

ka
ge

 a
nd

 D
rip

 S
hi

el
d 

(In
cl

ud
ed

) 
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
2.

1.
07

.0
5.

0B
 -C

re
ep

 o
f M

et
al

lic
 M

at
er

ia
ls

 in
 th

e 
D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
S

ei
sm

ic
 P

er
fo

rm
an

ce
 

C
on

tro
l 

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-In

du
ce

d 
R

oc
kf

al
l D

am
ag

es
 D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

) 

ANL-WIS-MD-000024 REV 01 7-16 February 2008 



 

   

   
 

    
 

     
 

    
 

  
 

 
 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

D
rip

 S
hi

el
d 

(C
on

tin
ue

d)
 

E
B

S
 D

rip
 S

hi
el

d 
/ E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

 
C

on
tro

l 
2.

1.
03

.1
0.

0B
 -A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

D
rip

 
Sh

ie
ld

 (E
xc

lu
de

d)
 

2.
1.

06
.0

6.
0A

 - 
E

ffe
ct

s 
of

 D
rip

 S
hi

el
d 

on
 F

lo
w

 (I
nc

lu
de

d)
 

2.
1.

09
.2

8.
0B

 -
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

D
rip

 S
hi

el
d 

S
ur

fa
ce

s 
du

e 
to

 
D

el
iq

ue
sc

en
ce

 (
Ex

cl
ud

ed
) 

In
-D

rif
t C

he
m

ic
al

 E
nv

iro
nm

en
t 

C
or

e 
2.

1.
03

.0
1.

0B
 - 

G
en

er
al

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

3.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
In

-D
rif

t T
he

rm
al

 E
nv

iro
nm

en
t, 

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 E
va

po
ra

tio
n 

C
or

e 
2.

1.
03

.0
1.

0B
 - 

G
en

er
al

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
2.

1.
03

.0
2.

0B
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 D
rip

 S
hi

el
ds

 (E
xc

lu
de

d)
 

2.
1.

03
.0

3.
0B

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (E

xc
lu

de
d)

 
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
In

fil
tra

tio
n 

an
d 

Se
ep

ag
e 

Pr
op

er
tie

s 
C

or
e 

2.
1.

03
.0

1.
0B

 - 
G

en
er

al
 C

or
ro

si
on

 o
f D

rip
 S

hi
el

ds
 (I

nc
lu

de
d)

2.
1.

03
.1

0.
0B

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

D
rip

Sh
ie

ld
 (E

xc
lu

de
d)

 
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
P

ro
pe

rti
es

 o
f t

he
 H

os
t R

oc
k 

U
ni

t 
C

or
e 

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

) 
R

ep
os

ito
ry

 E
le

va
tio

n 
- O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

C
on

tro
l 

1.
2.

03
.0

2.
0B

 - 
S

ei
sm

ic
-In

du
ce

d 
R

oc
kf

al
l D

am
ag

es
 D

rip
 S

hi
el

d 
(E

xc
lu

de
d)

1.
2.

03
.0

2.
0C

 - 
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
 

(In
cl

ud
ed

) 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
03

.0
2.

0B
 - 

S
ei

sm
ic

-In
du

ce
d 

R
oc

kf
al

l D
am

ag
es

 D
rip

 S
hi

el
d 

(E
xc

lu
de

d)
S

ee
pa

ge
 W

at
er

 P
ro

pe
rti

es
 

C
or

e 
2.

1.
03

.0
1.

0B
 - 

G
en

er
al

 C
or

ro
si

on
 o

f D
rip

 S
hi

el
ds

 (I
nc

lu
de

d)
2.

1.
06

.0
6.

0A
 - 

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d 
on

 F
lo

w
 (I

nc
lu

de
d)

 
2.

1.
09

.2
8.

0B
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 

ANL-WIS-MD-000024 REV 01 7-17 February 2008 



 

   

                 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 P

ac
ka

ge
 

A
s-

E
m

pl
ac

ed
 W

as
te

 P
ac

ka
ge

-D
rip

 S
hi

el
d 

C
on

fig
ur

at
io

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

03
.0

3.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

1.
0A

 - 
P

hy
si

ca
l F

or
m

 o
f W

as
te

 P
ac

ka
ge

 a
nd

 D
rip

 S
hi

el
d 

(In
cl

ud
ed

) 
C

ha
ra

ct
er

iz
at

io
n 

of
 S

ei
sm

ic
 E

ve
nt

s 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
 

C
om

m
itt

ed
 M

at
er

ia
ls

 
C

on
tro

l 
2.

1.
09

.2
8.

0A
 -

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (
Ex

cl
ud

ed
) 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 A

llo
w

an
ce

  
C

on
tro

l 
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.1
0.

0A
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
W

as
te

Pa
ck

ag
e 

(E
xc

lu
de

d)
 

D
rip

 S
hi

el
d 

D
es

ig
n 

C
on

tro
l 

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

3.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n 
C

on
tro

l 
2.

1.
03

.1
0.

0A
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
W

as
te

 
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
E

ar
ly

 F
ai

lu
re

 
C

on
tro

l 
2.

1.
03

.1
0.

0A
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
W

as
te

Pa
ck

ag
e 

(E
xc

lu
de

d)
 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 T

hi
ck

ne
ss

es
 

C
on

tro
l 

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.1
0.

0A
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
W

as
te

Pa
ck

ag
e 

(E
xc

lu
de

d)
 

ANL-WIS-MD-000024 REV 01 7-18 February 2008 



 

   

                      

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 P

ac
ka

ge
(C

on
tin

ue
d)

 
D

rip
 S

hi
el

d 
S

ei
sm

ic
 P

er
fo

rm
an

ce
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
2.

1.
03

.0
2.

0A
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.1
0.

0A
 - 

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
W

as
te

Pa
ck

ag
e 

(E
xc

lu
de

d)
 

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 
C

on
tro

l 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
09

.2
8.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

E
B

S
 D

rip
 S

hi
el

d 
/ E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

 
C

on
tro

l 
2.

1.
09

.2
8.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

E
m

pl
ac

em
en

t P
al

le
t F

un
ct

io
n 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
In

-D
rif

t C
he

m
ic

al
 E

nv
iro

nm
en

t 
C

or
e 

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

3.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

09
.2

8.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

W
as

te
 P

ac
ka

ge
 O

ut
er

 S
ur

fa
ce

 d
ue

 to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
In

-D
rif

t T
he

rm
al

 E
nv

iro
nm

en
t, 

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 E
va

po
ra

tio
n 

C
or

e 
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
2.

0A
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
In

fil
tra

tio
n 

an
d 

Se
ep

ag
e 

Pr
op

er
tie

s 
C

or
e 

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

3.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
M

at
er

ia
ls

 C
on

ta
ct

in
g 

th
e 

W
as

te
 P

ac
ka

ge
 

C
on

tro
l 

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

09
.2

8.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

W
as

te
 P

ac
ka

ge
 O

ut
er

 S
ur

fa
ce

 d
ue

 to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
R

ep
os

ito
ry

 E
le

va
tio

n 
- O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

09
.2

8.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

W
as

te
 P

ac
ka

ge
 O

ut
er

 S
ur

fa
ce

 d
ue

 to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 

ANL-WIS-MD-000024 REV 01 7-19 February 2008 



 

   

                 
 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 P

ac
ka

ge
(C

on
tin

ue
d)

 
S

ee
pa

ge
 W

at
er

 P
ro

pe
rti

es
 

C
or

e 
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
09

.2
8.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 P
ac

ka
ge

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
W

as
te

 F
or

m
 D

eg
ra

da
tio

n 
C

or
e 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
 

Pa
ck

ag
e 

(E
xc

lu
de

d)
 

W
as

te
 F

or
m

/P
ac

ka
ge

 In
te

rn
al

s 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 C
on

fig
ur

at
io

n 
C

or
e 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
W

as
te

 P
ac

ka
ge

 a
nd

 E
m

pl
ac

em
en

t P
al

le
t S

ta
tic

 
S

tre
ss

es
 

C
on

tro
l 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 A

nn
ea

lin
g 

C
on

tro
l 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 C

lo
su

re
 

C
on

tro
l 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

 A
llo

w
an

ce
 

C
on

tro
l 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 D
es

ig
n 

Ba
si

s 
Bo

un
di

ng
 D

os
e 

R
at

e 
C

on
tro

l 
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 

W
as

te
 P

ac
ka

ge
 D

im
en

si
on

s 
an

d 
C

om
po

ne
nt

 
M

as
se

s 
C

on
tro

l 
2.

1.
03

.1
1.

0A
 - 

P
hy

si
ca

l F
or

m
 o

f W
as

te
 P

ac
ka

ge
 a

nd
 D

rip
 S

hi
el

d 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
C

on
tro

l 
2.

1.
03

.0
8.

0A
 - 

E
ar

ly
 F

ai
lu

re
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 F
ab

ric
at

io
n 

W
el

di
ng

 F
la

w
s 

C
on

tro
l 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 H

an
di

ng
 

C
on

tro
l 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

el
d 

In
sp

ec
tio

ns
 

C
on

tro
l 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

ANL-WIS-MD-000024 REV 01 7-20 February 2008 



 

   

                     

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 P

ac
ka

ge
(C

on
tin

ue
d)

 
W

as
te

 P
ac

ka
ge

 M
at

er
ia

ls
, P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

C
or

e 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
)

2.
1.

03
.0

1.
0A

 - 
G

en
er

al
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

2.
0A

 - 
S

tre
ss

 C
or

ro
si

on
 C

ra
ck

in
g 

of
 W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.0

3.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

2.
1.

03
.1

0.
0A

 - 
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
Pa

ck
ag

e 
(E

xc
lu

de
d)

 
2.

1.
09

.2
8.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r M

at
er

ia
l 

S
pe

ci
fic

at
io

ns
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
2.

0A
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
09

.2
8.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

n 
W

as
te

 P
ac

ka
ge

 O
ut

er
 S

ur
fa

ce
 d

ue
 to

 
D

el
iq

ue
sc

en
ce

 (E
xc

lu
de

d)
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

 
C

on
tro

l 
2.

1.
03

.0
1.

0A
 - 

G
en

er
al

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
2.

0A
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
3.

0A
 - 

Lo
ca

liz
ed

 C
or

ro
si

on
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.1
1.

0A
 - 

P
hy

si
ca

l F
or

m
 o

f W
as

te
 P

ac
ka

ge
 a

nd
 D

rip
 S

hi
el

d 
(In

cl
ud

ed
) 

2.
1.

09
.2

8.
0A

 - 
Lo

ca
liz

ed
 C

or
ro

si
on

 o
n 

W
as

te
 P

ac
ka

ge
 O

ut
er

 S
ur

fa
ce

 d
ue

 to
 

D
el

iq
ue

sc
en

ce
 (E

xc
lu

de
d)

 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

 D
am

ag
e 

P
rio

r t
o 

C
lo

su
re

 
C

on
tro

l 
2.

1.
03

.0
8.

0A
 - 

E
ar

ly
 F

ai
lu

re
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 

W
as

te
 P

ac
ka

ge
 S

ur
fa

ce
 F

in
is

h 
C

on
tro

l 
2.

1.
03

.0
2.

0A
 - 

S
tre

ss
 C

or
ro

si
on

 C
ra

ck
in

g 
of

 W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
2.

1.
03

.0
8.

0A
 - 

E
ar

ly
 F

ai
lu

re
 o

f W
as

te
 P

ac
ka

ge
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 W
el

di
ng

 M
at

er
ia

ls
 

C
on

tro
l 

2.
1.

03
.0

8.
0A

 - 
E

ar
ly

 F
ai

lu
re

 o
f W

as
te

 P
ac

ka
ge

s 
(In

cl
ud

ed
) 

C
la

dd
in

g 
C

ha
ra

ct
er

iz
at

io
n 

of
 S

ei
sm

ic
 E

ve
nt

s 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 L
im

its
  

C
on

tro
l 

2.
1.

02
.2

5.
0B

 - 
N

av
al

 S
N

F 
C

la
dd

in
g 

(In
cl

ud
ed

) 
D

rip
 S

hi
el

d 
S

ei
sm

ic
 P

er
fo

rm
an

ce
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
E

B
S

 M
at

er
ia

l I
nt

er
ac

tio
ns

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

ANL-WIS-MD-000024 REV 01 7-21 February 2008 



 

   

      
 

 
 

   

 
 

 

 
 

 
 

 
 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

C
la

dd
in

g 
(C

on
tin

ue
d)

 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 P

ac
ka

ge
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
W

as
te

 F
or

m
/P

ac
ka

ge
 In

te
rn

al
s 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 C

on
fig

ur
at

io
n 

C
or

e 
2.

1.
02

.2
5.

0B
 - 

N
av

al
 S

N
F 

C
la

dd
in

g 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r M
at

er
ia

l 
S

pe
ci

fic
at

io
ns

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

W
as

te
 F

or
m

 a
nd

 W
as

te
P

ac
ka

ge
 In

te
rn

al
s 

A
s-

E
m

pl
ac

ed
 W

as
te

 P
ac

ka
ge

-D
rip

 S
hi

el
d 

C
on

fig
ur

at
io

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

 E
ve

nt
s 

C
or

e 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

C
or

ro
si

on
 P

ro
du

ct
s 

P
ro

pe
rti

es
 

C
or

e 
2.

1.
02

.0
9.

0A
 - 

C
he

m
ic

al
 E

ffe
ct

s 
of

 V
oi

d 
S

pa
ce

 in
 W

as
te

 P
ac

ka
ge

 (I
nc

lu
de

d)
 

2.
1.

09
.0

1.
0B

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 W

as
te

 P
ac

ka
ge

 
(In

cl
ud

ed
) 

C
or

ro
si

on
 P

ro
du

ct
s 

P
ro

pe
rti

es
 

C
or

e 
2.

1.
09

.0
2.

0A
 - 

C
he

m
ic

al
 In

te
ra

ct
io

n 
w

ith
 C

or
ro

si
on

 P
ro

du
ct

s 
(In

cl
ud

ed
) 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

C
or

e 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

D
rip

 S
hi

el
d 

S
ei

sm
ic

 P
er

fo
rm

an
ce

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

E
B

S
 M

at
er

ia
l I

nt
er

ac
tio

ns
 - 

C
op

pe
r 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
C

or
e 

2.
1.

02
.0

1.
0A

 - 
D

S
N

F 
D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 ra
di

on
uc

lid
e 

re
le

as
e)

 (I
nc

lu
de

d)
2.

1.
02

.0
2.

0A
 - 

C
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

2.
1.

02
.0

9.
0A

 - 
C

he
m

ic
al

 E
ffe

ct
s 

of
 V

oi
d 

S
pa

ce
 in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 
2.

1.
09

.0
1.

0B
 - 

C
he

m
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 W
at

er
 in

 W
as

te
 P

ac
ka

ge
 

(In
cl

ud
ed

)
2.

1.
09

.0
2.

0A
 - 

C
he

m
ic

al
 In

te
ra

ct
io

n 
w

ith
 C

or
ro

si
on

 P
ro

du
ct

s 
(In

cl
ud

ed
) 

2.
1.

09
.0

4.
0A

 - 
R

ad
io

nu
cl

id
e 

S
ol

ub
ili

ty
, S

ol
ub

ili
ty

 L
im

its
, a

nd
 S

pe
ci

at
io

n 
in

 th
e 

W
as

te
 F

or
m

 a
nd

 E
B

S
 (I

nc
lu

de
d)

2.
1.

09
.0

5.
0A

 - 
S

or
pt

io
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

 

ANL-WIS-MD-000024 REV 01 7-22 February 2008 



 

   

 
 

 
         

 

     

 

    

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 F

or
m

 a
nd

 W
as

te
P

ac
ka

ge
 In

te
rn

al
s

(C
on

tin
ue

d)
 

In
-P

ac
ka

ge
 C

he
m

ic
al

 E
nv

iro
nm

en
t (

C
on

tin
ue

d)
 

2.
1.

09
.0

8.
0A

 - 
D

iff
us

io
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
02

.0
3.

0A
 - 

H
LW

 G
la

ss
 D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 
2.

1.
09

.0
7.

0A
 - 

R
ea

ct
io

n 
K

in
et

ic
s 

in
 W

as
te

 P
ac

ka
ge

 (I
nc

lu
de

d)
 

2.
1.

09
.0

8.
0B

 - 
A

dv
ec

tio
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

In
-P

ac
ka

ge
 T

he
rm

al
 E

nv
iro

nm
en

t 
C

or
e 

2.
1.

02
.0

1.
0A

 - 
D

S
N

F 
D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 ra
di

on
uc

lid
e 

re
le

as
e)

 (I
nc

lu
de

d)
2.

1.
02

.0
2.

0A
 - 

C
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

2.
1.

02
.0

3.
0A

 - 
H

LW
 G

la
ss

 D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 

ra
di

on
uc

lid
e 

re
le

as
e)

 (I
nc

lu
de

d)
 

2.
1.

09
.0

8.
0A

 - 
D

iff
us

io
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
09

.0
4.

0A
 - 

R
ad

io
nu

cl
id

e 
S

ol
ub

ili
ty

, S
ol

ub
ili

ty
 L

im
its

, a
nd

 S
pe

ci
at

io
n 

in
 th

e 
W

as
te

 F
or

m
 a

nd
 E

B
S

 (I
nc

lu
de

d)
2.

1.
09

.0
5.

0A
 - 

S
or

pt
io

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

2.
1.

09
.0

7.
0A

 - 
R

ea
ct

io
n 

K
in

et
ic

s 
in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 
2.

1.
09

.0
8.

0B
 - 

A
dv

ec
tio

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s 
C

on
tro

l 
2.

1.
02

.0
3.

0A
 - 

H
LW

 G
la

ss
 D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 
P

ro
pe

rti
es

 o
f t

he
 H

os
t R

oc
k 

U
ni

t 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

C
or

e 
2.

1.
09

.0
1.

0B
 - 

C
he

m
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 W
at

er
 in

 W
as

te
 P

ac
ka

ge
 

(In
cl

ud
ed

)
2.

1.
09

.0
4.

0A
 - 

R
ad

io
nu

cl
id

e 
S

ol
ub

ili
ty

, S
ol

ub
ili

ty
 L

im
its

, a
nd

 S
pe

ci
at

io
n 

in
 th

e 
W

as
te

 F
or

m
 a

nd
 E

B
S

 (I
nc

lu
de

d)
2.

1.
09

.0
5.

0A
 - 

S
or

pt
io

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

2.
1.

09
.0

7.
0A

 - 
R

ea
ct

io
n 

K
in

et
ic

s 
in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 
2.

1.
09

.0
8.

0A
 - 

D
iff

us
io

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

2.
1.

09
.0

8.
0B

 -A
dv

ec
tio

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

R
ep

os
ito

ry
 E

le
va

tio
n 

- S
ta

nd
of

f f
ro

m
 W

at
er

 
Ta

bl
e 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 P
ac

ka
ge

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

W
as

te
 F

or
m

 C
S

N
F 

Fu
el

 R
od

 M
ax

im
um

 B
ur

nu
p 

Li
m

it 
C

on
tro

l 
2.

1.
02

.0
2.

0A
 - 

C
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 

ANL-WIS-MD-000024 REV 01 7-23 February 2008 



 

   

                    

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

3 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 E
ng

in
ee

re
d 

B
ar

rie
r S

ys
te

m
 (C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 F

or
m

 a
nd

 W
as

te
P

ac
ka

ge
 In

te
rn

al
s

(C
on

tin
ue

d)
 

W
as

te
 F

or
m

/P
ac

ka
ge

 In
te

rn
al

s 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 C
on

fig
ur

at
io

n 
C

or
e 

2.
1.

02
.0

1.
0A

 - 
D

S
N

F 
D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 ra
di

on
uc

lid
e 

re
le

as
e)

 (I
nc

lu
de

d)
2.

1.
02

.0
2.

0A
 - 

C
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

2.
1.

02
.0

3.
0A

 -H
LW

 G
la

ss
 D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 
2.

1.
02

.0
9.

0A
 - 

C
he

m
ic

al
 E

ffe
ct

s 
of

 V
oi

d 
S

pa
ce

 in
 W

as
te

 P
ac

ka
ge

 (I
nc

lu
de

d)
 

2.
1.

09
.0

1.
0B

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 W

as
te

 P
ac

ka
ge

 
(In

cl
ud

ed
)

2.
1.

09
.0

2.
0A

 - 
C

he
m

ic
al

 In
te

ra
ct

io
n 

w
ith

 C
or

ro
si

on
 P

ro
du

ct
s 

(In
cl

ud
ed

) 
2.

1.
09

.0
8.

0B
 - 

A
dv

ec
tio

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
2.

1.
09

.0
8.

0A
 - 

D
iff

us
io

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

W
as

te
 F

or
m

 D
eg

ra
da

tio
n 

C
or

e 
2.

1.
02

.0
1.

0A
 - 

D
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 d

is
so

lu
tio

n,
 a

nd
 ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

2.
1.

02
.0

2.
0A

 - 
C

S
N

F 
D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 ra
di

on
uc

lid
e 

re
le

as
e)

 (I
nc

lu
de

d)
2.

1.
02

.0
3.

0A
 - 

H
LW

 G
la

ss
 D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 
2.

1.
09

.0
1.

0B
 - 

C
he

m
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 W
at

er
 in

 W
as

te
 P

ac
ka

ge
 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e 
R

em
ov

al
 a

nd
 In

er
tin

g 
C

on
tro

l 
2.

1.
02

.0
3.

0A
 - 

H
LW

 G
la

ss
 D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 d
is

so
lu

tio
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 (I

nc
lu

de
d)

 
W

as
te

 P
ac

ka
ge

 a
nd

 T
A

D
 C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

C
on

tro
l 

2.
1.

09
.0

7.
0A

 - 
R

ea
ct

io
n 

K
in

et
ic

s 
in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

 A
llo

w
an

ce
 

C
on

tro
l 

2.
1.

09
.0

2.
0A

 - 
C

he
m

ic
al

 In
te

ra
ct

io
n 

w
ith

 C
or

ro
si

on
 P

ro
du

ct
s 

(In
cl

ud
ed

) 
W

as
te

 P
ac

ka
ge

 D
ec

ay
 h

ea
t 

C
on

tro
l 

2.
1.

09
.0

7.
0A

 - 
R

ea
ct

io
n 

K
in

et
ic

s 
in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 
W

as
te

 P
ac

ka
ge

 D
im

en
si

on
s 

an
d 

C
om

po
ne

nt
 

M
as

se
s 

C
on

tro
l 

2.
1.

09
.0

1.
0B

 - 
C

he
m

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 W

at
er

 in
 W

as
te

 P
ac

ka
ge

 
(In

cl
ud

ed
) 

W
as

te
 P

ac
ka

ge
 M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

)
2.

1.
09

.0
1.

0B
 - 

C
he

m
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 W
at

er
 in

 W
as

te
 P

ac
ka

ge
 

(In
cl

ud
ed

)
2.

1.
09

.0
8.

0A
 - 

D
iff

us
io

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
 

2.
1.

09
.0

8.
0B

 - 
A

dv
ec

tio
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

 
C

on
tro

l 
2.

1.
09

.0
1.

0B
 - 

C
he

m
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 W
at

er
 in

 W
as

te
 P

ac
ka

ge
 

(In
cl

ud
ed

) 

ANL-WIS-MD-000024 REV 01 7-24 February 2008 



 
Ta

bl
e 

7-
3 

IT
B

C
 F

ea
tu

re
s 

/ C
om

po
ne

nt
s 

an
d 

IT
B

C
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 (C
on

tin
ue

d)
 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

W
as

te
 F

or
m

 a
nd

 W
as

te
P

ac
ka

ge
 In

te
rn

al
s

(C
on

tin
ue

d)
 

     

 
W

as
te

 P
ac

ka
ge

 S
ou

rc
e 

Te
rm

, I
nv

en
to

ry
,

In
ve

nt
or

y 
D

ec
ay

, a
nd

 D
ec

ay
 H

ea
t 

C
or

e 
2.

1.
09

.0
4.

0A
 - 

R
ad

io
nu

cl
id

e 
S

ol
ub

ili
ty

, S
ol

ub
ili

ty
 L

im
its

, a
nd

 S
pe

ci
at

io
n 

in
 th

e 
W

as
te

 F
or

m
 a

nd
 E

B
S

 (I
nc

lu
de

d)

2.
1.

09
.0

5.
0A

 - 
S

or
pt

io
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
09

.0
7.

0A
 - 

R
ea

ct
io

n 
K

in
et

ic
s 

in
 W

as
te

 P
ac

ka
ge

 (I
nc

lu
de

d)
 

2.
1.

09
.0

8.
0A

 - 
D

iff
us

io
n 

of
 D

is
so

lv
ed

 R
ad

io
nu

cl
id

es
 in

 E
B

S
 (I

nc
lu

de
d)

 
2.

1.
09

.0
8.

0B
 - 

A
dv

ec
tio

n 
of

 D
is

so
lv

ed
 R

ad
io

nu
cl

id
es

 in
 E

B
S

 (I
nc

lu
de

d)
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 L
im

its
 

C
on

tro
l 

2.
1.

09
.0

7.
0A

 - 
R

ea
ct

io
n 

K
in

et
ic

s 
in

 W
as

te
 P

ac
ka

ge
 (I

nc
lu

de
d)

 
W

as
te

 P
ac

ka
ge

 P
al

le
t 

A
s-

E
m

pl
ac

ed
 W

as
te

 P
ac

ka
ge

-D
rip

 S
hi

el
d 

C
on

fig
ur

at
io

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

 E
ve

nt
s 

C
or

e 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

E
B

S
 D

rip
 S

hi
el

d 
/ E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
P

al
le

t 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

Em
pl

ac
em

en
t P

al
le

t F
ab

ric
at

io
n 

an
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n 
C

on
tro

l 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

E
m

pl
ac

em
en

t P
al

le
t M

at
er

ia
ls

, P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
C

or
e 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
M

at
er

ia
ls

 C
on

ta
ct

in
g 

th
e 

W
as

te
 P

ac
ka

ge
 

C
on

tro
l 

1.
2.

03
.0

2.
0A

 - 
S

ei
sm

ic
 G

ro
un

d 
M

ot
io

n 
D

am
ag

es
 E

B
S

 C
om

po
ne

nt
s 

(In
cl

ud
ed

) 
 

P
ro

pe
rti

es
 o

f t
he

 H
os

t R
oc

k 
U

ni
t 

C
or

e 
1.

2.
03

.0
2.

0A
 - 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

 E
B

S
 C

om
po

ne
nt

s 
(In

cl
ud

ed
) 

S
ou

rc
e:

  
O

ut
pu

t D
TN

:  
M

O
08

02
IT

W
IT

A
B

S
.0

00
. 

   

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 7-25 February 2008 



  

 

 
          

 
 

  
 

  

 

       
 

 
  

 
    

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

4.
 

IT
B

C
 F

ea
tu

re
s 

/ C
om

po
ne

nt
s 

an
d 

IT
B

C
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

U
Z 

B
el

ow
 th

e 
R

ep
os

ito
ry

 E
xt

en
t o

f U
ns

at
ur

at
ed

 Z
on

e 
C

or
e 

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
U

ni
t 

C
or

e 
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e 

Te
rm

 
P

ro
pe

rti
es

 
C

or
e 

2.
2.

08
.0

8.
0B

 - 
M

at
rix

 D
iff

us
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
9.

0B
 - 

S
or

pt
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
U

ns
at

ur
at

ed
 Z

on
e 

C
he

m
ic

al
 E

nv
iro

nm
en

t 
C

or
e 

2.
2.

08
.0

8.
0B

 - 
M

at
rix

 D
iff

us
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
9.

0B
 - 

S
or

pt
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

 
C

or
e 

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
1.

2.
02

.0
2.

0A
 - 

Fa
ul

ts
 (I

nc
lu

de
d)

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
2.

03
.0

1.
0A

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
2.

2.
07

.0
2.

0A
 - 

U
ns

at
ur

at
ed

 G
ro

un
dw

at
er

 F
lo

w
 in

 th
e 

G
eo

sp
he

re
 (I

nc
lu

de
d)

2.
2.

07
.0

7.
0A

 - 
P

er
ch

ed
 W

at
er

 D
ev

el
op

s 
(In

cl
ud

ed
) 

2.
2.

07
.0

8.
0A

 - 
Fr

ac
tu

re
 F

lo
w

 in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
2.

07
.0

9.
0A

 - 
M

at
rix

 Im
bi

bi
tio

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
07

.1
5.

0B
 - 

A
dv

ec
tio

n 
an

d 
D

is
pe

rs
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

C
or

e 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
)

1.
2.

02
.0

2.
0A

 - 
Fa

ul
ts

 (I
nc

lu
de

d)
1.

3.
01

.0
0.

0A
 - 

C
lim

at
e 

C
ha

ng
e 

(In
cl

ud
ed

) 
1.

4.
01

.0
1.

0A
 - 

C
lim

at
e 

M
od

ifi
ca

tio
n 

In
cr

ea
se

s 
R

ec
ha

rg
e 

(In
cl

ud
ed

) 
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

2.
2.

07
.0

2.
0A

 - 
U

ns
at

ur
at

ed
 G

ro
un

dw
at

er
 F

lo
w

 in
 th

e 
G

eo
sp

he
re

 (I
nc

lu
de

d)
2.

2.
07

.0
7.

0A
 - 

P
er

ch
ed

 W
at

er
 D

ev
el

op
s 

(In
cl

ud
ed

) 
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
07

.0
9.

0A
 - 

M
at

rix
 Im

bi
bi

tio
n 

in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
2.

07
.1

5.
0B

 - 
A

dv
ec

tio
n 

an
d 

D
is

pe
rs

io
n 

in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
2.

08
.0

8.
0B

 - 
M

at
rix

 D
iff

us
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
9.

0B
 - 

S
or

pt
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 

ANL-WIS-MD-000024 REV 01G 7-26 January 2008 



 

   

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     
 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

4.
 

IT
B

C
 F

ea
tu

re
s 

/ C
om

po
ne

nt
s 

an
d 

IT
B

C
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r (

C
on

tin
ue

d)
 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

U
Z 

B
el

ow
 th

e 
R

ep
os

ito
ry

(C
on

tin
ue

d)
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

C
or

e 
1.

2.
02

.0
1.

0A
 - 

Fr
ac

tu
re

s 
(In

cl
ud

ed
)

1.
2.

02
.0

2.
0A

 - 
Fa

ul
ts

 (I
nc

lu
de

d)
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 
2.

2.
03

.0
2.

0A
 - 

R
oc

k 
P

ro
pe

rti
es

 o
f H

os
t R

oc
k 

an
d 

O
th

er
 U

ni
ts

 (I
nc

lu
de

d)
 

2.
2.

07
.0

2.
0A

 - 
U

ns
at

ur
at

ed
 G

ro
un

dw
at

er
 F

lo
w

 in
 th

e 
G

eo
sp

he
re

 (I
nc

lu
de

d)
2.

2.
07

.0
7.

0A
 - 

P
er

ch
ed

 W
at

er
 D

ev
el

op
s 

(In
cl

ud
ed

) 
2.

2.
07

.0
8.

0A
 - 

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
07

.0
9.

0A
 - 

M
at

rix
 Im

bi
bi

tio
n 

in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
2.

07
.1

5.
0B

 - 
A

dv
ec

tio
n 

an
d 

D
is

pe
rs

io
n 

in
 th

e 
U

Z 
(In

cl
ud

ed
) 

2.
2.

08
.0

8.
0B

 - 
M

at
rix

 D
iff

us
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
9.

0B
 - 

S
or

pt
io

n 
in

 th
e 

U
Z 

(In
cl

ud
ed

) 
S

Z 
E

xt
en

t o
f S

at
ur

at
ed

 Z
on

e 
C

or
e 

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e 

Te
rm

 
P

ro
pe

rti
es

 
C

or
e 

2.
2.

08
.0

8.
0A

 - 
M

at
rix

 D
iff

us
io

n 
in

 th
e 

S
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
9.

0A
 - 

S
or

pt
io

n 
in

 th
e 

S
Z 

(In
cl

ud
ed

) 
R

ep
os

ito
ry

 E
le

va
tio

n 
ab

ov
e 

th
e 

W
at

er
 T

ab
le

 
C

on
tro

l 
1.

3.
01

.0
0.

0A
 - 

C
lim

at
e 

C
ha

ng
e 

(In
cl

ud
ed

) 
1.

4.
01

.0
1.

0A
 - 

C
lim

at
e 

M
od

ifi
ca

tio
n 

In
cr

ea
se

s 
R

ec
ha

rg
e 

(In
cl

ud
ed

) 
S

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 E
nv

iro
nm

en
t 

C
or

e 
2.

2.
08

.0
8.

0A
 - 

M
at

rix
 D

iff
us

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

08
.0

9.
0A

 - 
S

or
pt

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

 
C

or
e 

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
1.

2.
02

.0
2.

0A
 - 

Fa
ul

ts
 (I

nc
lu

de
d)

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
2.

03
.0

1.
0A

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
2.

2.
07

.1
2.

0A
 - 

S
at

ur
at

ed
 G

ro
un

dw
at

er
 F

lo
w

 in
 th

e 
G

eo
sp

he
re

 (I
nc

lu
de

d)
 

2.
2.

07
.1

3.
0A

 - 
W

at
er

-C
on

du
ct

in
g 

Fe
at

ur
es

 in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

07
.1

5.
0A

 - 
A

dv
ec

tio
n 

an
d 

D
is

pe
rs

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

ANL-WIS-MD-000024 REV 01 7-27 February 2008 



 
Ta

bl
e 

7-
4.

 
IT

B
C

 F
ea

tu
re

s 
/ C

om
po

ne
nt

s 
an

d 
IT

B
C

 P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
of

 L
ow

er
 N

at
ur

al
 B

ar
rie

r (
C

on
tin

ue
d)

 


Fe
at

ur
e 

/ C
om

po
ne

nt
 

C
ha

ra
ct

er
is

tic
 

Ty
pe

 
A

na
ly

si
s 

B
as

is
 

S
Z 

(C
on

tin
ue

d)
  

                   

S
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

          

C
or

e 
          

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
1.

2.
02

.0
2.

0A
 - 

Fa
ul

ts
 (I

nc
lu

de
d)

1.
3.

01
.0

0.
0A

 - 
C

lim
at

e 
C

ha
ng

e 
(In

cl
ud

ed
) 

1.
4.

01
.0

1.
0A

 - 
C

lim
at

e 
M

od
ifi

ca
tio

n 
In

cr
ea

se
s 

R
ec

ha
rg

e 
(In

cl
ud

ed
) 

2.
2.

03
.0

1.
0A

 - 
S

tra
tig

ra
ph

y 
(In

cl
ud

ed
) 

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
 

2.
2.

07
.1

2.
0A

 - 
S

at
ur

at
ed

 G
ro

un
dw

at
er

 F
lo

w
 in

 th
e 

G
eo

sp
he

re
 (I

nc
lu

de
d)

 
2.

2.
07

.1
3.

0A
 - 

W
at

er
-C

on
du

ct
in

g 
Fe

at
ur

es
 in

 th
e 

S
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
8.

0A
 - 

M
at

rix
 D

iff
us

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

07
.1

5.
0A

 - 
A

dv
ec

tio
n 

an
d 

D
is

pe
rs

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

08
.0

9.
0A

 - 
S

or
pt

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

S
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
        

C
or

e 
        

1.
2.

02
.0

1.
0A

 - 
Fr

ac
tu

re
s 

(In
cl

ud
ed

)
2.

2.
03

.0
1.

0A
 - 

S
tra

tig
ra

ph
y 

(In
cl

ud
ed

) 
1.

2.
02

.0
2.

0A
 - 

Fa
ul

ts
 (I

nc
lu

de
d)

2.
2.

03
.0

2.
0A

 - 
R

oc
k 

P
ro

pe
rti

es
 o

f H
os

t R
oc

k 
an

d 
O

th
er

 U
ni

ts
 (I

nc
lu

de
d)

 
 

2.
2.

07
.1

2.
0A

 - 
S

at
ur

at
ed

 G
ro

un
dw

at
er

 F
lo

w
 in

 th
e 

G
eo

sp
he

re
 (I

nc
lu

de
d)

 
2.

2.
07

.1
3.

0A
 - 

W
at

er
-C

on
du

ct
in

g 
Fe

at
ur

es
 in

 th
e 

S
Z 

(In
cl

ud
ed

) 
2.

2.
08

.0
8.

0A
 - 

M
at

rix
 D

iff
us

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

07
.1

5.
0A

 - 
A

dv
ec

tio
n 

an
d 

D
is

pe
rs

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

2.
2.

08
.0

9.
0A

 - 
S

or
pt

io
n 

in
 th

e 
S

Z 
(In

cl
ud

ed
) 

S
ou

rc
e:

  
O

ut
pu

t D
TN

:  
M

O
08

02
IT

W
IT

A
B

S
.0

00
. 

   

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 7-28 February 2008 



   

 
 

 

 

 
 

 

 

 
 

 
 

   
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
S

ub
su

rfa
ce

 
Fa

ci
lit

ie
s 

01
-0

1 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

&
 

G
eo

lo
gi

c 
Lo

ca
tio

n 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
s 

fo
r t

he
 lo

ca
tio

n 
of

 th
e 

su
bs

ur
fa

ce
 fa

ci
lit

ie
s 

of
 th

e 
re

po
si

to
ry

 w
ith

in
 th

e 
fo

ot
pr

in
t o

f e
m

pl
ac

em
en

t a
re

a 
bo

un
da

ry
 a

nd
 th

e 
re

po
si

to
ry

 h
os

t 
ho

riz
on

 (R
H

H
) w

ith
in

 th
e 

lit
ho

st
ra

tig
ra

ph
ic

 d
et

ai
l a

re
 th

e 
S

ub
su

rfa
ce

 F
ac

ili
tie

s 
La

yo
ut

 
G

eo
gr

ap
hi

ca
l D

at
a 

IE
D

(s
) a

nd
 G

eo
te

ch
ni

ca
l a

nd
 T

he
rm

al
 P

ar
am

et
er

s 
IE

D
s.

 

Y
es

 
N

o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
2 

R
ep

os
ito

ry
 L

ay
ou

t 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
 fo

r t
he

 g
en

er
al

 la
yo

ut
 a

nd
 c

on
fig

ur
at

io
n 

of
 th

e 
su

bs
ur

fa
ce

 fa
ci

lit
ie

s,
 in

cl
ud

in
g 

sh
af

ts
, p

or
ta

ls
, r

am
ps

, m
ai

ns
, e

m
pl

ac
em

en
t d

rif
ts

, 
ob

se
rv

at
io

n 
dr

ift
s,

 a
nd

 o
th

er
 s

ub
su

rfa
ce

 fe
at

ur
es

, a
nd

 w
as

te
 p

ac
ka

ge
 n

om
in

al
 

en
dp

oi
nt

 c
oo

rd
in

at
es

, e
le

va
tio

ns
, a

nd
 a

va
ila

bl
e 

dr
ift

 le
ng

th
s 

is
 th

e 
S

ub
su

rfa
ce

Fa
ci

lit
ie

s 
La

yo
ut

 G
eo

gr
ap

hi
ca

l D
at

a 
IE

D
(s

). 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
3 

R
ep

os
ito

ry
 G

eo
lo

gi
c 

Lo
ca

tio
n 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 re

po
si

to
ry

 a
re

as
, e

m
pl

ac
em

en
t a

re
a 

by
ge

ol
og

ic
 u

ni
t, 

fa
ul

t i
nt

er
se

ct
io

n 
co

or
di

na
te

s,
 a

nd
 b

or
eh

ol
e 

lo
ca

tio
ns

 is
 th

e 
S

ub
su

rfa
ce

 
Fa

ci
lit

ie
s 

G
eo

lo
gi

ca
l D

at
a 

IE
D

. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
4 

R
ep

os
ito

ry
 E

le
va

tio
n 

– 
S

ta
nd

of
f f

ro
m

 W
at

er
Ta

bl
e 

Th
e 

ba
se

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
ts

 s
ha

ll 
be

 lo
ca

te
d 

at
 le

as
t 1

20
 m

 a
bo

ve
 th

e 
m

ax
im

um
 e

le
va

tio
n 

of
 th

e 
pr

es
en

t-d
ay

 w
at

er
 ta

bl
e.

   
N

ot
e:

 B
as

ed
 o

n 
its

 c
ur

re
nt

 lo
ca

tio
n,

 th
e 

m
ax

im
um

 e
le

va
tio

n 
of

 th
e 

pr
es

en
t-d

ay
 w

at
er

 
ta

bl
e 

be
ne

at
h 

th
e 

em
pl

ac
em

en
t a

re
a 

is
 ~

85
0 

m
 a

bo
ve

 s
ea

 le
ve

l. 
Th

us
 th

e 
m

in
im

um
 

el
ev

at
io

n 
of

 th
e 

ba
se

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
ts

 s
ha

ll 
be

 9
70

 m
 a

bo
ve

 s
ea

 le
ve

l. 

Y
es

 
Y

es
 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
5 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

Th
e 

em
pl

ac
em

en
t d

rif
ts

 s
ha

ll 
be

 lo
ca

te
d 

a 
m

in
im

um
 o

f 6
0 

m
 fr

om
 a

 Q
ua

te
rn

ar
y 

fa
ul

t 
w

ith
 p

ot
en

tia
l f

or
 s

ig
ni

fic
an

t d
is

pl
ac

em
en

t. 
N

o 
N

o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
6 

R
ep

os
ito

ry
 E

le
va

tio
n 

– 
O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

Th
e 

ov
er

bu
rd

en
 th

ic
kn

es
s 

(i.
e.

, t
he

 d
is

ta
nc

e 
fro

m
 th

e 
to

p 
of

 e
ac

h 
em

pl
ac

em
en

t d
rif

t t
o 

th
e 

to
po

gr
ap

hi
c 

su
rfa

ce
) s

ha
ll 

be
 a

 m
in

im
um

 o
f 2

00
 m

. 
Y

es
 

Y
es

 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
7 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
P

er
ch

ed
 W

at
er

 
Th

e 
em

pl
ac

em
en

t d
rif

ts
 s

ha
ll 

be
 lo

ca
te

d 
a 

m
in

im
um

 o
f 3

0 
m

 fr
om

 th
e 

to
p 

of
 th

e 
Tp

tp
v2

 
(T

op
op

ah
 S

pr
in

g 
Tu

ff 
C

ry
st

al
-p

oo
r V

itr
ic

 Z
on

e)
 b

ec
au

se
 p

er
ch

ed
 w

at
er

 m
ay

 o
cc

ur
 a

t 
th

e 
ba

se
 o

f t
he

 T
op

op
ah

 S
pr

in
g 

Tu
ff 

U
ni

t. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
8 

O
rie

nt
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

Th
e 

em
pl

ac
em

en
t d

rif
ts

 w
ill

 b
e 

no
m

in
al

ly
 p

ar
al

le
l. 

Th
e 

de
si

gn
 a

zi
m

ut
h 

sh
al

l b
e 

th
e 

sa
m

e 
fo

r a
ll 

em
pl

ac
em

en
t d

rif
ts

, a
nd

 s
ha

ll 
be

 w
ith

in
 a

 ra
ng

e 
of

 7
0°

 to
 8

0°
. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-0
9 

E
xc

av
at

io
n 

M
et

ho
ds

 
Th

e 
re

po
si

to
ry

 ra
m

ps
, a

cc
es

s 
m

ai
ns

, e
xh

au
st

 m
ai

ns
, a

nd
 e

m
pl

ac
em

en
t d

rif
ts

 s
ha

ll 
be

 
co

ns
tru

ct
ed

 b
y 

tu
nn

el
 b

or
in

g 
m

ac
hi

ne
s 

(T
B

M
). 

Th
e 

st
ar

te
r t

un
ne

l t
o 

su
pp

or
t e

ac
h 

un
iq

ue
 T

B
M

 a
dv

an
ce

 s
ha

ll 
be

 e
xc

av
at

ed
 b

y 
bl

as
tin

g 
or

 m
ec

ha
ni

ca
l e

xc
av

at
io

n 
m

et
ho

ds
. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
0 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

Th
e 

em
pl

ac
em

en
t d

rif
t e

xc
av

at
io

ns
 s

ha
ll 

be
 c

irc
ul

ar
 in

 c
ro

ss
 s

ec
tio

n 
w

ith
 a

 n
om

in
al

 
di

am
et

er
 o

f 5
.5

 m
. 

Y
es

 
Y

es
 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
1 

E
m

pl
ac

em
en

t D
rif

t 
G

ra
di

en
t 

Th
e 

gr
ad

e 
of

 th
e 

em
pl

ac
em

en
t d

rif
t s

ha
ll 

be
 n

om
in

al
ly

 h
or

iz
on

ta
l s

o 
th

at
 o

ve
ra

ll 
w

at
er

 
dr

ai
na

ge
 is

 d
ire

ct
ly

 in
to

 th
e 

ro
ck

 to
 p

re
ve

nt
 w

at
er

 a
cc

um
ul

at
io

n.
 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
2 

N
on

-E
m

pl
ac

em
en

t 
O

pe
ni

ng
 G

ra
di

en
t 

Th
e 

re
po

si
to

ry
 n

on
-e

m
pl

ac
em

en
t o

pe
ni

ng
s 

sh
al

l p
ro

vi
de

 a
 re

po
si

to
ry

 g
ra

de
 s

o 
ov

er
al

l 
w

at
er

 d
ra

in
ag

e 
an

d 
ac

cu
m

ul
at

io
n 

is
 a

w
ay

 fr
om

 e
m

pl
ac

em
en

t a
re

as
. 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-29 February 2008 



 

   

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
S

ub
su

rfa
ce

 
Fa

ci
lit

ie
s 

01
-1

3 
E

m
pl

ac
em

en
t D

rif
t 

Sp
ac

in
g 

Th
e 

su
bs

ur
fa

ce
 fa

ci
lit

y 
sh

al
l b

e 
de

si
gn

ed
 to

 lo
ca

te
 th

e 
em

pl
ac

em
en

t d
rif

ts
 n

om
in

al
ly

81
 m

 a
pa

rt 
to

 p
re

ve
nt

 th
er

m
al

 in
te

ra
ct

io
n 

be
tw

ee
n 

ad
ja

ce
nt

 d
rif

ts
 a

nd
 to

 a
llo

w
 d

ra
in

ag
e 

of
 th

er
m

al
ly

 m
ob

ili
ze

d 
w

at
er

 w
ith

in
 th

e 
ro

ck
 p

ill
ar

s 
to

 p
er

co
la

te
 p

as
t t

he
 d

rif
ts

. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
4 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k 

P
ro

pe
rti

es
 

Th
e 

em
pl

ac
em

en
t o

pe
ni

ng
s 

sh
al

l p
ro

vi
de

 fo
r p

os
t-e

xc
av

at
io

n 
in

ve
st

ig
at

io
ns

 o
f e

ac
h 

dr
ift

 th
at

 w
ill

 b
e 

co
nd

uc
te

d 
un

de
r t

he
 P

er
fo

rm
an

ce
 C

on
fir

m
at

io
n 

P
ro

gr
am

. T
he

 
ob

je
ct

iv
e 

of
 p

os
t-e

xc
av

at
io

n 
in

ve
st

ig
at

io
ns

 is
 to

 v
er

ify
 th

at
 h

os
t r

oc
k 

pr
op

er
tie

s 
ar

e 
bo

un
de

d 
by

 th
e 

ro
ck

 p
ro

pe
rti

es
 d

es
cr

ib
ed

 w
ith

in
 th

e 
in

 s
itu

 o
bs

er
va

tio
ns

 a
nd

 m
od

el
 

as
su

m
pt

io
ns

 u
se

d 
in

 p
os

tc
lo

su
re

 a
na

ly
se

s.
 P

os
t-e

xc
av

at
io

n 
in

ve
st

ig
at

io
ns

 w
ill

 in
cl

ud
e 

ge
ol

og
ic

 m
ap

pi
ng

 to
 c

on
fir

m
 th

at
 fr

ac
tu

re
 g

eo
m

et
ric

 v
ar

ia
bi

lit
y 

an
d 

in
iti

al
 ro

ck
 

pr
op

er
tie

s 
ar

e 
w

ith
in

 th
e 

m
od

el
 in

pu
t p

ar
am

et
er

 ra
ng

e 
us

ed
 in

 ro
ck

fa
ll 

ca
lc

ul
at

io
ns

. 

Y
es

 
N

o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
5 

D
es

ig
n 

of
 G

ro
un

d
S

up
po

rt 
S

ys
te

m
 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

s 
fo

r t
he

 d
es

ig
n 

an
d 

m
at

er
ia

ls
 u

se
d 

fo
r g

ro
un

d 
su

pp
or

t a
re

 th
e 

S
ub

su
rfa

ce
 F

ac
ilit

ie
s 

G
ro

un
d 

S
up

po
rt 

C
on

fig
ur

at
io

n 
an

d 
S

ub
su

rfa
ce

 
Fa

ci
lit

ie
s 

C
om

m
itt

ed
 M

at
er

ia
ls

 IE
D

s.
 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
6 

A
ir 

C
irc

ul
at

io
n 

th
ro

ug
h 

G
ro

un
d 

S
up

po
rt 

Th
e 

pe
rm

an
en

t g
ro

un
d 

su
pp

or
t s

ha
ll 

be
 p

er
fo

ra
te

d 
to

 a
llo

w
 a

ir 
ci

rc
ul

at
io

n 
be

tw
ee

n 
th

e 
ho

st
 ro

ck
 a

nd
 th

e 
in

-d
rif

t e
nv

iro
nm

en
t. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
7 

E
m

pl
ac

em
en

t D
rif

t 
G

ro
un

d 
S

up
po

rt 
Th

e 
un

fa
ile

d 
em

pl
ac

em
en

t d
rif

t g
ro

un
d 

su
pp

or
t s

ys
te

m
 s

ha
ll 

pr
ev

en
t r

av
el

in
g 

or
 

ro
ck

fa
ll 

du
rin

g 
pr

ec
lo

su
re

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 th

at
 c

ou
ld

 in
du

ce
 re

si
du

al
 te

ns
ile

 
st

re
ss

es
 in

 th
e 

w
as

te
 p

ac
ka

ge
 a

bo
ve

 2
57

 M
P

a.
  I

n 
th

e 
ev

en
t t

he
 g

ro
un

d 
su

pp
or

t
sy

st
em

 fa
ils

, t
he

 w
as

te
 p

ac
ka

ge
s 

th
at

 h
av

e 
co

m
e 

in
to

 c
on

ta
ct

 w
ith

 fa
lle

n 
ro

ck
 o

r 
gr

ou
nd

 s
up

po
rt 

m
at

er
ia

ls
 s

ha
ll 

be
 in

sp
ec

te
d 

fo
r s

ur
fa

ce
 d

am
ag

e 
an

d 
re

m
ed

ia
te

d 
as

 
re

qu
ire

d 
pr

io
r t

o 
cl

os
ur

e.
 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
8 

U
nh

ea
te

d 
D

rif
t L

en
gt

h 
A

s 
bo

un
da

ry
 c

on
di

tio
ns

 fo
r t

he
 th

er
m

o-
hy

dr
ol

og
ic

 m
od

el
 in

 th
e 

po
st

cl
os

ur
e,

 in
 th

e 
ev

en
t t

ha
t a

cc
es

s 
m

ai
n 

an
d 

ex
ha

us
t m

ai
n 

dr
ift

s 
ar

e 
ba

ck
fil

le
d,

 a
re

as
 a

t b
ot

h 
en

ds
 o

f 
th

e 
em

pl
ac

ed
 w

as
te

 w
ill

 b
e 

fre
e 

of
 b

ac
kf

ill.
 T

he
 tw

o 
ar

ea
s 

w
ill 

ea
ch

 b
e 

a 
m

in
im

um
 o

f 
15

 m
 lo

ng
 a

nd
 th

ei
r c

om
bi

ne
d 

le
ng

th
 w

ill
 to

ta
l a

 m
in

im
um

 o
f 7

5 
m

. 
N

ot
e:

 E
m

pl
ac

em
en

t a
re

as
 w

ill
 n

ot
 b

e 
ba

ck
fil

le
d 

(s
ee

 P
ar

am
et

er
 0

5-
04

). 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-1
9 

Fl
oo

d 
P

ro
te

ct
io

n 
Th

e 
po

rta
l a

nd
 s

ha
ft 

co
lla

r l
oc

at
io

ns
 s

ha
ll 

be
 s

itu
at

ed
 s

uc
h 

th
at

 th
ey

 c
an

 b
e 

pr
ot

ec
te

d 
fro

m
 w

at
er

 in
flo

w
 a

s 
a 

re
su

lt 
of

 th
e 

pr
ob

ab
le

 m
ax

im
um

 fl
oo

d.
 

N
o 

N
o 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-2
0 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Pa

in
tb

ru
sh

 N
on

w
el

de
d 

H
yd

ro
ge

ol
og

ic
 U

ni
t 

Th
e 

m
in

im
um

 d
is

ta
nc

e 
be

tw
ee

n 
th

e 
to

p 
of

 e
ac

h 
em

pl
ac

em
en

t d
rif

t a
nd

 th
e 

ba
se

 o
f t

he
 

P
ai

nt
br

us
h 

no
nw

el
de

d 
hy

dr
og

eo
lo

gi
c 

un
it 

sh
al

l b
e 

10
0 

m
. 

Y
es

 
Y

es
 

S
ub

su
rfa

ce
 

Fa
ci

lit
ie

s 
01

-2
1 

M
in

im
um

 T
hi

ck
ne

ss
 o

f 
th

e 
Pa

in
tb

ru
sh

 
N

on
w

el
de

d 
H

yd
ro

ge
ol

og
ic

 U
ni

t 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

Th
e 

m
in

im
um

 th
ic

kn
es

s 
of

 th
e 

P
ai

nt
br

us
h 

no
nw

el
de

d 
hy

dr
og

eo
lo

gi
c 

un
it 

ab
ov

e 
th

e 
re

po
si

to
ry

 s
ha

ll 
be

 1
0 

m
. 

Y
es

 
Y

es
 

ANL-WIS-MD-000024 REV 01 7-30 February 2008 



 

   

 

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
S

ub
su

rfa
ce

 
Fa

ci
lit

ie
s 

01
-2

2 
R

ep
os

ito
ry

 S
ta

nd
of

f f
ro

m
 

C
al

ic
o 

H
ill

s 
N

on
w

el
de

d 
H

yd
ro

ge
ol

og
ic

 U
ni

t 

Th
e 

m
in

im
um

 d
is

ta
nc

e 
be

tw
ee

n 
th

e 
ba

se
 o

f e
ac

h 
em

pl
ac

em
en

t d
rif

t a
nd

 th
e 

to
p 

of
 th

e 
C

al
ic

o 
H

ill
s 

no
nw

el
de

d 
hy

dr
og

eo
lo

gi
c 

un
it 

sh
al

l b
e 

60
 m

. 
N

o 
N

o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

1 
A

s-
E

m
pl

ac
ed

 W
as

te
 

C
on

fig
ur

at
io

n 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
 fo

r t
he

 e
m

pl
ac

ed
 w

as
te

 p
ac

ka
ge

s 
sh

al
l b

e 
 th

e 
E

m
pl

ac
em

en
t D

rif
t C

on
fig

ur
at

io
n 

an
d 

E
nv

iro
nm

en
t I

E
D

. 
N

o 
N

o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

2 
A

s-
E

m
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 m

in
im

um
 d

is
ta

nc
e 

fro
m

 to
p-

of
-w

as
te

-p
ac

ka
ge

 
to

 in
te

rio
r-

he
ig

ht
-o

f-d
rip

-s
hi

el
d 

is
 th

e 
E

m
pl

ac
em

en
t D

rif
t C

on
fig

ur
at

io
n 

an
d 

E
nv

iro
nm

en
t I

E
D

(s
). 

Y
es

 
N

o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

3 
C

om
m

itt
ed

 M
at

er
ia

ls
 

D
ur

in
g 

co
ns

tru
ct

io
n 

of
 th

e 
em

pl
ac

em
en

t d
rif

ts
, a

nd
 o

pe
ra

tio
n 

an
d 

cl
os

ur
e 

of
 th

e 
re

po
si

to
ry

, a
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 b

e 
im

po
se

d 
to

 p
re

ve
nt

 im
pa

ct
 o

n 
w

as
te

 is
ol

at
io

n 
fro

m
 m

at
er

ia
ls

 u
se

d,
 lo

st
, o

r l
ef

t i
n 

th
e 

re
po

si
to

ry
.  

Th
es

e 
co

nt
ro

ls
 w

ill 
be

 s
up

po
rte

d 
by

te
ch

ni
ca

l e
va

lu
at

io
n.

  
Th

e 
fo

llo
w

in
g 

co
ns

tra
in

ts
 w

ill
 b

e 
im

po
se

d 
on

 th
e 

ad
m

in
is

tra
tiv

e 
co

nt
ro

l o
f T

FM
s,

 
co

ns
tru

ct
io

n 
m

at
er

ia
ls

 a
nd

 c
om

m
itt

ed
 m

at
er

ia
ls

: 
a)

 
Al

l m
at

er
ia

l n
ot

 te
ch

ni
ca

lly
 e

va
lu

at
ed

 a
nd

 d
et

er
m

in
ed

 a
cc

ep
ta

bl
e 

pr
io

r t
o 

th
e 

pe
rm

an
en

t c
lo

su
re

 o
f t

he
 re

po
si

to
ry

 w
ill

 b
e 

re
m

ov
ed

 fr
om

 s
ub

su
rfa

ce
 fa

ci
lit

ie
s 

pr
io

r 
to

 p
er

m
an

en
t c

lo
su

re
. 

b)
 

C
om

m
itt

ed
 m

at
er

ia
ls

 th
at

 a
re

 p
ro

po
se

d 
to

 re
m

ai
n 

in
 th

e 
un

de
rg

ro
un

d 
re

po
si

to
ry

fo
llo

w
in

g 
pe

rm
an

en
t c

lo
su

re
 p

er
io

d 
w

ill
 b

e 
te

ch
ni

ca
lly

 e
va

lu
at

ed
 a

nd
 d

et
er

m
in

ed
 

ac
ce

pt
ab

le
 p

rio
r t

o 
us

e.
 

c)
 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 in

cl
ud

e 
ac

co
un

tin
g 

an
d 

in
sp

ec
tio

n,
 a

s 
ap

pr
op

ria
te

 to
 

co
nf

irm
 th

at
 c

on
tro

ls
 o

n 
th

e 
ap

pr
ov

ed
 T

FM
 q

ua
nt

iti
es

 a
nd

 c
om

po
si

tio
ns

 a
re

 m
et

. 
d)

 
C

on
cr

et
e 

du
st

 g
en

er
at

io
n 

sh
al

l b
e 

ke
pt

 to
 a

 m
in

im
um

 th
ro

ug
h 

th
e 

us
e 

of
 s

ur
fa

ce
 

co
at

in
gs

 a
nd

 / 
or

 th
e 

us
e 

of
 d

us
t s

up
pr

es
si

on
 a

nd
 v

en
til

at
io

n 
co

nt
ro

l d
ur

in
g 

co
nc

re
te

 in
st

al
la

tio
n 

an
d 

/ o
r r

em
ov

al
. 

e)
 

V
ar

io
us

 IE
D

(s
) l

is
t m

at
er

ia
ls

 w
hi

ch
 a

re
 in

te
nd

ed
 to

 b
e 

pr
es

en
t i

n 
th

e 
re

po
si

to
ry

 a
t 

cl
os

ur
e,

 a
nd

 w
hi

ch
 h

av
e 

be
en

 fo
un

d 
to

 b
e 

ac
ce

pt
ab

le
 b

y 
an

al
ys

is
. A

ll 
tra

ce
rs

, 
flu

id
s,

 a
nd

 m
at

er
ia

ls
 (T

FM
s)

 th
at

 m
ay

 b
e 

us
ed

 d
ur

in
g 

co
ns

tru
ct

io
n,

 o
pe

ra
tio

n,
 o

r 
cl

os
ur

e,
 w

ill
 b

e 
co

nt
ro

lle
d.

 A
n 

hi
st

or
ic

al
 s

um
m

ar
iz

at
io

n 
of

 T
FM

 q
ua

nt
iti

es
 th

at
 h

av
e 

be
en

 a
pp

ro
ve

d 
fo

r u
se

 is
 li

st
ed

 in
 th

e 
TF

M
 ID

D
(s

). 

Y
es

 
Y

es
 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

4 
In

ve
rt 

&
 E

B
S

C
om

po
ne

nt
s 

In
 S

itu
S

tre
ss

 &
 T

he
rm

al
 

R
es

po
ns

e 

Th
e 

in
ve

rt 
an

d 
E

B
S

 c
om

po
ne

nt
s 

sh
al

l b
e 

de
si

gn
ed

 to
 a

cc
om

m
od

at
e 

at
 le

as
t a

 1
0 

m
m

 
di

sp
la

ce
m

en
t t

o 
ac

co
un

t f
or

 p
ot

en
tia

l i
n 

si
tu

 s
tre

ss
 a

nd
 th

er
m

al
 re

sp
on

se
. 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-31 February 2008 



 

   

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
E

B
S

 In
-D

rif
t

C
on

fig
ur

at
io

n 
02

-0
5 

E
B

S
 M

at
er

ia
ls

 
In

te
ra

ct
io

ns
 

E
B

S
 m

at
er

ia
ls

 s
ha

ll 
be

 in
er

t r
el

at
iv

e 
to

 e
ac

h 
ot

he
r s

o 
th

at
 p

hy
si

ca
l c

on
ta

ct
 b

et
w

ee
n 

E
B

S
 m

at
er

ia
ls

 m
in

im
iz

es
 d

is
si

m
ila

r m
at

er
ia

l i
nt

er
ac

tio
n 

m
ec

ha
ni

sm
s.

 T
he

 w
as

te
 

pa
ck

ag
e 

ou
te

r c
or

ro
si

on
 b

ar
rie

r s
ha

ll 
no

t c
on

ta
ct

 E
B

S
 c

om
po

ne
nt

s 
ot

he
r t

ha
n 

th
e 

A
llo

y
22

 s
up

po
rt 

su
rfa

ce
s 

of
 th

e 
pa

lle
t. 

N
o 

N
o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

6 
E

B
S

 M
at

er
ia

l I
nt

er
ac

tio
ns

 
– 

C
op

pe
r 

Fo
r t

he
 a

s-
em

pl
ac

ed
 c

on
fig

ur
at

io
n,

 th
e 

dr
ip

 s
hi

el
ds

 a
nd

 w
as

te
 p

ac
ka

ge
s 

sh
al

l n
ot

 
co

nt
ac

t a
ny

 c
op

pe
r t

ha
t m

ay
 b

e 
pr

es
en

t i
n 

ot
he

r E
B

S
 c

om
po

ne
nt

s 
su

ch
 a

s 
pa

rts
 o

f t
he

 
em

pl
ac

em
en

t v
eh

ic
le

 ra
il 

sy
st

em
. T

he
 to

ta
l m

as
s 

of
 e

le
m

en
ta

l c
op

pe
r p

er
 m

et
er

 o
f 

em
pl

ac
em

en
t d

rif
t s

ha
ll 

be
 le

ss
 th

an
 5

.0
 k

g/
m

. 

Y
es

 
N

o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

7 
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n 
Th

e 
em

pl
ac

em
en

t d
rif

t i
nv

er
t (

ba
lla

st
) s

ha
ll 

pr
ov

id
e 

a 
no

m
in

al
ly

 le
ve

l s
ur

fa
ce

 th
at

 
su

pp
or

ts
 th

e 
dr

ip
 s

hi
el

d,
 w

as
te

 p
ac

ka
ge

, a
nd

 w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t p

al
le

t f
or

 
st

at
ic

 lo
ad

s 
an

d 
th

at
 li

m
its

 d
eg

ra
da

tio
n 

as
so

ci
at

ed
 w

ith
 g

ro
un

d 
m

ot
io

n 
(b

ut
 e

xc
lu

di
ng

 
fa

ul
tin

g 
di

sp
la

ce
m

en
ts

) a
fte

r c
lo

su
re

 o
f t

he
 re

po
si

to
ry

.  

N
o 

N
o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-0

8 
In

ve
rt 

M
at

er
ia

ls
 

a)
 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 c

om
po

ne
nt

s 
an

d 
m

at
er

ia
ls

 u
se

d 
in

 th
e 

in
ve

rt 
an

d 
fo

r t
he

 g
ra

da
tio

n 
an

d 
pl

ac
em

en
t o

f t
he

 in
ve

rt 
ba

lla
st

 m
at

er
ia

l i
s 

th
e 

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t I

E
D

(s
). 

b)
 

Th
e 

in
ve

rt 
m

at
er

ia
l w

ill
 b

e 
ca

rb
on

 s
te

el
 a

nd
 c

ru
sh

ed
 tu

ff.
 T

he
 c

ru
sh

ed
 tu

ff 
sh

al
l 

ha
ve

 p
ro

pe
rti

es
 c

on
si

st
en

t w
ith

 th
e 

re
po

si
to

ry
 h

os
t r

oc
k 

ex
ca

va
te

d 
by

 m
ec

ha
ni

ca
l 

m
ea

ns
. 

Y
es

 
N

o 

E
B

S
 In

-D
rif

t
C

on
fig

ur
at

io
n 

02
-1

0 
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
C

on
fig

ur
at

io
n 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 g

en
er

al
 c

on
fig

ur
at

io
n,

 p
la

n,
 a

nd
 d

et
ai

ls
 o

f t
he

 
em

pl
ac

em
en

t d
rif

t i
nv

er
t i

s 
th

e 
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t I
E

D
. 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-0

1 
W

as
te

 P
ac

ka
ge

 
D

im
en

si
on

s 
&

 
C

om
po

ne
nt

 M
as

se
s 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 w

as
te

 p
ac

ka
ge

 d
im

en
si

on
s 

an
d 

co
m

po
ne

nt
 

m
as

se
s 

is
 th

e 
W

as
te

 P
ac

ka
ge

 C
on

fig
ur

at
io

n 
IE

D
. 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-0

2 
W

as
te

 P
ac

ka
ge

 
Q

ua
nt

iti
es

 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
 fo

r t
he

 w
as

te
 p

ac
ka

ge
s 

in
 th

e 
LA

-d
es

ig
n 

in
ve

nt
or

y,
 

in
cl

ud
in

g 
qu

an
tit

ie
s,

 d
im

en
si

on
s,

 m
at

er
ia

ls
, a

nd
 c

ha
ra

ct
er

is
tic

s,
 is

 th
e 

W
as

te
 P

ac
ka

ge
 

C
on

fig
ur

at
io

n 
IE

D
(s

). 

Y
es

 
N

o 

W
as

te
P

ac
ka

ge
 

03
-0

3 
W

as
te

 P
ac

ka
ge

 O
ut

er
B

ar
rie

r 
Th

e 
w

as
te

 p
ac

ka
ge

 o
ut

er
 b

ar
rie

r s
ha

ll 
be

 c
om

pr
is

ed
 o

f A
llo

y 
22

 w
ith

 a
 m

in
im

um
 

th
ic

kn
es

s 
of

 2
5 

m
m

 fo
r c

od
is

po
sa

l, 
na

va
l, 

an
d 

TA
D

 w
as

te
 p

ac
ka

ge
s.

 
N

ot
e:

 S
ee

 P
ar

am
et

er
 0

3-
19

, W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r M

at
er

ia
l S

pe
ci

fic
at

io
ns

 fo
r 

A
llo

y 
22

 m
at

er
ia

l c
om

po
si

tio
n.

 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-0

4 
W

as
te

 P
ac

ka
ge

 R
ad

ia
l 

G
ap

 
Th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

w
as

te
 p

ac
ka

ge
 in

ne
r v

es
se

l o
ut

er
 d

ia
m

et
er

 a
nd

 th
e 

ou
te

r 
co

rro
si

on
 b

ar
rie

r i
nn

er
 d

ia
m

et
er

 s
ha

ll 
be

 a
 m

in
im

um
 o

f 2
 m

m
 a

nd
 a

 m
ax

im
um

 o
f 

10
 m

m
 fo

r t
he

 a
s 

fa
br

ic
at

ed
 p

ac
ka

ge
. 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-0

5 
W

as
te

 P
ac

ka
ge

 
Lo

ng
itu

di
na

l G
ap

 
Th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

in
ne

r v
es

se
l o

ve
ra

ll 
le

ng
th

 a
nd

 th
e 

ou
te

r c
or

ro
si

on
 b

ar
rie

r 
ca

vi
ty

 le
ng

th
, f

ro
m

 th
e 

to
p 

su
rfa

ce
 o

f t
he

 in
te

rfa
ce

 ri
ng

 to
 th

e 
bo

tto
m

 s
ur

fa
ce

 o
f t

he
 to

p 
lid

, s
ha

ll 
be

 a
 m

in
im

um
 o

f 3
0 

m
m

. 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-32 February 2008 



 

   

 

  

 

 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
W

as
te

P
ac

ka
ge

 
03

-0
6 

W
as

te
 P

ac
ka

ge
 In

te
rn

al
P

re
ss

ur
iz

at
io

n 
Th

e 
w

as
te

 p
ac

ka
ge

 s
ha

ll 
be

 d
es

ig
ne

d 
to

 a
cc

om
m

od
at

e 
in

te
rn

al
 p

re
ss

ur
iz

at
io

n 
of

 th
e 

w
as

te
 p

ac
ka

ge
 in

cl
ud

in
g 

ef
fe

ct
s 

of
 a

 h
ig

h 
te

m
pe

ra
tu

re
 o

f 3
50

°C
 a

nd
 fu

el
 ro

d 
ga

s 
re

le
as

e.
 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-0

7 
W

as
te

 P
ac

ka
ge

 
C

or
ro

si
on

 A
llo

w
an

ce
 

Fo
r p

os
tc

lo
su

re
 m

ec
ha

ni
ca

l c
al

cu
la

tio
ns

 a
nd

 a
na

ly
si

s,
 a

 c
or

ro
si

on
 a

llo
w

an
ce

 o
f a

t l
ea

st
 

2 
m

m
 p

er
 s

id
e 

sh
al

l b
e 

ac
co

un
te

d 
fo

r o
n 

ex
po

se
d 

w
as

te
 p

ac
ka

ge
 s

ur
fa

ce
s.

 
C

al
cu

la
tio

ns
 w

ill
 b

e 
pe

rfo
rm

ed
 u

si
ng

 m
ec

ha
ni

ca
l p

ro
pe

rti
es

 a
t 1

50
°C

 o
r g

re
at

er
. 

Y
es

 
N

o 

W
as

te
P

ac
ka

ge
 

03
-0

8 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
 fo

r t
he

 s
ei

sm
ic

 d
es

ig
n 

sp
ec

tra
, t

im
e 

hi
st

or
ie

s,
 a

nd
 

gr
ou

nd
 a

cc
el

er
at

io
ns

 fo
r t

he
 s

ub
su

rfa
ce

 fa
ci

lit
ie

s 
is

 th
e 

S
ei

sm
ic

 D
at

a 
IE

D
. 

Y
es

 
N

o 

W
as

te
P

ac
ka

ge
 

03
-0

9 
W

as
te

 P
ac

ka
ge

 W
or

st
-

C
as

e 
D

os
e 

R
at

e 
Th

e 
w

as
te

 p
ac

ka
ge

 c
on

ta
in

in
g 

th
e 

TA
D

 c
an

is
te

r w
ith

 2
1 

P
W

R
 fu

el
 a

ss
em

bl
ie

s 
sh

al
l 

re
pr

es
en

t t
he

 w
or

st
-c

as
e 

do
se

 ra
te

 (8
0 

G
W

d/
M

TU
 b

ur
nu

p,
 5

%
 U

-2
35

 e
nr

ic
hm

en
t a

nd
 

5 
ye

ar
s 

de
ca

y)
. 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-1

0 
W

as
te

 P
ac

ka
ge

 D
es

ig
n 

B
as

is
 B

ou
nd

in
g 

D
os

e
R

at
e 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 d

es
ig

n 
ba

si
s 

bo
un

di
ng

 d
os

e 
ra

te
 c

al
cu

la
tio

ns
 

fo
r w

as
te

 p
ac

ka
ge

s 
an

d 
re

pr
es

en
ta

tiv
e 

ne
ut

ro
n 

flu
x 

is
 th

e 
W

as
te

 P
ac

ka
ge

 R
ad

ia
tio

n 
C

ha
ra

ct
er

is
tic

s 
IE

D
.  

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-1

1 
W

as
te

 P
ac

ka
ge

 D
ec

ay
H

ea
t 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

s 
fo

r t
he

 p
os

tc
lo

su
re

 d
es

ig
n 

ba
si

s 
w

as
te

 p
ac

ka
ge

 
de

ca
y 

he
at

 a
re

 th
e 

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t G
en

er
at

io
n 

IE
D

s.
 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-1

2 
W

as
te

 P
ac

ka
ge

 
Fa

br
ic

at
io

n 
Th

e 
w

as
te

 p
ac

ka
ge

 o
ut

er
 c

or
ro

si
on

 b
ar

rie
r c

yl
in

de
r s

ha
ll 

be
 fa

br
ic

at
ed

 fr
om

 n
o 

m
or

e 
th

an
 3

 s
ec

tio
ns

 w
ith

 lo
ng

itu
di

na
l w

el
ds

 o
ffs

et
. T

he
 w

as
te

 p
ac

ka
ge

 w
ill

 b
e 

in
sp

ec
te

d 
an

d 
ev

al
ua

te
d 

pe
r a

pp
lic

ab
le

 c
rit

er
ia

, e
.g

., 
P

ar
am

et
er

 0
3-

18
, a

t t
he

 fa
br

ic
at

or
 lo

ca
tio

n 
an

d 
up

on
 re

ce
ip

t a
t t

he
 re

po
si

to
ry

 lo
ca

tio
n.

 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

3 
W

as
te

 P
ac

ka
ge

 
Fa

br
ic

at
io

n 
W

el
d 

In
sp

ec
tio

ns
 

Th
e 

w
as

te
 p

ac
ka

ge
 o

ut
er

 c
or

ro
si

on
 b

ar
rie

r f
ab

ric
at

io
n 

w
el

ds
 s

ha
ll 

be
 n

on
de

st
ru

ct
iv

el
y

ex
am

in
ed

 b
y 

m
ea

ns
 o

f r
ad

io
gr

ap
hi

c 
ex

am
in

at
io

n 
(R

T)
 a

nd
 u

ltr
as

on
ic

 te
st

in
g 

(U
T)

 fo
r 

fla
w

s 
eq

ua
l t

o 
or

 g
re

at
er

 th
an

 1
/1

6 
in

ch
. O

ut
er

 c
or

ro
si

on
 b

ar
rie

r f
ab

ric
at

io
n 

w
el

ds
 s

ha
ll 

al
so

 b
e 

ex
am

in
ed

 u
si

ng
 li

qu
id

 p
en

et
ra

nt
 p

er
 th

e 
ap

pl
ic

ab
le

 s
pe

ci
fic

at
io

n.
  

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

4 
W

as
te

 P
ac

ka
ge

 W
el

di
ng

 
M

at
er

ia
ls

 
Th

e 
w

as
te

 p
ac

ka
ge

 fa
br

ic
at

io
n 

w
el

ds
 s

ha
ll 

be
 c

on
du

ct
ed

 in
 a

cc
or

da
nc

e 
w

ith
 s

ta
nd

ar
d 

nu
cl

ea
r i

nd
us

try
 re

qu
ire

m
en

ts
. 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

5 
W

as
te

 P
ac

ka
ge

 
Fa

br
ic

at
io

n 
W

el
di

ng
 

Fl
aw

s 

Th
e 

w
el

di
ng

 te
ch

ni
qu

es
 fo

r t
he

 fa
br

ic
at

io
n 

w
el

ds
 s

ha
ll 

be
 c

on
st

ra
in

ed
 to

 G
M

A
W

 (g
as

 
m

et
al

 a
rc

 w
el

di
ng

) e
xc

ep
t f

or
 s

ho
rt-

ci
rc

ui
tin

g 
m

od
e,

 a
nd

 a
ut

om
at

ed
 G

TA
W

 (g
as

 
tu

ng
st

en
 a

rc
 w

el
di

ng
) f

or
 A

llo
y 

22
 (U

N
S

 N
06

02
2)

 m
at

er
ia

l, 
lim

ite
d 

to
 <

45
 k

J/
in

. 
W

el
di

ng
 fl

aw
s 

1/
16

 in
ch

 a
nd

 g
re

at
er

 w
ill

 b
e 

re
pa

ire
d 

fo
r t

he
 o

ut
er

 c
or

ro
si

on
 b

ar
rie

r i
n 

ac
co

rd
an

ce
 w

ith
 w

rit
te

n 
pr

oc
ed

ur
es

 th
at

 h
av

e 
be

en
 a

cc
ep

te
d 

by
 th

e 
de

si
gn

 
or

ga
ni

za
tio

n 
pr

io
r t

o 
th

ei
r u

sa
ge

. 

Y
es

 
Y

es
 

ANL-WIS-MD-000024 REV 01 7-33 February 2008 



 

   

 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
W

as
te

P
ac

ka
ge

 
03

-1
6 

W
as

te
 P

ac
ka

ge
 

An
ne

al
in

g 
a)

 
A

fte
r f

ab
ric

at
io

n 
an

d 
be

fo
re

 in
se

rti
ng

 th
e 

in
ne

r v
es

se
l, 

th
e 

w
as

te
 p

ac
ka

ge
 o

ut
er

 
co

rro
si

on
 b

ar
rie

r s
ha

ll 
be

 s
ol

ut
io

n 
an

ne
al

ed
 a

nd
 q

ue
nc

he
d.

b)
 

Th
e 

m
in

im
um

 ti
m

e 
fo

r s
ol

ut
io

n 
an

ne
al

in
g 

w
ill

 b
e 

20
 m

in
ut

es
 a

t 2
,0

50
 °

F 
(1

,1
21

°C
) 

+ 
50

 °
F 

(2
8°

C
) /

 -0
 °

F 
(0

°C
).

c)
 

Th
e 

w
as

te
 p

ac
ka

ge
 s

ha
ll 

be
 q

ue
nc

he
d 

at
 a

 ra
te

 g
re

at
er

 th
an

 2
75

 °
F 

(1
53

°C
) p

er
 

m
in

ut
e 

to
 b

el
ow

 7
00

 °
F 

(3
71

°C
). 

d)
 

Th
e 

an
ne

al
in

g-
in

du
ce

d 
ox

id
e 

fil
m

 s
ha

ll 
be

 re
m

ov
ed

 b
y 

m
ea

ns
 o

f e
le

ct
ro

ch
em

ic
al

 
po

lis
hi

ng
 o

r g
rit

 b
la

st
in

g.
 

e)
 

A
fte

r s
ol

ut
io

n 
an

ne
al

in
g 

an
d 

qu
en

ch
in

g,
 th

e 
w

as
te

 p
ac

ka
ge

 s
ur

fa
ce

 te
m

pe
ra

tu
re

 
w

ill
 b

e 
ke

pt
 b

el
ow

 3
00

°C
 to

 e
lim

in
at

e 
po

st
cl

os
ur

e 
is

su
es

 (i
.e

., 
ph

as
e 

st
ab

ili
ty

), 
ex

ce
pt

 fo
r s

ho
rt-

te
rm

 e
xp

os
ur

e 
(c

lo
su

re
-w

el
d,

 e
tc

.).
 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

7 
W

as
te

 P
ac

ka
ge

 C
lo

su
re

 
a)

 
Th

e 
A

llo
y 

22
 o

ut
er

 li
d 

w
ill

 b
e 

se
al

ed
 u

til
iz

in
g 

th
e 

ga
s 

tu
ng

st
en

 a
rc

 w
el

d 
(G

TA
W

) 
pr

oc
es

s,
 li

m
ite

d 
to

 <
45

 k
J/

in
. T

he
 w

el
d 

m
as

s 
sh

al
l b

e 
le

ss
 th

an
 0

.1
04

 lb
/in

 (1
8.

5 
g/

cm
) o

f w
el

d.
  

b)
 

Th
e 

A
llo

y 
22

 o
ut

er
 li

d 
w

el
d 

w
ill

 b
e 

no
nd

es
tru

ct
iv

el
y 

ex
am

in
ed

 u
si

ng
 V

T,
 E

T,
 a

nd
 

U
T.

 F
la

w
s 

gr
ea

te
r t

ha
n 

1/
16

 in
ch

 (1
.6

 m
m

) s
ha

ll 
be

 re
pa

ire
d.

 
c)

 
Th

e 
A

llo
y 

22
 o

ut
er

 li
d 

w
el

d 
w

ill
 b

e 
st

re
ss

 m
iti

ga
te

d 
us

in
g 

lo
w

-p
la

st
ic

ity
 b

ur
ni

sh
in

g 
to

 
a 

co
m

pr
es

si
ve

 d
ep

th
 o

f a
t l

ea
st

 3
 m

m
. 

d)
 

P
ro

ce
ss

 c
on

tro
l t

o 
en

su
re

 th
er

e 
ha

s 
be

en
 a

de
qu

at
e 

st
re

ss
 m

iti
ga

tio
n 

on
 th

e 
w

el
ds

 
w

ill
 b

e 
pe

rfo
rm

ed
. F

ol
lo

w
in

g 
th

e 
st

re
ss

 m
iti

ga
tio

n,
 th

e 
fin

al
 c

lo
su

re
 w

el
d 

w
ill

 b
e 

re
ex

am
in

ed
 u

si
ng

 V
T,

 E
T,

 a
nd

 U
T.

 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

8 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

M
ar

rin
g 

P
rio

r t
o

Em
pl

ac
em

en
t 

Th
e 

w
as

te
 p

ac
ka

ge
 s

ha
ll 

be
 c

er
tif

ie
d 

as
 s

ui
ta

bl
e 

fo
r e

m
pl

ac
em

en
t b

y 
pr

oc
es

s 
co

nt
ro

l 
an

d/
or

 in
sp

ec
tio

n 
to

 e
ns

ur
e 

su
rfa

ce
 m

ar
rin

g 
is

 a
cc

ep
ta

bl
e 

pe
r d

er
iv

ed
 in

te
rn

al
 

co
ns

tra
in

t. 
Th

e 
su

rfa
ce

 m
ar

rin
g 

co
ns

tra
in

ts
 a

re
: T

he
 d

am
ag

e 
to

 th
e 

w
as

te
 p

ac
ka

ge
 

co
rro

si
on

 b
ar

rie
r t

ha
t d

is
pl

ac
es

 m
at

er
ia

l (
i.e

. s
cr

at
ch

es
) s

ha
ll 

be
 li

m
ite

d 
to

 1
/1

6 
in

ch
 

(1
.6

 m
m

) i
n 

de
pt

h.
 M

od
ifi

ca
tio

ns
 to

 th
e 

w
as

te
 p

ac
ka

ge
 c

or
ro

si
on

 b
ar

rie
r t

ha
t d

ef
or

m
 

th
e 

su
rfa

ce
, b

ut
 d

o 
no

t r
em

ov
e 

m
at

er
ia

l (
i.e

. d
en

ts
), 

sh
al

l n
ot

 le
av

e 
re

si
du

al
 te

ns
ile

 
st

re
ss

es
 g

re
at

er
 th

an
 2

57
 M

P
a.

 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-1

9 
W

as
te

 P
ac

ka
ge

 O
ut

er
B

ar
rie

r M
at

er
ia

l
S

pe
ci

fic
at

io
ns

 

Th
e 

w
as

te
 p

ac
ka

ge
 A

llo
y 

22
 w

ill
 b

e 
m

an
uf

ac
tu

re
d 

to
 A

S
TM

 B
57

5-
99

a 
[D

IR
S

 1
47

46
5]

 
w

ith
 th

e 
ad

di
tio

na
l m

or
e 

re
st

ric
tiv

e,
 e

le
m

en
ta

l a
nd

 c
he

m
ic

al
 c

om
po

si
tio

n 
al

lo
w

ab
le

 
sp

ec
ifi

ca
tio

ns
: (

a)
 C

r =
 2

0.
0 

to
 2

1.
4%

, (
b)

 M
o 

= 
12

.5
 to

 1
3.

5%
, (

c)
 W

 =
 2

.5
 to

 3
.0

%
, 

an
d 

(d
) F

e 
= 

2.
0 

to
 4

.5
%

. 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-2

0 
M

at
er

ia
ls

 C
on

ta
ct

in
g 

th
e 

W
as

te
 P

ac
ka

ge
 

A
fte

r f
ab

ric
at

io
n 

fin
al

 c
le

an
in

g,
 th

e 
w

as
te

 p
ac

ka
ge

 s
ha

ll 
be

 p
re

pa
re

d 
fo

r s
hi

pm
en

t. 
M

at
er

ia
ls

 o
r o

bj
ec

ts
 c

on
ta

ct
in

g 
th

e 
w

as
te

 p
ac

ka
ge

 o
ut

er
 s

ur
fa

ce
s 

du
rin

g 
tra

ns
po

rta
tio

n,
 lo

ad
in

g,
 a

nd
 e

m
pl

ac
em

en
t w

ill
 b

e 
ev

al
ua

te
d 

to
 e

ns
ur

e 
th

at
 a

ny
 p

hy
si

ca
l 

de
gr

ad
at

io
n 

an
d 

co
nt

am
in

at
io

n 
ar

e 
w

ith
in

 a
llo

w
ab

le
 li

m
its

. 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-34 February 2008 



 

   

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
W

as
te

P
ac

ka
ge

 
03

-2
1 

W
as

te
 P

ac
ka

ge
 H

an
dl

in
g 

Th
e 

w
as

te
 p

ac
ka

ge
 s

ha
ll 

be
 h

an
dl

ed
 in

 a
 c

on
tro

lle
d 

m
an

ne
r d

ur
in

g 
fa

br
ic

at
io

n,
 

ha
nd

lin
g,

 tr
an

sp
or

t, 
st

or
ag

e,
 e

m
pl

ac
em

en
t, 

in
st

al
la

tio
n,

 o
pe

ra
tio

n,
 a

nd
 c

lo
su

re
 

ac
tiv

iti
es

 to
 m

in
im

iz
e 

da
m

ag
e;

 s
ur

fa
ce

 c
on

ta
m

in
at

io
n;

 a
nd

 e
xp

os
ur

e 
to

 a
dv

er
se

 
su

bs
ta

nc
es

. 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-2

2 
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g 
&

 E
m

pl
ac

em
en

t 
W

as
te

 p
ac

ka
ge

 h
an

dl
in

g 
an

d 
em

pl
ac

em
en

t a
ct

iv
iti

es
 s

ha
ll 

be
 m

on
ito

re
d 

th
ro

ug
h 

eq
ui

pm
en

t w
ith

 re
so

lu
tio

n 
ca

pa
bl

e 
of

 d
et

ec
tin

g 
w

as
te

 p
ac

ka
ge

 d
am

ag
e.

  A
n 

op
er

at
or

 
an

d 
an

 in
de

pe
nd

en
t c

he
ck

er
 s

ha
ll 

pe
rfo

rm
 th

e 
op

er
at

io
ns

. R
ec

or
ds

 d
em

on
st

ra
tin

g 
co

m
pl

ia
nc

e 
sh

al
l b

e 
m

ai
nt

ai
ne

d.
 

N
o 

N
o 

W
as

te
P

ac
ka

ge
 

03
-2

3 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

Fi
ni

sh
 

Th
e 

w
as

te
 p

ac
ka

ge
 s

ur
fa

ce
 fi

ni
sh

 s
ha

ll 
be

 s
pe

ci
fie

d 
to

 b
e 

at
 le

as
t 1

25
 ro

ug
hn

es
s 

as
 

de
fin

ed
 in

 A
S

M
E

 B
46

.1
 [D

IR
S

 1
66

01
3]

.  
Y

es
 

Y
es

 

W
as

te
P

ac
ka

ge
 

03
-2

4 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

D
am

ag
e 

P
rio

r t
o 

C
lo

su
re

 
Th

e 
em

pl
ac

em
en

t d
rif

t g
ro

un
d 

su
pp

or
t s

ys
te

m
 s

ha
ll 

be
 in

sp
ec

te
d 

pr
io

r t
o 

dr
ip

 s
hi

el
d 

in
st

al
la

tio
n.

 W
as

te
 p

ac
ka

ge
s 

th
at

 h
av

e 
co

m
e 

in
 c

on
ta

ct
 w

ith
 fa

lle
n 

ro
ck

 o
r g

ro
un

d 
su

pp
or

t m
at

er
ia

ls
 w

ill
 b

e 
in

sp
ec

te
d 

to
 e

ns
ur

e 
th

e 
da

m
ag

e 
to

 th
e 

w
as

te
 p

ac
ka

ge
 

co
rro

si
on

 b
ar

rie
r t

ha
t d

is
pl

ac
e 

m
at

er
ia

l (
i.e

. s
cr

at
ch

es
), 

sh
al

l b
e 

lim
ite

d 
to

 1
.6

 m
m

 (1
/1

6 
in

) i
n 

de
pt

h.
 M

od
ifi

ca
tio

ns
 to

 th
e 

w
as

te
 p

ac
ka

ge
 c

or
ro

si
on

 b
ar

rie
r t

ha
t d

ef
or

m
 th

e 
su

rfa
ce

, b
ut

 d
o 

no
t r

em
ov

e 
m

at
er

ia
l (

i.e
. d

en
ts

), 
sh

al
l n

ot
 le

av
e 

re
si

du
al

 te
ns

ile
 

st
re

ss
es

 g
re

at
er

 th
an

 2
57

 M
P

a.
 

Y
es

 
Y

es
 

W
as

te
P

ac
ka

ge
 

03
-2

6 
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 &

 In
er

tin
g 

Al
l w

as
te

 p
ac

ka
ge

s 
sh

al
l b

e 
va

cu
um

 d
rie

d 
an

d 
ba

ck
fil

le
d 

w
ith

 h
el

iu
m

 in
 a

 m
an

ne
r 

co
ns

is
te

nt
 w

ith
 th

at
 d

es
cr

ib
ed

 in
 S

ta
nd

ar
d 

R
ev

ie
w

 P
la

n 
fo

r D
ry

 C
as

k 
S

to
ra

ge
 S

ys
te

m
s

(N
U

R
E

G
-1

53
6)

 (N
R

C
 1

99
7 

[D
IR

S
 1

01
90

3]
, S

ec
tio

n 
8.

V
.1

). 

Y
es

 
Y

es
 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

1 
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s 
To

 m
in

im
iz

e 
w

as
te

 fo
rm

 d
am

ag
e,

 w
as

te
 p

ac
ka

ge
 a

nd
 T

A
D

 c
an

is
te

r-l
oa

di
ng

 a
ct

iv
iti

es
 

sh
al

l b
e 

pe
rfo

rm
ed

 a
nd

 m
on

ito
re

d 
in

 a
cc

or
da

nc
e 

w
ith

 in
du

st
ry

 s
ta

nd
ar

d 
pr

ac
tic

es
 

in
cl

ud
in

g 
an

 o
pe

ra
to

r a
nd

 a
n 

in
de

pe
nd

en
t c

he
ck

er
. R

ec
or

ds
 d

em
on

st
ra

tin
g

co
m

pl
ia

nc
e 

sh
al

l b
e 

m
ai

nt
ai

ne
d.

 

N
o 

N
o 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

2 
H

an
dl

in
g 

of
 B

ar
e 

S
N

F 
B

ar
e 

S
N

F 
sh

al
l b

e 
ha

nd
le

d 
in

 a
 s

ta
nd

ar
d 

in
du

st
ry

 fa
sh

io
n 

to
 li

m
it 

da
m

ag
e 

an
d 

pr
ev

en
t 

un
zi

pp
in

g 
of

 fu
el

 ro
d 

cl
ad

di
ng

. 
N

o 
N

o 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

3 
W

as
te

 F
or

m
 C

S
N

F 
Fu

el
R

od
 M

ax
im

um
 B

ur
nu

p 
Li

m
it 

Th
e 

C
S

N
F 

fu
el

 ro
d 

or
 a

ss
em

bl
y 

m
ax

im
um

 b
ur

nu
p 

sh
al

l b
e 

le
ss

 th
an

 8
0 

G
W

d/
M

TU
 

(th
is

 is
 b

ou
nd

ed
 b

y 
th

e 
P

W
R

 b
ur

nu
p)

. 
N

o 
N

o 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

4 
W

as
te

 F
or

m
 M

oi
st

ur
e

R
em

ov
al

 &
 In

er
tin

g 
Al

l T
A

D
 c

an
is

te
rs

 s
ha

ll 
be

 v
ac

uu
m

 d
rie

d 
an

d 
ba

ck
fil

le
d 

w
ith

 h
el

iu
m

 in
 a

 m
an

ne
r 

co
ns

is
te

nt
 w

ith
 th

at
 d

es
cr

ib
ed

 in
 S

ta
nd

ar
d 

R
ev

ie
w

 P
la

n 
fo

r D
ry

 C
as

k 
S

to
ra

ge
 S

ys
te

m
s

(N
U

R
E

G
-1

53
6)

 (N
R

C
 1

99
7 

[D
IR

S
 1

01
90

3]
, S

ec
tio

n 
8.

V
.1

). 
[N

ot
e:

 
Fo

r p
os

tc
lo

su
re

 m
oi

st
ur

e 
re

m
ov

al
 p

ur
po

se
s,

 N
U

R
E

G
-1

56
7 

(N
R

C
 2

00
7 

[D
IR

S
 1

49
75

6]
, S

ec
tio

n 
9.

5.
4.

1)
 is

 e
qu

iv
al

en
t t

o 
N

U
R

E
G

-1
53

6 
an

d 
is

 th
er

ef
or

e 
ac

ce
pt

ab
le

.]2 

Y
es

 
Y

es
 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

5 
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 
Li

m
it 

Th
e 

m
ax

im
um

 te
m

pe
ra

tu
re

 o
f t

he
 C

S
N

F 
cl

ad
di

ng
 u

po
n 

em
pl

ac
em

en
t s

ha
ll 

no
t e

xc
ee

d 
35

0°
C

 (t
o 

pr
ev

en
t d

am
ag

e 
fro

m
 c

re
ep

 o
r h

yd
rid

e 
re

or
ie

nt
at

io
n)

. 
N

o 
N

o 

ANL-WIS-MD-000024 REV 01 7-35 February 2008 



 

   

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
W

as
te

 F
or

m
 &

TA
D

 C
an

is
te

r 
04

-0
6 

M
ax

im
um

 T
em

pe
ra

tu
re

 
of

 H
LW

 G
la

ss
 C

an
is

te
rs

 
– 

W
as

te
 F

or
m

 

Th
e 

m
ax

im
um

 H
LW

 g
la

ss
 te

m
pe

ra
tu

re
 s

ha
ll 

be
 le

ss
 th

an
 4

00
°C

. 
N

o 
N

o 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

7 
W

as
te

 P
ac

ka
ge

 
C

ap
ac

iti
es

 
W

as
te

 p
ac

ka
ge

 c
ap

ac
iti

es
 s

ha
ll 

be
 a

s 
fo

llo
w

s:
 

a)
 

TA
D

-B
ea

rin
g 

W
as

te
 P

ac
ka

ge
: 1

 C
S

N
F 

TA
D

 c
an

is
te

r. 
b)

 
N

av
al

 W
as

te
 P

ac
ka

ge
s:

 1
 N

S
N

F 
ca

ni
st

er
.

c)
 

2-
M

C
O

/2
-D

H
LW

 W
as

te
 P

ac
ka

ge
: 2

 N
-R

ea
ct

or
 M

C
O

s 
an

d 
2 

H
LW

 g
la

ss
 c

an
is

te
rs

 
(s

ho
rt 

lo
ad

in
g 

al
lo

w
ed

). 
d)

 
5-

H
LW

/D
O

E
 S

N
F 

C
o-

di
sp

os
al

 W
as

te
 P

ac
ka

ge
s:

 E
ith

er
: 5

 H
LW

 g
la

ss
 c

an
is

te
rs

(in
cl

ud
in

g 
no

 m
or

e 
th

an
 1

 L
aB

S
 g

la
ss

 c
an

is
te

r) 
an

d 
1 

D
S

N
F 

ca
ni

st
er

 in
 th

e 
ce

nt
er

 
po

si
tio

n 
(s

ho
rt 

lo
ad

in
g 

al
lo

w
ed

), 
or

: 1
 2

4-
in

ch
 D

S
N

F 
ca

ni
st

er
 a

nd
 4

 H
LW

 c
an

is
te

rs
 

(c
en

te
r p

os
iti

on
 e

m
pt

y 
an

d 
no

 L
aB

S
 g

la
ss

 c
an

is
te

rs
) (

sh
or

t l
oa

di
ng

 a
llo

w
ed

). 

Y
es

 
Y

es
 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

8 
H

an
dl

in
g 

of
 W

as
te

 F
or

m
s 

W
as

te
 fo

rm
 h

an
dl

in
g 

op
er

at
io

ns
 s

ha
ll 

be
 p

er
fo

rm
ed

 in
 a

 s
ta

nd
ar

d 
in

du
st

ry
 fa

sh
io

n 
to

 
lim

it 
da

m
ag

e.
 A

n 
op

er
at

or
 a

nd
 a

n 
in

de
pe

nd
en

t c
he

ck
er

 s
ha

ll 
pe

rfo
rm

 th
e 

op
er

at
io

ns
. 

R
ec

or
ds

 d
em

on
st

ra
tin

g 
co

m
pl

ia
nc

e 
sh

al
l b

e 
m

ai
nt

ai
ne

d.
 

N
o 

N
o 

W
as

te
 F

or
m

 &
TA

D
 C

an
is

te
r 

04
-0

9 
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

M
at

er
ia

ls
 th

at
 h

av
e 

no
t b

ee
n 

pr
ev

io
us

ly
 a

na
ly

ze
d 

an
d 

in
cl

ud
ed

 in
 th

e 
W

as
te

 P
ac

ka
ge

 
C

on
fig

ur
at

io
n 

IE
D

s 
sh

al
l n

ot
 b

e 
pl

ac
ed

 in
 th

e 
w

as
te

 p
ac

ka
ge

, o
r i

n 
th

e 
TA

D
 c

an
is

te
r 

th
at

 w
ill

 b
e 

pl
ac

ed
 in

to
 th

e 
w

as
te

 p
ac

ka
ge

. 

Y
es

 
Y

es
 

Em
pl

ac
em

en
t 

&
 R

et
rie

va
l 

05
-0

1 
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g 
&

 E
m

pl
ac

em
en

t 
W

as
te

 p
ac

ka
ge

 h
an

dl
in

g 
an

d 
em

pl
ac

em
en

t a
ct

iv
iti

es
 s

ha
ll 

be
 m

on
ito

re
d 

th
ro

ug
h 

ap
pr

op
ria

te
 e

qu
ip

m
en

t. 
An

 o
pe

ra
to

r a
nd

 a
n 

in
de

pe
nd

en
t i

ns
pe

ct
or

 s
ha

ll 
ve

rif
y 

pr
op

er
 

w
as

te
 p

ac
ka

ge
 in

st
al

la
tio

n.
 R

ec
or

ds
 d

em
on

st
ra

tin
g 

co
m

pl
ia

nc
e 

sh
al

l b
e 

m
ai

nt
ai

ne
d.

 

N
o 

N
o 

Em
pl

ac
em

en
t 

&
 R

et
rie

va
l 

05
-0

2 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
A

dj
ac

en
t w

as
te

 p
ac

ka
ge

s 
in

 a
 g

iv
en

 e
m

pl
ac

em
en

t d
rif

t s
ha

ll 
be

 e
m

pl
ac

ed
 0

.1
 m

 
(n

om
in

al
) a

pa
rt,

 fr
om

 th
e 

to
p 

su
rfa

ce
 o

f t
he

 u
pp

er
 s

le
ev

e 
of

 o
ne

 w
as

te
 p

ac
ka

ge
 to

 th
e 

bo
tto

m
 s

ur
fa

ce
 o

f t
he

 lo
w

er
 s

le
ev

e 
of

 th
e 

ad
ja

ce
nt

 w
as

te
 p

ac
ka

ge
. 

Y
es

 
N

o 

ANL-WIS-MD-000024 REV 01 7-36 February 2008 



 

   

 

 

 

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
Em

pl
ac

em
en

t 
&

 R
et

rie
va

l 
05

-0
3 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
 

Th
e 

w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t s

ha
ll 

be
 w

ith
in

 a
n 

en
ve

lo
pe

 s
uc

h 
th

at
 th

e 
em

pl
ac

em
en

t o
f w

as
te

 p
ac

ka
ge

s 
do

es
 n

ot
 e

xc
ee

d 
th

e 
ot

he
r r

el
ev

an
t t

he
rm

al
 li

m
its

 o
f 

m
id

-p
ill

ar
 te

m
pe

ra
tu

re
, d

rif
t w

al
l t

em
pe

ra
tu

re
, w

as
te

 p
ac

ka
ge

 te
m

pe
ra

tu
re

, a
nd

 
cl

ad
di

ng
 te

m
pe

ra
tu

re
. I

n 
ad

di
tio

n,
 th

e 
lo

ca
l-a

ve
ra

ge
 li

ne
-lo

ad
 (o

ve
r a

ny
 7

 w
as

te
 

pa
ck

ag
e 

se
gm

en
t) 

in
 th

e 
em

pl
ac

ed
 re

po
si

to
ry

 w
ill

 n
ot

 e
xc

ee
d 

2.
0 

kW
/m

, a
nd

 n
o 

w
as

te
 

pa
ck

ag
e 

sh
al

l e
xc

ee
d 

th
er

m
al

 o
ut

pu
t o

f 1
8 

kW
. 

Fi
na

lly
, t

he
 c

al
cu

la
te

d 
Th

er
m

al
 E

ne
rg

y 
D

en
si

ty
 o

f a
ny

 s
ev

en
 a

dj
ac

en
t a

s-
em

pl
ac

ed
 

w
as

te
 p

ac
ka

ge
s 

sh
al

l n
ot

 e
xc

ee
d 

96
°C

 a
t t

he
 m

id
-p

ill
ar

 c
al

cu
la

te
d 

us
in

g 
m

ea
n 

ho
st

-
ro

ck
 th

er
m

al
 p

ro
pe

rti
es

 a
nd

 re
pr

es
en

ta
tiv

e 
sa

tu
ra

tio
n 

le
ve

ls
 fo

r w
et

 a
nd

 d
ry

 c
on

di
tio

ns
, 

as
 d

es
cr

ib
ed

 in
 th

e 
G

eo
te

ch
ni

ca
l a

nd
 T

he
rm

al
 P

ar
am

et
er

s 
IE

D
(s

). 
[N

ot
e:

 T
he

 th
er

m
al

 lo
ad

in
g 

lim
its

 fo
r t

he
 n

av
al

 S
N

F 
w

as
te

 p
ac

ka
ge

s 
ar

e 
lo

w
er

 th
an

 th
e 

th
er

m
al

 li
m

its
 fo

r c
om

m
er

ci
al

 S
N

F.
 T

he
se

 li
m

its
 a

re
 (B

S
C

 2
00

7 
[D

IR
S

 1
82

13
1]

, 
S

ec
tio

n 
8.

2.
1.

5)
: 

• 
M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 p

ow
er

 o
f 1

1.
8 

kW
 fo

r w
as

te
 p

ac
ka

ge
s 

em
pl

ac
ed

 o
n 

ei
th

er
 s

id
e 

of
 a

 n
av

al
 S

N
F 

w
as

te
 p

ac
ka

ge
 

• 
M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 li

ne
 lo

ad
 li

m
it 

of
 1

.4
5 

kW
/m

 fo
r a

ny
 s

ev
en


w

as
te

-p
ac

ka
ge

 s
eg

m
en

t c
on

ta
in

in
g 

a 
na

va
l S

N
F 

w
as

te
 p

ac
ka

ge
.]3 

Y
es

 
Y

es
 

Em
pl

ac
em

en
t 

&
 R

et
rie

va
l 

05
-0

4 
N

o 
B

ac
kf

ill
 in

 
E

m
pl

ac
em

en
t D

rif
ts

 
E

ng
in

ee
re

d 
ba

ck
fil

l s
ha

ll 
no

t b
e 

pr
es

en
t i

n 
th

e 
sp

ac
e 

be
tw

ee
n 

th
e 

dr
ip

 s
hi

el
d 

an
d 

th
e 

dr
ift

 w
al

l. 
N

o 
N

o 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
06

-0
1 

D
ur

at
io

n 
of

 V
en

til
at

io
n 

P
er

io
d 

Th
e 

du
ra

tio
n 

of
 th

e 
ve

nt
ila

tio
n 

pe
rio

d 
sh

al
l b

e 
a 

m
in

im
um

 o
f 5

0 
ye

ar
s 

af
te

r f
in

al
 

em
pl

ac
em

en
t. 

N
o 

N
o 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
06

-0
2 

D
rif

t W
al

l T
em

pe
ra

tu
re

 
Th

e 
m

ax
im

um
 p

re
cl

os
ur

e 
em

pl
ac

em
en

t d
rif

t w
al

l t
em

pe
ra

tu
re

 s
ha

ll 
no

t e
xc

ee
d 

20
0°

C
 

to
 a

vo
id

 p
os

si
bl

e 
ad

ve
rs

e 
co

nd
iti

on
s 

(e
.g

. m
in

er
al

og
ic

al
 tr

an
si

tio
ns

, r
oc

k 
w

ea
ke

ni
ng

 
et

c.
). 

N
o 

N
o 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
06

-0
3 

W
as

te
 P

ac
ka

ge
 

Te
m

pe
ra

tu
re

 L
im

it 
Th

e 
w

as
te

 p
ac

ka
ge

 s
ur

fa
ce

 te
m

pe
ra

tu
re

 s
ha

ll 
be

 k
ep

t b
el

ow
 3

00
°C

 fo
r t

he
 fi

rs
t 5

00
 

ye
ar

s 
an

d 
be

lo
w

 2
00

°C
 fo

r t
he

 n
ex

t 9
,5

00
 y

ea
rs

 to
 e

lim
in

at
e 

po
st

cl
os

ur
e 

is
su

es
 (i

.e
. 

ph
as

e 
st

ab
ili

ty
). 

N
ot

e:
 C

om
pl

ia
nc

e 
w

ith
 th

is
 c

on
st

ra
in

t a
fte

r r
ep

os
ito

ry
 p

er
m

an
en

t c
lo

su
re

 is
de

m
on

st
ra

te
d 

in
 p

os
tc

lo
su

re
 a

na
ly

se
s 

(o
nl

y)
. P

ar
am

et
er

s 
05

-0
3,

 0
6-

01
, a

nd
 0

6-
06

 
su

pp
or

t c
om

pl
ia

nc
e 

w
ith

 th
is

 c
on

st
ra

in
t d

ur
in

g 
bo

th
 th

e 
pr

ec
lo

su
re

 a
nd

 p
os

tc
lo

su
re

 
pe

rio
ds

. 

Y
es

 
Y

es
 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
06

-0
4 

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 

Li
m

it 
-- 

V
en

til
at

io
n 

Th
e 

m
ax

im
um

 te
m

pe
ra

tu
re

 o
f t

he
 C

S
N

F 
cl

ad
di

ng
 u

po
n 

em
pl

ac
em

en
t s

ha
ll 

no
t e

xc
ee

d 
35

0°
C

 (t
o 

pr
ev

en
t d

am
ag

e 
fro

m
 c

re
ep

 o
r h

yd
rid

e 
re

or
ie

nt
at

io
n)

. 
N

o 
N

o 

S
ub

su
rfa

ce
 

Ve
nt

ila
tio

n 
06

-0
5 

M
ax

im
um

 T
em

pe
ra

tu
re

 
of

 H
LW

 G
la

ss
 C

an
is

te
rs

 
Th

e 
m

ax
im

um
 H

LW
 g

la
ss

 te
m

pe
ra

tu
re

 s
ha

ll 
be

 le
ss

 th
an

 4
00

°C
. 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-37 February 2008 



 

   

 

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
S

ub
su

rfa
ce

 
Ve

nt
ila

tio
n 

06
-0

6 
A

ve
ra

ge
 A

irf
lo

w
 R

at
e 

fo
r 

P
re

cl
os

ur
e 

V
en

til
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

D
ur

in
g 

th
e 

pr
ec

lo
su

re
 p

ha
se

, t
he

 n
om

in
al

 in
le

t a
irf

lo
w

 ra
te

 p
er

 e
m

pl
ac

em
en

t d
rif

t s
ha

ll 
be

 1
5 

m
3 /s

ec
. T

he
 ra

ng
e 

of
 a

irf
lo

w
 ra

te
 in

 a
 g

iv
en

 d
rif

t s
ha

ll 
be

 1
5 

m
3 /s

ec
 ±

 2
 m

3 /s
ec

, 
ba

se
d 

on
 in

te
gr

at
ed

 v
en

til
at

io
n 

ef
fic

ie
nc

y 
an

d 
dr

ift
 le

ng
th

. 

N
o 

N
o 

D
rip

 S
hi

el
d 

07
-0

1 
D

rip
 S

hi
el

d 
D

es
ig

n 
Th

e 
in

te
rfa

ce
 c

on
tro

l m
ec

ha
ni

sm
 fo

r t
he

 d
rip

 s
hi

el
ds

 d
im

en
si

on
s 

an
d 

ch
ar

ac
te

ris
tic

s 
is

 
th

e 
In

te
rlo

ck
in

g 
D

rip
 S

hi
el

d 
IE

D
.  

Y
es

 
N

o 

D
rip

 S
hi

el
d 

07
-0

2 
D

rip
 S

hi
el

d 
D

es
ig

n 
& 

In
st

al
la

tio
n 

Th
e 

dr
ip

 s
hi

el
d 

sh
al

l b
e 

de
si

gn
ed

 to
 in

te
rlo

ck
 a

nd
 o

ve
rla

p 
in

 a
 m

an
ne

r t
ha

t p
re

ve
nt

s 
a 

liq
ui

d 
dr

ip
 p

at
h 

fro
m

 a
bo

ve
 th

e 
dr

ip
 s

hi
el

d 
to

 th
e 

w
as

te
 p

ac
ka

ge
. T

he
 d

rip
 s

hi
el

d 
ha

nd
lin

g 
an

d 
em

pl
ac

em
en

t a
ct

iv
iti

es
 s

ha
ll 

be
 m

on
ito

re
d 

th
ro

ug
h 

ap
pr

op
ria

te
 

eq
ui

pm
en

t. 
A

n 
op

er
at

or
 a

nd
 a

n 
in

de
pe

nd
en

t i
ns

pe
ct

or
 s

ha
ll 

ve
rif

y 
pr

op
er

 d
rip

 s
hi

el
d 

in
st

al
la

tio
n.

 R
ec

or
ds

 d
em

on
st

ra
tin

g 
co

m
pl

ia
nc

e 
sh

al
l b

e 
m

ai
nt

ai
ne

d.
 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-0

3 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
Fo

r m
ec

ha
ni

ca
l c

al
cu

la
tio

ns
 a

nd
 a

na
ly

si
s,

 a
 c

or
ro

si
on

 a
llo

w
an

ce
 o

f a
t l

ea
st

 1
m

m
 p

er
 

si
de

 s
ha

ll 
be

 a
cc

ou
nt

ed
 fo

r o
n 

al
l d

rip
 s

hi
el

d 
su

rfa
ce

s.
 C

al
cu

la
tio

ns
 w

ill
 b

e 
pe

rfo
rm

ed
 

us
in

g 
m

ec
ha

ni
ca

l p
ro

pe
rti

es
 a

t 1
50

°C
 o

r g
re

at
er

. 

Y
es

 
N

o 

D
rip

 S
hi

el
d 

07
-0

4 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 &
 

Th
ic

kn
es

se
s 

Th
e 

dr
ip

 s
hi

el
d 

sh
al

l b
e 

co
ns

tru
ct

ed
 o

f T
ita

ni
um

 G
ra

de
 7

, w
ith

 a
 m

in
im

um
 th

ic
kn

es
s 

of
 

15
 m

m
. T

he
 d

rip
 s

hi
el

d 
st

ru
ct

ur
al

 m
at

er
ia

l s
ha

ll 
be

 m
an

uf
ac

tu
re

d 
of

 T
ita

ni
um

 
G

ra
de

 2
9.

 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-0

7 
E

B
S

 D
rip

 S
hi

el
d 

/
E

m
pl

ac
em

en
t D

rif
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
 

A
llo

y 
22

 b
as

es
 s

ha
ll 

be
 a

tta
ch

ed
 to

 th
e 

dr
ip

 s
hi

el
d 

to
 p

re
cl

ud
e 

tit
an

iu
m

 c
on

ta
ct

 w
ith

 th
e 

in
ve

rt 
(in

cl
ud

in
g 

tra
ns

po
rt 

eq
ui

pm
en

t r
ai

ls
). 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-0

8 
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 d

rip
 s

hi
el

d 
de

si
gn

 is
 th

e 
In

te
rlo

ck
in

g 
D

rip
 

S
hi

el
d 

IE
D

 s
uc

h 
th

at
 d

ur
in

g 
a 

se
is

m
ic

 e
ve

nt
 it

 re
si

st
s 

se
pa

ra
tio

n 
th

ro
ug

h 
fa

ilu
re

 o
f t

he
 

D
S

C
 C

on
ne

ct
or

 G
ui

de
s,

 th
e 

D
S

C
 L

ef
t/R

ig
ht

 S
up

po
rt 

B
ea

m
s,

 a
nd

 th
e 

Le
ft/

R
ig

ht
 

S
up

po
rt 

B
ea

m
 C

on
ne

ct
or

s.
 

N
ot

e:
 C

om
pl

ia
nc

e 
w

ith
 th

e 
po

st
cl

os
ur

e 
pe

rfo
rm

an
ce

 a
sp

ec
ts

 o
f t

he
 d

rip
 s

hi
el

d 
w

ith
in

 
th

is
 c

on
st

ra
in

t i
s 

de
m

on
st

ra
te

d 
in

 p
os

tc
lo

su
re

 a
na

ly
se

s 
(o

nl
y)

.  

Y
es

 
N

o 

D
rip

 S
hi

el
d 

07
-0

9 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
Th

e 
dr

ip
 s

hi
el

d 
sh

al
l b

e 
fa

br
ic

at
ed

 in
 a

cc
or

da
nc

e 
w

ith
 s

ta
nd

ar
d 

nu
cl

ea
r i

nd
us

try
pr

ac
tic

es
, i

nc
lu

di
ng

 m
at

er
ia

l c
on

tro
l, 

w
el

di
ng

, w
el

d 
fla

w
 d

et
ec

tio
n 

an
d 

re
pa

ir 
an

d 
he

at
 

tre
at

m
en

t. 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-1

0 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
d 

In
sp

ec
tio

ns
 

Th
e 

dr
ip

 s
hi

el
d 

fu
ll 

pe
ne

tra
tio

n 
fa

br
ic

at
io

n 
w

el
ds

 s
ha

ll 
be

 n
on

de
st

ru
ct

iv
el

y 
ex

am
in

ed
 b

y
vi

su
al

 (V
T)

, l
iq

ui
d 

pe
ne

tra
nt

 (P
T)

, a
nd

 u
ltr

as
on

ic
 te

st
in

g 
(U

T)
, f

or
 fl

aw
s.

 F
ill

et
 w

el
ds

 
sh

al
l b

e 
in

sp
ec

te
d 

by
 m

ea
ns

 o
f P

T 
an

d 
V

T 
fo

r f
la

w
s.

 A
ll 

fla
w

s 
la

rg
er

 th
an

 c
od

e 
st

an
da

rd
s 

sh
al

l b
e 

re
pa

ire
d.

 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-1

1 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
di

ng
 F

la
w

s 
Th

e 
w

el
di

ng
 te

ch
ni

qu
es

 fo
r t

he
 fa

br
ic

at
io

n 
w

el
ds

 s
ha

ll 
be

 c
on

st
ra

in
ed

 to
 G

M
A

W
 (g

as
 

m
et

al
 a

rc
 w

el
di

ng
) e

xc
ep

t f
or

 s
ho

rt-
ci

rc
ui

tin
g 

m
od

e,
 a

nd
 a

ut
om

at
ed

 G
TA

W
 (g

as
 

tu
ng

st
en

 a
rc

 w
el

di
ng

). 
W

el
di

ng
 fl

aw
s 

w
ill

 b
e 

re
pa

ire
d 

in
 a

cc
or

da
nc

e 
w

ith
 w

rit
te

n 
pr

oc
ed

ur
es

 th
at

 h
av

e 
be

en
 a

cc
ep

te
d 

by
 th

e 
de

si
gn

 o
rg

an
iz

at
io

n 
pr

io
r t

o 
th

ei
r u

sa
ge

. 

Y
es

 
Y

es
 

ANL-WIS-MD-000024 REV 01 7-38 February 2008 



 

   

 

 
 

 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
D

rip
 S

hi
el

d 
07

-1
2 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

 
Al

l d
rip

-s
hi

el
d 

w
el

di
ng

 s
ha

ll 
be

 c
on

du
ct

ed
 in

 a
cc

or
da

nc
e 

w
ith

 s
ta

nd
ar

d 
nu

cl
ea

r i
nd

us
try

 
pr

ac
tic

es
. F

or
 T

i-7
 (T

ita
ni

um
 G

ra
de

 7
) t

o 
Ti

-7
 w

el
ds

, T
i-7

 w
el

d 
fil

le
r m

at
er

ia
l s

ha
ll 

be
 

us
ed

. F
or

 T
i-2

9 
(T

ita
ni

um
 G

ra
de

 2
9)

 to
 T

i-2
9 

w
el

ds
, T

i-2
9 

sh
al

l b
e 

us
ed

. F
or

 T
i-7

 to
 

Ti
-2

9 
w

el
ds

 T
i-2

8 
w

el
d 

fil
le

r s
ha

ll 
be

 u
se

d.
  

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-1

3 
D

rip
 S

hi
el

d 
H

ea
t 

Tr
ea

tm
en

t 
A

fte
r f

ab
ric

at
io

n 
th

e 
dr

ip
 s

hi
el

d 
as

se
m

bl
y 

an
d 

lif
tin

g 
fe

at
ur

e 
as

se
m

bl
ie

s 
sh

al
l b

e 
st

re
ss

-
re

lie
ve

d.
 A

fte
r c

om
pl

et
io

n 
of

 a
ll 

re
qu

ire
d 

w
or

k 
ex

ce
pt

 fo
r t

he
 fi

na
l m

ac
hi

ni
ng

, t
he

 d
rip

 
sh

ie
ld

 a
ss

em
bl

y 
an

d 
lif

tin
g 

fe
at

ur
e 

as
se

m
bl

ie
s 

sh
al

l b
e 

fu
rn

ac
e 

he
at

ed
 fo

r s
tre

ss
 re

lie
f 

at
 1

10
0 

°F
 +

/- 
50

 °
F 

fo
r a

 m
in

im
um

 o
f 2

 h
ou

rs
. T

o 
pr

ev
en

t p
ic

ku
p 

of
 h

yd
ro

ge
n,

 a
 

sl
ig

ht
ly

 o
xi

di
zi

ng
 a

tm
os

ph
er

e 
sh

al
l b

e 
us

ed
; a

ir-
co

ol
in

g 
is

 a
llo

w
ed

. 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-1

4 
D

rip
 S

hi
el

d 
H

an
dl

in
g 

a)
 T

he
 d

rip
 s

hi
el

d 
sh

al
l b

e 
ha

nd
le

d 
in

 a
cc

or
da

nc
e 

w
ith

 s
ta

nd
ar

d 
nu

cl
ea

r i
nd

us
try

pr
ac

tic
es

 to
 m

in
im

iz
e 

da
m

ag
e,

 s
ur

fa
ce

 c
on

ta
m

in
at

io
n,

 e
xp

os
ur

e 
to

 a
dv

er
se

 
su

bs
ta

nc
es

, a
nd

 im
pa

ct
s.

 
b)

 D
rip

 s
hi

el
d 

in
st

al
la

tio
n 

sh
al

l b
e 

co
nt

ro
lle

d 
an

d 
m

on
ito

re
d 

th
ro

ug
h 

ap
pr

op
ria

te
 

eq
ui

pm
en

t t
o 

m
in

im
iz

e 
po

ss
ib

le
 w

as
te

 p
ac

ka
ge

/d
rip

 s
hi

el
d 

da
m

ag
e 

an
d/

or
m

is
in

st
al

la
tio

n.
 In

st
al

la
tio

n 
sh

al
l i

nc
lu

de
 th

e 
us

e 
of

 e
qu

ip
m

en
t w

ith
 a

n 
al

ar
m

, a
n 

op
er

at
or

, a
nd

 a
n 

in
de

pe
nd

en
t c

he
ck

er
. R

ec
or

ds
 d

em
on

st
ra

tin
g 

co
m

pl
ia

nc
e 

sh
al

l 
be

 m
ai

nt
ai

ne
d.

 

Y
es

 
Y

es
 

D
rip

 S
hi

el
d 

07
-1

5 
D

rip
 S

hi
el

d 
Th

er
m

al
 

Ex
pa

ns
io

n 
C

on
st

ra
in

t 
To

 a
cc

ou
nt

 fo
r v

ol
um

e 
in

cr
ea

se
 o

f c
or

ro
si

on
 p

ro
du

ct
s 

th
e 

dr
ip

 s
hi

el
d 

sh
al

l n
ot

 b
e 

co
ns

tra
in

ed
 la

te
ra

lly
 o

r l
on

gi
tu

di
na

lly
, o

r r
ig

id
ly

 m
ou

nt
ed

 to
 th

e 
in

ve
rt.

 D
rip

 s
hi

el
d 

co
nn

ec
to

rs
 s

ha
ll 

be
 d

es
ig

ne
d 

to
 a

llo
w

 th
er

m
al

 e
xp

an
si

on
 w

ith
ou

t b
in

di
ng

 to
 3

00
°C

.  

N
o 

N
o 

D
rip

 S
hi

el
d 

07
-1

6 
As

-e
m

pl
ac

ed
 W

as
te

 
C

on
fig

ur
at

io
n 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 m

in
im

um
 d

is
ta

nc
e 

fro
m

 to
p-

of
-w

as
te

-p
ac

ka
ge

 
to

 in
te

rio
r-

he
ig

ht
-o

f-d
rip

-s
hi

el
d 

is
 th

e 
E

m
pl

ac
em

en
t D

rif
t C

on
fig

ur
at

io
n 

an
d 

E
nv

iro
nm

en
t I

E
D

(s
). 

N
o 

N
o 

Em
pl

ac
em

en
t 

P
al

le
t 

08
-0

1 
Em

pl
ac

em
en

t P
al

le
t 

D
es

ig
n 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 e

m
pl

ac
em

en
t p

al
le

t d
im

en
si

on
s 

an
d 

ch
ar

ac
te

ris
tic

s 
is

 th
e 

E
m

pl
ac

em
en

t P
al

le
t I

E
D

.  
N

o 
N

o 

Em
pl

ac
em

en
t 

P
al

le
t 

08
-0

2 
Em

pl
ac

em
en

t P
al

le
t 

Fu
nc

tio
n 

Fo
r t

he
 d

es
ig

n 
st

at
ic

 lo
ad

, t
he

 e
m

pl
ac

em
en

t p
al

le
t s

ha
ll 

m
ai

nt
ai

n 
th

e 
w

as
te

 p
ac

ka
ge

 
em

pl
ac

em
en

t n
om

in
al

 p
os

iti
on

 fo
r a

t l
ea

st
 3

00
 y

ea
rs

, a
nd

 m
ai

nt
ai

n 
a 

no
m

in
al

ly
ho

riz
on

ta
l w

as
te

 p
ac

ka
ge

 e
m

pl
ac

em
en

t f
or

 1
0,

00
0 

ye
ar

s.
 

N
o 

N
o 

ANL-WIS-MD-000024 REV 01 7-39 February 2008 



 

   

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
7-

5.
 

S
um

m
ar

y 
of

 C
la

ss
ifi

ca
tio

n 
of

 C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

by
 E

ng
in

ee
rin

g 
S

ub
sy

st
em

 C
at

eg
or

iz
at

io
n1  (C

on
tin

ue
d)

 

C
at

eg
or

y 
N

um
be

r 
C

on
tr

ol
 C

ha
ra

ct
er

is
tic

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
IT

B
C

 
IT

W
I

R
el

ev
an

t 
Em

pl
ac

em
en

t 
P

al
le

t 
08

-0
3 

Em
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
&

 C
or

ro
si

on
 

Al
lo

w
an

ce
 

a)
 

Th
e 

in
te

rfa
ce

 c
on

tro
l m

ec
ha

ni
sm

 fo
r t

he
 e

m
pl

ac
em

en
t p

al
le

t m
at

er
ia

l p
ro

pe
rti

es
 is

  
th

e 
E

m
pl

ac
em

en
t P

al
le

t I
E

D
 

b)
 

Th
e 

em
pl

ac
em

en
t p

al
le

t s
ha

ll 
be

 fa
br

ic
at

ed
 o

f A
llo

y 
22

 p
la

te
s 

an
d 

sq
ua

re
 s

ta
in

le
ss

 
st

ee
l t

ub
es

 
c)

 
Th

e 
co

nt
ac

ts
 b

et
w

ee
n 

th
e 

w
as

te
 p

ac
ka

ge
 a

nd
 e

m
pl

ac
em

en
t p

al
le

t s
ha

ll 
be

 
Al

lo
y 

22
. 

d)
 

Th
e 

co
rro

si
on

 a
llo

w
an

ce
 fo

r t
he

 A
llo

y 
22

 c
om

po
ne

nt
s 

sh
al

l b
e 

at
 le

as
t 2

 m
m

. 
e)

 
Th

e 
co

rro
si

on
 a

llo
w

an
ce

 fo
r t

he
 s

ta
in

le
ss

 s
te

el
 c

om
po

ne
nt

s 
sh

al
l b

e 
at

 le
as

t 2
 m

m
.

f) 
Th

e 
m

ec
ha

ni
ca

l p
ro

pe
rti

es
 a

t 1
50

°C
 o

r h
ig

he
r s

ha
ll 

be
 u

se
d 

fo
r p

os
tc

lo
su

re
 

an
al

ys
is

. 

N
o 

N
o 

Em
pl

ac
em

en
t 

P
al

le
t 

08
-0

4 
E

B
S

 M
at

er
ia

ls
 

In
te

ra
ct

io
ns

 –
E

m
pl

ac
em

en
t P

al
le

t 
Fu

nc
tio

n 

E
B

S
 m

at
er

ia
ls

 s
ha

ll 
be

 in
er

t r
el

at
iv

e 
to

 e
ac

h 
ot

he
r s

o 
th

at
 p

hy
si

ca
l c

on
ta

ct
 b

et
w

ee
n 

E
B

S
 m

at
er

ia
ls

 m
in

im
iz

es
 d

is
si

m
ila

r m
at

er
ia

l i
nt

er
ac

tio
n 

m
ec

ha
ni

sm
s.

 T
he

 
E

m
pl

ac
em

en
t P

al
le

t s
ha

ll 
be

 d
es

ig
ne

d 
su

ch
 th

at
, f

or
 th

e 
no

m
in

al
 s

ce
na

rio
 (e

.g
. n

ot
 

se
is

m
ic

 o
r i

gn
eo

us
), 

th
e 

w
as

te
 p

ac
ka

ge
 o

ut
er

 c
or

ro
si

on
 b

ar
rie

r s
ha

ll 
no

t c
on

ta
ct

 E
B

S
 

co
m

po
ne

nt
s 

ot
he

r t
ha

n 
th

e 
A

llo
y 

22
 s

up
po

rt 
su

rfa
ce

s 
of

 th
e 

pa
lle

t. 

N
o 

N
o 

Em
pl

ac
em

en
t 

P
al

le
t 

08
-0

5 
W

as
te

 P
ac

ka
ge

 &
E

m
pl

ac
em

en
t P

al
le

t 
S

ta
tic

 S
tre

ss
es

 

Fo
r t

he
 n

om
in

al
 s

ce
na

rio
 e

m
pl

ac
em

en
t c

on
fig

ur
at

io
n,

 th
e 

te
ns

ile
 s

tre
ss

es
 im

po
se

d 
on

 
th

e 
A

llo
y 

22
 c

om
po

ne
nt

s 
of

 b
ot

h 
th

e 
w

as
te

 p
ac

ka
ge

 a
nd

 th
e 

em
pl

ac
em

en
t p

al
le

t s
ha

ll 
be

 le
ss

 th
an

 2
57

 M
P

a 
(th

e 
ap

pr
ox

im
at

e 
st

re
ss

 c
or

ro
si

on
 c

ra
ck

in
g 

th
re

sh
ol

d 
fo

r 
Al

lo
y 

22
). 

N
o 

N
o 

C
lo

su
re

 
09

-0
1 

C
lo

su
re

 o
f S

ha
fts

 &
 

R
am

ps
 

C
lo

su
re

 o
f t

he
 s

ha
fts

 s
ha

ll 
in

cl
ud

e 
ba

ck
fil

lin
g 

fo
r t

he
 e

nt
ire

 d
ep

th
 o

f t
he

 o
pe

ni
ng

. 
C

lo
su

re
 o

f r
am

ps
 s

ha
ll 

in
cl

ud
e 

ba
ck

fil
lin

g 
al

on
g 

th
e 

en
tir

e 
le

ng
th

 o
f t

he
 o

pe
ni

ng
. 

N
o 

N
o 

C
lo

su
re

 
09

-0
3 

C
lo

su
re

 o
f B

or
eh

ol
es

 
S

ite
 in

ve
st

ig
at

io
n 

bo
re

ho
le

s 
w

ith
in

 o
r n

ea
r t

he
 fo

ot
pr

in
t o

f t
he

 re
po

si
to

ry
 b

lo
ck

 w
ill

 b
e 

ba
ck

fil
le

d 
w

ith
 m

at
er

ia
l c

om
pa

tib
le

 w
ith

 th
e 

ho
st

 ro
ck

 a
nd

 p
lu

gg
ed

. 
N

o 
N

o 

ANL-WIS-MD-000024 REV 01 7-40 February 2008 



 
Ta

bl
e 

7-
5.

 
S

um
m

ar
y 

of
 C

la
ss

ifi
ca

tio
n 

of
 C

on
tro

l P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
by

 E
ng

in
ee

rin
g 

S
ub

sy
st

em
 C

at
eg

or
iz

at
io

n1  (C
on

tin
ue

d)
 

 
IT

W
I

R
el

ev
an

t 
Y

es
 

S
ou

rc
e:

 
 

O
ut

pu
t D

TN
: 

M
O

08
02

IT
W

IB
A

R
R

.0
00

. 



M
od

ifi
ed

 fr
om

 B
S

C
 2

00
8 

[D
IR

S
 1

83
62

7]
, T

ab
le

 1
. 


1 
N

O
TE

S:
 

 A
dd

iti
on

al
 c

on
st

ra
in

ts
 b

ey
on

d 
th

e 
co

nt
ro

l p
ar

am
et

er
s 

lis
te

d 
ar

e 
pl

ac
ed

 o
n 

so
m

e 
fe

at
ur

es
 o

r S
S

C
s.

  T
ab

le
 7

-1
 li

st
s 

th
es

e 
ad

di
tio

na
l c

on
tro

lli
ng

 

 

m
ec

ha
ni

sm
s 

as
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
fo

r t
he

 fe
at

ur
es

 o
r S

S
C

s 
w

he
re

 th
ey

 a
pp

ly
.  

 
Th

es
e 

in
cl

ud
e:

 th
e 

Tr
an

sp
or

ta
tio

n,
 A

gi
ng

, a
nd

 D
is

po
sa

l
 

 
C

an
is

te
r S

ys
te

m
 P

er
fo

rm
an

ce
 S

pe
ci

fic
at

io
n 

(D
O

E
 2

00
7 

[D
IR

S
 1

81
40

3]
), 

an
d 

th
e 

W
as

te
 A

cc
ep

ta
nc

e 
S

ys
te

m
 R

eq
ui

re
m

en
ts

 D
oc

um
en

t (
D

O
E

 2
00

7
[D

IR
S

 1
69

99
2]

). 
2 

	
N

U
R

E
G

-1
53

6 
an

d 
N

U
R

E
G

-1
56

7 
ar

e 
eq

ui
va

le
nt

 in
 th

ei
r r

eq
ui

re
m

en
ts

 fo
r m

oi
st

ur
e 

re
m

ov
al

 a
nd

 is
 th

er
ef

or
e 

ac
ce

pt
ab

le
. 

3 
	

Th
e 

th
er

m
al

 lo
ad

in
g 

lim
its

 fo
r t

he
 n

av
al

 S
N

F 
w

as
te

 p
ac

ka
ge

s 
ar

e 
lo

w
er

 th
an

 th
e 

th
er

m
al

 li
m

its
 fo

r c
om

m
er

ci
al

 S
N

F.
 T

he
se

 li
m

its
 a

re
 (B

SC
 2

00
7 

[D
IR

S
 1

82
13

1]
, S

ec
tio

n 
8.

2.
1.

5)
: 

 �
M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 p

ow
er

 o
f 1

1.
8 

kW
 fo

r w
as

te
 p

ac
ka

ge
s 

em
pl

ac
ed

 o
n 

ei
th

er
 s

id
e 

of
 a

 n
av

al
 S

N
F 

w
as

te
 p

ac
ka

ge
 

 �
M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 li

ne
 lo

ad
 li

m
it 

of
 1

.4
5 

kW
/m

 fo
r a

ny
 s

ev
en

-w
as

te
-p

ac
ka

ge
 s

eg
m

en
t c

on
ta

in
in

g 
a 

na
va

l S
N

F 
w

as
te

 p
ac

ka
ge

. 

  

IT
B

C
 

Y
es

 
D

er
iv

ed
 In

te
rn

al
 C

on
st

ra
in

t 
La

nd
s 

di
st

ur
be

d 
by

 th
e 

re
po

si
to

ry
 s

ha
ll 

be
 re

cl
ai

m
ed

 fo
llo

w
in

g 
th

e 
R

ec
la

m
at

io
n 

Im
pl

em
en

ta
tio

n 
P

la
n 

(Y
M

P
 2

00
1 

[D
IR

S
 1

54
38

6]
, S

ec
tio

n 
1)

 a
s 

es
ta

bl
is

he
d 

in
 F

in
al

E
nv

iro
nm

en
ta

l I
m

pa
ct

 S
ta

te
m

en
t f

or
 a

 G
eo

lo
gi

c 
R

ep
os

ito
ry

 fo
r t

he
 D

is
po

sa
l o

f S
pe

nt
 

N
uc

le
ar

 F
ue

l a
nd

 H
ig

h-
Le

ve
l R

ad
io

ac
tiv

e 
W

as
te

 a
t Y

uc
ca

 M
ou

nt
ai

n,
 N

ye
 C

ou
nt

y,
 

N
ev

ad
a 

(D
O

E
 2

00
2 

[D
IR

S
 1

55
97

0]
, S

ec
tio

ns
 2

.1
.2

.4
, 4

.1
.3

.2
, 4

.1
.3

.3
, a

nd
 4

.1
.4

.4
) t

o 
en

su
re

 th
at

 th
er

e 
ar

e 
no

 p
re

cl
os

ur
e 

di
st

ur
ba

nc
es

 th
at

 w
ill

 im
pa

ct
 p

os
tc

lo
su

re
 

pe
rfo

rm
an

ce
. 

C
on

tr
ol

 C
ha

ra
ct

er
is

tic
 

R
ec

la
m

at
io

n 
of

 L
an

d 
D

is
tu

rb
ed

 b
y 

R
ep

os
ito

ry
 

 
N

um
be

r 
09

-0
4 

C
at

eg
or

y
C

lo
su

re
 

   

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 7-41 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

INTENTIONALLY LEFT BLANK
 

ANL-WIS-MD-000024 REV 01 7-42 February 2008 



   

Postclosure Nuclear Safety Design Bases 

8. INPUTS AND REFERENCES 


8.1 DOCUMENTS CITED 


169989 BSC (Bechtel SAIC Company) 2004. Characterize Framework for Igneous 
Activity at Yucca Mountain, Nevada.  ANL-MGR-GS-000001 REV 02. Las 
Vegas, Nevada: Bechtel SAIC Company.  ACC: DOC.20041015.0002; 
DOC.20050718.0007. 

170035 BSC 2004. Conceptual Model and Numerical Approaches for Unsaturated Zone 
Flow and Transport.  MDL-NBS-HS-000005 REV 01. Las Vegas, Nevada: 
Bechtel SAIC Company.  ACC: DOC.20040922.0006; DOC.20050307.0009. 

169987 BSC 2004. CSNF Waste Form Degradation: Summary Abstraction. 
ANL-EBS-MD-000015 REV 02.  Las Vegas, Nevada: Bechtel SAIC Company. 
ACC: DOC.20040908.0001; DOC.20050620.0004. 

169988 BSC 2004. Defense HLW Glass Degradation Model.  ANL-EBS-MD-000016 
REV 02. Las Vegas, Nevada:  Bechtel SAIC Company. 
ACC: DOC.20041020.0015; DOC.20050922.0002; DOC.20060227.0004. 

172453 BSC 2004. DSNF and Other Waste Form Degradation Abstraction. 
ANL-WIS-MD-000004 REV 04.  Las Vegas, Nevada: Bechtel SAIC Company. 
ACC: DOC.20041201.0007. 

170002 BSC 2004. Future Climate Analysis.  ANL-NBS-GS-000008 REV 01. 
Las Vegas, Nevada: Bechtel SAIC Company.  ACC: DOC.20040908.0005. 

172452 BSC 2004. Performance Confirmation Plan.  TDR-PCS-SE-000001 REV 05. 
Las Vegas, Nevada: Bechtel SAIC Company.  ACC: DOC.20041122.0002. 

171764 BSC 2004. Seepage Calibration Model and Seepage Testing Data. 
MDL-NBS-HS-000004 REV 03.  Las Vegas, Nevada: Bechtel SAIC Company.  
ACC: DOC.20040922.0003; DOC.20051121.0012. 

167652 BSC 2004. Seepage Model for PA Including Drift Collapse. 
MDL-NBS-HS-000002 REV 03.  Las Vegas, Nevada: Bechtel SAIC Company.  
ACC: DOC.20040922.0008; DOC.20051205.0001. 

166107 BSC 2004. Drift Degradation Analysis. ANL-EBS-MD-000027 REV 03. 
Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20040915.0010; 
DOC.20050419.0001; DOC.20051130.0002; DOC.20060731.0005. 

ANL-WIS-MD-000024 REV 01 8-1 February 2008 



   

Postclosure Nuclear Safety Design Bases 

168138 	BSC 2004. Estimation of Mechanical Properties of Crushed Tuff for Use as 
Ballast Material in Emplacement Drifts. 800-CYC-SSE0-00100-000-00A. 
Las Vegas, Nevada: Bechtel SAIC Company. ACC:  ENG.20040309.0023; 
ENG.20050817.0009; ENG.20050829.0017. 

169218 	BSC 2004. Natural Analogue Synthesis Report. TDR-NBS-GS-000027 REV 01. 
Las Vegas, Nevada: Bechtel SAIC Company. ACC: DOC.20040524.0008. 

172232 	 BSC 2005. Drift-Scale Coupled Processes (DST and TH Seepage) Models. 
MDL-NBS-HS-000015 REV 02.  Las Vegas, Nevada: Bechtel SAIC Company.  
ACC: DOC.20050114.0004; DOC.20051115.0002. 

175546 	 BSC 2005. Nuclear Safety Design Bases for License Application. 
000-30R-MGR0-00400-000-003. Las Vegas, Nevada: Bechtel SAIC Company. 
ACC: ENG.20050929.0005. 

170137 	 BSC 2005. Peak Ground Velocities for Seismic Events at Yucca Mountain, 
Nevada.  ANL-MGR-GS-000004 REV 00. Las Vegas, Nevada: Bechtel SAIC 
Company.  ACC: DOC.20050223.0002; DOC.20050725.0002. 

175150 	 BSC 2005. Postclosure Nuclear Safety Design Basis Document:  Features, 
Events and Processes Control Parameters and Proposed Technical Specifications 
Candidates.  TDR-MGR-MD-000040 REV 00. Las Vegas, Nevada: Bechtel 
SAIC Company. ACC:  DOC.20050825.0006. 

182131 	BSC 2007. Basis of Design for the TAD Canister-Based Repository Design 
Concept. 000-3DR-MGR0-00300-000-001. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20071002.0042; ENG.20071026.0033; 
ENG.20071108.0002; ENG.20071109.0001; ENG.20071120.0023; 
ENG.20071126.0049; ENG.20071214.0009; ENG.20071213.0005; 
ENG.20071227.0018; ENG.20080207.0004; ENG.20080212.0003. 

183743 	BSC 2007. IED Subsurface Facilities Layout Geographical Data. 800-IED
WIS0-01701-000 REV 00C. Las Vegas, Nevada: Bechtel SAIC Company. ACC: 
ENG.20071211.0007. 

183627 	BSC 2008. Postclosure Modeling and Analyses Design Parameters. TDR-MGR
MD-000037 REV 02. Las Vegas, Nevada: Bechtel SAIC Company. ACC: 
ENG.20080108.0002. 

171411 	 Craig, R.W. 2001.  “Transmittal of Level 5 Deliverable SPW205M5, 
‘Excavation-Induced Fracture Study’.”  Letter from R.W. Craig (USGS) to 
T.C. Gunter (DOE/YMSCO), September 26, 2001, with enclosure. 
ACC: MOL.20011114.0003. 

ANL-WIS-MD-000024 REV 01 8-2 	 February 2008 



   

100116 	 CRWMS M&O 1996.  Probabilistic Volcanic Hazard Analysis for Yucca 
Mountain, Nevada.  BA0000000-01717-2200-00082 REV 0. Las Vegas, Nevada: 
CRWMS M&O.  ACC: MOL.19971201.0221. 

103731 	 CRWMS M&O 1998.  Probabilistic Seismic Hazard Analyses for Fault 
Displacement and Vibratory Ground Motion at Yucca Mountain, Nevada. 
Milestone SP32IM3, September 23, 1998.  Three volumes.  Las Vegas, Nevada: 
CRWMS M&O. ACC:  MOL.19981207.0393. 

155970 	 DOE (U.S. Department of Energy) 2002. Final Environmental Impact Statement 
for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level 
Radioactive Waste at Yucca Mountain, Nye County, Nevada. DOE/EIS-0250. 
Washington, D.C.: U.S. Department of Energy, Office of Civilian Radioactive 
Waste Management. ACC:  MOL.20020524.0314; MOL.20020524.0315; 
MOL.20020524.0316; MOL.20020524.0317; MOL.20020524.0318; 
MOL.20020524.0319; MOL.20020524.0320. 

181403 	 DOE 2007. Transportation, Aging and Disposal Canister System Performance 
Specification.  WMO-TADCS-000001, Rev. 0.  Washington, D.C.: U.S. 
Department of Energy, Office of Civilian Radioactive Waste Management.  
ACC: DOC.20070614.0007. 

169992 	DOE 2007. Waste Acceptance System Requirements Document. DOE/RW-0351, 
 Rev. 5. Washington, D.C., U.S. Department of Energy: Office of Civilian 

Radioactive Waste Management. ACC: DOC.20070522.0007. 

184172 	 MO0712DELNPCCA.001. Delineation of Postclosure Controlled Area. Submittal 
date: 12/03/2007. 

101903 	 NRC (U.S. Nuclear Regulatory Commission) 1997. Standard Review Plan for 
Dry Cask Storage Systems. NUREG-1536. Washington, D.C.: U.S. Nuclear 
Regulatory Commission. ACC: MOL.20010724.0307. 

163274 	 NRC 2003. Yucca Mountain Review Plan, Final Report.  NUREG-1804, Rev. 2. 
Washington, D.C.: U.S. Nuclear Regulatory Commission, Office of Nuclear 
Material Safety and Safeguards. TIC:  254568. 

149756 	NRC 2000. Standard Review Plan for Spent Fuel Dry Storage Facilities. 
NUREG-1567. Washington, D.C.: U.S. Nuclear Regulatory Commission. 
TIC: 247929. 

169760 	 Pan, L.; Wu, Y-S.; and Zhang, K. 2004.  “A Modeling Study of Flow Diversion 
and Focusing in Unsaturated Fractured Rock.” Vadose Zone Journal, 3, 233-246. 
Madison, Wisconsin: Soil Science Society of America.  TIC: 256135. 

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 8-3 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

181267 	 SNL 2007. Analysis of Dust Deliquescence for FEP Screening.  ANL-EBS-MD
000074 REV 01 AD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070911.0004; DOC.20070824.0001; DOC.20080109.0005. 

181244 	 SNL (Sandia National Laboratories) 2007. Abstraction of Drift Seepage. 
MDL-NBS-HS-000019 REV 01 ADD 01. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070807.0001. 

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

184433 	SNL 2008. Multiscale Thermohydrologic Model. ANL-EBS-MD-000049 REV 03 
AD 02. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20080201.0003. 

178765 	 SNL 2007. Analysis of Mechanisms for Early Waste Package/Drip Shield 
Failure.  ANL-EBS-MD-000076 REV 00.  Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070629.0002. 

177431 	 SNL 2007. Atmospheric Dispersal and Deposition of Tephra from a Potential 
Volcanic Eruption at Yucca Mountain, Nevada.  MDL-MGR-GS-000002 
REV 03. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20071010.0003. 

177399 	 SNL 2007. Biosphere Model Report.  MDL-MGR-MD-000001 REV 02. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070830.0007. 

179545 	 SNL 2007. Calibrated Unsaturated Zone Properties.  ANL-NBS-HS-000058 
REV 00. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070530.0013. 

174260 	 SNL 2007. Characterize Eruptive Processes at Yucca Mountain, Nevada. 
ANL-MGR-GS-000002 REV 03.  Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070301.0001. 

177412 	 SNL 2007. Engineered Barrier System: Physical and Chemical Environment. 
ANL-EBS-MD-000033 REV 06.  Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070907.0003. 

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

ANL-WIS-MD-000024 REV 01 8-4 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

179347 	 SNL 2007. Redistribution of Tephra and Waste by Geomorphic Processes 
Following a Potential Volcanic Eruption at Yucca Mountain, Nevada. 
MDL-MGR-GS-000006 REV 00. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20071220.0004. 

180616 	SNL 2007. Cladding Degradation Summary for LA. ANL-WIS-MD-000021 
REV 03 ADD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20050815.0002; DOC.20070614.0002. 

177430 	SNL 2007. Dike/Drift Interactions. MDL-MGR-GS-000005 REV 02. Las Vegas, 
Nevada: Sandia National Laboratories. ACC: DOC.20071009.0015. 

177418 	SNL 2007. Dissolved Concentration Limits of Elements with Radioactive 
Isotopes. ANL-WIS-MD-000010 REV 06. Las Vegas, Nevada: Sandia National 
Laboratory. ACC: DOC.20070918.0010. 

177404 	SNL 2007. Drift-Scale THC Seepage Model. MDL-NBS-HS-000001 REV 05. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20071010.0004. 

177407 	SNL 2007. EBS Radionuclide Transport Abstraction. ANL-WIS-PA-000001 
REV 03. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20071004.0001. 

180778 	SNL 2007. General Corrosion and Localized Corrosion of the Drip Shield. 
ANL-EBS-MD-000004 REV 02 ADD 01. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20060427.0002. 

178519 	SNL 2007. General Corrosion and Localized Corrosion of Waste Package Outer 
Barrier. ANL-EBS-MD-000003 REV 03. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070730.0003; DOC.20070807.0007. 

174109 	SNL 2007. Hydrogeologic Framework Model for the Saturated Zone Site-Scale 
Flow and Transport Model. MDL-NBS-HS-000024 REV 01. Las Vegas, Nevada: 
Sandia National Laboratories. ACC: DOC.20070411.0003. 

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

177411 	SNL 2007. In-Drift Precipitates/Salts Model. ANL-EBS-MD-000045 REV 03. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070306.0037. 

180472 	SNL 2007. Initial Radionuclide Inventories. ANL-WIS-MD-000020 REV 01 
ADD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20050927.0005; DOC.20070801.0001. 

ANL-WIS-MD-000024 REV 01 8-5 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

180506 	SNL 2007. In-Package Chemistry Abstraction. ANL-EBS-MD-000037 REV 04 
ADD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070816.0004. 

178851 	SNL 2007. Mechanical Assessment of Degraded Waste Packages and Drip 
Shields Subject to Vibratory Ground Motion. MDL-WIS-AC-000001 REV 00. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070917.0006. 

177432 	SNL 2007. Number of Waste Packages Hit by Igneous Intrusion. ANL-MGR-GS
000003 REV 03. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20071002.0001. 

177396 	SNL 2007. Radionuclide Transport Models Under Ambient Conditions. 
MDL-NBS-HS-000008 REV 02 ADD 01. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20050823.0003; DOC.20070718.0003. 

177391 	SNL 2007. Saturated Zone Site-Scale Flow Model. MDL-NBS-HS-000011 
REV 03. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070626.0004; DOC.20071001.0013. 

176828 	SNL 2007. Seismic Consequence Abstraction. MDL-WIS-PA-000003 REV 03. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070928.0011. 

182648 	SNL 2007. Technical Work Plan for: Postclosure Nuclear Safety Design Bases. 
TWP-WIS-MD-000015 REV 04. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070803.0003. 

179354 	SNL 2007. Total System Performance Assessment Data Input Package for 
Requirements Analysis for Engineered Barrier System In-Drift Configuration. 
TDR-TDIP-ES-000010 REV 00. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20070921.0008. 

179567 	SNL 2007. Total System Performance Assessment Data Input Package for 
Requirements Analysis for DOE-OWNED SNF/HLW and Naval SNF Waste 
Package Physical Attributes Basis for Performance Assessment. TDR-TDIP-ES
000009 REV 00. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070921.0009. 

179466 	SNL 2007. Total System Performance Assessment Data Input Package for 
Requirements Analysis for Subsurface Facilities. TDR-TDIP-PA-000001 
REV 00. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20070921.0007. 

ANL-WIS-MD-000024 REV 01 8-6 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

179394 	SNL 2007. Total System Performance Assessment Data Input Package for 
Requirements Analysis for TAD Canister and Related Waste Package Overpack 
Physical Attributes Basis for Performance Assessment. TDR-TDIP-ES-000006 
REV 00. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070918.0005. 

184614 	SNL 2007. UZ Flow Models and Submodels. MDL-NBS-HS-000006 REV 03 
AD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC: 
DOC.20080108.0003; DOC.20080114.0001. 

177423 	SNL 2007. Waste Form and In-Drift Colloids-Associated Radionuclide 
Concentrations: Abstraction and Summary. MDL-EBS-PA-000004 REV 03. 
Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20071018.0019. 

183041 	 SNL 2008. Features, Events, and Processes for the Total System Performance 
Assessment: Analyses for the License Application: Analyses.  ANL-WIS-MD
000027 REV 00. Las Vegas, Nevada: Sandia National Laboratories.  ACC: In 
development. 

182145 	 SNL 2008. Simulation of Net Infiltration for Present-Day and Potential Future 
Climates.  MDL-NBS-HS-000023 REV 01 AD 01.  Las Vegas, Nevada: Sandia 
National Laboratories. ACC: DOC.20080201.0002. 

179476 	SNL 2008. Features, Events, and Processes for the Total System Performance 
Assessment: Methods. ANL-WIS-MD-000026 REV 00. Las Vegas, Nevada: 
Sandia National Laboratories. ACC: DOC.20080211.0010. 

184748 	SNL 2008. Particle Tracking Model and Abstraction of Transport Processes. 
MDL-NBS-HS-000020 REV 02 AD 02. Las Vegas, Nevada: Sandia National 
Laboratories. ACC: DOC.20080129.0008. 

184797 	SNL 2008. Performance Confirmation Plan. TDR-PCS-SE-000001 REV 05 
AD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC: In development. 

183750 	SNL 2008. Saturated Zone Flow and Transport Model Abstraction. MDL-NBS
HS-000021 REV 03 AD 02. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20080107.0006. 

173869 	SNL 2008. Screening Analysis of Criticality Features, Events, and Processes for 
License Application. ANL-DS0-NU-000001 REV 00. Las Vegas, Nevada: Sandia 
National Laboratories. ACC: DOC.20080208.0001. 

184806 	SNL 2008. Site-Scale Saturated Zone Transport. MDL-NBS-HS-000010 REV 03 
AD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20080121.0003. 

ANL-WIS-MD-000024 REV 01 8-7 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

183478 SNL 2008. Total System Performance Assessment Model /Analysis for the 
License Application.  MDL-WIS-PA-000005 REV 00 AD 01.  Las Vegas, 
Nevada: Sandia National Laboratories. ACC: In development. 

161058 Wu, Y-S.; Zhang, W.; Pan, L.; Hinds, J.; and Bodvarsson, G.S. 2002.  “Modeling 
Capillary Barriers in Unsaturated Fractured Rock.”  Water Resources Research, 
38, (11), 35-1 through 35-12. Washington, D.C.: American Geophysical Union.  
TIC: 253854. 

154918 Wu, Y-S.; Zhang, W.; Pan, L.; Hinds, J.; and Bodvarsson, G.S. 2000. Capillary 
Barriers in Unsaturated Fractured Rocks of Yucca Mountain, Nevada. 
LBNL-46876. Berkeley, California: Lawrence Berkeley National Laboratory. 
TIC: 249912. 

100520 YMP (Yucca Mountain Site Characterization Project) 1993. Evaluation of the 
Potentially Adverse Condition “Evidence of Extreme Erosion During the 
Quaternary Period” at Yucca Mountain, Nevada. Topical Report YMP/92-41
TPR. Las Vegas, Nevada: Yucca Mountain Site Characterization Office. 
ACC: NNA.19930316.0208. 

154386 YMP 2001. Reclamation Implementation Plan. YMP/91-14, Rev. 2. Las Vegas, 
Nevada: Yucca Mountain Site Characterization Office. 
ACC: MOL.20010301.0238. 

8.2 CODES, STANDARDS, REGULATIONS, AND PROCEDURES 

180319 	 10 CFR 63. 2007. Energy: Disposal of High-Level Radioactive Wastes in a 
Geologic Repository at Yucca Mountain, Nevada. Internet Accessible. 

177357 	 70 FR 49014. Public Health and Environmental Radiation Protection Standards 
for Yucca Mountain, NV. Internet Accessible. 

178394 	 70 FR 53313. Implementation of a Dose Standard After 10,000 Years. Internet 
Accessible. 

166013 	 ASME B46.1-2002. 2003. Surface Texture (Surface Roughness, Waviness and 
Lay). New York, New York: American Society of Mechanical Engineers. 
TIC: 257359. 

147465 	 ASTM B 575-99a. 1999. Standard Specification for Low-Carbon Nickel
Molybdenum-Chromium, Low-Carbon Nickel-Chromium-Molybdenum, Low-
Carbon Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nickel-Chromium
Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-
Tungsten Alloy Plate, Sheet, and Strip. West Conshohocken, Pennsylvania: 
American Society for Testing and Materials. TIC: 247534. 

ANL-WIS-MD-000024 REV 01 8-8 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

IM-PRO-003, Software Management. Las Vegas, Nevada: Sandia National 
Laboratories. 

151873 	 NAC (Nevada Administrative Code) 534. 2006. Underground Water and Wells. 
258960.

 SCI-PRO-002, Planning for Science Activities. Las Vegas, Nevada: Sandia 
National Laboratories. 

SCI-PRO-004, Managing Technical Product Inputs. Las Vegas, Nevada: Sandia 
National Laboratories.

 SCI-PRO-005, Scientific Analyses and Calculations. Las Vegas, Nevada: Sandia 
National Laboratories. 

8.3 PRODUCT OUTPUT, LISTED BY DATA TRACKING NUMBER 

 MO0801TABLITWI.000   ITWI FEATURES, submitted 1/31/2008 

 MO0802ITWIBARR.000.  Classification of Control Parameter Characteristics. 
Submittal date:  2/22/2008. 

 MO0802ITWITABS.000.    ITBC Features/Components and ITBC Parameter 
Characteristics. Submittal date:  2/22/2008. 

ANL-WIS-MD-000024 REV 01 8-9 	 February 2008 



   

Postclosure Nuclear Safety Design Bases 

INTENTIONALLY LEFT BLANK 


ANL-WIS-MD-000024 REV 01 8-10 February 2008 



APPENDIX A 

ITBC EVALUATION AND PARAMETER DESCRIPTION FOR THE BARRIERS 




     ANL-WIS-MD-000024 REV 01 Febuary 2008 



   

 

 

 

 
 

 

 
 

  

 

 
 

  
 

 

 

  

 
 

 

 

 
  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 



Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

1.
2.

02
.0

1.
0A

Fr
ac

tu
re

s
In

cl
ud

ed
 

Th
e 

hy
dr

ol
og

ic
 c

ha
ra

ct
er

is
tic

s 
of

 fr
ac

tu
re

d 
be

dr
oc

k 
be

lo
w

 th
e 

su
rfi

ci
al

 
so

ils
 a

re
 s

ig
ni

fic
an

t i
n 

af
fe

ct
in

g 
th

e 
am

ou
nt

 o
f n

et
 in

fil
tra

tio
n 

in
to

 th
e 

re
po

si
to

ry
, a

s 
th

e 
fra

ct
ur

es
 a

nd
 fr

ac
tu

re
 p

ro
pe

rti
es

 a
ffe

ct
 th

e 
ra

te
 o

f 
w

at
er

 m
ov

em
en

t b
el

ow
 th

e 
so

il–
be

dr
oc

k 
co

nt
ac

t, 
es

pe
ci

al
ly

 in
 a

re
as

 
of

 th
in

 s
oi

ls
. 

U
nc

er
ta

in
ty

 in
 th

e 
fra

ct
ur

e 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s,

 in
 

pa
rti

cu
la

r f
ra

ct
ur

e 
pe

rm
ea

bi
lit

y 
an

d 
fra

ct
ur

e 
fil

lin
g,

 h
as

 b
ee

n 
in

co
rp

or
at

ed
 in

to
 th

e 
ne

t i
nf

ilt
ra

tio
n 

m
od

el
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

01
.0

A 

Y
es

 
IT

B
C

:
S

ur
fa

ce
 S

oi
l 

P
ro

pe
rti

es
 

(in
cl

ud
in

g 
ve

ge
ta

tio
n)

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

1.
2.

07
.0

1.
0A

E
ro

si
on

 / 
D

en
ud

at
io

n
Ex

cl
ud

ed
 

E
ro

si
on

 a
nd

 w
ea

th
er

in
g 

pr
oc

es
se

s 
oc

cu
r i

n 
th

e 
hi

gh
, s

te
ep

, a
nd

 
re

la
tiv

el
y 

w
et

 u
pl

an
ds

.  
Th

e 
ra

te
 o

f l
ar

ge
-s

ca
le

 d
en

ud
at

io
n 

pr
oc

es
se

s 
du

e 
to

 v
ar

io
us

 s
ur

fa
ce

 m
at

er
ia

l-l
os

s 
pr

oc
es

se
s 

ov
er

 th
e 

ne
xt

 1
0,

00
0 

ye
ar

s 
is

 e
xp

ec
te

d 
to

 b
e 

le
ss

 th
an

 1
0 

cm
, w

hi
ch

 is
 w

ith
in

 th
e 

ra
ng

e 
of

 
ex

is
tin

g 
su

rfa
ce

 ir
re

gu
la

rit
ie

s 
(o

r s
ur

fa
ce

 ro
ug

hn
es

s)
 a

nd
 is

 n
eg

lig
ib

le
 

co
m

pa
re

d 
to

 th
e 

ov
er

bu
rd

en
 th

ic
kn

es
s 

of
 2

00
 m

 a
bo

ve
 th

e 
re

po
si

to
ry

.
A

lth
ou

gh
 e

ro
si

on
 c

an
 a

ffe
ct

 s
oi

l d
ep

th
 a

nd
 lo

ca
l n

et
 in

fil
tra

tio
n,

 s
uc

h 
in

cr
ea

se
 w

ill
 h

av
e 

an
 in

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

se
ep

ag
e,

 a
s 

a 
re

su
lt 

of
 th

e 
da

m
pi

ng
 a

nd
 a

tte
nu

at
io

n 
of

 p
er

co
la

tio
n 

flu
xe

s 
by

 th
e 

P
ai

nt
br

us
h 

no
nw

el
de

d 
hy

dr
og

eo
lo

gi
c 

un
it.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
7.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

-IT
B

C
:

R
ec

la
m

at
io

n 
of

 
La

nd
s 

D
is

tu
rb

ed
by

 R
ep

os
ito

ry
R

ep
os

ito
ry

El
ev

at
io

n 
be

lo
w

th
e 

S
ur

fa
ce

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

1.
2.

07
.0

2.
0A

D
ep

os
iti

on
Ex

cl
ud

ed
 

D
ep

os
iti

on
 w

ill
 n

ot
 c

au
se

 s
ig

ni
fic

an
t c

ha
ng

es
 in

 s
ur

fic
ia

l t
op

og
ra

ph
y

an
d 

m
or

ph
ol

og
y 

an
d 

th
er

ef
or

e 
w

ill
 n

ot
 im

pa
ct

 n
et

 in
fil

tra
tio

n 
ex

ce
pt

 in
 

ar
ea

s 
w

ith
 s

ha
llo

w
 s

oi
ls

, w
he

re
 d

ep
os

iti
on

 w
ill

 le
ad

 to
 a

 re
du

ct
io

n 
in

lo
ca

liz
ed

 n
et

 in
fil

tra
tio

n.
  I

n 
ad

di
tio

n,
 a

lth
ou

gh
 a

 d
om

in
an

t p
ro

ce
ss

 in
 

Fo
rty

m
ile

 W
as

h,
 d

ep
os

iti
on

 h
as

 li
ttl

e 
ef

fe
ct

 o
n 

re
ch

ar
ge

 to
 th

e 
sa

tu
ra

te
d 

zo
ne

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
7.

02
.0

A 

N
o 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

-IT
B

C
:

R
ec

la
m

at
io

n 
of

 
La

nd
s 

D
is

tu
rb

ed
by

 R
ep

os
ito

ry
 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A1-1 Febuary 2008 



 

   

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

1.
3.

01
.0

0.
0A

C
lim

at
e 

C
ha

ng
e

In
cl

ud
ed

 

C
lim

at
e 

ch
an

ge
 a

ffe
ct

s 
th

e 
am

ou
nt

 a
nd

 d
is

tri
bu

tio
n 

of
 w

at
er

 th
at

 
in

fil
tra

te
s 

in
to

 th
e 

su
rfi

ci
al

 s
oi

ls
 a

nd
 u

nd
er

ly
in

g 
be

dr
oc

k.
  F

ut
ur

e
cl

im
at

e 
an

al
ys

es
 in

di
ca

te
 th

at
 th

e 
cl

im
at

e 
at

 Y
uc

ca
 M

ou
nt

ai
n 

w
ill

 
ev

ol
ve

 to
 a

 w
ar

m
er

 a
nd

 w
et

te
r m

on
so

on
 c

lim
at

e 
fo

llo
w

ed
 b

y 
a 

co
ol

er
, 

w
et

te
r g

la
ci

al
-tr

an
si

tio
n 

cl
im

at
e 

w
ith

in
 th

e 
fir

st
 1

0,
00

0 
ye

ar
s 

af
te

r 
di

sp
os

al
. 

Th
e 

ef
fe

ct
s 

of
 c

lim
at

e 
ch

an
ge

 o
n 

gr
ou

nd
w

at
er

 fl
ow

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 th
e 

re
po

si
to

ry
 a

re
 in

co
rp

or
at

ed
 in

to
 th

e 
TS

P
A

 u
si

ng
 ti

m
e-

de
pe

nd
en

t i
nf

ilt
ra

tio
n 

ra
te

s 
as

 a
 b

ou
nd

ar
y 

co
nd

iti
on

 
to

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 fo
r t

he
 fi

rs
t 1

0,
00

0 
ye

ar
s 

an
d 

fo
r t

he
 

po
st

-1
0,

00
0-

ye
ar

 p
er

io
d,

 u
si

ng
 th

e 
di

st
rib

ut
io

n 
fo

r t
he

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 th

at
 im

pl
em

en
ts

 th
e 

re
qu

ire
m

en
ts

 o
f t

he
 p

ro
po

se
d 

ru
le

. 
Th

e 
cl

im
at

e 
ch

an
ge

 e
ffe

ct
s 

th
e 

am
ou

nt
 o

f w
at

er
 a

va
ila

bl
e 

fo
r 

in
fil

tra
tio

n 
in

to
 th

e 
U

Z.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.3
.0

1.
00

.0
A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

1.
4.

01
.0

1.
0A

C
lim

at
e 

M
od

ifi
ca

tio
n 

In
cr

ea
se

s 
R

ec
ha

rg
e 

In
cl

ud
ed

 

Fu
tu

re
 c

lim
at

e 
ch

an
ge

 s
ig

ni
fic

an
tly

 a
ffe

ct
s 

th
e 

am
ou

nt
 a

nd
 ti

m
in

g 
of

 
pr

ec
ip

ita
tio

n 
an

d 
te

m
pe

ra
tu

re
, w

hi
ch

 in
 tu

rn
 a

ffe
ct

s 
ne

t i
nf

ilt
ra

tio
n 

in
to

 
su

rfi
ci

al
 s

oi
ls

.  
Th

e 
ne

t e
ffe

ct
 o

f c
lim

at
e 

ch
an

ge
 a

fte
r r

ep
os

ito
ry

cl
os

ur
e 

is
 to

 in
cr

ea
se

 th
e 

am
ou

nt
 o

f w
at

er
 th

at
 p

re
ci

pi
ta

te
s 

an
d 

ca
n 

in
fil

tra
te

 th
ro

ug
h 

th
e 

su
rfi

ci
al

 s
oi

ls
, e

ve
nt

ua
lly

 p
er

co
la

tin
g 

th
ro

ug
h 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
s 

re
ch

ar
ge

 to
 th

e 
w

at
er

 ta
bl

e.
  T

he
 c

lim
at

e 
ef

fe
ct

 
on

 n
et

 in
fil

tra
tio

n 
ha

s 
be

en
 d

ire
ct

ly
 in

cl
ud

ed
 in

 th
e 

as
se

ss
m

en
t o

f 
pe

rfo
rm

an
ce

 a
nd

 b
ar

rie
r c

ap
ab

ilit
y 

by
 d

ev
el

op
in

g 
in

fil
tra

tio
n 

sc
en

ar
io

s 
fo

r e
ac

h 
of

 th
re

e 
cl

im
at

es
 fo

r t
he

 fi
rs

t 1
0,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
: 

pr
es

en
t-d

ay
, m

on
so

on
, a

nd
 g

la
ci

al
 tr

an
si

tio
n.

  A
fte

r t
ha

t a
nd

 th
ro

ug
h 

th
e 

pe
rio

d 
of

 g
eo

lo
gi

ca
l s

ta
bi

lit
y 

(a
s 

pr
op

os
ed

 b
y 

40
 C

FR
 1

97
 [D

IR
S

 
17

73
57

]),
 th

e 
cl

im
at

e 
m

od
ifi

ca
tio

n 
on

 p
er

co
la

tio
n 

an
d 

re
ch

ar
ge

 is
 

in
co

rp
or

at
ed

 in
to

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t u
si

ng
 th

e 
di

st
rib

ut
io

n 
of

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 a

s 
sp

ec
ifi

ed
 in

 th
e 

pr
op

os
ed

 ru
le

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.4

.0
1.

01
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

IT
B

C
:

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A-2 Febuary 2008 



 

   

 

 
 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

  
 

 

 

 

 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
2.

03
.0

2.
0A

R
oc

k 
P

ro
pe

rti
es

 o
f

H
os

t R
oc

k 
an

d 
ot

he
r

U
ni

ts
In

cl
ud

ed
 

Th
e 

hy
dr

ol
og

ic
 c

ha
ra

ct
er

is
tic

s 
(e

.g
., 

pe
rm

ea
bi

lit
y,

 p
or

os
ity

, c
ap

ill
ar

ity
, 

st
or

ag
e 

ca
pa

ci
ty

) o
f t

he
 s

ur
fic

ia
l s

oi
ls

 a
nd

 s
ha

llo
w

 b
ed

ro
ck

 a
bo

ve
 th

e 
re

po
si

to
ry

 a
re

 s
ig

ni
fic

an
t i

n 
af

fe
ct

in
g 

th
e 

am
ou

nt
 o

f n
et

 in
fil

tra
tio

n 
fo

llo
w

in
g 

a 
pr

ec
ip

ita
tio

n 
ev

en
t. 

 T
he

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
su

rfi
ci

al
 

so
ils

 a
ls

o 
af

fe
ct

 th
e 

so
il 

re
te

nt
io

n 
an

d 
th

e 
tim

e 
in

fil
tra

tin
g 

w
at

er
 ta

ke
s 

to
 p

as
s 

be
lo

w
 th

e 
ro

ot
 z

on
e 

to
 b

ec
om

e 
ne

t i
nf

ilt
ra

tio
n 

(i.
e.

, w
he

re
 it

 is
 

no
t s

ub
je

ct
 to

 fu
rth

er
 e

va
po

tra
ns

pi
ra

tio
n 

pr
oc

es
se

s)
.  

Th
e 

hy
dr

ol
og

ic
 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

su
rfa

ce
 s

oi
ls

 a
nd

 s
ha

llo
w

 b
ed

ro
ck

 a
t Y

uc
ca

 
M

ou
nt

ai
n,

 in
cl

ud
in

g 
as

so
ci

at
ed

 u
nc

er
ta

in
ty

, m
os

t n
ot

ab
ly

 th
e 

pe
rm

ea
bi

lit
y,

 a
re

 in
cl

ud
ed

 in
 th

e 
as

se
ss

m
en

t o
f t

he
 n

et
 in

fil
tra

tio
n 

an
d 

de
te

rm
in

ed
 to

 b
e 

IT
B

C
.  

FE
P 

So
ur

ce
:

S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
- 2

.2
.0

3.
02

.0
A

 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

N
on

e 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
2.

06
.0

4.
0A

E
ffe

ct
s 

of
Su

bs
id

en
ce

 
Ex

cl
ud

ed
 

TH
M

 m
od

el
in

g 
sh

ow
ed

 th
at

 s
ub

si
de

nc
e 

di
st

an
ce

s 
w

ou
ld

 b
e 

in
di

st
in

gu
is

ha
bl

e 
fro

m
 n

at
ur

al
 v

ar
ia

tio
ns

 in
 th

e 
gr

ou
nd

 s
ur

fa
ce

, a
nd

 
ar

e 
to

o 
sm

al
l t

o 
af

fe
ct

 ru
n 

of
f o

r i
nf

ilt
ra

tio
n,

 o
r t

o 
cr

ea
te

im
po

un
dm

en
ts

.  
In

 a
dd

iti
on

, c
or

ro
bo

ra
tiv

e 
m

in
in

g 
da

ta
 in

di
ca

te
 n

o 
su

bs
id

en
ce

 fo
r t

he
 s

iz
e 

of
 th

e 
dr

ift
 o

pe
ni

ng
 re

la
tiv

e 
to

 d
rif

t s
pa

ci
ng

.  
 

St
re

ss
 re

lie
ve

d 
en

ha
nc

em
en

ts
 to

 fr
ac

tu
re

 p
er

m
ea

bi
lit

y 
an

d 
ca

pi
lla

rit
y

du
e 

to
 th

e 
ex

ca
va

tio
n 

ha
ve

 b
ee

n 
in

cl
ud

ed
 in

 th
e 

un
ce

rta
in

ty
 o

f 
pe

rm
ea

bi
lit

y 
an

d 
ca

pi
lla

rit
y 

us
ed

 in
 th

e 
se

ep
ag

e 
m

od
el

s.
 T

he
 c

ha
ng

es
 

to
 fr

ac
tu

re
 c

ha
ra

ct
er

is
tic

s 
ar

ou
nd

 e
m

pl
ac

em
en

t d
rif

ts
 d

ue
 to

 s
tre

ss
 

re
lie

f h
av

e 
be

en
 fo

un
d 

to
 b

e 
to

o 
sm

al
l t

o 
ca

us
e 

ad
ve

rs
e 

ef
fe

ct
s 

on
 

se
ep

ag
e.

 S
ub

si
de

nc
e 

in
du

ce
d 

st
re

ss
 e

ffe
ct

s 
on

 U
Z 

flo
w

 a
re

 
ne

gl
ig

ib
le

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
6.

04
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t D
ia

m
et

er
Em

pl
ac

em
en

t 
D

rif
t S

pa
ci

ng
R

ep
os

ito
ry

La
yo

ut
 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
To

po
gr

ap
hy

 a
nd

 
S

ur
fic

ia
l S

oi
ls

 
2.

2.
07

.0
1.

0A
Lo

ca
lly

 S
at

ur
at

ed
 

flo
w

 a
t B

ed
ro

ck
/ 

A
llu

vi
um

 C
on

ta
ct

 
Ex

cl
ud

ed
 

Th
e 

po
ss

ib
ili

ty
 o

f l
oc

al
ly

 s
at

ur
at

ed
 fl

ow
 c

on
di

tio
ns

 a
t t

he
 b

ed
ro

ck
–

al
lu

vi
um

 c
on

ta
ct

 h
as

 b
ee

n 
ex

cl
ud

ed
 in

 th
e 

as
se

ss
m

en
t o

f n
et

 
in

fil
tra

tio
n 

fo
r t

w
o 

re
as

on
s.

  F
irs

t, 
m

os
t o

f t
he

 in
fil

tra
tio

n 
m

od
el

 d
om

ai
n 

is
 c

ha
ra

ct
er

iz
ed

 b
y 

re
la

tiv
el

y 
lo

w
 s

lo
pe

, w
hi

ch
 c

or
re

sp
on

ds
 to

 a
 s

m
al

l 
la

te
ra

l h
yd

ra
ul

ic
 g

ra
di

en
t. 

 S
ec

on
d,

 b
ul

k 
be

dr
oc

k 
sa

tu
ra

te
d 

hy
dr

au
lic

 
co

nd
uc

tiv
ity

 v
al

ue
s 

ar
e 

ge
ne

ra
lly

 h
ig

he
r t

ha
n 

th
e 

sa
tu

ra
te

d 
hy

dr
au

lic
 

co
nd

uc
tiv

ity
 v

al
ue

s 
in

 th
e 

ov
er

ly
in

g 
so

il 
an

d,
 th

er
ef

or
e,

 o
nc

e 
w

at
er

 
re

ac
he

s 
th

e 
so

il–
be

dr
oc

k 
in

te
rfa

ce
, i

t w
ou

ld
 te

nd
 to

 e
nt

er
 b

ed
ro

ck
 

in
st

ea
d 

of
 fl

ow
in

g 
la

te
ra

lly
 a

lo
ng

 th
e 

in
te

rfa
ce

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-3 Febuary 2008 



 

   

 

 

 

 
 

 
 

 

 
 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
2.

07
.0

8.
0A

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z

In
cl

ud
ed

 

Th
e 

hy
dr

ol
og

ic
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

su
rfi

ci
al

 s
oi

ls
 a

bo
ve

 th
e 

re
po

si
to

ry
 a

re
 s

ig
ni

fic
an

t i
n 

af
fe

ct
in

g 
th

e 
am

ou
nt

 o
f n

et
 in

fil
tra

tio
n 

fo
llo

w
in

g 
a 

pr
ec

ip
ita

tio
n 

ev
en

t. 
 F

ra
ct

ur
e 

flo
w

 in
 th

e 
be

dr
oc

k 
be

ne
at

h 
th

e 
su

rfi
ci

al
 s

oi
ls

, a
ffe

ct
s 

th
e 

ra
te

 o
f w

at
er

 m
ov

em
en

t b
el

ow
 th

e 
so

il 
an

d 
be

dr
oc

k 
co

nt
ac

t, 
es

pe
ci

al
ly

 in
 a

re
as

 o
f t

hi
n 

so
ils

.  
FE

P 
So

ur
ce

:
S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

- 2
.2

.0
7.

08
.0

A
 

Y
es

 
IT

B
C

:
S

ur
fa

ce
 S

oi
l 

P
ro

pe
rti

es
 

(in
cl

ud
in

g 
ve

ge
ta

tio
n)

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
3.

01
.0

0.
0A

To
po

gr
ap

hy
 a

nd
 

M
or

ph
ol

og
y

In
cl

ud
ed

 

S
ur

fic
ia

l t
op

og
ra

ph
y 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
s 

th
e 

am
ou

nt
 o

f r
un

of
f o

f 
pr

ec
ip

ita
tio

n 
ev

en
ts

.  
Th

e 
to

po
gr

ap
hy

 a
nd

 m
or

ph
ol

og
y 

of
 th

e 
gr

ou
nd

 
su

rfa
ce

 a
bo

ve
 th

e 
re

po
si

to
ry

 a
re

 s
uc

h 
th

at
 a

 p
or

tio
n 

of
 th

e 
pr

ec
ip

ita
tio

n 
th

at
 fa

lls
 a

t Y
uc

ca
 M

ou
nt

ai
n 

is
 u

na
va

ila
bl

e 
fo

r i
nf

ilt
ra

tio
n 

du
e 

to
 s

ur
fa

ce
 ru

no
ff.

  G
en

er
al

ly
, t

he
 s

te
ep

er
 s

lo
pe

s 
ha

ve
 m

or
e 

ru
no

ff 
an

d 
le

ss
 in

fil
tra

tio
n 

th
an

 th
e 

m
or

e 
ge

nt
le

 s
lo

pe
s.

  V
ar

ia
bi

lit
y 

in
 s

lo
pe

 
an

gl
es

 a
nd

 o
rie

nt
at

io
n 

an
d 

pe
rm

ea
bi

lit
y 

of
 s

ur
fic

ia
l r

oc
k 

an
d 

so
il 

ha
s 

be
en

 in
cl

ud
ed

 in
 th

e 
in

fil
tra

tio
n 

m
od

el
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.3
.0

1.
00

.0
A 

Y
es

 
IT

B
C

:
S

ur
fa

ce
 S

oi
l 

P
ro

pe
rti

es
 

(in
cl

ud
in

g 
ve

ge
ta

tio
n)

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ec

la
m

at
io

n 
of

 
La

nd
s 

D
is

tu
rb

ed
by

 R
ep

os
ito

ry
 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
3.

11
.0

1.
0A

Pr
ec

ip
ita

tio
n 

In
cl

ud
ed

 

P
re

ci
pi

ta
tio

n 
is

 im
po

rta
nt

 in
 th

e 
ev

al
ua

tio
n 

of
 th

e 
ne

t i
nf

ilt
ra

tio
n 

in
to

 
th

e 
be

dr
oc

k 
be

lo
w

 th
e 

su
rfi

ci
al

 s
oi

ls
.  

Th
e 

te
m

po
ra

l a
nd

 s
pa

tia
l 

di
st

rib
ut

io
n 

of
 p

re
ci

pi
ta

tio
n 

af
fe

ct
s 

th
e 

am
ou

nt
 o

f w
at

er
 a

va
ila

bl
e 

to
 

po
te

nt
ia

lly
 ru

n 
of

f, 
ev

ap
or

at
e,

 tr
an

sp
ire

, o
r i

nf
ilt

ra
te

.  
G

iv
en

 th
e

se
m

ia
rid

 c
lim

at
e 

at
 Y

uc
ca

 M
ou

nt
ai

n,
 th

er
e 

ar
e 

lo
ng

 p
er

io
ds

 o
f t

im
e 

w
he

n 
th

er
e 

is
 a

 n
et

 e
va

po
tra

ns
pi

ra
tio

n 
fro

m
 th

e 
su

rfi
ci

al
 s

oi
ls

, 
in

te
rru

pt
ed

 b
y 

sh
or

t-d
ur

at
io

n 
pr

ec
ip

ita
tio

n 
ev

en
ts

 th
at

 c
an

 re
su

lt 
in

 
so

m
e 

in
fil

tra
tio

n.
 G

en
er

al
ly

, g
re

at
er

 in
fil

tra
tio

n 
oc

cu
rs

 w
he

n 
pr

ec
ip

ita
tio

n 
oc

cu
rs

 in
 c

oo
le

r m
on

th
s 

w
he

n 
th

er
e 

is
 le

ss
 p

ot
en

tia
l f

or
 

ev
ap

ot
ra

ns
pi

ra
tio

n.
  N

et
 in

fil
tra

tio
n 

un
de

r p
re

se
nt

-d
ay

 a
nd

 fu
tu

re
 

cl
im

at
es

 d
ur

in
g 

th
e 

fir
st

 1
0,

00
0 

ye
ar

s 
af

te
r r

ep
os

ito
ry

 c
lo

su
re

 is
 

ca
lc

ul
at

ed
 in

 th
e 

in
fil

tra
tio

n 
m

od
el

. H
is

to
ric

al
 p

re
ci

pi
ta

tio
n 

cy
cl

es
 w

er
e

us
ed

 in
 th

e 
de

ve
lo

pm
en

t o
f t

he
 fu

tu
re

 c
lim

at
e 

st
at

es
.  

Fo
r t

he
 p

os
t

10
,0

00
-y

ea
r p

er
io

d 
up

 to
 g

eo
lo

gi
c 

st
ab

ilit
y 

(a
s 

pr
op

os
ed

 b
y 

40
 C

FR
 

19
7 

[D
IR

S
 1

77
35

7]
), 

th
e 

pr
ec

ip
ita

tio
n 

ef
fe

ct
 is

 im
pl

ic
itl

y 
in

co
rp

or
at

ed
 

in
to

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t b
y 

us
in

g 
th

e 
di

st
rib

ut
io

n 
of

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 a

s 
sp

ec
ifi

ed
 in

 th
e 

pr
op

os
ed

 ru
le

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.3

.1
1.

01
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-4 Febuary 2008 



 

 

   

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
3.

11
.0

2.
0A

S
ur

fa
ce

 R
un

of
f a

nd
 

E
va

po
tra

ns
pi

ra
tio

n
In

cl
ud

ed
 

S
ur

fa
ce

 ru
no

ff 
m

ay
 re

di
st

rib
ut

e 
pr

ec
ip

ita
tio

n 
to

 a
re

as
 a

w
ay

 fr
om

 th
e 

re
po

si
to

ry
 fo

ot
pr

in
t w

he
re

 it
 m

ay
 in

fil
tra

te
. S

ur
fa

ce
 w

at
er

 ru
no

ff 
an

d 
ev

ap
ot

ra
ns

pi
ra

tio
n 

ar
e 

co
m

po
ne

nt
s 

in
 th

e 
w

at
er

 b
al

an
ce

 to
ge

th
er

 w
ith

 
pr

ec
ip

ita
tio

n,
 in

fil
tra

tio
n,

 a
nd

 c
ha

ng
e 

in
 s

to
ra

ge
. S

ur
fa

ce
 ru

no
ff 

m
ay

pr
od

uc
e 

er
os

io
n 

an
d 

co
ul

d 
re

su
lt 

in
 in

cr
ea

se
d 

re
ch

ar
ge

 th
ro

ug
h 

th
e 

w
as

he
s 

an
d 

im
po

un
dm

en
ts

 in
 lo

w
-ly

in
g 

ar
ea

s.
  

B
ot

h 
of

 th
es

e 
pr

oc
es

se
s 

ar
e 

in
cl

ud
ed

 in
 th

e 
in

fil
tra

tio
n 

m
od

el
 fo

r t
he

 fi
rs

t 1
0,

00
0 

ye
ar

s 
fo

llo
w

in
g 

re
po

si
to

ry
 c

lo
su

re
. F

or
 th

e 
po

st
-1

0,
00

0-
ye

ar
 p

er
io

d 
up

 
to

 g
eo

lo
gi

c 
st

ab
ilit

y,
 th

ei
r e

ffe
ct

s 
ar

e 
im

pl
ic

itl
y 

in
co

rp
or

at
ed

 in
to

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t b
y 

us
in

g 
th

e 
di

st
rib

ut
io

n 
of

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 a

s 
sp

ec
ifi

ed
 in

 th
e 

pr
op

os
ed

 ru
le

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.3
.1

1.
02

.0
A 

Y
es

 
IT

B
C

:
S

ur
fa

ce
 S

oi
l 

P
ro

pe
rti

es
 

(in
cl

ud
in

g 
ve

ge
ta

tio
n)

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

To
po

gr
ap

hy
 a

nd
 

S
ur

fic
ia

l S
oi

ls
 

2.
3.

11
.0

3.
0A

In
fil

tra
tio

n 
an

d
R

ec
ha

rg
e 

In
cl

ud
ed

 

In
fil

tra
tio

n 
is

 th
e 

ne
t r

es
ul

t o
f a

ll 
su

rfi
ci

al
 p

ro
ce

ss
es

 re
la

te
d 

to
 th

e 
av

ai
la

bi
lit

y 
of

 w
at

er
.  

Th
es

e 
pr

oc
es

se
s,

 in
cl

ud
e 

th
e 

ef
fe

ct
s 

of
 s

ea
so

na
l 

an
d 

cl
im

at
e 

va
ria

tio
ns

, c
lim

at
e 

ch
an

ge
, s

ur
fa

ce
-w

at
er

 ru
no

ff,
 

ev
ap

ot
ra

ns
pi

ra
tio

n.
  T

he
se

 p
ro

ce
ss

es
 re

su
lt 

in
 a

 s
pa

tia
l d

is
tri

bu
tio

n 
of

 
w

at
er

 a
va

ila
bl

e 
to

 p
er

co
la

te
 th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

en
ea

th
 

th
e 

su
rfi

ci
al

 s
oi

ls
 a

s 
in

fil
tra

tio
n.

  U
nc

er
ta

in
ty

 in
 in

fil
tra

tio
n 

is
 a

 re
su

lt 
of

 
un

ce
rta

in
ty

 in
 s

oi
l a

nd
 ro

ck
 c

ha
ra

ct
er

is
tic

s,
 p

re
ci

pi
ta

tio
n,

 a
nd

 s
ur

fa
ce

 
to

po
gr

ap
hy

.  
Th

e 
ra

te
 o

f n
et

 in
fil

tra
tio

n 
an

d 
its

 a
ss

oc
ia

te
d 

un
ce

rta
in

ty
ar

e 
ev

al
ua

te
d 

us
in

g 
th

e 
in

fil
tra

tio
n 

m
od

el
 fo

r t
he

 fi
rs

t 1
0,

00
0 

ye
ar

s 
fo

llo
w

in
g 

re
po

si
to

ry
 c

lo
su

re
.  

Fo
r t

he
 p

os
t-1

0,
00

0-
ye

ar
 p

er
io

d 
up

 to
 

ge
ol

og
ic

 s
ta

bi
lit

y,
 th

e 
ef

fe
ct

s 
of

 in
fil

tra
tio

n 
ar

e 
im

pl
ic

itl
y 

in
co

rp
or

at
ed

 
in

to
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t b

y 
us

in
g 

th
e 

di
st

rib
ut

io
n 

of
 d

ee
p 

pe
rc

ol
at

io
n 

ra
te

 a
s 

sp
ec

ifi
ed

 in
 th

e 
pr

op
os

ed
 ru

le
 4

0 
C

FR
 1

97
 

[D
IR

S
 1

77
35

7]
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.3
.1

1.
03

.0
A 

Y
es

 
IT

B
C

:
S

ur
fa

ce
 S

oi
l 

P
ro

pe
rti

es
 

(in
cl

ud
in

g 
ve

ge
ta

tio
n)

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-5 Febuary 2008 



 

   

 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
1.

01
.0

1.
0A

O
pe

n 
S

ite
In

ve
st

ig
at

io
n 

B
or

eh
ol

es
Ex

cl
ud

ed
 

E
xi

st
in

g 
op

en
 s

ite
 in

ve
st

ig
at

io
n 

bo
re

ho
le

s 
ar

e 
ex

pe
ct

ed
 to

 b
e 

ba
ck

fil
le

d 
an

d 
pl

ug
ge

d 
to

 th
e 

up
pe

r 1
0 

ft 
w

ith
 c

em
en

t a
cc

or
di

ng
 to

 
N

A
C

 5
34

.4
37

1 
[D

IR
S

 1
51

87
3]

, a
nd

 a
ny

 b
or

eh
ol

es
 th

at
 a

re
 fo

un
d 

to
 

in
te

rc
ep

t w
as

te
 e

m
pl

ac
em

en
t d

rif
ts

 h
av

e 
ad

di
tio

na
l p

lu
gg

in
g 

re
qu

ire
m

en
ts

.  
O

pe
n 

bo
re

ho
le

s 
w

ill
 n

ot
 c

on
tri

bu
te

 s
ig

ni
fic

an
tly

 to
 

in
fil

tra
tio

n 
du

e 
to

 th
ei

r s
m

al
l a

re
a 

re
la

tiv
e 

to
 th

e 
fo

ot
pr

in
t a

re
a.

  B
as

ed
 

on
 th

e 
su

bs
ur

fa
ce

 d
es

ig
n 

la
yo

ut
, N

on
e 

of
 th

e 
15

 b
or

eh
ol

es
 in

 o
r n

ea
r 

th
e 

re
po

si
to

ry
 b

lo
ck

 w
ill

 in
te

rs
ec

t e
m

pl
ac

em
en

t d
rif

ts
.  

W
at

er
 e

nt
er

in
g

bo
re

ho
le

s 
w

ill 
co

nt
in

ue
 to

 fl
ow

 th
ro

ug
h 

th
e 

bo
re

ho
le

s 
to

 th
e 

w
at

er
 

ta
bl

e,
 b

yp
as

si
ng

 w
as

te
 e

m
pl

ac
em

en
t d

rif
ts

.  
Th

er
ef

or
e 

th
es

e 
bo

re
ho

le
s 

w
ill 

no
t p

ro
vi

de
 e

nh
an

ce
d 

pa
th

w
ay

s 
fo

r f
lo

w
 a

nd
 tr

an
sp

or
t 

be
ca

us
e 

th
ei

r c
ro

ss
-s

ec
tio

na
l a

re
a 

av
ai

la
bl

e 
to

 in
te

rc
ep

t l
at

er
al

 fl
ow

 is
 

ne
gl

ig
ib

le
 c

om
pa

re
d 

to
 th

at
 o

f f
ra

ct
ur

es
 a

nd
 fa

ul
ts

 p
re

se
nt

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

W
he

re
 s

uc
h 

bo
re

ho
le

s 
in

te
rs

ec
t p

er
ch

ed
 w

at
er

, 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
by

 p
er

ch
ed

 w
at

er
 fl

ow
in

g 
th

ro
ug

h 
bo

re
ho

le
s 

is
 

no
t e

xp
ec

te
d 

to
 b

e 
si

gn
ifi

ca
nt

 b
ec

au
se

 o
ve

ra
ll 

tra
ns

po
rt 

is
 d

om
in

at
ed

 
by

 tr
an

sp
or

t t
o 

th
e 

pe
rc

he
d 

w
at

er
 z

on
es

 in
st

ea
d 

of
 tr

an
sp

or
t f

ro
m

 
th

es
e 

zo
ne

s 
to

 th
e 

w
at

er
 ta

bl
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.1

.0
1.

01
.0

A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Se

ep
ag

e 
W

at
er

 
pr

op
er

tie
s 

Se
al

s 
an

d 
B

ac
kf

ill
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

C
lo

su
re

 o
f 

B
or

eh
ol

es
R

ec
la

m
at

io
n 

of
 

La
nd

s 
D

is
tu

rb
ed

by
 R

ep
os

ito
ry

 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
1.

01
.0

1.
0B

In
flu

x 
th

ro
ug

h 
H

ol
es

 
D

ril
le

d 
in

 D
rif

t W
al

l o
r 

C
ro

w
n

Ex
cl

ud
ed

 

E
xi

st
in

g 
ho

le
s 

dr
ill

ed
 in

to
 th

e 
dr

ift
 w

al
l o

r c
ro

w
n 

(e
.g

., 
fo

r r
oc

k 
bo

lts
) 

ha
ve

 a
n 

in
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
flo

w
 p

ro
pe

rti
es

 a
ro

un
d 

th
e 

em
pl

ac
em

en
t d

rif
t a

nd
 th

e 
lik

el
ih

oo
d 

fo
r i

ni
tia

tin
g 

se
ep

ag
e.

 A
se

ns
iti

vi
ty

 s
tu

dy
 o

f t
he

 S
ee

pa
ge

 M
od

el
 fo

r P
er

fo
rm

an
ce

 A
ss

es
sm

en
t 

al
so

 fo
un

d 
bo

th
 g

ro
ut

ed
 a

nd
 u

ng
ro

ut
ed

 h
ol

es
 to

 h
av

e 
on

ly
 a

n 
in

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

en
ha

nc
in

g 
se

ep
ag

e.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.1
.0

1.
01

.0
B 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

D
es

ig
n 

of
G

ro
un

d 
S

up
po

rt
S

ys
te

m
 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-6 Febuary 2008 



 

   

 
 

 
 

 

 
 

 
 

 
 

 
 

  
 

 

 
 

 
 

 
 

 

 

 
 

 

 

 

 

   
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

02
.0

1.
0A

Fr
ac

tu
re

s
In

cl
ud

ed
 

A
bo

ve
 th

e 
re

po
si

to
ry

, t
he

 u
ns

at
ur

at
ed

 z
on

e 
co

ns
is

ts
 o

f a
 n

et
w

or
k 

of
 

fra
ct

ur
es

 th
ro

ug
h 

w
hi

ch
 th

e 
in

fil
tra

te
d 

w
at

er
 fl

ow
s 

pr
in

ci
pa

lly
 b

y
gr

av
ity

.  
B

ec
au

se
 o

f t
he

ir 
im

po
rta

nc
e 

to
 fl

ow
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 
an

d 
se

ep
ag

e 
in

to
 e

m
pl

ac
em

en
t d

rif
ts

 (s
ee

 F
E

P
 2

.2
.0

7.
08

.0
A

 F
ra

ct
ur

e 
Fl

ow
 in

 th
e 

U
Z)

, f
ra

ct
ur

es
 a

re
 in

co
rp

or
at

ed
 in

to
 b

ot
h 

th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 a
nd

 th
e 

D
rif

t S
ee

pa
ge

 M
od

el
.  

Th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
M

od
el

 u
se

s 
a 

du
al

 c
on

tin
uu

m
 a

pp
ro

ac
h,

 w
he

re
as

 th
e 

D
rif

t S
ee

pa
ge

 
M

od
el

 u
se

s 
th

e 
si

ng
le

 fr
ac

tu
re

 c
on

tin
uu

m
 a

pp
ro

ac
h 

fo
r a

m
bi

en
t 

se
ep

ag
e 

ev
al

ua
tio

ns
 a

nd
 th

e 
du

al
 c

on
tin

uu
m

 a
pp

ro
ac

h 
fo

r t
he

rm
al

 
se

ep
ag

e 
an

al
ys

es
.  

Fr
ac

tu
re

 c
on

tin
uu

m
 p

ro
pe

rti
es

 s
uc

h 
as

pe
rm

ea
bi

lit
y 

an
d 

va
n 

G
en

uc
ht

en
 �
�a

re
 d

er
iv

ed
 fr

om
 m

od
el

 c
al

ib
ra

tio
n 

to
 te

st
 d

at
a,

 a
nd

 th
ei

r a
ss

oc
ia

te
d 

un
ce

rta
in

tie
s 

ar
e 

ev
al

ua
te

d 
w

ith
 th

e 
flo

w
 a

nd
 s

ee
pa

ge
 m

od
el

s.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

2.
01

.0
A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

02
.0

2.
0A

Fa
ul

ts
In

cl
ud

ed
 

Th
e 

se
rie

s 
of

 n
or

th
-s

tri
ki

ng
 n

or
m

al
 fa

ul
ts

 ti
lte

d 
ea

st
w

ar
d 

an
d 

di
sp

la
ce

d 
hu

nd
re

ds
 o

f m
et

er
s,

 p
re

do
m

in
an

tly
 d

ow
n 

an
d 

to
 th

e 
w

es
t g

en
er

al
ly

ca
n 

se
rv

e 
as

 lo
ca

liz
ed

 fa
st

 fl
ow

 c
on

du
its

 fo
r w

at
er

 fl
ow

 th
at

 h
as

 b
ee

n 
di

ve
rte

d 
la

te
ra

lly
 d

ue
 to

 th
e 

pr
es

en
ce

 o
f l

ow
 p

er
m

ea
bi

lit
y 

re
gi

on
s.

  A
s

a 
re

su
lt,

 d
ur

in
g 

ep
is

od
ic

 in
fil

tra
tio

n 
ev

en
ts

, t
ra

ns
ie

nt
 w

at
er

 fl
ow

 m
ay

oc
cu

r w
ith

in
 fa

ul
ts

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 th
e 

re
po

si
to

ry
. 

Fo
r 

th
e 

m
ea

n 
gl

ac
ia

l-t
ra

ns
iti

on
 c

lim
at

e,
 th

e 
fra

ct
io

n 
of

 p
er

co
la

tio
n 

flu
x

th
ro

ug
h 

fa
ul

ts
 o

ve
r t

he
 e

nt
ire

 u
ns

at
ur

at
ed

 z
on

e 
m

od
el

 d
om

ai
n 

in
cr

ea
se

s 
fro

m
 3

.7
5%

 a
t t

he
 b

as
e 

of
 th

e 
TC

w
, t

o 
24

.2
7%

 a
t t

he
 

re
po

si
to

ry
 h

or
iz

on
.  

W
ith

in
 th

e 
re

po
si

to
ry

 fo
ot

pr
in

t, 
ho

w
ev

er
, f

lo
w

th
ro

ug
h 

fa
ul

ts
 a

cc
ou

nt
s 

fo
r 1

.4
2%

 a
t t

he
 b

as
e 

of
 th

e 
TC

w
, a

nd
 1

.3
6%

 
at

 th
e 

re
po

si
to

ry
 h

or
iz

on
.  

Th
er

ef
or

e,
 m

aj
or

 fa
ul

ts
 a

re
 in

co
rp

or
at

ed
 

in
to

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 b
ec

au
se

 th
ey

 h
av

e 
th

e 
po

te
nt

ia
l t

o 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 th
e 

flo
w

 p
ro

ce
ss

es
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
H

ow
ev

er
, w

ith
in

 th
e 

re
po

si
to

ry
 fo

ot
pr

in
t a

nd
 a

bo
ve

 th
e 

le
ve

l o
f t

he
 

re
po

si
to

ry
, f

au
lts

 d
o 

no
t s

ee
m

 to
 h

av
e 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
w

at
er

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

02
.0

A 

N
o 

N
on

-IT
B

C
:

In
te

rp
re

ta
tio

n 
of

Fa
ul

t
D

is
pl

ac
em

en
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

S
ta

nd
of

f f
ro

m
Q

ua
te

rn
ar

y 
Fa

ul
t 

ANL-WIS-MD-000024 REV 01 A-7 Febuary 2008 



 

   

 
 

 

 

 

 
 

 
   

 

  

 
 

 

  
 

 

 
 

 

 

 
 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

04
.0

2.
0A

Ig
ne

ou
s 

A
ct

iv
ity

C
ha

ng
es

 R
oc

k
P

ro
pe

rti
es

 
Ex

cl
ud

ed
 

S
tu

di
es

 o
f n

at
ur

al
 a

na
lo

gu
e 

si
te

s 
sh

ow
 th

at
 th

e 
ef

fe
ct

 o
f u

nl
ik

el
y

in
tru

si
ve

 ig
ne

ou
s 

ev
en

ts
 is

 g
en

er
al

ly
 to

 a
lte

r t
he

 p
ro

pe
rti

es
 in

 th
e 

im
m

ed
ia

te
 v

ic
in

ity
 (a

 fe
w

 m
et

er
s)

 fr
om

 th
e 

in
tru

si
ve

 s
ill 

or
 d

ik
e.

  T
he

se
 

ch
an

ge
s 

(w
hi

ch
 m

ay
 b

e 
in

cr
ea

se
s 

or
 d

ec
re

as
es

 in
 p

er
m

ea
bi

lit
y 

an
d 

po
ro

si
ty

) a
re

 o
f l

im
ite

d 
sp

at
ia

l e
xt

en
t. 

 In
 a

dd
iti

on
, b

ec
au

se
 o

f t
he

ir 
ge

om
et

ric
al

 s
im

ila
rit

y 
an

d 
be

ca
us

e 
of

 th
e 

lim
ite

d 
la

te
ra

l d
iv

er
si

on
 

ef
fe

ct
, d

ik
es

 a
re

 e
xp

ec
te

d 
to

 b
e 

si
m

ila
r t

o 
fa

ul
ts

, t
o 

ha
ve

 v
er

y 
lim

ite
d 

im
pa

ct
 o

n 
un

sa
tu

ra
te

d 
zo

ne
 fl

ow
 b

eh
av

io
r a

bo
ve

 th
e 

ba
se

 o
f t

he
 T

S
w

un
it.

 F
ur

th
er

m
or

e,
 b

ec
au

se
 d

ik
es

 w
ou

ld
 b

e 
ne

ar
ly

 v
er

tic
al

, t
he

 
fo

rm
at

io
n 

of
 a

 s
ig

ni
fic

an
t p

er
ch

ed
 w

at
er

 z
on

e 
as

so
ci

at
ed

 w
ith

 a
 d

ik
e 

is
 

no
t e

xp
ec

te
d.

  T
he

re
fo

re
, i

gn
eo

us
 a

ct
iv

ity
-in

du
ce

d 
ro

ck
 p

ro
pe

rty
ch

an
ge

s 
do

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
ca

pa
bi

lit
ie

s 
of

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
bo

ve
 th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

02
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

C
ha

ra
ct

er
iz

at
io

n 
of

 Ig
ne

ou
s

E
ve

nt
s 

N
on

e 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

04
.0

5.
0A

M
ag

m
a 

or
P

yr
oc

la
st

ic
 B

as
e 

S
ur

ge
 T

ra
ns

po
rts

 
W

as
te

Ex
cl

ud
ed

 

Th
e 

tra
ns

po
rt 

of
 w

as
te

 b
y 

m
ag

m
a 

or
 p

yr
oc

la
st

ic
 b

as
e 

su
rg

e 
fo

llo
w

in
g 

an
 u

nl
ik

el
y 

er
up

tiv
e 

ig
ne

ou
s 

ev
en

t i
s 

in
si

gn
ifi

ca
nt

 in
 a

re
al

 e
xt

en
t 

co
m

pa
re

d 
to

 th
e 

tra
ns

po
rt 

of
 th

e 
w

as
te

 in
 th

e 
re

su
lti

ng
 a

sh
 a

nd
 te

ph
ra

 
er

up
tio

n.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

4.
05

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 Ig
ne

ou
s

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
U

ns
at

ur
at

ed
 Z

on
e 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 

1.
2.

06
.0

0.
0A

H
yd

ro
th

er
m

al
 A

ct
iv

ity
Ex

cl
ud

ed
 

H
yd

ro
th

er
m

al
 a

ct
iv

ity
 re

su
lti

ng
 fr

om
 a

 n
on

-m
ag

m
at

ic
 h

ea
t s

ou
rc

e 
is

 
no

t e
xp

ec
te

d 
in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

ar
ea

. A
ny

 o
th

er
 p

os
si

bl
e 

hy
dr

ot
he

rm
al

 a
ct

iv
ity

 in
 th

e 
vi

ci
ni

ty
 o

f Y
uc

ca
 M

ou
nt

ai
n 

re
qu

ire
s 

a 
pr

ed
ec

es
so

r i
gn

eo
us

 e
ve

nt
.  

H
ow

ev
er

, t
he

re
 is

 n
o 

cl
ea

r e
vi

de
nc

e 
of

 
ex

te
ns

iv
e 

hy
dr

ot
he

rm
al

 a
ct

iv
ity

 re
su

lti
ng

 fr
om

 p
re

vi
ou

s 
ig

ne
ou

s 
ev

en
ts

 a
t o

r n
ea

r Y
uc

ca
 M

ou
nt

ai
n.

  E
ve

n 
in

 th
e 

un
lik

el
y 

ev
en

t o
f a

n 
ig

ne
ou

s 
in

tru
si

on
 o

r e
ru

pt
io

n,
 th

e 
po

ss
ib

le
 e

ffe
ct

s 
of

 h
yd

ro
th

er
m

al
 

ac
tiv

ity
 a

re
 in

co
ns

eq
ue

nt
ia

l t
o 

re
po

si
to

ry
 p

er
fo

rm
an

ce
 (s

ee
 d

is
cu

ss
io

n 
of

 F
E

P
 1

.2
.0

4.
02

.0
A

, I
gn

eo
us

 A
ct

iv
ity

 C
ha

ng
es

 R
oc

k 
P

ro
pe

rti
es

). 
 

D
ue

 to
 th

e 
lim

ite
d 

sc
al

e 
of

 e
ffe

ct
s 

fro
m

 b
as

al
tic

 d
ik

es
, t

he
 p

ot
en

tia
l 

ef
fe

ct
s 

of
 h

yd
ro

th
er

m
al

 a
lte

ra
tio

n 
on

 u
ns

at
ur

at
ed

 z
on

e 
flo

w
 (i

.e
., 

flo
w

pa
th

w
ay

s 
an

d 
ve

lo
ci

tie
s)

 a
bo

ve
 th

e 
re

po
si

to
ry

 a
re

 c
on

si
de

re
d 

ne
gl

ig
ib

le
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
6.

00
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 Ig
ne

ou
s

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-8 Febuary 2008 



 

   

 
 

 

 
 

 

 
   

 

 
 

 

 
 

 

 

 
 

 
 

 
 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

10
.0

1.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 S
ei

sm
ic

 
A

ct
iv

ity
Ex

cl
ud

ed
 

S
ei

sm
ic

 a
ct

iv
ity

 m
ay

 a
lte

r t
he

 ro
ck

, f
ra

ct
ur

e,
 a

nd
 fa

ul
t c

ha
ra

ct
er

is
tic

s,
 

w
hi

ch
 m

ay
 a

ffe
ct

 th
e 

hy
dr

og
eo

lo
gy

 o
f t

he
 u

ns
at

ur
at

ed
 z

on
e 

in
 th

e 
vi

ci
ni

ty
 o

f t
he

 re
po

si
to

ry
.  

In
ve

st
ig

at
io

ns
 fo

cu
si

ng
 o

n 
th

e 
po

te
nt

io
m

et
ric

 
hy

dr
ol

og
ic

 re
sp

on
se

, g
iv

en
 c

ha
ng

es
 in

 ro
ck

 p
ro

pe
rti

es
 a

dj
ac

en
t t

o 
a 

fa
ul

t, 
de

m
on

st
ra

te
 th

at
 th

e 
ch

an
ge

s 
in

 w
at

er
-ta

bl
e 

el
ev

at
io

n 
ar

e 
no

t 
ex

pe
ct

ed
 to

 e
xc

ee
d 

50
 m

 a
nd

 a
re

 tr
an

si
en

t a
nd

 lo
ca

l i
n 

na
tu

re
.  

Be
ca

us
e 

th
e 

em
pl

ac
em

en
t d

rif
ts

 a
re

 lo
ca

te
d 

at
 le

as
t 1

20
 m

 a
bo

ve
 th

e 
cu

rre
nt

 w
at

er
 ta

bl
e,

 s
uc

h 
tra

ns
ie

nt
 p

er
tu

rb
at

io
ns

 w
ill

 n
ot

 h
av

e 
an

y 
si

gn
ifi

ca
nt

 lo
ng

-te
rm

 e
ffe

ct
 to

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

pa
th

s 
or

 
ve

lo
ci

tie
s 

ab
ov

e 
th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.1
0.

01
.0

A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
pr

op
er

tie
s 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
C

ha
ra

ct
er

iz
at

io
n 

of
 S

ei
sm

ic
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
2.

10
.0

2.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 Ig
ne

ou
s

A
ct

iv
ity

Ex
cl

ud
ed

 

Ig
ne

ou
s 

in
tru

si
on

s 
th

at
 m

ig
ht

 o
cc

ur
 in

 th
e 

tim
e 

fra
m

e 
of

 1
0,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
 w

ou
ld

 a
ffe

ct
 a

 re
la

tiv
el

y 
sm

al
l v

ol
um

e 
of

 th
e 

ho
st

 ro
ck

 
an

d 
ar

e 
ex

pe
ct

ed
 to

 b
e 

or
ie

nt
ed

 s
ub

pa
ra

lle
l t

o 
ex

is
tin

g 
flo

w
 d

ire
ct

io
ns

.  
C

on
se

qu
en

tly
, f

ut
ur

e 
in

tru
si

on
s 

w
ou

ld
 n

ot
 h

av
e 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
gr

ou
nd

w
at

er
 fl

ow
 p

at
te

rn
s 

or
 ra

te
s 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 
re

po
si

to
ry

.  
G

iv
en

 th
e 

lim
ite

d 
ar

ea
 o

f a
ny

 th
er

m
al

 o
r g

eo
ch

em
ic

al
 

al
te

ra
tio

n,
 a

nd
 th

e 
co

ns
eq

ue
nt

 c
ha

ng
e 

of
 ro

ck
 p

ro
pe

rti
es

 a
ro

un
d 

an
 

in
tru

si
on

, a
ny

 g
eo

ch
em

ic
al

 e
ffe

ct
s 

w
ou

ld
 b

e 
m

in
im

al
.  

Th
e 

po
te

nt
ia

l 
de

ve
lo

pm
en

t o
f a

 h
yd

ro
th

er
m

al
 s

ys
te

m
 fr

om
 ig

ne
ou

s 
ac

tiv
ity

 is
 n

ot
 

ex
pe

ct
ed

 b
as

ed
 o

n 
an

al
og

ue
 s

tu
di

es
 a

nd
 w

ou
ld

 b
e 

of
 lo

w
co

ns
eq

ue
nc

e 
du

e 
to

 it
s 

lim
ite

d 
si

ze
 re

la
tiv

e 
to

 th
e 

re
po

si
to

ry
 fo

ot
pr

in
t. 

 
A

ny
 p

os
si

bl
e 

ch
an

ge
s 

to
 to

po
gr

ap
hy

 a
nd

 s
oi

ls
 fr

om
 e

xt
ru

si
ve

 a
ct

iv
ity

ar
e 

al
so

 o
f l

ow
 c

on
se

qu
en

ce
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.1

0.
02

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
pr

oc
es

se
s 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
C

ha
ra

ct
er

iz
at

io
n 

of
 Ig

ne
ou

s
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-9 Febuary 2008 



 

    

 
 

 

 

 

 
 

 

 
 

 
 

 

  

  

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
3.

01
.0

0.
0A

C
lim

at
e 

C
ha

ng
e

In
cl

ud
ed

 

C
lim

at
e 

ch
an

ge
 a

ffe
ct

s 
th

e 
am

ou
nt

 a
nd

 d
is

tri
bu

tio
n 

of
 w

at
er

 th
at

 
in

fil
tra

te
s 

in
to

 th
e 

su
rfi

ci
al

 s
oi

ls
 a

nd
 u

nd
er

ly
in

g 
be

dr
oc

k.
  F

ut
ur

e
cl

im
at

e 
an

al
ys

es
 in

di
ca

te
 th

at
 th

e 
cl

im
at

e 
at

 Y
uc

ca
 M

ou
nt

ai
n 

w
ill

 
ev

ol
ve

 to
 a

 w
ar

m
er

 a
nd

 w
et

te
r m

on
so

on
 c

lim
at

e 
fo

llo
w

ed
 b

y 
a 

co
ol

er
, 

w
et

te
r g

la
ci

al
-tr

an
si

tio
n 

cl
im

at
e 

w
ith

in
 th

e 
fir

st
 1

0,
00

0 
ye

ar
s 

af
te

r 
di

sp
os

al
 a

nd
 th

en
 b

y 
a 

ev
en

 w
et

te
r f

ul
l g

la
ci

al
 c

lim
at

e 
w

ith
in

 th
e 

pe
rio

d 
of

 g
eo

lo
gi

c 
st

ab
ili

ty
. 

Th
e 

ef
fe

ct
s 

of
 c

lim
at

e 
ch

an
ge

 o
n

gr
ou

nd
w

at
er

 fl
ow

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 th
e 

re
po

si
to

ry
 a

re
 

in
co

rp
or

at
ed

 in
to

 th
e 

TS
P

A
 u

si
ng

 ti
m

e-
de

pe
nd

en
t i

nf
ilt

ra
tio

n 
ra

te
s 

as
 

a 
bo

un
da

ry
 c

on
di

tio
n 

to
 th

e 
S

ite
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
 fo

r t
he

 fi
rs

t 
10

,0
00

 y
ea

rs
 a

nd
 fo

r t
he

 p
os

t-1
0,

00
0-

ye
ar

 p
er

io
d,

 u
si

ng
 th

e 
di

st
rib

ut
io

n 
fo

r t
he

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 th

at
 im

pl
em

en
ts

 th
e 

re
qu

ire
m

en
ts

 o
f t

he
 p

ro
po

se
d 

ru
le

.  
Th

e 
cl

im
at

e 
ch

an
ge

 e
ffe

ct
s 

l t
he

 
am

ou
nt

 o
f w

at
er

 a
va

ila
bl

e 
fo

r i
nf

ilt
ra

tio
n 

in
to

 th
e 

U
Z.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.3

.0
1.

00
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
4.

01
.0

1.
0A

C
lim

at
e 

M
od

ifi
ca

tio
n 

In
cr

ea
se

s 
R

ec
ha

rg
e 

In
cl

ud
ed

 

Fu
tu

re
 c

lim
at

e 
ch

an
ge

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
am

ou
nt

 a
nd

 ti
m

in
g 

of
 

pr
ec

ip
ita

tio
n 

an
d 

ne
t i

nf
ilt

ra
tio

n 
in

to
 th

e 
U

Z.
  T

he
 n

et
 e

ffe
ct

 o
f c

lim
at

e
ch

an
ge

 a
fte

r r
ep

os
ito

ry
 c

lo
su

re
 is

 to
 in

cr
ea

se
 th

e 
am

ou
nt

 o
f w

at
er

 th
at

 
ca

n 
in

fil
tra

te
 a

nd
 p

er
co

la
te

 th
ro

ug
h 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
s 

re
ch

ar
ge

 
to

 th
e 

w
at

er
 ta

bl
e.

 T
he

 c
lim

at
e 

ef
fe

ct
 o

n 
un

sa
tu

ra
te

d 
zo

ne
 fl

ow
 a

bo
ve

 
th

e 
re

po
si

to
ry

 h
as

 b
ee

n 
di

re
ct

ly
 in

cl
ud

ed
 in

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
M

od
el

 b
y 

us
in

g 
va

ria
bl

e 
in

fil
tra

tio
n 

ra
te

s 
fo

r e
ac

h 
of

 th
re

e 
cl

im
at

es
 fo

r 
th

e 
fir

st
 1

0,
00

0 
ye

ar
s 

fo
llo

w
in

g 
re

po
si

to
ry

 c
lo

su
re

: p
re

se
nt

-d
ay

, 
m

on
so

on
, a

nd
 g

la
ci

al
 tr

an
si

tio
n.

  A
fte

r t
ha

t a
nd

 th
ro

ug
h 

th
e 

pe
rio

d 
of

 
ge

ol
og

ic
al

 s
ta

bi
lit

y 
(a

s 
pr

op
os

ed
 b

y 
40

 C
FR

 1
97

 [D
IR

S
 1

77
35

7]
), 

th
e 

ef
fe

ct
 o

f c
lim

at
e 

m
od

ifi
ca

tio
n 

on
 p

er
co

la
tio

n 
an

d 
re

ch
ar

ge
 is

in
co

rp
or

at
ed

 in
to

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 u
si

ng
 th

e 
di

st
rib

ut
io

n 
of

 d
ee

p 
pe

rc
ol

at
io

n 
ra

te
 a

s 
sp

ec
ifi

ed
 in

 th
e 

pr
op

os
ed

 ru
le

. 
Th

e 
ef

fe
ct

 
of

 c
lim

at
e 

ch
an

ge
 is

 a
ls

o 
in

cl
ud

ed
 in

 th
e 

dr
ift

 s
ee

pa
ge

 m
od

el
 th

ro
ug

h 
pe

rc
ol

at
io

n 
flu

xe
s 

at
 th

e 
P

Tn
/T

S
w

 in
te

rfa
ce

 p
re

di
ct

ed
 b

y 
th

e 
S

ite
-

S
ca

le
 U

Z 
Fl

ow
 M

od
el

.  
C

lim
at

e 
m

od
ifi

ca
tio

n 
ha

s 
a 

di
re

ct
 a

nd
 s

tro
ng

 
ef

fe
ct

 o
n 

th
e 

in
fil

tra
tio

n 
ra

te
 a

s 
a 

bo
un

da
ry

 c
on

di
tio

n 
to

 th
e 

S
ite

-S
ca

le
 

U
Z 

Fl
ow

 M
od

el
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.4
.0

1.
01

.0
A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

IT
B

C
:

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A-10 Febuary 2008 



 

    

 

 

 
 

 
 

 

 
  

 

 
 

 
 

 
 

 
  

 
 

 
 

 

 

 
 

 

 
 

    

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

1.
4.

06
.0

1.
0A

A
lte

re
d 

S
oi

l o
r 

S
ur

fa
ce

 W
at

er
C

he
m

is
try

 
Ex

cl
ud

ed
 

H
um

an
 (e

.g
., 

ag
ric

ul
tu

ra
l o

r i
nd

us
tri

al
) a

ct
iv

iti
es

 m
ay

 a
ffe

ct
 s

oi
l a

nd
 

su
rfa

ce
 w

at
er

 c
he

m
is

try
, w

hi
ch

 in
 tu

rn
 m

ay
 im

pa
ct

 th
e 

ch
em

is
try

 o
f 

in
fil

tra
tin

g 
w

at
er

.  
C

ur
re

nt
 a

gr
ic

ul
tu

ra
l a

nd
 in

du
st

ria
l a

ct
iv

iti
es

 in
 th

e 
Yu

cc
a 

M
ou

nt
ai

n 
re

gi
on

 a
re

 a
lre

ad
y 

in
cl

ud
ed

 in
 th

e 
ch

ar
ac

te
riz

at
io

n 
of

 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 th
e 

re
po

si
to

ry
. 

Fu
tu

re
 c

ha
ng

es
 in

 th
es

e
ac

tiv
iti

es
 a

re
 e

xc
lu

de
d 

ba
se

d 
on

 re
gu

la
to

ry
 re

qu
ire

m
en

ts
 (1

0 
C

FR
 

63
.3

05
(b

) [
D

IR
S

 1
78

39
4]

). 
 Im

pa
ct

s 
of

 in
du

st
ria

l a
ct

iv
iti

es
 a

ss
oc

ia
te

d 
w

ith
 th

e 
re

po
si

to
ry

 it
se

lf 
on

 s
oi

l a
nd

 w
at

er
 c

he
m

is
try

 w
ill

 b
e 

m
in

or
, a

nd
 

w
ill

 h
av

e 
no

 s
ig

ni
fic

an
t a

dv
er

se
 im

pa
ct

s 
on

 lo
ng

-te
rm

 re
po

si
to

ry
pe

rfo
rm

an
ce

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.4
.0

6.
01

.0
A 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

C
he

m
is

try
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ec

la
m

at
io

n 
of

 
La

nd
s 

D
is

tu
rb

ed
by

 R
ep

os
ito

ry
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
1.

08
.0

1.
0A

W
at

er
 In

flu
x 

at
 th

e 
R

ep
os

ito
ry

In
cl

ud
ed

 

In
flu

x 
of

 li
qu

id
 w

at
er

 is
 th

e 
sa

m
e 

as
 s

ee
pa

ge
 in

to
 th

e 
em

pl
ac

em
en

t 
dr

ift
s.

 S
ee

pa
ge

 o
cc

ur
s 

w
he

n 
th

e 
do

w
nw

ar
d 

pe
rc

ol
at

io
n 

flu
x 

in
 th

e 
ho

st
 ro

ck
 is

 n
ot

 c
om

pl
et

el
y 

di
ve

rte
d 

ar
ou

nd
 u

nd
er

gr
ou

nd
 o

pe
ni

ng
s 

by
ca

pi
lla

ry
 fl

ow
 p

ro
ce

ss
es

. 
Th

e 
pr

in
ci

pa
l f

ac
to

rs
 th

at
 d

et
er

m
in

e 
th

e 
oc

cu
rre

nc
e 

an
d 

m
ag

ni
tu

de
 o

f 
se

ep
ag

e,
 in

 a
dd

iti
on

 to
 th

e 
pe

rc
ol

at
io

n 
flu

x,
 a

re
 th

e 
bu

lk
 p

er
m

ea
bi

lit
y 

an
d 

th
e 

ca
pi

lla
ry

 s
tre

ng
th

 o
f t

he
 fr

ac
tu

re
d 

ho
st

 ro
ck

.  
U

nc
er

ta
in

ty
 in

th
es

e 
pa

ra
m

et
er

s,
 b

as
ed

 o
n 

ob
se

rv
at

io
ns

 fr
om

 in
 s

itu
 te

st
in

g,
 is

 
in

cl
ud

ed
 in

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t. 
 

R
ep

re
se

nt
at

iv
en

es
s 

of
 th

e 
se

ep
ag

e 
pa

ra
m

et
er

 d
is

tri
bu

tio
ns

 u
se

d 
in

 
th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t (

S
N

L 
20

07
 [D

IR
S

 1
81

24
4]

, S
ec

tio
n 

6.
6)

 
w

ith
in

 th
e 

re
po

si
to

ry
 h

os
t r

oc
k 

is
 c

on
si

de
re

d 
im

po
rta

nt
 to

 c
ap

ab
ilit

y 
of

 
th

e 
up

pe
r n

at
ur

al
 b

ar
rie

r. 
N

ot
e 

th
at

 e
ffe

ct
s 

fro
m

 ro
ck

 e
xc

av
at

io
n 

an
d 

co
m

m
itt

ed
 m

at
er

ia
ls

 a
re

 
ad

dr
es

se
d 

fo
r o

th
er

 F
E

P
s 

(1
.1

.0
1.

01
.0

B
, 2

.1
.0

6.
04

.0
A

, 2
.1

.0
8.

02
.0

A
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
01

.0
A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t D
ia

m
et

er
N

o 
B

ac
kf

ill
 in

 
Em

pl
ac

em
en

t 
D

rif
ts

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
R

ep
os

ito
ry

La
yo

ut
 

R
ep

os
ito

ry
S

ta
nd

of
f f

ro
m

Q
ua

te
rn

ar
y 

Fa
ul

t
R

ep
os

ito
ry

S
ta

nd
of

f f
ro

m
Pa

in
tb

ru
sh

 
N

on
w

el
de

d 
 

ANL-WIS-MD-000024 REV 01 A-11 Febuary 2008 



 

    

 
  

 

 
  

 

  
 

 

 

 
  

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
(C

on
tin

ue
d)

 

2.
1.

08
.0

1.
0A

W
at

er
 In

flu
x 

at
 th

e 
R

ep
os

ito
ry

In
cl

ud
ed

(C
on

tin
ue

d)
 

 
H

yd
ro

ge
ol

og
ic

 
U

ni
t

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
M

in
im

um
Th

ic
kn

es
s 

of
 

P
Tn

 U
ni

t A
bo

ve
 

th
e 

R
ep

os
ito

ry
U

ns
at

ur
at

ed
 Z

on
e 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 

2.
1.

08
.0

1.
0B

E
ffe

ct
s 

of
 R

ap
id

In
flu

x 
in

to
 th

e 
R

ep
os

ito
ry

Ex
cl

ud
ed

 

Th
is

 F
E

P
 p

er
ta

in
s 

to
 th

e 
po

te
nt

ia
l q

ue
nc

hi
ng

 e
ffe

ct
 fr

om
 ra

pi
d 

w
at

er
 

in
flu

x 
du

rin
g 

th
e 

th
er

m
al

 p
er

io
d.

  T
ra

ns
ie

nt
 p

ul
se

s 
of

 w
at

er
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
t t

he
 re

po
si

to
ry

 h
or

iz
on

, w
he

th
er

 c
au

se
d 

by
ep

is
od

ic
 in

fil
tra

tio
n 

ev
en

ts
 o

r t
ra

ns
ie

nt
 e

ffe
ct

s 
as

so
ci

at
ed

 w
ith

 c
lim

at
e 

ch
an

ge
, a

re
 n

ot
 e

xp
ec

te
d 

to
 s

ig
ni

fic
an

tly
 re

du
ce

 d
rif

t w
al

l t
em

pe
ra

tu
re

 
un

le
ss

 s
ub

je
ct

 to
 s

tro
ng

 e
pi

so
di

c 
in

fil
tra

tio
n 

or
 fo

cu
se

d 
flo

w
.

S
en

si
tiv

ity
 a

na
ly

se
s 

of
 th

e 
S

ite
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
 s

ho
w

 th
at

 th
e 

P
Tn

 u
ni

t d
am

pe
ns

 a
nd

 h
om

og
en

iz
es

 e
pi

so
di

c 
in

fil
tra

tio
n 

pu
ls

es
, 

re
su

lti
ng

 in
 a

 s
te

ad
y 

flo
w

 c
on

di
tio

n 
be

lo
w

.  
In

 a
dd

iti
on

, d
rif

t s
ee

pa
ge

 
st

ud
ie

s 
al

so
 in

di
ca

te
 th

at
 s

at
ur

at
io

n 
bu

ild
up

 a
ro

un
d 

th
e 

bo
ili

ng
 z

on
e 

is
 

in
si

gn
ifi

ca
nt

, a
nd

 p
en

et
ra

tio
n 

of
 e

pi
so

di
c 

an
d 

pr
ef

er
en

tia
l f

lo
w

s
or

ig
in

at
in

g 
fro

m
 th

e 
co

nd
en

sa
tio

n 
zo

ne
 a

bo
ve

 d
rif

ts
 is

 n
ot

 e
xp

ec
te

d 
du

rin
g 

th
e 

th
er

m
al

 p
er

io
d.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

01
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

N
on

-IT
B

C
:

Fl
oo

d 
P

ro
te

ct
io

n
R

ep
os

ito
ry

El
ev

at
io

n 
be

lo
w

th
e 

S
ur

fa
ce

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
S

ta
nd

of
f f

ro
m

Pa
in

tb
ru

sh
 

N
on

w
el

de
d 

H
yd

ro
ge

ol
og

ic
 

U
ni

t
M

in
im

um
Th

ic
kn

es
s 

of
 

PT
n 

U
ni

t a
bo

ve
 

th
e 

R
ep

os
ito

ry
 

S
ta

nd
of

f f
ro

m
Q

ua
te

rn
ar

y 
Fa

ul
ts

 

ANL-WIS-MD-000024 REV 01 A-12 Febuary 2008 



 

    

 
 

 
 

  
 

 
 

 
 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
1.

08
.0

2.
0A

E
nh

an
ce

d 
In

flu
x 

at
 

th
e 

R
ep

os
ito

ry
 

In
cl

ud
ed

 

Th
e 

im
pa

ct
 o

f a
n 

un
de

rg
ro

un
d 

op
en

in
g 

on
 th

e 
un

sa
tu

ra
te

d 
flo

w
 a

nd
 

dr
ift

 s
ee

pa
ge

 (i
nc

lu
di

ng
 c

ap
ill

ar
y 

ba
rri

er
 e

ffe
ct

 a
nd

 fl
ow

 d
iv

er
si

on
 

ar
ou

nd
 th

e 
dr

ift
s)

 is
 c

ap
tu

re
d 

in
 th

e 
da

ta
 a

cq
ui

re
d 

fro
m

 in
 s

itu
 fi

el
d 

te
st

in
g,

 w
hi

ch
 w

er
e 

us
ed

 to
 d

ev
el

op
 s

ee
pa

ge
 p

ar
am

et
er

s.
  I

n 
ad

di
tio

n,
 

th
e 

im
pa

ct
 is

 e
xp

lic
itl

y 
ca

pt
ur

ed
 in

 th
e 

am
bi

en
t a

nd
 th

er
m

al
 s

ee
pa

ge
 

pr
oc

es
s 

m
od

el
s 

us
ed

 fo
r t

he
 s

ee
pa

ge
 a

bs
tra

ct
io

n.
  H

ow
ev

er
, t

hi
s 

ef
fe

ct
 h

as
 b

ee
n 

fo
un

d 
to

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
lik

el
ih

oo
d 

or
 

am
ou

nt
 o

f s
ee

pa
ge

 in
to

 th
e 

em
pl

ac
em

en
t d

rif
ts

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

02
.0

A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t
C

on
fig

ur
at

io
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
1.

08
.0

3.
0A

R
ep

os
ito

ry
 D

ry
ou

t 
du

e 
to

 W
as

te
 H

ea
t

In
cl

ud
ed

 

R
ep

os
ito

ry
 d

ry
ou

t, 
in

cl
ud

ed
 in

 th
er

m
al

 h
yd

ro
lo

gy
 a

nd
 th

er
m

al
 

se
ep

ag
e 

m
od

el
s,

 h
as

 a
 m

in
or

 e
ffe

ct
 o

n 
th

e 
tim

in
g 

of
 s

ee
pa

ge
.  

Th
e 

ef
fe

ct
s 

of
 d

ry
ou

t o
f t

he
 h

os
t r

oc
k 

ar
ou

nd
 th

e 
em

pl
ac

em
en

t d
rif

ts
 d

ue
 

to
 w

as
te

 h
ea

t a
re

 s
ig

ni
fic

an
t p

ro
ce

ss
es

 fo
r t

he
 fi

rs
t s

ev
er

al
 h

un
dr

ed
 to

 
ap

pr
ox

im
at

el
y 

1,
00

0 
ye

ar
s 

w
hi

ch
 is

 a
 s

m
al

l f
ra

ct
io

n 
of

 th
e 

pe
rio

d 
of

 
ge

ol
og

ic
 s

ta
bi

lit
y 

(a
s 

pr
op

os
ed

 b
y 

40
 C

FR
 1

97
 [D

IR
S

 1
77

35
7]

) 
de

pe
nd

in
g 

on
 th

e 
lo

ca
tio

n 
in

 th
e 

re
po

si
to

ry
.  

R
ep

os
ito

ry
 d

ry
ou

t e
ffe

ct
s 

on
 in

-d
rif

t t
he

rm
al

-h
yd

ro
lo

gi
c 

co
nd

iti
on

s 
ar

e 
ad

dr
es

se
d 

by
 o

th
er

 E
B

S
 

FE
P

s 
(s

ee
 T

ab
le

 A
-2

), 
bu

t t
ho

se
 e

ffe
ct

s 
ar

e 
no

t i
m

po
rta

nt
 to

 th
e 

U
N

B’
s 

ca
pa

bi
lit

y.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
03

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 

In
ve

nt
or

y 
D

ec
ay

, a
nd

 
D

ec
ay

 H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
V

er
ifi

ca
tio

n 
of

 
D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

ANL-WIS-MD-000024 REV 01 A-13 Febuary 2008 



 

    

 
 

 
 

 

   

 

 

  

 
 

 
 

 

 

 

 
 

  
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
1.

08
.1

1.
0A

R
ep

os
ito

ry
R

es
at

ur
at

io
n 

du
e 

to
 

W
as

te
 C

oo
lin

g
In

cl
ud

ed
 

R
ep

os
ito

ry
 re

sa
tu

ra
tio

n 
is

 in
cl

ud
ed

 in
 th

er
m

al
 h

yd
ro

lo
gy

 a
nd

 th
er

m
al

 
se

ep
ag

e 
m

od
el

s,
 b

ut
 h

as
 o

nl
y 

a 
m

in
or

 e
ffe

ct
 o

n 
se

ep
ag

e.
  T

he
co

nd
en

sa
te

 th
at

 e
xi

st
s 

ab
ov

e 
th

e 
dr

ift
s 

dr
ai

ns
 in

to
 th

e 
dr

ift
 p

ill
ar

s 
an

d 
do

es
 a

ug
m

en
t l

iq
ui

d-
ph

as
e 

sa
tu

ra
tio

n 
du

rin
g 

th
e 

po
st

-b
oi

lin
g

re
w

et
tin

g 
pe

rio
d 

(B
S

C
 2

00
5 

[D
IR

S
 1

72
23

2]
, S

ec
tio

n 
6.

2.
4)

.
Th

er
ef

or
e,

 th
e 

re
flu

x 
fro

m
 th

e 
co

nd
en

sa
te

 z
on

e 
to

 th
e 

dr
yo

ut
 z

on
e 

do
es

 n
ot

 c
au

se
 th

e 
se

ep
ag

e 
in

to
 th

e 
dr

ift
s 

to
 b

e 
gr

ea
te

r t
ha

n 
th

at
 

w
hi

ch
 w

ou
ld

 o
cc

ur
 u

nd
er

 a
m

bi
en

t (
un

he
at

ed
) c

on
di

tio
ns

. 
Th

e 
ef

fe
ct

s 
of

 re
sa

tu
ra

tio
n 

of
 th

e 
ho

st
 ro

ck
 a

ro
un

d 
th

e 
em

pl
ac

em
en

t 
dr

ift
s 

du
e 

to
 w

as
te

 c
oo

lin
g 

ar
e 

on
ly

 s
ig

ni
fic

an
t f

or
 th

e 
fir

st
 s

ev
er

al
 

hu
nd

re
d 

to
 1

,0
00

 y
ea

rs
 w

hi
ch

 is
 a

 s
m

al
l f

ra
ct

io
n 

of
 th

e 
pe

rio
d 

of
 

ge
ol

og
ic

 s
ta

bi
lit

y 
(a

s 
pr

op
os

ed
 b

y 
40

 C
FR

 1
97

 [D
IR

S
 1

77
35

7]
), 

de
pe

nd
in

g 
on

 th
e 

lo
ca

tio
n 

in
 th

e 
re

po
si

to
ry

 (S
N

L 
20

07
 [D

IR
S

 1
81

24
4]

, 
S

ec
tio

n 
6.

4.
3.

3;
 B

S
C

 2
00

5 
[D

IR
S

 1
72

23
2]

, S
ec

tio
n 

6.
2.

4)
.  

R
ep

os
ito

ry
re

sa
tu

ra
tio

n 
ef

fe
ct

s 
on

 in
-d

rif
t t

he
rm

al
-h

yd
ro

lo
gi

c 
co

nd
iti

on
s 

ar
e 

ad
dr

es
se

d 
by

 o
th

er
 E

B
S

 F
E

P
s 

(s
ee

 T
ab

le
 A

-2
), 

bu
t t

ho
se

 e
ffe

ct
s 

ar
e 

no
t i

m
po

rta
nt

 to
 th

e 
U

N
B

’s
 c

ap
ab

ilit
y.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

11
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 

In
ve

nt
or

y 
D

ec
ay

, a
nd

 
D

ec
ay

 H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
V

er
ifi

ca
tio

n 
of

 
D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
1.

09
.1

2.
0A

R
in

d 
(c

he
m

ic
al

ly
A

lte
re

d 
zo

ne
) F

or
m

s 
in

 th
e 

N
ea

r F
ie

ld
 

Ex
cl

ud
ed

 

Th
er

m
al

-h
yd

ro
lo

gi
c-

ch
em

ic
al

 e
ffe

ct
s 

in
 th

e 
vi

ci
ni

ty
 o

f t
he

 
em

pl
ac

em
en

t d
rif

ts
 in

du
ce

d 
by

 th
e 

ev
ol

ut
io

n 
of

 th
e 

po
re

 w
at

er
s 

du
e 

to
 

co
up

le
d 

th
er

m
al

 p
ro

ce
ss

es
 h

av
e 

be
en

 s
tu

di
ed

 u
si

ng
 th

e 
TH

C
 

S
ee

pa
ge

 M
od

el
. 

Th
is

 m
od

el
 w

as
 u

se
d 

to
 e

xa
m

in
e 

ne
ar

-fi
el

d 
an

d 
dr

ift
 

se
ep

ag
e 

flo
w

 a
nd

 c
he

m
is

try
. 

C
ha

ng
es

 in
 fr

ac
tu

re
 p

er
m

ea
bi

lit
ie

s 
re

su
lti

ng
 fr

om
 m

in
er

al
 p

re
ci

pi
ta

tio
n 

or
 d

is
so

lu
tio

n 
w

er
e 

fo
un

d 
to

 b
e 

on
 

th
e 

or
de

r o
f t

he
 n

at
ur

al
 v

ar
ia

tio
n 

in
 th

es
e 

pr
op

er
tie

s 
al

re
ad

y 
in

cl
ud

ed
 

in
 th

e 
se

ep
ag

e 
m

od
el

s,
 w

ith
 m

os
t o

f t
he

 s
ub

st
an

tia
l e

ffe
ct

s 
lim

ite
d 

to
 

re
gi

on
s 

ab
ov

e 
an

d 
to

 th
e 

si
de

 o
f t

he
 d

rif
t w

ith
in

 a
bo

ut
 a

 d
rif

t d
ia

m
et

er
.  

W
hi

le
 th

es
e 

ch
an

ge
s 

w
ou

ld
 te

nd
 to

 re
du

ce
 p

er
m

ea
bi

lit
y 

in
 th

e 
af

fe
ct

ed
 re

gi
on

s 
an

d 
le

ad
 to

 a
 re

du
ct

io
n 

in
 d

rif
t s

ee
pa

ge
, t

he
y 

ar
e 

co
ns

id
er

ed
 in

si
gn

ifi
ca

nt
 b

ec
au

se
 th

ey
 a

re
 w

ith
in

 th
e 

na
tu

ra
l v

ar
ia

tio
n.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

12
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

ANL-WIS-MD-000024 REV 01 A-14 Febuary 2008 



 

    

 

 

 

 

 

 

 
 

 

 

 

 
 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

01
.0

1.
0A

M
ec

ha
ni

ca
l E

ffe
ct

s
of

 E
xc

av
at

io
n 

an
d 

C
on

st
ru

ct
io

n 
in

 th
e 

N
ea

r F
ie

ld
 

In
cl

ud
ed

 

Th
e 

m
ec

ha
ni

ca
l e

ffe
ct

s 
of

 e
xc

av
at

io
n 

an
d 

co
ns

tru
ct

io
n 

on
 ro

ck
 m

as
s 

m
ec

ha
ni

ca
l p

ro
pe

rti
es

 h
av

e 
be

en
 in

cl
ud

ed
 in

 m
od

el
s 

of
 d

rif
t

de
gr

ad
at

io
n.

  I
n 

ad
di

tio
n,

 th
e 

ef
fe

ct
s 

on
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

ar
e 

ta
ke

n 
in

to
 a

cc
ou

nt
 in

 th
e 

ai
r i

nj
ec

tio
n 

an
d 

se
ep

ag
e 

te
st

s 
co

nd
uc

te
d 

in
th

e 
E

S
F,

 w
hi

ch
 a

re
 u

se
d 

to
 d

er
iv

e 
se

ep
ag

e-
re

le
va

nt
 p

ar
am

et
er

s 
th

at
 

ar
e 

in
co

rp
or

at
ed

 in
to

 th
e 

dr
ift

 s
ee

pa
ge

 a
na

ly
se

s.
  F

ur
th

er
m

or
e,

 to
pr

ec
lu

de
 a

ny
 p

ot
en

tia
l d

el
et

er
io

us
 e

ffe
ct

s,
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

na
l m

an
ag

em
en

t, 
an

d 
ad

m
in

is
tra

tiv
e 

co
nt

ro
ls

 w
ill

 b
e

de
ve

lo
pe

d 
(1

0 
C

FR
 6

3.
51

(a
)(

3)
(i�

iii)
, 1

0 
C

FR
 6

3.
72

(a
), 

an
d 

10
 C

FR
 

63
.7

2(
b)

(1
�1

1)
 [D

IR
S

 1
80

31
9]

). 
 T

he
 m

ec
ha

ni
ca

l e
ffe

ct
s 

of
 

ex
ca

va
tio

n 
an

d 
co

ns
tru

ct
io

n 
ar

e 
no

t c
on

si
de

re
d 

in
 th

e 
Si

te
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
, w

he
re

 th
es

e 
lo

ca
l c

ha
ng

es
 a

re
 n

ot
 re

le
va

nt
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
01

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

-IT
B

C
:

E
xc

av
at

io
n 

M
et

ho
ds

D
es

ig
n 

of
G

ro
un

d 
S

up
po

rt
S

ys
te

m
 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

01
.0

1.
0B

C
he

m
ic

al
 E

ffe
ct

s 
of

 
Ex

ca
va

tio
n 

an
d 

C
on

st
ru

ct
io

n 
in

 th
e 

N
ea

r F
ie

ld
 

Ex
cl

ud
ed

 

E
xc

av
at

io
n 

an
d 

co
ns

tru
ct

io
n 

ha
s 

lit
tle

 e
ffe

ct
 o

n 
th

e 
ch

em
is

try
 in

 th
e 

ne
ar

 fi
el

d 
ro

ck
 m

as
s 

th
at

 is
 d

om
in

at
ed

 b
y 

w
at

er
�r

oc
k 

in
te

ra
ct

io
ns

, 
be

ca
us

e 
of

 th
e 

lim
ite

d 
am

ou
nt

 o
f w

at
er

 in
tro

du
ce

d,
 th

e 
lim

ite
d 

am
ou

nt
 

of
 w

at
er

 li
m

its
 e

va
po

ra
tio

n 
in

du
ce

d 
sa

lt 
pr

ec
ip

ita
tio

n.
  I

n 
ad

di
tio

n,
ev

en
 w

ith
 re

la
tiv

el
y 

la
rg

e 
qu

an
tit

ie
s 

of
 lo

w
-a

llo
y 

st
ee

ls
 u

se
d 

in
 th

e 
in

ve
rt,

 n
eg

lig
ib

le
 c

ha
ng

es
 in

 w
at

er
 c

he
m

is
try

 a
re

 e
xp

ec
te

d.
  

Fu
rth

er
m

or
e 

co
ns

tru
ct

io
n 

an
d 

op
er

at
io

na
l m

an
ag

em
en

t a
nd

 
ad

m
in

is
tra

tiv
e 

co
nt

ro
ls

 w
ill

 b
e 

de
ve

lo
pe

d 
to

 e
ns

ur
e 

th
at

 c
om

m
itt

ed
 

m
at

er
ia

ls
 h

av
e 

no
 d

el
et

er
io

us
 e

ffe
ct

s 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
1.

01
.0

B 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t

C
he

m
ic

al
 

E
nv

iro
nm

en
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

-IT
B

C
:

E
xc

av
at

io
n 

M
et

ho
ds

C
om

m
itt

ed
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-15 Febuary 2008 



 

    

 
 

 

  

    

  
 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

01
.0

2.
0A

Th
er

m
al

ly
-in

du
ce

d 
S

tre
ss

 C
ha

ng
es

 in
th

e 
N

ea
r F

ie
ld

Ex
cl

ud
ed

 

Th
er

m
al

ly
 in

du
ce

d 
st

re
ss

 c
ha

ng
es

 c
ou

ld
 p

ot
en

tia
lly

 a
ffe

ct
 d

rif
t 

de
gr

ad
at

io
n 

an
d 

th
er

m
al

-h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
in

 th
e 

vi
ci

ni
ty

 o
f t

he
 

em
pl

ac
em

en
t d

rif
ts

.  
Th

e 
dr

ift
 d

eg
ra

da
tio

n 
m

od
el

s 
ex

pl
ic

itl
y 

ev
al

ua
te

 
th

er
m

al
-m

ec
ha

ni
ca

l e
ffe

ct
s 

on
 d

rif
t e

nv
iro

nm
en

t. 
 T

he
 s

ee
pa

ge
 

m
od

el
s 

an
d 

TH
M

 m
od

el
 h

av
e 

al
so

 c
on

si
de

re
d 

th
e 

ef
fe

ct
s 

of
 th

er
m

al
-

m
ec

ha
ni

ca
l s

tre
ss

 a
lte

ra
tio

n,
 b

ut
 d

et
er

m
in

ed
 th

at
 s

tre
ss

-in
du

ce
d 

ch
an

ge
s 

in
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

an
d 

th
e 

flo
w

 fi
el

d 
ar

e 
ei

th
er

in
si

gn
ifi

ca
nt

 o
r b

en
ef

ic
ia

l t
o 

th
e 

pe
rfo

rm
an

ce
 o

f t
he

 U
N

B
 d

ue
 to

 
de

cr
ea

se
s 

in
 th

e 
ve

rti
ca

l p
er

m
ea

bi
lit

y 
an

d 
in

cr
ea

se
s 

in
 th

e 
ho

riz
on

ta
l 

pe
rm

ea
bi

lit
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
02

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
W

as
te

 P
ac

ka
ge

Th
er

m
al

 L
im

its
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

01
.0

2.
0B

C
he

m
ic

al
 C

ha
ng

es
 

in
 th

e 
N

ea
r-F

ie
ld

 
fro

m
 B

ac
kf

ill
Ex

cl
ud

ed
 

C
ha

ng
es

 in
 h

os
t r

oc
k 

pr
op

er
tie

s 
m

ay
 re

su
lt 

fro
m

 c
he

m
ic

al
 e

ffe
ct

s 
of

 
ba

ck
fil

l. 
P

ro
pe

rti
es

 th
at

 m
ay

 b
e 

af
fe

ct
ed

 in
cl

ud
e 

pe
rm

ea
bi

lit
y 

an
d 

so
rp

tio
n.

 S
in

ce
 b

ac
kf

ill 
is

 n
ot

 to
 b

e 
pl

ac
ed

 in
 th

e 
dr

ift
, t

hi
s 

pr
oc

es
s 

is
 

no
t r

el
ev

an
t a

nd
 d

oe
s 

no
t c

on
tri

bu
te

 to
 b

ar
rie

r c
ap

ab
ilit

y.
 

D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
co

ul
d 

ne
ga

tiv
el

y 
im

pa
ct

 b
ar

rie
r c

ap
ab

ilit
y.

  
D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

is
 m

an
ag

ed
 th

ro
ug

h 
th

e 
ch

an
ge

-c
on

tro
l 

pr
oc

es
s,

 w
hi

ch
 re

qu
ire

s 
po

st
cl

os
ur

e 
im

pa
ct

 e
va

lu
at

io
n.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
1.

02
.0

B 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t

C
he

m
ic

al
 

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

N
o 

B
ac

kf
ill

 in
 

Em
pl

ac
em

en
t 

D
rif

ts
C

om
m

itt
ed

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-16 Febuary 2008 



 

    

 
 

 
 

 

 
  

 

 

 
 

 

 

 
 

 

  
 

  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

03
.0

1.
0A

S
tra

tig
ra

ph
y

In
cl

ud
ed

 

Th
e 

st
ra

tig
ra

ph
ic

 s
eq

ue
nc

e 
of

 u
ns

at
ur

at
ed

 s
tra

ta
 d

ef
in

es
 th

e 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s 

th
ro

ug
h 

w
hi

ch
 p

er
co

la
tin

g 
w

at
er

 fl
ow

s
be

tw
ee

n 
th

e 
su

rfa
ce

 a
nd

 th
e 

re
po

si
to

ry
 h

or
iz

on
.  

Th
is

 s
eq

ue
nc

e 
of

 
bo

th
 w

el
de

d 
an

d 
no

nw
el

de
d 

tu
ffs

 a
ffe

ct
s 

th
e 

tra
ns

ie
nt

 p
ro

pa
ga

tio
n 

of
 

in
fil

tra
tio

n 
pu

ls
es

 a
nd

 te
nd

s 
to

 s
pa

tia
lly

 re
di

st
rib

ut
e 

th
e 

lo
ca

lly
 v

ar
ia

bl
e 

in
fil

tra
tio

n 
ra

te
s.

  T
hi

s 
se

qu
en

ce
 h

as
 b

ee
n 

di
re

ct
ly

 in
cl

ud
ed

 in
 th

e 
S

ite
-

S
ca

le
 U

Z 
Fl

ow
 M

od
el

, w
hi

ch
 a

ls
o 

ge
ne

ra
te

s 
pe

rc
ol

at
io

n 
flu

xe
s 

th
at

 
ar

e 
us

ed
 in

 th
e 

se
ep

ag
e 

an
d 

se
ep

ag
e 

ch
em

is
try

 a
na

ly
se

s.
 

S
tra

tig
ra

ph
y 

fo
rm

s 
th

e 
ba

si
c 

fra
m

ew
or

k 
fo

r t
he

 m
od

el
in

g 
an

d 
an

al
ys

is
 

of
 ro

ck
 p

ro
pe

rti
es

, m
in

er
al

 d
is

tri
bu

tio
ns

, f
au

lti
ng

 a
nd

 fr
ac

tu
rin

g,
 

hy
dr

ol
og

ic
 fl

ow
, a

nd
 ra

di
on

uc
lid

e 
tra

ns
po

rt.
  F

or
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 

ab
ov

e 
th

e 
re

po
si

to
ry

, s
tra

tig
ra

ph
y 

pr
ov

id
es

 th
e 

fra
m

ew
or

k 
in

 w
hi

ch
 

th
e 

pe
rc

ol
at

io
n 

pr
oc

es
se

s 
oc

cu
r. 

 T
he

 q
ua

nt
ity

 a
s 

w
el

l a
s 

th
e 

sp
at

ia
l 

an
d 

te
m

po
ra

l v
ar

ia
tio

ns
 in

 p
er

co
la

tio
n 

flu
x 

w
ill

 d
ire

ct
ly

 a
ffe

ct
 (1

) t
he

 
am

ou
nt

 o
f w

at
er

 fl
ow

in
g 

in
to

 w
as

te
 e

m
pl

ac
em

en
t d

rif
ts

, a
nd

 (2
) 

m
oi

st
ur

e 
co

nd
iti

on
s 

an
d 

th
e 

co
rro

si
on

 e
nv

iro
nm

en
t o

f w
as

te
 p

ac
ka

ge
s 

w
ith

in
 th

e 
dr

ift
s.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
3.

01
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
M

in
im

um
Th

ic
kn

es
s 

of
 

P
Tn

 U
ni

t A
bo

ve
 

th
e 

R
ep

os
ito

ry
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

03
.0

2.
0A

R
oc

k 
P

ro
pe

rti
es

 o
f

H
os

t R
oc

k 
an

d 
O

th
er

U
ni

ts
In

cl
ud

ed
 

R
oc

k 
pr

op
er

tie
s,

 s
uc

h 
as

 fr
ac

tu
re

 c
ap

ill
ar

ity
 a

nd
 p

er
m

ea
bi

lit
y,

 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 th
e 

di
st

rib
ut

io
n 

of
 p

er
co

la
tio

n 
flu

x 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
nd

 th
e 

am
ou

nt
 o

f f
lo

w
 d

iv
er

si
on

 fo
r a

 g
iv

en
 

pe
rc

ol
at

io
n 

flu
x 

ar
ou

nd
 e

m
pl

ac
em

en
t d

rif
ts

.  
R

oc
k 

pr
op

er
tie

s 
an

d 
th

ei
r

as
so

ci
at

ed
 v

ar
ia

bi
lit

ie
s 

ha
ve

 b
ee

n 
in

co
rp

or
at

ed
 in

to
 b

ot
h 

th
e 

S
ite

-
S

ca
le

 U
Z 

Fl
ow

 M
od

el
 a

nd
 th

e 
dr

ift
 s

ee
pa

ge
 m

od
el

s.
  T

he
 U

Z 
Fl

ow
M

od
el

 u
se

s 
la

ye
r-s

pe
ci

fic
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

an
d 

fa
ul

t p
ro

pe
rti

es
 to

 
re

pr
es

en
t t

he
 la

rg
e-

sc
al

e 
he

te
ro

ge
ne

ity
, b

ec
au

se
 s

m
al

le
r-

sc
al

e 
he

te
ro

ge
ne

ity
 w

ith
in

 a
 h

yd
ro

ge
ol

og
ic

 u
ni

t h
as

 a
n 

in
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
si

te
-s

ca
le

 fl
ow

 p
ro

ce
ss

es
.  

P
er

m
ea

bi
lit

y 
di

ffe
re

nc
es

 a
t s

tra
tig

ra
ph

ic
 

in
te

rfa
ce

s 
co

nt
rib

ut
e 

to
 la

te
ra

l d
iv

er
si

on
 o

f p
er

co
la

tio
n 

flu
x 

in
 th

e 
st

ra
tig

ra
ph

ic
 u

ni
ts

 a
bo

ve
 th

e 
re

po
si

to
ry

.  
In

 a
dd

iti
on

, t
he

 D
rif

t S
ee

pa
ge

 
M

od
el

 u
se

s 
st

oc
ha

st
ic

 p
ar

am
et

er
 d

is
tri

bu
tio

ns
 to

 c
ap

tu
re

 s
m

al
l-s

ca
le

 
he

te
ro

ge
ne

ity
 a

nd
 o

th
er

 u
nc

er
ta

in
tie

s 
in

 fr
ac

tu
re

 p
er

m
ea

bi
lit

y 
an

d 
ca

pi
lla

rit
y.

  K
ey

 ro
ck

 p
ro

pe
rti

es
 s

uc
h 

as
 fr

ac
tu

re
 p

er
m

ea
bi

lit
y 

co
nt

ro
l 

pe
rc

ol
at

io
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

nd
 s

ee
pa

ge
 in

to
 e

m
pl

ac
em

en
t 

dr
ift

s.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
3.

02
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-17 Febuary 2008 



 

    

 
 

 

 

 

 
 

 
 

 

 

 

 
  

 
 

 

 

 
 

 
 

 
  

  
 

 
  

 
 

 

 

 
 

 
  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

06
.0

1.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 P
or

os
ity

an
d 

Pe
rm

ea
bi

lit
y 

of
 

R
oc

k
Ex

cl
ud

ed
 

S
ei

sm
ic

 a
ct

iv
ity

-in
du

ce
d 

ch
an

ge
s 

in
 th

e 
po

ro
si

ty
 a

nd
 p

er
m

ea
bi

lit
y 

of
 

th
e 

ro
ck

 m
at

rix
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
bo

ve
 th

e 
re

po
si

to
ry

 is
 fo

un
d 

to
 b

e 
in

si
gn

ifi
ca

nt
 g

iv
en

 th
e 

pe
rm

ea
bl

e 
na

tu
re

 o
f t

he
 ro

ck
, t

he
 

pr
ed

om
in

an
t g

ra
vi

ty
-d

riv
en

 v
er

tic
al

 fl
ow

, a
nd

 th
e 

cu
m

ul
at

iv
e 

ef
fe

ct
s 

on
 

pe
rm

ea
bi

lit
y 

of
 th

e 
ho

st
 ro

ck
 fr

om
 p

as
t s

ei
sm

ic
 a

ct
iv

ity
.  

Th
e 

ro
ck

 
m

at
rix

 is
 la

rg
el

y 
un

af
fe

ct
ed

 b
y 

st
ra

in
 re

di
st

rib
ut

io
n 

ca
us

ed
 b

y
ex

pe
ct

ed
 le

ve
ls

 o
f i

nt
en

si
ty

 o
f s

ei
sm

ic
 a

ct
iv

ity
 a

nd
 n

o 
si

gn
ifi

ca
nt

 n
ew

fa
ul

ts
 o

r f
ra

ct
ur

es
 a

re
 li

ke
ly

 to
 fo

rm
 in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

vi
ci

ni
ty

w
ith

in
 th

e 
ne

xt
 1

0,
00

0 
ye

ar
s.

  T
he

 s
ei

sm
ic

 d
is

pl
ac

em
en

t f
or

 in
ta

ct
 

ro
ck

 is
 c

om
pa

ra
bl

e 
to

 m
ea

su
re

d 
th

er
m

al
 s

tre
ss

 in
 th

e 
D

rif
t-S

ca
le

 T
es

t, 
w

hi
ch

 h
as

 b
ee

n 
sh

ow
n 

to
 h

av
e 

ne
gl

ig
ib

le
 e

ffe
ct

s 
on

 fl
ow

. 
Th

e
do

m
in

an
t m

od
e 

fo
r s

tre
ss

-in
du

ce
d 

pe
rm

ea
bi

lit
y 

ch
an

ge
 fo

r T
H

M
 

m
od

el
 p

ro
ce

ss
es

 w
as

 fo
un

d 
to

 b
e 

el
as

tic
 fr

ac
tu

rin
g 

ca
us

ed
 b

y
ch

an
ge

s 
in

 s
tre

ss
 n

or
m

al
 to

 th
e 

fra
ct

ur
es

, a
s 

op
po

se
d 

to
 c

ha
ng

es
 in

 
m

at
rix

 p
er

m
ea

bi
lit

y.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
01

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

06
.0

2.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 P
or

os
ity

an
d 

Pe
rm

ea
bi

lit
y 

of
 

Fa
ul

ts
Ex

cl
ud

ed
 

It 
is

 in
fe

rre
d 

fro
m

 th
e 

P
S

H
A

 e
xp

er
t e

lic
ita

tio
n 

st
ud

y 
th

at
 fo

rm
at

io
n 

of
 

si
gn

ifi
ca

nt
 n

ew
 fa

ul
ts

 a
re

 u
nl

ik
el

y 
in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

vi
ci

ni
ty

 w
ith

in
th

e 
ne

xt
 1

0,
00

0 
ye

ar
s.

  I
n 

ad
di

tio
n,

 a
lth

ou
gh

 s
ei

sm
ic

 e
ve

nt
s 

m
ay

re
ac

tiv
at

e 
ex

is
tin

g 
fa

ul
ts

, t
he

 re
su

lti
ng

 fa
ul

t d
is

pl
ac

em
en

ts
 a

re
 li

m
ite

d 
to

 a
 fe

w
 m

et
er

s 
w

ith
 in

si
gn

ifi
ca

nt
 c

ha
ng

es
 in

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
of

 
fa

ul
ts

. 
Fu

rth
er

m
or

e,
 s

ei
sm

ic
al

ly
 in

du
ce

d 
ch

an
ge

s 
in

 fa
ul

t p
or

os
ity

 a
nd

 
pe

rm
ea

bi
lit

y 
ha

ve
 li

ttl
e 

im
pa

ct
 o

n 
flo

w
 a

bo
ve

 th
e 

re
po

si
to

ry
 b

ec
au

se
 

fa
ul

ts
 c

ar
ry

 o
nl

y 
a 

sm
al

l f
ra

ct
io

n 
of

 fl
ow

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
6.

02
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

06
.0

2.
0B

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 P
or

os
ity

an
d 

Pe
rm

ea
bi

lit
y 

of
 

Fr
ac

tu
re

s
Ex

cl
ud

ed
 

Th
e 

re
ce

nt
 P

S
H

A
 e

xp
er

t e
lic

ita
tio

n 
st

ud
y 

su
pp

or
ts

 th
e 

in
te

rp
re

ta
tio

n 
th

at
 fo

rm
at

io
n 

of
 s

ig
ni

fic
an

t n
ew

 fr
ac

tu
re

s 
ar

e 
un

lik
el

y 
in

 th
e 

Y
uc

ca
 

M
ou

nt
ai

n 
vi

ci
ni

ty
 w

ith
in

 th
e 

ne
xt

 1
0,

00
0 

ye
ar

s.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
02

.0
B 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-18 Febuary 2008 



 

    

 
 

 

 

 

 

 
  

 

 
 

 
 

 

 

 

 
 

 

  
 

 

 

 

 

 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

06
.0

3.
0A

S
ei

sm
ic

 A
ct

iv
ity

A
lte

rs
 P

er
ch

ed
W

at
er

 Z
on

es
Ex

cl
ud

ed
 

P
er

ch
ed

 w
at

er
 h

as
 o

nl
y 

be
en

 fo
un

d 
at

 Y
uc

ca
 M

ou
nt

ai
n 

ne
ar

 th
e 

TS
w

-C
H

n 
in

te
rfa

ce
.  

In
 p

ar
tic

ul
ar

, t
he

 p
re

se
nc

e 
of

 p
er

ch
ed

 w
at

er
 

ap
pe

ar
s 

to
 b

e 
co

rre
la

te
d 

w
ith

 th
e 

pr
es

en
ce

 o
f z

eo
lit

ic
al

ly
 a

lte
re

d 
m

in
er

al
s 

w
ith

in
 th

e 
C

al
ic

o 
H

ill
s 

no
nw

el
de

d 
(C

H
n)

.  
Th

e 
fa

ct
 th

at
 th

e 
pe

rc
he

d 
w

at
er

 o
cc

ur
re

nc
e 

is
 s

tro
ng

ly
 c

or
re

la
te

d 
w

ith
 th

e 
ze

ol
iti

c 
lit

ho
lo

gy
 in

di
ca

te
s 

th
at

 th
e 

ef
fe

ct
s 

of
 s

ei
sm

ic
 a

nd
 te

ct
on

ic
 p

ro
ce

ss
es

 
do

 n
ot

 p
la

y 
a 

si
gn

ifi
ca

nt
 ro

le
 in

 th
e 

fo
rm

at
io

n 
an

d 
pe

rs
is

te
nc

e 
of

 
pe

rc
he

d 
w

at
er

.  
P

er
ch

ed
-w

at
er

 c
on

di
tio

ns
 d

o 
no

t p
re

se
nt

ly
 e

xi
st

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

bo
ve

 th
e 

re
po

si
to

ry
, a

nd
 a

re
 n

ot
 e

xp
ec

te
d 

ev
en

 
un

de
r f

ut
ur

e 
cl

im
at

e 
ch

an
ge

s 
(S

N
L 

20
07

 [D
IR

S
 1

84
61

4]
, S

ec
tio

ns
 

6.
2.

2.
2 

an
d 

7.
7.

4.
2.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
03

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

C
ha

ra
ct

er
iz

at
io

n 
of

 S
ei

sm
ic

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

06
.0

4.
0A

E
ffe

ct
s 

of
Su

bs
id

en
ce

 
Ex

cl
ud

ed
 

TH
M

 m
od

el
in

g 
sh

ow
ed

 th
at

 s
ub

si
de

nc
e 

di
st

an
ce

s 
w

ou
ld

 b
e 

in
di

st
in

gu
is

ha
bl

e 
fro

m
 n

at
ur

al
 v

ar
ia

tio
ns

 in
 th

e 
gr

ou
nd

 s
ur

fa
ce

, a
nd

 
ar

e 
to

o 
sm

al
l t

o 
af

fe
ct

 ru
n 

of
f o

r i
nf

ilt
ra

tio
n,

 o
r t

o 
cr

ea
te

im
po

un
dm

en
ts

.  
In

 a
dd

iti
on

, c
or

ro
bo

ra
tiv

e 
m

in
in

g 
da

ta
 in

di
ca

te
 n

o 
su

bs
id

en
ce

 fo
r t

he
 s

iz
e 

of
 th

e 
dr

ift
 o

pe
ni

ng
 re

la
tiv

e 
to

 d
rif

t s
pa

ci
ng

.  
 

St
re

ss
 re

lie
ve

d 
en

ha
nc

em
en

ts
 to

 fr
ac

tu
re

 p
er

m
ea

bi
lit

y 
an

d 
ca

pi
lla

rit
y

du
e 

to
 th

e 
ex

ca
va

tio
n 

ha
ve

 b
ee

n 
in

cl
ud

ed
 in

 th
e 

un
ce

rta
in

ty
 o

f 
pe

rm
ea

bi
lit

y 
an

d 
ca

pi
lla

rit
y 

us
ed

 in
 th

e 
se

ep
ag

e 
m

od
el

s.
 T

he
 c

ha
ng

es
 

to
 fr

ac
tu

re
 c

ha
ra

ct
er

is
tic

s 
ar

ou
nd

 e
m

pl
ac

em
en

t d
rif

ts
 d

ue
 to

 s
tre

ss
 

re
lie

f h
av

e 
be

en
 fo

un
d 

to
 b

e 
to

o 
sm

al
l t

o 
ca

us
e 

ad
ve

rs
e 

ef
fe

ct
s 

on
 

se
ep

ag
e.

 S
ub

si
de

nc
e 

in
du

ce
d 

st
re

ss
 e

ffe
ct

s 
on

 U
Z 

flo
w

 a
re

 
ne

gl
ig

ib
le

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
6.

04
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t D
ia

m
et

er
Em

pl
ac

em
en

t 
D

rif
t S

pa
ci

ng
R

ep
os

ito
ry

La
yo

ut
 

R
ep

os
ito

ry
El

ev
at

io
n 

be
lo

w
th

e 
S

ur
fa

ce
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
U

ns
at

ur
at

ed
 Z

on
e 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

1.
0A

Lo
ca

lly
 S

at
ur

at
ed

 
Fl

ow
 a

t B
ed

ro
ck

/ 
A

llu
vi

um
 C

on
ta

ct
 

Ex
cl

ud
ed

 

Th
e 

po
ss

ib
ili

ty
 o

f l
oc

al
ly

 s
at

ur
at

ed
 fl

ow
 c

on
di

tio
ns

 a
t t

he
 b

ed
ro

ck
–

al
lu

vi
um

 c
on

ta
ct

 h
as

 b
ee

n 
ex

cl
ud

ed
 in

 th
e 

as
se

ss
m

en
t o

f n
et

 
in

fil
tra

tio
n 

fo
r t

w
o 

re
as

on
s.

  F
irs

t, 
m

os
t o

f t
he

 in
fil

tra
tio

n 
m

od
el

 d
om

ai
n 

is
 c

ha
ra

ct
er

iz
ed

 b
y 

re
la

tiv
el

y 
lo

w
 s

lo
pe

, w
hi

ch
 c

or
re

sp
on

ds
 to

 a
 s

m
al

l 
la

te
ra

l h
yd

ra
ul

ic
 g

ra
di

en
t. 

 S
ec

on
d,

 b
ul

k 
be

dr
oc

k 
sa

tu
ra

te
d 

hy
dr

au
lic

 
co

nd
uc

tiv
ity

 v
al

ue
s 

ar
e 

ge
ne

ra
lly

 h
ig

he
r t

ha
n 

th
e 

sa
tu

ra
te

d 
hy

dr
au

lic
 

co
nd

uc
tiv

ity
 v

al
ue

s 
in

 th
e 

ov
er

ly
in

g 
so

il 
an

d,
 th

er
ef

or
e,

 o
nc

e 
w

at
er

 
re

ac
he

s 
th

e 
so

il–
be

dr
oc

k 
in

te
rfa

ce
, i

t w
ou

ld
 te

nd
 to

 e
nt

er
 b

ed
ro

ck
 

in
st

ea
d 

of
 fl

ow
in

g 
la

te
ra

lly
 a

lo
ng

 th
e 

in
te

rfa
ce

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
ur

fa
ce

 S
oi

l 
P

ro
pe

rti
es

 
(in

cl
ud

in
g 

ve
ge

ta
tio

n)
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-19 Febuary 2008 



 

    

 
 

 

 

 

 
 

 

 
 

 

 

 

  

 

 

 
  

 
 

 
 

 
   

 
 

 
   

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

2.
0A

U
ns

at
ur

at
ed

G
ro

un
dw

at
er

 F
lo

w
 in

 
th

e 
G

eo
sp

he
re

In
cl

ud
ed

 

U
ns

at
ur

at
ed

 g
ro

un
dw

at
er

 fl
ow

 d
ef

in
es

 th
e 

flo
w

 fi
el

ds
 in

cl
ud

in
g 

di
st

rib
ut

io
n 

of
 p

er
co

la
tio

n 
flu

x 
in

 s
pa

ce
 a

nd
 ti

m
e,

 th
e 

se
ep

ag
e 

in
to

 
em

pl
ac

em
en

t d
rif

ts
, a

nd
 th

e 
P

Tn
 / 

TS
w

 b
ou

nd
ar

y 
flu

xe
s.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

02
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

4.
0A

Fo
cu

si
ng

 o
f

U
ns

at
ur

at
ed

 F
lo

w
(fi

ng
er

s,
 w

ee
ps

) 
In

cl
ud

ed
 

U
nc

er
ta

in
ty

 in
 fl

ow
 fo

cu
si

ng
 h

as
 b

ee
n 

in
cl

ud
ed

 in
 th

e 
as

se
ss

m
en

t o
f 

th
e 

lik
el

ih
oo

d 
an

d 
m

ag
ni

tu
de

 o
f s

ee
pa

ge
 in

to
 th

e 
em

pl
ac

em
en

t d
rif

ts
 

(S
N

L 
20

07
 [D

IR
S

 1
81

24
4]

, S
ec

tio
ns

 6
.6

.5
.2

 a
nd

 6
.7

.1
). 

 F
lo

w
fo

cu
si

ng
 is

 u
se

d 
w

ith
 th

e 
lo

ca
l p

er
co

la
tio

n 
flu

x 
to

 p
ro

du
ce

 th
e 

pe
rc

ol
at

io
n 

flu
x 

us
ed

 a
s 

in
pu

t t
o 

th
e 

se
ep

ag
e 

m
od

el
s.

  T
hi

s 
al

lo
w

s
br

id
gi

ng
 th

e 
ga

p 
be

tw
ee

n 
th

e 
Si

te
-S

ca
le

 M
od

el
 o

f u
ns

at
ur

at
ed

 fl
ow

,
th

e 
dr

ift
-s

ca
le

 s
ee

pa
ge

 m
od

el
s,

 a
nd

 a
cc

ou
nt

in
g 

fo
r v

ar
ia

bi
lit

y 
in

du
ce

d 
by

 s
to

ch
as

tic
 h

et
er

og
en

ei
ty

 (B
S

C
 2

00
4 

[D
IR

S
 1

67
65

2]
, S

ec
tio

n 
6.

8)
.  

Fl
ow

 fo
cu

si
ng

 s
ub

st
an

tia
lly

 im
pa

ct
s 

pe
rc

ol
at

io
n 

flu
x,

 w
hi

ch
 c

on
tro

ls
 

se
ep

ag
e 

in
to

 e
m

pl
ac

em
en

t d
rif

ts
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
04

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

5.
0A

Fl
ow

 in
 th

e 
U

Z 
fro

m
 

ep
is

od
ic

 in
fil

tra
tio

n 
Ex

cl
ud

ed
 

A
lth

ou
gh

 e
pi

so
de

s 
of

 h
ig

h 
pr

ec
ip

ita
tio

n 
an

d 
in

fil
tra

tio
n 

ar
e 

ex
pe

ct
ed

 to
 

oc
cu

r d
ur

in
g 

ra
in

 s
to

rm
s,

 m
od

el
in

g 
de

m
on

st
ra

te
s 

th
at

 th
e 

P
Tn

, w
hi

ch
 

lie
s 

ab
ov

e 
th

e 
TS

w
 c

on
ta

in
in

g 
th

e 
re

po
si

to
ry

, w
ou

ld
 a

tte
nu

at
e 

ep
is

od
ic

 p
er

co
la

tio
n 

flu
xe

s,
 s

m
oo

th
in

g 
ou

t a
ny

 n
ea

r-s
ur

fa
ce

 
tra

ns
ie

nt
s.

 A
s 

a 
re

su
lt,

 fl
ow

 b
el

ow
 th

e 
P

Tn
 is

 e
xp

ec
te

d 
to

 b
e 

st
ea

dy
.  

R
ap

id
 fl

ow
 th

ro
ug

h 
pr

ef
er

en
tia

l p
at

hw
ay

s 
fo

rm
ed

 b
y 

fra
ct

ur
es

 in
 th

e 
P

Tn
 is

 c
on

si
de

re
d 

to
 b

e 
vo

lu
m

et
ric

al
ly

 in
si

gn
ifi

ca
nt

 b
ec

au
se

 it
 c

ar
rie

s 
on

ly
 a

 s
m

al
l v

ol
um

e 
of

 th
e 

flo
w

 c
om

pa
re

d 
to

 fl
ow

 th
ro

ug
h 

th
e 

m
at

rix
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
05

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
S

ta
nd

of
f f

ro
m

Q
ua

te
rn

ar
y 

Fa
ul

t
M

in
im

um
Th

ic
kn

es
s 

of
 th

e 
P

Tn
 U

ni
t A

bo
ve

 
th

e 
R

ep
os

ito
ry

 

ANL-WIS-MD-000024 REV 01 A-20 Febuary 2008 



 

    

 
 

 

 
  

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

7.
0A

P
er

ch
ed

 W
at

er
D

ev
el

op
s 

In
cl

ud
ed

 

P
ot

en
tia

l e
ffe

ct
s 

of
 p

er
ch

ed
 w

at
er

 a
bo

ve
 th

e 
re

po
si

to
ry

 
(d

iv
er

si
on

 a
nd

 s
ub

se
qu

en
t d

ra
in

ag
e 

of
 fl

ow
) a

re
 in

di
re

ct
ly

 
ca

pt
ur

ed
 in

 th
e 

se
ep

ag
e 

ab
st

ra
ct

io
n 

m
od

el
 th

ro
ug

h 
th

e 
us

e 
of

 
flo

w
 fo

cu
si

ng
 a

nd
 s

pa
tia

l v
ar

ia
bi

lit
y.

 H
ow

ev
er

, t
he

 fl
ow

 fi
el

ds
pr

ed
ic

te
d 

by
 th

e 
U

Z 
flo

w
 m

od
el

 d
o 

no
t c

on
ta

in
 p

er
ch

ed
 w

at
er

 
bo

di
es

 a
bo

ve
 th

e 
re

po
si

to
ry

, a
nd

 n
o 

pe
rc

he
d 

w
at

er
 w

as
 

ob
se

rv
ed

 in
 b

or
eh

ol
es

 d
ril

le
d 

th
ro

ug
h 

th
e 

U
Z 

ab
ov

e 
th

e 
re

po
si

to
ry

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

07
.0

A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

8.
0A

Fr
ac

tu
re

 F
lo

w
 in

 th
e 

U
Z

In
cl

ud
ed

 

A
bo

ve
 th

e 
re

po
si

to
ry

, t
he

 in
fil

tra
te

d 
w

at
er

 fl
ow

s 
pr

in
ci

pa
lly

 b
y 

gr
av

ity
th

ro
ug

h 
a 

ne
tw

or
k 

of
 fr

ac
tu

re
s 

in
 th

e 
TC

w
, P

Tn
, a

nd
 T

S
w

 u
ni

ts
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
Fr

ac
tu

re
 fl

ow
 d

om
in

at
es

 in
 th

e 
w

el
de

d 
un

its
 w

ith
 a

 
hi

gh
 d

en
si

ty
 o

f i
nt

er
co

nn
ec

te
d 

fra
ct

ur
es

.  
Fr

ac
tu

re
 fl

ow
 is

 a
ls

o 
si

gn
ifi

ca
nt

 e
ve

n 
in

 th
e 

no
nw

el
de

d 
PT

n 
un

it 
w

he
re

 th
e 

re
la

tiv
el

y 
hi

gh
 

m
at

rix
 p

er
m

ea
bi

lit
y/

po
ro

si
ty

 a
nd

 th
e 

re
la

tiv
el

y 
lo

w
 fr

ac
tu

re
 d

en
si

ty
, 

co
nv

er
t t

he
 p

re
do

m
in

an
t f

ra
ct

ur
e 

flo
w

 in
 th

e 
TC

w
 u

ni
t t

o 
do

m
in

an
t 

m
at

rix
 fl

ow
.  

W
ith

in
 th

e 
re

po
si

to
ry

 fo
ot

pr
in

t, 
fra

ct
ur

e 
flo

w
 a

cc
ou

nt
s 

fo
r 

m
or

e 
th

an
 9

0%
 o

f t
ot

al
 w

at
er

 p
er

co
la

tio
n 

flu
x 

at
 th

e 
re

po
si

to
ry

ho
riz

on
.  

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

08
.0

A 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.0

9.
0A

M
at

rix
 Im

bi
bi

tio
n 

in
 

th
e 

U
Z

In
cl

ud
ed

 

Fl
ow

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 o

cc
ur

s 
pr

ed
om

in
an

tly
 in

 th
e 

fra
ct

ur
es

.  
M

at
rix

 im
bi

bi
tio

n 
af

fe
ct

s 
th

e 
di

st
rib

ut
io

n 
of

 fl
ow

 b
et

w
ee

n 
fra

ct
ur

es
 a

nd
 

th
e 

m
at

rix
 in

 th
e 

fra
ct

ur
ed

 ro
ck

, a
nd

 is
 c

ap
tu

re
d 

in
 th

e 
S

ite
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
 th

ro
ug

h 
th

e 
us

e 
of

 m
at

rix
 a

nd
 fr

ac
tu

re
 p

ro
pe

rti
es

.  
M

at
rix

 
im

bi
bi

tio
n 

is
 a

ls
o 

im
po

rta
nt

 in
 d

am
pi

ng
 th

e 
ef

fe
ct

 o
f e

pi
so

di
c

in
fil

tra
tio

n,
 re

su
lti

ng
 in

 s
te

ad
y 

flo
w

 c
on

di
tio

ns
 b

el
ow

 th
e 

P
Tn

.  
  

A
lth

ou
gh

 im
bi

bi
tio

n 
ef

fe
ct

s 
ar

e 
re

le
va

nt
 fo

r t
ra

ns
po

rt,
 th

ey
 a

re
 n

ot
 a

s 
si

gn
ifi

ca
nt

 in
 th

e 
m

od
el

s 
of

 u
ns

at
ur

at
ed

 z
on

e 
flo

w
, s

ee
pa

ge
, a

nd
 

th
er

m
al

 s
ee

pa
ge

, w
hi

ch
 a

re
 m

or
e 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
ed

 b
y 

th
e 

ro
ck

 
pr

op
er

tie
s 

of
 th

e 
fra

ct
ur

es
, i

n 
pa

rti
cu

la
r t

he
 p

er
m

ea
bi

lit
y 

an
d 

ca
pi

lla
rit

y 
(B

S
C

 2
00

4 
[D

IR
S

 1
70

03
5]

, S
ec

tio
n 

6.
1)

. 
Tr

an
sp

or
t o

f r
ad

io
nu

cl
id

es
 

in
 th

e 
U

N
B

 is
 n

ot
 a

 c
on

si
de

ra
tio

n 
be

ca
us

e 
flo

w
 a

nd
 tr

an
sp

or
t p

at
hs

 
ar

e 
fro

m
 th

e 
re

po
si

to
ry

 d
ow

nw
ar

d.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
09

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

M
in

im
um

Th
ic

kn
es

s 
of

 th
e 

PT
n 

U
ni

t a
bo

ve
 

th
e 

R
ep

os
ito

ry
 

ANL-WIS-MD-000024 REV 01 A-21 Febuary 2008 



 

    

 
 

 
 

   

 
   

 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.1

0.
0A

C
on

de
ns

at
io

n 
Zo

ne
 

Fo
rm

s 
A

ro
un

d 
D

rif
ts

 
In

cl
ud

ed
 

M
oi

st
ur

e 
w

ill
 b

e 
re

di
st

rib
ut

ed
 b

y 
ev

ap
or

at
io

n 
an

d 
co

nd
en

sa
tio

n 
in

 th
e 

ho
st

 ro
ck

 a
ro

un
d 

th
e 

em
pl

ac
em

en
t d

rif
ts

.  
Th

is
 p

ro
ce

ss
 is

 in
cl

ud
ed

 in
th

e 
th

er
m

al
-s

ee
pa

ge
 a

nd
 th

er
m

al
-h

yd
ro

lo
gi

c 
m

od
el

s,
 w

hi
ch

 a
re

 
ab

st
ra

ct
ed

 fo
r i

nc
lu

si
on

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 D
ur

in
g

bo
ili

ng
, c

on
de

ns
at

e 
de

ve
lo

ps
 a

bo
ve

 d
rif

ts
 a

nd
 s

he
ds

 in
 c

oo
le

r r
eg

io
ns

 
be

tw
ee

n 
dr

ift
s 

(p
ill

ar
s)

. A
fte

r b
oi

lin
g 

co
nd

en
sa

te
 h

as
 a

 n
eg

lig
ib

le
 e

ffe
ct

 
on

 b
ot

h 
flo

w
 a

nd
 s

ee
pa

ge
 c

he
m

is
try

.  
C

on
de

ns
at

io
n 

in
 th

e 
ne

ar
-fi

el
d 

ho
st

 ro
ck

 d
oe

s 
no

t p
ro

du
ce

 li
qu

id
 fl

ux
 c

on
di

tio
ns

 s
uf

fic
ie

nt
 to

 c
au

se
 

in
flu

x 
of

 w
at

er
 in

to
 th

e 
dr

ift
s 

(B
S

C
 2

00
5 

[D
IR

S
 1

72
23

2]
, S

ec
tio

n 
s 

6.
1.

1 
an

d 
6.

2.
4)

; h
en

ce
 th

e 
ef

fe
ct

 o
f c

on
de

ns
at

io
n 

is
 li

m
ite

d.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
10

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
La

yo
ut

 
Em

pl
ac

em
en

t 
D

rif
t

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

Th
er
m
al

 L
im

it
D

rif
t W

al
l

Te
m

pe
ra

tu
re

 
W

as
te

 P
ac

ka
ge

Sp
ac

in
g 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.1

1.
0A

R
es

at
ur

at
io

n 
of

 
G

eo
sp

he
re

 D
ry

ou
t 

Zo
ne

 
In

cl
ud

ed
 

R
es

at
ur

at
io

n 
of

 th
e 

ro
ck

s 
ar

ou
nd

 th
e 

em
pl

ac
em

en
t d

rif
ts

 d
ur

in
g 

th
e 

th
er

m
al

 p
ul

se
 is

 in
cl

ud
ed

 in
 th

er
m

al
-h

yd
ro

lo
gi

c 
an

d 
th

er
m

al
-s

ee
pa

ge
 

m
od

el
s 

bu
t h

as
 o

nl
y 

a 
m

in
or

 e
ffe

ct
 o

n 
se

ep
ag

e.
   

Th
e 

ef
fe

ct
s 

of
 re

sa
tu

ra
tio

n 
of

 th
e 

ho
st

 ro
ck

 a
ro

un
d 

th
e 

em
pl

ac
em

en
t 

dr
ift

s 
du

e 
to

 w
as

te
 c

oo
lin

g 
ar

e 
on

ly
 s

ig
ni

fic
an

t f
or

 th
e 

fir
st

 s
ev

er
al

 
hu

nd
re

d 
to

 a
 fe

w
 1

,0
00

 y
ea

rs
, a

nd
 a

re
 in

si
gn

ifi
ca

nt
 o

ve
r t

he
 p

er
io

d 
of

 
ge

ol
og

ic
 s

ta
bi

lit
y 

(B
S

C
 2

00
5 

[D
IR

S
 1

72
23

2]
, S

ec
tio

n 
8.

1)
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
11

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 

In
ve

nt
or

y 
D

ec
ay

, a
nd

 
D

ec
ay

 H
ea

t 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-22 Febuary 2008 



 

    

 
   

 

 

  

 
 

 
 

 

 

 
 

 
   

 
 

 

 

 

 

 
 

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.1

8.
0A

Fi
lm

 F
lo

w
 in

to
 th

e 
R

ep
os

ito
ry

In
cl

ud
ed

 

Th
e 

pr
im

ar
y 

pa
ra

m
et

er
s 

co
nt

ro
lli

ng
 d

rif
t s

ee
pa

ge
 a

nd
 fl

ow
 d

iv
er

si
on

 
ar

e 
th

e 
ca

pi
lla

ry
 s

tre
ng

th
 p

ar
am

et
er

 a
nd

 p
er

m
ea

bi
lit

y 
(B

SC
 2

00
4 

[D
IR

S
 1

71
76

4]
, S

ec
tio

n 
6.

6.
3.

1)
.  

Th
es

e 
pa

ra
m

et
er

s 
im

pl
ic

itl
y 

ca
pt

ur
e 

ef
fe

ct
s 

su
ch

 a
s 

fil
m

 fl
ow

 (B
S

C
 2

00
4 

[D
IR

S
 1

71
76

4]
, S

ec
tio

n 
6.

3.
3.

2)
.  

A
n 

an
al

ys
is

 u
si

ng
 a

 fi
lm

-fl
ow

 m
od

el
 a

s 
an

 a
lte

rn
at

iv
e 

to
 th

e 
S

ite
-S

ca
le

 
U

Z 
Fl

ow
 M

od
el

 in
di

ca
te

s 
th

at
 th

e 
U

Z 
Fl

ow
 M

od
el

, w
hi

ch
 in

co
rp

or
at

es
 

th
e 

ac
tiv

e 
fra

ct
ur

e 
co

nc
ep

t, 
ca

pt
ur

es
 th

e 
fa

st
 fl

ow
 b

eh
av

io
r o

f w
at

er
 

fil
m

. 
Fi

lm
 fl

ow
 is

 c
on

si
de

re
d 

to
 b

e 
a 

sm
al

l-s
ca

le
 e

ffe
ct

 re
la

tiv
e 

to
 th

e 
ov

er
al

l c
ap

ill
ar

y 
ef

fe
ct

 (B
S

C
 2

00
4 

[D
IR

S
 1

71
76

4]
, S

ec
tio

n 
6.

6.
3.

1.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
18

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f
U

ns
at

ur
at

ed
Zo

ne
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

e 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

07
.1

9.
0A

La
te

ra
l F

lo
w

 fr
om

 
S

ol
ita

rio
 C

an
yo

n
Fa

ul
t E

nt
er

s 
D

rif
ts

In
cl

ud
ed

 

La
te

ra
l f

lo
w

 fr
om

 th
e 

S
ol

ita
rio

 C
an

yo
n 

Fa
ul

t i
s 

no
t e

xp
ec

te
d 

to
 b

e 
a 

si
gn

ifi
ca

nt
 fr

ac
tio

n 
of

 th
e 

to
ta

l p
er

co
la

tio
n 

flu
x 

at
 th

e 
re

po
si

to
ry

ho
riz

on
.  

In
 a

dd
iti

on
, b

ec
au

se
 th

e 
em

pl
ac

em
en

t d
rif

ts
 d

o 
no

t i
nt

er
se

ct
 

th
e 

S
ol

ita
rio

 C
an

yo
n 

Fa
ul

t, 
th

e 
fa

ul
t i

s 
no

t e
xp

ec
te

d 
to

 h
av

e 
a 

su
bs

ta
nt

ia
l e

ffe
ct

 o
n 

se
ep

ag
e 

in
to

 th
e 

dr
ift

s.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
19

.0
A 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
La

yo
ut

 
U

ns
at

ur
at

ed
 Z

on
e 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 

2.
2.

07
.2

0.
0A

Fl
ow

 D
iv

er
si

on
 

Ar
ou

nd
 R

ep
os

ito
ry

D
rif

ts
In

cl
ud

ed
 

D
ow

nw
ar

d 
pe

rc
ol

at
io

n 
flu

x 
in

 th
e 

ne
ar

-fi
el

d 
ho

st
 ro

ck
 te

nd
s 

to
 b

e 
di

ve
rte

d 
ar

ou
nd

 d
rif

t o
pe

ni
ng

s 
by

 c
ap

ill
ar

y 
flo

w
 p

ro
ce

ss
es

.  
W

he
n 

th
e 

flu
x 

is
 n

ot
 fu

lly
 d

iv
er

te
d,

 th
en

 s
ee

pa
ge

 re
su

lts
.  

Th
e 

ef
fe

ct
iv

en
es

s 
of

 
di

ve
rs

io
n 

is
 a

 fu
nc

tio
n 

of
 th

e 
pe

rc
ol

at
io

n 
ra

te
, t

he
 p

er
m

ea
bi

lit
y 

an
d 

ca
pi

lla
rit

y 
st

re
ng

th
 o

f t
he

 h
os

t r
oc

k,
 a

nd
 th

e 
op

en
in

g 
ge

om
et

ry
.  

Th
e 

ke
y 

pa
ra

m
et

er
s 

af
fe

ct
in

g 
flo

w
 d

iv
er

si
on

, a
nd

 th
e 

as
so

ci
at

ed
 

pa
ra

m
et

er
 u

nc
er

ta
in

tie
s,

 a
re

 in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t 

th
ro

ug
h 

th
e 

se
ep

ag
e 

m
od

el
s 

(B
S

C
 2

00
4 

[D
IR

S
 1

71
76

4]
, S

ec
tio

n 
6.

3.
2)

. 
Fl

ow
 d

iv
er

si
on

 is
 a

n 
im

po
rta

nt
 fu

nc
tio

n 
of

 th
e 

up
pe

r n
at

ur
al

 
ba

rri
er

, s
o 

th
e 

ke
y 

pa
ra

m
et

er
s 

of
 th

is
 F

E
P

 a
re

 c
on

si
de

re
d 

im
po

rta
nt

 to
 

ba
rri

er
 c

ap
ab

ili
ty

. T
he

 p
ar

am
et

er
s 

af
fe

ct
in

g 
flo

w
 d

iv
er

si
on

, a
nd

 th
e 

as
so

ci
at

ed
 p

ar
am

et
er

 u
nc

er
ta

in
tie

s,
 h

av
e 

be
en

 o
bt

ai
ne

d 
fro

m
 th

e 
an

al
ys

es
 o

f l
iq

ui
d 

re
le

as
e 

te
st

s 
pe

rfo
rm

ed
 a

t s
ev

er
al

 lo
ca

tio
ns

 a
t t

he
 

Ex
pl

or
at

or
y 

St
ud

ie
s 

Fa
ci

lit
y 

(E
SF

) t
ha

t c
ap

tu
re

 th
e 

un
sa

tu
ra

te
d 

flo
w

pr
oc

es
s 

in
 th

e 
pr

es
en

ce
 o

f o
pe

ni
ng

s,
 in

cl
ud

in
g 

flo
w

 d
iv

er
si

on
 a

ro
un

d 
dr

ift
s 

an
d 

se
ep

ag
e,

 a
nd

 h
av

e 
be

en
 in

cl
ud

ed
 in

 th
e 

se
ep

ag
e 

m
od

el
s.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

20
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
P

ro
pe

rti
es

 o
f t

he
 

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
its

 
N

o 
B

ac
kf

ill
 in

 
Em

pl
ac

em
en

t 
D

rif
ts

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-23 Febuary 2008 



 

    

 
 

 

 

 

 
  

 
 

 

 
 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.0

1.
0A

R
ep

os
ito

ry
-In

du
ce

d 
Th

er
m

al
 E

ffe
ct

s 
on

 
Fl

ow
 in

 th
e 

U
Z

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

ea
ls

 w
ith

 p
ot

en
tia

l i
m

pa
ct

s 
of

 th
e 

th
er

m
al

 e
ffe

ct
s 

of
 th

e 
re

po
si

to
ry

, o
n 

la
rg

e 
sc

al
e 

flo
w

 p
at

te
rn

s 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
R

ep
os

ito
ry

-in
du

ce
d 

th
er

m
al

-h
yd

ro
lo

gi
c 

ef
fe

ct
s 

on
 fl

ow
, a

re
 

in
si

gn
ifi

ca
nt

 (S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
 2

.2
.1

0.
01

.0
A

). 
 W

he
re

as
 th

e
lo

ca
l e

ffe
ct

s 
of

 e
va

po
ra

tio
n 

an
d 

co
nd

en
sa

tio
n 

in
 th

e 
ho

st
 ro

ck
 a

re
 

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t (

se
e 

FE
P

 2
.2

.0
7.

10
.0

A
; S

N
L 

20
07

 [D
IR

S
 1

81
24

4]
, S

ec
tio

n 
6.

5)
, t

he
 p

ot
en

tia
l l

ar
ge

r-s
ca

le
 e

ffe
ct

s,
 

as
so

ci
at

ed
 w

ith
 g

as
-p

ha
se

 c
irc

ul
at

io
n,

 o
n 

th
e 

ch
ar

ac
te

ris
tic

s 
of

 fa
r-

fie
ld

 p
er

co
la

tio
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
, a

re
 in

si
gn

ifi
ca

nt
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
01

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
U

ns
at

ur
at

ed
Zo

ne
 P

ro
pe

rti
es

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t S
pa

ci
ng

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
D

rif
t W

al
l

Te
m

pe
ra

tu
re

 
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.0

3.
0B

N
at

ur
al

 G
eo

th
er

m
al

E
ffe

ct
s 

on
 F

lo
w

 in
th

e 
U

Z
In

cl
ud

ed
 

A
lth

ou
gh

 th
is

 p
ro

ce
ss

 h
as

 b
ee

n 
in

cl
ud

ed
 in

 th
e 

U
Z 

Fl
ow

 M
od

el
 

th
ro

ug
h 

th
e 

us
e 

of
 o

bs
er

ve
d 

am
bi

en
t t

em
pe

ra
tu

re
 p

ro
fil

e 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
nd

 m
ea

su
re

d 
th

er
m

al
 c

on
du

ct
iv

ity
, f

lo
w

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

su
bs

ta
nt

ia
lly

 a
ffe

ct
ed

 b
y

na
tu

ra
l g

eo
th

er
m

al
 g

ra
di

en
ts

 b
ec

au
se

 th
ey

 a
re

 s
m

al
l c

om
pa

re
d 

to
 

th
er

m
al

 g
ra

di
en

ts
 th

at
 e

xi
st

 fr
om

 th
e 

tra
ns

ie
nt

 th
er

m
al

 p
ul

se
 fr

om
 th

e 
em

pl
ac

ed
 n

uc
le

ar
 w

as
te

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
03

.0
B 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t,
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 

an
d 

Ev
ap

or
at

io
n

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-24 Febuary 2008 



 

    

 

 
  

 

  

  
  

 

  

 

 

 

 

  
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.0

4.
0A

Th
er

m
o-

m
ec

ha
ni

ca
l 

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s 
of

 
Fr

ac
tu

re
s 

N
ea

r
R

ep
os

ito
ry

Ex
cl

ud
ed

 

Th
er

m
o-

m
ec

ha
ni

ca
l s

tre
ss

es
 im

po
se

d 
on

 u
ns

at
ur

at
ed

 z
on

e 
fra

ct
ur

es
 

w
ith

in
 th

e 
vi

ci
ni

ty
 o

f t
he

 re
po

si
to

ry
 d

o 
no

t s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
fra

ct
ur

ed
 ro

ck
 m

as
s,

 in
 p

ar
tic

ul
ar

 th
e 

pe
rm

ea
bi

lit
y 

or
 c

ap
ill

ar
ity

.  
Th

er
ef

or
e,

 th
es

e 
pr

oc
es

se
s 

do
 n

ot
 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
 th

e 
pr

ed
ic

te
d 

se
ep

ag
e 

in
to

 th
e 

em
pl

ac
em

en
t d

rif
ts

, 
an

d 
ha

ve
 b

ee
n 

ex
cl

ud
ed

 fr
om

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t. 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
04

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.0

4.
0B

Th
er

m
o-

m
ec

ha
ni

ca
l 

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s 
of

 
Fa

ul
ts

 N
ea

r
R

ep
os

ito
ry

Ex
cl

ud
ed

 

Th
er

m
o-

m
ec

ha
ni

ca
l e

ffe
ct

s 
on

 fa
ul

ts
 in

 th
e 

vi
ci

ni
ty

 o
f t

he
 

em
pl

ac
em

en
t d

rif
ts

 in
 re

sp
on

se
 to

 c
ou

pl
ed

 th
er

m
al

 p
ro

ce
ss

es
 d

o 
no

t 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 th
e 

hy
dr

ol
og

ic
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

fra
ct

ur
ed

 ro
ck

 
m

as
s,

 in
 p

ar
tic

ul
ar

 th
e 

pe
rm

ea
bi

lit
y 

or
 c

ap
ill

ar
ity

. 
In

 a
dd

iti
on

, t
he

se
pr

oc
es

se
s 

do
 n

ot
 a

ffe
ct

 th
e 

ov
er

al
l f

lo
w

 in
 th

e 
fra

ct
ur

ed
 ro

ck
 m

as
s 

in
 

th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
Th

er
ef

or
e,

 th
es

e 
pr

oc
es

se
s 

do
 n

ot
 s

ig
ni

fic
an

tly
af

fe
ct

 th
e 

pr
ed

ic
te

d 
se

ep
ag

e 
in

to
 th

e 
em

pl
ac

em
en

t d
rif

ts
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

04
.0

B 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A-25 Febuary 2008 



 

    

 

 

 

  

  
  

 

  

 
 

 
 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.0

5.
0A

Th
er

m
o-

m
ec

ha
ni

ca
l 

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s 
of

 
R

oc
ks

 A
bo

ve
 a

nd
 

B
el

ow
 th

e 
R

ep
os

ito
ry

Ex
cl

ud
ed

 

Th
er

m
o-

m
ec

ha
ni

ca
l e

ffe
ct

s 
in

 th
e 

vi
ci

ni
ty

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
ts

 in
 

re
sp

on
se

 to
 c

ou
pl

ed
 th

er
m

al
 p

ro
ce

ss
es

 d
o 

no
t s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

hy
dr

ol
og

ic
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

fra
ct

ur
ed

 ro
ck

 m
as

s,
 in

 p
ar

tic
ul

ar
 th

e 
pe

rm
ea

bi
lit

y 
or

 c
ap

ill
ar

ity
.  

Th
er

ef
or

e,
 th

es
e 

pr
oc

es
se

s 
do

 n
ot

 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 th
e 

pr
ed

ic
te

d 
se

ep
ag

e 
in

to
 th

e 
em

pl
ac

em
en

t d
rif

ts
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
05

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
R

ep
os

ito
ry

El
ev

at
io

n 
be

lo
w

th
e 

S
ur

fa
ce

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
S

ta
nd

of
f f

ro
m

Pa
in

tb
ru

sh
 

N
on

w
el

de
d 

H
yd

ro
ge

ol
og

ic
 

U
ni

t 
U

ns
at

ur
at

ed
 Z

on
e 

ab
ov

e 
th

e 
R

ep
os

ito
ry

 

2.
2.

10
.1

0.
0A

Tw
o-

P
ha

se
 B

uo
ya

nt
 

Fl
ow

/H
ea

t P
ip

es
 

In
cl

ud
ed

 

Tw
o-

ph
as

e 
bu

oy
an

t f
lo

w
 (a

nd
 h

ea
t p

ip
e 

ef
fe

ct
)is

 in
cl

ud
ed

 in
 m

od
el

s 
of

 
th

er
m

al
 s

ee
pa

ge
 a

nd
 th

er
m

al
 h

yd
ro

lo
gy

, t
he

 e
ffe

ct
 is

 li
m

ite
d 

to
 d

rif
t-

sc
al

e 
re

di
st

rib
ut

io
n 

of
 m

oi
st

ur
e,

 a
nd

 d
oe

s 
no

t s
ig

ni
fic

an
tly

 in
cr

ea
se

 o
r 

de
cr

ea
se

 th
e 

av
ai

la
bi

lit
y 

of
 w

at
er

 fo
r s

ee
pa

ge
 o

r t
ra

ns
po

rt 
(S

N
L 

20
07

 
[D

IR
S

 1
77

40
4]

, S
ec

tio
n 

6.
2.

1.
1)

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

10
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 
In

ve
nt

or
y 

D
ec

ay
, a

nd
 

D
ec

ay
 H

ea
t 

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

N
on

-IT
B

C
:

Em
pl

ac
em

en
t 

D
rif

t S
pa

ci
ng

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
D

rif
t W

al
l

Te
m

pe
ra

tu
re

 
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A-26 Febuary 2008 



 

    

 
 

 

 

 

 
  

 
 

  

 
 

 
 

 

 

 
  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-1
. 

IT
B

C
 A

na
ly

si
s 

of
 U

pp
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.1

1.
0A

N
at

ur
al

 A
ir 

Fl
ow

 in
th

e 
U

Z
Ex

cl
ud

ed
 

B
ar

om
et

ric
 p

um
pi

ng
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 m
ay

 in
cr

ea
se

 g
as

-p
ha

se
 

ax
ia

l t
ra

ns
po

rt 
of

 m
oi

st
ur

e 
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 d
ur

in
g 

th
e 

th
er

m
al

 p
er

io
d,

 w
ith

 g
re

at
er

 c
on

de
ns

at
io

n 
oc

cu
rri

ng
 in

 c
oo

le
r o

r 
un

he
at

ed
 re

gi
on

s 
an

d 
lo

w
er

 re
la

tiv
e 

hu
m

id
ity

 o
cc

ur
rin

g 
in

 th
e 

he
at

ed
 

re
gi

on
s.

  H
ow

ev
er

, t
he

 p
ot

en
tia

l e
ffe

ct
s 

ar
e 

w
ith

in
 th

e 
ra

ng
e 

of
 e

ffe
ct

s 
re

pr
es

en
te

d 
in

 th
e 

co
nd

en
sa

tio
n 

m
od

el
, a

nd
 a

re
 m

in
or

 c
om

pa
re

d 
w

ith
 

th
e 

th
er

m
al

-h
yd

ro
lo

gi
ca

l r
es

po
ns

es
 re

pr
es

en
te

d 
by

 th
e 

m
ul

tis
ca

le
 

m
od

el
. 

A
ls

o,
 th

e 
ef

fe
ct

s 
of

 n
at

ur
al

 a
ir 

flo
w

 o
n 

m
oi

st
ur

e 
m

ov
em

en
t i

n 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

re
 fo

un
d 

to
 b

e 
sm

al
l, 

co
m

pa
re

d 
w

ith
 th

e 
ra

ng
e 

of
 in

fil
tra

tio
n 

flu
x 

es
tim

at
ed

 fo
r Y

uc
ca

 M
ou

nt
ai

n.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
11

.0
A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

Zo
ne

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

10
.1

2.
0A

G
eo

sp
he

re
 D

ry
ou

t 
du

e 
to

 W
as

te
 H

ea
t

In
cl

ud
ed

 

D
ry

ou
t o

f t
he

 h
os

t r
oc

k 
is

 in
cl

ud
ed

 in
 th

er
m

al
 h

yd
ro

lo
gi

c 
an

d 
th

er
m

al
-

se
ep

ag
e 

m
od

el
s,

 a
nd

 a
ffe

ct
s 

th
e 

tim
in

g 
of

 s
ee

pa
ge

 (S
N

L 
20

08
 

[D
IR

S
 1

83
04

1]
 –

 2
.2

.1
0.

12
.0

A
). 

 T
he

 e
ffe

ct
s 

of
 d

ry
ou

t o
f t

he
 h

os
t r

oc
k 

ar
ou

nd
 th

e 
em

pl
ac

em
en

t d
rif

ts
 d

ue
 to

 w
as

te
 h

ea
t a

re
 s

ig
ni

fic
an

t 
pr

oc
es

se
s 

fo
r t

he
 fi

rs
t s

ev
er

al
 h

un
dr

ed
 to

 a
pp

ro
xi

m
at

el
y 

1,
00

0 
ye

ar
s,

 
de

pe
nd

in
g 

on
 th

e 
lo

ca
tio

n 
in

 th
e 

re
po

si
to

ry
, w

hi
ch

 is
 a

 s
m

al
l f

ra
ct

io
n 

of
 th

e 
pe

rio
d 

of
 g

eo
lo

gi
c 

st
ab

ili
ty

 (S
N

L 
20

07
 [D

IR
S

 1
81

24
4]

, 
S

ec
tio

n 
6.

5)
; (

B
S

C
 2

00
5 

[D
IR

S
 1

72
23

2]
, S

ec
tio

n 
6.

2.
4)

.  
Th

es
e 

ef
fe

ct
s 

on
 fl

ow
 a

re
 in

cl
ud

ed
 th

ro
ug

h 
th

e 
ab

st
ra

ct
io

ns
 o

f t
he

 T
H

C
 a

nd
 

TH
 s

ee
pa

ge
 m

od
el

s.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
12

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 
an

d 
Ev

ap
or

at
io

n
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 

In
ve

nt
or

y 
D

ec
ay

, a
nd

 
D

ec
ay

 H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
Th

er
m

al
 L

im
it 

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
V

er
ifi

ca
tio

n 
of

 
D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

2.
2.

11
.0

2.
0A

G
as

 E
ffe

ct
s 

in
 th

e
U

Z
Ex

cl
ud

ed
 

Th
e 

bu
ild

up
 o

f a
ny

 s
ig

ni
fic

an
t g

as
 p

re
ss

ur
e 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 is

 
ex

pe
ct

ed
 to

 b
e 

of
 lo

w
 c

on
se

qu
en

ce
, b

ec
au

se
 p

er
m

ea
bl

e 
fra

ct
ur

e 
pa

th
w

ay
s 

w
ou

ld
 d

iv
er

t g
as

 a
w

ay
 fr

om
 it

s 
so

ur
ce

, p
re

ve
nt

in
g 

th
e 

fo
rm

at
io

n 
of

 h
ig

h 
pr

es
su

re
 g

as
 p

oc
ke

ts
 th

at
 m

ig
ht

 a
lte

r f
lo

w
 a

nd
 

tra
ns

po
rt 

pa
tte

rn
s.

  C
om

pa
ris

on
 o

f T
H

 a
nd

 T
H

C
 c

al
cu

la
tio

ns
 a

ls
o 

sh
ow

 th
at

 p
ot

en
tia

l s
ea

lin
g 

of
 fr

ac
tu

re
s 

du
e 

to
 p

re
ci

pi
ta

tio
n 

in
 th

e 
th

er
m

al
ly

 p
er

tu
rb

ed
 re

po
si

to
ry

 e
nv

iro
nm

en
t w

ou
ld

 h
av

e 
a 

ne
gl

ig
ib

le
 

ef
fe

ct
 o

n 
hy

dr
og

eo
lo

gi
c 

re
sp

on
se

 o
f t

he
 fr

ac
tu

re
s.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
1.

02
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f
U

ns
at

ur
at

ed
Zo

ne
 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-27 Febuary 2008 



 
Ta

bl
e 

A
-1

. 
IT

B
C

 A
na

ly
si

s 
of

 U
pp

er
 N

at
ur

al
 B

ar
rie

r F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r N

am
e,

an
d 

Sc
re

en
in

g
D

ec
is

io
n 

D
is

cu
ss

io
n 

of
 E

ffe
ct

 o
n 

B
ar

rie
r C

ap
ab

ili
ty

 
R

el
at

es
 

to
 IT

B
C

1 

C
or

e
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 

C
on

tr
ol

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

 Z
on

e 
ab

ov
e 

th
e 

 
R

ep
os

ito
ry

 

2.
2.

12
.0

0.
0A

U
nd

et
ec

te
d 

Fe
at

ur
es

in
 th

e 
U

Z
Ex

cl
ud

ed
  

 
D

is
cr

et
e 

fa
ul

ts
 h

av
e 

be
en

 in
cl

ud
ed

 in
 th

e 
S

ite
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
.  

 
Th

e 
po

ss
ib

ili
ty

 th
at

 a
 m

aj
or

, c
rit

ic
al

 fe
at

ur
e 

in
 th

e 
vi

ci
ni

ty
 o

f Y
uc

ca
 

M
ou

nt
ai

n,
 s

uc
h 

as
 a

 la
rg

e 
se

is
m

og
en

ic
 fa

ul
t z

on
e,

 is
 n

ot
 e

xp
ec

te
d 

 
gi

ve
n 

th
e 

ex
te

ns
iv

e 
si

te
 in

ve
st

ig
at

io
n.

  H
ow

ev
er

, m
od

el
 re

su
lts

 s
ho

w
 

ex
is

tin
g 

m
aj

or
 fa

ul
t f

ea
tu

re
s 

ca
rr

y 
on

ly
 a

 s
m

al
l f

ra
ct

io
n 

of
 th

e 
flo

w
(a

bo
ut

 1
%

) w
ith

in
 th

e 
re

po
si

to
ry

 fo
ot

pr
in

t a
bo

ve
 th

e 
re

po
si

to
ry

; 
 

th
er

ef
or

e,
 th

e 
pr

es
en

ce
 o

f u
nd

et
ec

te
d 

fe
at

ur
es

 w
ou

ld
 n

ot
  s

ig
ni

fic
an

tly
 

al
te

r t
he

 fr
ac

tio
n 

of
 fl

ow
-th

ro
ug

h 
fe

at
ur

es
 w

ith
in

 th
e 

re
po

si
to

ry
fo

ot
pr

in
t, 

an
d 

th
er

ef
or

e,
 w

ou
ld

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
lik

el
ih

oo
d 

or
 

am
ou

nt
 o

f s
ee

pa
ge

.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

2.
00

.0
A 

N
o 

 
N

on
-IT

B
C

:
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

Zo
ne

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

 
N

on
-IT

B
C

:  
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
 

R
ep

os
ito

ry
S

ta
nd

of
f f

ro
m

Q
ua

te
rn

ar
y 

Fa
ul

t 

 
 

1 
A

 F
E

P
 re

la
te

s 
to

 a
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
 if

 it
 d

ire
ct

ly
 in

flu
en

ce
s 

or
 is

 d
ire

ct
ly

 in
flu

en
ce

d 
by

 th
e 

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

. T
he

 P
ar

am
et

er
 is

 d
et

er
m

in
ed

 to
 b

e 
IT

B
C

 if
 fo

r a
 p

ar
tic

ul
ar

 B
ar

rie
r a

nd
 B

ar
rie

r F
ea

tu
re

, t
ha

t P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

 s
ub

st
an

tia
lly

 a
ffe

ct
s 

th
e 

ra
te

 o
f m

ov
em

en
t o

f w
at

er
 a

nd
 th

e 
re

le
as

e 
or

 re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
 

2 
E

nt
rie

s 
in

 th
is

 c
ol

um
n 

id
en

tif
y 

ar
ea

s 
w

hi
ch

 s
up

po
rt 

th
e 

an
al

yz
ed

 b
as

is
 a

nd
 a

re
 n

ot
 a

m
en

ab
le

 to
 d

ire
ct

 c
on

tro
l o

r i
de

nt
ifi

ed
 a

s 
a 

C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
.

 3 
C

on
tro

l P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
id

en
tif

y 
th

e 
ar

ea
s 

w
he

re
 c

on
tro

ls
 fo

r o
pe

ra
tio

ns
 a

nd
 d

es
ig

n 
ar

e 
re

qu
ire

d 
to

 s
up

po
rt 

th
e 

an
al

yz
ed

 b
as

is
. A

ny
 c

ha
ng

es
 to

 th
e 

co
nt

ro
ls

 o
r t

he
 d

es
ig

n 
w

ill
 b

e 
ev

al
ua

te
d 

th
ro

ug
h 

an
 e

st
ab

lis
he

d 
ch

an
ge

 c
on

tro
l p

ro
ce

ss
, w

hi
ch

 w
ill

 in
cl

ud
e 

an
 e

va
lu

at
io

n 
of

 th
e 

im
pa

ct
s 

of
 c

ha
ng

e 
on

 F
E

P
s,

 
IT

B
C

, a
na

ly
si

s 
an

d/
or

 m
od

el
 re

po
rts

, m
od

el
s,

 a
nd

 a
ss

um
pt

io
ns

 th
at

 s
up

po
rt 

th
e 

LA
. 

    

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 A-28 Febuary 2008 



    

 

 

 

 

 

 
 

 
 

 

 
  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 




Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
01

.0
1.

0A
O

pe
n 

S
ite

In
ve

st
ig

at
io

n 
B

or
eh

ol
es

Ex
cl

ud
ed

 

S
ite

 in
ve

st
ig

at
io

n 
bo

re
ho

le
s 

th
at

 h
av

e 
be

en
 le

ft 
op

en
, 

de
gr

ad
ed

, i
m

pr
op

er
ly

 s
ea

le
d,

 o
r r

eo
pe

ne
d,

 c
ou

ld
 

m
od

ify
 fl

ow
 a

nd
 tr

an
sp

or
t p

ro
pe

rti
es

 a
nd

 p
ro

du
ce

 
en

ha
nc

ed
 p

at
hw

ay
s 

be
tw

ee
n 

th
e 

su
rfa

ce
 a

nd
 th

e 
re

po
si

to
ry

.
Th

is
 fe

at
ur

e 
is

 e
xc

lu
de

d 
on

 th
e 

ba
si

s 
th

at
: 1

) e
xi

st
in

g 
bo

re
ho

le
s 

fro
m

 s
ite

 c
ha

ra
ct

er
iz

at
io

n 
ar

e 
kn

ow
n,

 2
) 

fu
tu

re
 d

ril
lin

g 
w

ill 
be

 c
on

tro
lle

d,
 3

) t
he

 re
gu

la
to

ry
re

qu
ire

m
en

ts
 fo

r b
or

eh
ol

e 
se

al
in

g 
pr

io
r t

o 
re

po
si

to
ry

 
cl

os
ur

e 
w

ill 
be

 m
et

, a
nd

 4
) a

dm
in

is
tra

tiv
e 

co
nt

ro
ls

 fo
r 

re
po

si
to

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill 
be

de
ve

lo
pe

d 
to

 e
ns

ur
e 

th
es

e 
ou

tc
om

es
. A

cc
or

di
ng

ly
, 

th
es

e 
fe

at
ur

es
 a

re
 c

on
si

de
re

d 
no

t t
o 

be
 im

po
rta

nt
 to

 
ba

rri
er

 c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.1
.0

1.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

C
lo

su
re

 M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

C
lo

su
re

 B
or

eh
ol

es
 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
02

.0
0.

0A
C

he
m

ic
al

 E
ffe

ct
s 

of
 

Ex
ca

va
tio

n 
an

d 
C

on
st

ru
ct

io
n 

in
 E

B
S

Ex
cl

ud
ed

 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r r
ep

os
ito

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 

em
pl

ac
em

en
t d

rif
ts

 a
re

 d
ev

el
op

ed
 in

 a
cc

or
da

nc
e 

w
ith

th
e 

re
po

si
to

ry
 d

es
ig

n.
 

M
at

er
ia

ls
 u

se
d 

du
rin

g 
dr

ift
 e

xc
av

at
io

n 
an

d 
de

ve
lo

pm
en

t w
ill 

be
 c

on
tro

lle
d 

to
 p

re
cl

ud
e 

an
y 

po
te

nt
ia

l d
el

et
er

io
us

 e
ffe

ct
s 

on
 e

ng
in

ee
re

d 
ba

rri
er

s.
  

W
hi

le
 e

xc
lu

de
d 

fro
m

 fu
rth

er
 c

on
si

de
ra

tio
n 

in
 th

e 
po

st
cl

os
ur

e 
an

al
yz

ed
 b

as
is

, t
hi

s 
ex

cl
us

io
n 

is
 b

as
ed

 
on

 c
on

tro
ls

 b
ei

ng
 in

 p
la

ce
.  

Th
e 

pl
ac

em
en

t o
f a

rb
itr

ar
y 

m
at

er
ia

ls
 in

 th
e 

dr
ift

 c
ou

ld
 n

eg
at

iv
el

y 
im

pa
ct

 b
ar

rie
r 

ca
pa

bi
lit

y;
 h

ow
ev

er
, i

t i
s 

un
lik

el
y 

th
at

 th
es

e 
im

pa
ct

s 
w

ou
ld

 s
ub

st
an

tia
lly

 e
ffe

ct
 th

e 
re

le
as

e 
or

 tr
an

sp
or

t o
f 

ra
di

on
uc

lid
es

 s
in

ce
 d

ev
ia

tio
n 

fro
m

 th
es

e 
co

nt
ro

ls
 a

re
 

m
an

ag
ed

 th
ro

ug
h 

th
e 

C
or

re
ct

iv
e 

A
ct

io
n 

P
ro

gr
am

, 
w

hi
ch

 m
ay

 re
qu

ire
 p

os
tc

lo
su

re
 im

pa
ct

 e
va

lu
at

io
n.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.1

.0
2.

00
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

E
xc

av
at

io
n 

M
et

ho
ds

 
E

B
S

 D
rip

 S
hi

el
d

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
C

om
m

itt
ed

 M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-29 February 2008 



 

    

 

 

  

 

 

 
 

 

 
   

 

 

 

  
  

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
02

.0
0.

0B
M

ec
ha

ni
ca

l E
ffe

ct
s

of
 E

xc
av

at
io

n 
an

d 
C

on
st

ru
ct

io
n 

in
 E

B
S

Ex
cl

ud
ed

 

M
ec

ha
ni

ca
l e

ffe
ct

s 
of

 e
xc

av
at

io
n 

an
d 

co
ns

tru
ct

io
n 

m
ay

 a
ffe

ct
 p

er
fo

rm
an

ce
 o

f t
he

 E
B

S
.  

E
xc

av
at

io
n-

re
la

te
d 

ef
fe

ct
s 

in
cl

ud
e 

ch
an

ge
s 

to
 ro

ck
 p

ro
pe

rti
es

 d
ue

to
 b

or
in

g 
an

d 
bl

as
tin

g.
Th

e 
ex

te
nt

 o
f e

xc
av

at
io

n 
da

m
ag

e 
in

 re
po

si
to

ry
 d

rif
ts

 
w

ill
 n

ot
 a

ffe
ct

 m
ec

ha
ni

ca
l r

es
po

ns
e 

(C
ra

ig
 2

00
1 

[D
IR

S
 1

71
41

1]
, p

. 1
6)

.  
In

 a
dd

iti
on

, t
o 

pr
ev

en
t o

r l
im

it
po

te
nt

ia
lly

 d
el

et
er

io
us

 e
ffe

ct
s,

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
na

l m
an

ag
em

en
t a

nd
 a

dm
in

is
tra

tiv
e 

co
nt

ro
ls

 
w

ill
 b

e 
de

ve
lo

pe
d 

an
d 

im
pl

em
en

te
d.

 A
cc

or
di

ng
ly

, 
th

es
e 

ef
fe

ct
s 

ar
e 

co
ns

id
er

ed
 n

ot
 to

 b
e 

im
po

rta
nt

 to
 

ba
rri

er
 c

ap
ab

ili
ty

.
N

ot
e 

th
at

 c
ha

ng
es

 in
 ro

ck
 p

ro
pe

rti
es

 th
at

 c
ou

ld
 a

ffe
ct

 
se

ep
ag

e 
an

d 
tra

ns
po

rt 
ar

e 
ad

dr
es

se
d 

se
pa

ra
te

ly
(S

ee
 F

E
P

 2
.2

.0
1.

01
.0

A
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.1
.0

2.
00

.0
B 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

E
xc

av
at

io
n 

M
et

ho
ds

 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
D

es
ig

n 
of

 G
ro

un
d 

S
up

po
rt

S
ys

te
m

 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
02

.0
1.

0A
Si

te
 F

lo
od

in
g 

(d
ur

in
g 

co
ns

tru
ct

io
n 

an
d

op
er

at
io

n)
 

Ex
cl

ud
ed

 

Th
e 

re
po

si
to

ry
 s

ur
fa

ce
 fa

ci
lit

ie
s 

ar
e 

de
si

gn
ed

 to
 a

vo
id

 
flo

od
in

g 
at

 th
e 

ra
m

p 
po

rta
ls

 a
nd

 s
ha

ft 
co

lla
rs

A
cc

or
di

ng
ly

, t
hi

s 
pr

oc
es

s 
is

 n
ot

 c
on

si
de

re
d 

IT
B

C
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.1
.0

2.
01

.0
A 

 

N
o 

N
on

e 
N

on
-IT

B
C

:
Fl

oo
d 

pr
ot

ec
tio

n 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
02

.0
2.

0A
P

re
cl

os
ur

e 
Ve

nt
ila

tio
n 

In
cl

ud
ed

 

P
re

cl
os

ur
e 

ve
nt

ila
tio

n 
re

m
ov

es
 h

ea
t a

nd
 m

oi
st

ur
e 

fro
m

 th
e 

ho
st

 ro
ck

 d
ur

in
g 

th
e 

ve
nt

ila
tio

n 
pe

rio
d 

(S
N

L 
20

07
 [D

IR
S

 1
84

43
3]

, S
ec

tio
n 

6.
2.

15
[a

], 
6.

2.
17

[a
]).

  
Th

e 
he

at
 re

m
ov

al
 e

ffe
ct

 is
 in

cl
ud

ed
 e

xp
lic

itl
y 

in
 a

ll 
po

st
cl

os
ur

e 
th

er
m

al
 m

od
el

s,
 w

hi
le

 th
e 

m
oi

st
ur

e 
re

m
ov

al
 e

ffe
ct

 is
 m

in
or

 c
om

pa
re

d 
to

 p
os

tc
lo

su
re

 
hy

dr
ol

og
ic

 p
ro

ce
ss

es
, a

nd
 is

 n
ot

 s
ig

ni
fic

an
t t

o 
po

st
cl

os
ur

e 
pe

rfo
rm

an
ce

. 
Pr

ec
lo

su
re

 re
m

ov
al

 o
f h

ea
t c

an
 b

e 
ac

hi
ev

ed
 w

ith
in

 a
 

w
id

e 
ra

ng
e 

of
 o

pe
ra

tio
na

l p
ar

am
et

er
s,

 in
cl

ud
in

g 
pa

ss
iv

e 
ve

nt
ila

tio
n,

 a
nd

 it
s 

ef
fe

ct
s 

on
 p

os
tc

lo
su

re
 

co
nd

iti
on

s 
ar

e 
lim

ite
d.

  H
en

ce
 e

ffe
ct

s 
ar

e 
no

t 
co

ns
id

er
ed

 s
ig

ni
fic

an
t t

o 
ba

rri
er

 c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
  1

.1
.0

2.
02

.0
A

  

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

-IT
B

C
:

D
rif

t W
al

l T
em

pe
ra

tu
re

 
D

ur
at

io
n 

of
 V

en
til

at
io

n 
P

er
io

d
A

ve
ra

ge
 A

irf
lo

w
 R

at
e 

fo
r 

P
re

cl
os

ur
e 

V
en

til
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

ANL-WIS-MD-000024 REV 01 A-30 February 2008 



 

    

 

 
 

 

 

 
 

 
 

 
 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
02

.0
3.

0A
U

nd
es

ira
bl

e 
M

at
er

ia
ls

 L
ef

t
Ex

cl
ud

ed
 

To
 p

re
cl

ud
e 

an
y 

po
te

nt
ia

l d
el

et
er

io
us

 e
ffe

ct
s 

fro
m

 
un

de
si

ra
bl

e 
m

at
er

ia
ls

, c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
na

l 
m

an
ag

em
en

t a
nd

 a
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 o

n
un

de
si

ra
bl

e 
m

at
er

ia
ls

, e
xi

st
.  

Th
e 

pl
ac

em
en

t o
f 

ar
bi

tra
ry

 m
at

er
ia

ls
 in

 th
e 

dr
ift

 c
ou

ld
 n

eg
at

iv
el

y 
im

pa
ct

 
ba

rri
er

 c
ap

ab
ili

ty
; h

ow
ev

er
, i

t i
s 

un
lik

el
y 

th
at

 th
es

e 
im

pa
ct

s 
w

ou
ld

 s
ub

st
an

tia
lly

 e
ffe

ct
 th

e 
re

le
as

e 
or

 
tra

ns
po

rt 
of

 ra
di

on
uc

lid
es

 s
in

ce
 d

ev
ia

tio
n 

fro
m

 th
es

e 
co

nt
ro

ls
 a

re
 m

an
ag

ed
 th

ro
ug

h 
th

e 
C

or
re

ct
iv

e 
Ac

tio
n 

P
ro

gr
am

, w
hi

ch
 re

qu
ire

 p
os

tc
lo

su
re

 im
pa

ct
 

ev
al

ua
tio

n.
  C

on
tro

ls
 w

ill
 b

e 
de

ve
lo

pe
d.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.1

.0
2.

03
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
03

.0
1.

0A
E

rro
r i

n 
W

as
te

Em
pl

ac
em

en
t

Ex
cl

ud
ed

 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r r
ep

os
ito

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 

em
pl

ac
em

en
t d

rif
ts

 a
re

 d
ev

el
op

ed
 in

 a
cc

or
da

nc
e 

w
ith

th
e 

re
po

si
to

ry
 d

es
ig

n 
an

d 
th

at
 w

as
te

 p
ac

ka
ge

s 
ar

e 
em

pl
ac

ed
 in

 a
cc

or
da

nc
e 

w
ith

 it
. 

Th
e 

ap
pl

ic
at

io
n 

of
 o

pe
ra

tio
na

l m
an

ag
em

en
t a

nd
 

ad
m

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 p

re
ve

nt
 o

r l
im

it 
er

ro
rs

 in
 

w
as

te
 e

m
pl

ac
em

en
t. 

 In
 a

dd
iti

on
, e

rro
rs

 in
 w

as
te

 
em

pl
ac

em
en

t, 
ev

en
 if

 th
ey

 w
er

e 
to

 o
cc

ur
, a

re
 n

ot
 

ex
pe

ct
ed

 to
 s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

pr
ed

ic
te

d 
th

er
m

al
-

hy
dr

ol
og

ic
-c

he
m

ic
al

-m
ec

ha
ni

ca
l e

nv
iro

nm
en

ts
 in

 th
e 

em
pl

ac
em

en
t d

rif
ts

.
FE

P 
So

ur
ce

:
S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 -1

.1
.0

3.
01

.0
A

  

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
C

rit
ic

al
ity

C
ha

ra
ct

er
is

tic
s 

N
on

-IT
B

C
:

A
s-

E
m

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

W
as

te
 P

ac
ka

ge
 H

an
dl

in
g

an
d 

Em
pl

ac
em

en
t 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
D

rif
t W

al
l T

em
pe

ra
tu

re
 

W
as

te
 F

or
m

 C
S

N
F 

Fu
el

 R
od

M
ax

im
um

 B
ur

nu
p 

Li
m

it 
W

as
te

 P
ac

ka
ge

 D
es

ig
n

B
as

is
 B

ou
nd

in
g 

D
os

e 
R

at
e

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 W
or

st
-C

as
e

D
os

e 
R

at
e 

ANL-WIS-MD-000024 REV 01 A-31 February 2008 



 

    

 

 
 

 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
04

.0
1.

0A
In

co
m

pl
et

e 
C

lo
su

re
Ex

cl
ud

ed
 

D
is

in
te

gr
at

io
n 

of
 s

oc
ie

ty
 c

ou
ld

 re
su

lt 
in

 in
co

m
pl

et
e 

cl
os

ur
e,

 s
ea

lin
g,

 a
nd

 d
ec

om
m

is
si

on
in

g 
of

 th
e 

di
sp

os
al

 
va

ul
t.

Th
is

 F
E

P
 is

 e
xc

lu
de

d 
by

 re
gu

la
tio

n,
 a

nd
 is

 th
er

ef
or

e 
co

ns
id

er
ed

 n
ot

 to
 b

e 
im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.1

.0
4.

01
.0

A 

N
o 

N
on

e 
N

on
e 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
07

.0
0.

0A
R

ep
os

ito
ry

 d
es

ig
n 

In
cl

ud
ed

 

R
ep

os
ito

ry
 d

es
ig

n 
is

 th
e 

up
pe

r l
ev

el
 c

on
tro

l o
n 

th
e 

co
m

po
ne

nt
s 

us
ed

 in
 th

e 
E

B
S

, t
he

 m
et

ho
d 

by
 w

hi
ch

 
th

e 
co

m
po

ne
nt

s 
ar

e 
in

te
rc

on
ne

ct
ed

, a
nd

 h
ow

 th
e 

E
B

S
 is

 in
te

rfa
ce

d 
w

ith
 th

e 
na

tu
ra

l b
ar

rie
rs

.  
Th

is
 is

 a
n

up
pe

r l
ev

el
 F

E
P

; s
pe

ci
fic

 d
es

ig
n 

co
ns

id
er

at
io

ns
 

re
le

va
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
 a

re
 fu

lly
 c

ap
tu

re
d 

in
 o

th
er

 
E

B
S

 F
E

P
s.

 T
hi

s 
FE

P
 is

 n
ot

 c
on

si
de

re
d 

IT
BC

be
ca

us
e 

th
is

 is
 a

 h
ig

h 
le

ve
l F

E
P

, w
hi

ch
 is

 re
du

nd
an

t 
w

ith
 m

or
e 

re
le

va
nt

 s
pe

ci
fic

 F
E

P
s.

 T
he

 p
ar

am
et

er
s 

ch
ar

ac
te

ris
tic

s 
th

at
 w

ou
ld

 b
e 

as
so

ci
at

ed
 w

ith
 th

is
 F

E
P

 
ar

e 
id

en
tif

ie
d 

fo
r t

he
 s

pe
ci

fic
 re

le
va

nt
 b

ar
rie

r f
ea

tu
re

s 
w

he
re

 th
e 

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

s 
m

at
te

r (
e.

g.
, 

pa
ra

m
et

er
s 

th
at

 d
es

cr
ib

e 
th

e 
dr

ip
 s

hi
el

d 
an

d 
w

as
te

 
pa

ck
ag

e)
.

FE
P 

So
ur

ce
:

S
N

L 
20

07
 [D

IR
S

 1
83

04
1]

, -
1.

1.
07

.0
0.

0A
  

N
o 

N
on

e 
N

on
e 

ANL-WIS-MD-000024 REV 01 A-32 February 2008 



 

    

 

 

 

 

 
 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

1.
08

.0
0.

0A
In

ad
eq

ua
te

 Q
ua

lit
y

C
on

tro
l a

nd
 

D
ev

ia
tio

ns
 fr

om
 

D
es

ig
n

Ex
cl

ud
ed

 

To
 e

ns
ur

e 
th

at
 a

pp
ro

pr
ia

te
 q

ua
lit

y 
co

nt
ro

l p
ro

ce
ss

es
 

ar
e 

ap
pl

ie
d 

to
 th

e 
re

po
si

to
ry

, c
om

pl
ia

nt
 m

an
ag

em
en

t 
an

d 
qu

al
ity

 a
ss

ur
an

ce
 p

ro
ce

ss
es

 w
ill

 b
e 

im
pl

em
en

te
d 

to
 e

ns
ur

e 
th

at
 th

e 
re

gu
la

to
ry

 re
qu

ire
m

en
ts

 w
ill

 b
e 

m
et

. 
D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

co
ul

d 
ne

ga
tiv

el
y 

im
pa

ct
 b

ar
rie

r 
ca

pa
bi

lit
y;

 h
ow

ev
er

, i
t i

s 
un

lik
el

y 
th

at
 th

es
e 

im
pa

ct
s 

w
ou

ld
 s

ub
st

an
tia

lly
 a

ffe
ct

 th
e 

re
le

as
e 

or
 tr

an
sp

or
t o

f 
ra

di
on

uc
lid

es
, s

in
ce

 d
ev

ia
tio

n 
fro

m
 th

e 
de

si
gn

 is
 

m
an

ag
ed

 th
ro

ug
h 

th
e 

C
or

re
ct

iv
e 

A
ct

io
n 

P
ro

gr
am

, 
w

hi
ch

 re
qu

ire
s 

po
st

cl
os

ur
e 

im
pa

ct
 e

va
lu

at
io

n.
 

Th
is

 F
EP

 re
fe

rs
 to

 p
ro

ce
ss

es
 a

nd
 re

gu
la

to
ry

 
re

qu
ire

m
en

ts
 th

at
 a

re
 a

ss
oc

ia
te

d 
w

ith
 C

or
e 

an
d 

C
on

tro
l p

ar
am

et
er

s 
th

at
 a

re
 id

en
tif

ie
d 

el
se

w
he

re
 in

th
is

 ta
bl

e 
un

de
r t

he
 b

ar
rie

r f
ea

tu
re

s 
to

 w
hi

ch
 th

ey
re

la
te

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.1

.0
8.

00
.0

A 

N
o 

N
on

e 
N

on
e 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
02

.0
3.

0A
Fa

ul
t D

is
pl

ac
em

en
t

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
 

Th
e 

su
bs

ur
fa

ce
 la

yo
ut

 m
ai

nt
ai

ns
 a

 6
0-

m
et

er
 s

ta
nd

of
f 

di
st

an
ce

 b
et

w
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

So
lit

ar
io

 
C

an
yo

n 
an

d 
G

ho
st

 D
an

ce
 fa

ul
ts

 (S
N

L 
20

07
 [D

IR
S

 
17

94
66

]).
 T

hi
s 

st
an

do
ff 

en
su

re
s 

th
at

 s
ub

su
rfa

ce
 

fa
ci

lit
ie

s 
ar

e 
no

t d
am

ag
ed

 b
y 

di
sp

la
ce

m
en

t o
n 

th
es

e 
fa

ul
ts

.
W

ith
in

 th
e 

re
po

si
to

ry
 b

lo
ck

, t
he

re
 a

re
 k

no
w

n 
se

co
nd

ar
y 

fa
ul

ts
 (S

un
da

nc
e 

fa
ul

t, 
D

ril
l H

ol
e 

W
as

h 
fa

ul
t, 

S
ev

er
 W

as
h 

fa
ul

t, 
P

ag
an

y 
W

as
h 

fa
ul

t, 
an

d 
th

e 
w

es
te

rn
 s

pl
ay

 o
f t

he
 G

ho
st

 D
an

ce
 fa

ul
t) 

an
d 

hy
po

th
et

ic
al

 s
m

al
l f

au
lts

 w
ith

 a
 2

-m
et

er
 c

um
ul

at
iv

e 
of

fs
et

 (S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

 S
ec

tio
n 

6.
11

.2
). 

 
D

ur
in

g 
op

er
at

io
ns

, c
on

tro
ls

 a
nd

 c
he

ck
s 

w
ill

 b
e 

in
 

pl
ac

e 
th

at
 w

ill
 m

in
im

iz
e 

th
e 

su
bs

ur
fa

ce
 fa

ci
lit

ie
s 

lo
ca

te
d 

on
 fa

ul
ts

. 
Th

e 
re

sp
on

se
 o

f s
ub

su
rfa

ce
 

fa
ci

lit
ie

s 
to

 fa
ul

t d
is

pl
ac

em
en

t i
s 

th
er

ef
or

e 
no

t
im

po
rta

nt
 fo

r b
ar

rie
r c

ap
ab

ilit
y.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

03
.0

A 
 

N
o 

N
on

e 
N

on
-IT

B
C

:
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
R

ep
os

ito
ry

 E
le

va
tio

n 


O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
R

ep
os

ito
ry

 S
ta

nd
of

f f
ro

m
 

Q
ua

te
rn

ar
y 

Fa
ul

t 
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-33 February 2008 



 

    

 

 

 

 

 

   

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
2.

0A
S

ei
sm

ic
 G

ro
un

d
M

ot
io

n 
D

am
ag

es
E

B
S

 C
om

po
ne

nt
s

In
cl

ud
ed

 

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

ca
us

e 
se

is
m

ic
al

ly
-in

du
ce

d 
ro

ck
fa

ll 
th

at
 c

ha
ng

es
 th

e 
cr

os
s-

se
ct

io
na

l s
ha

pe
 a

nd
 v

ol
um

e 
of

 th
e 

em
pl

ac
em

en
t d

rif
ts

 
(B

S
C

 2
00

4 
[D

IR
S

 1
66

10
7]

, S
ec

tio
ns

 6
.3

.1
.2

 a
nd

 
6.

4.
2.

2)
 a

nd
 c

ha
ng

es
 th

e 
co

nf
ig

ur
at

io
n 

of
 th

e 
E

B
S

 
co

m
po

ne
nt

s 
w

ith
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 (S
N

L 
20

07
 

[D
IR

S
 1

76
82

8]
, S

ec
tio

ns
 6

.1
.2

 a
nd

 6
.1

.3
). 

 A
 c

ha
ng

e
in

 th
e 

cr
os

s 
se

ct
io

n 
of

 th
e 

em
pl

ac
em

en
t d

rif
ts

 c
an

 
al

te
r t

he
 s

ee
pa

ge
 in

to
 th

e 
dr

ift
s,

 a
nd

 th
e 

pr
es

en
ce

 o
f 

ro
ck

fa
ll 

ab
ou

t t
he

 d
rip

 s
hi

el
d 

ca
n 

al
te

r t
he

 m
ec

ha
ni

ca
l 

re
sp

on
se

 a
nd

 te
m

pe
ra

tu
re

 ti
m

e 
hi

st
or

y 
of

 th
e 

E
B

S
 

co
m

po
ne

nt
s.

 T
he

 re
sp

on
se

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
t 

co
nf

ig
ur

at
io

n 
an

d 
pr

oc
es

se
s 

to
 v

ib
ra

to
ry

 g
ro

un
d 

m
ot

io
n 

is
 im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

 (I
TB

C
). 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
A 

Y
es

 
IT

B
C

:
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s

N
on

-IT
B

C
:

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

A
s-

E
m

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

E
B

S
 M

at
er

ia
l I

nt
er

ac
tio

ns
 - 

C
op

pe
r 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

Fa
br

ic
at

io
n 

an
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n 
Em

pl
ac

em
en

t 
D

rif
t I

nv
er

t F
un

ct
io

n
In

ve
rt 

M
at

er
ia

ls
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-34 February 2008 



 

    

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
2.

0B
S

ei
sm

ic
-in

du
ce

d
R

oc
kf

al
l d

am
ag

es
 

E
B

S
 C

om
po

ne
nt

s
Ex

cl
ud

ed
 

S
ei

sm
ic

al
ly

-in
du

ce
d 

ro
ck

fa
ll 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 

ca
n 

ch
an

ge
 th

e 
cr

os
s-

se
ct

io
na

l s
ha

pe
 a

nd
 v

ol
um

e 
of

 
th

e 
em

pl
ac

em
en

t d
rif

ts
 (B

S
C

 2
00

4 
[D

IR
S

 1
66

10
7]

, 
S

ec
tio

n 
6.

3.
1.

2)
, a

nd
 c

an
 c

ha
ng

e 
th

e 
co

nf
ig

ur
at

io
n 

of
 

th
e 

E
B

S
 c

om
po

ne
nt

s 
w

ith
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 
(S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, S

ec
tio

ns
 6

.1
.2

 a
nd

 6
.1

.3
). 

 
Fo

r e
xa

m
pl

e,
 a

 c
ha

ng
e 

in
 th

e 
cr

os
s 

se
ct

io
n 

of
 th

e 
em

pl
ac

em
en

t d
rif

ts
 c

an
 a

lte
r t

he
 s

ee
pa

ge
 in

to
 th

e 
dr

ift
s.

 A
s 

a 
se

co
nd

 e
xa

m
pl

e,
 th

e 
pr

es
en

ce
 o

f r
oc

kf
al

l 
ar

ou
nd

 th
e 

dr
ip

 s
hi

el
d 

ca
n 

al
te

r t
he

 m
ec

ha
ni

ca
l 

re
sp

on
se

 a
nd

 te
m

pe
ra

tu
re

 ti
m

e 
hi

st
or

y 
of

 th
e 

E
B

S
 

co
m

po
ne

nt
s.

 T
he

 re
sp

on
se

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
t 

co
nf

ig
ur

at
io

n 
an

d 
pr

oc
es

se
s 

to
 s

ei
sm

ic
al

ly
-in

du
ce

d 
ro

ck
fa

ll 
is

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
B 

 

Y
es

 
IT

B
C

:
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

N
on

-IT
B

C
:

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
2.

0C
S

ei
sm

ic
-in

du
ce

d
D

rif
t C

ol
la

ps
e

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
 

S
ei

sm
ic

al
ly

-in
du

ce
d 

dr
ift

 c
ol

la
ps

e 
in

 th
e 

em
pl

ac
em

en
t 

dr
ift

s 
ca

n 
ch

an
ge

 th
e 

cr
os

s-
se

ct
io

na
l s

ha
pe

 a
nd

 
vo

lu
m

e 
of

 th
e 

em
pl

ac
em

en
t d

rif
ts

 (B
S

C
 2

00
4 

[D
IR

S
 

16
61

07
], 

S
ec

tio
n 

6.
4.

2.
2)

, a
nd

 c
an

 c
ha

ng
e 

th
e 

co
nf

ig
ur

at
io

n 
of

 th
e 

E
B

S
 c

om
po

ne
nt

s 
w

ith
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 (S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

, 
S

ec
tio

ns
 6

.1
.2

 a
nd

 6
.1

.3
). 

 F
or

 e
xa

m
pl

e,
 a

 c
ha

ng
e 

in
th

e 
cr

os
s 

se
ct

io
n 

of
 th

e 
em

pl
ac

em
en

t d
rif

ts
 c

an
 a

lte
r 

th
e 

se
ep

ag
e 

in
to

 th
e 

dr
ift

s.
 A

s 
a 

se
co

nd
 e

xa
m

pl
e,

 th
e 

pr
es

en
ce

 o
f r

ub
bl

e 
ar

ou
nd

 th
e 

dr
ip

 s
hi

el
d 

ca
n 

al
te

r 
th

e 
m

ec
ha

ni
ca

l r
es

po
ns

e 
an

d 
te

m
pe

ra
tu

re
 ti

m
e 

hi
st

or
y 

of
 th

e 
E

B
S

 c
om

po
ne

nt
s.

  T
he

 re
sp

on
se

 o
f t

he
 

em
pl

ac
em

en
t d

rif
t c

on
fig

ur
at

io
n 

an
d 

pr
oc

es
se

s 
to

 
se

is
m

ic
al

ly
-in

du
ce

d 
dr

ift
 c

ol
la

ps
e 

is
 IT

B
C

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

C
  

Y
es

 
IT

B
C

:
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
R

ep
os

ito
ry

 E
le

va
tio

n 


O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
N

on
-IT

B
C

:
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

pr
op

er
tie

s 

ANL-WIS-MD-000024 REV 01 A-35 February 2008 



 

    

 

 

  

 

 

 

 

 

 
 

 

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
2.

0D
S

ei
sm

ic
-in

du
ce

d
D

rif
t C

ol
la

ps
e 

A
lte

rs
 

In
-d

rif
t T

he
rm

al
-

H
yd

ro
lo

gy
 

In
cl

ud
ed

 

Th
e 

th
er

m
al

-h
yd

ro
lo

gi
c 

ef
fe

ct
s 

fro
m

 d
rif

t c
ol

la
ps

e 
in

du
ce

d 
by

 a
 s

ei
sm

ic
 e

ve
nt

 h
av

e 
be

en
 in

cl
ud

ed
 in

 th
e 

ev
al

ua
tio

n 
of

 b
ar

rie
r c

ap
ab

ilit
y.

  T
he

se
 e

ffe
ct

s 
in

cl
ud

e 
an

 in
cr

ea
se

 in
 th

e 
te

m
pe

ra
tu

re
 a

nd
 a

n 
in

cr
ea

se
 in

 th
e 

pr
ob

ab
ili

ty
 a

nd
 m

ag
ni

tu
de

 o
f s

ee
pa

ge
 (S

N
L 

20
07

 
[D

IR
S

 1
84

43
3]

 s
ec

tio
n 

6.
3.

17
[a

]);
 S

N
L 

20
07

 
[D

IR
S

 1
81

24
4]

, S
ec

tio
n 

6.
4;

 B
S

C
 2

00
4 

[D
IR

S
 1

66
10

7]
, S

ec
tio

n 
6.

3)
.  

Th
e 

in
cr

ea
se

 in
te

m
pe

ra
tu

re
 is

 d
ue

 to
 th

e 
in

su
la

tin
g 

ef
fe

ct
 fr

om
 ru

bb
le

 
su

rro
un

di
ng

 th
e 

dr
ip

 s
hi

el
d.

  T
he

 in
cr

ea
se

 in
 s

ee
pa

ge
 

is
 d

ue
 to

 th
e 

irr
eg

ul
ar

 s
ha

pe
 o

f a
 c

ol
la

ps
ed

 d
rif

t, 
w

hi
ch

 
de

gr
ad

es
 th

e 
ca

pa
bi

lit
y 

of
 th

e 
dr

ift
 w

al
l t

o 
ac

t a
s 

a 
ca

pi
lla

ry
 b

ar
rie

r t
o 

th
e 

in
flo

w
 o

f s
ee

pa
ge

. T
he

 
re

sp
on

se
 o

f t
he

 in
-d

rif
t t

he
rm

al
-h

yd
ro

lo
gy

 to
 s

ei
sm

ic
-

in
du

ce
d 

dr
ift

 c
ol

la
ps

e 
is

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
D

 

Y
es

 
IT

B
C

:
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
N

on
-IT

B
C

:
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

Th
er

m
al

 
Ex

pa
ns

io
n 

C
on

st
ra

in
t 

D
rif

t W
al

l T
em

pe
ra

tu
re

 
W

as
te

 P
ac

ka
ge

 te
m

pe
ra

tu
re

 
Li

m
it

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
2.

0E
S

ei
sm

ic
-in

du
ce

d
D

rif
t C

ol
la

ps
e 

A
lte

rs
 

In
-d

rif
t C

he
m

is
try

Ex
cl

ud
ed

 

P
os

si
bl

e 
al

te
ra

tio
ns

 to
 in

-d
rif

t c
he

m
is

try
 th

at
 c

ou
ld

 
oc

cu
r s

pe
ci

fic
al

ly
 a

s 
a 

re
su

lt 
of

 s
ei

sm
ic

al
ly

-in
du

ce
d 

dr
ift

 c
ol

la
ps

e 
ar

e 
sm

al
l c

om
pa

re
d 

to
 th

e 
ef

fe
ct

s 
fro

m
 

co
nc

ur
re

nt
 c

ha
ng

es
 in

 te
m

pe
ra

tu
re

 a
nd

 h
um

id
ity

w
ith

in
 th

e 
dr

ift
s 

on
 th

e 
in

-d
rif

t c
he

m
is

try
, w

hi
ch

 a
re

 
in

cl
ud

ed
 (S

N
L 

20
07

 [D
IR

S
 1

77
41

2]
, S

ec
tio

n 
6.

15
). 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
E 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

ANL-WIS-MD-000024 REV 01 A-36 February 2008 



 

    

 

 
 

 

  

 
 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
03

.0
3.

0A
S

ei
sm

ic
ity

A
ss

oc
ia

te
d 

w
ith

Ig
ne

ou
s 

A
ct

iv
ity

In
cl

ud
ed

 

B
ec

au
se

 th
e 

da
m

ag
e 

to
 th

e 
E

B
S

 fr
om

 a
n 

ig
ne

ou
s 

ev
en

t g
re

at
ly

 d
om

in
at

es
 th

at
 o

f s
ei

sm
ic

 e
ve

nt
s,

 th
e 

in
cr

em
en

ta
l d

am
ag

e 
as

so
ci

at
ed

 w
ith

 th
e 

se
is

m
ic

 
po

rti
on

 o
f a

 c
om

bi
ne

d 
se

is
m

ic
/ig

ne
ou

s 
ev

en
t i

s 
no

t 
si

gn
ifi

ca
nt

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

03
.0

A 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

 
Em

pl
ac

em
en

t 
D

rif
t 

1.
2.

04
.0

3.
0A

Ig
ne

ou
s 

In
tru

si
on

 
in

to
 re

po
si

to
ry

In
cl

ud
ed

 

U
nl

ik
el

y 
ig

ne
ou

s 
in

tru
si

on
 e

ve
nt

s 
ha

ve
 th

e 
po

te
nt

ia
l t

o 
co

nt
ac

t a
ll 

of
 th

e 
w

as
te

 p
ac

ka
ge

s 
an

d 
de

gr
ad

e 
th

e 
em

pl
ac

em
en

t d
rif

ts
, d

rip
 s

hi
el

ds
, w

as
te

 p
ac

ka
ge

s,
 

cl
ad

di
ng

, w
as

te
 p

ac
ka

ge
 in

te
rn

al
s 

an
d 

w
as

te
 fo

rm
s,

 
an

d 
w

as
te

 p
ac

ka
ge

 e
m

pl
ac

em
en

t p
al

le
ts

 th
at

 a
re

 
co

nt
ac

te
d 

by
 th

e 
m

ag
m

a.
  W

hi
le

, t
he

 n
um

be
r o

f d
rif

ts
 

af
fe

ct
ed

 b
y 

su
ch

 a
n 

un
lik

el
y 

ev
en

t c
an

 b
e 

si
gn

ifi
ca

nt
 

de
pe

nd
in

g 
on

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
ig

ne
ou

s 
ev

en
t, 

th
e 

pr
ob

ab
ilit

y 
of

 ig
ne

ou
s 

an
 ig

ne
ou

s 
ev

en
t 

co
m

pr
om

is
in

g 
w

as
te

 e
m

pl
ac

em
en

t d
rif

ts
 is

 v
er

y 
sm

al
l 

(1
.6

9 
× 

10
�8

 , S
N

L 
20

08
 [D

IR
S

 1
83

47
8]

, V
ol

um
e 

I, 
S

ec
tio

n 
6.

5,
 T

ab
le

 6
.5

-2
) a

nd
 d

om
in

at
ed

 b
y 

as
pe

ct
s 

th
at

 a
re

 b
ey

on
d 

th
e 

co
nt

ro
l o

f d
es

ig
n.

 D
rif

t s
pa

ci
ng

, 
dr

ift
 o

rie
nt

at
io

n,
 a

nd
 re

po
si

to
ry

 la
yo

ut
 a

ffe
ct

 th
is

 
pr

ob
ab

ili
ty

. T
he

 im
pa

ct
 o

f t
he

 la
ck

 o
f t

he
se

 c
on

tro
ls

 
w

ou
ld

 ra
is

e 
th

e 
pr

ob
ab

ili
ty

 b
y 

a 
m

ax
im

um
 o

f o
nl

y 
2%

. 
Th

is
 in

cr
ea

se
 is

 in
si

gn
ifi

ca
nt

 a
nd

 d
oe

s 
no

t s
up

po
rt 

an
 

IT
B

C
 d

et
er

m
in

at
io

n.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

4.
03

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t S
pa

ci
ng

 
O

rie
nt

at
io

n 
of

 E
m

pl
ac

em
en

t 
D

rif
ts

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

 
R

ep
os

ito
ry

 L
ay

ou
t 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-37 February 2008 



 

    

 

 

 

 
 

 
 

 
  

 

 
 

 

 

 
 

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
04

.0
4.

0A
Ig

ne
ou

s 
In

tru
si

on
 

in
te

ra
ct

s 
w

ith
 E

B
S

 
C

om
po

ne
nt

s
In

cl
ud

ed
 

U
nl

ik
el

y 
ig

ne
ou

s 
in

tru
si

on
 e

ve
nt

s 
ha

ve
 th

e 
po

te
nt

ia
l t

o 
de

gr
ad

e 
th

e 
em

pl
ac

em
en

t d
rif

ts
, d

rip
 s

hi
el

ds
, w

as
te

 
pa

ck
ag

es
, c

la
dd

in
g,

 w
as

te
 p

ac
ka

ge
 in

te
rn

al
s 

an
d 

w
as

te
 fo

rm
s,

 a
nd

 w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t 

pa
lle

ts
 th

at
 a

re
 c

on
ta

ct
ed

 b
y 

th
e 

m
ag

m
a.

  .
 W

hi
le

, t
he

nu
m

be
r o

f d
rif

ts
 a

ffe
ct

ed
 b

y 
su

ch
 a

n 
un

lik
el

y 
ev

en
t 

ca
n 

be
 a

 s
ig

ni
fic

an
t d

ep
en

di
ng

 o
n 

ch
ar

ac
te

ris
tic

s 
of

 
th

e 
ig

ne
ou

s 
ev

en
t, 

th
e 

pr
ob

ab
ilit

y 
of

 ig
ne

ou
s 

an
 

ig
ne

ou
s 

ev
en

t c
om

pr
om

is
in

g 
w

as
te

 e
m

pl
ac

em
en

t 
dr

ift
s 

is
 v

er
y 

sm
al

l (
1.

69
 ×

 1
0�8

 , S
N

L 
20

08
 [D

IR
S

 
18

34
78

], 
V

ol
um

e 
I, 

S
ec

tio
n 

6.
5,

 T
ab

le
 6

.5
-2

) a
nd

 
do

m
in

at
ed

 b
y 

as
pe

ct
s 

th
at

 a
re

 b
ey

on
d 

th
e 

co
nt

ro
l o

f 
de

si
gn

.  
D

rif
t s

pa
ci

ng
, d

rif
t o

rie
nt

at
io

n,
 a

nd
 re

po
si

to
ry

la
yo

ut
 a

ffe
ct

 th
is

 p
ro

ba
bi

lit
y.

 T
he

 im
pa

ct
 o

f t
he

 la
ck

 o
f 

th
es

e 
co

nt
ro

ls
 w

ou
ld

 ra
is

e 
th

e 
pr

ob
ab

ili
ty

 b
y 

a 
m

ax
im

um
 o

f o
nl

y 
2%

. T
hi

s 
in

cr
ea

se
 is

 in
si

gn
ifi

ca
nt

 
an

d 
do

es
 n

ot
 s

up
po

rt 
an

 IT
B

C
 d

et
er

m
in

at
io

n.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

04
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t S
pa

ci
ng

 
O

rie
nt

at
io

n 
of

 E
m

pl
ac

em
en

t 
D

rif
ts

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n

R
ep

os
ito

ry
 L

ay
ou

t 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
04

.0
4.

0B
C

he
m

ic
al

 E
ffe

ct
s 

of
 

M
ag

m
a 

an
d 

M
ag

m
at

ic
 V

ol
at

ile
s

In
cl

ud
ed

 

Th
e 

im
pa

ct
 o

f m
ag

m
at

ic
 v

ol
at

ile
s 

on
 w

at
er

 c
he

m
is

try
is

 li
m

ite
d 

by
 b

ot
h 

tim
e 

an
d 

sp
ac

e 
an

d 
is

 n
ot

 
co

ns
id

er
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 
H

ow
ev

er
, f

ol
lo

w
in

g 
an

 u
nl

ik
el

y 
m

ag
m

a 
in

tru
si

on
 in

to
 

th
e 

re
po

si
to

ry
, i

t i
s 

po
ss

ib
le

 th
at

 th
e 

w
at

er
 c

he
m

is
try

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 w

ill
 b

e 
al

te
re

d 
by

 b
as

al
t-

w
at

er
 in

te
ra

ct
io

ns
 (S

N
L 

20
07

 [D
IR

S
 1

77
43

0]
, S

ec
tio

n 
6.

7)
. 

Th
es

e 
ef

fe
ct

s 
ha

ve
 b

ee
n 

in
cl

ud
ed

 in
 th

e 
TS

P
A

 
bu

t d
o 

no
t s

ig
ni

fic
an

tly
 c

on
tri

bu
te

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

4.
04

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 

ANL-WIS-MD-000024 REV 01 A-38 February 2008 



 

    

 

 
 

  
 

 

 

  

 

 

 
 

 
 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
04

.0
5.

0A
M

ag
m

a 
or

P
yr

oc
la

st
ic

 B
as

e 
S

ur
ge

 T
ra

ns
po

rts
 

W
as

te
Ex

cl
ud

ed
 

Is
su

es
 a

dd
re

ss
ed

 b
y 

FE
P

 1
.2

.0
4.

05
.0

A
 in

cl
ud

e 
ne

ar
-

su
rfa

ce
 e

ru
pt

io
n 

ph
en

om
en

a,
 m

ag
m

a-
re

la
te

d 
tra

ns
po

rt 
of

 e
nt

ra
in

ed
 w

as
te

s,
 a

nd
 h

yd
ro

vo
lc

an
ic

 
ph

en
om

en
a.

  D
ue

 to
 th

e 
di

st
an

ce
, t

o 
th

e 
re

as
on

ab
ly

 
m

ax
im

al
ly

 e
xp

os
ed

 in
di

vi
du

al
 a

nd
 th

e 
lo

w
 p

ro
ba

bi
lit

y
of

 a
 m

ag
m

a 
cr

at
er

 e
xt

en
di

ng
 to

 th
e 

re
po

si
to

ry
 d

ep
th

 
an

d 
ex

hu
m

in
g 

w
as

te
, t

he
se

 p
he

no
m

en
a 

ha
ve

 b
ee

n 
ex

cl
ud

ed
 fr

om
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t a

nd
 d

o
no

t c
on

tri
bu

te
 s

ig
ni

fic
an

tly
 to

 th
e 

ba
rri

er
 c

ap
ab

ili
ty

(S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
 1

.2
.0

4.
05

.0
A

).
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

05
.0

A 
 

N
o 

N
on

e 
N

on
-IT

B
C

:
R

ep
os

ito
ry

 E
le

va
tio

n 


O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
1.

2.
04

.0
6.

0A
E

ru
pt

iv
e 

C
on

du
it 

to
 

S
ur

fa
ce

 In
te

rs
ec

ts
R

ep
os

ito
ry

In
cl

ud
ed

 

Th
e 

po
te

nt
ia

l c
on

se
qu

en
ce

 o
f a

n 
er

up
tiv

e 
co

nd
ui

t, 
to

 
th

e 
su

rfa
ce

 in
te

rs
ec

tin
g 

th
e 

re
po

si
to

ry
 is

 th
at

 w
as

te
 

pa
ck

ag
es

 e
nt

ra
in

ed
 w

ith
in

 a
 c

on
du

it 
m

ay
 b

e 
br

ea
ch

ed
, r

el
ea

si
ng

 ra
di

on
uc

lid
es

 in
 a

n 
er

up
tin

g 
as

h 
pl

um
e 

w
he

re
 th

ey
 c

an
 b

e 
di

sp
er

se
d 

do
w

nw
in

d 
to

 th
e 

re
as

on
ab

ly
 m

ax
im

al
ly

 e
xp

os
ed

 in
di

vi
du

al
 (S

N
L 

20
07

 
[D

IR
S

 1
77

43
2]

, S
ec

tio
n 

6)
.  

H
ow

ev
er

, t
he

 n
um

be
r o

f 
af

fe
ct

ed
 w

as
te

 p
ac

ka
ge

s 
is

 e
xp

ec
te

d 
to

 b
e 

sm
al

l a
nd

 
its

 c
on

tri
bu

tio
n 

to
 b

ar
rie

r c
ap

ab
ilit

y 
is

 n
ot

 s
ig

ni
fic

an
t. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

4.
06

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
01

.0
4.

0A
R

ep
os

ito
ry

-s
ca

le
 

Sp
at

ia
l 

H
et

er
og

en
ei

ty
 o

f 
Em

pl
ac

ed
 W

as
te

 
In

cl
ud

ed
 

Sp
at

ia
l h

et
er

og
en

ei
ty

 e
m

pl
ac

ed
 in

 w
as

te
 h

as
 b

ee
n 

co
ns

id
er

ed
 in

 th
e 

de
ve

lo
pm

en
t o

f t
he

 e
xp

ec
te

d 
th

er
m

al
-h

yd
ro

lo
gi

c 
en

vi
ro

nm
en

t i
n 

th
e 

em
pl

ac
em

en
t 

dr
ift

s,
 a

s 
w

el
l a

s 
th

e 
w

as
te

 fo
rm

 d
eg

ra
da

tio
n 

pr
oc

es
se

s 
an

d 
in

-p
ac

ka
ge

 c
he

m
is

try
. 

W
hi

le
 th

is
 F

E
P

is
 im

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t 

(S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
 2

.1
.0

1.
04

.0
A

), 
th

e
pa

ck
ag

e-
to

-p
ac

ka
ge

 in
ve

nt
or

y 
va

ria
bi

lit
y 

is
 n

ot
 

si
gn

ifi
ca

nt
.  

Th
e 

he
te

ro
ge

ne
ity

 o
f t

he
 in

ve
nt

or
y 

is
 

in
cl

ud
ed

 in
 th

ro
ug

h 
th

e 
ch

ar
ac

te
riz

at
io

n 
of

 u
nc

er
ta

in
ty

 
in

 p
ar

am
et

er
s 

fo
r t

he
 a

ve
ra

ge
 in

ve
nt

or
y 

w
ith

in
 th

e 
co

m
m

er
ci

al
 s

pe
nt

 n
uc

le
ar

 fu
el

 (C
S

N
F)

 a
nd

 c
od

is
po

sa
l 

pa
ck

ag
es

 (S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

, S
ec

tio
n 

6.
4;

 
6.

6)
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

1.
04

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 F
or

m
D

eg
ra

da
tio

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 w

as
te

 p
ac

ka
ge

- D
rip

 S
hi

el
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g
an

d 
Em

pl
ac

em
en

t 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
W

as
te

 P
ac

ka
ge

 C
or

ro
si

on
Al

lo
w

an
ce

 

ANL-WIS-MD-000024 REV 01 A-39 February 2008 



 

    

 

 

 

 

 

 

 
 

 
 

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
03

.0
9.

0A
C

op
pe

r C
or

ro
si

on
 in

 
E

B
S

Ex
cl

ud
ed

 

Li
m

ite
d 

qu
an

tit
ie

s 
of

 c
op

pe
r a

re
 p

la
nn

ed
 to

 b
e 

co
m

m
itt

ed
 in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 a
s 

pa
rt 

of
 th

e 
ga

nt
ry

 ra
il 

sy
st

em
, a

nd
 th

is
 s

ys
te

m
 is

 n
ot

 in
 c

on
ta

ct
 

w
ith

 th
e 

dr
ip

 s
hi

el
d 

or
 w

as
te

 p
ac

ka
ge

.  
A

cc
or

di
ng

ly
, 

th
e 

ef
fe

ct
s 

of
 c

op
pe

r c
or

ro
si

on
 a

re
 in

si
gn

ifi
ca

nt
 to

 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

E
ve

n 
if 

th
e 

ga
lv

an
ic

in
te

ra
ct

io
n 

oc
cu

rs
 b

et
w

ee
n 

th
e 

co
pp

er
 g

an
try

 ra
il 

sy
st

em
 a

nd
 th

e 
tit

an
iu

m
 d

rip
 s

hi
el

d,
 th

e 
lim

ite
d 

am
ou

nt
 o

f h
yd

ro
ge

n 
ab

so
rp

tio
n 

w
ou

ld
 h

av
e 

no
 e

ffe
ct

 
on

 th
e 

de
gr

ad
at

io
n 

of
 th

e 
dr

ip
 s

hi
el

d.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
09

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r  
C

om
m

itt
ed

 M
at

er
ia

ls
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
04

.0
1.

0A
Fl

ow
 in

 th
e 

B
ac

kf
ill 

Ex
cl

ud
ed

 

P
re

fe
re

nt
ia

l p
at

hw
ay

s 
fo

r f
lo

w
 a

nd
 d

iff
us

io
n 

m
ay

 e
xi

st
 

w
ith

in
 th

e 
ba

ck
fil

l a
nd

 m
ay

 a
ffe

ct
 lo

ng
-te

rm
 

pe
rfo

rm
an

ce
 o

f t
he

 w
as

te
 p

ac
ka

ge
s.

  B
ac

kf
ill

 m
ay

 n
ot

 
pr

ec
lu

de
 h

yd
ro

lo
gi

ca
l, 

ch
em

ic
al

, a
nd

 th
er

m
al

in
te

ra
ct

io
ns

 b
et

w
ee

n 
w

as
te

 p
ac

ka
ge

s 
w

ith
in

 a
 d

rif
t. 

 
S

in
ce

 b
ac

kf
ill 

is
 n

ot
 to

 b
e 

pl
ac

ed
 in

 th
e 

dr
ift

 th
is

 
pr

oc
es

s 
is

 n
ot

 re
le

va
nt

 a
nd

 d
oe

s 
no

t c
on

tri
bu

te
 to

 
ba

rri
er

 c
ap

ab
ili

ty
.

D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
co

ul
d 

ne
ga

tiv
el

y 
im

pa
ct

 b
ar

rie
r 

ca
pa

bi
lit

y.
  D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

is
 m

an
ag

ed
 th

ro
ug

h 
th

e 
C

or
re

ct
iv

e 
A

ct
io

n 
P

ro
gr

am
, w

hi
ch

 re
qu

ire
s 

po
st

cl
os

ur
e 

im
pa

ct
 e

va
lu

at
io

n.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

4.
01

.0
A 

 

N
o 

N
on

e 
N

on
-IT

B
C

:
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

 

ANL-WIS-MD-000024 REV 01 A-40 February 2008 



 

    

 

 

 

 

 

 

 
 

 

 
 

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
04

.0
2.

0A
C

he
m

ic
al

 P
ro

pe
rti

es
 

an
d 

Ev
ol

ut
io

n 
of

 
B

ac
kf

ill
Ex

cl
ud

ed
 

Th
e 

ch
em

ic
al

 p
ro

pe
rti

es
 o

f t
he

 b
ac

kf
ill 

m
ay

 a
ffe

ct
 

gr
ou

nd
w

at
er

 fl
ow

, w
as

te
 p

ac
ka

ge
 a

nd
 d

rip
 s

hi
el

d 
du

ra
bi

lit
y,

 a
nd

 ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
w

as
te

 
di

sp
os

al
 re

gi
on

.  
P

ro
pe

rti
es

 o
f t

he
 b

ac
kf

ill
 m

ay
 

ch
an

ge
 th

ro
ug

h 
tim

e,
 d

ue
 to

 p
ro

ce
ss

es
 s

uc
h 

as
 

al
te

ra
tio

n 
of

 m
in

er
al

s.
  S

in
ce

 b
ac

kf
ill 

is
 n

ot
 to

 b
e 

pl
ac

ed
 in

 th
e 

dr
ift

, t
hi

s 
pr

oc
es

s 
is

 n
ot

 re
le

va
nt

 a
nd

 
do

es
 n

ot
 c

on
tri

bu
te

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
co

ul
d 

ne
ga

tiv
el

y 
im

pa
ct

 b
ar

rie
r 

ca
pa

bi
lit

y.
  I

f a
 d

ev
ia

tio
n 

is
 fo

un
d,

 it
 w

ou
ld

 b
e 

id
en

tif
ie

d 
as

 a
 c

on
di

tio
n.

 T
he

 c
on

di
tio

n 
w

ou
ld

 b
e 

re
so

lv
ed

 a
pp

ro
pr

ia
te

ly
 in

 th
e 

C
A

P
. T

hi
s 

is
 N

on
-IT

B
C

 
be

ca
us

e 
de

vi
at

io
ns

 c
an

 b
e 

m
iti

ga
te

d.
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

4.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
04

.0
3.

0A
Er

os
io

n 
or

 
D

is
so

lu
tio

n 
of

B
ac

kf
ill

Ex
cl

ud
ed

 

S
ol

id
 m

at
er

ia
l i

n 
ba

ck
fil

l m
ay

 b
e 

ca
rri

ed
 a

w
ay

 b
y

flo
w

in
g 

gr
ou

nd
w

at
er

, e
ith

er
 b

y 
er

os
io

n 
of

 p
ar

tic
ul

at
e 

m
at

te
r o

r b
y 

di
ss

ol
ut

io
n.

  D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
is

 
m

an
ag

ed
 th

ro
ug

h 
th

e 
C

or
re

ct
iv

e 
A

ct
io

n 
P

ro
gr

am
, 

w
hi

ch
 re

qu
ire

s 
po

st
cl

os
ur

e 
im

pa
ct

 e
va

lu
at

io
n.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
4.

03
.0

A 
 

N
o 

N
on

e 
N

on
-IT

B
C

:
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
04

.0
4.

0A
Th

er
m

al
-m

ec
ha

ni
ca

l 
ef

fe
ct

s 
of

 b
ac

kf
ill

Ex
cl

ud
ed

 

B
ac

kf
ill 

m
ay

 a
lte

r t
he

 m
ec

ha
ni

ca
l e

vo
lu

tio
n 

of
 th

e 
dr

ift
 

en
vi

ro
nm

en
t b

y 
pr

ov
id

in
g 

re
si

st
an

ce
 to

 ro
ck

fa
ll 

an
d 

dr
ift

 c
ol

la
ps

e,
 b

y 
ch

an
gi

ng
 th

e 
th

er
m

al
 p

ro
pe

rti
es

 o
f 

th
e 

dr
ift

, o
r b

y 
ot

he
r m

ea
ns

.  
S

in
ce

 b
ac

kf
ill 

is
 n

ot
 to

 b
e

pl
ac

ed
 in

 th
e 

dr
ift

 th
is

 p
ro

ce
ss

 is
 n

ot
 re

le
va

nt
 a

nd
 

do
es

 n
ot

 c
on

tri
bu

te
 to

 b
ar

rie
r c

ap
ab

ili
ty

.
D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

co
ul

d 
ne

ga
tiv

el
y 

im
pa

ct
 b

ar
rie

r 
ca

pa
bi

lit
y.

  D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
is

 m
an

ag
ed

 th
ro

ug
h 

th
e 

C
or

re
ct

iv
e 

A
ct

io
n 

P
ro

gr
am

, w
hi

ch
 re

qu
ire

s 
po

st
cl

os
ur

e 
im

pa
ct

 e
va

lu
at

io
n.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
4.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

-IT
B

C
:

N
o 

B
ac

kf
ill

 in
 E

m
pl

ac
em

en
t 

D
rif

ts
 

ANL-WIS-MD-000024 REV 01 A-41 February 2008 



 

    

 

 

 
 

 

 

  
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
04

.0
5.

0A
Th

er
m

al
-M

ec
ha

ni
ca

l 
P

ro
pe

rti
es

 a
nd

 
E

vo
lu

tio
n 

of
 B

ac
kf

ill 
Ex

cl
ud

ed
 

Th
e 

ph
ys

ic
al

 p
ro

pe
rti

es
 o

f t
he

 b
ac

kf
ill 

m
ay

 a
ffe

ct
 

gr
ou

nd
w

at
er

 fl
ow

, w
as

te
 p

ac
ka

ge
 a

nd
 d

rip
 s

hi
el

d 
du

ra
bi

lit
y,

 a
nd

 ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
w

as
te

 
di

sp
os

al
 re

gi
on

.  
P

ro
pe

rti
es

 o
f t

he
 b

ac
kf

ill
 m

ay
 

ch
an

ge
 th

ro
ug

h 
tim

e,
 d

ue
 to

 p
ro

ce
ss

es
 s

uc
h 

as
 s

ilic
a 

ce
m

en
ta

tio
n,

 th
er

m
al

 e
ffe

ct
s,

 a
nd

 p
hy

si
ca

l 
co

m
pa

ct
io

n.
 S

in
ce

 b
ac

kf
ill

 is
 n

ot
 to

 b
e 

pl
ac

ed
 in

 th
e 

dr
ift

 th
is

 p
ro

ce
ss

 is
 n

ot
 re

le
va

nt
 a

nd
 d

oe
s 

no
t 

co
nt

rib
ut

e 
to

 b
ar

rie
r c

ap
ab

ilit
y.

 
D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

co
ul

d 
ne

ga
tiv

el
y 

im
pa

ct
 b

ar
rie

r 
ca

pa
bi

lit
y.

  D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
is

 m
an

ag
ed

 th
ro

ug
h 

th
e 

C
or

re
ct

iv
e 

A
ct

io
n 

P
ro

gr
am

, w
hi

ch
 re

qu
ire

s 
po

st
cl

os
ur

e 
im

pa
ct

 e
va

lu
at

io
n.

 
FE

P 
So

ur
ce

:
S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

 2
.1

.0
4.

05
.0

A
   

N
o 

N
on

e 
N

on
-IT

B
C

:
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
05

.0
2.

0A
R

ad
io

nu
cl

id
e 

tra
ns

po
rt 

th
ro

ug
h

se
al

s
Ex

cl
ud

ed
 

G
ro

un
dw

at
er

 fl
ow

 th
ro

ug
h 

se
al

s 
in

 th
e 

ac
ce

ss
 ra

m
ps

, 
ve

nt
ila

tio
n 

sh
af

ts
, a

nd
 e

xp
lo

ra
to

ry
 b

or
eh

ol
es

 c
ou

ld
 

af
fe

ct
 lo

ng
-te

rm
 p

er
fo

rm
an

ce
 o

f t
he

 d
is

po
sa

l s
ys

te
m

. 
S

ea
lin

g 
co

nc
ep

ts
 h

av
e 

be
en

 id
en

tif
ie

d 
fo

r t
he

 L
ic

en
se

 
A

pp
lic

at
io

n,
 b

ut
 th

e 
de

si
gn

s 
of

 th
es

e 
se

al
s 

ha
ve

 n
ot

 
be

en
 d

et
er

m
in

ed
.  

Th
e 

de
si

gn
s 

w
ill

 b
e 

su
pp

or
te

d 
by

ev
al

ua
tio

ns
 o

f p
er

fo
rm

an
ce

, a
nd

 th
e 

ap
pl

ic
at

io
n 

of
 

co
ns

tru
ct

io
n 

an
d 

op
er

at
io

na
l m

an
ag

em
en

t a
nd

 
ad

m
in

is
tra

tiv
e 

co
nt

ro
ls

 to
 e

ns
ur

e 
co

rre
ct

 
im

pl
em

en
ta

tio
n.

 A
cc

or
di

ng
ly

, t
he

se
 fe

at
ur

es
 a

re
 

co
ns

id
er

ed
 n

ot
 to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

5.
02

.0
A 

N
o 

N
on

-IT
B

C
:

C
lo

su
re

 M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 L

ay
ou

t 

ANL-WIS-MD-000024 REV 01 A-42 February 2008 



 

    

 

 

 

  
 

 
 

  
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
06

.0
1.

0A
C

he
m

ic
al

 E
ffe

ct
s 

of
 

R
oc

k 
R

ei
nf

or
ce

m
en

t 
an

d 
C

em
en

tit
io

us
 

M
at

er
ia

ls
 in

 E
B

S
 

Ex
cl

ud
ed

 

Th
e 

ef
fe

ct
s 

of
 s

ee
pa

ge
 w

at
er

 in
te

ra
ct

in
g 

w
ith

 ro
ck

 
re

in
fo

rc
em

en
t a

nd
 c

em
en

tit
io

us
 m

at
er

ia
ls

 u
se

d 
in

 
re

po
si

to
ry

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n,

 h
av

e 
be

en
 

ev
al

ua
te

d 
an

d 
de

te
rm

in
ed

 to
 b

e 
in

si
gn

ifi
ca

nt
 w

ith
 

re
sp

ec
t t

o 
po

st
cl

os
ur

e 
pe

rfo
rm

an
ce

.  
In

 a
dd

iti
on

, t
o

pr
ev

en
t o

r l
im

it 
po

te
nt

ia
lly

 d
el

et
er

io
us

 e
ffe

ct
s 

fro
m

 
ro

ck
 re

in
fo

rc
em

en
t a

nd
 c

em
en

tit
io

us
 m

at
er

ia
ls

, 
co

ns
tru

ct
io

n 
an

d 
op

er
at

io
na

l m
an

ag
em

en
t a

nd
 

ad
m

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 b

e 
de

ve
lo

pe
d 

an
d 

im
pl

em
en

te
d 

(S
N

L 
20

07
 [D

IR
S

 1
77

41
2]

, S
ec

tio
n 

6.
8)

.  
Th

er
ef

or
e,

 th
es

e 
ef

fe
ct

s 
ar

e 
co

ns
id

er
ed

 n
ot

 to
 b

e 
im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

01
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

C
lo

su
re

 M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
E

xc
av

at
io

n 
M

et
ho

ds
 

D
es

ig
n 

of
 th

e 
G

ro
un

d 
S

up
po

rt 
S

ys
te

m
 

C
lo

su
re

 o
f S

ha
fts

 a
nd

 R
am

ps
C

lo
su

re
 B

or
eh

ol
es

 
E

B
S

 D
rip

 S
hi

el
d 

/
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
06

.0
2.

0A
M

ec
ha

ni
ca

l E
ffe

ct
s

of
 R

oc
k

R
ei

nf
or

ce
m

en
t 

M
at

er
ia

ls
 in

 E
B

S
 

Ex
cl

ud
ed

 

N
o 

po
st

cl
os

ur
e 

ba
rri

er
 c

ap
ab

ili
ty

 is
 a

ttr
ib

ut
ed

 to
 th

e 
ro

ck
 re

in
fo

rc
em

en
t m

at
er

ia
ls

 u
se

d 
in

 th
e 

E
B

S
.  

P
os

tc
lo

su
re

 m
od

el
s 

an
d 

an
al

ys
es

 n
eg

le
ct

 th
e 

po
te

nt
ia

l b
en

ef
ic

ia
l e

ffe
ct

s 
fro

m
 ro

ck
 re

in
fo

rc
em

en
t o

n 
th

e 
ro

ck
 m

as
s 

re
sp

on
se

 to
 th

er
m

o-
m

ec
ha

ni
ca

l a
nd

 
se

is
m

ic
 s

tre
ss

es
.  

Th
er

ef
or

e,
 th

es
e 

ef
fe

ct
s 

ar
e 

co
ns

id
er

ed
 n

ot
 to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

C
lo

su
re

 M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
H

os
t R

oc
k 

P
ro

pe
rti

es
 N

on
-IT

B
C

:
C

om
m

itt
ed

 M
at

er
ia

ls
 

E
xc

av
at

io
n 

M
et

ho
ds

 
E

m
pl

ac
em

en
t D

rif
t G

ro
un

d 
S

up
po

rt
D

es
ig

n 
of

 G
ro

un
d 

S
up

po
rt

S
ys

te
m

 

ANL-WIS-MD-000024 REV 01 A-43 February 2008 



 

    

 

 

 
 

 

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
06

.0
4.

0A
Fl

ow
 T

hr
ou

gh
 R

oc
k 

R
ei

nf
or

ce
m

en
t 

M
at

er
ia

ls
 in

 E
B

S
 

Ex
cl

ud
ed

 

G
ro

un
dw

at
er

 fl
ow

 a
nd

 s
ee

pa
ge

 a
re

 n
ot

 s
ig

ni
fic

an
tly

af
fe

ct
ed

 b
y 

th
e 

pr
es

en
ce

 o
f r

oc
k 

re
in

fo
rc

em
en

t 
m

at
er

ia
ls

 u
se

d 
du

rin
g 

re
po

si
to

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 (S

N
L 

20
08

 [D
IR

S 
18

30
41

] –
 

2.
1.

06
.0

4.
0A

). 
Th

er
ef

or
e,

 th
is

 p
ro

ce
ss

 h
as

 b
ee

n 
ex

cl
ud

ed
 fr

om
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 T
hi

s 
FE

P
 is

 n
ot

 c
on

si
de

re
d 

IT
B

C
 b

ec
au

se
 th

is
 d

oe
s 

no
t 

su
bs

ta
nt

ia
lly

 a
ffe

ct
 th

e 
ra

te
 o

f m
ov

em
en

t o
f w

at
er

 a
nd

 
th

e 
re

le
as

e 
or

 re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 

en
vi

ro
nm

en
t. 

Th
is

 e
va

lu
at

io
n 

as
su

m
es

 th
at

 th
e 

pr
op

er
 c

on
tro

ls
 fo

r 
op

er
at

io
ns

 a
nd

 d
es

ig
n 

w
ill 

be
 in

 p
la

ce
 a

nd
 th

at
 a

ny
ch

an
ge

s 
to

 th
e 

co
nt

ro
ls

 o
r t

he
 d

es
ig

n 
w

ill
 b

e 
ev

al
ua

te
d 

th
ro

ug
h 

an
 e

st
ab

lis
he

d 
co

rr
ec

tiv
e 

ac
tio

n 
pr

og
ra

m
, w

hi
ch

 w
ill

 in
cl

ud
e 

an
 e

va
lu

at
io

n 
of

 th
e 

im
pa

ct
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
04

.0
A 

N
o 

N
on

e 
N

on
-IT

B
C

:
A

ir 
C

irc
ul

at
io

n 
Th

ro
ug

h 
G

ro
un

d 
Su

pp
or

t 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
06

.0
7.

0A
C

he
m

ic
al

 E
ffe

ct
s 

at
 

E
B

S
 C

om
po

ne
nt

In
te

rfa
ce

Ex
cl

ud
ed

 

S
ol

id
-to

-s
ol

id
 in

te
ra

ct
io

ns
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
th

e 
va

rio
us

 fe
at

ur
es

 o
f t

he
 E

B
S

 h
av

e 
be

en
co

ns
id

er
ed

 in
 th

e 
de

si
gn

 a
nd

 a
na

ly
si

s 
of

 th
e 

in
-d

rif
t 

ch
em

ic
al

 e
nv

iro
nm

en
t s

uc
h 

th
at

 g
al

va
ni

c 
co

up
lin

g 
an

d 
ot

he
r c

he
m

ic
al

 in
te

ra
ct

io
ns

 a
re

 in
si

gn
ifi

ca
nt

 to
 

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t. 
 In

 a
dd

iti
on

, 
co

ns
tru

ct
io

n 
an

d 
op

er
at

io
na

l m
an

ag
em

en
t a

nd
 

ad
m

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 b

e 
de

ve
lo

pe
d 

an
d 

ap
pl

ie
d 

to
 th

e 
us

e 
of

 m
at

er
ia

ls
 in

 th
e 

em
pl

ac
em

en
t d

rif
ts

.  
 

D
ev

ia
tio

n 
fro

m
 th

es
e 

co
nt

ro
ls

 is
 m

an
ag

ed
 th

ro
ug

h 
th

e 
C

or
re

ct
iv

e 
A

ct
io

n 
P

ro
gr

am
, w

hi
ch

 re
qu

ire
s 

po
st

cl
os

ur
e 

im
pa

ct
 e

va
lu

at
io

n.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
07

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
B

S
 In

-d
rif

t M
at

er
ia

ls
In

te
ra

ct
io

ns
 

ANL-WIS-MD-000024 REV 01 A-44 February 2008 



 

    

 

 

 

  

 

 

 
 

 
  

 
 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
06

.0
7.

0B
M

ec
ha

ni
ca

l E
ffe

ct
s

at
 E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
s

Ex
cl

ud
ed

 

P
hy

si
ca

l e
ffe

ct
s 

of
 s

te
ad

y-
st

at
e 

co
nt

ac
t (

st
at

ic
 

lo
ad

in
g)

 th
at

 o
cc

ur
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
m

at
er

ia
ls

 in
 th

e 
dr

ift
 m

ay
 a

ffe
ct

 th
e 

pe
rfo

rm
an

ce
 o

f 
th

e 
sy

st
em

. 
Th

e 
m

ec
ha

ni
ca

l e
ffe

ct
s 

of
 s

ta
tic

 lo
ad

in
g 

th
at

 o
cc

ur
 a

t 
in

te
rfa

ce
s 

be
tw

ee
n 

m
at

er
ia

ls
 in

 th
e 

em
pl

ac
em

en
t d

rif
t 

ar
e 

no
t s

ig
ni

fic
an

t t
o 

th
e 

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 o

f 
th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

07
.0

B 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t P

al
le

t 
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
07

.0
1.

0A
R

oc
kf

al
l

Ex
cl

ud
ed

 

R
oc

kf
al

l r
es

ul
tin

g 
fro

m
 g

ra
vi

ta
tio

na
l s

tre
ss

es
, 

ex
ca

va
tio

n-
in

du
ce

d 
st

re
ss

es
, a

nd
 th

er
m

al
ly

 in
du

ce
d 

st
re

ss
es

 h
av

e 
be

en
 e

va
lu

at
ed

.  
Th

e 
lit

ho
ph

ys
al

 ro
ck

 
un

its
 g

en
er

al
ly

 re
su

lt 
in

 s
m

al
l b

lo
ck

s,
 w

hi
le

 in
 th

e 
no

nl
ith

op
hy

sa
l r

oc
k 

un
its

, l
ar

ge
r r

oc
k 

bl
oc

ks
 a

re
 

po
ss

ib
le

.  
In

 e
ith

er
 c

as
e,

 th
e 

ef
fe

ct
s 

of
 th

es
e 

ro
ck

fa
lls

 
on

 d
rip

 s
hi

el
ds

 h
av

e 
be

en
 c

on
si

de
re

d 
an

d 
de

te
rm

in
ed

 
to

 b
e 

in
si

gn
ifi

ca
nt

 d
ue

 to
 th

e 
lim

ite
d 

ex
te

nt
 o

f t
he

 
ro

ck
fa

ll,
 th

e 
lim

ite
d 

st
re

ss
-in

du
ce

d 
cr

ac
ki

ng
 o

f t
he

 d
rip

 
sh

ie
ld

, a
nd

 th
e 

pr
ec

lu
si

on
 o

f f
lu

x 
th

ro
ug

h 
th

e 
cr

ac
ke

d 
dr

ip
 s

hi
el

d.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
7.

01
.0

A 
 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 S

ur
fa

ce
D

am
ag

e 
P

rio
r t

o 
C

lo
su

re
 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t 

C
on

fig
ur

at
io

n
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-45 February 2008 



 

    

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
07

.0
2.

0A
D

rif
t C

ol
la

ps
e

Ex
cl

ud
ed

 

Th
is

 F
EP

 d
ea

ls
 w

ith
 n

on
-s

ei
sm

ic
al

ly
 in

du
ce

d 
dr

ift
 

co
lla

ps
e 

th
at

 m
ig

ht
 b

e 
tri

gg
er

ed
 b

y 
th

er
m

al
 e

ffe
ct

s,
 

st
re

ss
 re

la
te

d 
to

 e
xc

av
at

io
n,

 e
tc

.  
It 

is
 d

et
er

m
in

ed
 th

at
th

es
e 

ef
fe

ct
s 

do
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

flo
w

 o
f 

w
at

er
 o

r t
he

 re
le

as
e 

or
 tr

an
sp

or
t o

f r
ad

io
nu

cl
id

es
. 

D
rif

t c
ol

la
ps

e 
ca

n 
oc

cu
r i

n 
th

e 
lit

ho
ph

ys
al

 ro
ck

 u
ni

ts
 

gi
ve

n 
un

lik
el

y 
(i.

e.
, l

es
s 

th
an

 a
n 

an
nu

al
 e

xc
ee

da
nc

e 
fre

qu
en

cy
 o

f 1
0�5

 p
er

 y
ea

r) 
se

is
m

ic
 e

ve
nt

s.
  H

ow
ev

er
, 

th
e 

ef
fe

ct
s 

of
 s

ei
sm

ic
al

ly
-in

du
ce

d 
dr

ift
 c

ol
la

ps
e 

ar
e 

ad
dr

es
se

d 
in

 s
ep

ar
at

e 
FE

P
s 

(1
.2

.0
3.

02
.0

C
; 

1.
2.

03
.0

2.
0D

; 1
.2

.0
3.

02
.0

E
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

E
xc

av
at

io
n 

M
et

ho
ds

 
E

m
pl

ac
em

en
t D

rif
t 

C
on

fig
ur

at
io

n 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
07

.0
6.

0A
Fl

oo
r B

uc
kl

in
g 

Ex
cl

ud
ed

 

B
uc

kl
in

g,
 o

r h
ea

ve
, o

f t
he

 d
rif

t f
lo

or
 m

ay
 o

cc
ur

 in
 

re
sp

on
se

 to
 c

ha
ng

in
g 

st
re

ss
.  

Fl
oo

r b
uc

kl
in

g 
m

ay
af

fe
ct

 th
e 

pe
rfo

rm
an

ce
 o

f E
B

S
 c

om
po

ne
nt

s 
su

ch
 a

s 
th

e 
dr

ip
 s

hi
el

d,
 th

e 
in

ve
rt,

 a
nd

 th
e 

pa
lle

t. 
 E

ffe
ct

s 
m

ay
in

cl
ud

e 
m

ov
em

en
t o

f E
B

S
 c

om
po

ne
nt

s 
an

d 
ch

an
ge

s 
in

 th
e 

to
po

gr
ap

hy
 o

f t
he

 s
ur

fa
ce

 o
f t

he
 d

rif
t f

lo
or

 a
nd

in
ve

rt 
th

at
 m

ay
 a

ffe
ct

 w
at

er
 fl

ow
.  

C
al

cu
la

tio
ns

 fo
r 

re
po

si
to

ry
 ro

ck
, i

nc
lu

di
ng

 th
er

m
al

 e
ffe

ct
s,

 c
on

cl
ud

ed
 

th
at

 th
e 

m
ag

ni
tu

de
 o

f f
lo

or
 b

uc
kl

in
g 

is
 n

eg
lig

ib
le

. F
lo

or
 

bu
ck

lin
g 

du
e 

to
 e

ith
er

 th
er

m
al

- o
r s

ei
sm

ic
-in

du
ce

d 
st

re
ss

es
 is

 in
si

gn
ifi

ca
nt

 to
 p

os
tc

lo
su

re
 p

er
fo

rm
an

ce
 

du
e 

to
 th

e 
sm

al
l d

iff
er

en
tia

l v
al

ue
s 

de
ve

lo
pe

d 
un

de
r 

ei
th

er
 o

f t
he

se
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
06

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

ANL-WIS-MD-000024 REV 01 A-46 February 2008 



 

    

 

 

 

   
 

 

 

 

 

 

 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
1.

0B
E

ffe
ct

s 
of

 R
ap

id
In

flu
x 

in
to

 th
e 

R
ep

os
ito

ry
Ex

cl
ud

ed
 

R
ap

id
 in

flu
x 

co
ul

d 
qu

en
ch

 th
e 

te
m

pe
ra

tu
re

s 
of

 E
B

S
 

fe
at

ur
es

, s
uc

h 
as

 th
e 

dr
ip

 s
hi

el
ds

 o
r w

as
te

 p
ac

ka
ge

s,
 

du
rin

g 
th

e 
th

er
m

al
 p

er
io

d.
  

D
am

ag
e 

to
 w

as
te

 p
ac

ka
ge

s 
fro

m
 ra

pi
d 

qu
en

ch
in

g 
w

ou
ld

 re
qu

ire
 fl

ow
 ra

te
s 

in
 th

e 
ho

st
 ro

ck
 th

at
 a

re
 

m
uc

h 
gr

ea
te

r t
ha

n 
th

e 
ra

ng
e 

pr
ed

ic
te

d 
fo

r a
m

bi
en

t 
an

d 
th

er
m

al
ly

 a
lte

re
d 

co
nd

iti
on

s 
(s

ee
 F

EP
s 

2.
2.

07
.0

2.
0A

, 2
.2

.0
7.

04
.0

A
, a

nd
 2

.2
.1

0.
01

.0
A

). 
 

Th
e 

ca
us

e 
of

 ra
pi

d 
in

flu
x 

is
 n

ot
 im

po
rta

nt
 to

 th
is

 F
E

P
, 

bu
t t

he
 e

ffe
ct

s 
fro

m
 in

fil
tra

tio
n 

flu
ct

ua
tio

ns
 o

n 
flo

w
 in

 
th

e 
ho

st
 ro

ck
 d

ee
pe

r i
n 

th
e 

un
sa

tu
ra

te
d 

zo
ne

, i
s

ef
fe

ct
iv

el
y 

da
m

pe
ne

d 
by

 fl
ow

 p
ro

ce
ss

es
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 (s
ee

 F
E

P
 2

.2
.0

7.
05

.0
A

). 
A

cc
or

di
ng

ly
, t

hi
s 

pr
oc

es
s 

is
 c

on
si

de
re

d 
no

t t
o 

be
 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
01

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s
C

lo
su

re
 M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

Su
rfa

ce
 S

oi
l 

P
ro

pe
rti

es
 (i

nc
lu

di
ng

 
ve

ge
ta

tio
n)

 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ec

la
m

at
io

n 
of

 L
an

ds
 

D
is

tu
rb

ed
 b

y 
R

ep
os

ito
ry

 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
R

ep
os

ito
ry

 S
ta

nd
of

f f
ro

m
 

Q
ua

te
rn

ar
y 

Fa
ul

t 
R

ep
os

ito
ry

 S
ta

nd
of

f f
ro

m
 

P
er

ch
ed

 W
at

er
R

ep
os

ito
ry

 S
ta

nd
of

f F
ro

m
 

Pa
in

tb
ru

sh
 N

on
w

el
de

d 
H

yd
ro

ge
ol

og
ic

 U
ni

t 
M

in
im

um
 T

hi
ck

ne
ss

 o
f P

Tn
 

U
ni

t 
ab

ov
e 

th
e 

R
ep

os
ito

ry
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
3.

0A
R

ep
os

ito
ry

 D
ry

-o
ut

 
D

ue
 to

 W
as

te
 H

ea
t

In
cl

ud
ed

 

R
ep

os
ito

ry
 d

ry
-o

ut
, i

nc
lu

de
d 

in
 th

er
m

al
-h

yd
ro

lo
gy

 a
nd

 
th

er
m

al
-s

ee
pa

ge
 m

od
el

s,
 h

as
 a

 m
in

or
 e

ffe
ct

 o
n 

th
e 

tim
in

g 
of

 s
ee

pa
ge

. 
Th

e 
ef

fe
ct

s 
of

 d
ry

-o
ut

 o
f t

he
 h

os
t 

ro
ck

 a
ro

un
d 

th
e 

em
pl

ac
em

en
t d

rif
ts

 d
ue

 to
 w

as
te

 h
ea

t 
ar

e 
si

gn
ifi

ca
nt

 p
ro

ce
ss

es
 fo

r t
he

 fi
rs

t s
ev

er
al

 h
un

dr
ed

 
to

 a
pp

ro
xi

m
at

el
y 

1,
00

0 
ye

ar
s 

w
hi

ch
 is

 a
 s

m
al

l f
ra

ct
io

n 
of

 th
e 

pe
rio

d 
of

 g
eo

lo
gi

c 
st

ab
ili

ty
 (a

s 
pr

op
os

ed
 in

 4
0 

C
FR

 1
97

 [D
IR

S 
17

73
57

]) 
de

pe
nd

in
g 

on
 th

e 
lo

ca
tio

n 
in

 th
e 

re
po

si
to

ry
.  

R
ep

os
ito

ry
 d

ry
-o

ut
 e

ffe
ct

s 
on

 in
-d

rif
t 

th
er

m
al

-h
yd

ro
lo

gi
c 

co
nd

iti
on

s 
ar

e 
ad

dr
es

se
d 

by
 o

th
er

 
E

B
S

 F
E

P
s 

(s
ee

 T
ab

le
 B

-1
), 

bu
t t

ho
se

 e
ffe

ct
s 

ar
e 

no
t 

im
po

rta
nt

 to
 th

e 
U

N
B

’s
 c

ap
ab

ilit
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

]–
 2

.1
.0

8.
03

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

 Z
on

e 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rif

t W
al

l T
em

pe
ra

tu
re

 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
V

er
ifi

ca
tio

n 
O

f D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-47 February 2008 



 

    

 

  
 

 

  

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
4.

0A
C

on
de

ns
at

io
n 

Fo
rm

s 
on

 R
oo

fs
 o

f D
rif

ts
(d

rif
t-s

ca
le

 c
ol

d
tra

ps
)

In
cl

ud
ed

 

C
on

de
ns

at
io

n 
ca

n 
oc

cu
r e

ith
er

 lo
ca

lly
 a

t c
oo

le
r w

as
te

 
pa

ck
ag

e 
lo

ca
tio

ns
, o

r a
t t

he
 e

nd
s 

of
 th

e 
re

po
si

to
ry

dr
ift

s 
(s

ee
 F

E
P

 2
.1

.0
8.

04
.0

B
). 

 B
ot

h 
ty

pe
s 

ar
e 

re
pr

es
en

te
d 

by
 th

e 
in

-d
rif

t c
on

de
ns

at
io

n 
m

od
el

 th
at

 is
 

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 D
rif

t-w
al

l 
co

nd
en

sa
tio

n 
in

cr
ea

se
s 

th
e 

fra
ct

io
n 

of
 w

as
te

 p
ac

ka
ge

 
lo

ca
tio

ns
 li

ke
ly

 to
 e

xp
er

ie
nc

e 
dr

ip
pi

ng
 w

at
er

, d
ur

in
g 

th
e 

lim
ite

d 
tim

e 
pe

rio
ds

 w
he

n 
it 

oc
cu

rs
. 

W
he

re
as

 d
rif

t-w
al

l c
on

de
ns

at
io

n 
is

 in
cl

ud
ed

 in
 th

e 
TS

P
A

, i
t d

oe
s 

no
t c

au
se

 re
le

as
es

 o
r t

he
 tr

an
sp

or
t o

f 
ra

di
on

uc
lid

es
 u

nt
il 

th
e 

w
as

te
 p

ac
ka

ge
s 

ar
e 

br
ea

ch
ed

 
fro

m
 o

th
er

 c
au

se
s.

 A
cc

or
di

ng
ly

, t
he

 e
ffe

ct
 o

n 
do

se
 is

 
lim

ite
d,

 a
nd

 th
es

e 
co

nd
en

sa
tio

n 
pr

oc
es

se
s 

ar
e 

co
ns

id
er

ed
 n

ot
 to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
04

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
N

on
-IT

B
C

:
R

ep
os

ito
ry

 L
ay

ou
t 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n

U
nh

ea
te

d 
D

rif
t L

en
gt

h
A

ir 
C

irc
ul

at
io

n 
th

ro
ug

h
G

ro
un

d 
S

up
po

rt
D

ur
at

io
n 

of
 V

en
til

at
io

n 
P

er
io

d
A

ve
ra

ge
 A

irf
lo

w
 R

at
e 

fo
r 

P
re

cl
os

ur
e 

V
en

til
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-48 February 2008 



 

    

 

 
 

 

 

  

 

  

 

 

 

 
  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
4.

0B
C

on
de

ns
at

io
n 

Fo
rm

s 
at

 R
ep

os
ito

ry
 E

dg
es

 
(re

po
si

to
ry

-s
ca

le
 

co
ld

 tr
ap

s)
In

cl
ud

ed
 

C
on

de
ns

at
io

n 
ca

n 
oc

cu
r e

ith
er

 lo
ca

lly
 a

t c
oo

le
r w

as
te

 
pa

ck
ag

e 
lo

ca
tio

ns
, o

r a
t t

he
 e

nd
s 

of
 th

e 
re

po
si

to
ry

dr
ift

s 
(s

ee
 F

E
P

 2
.1

.0
8.

04
.0

B
). 

 B
ot

h 
ty

pe
s 

ar
e 

re
pr

es
en

te
d 

by
 th

e 
in

-d
rif

t c
on

de
ns

at
io

n 
m

od
el

 th
at

 is
 

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 
C

on
de

ns
at

io
n 

at
 th

e 
re

po
si

to
ry

 e
dg

es
, w

he
n 

it 
oc

cu
rs

, 
in

cr
ea

se
s 

th
e 

fra
ct

io
n 

of
 w

as
te

 p
ac

ka
ge

 lo
ca

tio
ns

 th
at

 
do

 n
ot

 e
xp

er
ie

nc
e 

dr
ip

pi
ng

 w
at

er
, b

ec
au

se
 th

e 
w

at
er

 
is

 e
va

po
ra

te
d 

an
d 

tra
ns

po
rte

d 
aw

ay
 fr

om
 

em
pl

ac
em

en
t a

re
as

. 
Li

ke
 d

rif
t-w

al
l c

on
de

ns
at

io
n,

 th
is

 p
ro

ce
ss

 d
oe

s 
no

t 
ca

us
e 

re
le

as
es

 o
r t

he
 tr

an
sp

or
t o

f r
ad

io
nu

cl
id

es
 u

nt
il 

th
e 

w
as

te
 p

ac
ka

ge
s 

ar
e 

br
ea

ch
ed

 fr
om

 o
th

er
 c

au
se

s.
 

A
cc

or
di

ng
ly

, t
he

 e
ffe

ct
 o

n 
do

se
 is

 li
m

ite
d,

 a
nd

 th
is

 
pr

oc
es

s 
is

 c
on

si
de

re
d 

no
t t

o 
be

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
04

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 L

ay
ou

t 
E

m
pl

ac
em

en
t D

rif
t 

C
on

fig
ur

at
io

n
U

nh
ea

te
d 

D
rif

t L
en

gt
h

A
ir 

C
irc

ul
at

io
n 

th
ro

ug
h

G
ro

un
d 

S
up

po
rt

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
D

ur
at

io
n 

of
 V

en
til

at
io

n 
P

er
io

d
A

ve
ra

ge
 A

irf
lo

w
 R

at
e 

fo
r 

P
re

cl
os

ur
e 

V
en

til
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n

N
o 

B
ac

kf
ill

 in
 E

m
pl

ac
em

en
t 

D
rif

ts
 W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 
Li

m
it

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 
Em

pl
ac

em
en

t 
D

rif
t 

2.
1.

08
.0

6.
0A

C
ap

ill
ar

y 
E

ffe
ct

s 
(w

ic
ki

ng
) i

n 
E

B
S

 
In

cl
ud

ed
 

Th
e 

ef
fe

ct
s 

of
 w

ic
ki

ng
 in

 th
e 

in
ve

rt 
of

 th
e 

E
B

S
 h

av
e 

be
en

 in
cl

ud
ed

 in
 th

e 
M

ul
tis

ca
le

 T
he

rm
al

-H
yd

ro
lo

gi
c 

M
od

el
. 

Th
e 

ef
fe

ct
 o

f t
hi

s 
w

ic
ki

ng
 (w

ith
ou

t s
ee

pa
ge

) i
s 

to
 v

er
y 

sl
ig

ht
ly

 in
cr

ea
se

 th
e 

ad
ve

ct
iv

e 
flu

x 
th

ro
ug

h 
th

e 
in

ve
rt 

(S
N

L 
20

07
 [D

IR
S

 1
84

43
3]

, S
ec

tio
n 

6.
3.

3)
. T

he
 

m
ag

ni
tu

de
 o

f t
he

 fl
ux

 p
re

di
ct

ed
 is

 s
o 

sm
al

l t
ha

t t
he

 
ef

fe
ct

 is
 n

ot
 IT

B
C

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

06
.0

A 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-49 February 2008 



 

    

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
7.

0A
U

ns
at

ur
at

ed
 F

lo
w

 in
 

th
e 

E
B

S
In

cl
ud

ed
 

U
ns

at
ur

at
ed

 fl
ow

 o
cc

ur
s 

th
ro

ug
h 

th
e 

fe
at

ur
es

 o
f t

he
 

E
B

S
 d

ue
 to

 s
ee

pa
ge

 o
r c

on
de

ns
at

io
n 

pr
oc

es
se

s.
  

Th
e 

na
tu

re
 o

f t
hi

s 
flo

w
 h

as
 b

ee
n 

in
cl

ud
ed

 in
 th

e 
ab

st
ra

ct
io

ns
 fo

r f
lo

w
 a

nd
 tr

an
sp

or
t t

hr
ou

gh
 th

e 
E

B
S

 
fe

at
ur

es
 (S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

ns
 5

 a
nd

 
6)

. 
U

ns
at

ur
at

ed
 fl

ow
 is

 im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
,

be
ca

us
e 

it 
is

 d
riv

en
 b

y 
th

e 
do

w
nw

ar
d 

gr
av

ita
tio

na
l 

po
te

nt
ia

l, 
an

d 
m

ak
es

 p
os

si
bl

e 
ce

rta
in

 k
ey

 fu
nc

tio
ns

 o
f 

th
e 

U
N

B
 a

nd
 E

B
S

. A
cc

or
di

ng
ly

, t
he

 p
ar

am
et

er
s 

th
at

 
de

sc
rib

e 
an

d 
co

nt
ro

l u
ns

at
ur

at
ed

 fl
ow

 c
on

di
tio

ns
 a

re
 

co
ns

id
er

ed
 to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
07

.0
A 

 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s
N

on
-IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.0
9.

0A
S

at
ur

at
ed

 F
lo

w
 in

 
th

e 
E

B
S

Ex
cl

ud
ed

 

Th
e 

flo
w

 re
gi

m
e 

in
 th

e 
E

B
S

 d
oe

s 
no

t r
es

ul
t i

n 
a 

si
gn

ifi
ca

nt
 d

ev
el

op
m

en
t o

f s
at

ur
at

ed
 fl

ow
 c

on
di

tio
ns

 
(i.

e.
, t

he
 E

B
S

 re
m

ai
ns

 fr
ee

 d
ra

in
in

g 
fo

r a
ll 

ex
pe

ct
ed

 
hy

dr
ol

og
ic

 c
on

di
tio

ns
). 

 T
he

 fl
ow

 p
at

hs
 c

on
si

de
re

d 
in

 
th

e 
E

B
S

 tr
an

sp
or

t a
bs

tra
ct

io
n 

ar
e 

ap
pl

ic
ab

le
 to

 a
ll 

po
ss

ib
le

 fl
ow

 c
on

di
tio

ns
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
09

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f
U

ns
at

ur
at

ed
 Z

on
e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

 

ANL-WIS-MD-000024 REV 01 A-50 February 2008 



 

    

 

 

 

 

 

   

 
 

 

  

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
08

.1
5.

0A
C

on
so

lid
at

io
n 

of
 

E
B

S
 C

om
po

ne
nt

s
Ex

cl
ud

ed
 

Th
e 

ch
em

ic
al

 a
nd

 m
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
ra

te
s 

of
 

th
e 

pr
in

ci
pa

l l
oa

d-
be

ar
in

g 
fe

at
ur

es
 o

f t
he

 E
B

S
 

(n
ot

ab
ly

 th
e 

dr
ip

 s
hi

el
d,

 w
as

te
 p

ac
ka

ge
, w

as
te

 
pa

ck
ag

e 
in

te
rn

al
s,

 w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t 

pa
lle

t, 
an

d 
in

ve
rt)

 a
re

 s
uf

fic
ie

nt
ly

 s
lo

w
 th

at
 m

ec
ha

ni
ca

l 
in

te
gr

ity
 o

f t
he

 E
B

S
 c

om
po

ne
nt

s 
is

 re
ta

in
ed

, a
nd

 
co

ns
ol

id
at

io
n 

w
ill

 n
ot

 o
cc

ur
 e

ve
n 

gi
ve

n 
un

lik
el

y
se

is
m

ic
 e

ve
nt

s.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
15

.0
A 

 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
 a

nd
 

E
m

pl
ac

em
en

t P
al

le
t S

ta
tic

 
S

tre
ss

es
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
Em

pl
ac

em
en

t 
D

rif
t 

2.
1.

09
.0

1.
0A

C
he

m
ic

al
 

C
ha

ra
ct

er
is

tic
s 

of
 

W
at

er
 in

 D
rif

ts
In

cl
ud

ed
 

Th
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 w

at
er

 in
 th

e 
dr

ift
 a

re
 

af
fe

ct
ed

 b
y 

th
e 

in
co

m
in

g 
w

at
er

 c
he

m
is

try
 (d

ue
 to

 
se

ep
ag

e,
 c

on
de

ns
at

io
n,

 o
r w

ic
ki

ng
) a

nd
 e

va
po

ra
tio

n,
 

an
d 

ot
he

r t
he

rm
al

-c
he

m
ic

al
 p

ro
ce

ss
es

 in
 th

e 
dr

ift
 th

at
 

ar
e 

a 
fu

nc
tio

n 
of

 th
e 

th
er

m
al

-h
yd

ro
lo

gi
c 

en
vi

ro
nm

en
t. 

 
Th

es
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

af
fe

ct
 th

e 
lik

el
ih

oo
d 

of
 

po
te

nt
ia

l d
eg

ra
da

tio
n,

 d
et

er
io

ra
tio

n,
 a

nd
 a

lte
ra

tio
n 

of
 

th
e 

ot
he

r E
B

S
 c

om
po

ne
nt

s,
 a

s 
w

el
l a

s 
af

fe
ct

in
g 

th
e 

tra
ns

po
rt 

ch
ar

ac
te

ris
tic

s 
of

 a
ny

 ra
di

on
uc

lid
es

 re
le

as
ed

 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 to
 th

e 
in

ve
rt 

(S
N

L 
20

07
 

[D
IR

S
 1

77
41

2]
, S

ec
tio

n 
6.

13
). 

Th
e 

re
su

lts
 o

f t
he

 
m

od
el

s 
fo

r e
va

lu
at

in
g 

th
e 

ev
ol

ut
io

n 
of

 th
e 

in
-d

rif
t 

ch
em

ic
al

 E
nv

iro
nm

en
t c

om
bi

ne
d 

w
ith

 th
e 

de
gr

ad
at

io
n 

ch
ar

ac
te

ris
tic

s 
an

d 
m

od
el

s 
of

 th
e 

dr
ip

 s
hi

el
d 

an
d 

w
as

te
 p

ac
ka

ge
, s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

e 
E

B
S

. 

Y
es

 
IT

B
C

:
Se

ep
ag

e 
W

at
er

 
P

ro
pe

rti
es

 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-51 February 2008 



 

    

 

 

 
 

 
 

 

 

 

 

 

     

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t (
C

on
tin

ue
d)

 
2.

1.
09

.0
1.

0A
C

he
m

ic
al

 
C

ha
ra

ct
er

is
tic

s 
of

 
W

at
er

 in
 D

rif
ts

In
cl

ud
ed

(C
on

tin
ue

d)
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
01

.0
A 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 In

ve
rt

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
09

.0
2.

0A
C

he
m

ic
al

 In
te

ra
ct

io
n 

w
ith

 C
or

ro
si

on
 

P
ro

du
ct

s
In

cl
ud

ed
 

Ju
st

 a
s 

th
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 w

at
er

 in
 th

e 
dr

ift
 a

re
 a

ffe
ct

ed
 b

y 
th

e 
in

co
m

in
g 

w
at

er
 c

he
m

is
try

, 
th

ey
 a

re
 a

ls
o 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
ed

 b
y 

th
e 

w
at

er
’s

 
in

te
ra

ct
io

n 
w

ith
 th

e 
co

rr
os

io
n 

pr
od

uc
ts

 in
 th

e 
dr

ift
 

(e
.g

., 
w

as
te

 fo
rm

, m
et

al
lic

 p
or

tio
ns

 o
f t

he
 w

as
te

 
pa

ck
ag

e,
 ro

ck
 b

ol
ts

, s
te

el
 in

 th
e 

in
ve

rt,
 g

an
try

 ra
ils

). 
 

Th
es

e 
ch

em
ic

al
 c

ha
ra

ct
er

is
tic

s 
af

fe
ct

 th
e 

lik
el

ih
oo

d 
of

 
po

te
nt

ia
l d

eg
ra

da
tio

n,
 d

et
er

io
ra

tio
n,

 a
nd

 a
lte

ra
tio

n 
of

 
th

e 
ot

he
r E

B
S

 c
om

po
ne

nt
s 

as
 w

el
l a

s 
af

fe
ct

in
g 

th
e 

tra
ns

po
rt 

ch
ar

ac
te

ris
tic

s 
of

 a
ny

 ra
di

on
uc

lid
es

 re
le

as
ed

 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 to
 th

e 
in

ve
rt 

(S
N

L 
20

07
 

[D
IR

S
 1

77
41

2]
, S

ec
tio

n 
6.

8)
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

02
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

C
om

m
itt

ed
 M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-52 February 2008 



 

    

 

 

 

 
 

 
 

 
  

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
09

.0
3.

0C
V

ol
um

e 
In

cr
ea

se
 o

f 
C

or
ro

si
on

 P
ro

du
ct

s
Im

pa
ct

s 
ot

he
r E

B
S

C
om

po
ne

nt
s

Ex
cl

ud
ed

 

C
or

ro
si

on
 o

f i
nv

er
t s

tru
ct

ur
al

 m
at

er
ia

l, 
al

th
ou

gh
 

ca
us

in
g 

so
m

e 
vo

lu
m

e 
in

cr
ea

se
, d

oe
s 

no
t s

ig
ni

fic
an

tly
af

fe
ct

 th
e 

ba
rri

er
 c

ap
ab

ili
ty

 o
f t

he
 in

ve
rt 

or
 o

th
er

 
fe

at
ur

es
 o

f t
he

 E
B

S
.  

Th
e 

ab
so

rp
tio

n 
of

 ra
di

on
uc

lid
es

 
on

 c
or

ro
si

on
 p

ro
du

ct
s 

is
 c

on
se

rv
at

iv
el

y 
ig

no
re

d.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
03

.0
C

  

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

In
ve

rt 
an

d 
E

B
S

 C
om

po
ne

nt
s 

in
 S

itu
 S

tre
ss

 a
nd

 T
he

rm
al

 
R

es
po

ns
e 

In
ve

rt 
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 R

ad
ia

l G
ap

H
an

dl
in

g 
of

 B
ar

e 
S

N
F 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
09

.0
9.

0A
E

le
ct

ro
ch

em
ic

al
 

E
ffe

ct
s 

in
 E

B
S

Ex
cl

ud
ed

 

P
ot

en
tia

l e
le

ct
ro

ch
em

ic
al

 e
ffe

ct
s 

be
tw

ee
n 

th
e 

di
ffe

re
nt

 fe
at

ur
es

 o
f t

he
 E

B
S

 h
av

e 
be

en
 c

on
si

de
re

d 
an

d 
de

te
rm

in
ed

 to
 h

av
e 

an
 in

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

ba
rri

er
 c

ap
ab

ili
ty

 o
r p

os
tc

lo
su

re
 p

er
fo

rm
an

ce
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
09

.0
A 

 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 
E

B
S

 D
rip

 S
hi

el
d 

/
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

W
as

te
 P

ac
ka

ge
 W

el
di

ng
M

at
er

ia
ls

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
In

sp
ec

tio
n

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

ANL-WIS-MD-000024 REV 01 A-53 February 2008 



 

    

 

 

  

 

 

   

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
10

.0
1.

0A
M

ic
ro

bi
al

 A
ct

iv
ity

 in
 

E
B

S
Ex

cl
ud

ed
 

M
ic

ro
bi

al
 e

ffe
ct

s 
ha

ve
 b

ee
n 

ev
al

ua
te

d 
an

d 
de

te
rm

in
ed

 to
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

in
-d

rif
t 

ch
em

ic
al

 e
nv

iro
nm

en
t, 

in
cl

ud
in

g 
w

at
er

 c
he

m
is

try
.  

Th
e 

ef
fe

ct
s 

of
 m

ic
ro

bi
al

 a
ct

iv
ity

 o
n 

ge
ne

ra
l c

or
ro

si
on

 
of

 th
e 

w
as

te
 p

ac
ka

ge
 h

av
e 

be
en

 c
on

si
de

re
d 

an
d 

ar
e 

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t b

ut
 a

re
 

in
si

gn
ifi

ca
nt

 w
ith

 re
sp

ec
t t

o 
ba

rri
er

 c
ap

ab
ili

ty
.

B
io

lo
gi

ca
l a

ct
iv

ity
 is

 e
xp

ec
te

d 
to

 b
e 

lim
ite

d 
du

e 
to

 th
e 

ab
se

nc
e 

of
 n

ut
rie

nt
s.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
0.

01
.0

A 
 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

ve
rt 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
W

as
te

 P
ac

ka
ge

 a
nd

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

In
ve

rt 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-54 February 2008 



 

    

 

 

 

 

 

  

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
1.

0A
H

ea
t G

en
er

at
io

n 
in

 
E

B
S

In
cl

ud
ed

 

Th
e 

he
at

 g
en

er
at

ed
 b

y 
ra

di
oa

ct
iv

e 
de

ca
y 

ha
s 

m
ul

tip
le

 
ef

fe
ct

s 
on

 re
po

si
to

ry
-r

el
ev

an
t p

ro
ce

ss
es

, i
nc

lu
di

ng
 

de
gr

ad
at

io
n,

 d
et

er
io

ra
tio

n,
 a

nd
 a

lte
ra

tio
n 

of
 th

e 
E

B
S

.  
Th

e 
he

at
 g

en
er

at
io

n 
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 a
ffe

ct
s 

th
e 

tim
in

g 
of

 th
e 

on
se

t o
f s

ee
pa

ge
 p

ro
ce

ss
es

 a
nd

 th
e 

di
st

rib
ut

io
n 

of
 in

-d
rif

t. 
C

on
ve

ct
io

n 
an

d 
co

nd
en

sa
tio

n.
Th

e 
he

at
 g

en
er

at
io

n 
an

d 
re

su
lta

nt
 te

m
pe

ra
tu

re
 a

ls
o 

af
fe

ct
 th

e 
w

at
er

 c
he

m
is

try
 in

 th
e 

ro
ck

 a
nd

 
em

pl
ac

em
en

t d
rif

ts
.  

Th
e 

te
m

pe
ra

tu
re

 re
su

lti
ng

 fr
om

 
he

at
 g

en
er

at
io

n,
 a

s 
w

el
l a

s 
se

ep
ag

e 
an

d 
co

nd
en

sa
tio

n 
pr

oc
es

se
s,

 a
ffe

ct
s 

th
e 

co
rro

si
on

 o
f t

he
 

w
as

te
 p

ac
ka

ge
s 

an
d 

dr
ip

 s
hi

el
ds

.  
Th

e 
te

m
pe

ra
tu

re
 

re
su

lti
ng

 fr
om

 h
ea

t g
en

er
at

io
n 

al
so

 a
ffe

ct
s 

th
e 

in
iti

at
io

n 
of

 w
as

te
 fo

rm
 a

lte
ra

tio
n 

an
d 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

pr
oc

es
se

s 
de

pe
nd

en
t o

n 
th

e 
pr

es
en

ce
 o

f a
n 

aq
ue

ou
s 

fil
m

 (S
N

L 
20

07
 [D

IR
S

 1
84

43
3]

, S
ec

tio
n 

6.
2.

1[
a]

), 
S

N
L 

20
07

 [D
IR

S
 1

81
64

8]
, E

xe
cu

tiv
e 

S
um

m
ar

y)
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
01

.0
A 

Y
es

 
IT

B
C

:
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
N

on
-IT

B
C

:
In

ve
rt 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
N

on
-IT

B
C

:
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 
Li

m
it 

D
rif

t W
al

l T
em

pe
ra

tu
re

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g
an

d 
Em

pl
ac

em
en

t 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
pr

op
er

tie
s 

ANL-WIS-MD-000024 REV 01 A-55 February 2008 



 

    

 

 
 

 

 
 

 

  

 

 

 

 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
2.

0A
N

on
un

ifo
rm

 H
ea

t 
D

is
tri

bu
tio

n 
in

 E
B

S
In

cl
ud

ed
 

N
on

un
ifo

rm
 h

ea
t d

is
tri

bu
tio

n 
re

su
lts

 fr
om

 th
e 

va
ria

bi
lit

y 
of

 th
e 

he
at

 o
ut

pu
t f

ro
m

 d
iff

er
en

t w
as

te
 

pa
ck

ag
es

, a
s 

w
el

l a
s 

th
e 

va
ria

bi
lit

y 
in

 th
e 

lo
ca

tio
n 

of
 

th
e 

w
as

te
 p

ac
ka

ge
s 

ac
ro

ss
 th

e 
re

po
si

to
ry

 h
or

iz
on

.  
Th

is
 n

on
un

ifo
rm

 h
ea

t h
as

 b
ee

n 
co

ns
id

er
ed

 in
 th

e 
m

od
el

s 
of

 in
-d

rif
t t

he
rm

al
 h

yd
ro

lo
gy

 (S
N

L 
20

07
 [D

IR
S

 
18

44
33

], 
S

ec
tio

n 
6.

2[
a]

); 
S

N
L 

20
07

 [D
IR

S
 1

81
64

8]
, 

E
xe

cu
tiv

e 
S

um
m

ar
y)

.  
Th

es
e 

gr
ad

ie
nt

s 
on

ly
 e

xi
st

 fo
r 

a 
ve

ry
 s

ho
rt 

pe
rio

d 
of

 ti
m

e 
re

la
tiv

e 
to

 th
e 

pe
rio

d 
of

 
ge

ol
og

ic
 s

ta
bi

lit
y 

(a
s 

pr
op

os
ed

 in
 4

0 
C

FR
 1

97
 [D

IR
S

 
17

73
57

]) 
an

d 
do

 n
ot

 a
ffe

ct
 c

he
m

is
try

.
FE

P 
So

ur
ce

:
S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 - 

2.
1.

11
.0

2.
0A

  

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
 H

an
dl

in
g

an
d 

Em
pl

ac
em

en
t 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
3.

0A
Ex

ot
he

rm
ic

 
R

ea
ct

io
ns

 in
 th

e 
E

B
S

Ex
cl

ud
ed

 

E
xo

th
er

m
ic

 re
ac

tio
ns

 in
 E

B
S

 w
ill

 n
ot

 s
ig

ni
fic

an
tly

in
cr

ea
se

 h
ea

t g
en

er
at

io
n 

be
yo

nd
 th

e 
ex

pe
ct

ed
 

th
er

m
al

 o
ut

pu
t f

ro
m

 o
th

er
 s

ou
rc

es
. T

he
re

fo
re

, t
he

 
om

is
si

on
 o

f e
xo

th
er

m
ic

 re
ac

tio
ns

 w
ill 

no
t l

ea
d 

to
 

ad
di

tio
na

l r
ad

io
nu

cl
id

e 
re

le
as

es
 to

 th
e 

ac
ce

ss
ib

le
 

en
vi

ro
nm

en
t o

r r
ad

io
lo

gi
ca

l e
xp

os
ur

es
 to

 th
e 

R
M

E
I. 

 
Th

is
 F

E
P

 is
 th

er
ef

or
e 

ex
cl

ud
ed

 o
n 

th
e 

ba
si

s 
of

 lo
w

co
ns

eq
ue

nc
e 

an
d 

is
 n

ot
 IT

B
C

.F
EP

 S
ou

rc
e:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
03

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
C

om
m

itt
ed

 M
at

er
ia

ls
 

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-56 February 2008 



 

    

 

 
 

 

    

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
7.

0A
Th

er
m

al
 E

xp
an

si
on

/ 
S

tre
ss

 o
f I

n-
dr

ift
 E

B
S

C
om

po
ne

nt
s

Ex
cl

ud
ed

 

A
lth

ou
gh

 th
er

m
al

 e
xp

an
si

on
 o

f E
B

S
 fe

at
ur

es
 o

cc
ur

s,
 

no
 s

ig
ni

fic
an

t t
he

rm
al

 s
tre

ss
es

 d
ev

el
op

 in
 th

e 
di

ffe
re

nt
 

fe
at

ur
es

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

ve
rt 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
P

al
le

t M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t 
D

rif
t W

al
l T

em
pe

ra
tu

re
 

In
ve

rt 
an

d 
E

B
S

 C
om

po
ne

nt
s 

In
 S

itu
 S

tre
ss

 a
nd

 T
he

rm
al

 
R

es
po

ns
e 

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

Th
er

m
al

 
Ex

pa
ns

io
n 

C
on

st
ra

in
t 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
W

as
te

 P
ac

ka
ge

 L
on

gi
tu

di
na

l 
G

ap
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
 

ANL-WIS-MD-000024 REV 01 A-57 February 2008 



 

    

 

 

 

  

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
8.

0A
Th

er
m

al
 E

ffe
ct

s 
on

 
C

he
m

is
try

 a
nd

 
M

ic
ro

bi
al

 A
ct

iv
ity

 in
 

th
e 

E
B

S
In

cl
ud

ed
 

Th
e 

in
-d

rif
t t

em
pe

ra
tu

re
 s

ub
st

an
tia

lly
 a

ffe
ct

s 
th

e 
ev

ol
ut

io
n 

of
 th

e 
in

-d
rif

t c
he

m
is

try
 b

ut
 it

s 
im

pa
ct

 o
n 

m
ic

ro
bi

al
 a

ct
iv

ity
 in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

en
vi

ro
nm

en
t 

do
es

 n
ot

 s
ig

ni
fic

an
tly

 im
pa

ct
 b

ar
rie

r c
ap

ab
ilit

y.
   

E
nv

iro
nm

en
ta

l f
ac

to
rs

 w
ill

 s
ev

er
el

y 
lim

it 
m

ic
ro

bi
al

 
ac

tiv
ity

 in
 th

e 
re

po
si

to
ry

 (s
ee

 F
E

P
 2

.1
.1

3.
03

.0
A

). 
 

Th
e 

ef
fe

ct
s 

fro
m

 m
ic

ro
bi

al
 a

ct
iv

ity
 o

n 
th

e 
in

-d
rif

t 
ch

em
ic

al
 e

nv
iro

nm
en

t a
re

 n
ot

 s
ig

ni
fic

an
t (

se
e 

FE
P

 
2.

1.
10

.0
1.

0A
). 

Th
e 

po
te

nt
ia

l f
or

 m
ic

ro
bi

al
ly

 in
flu

en
ce

d 
co

rro
si

on
 o

f t
he

 w
as

te
 p

ac
ka

ge
 o

ut
er

 b
ar

rie
r i

s 
in

cl
ud

ed
, a

lth
ou

gh
 it

 d
oe

s 
no

t s
ig

ni
fic

an
tly

 im
pa

ct
 

ba
rri

er
 c

ap
ab

ili
ty

. (
FE

P
 2

.1
.0

3.
05

.0
A

). 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

08
.0

A 
 

Y
es

 
IT

B
C

:
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

N
on

-IT
B

C
:

D
rif

t W
al

l T
em

pe
ra

tu
re

 
D

ur
at

io
n 

of
 V

en
til

at
io

n 
P

er
io

d
A

ve
ra

ge
 A

irf
lo

w
 R

at
e 

fo
r 

P
re

cl
os

ur
e 

V
en

til
at

io
n 

of
 

E
m

pl
ac

em
en

t D
rif

ts
 

M
ax

im
um

 T
em

pe
ra

tu
re

 o
f 

H
LW

 G
la

ss
 C

an
is

te
rs

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
 

ANL-WIS-MD-000024 REV 01 A-58 February 2008 



 

    

 

 
 

 

   

 

  

 

 

 

 

 

 

 

  

 

 
 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
9.

0A
Th

er
m

al
 E

ffe
ct

s 
on

 
Fl

ow
 in

 th
e 

E
B

S
 

In
cl

ud
ed

 

Th
e 

th
er

m
al

 e
nv

iro
nm

en
t h

as
 a

 d
ire

ct
 e

ffe
ct

 o
n 

te
m

pe
ra

tu
re

 a
nd

 h
um

id
ity

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
, 

w
hi

ch
 c

on
tro

l t
he

 c
or

ro
si

on
 e

nv
iro

nm
en

t, 
an

d 
th

e 
co

nd
iti

on
s 

fo
r r

ad
io

nu
cl

id
e 

m
ob

iliz
at

io
n 

an
d 

re
le

as
e 

(S
N

L 
20

07
 [D

IR
S

 1
81

64
8]

, E
xe

cu
tiv

e 
S

um
m

ar
y;

 S
N

L 
20

07
 [D

IR
S

 1
77

40
7]

, S
ec

tio
n 

6.
3.

2.
4)

.  
Th

er
m

al
 

ef
fe

ct
s 

on
 fl

ow
 d

is
si

pa
te

 w
ith

in
 a

 fe
w

 th
ou

sa
nd

 y
ea

rs
, 

an
d 

ar
e 

lik
el

y 
to

 b
e 

in
si

gn
ifi

ca
nt

 w
he

n 
ot

he
r b

ar
rie

r 
de

gr
ad

at
io

n 
pr

oc
es

se
s,

 s
uc

h 
as

 g
en

er
al

 c
or

ro
si

on
 o

f 
th

e 
dr

ip
 s

hi
el

d 
or

 w
as

te
 p

ac
ka

ge
, l

ea
d 

to
 re

le
as

e 
of

 
ra

di
on

uc
lid

es
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
09

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
pr

op
er

tie
s 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
11

.0
9.

0C
Th

er
m

al
ly

-D
riv

en
 

Fl
ow

 (c
on

ve
ct

io
n)

 in
 

D
rif

ts
In

cl
ud

ed
 

C
on

ve
ct

iv
e 

flo
w

 o
f a

ir 
an

d 
m

oi
st

ur
e 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 h

as
 b

ee
n 

in
cl

ud
ed

 in
 m

od
el

s 
of

 in
-

dr
ift

 th
er

m
al

 h
yd

ro
lo

gy
.  

H
ow

ev
er

, i
t d

oe
s 

no
t c

re
at

e 
an

 a
dd

iti
on

al
 s

ou
rc

e 
of

 m
oi

st
ur

e 
(S

N
L 

20
07

 [D
IR

S
 

18
16

48
], 

E
xe

cu
tiv

e 
S

um
m

ar
y,

 T
ab

le
 6

.1
.2

-1
, S

ec
tio

ns
 

6.
1,

 6
.2

, 6
.3

 a
nd

 6
.4

). 
Li

ke
 o

th
er

 th
er

m
al

 e
ffe

ct
s 

on
flo

w
 (s

ee
 F

E
P

 2
.1

.1
1.

09
.0

A
) t

hi
s 

pr
oc

es
s 

w
ill

di
ss

ip
at

e 
w

ith
in

 a
 fe

w
 th

ou
sa

nd
 y

ea
rs

 a
fte

r c
lo

su
re

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

09
.0

C
  

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
E

va
po

ra
tio

n.
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
12

.0
1.

0A
G

as
 G

en
er

at
io

n
(re

po
si

to
ry

pr
es

su
riz

at
io

n)
Ex

cl
ud

ed
 

Th
e 

po
te

nt
ia

l e
ffe

ct
s 

fro
m

 g
as

 g
en

er
at

io
n 

on
 th

e 
to

ta
l 

pr
es

su
re

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 a

re
 in

si
gn

ifi
ca

nt
 

be
ca

us
e 

of
 th

e 
po

te
nt

ia
l f

or
 d

is
si

pa
tiv

e 
flo

w
, g

iv
en

 th
e 

am
pl

e 
ga

s 
pe

rm
ea

bi
lit

y 
of

 th
e 

fra
ct

ur
ed

 h
os

t r
oc

k 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

2.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

ANL-WIS-MD-000024 REV 01 A-59 February 2008 



 

    

 

 

 

  
 

 
 

 

 

 
 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
12

.0
3.

0A
G

as
 G

en
er

at
io

n 
(H

2)
fro

m
 W

as
te

 P
ac

ka
ge

C
or

ro
si

on
Ex

cl
ud

ed
 

G
as

 g
en

er
at

io
n 

ca
n 

af
fe

ct
 th

e 
m

ec
ha

ni
ca

l b
eh

av
io

r o
f 

th
e 

ho
st

 ro
ck

 a
nd

 e
ng

in
ee

re
d 

ba
rri

er
s,

 c
he

m
ic

al
 

co
nd

iti
on

s,
 a

nd
 fl

ui
d 

flo
w

, a
nd

, a
s 

a 
re

su
lt,

 th
e 

tra
ns

po
rt 

of
 ra

di
on

uc
lid

es
.  

G
as

 g
en

er
at

io
n 

du
e 

to
 

ox
ic

 W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

s,
 c

la
dd

in
g,

 a
nd

/o
r 

st
ru

ct
ur

al
 m

at
er

ia
ls

 w
ill

 o
cc

ur
 a

t e
ar

ly
 ti

m
es

 fo
llo

w
in

g 
cl

os
ur

e 
of

 th
e 

re
po

si
to

ry
.  

A
no

xi
c 

co
rr

os
io

n 
m

ay
 fo

llo
w

th
e 

ox
ic

 p
ha

se
 if

 a
ll 

ox
yg

en
 is

 d
ep

le
te

d.
  T

he
 

fo
rm

at
io

n 
of

 a
 g

as
 p

ha
se

 a
ro

un
d 

th
e 

w
as

te
 p

ac
ka

ge
 

m
ay

 e
xc

lu
de

 o
xy

ge
n 

fro
m

 th
e 

iro
n,

 th
us

 in
hi

bi
tin

g 
fu

rth
er

 c
or

ro
si

on
.  

Th
e 

qu
an

tit
y 

of
 h

yd
ro

ge
n 

ge
ne

ra
te

d 
in

 th
e 

w
as

te
 p

ac
ka

ge
 is

 c
al

cu
la

te
d 

to
 n

ot
 

ha
ve

 a
 s

ig
ni

fic
an

t i
m

pa
ct

 o
n 

in
-p

ac
ka

ge
 c

he
m

is
try

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

03
.0

A 
 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
12

.0
4.

0A
G

as
 G

en
er

at
io

n
(C

O
2,

 C
H

4,
 H

2S
)

fro
m

 M
ic

ro
bi

al
D

eg
ra

da
tio

n 
Ex

cl
ud

ed
 

Th
e 

ef
fe

ct
s 

of
 m

ic
ro

bi
al

 a
ct

iv
ity

 o
n 

th
e 

bu
lk

 c
he

m
ic

al
 

en
vi

ro
nm

en
t i

n 
th

e 
em

pl
ac

em
en

t d
rif

ts
, a

re
 n

ot
 

si
gn

ifi
ca

nt
 b

ec
au

se
 th

e 
ac

tiv
ity

 is
 li

m
ite

d 
by

 a
 ra

ng
e 

of
 

en
vi

ro
nm

en
ta

l f
ac

to
rs

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
W

as
te

 P
ac

ka
ge

 a
nd

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

ANL-WIS-MD-000024 REV 01 A-60 February 2008 



 

    

 

 

 
  

 

 
 

 

 

 
  

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
12

.0
8.

0A
G

as
 E

xp
lo

si
on

s 
in

 
E

B
S

Ex
cl

ud
ed

 

A
lth

ou
gh

 s
om

e 
ex

pl
os

iv
e 

ga
se

s 
m

ay
 e

xi
st

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
, t

he
se

 g
as

es
 a

re
 o

f s
uf

fic
ie

nt
ly

lo
w

 c
on

ce
nt

ra
tio

n 
an

d 
th

er
e 

is
 n

o 
vi

ab
le

 ig
ni

tio
n 

so
ur

ce
 fo

r t
he

 g
as

; t
hi

s 
pr

oc
es

s 
is

 v
er

y 
un

lik
el

y 
to

oc
cu

r.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

08
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
13

.0
1.

0A
R

ad
io

ly
si

s 
Ex

cl
ud

ed
 

R
ad

io
ly

si
s 

w
ill

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
ch

em
ic

al
 

en
vi

ro
nm

en
t i

n 
th

e 
em

pl
ac

em
en

t d
rif

ts
, n

or
 o

n 
th

e 
su

rfa
ce

s 
of

 e
ng

in
ee

re
d 

ba
rr

ie
r f

ea
tu

re
s.

  G
am

m
a 

flu
x

fro
m

 th
e 

w
as

te
 p

ac
ka

ge
s 

is
 o

f l
im

ite
d 

m
ag

ni
tu

de
 a

nd
 

du
ra

tio
n,

 a
nd

 ra
di

ol
yt

ic
-c

he
m

ic
al

 s
pe

ci
es

 w
ill

 re
ad

ily
di

sp
er

se
.

R
ad

io
ly

si
s 

w
ill 

no
t a

ffe
ct

 th
e 

in
-p

ac
ka

ge
 c

he
m

ic
al

 
en

vi
ro

nm
en

t i
n 

a 
m

an
ne

r t
ha

t c
ou

ld
 im

pa
ct

 w
as

te
 

fo
rm

 d
eg

ra
da

tio
n 

or
 ra

di
on

uc
lid

e 
re

le
as

e.
 

W
hi

le
 ra

di
ol

ys
is

 m
ay

 re
su

lt 
in

 s
om

e 
ga

s 
ge

ne
ra

tio
n,

 
th

e 
im

pa
ct

s 
of

 g
as

 g
en

er
at

io
n 

al
so

 d
o 

no
t s

ig
ni

fic
an

tly
im

pa
ct

 b
ar

rie
r c

ap
ab

ili
ty

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
3.

01
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t 

ANL-WIS-MD-000024 REV 01 A-61 February 2008 



 

    

 

 

 

 
 

 

 

  

 

 

  
   

 

 
 

 

 
  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
13

.0
2.

0A
R

ad
ia

tio
n 

D
am

ag
e 

in
E

B
S

Ex
cl

ud
ed

 

B
ec

au
se

 th
e 

es
tim

at
ed

 n
eu

tro
n 

flu
en

ce
 is

 s
ig

ni
fic

an
tly

be
lo

w
 th

e 
ne

ut
ro

n 
flu

en
ce

 th
re

sh
ol

d 
fo

r E
B

S
m

at
er

ia
ls

, t
he

 m
ec

ha
ni

ca
l p

ro
pe

rti
es

 o
f E

B
S

 fe
at

ur
es

 
w

ill
 n

ot
 b

e 
al

te
re

d 
by

 ra
di

at
io

n.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

3.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 W

or
st

-C
as

e
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 d
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e 

Em
pl

ac
em

en
t 

D
rif

t 
2.

1.
13

.0
3.

0A
R

ad
io

lo
gi

ca
l 

M
ut

at
io

n 
of

 M
ic

ro
be

s 
Ex

cl
ud

ed
 

B
ec

au
se

 a
ll 

po
te

nt
ia

l p
at

hw
ay

s 
fo

r m
ic

ro
bi

al
 a

ct
iv

ity
ar

e 
al

re
ad

y 
co

ns
id

er
ed

 p
os

si
bl

e 
in

 th
e 

na
tu

ra
l 

en
vi

ro
nm

en
t o

f t
he

 re
po

si
to

ry
, a

ny
 ra

di
ol

og
ic

al
 

m
ut

at
io

n 
of

 m
ic

ro
be

s 
is

 n
ot

 e
xp

ec
te

d 
to

 s
ig

ni
fic

an
tly

al
te

r t
he

 a
m

ou
nt

 o
r n

at
ur

e 
of

 m
ic

ro
bi

al
 a

ct
iv

ity
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

3.
03

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
C

om
m

itt
ed

 M
at

er
ia

ls
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
01

.0
1.

0B
C

he
m

ic
al

 E
ffe

ct
s 

of
 

Ex
ca

va
tio

n 
an

d 
C

on
st

ru
ct

io
n 

in
 th

e 
ne

ar
 fi

el
d 

Ex
cl

ud
ed

 

E
xc

av
at

io
n 

an
d 

co
ns

tru
ct

io
n 

ha
ve

 a
n 

in
si

gn
ifi

ca
nt

 
ef

fe
ct

 o
n 

th
e 

ch
em

is
try

 in
 th

e 
ne

ar
 fi

el
d,

 w
hi

ch
 is

 
do

m
in

at
ed

 b
y 

w
at

er
-r

oc
k 

in
te

ra
ct

io
ns

.  
In

 a
dd

iti
on

, t
o

pr
ec

lu
de

 a
ny

 p
ot

en
tia

l d
el

et
er

io
us

 e
ffe

ct
s,

 
co

ns
tru

ct
io

n 
an

d 
op

er
at

io
na

l m
an

ag
em

en
t a

nd
 

ad
m

in
is

tra
tiv

e 
co

nt
ro

ls
 w

ill
 b

e 
de

ve
lo

pe
d.

  T
he

re
fo

re
, 

th
e 

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

 a
ss

oc
ia

te
d 

w
ith

 th
is

 
pr

oc
es

s 
is

 n
ot

 c
on

si
de

re
d 

IT
B

C
 b

ec
au

se
 th

is
 d

oe
s 

no
t 

su
bs

ta
nt

ia
lly

 a
ffe

ct
 th

e 
ra

te
 o

f m
ov

em
en

t o
f w

at
er

 a
nd

 
th

e 
re

le
as

e 
or

 re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 

en
vi

ro
nm

en
t. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
01

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
E

xc
av

at
io

n 
M

et
ho

ds
 

ANL-WIS-MD-000024 REV 01 A-62 February 2008 



 

    

 

 
 

 
 

  

 

  

 

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
01

.0
2.

0A
Th

er
m

al
ly

-In
du

ce
d 

S
tre

ss
 C

ha
ng

es
 in

th
e 

N
ea

r F
ie

ld
Ex

cl
ud

ed
 

Th
er

m
al

ly
-in

du
ce

d 
st

re
ss

 c
ha

ng
es

, c
ou

ld
 p

ot
en

tia
lly

 
af

fe
ct

 d
rif

t d
eg

ra
da

tio
n 

an
d 

th
er

m
al

-h
yd

ro
lo

gi
c 

pr
oc

es
se

s 
in

 th
e 

vi
ci

ni
ty

 o
f t

he
 e

m
pl

ac
em

en
t d

rif
ts

.  
M

od
el

s 
of

 d
rif

t d
eg

ra
da

tio
n 

an
d 

co
up

le
d 

th
er

m
al


hy

dr
ol

og
ic

al
-m

ec
ha

ni
ca

l p
ro

ce
ss

es
, i

nc
lu

di
ng

po
te

nt
ia

l e
ffe

ct
s 

on
 s

ee
pa

ge
 fl

ow
 in

to
 d

rif
ts

, h
av

e 
sh

ow
n 

th
at

 th
es

e 
pr

oc
es

se
s 

w
ill

 b
e 

in
si

gn
ifi

ca
nt

.  
Se

is
m

ic
al

ly
 in

du
ce

d 
ro

ck
fa

ll 
an

d 
dr

ift
 c

ol
la

ps
e 

ar
e 

ev
al

ua
te

d 
se

pa
ra

te
ly

 (s
ee

 F
E

P
s 

1.
2.

03
.0

2.
0B

 a
nd

 
1.

2.
03

.0
2.

0C
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

it
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
01

.0
2.

0B
C

he
m

ic
al

 C
ha

ng
es

 
in

 th
e 

N
ea

r-F
ie

ld
 

fro
m

 B
ac

kf
ill

Ex
cl

ud
ed

 

C
ha

ng
es

 in
 h

os
t r

oc
k 

pr
op

er
tie

s 
m

ay
 re

su
lt 

fro
m

 
ch

em
ic

al
 e

ffe
ct

s 
of

 b
ac

kf
ill.

  P
ro

pe
rti

es
 th

at
 m

ay
 b

e 
af

fe
ct

ed
 in

cl
ud

e 
pe

rm
ea

bi
lit

y 
an

d 
so

rp
tio

n.
  S

in
ce

ba
ck

fil
l i

s 
no

t t
o 

be
 p

la
ce

d 
in

 th
e 

dr
ift

, t
hi

s 
pr

oc
es

s 
is

 
no

t r
el

ev
an

t a
nd

 d
oe

s 
no

t c
on

tri
bu

te
 to

 b
ar

rie
r 

ca
pa

bi
lit

y.
D

ev
ia

tio
n 

fro
m

 d
es

ig
n 

co
ul

d 
ne

ga
tiv

el
y 

im
pa

ct
 b

ar
rie

r 
ca

pa
bi

lit
y.

  D
ev

ia
tio

n 
fro

m
 d

es
ig

n 
is

 m
an

ag
ed

 th
ro

ug
h 

th
e 

C
or

re
ct

iv
e 

A
ct

io
n 

P
ro

gr
am

, w
hi

ch
 re

qu
ire

s 
po

st
cl

os
ur

e 
im

pa
ct

 e
va

lu
at

io
n.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
1.

02
.0

B 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

N
o 

B
ac

kf
ill

 in
 E

m
pl

ac
em

en
t 

D
rif

ts
C

om
m

itt
ed

 M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-63 February 2008 



 

    

 

 
 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
07

.0
6.

0B
Lo

ng
-T

er
m

 R
el

ea
se

 
of

 R
ad

io
nu

cl
id

es
 

fro
m

 th
e 

R
ep

os
ito

ry
In

cl
ud

ed
 

Th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
re

po
si

to
ry

 m
ay

 
oc

cu
r o

ve
r a

 lo
ng

 p
er

io
d 

of
 ti

m
e,

 a
s 

a 
re

su
lt 

of
 th

e 
tim

in
g 

an
d 

m
ag

ni
tu

de
 o

f t
he

 w
as

te
 p

ac
ka

ge
s 

an
d 

dr
ip

 
sh

ie
ld

 fa
ilu

re
s,

 w
as

te
 fo

rm
 d

eg
ra

da
tio

n,
 a

nd
 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

in
ve

rt.
  H

ow
ev

er
, 

th
is

 is
 a

 h
ig

h 
le

ve
l F

E
P

, w
hi

ch
 re

su
lts

 fo
rm

 th
e 

co
lle

ct
iv

e 
im

pa
ct

 o
f a

 n
um

be
r o

f m
or

e 
fu

nd
am

en
ta

l 
FE

P
s.

 T
hi

s 
FE

P
 th

er
ef

or
e,

 is
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 a

ny
 

ad
di

tio
na

l c
or

e 
or

 c
on

tro
l p

ar
am

et
er

s 
th

at
 h

av
e 

no
t 

al
re

ad
y 

be
en

 a
cc

ou
nt

ed
 fo

r i
n 

th
e 

fu
nd

am
en

ta
l F

EP
s 

th
at

 re
su

lt 
in

 th
e 

lo
ng

-te
rm

 re
le

as
e 

of
 ra

di
on

uc
lid

es
 

fro
m

 th
e 

re
po

si
to

ry
.  

Fo
r t

hi
s 

re
as

on
 o

nl
y,

 th
is

 F
E

P
 is

 
co

ns
id

er
ed

 a
s 

N
on

-IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
06

.0
B 

 

N
o 

N
on

e
C

ap
tu

re
d 

in
 

su
pp

or
tin

g 
FE

P
s 

N
on

e 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
08

.0
3.

0B
G

eo
ch

em
ic

al
 

In
te

ra
ct

io
ns

 a
nd

E
vo

lu
tio

n 
in

 th
e 

U
Z 

Ex
cl

ud
ed

 

C
he

m
is

try
, t

em
pe

ra
tu

re
, a

nd
 o

th
er

 c
ha

ra
ct

er
is

tic
s 

of
 

w
at

er
s 

in
 th

e 
ho

st
 ro

ck
 m

ay
 c

ha
ng

e 
th

ro
ug

h 
tim

e,
 a

s 
a 

re
su

lt 
of

 re
po

si
to

ry
 th

er
m

al
 e

vo
lu

tio
n 

of
 fr

om
 m

ix
in

g 
w

ith
 o

th
er

 w
at

er
s.

  E
ffe

ct
s 

of
 re

po
si

to
ry

 h
ea

tin
g 

an
d 

th
e 

re
su

lti
ng

 c
ou

pl
ed

 p
ro

ce
ss

es
 o

n 
flo

w
 a

nd
 tr

an
sp

or
t 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
, w

ill
 b

e 
in

si
gn

ifi
ca

nt
 b

ec
au

se
 

te
m

pe
ra

tu
re

 c
ha

ng
es

 w
ill

 b
e 

of
 li

m
ite

d 
m

ag
ni

tu
de

, 
an

d 
th

e 
hy

dr
ol

og
ic

al
, c

he
m

ic
al

, a
nd

 m
ec

ha
ni

ca
l 

pr
oc

es
se

s 
in

 th
e 

si
lic

eo
us

 h
os

t r
oc

k 
un

its
 a

re
 o

nl
y 

m
od

er
at

el
y 

se
ns

iti
ve

 to
 te

m
pe

ra
tu

re
.  

E
ffe

ct
s 

fro
m

he
at

in
g 

on
 th

e 
ne

ar
 fi

el
d,

 a
nd

 o
n 

th
e 

ch
em

is
try

 o
f 

w
at

er
 fl

ow
in

g 
in

to
 d

rif
ts

, a
re

 a
dd

re
ss

ed
 s

ep
ar

at
el

y
(s

ee
 F

E
P

s 
2.

2.
08

.1
2.

0A
 a

nd
 2

.2
.0

8.
04

.0
A

). 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

03
.0

B 
 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 –
 

C
op

pe
r 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
N

o 
B

ac
kf

ill
 in

 E
m

pl
ac

em
en

t 
D

rif
ts

C
om

m
itt

ed
 M

at
er

ia
ls

 
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-64 February 2008 



 

    

 

 
 

 

 
 

 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
08

.0
4.

0A
R

e-
D

is
so

lu
tio

n 
of

 
P

re
ci

pi
ta

te
s 

D
ire

ct
s 

m
or

e 
C

or
ro

si
ve

 
Fl

ui
ds

 to
 W

as
te

P
ac

ka
ge

s
Ex

cl
ud

ed
 

R
e-

di
ss

ol
ut

io
n 

of
 p

re
ci

pi
ta

te
s 

in
 th

e 
ho

st
 ro

ck
, a

nd
 

tra
ns

po
rt 

of
 a

ffe
ct

ed
 w

at
er

s 
to

 th
e 

in
-d

rif
t 

en
vi

ro
nm

en
t, 

is
 e

xc
lu

de
d 

be
ca

us
e 

th
is

 s
et

 o
f 

pr
oc

es
se

s 
is

 a
 tr

an
si

en
t r

es
po

ns
e 

th
at

 o
cc

ur
s 

on
ly

 a
t 

th
e 

en
d 

of
 th

e 
bo

ili
ng

 p
er

io
d.

  S
ee

pa
ge

 o
f a

ffe
ct

ed
 

w
at

er
s 

in
to

 th
e 

dr
ift

s 
w

ill
 b

e 
m

iti
ga

te
d 

by
 th

e 
dr

ip
 

sh
ie

ld
s,

 w
hi

ch
 p

ro
te

ct
 th

e 
w

as
te

 p
ac

ka
ge

s 
fro

m
 

co
rro

si
ve

 w
at

er
s,

 a
nd

 a
re

 m
ad

e 
fro

m
 ti

ta
ni

um
 w

hi
ch

 
ex

hi
bi

ts
 n

o 
si

gn
ifi

ca
nt

 d
ep

en
de

nc
e 

of
 c

or
ro

si
on

 ra
te

s 
on

 w
at

er
 c

om
po

si
tio

n.
  T

he
rm

al
-h

yd
ro

lo
gi

c-
ch

em
ic

al
 

an
d 

ne
ar

-fi
el

d 
ch

em
is

try
 m

od
el

s 
sh

ow
 th

at
 a

fte
r t

he
 

th
er

m
al

 p
er

io
d,

 th
e 

co
m

po
si

tio
n 

of
 s

ee
pa

ge
 w

ill 
cl

os
el

y 
re

se
m

bl
e 

th
at

 o
f f

ar
-fi

el
d 

an
d 

pr
e-

he
at

in
g 

fo
rm

at
io

n 
w

at
er

s.
 

A
cc

or
di

ng
ly

, t
hi

s 
tra

ns
ie

nt
 re

sp
on

se
 w

ill
 h

av
e 

no
 

si
gn

ifi
ca

nt
 im

pa
ct

 o
n 

de
gr

ad
at

io
n 

of
 th

e 
en

gi
ne

er
ed

 
ba

rri
er

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
Se

ep
ag

e 
W

at
er

 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 
E

B
S

 D
rip

 S
hi

el
d 

/
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

N
o 

B
ac

kf
ill

 in
 E

m
pl

ac
em

en
t 

D
rif

ts
C

om
m

itt
ed

 M
at

er
ia

ls
 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n 

Em
pl

ac
em

en
t 

D
rif

t 
2.

2.
08

.1
2.

0A
C

he
m

is
try

 o
f W

at
er

 
Fl

ow
in

g 
in

to
 th

e 
D

rif
t 

In
cl

ud
ed

 

Th
e 

ch
em

is
try

 o
f t

he
 s

ee
pa

ge
 w

at
er

 is
 e

va
lu

at
ed

 in
 

th
e 

ne
ar

-fi
el

d 
ch

em
is

try
 m

od
el

, a
nd

 in
 s

up
po

rti
ng

 
th

er
m

al
-h

yd
ro

lo
gi

c-
ch

em
ic

al
 m

od
el

s.
  T

he
se

 m
od

el
s 

ha
ve

 e
va

lu
at

ed
 th

e 
ra

ng
e 

of
 e

xp
ec

te
d 

w
at

er
 

co
m

po
si

tio
n 

in
 th

e 
ho

st
 ro

ck
, a

nd
 h

ow
 th

es
e 

w
at

er
s 

ch
an

ge
 in

 re
sp

on
se

 to
 re

po
si

to
ry

 h
ea

tin
g.

  
S

ee
pa

ge
 c

om
po

si
tio

n 
ca

n 
af

fe
ct

 c
or

ro
si

on
 o

f t
he

 
w

as
te

 p
ac

ka
ge

 o
ut

er
 b

ar
rie

r, 
if 

th
e 

w
at

er
 c

on
ta

ct
s 

th
e 

w
as

te
 p

ac
ka

ge
 w

he
n 

ot
he

r c
on

di
tio

ns
 s

uc
h 

as
 

te
m

pe
ra

tu
re

, p
ro

m
ot

e 
in

iti
at

io
n 

of
 lo

ca
liz

ed
 c

or
ro

si
on

.  
In

 a
dd

iti
on

, s
ee

pa
ge

 c
om

po
si

tio
n 

an
d 

ev
ap

or
at

iv
e 

ev
ol

ut
io

n 
in

 th
e 

dr
ift

 e
nv

iro
nm

en
t c

an
 a

ffe
ct

 th
e 

tra
ns

po
rt 

of
 d

is
so

lv
ed

 a
nd

 c
ol

lo
id

 ra
di

on
uc

lid
es

 in
 th

e 
in

ve
rt.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
12

.0
A 

Y
es

 
IT

B
C

:
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n 

V
er

ifi
ca

tio
n 

of
 

D
es

ig
n 

R
oc

k 
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-65 February 2008 



 

    

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

1.
2.

02
.0

3.
0A

Fa
ul

t D
is

pl
ac

em
en

t
D

am
ag

es
 E

B
S

C
om

po
ne

nt
s

In
cl

ud
ed

 

Th
e 

co
re

 a
nd

 c
on

tro
l p

ar
am

et
er

 c
ha

ra
ct

er
is

tic
s 

id
en

tif
ie

d 
ar

e 
no

t c
on

si
de

re
d 

to
 b

e 
IT

B
C

 b
ec

au
se

 w
ith

ad
m

in
is

tra
tiv

e 
co

nt
ro

ls
 in

 p
la

ce
, o

nl
y 

a 
ve

ry
 s

m
al

l 
nu

m
be

r o
f w

as
te

 p
ac

ka
ge

s 
an

d 
dr

ip
 s

hi
el

ds
 w

ou
ld

 b
e 

im
pa

ct
ed

 b
y 

un
de

te
ct

ed
 fa

ul
ts

.  
It 

is
 n

ot
 e

xp
ec

te
d 

th
at

 
fa

ul
ts

 w
ill 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
 th

e 
de

gr
ad

at
io

n 
of

 th
e 

E
B

S
, a

t a
nn

ua
l r

ec
ur

re
nc

e 
in

te
rv

al
s 

of
 a

bo
ut

 1
0�7

 p
er

 
ye

ar
 a

nd
 le

ss
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

Se
ct

io
n 

6.
11

.4
), 

an
d 

on
ly

 a
 s

m
al

l n
um

be
r o

f d
rip

 
sh

ie
ld

s 
ar

e 
af

fe
ct

ed
.  

Th
is

 d
eg

ra
da

tio
n 

pr
oc

es
s 

is
 

m
uc

h 
le

ss
 s

ig
ni

fic
an

t t
ha

n 
th

e 
m

or
e 

lik
el

y
se

is
m

ic
al

ly
-in

du
ce

d 
gr

ou
nd

 m
ot

io
n 

ef
fe

ct
s 

(S
N

L 
20

07
 

[D
IR

S
 1

76
82

8]
, S

ec
tio

n 
6.

7)
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

2.
03

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

 
R

ep
os

ito
ry

 E
le

va
tio

n 


O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
R

ep
os

ito
ry

 S
ta

nd
of

f f
ro

m
 

Q
ua

te
rn

ar
y 

Fa
ul

t 
A

s-
E

m
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 

D
rip

 S
hi

el
d 

1.
2.

03
.0

2.
0A

S
ei

sm
ic

 G
ro

un
d

M
ot

io
n 

D
am

ag
es

E
B

S
 C

om
po

ne
nt

s
In

cl
ud

ed
 

Th
is

 d
am

ag
e 

m
od

e 
su

bs
ta

nt
ia

lly
 im

pa
ct

s 
th

e 
re

le
as

e 
of

 ra
di

on
uc

lid
es

 fr
om

 th
e 

re
po

si
to

ry
.

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

ca
us

e 
pl

as
tic

 d
ef

or
m

at
io

n 
of

 d
rip

 s
hi

el
d 

co
m

po
ne

nt
s 

or
 

se
pa

ra
tio

n 
of

 a
dj

ac
en

t d
rip

 s
hi

el
ds

.  
P

la
st

ic
de

fo
rm

at
io

n 
of

 d
rip

 s
hi

el
d 

co
m

po
ne

nt
s 

m
ay

 re
su

lt 
in

 
re

si
du

al
 s

tre
ss

es
 th

at
 e

xc
ee

d 
a 

te
ns

ile
 th

re
sh

ol
d 

fo
r 

in
iti

at
io

n 
an

d 
gr

ow
th

 o
f s

tre
ss

 c
or

ro
si

on
 c

ra
ck

s.
  

H
ow

ev
er

, t
he

 p
re

se
nc

e 
of

 a
 c

ra
ck

 n
et

w
or

k 
in

 d
rip

 
sh

ie
ld

 c
om

po
ne

nt
s 

do
es

 n
ot

 c
om

pr
om

is
e 

its
 a

bi
lit

y 
to

 
di

ve
rt 

se
ep

ag
e 

aw
ay

 fr
om

 th
e 

w
as

te
 p

ac
ka

ge
be

ca
us

e 
ad

ve
ct

iv
e 

flo
w

 th
ro

ug
h 

st
re

ss
 c

or
ro

si
on

 
cr

ac
ks

 o
n 

th
e 

dr
ip

 s
hi

el
d 

is
 e

xc
lu

de
d 

in
FE

P
 2

.1
.0

3.
10

.0
B

, A
dv

ec
tio

n 
of

 L
iq

ui
ds

 a
nd

 S
ol

id
s 

Th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
 S

hi
el

d.
  

D
rip

 s
hi

el
d 

se
pa

ra
tio

n 
is

 d
ef

in
ed

 a
s 

an
 a

xi
al

 o
r v

er
tic

al
 

ga
p 

be
tw

ee
n 

tw
o 

ad
ja

ce
nt

 d
rip

 s
hi

el
ds

 th
at

 a
llo

w
s

se
ep

ag
e 

to
 fl

ow
 d

ire
ct

ly
 o

nt
o 

a 
w

as
te

 p
ac

ka
ge

.  
A

xi
al

 
se

pa
ra

tio
n 

co
ul

d 
oc

cu
r d

ur
in

g 
a 

gr
ou

nd
 m

ot
io

n
be

ca
us

e 
of

 h
ig

h 
pl

as
tic

 d
ef

or
m

at
io

n 
in

 th
e 

dr
ip

 
sh

ie
ld

’s
 c

on
ne

ct
or

 s
ub

as
se

m
bl

ie
s 

or
 b

ec
au

se
 o

f l
ar

ge
 

ve
rti

ca
l d

is
pl

ac
em

en
ts

 b
et

w
ee

n 
ad

ja
ce

nt
 d

rip
 s

hi
el

ds
.  

A
xi

al
 s

ep
ar

at
io

n 
of

 a
dj

ac
en

t d
rip

 s
hi

el
ds

 is
 e

xc
lu

de
d 

fro
m

 th
e 

TS
P

A
 m

od
el

 b
ec

au
se

 a
 k

in
em

at
ic

  

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
 

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

–
S

ta
nd

of
f f

ro
m

 th
e 

W
at

er
Ta

bl
e 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

A
s-

E
m

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n 

 
E

B
S

 M
at

er
ia

l I
nt

er
ac

tio
ns

 --
 

C
op

pe
r 

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

D
rip

 S
hi

el
d 

1.
2.

03
.0

2.
0A

 
st

ud
y 

in
di

ca
te

s 
th

at
 s

m
al

l s
ta

tic
 lo

ad
s 

fro
m

 ru
bb

le
 o

r 

ANL-WIS-MD-000024 REV 01 A-66 February 2008 



 

    

 

 

 

 
 

 
 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

(C
on

tin
ue

d)
 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

D
am

ag
es

E
B

S
 C

om
po

ne
nt

s
In

cl
ud

ed
(C

on
tin

ue
d)

 

fri
ct

io
na

l l
oa

ds
 b

et
w

ee
n 

EB
S 

co
m

po
ne

nt
s 

ar
e 

su
ffi

ci
en

t t
o 

el
im

in
at

e 
ax

ia
l s

ep
ar

at
io

n 
of

 d
rip

 s
hi

el
ds

 
(S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, S

ec
tio

n 
6.

7.
3.

1)
. 

S
ig

ni
fic

an
t v

er
tic

al
 s

ep
ar

at
io

n 
be

tw
ee

n 
ad

ja
ce

nt
 d

rip
 

sh
ie

ld
s 

is
 li

m
ite

d 
by

 th
e 

sa
m

e 
ph

ys
ic

al
 m

ec
ha

ni
sm

s 
th

at
 li

m
it 

ax
ia

l s
ep

ar
at

io
n,

 a
nd

 th
e 

ef
fe

ct
s 

of
 a

 v
er

tic
al

 
se

pa
ra

tio
n 

ar
e 

al
so

 m
iti

ga
te

d 
by

 th
e 

pr
es

en
ce

 o
f t

he
 

dr
ip

 s
hi

el
d 

co
nn

ec
to

r s
ub

as
se

m
bl

y 
w

hi
ch

 p
ro

vi
de

s 
an

 
ov

er
la

p 
be

tw
ee

n 
ad

ja
ce

nt
 d

rip
 s

hi
el

ds
 (S

N
L 

20
07

 
[D

IR
S

 1
76

82
8,

 S
ec

tio
n 

6.
7.

3.
2)

. 
Vi

br
at

or
y 

gr
ou

nd
 m

ot
io

n 
m

ay
 a

ls
o 

ca
us

e 
w

as
te

 
pa

ck
ag

e-
to

-d
rip

 s
hi

el
d 

im
pa

ct
s.

  L
at

er
al

 im
pa

ct
s 

of
 a

w
as

te
 p

ac
ka

ge
 to

 th
e 

si
de

w
al

ls
 o

f a
 d

rip
 s

hi
el

d 
do

 n
ot

 
ca

us
e 

ca
ta

st
ro

ph
ic

 fa
ilu

re
 o

f t
he

 d
rip

 s
hi

el
ds

 (S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

, S
ec

tio
n 

6.
8.

5)
.  

Lo
ng

itu
di

na
l

im
pa

ct
s 

of
 a

 w
as

te
 p

ac
ka

ge
 to

 a
n 

in
te

rio
r b

ul
kh

ea
d 

on
 

th
e 

un
de

rs
id

e 
of

 th
e 

dr
ip

 s
hi

el
d 

ha
ve

 th
e 

po
te

nt
ia

l t
o 

te
ar

 th
e 

bu
lk

he
ad

 a
nd

 ru
pt

ur
e 

th
e 

w
el

ds
 th

at
 a

tta
ch

 
th

e 
pl

at
es

 to
 th

e 
bu

lk
he

ad
.  

H
ig

h-
ve

lo
ci

ty
 lo

ng
itu

di
na

l 
im

pa
ct

s 
w

ith
 th

e 
po

te
nt

ia
l t

o 
da

m
ag

e 
th

e 
bu

lk
he

ad
 

su
pp

or
t b

ea
m

s 
oc

cu
r w

ith
 m

uc
h 

lo
w

er
 p

ro
ba

bi
lit

y 
th

an
 

th
e 

pr
ob

ab
ilit

y 
of

 b
uc

kl
in

g 
th

e 
si

de
w

al
ls

 o
f t

he
 d

rip
 

sh
ie

ld
, a

s 
di

sc
us

se
d 

in
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
 

S
ec

tio
n 

6.
8.

5)
. I

t f
ol

lo
w

s 
th

at
 th

e 
dr

ip
 s

hi
el

d 
si

de
w

al
ls

 
ar

e 
lik

el
y 

to
 b

uc
kl

e 
be

fo
re

 lo
ng

itu
di

na
l i

m
pa

ct
s 

da
m

ag
e 

th
e 

bu
lk

he
ad

 s
up

po
rt 

be
am

s 
an

d,
 a

fte
r t

he
 

si
de

w
al

ls
 b

uc
kl

e,
 h

ig
h-

ve
lo

ci
ty

 lo
ng

itu
di

na
l i

m
pa

ct
s 

ar
e 

el
im

in
at

ed
 b

ec
au

se
 th

e 
w

as
te

 p
ac

ka
ge

 c
an

 n
o 

lo
ng

er
 m

ov
e 

fre
el

y 
be

ne
at

h 
th

e 
dr

ip
 s

hi
el

d.
It 

fo
llo

w
s 

th
at

 th
e 

dr
ip

 s
hi

el
d 

re
sp

on
se

 to
 v

ib
ra

to
ry

gr
ou

nd
 m

ot
io

n 
do

es
 n

ot
 a

ffe
ct

 th
e 

re
le

as
e 

of
 

ra
di

on
uc

lid
es

 fr
om

 th
e 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 

en
vi

ro
nm

en
t, 

an
d 

is
 n

ot
 im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

A 

ANL-WIS-MD-000024 REV 01 A-67 February 2008 



 

    

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

1.
2.

03
.0

2.
0B

S
ei

sm
ic

-In
du

ce
d 

R
oc

kf
al

l D
am

ag
es

 
D

rip
 S

hi
el

d 
 

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

ea
ls

 w
ith

 la
rg

e 
bl

oc
k 

ro
ck

 fa
ll.

 R
ub

bl
e 

ro
ck

 
fa

ll 
is

 d
ea

lt 
w

ith
 s

ep
ar

at
el

y 
un

de
r F

E
P

 1
.2

.0
3.

02
.0

C
. 

Th
e 

ra
ng

e 
of

 s
ei

sm
ic

 e
ffe

ct
s 

en
co

m
pa

ss
es

 a
 ra

ng
e 

of
 

pr
ob

ab
ili

tie
s 

(b
ot

h 
lik

el
y 

an
d 

un
lik

el
y)

.  
Fo

r u
nl

ik
el

y
pe

ak
 g

ro
un

d 
ve

lo
ci

tie
s 

ab
ov

e 
ab

ou
t 2

 m
/s

, t
he

 
lit

ho
ph

ys
al

 h
os

t r
oc

k 
is

 e
xp

ec
te

d 
to

 c
ol

la
ps

e 
in

to
 th

e 
em

pl
ac

em
en

t d
rif

ts
.  

(S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

,
S

ec
tio

n 
6.

11
.1

.3
). 

  
Th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

FE
P

 a
nd

 fa
ilu

re
 m

od
e 

ar
e 

no
t c

on
si

de
re

d 
IT

B
C

 
be

ca
us

e 
se

is
m

ic
al

ly
 in

du
ce

d 
ro

ck
fa

ll 
ca

lc
ul

at
io

ns
 

de
m

on
st

ra
te

 th
at

 ro
ck

fa
ll 

do
es

 n
ot

 d
am

ag
e 

th
e 

dr
ip

 
sh

ie
ld

 e
no

ug
h 

to
 im

pa
ir 

its
 m

ec
ha

ni
ca

l o
r h

yd
ro

lo
gi

ca
l 

pe
rfo

rm
an

ce
.

S
ei

sm
ic

al
ly

-in
du

ce
d 

ro
ck

fa
ll 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 

ha
s 

th
e 

po
te

nt
ia

l t
o 

da
m

ag
e 

or
 ru

pt
ur

e 
th

e 
dr

ip
 

sh
ie

ld
s 

as
 b

ar
rie

rs
 to

 fl
ow

 a
nd

 a
s 

ba
rri

er
s 

to
 ro

ck
fa

ll.
  

La
rg

e 
ro

ck
 b

lo
ck

s,
 p

rim
ar

ily
 in

 th
e 

no
nl

ith
op

hy
sa

l 
un

its
 o

f t
he

 re
po

si
to

ry
, m

ay
 fa

ll 
ou

t o
f t

he
 ro

of
 a

nd
 

w
al

ls
 o

f a
n 

em
pl

ac
em

en
t d

rif
t d

ur
in

g 
a 

se
is

m
ic

 e
ve

nt
.  

Th
e 

im
pa

ct
 o

f t
he

se
 b

lo
ck

s 
on

 th
e 

dr
ip

 s
hi

el
ds

 m
ay

ca
us

e 
pl

as
tic

 d
ef

or
m

at
io

n 
of

 th
e 

dr
ip

 s
hi

el
d 

pl
at

es
, 

ru
pt

ur
e 

of
 th

e 
dr

ip
 s

hi
el

d 
pl

at
es

, o
r r

up
tu

re
 o

f t
he

 a
xi

al
 

st
iff

en
er

s 
be

ne
at

h 
th

e 
cr

ow
n 

of
 th

e 
dr

ip
 s

hi
el

d.
  

P
la

st
ic

 d
ef

or
m

at
io

n 
of

 d
rip

 s
hi

el
d 

pl
at

es
 m

ay
 re

su
lt 

in
 

re
si

du
al

 s
tre

ss
es

 th
at

 e
xc

ee
d 

a 
te

ns
ile

 th
re

sh
ol

d 
fo

r 
in

iti
at

io
n 

an
d 

gr
ow

th
 o

f s
tre

ss
 c

or
ro

si
on

 c
ra

ck
s.

  
H

ow
ev

er
, t

he
 p

re
se

nc
e 

of
 a

 c
ra

ck
 n

et
w

or
k 

in
 th

e 
pl

at
es

 d
oe

s 
no

t c
om

pr
om

is
e 

th
e 

dr
ip

 s
hi

el
ds

’
ca

pa
bi

lit
y 

to
 d

iv
er

t s
ee

pa
ge

 a
w

ay
 fr

om
 th

e 
w

as
te

 
pa

ck
ag

e 
be

ca
us

e 
ad

ve
ct

iv
e 

flo
w

 th
ro

ug
h 

st
re

ss
 

co
rro

si
on

 c
ra

ck
s 

on
 th

e 
dr

ip
 s

hi
el

d 
pl

at
es

 is
 e

xc
lu

de
d 

in
 F

E
P

 2
.1

.0
3.

10
.0

B
, A

dv
ec

tio
n 

of
 L

iq
ui

ds
 a

nd
 S

ol
id

s 
Th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

D
rip

 S
hi

el
d.

  

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

A
s-

E
m

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
N

on
-IT

B
C

:
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-68 February 2008 



 

    

 

 

 
 

  

 
 

 
 

 

 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

(C
on

tin
ue

d)
 

1.
2.

03
.0

2.
0B

S
ei

sm
ic

-In
du

ce
d 

R
oc

kf
al

l D
am

ag
es

 
D

rip
 S

hi
el

d 
 

Ex
cl

ud
ed

(C
on

tin
ue

d)
 

R
oc

k 
bl

oc
k 

im
pa

ct
s 

m
ay

 a
ls

o 
ca

us
e 

ru
pt

ur
e 

of
 th

e 
dr

ip
 s

hi
el

d 
pl

at
es

.  
H

ow
ev

er
, p

la
te

 ru
pt

ur
e 

in
 th

e 
no

nl
ith

op
hy

sa
l z

on
es

 h
as

 b
ee

n 
sh

ow
n 

to
 h

av
e 

lo
w

co
ns

eq
ue

nc
e 

fo
r d

os
e 

(S
N

L 
20

08
 [D

IR
S 

18
30

41
]–

 
1.

2.
03

.0
2.

0B
). 

R
up

tu
re

 o
r t

ea
rin

g 
of

 th
e 

ax
ia

l
st

iff
en

er
s 

be
ne

at
h 

th
e 

cr
ow

n 
of

 th
e 

dr
ip

 s
hi

el
d 

is
 a

ls
o 

ex
cl

ud
ed

 fr
om

 th
e 

TS
PA

 m
od

el
 b

ec
au

se
 th

e 
pr

ed
ic

tio
n 

of
 ru

pt
ur

e 
of

 th
e 

ax
ia

l s
tif

fe
ne

rs
 is

 b
as

ed
 o

n 
a 

ve
ry

 c
on

se
rv

at
iv

e 
re

pr
es

en
ta

tio
n 

fo
r a

n 
ex

tre
m

e 
ro

ck
 b

lo
ck

 th
at

 o
cc

ur
s 

fo
r a

 g
ro

un
d 

m
ot

io
n 

w
ith

 a
n 

ex
ce

ed
an

ce
 fr

eq
ue

nc
y 

be
lo

w
 1

0�8
 pe

r y
ea

r, 
as

ex
pl

ai
ne

d 
in

 (S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

– 
1.

2.
03

.0
2.

0B
).I

t f
ol

lo
w

s 
th

at
 th

e 
dr

ip
 s

hi
el

d 
re

sp
on

se
 

to
 ro

ck
 b

lo
ck

s 
in

du
ce

d 
by

 v
ib

ra
to

ry
 g

ro
un

d 
m

ot
io

n 
do

es
 n

ot
 a

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
re

po
si

to
ry

 to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t a

nd
 is

 n
ot

 
im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

..
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

B 
D

rip
 S

hi
el

d 
1.

2.
03

.0
2.

0C
S

ei
sm

ic
-In

du
ce

d 
D

rif
t C

ol
la

ps
e

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
 

Th
is

 F
E

P
 d

ea
ls

 w
ith

 ru
bb

le
 ro

ck
 fa

ll 
an

d 
dr

ift
 c

ol
la

ps
e.

  
La

rg
e 

bl
oc

k 
ro

ck
 fa

ll 
is

 d
ea

lt 
w

ith
 s

ep
ar

at
el

y 
un

de
r 

FE
P

 1
.2

.0
3.

02
.0

B
. 

S
ei

sm
ic

al
ly

-in
du

ce
d 

dr
ift

 c
ol

la
ps

e 
in

 th
e 

em
pl

ac
em

en
t 

dr
ift

s 
ha

s 
th

e 
po

te
nt

ia
l t

o 
fa

il 
th

e 
dr

ip
 s

hi
el

ds
 a

s 
ba

rri
er

s 
to

 fl
ow

 a
nd

 a
s 

ba
rri

er
s 

to
 ro

ck
fa

ll.
  R

up
tu

re
 o

f
th

e 
dr

ip
 s

hi
el

d 
pl

at
es

 o
r b

uc
kl

in
g 

of
 th

e 
si

de
w

al
ls

 o
f 

th
e 

dr
ip

 s
hi

el
d 

ca
n 

oc
cu

r i
f t

he
 s

ta
tic

 lo
ad

 fr
om

 
lit

ho
ph

ys
al

 ru
bb

le
 p

lu
s 

th
e 

dy
na

m
ic

 lo
ad

 d
ur

in
g 

a 
se

is
m

ic
 e

ve
nt

 e
xc

ee
d 

th
e 

ul
tim

at
e 

pl
as

tic
 lo

ad
 

ca
pa

ci
ty

 o
f t

he
 p

la
te

s 
or

 o
f t

he
 d

rip
 s

hi
el

d 
fra

m
ew

or
k 

(S
N

L 
20

07
 [D

IR
S

 1
76

82
8,

] S
ec

tio
n 

6.
8)

. 
Th

e 
dr

ip
 

sh
ie

ld
 re

sp
on

se
 to

 d
rif

t c
ol

la
ps

e 
is

 th
er

ef
or

e 
im

po
rta

nt
 

to
 b

ar
rie

r c
ap

ab
ilit

y.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
 C

 

Y
es

 
IT

B
C

:
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

C
ha

ra
ct

er
iz

at
io

n 
of

 
S

ei
sm

ic
 E

ve
nt

s 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

A
s-

E
m

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
N

on
-IT

B
C

:
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-69 February 2008 



 

    

 

 
 

 

 
 

 
 

 

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

03
.0

1.
0B

G
en

er
al

 C
or

ro
si

on
 o

f
D

rip
 S

hi
el

ds
 

In
cl

ud
ed

 

G
en

er
al

 c
or

ro
si

on
 ra

te
s 

of
 ti

ta
ni

um
 in

 th
e 

ra
ng

e 
of

 
lik

el
y 

en
vi

ro
nm

en
ta

l c
on

di
tio

ns
 a

re
 lo

w
 d

ur
in

g 
th

e 
re

gu
la

to
ry

 p
er

io
d.

  T
hi

s 
pr

oc
es

s 
ha

s 
be

en
 in

cl
ud

ed
 in

 
m

od
el

s 
of

 d
rip

 s
hi

el
d 

de
gr

ad
at

io
n 

(S
N

L 
20

07
 [D

IR
S

 
18

07
78

], 
S

ec
tio

n 
6)

. 
Th

e 
sl

ow
 d

eg
ra

da
tio

n 
ra

te
 o

f t
he

 
dr

ip
 s

hi
el

d 
by

 th
is

 p
ro

ce
ss

 is
 a

n 
im

po
rta

nt
 b

en
ef

ic
ia

l 
ch

ar
ac

te
ris

tic
 o

f t
he

 d
rip

 s
hi

el
d 

th
at

 s
ub

st
an

tia
lly

re
du

ce
s 

th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 a

nd
 th

ei
r c

on
ta

ct
 

w
ith

 w
at

er
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

01
.0

B 
 

Y
es

 
IT

B
C

:
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

2.
1.

03
.0

2.
0B

S
tre

ss
 C

or
ro

si
on

C
ra

ck
in

g 
of

 D
rip

Sh
ie

ld
s 

Ex
cl

ud
ed

 

Ti
ta

ni
um

 h
as

 b
ee

n 
sh

ow
n 

to
 b

e 
po

te
nt

ia
lly

su
sc

ep
tib

le
 to

 th
e 

in
iti

at
io

n 
of

 s
tre

ss
 c

or
ro

si
on

 
cr

ac
ki

ng
 u

nd
er

 li
ke

ly
 e

m
pl

ac
em

en
t d

rif
t e

nv
iro

nm
en

ts
 

in
 th

e 
pr

es
en

ce
 o

f m
ec

ha
ni

ca
l d

am
ag

e 
fro

m
 s

ei
sm

ic
 

re
sp

on
se

 a
nd

 ro
ck

fa
ll.

  A
lth

ou
gh

 s
uc

h 
cr

ac
ks

 m
ay

 b
e 

in
iti

at
ed

, t
he

ir 
pr

op
ag

at
io

n 
an

d 
ch

ar
ac

te
ris

tic
s 

(s
iz

e 
an

d 
m

or
ph

ol
og

y)
 a

re
 s

uc
h 

th
at

 th
ey

 d
o 

no
t a

llo
w

 th
e 

ad
ve

ct
iv

e 
flo

w
 o

f w
at

er
 th

ro
ug

h 
th

em
.  

E
ve

n 
if 

so
m

e
lim

ite
d 

flo
w

 o
f w

at
er

 d
id

 o
cc

ur
 th

ro
ug

h 
th

e 
cr

ac
ks

, t
he

 
op

en
in

gs
 a

re
 e

xp
ec

te
d 

to
 fi

ll 
w

ith
 c

or
ro

si
on

 p
ro

du
ct

s 
an

d 
ev

ap
or

at
iv

e 
m

in
er

al
 d

ep
os

its
, p

re
cl

ud
in

g
ad

ve
ct

iv
e 

flo
w

 (F
E

P
 2

.1
.1

0.
03

.0
B

). 
 A

lth
ou

gh
 it

 is
po

ss
ib

le
 th

at
 s

tre
ss

 c
or

ro
si

on
 c

ra
ck

in
g 

of
 th

e 
tit

an
iu

m
 

dr
ip

 s
hi

el
d 

co
ul

d 
oc

cu
r i

n 
th

e 
re

gu
la

to
ry

 p
er

io
d 

af
te

r 
cl

os
ur

e,
 th

e 
pr

es
en

ce
 o

f s
uc

h 
cr

ac
ks

 is
 in

su
ffi

ci
en

t t
o 

af
fe

ct
 th

e 
ca

pa
bi

lit
y 

of
 th

e 
dr

ip
 s

hi
el

d 
to

 s
ig

ni
fic

an
tly

re
du

ce
 th

e 
am

ou
nt

 o
f w

at
er

 th
at

 c
ou

ld
 d

ire
ct

ly
 c

on
ta

ct
 

th
e 

w
as

te
 p

ac
ka

ge
.  

A
lth

ou
gh

 th
is

 p
ro

ce
ss

 h
as

 b
ee

n 
ex

cl
ud

ed
 fr

om
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t, 

th
e 

la
ck

 
of

 s
ig

ni
fic

an
t d

eg
ra

da
tio

n 
by

 th
is

 p
ro

ce
ss

 is
 a

n 
im

po
rta

nt
 c

ha
ra

ct
er

is
tic

 o
f t

he
 d

rip
 s

hi
el

d 
fe

at
ur

e 
of

 
th

e 
E

B
S

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

02
.0

B 

Y
es

 
IT

B
C

:
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

D
rip

 S
hi

el
d 

H
ea

t T
re

at
m

en
t 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-70 February 2008 



 

    

 

 
 

  
 

 

 

 
 

 
 

 
 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

03
.0

3.
0B

Lo
ca

liz
ed

 C
or

ro
si

on
 

of
 D

rip
 S

hi
el

ds
Ex

cl
ud

ed
 

Ti
ta

ni
um

 is
 u

nl
ik

el
y 

to
 b

e 
su

sc
ep

tib
le

 to
 lo

ca
liz

ed
 

co
rro

si
on

 o
ve

r a
 w

id
e 

ra
ng

e 
of

 e
xp

ec
te

d 
em

pl
ac

em
en

t d
rif

t e
nv

iro
nm

en
ta

l c
on

di
tio

ns
.

U
nc

er
ta

in
ty

 in
 th

e 
in

iti
at

io
n 

of
 lo

ca
liz

ed
 c

or
ro

si
on

 
us

in
g 

co
rro

si
on

 p
ot

en
tia

ls
 a

nd
 c

rit
ic

al
 re

pa
ss

iv
at

io
n 

po
te

nt
ia

ls
 (w

he
th

er
 b

y 
pi

tti
ng

 o
r c

re
vi

ce
 c

or
ro

si
on

) 
ha

s 
be

en
 c

on
si

de
re

d 
in

 th
e 

as
se

ss
m

en
t o

f t
he

 
lik

el
ih

oo
d 

of
 lo

ca
liz

ed
 c

or
ro

si
on

 o
f t

he
 d

rip
 s

hi
el

d 
an

d 
ex

cl
ud

ed
 fr

om
 th

e 
TS

P
A

.  
Th

e 
la

ck
 o

f s
ig

ni
fic

an
t d

eg
ra

da
tio

n 
by

 th
is

 p
ro

ce
ss

 is
 

an
 im

po
rta

nt
 c

ha
ra

ct
er

is
tic

 c
on

tri
bu

tin
g 

to
 th

e 
ba

rri
er

 
ca

pa
bi

lit
y 

of
 th

e 
dr

ip
 s

hi
el

d 
fe

at
ur

e 
of

 th
e 

E
B

S
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
03

.0
B 

 

Y
es

 
IT

B
C

:
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

D
rip

 S
hi

el
d 

2.
1.

03
.0

4.
0B

H
yd

rid
e 

C
ra

ck
in

g 
of

 
D

rip
 S

hi
el

ds
 

Ex
cl

ud
ed

 

H
yd

rid
e 

cr
ac

ki
ng

 o
f t

he
 ti

ta
ni

um
 d

rip
 s

hi
el

d 
is

 u
nl

ik
el

y 
in

 th
e 

ex
pe

ct
ed

 e
m

pl
ac

em
en

t d
rif

t e
nv

iro
nm

en
ts

.  
Th

is
 is

 a
 fu

nc
tio

n 
of

 b
ot

h 
th

e 
ex

pe
ct

ed
 e

nv
iro

nm
en

t 
an

d 
th

e 
co

rro
si

on
 re

si
st

an
ce

 o
f t

he
 ti

ta
ni

um
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

04
.0

B 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

H
ea

t T
re

at
m

en
t 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

di
ng

 F
la

w
s

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
D

rip
 S

hi
el

d 
2.

1.
03

.0
5.

0B
M

ic
ro

bi
al

ly
-

In
flu

en
ce

d 
C

or
ro

si
on

 
of

 D
rip

 S
hi

el
ds

Ex
cl

ud
ed

 

M
ic

ro
bi

al
ly

 in
flu

en
ce

d 
co

rr
os

io
n 

is
 n

ot
 e

xp
ec

te
d 

to
 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
 th

e 
de

gr
ad

at
io

n 
ra

te
 o

f t
he

 ti
ta

ni
um

 
dr

ip
 s

hi
el

ds
 in

 th
e 

ex
pe

ct
ed

 e
m

pl
ac

em
en

t d
rif

t 
en

vi
ro

nm
en

t. 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
05

.0
B 

 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

ANL-WIS-MD-000024 REV 01 A-71 February 2008 



 

    

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

03
.0

7.
0B

M
ec

ha
ni

ca
l I

m
pa

ct
on

 D
rip

 S
hi

el
d

Ex
cl

ud
ed

 

Th
is

 F
EP

 d
ea

ls
 w

ith
 n

on
-s

ei
sm

ic
al

ly
-in

du
ce

d 
ef

fe
ct

s.
A

lth
ou

gh
 m

ec
ha

ni
ca

l i
m

pa
ct

s 
on

 th
e 

dr
ip

 s
hi

el
d,

 
in

du
ce

d 
by

 ro
ck

fa
ll,

 a
re

 e
xp

ec
te

d 
to

 o
cc

ur
, t

he
ir 

ef
fe

ct
s 

w
ill 

no
t c

au
se

 s
tru

ct
ur

al
 fa

ilu
re

.  
R

oc
kf

al
l 

ef
fe

ct
s 

ca
n 

en
ha

nc
e 

th
e 

po
ss

ib
ilit

y 
of

 s
tre

ss
 c

or
ro

si
on

 
cr

ac
ki

ng
. 

S
tre

ss
-in

du
ce

d 
cr

ac
ki

ng
 o

f t
he

 d
rip

 s
hi

el
d 

ha
s 

a 
m

in
im

al
 e

ffe
ct

 o
n 

ba
rri

er
 c

ap
ab

ilit
y 

be
ca

us
e 

of
 

th
e 

si
ze

 a
nd

 m
or

ph
ol

og
y 

of
 th

e 
cr

ac
ks

. 
Th

e 
ef

fe
ct

s 
of

 s
ei

sm
ic

 g
ro

un
d 

m
ot

io
n 

ar
e 

ad
dr

es
se

d 
in

 a
 s

ep
ar

at
e 

FE
P

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

07
.0

B 
 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

D
rip

 S
hi

el
d 

2.
1.

03
.0

8.
0B

E
ar

ly
 F

ai
lu

re
 o

f D
rip

 
Sh

ie
ld

s 
In

cl
ud

ed
 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r r
ep

os
ito

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 d

rip
 

sh
ie

ld
s 

ar
e 

m
an

uf
ac

tu
re

d 
in

 a
cc

or
da

nc
e 

w
ith

 d
es

ig
n 

sp
ec

ifi
ca

tio
ns

 a
nd

 a
re

 e
m

pl
ac

ed
 p

ro
pe

rly
.

Th
is

 F
E

P
 is

 in
cl

ud
ed

 in
 th

e 
TS

P
A

; h
ow

ev
er

, b
ec

au
se

 
of

 th
e 

ve
ry

 s
m

al
l n

um
be

r o
f d

rip
 s

hi
el

ds
 a

ss
oc

ia
te

d 
w

ith
 th

e 
va

rio
us

 e
ar

ly
 fa

ilu
re

 m
ec

ha
ni

sm
s,

 th
e 

si
gn

ifi
ca

nc
e 

of
 th

e 
FE

P
 is

 n
ot

 s
ub

st
an

tia
l. 

 It
 is

 IT
B

C
 

be
ca

us
e 

th
e 

de
si

gn
 a

nd
 h

an
dl

in
g 

m
us

t r
em

ai
n 

as
 

an
al

yz
ed

 fo
r t

he
 n

um
be

r o
f e

ar
ly

 fa
ilu

re
s 

to
 s

ta
y

in
si

gn
ifi

ca
nt

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

08
.0

B 
 

Y
es

 
N

on
-IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

D
rip

 S
hi

el
d 

H
an

dl
in

g 
D

rip
 S

hi
el

d 
H

ea
t T

re
at

m
en

t 
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
di

ng
 F

la
w

s
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
d 

In
sp

ec
tio

ns
D

rip
 S

hi
el

d 
Fa

br
ic

at
io

n 
W

el
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-72 February 2008 



 

    

 

 

 

 

  

 

 

 

 

 
  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

03
.1

0.
0B

A
dv

ec
tio

n 
of

 L
iq

ui
ds

 
an

d 
So

lid
s 

th
ro

ug
h 

C
ra

ck
s 

in
 th

e 
D

rip
 

Sh
ie

ld
 

Ex
cl

ud
ed

 

A
lth

ou
gh

 c
ra

ck
s 

m
ay

 o
cc

ur
 in

 th
e 

dr
ip

 s
hi

el
d 

(p
rim

ar
ily

 a
s 

a 
re

su
lt 

of
 s

tre
ss

 c
or

ro
si

on
 c

ra
ck

s)
, t

he
 

si
ze

 o
f t

he
se

 c
ra

ck
s 

is
 s

uf
fic

ie
nt

ly
 s

m
al

l (
on

 th
e 

or
de

r 
of

 0
.1

 to
 0

.2
 m

m
) a

nd
 th

e 
m

or
ph

ol
og

y 
of

 th
es

e 
cr

ac
ks

 
is

 s
uf

fic
ie

nt
ly

 ti
gh

t t
ha

t a
dv

ec
tiv

e 
flo

w
 o

f w
at

er
 th

ro
ug

h 
th

e 
cr

ac
ks

 is
 n

ot
 e

xp
ec

te
d 

un
de

r t
he

 e
xp

ec
te

d 
hy

dr
ol

og
ic

 e
nv

iro
nm

en
t i

n 
th

e 
em

pl
ac

em
en

t d
rif

ts
 

(n
ot

ab
ly

, t
ha

t d
rip

s 
fro

m
 s

ee
pa

ge
 o

r c
on

de
ns

at
io

n 
on

 
th

e 
dr

ift
 w

al
ls

 a
re

 th
e 

m
os

t l
ik

el
y 

so
ur

ce
 o

f l
iq

ui
d 

w
at

er
 

th
at

 c
ou

ld
 c

on
ta

ct
 th

e 
dr

ip
 s

hi
el

d 
su

rfa
ce

). 
 A

lth
ou

gh
th

is
 p

ro
ce

ss
 h

as
 b

ee
n 

ex
cl

ud
ed

 fr
om

 th
e 

TS
P

A
, t

he
 

la
ck

 o
f s

ig
ni

fic
an

t a
dv

ec
tio

n 
th

ro
ug

h 
cr

ac
ks

 in
 th

e 
dr

ip
 

sh
ie

ld
 is

 a
n 

im
po

rta
nt

 c
ha

ra
ct

er
is

tic
 o

f t
he

 d
rip

 s
hi

el
d 

ba
rri

er
 c

ap
ab

ili
ty

. 
Th

e 
la

ck
 o

f a
dv

ec
tio

n 
th

ro
ug

h 
th

es
e 

cr
ac

ks
, l

im
its

 o
r p

re
ve

nt
s 

lo
ca

liz
ed

 c
or

ro
si

on
 o

f 
th

e 
w

as
te

 p
ac

ka
ge

, w
hi

ch
 m

ig
ht

 o
th

er
w

is
e 

oc
cu

r 
un

de
r c

er
ta

in
 c

on
di

tio
ns

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

10
.0

B 
 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s 

IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
  

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
D

rip
 S

hi
el

d 
H

ea
t T

re
at

m
en

t 

D
rip

 S
hi

el
d 

2.
1.

03
.1

1.
0A

P
hy

si
ca

l F
or

m
 o

f 
W

as
te

 P
ac

ka
ge

 a
nd

 
D

rip
 S

hi
el

d 
 

In
cl

ud
ed

 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r r
ep

os
ito

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 d

rip
 

sh
ie

ld
s 

ar
e 

m
an

uf
ac

tu
re

d 
in

 a
cc

or
da

nc
e 

w
ith

 d
es

ig
n 

sp
ec

ifi
ca

tio
ns

 a
nd

 a
re

 e
m

pl
ac

ed
 p

ro
pe

rly
.

Th
e 

ph
ys

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
dr

ip
 s

hi
el

d,
 

co
ns

is
te

nt
 w

ith
 th

e 
de

si
gn

 o
f t

hi
s 

fe
at

ur
e,

 h
av

e 
be

en
 

in
cl

ud
ed

 in
 th

e 
an

al
ys

es
 a

nd
 m

od
el

s 
of

 e
nv

iro
nm

en
ts

 
in

 th
e 

em
pl

ac
em

en
t d

rif
t a

nd
 E

B
S

 d
eg

ra
da

tio
n.

  
Th

es
e 

ch
ar

ac
te

ris
tic

s 
ar

e 
si

gn
ifi

ca
nt

 c
on

tri
bu

to
rs

 to
 

th
e 

ca
pa

bi
lit

y 
of

 th
e 

dr
ip

 s
hi

el
d 

to
 li

m
it 

th
e 

flo
w

 o
f 

w
at

er
 a

nd
 re

le
as

e 
of

 ra
di

on
uc

lid
es

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

11
.0

A 
 

Y
es

 
N

on
-IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-73 February 2008 



 

    

 

  

 

 

 

 

 
 

 
 

 

 

 
 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

06
.0

6.
0A

E
ffe

ct
s 

of
 D

rip
 S

hi
el

d
on

 F
lo

w
In

cl
ud

ed
 

Th
e 

Im
po

rta
nc

e 
of

 th
e 

di
ve

rs
io

n 
pe

rfo
rm

an
ce

 o
f t

he
 

dr
ip

 s
hi

el
d 

is
 d

ire
ct

ly
 re

la
te

d 
to

 th
e 

la
ck

 o
f s

ig
ni

fic
an

t 
de

gr
ad

at
io

n,
 o

r, 
to

 th
e 

sl
ow

 ra
te

 o
f d

eg
ra

da
tio

n,
 a

nd
 

th
e 

lim
ite

d 
po

te
nt

ia
l f

or
 li

qu
id

 a
dv

ec
tio

n 
th

ro
ug

h 
st

re
ss

 
co

rro
si

on
 c

ra
ck

s.
  T

he
 fl

ow
 d

iv
er

si
on

, w
he

n 
co

m
bi

ne
d 

w
ith

 th
e 

la
ck

 o
f a

dv
ec

tio
n 

th
ro

ug
h 

th
e 

w
as

te
 p

ac
ka

ge
, 

re
su

lts
 in

 o
nl

y 
th

e 
po

te
nt

ia
l f

or
 d

iff
us

iv
e 

re
le

as
es

 fr
om

 
th

e 
w

as
te

 fo
rm

 a
nd

 w
as

te
 p

ac
ka

ge
 if

 th
e 

w
as

te
 

pa
ck

ag
e 

ha
s 

de
gr

ad
ed

 fe
at

ur
es

 (S
N

L 
20

07
 [D

IR
S

 
18

16
48

], 
S

ec
tio

n 
6.

2.
1)

; (
S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, 

S
ec

tio
n 

6.
3.

3)
.  

Th
e 

dr
ip

 s
hi

el
d 

al
so

 li
m

its
 o

r p
re

ve
nt

s 
lo

ca
liz

ed
 c

or
ro

si
on

 o
f t

he
 w

as
te

 p
ac

ka
ge

, w
hi

ch
 m

ig
ht

 
ot

he
rw

is
e 

oc
cu

r u
nd

er
 c

er
ta

in
 c

on
di

tio
ns

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
06

.0
A 

 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
  

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
 

D
rip

 S
hi

el
d 

2.
1.

06
.0

6.
0B

O
xy

ge
n 

E
m

br
itt

le
m

en
t o

f
D

rip
 S

hi
el

ds
 

Ex
cl

ud
ed

 

O
xy

ge
n 

em
br

itt
le

m
en

t o
f t

ita
ni

um
 is

 n
ot

 e
xp

ec
te

d 
in

 
th

e 
ra

ng
e 

of
 li

ke
ly

 th
er

m
al

-c
he

m
ic

al
 c

on
di

tio
ns

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 (S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

 
2.

1.
06

.0
6.

0B
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
06

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

2.
1.

06
.0

7.
0A

C
he

m
ic

al
 E

ffe
ct

s 
at

 
E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
Ex

cl
ud

ed
 

S
ol

id
-to

-s
ol

id
 in

te
ra

ct
io

ns
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
th

e 
va

rio
us

 fe
at

ur
es

 o
f t

he
 E

B
S

 h
av

e 
be

en
co

ns
id

er
ed

 in
 th

e 
de

si
gn

 a
nd

 a
na

ly
si

s 
of

 th
e 

in
-d

rif
t 

ch
em

ic
al

 e
nv

iro
nm

en
t s

uc
h 

th
at

 g
al

va
ni

c 
co

up
lin

g 
an

d 
ot

he
r c

he
m

ic
al

 in
te

ra
ct

io
ns

 a
re

 in
si

gn
ifi

ca
nt

 to
 

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

W
el

d 
M

at
er

ia
ls

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
D

rip
 S

hi
el

d 
2.

1.
06

.0
7.

0B
M

ec
ha

ni
ca

l E
ffe

ct
s

at
 E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
s

Ex
cl

ud
ed

 

Th
e 

m
ec

ha
ni

ca
l e

ffe
ct

s 
of

 s
ta

tic
 lo

ad
in

g 
th

at
 o

cc
ur

 a
t 

in
te

rfa
ce

s 
be

tw
ee

n 
m

at
er

ia
ls

 in
 th

e 
em

pl
ac

em
en

t d
rif

t 
do

 n
ot

 s
ig

ni
fic

an
tly

 im
pa

ct
  t

he
 c

ap
ab

ilit
y 

of
 th

e 
D

rip
 

S
hi

el
d 

to
 li

m
it 

th
e 

flo
w

 o
f w

at
er

 c
on

ta
ct

in
g 

th
e 

W
as

te
 

pa
ck

ag
e.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
07

.0
B 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n 

ANL-WIS-MD-000024 REV 01 A-74 February 2008 



 

    

 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

07
.0

1.
0A

R
oc

kf
al

l
Ex

cl
ud

ed
 

R
oc

kf
al

l m
ay

 o
cc

ur
 in

 th
e 

lit
ho

ph
ys

al
 re

gi
on

 o
f t

he
 

re
po

si
to

ry
, b

ut
 th

e 
ro

ck
 s

iz
e 

is
 to

o 
sm

al
l t

o 
ca

us
e 

si
gn

ifi
ca

nt
 d

am
ag

e 
to

 th
e 

dr
ip

 s
hi

el
d.

  R
oc

kf
al

l m
ay

al
so

 o
cc

ur
 in

 th
e 

no
nl

ith
op

hy
sa

l r
eg

io
n 

of
 th

e
re

po
si

to
ry

; h
ow

ev
er

 th
e 

bo
un

di
ng

 ro
ck

 c
al

cu
la

te
d,

 
w

as
 c

al
cu

la
te

d 
to

 n
ot

 ru
pt

ur
e 

th
e 

dr
ip

 s
hi

el
d 

an
d 

to
 

no
t d

ef
le

ct
 e

no
ug

h 
to

 c
on

ta
ct

 th
e 

w
as

te
 p

ac
ka

ge
.  

S
ei

sm
ic

-in
du

ce
d 

ro
ck

fa
ll 

is
 a

dd
re

ss
ed

 in
 a

 s
ep

ar
at

e 
FE

P
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

 IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n 
D

rip
 S

hi
el

d 
2.

1.
07

.0
4.

0B
H

yd
ro

st
at

ic
 P

re
ss

ur
e 

on
 D

rip
 S

hi
el

d
Ex

cl
ud

ed
 

Be
ca

us
e 

th
e 

em
pl

ac
em

en
t d

rif
ts

 a
re

 lo
ca

te
d 

m
or

e 
th

an
 1

20
 m

 a
bo

ve
 th

e 
w

at
er

 ta
bl

e,
 h

yd
ro

st
at

ic
 

pr
es

su
re

s 
ar

e 
un

lik
el

y 
in

 th
e 

dr
ift

s,
 a

nd
 th

is
 p

ro
ce

ss
 

is
, t

he
re

fo
re

, v
er

y 
un

lik
el

y 
to

 a
ffe

ct
 d

rip
 s

hi
el

d 
de

gr
ad

at
io

n.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
04

.0
B 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f
U

ns
at

ur
at

ed
 Z

on
e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n-

O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 S

ta
nd

of
f F

ro
m

 
P

er
ch

ed
 W

at
er

D
rip

 S
hi

el
d 

2.
1.

07
.0

5.
0B

C
re

ep
 o

f M
et

al
lic

 
M

at
er

ia
ls

 in
 th

e 
D

rip
Sh

ie
ld

 
Ex

cl
ud

ed
 

A
lth

ou
gh

 c
re

ep
 o

f t
ita

ni
um

 m
ay

 o
cc

ur
, t

he
 ra

te
s 

ar
e 

su
ffi

ci
en

tly
 lo

w
 in

 re
po

si
to

ry
-r

el
ev

an
t c

on
di

tio
ns

 th
at

 
no

 s
ig

ni
fic

an
t d

eg
ra

da
tio

n 
of

 th
e 

dr
ip

 s
hi

el
d 

oc
cu

rs
, 

ev
en

 fo
r l

on
g 

du
ra

tio
ns

 s
o 

it 
is

 e
xc

lu
de

d 
fro

m
 T

S
P

A
. 

It 
is

 IT
B

C
 b

ec
au

se
 th

e 
de

si
gn

 a
nd

 h
an

dl
in

g 
m

us
t 

re
m

ai
n 

as
 a

na
ly

ze
d 

fo
r t

he
 n

um
be

r o
f e

ar
ly

 fa
ilu

re
s 

to
 

st
ay

 in
si

gn
ifi

ca
nt

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
7.

05
.0

B 
 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

 
N

on
-IT

B
C

:
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t 

IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

ANL-WIS-MD-000024 REV 01 A-75 February 2008 



 

    

 

 
 

 

  

 

 

  

 

 
 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

08
.1

4.
0A

C
on

de
ns

at
io

n 
on

 
U

nd
er

si
de

 o
f D

rip
 

Sh
ie

ld
 

Ex
cl

ud
ed

 

Si
gn

ifi
ca

nt
 c

on
de

ns
at

io
n 

on
 th

e 
un

de
rs

id
e 

of
 th

e 
dr

ip
 

sh
ie

ld
 is

 n
ot

 a
nt

ic
ip

at
ed

 fo
r t

he
 e

xp
ec

te
d 

ra
ng

e 
of

 
em

pl
ac

em
en

t d
rif

t t
he

rm
al

-h
yd

ro
lo

gi
c 

co
nd

iti
on

s.
  

E
ve

n 
if 

su
ch

 c
on

de
ns

at
io

n 
do

es
 o

cc
ur

, t
he

 re
su

lti
ng

 
liq

ui
d 

flu
x 

w
ou

ld
 e

ith
er

 ru
n 

of
f t

he
 s

id
es

 o
f t

he
 d

rip
 

sh
ie

ld
 o

r w
as

te
 p

ac
ka

ge
 o

r f
al

l o
nt

o 
cr

ac
ks

 in
 th

e 
w

as
te

 p
ac

ka
ge

 th
at

 d
o 

no
t a

llo
w

 s
ig

ni
fic

an
t a

dv
ec

tiv
e 

flu
x 

of
 w

at
er

.  
C

on
se

qu
en

tly
, t

he
 m

od
e 

of
 re

le
as

e 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 w
ou

ld
 b

e 
di

ffu
si

ve
, r

at
he

r 
th

an
 a

dv
ec

tiv
e.

 T
he

re
fo

re
, t

hi
s 

pr
oc

es
s 

is
 e

xc
lu

de
d 

fro
m

 th
e 

TS
P

A
 a

nd
 is

 n
ot

 IT
BC

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

14
.0

A 
 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

Fu
nc

tio
n

In
ve

rt 
M

at
er

ia
ls

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 

D
rip

 S
hi

el
d 

2.
1.

09
.2

8.
0B

Lo
ca

liz
ed

 C
or

ro
si

on
 

on
 D

rip
 S

hi
el

d 
S

ur
fa

ce
s 

du
e 

to
D

el
iq

ue
sc

en
ce

Ex
cl

ud
ed

 

Th
e 

po
te

nt
ia

l f
or

 s
al

ts
 to

 d
el

iq
ue

sc
e 

on
 th

e 
dr

ip
 s

hi
el

d 
su

rfa
ce

 h
as

 b
ee

n 
ev

al
ua

te
d.

  A
lth

ou
gh

 th
e 

po
te

nt
ia

l 
fo

r s
al

ts
 to

 d
el

iq
ue

sc
e 

ex
is

ts
, t

he
 e

ffe
ct

s 
of

 s
uc

h 
de

liq
ue

sc
en

ce
 a

re
 in

si
gn

ifi
ca

nt
 d

ue
 to

 th
e 

la
ck

 o
f 

in
iti

at
io

n 
of

 lo
ca

liz
ed

 c
or

ro
si

on
 o

n 
th

e 
dr

ip
 s

hi
el

d 
fo

r a
 

w
id

e 
ra

ng
e 

of
 e

nv
iro

nm
en

ta
l c

on
di

tio
ns

, i
nc

lu
di

ng
 

de
liq

ue
sc

en
t b

rin
e 

co
nd

iti
on

s.
 

Th
e 

la
ck

 o
f s

ig
ni

fic
an

t d
eg

ra
da

tio
n 

by
 th

is
 p

ro
ce

ss
 is

 
an

 im
po

rta
nt

 c
ha

ra
ct

er
is

tic
 c

on
tri

bu
tin

g 
to

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
e 

dr
ip

 s
hi

el
d 

fe
at

ur
e 

of
 th

e 
E

B
S

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

28
.0

B 
 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
Se

ep
ag

e 
W

at
er

 
P

ro
pe

rti
es

 

IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
  

D
rip

 S
hi

el
d 

D
es

ig
n 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
 

ANL-WIS-MD-000024 REV 01 A-76 February 2008 



 

    

 

 
 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

D
rip

 S
hi

el
d 

2.
1.

11
.0

6.
0B

Th
er

m
al

 
S

en
si

tiz
at

io
n 

of
 D

rip
 

Sh
ie

ld
s 

Ex
cl

ud
ed

 

Th
er

m
al

 s
en

si
tiz

at
io

n 
of

 ti
ta

ni
um

 is
 n

ot
 e

xp
ec

te
d 

fo
r 

th
e 

ra
ng

e 
of

 li
ke

ly
 th

er
m

al
 c

on
di

tio
ns

 in
 th

e 
em

pl
ac

em
en

t.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

06
.0

B 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 -D
rip

 
Sh

ie
ld

 C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
it

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

D
rip

 S
hi

el
d 

2.
1.

11
.0

7.
0A

Th
er

m
al

 E
xp

an
si

on
/ 

S
tre

ss
 o

f I
n-

dr
ift

 E
B

S
C

om
po

ne
nt

s
Ex

cl
ud

ed
 

R
ep

os
ito

ry
 h

ea
t a

t Y
uc

ca
 M

ou
nt

ai
n 

co
ul

d 
re

su
lt 

in
 

th
er

m
al

ly
-in

du
ce

d 
st

re
ss

es
.  

Th
es

e 
st

re
ss

es
 c

ou
ld

 
af

fe
ct

 th
e 

E
B

S
 c

om
po

ne
nt

s,
 th

us
 c

au
si

ng
 th

e 
fo

rm
at

io
n 

of
 p

at
hw

ay
s 

fo
r g

ro
un

dw
at

er
 fl

ow
 th

ro
ug

h 
th

e 
E

B
S

 o
r a

lte
rin

g 
an

d/
or

 e
nh

an
ci

ng
 e

xi
st

in
g 

pa
th

w
ay

s.
  A

lth
ou

gh
 th

er
m

al
 e

xp
an

si
on

 o
f t

he
 d

rip
 

sh
ie

ld
 o

cc
ur

s,
 th

is
 e

xp
an

si
on

 is
 n

ot
 s

ig
ni

fic
an

t u
nd

er
 

re
po

si
to

ry
 c

on
di

tio
ns

 a
nd

 th
e 

de
si

gn
 o

f t
he

 d
rip

 s
hi

el
d 

ac
co

m
m

od
at

es
 th

er
m

al
 e

xp
an

si
on

 u
p 

to
 a

 3
00

°C
 

te
m

pe
ra

tu
re

, w
hi

ch
 is

 h
ig

he
r t

ha
n 

ca
lc

ul
at

ed
 

po
st

cl
os

ur
e 

te
m

pe
ra

tu
re

s.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
07

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

Th
er

m
al

 
Ex

pa
ns

io
n 

C
on

st
ra

in
t 

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
2.

1.
13

.0
2.

0A
R

ad
ia

tio
n 

D
am

ag
e 

in
E

B
S

Ex
cl

ud
ed

 

B
ec

au
se

 th
e 

es
tim

at
ed

 n
eu

tro
n 

flu
en

ce
 is

 s
ig

ni
fic

an
tly

be
lo

w
 th

e 
w

as
te

 p
ac

ka
ge

 m
et

al
s’

 d
am

ag
e 

th
re

sh
ol

ds
, 

th
e 

m
ec

ha
ni

ca
l p

ro
pe

rti
es

 o
f t

he
 E

B
S

 fe
at

ur
es

 w
ill

 n
ot

 
be

 a
lte

re
d 

by
 ra

di
at

io
n 

da
m

ag
e.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
3.

02
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 W
or

st
-C

as
e

D
os

e 
R

at
e

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t 

ANL-WIS-MD-000024 REV 01 A-77 February 2008 



 

    

 

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

1.
2.

02
.0

3.
0A

Fa
ul

t D
is

pl
ac

em
en

t
D

am
ag

es
 E

B
S

C
om

po
ne

nt
s

In
cl

ud
ed

 

Th
e 

su
bs

ur
fa

ce
 la

yo
ut

 m
ai

nt
ai

ns
 a

 6
0 

m
et

er
 s

ta
nd

of
f 

di
st

an
ce

 b
et

w
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

So
lit

ar
io

 
C

an
yo

n 
an

d 
G

ho
st

 D
an

ce
 fa

ul
ts

.  
Th

is
 s

ta
nd

of
f 

en
su

re
s 

th
at

 E
B

S
 c

om
po

ne
nt

s 
ar

e 
no

t d
am

ag
ed

 b
y

di
sp

la
ce

m
en

t o
n 

th
es

e 
fa

ul
ts

, s
o 

th
es

e 
fa

ul
ts

 d
o 

no
t 

in
flu

en
ce

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
Y

uc
ca

 
M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
W

ith
in

 th
e 

re
po

si
to

ry
 b

lo
ck

, w
as

te
 p

ac
ka

ge
s 

w
ill

 b
e 

em
pl

ac
ed

 o
n 

kn
ow

n 
se

co
nd

ar
y 

fa
ul

ts
 (S

un
da

nc
e 

fa
ul

t, 
D

ril
l H

ol
e 

W
as

h 
fa

ul
t, 

S
ev

er
 W

as
h 

fa
ul

t, 
P

ag
an

y 
W

as
h 

fa
ul

t, 
an

d 
th

e 
w

es
te

rn
 s

pl
ay

 o
f t

he
 G

ho
st

 D
an

ce
 

fa
ul

t) 
an

d 
on

 h
yp

ot
he

tic
al

 fa
ul

ts
 w

ith
 a

 c
um

ul
at

iv
e 

of
fs

et
 o

f 2
 m

et
er

s 
(S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
 S

ec
tio

n 
6.

11
.2

). 
Th

e 
po

te
nt

ia
l d

am
ag

e 
to

 th
e 

w
as

te
 

pa
ck

ag
es

, i
ts

 in
te

rn
al

s,
 a

nd
 th

e 
w

as
te

 fo
rm

s 
fro

m
 

di
sp

la
ce

m
en

t o
n 

th
es

e 
fa

ul
ts

 is
 in

cl
ud

ed
 in

 th
e 

TS
P

A
 

m
od

el
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
 S

ec
tio

n 
6.

11
.5

). 
H

ow
ev

er
, i

t i
s 

no
t e

xp
ec

te
d 

th
at

 d
am

ag
e 

to
 th

e 
em

pl
ac

em
en

t p
al

le
t f

ro
m

 fa
ul

t d
is

pl
ac

em
en

t w
ill

 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 d
os

e 
be

ca
us

e 
w

as
te

 p
ac

ka
ge

 
fa

ilu
re

s 
oc

cu
r f

or
 a

nn
ua

l e
xc

ee
da

nc
e 

fre
qu

en
ci

es
 o

f 
le

ss
 th

an
 2

.5
 �

 1
0 �7

 a
nd

 b
ec

au
se

 th
e 

em
pl

ac
em

en
t 

pa
lle

t i
s 

af
fe

ct
ed

 a
t o

nl
y 

a 
lim

ite
d 

nu
m

be
r o

f l
oc

at
io

ns
 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
. 

A
dd

iti
on

al
ly

, T
hi

s 
de

gr
ad

at
io

n 
pr

oc
es

s 
is

 m
uc

h 
le

ss
 

si
gn

ifi
ca

nt
 th

an
 th

e 
m

or
e 

lik
el

y 
se

is
m

ic
-in

du
ce

d 
gr

ou
nd

 m
ot

io
n 

ef
fe

ct
s.

  

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-78 February 2008 



 

    

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
(C

on
tin

ue
d)

 
1.

2.
02

.0
3.

0A
Fa

ul
t D

is
pl

ac
em

en
t

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
(C

on
tin

ue
d)

 

Th
e 

re
sp

on
se

 o
f t

he
 w

as
te

 fo
rm

 a
nd

 w
as

te
 p

ac
ka

ge
 

in
te

rn
al

s 
to

 fa
ul

t d
is

pl
ac

em
en

t i
s 

no
t i

m
po

rta
nt

 to
 

ba
rri

er
 c

ap
ab

ili
ty

.
N

av
al

 S
N

F 
ca

ni
st

er
s 

ha
ve

 a
dd

iti
on

al
 re

qu
ire

m
en

ts
 

re
la

te
d 

to
 e

m
pl

ac
em

en
t a

w
ay

 fr
om

 fa
ul

ts
.  

Fo
r n

av
al

 
S

N
F 

pa
ck

ag
es

, t
he

se
 e

m
pl

ac
em

en
t r

eq
ui

re
m

en
ts

 a
re

 
im

po
rta

nt
 to

 w
as

te
 is

ol
at

io
n.

  T
he

re
 is

 a
 s

pe
ci

fic
 

cr
ite

rio
n 

fo
r n

av
al

 w
as

te
 p

ac
ka

ge
s 

th
at

 re
qu

ire
s 

an
 

8.
2-

ft 
(2

.5
-m

) m
in

im
um

 e
m

pl
ac

em
en

t s
ta

nd
of

f 
di

st
an

ce
 fr

om
 m

ap
pe

d 
fa

ul
ts

 w
ith

 v
er

tic
al

 
di

sp
la

ce
m

en
ts

 g
re

at
er

 th
an

 6
.5

 ft
 (2

 m
) (

B
S

C
 2

00
7 

[D
IR

S
 1

82
13

1]
, S

ec
tio

n 
8.

2.
3.

1.
1)

.  
B

as
ed

 o
n 

th
is

ev
al

ua
tio

n,
 th

is
 is

 IT
B

C
 (a

nd
 a

ls
o 

IT
W

I) 
sp

ec
ifi

ca
lly

 fo
r 

na
va

l w
as

te
 p

ac
ka

ge
s.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

03
.0

A 
W

as
te

 P
ac

ka
ge

 
1.

2.
03

.0
2.

0A
S

ei
sm

ic
 G

ro
un

d
M

ot
io

n 
D

am
ag

es
E

B
S

 C
om

po
ne

nt
s

In
cl

ud
ed

 

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

da
m

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
s 

fro
m

 w
as

te
 p

ac
ka

ge
-to

-w
as

te
 

pa
ck

ag
e 

im
pa

ct
s 

an
d 

fro
m

 w
as

te
 p

ac
ka

ge
-to

-p
al

le
t 

im
pa

ct
s 

th
at

 m
ay

 o
cc

ur
 d

ur
in

g 
a 

se
is

m
ic

 e
ve

nt
.  

Th
es

e 
im

pa
ct

s 
m

ay
 c

au
se

 p
la

st
ic

 d
ef

or
m

at
io

n 
of

 th
e 

w
as

te
 p

ac
ka

ge
s 

ou
te

r c
or

ro
si

on
 b

ar
rie

r (
O

C
B

) o
r 

ca
us

e 
ru

pt
ur

e/
pu

nc
tu

re
 o

f t
he

 O
C

B
.  

P
la

st
ic

de
fo

rm
at

io
n 

of
 th

e 
O

C
B

 m
ay

 re
su

lt 
in

 re
si

du
al

 
st

re
ss

es
 th

at
 e

xc
ee

d 
a 

te
ns

ile
 th

re
sh

ol
d 

fo
r i

ni
tia

tio
n 

an
d 

gr
ow

th
 o

f s
tre

ss
 c

or
ro

si
on

 c
ra

ck
s.

  O
nc

e 
th

e 
O

C
B

is
 b

re
ac

he
d 

by
 a

 c
ra

ck
 n

et
w

or
k,

 d
iff

us
iv

e 
re

le
as

es
 o

f 
ra

di
on

uc
lid

es
 c

an
 o

cc
ur

 fr
om

 th
e 

w
as

te
 p

ac
ka

ge
s.

  
O

nc
e 

th
e 

O
C

B
 is

 ru
pt

ur
ed

 o
r p

un
ct

ur
ed

, a
dv

ec
tiv

e
re

le
as

e 
of

 ra
di

on
uc

lid
es

 c
an

 o
cc

ur
 fr

om
 th

e 
w

as
te

 
pa

ck
ag

es
. 

Th
e 

re
sp

on
se

 o
f w

as
te

 p
ac

ka
ge

s 
to

 
vi

br
at

or
y 

gr
ou

nd
 m

ot
io

n 
is

 im
po

rta
nt

 fo
r b

ar
rie

r 
ca

pa
bi

lit
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
A 

 

Y
es

 
IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s

N
on

-IT
B

C
:

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l a

nd
 T

hi
ck

ne
ss

 
R

ep
os

ito
ry

 E
le

va
tio

n 


O
ve

rb
ur

de
n 

Th
ic

kn
es

s 
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
N

on
-IT

B
C

:
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 

ANL-WIS-MD-000024 REV 01 A-79 February 2008 



 

    

 

 

 

  
 

 

  

 

 

 

 

 

 

 
 

 
 

 

 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

1.
0A

G
en

er
al

 C
or

ro
si

on
 o

f
W

as
te

 P
ac

ka
ge

s
In

cl
ud

ed
 

G
en

er
al

 c
or

ro
si

on
 ra

te
s 

of
 A

llo
y 

22
 (U

N
S

 N
06

02
2)

 fo
r 

a 
ra

ng
e 

of
 li

ke
ly

 e
nv

iro
nm

en
ta

l c
on

di
tio

ns
 in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 a
re

 s
o 

lo
w

 th
at

 fa
ilu

re
 b

y 
ge

ne
ra

l 
co

rro
si

on
 is

 n
ot

 p
re

di
ct

ed
 fo

r s
ev

er
al

 h
un

dr
ed

 
th

ou
sa

nd
 y

ea
rs

.  
U

nc
er

ta
in

ty
 in

 th
es

e 
co

rr
os

io
n 

ra
te

s 
ha

s 
be

en
 in

cl
ud

ed
 in

 th
e 

m
od

el
.  

Th
e 

sl
ow

de
gr

ad
at

io
n 

ra
te

 o
f A

llo
y 

22
 u

nd
er

 e
xp

ec
te

d 
re

po
si

to
ry

 c
on

di
tio

ns
 is

 a
n 

im
po

rta
nt

 b
en

ef
ic

ia
l 

ch
ar

ac
te

ris
tic

 o
f t

he
 w

as
te

 p
ac

ka
ge

 fe
at

ur
e.

  A
lth

ou
gh

th
e 

st
ai

nl
es

s 
st

ee
l i

nn
er

 s
he

ll 
of

 th
e 

w
as

te
 p

ac
ka

ge
 

pr
ov

id
es

 re
si

st
an

ce
 to

 g
en

er
al

 c
or

ro
si

on
 p

ro
ce

ss
es

, 
th

is
 c

om
po

ne
nt

 o
f t

he
 w

as
te

 p
ac

ka
ge

 h
as

 b
ee

n 
co

ns
er

va
tiv

el
y 

m
od

el
ed

 to
 p

ro
vi

de
 n

o 
de

la
y 

of
pe

ne
tra

tio
n 

of
 th

e 
w

as
te

 p
ac

ka
ge

 o
nc

e 
th

e 
w

as
te

 
pa

ck
ag

e 
Al

lo
y 

22
 o

ut
er

 b
ar

rie
r h

as
 b

ee
n 

br
ea

ch
ed

 
(S

N
L 

20
07

 [D
IR

S
 1

78
51

9]
, S

ec
tio

n 
1)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

01
.0

A 
 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

IT
B

C
:

M
at

er
ia

ls
 C

on
ta

ct
in

g 
th

e 
W

as
te

 P
ac

ka
ge

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l a
nd

 T
hi

ck
ne

ss
 

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 Q
ua

nt
iti

es
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

2.
0A

S
tre

ss
 C

or
ro

si
on

C
ra

ck
in

g 
of

 W
as

te
P

ac
ka

ge
s

In
cl

ud
ed

 

S
tre

ss
-in

du
ce

d 
co

rr
os

io
n 

cr
ac

ki
ng

 o
f A

llo
y 

22
 m

ay
oc

cu
r a

s 
a 

re
su

lt 
of

 m
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
fo

llo
w

in
g

se
is

m
ic

 e
ve

nt
s.

  S
uc

h 
st

re
ss

 c
ra

ck
s 

ar
e 

su
ffi

ci
en

tly
sm

al
l a

nd
 ti

gh
t t

o 
al

lo
w

 o
nl

y 
th

e 
di

ffu
si

ve
 tr

an
sp

or
t o

f 
ra

di
on

uc
lid

es
 th

ro
ug

h 
th

e 
cr

ac
ks

 (S
N

L 
20

07
 [D

IR
S

 
18

19
53

], 
S

ec
tio

n 
6.

8.
6)

. 
Th

e 
la

ck
 o

f s
ig

ni
fic

an
t s

tre
ss

 
co

rro
si

on
 c

ra
ck

in
g 

of
 w

as
te

 p
ac

ka
ge

s,
 e

xc
ep

t i
n 

th
e 

ev
en

t o
f s

ei
sm

ic
al

ly
-in

du
ce

d 
da

m
ag

e,
 is

 a
n 

im
po

rta
nt

 
ch

ar
ac

te
ris

tic
 o

f t
he

 w
as

te
 p

ac
ka

ge
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
02

.0
A 

 

Y
es

 
IT

B
C

:
In

-d
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-d
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 A

nn
ea

lin
g 

W
as

te
 P

ac
ka

ge
 C

lo
su

re
 

W
as

te
 P

ac
ka

ge
 S

ur
fa

ce
Fi

ni
sh

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

el
di

ng
 F

la
w

s
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l a
nd

 T
hi

ck
ne

ss
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-80 February 2008 



 

    

 

 

 
 

  

 

 

 

 

 
 

 

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

3.
0A

Lo
ca

liz
ed

 C
or

ro
si

on
 

of
 W

as
te

 P
ac

ka
ge

s
In

cl
ud

ed
 

Lo
ca

liz
ed

 c
or

ro
si

on
 m

ec
ha

ni
sm

s 
on

 th
e 

w
as

te
 

pa
ck

ag
e 

su
rfa

ce
 a

re
 d

ep
en

de
nt

 o
n 

th
e 

th
er

m
al

-
hy

dr
ol

og
ic

 a
nd

 th
er

m
al

-c
he

m
ic

al
 e

nv
iro

nm
en

t o
n 

th
e 

w
as

te
 p

ac
ka

ge
 s

ur
fa

ce
.  

Th
e 

lik
el

ih
oo

d 
of

 in
iti

at
in

g 
lo

ca
liz

ed
 c

or
ro

si
on

 is
 p

os
si

bl
e 

in
 th

os
e 

ca
se

s 
w

he
re

 
th

e 
dr

ip
 s

hi
el

d 
ha

s 
de

gr
ad

ed
 s

uf
fic

ie
nt

ly
 th

at
 in

co
m

in
g 

se
ep

ag
e 

is
 a

llo
w

ed
 to

 c
on

ta
ct

 th
e 

w
as

te
 p

ac
ka

ge
, 

su
ch

 a
s 

in
 th

e 
fa

ul
t d

is
pl

ac
em

en
t m

od
el

in
g 

ca
se

 o
f 

th
e 

S
ei

sm
ic

 S
ce

na
rio

 C
la

ss
.  

In
 th

is
 c

as
e,

 w
as

te
 

pa
ck

ag
es

 th
at

 a
re

 s
us

ce
pt

ib
le

 to
 lo

ca
liz

ed
 c

or
ro

si
on

 
w

ill
 h

av
e 

al
re

ad
y 

ex
pe

rie
nc

ed
 m

ec
ha

ni
ca

l d
am

ag
e 

fa
ilu

re
.  

Th
e 

po
ss

ib
ili

ty
 o

f l
oc

al
iz

ed
 c

or
ro

si
on

 a
ls

o 
re

qu
ire

s 
pa

rti
cu

la
r a

nt
ec

ed
en

t g
eo

ch
em

ic
al

 c
on

di
tio

ns
 

th
at

 a
re

 g
en

er
al

ly
 n

ot
 p

re
se

nt
 (S

N
L 

20
07

 [D
IR

S
 

17
85

19
], 

S
ec

tio
n 

6.
4.

4)
. 

Th
e 

ge
ne

ra
l a

bs
en

ce
 o

f t
he

 
co

nd
iti

on
s 

ne
ce

ss
ar

y 
to

 in
iti

at
e 

lo
ca

liz
ed

 c
or

ro
si

on
 is

 
an

 im
po

rta
nt

 b
en

ef
ic

ia
l c

ha
ra

ct
er

is
tic

 o
n 

th
e 

w
as

te
 

pa
ck

ag
e.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
03

.0
A 

 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
In

-D
rif

t C
he

m
ic

al
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 
W

as
te

 P
ac

ka
ge

 C
or

ro
si

on
Al

lo
w

an
ce

  
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l a

nd
 T

hi
ck

ne
ss

 
W

as
te

 P
ac

ka
ge

 Q
ua

nt
iti

es
N

on
-IT

B
C

:
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
 a

nd
 

E
m

pl
ac

em
en

t P
al

le
t S

ta
tic

 
S

tre
ss

es
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

D
am

ag
e 

P
rio

r t
o 

C
lo

su
re

 
W

as
te

 P
ac

ka
ge

 
2.

1.
03

.0
4.

0A
H

yd
rid

e 
C

ra
ck

in
g 

of
 

W
as

te
 P

ac
ka

ge
s

Ex
cl

ud
ed

 

H
yd

rid
e 

cr
ac

ki
ng

 o
f A

llo
y 

22
 is

 u
nl

ik
el

y 
ov

er
 th

e 
ex

pe
ct

ed
 ra

ng
e 

of
 e

m
pl

ac
em

en
t d

rif
t e

nv
iro

nm
en

ta
l 

co
nd

iti
on

s.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
Te

m
pe

ra
tu

re
 L

im
it 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 - 
C

op
pe

r 
W

as
te

 P
ac

ka
ge

 O
ut

er
C

or
ro

si
on

 B
ar

rie
r M

at
er

ia
l 

S
pe

ci
fic

at
io

ns
 

ANL-WIS-MD-000024 REV 01 A-81 February 2008 



 

    

 

 

 
 

 

 

 

 
 

 
 

 

 

 

 
 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

5.
0A

M
ic

ro
bi

al
ly

-
In

flu
en

ce
d 

C
or

ro
si

on
 

of
 W

as
te

 P
ac

ka
ge

s
In

cl
ud

ed
 

G
en

er
al

 c
or

ro
si

on
 ra

te
s 

of
 A

llo
y 

22
 in

 a
 ra

ng
e 

of
 li

ke
ly

 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

 a
re

 s
uf

fic
ie

nt
ly

 lo
w

 to
 

m
in

im
al

ly
 a

ffe
ct

 th
e 

de
gr

ad
at

io
n 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

w
as

te
 p

ac
ka

ge
.  

U
nc

er
ta

in
ty

 in
 th

es
e 

co
rro

si
on

 ra
te

s 
ha

s 
be

en
 in

cl
ud

ed
 in

 th
e 

m
od

el
 (S

N
L 

20
07

 [D
IR

S
 

17
85

19
], 

S
ec

tio
n 

6.
4)

. 
Th

e 
sl

ow
 d

eg
ra

da
tio

n 
ra

te
 o

f 
A

llo
y 

22
 u

nd
er

 e
xp

ec
te

d 
re

po
si

to
ry

 c
on

di
tio

ns
 is

 a
n 

im
po

rta
nt

 b
en

ef
ic

ia
l c

ha
ra

ct
er

is
tic

 o
f t

he
 w

as
te

 
pa

ck
ag

e 
fe

at
ur

e.
  T

he
 c

on
si

de
ra

tio
n 

of
 m

ic
ro

bi
al

ly
in

flu
en

ce
d 

co
rr

os
io

n 
of

 th
e 

w
as

te
 p

ac
ka

ge
s 

st
ill 

re
su

lts
 in

 s
uf

fic
ie

nt
ly

 lo
w

 d
eg

ra
da

tio
n 

ra
te

s 
of

 th
e 

w
as

te
 p

ac
ka

ge
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
05

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
Se

ep
ag

e 
W

at
er

 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

C
om

m
itt

ed
 M

at
er

ia
ls

 
W

as
te

 P
ac

ka
ge

 C
or

ro
si

on
Al

lo
w

an
ce

 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

6.
0A

In
te

rn
al

 c
or

ro
si

on
 o

f 
w

as
te

 p
ac

ka
ge

s
pr

io
r t

o 
br

ea
ch

Ex
cl

ud
ed

 

D
ue

 to
 th

e 
lo

w
 h

um
id

ity
 in

te
rn

al
 to

 th
e 

w
as

te
 

pa
ck

ag
e,

 it
 is

 n
ot

 e
xp

ec
te

d 
th

at
 in

te
rn

al
 c

or
ro

si
on

 w
ill

oc
cu

r p
rio

r t
o 

br
ea

ch
in

g 
of

 th
e 

w
as

te
 p

ac
ka

ge
 b

y
ot

he
r d

eg
ra

da
tio

n 
m

od
es

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
06

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

ANL-WIS-MD-000024 REV 01 A-82 February 2008 



 

    

 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

7.
0A

M
ec

ha
ni

ca
l I

m
pa

ct
on

 W
as

te
 P

ac
ka

ge
 

Ex
cl

ud
ed

 

M
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
of

 th
e 

w
as

te
 p

ac
ka

ge
 c

an
 

le
ad

 to
 in

cr
ea

se
d 

st
re

ss
es

 a
nd

 in
cr

ea
se

d 
lik

el
ih

oo
d 

of
 

st
re

ss
 c

or
ro

si
on

 c
ra

ck
in

g.
  S

uc
h 

m
ec

ha
ni

ca
l

de
gr

ad
at

io
n 

du
e 

to
 v

ib
ra

to
ry

 g
ro

un
d 

m
ot

io
n 

is
 

in
cl

ud
ed

 in
 th

e 
TS

P
A

 M
od

el
.  

In
 th

e 
ab

se
nc

e 
of

 
vi

br
at

or
y 

gr
ou

nd
 m

ot
io

ns
, m

ec
ha

ni
ca

l i
m

pa
ct

s 
ar

e 
in

si
gn

ifi
ca

nt
 to

 w
as

te
 p

ac
ka

ge
 d

eg
ra

da
tio

n.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
07

.0
A 

 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 In

te
rn

al
P

re
ss

ur
iz

at
io

n 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

D
am

ag
e 

M
ar

rin
g 

P
rio

r t
o

C
lo

su
re

 
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

M
ar

rin
g 

P
rio

r t
o

Em
pl

ac
em

en
t

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

M
at

er
ia

ls
 C

on
ta

ct
in

g 
th

e 
W

as
te

 P
ac

ka
ge

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
H

an
dl

in
g 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

ANL-WIS-MD-000024 REV 01 A-83 February 2008 



 

    

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.0

8.
0A

E
ar

ly
 F

ai
lu

re
 o

f
W

as
te

 P
ac

ka
ge

s
In

cl
ud

ed
 

Th
e 

po
te

nt
ia

l f
or

 a
nd

 re
su

lta
nt

 c
on

se
qu

en
ce

s 
of

 e
ar

ly
fa

ilu
re

 o
f t

he
 w

as
te

 p
ac

ka
ge

 b
y 

m
an

uf
ac

tu
rin

g 
de

fe
ct

s 
or

 w
el

d 
fla

w
s 

ex
is

ts
, a

nd
 h

as
 b

ee
n 

co
ns

id
er

ed
 in

 th
e 

TS
P

A
 N

om
in

al
 S

ce
na

rio
 C

la
ss

 (S
N

L 
[D

IR
S

 1
81

95
3]

, 
S

ec
tio

n 
6.

2)
. 

B
ec

au
se

 o
f t

he
 v

er
y 

lim
ite

d 
nu

m
be

r o
f 

w
as

te
 p

ac
ka

ge
s 

ex
pe

ct
ed

 to
 b

e 
da

m
ag

ed
 b

y 
th

e 
ea

rly
fa

ilu
re

 m
ec

ha
ni

sm
s,

 th
e 

im
pa

ct
 is

 n
ot

 s
ub

st
an

tia
l. 

It 
is

IT
BC

 b
ec

au
se

 th
e 

de
si

gn
 a

nd
 h

an
dl

in
g 

m
us

t r
em

ai
n 

as
 a

na
ly

ze
d 

fo
r t

he
 n

um
be

r o
f e

ar
ly

 fa
ilu

re
s 

to
 s

ta
y

in
si

gn
ifi

ca
nt

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

08
.0

A 
 

Y
es

 
N

on
-IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 A

nn
ea

lin
g 

W
as

te
 P

ac
ka

ge
 C

lo
su

re
 

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

D
am

ag
e 

P
rio

r t
o 

C
lo

su
re

 
W

as
te

 P
ac

ka
ge

 S
ur

fa
ce

Fi
ni

sh
W

as
te

 P
ac

ka
ge

 F
ab

ric
at

io
n 

W
el

d 
In

sp
ec

tio
ns

W
as

te
 P

ac
ka

ge
 W

el
di

ng
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 F

ab
ric

at
io

n 
W

el
di

ng
 F

la
w

s
N

on
-IT

B
C

 
E

m
pl

ac
em

en
t D

rif
t G

ro
un

d 
S

up
po

rt 
W

as
te

 P
ac

ka
ge

 
2.

1.
03

.1
0.

0A
A

dv
ec

tio
n 

of
 L

iq
ui

ds
 

an
d 

So
lid

s 
th

ro
ug

h 
C

ra
ck

s 
in

 th
e 

W
as

te
 

P
ac

ka
ge

Ex
cl

ud
ed

 

C
ra

ck
s 

in
 th

e 
w

as
te

 p
ac

ka
ge

, w
hi

ch
 m

ay
 re

su
lt 

fro
m

 
m

ec
ha

ni
ca

l d
eg

ra
da

tio
n 

as
so

ci
at

ed
 w

ith
 s

ei
sm

ic
 

ac
tiv

ity
, a

re
 o

f i
ns

uf
fic

ie
nt

 s
iz

e 
to

 a
llo

w
 s

ig
ni

fic
an

t 
ad

ve
ct

iv
e 

flu
x 

of
 w

at
er

, a
nd

 th
er

ef
or

e 
th

is
 p

ro
ce

ss
 is

 
ex

cl
ud

ed
 fr

om
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t. 

 
H

ow
ev

er
, c

ra
ck

s 
ca

n 
al

lo
w

 m
oi

st
ur

e 
to

 e
nt

er
 th

e 
w

as
te

 p
ac

ka
ge

 v
ia

 d
iff

us
io

n 
in

 s
uf

fic
ie

nt
 a

m
ou

nt
s 

to
 

in
iti

at
e 

de
gr

ad
at

io
n 

an
d 

al
te

ra
tio

n 
of

 th
e 

m
at

er
ia

ls
 a

nd
 

w
as

te
 fo

rm
s 

in
si

de
 th

e 
w

as
te

 p
ac

ka
ge

.  
In

 a
dd

iti
on

, 
di

ffu
si

ve
 tr

an
sp

or
t t

hr
ou

gh
 th

es
e 

cr
ac

ks
 is

 th
e 

do
m

in
an

t t
ra

ns
po

rt 
pr

oc
es

s 
fo

r r
ad

io
nu

cl
id

es
 re

le
as

ed
 

fro
m

 th
e 

w
as

te
.  

Th
e 

la
ck

 o
f s

ig
ni

fic
an

t a
dv

ec
tio

n 
th

ro
ug

h 
cr

ac
ks

 in
 th

e 
w

as
te

 p
ac

ka
ge

 is
 a

n 
im

po
rta

nt
 

be
ne

fic
ia

l c
ha

ra
ct

er
is

tic
 o

f t
he

 w
as

te
 p

ac
ka

ge
 fe

at
ur

e.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
3.

10
.0

A 
 

Y
es

 
IT

B
C

:
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
W

as
te

 P
ac

ka
ge

 C
or

ro
si

on
Al

lo
w

an
ce

 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
E

ar
ly

 F
ai

lu
re

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 

ANL-WIS-MD-000024 REV 01 A-84 February 2008 



 

    

 

 

 

 
 

 

 

 

 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

03
.1

1.
0A

P
hy

si
ca

l F
or

m
 o

f 
W

as
te

 P
ac

ka
ge

 a
nd

 
D

rip
 S

hi
el

d 
 

In
cl

ud
ed

 

Th
e 

ph
ys

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
w

as
te

 p
ac

ka
ge

, 
co

ns
is

te
nt

 w
ith

 th
e 

de
si

gn
 o

f t
hi

s 
fe

at
ur

e,
 h

av
e 

be
en

 
in

cl
ud

ed
 in

 th
e 

an
al

ys
es

 a
nd

 m
od

el
s 

 o
f w

as
te

 
pa

ck
ag

e 
de

gr
ad

at
io

n.
  T

he
se

 c
ha

ra
ct

er
is

tic
s 

ar
e 

si
gn

ifi
ca

nt
 c

on
tri

bu
to

rs
 to

 th
e 

ca
pa

bi
lit

y 
of

 th
e 

w
as

te
 

pa
ck

ag
e 

to
 li

m
it 

th
e 

de
gr

ad
at

io
n 

of
 th

e 
w

as
te

 p
ac

ka
ge

 
an

d 
lim

it 
th

e 
re

le
as

e 
of

 ra
di

on
uc

lid
es

 in
to

 th
e 

E
B

S
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
11

.0
A 

 

Y
es

 
N

on
-IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 D
im

en
si

on
s

an
d 

C
om

po
ne

nt
 M

as
se

s 
W

as
te

 P
ac

ka
ge

 Q
ua

nt
iti

es
 

W
as

te
 P

ac
ka

ge
 

2.
1.

06
.0

7.
0B

M
ec

ha
ni

ca
l E

ffe
ct

s
at

 E
B

S
 C

om
po

ne
nt

In
te

rfa
ce

s
Ex

cl
ud

ed
 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r t
he

 re
po

si
to

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 w

as
te

 
pa

ck
ag

es
 a

nd
 d

rip
 s

hi
el

ds
 a

re
 p

la
ce

d 
in

 a
cc

or
da

nc
e 

w
ith

 th
e 

re
po

si
to

ry
 d

es
ig

n.
 

P
hy

si
ca

l e
ffe

ct
s 

of
 s

te
ad

y-
st

at
e 

co
nt

ac
t (

st
at

ic
 

lo
ad

in
g)

 th
at

 o
cc

ur
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
m

at
er

ia
ls

 in
 th

e 
dr

ift
 m

ay
 a

ffe
ct

 th
e 

pe
rfo

rm
an

ce
 o

f 
th

e 
sy

st
em

.  
Th

e 
m

ec
ha

ni
ca

l e
ffe

ct
s 

of
 s

ta
tic

 lo
ad

in
g 

th
at

 o
cc

ur
 a

t i
nt

er
fa

ce
s 

be
tw

ee
n 

m
at

er
ia

ls
 in

 th
e 

em
pl

ac
em

en
t d

rif
t a

re
 n

ot
 s

ig
ni

fic
an

t t
o 

th
e

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 o

f t
he

 re
po

si
to

ry
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
07

.0
B 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 –

 
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

A
s-

E
m

pl
ac

ed
 W

as
te

 
C

on
fig

ur
at

io
n.

/ W
as

te
 

P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l S

pe
ci

fic
at

io
ns

 

ANL-WIS-MD-000024 REV 01 A-85 February 2008 



 

    

 

 
  

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

07
.0

1.
0A

R
oc

kf
al

l
Ex

cl
ud

ed
 

R
oc

kf
al

l r
es

ul
tin

g 
fro

m
 g

ra
vi

ta
tio

na
l s

tre
ss

es
, 

ex
ca

va
tio

n-
in

du
ce

d 
st

re
ss

es
, a

nd
 th

er
m

al
ly

-in
du

ce
d 

st
re

ss
es

 h
av

e 
be

en
 e

va
lu

at
ed

.  
Th

e 
lit

ho
ph

ys
al

 ro
ck

 
un

its
 g

en
er

al
ly

 re
su

lt 
in

 s
m

al
l b

lo
ck

s,
 w

hi
le

 la
rg

er
 ro

ck
 

bl
oc

ks
 a

re
 p

os
si

bl
e 

in
 th

e 
no

nl
ith

op
hy

sa
l r

oc
k 

un
its

.  
In

 e
ith

er
 c

as
e,

 th
e 

ef
fe

ct
s 

of
 ro

ck
fa

ll 
on

 d
rip

 s
hi

el
ds

, 
ha

ve
 b

ee
n 

co
ns

id
er

ed
 a

nd
 d

et
er

m
in

ed
 to

 b
e 

in
si

gn
ifi

ca
nt

 d
ue

 to
 th

e 
lim

ite
d 

ex
te

nt
 o

f t
he

 ro
ck

fa
ll,

 
th

e 
lim

ite
d 

st
re

ss
-in

du
ce

d 
cr

ac
ki

ng
 o

f t
he

 d
rip

 s
hi

el
d,

 
th

e 
pr

ec
lu

si
on

 o
f f

lu
x 

th
ro

ug
h 

th
e 

cr
ac

ke
d 

dr
ip

 s
hi

el
d,

 
an

d 
th

e 
lim

ite
d 

de
fo

rm
at

io
n 

of
 th

e 
dr

ip
 s

hi
el

d 
su

ch
 

th
at

 it
 d

oe
s 

no
t c

on
ta

ct
 th

e 
w

as
te

 p
ac

ka
ge

 d
ue

 to
 

ro
ck

fa
ll.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n-

W
as

te
 P

ac
ka

ge
 D

im
en

si
on

s
an

d 
C

om
po

ne
nt

 M
as

se
s 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
V

er
ifi

ca
tio

n 
of

 D
es

ig
n 

R
oc

k
P

ro
pe

rti
es

 
E

B
S

 D
rip

 S
hi

el
d 

/
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
M

at
er

ia
ls

 In
te

ra
ct

io
ns

W
as

te
 P

ac
ka

ge
 S

ur
fa

ce
D

am
ag

e 
P

rio
r t

o 
C

lo
su

re
 

D
es

ig
n 

of
 G

ro
un

d 
S

up
po

rt
S

ys
te

m
 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

Em
pl

ac
em

en
t 

D
rif

t G
ro

un
d 

S
up

po
rt 

ANL-WIS-MD-000024 REV 01 A-86 February 2008 



 

    

 

 
 

 
 

 

 

 

  

 
 

 

 

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

07
.0

4.
0A

H
yd

ro
st

at
ic

 P
re

ss
ur

e 
on

 W
as

te
 P

ac
ka

ge
 

Ex
cl

ud
ed

 

Be
ca

us
e 

th
e 

em
pl

ac
em

en
t d

rif
ts

 a
re

 lo
ca

te
d 

m
or

e 
th

an
 1

20
 m

 a
bo

ve
 th

e 
w

at
er

 ta
bl

e,
 h

yd
ro

st
at

ic
 

pr
es

su
re

s 
ar

e 
ve

ry
 u

nl
ik

el
y 

in
 th

e 
dr

ift
s.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
7.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f
U

ns
at

ur
at

ed
 Z

on
e 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

– 
S

ta
nd

of
f f

ro
m

 th
e 

W
at

er
Ta

bl
e 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

Fl
oo

d 
P

ro
te

ct
io

n 
W

as
te

 P
ac

ka
ge

 
2.

1.
07

.0
5.

0A
C

re
ep

 o
f M

et
al

lic
 

M
at

er
ia

ls
 in

 th
e

W
as

te
 P

ac
ka

ge
Ex

cl
ud

ed
 

C
re

ep
 o

f A
llo

y 
22

 is
 n

ot
 e

xp
ec

te
d 

in
 th

e 
ra

ng
e 

of
 li

ke
ly

 
th

er
m

al
 c

on
di

tio
ns

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

7.
05

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 W

el
di

ng
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
 

2.
1.

08
.1

5.
0A

C
on

so
lid

at
io

n 
of

 
E

B
S

 C
om

po
ne

nt
s

Ex
cl

ud
ed

 

Th
e 

ch
em

ic
al

 a
nd

 m
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
ra

te
s 

of
 

th
e 

pr
in

ci
pa

l l
oa

d-
be

ar
in

g 
fe

at
ur

es
 o

f t
he

 E
B

S
 

(n
ot

ab
ly

 th
e 

dr
ip

 s
hi

el
d,

 w
as

te
 p

ac
ka

ge
, w

as
te

 
pa

ck
ag

e 
in

te
rn

al
s,

 w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t 

pa
lle

t, 
an

d 
in

ve
rt)

 a
re

 s
uf

fic
ie

nt
ly

 s
lo

w
 th

at
 th

e 
m

ec
ha

ni
ca

l i
nt

eg
rit

y 
of

 th
e 

E
B

S
 c

om
po

ne
nt

s 
do

es
 n

ot
 

le
ad

 to
 c

on
so

lid
at

io
n,

 e
ve

n 
gi

ve
n 

un
lik

el
y 

se
is

m
ic

 
ev

en
ts

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

15
.0

A 
 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
 a

nd
 

E
m

pl
ac

em
en

t P
al

le
t S

ta
tic

 
S

tre
ss

es
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
D

rip
 S

hi
el

d 
D

es
ig

n 
an

d 
In

st
al

la
tio

n
D

rip
 S

hi
el

d 
M

at
er

ia
ls

 a
nd

 
Th

ic
kn

es
se

s 

ANL-WIS-MD-000024 REV 01 A-87 February 2008 



 

    

 
 

 
 

 

 

 

    
 

 
 

 

 
 

 

 

 

 

   
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
(C

on
tin

ue
d)

 
2.

1.
08

.1
5.

0A
C

on
so

lid
at

io
n 

of
 

E
B

S
 C

om
po

ne
nt

s
Ex

cl
ud

ed
(C

on
tin

ue
d)

 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
 D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
 

2.
1.

09
.0

3.
0B

V
ol

um
e 

In
cr

ea
se

 o
f 

C
or

ro
si

on
 P

ro
du

ct
s

Im
pa

ct
s 

w
as

te
 

P
ac

ka
ge

Ex
cl

ud
ed

 

Vo
lu

m
e 

in
cr

ea
se

s 
as

so
ci

at
ed

 w
ith

 d
eg

ra
da

tio
n 

of
 

Al
lo

y 
22

 a
re

 n
ot

 e
xp

ec
te

d 
to

 h
av

e 
an

y 
de

le
te

rio
us

 
ef

fe
ct

 o
n 

th
e 

w
as

te
 p

ac
ka

ge
 b

ec
au

se
 th

es
e 

vo
lu

m
es

 
ar

e 
sm

al
l a

nd
 th

er
e 

is
 li

m
ite

d 
po

ss
ib

ili
ty

 o
f s

uc
h 

co
rro

si
on

 p
ro

du
ct

s 
fo

rm
in

g 
be

tw
ee

n 
th

e 
A

llo
y 

22
 a

nd
 

st
ai

nl
es

s 
st

ee
l s

he
lls

 o
f t

he
 w

as
te

 p
ac

ka
ge

s.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

03
.0

B 
 

N
o 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 R

ad
ia

l G
ap

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 

2.
1.

09
.2

8.
0A

Lo
ca

liz
ed

 C
or

ro
si

on
 

on
 W

as
te

 P
ac

ka
ge

 
O

ut
er

 S
ur

fa
ce

 d
ue

 to
D

el
iq

ue
sc

en
ce

Ex
cl

ud
ed

 

Th
e 

po
te

nt
ia

l f
or

 s
al

ts
 to

 d
el

iq
ue

sc
e 

on
 th

e 
w

as
te

 
pa

ck
ag

e 
ou

te
r s

ur
fa

ce
 h

as
 b

ee
n 

ev
al

ua
te

d.
  A

lth
ou

gh
th

e 
po

te
nt

ia
l f

or
 s

al
ts

 to
 d

el
iq

ue
sc

e 
ex

is
ts

, t
he

 e
ffe

ct
s 

of
 s

uc
h 

de
liq

ue
sc

en
ce

 h
av

e 
be

en
 d

et
er

m
in

ed
 to

 b
e 

in
si

gn
ifi

ca
nt

 to
 p

er
fo

rm
an

ce
, l

oc
al

iz
ed

 c
or

ro
si

on
 

pr
oc

es
se

s 
ar

e 
no

t e
xp

ec
te

d 
to

 b
e 

in
iti

at
ed

.  
E

ve
n 

if
lo

ca
liz

ed
 c

or
ro

si
on

 w
as

 in
iti

at
ed

, d
ue

 to
 th

e 
lim

ite
d 

vo
lu

m
es

, i
t i

s 
lik

el
y 

th
at

 th
e 

pr
oc

es
s 

w
ou

ld
 n

ot
 

pr
op

ag
at

e 
th

ro
ug

h 
th

e 
w

as
te

 p
ac

ka
ge

 o
ut

er
 s

ur
fa

ce
.

Th
e 

la
ck

 o
f s

ig
ni

fic
an

t d
eg

ra
da

tio
n 

by
 th

is
 p

ro
ce

ss
 is

 
an

 im
po

rta
nt

 c
ha

ra
ct

er
is

tic
 c

on
tri

bu
tin

g 
to

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
e 

dr
ip

 s
hi

el
d 

fe
at

ur
e 

of
 th

e 
E

B
S

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

28
.0

A 
 

Y
es

 
IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 
W

as
te

 P
ac

ka
ge

 Q
ua

nt
iti

es
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l S

pe
ci

fic
at

io
ns

 
M

at
er

ia
ls

 C
on

ta
ct

in
g 

th
e 

W
as

te
 P

ac
ka

ge
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 - 

C
op

pe
r 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
R

ep
os

ito
ry

 G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 
W

as
te

 P
ac

ka
ge

 
2.

1.
11

.0
3.

0A
Ex

ot
he

rm
ic

 
R

ea
ct

io
ns

 in
 th

e 
E

B
S

Ex
cl

ud
ed

 

E
xo

th
er

m
ic

 re
ac

tio
ns

 th
at

 c
ou

ld
 li

be
ra

te
 h

ea
t i

n 
th

e 
w

as
te

 a
nd

 E
B

S
, a

re
 in

si
gn

ifi
ca

nt
 in

 c
om

pa
ris

on
 to

 th
e 

he
at

 g
en

er
at

ed
 b

y 
ra

di
oa

ct
iv

e 
de

ca
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
03

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
C

om
m

itt
ed

 M
at

er
ia

ls
 

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-88 February 2008 



 

    

 

 

 

 

 

  

 

 
 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

11
.0

6.
0A

Th
er

m
al

 
S

en
si

tiz
at

io
n 

of
 

W
as

te
 P

ac
ka

ge
s

Ex
cl

ud
ed

 

Th
er

m
al

 s
en

si
tiz

at
io

n 
of

 A
llo

y 
22

 is
 n

ot
 e

xp
ec

te
d 

in
 

th
e 

ra
ng

e 
of

 li
ke

ly
 th

er
m

al
 c

on
di

tio
ns

 in
 th

e 
em

pl
ac

em
en

t. 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
06

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 A

nn
ea

lin
g 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-D

rip
 S

hi
el

d
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 

2.
1.

11
.0

7.
0A

Th
er

m
al

 E
xp

an
si

on
/ 

S
tre

ss
 o

f I
n-

dr
ift

 E
B

S
C

om
po

ne
nt

s
Ex

cl
ud

ed
 

A
lth

ou
gh

 th
er

m
al

 e
xp

an
si

on
 o

f E
B

S
 fe

at
ur

es
 o

cc
ur

s,
 

no
 s

ig
ni

fic
an

t s
tre

ss
 d

iff
er

en
tia

ls
 e

xi
st

 b
et

w
ee

n 
th

e 
di

ffe
re

nt
 fe

at
ur

es
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 D
ec

ay
 H

ea
t 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
In

ve
rt 

an
d 

E
B

S
 C

om
po

ne
nt

s 
in

 S
itu

 S
tre

ss
 a

nd
 T

he
rm

al
 

R
es

po
ns

e 
W

as
te

 P
ac

ka
ge

 L
on

gi
tu

di
na

l 
G

ap
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
 

ANL-WIS-MD-000024 REV 01 A-89 February 2008 



 

    

 

 

 

  
 

 
 

 

 
 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

12
.0

3.
0A

G
as

 G
en

er
at

io
n 

(H
2)

fro
m

 W
as

te
 P

ac
ka

ge
C

or
ro

si
on

Ex
cl

ud
ed

 

G
as

 g
en

er
at

io
n 

ca
n 

af
fe

ct
 th

e 
m

ec
ha

ni
ca

l b
eh

av
io

r o
f 

th
e 

ho
st

 ro
ck

 a
nd

 e
ng

in
ee

re
d 

ba
rri

er
s,

 c
he

m
ic

al
 

co
nd

iti
on

s,
 a

nd
 fl

ui
d 

flo
w

, a
nd

, a
s 

a 
re

su
lt,

 th
e 

tra
ns

po
rt 

of
 ra

di
on

uc
lid

es
.  

G
as

 g
en

er
at

io
n 

du
e 

to
 

ox
ic

 W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

s,
 c

la
dd

in
g,

 a
nd

/o
r 

st
ru

ct
ur

al
 m

at
er

ia
ls

 w
ill

 o
cc

ur
 a

t e
ar

ly
 ti

m
es

 fo
llo

w
in

g 
cl

os
ur

e 
of

 th
e 

re
po

si
to

ry
.  

A
no

xi
c 

co
rr

os
io

n 
m

ay
 fo

llo
w

th
e 

ox
ic

 p
ha

se
 if

 a
ll 

ox
yg

en
 is

 d
ep

le
te

d.
  T

he
 

fo
rm

at
io

n 
of

 a
 g

as
 p

ha
se

 a
ro

un
d 

th
e 

w
as

te
 p

ac
ka

ge
 

m
ay

 e
xc

lu
de

 o
xy

ge
n 

fro
m

 th
e 

iro
n,

 th
us

 in
hi

bi
tin

g 
fu

rth
er

 c
or

ro
si

on
.  

Th
e 

qu
an

tit
y 

of
 h

yd
ro

ge
n 

ge
ne

ra
te

d 
in

 th
e 

w
as

te
 p

ac
ka

ge
 is

 c
al

cu
la

te
d 

to
 n

ot
 

ha
ve

 a
 s

ig
ni

fic
an

t i
m

pa
ct

 o
n 

in
-p

ac
ka

ge
 c

he
m

is
try

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

03
.0

A 
 

N
o 

N
on

-IT
B

C
:

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 

W
as

te
 P

ac
ka

ge
 

2.
1.

13
.0

1.
0A

R
ad

io
ly

si
s 

Ex
cl

ud
ed

 

R
ad

io
ly

si
s 

w
ill

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
ch

em
is

try
 o

f 
se

ep
ag

e 
w

at
er

 th
at

 m
ay

 c
om

e 
in

to
 c

on
ta

ct
 w

ith
 th

e 
E

B
S

 c
om

po
ne

nt
s.

 R
ad

io
ly

si
s 

w
ill

 n
ot

 a
ffe

ct
 th

e 
in

-
pa

ck
ag

e 
ch

em
is

try
 in

 a
 m

an
ne

r t
ha

t w
ou

ld
 im

pa
ct

 th
e 

TS
PA

.  
W

hi
le

 ra
di

ol
ys

is
 m

ay
 re

su
lt 

in
 s

om
e 

ad
di

tio
na

l 
ga

s 
ge

ne
ra

tio
n,

 th
e 

im
pa

ct
s 

of
 g

as
 g

en
er

at
io

n 
on

 
re

po
si

to
ry

 p
re

ss
ur

iz
at

io
n 

ha
ve

 b
ee

n 
ex

cl
ud

ed
.  

Th
us

, 
ra

di
ol

ys
is

 c
an

 b
e 

ex
cl

ud
ed

 fr
om

 th
is

 p
er

sp
ec

tiv
e 

as
 

w
el

l. 
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

3.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
Se

ep
ag

e 
W

at
er

 
P

ro
pe

rti
es

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t 

ANL-WIS-MD-000024 REV 01 A-90 February 2008 



 

    

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
 

2.
1.

13
.0

2.
0A

R
ad

ia
tio

n 
D

am
ag

e 
in

E
B

S
Ex

cl
ud

ed
 

B
ec

au
se

 th
e 

es
tim

at
ed

 n
eu

tro
n 

flu
en

ce
 is

 s
ig

ni
fic

an
tly

be
lo

w
 th

e 
w

as
te

 p
ac

ka
ge

 m
et

al
s’

 d
am

ag
e 

th
re

sh
ol

ds
, 

th
e 

m
ec

ha
ni

ca
l p

ro
pe

rti
es

 o
f t

he
 E

B
S

 fe
at

ur
es

 w
ill

 n
ot

 
be

 a
lte

re
d 

by
 ra

di
at

io
n 

da
m

ag
e.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
3.

02
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
W

as
te

 P
ac

ka
ge

 W
or

st
-C

as
e

D
os

e 
R

at
e

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t 

C
la

dd
in

g 
1.

2.
02

.0
3.

0A
 

Fa
ul

t D
is

pl
ac

em
en

t
D

am
ag

es
 E

B
S

C
om

po
ne

nt
s

In
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
 F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
s 

ch
ar

ac
te

ris
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r r
ep

os
ito

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 w

as
te

 
pa

ck
ag

es
 a

re
 n

ot
 e

m
pl

ac
ed

 o
n 

kn
ow

n 
fa

ul
ts

. 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t 

C
on

fig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-91 February 2008 



 

    

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
(C

on
tin

ue
d)

 
1.

2.
02

.0
3.

0A
Fa

ul
t D

is
pl

ac
em

en
t

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
(C

on
tin

ue
d)

 

N
av

al
 S

N
F 

ca
ni

st
er

s 
ha

ve
 a

dd
iti

on
al

 re
qu

ire
m

en
ts

 
re

la
te

d 
to

 e
m

pl
ac

em
en

t a
w

ay
 fr

om
 fa

ul
ts

.  
Fo

r n
av

al
 

S
N

F 
pa

ck
ag

es
, t

he
se

 e
m

pl
ac

em
en

t r
eq

ui
re

m
en

ts
 a

re
 

im
po

rta
nt

 to
 w

as
te

 is
ol

at
io

n.
  T

he
re

 is
 a

 s
pe

ci
fic

 
cr

ite
rio

n 
fo

r n
av

al
 w

as
te

 p
ac

ka
ge

s 
th

at
 re

qu
ire

s 
an

 
8.

2-
ft 

(2
.5

-m
) m

in
im

um
 e

m
pl

ac
em

en
t s

ta
nd

of
f 

di
st

an
ce

 fr
om

 m
ap

pe
d 

fa
ul

ts
 w

ith
 v

er
tic

al
 

di
sp

la
ce

m
en

ts
 g

re
at

er
 th

an
 6

.5
 ft

 (2
 m

) (
B

S
C

 2
00

7 
[D

IR
S

 1
82

13
1]

, S
ec

tio
n 

8.
2.

3.
1.

1)
.  

B
as

ed
 o

n 
th

is
ev

al
ua

tio
n,

 th
is

 is
 IT

B
C

 (a
nd

 a
ls

o 
IT

W
I) 

sp
ec

ifi
ca

lly
 fo

r 
na

va
l w

as
te

 p
ac

ka
ge

s.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

2.
03

.0
A 

C
la

dd
in

g 
1.

2.
03

.0
2.

0A
 

S
ei

sm
ic

 G
ro

un
d

M
ot

io
n 

D
am

ag
es

E
B

S
 C

om
po

ne
nt

s
In

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
 F

E
P

 
2.

1.
02

.2
5.

0B
: 

N
av

al
 S

N
F 

st
ru

ct
ur

e 
(in

cl
ud

in
g 

cl
ad

di
ng

) d
ea

ls
 w

ith
 N

av
y 

cl
ad

di
ng

 s
ep

ar
at

el
y.

 
S

ei
sm

ic
 e

ffe
ct

s 
ar

e 
in

cl
ud

ed
 in

 th
e 

S
ei

sm
ic

 G
ro

un
d 

M
ot

io
n 

M
od

el
in

g 
C

as
e 

of
 th

e 
S

ei
sm

ic
 S

ce
na

rio
 C

la
ss

.  
E

xc
ep

t f
or

 N
av

al
 S

N
F,

 n
o 

cr
ed

it 
is

 ta
ke

n 
fo

r c
la

dd
in

g 
in

te
gr

ity
 in

 th
e 

TS
P

A
.  

H
ow

ev
er

, c
la

dd
in

g 
pr

ov
id

es
 

ba
rri

er
 c

ap
ab

ili
ty

 a
nd

 th
us

 h
as

 c
or

e 
an

d 
co

nt
ro

l 
pa

ra
m

et
er

s 
ch

ar
ac

te
ris

tic
s 

th
at

 li
m

it 
its

 d
eg

ra
da

tio
n 

at
 

hi
gh

 te
m

pe
ra

tu
re

s 
or

 fr
om

 m
ec

ha
ni

ca
l l

oa
ds

.  
Th

e 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
id

en
tif

ie
d 

ar
e 

no
t c

on
si

de
re

d 
to

 b
e 

IT
B

C
 b

ec
au

se
 th

is
 

ba
rri

er
 fe

at
ur

e/
co

m
po

ne
nt

 is
 n

ot
 a

cc
ou

nt
ed

 fo
r i

n 
th

e 
te

ch
ni

ca
l b

as
is

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

A 
 

Y
es

 
IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

 
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t 

IT
B

C
:

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

E
B

S
 M

at
er

ia
l I

nt
er

ac
tio

ns
 

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 

ANL-WIS-MD-000024 REV 01 A-92 February 2008 



 

    

 

 

 

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
1.

0A
 

D
eg

ra
da

tio
n 

of
C

la
dd

in
g 

fro
m

 
W

at
er

lo
gg

ed
 R

od
s 

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

W
at

er
lo

gg
ed

 ro
ds

 a
re

 n
ot

 e
xp

ec
te

d 
in

 a
 w

as
te

 
pa

ck
ag

e,
 a

nd
 g

iv
en

 th
e 

lo
w

 v
ol

um
e 

of
 w

at
er

 in
 a

 
de

gr
ad

ed
 w

as
te

 p
ac

ka
ge

; t
he

 d
eg

ra
da

tio
n 

of
 c

la
dd

in
g 

fro
m

 w
at

er
lo

gg
ed

 ro
ds

 is
 n

ot
 e

xp
ec

te
d 

to
 a

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
w

as
te

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

11
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

H
an

dl
in

g 
of

 W
as

te
 F

or
m

s 
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 
W

as
te

 P
ac

ka
ge

 a
nd

 T
A

D
 

C
an

is
te

r  
E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-93 February 2008 



 

    

 

 

 

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
2.

0A
 

D
eg

ra
da

tio
n 

of
C

la
dd

in
g 

pr
io

r t
o 

D
is

po
sa

l 
In

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
12

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

H
an

dl
in

g 
of

 W
as

te
 F

or
m

s 
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s 

ANL-WIS-MD-000024 REV 01 A-94 February 2008 



 

    

 

 

 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
3.

0A
 

G
en

er
al

 C
or

ro
si

on
 o

f
C

la
dd

in
g 

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

ge
ne

ra
l c

or
ro

si
on

 re
si

st
an

ce
 o

f z
irc

on
iu

m
-c

la
d 

w
as

te
 fo

rm
s 

is
 s

uc
h 

th
at

 in
si

gn
ifi

ca
nt

 c
or

ro
si

on
 o

f t
hi

s 
m

at
er

ia
l i

s 
ex

pe
ct

ed
 to

 o
cc

ur
, e

ve
n 

af
te

r t
he

 w
as

te
 

pa
ck

ag
es

 c
on

ta
in

in
g 

th
es

e 
w

as
te

 fo
rm

s 
ha

ve
 b

ee
n 

br
ea

ch
ed

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

13
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 

ANL-WIS-MD-000024 REV 01 A-95 February 2008 



 

    

 

  

 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
4.

0A
 

M
ic

ro
bi

al
ly

 
In

flu
en

ce
d 

C
or

ro
si

on
 

of
 C

la
dd

in
g

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

ge
ne

ra
l c

or
ro

si
on

 re
si

st
an

ce
 o

f z
irc

on
iu

m
-c

la
d 

w
as

te
 fo

rm
s 

an
d 

th
e 

la
ck

 o
f s

us
ce

pt
ib

ilit
y 

of
 th

is
 

m
at

er
ia

l t
o 

m
ic

ro
bi

al
ly

 in
flu

en
ce

d 
co

rro
si

on
 u

nd
er

 
ex

pe
ct

ed
 e

m
pl

ac
em

en
t d

rif
t e

nv
iro

nm
en

ts
 a

re
 s

uc
h 

th
at

 in
si

gn
ifi

ca
nt

 m
ic

ro
bi

al
ly

 in
flu

en
ce

d 
co

rro
si

on
 o

f 
th

is
 m

at
er

ia
l i

s 
ex

pe
ct

ed
 to

 o
cc

ur
, e

ve
n 

af
te

r t
he

 
w

as
te

 p
ac

ka
ge

 h
as

 b
ee

n 
br

ea
ch

ed
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
14

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 

ANL-WIS-MD-000024 REV 01 A-96 February 2008 



 

    

 

  

 

 

  
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
5.

0A
 

Lo
ca

liz
ed

 (r
ad

io
ly

si
s 

en
ha

nc
ed

) C
or

ro
si

on
 

of
 C

la
dd

in
g

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

lo
ca

liz
ed

 c
or

ro
si

on
 re

si
st

an
ce

 o
f z

irc
on

iu
m

 a
nd

 
th

e 
la

ck
 o

f s
us

ce
pt

ib
ilit

y 
of

 th
is

 m
at

er
ia

l t
o 

ra
di

ol
ys

is
 

ef
fe

ct
s,

 a
re

 s
uc

h,
 th

at
 in

si
gn

ifi
ca

nt
 d

eg
ra

da
tio

n 
of

 
zi

rc
on

iu
m

 is
 e

xp
ec

te
d 

to
 o

cc
ur

, e
ve

n 
af

te
r t

he
 w

as
te

 
pa

ck
ag

e 
ha

s 
be

en
 b

re
ac

he
d.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

15
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

ANL-WIS-MD-000024 REV 01 A-97 February 2008 



 

    

 

 

 

 

  
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
6.

0A
 

Lo
ca

liz
ed

 (p
itt

in
g)

 
C

or
ro

si
on

 o
f 

C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

lo
ca

liz
ed

 c
or

ro
si

on
 re

si
st

an
ce

 o
f z

irc
on

iu
m

 a
nd

 
th

e 
la

ck
 o

f s
us

ce
pt

ib
ilit

y 
of

 th
is

 m
at

er
ia

l t
o 

pi
tti

ng
 

co
rro

si
on

 a
re

 s
uc

h 
th

at
 in

si
gn

ifi
ca

nt
 d

eg
ra

da
tio

n 
of

 
zi

rc
on

iu
m

 is
 e

xp
ec

te
d 

to
 o

cc
ur

, e
ve

n 
af

te
r t

he
 w

as
te

 
pa

ck
ag

e 
ha

s 
be

en
 b

re
ac

he
d.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

16
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

es
ig

n
B

as
is

 B
ou

nd
in

g 
D

os
e 

R
at

e
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

ANL-WIS-MD-000024 REV 01 A-98 February 2008 



 

    

 

 

 

 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
7.

0A
 

Lo
ca

liz
ed

 (c
re

vi
ce

) 
C

or
ro

si
on

 o
f 

C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

lo
ca

liz
ed

 c
or

ro
si

on
 re

si
st

an
ce

 o
f z

irc
on

iu
m

 a
nd

 
th

e 
la

ck
 o

f s
us

ce
pt

ib
ilit

y 
of

 th
is

 m
at

er
ia

l t
o 

cr
ev

ic
e 

co
rro

si
on

 a
re

 s
uc

h 
th

at
 in

si
gn

ifi
ca

nt
 d

eg
ra

da
tio

n 
of

 
zi

rc
on

iu
m

 is
 e

xp
ec

te
d 

to
 o

cc
ur

, e
ve

n 
af

te
r t

he
 w

as
te

 
pa

ck
ag

e 
ha

s 
be

en
 b

re
ac

he
d.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
17

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 

ANL-WIS-MD-000024 REV 01 A-99 February 2008 



 

   

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
8.

0A
 

En
ha

nc
ed

 C
or

ro
si

on
 

of
 C

la
dd

in
g 

fro
m

D
is

so
lv

ed
 S

ili
ca

 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

co
rro

si
on

 re
si

st
an

ce
 o

f z
irc

on
iu

m
, e

ve
n 

in
 th

e 
un

ex
pe

ct
ed

 p
re

se
nc

e 
of

 d
is

so
lv

ed
 s

ilic
a,

 is
 s

uf
fic

ie
nt

 
to

 n
ot

 a
llo

w
 s

ig
ni

fic
an

t d
eg

ra
da

tio
n 

of
 th

e 
cl

ad
di

ng
 

fe
at

ur
e,

 e
ve

n 
af

te
r t

he
 w

as
te

 p
ac

ka
ge

 h
as

 b
ee

n 
br

ea
ch

ed
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
18

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-100 February 2008 



 

   

 

 

 

 

 
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.1
9.

0A
 

C
re

ep
 R

up
tu

re
 o

f 
C

la
dd

in
g 

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

2.
1.

02
.2

5.
0B

: N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

A
lth

ou
gh

 c
la

dd
in

g 
ca

n 
cr

ee
p,

 th
e 

th
er

m
al

 c
on

di
tio

ns
 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 a

nd
 w

as
te

 p
ac

ka
ge

 
in

te
rn

al
s 

ar
e 

su
ch

 th
at

 th
is

 p
ro

ce
ss

 d
oe

s 
no

t l
ea

d 
to

 
si

gn
ifi

ca
nt

 d
eg

ra
da

tio
n 

of
 th

e 
cl

ad
di

ng
 fe

at
ur

e,
 e

ve
n 

af
te

r t
he

 w
as

te
 p

ac
ka

ge
 h

as
 b

ee
n 

br
ea

ch
ed

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

19
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 
Li

m
it

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

A
s-

em
pl

ac
ed

 w
as

te
 

pa
ck

ag
e-

D
rip

 S
hi

el
d 

co
nf

ig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-101 February 2008 



 

   

 

 

 

  

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
0.

0A
 

In
te

rn
al

P
re

ss
ur

iz
at

io
n 

of
 

C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

U
nd

er
 th

e 
lik

el
y 

ra
ng

e 
of

 th
er

m
al

 c
on

di
tio

ns
 in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 a
nd

 w
as

te
 p

ac
ka

ge
 in

te
rn

al
s,

 
th

er
e 

is
 in

su
ffi

ci
en

t i
nt

er
na

l p
re

ss
ur

iz
at

io
n 

to
 

si
gn

ifi
ca

nt
ly

 d
eg

ra
de

 th
e 

zi
rc

on
iu

m
-c

la
d 

fu
el

s.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
20

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 F

or
m

 C
S

N
F 

Fu
el

 R
od

M
ax

im
um

 B
ur

nu
p 

Li
m

it 
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 

ANL-WIS-MD-000024 REV 01 A-102 February 2008 



 

   

 

 

 

  

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
1.

0A
 

S
tre

ss
 C

or
ro

si
on

C
ra

ck
in

g 
of

 C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Al
th

ou
gh

 c
ra

ck
in

g 
of

 c
la

dd
in

g 
is

 c
on

ce
iv

ab
le

, u
nd

er
 

th
e 

ra
ng

e 
of

 th
er

m
al

-m
ec

ha
ni

ca
l c

on
di

tio
ns

 e
xp

ec
te

d 
in

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s,

 s
tre

ss
 c

or
ro

si
on

 
cr

ac
ki

ng
 is

 n
ot

 s
ig

ni
fic

an
t a

nd
 d

oe
s 

no
t a

ffe
ct

 th
e 

ca
pa

bi
lit

y 
of

 th
e 

cl
ad

di
ng

 fe
at

ur
e 

to
 re

du
ce

 
ra

di
on

uc
lid

e 
re

le
as

es
 fr

om
 th

e 
w

as
te

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

21
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
W

as
te

 F
or

m
 C

S
N

F 
Fu

el
 R

od
M

ax
im

um
 B

ur
nu

p 
Li

m
it 

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
A

s-
em

pl
ac

ed
 W

as
te

 
P

ac
ka

ge
-d

rip
 S

hi
el

d
co

nf
ig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-103 February 2008 



 

   

 

 

 

  

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
2.

0A
 

H
yd

rid
e 

C
ra

ck
in

g 
of

 
C

la
dd

in
g 

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

U
nd

er
 th

e 
ex

pe
ct

ed
 ra

ng
e 

of
 th

er
m

al
-m

ec
ha

ni
ca

l 
co

nd
iti

on
s 

in
 th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

s,
 h

yd
rid

e 
cr

ac
ki

ng
 o

f z
irc

on
iu

m
 c

la
dd

in
g 

is
 n

ot
 e

xp
ec

te
d 

to
 

af
fe

ct
 th

e 
ca

pa
bi

lit
y 

of
 th

e 
cl

ad
di

ng
 fe

at
ur

e 
to

 re
du

ce
 

ra
di

on
uc

lid
e 

re
le

as
es

 fr
om

 th
e 

w
as

te
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
22

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 
Li

m
it

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

co
nf

ig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-104 February 2008 



 

   

 

 
 

 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
3.

0A
 

C
la

dd
in

g 
U

nz
ip

pi
ng

In
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

C
la

dd
in

g 
th

at
 c

on
ta

in
s 

a 
br

ea
ch

 is
 a

ss
um

ed
 to

 s
pl

it 
or

 
un

zi
p 

al
on

g 
its

 le
ng

th
 w

he
n 

ex
po

se
d 

to
 re

po
si

to
ry

en
vi

ro
nm

en
ts

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
23

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 

ANL-WIS-MD-000024 REV 01 A-105 February 2008 



 

   

 

 

 

 

 
 

 

 

 

 

 

 
 

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
4.

0A
 

M
ec

ha
ni

ca
l I

m
pa

ct
on

 C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

Th
e 

m
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
of

 c
la

dd
in

g 
is

 v
er

y
un

lik
el

y 
un

de
r n

om
in

al
 re

po
si

to
ry

 c
on

di
tio

ns
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
24

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

Fa
br

ic
at

io
n 

D
rip

 S
hi

el
d 

D
es

ig
n 

an
d 

In
st

al
la

tio
n

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

W
as

te
 P

ac
ka

ge
 D

im
en

si
on

s
an

d 
C

om
po

ne
nt

 M
as

se
s 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

 

C
la

dd
in

g 
2.

1.
02

.2
5.

0A
 

D
SN

F 
C

la
dd

in
g

Ex
cl

ud
ed

 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
25

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-106 February 2008 



 

   

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
5.

0B
 

N
av

al
 S

N
F 

C
la

dd
in

g 
In

cl
ud

ed
 

Th
e 

de
gr

ad
at

io
n 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

na
va

l S
N

F 
st

ru
ct

ur
e 

(in
cl

ud
in

g 
cl

ad
di

ng
) h

av
e 

be
en

 a
ss

es
se

d 
se

pa
ra

te
ly

 fr
om

 th
e 

co
m

m
er

ci
al

 S
N

F 
cl

ad
di

ng
.  

Th
es

e 
re

su
lts

 a
re

 c
on

ta
in

ed
 in

 a
 c

la
ss

ifi
ed

 d
oc

um
en

t a
nd

 
ha

ve
 b

ee
n 

de
te

rm
in

ed
 to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r 
ca

pa
bi

lit
y.

Th
e 

na
va

l w
as

te
 p

ac
ka

ge
 th

er
m

al
 li

m
its

 a
re

 b
as

ed
 o

n
an

 e
va

lu
at

io
n 

of
 im

pa
ct

 to
 n

av
al

 S
N

F 
cl

ad
di

ng
 

pe
rfo

rm
an

ce
 th

at
 c

on
si

de
rs

 h
an

dl
in

g 
of

 th
e 

na
va

l S
N

F 
ca

ni
st

er
s 

in
 th

e 
su

rfa
ce

 fa
ci

lit
ie

s 
an

d 
na

va
l S

N
F 

w
as

te
 

pa
ck

ag
es

 in
 th

e 
su

bs
ur

fa
ce

 fa
ci

lit
y,

 a
lo

ng
 w

ith
 lo

ss
 o

f 
ve

nt
ila

tio
n 

ev
en

ts
. E

m
pl

ac
em

en
t l

im
its

 li
st

ed
 b

el
ow

ar
e 

us
ed

 to
 d

et
er

m
in

e 
th

e 
m

ax
im

um
 te

m
pe

ra
tu

re
s 

im
po

se
d 

on
 th

e 
na

va
l S

N
F 

ca
ni

st
er

 d
ur

in
g 

no
rm

al
 o

r 
of

f n
or

m
al

 o
pe

ra
tio

ns
 fo

llo
w

in
g 

em
pl

ac
em

en
t. 

Th
e 

N
av

al
 N

uc
le

ar
 P

ro
pu

ls
io

n 
Pr

og
ra

m
 h

as
 e

va
lu

at
ed

 th
is

 
re

la
tio

ns
hi

p 
an

d 
de

te
rm

in
ed

 th
at

 th
e 

in
te

gr
at

ed
 

th
er

m
al

 e
ffe

ct
 o

n 
th

e 
cl

ad
 p

ro
pe

rti
es

 o
f t

he
 n

av
al

 S
N

F
is

 n
ot

 a
ffe

ct
ed

 b
y 

lim
its

 im
po

se
d 

an
d 

th
er

ef
or

e 
pr

es
er

ve
s 

th
e 

pr
op

er
tie

s 
or

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
cl

ad
 

as
 u

se
d 

in
 th

e 
pr

ec
lo

su
re

 a
nd

 p
os

tc
lo

su
re

 a
na

ly
se

s.
 

Th
e 

th
er

m
al

 lo
ad

in
g 

lim
its

 fo
r t

he
 n

av
al

 S
N

F 
w

as
te

 
pa

ck
ag

es
 a

re
 lo

w
er

 th
an

 th
e 

th
er

m
al

 li
m

its
 fo

r 
co

m
m

er
ci

al
 S

N
F.

 T
he

se
 li

m
its

 a
re

 (B
S

C
 2

00
7 

[D
IR

S
 

18
21

31
], 

S
ec

tio
n 

8.
2.

1.
5)

:
• M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 p

ow
er

 o
f 1

1.
8 

kW
 

fo
r w

as
te

 p
ac

ka
ge

s 
em

pl
ac

ed
 o

n 
ei

th
er

 s
id

e 
of

 a
 

na
va

l S
N

F 
w

as
te

 p
ac

ka
ge

 
• M

ax
im

um
 e

m
pl

ac
em

en
t t

he
rm

al
 li

ne
 lo

ad
 li

m
it 

of
 

1.
45

 k
W

/m
 fo

r a
ny

 s
ev

en
-w

as
te

-p
ac

ka
ge

 s
eg

m
en

t 
co

nt
ai

ni
ng

 a
 n

av
al

 S
N

F 
w

as
te

 p
ac

ka
ge

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

25
.0

B 
 

Y
es

 
IT

B
C

:
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
[s

pe
ci

fic
al

ly
 th

e 
m

or
e 

st
rin

ge
nt

 N
av

al
 S

N
F 

S
tru

ct
ur

e 
Th

er
m

al
 L

im
it]

 

ANL-WIS-MD-000024 REV 01 A-107 February 2008 



 

   

 

 

 

 

  

 

 

  

 

 

  

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
02

.2
6.

0A
 

D
iff

us
io

n-
 C

on
tro

lle
d 

C
av

ity
 G

ro
w

th
 in

C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
26

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
W

as
te

 P
ac

ka
ge

 D
ec

ay
 H

ea
t

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 T
em

pe
ra

tu
re

 
Li

m
it

A
s-

em
pl

ac
ed

 w
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

co
nf

ig
ur

at
io

n 

C
la

dd
in

g 
2.

1.
02

.2
7.

0A
 

Lo
ca

liz
ed

 (f
lu

or
id

e 
en

ha
nc

ed
) C

or
ro

si
on

 
of

 C
la

dd
in

g
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
s 

ch
ar

ac
te

ris
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
27

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

C
la

dd
in

g 
Te

m
pe

ra
tu

re
 L

im
it 


- V

en
til

at
io

n 

ANL-WIS-MD-000024 REV 01 A-108 February 2008 



 

   

 

 

 

  

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

C
la

dd
in

g 
2.

1.
09

.0
3.

0A
 

V
ol

um
e 

In
cr

ea
se

 o
f 

C
or

ro
si

on
 P

ro
du

ct
s

Im
pa

ct
s 

C
la

dd
in

g 
Ex

cl
ud

ed
 

Th
is

 F
E

P
 d

oe
s 

no
t c

on
si

de
r N

av
al

 c
la

dd
in

g.
  F

E
P

 
2.

1.
02

.2
5.

0B
:  

N
av

al
 S

N
F 

C
la

dd
in

g 
de

al
s 

w
ith

 N
av

y
cl

ad
di

ng
 s

ep
ar

at
el

y.
 

C
la

dd
in

g 
ha

s 
so

m
e 

ba
rr

ie
r c

ap
ab

ilit
y 

an
d 

th
us

 h
as

 
co

re
 a

nd
 c

on
tro

l p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
th

at
 li

m
it 

its
 d

eg
ra

da
tio

n 
at

 h
ig

h 
te

m
pe

ra
tu

re
s 

or
 fr

om
 

m
ec

ha
ni

ca
l l

oa
ds

. 
H

ow
ev

er
, t

he
 b

ar
rie

r c
ap

ab
ilit

y 
of

 
C

S
N

F 
cl

ad
di

ng
 is

 n
ot

 im
po

rta
nt

 b
ec

au
se

 c
la

dd
in

g 
ca

n 
be

 d
am

ag
ed

 b
y 

se
is

m
ic

 a
ct

iv
ity

 th
at

 d
oe

s 
no

t d
am

ag
e 

th
e 

w
as

te
 p

ac
ka

ge
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

, a
nd

 it
 is

 d
es

tro
ye

d 
by

 ig
ne

ou
s 

in
tru

si
on

.  
Th

us
 th

e 
on

ly
 o

pp
or

tu
ni

ty
 fo

r c
la

dd
in

g 
to

 s
up

po
rt 

th
e 

ba
rri

er
 fu

nc
tio

n 
is

 in
 th

e 
ea

rly
 fa

ilu
re

 s
ce

na
rio

. 
In

ad
di

tio
n,

 e
xc

ep
t f

or
 N

av
al

 S
N

F 
st

ru
ct

ur
e,

 n
o 

cr
ed

it 
is

 
ta

ke
n 

fo
r t

hi
s 

ca
pa

bi
lit

y 
in

 th
e 

po
st

cl
os

ur
e 

te
ch

ni
ca

l 
ba

si
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
03

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 

N
on

-IT
B

C
:

H
an

dl
in

g 
of

 B
ar

e 
S

N
F 

ANL-WIS-MD-000024 REV 01 A-109 February 2008 



 

   

 

 

 
 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

1.
2.

02
.0

3.
0A

Fa
ul

t D
is

pl
ac

em
en

t
D

am
ag

es
 E

B
S

C
om

po
ne

nt
s

In
cl

ud
ed

 

Th
e 

su
bs

ur
fa

ce
 la

yo
ut

 m
ai

nt
ai

ns
 a

 6
0 

m
et

er
 s

ta
nd

of
f 

di
st

an
ce

 b
et

w
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

So
lit

ar
io

 
C

an
yo

n 
an

d 
G

ho
st

 D
an

ce
 fa

ul
ts

.  
Th

is
 s

ta
nd

of
f 

en
su

re
s 

th
at

 E
B

S
 c

om
po

ne
nt

s 
ar

e 
no

t d
am

ag
ed

 b
y

di
sp

la
ce

m
en

t o
f t

he
se

 fa
ul

ts
, s

o 
th

es
e 

fa
ul

ts
 d

o 
no

t 
in

flu
en

ce
 th

e 
re

le
as

e 
of

 ra
di

on
uc

lid
es

 fr
om

 th
e 

Y
uc

ca
 

M
ou

nt
ai

n 
re

po
si

to
ry

 to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t. 

W
ith

in
 th

e 
re

po
si

to
ry

 b
lo

ck
, w

as
te

 p
ac

ka
ge

s 
w

ill
 b

e 
em

pl
ac

ed
 o

n 
kn

ow
n 

se
co

nd
ar

y 
fa

ul
ts

 (S
un

da
nc

e 
fa

ul
t, 

D
ril

l H
ol

e 
W

as
h 

fa
ul

t, 
S

ev
er

 W
as

h 
fa

ul
t, 

P
ag

an
y 

W
as

h 
fa

ul
t, 

an
d 

th
e 

w
es

te
rn

 s
pl

ay
 o

f t
he

 G
ho

st
 D

an
ce

 
fa

ul
t) 

an
d 

on
 h

yp
ot

he
tic

al
 fa

ul
ts

 w
ith

 a
 c

um
ul

at
iv

e 
of

fs
et

 o
f 2

 m
et

er
s 

(S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

, S
ec

tio
n 

6.
11

.2
). 

Th
e 

po
te

nt
ia

l d
am

ag
e 

to
 th

e 
w

as
te

 
pa

ck
ag

es
, i

ts
 in

te
rn

al
s,

 a
nd

 th
e 

w
as

te
 fo

rm
s,

 fr
om

 
di

sp
la

ce
m

en
t o

n 
th

es
e 

fa
ul

ts
, i

s 
in

cl
ud

ed
 in

 th
e 

TS
P

A
 

M
od

el
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, S

ec
tio

n 
6.

11
.5

). 
H

ow
ev

er
, i

t i
s 

no
t e

xp
ec

te
d 

th
at

 d
am

ag
e 

to
 th

e 
em

pl
ac

em
en

t p
al

le
t f

ro
m

 fa
ul

t d
is

pl
ac

em
en

t w
ill

 
si

gn
ifi

ca
nt

ly
 a

ffe
ct

 d
os

e 
be

ca
us

e 
w

as
te

 p
ac

ka
ge

 
fa

ilu
re

s 
oc

cu
r f

or
 a

nn
ua

l e
xc

ee
da

nc
e 

fre
qu

en
ci

es
 o

f 
le

ss
 th

an
 2

.5
�1

0 �7
 a

nd
 b

ec
au

se
 th

e 
em

pl
ac

em
en

t 
pa

lle
t i

s 
af

fe
ct

ed
 a

t o
nl

y 
a 

lim
ite

d 
nu

m
be

r o
f l

oc
at

io
ns

 
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

. 
A

dd
iti

on
al

ly
, t

hi
s 

de
gr

ad
at

io
n 

pr
oc

es
s 

is
 m

uc
h 

le
ss

 
si

gn
ifi

ca
nt

 th
an

 th
e 

m
or

e 
lik

el
y 

se
is

m
ic

al
ly

-in
du

ce
d 

gr
ou

nd
 m

ot
io

n 
ef

fe
ct

s 
(S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

.
Th

e 
re

sp
on

se
 o

f t
he

 w
as

te
 fo

rm
 a

nd
 w

as
te

 p
ac

ka
ge

 
in

te
rn

al
s 

to
 fa

ul
t d

is
pl

ac
em

en
t i

s 
no

t I
TB

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

2.
03

.0
A 

 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 H
an

dl
in

g
an

d 
Em

pl
ac

em
en

t 

ANL-WIS-MD-000024 REV 01 A-110 February 2008 



 

   

 

 

 
 

 
 

 

 

 

 

  

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

1.
2.

03
.0

2.
0A

S
ei

sm
ic

 G
ro

un
d

M
ot

io
n 

D
am

ag
es

E
B

S
 C

om
po

ne
nt

s
In

cl
ud

ed
 

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

da
m

ag
e 

th
e 

w
as

te
 fo

rm
s 

an
d 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s 

fro
m

 
w

as
te

 p
ac

ka
ge

-to
-w

as
te

 p
ac

ka
ge

 im
pa

ct
s 

an
d 

fro
m

 
w

as
te

 p
ac

ka
ge

-to
-p

al
le

t i
m

pa
ct

s 
th

at
 m

ay
 o

cc
ur

 
du

rin
g 

a 
se

is
m

ic
 e

ve
nt

.  
Th

es
e 

im
pa

ct
s 

m
ay

 c
au

se
 

ax
ia

l a
nd

 la
te

ra
l a

cc
el

er
at

io
ns

 o
f t

he
 s

pe
nt

 fu
el

 
as

se
m

bl
ie

s 
th

at
 a

re
 la

rg
e 

en
ou

gh
 to

 b
uc

kl
e 

th
e 

w
as

te
 

fo
rm

 a
nd

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s.

  T
he

se
 

im
pa

ct
s 

m
ay

 a
ls

o 
ca

us
e 

pl
as

tic
 d

ef
or

m
at

io
n 

of
 w

as
te

 
pa

ck
ag

e 
O

C
B

. 
P

la
st

ic
 d

ef
or

m
at

io
n 

of
 th

e 
O

C
B

 m
ay

re
su

lt 
in

 re
si

du
al

 s
tre

ss
es

 th
at

 e
xc

ee
d 

a 
te

ns
ile

 
th

re
sh

ol
d 

fo
r i

ni
tia

tio
n 

an
d 

gr
ow

th
 o

f s
tre

ss
 c

or
ro

si
on

 
cr

ac
ks

. 
O

nc
e 

th
e 

O
C

B
 is

 b
re

ac
he

d 
by

 a
 c

ra
ck

 
ne

tw
or

k,
 c

or
ro

si
on

 o
f t

he
 w

as
te

 fo
rm

 a
nd

 w
as

te
 

pa
ck

ag
e 

in
te

rn
al

s 
w

ill
 c

om
pr

om
is

e 
th

ei
r c

ap
ac

ity
 to

 
su

pp
or

t s
tru

ct
ur

al
 lo

ad
s 

an
d 

to
 is

ol
at

e 
th

e 
w

as
te

 fo
rm

 
du

rin
g 

vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n.

  T
he

 re
sp

on
se

 o
f t

he
 

w
as

te
 fo

rm
 a

nd
 w

as
te

 p
ac

ka
ge

 in
te

rn
al

s 
to

 v
ib

ra
to

ry
 

gr
ou

nd
 m

ot
io

n 
is

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

3.
02

.0
A 

Y
es

 
IT

B
C

:
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s

N
on

-IT
B

C
:

P
al

le
t M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 
 

C
om

m
itt

ed
 m

at
er

ia
ls

 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

A
s-

E
m

pl
ac

ed
 W

as
te

-D
rip

 
Sh

ie
ld

 C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

S
ei

sm
ic

 D
es

ig
n 

of
 W

as
te

 
P

ac
ka

ge
E

B
S

 M
at

er
ia

l I
nt

er
ac

tio
ns

 
N

on
-IT

B
C

:
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
C

on
fig

ur
at

io
n

E
m

pl
ac

em
en

t D
rif

t 
In

ve
rt 

Fu
nc

tio
n

In
ve

rt 
M

at
er

ia
ls

V
er

ifi
ca

tio
n 

of
 D

es
ig

n 
R

oc
k

P
ro

pe
rti

es
 

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n 

ANL-WIS-MD-000024 REV 01 A-111 February 2008 



 

   

 

 

 

 

 
 

  
 

 

 
 

 

  

 

 
  

 
 

 

 

  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

01
.0

1.
0A

W
as

te
 In

ve
nt

or
y 

In
cl

ud
ed

 

Th
e 

w
as

te
 in

ve
nt

or
y 

de
fin

es
 th

e 
am

ou
nt

 o
f d

iff
er

en
t 

ra
di

on
uc

lid
es

 p
re

se
nt

 in
 d

iff
er

en
t w

as
te

 fo
rm

s 
(S

N
L 

20
07

 [D
IR

S
 1

80
47

2]
, S

ec
tio

n 
6.

1)
.  

W
hi

le
 in

ve
nt

or
y 

co
nt

ro
ls

 th
e 

in
iti

al
 c

on
di

tio
ns

 in
 w

as
te

 fo
rm

, w
hi

ch
 is

 
im

po
rta

nt
 to

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

e 
in

ve
nt

or
y,

 it
 is

 
w

el
l c

ha
ra

ct
er

iz
ed

 a
nd

 a
ny

 c
ha

ng
e 

to
 in

ve
nt

or
y 

w
ill

 b
e

m
an

ag
ed

 b
y 

th
e 

ch
an

ge
-e

va
lu

at
io

n 
pr

oc
es

s 
Ad

di
tio

na
lly

, i
n 

th
e 

ev
al

ua
tio

n 
of

 b
ar

rie
r c

ap
ab

ilit
y,

 
tra

ns
po

rt 
of

 ra
di

on
uc

lid
es

 fr
om

 th
e 

w
as

te
 in

ve
nt

or
y

ar
e 

ev
al

ua
te

d 
se

pa
ra

te
ly

 in
 tr

an
sp

or
t-r

el
at

ed
 F

E
P

s.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

1.
01

.0
A 

 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 F

or
m

 C
S

N
F 

Fu
el

 R
od

M
ax

im
um

 B
ur

nu
p 

Li
m

it 
W

as
te

 P
ac

ka
ge

 D
es

ig
n

B
as

is
 B

ou
nd

in
g 

D
os

e 
R

at
e

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

01
.0

2.
0A

In
te

ra
ct

io
ns

 B
et

w
ee

n 
C

o-
lo

ca
te

d 
W

as
te

 
Ex

cl
ud

ed
 

A
lth

ou
gh

 d
iff

er
en

t w
as

te
 fo

rm
s 

ha
ve

 d
iff

er
en

t 
in

ve
nt

or
ie

s,
 a

nd
 c

he
m

ic
al

 a
nd

 th
er

m
al

 c
ha

ra
ct

er
is

tic
s 

(e
.g

., 
H

LW
 g

la
ss

 w
as

te
 fo

rm
s 

ve
rs

us
 S

N
F 

w
as

te
 

fo
rm

s)
, t

he
se

 d
iff

er
en

ce
s 

do
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

ca
pa

bi
lit

y 
of

 th
e 

E
B

S
.  

Th
e 

m
od

el
s 

co
ns

id
er

 th
es

e 
di

ffe
re

nc
es

 in
 th

e 
ev

al
ua

tio
n 

of
 th

e 
re

le
as

es
 fr

om
 th

e 
w

as
te

 fo
rm

.  
H

ow
ev

er
, t

he
re

 is
 n

o 
si

gn
ifi

ca
nt

in
te

ra
ct

io
n 

be
tw

ee
n 

th
e 

co
-lo

ca
te

d 
w

as
te

s 
an

d 
ba

rr
ie

r 
ca

pa
bi

lit
y 

is
 n

ot
 s

ub
st

an
tia

lly
 im

pa
ct

ed
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

1.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 C

ap
ac

iti
es

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

ANL-WIS-MD-000024 REV 01 A-112 February 2008 



 

   

 

 

 

 

 

 

  

 
 

 

 

 

 

 

 
 

 

 

  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

01
.0

2.
0B

In
te

ra
ct

io
ns

 B
et

w
ee

n 
C

o-
di

sp
os

ed
 W

as
te

 
In

cl
ud

ed
 

Th
e 

de
si

gn
 a

na
ly

ze
d 

co
ns

id
er

s 
th

at
 D

O
E

 S
N

F 
an

d 
H

LW
 g

la
ss

 w
ill

 b
e 

co
-d

is
po

se
d.

  T
he

 d
iff

er
en

t 
ch

ar
ac

te
ris

tic
s 

of
 th

es
e 

w
as

te
 fo

rm
s 

(in
 p

ar
tic

ul
ar

 th
e 

hy
gr

os
co

pi
c 

na
tu

re
 o

f t
he

 H
LW

 g
la

ss
) h

av
e 

be
en

 
co

ns
id

er
ed

 in
 th

e 
w

as
te

 fo
rm

 a
lte

ra
tio

n 
m

od
el

s 
an

d 
is

 
no

t f
ou

nd
 to

 s
ub

st
an

tia
lly

 im
pa

ct
 b

ar
rie

r c
ap

ab
ili

ty
 o

f 
th

is
 fe

at
ur

e.
 (S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
, S

ec
tio

n 
6.

3.
1.

3.
4)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
1.

02
.0

B 
 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 C

ap
ac

iti
es

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

01
.0

3.
0A

H
et

er
og

en
ei

ty
 o

f 
W

as
te

 In
ve

nt
or

y 
In

cl
ud

ed
 

Th
e 

di
ffe

re
nc

es
 in

 w
as

te
 in

ve
nt

or
y 

of
 th

e 
di

ffe
re

nt
 

w
as

te
 fo

rm
s 

ha
ve

 b
ee

n 
in

cl
ud

ed
 in

 th
e 

ev
al

ua
tio

n 
of

 
ba

rri
er

 c
ap

ab
ili

ty
 (B

S
C

 2
00

4 
[D

IR
S

 1
69

98
8]

, S
ec

tio
n 

6.
9;

 S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

, S
ec

tio
ns

 6
.4

 a
nd

 6
.6

). 
 

A
lth

ou
gh

 th
er

e 
ar

e 
di

ffe
re

nt
 m

as
s 

(o
r a

ct
iv

ity
)

lo
ad

in
gs

 p
er

 w
as

te
 p

ac
ka

ge
, t

he
se

 d
iff

er
en

ce
s 

ar
e 

in
si

gn
ifi

ca
nt

 to
 th

e 
re

le
as

e 
of

 s
ol

ub
ili

ty
-c

on
tro

lle
d 

ra
di

on
uc

lid
es

, w
hi

ch
 d

om
in

at
e 

ba
rri

er
 c

ap
ab

ilit
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

1.
03

.0
A 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

ANL-WIS-MD-000024 REV 01 A-113 February 2008 



 

   

 

 

 

 

 

  

 
 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

01
.0

4.
0A

R
ep

os
ito

ry
-s

ca
le

 
Sp

at
ia

l 
H

et
er

og
en

ei
ty

 o
f 

Em
pl

ac
ed

 W
as

te
 

In
cl

ud
ed

 

Sp
at

ia
l h

et
er

og
en

ei
ty

 e
m

pl
ac

ed
 in

 w
as

te
 h

as
 b

ee
n 

co
ns

id
er

ed
 in

 th
e 

de
ve

lo
pm

en
t o

f t
he

 e
xp

ec
te

d 
th

er
m

al
-h

yd
ro

lo
gi

c 
en

vi
ro

nm
en

t i
n 

th
e 

em
pl

ac
em

en
t 

dr
ift

s,
 a

s 
w

el
l a

s 
th

e 
w

as
te

 fo
rm

 d
eg

ra
da

tio
n 

pr
oc

es
se

s 
an

d 
in

-p
ac

ka
ge

 c
he

m
is

try
.  

Th
e 

pa
ck

ag
e

to
-p

ac
ka

ge
 in

ve
nt

or
y 

va
ria

bi
lit

y 
is

 n
ot

 s
ig

ni
fic

an
t. 

 T
he

 
he

te
ro

ge
ne

ity
 o

f t
he

 in
ve

nt
or

y 
is

 in
cl

ud
ed

 in
 th

ro
ug

h 
th

e 
ch

ar
ac

te
riz

at
io

n 
of

 u
nc

er
ta

in
ty

 in
 p

ar
am

et
er

s 
fo

r 
th

e 
av

er
ag

e 
in

ve
nt

or
y 

w
ith

in
 th

e 
C

SN
F 

an
d 

co
di

sp
os

al
 p

ac
ka

ge
s 

(S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

, 
S

ec
tio

n 
6.

4;
 6

.6
). 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

1.
04

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
C

rit
ic

al
ity

C
ha

ra
ct

er
is

tic
s 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
C

la
dd

in
g 

Te
m

pe
ra

tu
re

 L
im

it 


- V
en

til
at

io
n 

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

1.
0A

D
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 

di
ss

ol
ut

io
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 

In
cl

ud
ed

 

Th
is

 F
EP

 a
dd

re
ss

es
 th

e 
de

gr
ad

at
io

n,
 a

lte
ra

tio
n,

 a
nd

 
di

ss
ol

ut
io

n 
of

 th
e 

D
O

E
 S

N
F 

w
as

te
 fo

rm
, a

s 
w

el
l a

s 
th

e 
ef

fe
ct

s 
of

 p
ha

se
 s

ep
ar

at
io

n,
 o

xi
da

tio
n 

of
 s

pe
nt

 
fu

el
s,

 s
el

ec
tiv

e 
le

ac
hi

ng
, a

nd
 th

e 
ef

fe
ct

s 
on

 D
O

E
 S

N
F 

ca
ni

st
er

 d
eg

ra
da

tio
n.

 T
he

 im
pa

ct
 o

f t
he

se
 p

ro
ce

ss
es

 
ca

n 
in

flu
en

ce
 th

e 
in

-p
ac

ka
ge

 c
he

m
is

try
 a

nd
 th

er
ef

or
e 

th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
01

.0
A 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

H
an

dl
in

g 
of

 B
ar

e 
S

N
F 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-114 February 2008 



 

   

 

 

 

 

 
 

 

 

 

 
 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

2.
0A

C
S

N
F 

D
eg

ra
da

tio
n 

(a
lte

ra
tio

n,
 

di
ss

ol
ut

io
n,

 a
nd

 
ra

di
on

uc
lid

e 
re

le
as

e)
 

In
cl

ud
ed

 

Th
is

 F
EP

 n
ot

 o
nl

y 
en

co
m

pa
ss

es
 th

e 
st

ru
ct

ur
e 

an
d 

co
m

po
si

tio
n 

of
 th

e 
C

S
N

F,
 it

 a
ls

o 
ad

dr
es

se
s 

al
te

ra
tio

n,
 

de
gr

ad
at

io
n,

 a
nd

 d
is

so
lu

tio
n 

of
 th

e 
w

as
te

 fo
rm

.  
Th

es
e 

pr
oc

es
se

s 
ca

n 
in

flu
en

ce
 th

e 
m

ob
ili

za
tio

n 
of

 
ra

di
on

uc
lid

es
 (B

S
C

 2
00

4 
[D

IR
S

 1
69

98
7]

, S
ec

tio
ns

 
6.

1 
an

d 
6.

2)
.  

Th
is

 F
E

P
 d

ef
in

es
 th

e 
es

se
nc

e 
of

 th
e 

C
S

N
F 

w
as

te
 fo

rm
.  

FE
P 

So
ur

ce
:

S
N

L 
20

08
 [D

IR
S

 1
83

04
1]

 –
 2

.1
.0

2.
02

.0
A

   

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

IT
B

C
:

W
as

te
 F

or
m

 C
S

N
F 

Fu
el

 R
od

M
ax

im
um

 B
ur

nu
p 

Li
m

it 
N

on
-IT

B
C

:
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s
H

an
dl

in
g 

of
 B

ar
e 

S
N

F 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

3.
0A

H
LW

 G
la

ss
D

eg
ra

da
tio

n 
(a

lte
ra

tio
n,

 
di

ss
ol

ut
io

n,
 a

nd
 

ra
di

on
uc

lid
e 

re
le

as
e)

 
In

cl
ud

ed
 

Th
is

 F
EP

 n
ot

 o
nl

y 
en

co
m

pa
ss

es
 th

e 
st

ru
ct

ur
e 

an
d 

co
m

po
si

tio
n 

of
 th

e 
hi

gh
 le

ve
l w

as
te

 g
la

ss
 w

as
te

 fo
rm

, 
it 

al
so

 a
dd

re
ss

es
 a

lte
ra

tio
n 

an
d 

de
gr

ad
at

io
n 

of
 th

e 
w

as
te

 fo
rm

.  
Th

es
e 

pr
oc

es
se

s,
 a

lo
ng

 w
ith

 p
ha

se
 

se
pa

ra
tio

n,
 c

on
gr

ue
nt

 d
is

so
lu

tio
n,

 p
re

ci
pi

ta
tio

n 
of

 
si

lic
at

es
, c

o-
pr

ec
ip

ita
tio

n 
of

 o
th

er
 m

in
er

al
s,

 a
nd

 
se

le
ct

iv
e 

le
ac

hi
ng

, s
ub

st
an

tia
lly

 im
pa

ct
s 

th
e 

m
ob

ili
za

tio
n 

of
 ra

di
on

uc
lid

es
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
03

.0
A 

 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
P

ar
am

et
er

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

N
on

-IT
B

C
:

H
an

dl
in

g 
of

 B
ar

e 
S

N
F 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-115 February 2008 



 

   

 

 
 

 

 

  

 

 
 

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

4.
0A

Al
ph

a 
R

ec
oi

l 
En

ha
nc

es
 

D
is

so
lu

tio
n

Ex
cl

ud
ed

 

Th
e 

po
te

nt
ia

l d
is

so
lu

tio
n 

en
ha

nc
em

en
t d

ue
 to

 a
lp

ha
 

re
co

il 
is

 in
si

gn
ifi

ca
nt

 in
 c

om
pa

ris
on

 to
 th

e 
w

as
te

 fo
rm

 
di

ss
ol

ut
io

n 
pr

oc
es

se
s 

th
at

 re
su

lt 
fro

m
 c

he
m

ic
al

 a
nd

 
th

er
m

al
-c

he
m

ic
al

 a
lte

ra
tio

n.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
04

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

5.
0A

H
LW

 G
la

ss
 C

ra
ck

in
g

In
cl

ud
ed

 

H
LW

 g
la

ss
 c

ra
ck

in
g 

af
fe

ct
s 

th
e 

ex
po

se
d 

su
rfa

ce
 a

re
a 

of
 th

e 
gl

as
s 

th
at

 m
ay

 p
ot

en
tia

lly
 b

e 
co

nt
ac

te
d 

by
w

at
er

 (w
he

th
er

 h
um

id
 a

ir 
or

 li
qu

id
). 

 T
he

 s
ur

fa
ce

 a
re

a 
af

fe
ct

s 
th

e 
am

ou
nt

 o
f r

ad
io

nu
cl

id
es

 p
ot

en
tia

lly
Ap

pl
ic

ab
le

 fo
r d

iff
us

io
n 

in
to

 a
 m

ob
ile

 p
ha

se
 a

nd
 

po
te

nt
ia

lly
 A

pp
lic

ab
le

 fo
r t

ra
ns

po
rt 

aw
ay

 fr
om

 th
e 

w
as

te
.  

Th
is

 p
ro

ce
ss

 is
 in

cl
ud

ed
 in

 th
e 

gl
as

s 
de

gr
ad

at
io

n 
m

od
el

; h
ow

ev
er

, i
t i

s 
no

t i
de

nt
ifi

ed
 a

s 
IT

B
C

 b
ec

au
se

 th
e 

am
ou

nt
 o

f r
ad

io
nu

cl
id

es
 th

at
 c

an
 

be
 re

le
as

ed
 fr

om
 c

ra
ck

s 
is

 m
uc

h 
sm

al
le

r t
ha

n 
fro

m
fre

e 
su

rfa
ce

s.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

05
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

M
ax

im
um

 T
em

pe
ra

tu
re

 o
f 

H
LW

 G
la

ss
 C

an
is

te
rs

 

ANL-WIS-MD-000024 REV 01 A-116 February 2008 



 

   

 

 
 

 
  

 
 

 

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

6.
0A

H
LW

 G
la

ss
R

ec
ry

st
al

liz
at

io
n

Ex
cl

ud
ed

 

H
LW

 g
la

ss
 re

cr
ys

ta
lli

za
tio

n 
af

fe
ct

s 
th

e 
ex

po
se

d 
su

rfa
ce

 a
re

a 
of

 th
e 

gl
as

s 
th

at
 m

ay
 b

e 
po

te
nt

ia
lly

co
nt

ac
te

d 
by

 w
at

er
.  

H
ow

ev
er

, t
he

se
 e

ffe
ct

s 
ar

e 
in

si
gn

ifi
ca

nt
 in

 c
om

pa
ris

on
 to

 th
e 

ef
fe

ct
s 

of
 H

LW
 

gl
as

s 
cr

ac
ki

ng
 a

nd
 a

re
 n

ot
 c

on
si

de
re

d 
to

 b
e 

IT
B

C
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

06
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

M
ax

im
um

 T
em

pe
ra

tu
re

 o
f 

H
LW

 G
la

ss
 C

an
is

te
rs

 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

7.
0A

R
ad

io
nu

cl
id

e 
R

el
ea

se
 fr

om
 G

ap
 

an
d 

G
ra

in
 

Bo
un

da
rie

s 
In

cl
ud

ed
 

R
ad

io
nu

cl
id

es
 m

ay
 b

e 
re

le
as

ed
 to

 a
 m

ob
ile

 li
qu

id
 

ph
as

e 
up

on
 d

eg
ra

da
tio

n 
of

 th
e 

cl
ad

di
ng

.  
It 

is
m

od
el

ed
 to

 o
cc

ur
 im

m
ed

ia
te

ly
 fo

llo
w

in
g 

th
e 

de
gr

ad
at

io
n 

of
 th

e 
cl

ad
di

ng
 (B

SC
 2

00
4 

[D
IR

S 
16

99
87

], 
S

ec
tio

ns
 6

.2
.1

 a
nd

 6
.3

.1
). 

 H
ow

ev
er

, t
hi

s 
re

le
as

e 
fro

m
 th

e 
ga

p 
an

d 
gr

ai
n 

bo
un

da
rie

s 
is

 a
 s

m
al

l 
fra

ct
io

n 
of

 th
e 

to
ta

l i
nv

en
to

ry
 (B

SC
 2

00
4 

[D
IR

S
 1

69
98

7]
, S

ec
tio

n 
6.

3.
1 

an
d 

Ta
bl

e 
6-

2)
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
07

.0
A 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

8.
0A

P
yr

op
ho

ric
ity

 fr
om

 
D

S
N

F
Ex

cl
ud

ed
 

Th
is

 p
ro

ce
ss

, w
hi

ch
 is

 n
ot

 e
xp

ec
te

d 
to

 o
cc

ur
 in

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s,

 h
as

 n
o 

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

th
e 

m
od

el
 d

eg
ra

da
tio

n 
ch

ar
ac

te
ris

tic
s 

of
 D

O
E

 S
N

F,
 

w
hi

ch
 is

 c
on

se
rv

at
iv

el
y 

m
od

el
ed

 to
 d

eg
ra

de
 

in
st

an
ta

ne
ou

sl
y 

fo
llo

w
in

g 
th

e 
br

ea
ch

 o
f t

he
 w

as
te

 
pa

ck
ag

e.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
2.

08
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s 

ANL-WIS-MD-000024 REV 01 A-117 February 2008 



 

   

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.0

9.
0A

C
he

m
ic

al
 E

ffe
ct

s 
of

 
V

oi
d 

S
pa

ce
 in

 W
as

te
 

P
ac

ka
ge

In
cl

ud
ed

 

C
he

m
is

try
 e

ffe
ct

s 
of

 v
oi

ds
 in

 th
e 

w
as

te
 p

ac
ka

ge
 

in
te

rn
al

s 
ar

e 
in

cl
ud

ed
 in

 m
od

el
s 

of
 in

-p
ac

ka
ge

 
ch

em
is

try
 (S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
, S

ec
tio

n 
6.

3.
1.

1)
. 

In
-p

ac
ka

ge
 c

he
m

is
try

 c
on

tri
bu

te
s 

si
gn

ifi
ca

nt
ly

 to
 th

e 
so

lu
bi

lit
y 

ch
ar

ac
te

ris
tic

s 
of

 
ra

di
on

uc
lid

es
, t

he
 d

eg
ra

da
tio

n 
of

 w
as

te
 p

ac
ka

ge
 

in
te

rn
al

s 
an

d 
w

as
te

 fo
rm

, a
nd

 th
e 

tra
ns

po
rt 

be
ha

vi
or

 
of

 ra
di

on
uc

lid
es

 re
le

as
ed

 fr
om

 th
e 

w
as

te
 fo

rm
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
09

.0
A 

 

Y
es

 
IT

B
C

:
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

W
as

te
 F

or
m

 M
oi

st
ur

e 
R

em
ov

al
 a

nd
 In

er
tin

g 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.1

0.
0A

O
rg

an
ic

/
C

el
lu

lo
si

c 
M

at
er

ia
ls

 
in

 W
as

te
Ex

cl
ud

ed
 

N
o 

or
ga

ni
c 

or
 c

el
lu

lo
si

c 
m

at
er

ia
l w

ill
 b

e 
in

cl
ud

ed
 in

 
th

e 
w

as
te

 fo
rm

 –
 w

ith
 th

e 
po

ss
ib

le
 e

xc
ep

tio
n 

of
 m

in
or

 
qu

an
tit

ie
s 

of
 a

dv
en

tit
io

us
, p

os
si

bl
y 

or
ga

ni
c,

 c
ar

bo
n.

  
Th

is
 is

 n
ot

 e
xp

ec
te

d 
to

 s
ub

st
an

tia
lly

 im
pa

ct
 th

e 
ba

rr
ie

r 
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
10

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.2

8.
0A

G
ro

up
in

g 
of

 D
S

N
F 

W
as

te
 T

yp
es

 in
to

 
C

at
eg

or
ie

s 
In

cl
ud

ed
 

A
ll 

D
S

N
F 

fu
el

 ty
pe

s 
an

d 
th

e 
qu

an
tit

ie
s 

of
 e

ac
h 

fu
el

 
ty

pe
 w

er
e 

co
ns

id
er

ed
 w

he
n 

co
m

pi
lin

g 
th

e 
no

m
in

al
 

ra
di

on
uc

lid
e 

in
ve

nt
or

y 
in

 g
ra

m
s 

pe
r p

ac
ka

ge
 a

nd
 

un
ce

rta
in

ty
 d

is
tri

bu
tio

ns
 fo

r r
ad

io
nu

cl
id

es
 im

po
rta

nt
 to

 
do

se
 c

al
cu

la
tio

ns
 fo

r t
he

 T
S

P
A

 (S
N

L 
20

07
 [D

IR
S

 
18

04
72

], 
S

ec
tio

ns
 6

.4
 a

nd
 6

.6
.2

). 
A

n 
up

pe
r-

bo
un

d 
m

od
el

 is
 u

se
d 

in
 T

S
P

A
 to

 m
od

el
 d

eg
ra

da
tio

n 
of

 a
ll 

of
 

th
e 

D
S

N
F 

fu
el

 ty
pe

s 
ot

he
r t

ha
n 

N
av

al
 S

N
F 

(B
S

C
 

20
04

 [D
IR

S
 1

72
45

3]
, S

ec
tio

n 
6.

3)
). 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
28

.0
A 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 

ANL-WIS-MD-000024 REV 01 A-118 February 2008 



 

   

 

 
 

 
 

 

 

 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

02
.2

9.
0A

Fl
am

m
ab

le
 G

as
 

G
en

er
at

io
n 

fro
m

 
D

S
N

F
Ex

cl
ud

ed
 

Th
is

 p
ro

ce
ss

, w
hi

ch
 is

 n
ot

 e
xp

ec
te

d 
to

 o
cc

ur
 in

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s,

 h
as

 n
o 

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

th
e 

m
od

el
 d

eg
ra

da
tio

n 
ch

ar
ac

te
ris

tic
s 

of
 D

O
E

 S
N

F.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

2.
29

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

03
.0

6.
0A

In
te

rn
al

 c
or

ro
si

on
 o

f 
w

as
te

 p
ac

ka
ge

s
pr

io
r t

o 
br

ea
ch

Ex
cl

ud
ed

 

D
ue

 to
 th

e 
lo

w
 h

um
id

ity
 in

te
rn

al
 to

 th
e 

w
as

te
 

pa
ck

ag
e,

 it
 is

 n
ot

 e
xp

ec
te

d 
th

at
 in

te
rn

al
 c

or
ro

si
on

 w
ill

oc
cu

r p
rio

r t
o 

br
ea

ch
in

g 
of

 th
e 

w
as

te
 p

ac
ka

ge
 b

y
ot

he
r d

eg
ra

da
tio

n 
m

od
es

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

3.
06

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

1.
0B

C
he

m
ic

al
 

C
ha

ra
ct

er
is

tic
s 

of
 

W
at

er
 in

 W
as

te
P

ac
ka

ge
In

cl
ud

ed
 

Th
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
w

at
er

 in
 c

on
ta

ct
 

w
ith

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s,

 in
cl

ud
in

g 
vo

id
 

sp
ac

es
, a

nd
 th

e 
w

as
te

 fo
rm

, a
ffe

ct
 th

e 
de

gr
ad

at
io

n 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
w

as
te

 fo
rm

, t
he

 s
ol

ub
ili

ty
 o

f 
ra

di
on

uc
lid

es
 in

 th
e 

di
ss

ol
ve

d 
ph

as
e,

 a
nd

 th
e 

st
ab

ili
ty

of
 c

ol
lo

id
al

 p
ar

tic
le

s.
  T

he
se

 c
he

m
ic

al
 e

ffe
ct

s 
ar

e 
si

gn
ifi

ca
nt

 in
 a

ffe
ct

in
g 

re
le

as
e 

of
 lo

w
 s

ol
ub

ili
ty

 
ra

di
on

uc
lid

es
 (e

.g
., 

23
7 N

p,
 23

9 P
u,

 24
0 P

u,
 24

1 A
m

, a
nd

 24
3 A

m
)

an
d 

ra
di

on
uc

lid
es

 th
at

 m
ay

 b
e 

re
le

as
ed

 a
tta

ch
ed

 to
 

co
llo

id
al

 p
ar

tic
le

s 
(e

.g
., 

23
9 P

u,
 24

0 P
u,

 24
1 A

m
, a

nd
 24

3 A
m

) 
(S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
). 

Th
es

e 
ch

ar
ac

te
ris

tic
s,

 a
s 

w
el

l a
s 

un
ce

rta
in

ty
 in

 th
e 

in
-p

ac
ka

ge
 c

he
m

is
try

, i
n 

pa
rti

cu
la

r t
he

 io
ni

c 
st

re
ng

th
 a

nd
 p

H
, w

hi
ch

 h
av

e 
th

e 
m

os
t s

ig
ni

fic
an

t e
ffe

ct
 o

n 
th

es
e 

co
up

le
d 

pr
oc

es
se

s,
 

ar
e 

in
cl

ud
ed

 in
 th

e 
in

-p
ac

ka
ge

 c
he

m
is

try
 a

nd
 

so
lu

bi
lit

y 
m

od
el

s 
(S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
, S

ec
tio

ns
 

6.
10

.8
 a

nd
 8

.1
). 

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

01
.0

B 

Y
es

 
IT

B
C

:
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 D

im
en

si
on

s
an

d 
C

om
po

ne
nt

 M
as

se
s 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 In

te
rn

al
P

re
ss

ur
iz

at
io

n 

ANL-WIS-MD-000024 REV 01 A-119 February 2008 



 

   

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

2.
0A

C
he

m
ic

al
 In

te
ra

ct
io

n 
w

ith
 C

or
ro

si
on

 
P

ro
du

ct
s

In
cl

ud
ed

 

Ju
st

 a
s 

th
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 w

at
er

 in
 th

e 
dr

ift
 a

re
 a

ffe
ct

ed
 b

y 
th

e 
in

co
m

in
g 

w
at

er
 c

he
m

is
try

, 
th

ey
 a

re
 a

ls
o 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
ed

 b
y 

th
e 

w
at

er
’s

 
in

te
ra

ct
io

n 
w

ith
 th

e 
co

rr
os

io
n 

pr
od

uc
ts

 in
 th

e 
dr

ift
 

(e
.g

., 
w

as
te

 fo
rm

, m
et

al
lic

 p
or

tio
ns

 o
f t

he
 w

as
te

 
pa

ck
ag

e,
 ro

ck
 b

ol
ts

, s
te

el
 in

 th
e 

in
ve

rt,
 g

an
try

 ra
ils

). 
 

N
o 

cr
ed

it 
is

 ta
ke

n 
fo

r t
he

 c
or

ro
si

on
 p

ro
du

ct
s 

af
fe

ct
in

g 
th

e 
tra

ns
po

rt 
ch

ar
ac

te
ris

tic
s 

of
 ra

di
on

uc
lid

es
 re

le
as

ed
 

fro
m

 th
e 

w
as

te
 p

ac
ka

ge
 to

 th
e 

in
ve

rt,
 w

hi
ch

 a
ct

s 
to

 
m

ax
im

iz
e 

th
e 

ra
te

 o
f 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

in
ve

rt 
(S

N
L 

20
07

 R
ad

io
nu

cl
id

e 
Tr

an
sp

or
t A

M
R

, 
A

N
L-

W
IS

-P
A

-0
00

00
1,

 re
v 

03
 S

ec
tio

n 
5.

6)
.  

Fu
rth

er
m

or
e,

 th
e 

ef
fe

ct
s 

of
 c

he
m

ic
al

 d
eg

ra
da

tio
n 

of
 

th
es

e 
co

m
po

ne
nt

s 
ha

ve
 b

ee
n 

de
m

on
st

ra
te

d 
to

 h
av

e 
a 

ne
gl

ig
ib

le
 e

ffe
ct

 o
n 

th
e 

co
m

po
si

tio
n 

of
 s

ee
pa

ge
 

w
at

er
s 

(S
N

L 
20

07
 [D

IR
S

 1
77

41
2]

, S
ec

tio
n 

6.
8)

.  
Th

er
ef

or
e 

th
e 

ef
fe

ct
s 

of
 c

he
m

ic
al

 in
te

ra
ct

io
ns

 w
ith

 
co

rro
si

on
 p

ro
du

ct
s 

ar
e 

in
si

gn
ifi

ca
nt

 to
 b

ar
rie

r
ca

pa
bi

lit
y.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
02

.0
A 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 - 

C
op

pe
r 

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

4.
0A

R
ad

io
nu

cl
id

e 
So

lu
bi

lit
y,

 S
ol

ub
ilit

y 
Li

m
its

, a
nd

S
pe

ci
at

io
n 

in
 th

e 
W

as
te

 F
or

m
 a

nd
E

B
S

In
cl

ud
ed

 

S
ol

ub
ili

ty
 li

m
its

 o
f l

ow
 s

ol
ub

ili
ty

 d
is

so
lv

ed
 

ra
di

on
uc

lid
es

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
am

ou
nt

 o
f t

he
se

 
ra

di
on

uc
lid

es
 th

at
 m

ay
 b

e 
re

le
as

ed
 fr

om
 th

e 
w

as
te

 
fo

rm
 th

ro
ug

h 
th

e 
ot

he
r E

B
S

 fe
at

ur
es

 (S
N

L 
20

07
[D

IR
S 

18
05

06
]).

  T
he

 m
or

e 
so

lu
bl

e 
th

e 
ra

di
on

uc
lid

e,
 

ge
ne

ra
lly

 th
e 

gr
ea

te
r t

he
 m

as
s 

flu
x 

of
 th

at
 

ra
di

on
uc

lid
e 

th
at

 w
ill

 b
e 

re
le

as
ed

 b
y 

di
ffu

si
ve

 o
r 

ad
ve

ct
iv

e 
re

le
as

e 
m

ec
ha

ni
sm

s 
fro

m
 th

e 
w

as
te

 fo
rm

.  
U

nc
er

ta
in

ty
 in

 th
es

e 
so

lu
bi

lit
ie

s 
an

d 
th

e 
ef

fe
ct

s 
of

 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

 c
he

m
is

try
 v

ar
ia

bi
lit

y 
an

d 
un

ce
rta

in
ty

 h
av

e 
be

en
 in

cl
ud

ed
 in

 th
e 

m
od

el
s 

of
 

w
as

te
 fo

rm
 re

le
as

e 
(S

N
L 

20
07

 [D
IR

S
 1

77
41

8]
, 

S
ec

tio
n 

8.
1)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

04
.0

A 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-120 February 2008 



 

   

 

 

 
  

 

 

  

 
 

 

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

5.
0A

S
or

pt
io

n 
of

D
is

so
lv

ed
 

R
ad

io
nu

cl
id

es
 in

E
B

S
In

cl
ud

ed
 

Th
e 

de
gr

ad
at

io
n 

of
 th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

s 
(s

ta
in

le
ss

 s
te

el
) r

es
ul

ts
 in

 a
 s

ig
ni

fic
an

t q
ua

nt
ity

 o
f 

iro
n/

ch
ro

m
iu

m
/n

ic
ke

l o
xi

de
 m

at
er

ia
ls

.  
Th

es
e 

m
at

er
ia

ls
 h

av
e 

a 
si

gn
ifi

ca
nt

 a
m

ou
nt

 o
f r

et
ar

da
tio

n 
po

te
nt

ia
l f

or
 a

 n
um

be
r o

f r
ad

io
nu

cl
id

es
 p

ot
en

tia
lly

si
gn

ifi
ca

nt
 fo

r t
he

 re
le

as
e 

fro
m

 th
e 

w
as

te
 fo

rm
 (S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
). 

 T
hi

s 
so

rp
tio

n 
si

gn
ifi

ca
nt

ly
re

du
ce

s 
th

e 
re

le
as

e 
fro

m
 th

e 
w

as
te

 fo
r t

he
se

 
ra

di
on

uc
lid

es
 in

 th
e 

ev
en

t t
ha

t a
 b

re
ac

h 
in

 th
e 

w
as

te
 

pa
ck

ag
e 

ha
s 

oc
cu

rre
d.

  T
he

 s
ig

ni
fic

an
ce

 o
f t

hi
s 

pr
oc

es
s 

is
 il

lu
st

ra
te

d 
in

 th
e 

m
as

s 
flu

x 
re

le
as

es
 fr

om
 

th
e 

w
as

te
 fo

rm
 a

nd
 w

as
te

 p
ac

ka
ge

 fe
at

ur
es

 (S
N

L 
20

07
 [D

IR
S

 1
80

50
6]

))
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
05

.0
A 

 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 

N
on

e 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

6.
0A

R
ed

uc
tio

n-
ox

id
at

io
n 

P
ot

en
tia

l i
n 

W
as

te
P

ac
ka

ge
In

cl
ud

ed
 

Th
e 

in
-p

ac
ka

ge
 re

do
x 

st
at

e 
is

 a
ss

um
ed

 to
 b

e 
se

t b
y

th
e 

ox
id

at
io

n 
st

at
e 

in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 o

nc
e 

th
e 

w
as

te
 p

ac
ka

ge
 is

 b
re

ac
he

d 
an

d 
th

er
ef

or
e 

se
t t

o 
0.

2 
at

m
os

ph
er

es
 (S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
 T

ab
le

 6
-1

a)
.  

Th
er

ef
or

e 
th

e 
ox

id
at

io
n 

po
te

nt
ia

l i
ns

id
e 

th
e 

w
as

te
 

pa
ck

ag
e 

pr
io

r t
o 

a 
br

ea
ch

 d
oe

s 
no

t a
ffe

ct
 th

e 
re

le
as

e 
or

 ra
te

 o
f r

el
ea

se
 o

f r
ad

io
nu

cl
id

e 
fro

m
 th

e 
w

as
te

 
pa

ck
ag

e.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

06
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 &
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-121 February 2008 



 

   

 

 

 

 

  

 

 

 

 

 

 

  

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

7.
0A

R
ea

ct
io

n 
K

in
et

ic
s 

in
 

W
as

te
 P

ac
ka

ge
In

cl
ud

ed
 

R
ea

ct
io

n 
ki

ne
tic

s,
 li

m
it 

th
e 

tra
ns

po
rt 

of
 a

 h
os

t o
f 

ra
di

on
uc

lid
es

 a
nd

 a
re

 im
pl

ic
itl

y 
ac

co
un

te
d 

fo
r i

n 
th

e 
In

-P
ac

ka
ge

 C
he

m
is

try
 M

od
el

, t
he

 D
is

so
lv

ed
 

C
on

ce
nt

ra
tio

ns
 M

od
el

, a
nd

 th
e 

E
B

S
 R

TA
.  

Th
e

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

s 
as

so
ci

at
ed

 w
ith

 th
is

 
pr

oc
es

s 
su

bs
ta

nt
ia

lly
 im

pa
ct

 th
e 

tra
ns

po
rt 

of
 

ra
di

on
uc

lid
es

 fr
om

 th
e 

w
as

te
 fo

rm
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
07

.0
A 

 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 

IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 a
nd

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

8.
0A

D
iff

us
io

n 
of

D
is

so
lv

ed
 

R
ad

io
nu

cl
id

es
 in

E
B

S
In

cl
ud

ed
 

D
iff

us
io

n 
is

 a
n 

im
po

rta
nt

 tr
an

sp
or

t m
ec

ha
ni

sm
 fo

r 
di

ss
ol

ve
d 

ra
di

on
uc

lid
es

 fr
om

 th
e 

w
as

te
 fo

rm
 s

ur
fa

ce
 

to
 th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

s 
an

d 
th

en
 th

ro
ug

h 
th

e 
de

gr
ad

ed
 w

as
te

 p
ac

ka
ge

 to
 th

e 
in

ve
rt.

  D
iff

us
io

n 
is

co
nt

ro
lle

d 
by

 th
e 

de
gr

ee
 o

f d
eg

ra
da

tio
n 

of
 th

e 
w

as
te

 
pa

ck
ag

e 
an

d 
th

e 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s 

w
ith

in
 th

e 
w

as
te

 p
ac

ka
ge

, w
hi

ch
 in

 tu
rn

, i
s 

a 
fu

nc
tio

n 
of

 th
e 

ty
pe

 
of

 w
as

te
.  

Th
e 

di
ffu

si
ve

 tr
an

sp
or

t i
s 

co
ns

er
va

tiv
el

y
sp

ec
ifi

ed
 to

 o
cc

ur
 th

ro
ug

h 
a 

co
nt

in
uo

us
 w

at
er

 fi
lm

 o
n 

th
e 

su
rfa

ce
s 

of
 th

e 
E

B
S

 fe
at

ur
es

 (S
N

L 
20

07
 

[D
IR

S
 1

77
40

7]
, S

ec
tio

n 
6.

3.
4)

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
08

.0
A 

 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
  

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 

ANL-WIS-MD-000024 REV 01 A-122 February 2008 



 

   

 

 

 

 
 

 

 

 

 

 

 

  

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s

(C
on

tin
ue

d)
 

2.
1.

09
.0

8.
0A

D
iff

us
io

n 
of

D
is

so
lv

ed
 

R
ad

io
nu

cl
id

es
 in

E
B

S
In

cl
ud

ed
(C

on
tin

ue
d)

 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.0

8.
0B

A
dv

ec
tio

n 
of

D
is

so
lv

ed
 

R
ad

io
nu

cl
id

es
 in

E
B

S
In

cl
ud

ed
 

A
dv

ec
tio

n 
is

 a
n 

im
po

rta
nt

 tr
an

sp
or

t m
ec

ha
ni

sm
 fo

r 
di

ss
ol

ve
d 

ra
di

on
uc

lid
es

 fr
om

 th
e 

w
as

te
 fo

rm
 s

ur
fa

ce
 

to
 th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

s 
an

d 
th

en
 th

ro
ug

h 
th

e 
de

gr
ad

ed
 w

as
te

 p
ac

ka
ge

 to
 th

e 
in

ve
rt.

  A
dv

ec
tio

n 
is

co
nt

ro
lle

d 
by

 th
e 

de
gr

ee
 o

f d
eg

ra
da

tio
n 

of
 th

e 
w

as
te

 
pa

ck
ag

e 
an

d 
th

e 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s 

w
ith

in
 th

e 
w

as
te

 p
ac

ka
ge

, w
hi

ch
 in

 tu
rn

, i
s 

a 
fu

nc
tio

n 
of

 th
e 

ty
pe

 
of

 w
as

te
.  

Th
e 

co
nd

iti
on

s 
re

qu
ire

d 
fo

r a
dv

ec
tiv

e 
tra

ns
po

rt 
th

ro
ug

h 
a 

w
as

te
 p

ac
ka

ge
 a

re
 le

ss
 li

ke
ly

 to
oc

cu
r t

ha
n 

th
os

e 
co

nd
iti

on
s 

re
qu

ire
d 

fo
r d

iff
us

io
n.

H
ow

ev
er

, w
he

n 
ad

ve
ct

iv
e 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

w
as

te
 

pa
ck

ag
e 

do
es

 o
cc

ur
 it

s 
co

ns
eq

ue
nc

es
 a

re
 m

or
e 

si
gn

ifi
ca

nt
 c

om
pa

re
d 

to
 th

at
 fr

om
 d

iff
us

io
n 

m
ec

ha
ni

sm
s 

be
ca

us
e 

of
 th

e 
am

ou
nt

 o
f w

at
er

 
in

vo
lv

ed
. T

he
re

fo
re

, a
dv

ec
tio

n 
tro

ug
h 

th
e 

w
as

te
 

pa
ck

ag
e 

is
 id

en
tif

ie
d 

as
 IT

B
C

. 
FE

P 
So

ur
ce

:
S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
- 2

.1
.0

9.
08

.0
B

 

Y
es

 
IT

B
C

:
In

-P
ac

ka
ge

 C
he

m
ic

al
E

nv
iro

nm
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
N

on
-IT

B
C

:
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
 

W
as

te
 P

ac
ka

ge
 Q

ua
nt

iti
es

W
as

te
 P

ac
ka

ge
 D

ec
ay

 H
ea

t
W

as
te

 P
ac

ka
ge

 T
he

rm
al

 
Li

m
its

 

ANL-WIS-MD-000024 REV 01 A-123 February 2008 



 

   

 

 
 

 

 
 

 
 

 

 

 

 

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

0.
0A

Se
co

nd
ar

y 
Ph

as
e 

E
ffe

ct
s 

on
 D

is
so

lv
ed

R
ad

io
nu

cl
id

e 
C

on
ce

nt
ra

tio
ns

Ex
cl

ud
ed

 

Se
co

nd
ar

y 
ur

an
iu

m
 m

in
er

al
 p

ha
se

s,
 s

uc
h 

as
sc

ho
ep

ite
 a

nd
 u

ra
ni

um
 s

ili
ca

te
s,

 w
hi

ch
 a

re
 fo

rm
ed

 
du

rin
g 

th
e 

al
te

ra
tio

n 
of

 c
om

m
er

ci
al

 a
nd

 D
O

E
 S

N
F,

 
ca

n 
po

te
nt

ia
lly

 re
du

ce
 th

e 
Ap

pl
ic

ab
le

 d
is

so
lv

ed
co

nc
en

tra
tio

n 
of

 s
ev

er
al

 k
ey

 ra
di

on
uc

lid
es

, i
nc

lu
di

ng
ne

pt
un

iu
m

, w
hi

ch
 a

re
 c

he
m

ic
al

ly
 b

ou
nd

 w
ith

in
 th

e 
m

in
er

al
 s

tru
ct

ur
e 

of
 th

e 
se

co
nd

ar
y 

ph
as

e.
  T

hi
s

re
du

ce
d 

co
nc

en
tra

tio
n 

m
ig

ht
 re

du
ce

 th
e 

re
le

as
e 

of
 

th
es

e 
ra

di
on

uc
lid

es
 in

 d
is

so
lv

ed
 fo

rm
 fr

om
 th

e 
w

as
te

.  
A

cc
ou

nt
in

g 
fo

r t
hi

s 
pr

oc
es

s 
w

ou
ld

 re
su

lt 
in

 lo
w

er
 

so
lu

bi
lit

y 
lim

its
, w

hi
ch

 m
ig

ht
 tr

an
sl

at
e 

in
to

 lo
w

er
 ra

te
s 

of
 re

le
as

e.
 H

ow
ev

er
, i

ns
uf

fic
ie

nt
 d

at
a 

is
 c

ur
re

nt
ly

A
pp

lic
ab

le
 to

 in
cl

ud
e 

th
is

 b
en

ef
ic

ia
l p

ro
ce

ss
 in

 th
e 

te
ch

ni
ca

l b
as

el
in

e.
  T

he
 p

ro
ce

ss
 is

 c
ur

re
nt

ly
co

ns
id

er
ed

 n
ot

 to
 b

e 
IT

B
C

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

10
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-124 February 2008 



 

   

 

 
 

 

 

 

 

 
 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

1.
0A

C
he

m
ic

al
 E

ffe
ct

s 
of

 
W

as
te

-R
oc

k 
C

on
ta

ct
Ex

cl
ud

ed
 

D
ire

ct
 c

on
ta

ct
 o

f t
he

 w
as

te
 w

ith
 ro

ck
 p

ar
tic

le
s 

is
 n

ot
 

ex
pe

ct
ed

 d
ue

 to
 th

e 
la

ck
 o

f a
dv

ec
tiv

e 
flu

x 
of

 li
qu

id
s 

an
d 

so
lid

s 
th

ro
ug

h 
cr

ac
ks

 in
 th

e 
dr

ip
 s

hi
el

d 
or

 w
as

te
 

pa
ck

ag
e.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
11

.0
A 

 

N
o 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
E

m
pl

ac
em

en
t P

al
le

t 
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
  

D
rip

 S
hi

el
d 

D
es

ig
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
 a

nd
 

Th
ic

kn
es

se
s 

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 –
 

C
op

pe
r 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t D
es

ig
n

E
m

pl
ac

em
en

t P
al

le
t 

Fa
br

ic
at

io
n 

an
d 

C
or

ro
si

on
 

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 P

ac
ka

ge
 D

im
en

si
on

s
an

d 
C

om
po

ne
nt

 M
as

se
s 

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l S

pe
ci

fic
at

io
ns

 
W

as
te

 F
or

m
 a

nd
W

as
te

 P
ac

ka
ge

In
te

rn
al

s 

2.
1.

09
.1

5.
0A

Fo
rm

at
io

n 
of

 T
ru

e
(in

tri
ns

ic
) C

ol
lo

id
s 

in
E

B
S

Ex
cl

ud
ed

 

Tr
ue

 c
ol

lo
id

s 
ar

e 
no

t e
xp

ec
te

d 
to

 fo
rm

 in
 th

e 
w

as
te

 
pa

ck
ag

e 
in

te
rn

al
s 

du
e 

to
 th

e 
la

rg
e 

am
ou

nt
 o

f o
th

er
 

so
rb

in
g 

m
at

er
ia

ls
 in

si
de

 th
e 

w
as

te
 p

ac
ka

ge
.  

Th
is

 is
 

in
si

gn
ifi

ca
nt

 to
 th

e 
re

le
as

e 
of

 c
ol

lo
id

al
 m

at
er

ia
ls

 fr
om

 
th

e 
w

as
te

 fo
rm

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

15
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-125 February 2008 



 

   

 

 

 

 

 
 

 

 

 
 

 

 

 

 

  

 

 

 
 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

6.
0A

Fo
rm

at
io

n 
of

Ps
eu

do
co

llo
id

s
(n

at
ur

al
) i

n 
E

B
S

 
In

cl
ud

ed
 

R
ad

io
nu

cl
id

es
 c

an
 s

or
b 

on
to

 p
se

ud
oc

ol
lo

id
s.

  T
he

 
ps

eu
do

co
llo

id
s 

ar
e 

in
cl

ud
ed

 in
 th

e 
co

llo
id

 m
od

el
s.

  
A

lth
ou

gh
 c

on
si

de
re

d 
an

d 
ac

co
un

te
d 

fo
r i

n 
th

e 
po

st
cl

os
ur

e 
an

al
yz

ed
 b

as
is

, t
he

 c
on

tri
bu

tio
n 

of
 c

ol
lo

id
 

tra
ns

po
rt 

pr
oc

es
se

s 
is

 le
ss

 s
ig

ni
fic

an
t t

ha
n 

th
at

 
as

so
ci

at
ed

 w
ith

 th
e 

tra
ns

po
rt 

of
 d

is
so

lv
ed

 
ra

di
on

uc
lid

es
 a

nd
 p

ar
am

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

e 
tra

ns
po

rt 
of

 c
ol

lo
id

s 
ar

e 
no

t 
co

ns
id

er
ed

 IT
B

C
 (S

N
L 

20
07

 [D
IR

S
 1

77
42

3]
, S

ec
tio

ns
 

6.
3.

1 
an

d 
6.

3.
9)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

16
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

7.
0A

Fo
rm

at
io

n 
of

Ps
eu

do
co

llo
id

s
(c

or
ro

si
on

 p
ro

du
ct

)
in

 E
B

S
In

cl
ud

ed
 

C
or

ro
si

on
 p

ro
du

ct
 c

ol
lo

id
s 

so
rb

 s
ev

er
al

 k
ey

ra
di

on
uc

lid
es

, n
ot

ab
ly

 23
9 P

u,
 24

0 P
u,

 24
1 Am

, a
nd

 24
3 Am

. 
Th

es
e 

co
llo

id
s 

ar
e 

in
cl

ud
ed

 in
 th

e 
co

llo
id

 m
od

el
s 

en
vi

ro
nm

en
t (

S
N

L 
20

07
 [D

IR
S

 1
77

42
3]

, S
ec

tio
n 

6.
3.

1)
. 

Th
es

e 
ra

di
on

uc
lid

es
 m

ay
 b

e 
re

le
as

ed
 in

 
co

llo
id

al
 fo

rm
 b

y 
di

ffu
si

on
 th

ro
ug

h 
a 

co
nt

in
uo

us
 w

at
er

 
fil

m
. 

A
lth

ou
gh

 c
on

si
de

re
d 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

po
st

cl
os

ur
e 

an
al

yz
ed

 b
as

is
, t

he
 c

on
tri

bu
tio

n 
of

 c
ol

lo
id

 
tra

ns
po

rt 
pr

oc
es

se
s 

is
 le

ss
 s

ig
ni

fic
an

t t
ha

n 
th

at
 

as
so

ci
at

ed
 w

ith
 th

e 
tra

ns
po

rt 
of

 d
is

so
lv

ed
 

ra
di

on
uc

lid
es

 a
nd

 p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
as

so
ci

at
ed

 w
ith

 th
e 

tra
ns

po
rt 

of
 c

ol
lo

id
s 

ar
e 

no
t 

co
ns

id
er

ed
 IT

B
C

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

17
.0

A 
 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 C

or
ro

si
on

Al
lo

w
an

ce
 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

8.
0A

Fo
rm

at
io

n 
of

M
ic

ro
bi

al
 C

ol
lo

id
s 

in
 

E
B

S
Ex

cl
ud

ed
 

M
ic

ro
bi

al
 c

ol
lo

id
s,

 w
hi

ch
 a

re
 n

ot
 e

xp
ec

te
d 

to
 fo

rm
 in

 
th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

 e
nv

iro
nm

en
t, 

ha
ve

 a
n 

in
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
co

llo
id

al
 fo

rm
at

io
n 

an
d 

re
le

as
e 

of
 ra

di
on

uc
lid

es
, w

hi
ch

 a
re

 d
om

in
at

ed
 b

y 
in

or
ga

ni
c 

ps
eu

do
co

llo
id

s.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
18

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-126 February 2008 



 

   

 

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

9.
0A

S
or

pt
io

n 
of

 C
ol

lo
id

s 
in

 E
B

S
Ex

cl
ud

ed
 

Al
th

ou
gh

 c
ol

lo
id

s 
ro

ut
in

el
y 

so
rb

 o
nt

o 
m

in
er

al
 

su
rfa

ce
s,

 s
uc

h 
so

rp
tio

n 
is

 in
si

gn
ifi

ca
nt

 in
 re

du
ci

ng
 th

e 
ra

te
 o

f r
ad

io
nu

cl
id

es
 re

le
as

ed
 fr

om
 th

e 
w

as
te

, 
be

ca
us

e 
ov

er
 9

0%
 o

f t
he

 m
as

s 
flu

x 
of

 ra
di

on
uc

lid
es

 
irr

ev
er

si
bl

y 
so

rb
ed

 o
n 

co
llo

id
s 

is
 c

on
si

de
re

d 
to

 b
e 

tra
ns

po
rta

bl
e 

th
ro

ug
h 

th
e 

E
B

S
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

19
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-127 February 2008 



 

   

 

 

 

 

  

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.1

9.
0B

A
dv

ec
tio

n 
of

 C
ol

lo
id

s 
in

 E
B

S
In

cl
ud

ed
 

A
dv

ec
tio

n 
of

 c
ol

lo
id

s 
is

 th
e 

fa
st

es
t w

ay
 to

 m
ov

e 
co

llo
id

-b
or

ne
 ra

di
on

uc
lid

es
. A

lth
ou

gh
 c

on
si

de
re

d 
an

d 
ac

co
un

te
d 

fo
r i

n 
th

e 
po

st
cl

os
ur

e 
an

al
yz

ed
 b

as
is

, t
he

 
co

nt
rib

ut
io

n 
of

 c
ol

lo
id

 tr
an

sp
or

t p
ro

ce
ss

es
 is

 le
ss

 
si

gn
ifi

ca
nt

 th
an

 th
at

 a
ss

oc
ia

te
d 

w
ith

 th
e 

tra
ns

po
rt 

of
 

di
ss

ol
ve

d 
ra

di
on

uc
lid

es
 a

nd
 p

ar
am

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

e 
tra

ns
po

rt 
of

 c
ol

lo
id

s 
ar

e 
no

t 
co

ns
id

er
ed

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
19

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-128 February 2008 



 

   

 

 

 

 

  

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.2

0.
0A

Fi
ltr

at
io

n 
of

 C
ol

lo
id

s 
in

 E
B

S
Ex

cl
ud

ed
 

Fi
ltr

at
io

n 
ha

s 
th

e 
po

te
nt

ia
l t

o 
tra

p 
or

 re
ta

rd
 th

e
m

ov
em

en
t o

f c
ol

lo
id

s 
as

 th
ey

 tr
av

el
 th

ro
ug

h 
de

gr
ad

e 
w

as
te

 fo
rm

 a
nd

 c
or

ro
si

on
 p

ro
du

ct
s 

in
si

de
 th

e 
w

as
te

 
pa

ck
ag

e.
 F

ilt
ra

tio
n 

of
 c

ol
lo

id
s 

is
 c

on
se

rv
at

iv
el

y
ex

cl
ud

ed
 fr

om
 th

e 
TS

P
A

 c
al

cu
la

tio
n 

an
d 

is
 n

ot
 

ex
pe

ct
ed

 to
 s

ub
st

an
tia

lly
 re

du
ce

 th
e 

tra
ns

po
rt 

of
 

ra
di

on
uc

lid
es

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
20

.0
A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

P
ro

pe
rti

es
 o

f
co

rr
os

io
n 

pr
od

uc
ts

 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-129 February 2008 



 

   

 

 
 

 

 

  

 

  

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.2

3.
0A

S
ta

bi
lit

y 
of

 C
ol

lo
id

s 
in

 E
B

S
In

cl
ud

ed
 

Th
e 

st
ab

ilit
y 

of
 c

ol
lo

id
s 

is
 a

 fu
nc

tio
n 

of
 th

e 
ch

em
ic

al
 

en
vi

ro
nm

en
t i

n 
th

e 
w

as
te

 p
ac

ka
ge

 in
te

rn
al

 
en

vi
ro

nm
en

t (
S

N
L 

20
07

 [D
IR

S
 1

77
42

3]
, S

ec
tio

ns
 

4.
1.

2 
an

d 
6.

5.
1)

 a
nd

 d
et

er
m

in
es

 h
ow

 m
an

y 
co

llo
id

s 
re

m
ai

n 
su

sp
en

de
d 

in
 w

at
er

 A
lth

ou
gh

 c
on

si
de

re
d 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

po
st

cl
os

ur
e 

an
al

yz
ed

 b
as

is
, t

he
 

co
nt

rib
ut

io
n 

of
 c

ol
lo

id
 tr

an
sp

or
t p

ro
ce

ss
es

 is
 le

ss
 

si
gn

ifi
ca

nt
 th

an
 th

at
 a

ss
oc

ia
te

d 
w

ith
 th

e 
tra

ns
po

rt 
of

 
di

ss
ol

ve
d 

ra
di

on
uc

lid
es

 a
nd

 p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
as

so
ci

at
ed

 w
ith

 th
e 

tra
ns

po
rt 

of
 c

ol
lo

id
s 

ar
e 

no
t 

co
ns

id
er

ed
 IT

B
C

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
23

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-130 February 2008 



 

   

 

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.2

4.
0A

D
iff

us
io

n 
of

 C
ol

lo
id

s 
in

 E
B

S
In

cl
ud

ed
 

D
iff

us
io

n 
of

 c
ol

lo
id

s 
is

 n
ot

 a
 s

ig
ni

fic
an

t m
od

e 
of

 
re

le
as

e 
(S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

n 
6.

3.
4 

an
d 

Ta
bl

e 
6.

6-
1)

.  
Ad

di
tio

na
lly

, a
lth

ou
gh

 c
on

si
de

re
d 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

po
st

cl
os

ur
e 

an
al

yz
ed

 b
as

is
, t

he
 

co
nt

rib
ut

io
n 

of
 c

ol
lo

id
 tr

an
sp

or
t p

ro
ce

ss
es

 is
 le

ss
 

si
gn

ifi
ca

nt
 th

an
 th

at
 a

ss
oc

ia
te

d 
w

ith
 th

e 
tra

ns
po

rt 
of

 
di

ss
ol

ve
d 

ra
di

on
uc

lid
es

 a
nd

 p
ar

am
et

er
 c

ha
ra

ct
er

is
tic

s 
as

so
ci

at
ed

 w
ith

 th
e 

tra
ns

po
rt 

of
 c

ol
lo

id
s 

ar
e 

no
t 

co
ns

id
er

ed
 IT

B
C

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

24
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-131 February 2008 



 

   

 

 
 

 

 

  

 
 

 

 
  

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

09
.2

5.
0A

Fo
rm

at
io

n 
of

C
ol

lo
id

s 
(w

as
te


fo

rm
) b

y 
C

o-
P

re
ci

pi
ta

tio
n 

in
 E

B
S

 
In

cl
ud

ed
 

C
o-

pr
ec

ip
ita

tio
n 

of
 c

ol
lo

id
s 

du
e 

to
 th

e 
de

gr
ad

at
io

n 
of

 
H

LW
 g

la
ss

 w
as

te
 fo

rm
s 

ha
s 

be
en

 in
cl

ud
ed

 in
 th

e 
as

se
ss

m
en

t o
f t

ot
al

 c
ol

lo
id

al
 re

le
as

e 
fro

m
 th

e 
co

di
sp

os
al

 w
as

te
 p

ac
ka

ge
s 

en
vi

ro
nm

en
t (

S
N

L 
20

07
 

[D
IR

S
 1

77
42

3]
, T

ab
le

 4
-2

; S
ec

tio
n 

6.
3.

2.
2,

 7
.0

). 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
25

.0
A 

N
o 

N
on

-IT
B

C
:

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

e 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

11
.0

5.
0A

Th
er

m
al

 E
xp

an
si

on
/ 

S
tre

ss
 o

f I
n-

P
ac

ka
ge

E
B

S
 C

om
po

ne
nt

s
Ex

cl
ud

ed
 

Th
er

m
al

-m
ec

ha
ni

ca
l e

xp
an

si
on

 c
au

se
d 

by
de

gr
ad

at
io

n 
of

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s 

fo
llo

w
in

g
a 

br
ea

ch
 in

 th
e 

w
as

te
 p

ac
ka

ge
 d

oe
s 

no
t s

ig
ni

fic
an

tly
af

fe
ct

 a
ny

 o
th

er
 d

eg
ra

da
tio

n,
 d

et
er

io
ra

tio
n,

 o
r 

al
te

ra
tio

n 
pr

oc
es

s 
in

si
de

 th
e 

w
as

te
 p

ac
ka

ge
, a

nd
 

th
er

ef
or

e,
 is

 in
si

gn
ifi

ca
nt

 to
 th

e 
re

le
as

e 
of

 
ra

di
on

uc
lid

es
 fr

om
 th

e 
w

as
te

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
05

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
W

as
te

 P
ac

ka
ge

 L
on

gi
tu

di
na

l 
G

ap
 

ANL-WIS-MD-000024 REV 01 A-132 February 2008 



 

   

 

 

 

 

 

 

  

 
 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

11
.0

9.
0B

Th
er

m
al

ly
-D

riv
en

 
Fl

ow
 (c

on
ve

ct
io

n)
 in

 
W

as
te

 P
ac

ka
ge

s
Ex

cl
ud

ed
 

Th
er

m
al

ly
 d

riv
en

 p
ro

ce
ss

es
 in

si
de

 th
e 

w
as

te
 p

ac
ka

ge
 

ca
n 

re
di

st
rib

ut
e 

m
oi

st
ur

e 
th

at
 m

ay
 b

e 
in

tro
du

ce
d 

th
ro

ug
h 

cr
ac

ks
 o

r o
th

er
 d

eg
ra

da
tio

n 
m

od
es

 o
f t

he
 

w
as

te
 p

ac
ka

ge
.  

A
lth

ou
gh

 it
 is

 p
os

si
bl

e 
th

at
 th

es
e 

pr
oc

es
se

s 
m

ay
 c

au
se

 m
oi

st
ur

e 
to

 b
e 

dr
iv

en
 o

ut
 o

f t
he

 
w

as
te

 p
ac

ka
ge

, e
sp

ec
ia

lly
 in

 th
e 

ca
se

 o
f t

he
 C

S
N

F 
w

as
te

 p
ac

ka
ge

s,
 th

is
 m

oi
st

ur
e 

ef
flu

x 
is

 n
ot

 c
on

si
de

re
d 

to
 s

ub
st

an
tia

lly
 c

on
tri

bu
te

 to
 th

e 
ca

pa
bi

lit
y 

of
 th

is
 

fe
at

ur
e.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
09

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

e 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

12
.0

2.
0A

G
as

 G
en

er
at

io
n 

(H
e)

fro
m

 W
as

te
 F

or
m

 
D

ec
ay

 
Ex

cl
ud

ed
 

G
as

 g
en

er
at

io
n 

ha
s 

an
 in

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

re
le

as
e 

an
d 

tra
ns

po
rt 

fro
m

 th
e 

w
as

te
 fo

rm
 th

ro
ug

h 
th

e 
w

as
te

 
pa

ck
ag

e 
in

te
rn

al
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

2.
02

.0
A 

 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-133 February 2008 



 

   

 

 
 

 

  

 
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.1

5.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 (i
nt

ac
t 

co
nf

ig
ur

at
io

n)
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e 
(S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
3)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

15
.0

A 
 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 

ANL-WIS-MD-000024 REV 01 A-134 February 2008 



 

   

 

 
 

 

  

 
 

 

  

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.1

6.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 (d
eg

ra
de

d 
co

nf
ig

ur
at

io
ns

)
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
3)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

16
.0

A 
 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
D

rip
 S

hi
el

d 
S

ei
sm

ic
P

er
fo

rm
an

ce
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s
R

ep
os

ito
ry

 L
ay

ou
t 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
 

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

W
as

te
 P

ac
ka

ge
 S

pa
ci

ng
 

W
as

te
 P

ac
ka

ge
 C

ap
ac

iti
es

 

ANL-WIS-MD-000024 REV 01 A-135 February 2008 



 

   

 

  
 

 

  

 
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.1

8.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 R
es

ul
tin

g 
fro

m
 a

 S
ei

sm
ic

E
ve

nt
 (i

nt
ac

t
co

nf
ig

ur
at

io
n)

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
4)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

18
.0

A 
 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 

ANL-WIS-MD-000024 REV 01 A-136 February 2008 



 

   

 

  
 

 

  

 
 

 

  

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.1

9.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 R
es

ul
tin

g 
fro

m
 a

 S
ei

sm
ic

Ev
en

t (
de

gr
ad

ed
 

co
nf

ig
ur

at
io

ns
)

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
4)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

19
.0

A 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s
R

ep
os

ito
ry

 L
ay

ou
t 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 

ANL-WIS-MD-000024 REV 01 A-137 February 2008 



 

   

 

 
 

  

 
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.2

1.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 R
es

ul
tin

g 
fro

m
 R

oc
kf

al
l (

in
ta

ct
co

nf
ig

ur
at

io
n)

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r  
im

pa
ct

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e(

S
N

L 
20

07
 [D

IR
S

 1
73

86
9]

, 
S

ec
tio

n 
6.

5)
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

4.
21

.0
A 

 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 &

 T
A

D
 

C
an

is
te

r E
xc

lu
de

d 
M

at
er

ia
ls

W
as

te
 P

ac
ka

ge
 M

oi
st

ur
e

R
em

ov
al

 a
nd

 In
er

tin
g 

ANL-WIS-MD-000024 REV 01 A-138 February 2008 



 

   

 

 
 

  

 
 

 

  

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.2

2.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 R
es

ul
tin

g 
fro

m
 R

oc
kf

al
l

(d
eg

ra
de

d 
co

nf
ig

ur
at

io
ns

)
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r  
im

pa
ct

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e(

S
N

L 
20

07
 [D

IR
S

 1
73

86
9]

, 
S

ec
tio

n 
6.

5)
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

4.
22

.0
A 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rip

 S
hi

el
d 

S
ei

sm
ic

P
er

fo
rm

an
ce

 
S

ei
sm

ic
 D

es
ig

n 
of

 W
as

te
 

P
ac

ka
ge

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s
R

ep
os

ito
ry

 L
ay

ou
t 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 
D

rip
 S

hi
el

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 

ANL-WIS-MD-000024 REV 01 A-139 February 2008 



 

   

 

 
 

  

 
 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.2

4.
0A

In
-p

ac
ka

ge
 C

rit
ic

al
ity

 
R

es
ul

tin
g 

fro
m

 a
n 

Ig
ne

ou
s 

E
ve

nt
(in

ta
ct

 c
on

fig
ur

at
io

n)
 

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
6)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

24
.0

A 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

 F
or

m
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
  

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

Lo
ad

in
g 

of
 W

as
te

 F
or

m
s

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 

ANL-WIS-MD-000024 REV 01 A-140 February 2008 



 

   

 

 
 

 

  

 
 

 

 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
1.

14
.2

5.
0A

In
-P

ac
ka

ge
C

rit
ic

al
ity

 R
es

ul
tin

g 
fro

m
 a

n 
Ig

ne
ou

s
Ev

en
t (

de
gr

ad
ed

 
co

nf
ig

ur
at

io
ns

)
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 in

-p
ac

ka
ge

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

 
an

d 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
6)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

25
.0

A 

N
o 

N
on

-IT
B

C
:

C
rit

ic
al

ity
C

ha
ra

ct
er

is
tic

s
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

 P
ac

ka
ge

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

D
rip

 S
hi

el
d 

M
at

er
ia

ls
, 

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
Lo

ad
in

g 
of

 W
as

te
 F

or
m

s
R

ep
os

ito
ry

 L
ay

ou
t 

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
W

as
te

 P
ac

ka
ge

 M
oi

st
ur

e
R

em
ov

al
 a

nd
 In

er
tin

g 
W

as
te

 P
ac

ka
ge

 S
pa

ci
ng

 

ANL-WIS-MD-000024 REV 01 A-141 February 2008 



 

   

 

 

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

2.
2.

08
.1

2.
0B

C
he

m
is

try
 o

f W
at

er
 

Fl
ow

in
g 

in
to

 th
e 

W
as

te
 P

ac
ka

ge
In

cl
ud

ed
 

Th
e 

ch
em

is
try

 o
f t

he
 w

at
er

 th
at

 c
om

es
 in

to
 c

on
ta

ct
 

w
ith

 th
e 

w
as

te
 fo

rm
 a

nd
 w

as
te

 p
ac

ka
ge

 in
te

rn
al

s 
is

 
al

te
re

d 
by

 re
ac

tio
n 

w
ith

 th
e 

ex
po

se
d 

m
et

al
lic

 a
nd

 
w

as
te

 fo
rm

 s
ur

fa
ce

s 
in

si
de

 th
e 

w
as

te
 p

ac
ka

ge
.  

R
es

ul
ts

 o
f a

na
ly

se
s 

in
di

ca
te

 th
at

 th
e 

ch
em

is
try

 is
 

m
or

e 
af

fe
ct

ed
 b

y 
th

e 
ra

te
 a

nd
 a

m
ou

nt
 o

f w
at

er
 

in
te

ra
ct

in
g 

w
ith

 th
e 

w
as

te
 p

ac
ka

ge
 in

te
rn

al
s 

th
an

 th
e 

ch
em

is
try

 o
f t

hi
s 

w
at

er
 (S

N
L 

20
07

 [D
IR

S
 1

80
50

6]
, 

S
ec

tio
n 

6.
3.

1.
3.

3)
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

12
.0

B 

N
o 

N
on

-IT
B

C
:

In
-P

ac
ka

ge
 C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-P
ac

ka
ge

 T
he

rm
al

 
E

nv
iro

nm
en

t
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-142 February 2008 



 

   

 

 

 

 

 
  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 F

or
m

 a
nd

W
as

te
 P

ac
ka

ge
In

te
rn

al
s 

3.
1.

01
.0

1.
0A

R
ad

io
ac

tiv
e 

D
ec

ay
an

d 
In

gr
ow

th
 

In
cl

ud
ed

 

D
ec

ay
 a

nd
 in

gr
ow

th
 o

f r
ad

io
nu

cl
id

es
 o

cc
ur

s 
in

 th
e 

w
as

te
 fo

rm
 a

nd
 a

lo
ng

 tr
an

sp
or

t p
at

hs
 o

f a
ny

 
ra

di
on

uc
lid

es
 re

le
as

ed
 fr

om
 th

e 
w

as
te

 fo
rm

. 
S

om
e

ra
di

on
uc

lid
es

 h
av

e 
su

ffi
ci

en
tly

 s
ho

rt 
ha

lf-
liv

es
 (e

.g
., 

90
 S

r a
nd

 13
7 C

s)
 th

at
 th

ey
 d

ec
ay

 to
 in

si
gn

ifi
ca

nt
 le

ve
ls

 
in

 th
e 

w
as

te
 p

ac
ka

ge
.  

O
th

er
 ra

di
on

uc
lid

es
 h

av
e 

m
od

er
at

e 
ha

lf-
liv

es
 a

nd
 d

ec
ay

 to
 p

ro
du

ct
s 

th
at

 m
ay

be
 re

le
as

ed
 fr

om
 th

e 
w

as
te

 (e
.g

., 
24

1 A
m

 d
ec

ay
s 

to
23

7 N
p 

(S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

, S
ec

tio
n 

6.
1;

 S
N

L 
20

07
 [D

IR
S

 1
84

74
8]

, S
ec

tio
n 

D
.2

; S
N

L 
20

08
 

[D
IR

S
 1

83
75

0]
, S

ec
tio

n 
6.

7.
2)

.  
D

ec
ay

 a
nd

 in
gr

ow
th

 
ha

ve
 b

ee
n 

in
cl

ud
ed

 in
 th

e 
TS

P
A

.  
W

ith
in

 th
e 

w
as

te
 

pa
ck

ag
e,

 ra
di

oa
ct

iv
e 

de
ca

y 
an

d 
in

gr
ow

th
 c

on
tri

bu
te

 to
 

th
e 

w
as

te
 in

ve
nt

or
y,

 w
hi

ch
 d

ef
in

es
 th

e 
am

ou
nt

 o
f 

di
ffe

re
nt

 ra
di

on
uc

lid
es

 p
re

se
nt

 in
 d

iff
er

en
t w

as
te

 
fo

rm
s 

(S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

). 
 T

he
 IT

B
C

 
ev

al
ua

tio
ns

 o
f p

ar
am

et
er

 c
ha

ra
ct

er
is

tic
 a

ss
oc

ia
te

d 
w

ith
 ra

di
oa

ct
iv

e 
de

ca
y 

is
 m

uc
h 

lik
e 

th
at

 o
f i

nv
en

to
ry

; 
si

nc
e 

bo
th

 a
re

 w
el

l c
ha

ra
ct

er
iz

ed
 g

iv
en

 th
e 

co
nt

ro
ls

 
on

 in
ve

nt
or

y 
us

ed
 in

 th
e 

an
al

yz
ed

 b
as

is
.  

An
y 

ch
an

ge
 

to
 in

ve
nt

or
y 

w
ill

 b
e 

m
an

ag
ed

 b
y 

th
e 

ch
an

ge
 

ev
al

ua
tio

n 
pr

oc
es

s 
(S

N
L 

20
07

 [D
IR

S
 1

80
47

2]
 S

ec
tio

n 
6.

1.
10

). 
Th

e 
de

ca
y 

an
d 

in
gr

ow
th

 p
ro

ce
ss

es
 a

re
 n

ot
 

co
ns

id
er

ed
 IT

B
C

 fo
r t

he
 w

as
te

 fo
rm

 a
nd

 w
as

te
 

pa
ck

ag
e 

in
te

rn
al

s 
be

ca
us

e 
th

e 
re

si
de

nc
e 

tim
e 

th
ro

ug
h 

th
e 

w
as

te
 fo

rm
 is

 s
ho

rte
r t

ha
n 

th
e 

ha
lf-

liv
es

 o
f 

m
aj

or
 d

os
e 

co
nt

rib
ut

or
s.

 A
dd

iti
on

al
ly

, i
n 

th
e 

ev
al

ua
tio

n 
of

 b
ar

rie
r c

ap
ab

ilit
y,

 tr
an

sp
or

t o
f 

ra
di

on
uc

lid
es

 fr
om

 th
e 

w
as

te
 in

ve
nt

or
y,

 a
re

 e
va

lu
at

ed
 

se
pa

ra
te

ly
 in

 tr
an

sp
or

t-r
el

at
ed

 F
E

P
s.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 3
.1

.0
1.

01
.0

A 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-143 February 2008 



 

   

 

 

 
 

 

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
P

al
le

t 
1.

2.
02

.0
3.

0A
Fa

ul
t D

is
pl

ac
em

en
t

D
am

ag
es

 E
B

S
C

om
po

ne
nt

s
In

cl
ud

ed
 

Th
e 

su
bs

ur
fa

ce
 la

yo
ut

 m
ai

nt
ai

ns
 a

 6
0 

m
et

er
 s

ta
nd

of
f 

di
st

an
ce

 b
et

w
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

So
lit

ar
io

 
C

an
yo

n 
an

d 
G

ho
st

 D
an

ce
 fa

ul
ts

.  
Th

is
 s

ta
nd

of
f 

en
su

re
s 

th
at

 E
B

S
 c

om
po

ne
nt

s 
ar

e 
no

t d
am

ag
ed

 b
y

di
sp

la
ce

m
en

t o
n 

th
es

e 
fa

ul
ts

, s
o 

th
es

e 
fa

ul
ts

 d
o 

no
t 

in
flu

en
ce

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
Y

uc
ca

 
M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
W

ith
in

 th
e 

re
po

si
to

ry
 b

lo
ck

, w
as

te
 p

ac
ka

ge
s 

an
d 

em
pl

ac
em

en
t p

al
le

ts
 w

ill 
be

 e
m

pl
ac

ed
 o

n 
kn

ow
n 

se
co

nd
ar

y 
fa

ul
ts

 (S
un

da
nc

e 
fa

ul
t, 

D
ril

l H
ol

e 
W

as
h 

fa
ul

t, 
S

ev
er

 W
as

h 
fa

ul
t, 

P
ag

an
y 

W
as

h 
fa

ul
t, 

an
d 

th
e 

w
es

te
rn

 s
pl

ay
 o

f t
he

 G
ho

st
 D

an
ce

 fa
ul

t) 
an

d 
on

 
hy

po
th

et
ic

al
 s

m
al

l f
au

lts
 w

ith
 a

 c
um

ul
at

iv
e 

of
fs

et
 o

f 2
 

m
et

er
s.

 T
he

 p
ot

en
tia

l d
am

ag
e 

to
 w

as
te

 p
ac

ka
ge

s 
an

d 
dr

ip
 s

hi
el

ds
 fr

om
 d

is
pl

ac
em

en
t o

n 
th

es
e 

fa
ul

ts
 is

 
in

cl
ud

ed
 in

 th
e 

TS
P

A
 M

od
el

 (S
N

L 
20

07
 [D

IR
S

 
17

68
28

], 
S

ec
tio

n 
6.

11
.5

). 
 H

ow
ev

er
, i

t i
s 

no
t e

xp
ec

te
d 

th
at

 d
am

ag
e 

to
 th

e 
em

pl
ac

em
en

t p
al

le
t f

ro
m

 fa
ul

t 
di

sp
la

ce
m

en
t w

ill
 s

ig
ni

fic
an

tly
 a

ffe
ct

 d
os

e 
be

ca
us

e 
w

as
te

 p
ac

ka
ge

 fa
ilu

re
s 

fro
m

 fa
ul

t d
is

pl
ac

em
en

t o
cc

ur
 

fo
r e

xc
ee

da
nc

e 
fre

qu
en

ci
es

 le
ss

 th
an

 2
.5
�1

0 �7
 p

er
ye

ar
 a

nd
 b

ec
au

se
 o

f t
he

 li
m

ite
d 

nu
m

be
r o

f l
oc

at
io

ns
 

in
 th

e 
em

pl
ac

em
en

t d
rif

t t
ha

t m
ig

ht
 b

e 
af

fe
ct

ed
 b

y
se

co
nd

ar
y 

fa
ul

ts
.  

A
dd

iti
on

al
ly

, t
hi

s 
de

gr
ad

at
io

n 
pr

oc
es

s 
is

 m
uc

h 
le

ss
 

si
gn

ifi
ca

nt
 th

an
 th

e 
m

or
e 

lik
el

y 
se

is
m

ic
al

ly
-in

du
ce

d 
gr

ou
nd

 m
ot

io
n 

ef
fe

ct
s 

(S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

, 
S

ec
tio

n 
6.

7)
.

Th
e 

re
sp

on
se

 o
f t

he
 p

al
le

t t
o 

fa
ul

t d
is

pl
ac

em
en

t i
s 

th
er

ef
or

e 
no

t I
TB

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

2.
03

.0
A 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-144 February 2008 



 

   

 

 

 

 

 

 

  

 

 

 

 
 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
P

al
le

t 
1.

2.
03

.0
2.

0A
S

ei
sm

ic
 G

ro
un

d
M

ot
io

n 
D

am
ag

es
E

B
S

 C
om

po
ne

nt
s

In
cl

ud
ed

 

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

da
m

ag
e 

th
e 

em
pl

ac
em

en
t p

al
le

ts
 fr

om
 w

as
te

 p
ac

ka
ge

-to


pa
lle

t i
m

pa
ct

s 
th

at
 m

ay
 o

cc
ur

 d
ur

in
g 

a 
se

is
m

ic
 e

ve
nt

.  
 

Th
es

e 
im

pa
ct

s 
m

ay
 d

ef
or

m
 o

r e
ve

n 
cr

us
h 

th
e 

em
pl

ac
em

en
t p

al
le

ts
 o

nc
e 

ge
ne

ra
l c

or
ro

si
on

 o
f A

llo
y

22
 re

du
ce

s 
th

e 
th

ic
kn

es
s 

of
 th

e 
cr

ad
le

s 
th

at
 s

up
po

rt 
th

e 
w

as
te

 p
ac

ka
ge

.  
Th

e 
im

pa
ct

 lo
ad

s 
m

ay
 a

ls
o 

fa
il 

th
e 

st
ai

nl
es

s 
st

ee
l c

on
ne

ct
or

 ro
ds

 in
 th

e 
pa

lle
t, 

al
lo

w
in

g 
th

e 
tw

o 
cr

ad
le

s 
to

 m
ov

e 
in

de
pe

nd
en

tly
du

rin
g 

a 
se

is
m

ic
 e

ve
nt

. 
W

hi
le

 th
e 

cr
ad

le
s 

re
m

ai
n 

in
ta

ct
 a

nd
 c

an
 s

up
po

rt 
th

e 
w

as
te

 p
ac

ka
ge

 a
bo

ve
 th

e 
in

ve
rt,

 th
e 

pr
es

en
ce

 o
f t

he
 

pa
lle

t c
an

 d
el

ay
 d

iff
us

iv
e 

re
le

as
es

 o
f r

ad
io

nu
cl

id
es

 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 to
 th

e 
in

ve
rt,

 th
er

eb
y

pr
ov

id
in

g 
a 

si
gn

ifi
ca

nt
 b

ar
rie

r t
o 

th
e 

re
le

as
e 

of
 

ra
di

on
uc

lid
es

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

A 
 

Y
es

 
IT

B
C

:
E

m
pl

ac
em

en
t P

al
le

t 
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
C

ha
ra

ct
er

iz
at

io
n 

of
 

S
ei

sm
ic

 E
ve

nt
s 

IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

  
E

m
pl

ac
em

en
t P

al
le

t D
es

ig
n

E
m

pl
ac

em
en

t P
al

le
t F

un
ct

io
n

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
M

at
er

ia
ls

 C
on

ta
ct

in
g 

th
e 

W
as

te
 P

ac
ka

ge
 

W
as

te
 P

ac
ka

ge
P

al
le

t 
2.

1.
06

.0
5.

0A
M

ec
ha

ni
ca

l
D

eg
ra

da
tio

n 
of

E
m

pl
ac

em
en

t P
al

le
t 

Ex
cl

ud
ed

 

Th
e 

w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t p

al
le

t p
ro

vi
de

s 
m

ec
ha

ni
ca

l s
ta

bi
lit

y 
fo

r t
he

 w
as

te
 p

ac
ka

ge
 g

iv
en

 
gr

ou
nd

 m
ot

io
ns

 a
ss

oc
ia

te
d 

w
ith

 a
 p

ot
en

tia
l s

ei
sm

ic
 

ev
en

t. 
Th

e 
po

te
nt

ia
l m

ec
ha

ni
ca

l d
eg

ra
da

tio
n 

of
 th

e 
w

as
te

 p
ac

ka
ge

 e
m

pl
ac

em
en

t p
al

le
t h

as
 b

ee
n

ev
al

ua
te

d 
an

d 
de

te
rm

in
ed

 to
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 
th

e 
ab

ili
ty

 o
f t

he
 p

al
le

t t
o 

m
ai

nt
ai

n 
its

 fu
nc

tio
n 

of
 

ke
ep

in
g 

th
e 

w
as

te
 p

ac
ka

ge
 s

ta
bl

e 
an

d 
ab

ov
e 

th
e 

in
ve

rt.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

05
.0

A 
 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 - 

P
al

le
t 

ANL-WIS-MD-000024 REV 01 A-145 February 2008 



 

   

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
P

al
le

t 
2.

1.
06

.0
5.

0C
C

he
m

ic
al

 
D

eg
ra

da
tio

n 
of

E
m

pl
ac

em
en

t P
al

le
t 

In
cl

ud
ed

 

Th
e 

w
as

te
 p

ac
ka

ge
 e

m
pl

ac
em

en
t p

al
le

t p
ro

vi
de

s 
ch

em
ic

al
 s

ta
bi

lit
y 

fo
r t

he
 w

as
te

 p
ac

ka
ge

 a
nd

 a
 

un
ifo

rm
 c

he
m

ic
al

 b
ou

nd
ar

y 
co

nd
iti

on
 fo

r e
va

lu
at

io
n 

of
 

w
as

te
 p

ac
ka

ge
 d

eg
ra

da
tio

n,
 in

 th
at

 th
e 

w
as

te
 

pa
ck

ag
e 

do
es

 n
ot

 c
om

e 
in

to
 d

ire
ct

 c
on

ta
ct

 w
ith

 th
e 

in
ve

rt.
 T

he
 p

ot
en

tia
l c

he
m

ic
al

 d
eg

ra
da

tio
n 

of
 th

e 
w

as
te

 p
ac

ka
ge

 e
m

pl
ac

em
en

t p
al

le
t h

as
 b

ee
n

ev
al

ua
te

d 
an

d 
de

te
rm

in
ed

 to
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 
th

e 
ab

ili
ty

 o
f t

he
 p

al
le

t t
o 

m
ai

nt
ai

n 
its

 fu
nc

tio
n 

of
 

ke
ep

in
g 

th
e 

w
as

te
 p

ac
ka

ge
 s

ta
bl

e 
an

d 
ab

ov
e 

th
e 

in
ve

rt.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

05
.0

C
  

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
E

B
S

 In
-d

rif
t M

at
er

ia
ls

In
te

ra
ct

io
ns

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l S

pe
ci

fic
at

io
ns

 
W

as
te

 P
ac

ka
ge

P
al

le
t 

2.
1.

06
.0

7.
0A

C
he

m
ic

al
 E

ffe
ct

s 
at

 
E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
Ex

cl
ud

ed
 

S
ol

id
-to

-s
ol

id
 in

te
ra

ct
io

ns
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
th

e 
va

rio
us

 fe
at

ur
es

 o
f t

he
 E

B
S

 h
av

e 
be

en
co

ns
id

er
ed

 in
 th

e 
de

si
gn

 a
nd

 a
na

ly
si

s 
of

 th
e 

in
-d

rif
t 

ch
em

ic
al

 e
nv

iro
nm

en
t s

uc
h 

th
at

 g
al

va
ni

c 
co

up
lin

g 
an

d 
ot

he
r c

he
m

ic
al

 in
te

ra
ct

io
ns

 a
re

 in
si

gn
ifi

ca
nt

 to
 

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
B

S
 M

at
er

ia
ls

 In
te

ra
ct

io
ns

 –
 

C
op

pe
r 

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 - 

P
al

le
t 

W
as

te
 P

ac
ka

ge
P

al
le

t 
2.

1.
06

.0
7.

0B
M

ec
ha

ni
ca

l E
ffe

ct
s

at
 E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
s

Ex
cl

ud
ed

 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r t
he

 re
po

si
to

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 w

as
te

 
pa

ck
ag

es
 a

nd
 d

rip
 s

hi
el

ds
 a

re
 p

la
ce

d 
in

 a
cc

or
da

nc
e 

w
ith

 th
e 

re
po

si
to

ry
 d

es
ig

n.
 

P
hy

si
ca

l e
ffe

ct
s 

of
 s

te
ad

y-
st

at
e 

co
nt

ac
t (

st
at

ic
 

lo
ad

in
g)

 th
at

 o
cc

ur
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
m

at
er

ia
ls

 in
 th

e 
dr

ift
 m

ay
 a

ffe
ct

 th
e 

pe
rfo

rm
an

ce
 o

f 
th

e 
sy

st
em

.  
Th

e 
m

ec
ha

ni
ca

l e
ffe

ct
s 

of
 s

ta
tic

 lo
ad

in
g 

th
at

 o
cc

ur
 a

t i
nt

er
fa

ce
s 

be
tw

ee
n 

m
at

er
ia

ls
 in

 th
e 

em
pl

ac
em

en
t d

rif
t a

re
 n

ot
 s

ig
ni

fic
an

t t
o 

th
e

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 o

f t
he

 re
po

si
to

ry
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
07

.0
B 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

A
s-

E
m

pl
ac

ed
 W

as
te

 
C

on
fig

ur
at

io
n.

/ W
as

te
 

P
ac

ka
ge

 O
ut

er
 B

ar
rie

r
M

at
er

ia
l S

pe
ci

fic
at

io
ns

 

ANL-WIS-MD-000024 REV 01 A-146 February 2008 



 

   

 

 
 

 

  

 

 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

W
as

te
 P

ac
ka

ge
P

al
le

t 
2.

1.
11

.0
7.

0A
Th

er
m

al
 E

xp
an

si
on

/ 
S

tre
ss

 o
f I

n-
dr

ift
 E

B
S

C
om

po
ne

nt
s

Ex
cl

ud
ed

 

A
lth

ou
gh

 th
er

m
al

 e
xp

an
si

on
 o

f E
B

S
 fe

at
ur

es
 o

cc
ur

s,
 

no
 s

ig
ni

fic
an

t s
tre

ss
 d

iff
er

en
tia

ls
 e

xi
st

 b
et

w
ee

n 
th

e 
di

ffe
re

nt
 fe

at
ur

es
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 D
ec

ay
 H

ea
t 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
In

ve
rt 

an
d 

E
B

S
 C

om
po

ne
nt

s 
in

 S
itu

 S
tre

ss
 a

nd
 T

he
rm

al
 

R
es

po
ns

e 
W

as
te

 P
ac

ka
ge

 L
on

gi
tu

di
na

l 
G

ap
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
In

ve
rt 

1.
2.

02
.0

3.
0A

Fa
ul

t D
is

pl
ac

em
en

t
D

am
ag

es
 E

B
S

C
om

po
ne

nt
s

In
cl

ud
ed

 

Th
e 

su
bs

ur
fa

ce
 la

yo
ut

 m
ai

nt
ai

ns
 a

 6
0 

m
et

er
 s

ta
nd

of
f 

di
st

an
ce

 b
et

w
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

So
lit

ar
io

 
C

an
yo

n 
an

d 
G

ho
st

 D
an

ce
 fa

ul
ts

.  
Th

is
 s

ta
nd

of
f 

en
su

re
s 

th
at

 E
B

S
 c

om
po

ne
nt

s 
ar

e 
no

t d
am

ag
ed

 b
y

di
sp

la
ce

m
en

t o
n 

th
es

e 
fa

ul
ts

, s
o 

th
es

e 
fa

ul
ts

 d
o 

no
t 

in
flu

en
ce

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
Y

uc
ca

 
M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
W

ith
in

 th
e 

re
po

si
to

ry
 b

lo
ck

, E
B

S
 c

om
po

ne
nt

s 
w

ill
 b

e 
em

pl
ac

ed
 o

n 
kn

ow
n 

se
co

nd
ar

y 
fa

ul
ts

 (S
un

da
nc

e 
fa

ul
t, 

D
ril

l H
ol

e 
W

as
h 

fa
ul

t, 
S

ev
er

 W
as

h 
fa

ul
t, 

P
ag

an
y 

W
as

h 
fa

ul
t, 

an
d 

th
e 

w
es

te
rn

 s
pl

ay
 o

f t
he

 G
ho

st
 D

an
ce

 
fa

ul
t) 

an
d 

on
 h

yp
ot

he
tic

al
 s

m
al

l f
au

lts
 w

ith
 a

 2
-m

et
er

 
of

fs
et

 (S
N

L 
20

07
 [D

IR
S

 1
76

82
8]

, S
ec

tio
n 

6.
11

.2
). 

 It
is

 n
ot

 e
xp

ec
te

d 
th

at
 d

am
ag

e 
to

 th
e 

in
ve

rt 
fro

m
 fa

ul
t 

di
sp

la
ce

m
en

t w
ill

 s
ig

ni
fic

an
tly

 a
ffe

ct
 d

os
e 

be
ca

us
e 

da
m

ag
e 

to
 w

as
te

 p
ac

ka
ge

s 
an

d 
dr

ip
 s

hi
el

ds
 o

cc
ur

s 
fo

r a
nn

ua
l e

xc
ee

da
nc

e 
fre

qu
en

ci
es

 o
f l

es
s 

th
an

 2
.5

 �

 

10
 �7

 a
nd

 b
ec

au
se

 th
e 

in
ve

rt 
is

 a
ffe

ct
ed

 b
y 

fa
ul

t 
di

sp
la

ce
m

en
t a

t a
 li

m
ite

d 
nu

m
be

r o
f l

oc
at

io
ns

 in
 th

e 
em

pl
ac

em
en

t d
rif

ts
 (S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

Se
ct

io
n 

6.
11

.5
). 

Th
is

 d
eg

ra
da

tio
n 

pr
oc

es
s 

is
 m

uc
h 

le
ss

 s
ig

ni
fic

an
t t

ha
n 

th
e 

m
or

e 
lik

el
y 

se
is

m
ic

-in
du

ce
d 

gr
ou

nd
 m

ot
io

n 
ef

fe
ct

s 
(S

N
L 

20
07

 [D
IR

S
 1

76
82

8]
, 

S
ec

tio
n 

6.
7)

.
Th

e 
re

sp
on

se
 o

f i
nv

er
t t

o 
fa

ul
t d

is
pl

ac
em

en
t i

s 
th

er
ef

or
e 

no
t I

TB
C

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

03
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Fa

ul
t D

is
pl

ac
em

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 S

ta
nd

of
f f

ro
m

 
Q

ua
te

rn
ar

y 
Fa

ul
t 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-147 February 2008 



 

   

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

  

 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
1.

2.
03

.0
2.

0A
S

ei
sm

ic
 G

ro
un

d
M

ot
io

n 
D

am
ag

es
E

B
S

 C
om

po
ne

nt
s

In
cl

ud
ed

 

Vi
br

at
or

y 
gr

ou
nd

 m
ot

io
n 

ha
s 

th
e 

po
te

nt
ia

l t
o 

da
m

ag
e 

th
e 

st
ee

l f
ra

m
ew

or
k 

an
d 

ba
lla

st
 in

 th
e 

in
ve

rt.
  T

he
 

fra
m

ew
or

k 
in

 th
e 

in
ve

rt 
is

 c
ar

bo
n 

st
ee

l t
ha

t i
s

ex
pe

ct
ed

 to
 c

or
ro

de
 q

ui
ck

ly
 in

 th
e 

m
oi

st
, i

n-
dr

ift
 

en
vi

ro
nm

en
t. 

 T
he

 re
sp

on
se

 o
f t

he
 s

te
el

 fr
am

ew
or

k 
is

 
th

er
ef

or
e 

no
t I

TB
C

, w
ith

 o
r w

ith
ou

t s
ei

sm
ic

 e
ve

nt
s.

  
Th

e 
ba

lla
st

 in
 th

e 
in

ve
rt 

is
 a

n 
en

gi
ne

er
ed

 m
at

er
ia

l t
ha

t 
w

ill
 b

e 
pr

od
uc

ed
 fr

om
 c

ru
sh

ed
 tu

ff 
ge

ne
ra

te
d 

du
rin

g 
m

in
in

g 
op

er
at

io
ns

.  
Th

is
 c

ru
sh

ed
 tu

ff 
is

 a
 h

ig
hl

y
po

ro
us

 m
at

er
ia

l t
ha

t m
ay

 s
et

tle
 o

r c
om

pa
ct

 d
ur

in
g 

a 
se

is
m

ic
 e

ve
nt

, b
ut

 is
 n

ot
 c

on
si

de
re

d 
to

 p
ro

vi
de

 a
 

si
gn

ifi
ca

nt
 b

ar
rie

r c
ap

ab
ili

ty
 in

 c
om

pa
ris

on
 to

 th
e 

in
ta

ct
 tu

ff 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 s
ur

ro
un

di
ng

 th
e 

em
pl

ac
em

en
t d

rif
ts

.
Th

e 
re

sp
on

se
 o

f i
nv

er
t t

o 
vi

br
at

or
y 

gr
ou

nd
 m

ot
io

n 
is

 
th

er
ef

or
e 

no
t I

TB
C

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
3.

02
.0

A 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n 
V

er
ifi

ca
tio

n 
of

 
D

es
ig

n 
R

oc
k 

P
ro

pe
rti

es
 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

In
ve

rt 
2.

1.
06

.0
5.

0B
M

ec
ha

ni
ca

l
D

eg
ra

da
tio

n 
of

 In
ve

rt 
Ex

cl
ud

ed
 

M
ec

ha
ni

ca
l d

eg
ra

da
tio

n 
of

 th
e 

in
ve

rt 
do

es
 n

ot
 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
 th

e 
ca

pa
bi

lit
y 

of
 th

e 
ot

he
r E

B
S

 
fe

at
ur

es
, n

or
 w

ou
ld

 s
uc

h 
ch

an
ge

s 
af

fe
ct

 th
e 

ra
di

on
uc

lid
e 

m
ig

ra
tio

n 
ra

te
 th

ro
ug

h 
th

e 
in

ve
rt 

to
 th

e 
ed

ge
 o

f t
he

 E
B

S
, b

ec
au

se
 c

ha
ng

es
 in

 in
ve

rt 
ba

lla
st

 
po

ro
si

ty
 d

o 
no

t s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
ch

ar
ac

te
ris

tic
s.

 
S

ei
sm

ic
al

ly
 in

du
ce

d 
ch

an
ge

s 
to

 th
e 

in
ve

rt,
 a

nd
 th

e 
ef

fe
ct

 fr
om

 d
ea

d 
lo

ad
in

g 
du

e 
to

 d
rif

t c
ol

la
ps

e,
 a

re
 

co
ns

id
er

ed
 s

ep
ar

at
el

y 
(s

ee
 F

E
P

 1
.2

.0
3.

02
.0

A
). 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
05

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

A
s-

em
pl

ac
ed

 W
as

te
 

P
ac

ka
ge

-D
rip

 S
hi

el
d

C
on

fig
ur

at
io

n
In

ve
rt 

an
d 

E
B

S
 C

om
po

ne
nt

s 
in

 S
itu

 S
tre

ss
 a

nd
 T

he
rm

al
 

R
es

po
ns

e 
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
C

on
fig

ur
at

io
n

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

Fu
nc

tio
n

In
ve

rt 
M

at
er

ia
ls

In
ve

rt 
2.

1.
06

.0
5.

0D
C

he
m

ic
al

 
D

eg
ra

da
tio

n 
of

 In
ve

rt 
Ex

cl
ud

ed
 

Th
e 

cr
us

he
d 

tu
ff 

in
ve

rt 
ba

lla
st

 m
at

er
ia

l i
s 

no
t s

ub
je

ct
 

to
 d

is
so

lu
tio

n 
or

 w
ea

th
er

in
g 

pr
oc

es
se

s 
th

at
 c

ou
ld

 
si

gn
ifi

ca
nt

ly
 c

ha
ng

e 
its

 h
yd

ro
lo

gi
ca

l, 
m

ec
ha

ni
ca

l, 
or

 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
ch

ar
ac

te
ris

tic
s.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
6.

05
.0

D
  

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
B

S
 D

rip
 S

hi
el

d 
/

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

M
at

er
ia

ls
 In

te
ra

ct
io

ns
In

ve
rt 

M
at

er
ia

ls
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-148 February 2008 



 

   

 

 

 

  

 

 
 

 
 

 

 

 

 

 

 
 

 
 

 

 
  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
08

.0
5.

0A
Fl

ow
 T

hr
ou

gh
 In

ve
rt 

In
cl

ud
ed

 

A
dv

ec
tiv

e 
flo

w
 th

ro
ug

h 
th

e 
in

ve
rt 

as
 a

 re
su

lt 
of

 
se

ep
ag

e 
or

 c
on

de
ns

at
io

n 
in

 th
e 

dr
ift

s,
 o

r i
m

bi
bi

tio
n 

fro
m

 th
e 

ho
st

 ro
ck

 in
to

 th
e 

in
ve

rt,
 is

 in
cl

ud
ed

 in
 th

e 
TS

PA
. O

nl
y 

se
ep

ag
e 

an
d 

dr
ift

-w
al

l c
on

de
ns

at
io

n 
re

pr
es

en
t p

ot
en

tia
lly

 s
ig

ni
fic

an
t a

dv
ec

tiv
e 

flo
w

.
P

ar
tit

io
ni

ng
 o

f r
el

ea
se

d 
ra

di
on

uc
lid

es
 fr

om
 th

e 
E

B
S

 to
 

th
e 

LN
B

 is
 s

en
si

tiv
e 

to
 a

dv
ec

tiv
e 

flo
w

, b
ut

 is
 re

la
tiv

el
y

in
se

ns
iti

ve
 to

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
of

 th
e 

in
ve

rt 
(S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

n 
6.

5.
2.

6)
. T

he
 in

ve
rt 

th
ic

kn
es

s 
pr

ov
id

es
 o

nl
y 

lim
ite

d 
de

la
y 

or
 re

ta
rd

at
io

n 
of

 
ra

di
on

uc
lid

es
; h

en
ce

 fl
ow

 th
ro

ug
h 

th
e 

in
ve

rt 
is

 n
ot

 
IT

BC
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
05

.0
A 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s 

N
on

e 

In
ve

rt 
2.

1.
06

.0
7.

0B
M

ec
ha

ni
ca

l E
ffe

ct
s

at
 E

B
S

 C
om

po
ne

nt
In

te
rfa

ce
s

Ex
cl

ud
ed

 

A
dm

in
is

tra
tiv

e 
co

nt
ro

ls
 fo

r t
he

 re
po

si
to

ry
 c

on
st

ru
ct

io
n 

an
d 

op
er

at
io

ns
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 a

ss
ur

e 
th

at
 w

as
te

 
pa

ck
ag

es
 a

nd
 d

rip
 s

hi
el

ds
 a

re
 p

la
ce

d 
in

 a
cc

or
da

nc
e 

w
ith

 th
e 

re
po

si
to

ry
 d

es
ig

n.
 

P
hy

si
ca

l e
ffe

ct
s 

of
 s

te
ad

y-
st

at
e 

co
nt

ac
t (

st
at

ic
 

lo
ad

in
g)

 th
at

 o
cc

ur
 a

t t
he

 in
te

rfa
ce

s 
be

tw
ee

n 
m

at
er

ia
ls

 in
 th

e 
dr

ift
 m

ay
 a

ffe
ct

 th
e 

pe
rfo

rm
an

ce
 o

f 
th

e 
sy

st
em

.  
Th

e 
m

ec
ha

ni
ca

l e
ffe

ct
s 

of
 s

ta
tic

 lo
ad

in
g 

th
at

 o
cc

ur
 a

t i
nt

er
fa

ce
s 

be
tw

ee
n 

m
at

er
ia

ls
 in

 th
e 

em
pl

ac
em

en
t d

rif
t a

re
 n

ot
 s

ig
ni

fic
an

t t
o 

th
e

po
st

cl
os

ur
e 

pe
rfo

rm
an

ce
 o

f t
he

 re
po

si
to

ry
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

6.
07

.0
B 

N
o 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t 

M
at

er
ia

ls
, P

ro
pe

rti
es

,
an

d 
C

on
fig

ur
at

io
n 

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t P
al

le
t D

es
ig

n
E

m
pl

ac
em

en
t P

al
le

t F
un

ct
io

n
E

B
S

 M
at

er
ia

ls
 In

te
ra

ct
io

ns
 –

 
P

al
le

t
E

m
pl

ac
em

en
t P

al
le

t 
Fa

br
ic

at
io

n 
an

d 
C

or
ro

si
on

 
Al

lo
w

an
ce

 
W

as
te

 P
ac

ka
ge

 a
nd

 
E

m
pl

ac
em

en
t P

al
le

t S
ta

tic
 

S
tre

ss
es

A
s-

E
m

pl
ac

ed
 W

as
te

 
C

on
fig

ur
at

io
n.

  W
as

te
P

ac
ka

ge
 O

ut
er

 B
ar

rie
r

M
at

er
ia

l S
pe

ci
fic

at
io

ns
In

ve
rt 

2.
1.

08
.0

6.
0A

C
ap

ill
ar

y 
E

ffe
ct

s 
(w

ic
ki

ng
) i

n 
E

B
S

 
In

cl
ud

ed
 

Th
e 

ef
fe

ct
s 

of
 w

ic
ki

ng
 in

 th
e 

in
ve

rt 
of

 th
e 

E
B

S
 h

av
e 

be
en

 in
cl

ud
ed

 in
 th

e 
M

ul
tis

ca
le

 T
he

rm
al

-H
yd

ro
lo

gi
c 

M
od

el
. 

Th
e 

ef
fe

ct
 o

f t
hi

s 
w

ic
ki

ng
 (w

ith
ou

t s
ee

pa
ge

) i
s 

to
 v

er
y 

sl
ig

ht
ly

 in
cr

ea
se

 th
e 

ad
ve

ct
iv

e 
flu

x 
th

ro
ug

h 
th

e 
in

ve
rt 

(S
N

L 
20

07
 [D

IR
S

 1
84

43
3]

, S
ec

tio
n 

6.
3.

3)
. T

he
 

m
ag

ni
tu

de
 o

f t
he

 fl
ux

 p
re

di
ct

ed
 is

 s
o 

sm
al

l t
ha

t t
he

 
ef

fe
ct

 is
 n

ot
 IT

B
C

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
8.

06
.0

A 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-149 February 2008 



 

   

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
08

.0
7.

0A
U

ns
at

ur
at

ed
 F

lo
w

 in
 

th
e 

E
B

S
In

cl
ud

ed
 

U
ns

at
ur

at
ed

 fl
ow

 o
cc

ur
s 

th
ro

ug
h 

th
e 

in
ve

rt 
as

 a
 re

su
lt 

of
 s

ee
pa

ge
 o

r d
rif

t-w
al

l c
on

de
ns

at
io

n,
 im

bi
bi

tio
n 

fro
m

 
th

e 
ho

st
 ro

ck
, o

r c
ap

ill
ar

y 
co

nd
en

sa
tio

n,
 a

nd
 a

ffe
ct

s 
th

e 
re

le
as

e 
of

 ra
di

on
uc

lid
es

 fr
om

 th
e 

E
B

S
 to

 th
e 

LN
B

 
fe

at
ur

es
 (S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

n 
6.

5.
2.

6 
an

d 
Ta

bl
e 

6.
4-

1)
.  

W
hi

le
 th

e 
pr

es
en

ce
 o

f m
oi

st
ur

e 
in

 
th

e 
in

ve
rt 

is
 re

qu
ire

d 
fo

r r
ad

io
nu

cl
id

e 
re

le
as

e 
fro

m
 th

e 
en

gi
ne

er
ed

 b
ar

rie
r, 

an
d 

ad
ve

ct
iv

e 
flo

w
 e

nh
an

ce
s 

th
e 

po
te

nt
ia

l r
el

ea
se

 ra
te

, t
he

 in
ve

rt 
tra

ns
po

rt 
pa

th
 is

 
sh

or
t, 

an
d 

ha
s 

a 
m

in
or

 e
ffe

ct
 o

n 
ba

rr
ie

r p
er

fo
rm

an
ce

 
co

m
pa

re
d 

to
 th

e 
LN

B
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
07

.0
A 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

e 

In
ve

rt 
2.

1.
08

.1
2.

0A
In

du
ce

d 
H

yd
ro

lo
gi

c 
C

ha
ng

es
 in

 In
ve

rt 
Ex

cl
ud

ed
 

Th
e 

pe
rm

ea
bi

lit
y 

of
 th

e 
in

ve
rt 

ba
lla

st
 m

at
er

ia
ls

 a
nd

 
th

e 
fra

ct
ur

ed
 ro

ck
s 

be
ne

at
h 

th
e 

em
pl

ac
em

en
t d

rif
ts

 is
 

su
ffi

ci
en

tly
 la

rg
e 

to
 p

re
cl

ud
e 

an
y 

si
gn

ifi
ca

nt
 e

ffe
ct

s 
fro

m
 p

lu
gg

in
g 

or
 o

th
er

 c
ha

ng
es

 in
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s.

 In
 a

dd
iti

on
, t

he
 re

po
si

to
ry

 d
rif

ts
 a

re
 

de
si

gn
ed

 to
 p

ro
m

ot
e 

fre
e 

dr
ai

na
ge

 a
nd

 p
re

ve
nt

 
ac

cu
m

ul
at

io
n 

of
 w

at
er

.  
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

8.
12

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t G
ra

di
en

t
N

on
-E

m
pl

ac
em

en
t O

pe
ni

ng
 

G
ra

di
en

t
R

ep
os

ito
ry

 E
le

va
tio

n 
– 

S
ta

nd
of

f f
ro

m
 th

e 
W

at
er

Ta
bl

e 
In

ve
rt 

M
at

er
ia

ls
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
C

on
fig

ur
at

io
n 

In
ve

rt 
2.

1.
09

.0
1.

0A
C

he
m

ic
al

 
C

ha
ra

ct
er

is
tic

s 
of

 
W

at
er

 in
 D

rif
ts

In
cl

ud
ed

 

C
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 w
at

er
 in

 th
e 

in
ve

rt 
w

ill 
be

 
af

fe
ct

ed
 b

y 
th

e 
in

co
m

in
g 

w
at

er
 c

he
m

is
try

 (i
.e

., 
se

ep
ag

e,
 d

rif
t-w

al
l c

on
de

ns
at

io
n,

 o
r i

m
bi

bi
tio

n 
fro

m
 

th
e 

ho
st

 ro
ck

). 
W

he
n 

in
flo

w
 o

cc
ur

s,
 s

uc
h 

w
at

er
s 

w
ill

 
ha

ve
 a

lre
ad

y 
in

te
ra

ct
ed

 w
ith

 th
e 

ho
st

 ro
ck

, s
o 

ch
an

ge
s 

w
ith

in
 th

e 
in

ve
rt 

ar
e 

no
t e

xp
ec

te
d 

to
 b

e 
si

gn
ifi

ca
nt

.  
In

ve
rt 

w
at

er
s 

w
ill

 b
e 

si
m

ila
r t

o 
ot

he
r 

w
at

er
s 

in
 th

e 
en

vi
ro

nm
en

t a
nd

 w
ill

 th
er

ef
or

e,
 n

ot
 

co
nt

rib
ut

e 
si

gn
ifi

ca
nt

ly
 to

 b
ar

rie
r c

ap
ab

ili
ty

 (S
N

L 
20

07
 

[D
IR

S
 1

77
41

2]
, S

ec
tio

n 
6.

13
.4

). 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

01
.0

A 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-150 February 2008 



 

   

 

 

 

 
 

 

  

 

 

 

 
 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.0
4.

0A
R

ad
io

nu
cl

id
e 

So
lu

bi
lit

y,
 S

ol
ub

ilit
y 

Li
m

its
, a

nd
S

pe
ci

at
io

n 
in

 th
e 

W
as

te
 fo

rm
 a

nd
 E

B
S

In
cl

ud
ed

 

S
ol

ub
ili

ty
 li

m
ite

d 
tra

ns
po

rt 
in

 th
e 

in
ve

rt 
is

 in
cl

ud
ed

 in
 

th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t, 
an

d 
co

ul
d 

de
la

y
re

le
as

es
 to

 th
e 

LN
B

 if
 p

re
ci

pi
ta

te
s 

ac
cu

m
ul

at
e.

  
H

ow
ev

er
, t

hi
s 

is
 n

ot
 a

 s
ig

ni
fic

an
t p

ro
ce

ss
 b

ec
au

se
 

w
at

er
s 

in
 th

e 
in

ve
rt 

w
ill

 te
nd

 to
 d

ilu
te

 ra
di

on
uc

lid
es

 
re

le
as

ed
 fr

om
 th

e 
w

as
te

 p
ac

ka
ge

, c
on

si
de

rin
g 

al
l 

po
ss

ib
le

 s
ou

rc
es

 o
f i

nv
er

t w
at

er
. H

en
ce

, w
hi

le
 th

is
 

pr
oc

es
s 

is
 in

cl
ud

ed
 in

 T
S

P
A

, i
t i

s 
no

t c
on

si
de

re
d 

IT
BC

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

04
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

 

In
ve

rt 
2.

1.
09

.0
5.

0A
S

or
pt

io
n 

of
D

is
so

lv
ed

 
R

ad
io

nu
cl

id
es

 in
E

B
S

In
cl

ud
ed

 

S
or

pt
io

n 
in

 th
e 

in
ve

rt 
is

 in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 
as

se
ss

m
en

t, 
an

d 
co

ul
d 

de
la

y 
re

le
as

es
 to

 th
e 

LN
B

 if
 

pr
ec

ip
ita

te
s 

ac
cu

m
ul

at
e.

  H
ow

ev
er

, t
hi

s 
is

 n
ot

 a
 

si
gn

ifi
ca

nt
 p

ro
ce

ss
 b

ec
au

se
 w

at
er

s 
in

 th
e 

in
ve

rt-
tra

ns
po

rt 
pa

th
w

ay
 is

 s
ho

rt,
 a

nd
 it

s 
ef

fe
ct

 o
n 

E
B

S
 

pe
rfo

rm
an

ce
 is

 li
m

ite
d.

  H
en

ce
, w

hi
le

 th
is

 p
ro

ce
ss

 is
 

in
cl

ud
ed

 in
 T

SP
A

, i
t i

s 
no

t c
on

si
de

re
d 

IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
05

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n 

ANL-WIS-MD-000024 REV 01 A-151 February 2008 



 

   

 

 

 
  

 

 

 

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.0
6.

0B
R

ed
uc

tio
n-

ox
id

at
io

n 
P

ot
en

tia
l i

n 
D

rif
ts

 
In

cl
ud

ed
 

A
lth

ou
gh

 th
e 

re
do

x 
po

te
nt

ia
l i

n 
th

e 
in

ve
rt 

co
ul

d 
af

fe
ct

 
ra

di
on

uc
lid

e 
so

lu
bi

lit
y,

 o
xi

di
zi

ng
 c

on
di

tio
ns

 a
re

 
co

ns
er

va
tiv

el
y 

us
ed

 to
 re

pr
es

en
t b

ot
h 

th
e 

in
ve

rt 
an

d 
th

e 
in

-p
ac

ka
ge

 e
nv

iro
nm

en
t. 

Th
us

, t
hi

s 
pr

oc
es

s 
ha

s 
no

 e
ffe

ct
 o

n 
ra

di
on

uc
lid

e 
re

le
as

es
 (S

N
L 

20
07

 [D
IR

S
 

17
74

12
], 

S
ec

tio
ns

 6
.1

4 
an

d 
6.

8.
4)

 a
nd

 is
 n

ot
 IT

B
C

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

06
.0

B 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 L

ay
ou

t 
D

es
ig

n 
of

 G
ro

un
d 

S
up

po
rt

S
ys

te
m

 

In
ve

rt 
2.

1.
09

.0
7.

0B
R

ea
ct

io
n 

K
in

et
ic

s 
in

 
D

rif
t

In
cl

ud
ed

 

R
ea

ct
io

n 
ki

ne
tic

s 
co

nt
ro

l t
he

 c
om

po
si

tio
n 

of
 w

at
er

, 
pa

rti
cu

la
rly

 in
 th

e 
w

as
te

 p
ac

ka
ge

 w
he

re
 w

as
te

 fo
rm

s 
de

gr
ad

e 
at

 li
m

ite
d 

ra
te

s.
  R

ea
ct

io
n 

ki
ne

tic
s 

ar
e

in
cl

ud
ed

 in
 th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t, 

bu
t h

av
e 

lim
ite

d 
ef

fe
ct

 in
 th

e 
in

ve
rt 

on
 re

le
as

es
 fr

om
 th

e 
in

ve
rt 

be
ca

us
e 

of
 th

e 
in

ve
rts

 li
m

ite
d 

ex
te

nt
 a

nd
 th

e 
fo

rm
at

io
n 

of
 p

re
ci

pi
ta

te
s 

su
ch

 a
s 

sc
ho

ep
ite

, w
hi

ch
 

ca
us

es
 th

e 
so

ur
ce

 c
on

di
tio

n 
fo

r t
ra

ns
po

rt 
to

 b
e 

so
lu

bi
lit

y 
lim

ite
d,

 w
hi

le
 h

ig
hl

y 
so

lu
bl

e 
fis

si
on

 p
ro

du
ct

s 
ar

e 
re

ad
ily

 re
le

as
ed

 fr
om

 g
ra

in
-b

ou
nd

ar
ie

s 
in

 s
pe

nt
 

fu
el

. 
A

cc
or

di
ng

ly
, r

at
es

 o
f w

as
te

 fo
rm

 d
eg

ra
da

tio
n 

ar
e 

no
t c

on
si

de
re

d 
to

 b
e 

IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
07

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-152 February 2008 



 

   

 

 

 
 

 
 

 

 

  

 

 

 

 

 

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.0
8.

0A
D

iff
us

io
n 

of
D

is
so

lv
ed

 
R

ad
io

nu
cl

id
es

 in
E

B
S

In
cl

ud
ed

 

R
ad

io
nu

cl
id

e 
di

ffu
si

on
 in

 th
e 

w
as

te
 p

ac
ka

ge
 a

nd
 in

 
th

e 
in

ve
rt 

is
 s

lo
w

, a
nd

 li
m

its
 ra

di
on

uc
lid

e 
re

le
as

es
 

w
he

n 
th

is
 is

 th
e 

on
ly

 o
pe

ra
nt

 tr
an

sp
or

t m
ec

ha
ni

sm
. 

R
el

ea
se

 ra
te

s 
fro

m
 th

e 
en

gi
ne

er
ed

 b
ar

rie
r t

en
d 

to
 b

e 
do

m
in

at
ed

 b
y 

ad
ve

ct
io

n,
 w

ith
 li

m
ite

d 
in

flu
en

ce
 fr

om
 

sl
ow

 d
iff

us
iv

e 
tra

ns
po

rt 
 (S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
,

S
ec

tio
ns

 6
.3

.1
.1

 a
nd

 6
.3

.1
.2

). 
Th

us
, w

hi
le

 d
iff

us
iv

e 
tra

ns
po

rt 
in

 th
e 

in
ve

rt 
is

 s
lo

w
, i

t h
as

 li
m

ite
d 

im
pa

ct
 o

n 
ba

rri
er

 c
ap

ab
ili

ty
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
08

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
In

ve
rt 

M
at

er
ia

ls
 

In
ve

rt 
2.

1.
09

.0
8.

0B
A

dv
ec

tio
n 

of
D

is
so

lv
ed

 
R

ad
io

nu
cl

id
es

 in
E

B
S

In
cl

ud
ed

 

R
ad

io
nu

cl
id

e 
re

le
as

es
 fr

om
 th

e 
en

gi
ne

er
ed

 b
ar

rie
r 

ar
e 

do
m

in
at

ed
 b

y 
ad

ve
ct

io
n.

 A
dv

ec
tiv

e 
re

le
as

es
 fr

om
 

th
e 

w
as

te
 p

ac
ka

ge
 c

an
 o

cc
ur

 o
nl

y 
w

he
n 

bo
th

 th
e 

dr
ip

 
sh

ie
ld

 a
nd

 w
as

te
 p

ac
ka

ge
 a

re
 b

re
ac

he
d 

to
 th

e 
ex

te
nt

 
th

at
 s

uc
h 

tra
ns

po
rt 

ca
n 

oc
cu

r. 
E

ve
n 

if 
th

e 
dr

ip
 s

hi
el

d 
an

d 
w

as
te

 p
ac

ka
ge

 a
re

 n
ot

 b
re

ac
he

d,
 a

dv
ec

tiv
e 

re
le

as
es

 a
re

 m
or

e 
si

gn
ifi

ca
nt

 th
an

 d
iff

us
iv

e 
fro

m
 a

 
sy

st
em

 p
er

fo
rm

an
ce

 p
er

sp
ec

tiv
e 

be
ca

us
e 

ad
ve

ct
iv

e 
re

le
as

es
 to

 th
e 

LN
B

 o
cc

ur
 in

to
 th

e 
fra

ct
ur

es
 o

f t
he

 
un

sa
tu

ra
te

d 
zo

ne
, w

hi
le

 d
iff

us
iv

e 
re

le
as

es
 a

re
 

pa
rti

tio
ne

d 
to

 th
e 

m
at

rix
 (S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, 

S
ec

tio
ns

 6
.3

.1
.1

 a
nd

 6
.3

.1
.2

). 
H

en
ce

 th
e 

fa
ct

or
s 

th
at

 
co

nt
ro

l a
dv

ec
tiv

e 
tra

ns
po

rt 
w

ith
in

 th
e 

E
B

S
, a

nd
 

pa
rti

tio
ni

ng
 to

 th
e 

LN
B

 b
el

ow
, a

re
 im

po
rta

nt
 to

 
ca

pa
bi

lit
y 

of
 th

e 
en

gi
ne

er
ed

 b
ar

rie
r. 

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

08
.0

B 

N
o 

N
on

-IT
B

C
:

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n
In

ve
rt 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-153 February 2008 



 

   

 

 

 

 
 

 

  

 

 

 

 
 

  
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.1
3.

0A
C

om
pl

ex
at

io
n 

in
E

B
S

Ex
cl

ud
ed

 

C
he

m
ic

al
 a

nd
 b

io
lo

gi
ca

l c
on

di
tio

ns
 th

at
 c

ou
ld

 
co

nt
rib

ut
e 

to
 c

om
pl

ex
at

io
n 

of
 ra

di
on

uc
lid

es
 in

 th
e 

in
ve

rt 
w

ill
 n

ot
 o

cc
ur

 o
r w

ill
 b

e 
pr

es
en

t t
o 

su
ch

 li
m

ite
d 

ex
te

nt
 a

s 
to

 n
ot

 e
nh

an
ce

 th
e 

ra
te

s 
of

 tr
an

sp
or

t o
f 

ra
di

on
uc

lid
es

 re
le

as
ed

 fr
om

 th
e 

w
as

te
 p

ac
ka

ge
.  

Th
er

ef
or

e,
 c

om
pl

ex
at

io
n 

ef
fe

ct
s 

in
 th

e 
in

ve
rt 

ar
e 

ne
gl

ig
ib

le
 fr

om
 a

 b
ar

rie
r c

ap
ab

ilit
y 

pe
rs

pe
ct

iv
e.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

13
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-d

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 a

nd
 T

A
D

 
C

an
is

te
r E

xc
lu

de
d 

M
at

er
ia

ls
C

om
m

itt
ed

 M
at

er
ia

ls
 

In
ve

rt 
2.

1.
09

.1
9.

0A
S

or
pt

io
n 

of
 C

ol
lo

id
s 

in
 E

B
S

Ex
cl

ud
ed

 

A
lth

ou
gh

 c
ol

lo
id

s 
co

ul
d 

po
te

nt
ia

lly
 s

or
b 

on
 in

ve
rt 

ba
lla

st
 m

at
er

ia
ls

, t
hu

s 
re

du
ci

ng
 th

e 
ra

te
 o

f 
ra

di
on

uc
lid

e 
re

le
as

e,
 th

is
 s

or
pt

io
n 

is
 s

m
al

l a
nd

, 
be

ca
us

e 
th

e 
tra

ve
l p

at
h 

th
ro

ug
h 

th
e 

in
ve

rt 
is

 s
ho

rt 
co

m
pa

re
d 

w
ith

 th
at

 th
ro

ug
h 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 
be

lo
w

 th
e 

re
po

si
to

ry
, i

s 
re

la
tiv

el
y 

in
si

gn
ifi

ca
nt

.  
Fo

r
ps

eu
do

-c
ol

lo
id

s 
to

 w
hi

ch
 ra

di
on

uc
lid

es
 a

re
 re

ve
rs

ib
ly

so
rb

ed
, s

or
pt

io
n 

of
 th

e 
ca

rri
er

 p
ar

tic
le

s 
ha

s 
lim

ite
d 

ef
fe

ct
 o

n 
ra

di
on

uc
lid

e 
tra

ns
po

rt.
  B

ec
au

se
 o

f t
he

lim
ite

d 
af

fe
ct

 o
n 

ba
rri

er
 p

er
fo

rm
an

ce
, c

ol
lo

id
 s

or
pt

io
n 

is
 e

xc
lu

de
d 

fro
m

 th
e 

TS
P

A
 (S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 

– 
2.

1.
09

.1
9.

0A
) a

nd
 th

e 
pr

oc
es

s 
is

 n
ot

 IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
19

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-154 February 2008 



 

   

 

 

 
 

  

 

 

 
 

 

 

  

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
(C

on
tin

ue
d)

 2
.1

.0
9.

19
.0

A
S

or
pt

io
n 

of
 C

ol
lo

id
s 

in
 E

B
S

Ex
cl

ud
ed

(C
on

tin
ue

d)
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 
In

ve
rt 

2.
1.

09
.1

9.
0B

A
dv

ec
tio

n 
of

 C
ol

lo
id

s 
in

 E
B

S
In

cl
ud

ed
 

C
ol

lo
id

al
 re

le
as

es
 fr

om
 th

e 
en

gi
ne

er
ed

 b
ar

rie
r a

re
 

do
m

in
at

ed
 b

y 
ad

ve
ct

io
n.

  A
dv

ec
tiv

e 
re

le
as

es
 fr

om
 th

e 
w

as
te

 p
ac

ka
ge

 c
an

 o
cc

ur
 o

nl
y 

w
he

n 
bo

th
 th

e 
dr

ip
 

sh
ie

ld
 a

nd
 w

as
te

 p
ac

ka
ge

 a
re

 b
re

ac
he

d 
to

 th
e 

ex
te

nt
 

th
at

 s
uc

h 
tra

ns
po

rt 
ca

n 
oc

cu
r.

 E
ve

n 
if 

th
e 

dr
ip

 s
hi

el
d

an
d 

w
as

te
 p

ac
ka

ge
 a

re
 n

ot
 b

re
ac

he
d,

 a
dv

ec
tiv

e 
tra

ns
po

rt 
of

 c
ol

lo
id

s 
th

ro
ug

h 
th

e 
in

ve
rt 

is
 m

or
e 

si
gn

ifi
ca

nt
 th

an
 d

iff
us

iv
e 

(S
N

L 
20

07
 [D

IR
S

 1
77

40
7]

, 
S

ec
tio

n 
6.

3.
4.

4)
.  

H
ow

ev
er

, t
he

 a
dv

ec
tio

n 
of

 c
ol

lo
id

s 
is

 a
 s

m
al

l c
on

tri
bu

to
r t

o 
re

le
as

e 
co

m
pa

re
d 

to
 th

at
 o

f 
di

ss
ol

ve
 ra

di
on

uc
lid

e 
sp

ec
ie

s 
an

d 
its

 im
pa

ct
 o

n 
ba

rri
er

 c
ap

ab
ili

ty
 is

 n
ot

 c
on

si
de

re
d 

IT
B

C
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
19

.0
B 

 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
D

rip
 S

hi
el

d 
M

at
er

ia
ls

, 
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n 

ANL-WIS-MD-000024 REV 01 A-155 February 2008 



 

   

 

 

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
0.

0A
Fi

ltr
at

io
n 

of
 C

ol
lo

id
s 

in
 E

B
S

Ex
cl

ud
ed

 

A
lth

ou
gh

 c
ol

lo
id

 fi
ltr

at
io

n 
co

ul
d 

po
te

nt
ia

lly
 o

cc
ur

 
du

rin
g 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

in
ve

rt 
ba

lla
st

 m
at

er
ia

ls
, 

th
us

 re
du

ci
ng

 th
e 

ra
te

 o
f r

ad
io

nu
cl

id
e 

re
le

as
e,

 th
is

 
pr

oc
es

s 
ha

s 
be

en
 c

on
se

rv
at

iv
el

y 
no

t i
nc

lu
de

d 
in

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t, 
an

d 
is

 c
on

si
de

re
d 

no
t t

o 
be

 
IT

B
C

 b
ec

au
se

 o
f t

he
 li

m
ite

d 
ex

te
nt

 o
f t

he
 tr

av
el

 p
at

h 
le

ng
th

 th
ro

ug
h 

th
e 

in
ve

rt.
 (S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

 
2.

1.
09

.2
0.

0A
).

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
20

.0
A 

 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-156 February 2008 



 

   

 

 

 

  
 

 

  

  

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
1.

0A
Tr

an
sp

or
t o

f 
P

ar
tic

le
s 

La
rg

er
 th

an
C

ol
lo

id
s 

in
 E

B
S

 
Ex

cl
ud

ed
 

P
ar

tic
le

s 
la

rg
er

 th
an

 c
ol

lo
id

s 
th

at
 a

re
 re

le
as

ed
 fr

om
 

th
e 

w
as

te
 fo

rm
 a

re
 a

n 
in

si
gn

ifi
ca

nt
 fr

ac
tio

n 
of

 th
e 

to
ta

l 
pa

rti
cl

es
.  

R
ad

io
nu

cl
id

es
 re

ve
rs

ib
ly

 o
r i

rre
ve

rs
ib

ly
so

rb
ed

 o
nt

o 
co

llo
id

-s
iz

ed
 p

ar
tic

le
s 

ha
ve

 a
 m

uc
h 

m
or

e 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
th

e 
ra

te
 o

f r
el

ea
se

 o
f 

ra
di

on
uc

lid
es

 fr
om

 th
e 

en
gi

ne
er

ed
 b

ar
rie

r, 
th

ro
ug

h 
th

e 
in

ve
rt 

ba
lla

st
 a

nd
, a

re
 th

er
ef

or
e,

 c
on

si
de

re
d 

no
t t

o 
be

 
IT

BC
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
21

.0
A 

 

N
o 

N
on

-IT
B

C
:

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

e 

In
ve

rt 
2.

1.
09

.2
2.

0A
S

or
pt

io
n 

of
 C

ol
lo

id
s 

at
 a

ir–
W

at
er

In
te

rfa
ce

Ex
cl

ud
ed

 

A
lth

ou
gh

 th
e 

po
te

nt
ia

l f
or

 s
or

pt
io

n 
of

 c
ol

lo
id

s 
at

 th
e 

ai
r-

w
at

er
 in

te
rfa

ce
 is

 p
os

si
bl

e,
 th

us
 re

du
ci

ng
 th

e 
re

le
as

e 
ra

te
 o

f c
ol

lo
id

al
 p

ar
tic

le
s 

fro
m

 th
e 

in
ve

rt 
ba

lla
st

, t
hi

s 
pr

oc
es

s 
ha

s 
be

en
 c

on
se

rv
at

iv
el

y 
no

t 
in

cl
ud

ed
 in

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t, 
an

d 
is

 
co

ns
id

er
ed

 n
ot

 to
 b

e 
IT

B
C

 b
ec

au
se

 o
f t

he
 li

m
ite

d 
ex

te
nt

 o
f t

he
 tr

av
el

 p
at

h 
le

ng
th

 th
ro

ug
h 

th
e 

in
ve

rt.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
22

.0
A 

 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-157 February 2008 



 

   

 

 

  

 

 

 

  

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
3.

0A
S

ta
bi

lit
y 

of
 C

ol
lo

id
s 

in
 E

B
S

In
cl

ud
ed

 

C
ol

lo
id

 s
ta

bi
lit

y 
in

 th
e 

in
ve

rt 
is

 a
 fu

nc
tio

n 
of

 th
e 

aq
ue

ou
s 

ch
em

ic
al

 c
on

di
tio

ns
 (S

N
L 

20
07

 
[D

IR
S 

17
74

23
], 

Se
ct

io
n 

6.
6.

8)
, a

nd
 a

 c
ol

lo
id

 s
ta

bi
lit

y 
m

od
el

 is
 in

cl
ud

ed
 a

s 
a 

pr
oc

es
s 

in
 th

e 
TS

P
A

 
(S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

 2
.1

.0
9.

23
.0

A
). 

If
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

 fa
vo

r s
ta

bi
lit

y,
 th

en
 th

e 
as

so
ci

at
ed

 ra
di

on
uc

lid
es

 a
re

 tr
an

sp
or

te
d 

co
llo

id
al

ly
.

If 
co

nd
iti

on
s 

ar
e 

no
t f

av
or

ab
le

, t
he

 c
ol

lo
id

s 
an

d 
as

so
ci

at
ed

 ra
di

on
uc

lid
es

 a
re

 im
m

ob
ili

ze
d,

 a
nd

 tr
ue

 
co

llo
id

s 
m

ay
 d

is
so

lv
e 

be
co

m
in

g 
su

bj
ec

t t
o 

aq
ue

ou
s 

tra
ns

po
rt 

(S
N

L 
20

07
 [D

IR
S

 1
77

40
7]

, S
ec

tio
n 

6.
3.

1.
2)

.  
C

ol
lo

id
al

 tr
an

sp
or

t i
s 

m
os

t i
m

po
rta

nt
 fo

r 
ra

di
oe

le
m

en
ts

 s
uc

h 
as

 P
u 

w
hi

ch
 a

re
 re

la
tiv

el
y

in
so

lu
bl

e,
 a

nd
 te

nd
 to

 b
e 

st
ro

ng
ly

 s
or

be
d.

  T
hu

s,
 

re
ga

rd
le

ss
 o

f w
he

th
er

 c
ol

lo
id

s 
ar

e 
st

ab
le

, t
ra

ns
po

rt 
of

 
th

e 
as

so
ci

at
ed

 ra
di

on
uc

lid
es

 is
 li

ke
ly

 to
 b

e 
at

te
nu

at
ed

 
by

 s
or

pt
io

n 
on

to
 im

m
ob

ile
 s

ol
id

s.
  F

or
 th

is
 re

as
on

 a
nd

th
e 

sm
al

l t
ra

ns
po

rt 
pa

th
 re

pr
es

en
te

d 
by

 th
e 

in
ve

rt,
 

co
llo

id
 s

ta
bi

lit
y 

is
 c

on
si

de
re

d 
no

t t
o 

be
 IT

B
C

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

23
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-158 February 2008 



 

   

 

 
 

 
 

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
4.

0A
D

iff
us

io
n 

of
 C

ol
lo

id
s 

in
 E

B
S

In
cl

ud
ed

 

D
iff

us
io

n 
of

 c
ol

lo
id

s 
is

 n
ot

 a
 s

ig
ni

fic
an

t m
od

e 
of

 
re

le
as

e.
 O

nl
y 

th
e 

sm
al

le
st

 o
f c

ol
lo

id
al

 p
ar

tic
le

s,
 

to
ge

th
er

 w
ith

 a
ny

 a
ss

oc
ia

te
d 

ra
di

on
uc

lid
es

, m
ay

 b
e

tra
ns

po
rte

d 
si

gn
ifi

ca
nt

ly
 b

y 
di

ffu
si

on
 in

 th
e 

E
B

S
.  

A
dv

ec
tio

n 
is

 a
 m

or
e 

si
gn

ifi
ca

nt
 m

et
ho

d 
of

 tr
an

sp
or

t i
n

th
e 

in
ve

rt 
(S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

ns
 6

.1
.1

an
d 

Ta
bl

e 
6.

3-
2)

.  
W

hi
le

 c
ol

lo
id

al
 d

iff
us

io
n 

is
 in

cl
ud

ed
 

in
 th

e 
TS

P
A

, t
he

 p
ro

ce
ss

 is
 c

on
si

de
re

d 
no

t t
o 

be
 

IT
B

C
 b

ec
au

se
 it

 is
 le

ss
 s

ig
ni

fic
an

t t
ha

n 
th

at
, w

hi
ch

 is
 

as
so

ci
at

ed
 w

ith
 d

is
so

lv
ed

 ra
di

on
uc

lid
es

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

24
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-159 February 2008 



 

   

 

 

 

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
6.

0A
G

ra
vi

ta
tio

na
l S

et
tli

ng
 

of
 C

ol
lo

id
s 

in
 E

B
S

Ex
cl

ud
ed

 

S
et

tli
ng

 o
f c

ol
lo

id
s 

ha
s 

no
 e

ffe
ct

 o
n 

th
e 

tra
ns

po
rt 

of
co

llo
id

s 
th

ro
ug

h 
th

e 
in

ve
rt 

be
ca

us
e 

of
 th

e 
lim

ite
d 

ex
te

nt
 o

f t
he

 tr
av

el
 p

at
h 

le
ng

th
 th

ro
ug

h 
th

e 
in

ve
rt 

an
d 

is
, t

he
re

fo
re

, e
xc

lu
de

d 
fro

m
 th

e 
pe

rfo
rm

an
ce

 
as

se
ss

m
en

t, 
an

d 
is

 c
on

si
de

re
d 

no
t t

o 
be

 IT
B

C
 (S

N
L 

20
08

 [D
IR

S
 1

83
04

1]
 –

 2
.1

.0
9.

26
.0

A
). 

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

26
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-160 February 2008 



 

   

 

 

 
 

 

  

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
09

.2
7.

0A
C

ou
pl

ed
 E

ffe
ct

s 
on

R
ad

io
nu

cl
id

e 
Tr

an
sp

or
t i

n 
E

B
S

 
Ex

cl
ud

ed
 

Th
er

m
al

-c
he

m
ic

al
 e

ffe
ct

s 
ar

e 
in

cl
ud

ed
 in

so
fa

r a
s 

th
e 

ev
ap

or
at

iv
e 

ev
ol

ut
io

n 
of

 in
ve

rt 
po

re
w

at
er

, a
nd

 th
e 

re
su

lti
ng

 p
H

 a
nd

 io
ni

c 
st

re
ng

th
 e

ffe
ct

s 
on

 c
ol

lo
id

 
st

ab
ilit

y,
 a

re
 in

cl
ud

ed
 in

 th
e 

TS
P

A
 (s

ee
 F

E
P

 
2.

1.
09

.2
3.

0A
). 

H
ow

ev
er

, o
th

er
 c

ro
ss

-c
ou

pl
in

gs
 

am
on

g 
th

er
m

al
, h

yd
ro

lo
gi

ca
l, 

ch
em

ic
al

, a
nd

 
m

ec
ha

ni
ca

l p
ro

ce
ss

es
 p

ro
du

ce
 n

o 
kn

ow
n,

 s
ig

ni
fic

an
t 

ef
fe

ct
s 

on
 th

e 
re

le
as

e 
an

d 
tra

ns
po

rt 
of

 ra
di

on
uc

lid
es

 
in

 th
e 

E
B

S
. A

cc
or

di
ng

ly
, s

uc
h 

pr
oc

es
se

s 
ar

e 
co

ns
id

er
ed

 n
ot

 to
 b

e 
im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

27
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

e 

In
ve

rt 
2.

1.
11

.0
7.

0A
Th

er
m

al
 E

xp
an

si
on

/ 
S

tre
ss

 o
f I

n-
dr

ift
 E

B
S

C
om

po
ne

nt
s

Ex
cl

ud
ed

 

A
lth

ou
gh

 th
er

m
al

 e
xp

an
si

on
 o

f E
B

S
 fe

at
ur

es
 o

cc
ur

s,
 

no
 s

ig
ni

fic
an

t s
tre

ss
 d

iff
er

en
tia

ls
 e

xi
st

 b
et

w
ee

n 
th

e 
di

ffe
re

nt
 fe

at
ur

es
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
1.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
M

at
er

ia
ls

, P
ro

pe
rti

es
,

an
d 

C
on

fig
ur

at
io

n 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

W
as

te
 P

ac
ka

ge
 T

em
pe

ra
tu

re
 

Li
m

it
W

as
te

 D
ec

ay
 H

ea
t 

W
as

te
 P

ac
ka

ge
 T

he
rm

al
 

Li
m

its
In

ve
rt 

an
d 

E
B

S
 C

om
po

ne
nt

s 
in

 S
itu

 S
tre

ss
 a

nd
 T

he
rm

al
 

R
es

po
ns

e 
W

as
te

 P
ac

ka
ge

 L
on

gi
tu

di
na

l 
G

ap
W

as
te

 P
ac

ka
ge

 R
ad

ia
l G

ap
 

ANL-WIS-MD-000024 REV 01 A-161 February 2008 



 

   

 

 

 

 

 

 

  

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
11

.1
0.

0A
Th

er
m

al
 E

ffe
ct

s 
on

 
Tr

an
sp

or
t i

n 
E

B
S

 
Ex

cl
ud

ed
 

Th
e 

S
or

et
 e

ffe
ct

 a
nd

 th
er

m
al

 e
ffe

ct
s 

on
 s

or
pt

io
n 

re
ac

tio
ns

, r
es

pe
ct

iv
el

y 
ar

e 
co

ns
id

er
ed

 a
s 

in
si

gn
ifi

ca
nt

 
an

d 
as

 c
on

se
rv

at
iv

e.
  A

cc
or

di
ng

ly
, t

he
se

 e
ffe

ct
s 

ar
e 

co
ns

id
er

ed
 n

ot
 to

 b
e 

IT
B

C
.  

Th
er

m
al

 e
ffe

ct
s 

on
 

di
ffu

si
on

 (F
E

P
s 

2.
1.

09
.0

8.
0A

 a
nd

 2
.1

.0
9.

24
.0

A
),

po
re

w
at

er
 c

he
m

is
try

 (F
E

P
 2

.1
.0

9.
01

.0
A

), 
an

d 
flo

w
pr

oc
es

se
s 

(F
E

P
 2

.1
.0

9.
04

.0
A

) a
re

 a
dd

re
ss

ed
 

se
pa

ra
te

ly
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.1

1.
10

.0
A 

 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

e 

In
ve

rt 
2.

1.
12

.0
6.

0A
G

as
 T

ra
ns

po
rt 

in
 

E
B

S
Ex

cl
ud

ed
 

Tr
an

sp
or

t o
f g

as
 in

 th
e 

E
B

S
 is

 s
ho

w
n 

to
 b

e 
in

co
ns

eq
ue

nt
ia

l t
o 

re
po

si
to

ry
 p

er
fo

rm
an

ce
. T

he
 g

as
 

ph
as

e 
in

 th
e 

em
pl

ac
em

en
t d

rif
ts

 w
ill

 b
e 

w
el

l m
ix

ed
. 

G
as

es
 p

re
se

nt
 in

 th
e 

dr
ift

s 
w

ill
 fr

ee
ly

 a
dv

ec
t a

nd
 

di
ffu

se
 in

to
 th

e 
ho

st
 ro

ck
 w

he
re

 d
ilu

tio
n,

 d
is

pe
rs

io
n,

 
an

d 
re

ac
tio

n 
w

ith
 m

oi
st

ur
e 

w
ill

 o
cc

ur
.  

N
o 

pl
au

si
bl

e 
ch

an
ge

 in
 h

os
t r

oc
k 

ch
ar

ac
te

ris
tic

s 
w

ill
 a

lte
r t

hi
s 

be
ha

vi
or

, b
ec

au
se

 th
es

e 
ef

fe
ct

s 
w

ill 
no

t s
pe

ci
fic

al
ly

im
pa

ct
 ra

di
on

uc
lid

e 
re

le
as

e 
or

 tr
an

sp
or

t. 
 N

ot
e 

th
at

th
er

m
al

 C
on

ve
ct

io
n 

(F
E

P
 2

.1
.1

1.
09

.0
C

) a
nd

 g
as

-
ph

as
e 

tra
ns

po
rt 

of
 ra

di
on

uc
lid

es
 (F

E
P

 2
.1

.1
2.

07
.0

A
) 

ar
e 

ad
dr

es
se

d 
se

pa
ra

te
ly

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

06
.0

A 
 

N
o 

N
on

-IT
B

C
:

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-162 February 2008 



 

   

 

 

 

  
 

 

 

  

 

 
 

 

  

 

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
12

.0
7.

0A
E

ffe
ct

s 
of

R
ad

io
ac

tiv
e 

G
as

es
 

in
 E

B
S

Ex
cl

ud
ed

 

Th
e 

ef
fe

ct
s 

of
 ra

di
oa

ct
iv

e 
ga

se
s 

in
 th

e 
E

B
S

 w
er

e 
an

al
yz

ed
 a

nd
 w

er
e 

fo
un

d 
to

 b
e 

in
co

ns
eq

ue
nt

ia
l t

o 
re

po
si

to
ry

 p
er

fo
rm

an
ce

. D
os

es
 fr

om
 th

e 
aq

ue
ou

s 
ph

as
e 

tra
ns

po
rt 

of
 14

 C
O

2 a
nd

 22
2 R

n 
w

er
e 

fo
un

d 
to

 
bo

un
d 

th
e 

do
se

s 
fro

m
 th

e 
ga

s-
ph

as
e 

tra
ns

po
rt.

 
Th

er
ef

or
e,

 th
is

 p
ro

ce
ss

 is
 c

on
si

de
re

d 
no

t  
to

 b
e 

im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ili

ty
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
2.

07
.0

A 
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

e 

In
ve

rt 
2.

1.
14

.1
7.

0A
N

ea
r-F

ie
ld

 C
rit

ic
al

ity
 

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 n

ea
r-f

ie
ld

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

, a
nd

 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
3)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

17
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

In
ve

rt 
M

at
er

ia
ls

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n
In

ve
rt 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-163 February 2008 



 

   

 

 

 

 

 

  

 

  

 

 

 

 

 

 

  

 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
14

.2
0.

0A
N

ea
r-f

ie
ld

 C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 a
 

S
ei

sm
ic

 E
ve

nt
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 n

ea
r-f

ie
ld

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

, a
nd

 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
4)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

20
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
S

ou
rc

e-
Te

rm
 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n
In

ve
rt 

M
at

er
ia

ls
 

In
ve

rt 
2.

1.
14

.2
3.

0A
N

ea
r-f

ie
ld

 C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 
R

oc
kf

al
l

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 n

ea
r-f

ie
ld

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

, a
nd

 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e 
 (S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
,

S
ec

tio
n 

6.
5)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

23
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n
In

ve
rt 

M
at

er
ia

ls
 

ANL-WIS-MD-000024 REV 01 A-164 February 2008 



 

   

 

 

 
 

 

 

  

 

  

 

 

  

 

 

  
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

1.
14

.2
6.

0A
N

ea
r-f

ie
ld

 C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 a
n 

Ig
ne

ou
s 

E
ve

nt
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 

le
ad

 to
 n

ea
r-f

ie
ld

 c
rit

ic
al

ity
 a

re
 n

ot
 li

ke
ly

 to
 o

cc
ur

, a
nd

 
th

e 
pa

ra
m

et
er

 c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 

pr
oc

es
s 

an
d 

fe
at

ur
e 

do
 n

ot
 s

ub
st

an
tia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
ca

pa
bi

lit
y 

of
 th

is
 fe

at
ur

e(
S

N
L 

20
07

 [D
IR

S
 1

73
86

9]
, 

S
ec

tio
n 

6.
6)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.1
4.

26
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n 

N
on

-IT
B

C
:

E
m

pl
ac

em
en

t D
rif

t I
nv

er
t 

C
on

fig
ur

at
io

n
E

m
pl

ac
em

en
t D

rif
t I

nv
er

t 
Fu

nc
tio

n
In

ve
rt 

M
at

er
ia

ls
 

In
ve

rt 
2.

2.
07

.0
6.

0A
E

pi
so

di
c 

or
 P

ul
se

 
R

el
ea

se
 fr

om
 

R
ep

os
ito

ry
Ex

cl
ud

ed
 

R
el

ea
se

 p
ul

se
s 

ca
us

ed
 b

y 
ba

th
tu

b 
be

ha
vi

or
 o

f t
he

 
w

as
te

 p
ac

ka
ge

 h
av

e 
be

en
 a

na
ly

ze
d 

(S
N

L 
20

07
 [D

IR
S 

17
74

07
], 

S
ec

tio
ns

 6
.4

.1
 a

nd
 6

.6
.1

) a
nd

 fo
un

d 
to

 b
e 

re
as

on
ab

ly
 b

ou
nd

ed
 o

r r
ep

re
se

nt
ed

 b
y 

th
e 

co
nt

in
uo

us
 re

le
as

e 
m

od
e 

us
ed

 in
 th

e 
TS

P
A

. 
E

pi
so

di
c

re
le

as
e 

is
 th

er
ef

or
e,

 c
on

si
de

re
d 

to
 n

ot
 b

e 
im

po
rta

nt
 to

 
ba

rri
er

 c
ap

ab
ili

ty
.

N
ot

e 
th

at
 ti

m
e 

va
ry

in
g 

re
le

as
es

 fr
om

 th
e 

re
po

si
to

ry
ar

e 
po

ss
ib

le
 g

iv
en

 c
ha

ng
es

 in
 in

ve
rt 

ch
em

is
try

 (F
E

P
s 

2.
1.

09
.0

4.
0A

 a
nd

 2
.1

.0
9.

23
.0

A
), 

an
d 

ar
e 

in
cl

ud
ed

 in
 

th
e 

TS
P

A
 m

od
el

s.
 T

he
 p

ot
en

tia
l f

or
 e

pi
so

di
c 

in
flo

w
 to

 
th

e 
E

B
S

 (F
E

P
 2

.2
.0

7.
05

.0
A

) i
s 

ad
dr

es
se

d 
se

pa
ra

te
ly

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

06
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
In

fil
tra

tio
n 

an
d

Se
ep

ag
e 

Pr
op

er
tie

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 S

ta
nd

of
f F

ro
m

 
Pa

in
tb

ru
sh

 N
on

w
el

de
d 

H
yd

ro
ge

ol
og

ic
 U

ni
t 

R
ep

os
ito

ry
 E

le
va

tio
n 


O

ve
rb

ur
de

n 
Th

ic
kn

es
s 

R
ep

os
ito

ry
 G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-165 February 2008 



 

   

 

 

 

 

 
 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
2.

2.
07

.0
6.

0B
Lo

ng
-te

rm
 re

le
as

e 
of

 
ra

di
on

uc
lid

es
 fr

om
 

th
e 

re
po

si
to

ry
 

In
cl

ud
ed

 

Th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 th

e 
re

po
si

to
ry

 m
ay

 
oc

cu
r o

ve
r a

 lo
ng

 p
er

io
d 

of
 ti

m
e,

 a
s 

a 
re

su
lt 

of
 th

e 
tim

in
g 

an
d 

m
ag

ni
tu

de
 o

f t
he

 w
as

te
 p

ac
ka

ge
s 

an
d 

dr
ip

 
sh

ie
ld

 fa
ilu

re
s,

 w
as

te
 fo

rm
 d

eg
ra

da
tio

n,
 a

nd
 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

in
ve

rt.
  

R
el

ea
se

s 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 a
nd

 e
ng

in
ee

re
d 

ba
rri

er
 s

ys
te

m
 s

er
ve

 a
s 

a 
tim

e 
de

pe
nd

en
t b

ou
nd

ar
y

co
nd

iti
on

 to
 th

e 
m

ou
nt

ai
n 

sc
al

e 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
m

od
el

 a
s 

di
sc

us
se

d 
in

 P
ar

tic
le

 T
ra

ck
in

g 
M

od
el

 a
nd

 
A

bs
tra

ct
io

n 
of

 T
ra

ns
po

rt 
P

ro
ce

ss
es

 (S
N

L 
20

07
 

[D
IR

S
 1

84
74

8]
, S

ec
tio

n 
6.

4.
7)

. T
hi

s 
al

lo
w

s 
fo

r a
 

ge
ne

ra
l t

im
e 

de
pe

nd
en

t r
ad

io
nu

cl
id

e 
so

ur
ce

 te
rm

 th
at

 
ac

co
un

ts
 fo

r l
on

g 
te

rm
 re

le
as

es
.  

R
el

ea
se

s 
fro

m
 th

e 
w

as
te

 p
ac

ka
ge

 a
nd

 e
ng

in
ee

re
d 

ba
rri

er
 s

ys
te

m
 s

er
ve

 
as

 a
 ti

m
e-

de
pe

nd
en

t b
ou

nd
ar

y 
co

nd
iti

on
 to

 th
e 

m
ou

nt
ai

n-
sc

al
e 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

m
od

el
,

re
ga

rd
le

ss
 o

f w
he

n 
th

e 
re

le
as

e 
oc

cu
rs

, t
hu

s 
al

lo
w

in
g

fo
r a

 g
en

er
al

 ti
m

e-
de

pe
nd

en
t r

ad
io

nu
cl

id
e 

so
ur

ce
 

te
rm

 th
at

 a
cc

ou
nt

s 
fo

r l
on

g-
te

rm
 re

le
as

es
 (S

N
L 

20
07

 
[D

IR
S

 1
84

74
8]

, S
ec

tio
ns

 6
.4

.6
, a

nd
 6

.4
.7

). 
  

A
s 

su
ch

, t
hi

s 
FE

P
 is

 n
ot

 c
on

si
de

re
d 

IT
B

C
 b

ec
au

se
 

th
e 

de
la

y 
in

 th
e 

in
ve

rt 
du

rin
g 

th
e 

10
,0

00
 y

ea
r p

er
io

d 
fo

r n
on

-re
ta

rd
ed

 ra
di

on
uc

lid
es

 is
 n

ot
 s

ig
ni

fic
an

t. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

06
.0

B 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
In

ve
rt 

M
at

er
ia

ls
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-166 February 2008 



 

   

 

 

 

 
 

 

 

  

 

 

Ta
bl

e 
A

-2
. 

IT
B

C
 A

na
ly

se
s 

of
 E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

FE
P 

N
um

be
r,

N
am

e,
 a

nd
Sc

re
en

in
g 

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 to
IT

B
C

1 
C

or
e 

Pa
ra

m
et

er
 

C
ha

ra
ct

er
is

tic
2 

C
on

tr
ol

 P
ar

am
et

er
C

ha
ra

ct
er

is
tic

3 

In
ve

rt 
3.

1.
01

.0
1.

0A
R

ad
io

ac
tiv

e 
D

ec
ay

an
d 

In
gr

ow
th

 
In

cl
ud

ed
 

Th
e 

pr
oc

es
s 

of
 d

ec
ay

 a
nd

 in
gr

ow
th

 o
f r

ad
io

nu
cl

id
es

 is
 

in
cl

ud
ed

 in
 th

e 
TS

P
A

 (S
N

L 
20

07
 [D

IR
S

 1
80

47
2]

, 
S

ec
tio

n 
6.

3;
 S

N
L 

20
07

 [D
IR

S
 1

84
74

8]
, S

ec
tio

n 
6.

8.
2.

2;
 a

nd
 S

N
L 

20
07

 [D
IR

S
 1

77
40

7]
, S

ec
tio

n 
6.

3.
1.

2)
. 

H
ow

ev
er

, b
ec

au
se

 th
e 

tra
ns

po
rt 

pa
th

w
ay

 
th

ro
ug

h 
th

e 
in

ve
rt 

is
 s

ho
rt,

 a
nd

 re
si

de
nc

e 
tim

es
 a

re
 

co
ns

eq
ue

nt
ly

 li
m

ite
d 

re
la

tiv
e 

to
 th

e 
LN

B
, t

he
 

co
nt

rib
ut

io
n 

to
 b

ar
rie

r p
er

fo
rm

an
ce

 fr
om

 th
is

 p
ro

ce
ss

 
oc

cu
rri

ng
 in

 th
e 

in
ve

rt 
is

 in
si

gn
ifi

ca
nt

.  
A

cc
or

di
ng

ly
 th

e 
de

ca
y 

an
d 

in
gr

ow
th

 in
 th

e 
in

ve
rt 

is
 c

on
si

de
re

d 
no

t t
o 

be
 im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ili
ty

.  
A

ls
o,

 ra
di

oa
ct

iv
e 

de
ca

y 
an

d 
in

gr
ow

th
 e

ffe
ct

s 
de

pe
nd

 d
ire

ct
ly

 o
n

in
ve

nt
or

y,
 w

hi
ch

 is
 w

el
l c

ha
ra

ct
er

iz
ed

, a
nd

 w
ill 

be
 

m
an

ag
ed

 th
ro

ug
h 

th
e 

ch
an

ge
 e

va
lu

at
io

n 
pr

oc
es

s 
(s

ee
 

S
ec

tio
n 

6.
1.

8)
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 3

.1
.0

1.
01

.0
A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e-

Te
rm

 
P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

e 

1 
A

 F
E

P
 re

la
te

s 
to

 a
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
 if

 it
 d

ire
ct

ly
 in

flu
en

ce
s 

or
 is

 d
ire

ct
ly

 in
flu

en
ce

d 
by

 th
e 

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

. T
he

 P
ar

am
et

er
 is

 d
et

er
m

in
ed

 to
 b

e 
IT

B
C

 if
 fo

r a
 p

ar
tic

ul
ar

 B
ar

rie
r a

nd
 B

ar
rie

r F
ea

tu
re

, t
ha

t P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

 s
ub

st
an

tia
lly

 a
ffe

ct
s 

th
e 

ra
te

 o
f m

ov
em

en
t o

f w
at

er
 a

nd
 th

e 
re

le
as

e 
or

 re
le

as
e 

ra
te

 o
f r

ad
io

nu
cl

id
es

 fr
om

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

re
po

si
to

ry
 to

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
2 

E
nt

rie
s 

in
 th

is
 c

ol
um

n 
id

en
tif

y 
ar

ea
s 

w
hi

ch
 s

up
po

rt 
th

e 
an

al
yz

ed
 b

as
is

 a
nd

 a
re

 n
ot

 a
m

en
ab

le
 to

 d
ire

ct
 c

on
tro

l o
r i

de
nt

ifi
ed

 a
s 

a 
C

on
tro

l P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

.
3 

C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
s 

id
en

tif
y 

th
e 

ar
ea

s 
w

he
re

 c
on

tro
ls

 fo
r o

pe
ra

tio
ns

 a
nd

 d
es

ig
n 

ar
e 

re
qu

ire
d 

to
 s

up
po

rt 
th

e 
an

al
yz

ed
 b

as
is

. A
ny

 c
ha

ng
es

 to
 th

e 
co

nt
ro

ls
 o

r t
he

 d
es

ig
n 

w
ill

 b
e 

ev
al

ua
te

d 
th

ro
ug

h 
an

 e
st

ab
lis

he
d 

ch
an

ge
 c

on
tro

l p
ro

ce
ss

, w
hi

ch
 w

ill
 in

cl
ud

e 
an

 e
va

lu
at

io
n 

of
 th

e 
im

pa
ct

s 
of

 c
ha

ng
e 

on
 F

E
P

s,
 

IT
B

C
, a

na
ly

si
s 

an
d/

or
 m

od
el

 re
po

rts
, m

od
el

s,
 a

nd
 a

ss
um

pt
io

ns
 th

at
 s

up
po

rt 
th

e 
LA

. 

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 A-167 February 2008 



   

 

 

 
 

 

 

 

 

 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 



Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

02
.0

1.
0A

Fr
ac

tu
re

s
In

cl
ud

ed
 

Fr
ac

tu
re

s 
be

lo
w

 th
e 

re
po

si
to

ry
 s

til
l c

on
du

ct
 th

e 
m

aj
or

ity
 o

f t
he

 
pe

rc
ol

at
io

n 
flu

x 
th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
, a

lth
ou

gh
 th

e 
lo

w


m
at

rix
-p

er
m

ea
bi

lit
y 

ze
ol

iti
c 

ro
ck

s 
of

 th
e 

C
H

n,
 c

au
se

 in
cr

ea
se

d 
la

te
ra

l 
di

ve
rs

io
n 

to
w

ar
d 

th
e 

fa
ul

ts
, a

nd
 th

e 
vi

tri
c 

C
H

n 
is

 d
om

in
at

ed
 b

y 
m

at
rix

flo
w

.  
In

 a
dd

iti
on

, t
he

 fr
ac

tu
re

s 
ha

ve
 a

 s
ig

ni
fic

an
t e

ffe
ct

 o
n 

th
e 

ra
te

 o
f 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

th
ro

ug
h 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 th
ro

ug
h 

th
ei

r 
in

flu
en

ce
 o

n 
tra

ns
po

rt 
pr

op
er

tie
s.

  I
m

po
rta

nt
 fr

ac
tu

re
-re

la
te

d 
tra

ns
po

rt 
pr

oc
es

se
s/

pr
op

er
tie

s 
in

cl
ud

e 
fra

ct
ur

e 
pe

rm
ea

bi
lit

y,
po

ro
si

ty
, f

re
qu

en
cy

, a
ct

iv
e 

fra
ct

ur
e 

m
od

el
, m

at
rix

 d
iff

us
io

n 
co

ef
fic

ie
nt

, s
or

pt
io

n,
 a

nd
 c

ol
lo

id
 fi

ltr
at

io
n 

(S
N

L 
20

07
 [D

IR
S

 1
84

61
4]

, 
S

ec
tio

n 
6.

1.
2)

; S
N

L 
20

07
 [D

IR
S

 1
77

39
6]

, S
ec

tio
ns

 6
.1

.1
 a

nd
 6

.1
.2

). 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

01
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

02
.0

2.
0A

Fa
ul

ts
In

cl
ud

ed
 

A
 s

ig
ni

fic
an

t f
ra

ct
io

n 
of

 p
er

co
la

tio
n 

flu
x 

be
lo

w
 th

e 
re

po
si

to
ry

 o
cc

ur
s 

th
ro

ug
h 

fa
ul

ts
 (o

n 
av

er
ag

e 
ov

er
 3

0%
 a

t t
he

 w
at

er
 ta

bl
e 

lo
ca

tio
n)

.  
In

ad
di

tio
n,

 fa
ul

ts
 a

re
 im

po
rta

nt
 to

 u
ns

at
ur

at
ed

 z
on

e 
tra

ns
po

rt 
be

ca
us

e 
th

ey
 p

ro
vi

de
 fa

st
 p

at
hw

ay
s 

fo
r r

ad
io

nu
cl

id
e 

tra
ns

po
rt 

to
 th

e 
w

at
er

 
ta

bl
e 

(S
N

L 
20

07
 [D

IR
S

 1
77

39
6]

, S
ec

tio
n 

6.
7.

5)
.  

Th
e 

D
ril

l H
ol

e 
W

as
h 

fa
ul

t a
nd

 th
e 

P
ag

an
y 

W
as

h 
fa

ul
t a

ct
 a

s 
th

e 
m

ai
n 

tra
ns

po
rt 

co
nd

ui
ts

, 
fro

m
 th

e 
re

po
si

to
ry

 h
or

iz
on

 to
 th

e 
w

at
er

 ta
bl

e 
(S

N
L 

20
07

 [D
IR

S
 

17
73

96
], 

S
ec

tio
n 

6.
8.

1.
2)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

02
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 S

ta
nd

of
f 

fro
m

 Q
ua

te
rn

ar
y 

Fa
ul

t 

ANL-WIS-MD-000024 REV 01 A-168 February 2008 



 

   

 
 

 

 

 

 

   

 

 
 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

04
.0

2.
0A

Ig
ne

ou
s 

A
ct

iv
ity

C
ha

ng
es

 R
oc

k
P

ro
pe

rti
es

 
Ex

cl
ud

ed
 

S
tu

di
es

 o
f n

at
ur

al
 a

na
lo

gu
e 

si
te

s 
sh

ow
 th

at
 th

e 
ef

fe
ct

 o
f u

nl
ik

el
y

in
tru

si
ve

 ig
ne

ou
s 

ev
en

ts
 is

 g
en

er
al

ly
 to

 a
lte

r t
he

 p
ro

pe
rti

es
 in

 th
e 

im
m

ed
ia

te
 v

ic
in

ity
 (a

 fe
w

 m
et

er
s)

 fr
om

 th
e 

in
tru

si
ve

 s
ill 

or
 d

ik
e.

  
Th

es
e 

ch
an

ge
s 

(w
hi

ch
 m

ay
 b

e 
in

cr
ea

se
s 

or
 d

ec
re

as
es

 in
 

pe
rm

ea
bi

lit
y 

an
d 

po
ro

si
ty

) a
re

 o
f s

uc
h 

lim
ite

d 
sp

at
ia

l e
xt

en
t. 

 In
ad

di
tio

n,
 b

ec
au

se
 d

ik
es

 w
ou

ld
 b

e 
ne

ar
ly

 v
er

tic
al

, t
he

 fo
rm

at
io

n 
of

 a
 

si
gn

ifi
ca

nt
 p

er
ch

ed
 w

at
er

 z
on

e 
as

so
ci

at
ed

 w
ith

 a
 d

ik
e 

is
 n

ot
ex

pe
ct

ed
. 

Fu
rth

er
m

or
e,

 a
lth

ou
gh

 la
te

ra
l d

iv
er

si
on

 a
nd

 fo
rm

at
io

n 
of

 
pe

rc
he

d 
w

at
er

 o
cc

ur
s 

w
he

re
 th

e 
TS

w
 c

on
ta

ct
s 

th
e 

ze
ol

iti
c 

C
H

n,
 

tra
ns

po
rt 

se
ns

iti
vi

ty
 a

na
ly

se
s 

in
di

ca
te

 th
at

 m
os

t o
f t

he
 d

el
ay

 in
 

ra
di

on
uc

lid
e 

m
ov

em
en

t t
o 

th
e 

w
at

er
 ta

bl
e 

oc
cu

rs
 w

ith
in

 th
e 

TS
w

 a
nd

 
ab

ov
e 

th
e 

zo
ne

 o
f s

tro
ng

 la
te

ra
l d

iv
er

si
on

.  
H

en
ce

, a
ny

 c
ha

ng
es

 in
 

po
te

nt
ia

l l
at

er
al

 d
iv

er
si

on
 re

su
lti

ng
 fr

om
 d

ik
es

 w
ou

ld
 h

av
e 

ne
gl

ig
ib

le
 

ef
fe

ct
s 

on
 ra

di
on

uc
lid

e 
tra

ns
po

rt 
tim

es
.  

O
th

er
 u

ns
at

ur
at

ed
 z

on
e 

flo
w

an
d 

tra
ns

po
rt 

se
ns

iti
vi

ty
 a

na
ly

se
s 

pr
ov

id
e 

ad
di

tio
na

l s
up

po
rt 

th
at

 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
be

tw
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

w
at

er
 ta

bl
e 

is
 

in
se

ns
iti

ve
 to

 c
ha

ng
es

 in
 fa

ul
t p

ro
pe

rti
es

.  
Th

er
ef

or
e,

 ig
ne

ou
s 

ac
tiv

ity
-in

du
ce

d 
ro

ck
 p

ro
pe

rty
 c

ha
ng

es
 d

o 
no

t s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
ca

pa
bi

lit
ie

s 
of

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 b
el

ow
 th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

02
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

04
.0

5.
0A

M
ag

m
a 

or
P

yr
oc

la
st

ic
 B

as
e 

Su
rg

e
Tr

an
sp

or
ts

 
W

as
te

Ex
cl

ud
ed

 

Th
e 

tra
ns

po
rt 

of
 w

as
te

 th
ro

ug
h 

th
e 

U
Z 

by
 m

ag
m

a 
or

 p
yr

oc
la

st
ic

 b
as

e 
su

rg
e 

fo
llo

w
in

g 
an

 u
nl

ik
el

y 
er

up
tiv

e 
ig

ne
ou

s 
ev

en
t i

s 
in

si
gn

ifi
ca

nt
 

co
m

pa
re

d 
to

 a
re

al
 tr

an
sp

or
t o

f t
he

 w
as

te
 re

su
lti

ng
 fr

om
 a

sh
 a

nd
 

te
ph

ra
 e

ru
pt

io
n 

th
at

 is
 in

cl
ud

ed
 in

 p
er

fo
rm

an
ce

 a
ss

es
sm

en
t. 

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

05
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

04
.0

6.
0A

E
ru

pt
iv

e 
C

on
du

it 
to

 S
ur

fa
ce

In
te

rs
ec

ts
R

ep
os

ito
ry

In
cl

ud
ed

 

E
ve

n 
th

ou
gh

 th
e 

po
ss

ib
ili

ty
 o

f a
n 

er
up

tiv
e 

co
nd

ui
t i

nt
er

se
ct

in
g 

th
e 

re
po

si
to

ry
 a

nd
 e

xt
en

di
ng

 to
 th

e 
su

rfa
ce

 h
as

 b
ee

n 
in

cl
ud

ed
 in

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t, 
th

e 
nu

m
be

r o
f w

as
te

 p
ac

ka
ge

s 
po

te
nt

ia
lly

 
in

te
rs

ec
te

d 
by

 s
uc

h 
an

 e
ve

nt
 (S

N
L 

20
07

 [D
IR

S
 1

77
43

2]
, S

ec
tio

n 
7.

2)
 

is
 c

on
si

de
re

d 
an

 in
si

gn
ifi

ca
nt

 c
on

tri
bu

to
r t

o 
th

e 
do

se
 to

 th
e 

re
as

on
ab

ly
 m

ax
im

al
ly

 e
xp

os
ed

 in
di

vi
du

al
 (R

M
E

I).
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

4.
06

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

E
m

pl
ac

em
en

t D
rif

t 
O

rie
nt

at
io

n
E

m
pl

ac
em

en
t D

rif
t 

Sp
ac

in
g 

ANL-WIS-MD-000024 REV 01 A-169 February 2008 



 

   

 
 

 

 

 

 

 
 

 
 

 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

06
.0

0.
0A

H
yd

ro
th

er
m

al
 

A
ct

iv
ity

Ex
cl

ud
ed

 

H
yd

ro
th

er
m

al
 a

ct
iv

ity
 re

su
lti

ng
 fr

om
 a

 n
on

-m
ag

m
at

ic
 h

ea
t s

ou
rc

e 
is

 
no

t e
xp

ec
te

d 
in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

ar
ea

.  
A

ny
 o

th
er

 p
os

si
bl

e 
hy

dr
ot

he
rm

al
 a

ct
iv

ity
 re

qu
ire

s 
a 

pr
ed

ec
es

so
r i

gn
eo

us
 e

ve
nt

.  
Th

er
e 

is
 n

o 
cl

ea
r e

vi
de

nc
e 

of
 e

xt
en

si
ve

 h
yd

ro
th

er
m

al
 a

ct
iv

ity
 re

su
lti

ng
 fr

om
 

pr
ev

io
us

 ig
ne

ou
s 

ev
en

ts
 a

t o
r n

ea
r Y

uc
ca

 M
ou

nt
ai

n.
  I

n 
th

e 
un

lik
el

y 
ev

en
t o

f a
n 

ig
ne

ou
s 

in
tru

si
on

 o
r e

ru
pt

io
n,

 th
e 

po
ss

ib
le

 e
ffe

ct
s 

of
 

hy
dr

ot
he

rm
al

 a
ct

iv
ity

 a
re

 in
co

ns
eq

ue
nt

ia
l t

o 
re

po
si

to
ry

 p
er

fo
rm

an
ce

 
(s

ee
 d

is
cu

ss
io

n 
of

 F
E

P
 1

.2
.0

4.
02

.0
A

, I
gn

eo
us

 A
ct

iv
ity

 C
ha

ng
es

 
R

oc
k 

P
ro

pe
rti

es
). 

Th
is

 is
 b

ec
au

se
 o

f t
he

 li
m

ite
d 

sc
al

e 
of

 e
ffe

ct
s 

fro
m

 
ba

sa
lti

c 
di

ke
s 

on
 h

yd
ro

th
er

m
al

 a
lte

ra
tio

n 
of

 u
ns

at
ur

at
ed

 z
on

e 
flo

w
(i.

e.
, f

lo
w

 p
at

hw
ay

s 
an

d 
ve

lo
ci

tie
s)

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
6.

00
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

10
.0

1.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 
S

ei
sm

ic
 A

ct
iv

ity
Ex

cl
ud

ed
 

S
ei

sm
ic

 a
ct

iv
ity

 m
ay

 a
lte

r t
he

 ro
ck

, f
ra

ct
ur

e,
 a

nd
 fa

ul
t c

ha
ra

ct
er

is
tic

s,
 

w
hi

ch
 m

ay
 a

ffe
ct

 th
e 

hy
dr

og
eo

lo
gy

 o
f t

he
 u

ns
at

ur
at

ed
 z

on
e 

in
 th

e 
vi

ci
ni

ty
 o

f t
he

 re
po

si
to

ry
. 

In
ve

st
ig

at
io

ns
 fo

cu
si

ng
 o

n 
th

e
po

te
nt

io
m

et
ric

 h
yd

ro
lo

gi
c 

re
sp

on
se

, g
iv

en
 c

ha
ng

es
 in

 ro
ck

 p
ro

pe
rti

es
 

ad
ja

ce
nt

 to
 a

 fa
ul

t, 
de

m
on

st
ra

te
 th

at
 th

e 
ch

an
ge

s 
in

 w
at

er
 ta

bl
e 

el
ev

at
io

n 
ar

e 
no

t e
xp

ec
te

d 
to

 e
xc

ee
d 

50
 m

 a
nd

 a
re

 tr
an

si
en

t a
nd

 
lo

ca
l i

n 
na

tu
re

.  
B

ec
au

se
 th

e 
em

pl
ac

em
en

t d
rif

ts
 a

re
 lo

ca
te

d 
at

 le
as

t 
12

0 
m

 a
bo

ve
 th

e 
cu

rre
nt

 w
at

er
 ta

bl
e,

 s
uc

h 
tra

ns
ie

nt
 p

er
tu

rb
at

io
ns

 
w

ill
 n

ot
 h

av
e 

an
y 

si
gn

ifi
ca

nt
 lo

ng
-te

rm
 e

ffe
ct

 to
 th

e 
flo

w
pa

th
s 

or
 

ve
lo

ci
tie

s 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 b
el

ow
 th

e 
re

po
si

to
ry

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.1
0.

01
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
2.

10
.0

2.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 
Ig

ne
ou

s 
A

ct
iv

ity
Ex

cl
ud

ed
 

Ig
ne

ou
s 

in
tru

si
on

s 
th

at
 m

ig
ht

 o
cc

ur
 in

 th
e 

tim
e 

fra
m

e 
of

 1
0,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
 w

ou
ld

 a
ffe

ct
 a

 re
la

tiv
el

y 
sm

al
l v

ol
um

e 
of

 th
e 

ho
st

 ro
ck

 
an

d 
ar

e 
ex

pe
ct

ed
 to

 b
e 

or
ie

nt
ed

 s
ub

pa
ra

lle
l t

o 
ex

is
tin

g 
flo

w
di

re
ct

io
ns

.  
C

on
se

qu
en

tly
, f

ut
ur

e 
in

tru
si

on
s 

w
ou

ld
 n

ot
 h

av
e 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
gr

ou
nd

w
at

er
 fl

ow
 p

at
te

rn
s 

or
 ra

te
s.

  G
iv

en
 th

e
lim

ite
d 

ar
ea

 o
f a

ny
 th

er
m

al
 o

r g
eo

ch
em

ic
al

 a
lte

ra
tio

n,
 a

nd
 th

e 
co

ns
eq

ue
nt

 c
ha

ng
e 

of
 ro

ck
 p

ro
pe

rti
es

 a
ro

un
d 

an
 in

tru
si

on
, a

ny
 

ge
oc

he
m

ic
al

 e
ffe

ct
s 

w
ou

ld
 b

e 
m

in
im

al
.  

Th
e 

po
te

nt
ia

l d
ev

el
op

m
en

t 
of

 a
 h

yd
ro

th
er

m
al

 s
ys

te
m

 fr
om

 ig
ne

ou
s 

ac
tiv

ity
 is

 n
ot

 e
xp

ec
te

d,
 

ba
se

d 
on

 a
na

lo
gu

e 
st

ud
ie

s 
an

d 
w

ou
ld

 b
e 

of
 lo

w
 c

on
se

qu
en

ce
 d

ue
 to

 
its

 li
m

ite
d 

si
ze

 re
la

tiv
e 

to
 th

e 
re

po
si

to
ry

 fo
ot

pr
in

t. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.1
0.

02
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-170 February 2008 



 

   

 
 

 

 

  
 

 
 

 
 

 

 

 
 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
3.

01
.0

0.
0A

C
lim

at
e 

C
ha

ng
e

In
cl

ud
ed

 

C
lim

at
e 

ch
an

ge
 s

ig
ni

fic
an

tly
 a

ffe
ct

s 
th

e 
am

ou
nt

 a
nd

 d
is

tri
bu

tio
n 

of
 

w
at

er
 th

at
 in

fil
tra

te
s 

in
to

 th
e 

su
rfi

ci
al

 s
oi

ls
 a

nd
 u

nd
er

ly
in

g 
be

dr
oc

k.
  

Fu
tu

re
 c

lim
at

e 
an

al
ys

es
 in

di
ca

te
 th

at
 th

e 
cl

im
at

e 
at

 Y
uc

ca
 M

ou
nt

ai
n 

w
ill

 e
vo

lv
e 

to
 a

 w
ar

m
er

 a
nd

 w
et

te
r m

on
so

on
 c

lim
at

e 
fo

llo
w

ed
 b

y 
a 

co
ol

er
, w

et
te

r g
la

ci
al

-tr
an

si
tio

n 
cl

im
at

e 
w

ith
in

 th
e 

fir
st

 1
0,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
 a

nd
 th

en
 b

y 
a 

ev
en

 w
et

te
r f

ul
l g

la
ci

al
 c

lim
at

e 
w

ith
in

 th
e 

pe
rio

d 
of

 g
eo

lo
gi

c 
st

ab
ili

ty
 a

s 
pr

op
os

ed
 b

y 
40

 C
FR

 1
97

 [D
IR

S
 

17
73

57
]. 

 T
he

 e
ffe

ct
s 

of
 c

lim
at

e 
ch

an
ge

 o
n 

gr
ou

nd
w

at
er

 fl
ow

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

el
ow

 th
e 

re
po

si
to

ry
 a

re
 in

co
rp

or
at

ed
 in

to
 th

e 
TS

P
A

 u
si

ng
 ti

m
e-

de
pe

nd
en

t i
nf

ilt
ra

tio
n 

ra
te

s 
as

 a
 b

ou
nd

ar
y 

co
nd

iti
on

 
to

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 fo
r t

he
 fi

rs
t 1

0,
00

0 
ye

ar
s 

an
d 

fo
r t

he
 

po
st

-1
0,

00
0-

ye
ar

 p
er

io
d,

 u
si

ng
 th

e 
de

ep
 p

er
co

la
tio

n 
ra

te
 a

s 
sp

ec
ifi

ed
 

in
 th

e 
pr

op
os

ed
 ru

le
 4

0 
C

FR
 1

97
 [D

IR
S

 1
77

35
7]

.  
Th

e 
ef

fe
ct

s 
ar

e 
th

en
 in

co
rp

or
at

ed
 in

to
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 tr

an
sp

or
t a

ss
es

sm
en

t 
th

ro
ug

h 
th

e 
us

e 
of

 th
e 

flo
w

 fi
el

ds
.  

Th
e 

cl
im

at
e 

ch
an

ge
 e

ffe
ct

s 
co

nt
ro

l 
th

e 
pe

rc
ol

at
io

n 
flu

x 
an

d 
th

e 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
ra

te
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.3
.0

1.
00

.0
A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
E

xt
en

t o
f

U
ns

at
ur

at
ed

 Z
on

e 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
3.

07
.0

2.
0B

W
at

er
 T

ab
le

 
R

is
e 

A
ffe

ct
s 

U
Z

In
cl

ud
ed

 

A
 w

at
er

 ta
bl

e 
ris

e 
is

 e
xp

ec
te

d 
fo

llo
w

in
g 

a 
ch

an
ge

 in
 c

lim
at

e.
 

A
lth

ou
gh

, u
nc

er
ta

in
ty

 e
xi

st
s 

in
 th

e 
am

ou
nt

 o
f r

is
e,

 th
e 

TS
P

A
 m

od
el

s 
co

ns
er

va
tiv

el
y 

co
ns

id
er

ed
 th

e 
ris

e 
to

 b
e 

12
0 

m
.  

Th
e 

w
at

er
 ta

bl
e 

ris
e 

ha
s 

lit
tle

 im
pa

ct
 o

n 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 fl

ow
 b

ec
au

se
 th

e 
flo

w
 fi

el
d 

is
 p

re
do

m
in

an
tly

 v
er

tic
al

 a
nd

 is
 c

on
tro

lle
d 

by
 th

e 
in

fil
tra

tio
n 

ra
te

 a
nd

 
hy

dr
au

lic
 c

on
du

ct
iv

ity
; t

he
re

fo
re

, t
he

 e
ffe

ct
 o

f w
at

er
 ta

bl
e 

ris
e 

on
 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

 is
 re

al
iz

ed
 b

y 
tru

nc
at

in
g 

th
e 

flo
w

 fi
el

d 
at

 th
e 

ne
w

 w
at

er
 ta

bl
e 

el
ev

at
io

n.
  T

he
 w

at
er

 ta
bl

e 
ris

e 
al

so
 re

du
ce

s 
th

e 
tra

ns
po

rt 
le

ng
th

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

nd
 re

du
ce

s 
th

e 
ca

pa
bi

lit
y

of
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

el
ow

 th
e 

re
po

si
to

ry
 to

 li
m

it 
th

e 
ra

te
 o

f 
ra

di
on

uc
lid

e 
m

ov
em

en
t (

S
N

L 
20

07
 [D

IR
S

 1
84

74
8]

, S
ec

tio
ns

 6
.4

.8
.4

 
an

d 
6.

6.
2.

1.
6)

.  
H

ow
ev

er
, t

hi
s 

re
du

ct
io

n 
is

 n
ot

 s
ig

ni
fic

an
t f

or
 T

S
P

A
, 

pa
rti

cu
la

rly
 w

he
n 

co
m

pa
re

d 
to

 th
e 

18
 k

m
 o

f s
at

ur
at

ed
 z

on
e 

tra
ns

po
rt 

pa
th

 le
ng

th
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.3
.0

7.
02

.0
B 

N
o 

N
on

-IT
B

C
:

E
xt

en
t o

f
U

ns
at

ur
at

ed
 Z

on
e 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

ANL-WIS-MD-000024 REV 01 A-171 February 2008 



 

   

 

 

 
 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

1.
4.

01
.0

1.
0A

C
lim

at
e

M
od

ifi
ca

tio
n 

In
cr

ea
se

s
R

ec
ha

rg
e 

In
cl

ud
ed

 

Th
e 

ab
ilit

y 
of

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 to
 p

re
ve

nt
 o

r s
ub

st
an

tia
lly

 re
du

ce
 

th
e 

ra
te

 o
f m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 is

 d
ep

en
de

nt
 o

n 
th

e 
pe

rc
ol

at
io

n 
flu

x 
of

 w
at

er
 th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
, a

nd
 th

e 
di

st
rib

ut
io

n 
of

 th
at

 fl
ux

 w
ith

in
 th

e 
fra

ct
ur

ed
 ro

ck
 m

as
s.

  T
hi

s 
flu

x 
is

 
di

re
ct

ly
 d

ep
en

de
nt

 o
n 

th
e 

ne
t i

nf
ilt

ra
tio

n 
w

hi
ch

, i
n 

tu
rn

, i
s 

af
fe

ct
ed

 b
y

su
rfi

ci
al

 p
ro

ce
ss

es
 a

nd
 c

lim
at

e 
ch

an
ge

.  
Fu

tu
re

 c
lim

at
e 

ch
an

ge
 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
s 

pe
rc

ol
at

io
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

el
ow

 th
e 

re
po

si
to

ry
.  

Th
e 

ne
t e

ffe
ct

 o
f c

lim
at

e 
ch

an
ge

 a
fte

r r
ep

os
ito

ry
 c

lo
su

re
 

is
 to

 in
cr

ea
se

 th
e 

am
ou

nt
 o

f w
at

er
 th

at
 c

an
 in

fil
tra

te
 a

nd
 p

er
co

la
te

 
th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

s 
re

ch
ar

ge
 to

 th
e 

w
at

er
 ta

bl
e.

  T
he

 
cl

im
at

e 
ef

fe
ct

 o
n 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

 b
el

ow
 th

e 
re

po
si

to
ry

 h
as

 
be

en
 d

ire
ct

ly
 in

cl
ud

ed
 in

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 b
y 

us
in

g 
va

ria
bl

e 
in

fil
tra

tio
n 

ra
te

s 
fo

r e
ac

h 
of

 th
re

e 
cl

im
at

es
 fo

r t
he

 fi
rs

t 1
0,

00
0 

ye
ar

s 
fo

llo
w

in
g 

re
po

si
to

ry
 c

lo
su

re
:  

pr
es

en
t-d

ay
, m

on
so

on
, a

nd
 

gl
ac

ia
l-t

ra
ns

iti
on

.  
A

fte
r t

ha
t a

nd
 th

ro
ug

h 
th

e 
pe

rio
d 

of
 g

eo
lo

gi
ca

l 
st

ab
ilit

y 
as

 p
ro

po
se

d 
by

 4
0 

C
FR

 1
97

 [D
IR

S
 1

77
35

7]
, t

he
 e

ffe
ct

 o
f 

cl
im

at
e 

m
od

ifi
ca

tio
n 

on
 p

er
co

la
tio

n 
an

d 
re

ch
ar

ge
 is

 in
co

rp
or

at
ed

 in
to

 
th

e 
S

ite
-S

ca
le

 U
Z 

Fl
ow

 M
od

el
 u

si
ng

 th
e 

di
st

rib
ut

io
n 

of
 d

ee
p 

pe
rc

ol
at

io
n 

ra
te

 a
s 

sp
ec

ifi
ed

 in
 th

e 
pr

op
os

ed
 ru

le
 4

0 
C

FR
 1

97
 [D

IR
S

 
17

73
57

]. 
Th

e 
ef

fe
ct

 o
f c

lim
at

e 
ch

an
ge

 o
n 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 is
 re

al
iz

ed
 b

y 
(1

) u
si

ng
 th

e 
pr

ed
ic

te
d 

fu
tu

re
 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

 fi
el

ds
 (w

ith
 in

cr
ea

se
d 

pe
rc

ol
at

io
n 

ra
te

s)
, a

nd
 

(2
) i

nc
or

po
ra

tin
g 

th
e 

ris
e 

in
 th

e 
w

at
er

 ta
bl

e 
du

e 
to

 re
ch

ar
ge

 a
nd

 th
e 

as
so

ci
at

ed
 re

du
ct

io
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 th

ic
kn

es
s.

  T
he

 
in

cr
ea

se
 in

 p
er

co
la

tio
n 

flu
x 

as
so

ci
at

ed
 w

ith
 fu

tu
re

 c
lim

at
e 

st
at

es
 

si
gn

ifi
ca

nt
ly

 re
du

ce
s 

th
e 

ca
pa

bi
lit

y 
of

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 fe
at

ur
e 

to
 

re
du

ce
 th

e 
ra

te
 o

f r
ad

io
nu

cl
id

e 
m

ov
em

en
t. 

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.4

.0
1.

01
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
E

xt
en

t o
f

U
ns

at
ur

at
ed

 Z
on

e 

IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

N
on

-IT
B

C
R

ep
os

ito
ry

G
eo

gr
ap

hi
c 

an
d 

G
eo

lo
gi

c 
Lo

ca
tio

n 

ANL-WIS-MD-000024 REV 01 A-172 February 2008 



 

   

 
 

 

 

 
 

 

 
 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
1.

09
.1

2.
0A

R
in

d 
(c

he
m

ic
al

ly
al

te
re

d 
zo

ne
)

Fo
rm

s 
in

 th
e

N
ea

r F
ie

ld
 

Ex
cl

ud
ed

 

Th
er

m
al

-h
yd

ro
lo

gi
c-

ch
em

ic
al

 e
ffe

ct
s 

in
 th

e 
vi

ci
ni

ty
 o

f t
he

 
em

pl
ac

em
en

t d
rif

ts
 in

du
ce

d 
by

 th
e 

ev
ol

ut
io

n 
of

 th
e 

po
re

 w
at

er
s 

du
e 

to
 c

ou
pl

ed
 th

er
m

al
 p

ro
ce

ss
es

 w
er

e 
fo

un
d 

to
 p

ro
du

ce
 c

ha
ng

es
 in

 
fra

ct
ur

e 
pe

rm
ea

bi
lit

y 
on

 th
e 

or
de

r o
f t

he
 n

at
ur

al
 v

ar
ia

tio
n,

 w
ith

 m
os

t 
su

bs
ta

nt
ia

l c
ha

ng
es

 a
bo

ve
 a

nd
 to

 th
e 

si
de

 o
f t

he
 d

rif
t w

ith
in

 a
bo

ut
 a

 
dr

ift
 d

ia
m

et
er

. 
W

hi
le

 th
es

e 
ch

an
ge

s 
w

ou
ld

 te
nd

 to
 re

du
ce

 
pe

rm
ea

bi
lit

y 
in

 th
e 

af
fe

ct
ed

 re
gi

on
s 

an
d 

le
ad

 to
 a

 re
du

ct
io

n 
in

tra
ns

po
rt,

 th
ey

 a
re

 c
on

si
de

re
d 

in
si

gn
ifi

ca
nt

 b
ec

au
se

 th
ey

 a
re

 
lo

ca
liz

ed
 a

nd
 w

ith
in

 th
e 

na
tu

ra
l v

ar
ia

tio
n.

  N
o 

ch
an

ge
s 

ar
e 

ex
pe

ct
ed

 
in

 th
e 

LN
B

; t
he

re
fo

re
 n

o 
ef

fe
ct

 o
n 

flo
w

 a
nd

 tr
an

sp
or

t f
ro

m
 th

e 
re

po
si

to
ry

 is
 e

xp
ec

te
d.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

12
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 

N
on

-IT
B

C
C

om
m

itt
ed

 M
at

er
ia

ls
 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
1.

09
.2

1.
0C

Tr
an

sp
or

t o
f 

P
ar

tic
le

s 
La

rg
er

th
an

 C
ol

lo
id

s 
in

th
e 

U
Z

Ex
cl

ud
ed

 

P
ar

tic
le

s 
la

rg
er

 th
an

 c
ol

lo
id

s 
ar

e 
no

t e
xp

ec
te

d 
to

 b
e 

re
le

as
ed

 fr
om

 
th

e 
E

ng
in

ee
re

d 
B

ar
rie

r S
ys

te
m

 (E
B

S
) (

se
e 

FE
P

 2
.1

.0
9.

21
.0

A
). 

 In
 

th
e 

un
lik

el
y 

ev
en

t o
f a

 re
le

as
e,

 s
uc

h 
pa

rti
cl

es
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 h
av

e 
a 

ne
gl

ig
ib

le
 e

ffe
ct

 o
n 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

ec
au

se
: (

1)
 th

e 
hi

gh
ly

 v
ar

ia
bl

e 
or

ie
nt

at
io

n 
an

d 
ro

ug
hn

es
s 

of
 th

e 
fra

ct
ur

e 
su

rfa
ce

s 
al

on
g 

un
sa

tu
ra

te
d 

zo
ne

 tr
an

sp
or

t 
pa

th
w

ay
s 

w
ill

 p
ro

m
ot

e 
bo

th
 s

et
tli

ng
 a

nd
 fi

ltr
at

io
n 

of
 p

ar
tic

le
s 

la
rg

er
 

th
an

 c
ol

lo
id

s 
(re

ga
rd

le
ss

 o
f w

he
th

er
 th

e 
fra

ct
ur

es
 a

re
 w

at
er

 fi
lle

d 
or

 
ai

r f
ille

d)
, a

nd
 (2

) p
ro

ce
ss

es
 s

uc
h 

as
 a

tta
ch

m
en

t t
o 

im
m

ob
ile

 a
ir-

w
at

er
 in

te
rfa

ce
s 

an
d 

m
at

rix
 im

bi
bi

tio
n 

w
ill

 p
ro

m
ot

e 
ad

di
tio

na
l

im
m

ob
ili

za
tio

n 
of

 p
ar

tic
le

s 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
In

 c
om

pa
ris

on
, 

ra
di

on
uc

lid
es

 re
ve

rs
ib

ly
 o

r i
rr

ev
er

si
bl

y 
so

rb
ed

 o
nt

o 
co

llo
id

al
-s

iz
ed

 
pa

rti
cl

es
 h

av
e 

a 
m

uc
h 

m
or

e 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
th

e 
ra

te
 o

f 
m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.1

.0
9.

21
.0

C
 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n
W

as
te

 F
or

m
D

eg
ra

da
tio

n 
C

or
ro

si
on

 P
ro

du
ct

s
P

ro
pe

rti
es

 

N
on

e 

ANL-WIS-MD-000024 REV 01 A-173 February 2008 



 

   

 
 

 

 

 

 

  

 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

01
.0

3.
0A

C
ha

ng
es

 in
 F

lu
id

 
S

at
ur

at
io

ns
 in

th
e 

Ex
ca

va
tio

n
D

is
tu

rb
ed

 Z
on

e
Ex

cl
ud

ed
 

Fl
ui

d 
sa

tu
ra

tio
n 

ch
an

ge
s 

in
 th

e 
ex

ca
va

tio
n-

di
st

ur
be

d 
zo

ne
 b

en
ea

th
 

th
e 

em
pl

ac
em

en
t d

rif
ts

 c
ou

ld
 o

cc
ur

 a
s 

a 
re

su
lt 

of
 p

re
cl

os
ur

e 
dr

yo
ut

, 
flo

w
 d

iv
er

si
on

 a
ro

un
d 

th
e 

em
pl

ac
em

en
t d

rif
t, 

an
d/

or
 p

os
tc

lo
su

re
 

th
er

m
al

 p
ro

ce
ss

es
.  

Th
es

e 
re

du
ct

io
ns

 in
 fl

ui
d 

sa
tu

ra
tio

ns
 c

ou
ld

 
de

cr
ea

se
 th

e 
pe

rc
ol

at
io

n 
ar

ou
nd

 th
e 

ex
ca

va
tio

n 
an

d 
th

e 
tra

ns
po

rt 
of

 
ra

di
on

uc
lid

es
 b

el
ow

 th
e 

op
en

in
g 

by
 d

ec
re

as
in

g 
di

ffu
si

on
 a

nd
in

cr
ea

si
ng

 m
at

rix
 im

bi
bi

tio
n 

an
d 

m
at

rix
 d

iff
us

io
n.

  T
hi

s 
pr

oc
es

s 
do

es
 

no
t s

ub
st

an
tia

lly
 im

pa
ct

 th
e 

flo
w

 o
f w

at
er

 o
r t

he
 re

le
as

e 
of

 
ra

di
on

uc
lid

es
 b

ec
au

se
 o

f t
he

 re
la

tiv
el

y 
sh

or
t d

ry
ou

t p
er

io
d 

co
m

pa
re

d 
w

ith
 th

e 
pe

rfo
rm

an
ce

 p
er

io
d 

an
d 

be
ca

us
e 

of
 it

s 
lo

ca
liz

ed
 e

ffe
ct

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
1.

03
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
P

ro
pe

rti
es

 o
f

U
ns

at
ur

at
ed

 Z
on

e 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
D

ur
at

io
n 

of
 

Ve
nt

ila
tio

n 
P

er
io

d 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

01
.0

4.
0A

R
ad

io
nu

cl
id

e 
S

ol
ub

ilit
y 

in
 th

e 
E

xc
av

at
io

n 
D

is
tu

rb
ed

 Z
on

e
Ex

cl
ud

ed
 

R
ad

io
nu

cl
id

e 
so

lu
bi

lit
y 

lim
its

 d
ep

en
d 

on
 th

e 
so

lu
tio

n 
ch

em
is

try
(in

cl
ud

in
g 

pH
 a

nd
 E

h)
 a

nd
 te

m
pe

ra
tu

re
.  

In
 th

e 
ex

ca
va

tio
n 

di
st

ur
be

d 
zo

ne
 (E

D
Z)

, t
he

 p
H

 ra
ng

e 
is

 n
ar

ro
w

er
 a

nd
 th

e 
so

lu
tio

n 
is

 m
or

e 
di

lu
te

 
th

an
 in

 th
e 

in
-d

rif
t e

nv
iro

nm
en

t; 
th

er
ef

or
e,

 c
ha

ng
es

 in
 ra

di
on

uc
lid

e 
so

lu
bi

lit
y 

fro
m

 th
e 

E
B

S
 to

 th
e 

E
D

Z 
ar

e 
in

si
gn

ifi
ca

nt
 to

 re
su

lt 
in

 
m

in
er

al
 p

re
ci

pi
ta

tio
n 

an
d 

th
us

 w
ill

 n
ot

 a
ffe

ct
 a

qu
eo

us
 tr

an
sp

or
t. 

 In
 

ad
di

tio
n,

 a
lth

ou
gh

 ra
di

on
uc

lid
e 

so
lu

bi
lit

y 
lim

its
 c

ou
ld

 a
ffe

ct
 th

e 
fo

rm
at

io
n 

of
 c

er
ta

in
 k

in
ds

 o
f t

ru
e 

co
llo

id
s,

 s
uc

h 
as

 p
ol

ym
er

ic
 fo

rm
s 

of
 

pl
ut

on
iu

m
 o

xi
de

, t
he

se
 c

ol
lo

id
s 

ar
e 

no
t f

ou
nd

 in
 s

ig
ni

fic
an

t q
ua

nt
iti

es
 

an
d 

ar
e 

kn
ow

n 
to

 tr
an

sf
or

m
 in

to
 p

se
ud

oc
ol

lo
id

s,
 w

ho
se

 fo
rm

at
io

n 
is

 
no

t a
ffe

ct
ed

 b
y 

so
lu

bi
lit

y 
lim

its
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
04

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

 

ANL-WIS-MD-000024 REV 01 A-174 February 2008 



 

   

 
 

 

 

 

 

  

 

 

 
 

 
 

 
 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

01
.0

5.
0A

R
ad

io
nu

cl
id

e 
Tr

an
sp

or
t i

n 
th

e 
E

xc
av

at
io

n 
D

is
tu

rb
ed

 Z
on

e
Ex

cl
ud

ed
 

In
ve

st
ig

at
io

ns
 o

n 
th

e 
ef

fe
ct

s 
of

 s
tre

ss
 re

lie
f o

n 
fra

ct
ur

e 
pe

rm
ea

bi
lit

y 
in

 th
e 

E
D

Z 
ha

ve
 fo

un
d 

th
at

 th
e 

ve
rti

ca
l p

er
m

ea
bi

lit
y 

be
ne

at
h 

th
e 

dr
ift

 
is

 c
ha

ng
ed

 b
y 

a 
fa

ct
or

 o
f t

w
o 

or
 m

or
e 

ov
er

 o
nl

y 
a 

ve
ry

 n
ar

ro
w

 z
on

e,
 

on
 th

e 
or

de
r o

f o
ne

 to
 tw

o 
m

et
er

s 
do

es
 n

ot
 s

ub
st

an
tia

lly
 im

pa
ct

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 ra
di

on
uc

lid
e 

tra
ns

po
rt 

ba
se

d 
on

 s
en

si
tiv

ity
 

an
al

ys
es

.  
A

ls
o,

 th
e 

po
te

nt
ia

l c
ha

ng
es

 in
 fr

ac
tu

re
 a

pe
rtu

re
 in

 th
e 

E
D

Z 
ar

e 
fo

un
d 

to
 b

e 
w

ith
in

 th
e 

ra
ng

e 
of

 u
nc

er
ta

in
ty

 a
lre

ad
y 

co
ns

id
er

ed
 b

y
th

e 
cu

rre
nt

 U
Z 

R
ad

io
nu

cl
id

e 
Tr

an
sp

or
t M

od
el

.  
Th

e 
tra

ns
po

rt 
ch

ar
ac

te
ris

tic
s 

in
 th

e 
E

D
Z,

 a
re

 c
on

si
de

re
d 

to
 b

e 
in

si
gn

ifi
ca

nt
ly

di
ffe

re
nt

 fr
om

 th
e 

re
po

si
to

ry
 h

or
iz

on
 u

ns
at

ur
at

ed
 z

on
e 

st
ra

ta
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

1.
05

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t C

he
m

ic
al

E
nv

iro
nm

en
t

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

tra
ns

po
rt

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
P

ro
pe

rti
es

 o
f t

he
H

os
t R

oc
k 

U
ni

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

C
om

m
itt

ed
 M

at
er

ia
ls

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

03
.0

1.
0A

S
tra

tig
ra

ph
y

In
cl

ud
ed

 

S
tra

tig
ra

ph
y 

an
d 

as
so

ci
at

ed
 h

et
er

og
en

ei
ty

 in
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

ha
s 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
un

sa
tu

ra
te

d 
zo

ne
 fl

ow
 p

ro
ce

ss
es

 d
ue

 to
 

th
e 

co
nt

rib
ut

io
n 

of
 fa

ul
ts

 in
 c

on
du

ct
in

g 
flo

w
 b

el
ow

 th
e 

re
po

si
to

ry
 a

nd
 

du
e 

to
 th

e 
di

ffe
re

nt
 fl

ow
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

TS
w

, z
eo

lit
ic

 a
nd

 v
itr

ic
 

C
H

n 
an

d 
C

Fu
 u

ni
ts

. T
he

 z
eo

lit
ic

 C
H

n 
ha

ve
 lo

w
 m

at
rix

 p
er

m
ea

bi
lit

y 
th

at
 p

ro
m

ot
es

 th
e 

de
ve

lo
pm

en
t o

f p
er

ch
ed

 w
at

er
 z

on
es

 th
ro

ug
h 

w
hi

ch
 la

te
ra

l d
iv

er
si

on
 c

an
 le

ad
 w

at
er

 to
w

ar
d 

th
e 

fa
ul

ts
.  

S
tra

tig
ra

ph
y

al
so

 a
ffe

ct
s 

th
e 

tra
ns

po
rt.

 T
he

 z
eo

lit
ic

 ro
ck

s 
te

nd
 to

 h
av

e 
hi

gh
er

 
so

rp
tio

n 
ca

pa
ci

tie
s 

th
at

 re
du

ce
s 

tra
ns

po
rt 

ra
te

s.
  I

n 
ad

di
tio

n,
 m

as
s

tra
ns

fe
r b

et
w

ee
n 

fra
ct

ur
es

 a
nd

 th
e 

tu
ff 

m
at

rix
 p

la
ys

 a
n 

im
po

rta
nt

 ro
le

 
in

 tr
an

sp
or

t w
ith

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

B
ec

au
se

 fl
ow

 v
el

oc
ity

 in
th

e 
m

at
rix

 is
 m

uc
h 

sl
ow

er
 th

an
 in

 fr
ac

tu
re

s,
 tr

an
sf

er
 o

f r
ad

io
nu

cl
id

es
 

fro
m

 th
e 

fra
ct

ur
es

 to
 th

e 
m

at
rix

 c
an

 s
ig

ni
fic

an
tly

 re
ta

rd
 th

e 
ov

er
al

l 
tra

ns
po

rt 
of

 ra
di

on
uc

lid
es

 fr
om

 th
e 

re
po

si
to

ry
 to

 th
e 

w
at

er
 ta

bl
e.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
3.

01
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
tra

ns
po

rt
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-175 February 2008 



 

   

 
 

 
 

 

 

 

 

 
  

 
 

  

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

03
.0

2.
0A

R
oc

k 
P

ro
pe

rti
es

of
 H

os
t R

oc
k

an
d 

O
th

er
 U

ni
ts

In
cl

ud
ed

 

R
oc

k 
pr

op
er

tie
s,

 s
uc

h 
as

 fr
ac

tu
re

 p
er

m
ea

bi
lit

y 
an

d 
so

rp
tio

n 
co

ef
fic

ie
nt

, s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
di

st
rib

ut
io

n 
of

 p
er

co
la

tio
n 

flu
x 

an
d 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

ra
te

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

Th
e 

pr
op

er
tie

s 
an

d 
th

ei
r a

ss
oc

ia
te

d 
va

ria
bi

lit
ie

s 
ha

ve
 b

ee
n 

in
co

rp
or

at
ed

 in
to

 th
e 

S
ite

-S
ca

le
 U

Z 
Fl

ow
 M

od
el

 a
nd

 th
e 

U
Z 

R
ad

io
nu

cl
id

e 
Tr

an
sp

or
t 

M
od

el
.  

Th
e 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

 m
od

el
 u

se
s 

la
ye

r-s
pe

ci
fic

 
hy

dr
ol

og
ic

 p
ro

pe
rti

es
 a

nd
 fa

ul
t p

ro
pe

rti
es

 to
 re

pr
es

en
t t

he
 la

rg
e-

sc
al

e 
he

te
ro

ge
ne

ity
, b

ec
au

se
 s

m
al

le
r-s

ca
le

 h
et

er
og

en
ei

ty
 w

ith
in

 a
 

hy
dr

og
eo

lo
gi

c 
un

it 
ha

s 
an

 in
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
si

te
-s

ca
le

 fl
ow

pr
oc

es
se

s.
  P

er
m

ea
bi

lit
y 

di
ffe

re
nc

es
 a

t s
tra

tig
ra

ph
ic

 in
te

rfa
ce

s 
co

nt
rib

ut
ed

 to
 s

om
e 

la
te

ra
l d

iv
er

si
on

 o
f p

er
co

la
tio

n 
flu

x 
in

 th
e 

st
ra

tig
ra

ph
ic

 u
ni

ts
 a

bo
ve

 th
e 

re
po

si
to

ry
.  

In
 a

dd
iti

on
, t

he
 U

Z
R

ad
io

nu
cl

id
e 

Tr
an

sp
or

t M
od

el
 u

se
s 

st
oc

ha
st

ic
 p

ar
am

et
er

 
di

st
rib

ut
io

ns
 (e

.g
., 

fo
r s

or
pt

io
n 

co
ef

fic
ie

nt
, m

at
rix

 d
iff

us
io

n 
co

ef
fic

ie
nt

, 
ac

tiv
e 

fra
ct

ur
e 

m
od

el
 

, a
nd

 fr
ac

tu
re

 p
or

os
ity

) t
o 

ca
pt

ur
e 

ad
di

tio
na

l 
ef

fe
ct

s 
fo

r t
ra

ns
po

rt 
pr

oc
es

se
s.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
3.

02
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
tra

ns
po

rt
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

06
.0

1.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
R

oc
k

Ex
cl

ud
ed

 

Al
th

ou
gh

 s
ei

sm
ic

 a
ct

iv
ity

 m
ay

 a
lte

r t
he

 p
or

os
ity

 a
nd

 p
er

m
ea

bi
lit

y 
of

 
th

e 
ro

ck
 m

at
rix

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

el
ow

 th
e 

re
po

si
to

ry
, t

he
 

ef
fe

ct
s 

of
 c

ha
ng

es
 to

 th
e 

ro
ck

 m
at

rix
 p

or
os

ity
 a

nd
 p

er
m

ea
bi

lit
y

ca
us

ed
 b

y 
ch

an
ge

s 
in

 ro
ck

 s
tre

ss
 a

re
 n

eg
lig

ib
le

 c
om

pa
re

d 
w

ith
ch

an
ge

s 
to

 th
e 

fra
ct

ur
e 

po
ro

si
ty

 a
nd

 p
er

m
ea

bi
lit

y.
  D

am
ag

e 
of

 th
e

ro
ck

 m
at

rix
 m

at
er

ia
l d

ue
 to

 s
ei

sm
ic

 lo
ad

in
g 

w
ou

ld
 m

an
ife

st
 it

se
lf 

in
 

th
e 

fo
rm

 o
f i

nt
er

-li
th

op
hy

sa
l t

en
si

le
 fr

ac
tu

re
s 

th
at

 c
oa

le
sc

e 
to

 fo
rm

 
ob

se
rv

ab
le

 s
he

ar
 fr

ac
tu

re
s 

w
ith

 o
ffs

et
.  

Th
e 

ex
po

se
d 

lit
ho

ph
ys

al
 

ro
ck

s 
in

 th
e 

E
xp

lo
ra

to
ry

 S
tu

di
es

 F
ac

ilit
y 

an
d 

th
e 

E
nh

an
ce

d 
C

ha
ra

ct
er

iz
at

io
n 

of
 th

e 
R

ep
os

ito
ry

 B
lo

ck
 C

ro
ss

-D
rif

t s
ho

w
 n

o 
fra

ct
ur

in
g 

of
 th

is
 ty

pe
.  

O
bs

er
ve

d 
fra

ct
ur

in
g 

is
 c

on
si

st
en

t w
ith

 ty
pi

ca
l 

co
ol

in
g-

fra
ct

ur
e 

re
la

te
d 

hi
st

or
y 

(B
S

C
 2

00
5 

[D
IR

S
 1

70
13

7]
, 

S
ec

tio
n 

6.
3.

1)
.  

Th
es

e 
fin

di
ng

s 
in

di
ca

te
 th

at
 th

e 
m

at
rix

 m
at

er
ia

l i
s 

la
rg

el
y 

un
af

fe
ct

ed
 b

y 
re

di
st

rib
ut

io
n 

of
 s

tra
in

 in
tro

du
ce

d 
by

 s
ei

sm
ic

 
ac

tiv
ity

.  
Th

e 
fra

ct
ur

es
 a

re
, t

he
re

fo
re

, m
or

e 
se

ns
iti

ve
 to

 m
ec

ha
ni

ca
l 

st
ra

in
; w

he
n 

a 
vo

lu
m

e 
of

 fr
ac

tu
re

d 
ro

ck
 is

 s
ub

je
ct

ed
 to

 a
 s

tre
ss

, m
os

t 
of

 th
e 

re
su

lti
ng

 s
tra

in
 o

cc
ur

s 
in

 th
e 

fra
ct

ur
es

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
01

.0
A 

N
o 

N
on

-IT
B

C
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-176 February 2008 



 

   

 
  

 

 
  

 
 

 
 

 

 
 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

06
.0

2.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
Fa

ul
ts

Ex
cl

ud
ed

 

It 
is

 in
fe

rre
d 

fro
m

 th
e 

pr
ob

ab
ili

st
ic

 s
ei

sm
ic

 h
az

ar
d 

an
al

ys
is

 (P
S

H
A

) 
ex

pe
rt 

el
ic

ita
tio

n,
 th

at
 fo

rm
at

io
n 

of
 s

ig
ni

fic
an

t n
ew

 fa
ul

ts
 a

re
 u

nl
ik

el
y 

in
 th

e 
Y

uc
ca

 M
ou

nt
ai

n 
vi

ci
ni

ty
 w

ith
in

 th
e 

ne
xt

 1
0,

00
0 

ye
ar

s.
  I

n
ad

di
tio

n,
 a

lth
ou

gh
 s

ei
sm

ic
 e

ve
nt

s 
m

ay
 re

ac
tiv

at
e 

ex
is

tin
g 

fa
ul

ts
, t

he
 

re
su

lti
ng

 fa
ul

t d
is

pl
ac

em
en

ts
 a

re
 li

m
ite

d 
to

 a
 fe

w
 m

et
er

s 
w

ith
 

in
si

gn
ifi

ca
nt

 c
ha

ng
es

 in
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

of
 fa

ul
ts

.  
Fu

rth
er

m
or

e,
 

se
ns

iti
vi

ty
 a

na
ly

se
s 

in
di

ca
te

 th
at

 ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 is

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
ed

 b
y 

ch
an

ge
s 

in
 fr

ac
tu

re
 

ap
er

tu
re

 o
r p

er
m

ea
bi

lit
y 

in
 th

e 
fa

ul
t z

on
es

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
6.

02
.0

A 

N
o 

N
on

-IT
B

C
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

06
.0

2.
0B

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
Fr

ac
tu

re
s

Ex
cl

ud
ed

 

Th
e 

re
ce

nt
 P

S
H

A
 e

xp
er

t e
lic

ita
tio

n 
su

pp
or

ts
 th

e 
in

te
rp

re
ta

tio
n 

th
at

 
fo

rm
at

io
n 

of
 s

ig
ni

fic
an

t n
ew

 fr
ac

tu
re

s 
is

 u
nl

ik
el

y 
in

 th
e 

Y
uc

ca
 

M
ou

nt
ai

n 
vi

ci
ni

ty
 w

ith
in

 th
e 

ne
xt

 1
0,

00
0 

ye
ar

s.
  I

n 
ad

di
tio

n,
 s

en
si

tiv
ity

 
an

al
ys

es
 in

di
ca

te
 o

nl
y 

vi
rtu

al
ly

 n
o 

ef
fe

ct
 o

f f
ra

ct
ur

e 
ap

er
tu

re
 c

ha
ng

es
 

on
 ra

di
on

uc
lid

e 
tra

ns
po

rt 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

, a
nd

 o
nl

y 
a 

sm
al

l 
ef

fe
ct

 o
f f

ra
ct

ur
e 

pe
rm

ea
bi

lit
y 

ch
an

ge
s 

re
la

tiv
e 

to
 o

th
er

 u
nc

er
ta

in
tie

s 
as

so
ci

at
ed

 w
ith

 e
.g

., 
th

e 
in

fil
tra

tio
n 

ra
te

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
6.

02
.0

B 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

06
.0

3.
0A

S
ei

sm
ic

 A
ct

iv
ity

A
lte

rs
 P

er
ch

ed
W

at
er

 Z
on

es
Ex

cl
ud

ed
 

P
er

ch
ed

 w
at

er
 h

as
 o

nl
y 

be
en

 fo
un

d 
at

 Y
uc

ca
 M

ou
nt

ai
n 

ne
ar

 th
e 

TS
w

-C
H

n 
in

te
rfa

ce
.  

In
 p

ar
tic

ul
ar

, t
he

 p
re

se
nc

e 
of

 p
er

ch
ed

 w
at

er
 

ap
pe

ar
s 

to
 b

e 
co

rre
la

te
d 

w
ith

 th
e 

pr
es

en
ce

 o
f z

eo
lit

ic
al

ly
 a

lte
re

d 
m

in
er

al
s 

w
ith

in
 th

e 
C

al
ic

o 
H

ill
s 

no
nw

el
de

d 
(C

H
n)

.  
Ze

ol
iti

es
 a

t Y
uc

ca
 

M
ou

nt
ai

n 
w

er
e 

fo
rm

ed
 d

ur
in

g 
al

te
ra

tio
n 

of
 v

ol
ca

ni
c 

gl
as

s 
so

m
e 

13


11
.5

 M
a,

 th
er

ef
or

e,
 a

ny
 e

ffe
ct

s 
of

 te
ct

on
ic

 o
r s

ei
sm

ic
 p

ro
ce

ss
es

 o
n 

th
e 

lit
ho

lo
gi

c 
un

its
, s

ho
ul

d 
ha

ve
 a

lre
ad

y 
oc

cu
rre

d.
  T

he
 fa

ct
 th

at
 th

e 
pe

rc
he

d 
w

at
er

 o
cc

ur
re

nc
e 

is
 s

tro
ng

ly
 c

or
re

la
te

d 
w

ith
 th

e 
ze

ol
iti

c 
lit

ho
lo

gy
 in

di
ca

te
s 

th
at

 th
e 

ef
fe

ct
s 

of
 s

ei
sm

ic
 a

nd
 te

ct
on

ic
 p

ro
ce

ss
es

 
do

 n
ot

 p
la

y 
a 

si
gn

ifi
ca

nt
 ro

le
 in

 th
e 

fo
rm

at
io

n 
an

d 
pe

rs
is

te
nc

e 
of

 
pe

rc
he

d 
w

at
er

. 
A

ny
 c

ha
ng

es
 in

 fl
ow

 d
ue

 to
 s

ei
sm

ic
al

ly
 in

du
ce

d 
dr

ai
na

ge
 fr

om
 

pe
rc

he
d 

w
at

er
 a

re
 e

xp
ec

te
d 

to
 b

e 
w

ith
in

 th
e 

ra
ng

e 
of

 u
nc

er
ta

in
ty

 in
 

pe
rc

ol
at

io
n 

flu
xe

s 
in

cl
ud

ed
 in

 th
e 

TS
P

A
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
03

.0
A 

N
o 

N
on

-IT
B

C
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-177 February 2008 



 

   

 

 

 

 

 
 

 
 

 
 

 

 
 

 

 
 

 

 
 

 
 

 
 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

2.
0A

U
ns

at
ur

at
ed

G
ro

un
dw

at
er

 
Fl

ow
 in

 th
e 

G
eo

sp
he

re
 

In
cl

ud
ed

 

G
ro

un
dw

at
er

 fl
ow

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 d

ef
in

es
 th

e 
di

st
rib

ut
io

n 
of

 
pe

rc
ol

at
io

n 
flu

x 
an

d 
is

 th
e 

dr
iv

in
g 

fo
rc

e 
fo

r r
ad

io
nu

cl
id

e 
tra

ns
po

rt 
be

lo
w

 th
e 

re
po

si
to

ry
.  

V
ar

ia
tio

ns
 in

 p
er

co
la

tio
n 

ra
te

 a
nd

 fr
ac

tu
re

 
hy

dr
ol

og
ic

 p
ro

pe
rti

es
 a

re
 tw

o 
m

os
t i

m
po

rta
nt

 fa
ct

or
s 

th
at

 a
ffe

ct
 

tra
ns

po
rt 

tim
es

 th
ro

ug
h 

th
e 

un
sa

tu
ra

te
d 

zo
ne

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

02
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

3.
0A

C
ap

ill
ar

y 
R

is
e 

in
th

e 
U

Z
In

cl
ud

ed
 

Th
e 

ca
pi

lla
ry

 ri
se

 o
r c

ap
ill

ar
y 

w
ic

ki
ng

, a
ffe

ct
s 

th
e 

di
st

rib
ut

io
n 

of
 

pe
rc

ol
at

io
n 

flu
x 

ab
ov

e 
th

e 
w

at
er

 ta
bl

e,
 a

nd
 th

er
ef

or
e 

is
 in

cl
ud

ed
 in

th
e 

m
od

el
s 

of
 u

ns
at

ur
at

ed
 z

on
e 

flo
w

 a
nd

 tr
an

sp
or

t. 
 H

ow
ev

er
, i

t h
as

 
a 

sm
al

l e
ffe

ct
 o

n 
th

e 
si

te
-s

ca
le

 fl
ow

 a
nd

 tr
an

sp
or

t p
ro

ce
ss

es
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
03

.0
A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

7.
0A

P
er

ch
ed

 W
at

er
D

ev
el

op
s 

In
cl

ud
ed

 

P
er

ch
ed

 w
at

er
 z

on
es

 e
xi

st
 n

ea
r t

he
 T

S
w

/C
H

n 
in

te
rfa

ce
 b

el
ow

 th
e 

re
po

si
to

ry
, a

s 
a 

re
su

lt 
of

 th
e 

ze
ol

iti
za

tio
n 

pr
oc

es
s.

  T
he

se
 z

on
es

 le
ad

to
 la

te
ra

l d
iv

er
si

on
 o

f f
lo

w
 in

 th
e 

C
H

n 
to

w
ar

ds
 th

e 
fa

ul
ts

, w
hi

ch
 a

ct
 a

s 
m

ai
n 

pa
th

w
ay

s 
fo

r f
as

t f
lo

w
 a

nd
 tr

an
sp

or
t i

n 
th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

Tr
an

sp
or

t a
na

ly
si

s 
sh

ow
s 

th
at

 tr
an

sp
or

t t
im

e 
to

 th
e 

w
at

er
 ta

bl
e 

is
 

su
bs

ta
nt

ia
lly

 s
ho

rte
r i

n 
re

gi
on

s 
of

 th
e 

re
po

si
to

ry
 u

nd
er

la
in

 b
y

pe
rc

he
d 

w
at

er
 (S

N
L 

20
07

 [D
IR

S
 1

84
74

8]
, F

ig
ur

e 
6.

6.
2-

1)
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

07
.0

A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

8.
0A

Fr
ac

tu
re

 F
lo

w
 in

 
th

e 
U

Z
In

cl
ud

ed
 

Th
e 

un
sa

tu
ra

te
d 

zo
ne

 b
en

ea
th

 th
e 

re
po

si
to

ry
 is

 g
en

er
al

ly
 c

om
po

se
d 

of
 fr

ac
tu

re
d 

vo
lc

an
ic

 tu
ff.

 T
he

 ra
te

 o
f m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 in

 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 is

 d
ep

en
de

nt
 o

n 
th

e 
flu

x 
of

 w
at

er
 th

ro
ug

h 
th

e 
fra

ct
ur

ed
 ro

ck
 m

as
s.

  T
hi

s 
flu

x 
is

 d
is

tri
bu

te
d 

be
tw

ee
n 

fa
ul

ts
, 

fra
ct

ur
es

, a
nd

 th
e 

m
at

rix
 o

f t
he

 h
os

t r
oc

k 
an

d 
ot

he
r u

ni
ts

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

Th
e 

ra
te

 o
f m

ov
em

en
t o

f r
ad

io
nu

cl
id

es
 is

de
pe

nd
en

t o
n 

th
e 

de
gr

ee
 o

f f
ra

ct
ur

e 
flo

w
, w

hi
ch

 is
 v

ar
ia

bl
e 

ac
ro

ss
 

th
e 

hy
dr

os
tra

tig
ra

ph
ic

 u
ni

ts
 o

f t
he

 u
ns

at
ur

at
ed

 z
on

e 
be

lo
w

 th
e 

re
po

si
to

ry
.  

In
 th

e 
ab

se
nc

e 
of

 s
ig

ni
fic

an
t m

at
rix

 d
iff

us
io

n,
 tr

an
sp

or
t i

s 
m

ai
nl

y 
by

 a
dv

ec
tio

n 
th

ro
ug

h 
fra

ct
ur

es
.  

Th
e 

ab
se

nc
e 

of
 fa

ct
ur

e 
flo

w
in

 th
e 

vi
tri

c 
po

rti
on

s 
of

 th
e 

C
al

ic
o 

H
ills

 s
ub

st
an

tia
lly

 re
du

ce
s 

th
e 

ad
ve

ct
iv

e 
tra

ns
po

rt 
ve

lo
ci

ty
, d

el
ay

in
g 

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

 in
th

e 
un

sa
tu

ra
te

d 
zo

ne
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
08

.0
A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-178 February 2008 



 

   

 
 

 

 
 

 

 

 

 

 
  

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.0

9.
0A

M
at

rix
 Im

bi
bi

tio
n 

in
 th

e 
U

Z
In

cl
ud

ed
 

W
at

er
 a

nd
 (d

is
so

lv
ed

 a
nd

 c
ol

lo
id

al
) r

ad
io

nu
cl

id
es

 m
ay

 b
e 

im
bi

be
d 

in
to

 th
e 

m
at

rix
 b

et
w

ee
n 

th
e 

flo
w

in
g 

fra
ct

ur
es

.  
M

at
rix

 im
bi

bi
tio

n 
af

fe
ct

s 
th

e 
di

st
rib

ut
io

n 
of

 fl
ow

 b
et

w
ee

n 
fra

ct
ur

es
 a

nd
 th

e 
m

at
rix

 in
 th

e 
fra

ct
ur

ed
 u

ns
at

ur
at

ed
 z

on
e.

 M
at

rix
 im

bi
bi

tio
n 

is
 d

om
in

an
t i

n 
th

e 
C

al
ic

o 
H

ill
s 

no
nw

el
de

d 
vi

tri
c 

ro
ck

, w
hi

ch
 s

ub
st

an
tia

lly
 s

lo
w

s
ra

di
on

uc
lid

e 
tra

ns
po

rt.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
09

.0
A 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.1

5.
0B

Ad
ve

ct
io

n 
an

d 
D

is
pe

rs
io

n 
in

 th
e 

U
Z

In
cl

ud
ed

 

A
dv

ec
tio

n 
pr

oc
es

se
s 

do
m

in
at

e 
th

e 
tra

ns
po

rt 
tim

e 
of

 d
is

so
lv

ed
 a

nd
 

co
llo

id
al

 ra
di

on
uc

lid
es

 in
 th

e 
U

Z 
Tr

an
sp

or
t A

bs
tra

ct
io

n 
M

od
el

. 
A

dd
iti

on
al

ly
, i

t i
s 

no
te

d 
th

at
 d

is
pe

rs
iv

e 
pr

oc
es

se
s 

te
nd

 to
 b

e 
in

ef
fe

ct
iv

e 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 in
 s

pr
ea

di
ng

 s
ho

rt-
te

rm
 tr

an
si

en
t 

re
le

as
es

 fr
om

 th
e 

E
B

S
 (B

S
C

 2
00

4 
[D

IR
S

 1
70

03
5]

, S
ec

tio
n 

6.
2.

5;
 

6.
3.

6.
3)

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

15
.0

B 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Fl

ow
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

07
.2

1.
0A

D
rif

t S
ha

do
w

Fo
rm

s 
B

el
ow

R
ep

os
ito

ry
Ex

cl
ud

ed
 

Th
e 

pr
es

en
ce

 o
f a

 d
rif

t s
ha

do
w

 (i
.e

., 
re

la
tiv

el
y 

dr
y 

un
sa

tu
ra

te
d 

ro
ck

 
be

ne
at

h 
th

e 
E

B
S

 c
au

se
d 

by
 th

e 
di

ve
rs

io
n 

of
 p

er
co

la
tin

g 
w

at
er

 
ar

ou
nd

 th
e 

dr
ift

) c
ou

ld
 re

du
ce

 a
dv

ec
tiv

e 
tra

ns
po

rt 
of

 ra
di

on
uc

lid
es

 
th

ro
ug

h 
th

is
 z

on
e.

 H
ow

ev
er

, t
he

 d
rif

t s
ha

do
w

 e
ffe

ct
 h

as
 b

ee
n 

fo
un

d 
to

 h
av

e 
on

ly
 a

 s
ec

on
d-

or
de

r e
ffe

ct
 o

n 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
, b

ec
au

se
 a

 d
ry

ou
t z

on
e 

fo
rm

s 
pr

im
ar

ily
 in

 th
e 

fra
ct

ur
e 

w
hi

le
 th

e 
m

at
rix

 c
on

tin
uu

m
 is

 le
ss

 a
ffe

ct
ed

 b
y 

th
e 

dr
ift

 
sh

ad
ow

, a
nd

 b
ec

au
se

 ra
di

on
uc

lid
es

 a
re

 m
os

tly
 re

le
as

ed
 fr

om
 th

e 
dr

ift
 in

ve
rt 

in
to

 th
e 

m
at

rix
 c

on
tin

uu
m

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

21
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

In
fil

tra
tio

n 
an

d
Se

ep
ag

e 
Pr

op
er

tie
s

P
ro

pe
rti

es
 o

f t
he

H
os

t R
oc

k 
U

ni
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

E
m

pl
ac

em
en

t D
rif

t 
C

on
fig

ur
at

io
n 

ANL-WIS-MD-000024 REV 01 A-179 February 2008 



 

   

 
 

 

 

 

 

 

 

 
 

   

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

1.
0B

C
he

m
ic

al
 

C
ha

ra
ct

er
is

tic
s

of
 G

ro
un

dw
at

er
 

in
 th

e 
U

Z
In

cl
ud

ed
 

C
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 g
ro

un
dw

at
er

, i
nc

lu
di

ng
 te

m
pe

ra
tu

re
, p

H
, 

E
h,

 io
ni

c 
st

re
ng

th
, a

nd
 m

aj
or

 io
ni

c 
co

nc
en

tra
tio

ns
, h

av
e 

be
en

 
in

co
rp

or
at

ed
 in

to
 th

e 
U

Z 
Tr

an
sp

or
t A

bs
tra

ct
io

n 
M

od
el

 th
ro

ug
h 

so
rp

tio
n 

co
ef

fic
ie

nt
s 

(K
d s

). 
P

ro
ba

bi
lit

y 
di

st
rib

ut
io

ns
 o

f t
he

 K
d s

 w
er

e
de

ve
lo

pe
d 

fo
r e

ac
h 

ra
di

oe
le

m
en

t o
f i

nt
er

es
t a

m
on

g 
th

e 
th

re
e 

m
aj

or
 

ro
ck

 ty
pe

s.
  T

he
 K

d d
is

tri
bu

tio
ns

 w
er

e 
de

ve
lo

pe
d 

th
ro

ug
h 

la
bo

ra
to

ry
 

ex
pe

rim
en

ts
 u

nd
er

 v
ar

io
us

 c
on

di
tio

ns
 (t

im
e,

 e
le

m
en

t c
on

ce
nt

ra
tio

n,
 

at
m

os
ph

er
ic

 c
om

po
si

tio
n,

 p
ar

tic
le

 s
iz

e,
 a

nd
 te

m
pe

ra
tu

re
) w

ith
co

rre
la

tio
ns

 b
as

ed
 o

n 
co

ns
id

er
at

io
n 

of
 s

uc
h 

va
ria

bl
es

 a
s 

pH
, E

h,
 

w
at

er
 c

he
m

is
try

, r
oc

k 
co

m
po

si
tio

n,
 ro

ck
 s

ur
fa

ce
 a

re
a,

 a
nd

 
ra

di
on

uc
lid

e 
co

nc
en

tra
tio

n.
  T

he
 K

d d
is

tri
bu

tio
ns

 a
re

 th
en

 s
am

pl
ed

 in
 

th
e 

TS
P

A
 to

 a
cc

ou
nt

 fo
r t

he
 e

ffe
ct

s 
of

 n
at

ur
al

 v
ar

ia
tio

ns
 in

 p
or

e-
w

at
er

 c
he

m
is

try
 a

nd
 m

in
er

al
 s

ur
fa

ce
s.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

01
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

3.
0B

G
eo

ch
em

ic
al

 
In

te
ra

ct
io

ns
 a

nd
E

vo
lu

tio
n 

in
 th

e 
U

Z
Ex

cl
ud

ed
 

Th
er

m
o-

ch
em

ic
al

 in
te

ra
ct

io
n 

st
ud

ie
s 

us
in

g 
th

e 
TH

C
 s

ee
pa

ge
 m

od
el

 
in

di
ca

te
 th

at
 c

ha
ng

es
 in

 fr
ac

tu
re

 p
er

m
ea

bi
lit

ie
s 

re
su

lti
ng

 fr
om

 m
in

er
al

 
pr

ec
ip

ita
tio

n 
or

 d
is

so
lu

tio
n 

w
ill

 b
e 

w
ith

in
 th

e 
na

tu
ra

l v
ar

ia
tio

n 
in

 th
es

e 
pr

op
er

tie
s.

 A
fte

r r
ew

et
tin

g,
 p

or
e-

w
at

er
 c

he
m

is
tri

es
 re

tu
rn

 to
 th

e 
un

pe
rtu

rb
ed

 c
on

di
tio

ns
 in

 1
0,

00
0 

to
 3

0,
00

0 
ye

ar
s.

  I
n 

ad
di

tio
n,

 
co

llo
id

s 
en

tra
in

m
en

t i
s 

no
t e

xp
ec

te
d 

du
e 

to
 re

du
ce

d 
co

llo
id

s 
st

ab
ilit

y 
un

de
r e

le
va

te
d 

te
m

pe
ra

tu
re

s.
 F

ur
th

er
m

or
e,

 u
se

 o
f i

nt
ro

du
ce

d 
m

at
er

ia
ls

, s
uc

h 
as

 c
em

en
tit

io
us

 m
at

er
ia

ls
, w

ill
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 
ra

di
on

uc
lid

e 
tra

ns
po

rt 
in

 th
e 

 u
ns

at
ur

at
ed

 z
on

e 
be

ca
us

e 
th

ey
 a

re
 n

ot
 

us
ed

 in
 e

m
pl

ac
em

en
t d

rif
ts

 a
nd

 b
ec

au
se

 fl
ow

 is
 m

ai
nl

y 
ve

rti
ca

l i
n 

th
e 

 
un

sa
tu

ra
te

d 
zo

ne
, l

im
iti

ng
 la

te
ra

l m
ig

ra
tio

n 
of

 th
es

e 
m

at
er

ia
ls

.  
In

su
m

m
ar

y,
 g

eo
ch

em
ic

al
 in

te
ra

ct
io

ns
 a

re
 n

ot
 e

xp
ec

te
d 

to
 s

ig
ni

fic
an

tly
m

od
ify

 th
e 

tra
ns

po
rt 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 b
el

ow
th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

03
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-180 February 2008 



 

   

 

 

 

 

 
 

  

 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

5.
0A

D
iff

us
io

n 
in

 th
e

U
Z

Ex
cl

ud
ed

 

U
nl

ik
e 

m
at

rix
 d

iff
us

io
n 

w
hi

ch
 is

 d
es

cr
ib

ed
 in

 th
e 

in
cl

ud
ed

 F
E

P
 

2.
2.

08
.0

8.
0B

, m
ol

ec
ul

ar
 d

iff
us

io
n 

in
 fa

ul
ts

 a
nd

 fr
ac

tu
re

s 
is

 
in

si
gn

ifi
ca

nt
 in

 c
om

pa
ris

on
 to

 a
dv

ec
tio

n-
re

la
te

d 
hy

dr
od

yn
am

ic
 

di
sp

er
si

on
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

.  
Fo

r t
he

 lo
w

er
-b

ou
nd

 
gr

ou
nd

w
at

er
 fl

ow
 v

el
oc

ity
 u

nd
er

 th
e 

pr
es

en
t-d

ay
 c

lim
at

e,
 th

e 
m

in
im

um
 d

is
pe

rs
io

n 
co

ef
fic

ie
nt

 is
 e

st
im

at
ed

 to
 b

e 
at

 le
as

t 1
0 

tim
es

 o
f

th
e 

di
ffu

si
on

 c
oe

ffi
ci

en
t.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
05

.0
A 

N
o 

N
on

-IT
B

C
:

Se
ep

ag
e 

W
at

er
 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

6.
0B

C
om

pl
ex

at
io

n 
in

th
e 

U
Z

In
cl

ud
ed

 

Th
e 

pr
es

en
ce

 o
f p

ot
en

tia
l c

om
pl

ex
at

io
n 

ha
s 

be
en

 in
cl

ud
ed

 in
 th

e 
de

ve
lo

pm
en

t o
f t

he
 s

or
pt

io
n 

pr
op

er
tie

s 
of

 th
e 

ra
di

on
uc

lid
es

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

C
om

pl
ex

at
io

n 
ha

s 
be

en
 im

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
so

rp
tio

n 
pr

op
er

tie
s,

 w
hi

ch
 a

ls
o 

in
cl

ud
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 

th
e 

gr
ou

nd
w

at
er

, r
ad

io
nu

cl
id

e 
co

nc
en

tra
tio

ns
, v

ar
ia

tio
ns

 in
 ro

ck
 

su
rfa

ce
 p

ro
pe

rti
es

, a
nd

 u
si

ng
 a

 ra
ng

e 
of

 re
pr

es
en

ta
tiv

e 
lig

an
ds

 (s
ee

 
de

sc
rip

tio
n 

of
 in

cl
ud

ed
 F

E
P

 2
.2

.0
8.

01
.0

B
 G

eo
ch

em
ic

al
 in

te
ra

ct
io

ns
 

an
d 

ev
ol

ut
io

n 
in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

). 
 T

hi
s 

pr
oc

es
s 

is
 d

et
er

m
in

ed
 

no
n-

IT
B

C
 b

ec
au

se
 it

s 
di

re
ct

 e
ffe

ct
s 

on
 s

or
pt

io
n 

ar
e 

in
cl

ud
ed

 in
 o

th
er

 
FE

P
s 

w
hi

ch
 a

re
 im

po
rta

nt
 to

 p
er

fo
rm

an
ce

 o
f t

he
 u

ns
at

ur
at

ed
 z

on
e 

be
lo

w
 th

e 
re

po
si

to
ry

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

06
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

7.
0B

R
ad

io
nu

cl
id

e 
S

ol
ub

ili
ty

 L
im

its
in

 th
e 

U
Z

Ex
cl

ud
ed

 

R
ad

io
nu

cl
id

e 
so

lu
bi

lit
y 

lim
its

 d
ep

en
d 

on
 th

e 
so

lu
tio

n 
ch

em
is

try
(in

cl
ud

in
g 

pH
 a

nd
 E

h)
 a

nd
 te

m
pe

ra
tu

re
.  

In
 th

e 
un

sa
tu

ra
te

d 
zo

ne
, t

he
 

pH
 ra

ng
e 

is
 n

ar
ro

w
er

 a
nd

 th
e 

so
lu

tio
n 

is
 m

or
e 

di
lu

te
 th

an
 in

 th
e 

in
-

dr
ift

 e
nv

iro
nm

en
t; 

th
er

ef
or

e,
 c

ha
ng

es
 in

 ra
di

on
uc

lid
e 

so
lu

bi
lit

y 
fro

m
 

th
e 

E
B

S
 to

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 a
re

 in
si

gn
ifi

ca
nt

 to
 re

su
lt 

in
 m

in
er

al
 

pr
ec

ip
ita

tio
n 

an
d 

th
us

 w
ill 

no
t a

ffe
ct

 a
qu

eo
us

 tr
an

sp
or

t. 
 In

 a
dd

iti
on

, 
al

th
ou

gh
 ra

di
on

uc
lid

e 
so

lu
bi

lit
y 

lim
its

 c
ou

ld
 a

ffe
ct

 th
e 

fo
rm

at
io

n 
of

 
ce

rta
in

 k
in

ds
 o

f t
ru

e 
co

llo
id

s,
 s

uc
h 

as
 p

ol
ym

er
ic

 fo
rm

s 
of

 p
lu

to
ni

um
 

ox
id

e,
 th

es
e 

co
llo

id
s 

ar
e 

no
t f

ou
nd

 in
 s

ig
ni

fic
an

t q
ua

nt
iti

es
 a

nd
 a

re
 

kn
ow

n 
to

 tr
an

sf
or

m
 in

to
 p

se
ud

oc
ol

lo
id

s,
 w

ho
se

 fo
rm

at
io

n 
is

 n
ot

 
af

fe
ct

ed
 b

y 
so

lu
bi

lit
y 

lim
its

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

07
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-181 February 2008 



 

   

 
 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

8.
0B

M
at

rix
 D

iff
us

io
n 

in
 th

e 
U

Z
In

cl
ud

ed
 

M
at

rix
 d

iff
us

io
n,

 re
su

lts
 in

 th
e 

di
ffu

si
on

 o
f d

is
so

lv
ed

 ra
di

on
uc

lid
es

 
fro

m
 fr

ac
tu

re
s 

in
to

 th
e 

m
at

rix
 o

f t
he

 fr
ac

tu
re

d 
ro

ck
.  

B
ec

au
se

 th
e

ad
ve

ct
iv

e 
tra

ns
po

rt 
is

 s
ig

ni
fic

an
tly

 s
lo

w
er

 in
 th

e 
m

at
rix

, m
at

rix
di

ffu
si

on
 c

an
 b

e 
a 

ve
ry

 e
ffi

ci
en

t r
et

ar
di

ng
 m

ec
ha

ni
sm

, e
sp

ec
ia

lly
 fo

r 
m

od
er

at
el

y 
to

 s
tro

ng
ly

 s
or

be
d 

ra
di

on
uc

lid
es

, d
ue

 to
 th

e 
in

cr
ea

se
 in

ro
ck

 s
ur

fa
ce

 a
cc

es
si

bl
e 

to
 s

or
pt

io
n.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

08
.0

B 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

C
he

m
ic

al
 

E
nv

iro
nm

en
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.0

9.
0B

S
or

pt
io

n 
in

 th
e

U
Z

In
cl

ud
ed

 

S
or

pt
io

n 
pl

ay
s 

an
 im

po
rta

nt
 ro

le
 in

 d
el

ay
in

g 
th

e 
m

ov
em

en
t o

f m
os

t 
ra

di
on

uc
lid

es
 th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

S
ev

er
al

 ra
di

on
uc

lid
es

 
th

at
 a

re
 th

e 
do

m
in

an
t c

on
tri

bu
to

rs
 to

 th
e 

to
ta

l i
nv

en
to

ry
 a

re
 

si
gn

ifi
ca

nt
ly

 re
ta

rd
ed

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 w

he
n 

su
bj

ec
t t

o 
si

gn
ifi

ca
nt

 m
at

rix
 d

iff
us

io
n 

or
 m

at
rix

 d
om

in
at

ed
 fl

ow
 in

 th
e 

vi
tri

c 
C

al
ic

o 
H

ill
s.

  T
he

se
 in

cl
ud

e 
90

 S
r, 

13
7 C

s,
 23

9 P
u,

 24
0 P

u,
 24

1 Am
, a

nd
24

3 A
m

. 
O

th
er

 ra
di

on
uc

lid
es

, s
uc

h 
as

 23
7 N

p,
 a

re
 s

lig
ht

ly
 s

or
be

d.
  

Th
er

ef
or

e,
 s

or
pt

io
n 

is
 in

cl
ud

ed
 in

 th
e 

U
Z 

Tr
an

sp
or

t A
bs

tra
ct

io
n 

M
od

el
 u

si
ng

 a
 li

ne
ar

 e
qu

ili
br

iu
m

 s
or

pt
io

n 
(K

d )
 m

od
el

. 
Th

e 
K d

di
st

rib
ut

io
ns

 w
er

e 
de

ve
lo

pe
d 

th
ro

ug
h 

la
bo

ra
to

ry
 e

xp
er

im
en

ts
 u

nd
er

 
va

rio
us

 c
on

di
tio

ns
 (t

im
e,

 e
le

m
en

t c
on

ce
nt

ra
tio

n,
 a

tm
os

ph
er

ic
 

co
m

po
si

tio
n,

 p
ar

tic
le

 s
iz

e,
 a

nd
 te

m
pe

ra
tu

re
) w

ith
 c

or
re

la
tio

ns
 b

as
ed

 
on

 c
on

si
de

ra
tio

n 
of

 s
uc

h 
va

ria
bl

es
 a

s 
pH

, E
h,

 w
at

er
 c

he
m

is
try

, r
oc

k 
co

m
po

si
tio

n,
 ro

ck
 s

ur
fa

ce
 a

re
a,

 a
nd

 ra
di

on
uc

lid
e 

co
nc

en
tra

tio
n.

  T
he

 
K

d d
is

tri
bu

tio
ns

 w
er

e 
sa

m
pl

ed
 in

 th
e 

TS
P

A
 to

 a
cc

ou
nt

 fo
r t

he
 e

ffe
ct

s 
of

 n
at

ur
al

 v
ar

ia
tio

ns
 in

 p
or

e-
w

at
er

 c
he

m
is

try
 a

nd
 m

in
er

al
 s

ur
fa

ce
s 

in
 

th
e 

U
Z.

 A
lth

ou
gh

 it
 c

ou
ld

 p
ot

en
tia

lly
 fu

rth
er

 d
el

ay
 ra

di
on

uc
lid

e 
m

ov
em

en
t t

hr
ou

gh
 th

e 
un

sa
tu

ra
te

d 
zo

ne
, s

or
pt

io
n 

of
 d

is
so

lv
ed

 o
r 

co
llo

id
al

 ra
di

on
uc

lid
es

 o
nt

o 
fra

ct
ur

e 
su

rfa
ce

s 
is

 n
ot

 c
on

si
de

re
d 

in
 th

e 
U

Z 
Tr

an
sp

or
t A

bs
tra

ct
io

n 
M

od
el

 d
ue

 to
 in

su
ffi

ci
en

t d
at

a.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
09

.0
B 

Y
es

 
IT

B
C

:
U

ns
at

ur
at

ed
 Z

on
e 

C
he

m
ic

al
 

E
nv

iro
nm

en
t

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-182 February 2008 



 

   

 

 
 

 
 

 

  

 

 
 

 

 
 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

08
.1

0.
0B

C
ol

lo
id

al
 

tra
ns

po
rt 

in
 th

e
U

Z
In

cl
ud

ed
 

S
ev

er
al

 ra
di

on
uc

lid
es

 c
an

 b
e 

tra
ns

po
rte

d 
irr

ev
er

si
bl

y 
or

 re
ve

rs
ib

ly
at

ta
ch

ed
 to

 c
ol

lo
id

s 
(n

ot
ab

ly
 23

9 P
u,

 24
0 P

u,
 24

1 Am
, a

nd
 24

3 Am
). 

Th
es

e 
co

llo
id

al
ly

 tr
an

sp
or

te
d 

ra
di

on
uc

lid
es

 c
an

 b
e 

re
ta

rd
ed

 a
s 

th
ey

 a
re

 
tra

ns
po

rte
d 

th
ro

ug
h 

th
e 

fra
ct

ur
ed

 ro
ck

, d
ue

 to
 c

ol
lo

id
 fi

ltr
at

io
n.

  T
hi

s 
re

ta
rd

at
io

n 
pr

ov
id

es
 a

 s
ig

ni
fic

an
t d

el
ay

 in
 th

e 
m

ov
em

en
t o

f 
ra

di
on

uc
lid

es
 to

 th
e 

sa
tu

ra
te

d 
zo

ne
 a

nd
 s

ub
se

qu
en

tly
 to

 th
e

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
 A

 s
m

al
l f

ra
ct

io
n 

of
 th

e 
co

llo
id

s 
ar

e 
co

ns
er

va
tiv

el
y 

m
od

el
ed

 to
 b

e 
un

re
ta

rd
ed

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 

(S
N

L 
20

07
 [D

IR
S

 1
84

74
8]

, S
ec

tio
ns

 6
.5

.1
.2

, 6
.5

.1
.3

 a
nd

 6
.6

.2
). 

 
S

or
pt

io
n 

of
 c

ol
lo

id
al

 tr
an

sp
or

t o
f r

ad
io

nu
cl

id
es

 is
 in

cl
ud

ed
 in

 th
e 

U
Z 

Tr
an

sp
or

t A
bs

tra
ct

io
n 

M
od

el
 (S

N
L 

20
07

 [D
IR

S
 1

84
74

8]
, 

S
ec

tio
ns

 6
.5

.1
.2

, 6
.5

.1
.3

 a
nd

 6
.6

.2
). 

 A
lth

ou
gh

 c
on

si
de

re
d 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

po
st

cl
os

ur
e 

an
al

yz
ed

 b
as

is
, t

he
 c

on
tri

bu
tio

n 
of

 
co

llo
id

 tr
an

sp
or

t p
ro

ce
ss

es
 is

 le
ss

 s
ig

ni
fic

an
t t

ha
n 

th
at

 a
ss

oc
ia

te
d 

w
ith

 th
e 

tra
ns

po
rt 

of
 d

is
so

lv
ed

 ra
di

on
uc

lid
es

 a
nd

 p
ar

am
et

er
 

ch
ar

ac
te

ris
tic

s 
as

so
ci

at
ed

 w
ith

 th
e 

tra
ns

po
rt 

of
 c

ol
lo

id
s 

ar
e 

no
t 

co
ns

id
er

ed
 im

po
rta

nt
 to

 b
ar

rie
r c

ap
ab

ilit
y.

   
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

10
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

09
.0

1.
0B

M
ic

ro
bi

al
 A

ct
iv

ity
in

 th
e 

U
Z

Ex
cl

ud
ed

 

Th
e 

co
nc

en
tra

tio
ns

 o
f c

om
pl

ex
in

g 
ag

en
ts

 th
at

 m
ay

 b
e 

re
le

as
ed

 fr
om

 
m

ic
ro

or
ga

ni
sm

s 
ar

e 
ex

pe
ct

ed
 to

 b
e 

sm
al

l. 
 In

 a
dd

iti
on

, i
n 

th
e 

as
su

m
ed

 o
xi

di
zi

ng
 e

nv
iro

nm
en

t, 
re

du
ct

iv
e 

bi
ot

ra
ns

fo
rm

at
io

n 
re

ac
tio

ns
 w

ou
ld

 o
nl

y 
de

cr
ea

se
 th

e 
so

lu
bi

lit
y,

 a
nd

 in
cr

ea
se

 th
e 

so
rp

tio
n 

of
 k

ey
 re

do
x-

se
ns

iti
ve

 ra
di

on
uc

lid
es

; h
en

ce
 th

ei
r p

ot
en

tia
l 

ef
fe

ct
 w

ou
ld

 b
en

ef
it 

pe
rfo

rm
an

ce
.  

E
ve

n 
if 

m
ic

ro
bi

al
 c

el
ls

 c
an

 
tra

ns
po

rt 
th

ro
ug

h 
fra

ct
ur

es
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

, t
he

ir 
im

pa
ct

 o
n 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

is
 s

til
l e

xp
ec

te
d 

to
 b

e 
sm

al
l c

om
pa

re
d 

to
 th

at
 

of
 in

or
ga

ni
c 

gr
ou

nd
w

at
er

 c
ol

lo
id

s.
  F

ur
th

er
m

or
e,

 s
im

ila
r t

o 
th

e 
re

as
on

s 
de

sc
rib

ed
 in

 F
E

P
 2

.2
.0

9.
01

.0
A

 (M
ic

ro
bi

al
 a

ct
iv

ity
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
), 

he
te

ro
tro

ph
ic

 m
ic

ro
bi

al
 a

ct
iv

ity
, w

hi
ch

 u
se

s 
or

ga
ni

c 
ca

rb
on

 a
s 

th
e 

so
le

 e
ne

rg
y 

so
ur

ce
, i

s 
ex

pe
ct

ed
 to

 b
e 

lim
ite

d;
 a

nd
 

ev
en

 in
 th

e 
ev

en
t t

ha
t o

rg
an

ic
 c

ar
bo

n 
is

 c
on

ve
rte

d 
to

 H
C

O
3-

, t
he

 
re

su
lti

ng
 p

er
tu

rb
at

io
n 

to
 th

e 
pH

 a
nd

 c
ar

bo
na

te
 w

at
er

 c
he

m
is

try
w

ou
ld

 b
e 

ne
gl

ig
ib

le
 in

 th
e 

un
sa

tu
ra

te
d 

zo
ne

. 
Th

er
ef

or
e,

 p
ot

en
tia

l 
m

ic
ro

bi
al

 e
ffe

ct
s 

on
 ra

di
on

uc
lid

e 
m

ov
em

en
t i

n 
th

e 
 u

ns
at

ur
at

ed
 z

on
e 

ar
e 

no
t e

xp
ec

te
d 

to
 b

e 
si

gn
ifi

ca
nt

 a
nd

 h
av

e 
be

en
 e

xc
lu

de
d 

fro
m

 th
e 

pe
rfo

rm
an

ce
 a

ss
es

sm
en

t;
FE

P
 S

ou
rc

e:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
9.

01
.0

B 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-183 February 2008 



 

   

 

 

 

  

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

4.
0A

Th
er

m
o

m
ec

ha
ni

ca
l

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s
of

 F
ra

ct
ur

es
N

ea
r R

ep
os

ito
ry

 
Ex

cl
ud

ed
 

Th
er

m
o-

m
ec

ha
ni

ca
l e

ffe
ct

s,
 in

du
ce

d 
by

 th
e 

re
sp

on
se

 to
 h

ea
tin

g 
of

 
em

pl
ac

ed
 w

as
te

, d
o 

no
t s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

hy
dr

ol
og

ic
 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

fra
ct

ur
ed

 ro
ck

 m
as

s 
be

lo
w

 th
e 

re
po

si
to

ry
, i

n 
pa

rti
cu

la
r t

he
 fr

ac
tu

re
 p

er
m

ea
bi

lit
y,

 c
ap

ill
ar

ity
, p

or
os

ity
, o

r p
er

co
la

tio
n 

flu
x.

 T
he

re
fo

re
, t

he
se

 p
ro

ce
ss

es
 a

re
 n

ot
 e

xp
ec

te
d 

to
 a

ffe
ct

 
si

gn
ifi

ca
nt

ly
, t

ra
ns

po
rt 

ch
ar

ac
te

ris
tic

s 
su

ch
 a

s 
m

at
rix

 d
iff

us
io

n,
 w

hi
ch

 
is

 c
or

re
la

te
d 

to
 p

er
m

ea
bi

lit
y 

an
d 

po
ro

si
ty

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
04

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

4.
0B

Th
er

m
o

m
ec

ha
ni

ca
l

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s
of

 F
au

lts
 N

ea
r

R
ep

os
ito

ry
Ex

cl
ud

ed
 

Th
e 

th
er

m
o-

m
ec

ha
ni

ca
l i

nd
uc

ed
 s

tre
ss

es
 h

av
e 

no
 lo

ng
 te

rm
 e

ffe
ct

 
on

 fr
ac

tu
re

 p
ro

pe
rti

es
 th

at
 w

ou
ld

 a
ffe

ct
 lo

ng
 te

rm
  u

ns
at

ur
at

ed
 z

on
e 

flo
w

 a
nd

 tr
an

sp
or

t a
s 

no
te

d 
in

 F
E

P
 2

.2
.1

0.
04

.0
A

, t
hu

s,
 th

e 
th

er
m

o
m

ec
ha

ni
ca

l s
tre

ss
es

 w
ill 

ha
ve

 le
ss

 o
f a

n 
im

pa
ct

 o
n 

th
e 

bl
oc

k-
bo

un
di

ng
 fa

ul
ts

, w
hi

ch
 w

ill
 b

e 
fu

rth
er

 a
w

ay
 fr

om
 th

e 
he

at
 s

ou
rc

e.
  A

fa
ul

t’s
 re

sp
on

se
 to

 th
e 

sa
m

e 
th

er
m

o-
m

ec
ha

ni
ca

l i
nd

uc
ed

 s
tre

ss
es

 
im

po
se

d 
on

 fr
ac

tu
re

s 
w

ill
 b

e 
m

iti
ga

te
d 

du
e 

to
 it

s 
si

ze
 a

nd
 d

is
ta

nc
e 

fro
m

 th
e 

he
at

 s
ou

rc
e.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
04

.0
B 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

ANL-WIS-MD-000024 REV 01 A-184 February 2008 



 

   

 

 

 

 

 
 

 

  

 

 
  

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

5.
0A

Th
er

m
o

m
ec

ha
ni

ca
l

S
tre

ss
es

 A
lte

r
C

ha
ra

ct
er

is
tic

s
of

 R
oc

ks
 A

bo
ve

 
An

d 
Be

lo
w

 T
he

 
R

ep
os

ito
ry

Ex
cl

ud
ed

 

Th
er

m
al

-m
ec

ha
ni

ca
l e

ffe
ct

s,
 in

du
ce

d 
by

 th
e 

re
sp

on
se

 to
 h

ea
tin

g 
by

em
pl

ac
em

en
t w

as
te

, d
o 

no
t s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

hy
dr

ol
og

ic
 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

fra
ct

ur
ed

 ro
ck

 m
as

s.
  C

ha
ng

es
 in

 fr
ac

tu
re

 
pe

rm
ea

bi
lit

y 
by

 e
la

st
ic

 c
lo

su
re

 o
r o

pe
ni

ng
 o

f p
re

-e
xi

st
in

g 
fra

ct
ur

es
 

ar
e 

es
tim

at
ed

 to
 b

e 
w

ith
in

 a
 fa

ct
or

 o
f 0

.3
 to

 5
, w

he
re

as
 c

ap
ill

ar
y

pr
es

su
re

 c
ha

ng
es

 w
ith

in
 a

 fa
ct

or
 o

f 0
.7

 to
 1

.2
.  

Th
e 

ch
an

ge
s 

st
at

ed
 

he
re

 a
re

 fo
r t

he
 L

N
B

. T
he

 L
N

B
 h

as
 a

 s
m

al
le

r r
an

ge
 o

f p
re

di
ct

ed
 

ch
an

ge
. T

he
se

 th
er

m
al

ly
 in

du
ce

d 
st

re
ss

 c
ha

ng
es

 d
o 

no
t s

ig
ni

fic
an

tly
im

pa
ct

 th
e 

w
at

er
 p

er
co

la
tio

n 
flu

x 
ne

ar
 a

nd
 b

el
ow

 th
e 

re
po

si
to

ry
. 

In
 

ad
di

tio
n,

 s
cr

ee
ni

ng
 a

na
ly

si
s 

of
 F

E
P

 2
.2

.0
6.

02
.0

B
 s

ho
w

s 
th

at
 th

e 
ef

fe
ct

s 
of

 c
ha

ng
es

 to
 fr

ac
tu

re
 a

pe
rtu

re
 o

r s
pa

ci
ng

 o
n 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

re
 e

xp
ec

te
d 

to
 b

e 
ne

gl
ig

ib
le

 o
ve

r 
a 

w
id

e 
ra

ng
e 

of
 p

er
m

ea
bi

lit
y 

va
ria

tio
n.

  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

05
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

6.
0A

Th
er

m
o

ch
em

ic
al

 
A

lte
ra

tio
n 

in
 th

e
U

Z 
(s

ol
ub

ili
ty

,
sp

ec
ia

tio
n,

 
ph

as
e 

ch
an

ge
s,

 
pr

ec
ip

ita
tio

n/
 

di
ss

ol
ut

io
n)

Ex
cl

ud
ed

 

A
na

ly
se

s 
sh

ow
 th

at
 p

ot
en

tia
l t

he
rm

al
-c

he
m

ic
al

 p
ro

ce
ss

es
 h

av
e 

in
si

gn
ifi

ca
nt

 e
ffe

ct
s 

on
 c

he
m

ic
al

 c
om

po
si

tio
ns

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
. 

S
or

pt
io

n 
co

ef
fic

ie
nt

s 
ar

e 
ei

th
er

 u
na

ffe
ct

ed
 b

y 
te

m
pe

ra
tu

re
 o

r 
in

cr
ea

se
 s

lig
ht

ly
 w

ith
 te

m
pe

ra
tu

re
; t

he
re

fo
re

, t
he

 te
m

pe
ra

tu
re

 
de

pe
nd

en
cy

 o
f K

d s
 is

 n
ot

 in
co

rp
or

at
ed

. 
Fr

ac
tu

re
 p

er
m

ea
bi

lit
ie

s 
ar

e 
sl

ig
ht

ly
 re

du
ce

d 
as

 a
 re

su
lt 

of
 m

in
er

al
 p

re
ci

pi
ta

tio
n 

of
 s

ilic
a 

an
d 

ca
lc

ite
; h

ow
ev

er
, t

he
 e

ffe
ct

s 
ar

e 
on

 th
e 

or
de

r o
f t

he
 n

at
ur

al
 v

ar
ia

tio
n 

in
 th

es
e 

pr
op

er
tie

s.
  C

om
po

si
tio

ns
 o

f m
os

t a
qu

eo
us

 s
pe

ci
es

 v
ar

y
m

os
t d

ur
in

g 
th

e 
re

la
tiv

el
y 

sh
or

t t
he

rm
al

 p
er

io
d,

 a
nd

 re
tu

rn
 to

 
un

pe
rtu

rb
ed

 c
on

di
tio

ns
 w

ith
in

 th
ei

r r
an

ge
s 

of
 v

ar
ia

bi
lit

y 
in

 o
r a

ro
un

d 
10

,0
00

 y
ea

rs
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

06
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t,
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

ANL-WIS-MD-000024 REV 01 A-185 February 2008 



 

   

 

 
 

 
 

  

  

 

 

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

7.
0A

Th
er

m
o

ch
em

ic
al

 
A

lte
ra

tio
n 

of
 th

e
C

al
ic

o 
H

ill
s 

U
ni

t
Ex

cl
ud

ed
 

Th
er

m
o-

ch
em

ic
al

 a
lte

ra
tio

n 
of

 th
e 

C
al

ic
o 

H
ill

s 
un

it 
co

ul
d 

af
fe

ct
 

un
sa

tu
ra

te
d 

zo
ne

 fl
ow

 a
nd

 tr
an

sp
or

t b
y:

  (
1)

 m
in

er
al

 d
is

so
lu

tio
n 

an
d 

pr
ec

ip
ita

tio
n,

 w
hi

ch
 w

ou
ld

 c
ha

ng
e 

th
e 

fra
ct

ur
e 

po
ro

si
ty

 a
nd

 
pe

rm
ea

bi
lit

y 
of

 th
e 

fra
ct

ur
e 

ne
tw

or
k;

 (2
) c

ha
ng

in
g 

th
e 

fra
ct

ur
e-

m
at

rix
in

te
ra

ct
io

n 
th

ro
ug

h 
th

e 
A

ct
iv

e 
Fr

ac
tu

re
 M

od
el

 
; o

r (
3)

 c
ha

ng
in

g 
th

e
so

rp
tio

n 
co

ef
fic

ie
nt

 (K
d )

 th
ro

ug
h 

m
in

er
al

 d
is

so
lu

tio
n 

an
d 

pr
ec

ip
ita

tio
n 

on
 th

e 
fra

ct
ur

e 
w

al
l s

ur
fa

ce
s.

  H
ow

ev
er

, s
en

si
tiv

ity
 a

na
ly

se
s 

in
di

ca
te

 
th

at
: 

(a
) c

ha
ng

es
 to

 fr
ac

tu
re

 p
er

m
ea

bi
lit

y 
of

 th
e 

C
H

n 
ha

ve
 a

 m
uc

h 
le

ss
 e

ffe
ct

 th
an

 v
ar

ia
tio

ns
 in

 in
fil

tra
tio

n 
ra

te
s;

 a
nd

 (b
) c

ha
ng

es
 in

 �
 o

r 
K

d v
al

ue
s 

of
 th

e 
C

H
n 

do
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 ra
di

on
uc

lid
e 

br
ea

kt
hr

ou
gh

, a
s 

tra
ns

po
rt 

in
 th

e 
 u

ns
at

ur
at

ed
 z

on
e 

is
 c

on
tro

lle
d 

by
th

e 
ov

er
ly

in
g 

TS
w

 u
ni

t. 
 M

od
el

s 
sh

ow
 th

at
 e

le
va

tio
n 

of
 th

e 
re

po
si

to
ry

ab
ov

e 
th

e 
C

H
n 

en
su

re
s 

th
at

 th
e 

C
H

n 
w

ill 
no

t b
e 

he
at

ed
 to

 
te

m
pe

ra
tu

re
 ra

ng
es

 th
at

 w
ou

ld
 c

au
se

 s
ig

ni
fic

an
t d

ew
at

er
in

g 
of

 
ze

ol
ite

s 
(s

ee
 d

es
cr

ip
tio

n 
of

 F
E

P
 2

.2
.1

0.
14

.0
A

, M
in

er
al

og
ic

 
D

eh
yd

ra
tio

n 
R

ea
ct

io
ns

). 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

07
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t,
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
S

ta
nd

of
f f

ro
m

 th
e

C
H

n 
U

ni
t 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.0

9.
0A

Th
er

m
o

ch
em

ic
al

 
A

lte
ra

tio
n 

of
 th

e
To

po
pa

h 
Sp

rin
g 

B
as

al
 V

itr
op

hy
re

Ex
cl

ud
ed

 

Fl
ui

d 
in

cl
us

io
n 

da
ta

 a
nd

 th
er

m
al

 h
is

to
ry

 a
na

ly
si

s 
sh

ow
 th

at
 th

e 
cu

rre
nt

 d
eg

re
e 

of
 a

lte
ra

tio
n 

in
 T

S
w

 b
as

al
 v

itr
op

he
re

 re
su

lte
d 

fro
m

 
ex

po
su

re
 to

 te
m

pe
ra

tu
re

s 
of

 u
p 

to
 8

0-
95

ºC
 fo

r a
 lo

ng
 p

er
io

d 
of

 ti
m

e 
(a

 m
illi

on
 y

ea
rs

). 
 In

 c
om

pa
ris

on
, t

he
 p

os
tc

lo
su

re
 th

er
m

al
 p

ul
se

 w
ill

 
be

 v
er

y 
br

ie
f r

el
at

iv
e 

to
 th

e 
ex

te
nd

ed
 th

er
m

al
 h

is
to

ry
 o

f t
he

 m
ou

nt
ai

n,
 

an
d 

dr
ift

 w
al

l t
em

pe
ra

tu
re

s 
dr

op
 b

el
ow

 5
0º

C
 in

 le
ss

 th
an

 2
0,

00
0 

ye
ar

s,
 a

nd
 w

ill
 h

av
e 

lit
tle

 e
ffe

ct
 o

n 
th

e 
ab

un
da

nc
e 

of
 s

ec
on

da
ry

m
in

er
al

s 
in

 th
e 

TS
w

 b
as

al
 v

itr
op

hy
re

.  
Th

er
ef

or
e,

 th
er

m
al

ly
-in

du
ce

d 
al

te
ra

tio
n 

of
 th

is
 u

ni
t w

ill 
be

 li
m

ite
d 

an
d 

w
ill

 n
ot

 s
ig

ni
fic

an
tly

 a
ffe

ct
 th

e 
so

rp
tiv

e 
or

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
of

 th
e 

un
its

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

09
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
In

-D
rif

t T
he

rm
al

 
E

nv
iro

nm
en

t,
C

on
ve

ct
io

n,
 

C
on

de
ns

at
io

n,
 a

nd
 

Ev
ap

or
at

io
n 

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

ANL-WIS-MD-000024 REV 01 A-186 February 2008 



 

   

 
 

 

 
 

  

 

 

 

 
 

 
 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

10
.1

4.
0A

M
in

er
al

og
ic

 
D

eh
yd

ra
tio

n
R

ea
ct

io
ns

 
Ex

cl
ud

ed
 

B
ou

nd
in

g 
ca

lc
ul

at
io

ns
 s

ho
w

ed
 th

at
 th

e 
vo

lu
m

e 
re

du
ct

io
n 

of
 in

iti
al

ly
 

sa
tu

ra
te

d 
ze

ol
iti

c 
tu

ff 
he

at
ed

 in
 a

ir 
at

 9
5°

C
 w

as
 0

.7
6 

vo
l%

.  
M

ou
nt

ai
n-

sc
al

e 
th

er
m

al
-h

yd
ro

lo
gi

c 
m

od
el

in
g 

in
di

ca
te

s 
th

at
 m

at
rix

 
liq

ui
d 

sa
tu

ra
tio

n 
in

 z
eo

lit
ic

 tu
ff 

at
 th

e 
ba

se
 o

f t
he

 T
S

w
 w

ill
 re

m
ai

n 
be

tw
ee

n 
ab

ou
t 0

.9
4 

an
d 

1 
th

ro
ug

ho
ut

 th
e 

th
er

m
al

 p
er

io
d,

 a
nd

 p
ea

k 
te

m
pe

ra
tu

re
s 

at
 th

e 
ba

se
 o

f T
S

w
 w

he
re

 th
e 

tu
ffs

 a
re

 z
eo

lit
iz

ed
 w

ill
re

m
ai

n 
be

lo
w

 7
5º

C
.  

Th
er

ef
or

e,
 m

in
er

al
 d

eh
yd

ra
tio

n 
of

 th
e 

ba
sa

l 
TS

w
 a

nd
 th

e 
up

pe
r C

H
n 

un
its

 a
re

 n
ot

 e
xp

ec
te

d 
to

 h
av

e 
an

y 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
un

sa
tu

ra
te

d 
gr

ou
nd

w
at

er
 fl

ow
 a

nd
, h

en
ce

, 
ra

di
on

uc
lid

e 
tra

ns
po

rt.
  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
14

.0
A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

11
.0

3.
0A

G
as

 T
ra

ns
po

rt 
in

 
G

eo
sp

he
re

 
Ex

cl
ud

ed
 

Th
e 

on
ly

 ra
di

on
uc

lid
es

 th
at

 w
ou

ld
 h

av
e 

a 
po

te
nt

ia
l f

or
 s

ig
ni

fic
an

t g
as

 
tra

ns
po

rt 
ar

e 
14

 C
 a

nd
 22

2 R
n.

 A
lth

ou
gh

 12
9 I c

an
 e

xi
st

 in
 th

e 
ga

se
ou

s 
ph

as
e,

 it
 is

 h
ig

hl
y 

so
lu

bl
e 

an
d,

 th
er

ef
or

e,
 w

ou
ld

 b
e 

m
or

e 
lik

el
y 

to
 b

e 
di

ss
ol

ve
d 

in
 g

ro
un

dw
at

er
 ra

th
er

 th
an

 e
xi

st
 a

s 
a 

ga
s.

  O
th

er
 g

as
 

ph
as

e 
is

ot
op

es
 h

av
e 

be
en

 e
lim

in
at

ed
 in

 a
 s

cr
ee

ni
ng

 a
na

ly
si

s.
  F

or
 

14
 C

, t
he

 a
nn

ua
l d

os
e 

fro
m

 th
e 

ga
s-

ph
as

e 
re

le
as

e 
pa

th
w

ay
s 

is
in

si
gn

ifi
ca

nt
 c

om
pa

re
d 

to
 th

e 
an

nu
al

 d
os

e 
fro

m
 th

e 
aq

ue
ou

s-
ph

as
e 

pa
th

w
ay

s.
  G

as
 fl

ow
 s

tu
di

es
 a

ls
o 

sh
ow

 th
at

 22
2 R

n 
re

le
as

ed
 fr

om
 th

e
re

po
si

to
ry

 in
 th

e 
ga

s 
ph

as
e 

is
 e

xp
ec

te
d 

to
 ra

di
oa

ct
iv

el
y 

de
ca

y 
be

fo
re

 
re

ac
hi

ng
 th

e 
gr

ou
nd

 s
ur

fa
ce

.  
Th

er
ef

or
e,

 a
ll 

ra
di

on
uc

lid
es

 re
le

as
ed

 
fro

m
 th

e 
E

B
S

 a
re

 c
on

si
de

re
d 

to
 b

e 
tra

ns
po

rte
d 

in
 th

e 
aq

ue
ou

s 
ph

as
e 

in
 th

e 
ge

os
ph

er
e,

 w
hi

ch
 m

ax
im

iz
es

 th
e 

po
te

nt
ia

l d
os

e 
co

ns
eq

ue
nc

es
 

as
so

ci
at

ed
 w

ith
 ra

di
on

uc
lid

es
, s

uc
h 

as
 14

 C
, a

nd
 is

 th
er

ef
or

e 
co

ns
er

va
tiv

e.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

1.
03

.0
A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-187 February 2008 



 

   

 
 

 

 

 

 

 
 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

12
.0

0.
0A

U
nd

et
ec

te
d 

Fe
at

ur
es

 in
 th

e
U

Z 
Ex

cl
ud

ed
 

D
is

cr
et

e 
fe

at
ur

es
 s

uc
h 

as
 fa

ul
ts

 h
av

e 
be

en
 in

cl
ud

ed
 in

 th
e 

S
ite

-S
ca

le
 

U
Z 

Fl
ow

 M
od

el
 a

nd
 th

e 
U

Z 
Tr

an
sp

or
t A

bs
tra

ct
io

n 
M

od
el

.  
M

od
el

re
su

lts
 s

ho
w

 w
ith

in
 th

e 
re

po
si

to
ry

 fo
ot

pr
in

t e
xi

st
in

g 
m

aj
or

 fa
ul

t 
fe

at
ur

es
 c

ar
ry

 o
nl

y 
le

ss
 th

an
 1

.5
%

 o
f f

lo
w

 a
t t

he
 re

po
si

to
ry

 h
or

iz
on

 
an

d 
le

ss
 th

an
 3

8%
 a

t t
he

 w
at

er
 ta

bl
e.

  T
he

 e
xi

st
en

ce
 o

f a
 la

rg
e 

un
de

te
ct

ed
 fe

at
ur

e 
su

ch
 a

s 
a 

se
is

m
og

en
ic

 fa
ul

t i
s 

no
t e

xp
ec

te
d,

 
gi

ve
n 

th
e 

ex
te

ns
iv

e 
si

te
 in

ve
st

ig
at

io
n.

  T
he

re
fo

re
, u

nd
et

ec
te

d 
fe

at
ur

es
 w

ou
ld

 n
ot

 b
e 

ex
pe

ct
ed

 to
 s

ig
ni

fic
an

tly
 a

lte
r t

he
 fr

ac
tio

n 
of

 
flo

w
 th

ro
ug

h 
fe

at
ur

es
 w

ith
in

 th
e 

re
po

si
to

ry
 fo

ot
pr

in
t, 

an
d 

th
er

ef
or

e 
w

ill
 h

av
e 

on
ly

 li
m

ite
d 

ef
fe

ct
 o

n 
un

sa
tu

ra
te

d 
zo

ne
 tr

an
sp

or
t. 

 In
ad

di
tio

n,
 th

e 
ef

fe
ct

s 
of

 fa
ul

t p
ro

pe
rti

es
 a

re
 fo

un
d 

to
 b

e 
le

ss
 im

po
rta

nt
 

to
 tr

an
sp

or
t t

ha
n 

th
e 

pr
es

en
ce

 o
f p

er
ch

ed
 w

at
er

, w
hi

le
 m

od
el

s 
w

ith
va

rio
us

 c
on

ce
pt

ua
liz

at
io

ns
 o

f p
er

ch
ed

 w
at

er
 p

re
di

ct
 s

im
ila

r 
br

ea
kt

hr
ou

gh
s.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

2.
00

.0
A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
U

ns
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

14
.0

9.
0A

Fa
r-f

ie
ld

C
rit

ic
al

ity
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 le

ad
 to

 a
 fa

r 
fie

ld
 c

rit
ic

al
 e

ve
nt

 a
re

 n
ot

 li
ke

ly
 to

 o
cc

ur
 a

nd
 th

e 
pa

ra
m

et
er

 
ch

ar
ac

te
ris

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 p

ro
ce

ss
 a

nd
 fe

at
ur

e 
do

 n
ot

 
su

bs
ta

nt
ia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
, o

r i
m

pa
ct

 th
e 

ba
rr

ie
r 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
4.

09
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-188 February 2008 



 

   

 
 

  

 

 
 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

14
.1

0.
0A

Fa
r-f

ie
ld

C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 a
 

S
ei

sm
ic

 E
ve

nt
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 le

ad
 to

 a
 fa

r-
fie

ld
 c

rit
ic

al
 e

ve
nt

 a
re

 n
ot

 li
ke

ly
 to

 o
cc

ur
 a

nd
 th

e 
pa

ra
m

et
er

 
ch

ar
ac

te
ris

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 p

ro
ce

ss
 a

nd
 fe

at
ur

e 
do

 n
ot

 
su

bs
ta

nt
ia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
4.

10
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

14
.1

1.
0A

Fa
r-f

ie
ld

C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 
R

oc
kf

al
l

Ex
cl

ud
ed

 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 le

ad
 to

 a
 fa

r 
fie

ld
 c

rit
ic

al
 e

ve
nt

 a
re

 n
ot

 li
ke

ly
 to

 o
cc

ur
 a

nd
 th

e 
pa

ra
m

et
er

 
ch

ar
ac

te
ris

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 p

ro
ce

ss
 a

nd
 fe

at
ur

e 
do

 n
ot

 
su

bs
ta

nt
ia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
4.

11
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-189 February 2008 



 

   

 
 

  

 

 

 
 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

2.
2.

14
.1

2.
0A

Fa
r-f

ie
ld

C
rit

ic
al

ity
R

es
ul

tin
g 

fro
m

 
an

 Ig
ne

ou
s 

E
ve

nt
Ex

cl
ud

ed
 

It 
ha

s 
be

en
 d

et
er

m
in

ed
 th

at
 th

e 
co

nd
iti

on
s 

re
qu

ire
d 

to
 le

ad
 to

 a
 fa

r-
fie

ld
 c

rit
ic

al
 e

ve
nt

 a
re

 n
ot

 li
ke

ly
 to

 o
cc

ur
 a

nd
 th

e 
pa

ra
m

et
er

 
ch

ar
ac

te
ris

tic
s 

as
so

ci
at

ed
 w

ith
 th

is
 p

ro
ce

ss
 a

nd
 fe

at
ur

e 
do

 n
ot

 
su

bs
ta

nt
ia

lly
 e

ffe
ct

 th
e 

re
le

as
e 

of
 ra

di
on

uc
lid

es
 o

r i
m

pa
ct

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
is

 fe
at

ur
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
4.

12
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
P

ro
pe

rti
es

 
U

ns
at

ur
at

ed
 Z

on
e 

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
C

ha
ra

ct
er

iz
at

io
n 

of
 

Ig
ne

ou
s 

E
ve

nt
s 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

U
ns

at
ur

at
ed

Zo
ne

 B
el

ow
 th

e 
R

ep
os

ito
ry

 

3.
1.

01
.0

1.
0A

R
ad

io
ac

tiv
e 

D
ec

ay
 a

nd
 

In
gr

ow
th

 
In

cl
ud

ed
 

Fo
r r

ad
io

nu
cl

id
es

 th
at

 a
re

 h
ig

hl
y 

so
rb

ed
, s

uf
fic

ie
nt

 ra
di

oa
ct

iv
e 

de
ca

y
ca

n 
oc

cu
r a

fte
r c

lo
su

re
 to

 re
du

ce
 th

ei
r r

at
e 

of
 m

ov
em

en
t t

o 
th

e 
sa

tu
ra

te
d 

zo
ne

. 
Fo

r o
th

er
 ra

di
on

uc
lid

es
 (n

ot
ab

ly
 24

1 A
m

 to
 23

7 N
p)

,
in

gr
ow

th
 c

an
 in

cr
ea

se
 th

e 
ef

fe
ct

iv
e 

am
ou

nt
 o

f r
ad

io
nu

cl
id

es
 b

ei
ng

 
tra

ns
po

rte
d.

 T
he

se
 p

ro
ce

ss
es

 a
re

 in
cl

ud
ed

 in
 th

e 
U

Z 
Tr

an
sp

or
t 

A
bs

tra
ct

io
n 

M
od

el
 (S

N
L 

20
07

 [D
IR

S
 1

84
74

8]
, S

ec
tio

n 
8.

2.
2 

[a
]).

  
R

ad
io

ac
tiv

e 
de

ca
y 

an
d 

in
gr

ow
th

 a
re

 m
uc

h 
lik

e 
in

ve
nt

or
y;

 it
 is

 w
el

l 
ch

ar
ac

te
riz

ed
, g

iv
en

 th
e 

fix
ed

 in
ve

nt
or

y 
th

at
 is

 u
se

d 
in

 th
e 

an
al

yz
ed

 
ba

si
s.

 A
ny

 c
ha

ng
e 

to
 in

ve
nt

or
y 

w
ill

 b
e 

m
an

ag
ed

 b
y 

th
e 

ch
an

ge
 

ev
al

ua
tio

n 
pr

oc
es

s.
  T

he
 d

ec
ay

 a
nd

 in
gr

ow
th

 p
ro

ce
ss

es
 a

re
 n

ot
 

co
ns

id
er

ed
 IT

B
C

 fo
r t

he
 u

ns
at

ur
at

ed
 z

on
e 

be
lo

w
 th

e 
re

po
si

to
ry

be
ca

us
e 

th
e 

gr
ou

nd
w

at
er

 re
si

de
nc

e 
tim

e 
th

ro
ug

h 
th

e 
un

sa
tu

ra
te

d 
zo

ne
 is

 m
uc

h 
sh

or
te

r t
ha

n 
th

e 
ha

lf-
liv

es
 o

f m
aj

or
 d

os
e 

co
nt

rib
ut

or
s.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 3
.1

.0
1.

01
.0

A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-190 February 2008 



 

   

 

 

 

 

 
 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

1.
2.

02
.0

1.
0A

Fr
ac

tu
re

s
In

cl
ud

ed
 

Fr
ac

tu
re

 c
ha

ra
ct

er
is

tic
s 

ar
e 

im
po

rta
nt

 to
 th

e 
ba

rri
er

 c
ap

ab
ili

ty
 fo

r t
he

 
sa

tu
ra

te
d 

zo
ne

, b
ec

au
se

 g
ro

un
dw

at
er

 fl
ow

 o
cc

ur
s 

pr
im

ar
ily

 w
ith

in
 

th
e 

fra
ct

ur
e 

ne
tw

or
k 

of
 th

e 
vo

lc
an

ic
 tu

ff 
un

its
.  

Th
e 

fra
ct

ur
e 

ne
tw

or
ks

 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
 a

t Y
uc

ca
 M

ou
nt

ai
n 

ap
pe

ar
 to

 b
e 

w
el

l-
co

nn
ec

te
d 

ov
er

 la
rg

e 
di

st
an

ce
s 

at
 th

e 
sc

al
es

 o
f i

nt
er

es
t (

hu
nd

re
ds

 o
f 

m
et

er
s 

to
 k

ilo
m

et
er

s)
. 

Th
es

e 
fra

ct
ur

e 
ne

tw
or

ks
, i

n 
tu

rn
, c

on
tro

l t
he

 
m

ov
em

en
t o

f t
he

 d
is

so
lv

ed
 a

nd
 c

ol
lo

id
al

 ra
di

on
uc

lid
es

 b
el

ow
 th

e 
w

at
er

 ta
bl

e.
  F

ra
ct

ur
e 

ch
ar

ac
te

ris
tic

s 
(e

.g
., 

fra
ct

ur
e 

po
ro

si
ty

, f
lo

w
in

g 
in

te
rv

al
 p

or
os

ity
, a

nd
 fl

ow
in

g 
in

te
rv

al
 s

pa
ci

ng
) a

re
 in

cl
ud

ed
 in

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

 u
si

ng
 a

 d
ua

l p
or

os
ity

 e
ffe

ct
iv

e 
co

nt
in

uu
m

 a
pp

ro
ac

h.
 T

he
ir 

as
so

ci
at

ed
 u

nc
er

ta
in

tie
s 

ar
e 

re
pr

es
en

te
d 

th
ro

ug
h 

th
e 

pa
ra

m
et

er
 d

is
tri

bu
tio

ns
, w

hi
ch

 w
er

e 
sa

m
pl

ed
 w

he
n 

ge
ne

ra
tin

g 
th

e 
br

ea
kt

hr
ou

gh
 c

ur
ve

s 
fo

r t
he

 T
S

P
A

.  
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

01
.0

A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
2.

02
.0

2.
0A

Fa
ul

ts
In

cl
ud

ed
 

Fa
ul

ts
 a

ffe
ct

 th
e 

gr
ou

nd
w

at
er

 fl
ow

 p
at

hs
, i

nf
lu

en
ce

 th
e 

ho
riz

on
ta

l 
an

is
ot

ro
py

 in
 p

er
m

ea
bi

lit
y,

 a
nd

 c
an

 e
nh

an
ce

 d
is

pe
rs

io
n 

by
in

cr
ea

si
ng

 p
er

m
ea

bi
lit

y 
he

te
ro

ge
ne

iti
es

 a
lo

ng
 th

e 
sa

tu
ra

te
d 

zo
ne

 
flo

w
 p

at
hs

.  
Th

er
ef

or
e,

 fa
ul

ts
 a

re
 in

co
rp

or
at

ed
 in

to
 th

e 
S

Z 
Fl

ow
 a

nd
 

Tr
an

sp
or

t A
bs

tra
ct

io
n 

M
od

el
 th

ro
ug

h 
th

e 
us

e 
of

 ro
ck

 p
ro

pe
rti

es
, a

nd
 

un
ce

rta
in

tie
s 

in
 fa

ul
t-r

el
at

ed
 p

ar
am

et
er

s 
su

ch
 a

s 
ho

riz
on

ta
l 

an
is

ot
ro

py
, a

re
 a

ls
o 

pr
ob

ab
ili

st
ic

al
ly

 in
cl

ud
ed

 in
 th

e 
m

od
el

.  
Fa

ul
ts

ar
e 

co
ns

id
er

ed
 IT

B
C

 fo
r t

he
 s

at
ur

at
ed

 z
on

e 
be

ca
us

e 
th

ey
 m

ay
 a

ct
 a

s 
pr

ef
er

re
d 

co
nd

ui
ts

 o
r b

ar
rie

rs
 to

 fl
ow

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
2.

02
.0

A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 S

ta
nd

of
f 

fro
m

 Q
ua

te
rn

ar
y 

Fa
ul

t 

ANL-WIS-MD-000024 REV 01 A-191 February 2008 



 

   

 

 

  

 
 

 
 

 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

1.
2.

04
.0

2.
0A

Ig
ne

ou
s 

A
ct

iv
ity

C
ha

ng
es

 R
oc

k
P

ro
pe

rti
es

 
Ex

cl
ud

ed
 

S
tu

di
es

 o
f n

at
ur

al
 a

na
lo

gu
e 

si
te

s 
sh

ow
 th

at
 th

e 
ef

fe
ct

 o
f u

nl
ik

el
y

in
tru

si
ve

 ig
ne

ou
s 

ev
en

ts
 is

 g
en

er
al

ly
 to

 a
lte

r t
he

 p
ro

pe
rti

es
 in

 th
e 

im
m

ed
ia

te
 v

ic
in

ity
 (a

 fe
w

 m
et

er
s)

 fr
om

 th
e 

in
tru

si
ve

 s
ill 

or
 d

ik
e.

  
Th

es
e 

ch
an

ge
s 

(w
hi

ch
 m

ay
 in

cr
ea

se
 o

r d
ec

re
as

e 
pe

rm
ea

bi
lit

y 
an

d 
po

ro
si

ty
) a

re
 o

f l
im

ite
d 

sp
at

ia
l e

xt
en

t. 
 In

 a
dd

iti
on

, f
ut

ur
e 

di
ke

s 
ar

e 
ex

pe
ct

ed
 to

 b
e 

pa
ra

lle
l t

o 
su

bp
ar

al
le

l o
rie

nt
at

io
n 

re
la

tiv
e 

to
 th

e
di

re
ct

io
n 

of
 m

ax
im

um
 p

rin
ci

pa
l t

ra
ns

m
is

si
vi

ty
, a

nd
 to

 h
av

e 
sm

al
l 

w
id

th
s 

re
la

tiv
e 

to
 th

e 
w

id
th

 o
f t

he
 a

re
al

ly
 e

xt
en

si
ve

 s
at

ur
at

ed
 z

on
e 

flo
w

 a
nd

 tr
an

sp
or

t d
om

ai
n 

an
d 

th
e 

w
id

th
s 

of
 th

e 
pr

ed
om

in
an

t f
lo

w
pa

th
s.

 T
he

re
fo

re
, i

gn
eo

us
 a

ct
iv

ity
-in

du
ce

d 
sm

al
l-s

ca
le

 ro
ck

 p
ro

pe
rty

ch
an

ge
s 

do
 n

ot
 s

ig
ni

fic
an

tly
 a

ffe
ct

 th
e 

ca
pa

bi
lit

ie
s 

of
 th

e 
sa

tu
ra

te
d 

zo
ne

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

02
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
2.

04
.0

7.
0B

As
h

R
ed

is
tri

bu
tio

n 
in

gr
ou

nd
w

at
er

 
Ex

cl
ud

ed
 

Th
e 

co
ns

eq
ue

nc
es

 a
ss

oc
ia

te
d 

w
ith

 le
ac

hi
ng

 o
f r

ad
io

nu
cl

id
es

 fr
om

 a
n 

as
hf

al
l i

nt
o 

gr
ou

nd
w

at
er

 a
re

 s
m

al
l c

om
pa

re
d 

to
 th

e 
co

ns
eq

ue
nc

es
 o

f 
di

re
ct

ly
 e

xp
os

in
g 

th
e 

sa
m

e 
in

ve
nt

or
y 

of
 ra

di
on

uc
lid

es
 to

 s
ee

pa
ge

 
fo

llo
w

in
g 

ig
ne

ou
s 

in
tru

si
on

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
4.

07
.0

B 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
2.

06
.0

0.
0A

H
yd

ro
th

er
m

al
 

A
ct

iv
ity

Ex
cl

ud
ed

 

A
ny

 p
os

si
bl

e 
hy

dr
ot

he
rm

al
 a

ct
iv

ity
 in

 th
e 

vi
ci

ni
ty

 o
f Y

uc
ca

 M
ou

nt
ai

n 
ge

ne
ra

lly
 re

qu
ire

s 
a 

pr
ed

ec
es

so
r i

gn
eo

us
 e

ve
nt

.  
H

ow
ev

er
, t

he
re

 is
 

no
 c

le
ar

 e
vi

de
nc

e 
of

 e
xt

en
si

ve
 h

yd
ro

th
er

m
al

 a
ct

iv
ity

 re
su

lti
ng

 fr
om

 
pr

ev
io

us
 ig

ne
ou

s 
ev

en
ts

 a
t o

r n
ea

r Y
uc

ca
 M

ou
nt

ai
n.

  E
ve

n 
in

 th
e 

ev
en

t o
f a

n 
ig

ne
ou

s 
in

tru
si

on
 o

r e
ru

pt
io

n,
 th

e 
po

ss
ib

le
 e

ffe
ct

s 
of

 
hy

dr
ot

he
rm

al
 a

ct
iv

ity
 a

re
 in

co
ns

eq
ue

nt
ia

l t
o 

re
po

si
to

ry
 p

er
fo

rm
an

ce
 

(s
ee

 d
is

cu
ss

io
n 

of
 F

E
P

 1
.2

.0
4.

02
.0

A
, I

gn
eo

us
 A

ct
iv

ity
 C

ha
ng

es
 

R
oc

k 
P

ro
pe

rti
es

) b
ec

au
se

 th
e 

w
id

th
s 

of
 ig

ne
ou

s 
in

tru
si

on
s 

th
at

 
w

ou
ld

 in
te

rs
ec

t t
he

 s
at

ur
at

ed
 z

on
e 

flo
w

 d
om

ai
n 

an
d 

th
e 

co
nt

ac
t z

on
e 

w
he

re
 th

e 
in

 s
itu

 ro
ck

’s
 m

in
er

al
og

y 
w

ou
ld

 b
e 

th
er

m
al

ly
 a

lte
re

d 
ar

e 
sm

al
l. 

Th
er

ef
or

e,
 a

ny
 a

ss
oc

ia
te

d 
hy

dr
ot

he
rm

al
 a

ct
iv

ity
 p

ro
du

ce
d 

fro
m

 fu
tu

re
 ig

ne
ou

s 
ac

tiv
ity

 w
ou

ld
 b

e 
lo

ca
liz

ed
 a

nd
 o

f l
ow

co
ns

eq
ue

nc
e 

to
 s

at
ur

at
ed

 z
on

e 
flo

w
 p

at
hs

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.2

.0
6.

00
.0

A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-192 February 2008 



 

   

 
 

 
 

 

 
 

 
 

 

 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

1.
2.

09
.0

2.
0A

La
rg

e-
sc

al
e

D
is

so
lu

tio
n

Ex
cl

ud
ed

 

D
is

so
lu

tio
n 

pr
oc

es
se

s 
ar

e 
no

t e
xp

ec
te

d 
to

 a
ffe

ct
 th

e 
ra

te
 o

f 
ra

di
on

uc
lid

e 
m

ig
ra

tio
n 

in
 th

e 
sa

tu
ra

te
d 

zo
ne

 b
ec

au
se

 v
ol

ca
ni

c 
ro

ck
s 

ar
e 

no
t r

ea
di

ly
 s

ol
ub

le
 in

 w
at

er
 a

nd
 th

ei
r s

ol
ub

ilit
y 

is
 lo

w
 e

no
ug

h,
 th

at
 

la
rg

e-
sc

al
e 

di
ss

ol
ut

io
n 

do
es

 n
ot

 o
cc

ur
.  

E
ve

n 
in

 th
e 

m
or

e 
so

lu
bl

e 
ca

rb
on

at
e 

aq
ui

fe
rs

, s
ig

ni
fic

an
t d

is
so

lu
tio

n 
an

d 
ra

di
on

uc
lid

e 
m

ov
em

en
t w

ou
ld

 n
ot

 o
cc

ur
 b

ec
au

se
 o

f a
 la

ck
 o

f o
bs

er
ve

d 
ex

te
ns

iv
e 

ca
rb

on
at

e 
ca

vi
tie

s 
at

 s
uc

h 
de

pt
h 

an
d 

be
ca

us
e 

of
 th

e 
la

rg
e 

di
st

an
ce

 
of

 th
e 

ca
rb

on
at

e 
aq

ui
fe

rs
 to

 th
e 

w
at

er
 ta

bl
e 

an
d 

th
e 

up
w

ar
d 

ve
rti

ca
l 

hy
dr

au
lic

 g
ra

di
en

t i
n 

th
es

e 
un

its
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.0

9.
02

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
2.

10
.0

1.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 
S

ei
sm

ic
 A

ct
iv

ity
Ex

cl
ud

ed
 

S
ei

sm
ic

 a
ct

iv
ity

 m
ay

 a
lte

r t
he

 ro
ck

, f
ra

ct
ur

e,
 a

nd
 fa

ul
t c

ha
ra

ct
er

is
tic

s,
 

w
hi

ch
 m

ay
 a

ffe
ct

 th
e 

hy
dr

og
eo

lo
gy

 o
f t

he
 s

at
ur

at
ed

 z
on

e 
in

 th
e 

vi
ci

ni
ty

 o
f t

he
 re

po
si

to
ry

.  
H

ow
ev

er
, i

nv
es

tig
at

io
ns

 fo
cu

si
ng

 o
n 

th
e 

po
te

nt
io

m
et

ric
 h

yd
ro

lo
gi

c 
re

sp
on

se
, g

iv
en

 c
ha

ng
es

 in
 ro

ck
 p

ro
pe

rti
es

 
ad

ja
ce

nt
 to

 fa
ul

ts
, d

em
on

st
ra

te
 th

at
 th

e 
ch

an
ge

s 
in

 w
at

er
-ta

bl
e 

el
ev

at
io

ns
 a

re
 n

ot
 e

xp
ec

te
d 

to
 e

xc
ee

d 
50

 m
 a

nd
 a

re
 tr

an
si

en
t a

nd
 

lo
ca

l i
n 

na
tu

re
.  

E
ve

n 
if 

w
at

er
 ta

bl
e 

ris
es

 b
y 

up
 to

 1
20

 m
 u

nd
er

 fu
tu

re
 

w
et

te
r c

lim
at

es
, s

ei
sm

ic
 e

ve
nt

s 
ar

e 
st

ill 
un

lik
el

y 
to

 a
ffe

ct
 h

yd
ro

lo
gi

c 
co

nd
iti

on
s 

at
 th

e 
re

po
si

to
ry

 h
or

iz
on

.  
Fu

rth
er

m
or

e,
 s

ei
sm

ic
 a

ct
iv

ity
w

ill
 h

av
e 

an
 in

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

th
e 

lo
ca

tio
n 

of
 th

e 
la

rg
e 

hy
dr

au
lic

 
gr

ad
ie

nt
 o

r o
n 

gr
ou

nd
w

at
er

 c
he

m
is

try
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.1

0.
01

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
2.

10
.0

2.
0A

H
yd

ro
lo

gi
c 

R
es

po
ns

e 
to

 
Ig

ne
ou

s 
A

ct
iv

ity
Ex

cl
ud

ed
 

Ig
ne

ou
s 

in
tru

si
on

s 
th

at
 m

ig
ht

 o
cc

ur
 in

 th
e 

tim
e 

fra
m

e 
of

 1
0,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
 w

ou
ld

 a
ffe

ct
 a

 re
la

tiv
el

y 
sm

al
l v

ol
um

e 
of

 th
e 

ho
st

 ro
ck

 
an

d 
ar

e 
ex

pe
ct

ed
 to

 b
e 

or
ie

nt
ed

 s
ub

pa
ra

lle
l t

o 
ex

is
tin

g 
flo

w
di

re
ct

io
ns

.  
C

on
se

qu
en

tly
, f

ut
ur

e 
in

tru
si

on
s 

w
ou

ld
 n

ot
 h

av
e 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
gr

ou
nd

w
at

er
 fl

ow
 p

at
te

rn
s 

or
 ra

te
s 

in
 th

e 
sa

tu
ra

te
d 

zo
ne

.  
G

iv
en

 th
e 

lim
ite

d 
ar

ea
 o

f a
ny

 th
er

m
al

 o
r 

ge
oc

he
m

ic
al

 a
lte

ra
tio

n,
 a

nd
 th

e 
co

ns
eq

ue
nt

 c
ha

ng
e 

of
 ro

ck
 

pr
op

er
tie

s 
ar

ou
nd

 a
n 

in
tru

si
on

, a
ny

 g
eo

ch
em

ic
al

 e
ffe

ct
s 

w
ou

ld
 b

e 
m

in
im

al
. 

Th
e 

po
te

nt
ia

l d
ev

el
op

m
en

t o
f a

 h
yd

ro
th

er
m

al
 s

ys
te

m
 fr

om
 

ig
ne

ou
s 

ac
tiv

ity
 is

 n
ot

 e
xp

ec
te

d 
ba

se
d 

on
 a

na
lo

gu
e 

st
ud

ie
s 

an
d 

w
ou

ld
 b

e 
of

 lo
w

 c
on

se
qu

en
ce

 d
ue

 to
 it

s 
lim

ite
d 

si
ze

 re
la

tiv
e 

to
 th

e 
sa

tu
ra

te
d 

zo
ne

 m
od

el
 d

om
ai

n.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.2
.1

0.
02

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-193 February 2008 



 

   

 
 

 
 

 
 

 
 

  

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

1.
3.

01
.0

0.
0A

C
lim

at
e 

C
ha

ng
e

In
cl

ud
ed

 

C
lim

at
e 

ch
an

ge
 a

lte
rs

 th
e 

flu
x 

th
ro

ug
h 

th
e 

sa
tu

ra
te

d 
zo

ne
 b

y
in

cr
ea

si
ng

 th
e 

re
gi

on
al

 re
ch

ar
ge

 a
nd

 c
au

si
ng

 th
e 

w
at

er
 ta

bl
e 

to
 ri

se
 

(S
N

L 
20

07
 [D

IR
S

 1
77

39
1]

, S
ec

tio
n 

6.
6.

4.
1)

.  
Th

e 
ef

fe
ct

 o
n 

re
gi

on
al

 
re

ch
ar

ge
 w

ill
 le

ad
 to

 a
n 

in
cr

ea
se

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

 g
ro

un
dw

at
er

 
flu

x 
be

tw
ee

n 
th

e 
re

po
si

to
ry

 a
nd

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t, 
w

hi
ch

 in
tu

rn
 te

nd
s 

to
 d

ec
re

as
e 

th
e 

ad
ve

ct
iv

e 
tra

ns
po

rt 
tim

e 
fro

m
 th

e 
re

po
si

to
ry

 to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t f

or
 b

ot
h 

so
rb

in
g 

an
d 

no
ns

or
bi

ng
 ra

di
on

uc
lid

es
 th

at
 m

ay
 b

e 
re

le
as

ed
 fr

om
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 b

el
ow

 th
e 

re
po

si
to

ry
.  

Th
is

 in
cr

ea
se

d 
flu

x 
an

d 
po

te
nt

ia
l 

ch
an

ge
s 

to
 th

e 
gr

ou
nd

w
at

er
 fl

ow
 p

at
hs

 a
re

 c
on

se
rv

at
iv

el
y

ap
pr

ox
im

at
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

A
bs

tra
ct

io
n 

M
od

el
 b

y
in

cr
ea

si
ng

 th
e 

sp
ec

ifi
c 

di
sc

ha
rg

e.
  T

hi
s 

in
cr

ea
se

 c
au

se
s 

a 
si

gn
ifi

ca
nt

 
in

cr
ea

se
 in

 th
e 

m
ov

em
en

t o
f r

ad
io

nu
cl

id
es

, w
hi

ch
 d

eg
ra

de
s 

th
e 

ca
pa

bi
lit

y 
of

 th
e 

sa
tu

ra
te

d 
zo

ne
 fe

at
ur

e 
of

 th
e 

Lo
w

er
 N

at
ur

al
 B

ar
rie

r. 
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.3
.0

1.
00

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
E

xt
en

t o
f S

at
ur

at
ed

 
Zo

ne
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

S
at

ur
at

ed
 Z

on
e 

1.
3.

07
.0

1.
0A

W
at

er
 T

ab
le

 
D

ec
lin

e 
Ex

cl
ud

ed
 

S
ig

ni
fic

an
t l

ow
er

in
g 

of
 th

e 
w

at
er

 ta
bl

e 
by

 o
th

er
 th

an
 a

nt
hr

op
og

en
ic

 
pr

oc
es

se
s 

un
de

r f
ut

ur
e 

w
et

te
r c

lim
at

es
 is

 n
ot

 e
xp

ec
te

d 
ex

ce
pt

 fo
r 

sh
or

t-t
er

m
, a

no
m

al
ou

sl
y 

dr
y 

co
nd

iti
on

s 
th

at
 a

re
 n

ot
 e

xp
ec

te
d 

to
 

lo
w

er
 th

e 
w

at
er

 ta
bl

e 
el

ev
at

io
n 

by
 m

or
e 

th
an

 a
 fe

w
 m

et
er

s.
  S

uc
h

sm
al

l d
ec

re
as

es
 to

 th
e 

w
at

er
 ta

bl
e 

el
ev

at
io

n 
ar

e 
w

el
l w

ith
in

 th
e 

un
ce

rta
in

tie
s 

in
cl

ud
ed

 in
 th

e 
un

sa
tu

ra
te

d 
an

d 
sa

tu
ra

te
d 

zo
ne

 m
od

el
s 

an
d 

ar
e 

th
er

ef
or

e 
of

 lo
w

 c
on

se
qu

en
ce

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.3

.0
7.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

E
xt

en
t o

f S
at

ur
at

ed
 

Zo
ne

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

1.
3.

07
.0

2.
0A

W
at

er
 T

ab
le

 
R

is
e 

A
ffe

ct
s 

S
Z

In
cl

ud
ed

 

Fo
llo

w
in

g 
a 

ch
an

ge
 in

 c
lim

at
e 

an
d 

th
e 

re
su

lta
nt

 in
cr

ea
se

 in
 re

ch
ar

ge
 

bo
th

 in
 th

e 
vi

ci
ni

ty
 o

f t
he

 s
ite

 a
nd

 in
 th

e 
re

gi
on

 a
ro

un
d 

th
e 

si
te

, t
he

 
w

at
er

 ta
bl

e 
is

 e
xp

ec
te

d 
to

 ri
se

.  
A

lth
ou

gh
 u

nc
er

ta
in

ty
 e

xi
st

s 
in

 th
e 

am
ou

nt
 o

f r
is

e,
 th

e 
TS

P
A

 m
od

el
s 

co
ns

er
va

tiv
el

y 
co

ns
id

er
ed

 th
e 

ris
e 

to
 b

e 
up

 to
 1

20
 m

. 
Th

e 
w

at
er

 ta
bl

e 
ris

e 
in

cr
ea

se
s 

th
e 

tra
ns

po
rt 

le
ng

th
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
 b

y 
le

ss
 th

an
 1

20
 m

.  
H

ow
ev

er
, t

hi
s 

re
du

ct
io

n 
is

 n
ot

 s
ig

ni
fic

an
t w

he
n 

co
m

pa
re

d 
to

 th
e 

18
 k

m
 o

f s
at

ur
at

ed
 

zo
ne

 tr
an

sp
or

t p
at

h 
le

ng
th

.  
Fu

rth
er

m
or

e,
 th

is
 e

ffe
ct

 is
 d

im
in

is
he

d 
ov

er
 th

e 
pe

rio
d 

of
 g

eo
lo

gi
c 

st
ab

ilit
y.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 1
.3

.0
7.

02
.0

A 

N
o 

N
on

-IT
B

C
:

E
xt

en
t o

f S
at

ur
at

ed
 

Zo
ne

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

ANL-WIS-MD-000024 REV 01 A-194 February 2008 



 

   

 

 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

1.
4.

01
.0

1.
0A

C
lim

at
e

M
od

ifi
ca

tio
n 

In
cr

ea
se

s
R

ec
ha

rg
e 

In
cl

ud
ed

 

Th
e 

in
cr

ea
se

 in
 re

ch
ar

ge
 a

ss
oc

ia
te

d 
w

ith
 fu

tu
re

 c
lim

at
e 

st
at

es
 

si
gn

ifi
ca

nt
ly

 in
cr

ea
se

s 
th

e 
gr

ou
nd

w
at

er
 fl

ux
 th

ro
ug

h 
th

e 
tu

ff 
an

d 
al

lu
vi

al
 w

at
er

-c
on

du
ct

in
g 

fe
at

ur
es

, w
hi

ch
 re

du
ce

s 
th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
ba

rri
er

 c
ap

ab
ili

ty
 o

f t
hi

s 
fe

at
ur

e.
  T

hi
s 

ef
fe

ct
 is

 in
co

rp
or

at
ed

 
in

to
 th

e 
sa

tu
ra

te
d 

zo
ne

 fl
ow

 a
nd

 tr
an

sp
or

t m
od

el
, a

nd
 is

 d
et

er
m

in
ed

 
to

 b
e 

IT
B

C
 b

ec
au

se
 o

f i
ts

 s
ig

ni
fic

an
t c

on
tri

bu
tio

n 
to

 th
e 

ba
rri

er
 

ca
pa

bi
lit

y 
of

 th
e 

sa
tu

ra
te

d 
zo

ne
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.4
.0

1.
01

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
E

xt
en

t o
f S

at
ur

at
ed

 
Zo

ne
 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

R
ep

os
ito

ry
 E

le
va

tio
n 

ab
ov

e 
th

e 
W

at
er

 
Ta

bl
e 

S
at

ur
at

ed
 Z

on
e 

1.
4.

07
.0

2.
0A

W
el

ls
In

cl
ud

ed
 

Th
e 

ef
fe

ct
 o

f p
um

pi
ng

 w
el

ls
 o

n 
sa

tu
ra

te
d 

zo
ne

 g
ro

un
dw

at
er

 fl
ow

 h
as

 
be

en
 in

co
rp

or
at

ed
 in

to
 th

e 
S

ite
-S

ca
le

 S
Z 

Fl
ow

 M
od

el
 v

ia
 th

e 
co

nf
ig

ur
at

io
n 

of
 th

e 
w

at
er

 ta
bl

e 
us

ed
 a

s 
an

 u
pp

er
 b

ou
nd

ar
y 

an
d 

th
e 

flo
w

 ra
te

s 
ac

ro
ss

 th
e 

m
od

el
 b

ou
nd

ar
ie

s 
as

 p
ro

vi
de

d 
by

 th
e 

D
ea

th
 

V
al

le
y 

re
gi

on
al

 m
od

el
.  

Th
e 

re
gi

on
al

 m
od

el
 s

pe
ci

fic
al

ly
 in

co
rp

or
at

ed
 

th
e 

irr
ig

at
io

n 
w

el
ls

 lo
ca

te
d 

so
ut

h 
of

 Y
uc

ca
 M

ou
nt

ai
n 

in
 A

m
ar

go
sa

 
V

al
le

y.
  I

n 
ad

di
tio

n,
 m

ea
su

re
d 

w
at

er
 le

ve
ls

 fr
om

 th
es

e 
ex

is
tin

g 
w

el
ls

 
ar

e 
us

ed
 in

 th
e 

ca
lib

ra
tio

n 
of

 th
e 

S
ite

-S
ca

le
 S

Z 
Fl

ow
 M

od
el

.  
Fu

rth
er

m
or

e,
 th

e 
ef

fe
ct

s 
of

 w
el

ls
 o

n 
th

e 
do

se
 to

 th
e 

R
M

E
I a

re
 

in
cl

ud
ed

 in
to

 th
e 

TS
P

A
 b

y 
as

su
m

in
g 

al
l o

f t
he

 ra
di

on
uc

lid
e 

m
as

s 
th

at
 

re
ac

he
s 

th
e 

18
-k

m
 a

cc
es

si
bl

e 
en

vi
ro

nm
en

t, 
is

 c
on

ta
in

ed
 in

 th
e 

re
pr

es
en

ta
tiv

e 
vo

lu
m

e 
of

 g
ro

un
dw

at
er

 fr
om

 w
hi

ch
 th

e 
R

M
E

I o
bt

ai
ns

 
al

l r
eq

ui
re

d 
w

at
er

.  
Th

e 
ef

fe
ct

s 
of

 w
el

ls
 a

re
 n

ot
 IT

BC
 fo

r t
he

  
sa

tu
ra

te
d 

zo
ne

 b
ec

au
se

 w
el

ls
 d

ril
le

d 
fo

r d
om

es
tic

 o
r a

gr
ic

ul
tu

ra
l u

se
 

ar
e 

no
t a

nt
ic

ip
at

ed
 to

 s
ig

ni
fic

an
tly

 a
ffe

ct
 g

ro
un

dw
at

er
 fl

ow
 o

r 
ra

di
on

uc
lid

e 
m

ov
em

en
t d

ue
 to

 th
e 

th
ei

r l
ar

ge
 d

is
ta

nc
es

 a
w

ay
 fr

om
 

th
e 

pr
ed

om
in

an
t f

lo
w

 p
at

hs
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 1

.4
.0

7.
02

.0
A 

N
o 

S
at

ur
at

ed
 Z

on
e 

pr
op

er
tie

s 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-195 February 2008 



 

   

 
 

 
 

 

 

 
 

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
1.

09
.2

1.
0B

Tr
an

sp
or

t o
f 

P
ar

tic
le

s 
La

rg
er

th
an

 C
ol

lo
id

s 
in

th
e 

S
Z

Ex
cl

ud
ed

 

V
er

y 
fe

w
 ra

di
on

uc
lid

e-
be

ar
in

g 
pa

rti
cl

es
 la

rg
er

 th
an

 c
ol

lo
id

s 
ar

e 
ex

pe
ct

ed
 to

 b
e 

in
tro

du
ce

d 
in

to
 th

e 
sa

tu
ra

te
d 

zo
ne

 fr
om

 th
e 

un
sa

tu
ra

te
d 

zo
ne

 (s
ee

 F
E

P
s 

2.
1.

09
.2

1.
0A

 a
nd

 2
.1

.0
9.

21
.0

C
). 

 In
ad

di
tio

n,
 th

e 
hi

gh
ly

 v
ar

ia
bl

e 
or

ie
nt

at
io

n 
an

d 
ro

ug
hn

es
s 

of
 th

e 
fra

ct
ur

e 
an

d 
al

lu
vi

um
 s

ur
fa

ce
s 

al
on

g 
sa

tu
ra

te
d 

zo
ne

 tr
an

sp
or

t p
at

hw
ay

s
pr

om
ot

e 
bo

th
 s

et
tli

ng
 a

nd
 fi

ltr
at

io
n 

of
 p

ar
tic

le
s 

la
rg

er
 th

an
 c

ol
lo

id
s.

  
Fu

rth
er

m
or

e,
 v

er
tic

al
 v

el
oc

ity
 c

om
po

ne
nt

s 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
 a

re
 

no
t e

xp
ec

te
d 

to
 b

e 
la

rg
e 

en
ou

gh
 to

 k
ee

p 
pa

rti
cl

es
 la

rg
er

 th
an

 1
μm

 in
di

am
et

er
 s

us
pe

nd
ed

 in
de

fin
ite

ly
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.1
.0

9.
21

.0
B 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 
W

as
te

Fo
rm

/P
ac

ka
ge

In
te

rn
al

s 
M

at
er

ia
ls

,
P

ro
pe

rti
es

, a
nd

 
C

on
fig

ur
at

io
n

W
as

te
 F

or
m

D
eg

ra
da

tio
n 

C
or

ro
si

on
 P

ro
du

ct
s

P
ro

pe
rti

es
 

W
as

te
Fo

rm
/P

ac
ka

ge
In

te
rn

al
s 

M
at

er
ia

ls
,

P
ro

pe
rti

es
, a

nd
 

C
on

fig
ur

at
io

n 

N
on

e 

S
at

ur
at

ed
 Z

on
e 

2.
2.

03
.0

1.
0A

S
tra

tig
ra

ph
y

In
cl

ud
ed

 

S
tra

tig
ra

ph
ic

 c
on

tro
ls

 a
ffe

ct
 g

ro
un

dw
at

er
 fl

ow
 p

at
hs

 a
nd

 ra
te

s 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
. 

V
ar

io
us

 p
ar

am
et

er
s 

si
gn

ifi
ca

nt
 to

 th
e 

tra
ns

po
rt 

of
 

ra
di

on
uc

lid
es

 th
ro

ug
h 

th
e 

sa
tu

ra
te

d 
zo

ne
 (e

.g
., 

ef
fe

ct
iv

e 
di

ffu
si

on
, 

m
at

rix
 p

or
os

ity
, a

nd
 b

ul
k 

de
ns

ity
) a

re
 d

ep
en

de
nt

 o
n 

th
e 

st
ra

tig
ra

ph
y

an
d 

he
te

ro
ge

ne
ity

 o
f h

yd
ro

ge
ol

og
ic

 u
ni

ts
.  

S
tra

tig
ra

ph
y 

is
 in

cl
ud

ed
 in

 
th

e 
pe

rfo
rm

an
ce

 a
ss

es
sm

en
t t

hr
ou

gh
 th

e 
hy

dr
og

eo
lo

gi
c 

fra
m

ew
or

k 
m

od
el

 fo
r s

at
ur

at
ed

 z
on

e 
flo

w
 a

nd
 tr

an
sp

or
t. 

 2
7 

hy
dr

os
tra

tig
ra

ph
ic

 
un

its
 a

nd
 1

0 
di

sc
re

te
 g

eo
lo

gi
c 

fe
at

ur
es

 re
pr

es
en

tin
g 

m
aj

or
 fa

ul
ts

 a
nd

 
fra

ct
ur

es
 a

re
 re

pr
es

en
te

d 
w

ith
 s

pe
ci

fic
 h

yd
ro

lo
gi

c 
an

d 
tra

ns
po

rt 
pa

ra
m

et
er

s.
  S

tra
tig

ra
ph

y 
is

 IT
B

C
 b

ec
au

se
 o

f i
ts

 im
po

rta
nc

e 
to

 th
e 

de
te

rm
in

at
io

n 
of

 g
ro

un
dw

at
er

 fl
ow

pa
th

s 
an

d 
ra

te
s 

of
 ra

di
on

uc
lid

e 
m

ov
em

en
ts

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
3.

01
.0

A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-196 February 2008 



 

   

 

 

 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

03
.0

2.
0A

R
oc

k 
P

ro
pe

rti
es

of
 H

os
t R

oc
k

an
d 

O
th

er
 U

ni
ts

In
cl

ud
ed

 

R
oc

k 
pr

op
er

tie
s 

fo
r 2

7 
hy

dr
os

tra
tig

ra
ph

ic
 u

ni
ts

 a
nd

 1
0 

di
sc

re
te

 
ge

ol
og

ic
 fe

at
ur

es
 re

la
te

d 
to

 fa
ul

ts
 a

nd
 fa

ct
ur

es
 a

re
 e

xp
lic

itl
y 

in
cl

ud
ed

 
in

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

.  
R

oc
k 

pr
op

er
tie

s
ar

e 
co

ns
id

er
ed

 IT
B

C
 b

ec
au

se
 th

ey
 h

av
e 

a 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
th

e 
gr

ou
nd

w
at

er
 fl

ow
pa

th
s 

an
d 

th
e 

ra
te

 o
f r

ad
io

nu
cl

id
e 

m
ov

em
en

t. 
 

S
om

e 
of

 th
e 

im
po

rta
nt

 p
ro

pe
rti

es
 in

cl
ud

e 
th

e 
flo

w
in

g 
in

te
rv

al
 

sp
ac

in
g,

 m
at

rix
 d

iff
us

io
n,

 fr
ac

tu
re

 p
or

os
ity

, a
nd

 m
at

rix
 p

or
os

ity
 o

f t
he

 
al

lu
vi

um
, a

nd
 re

ta
rd

at
io

n 
pr

op
er

tie
s 

m
at

rix
 p

or
os

ity
 o

f t
he

 v
ol

ca
ni

c 
un

its
, a

nd
 e

ffe
ct

iv
e 

po
ro

si
ty

 o
f t

he
 a

llu
vi

um
. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

3.
02

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

06
.0

1.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
R

oc
k

Ex
cl

ud
ed

 

E
xi

st
in

g 
ro

ck
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

re
fle

ct
 th

e 
cu

m
ul

at
iv

e 
re

sp
on

se
 to

 
cu

m
ul

at
iv

e 
di

sp
la

ce
m

en
ts

 o
f a

 d
yn

am
ic

 s
ei

sm
ic

 p
as

t. 
 B

ec
au

se
 th

e
Y

uc
ca

 M
ou

nt
ai

n 
re

gi
on

 is
 n

ow
 e

xp
er

ie
nc

in
g 

lo
w

er
 e

xt
en

si
on

 ra
te

s 
an

d 
is

 te
ct

on
ic

al
ly

 le
ss

 a
ct

iv
e 

th
an

 5
 m

ill
io

n 
ye

ar
s 

ag
o,

 fu
tu

re
 fa

ul
t 

di
sp

la
ce

m
en

ts
 a

re
 m

in
or

 a
nd

 w
ill

 a
lte

r r
oc

k 
pr

op
er

tie
s 

m
in

im
al

ly
 

co
m

pa
re

d 
to

 in
ta

ct
 h

os
t r

oc
k 

al
te

ra
tio

ns
 d

ue
 to

 th
e 

cu
m

ul
at

iv
e 

fa
ul

t 
di

sp
la

ce
m

en
ts

 o
f a

n 
ac

tiv
e 

te
ct

on
ic

 p
as

t. 
 T

he
re

fo
re

, f
ut

ur
e 

se
is

m
ic

 
ac

tiv
ity

 w
ill

 n
ot

 re
su

lt 
in

 a
ny

 s
ig

ni
fic

an
t n

ew
 fa

ul
ts

 a
nd

 fr
ac

tu
re

s 
in

 th
e 

in
ta

ct
 h

os
t r

oc
k,

 n
or

 w
ill

 it
 a

lte
r t

he
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

in
 th

e 
ex

is
tin

g 
“z

on
e 

of
 a

lte
ra

tio
n”

 w
ith

in
 th

at
 re

gi
on

 th
at

 w
ou

ld
 a

ffe
ct

 
sa

tu
ra

te
d 

zo
ne

 fl
ow

 p
at

h 
or

ig
in

s.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
01

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-197 February 2008 



 

   

  
 

 
 

 

 

  

 
 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

06
.0

2.
0A

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
Fa

ul
ts

Ex
cl

ud
ed

 

C
ur

re
nt

 fa
ul

t p
or

os
iti

es
 a

nd
 p

er
m

ea
bi

lit
ie

s 
re

fle
ct

 th
e 

ef
fe

ct
s 

of
 a

 
se

is
m

ic
al

ly
 a

ct
iv

e 
pa

st
 w

ith
in

 th
e 

Y
uc

ca
 M

ou
nt

ai
n 

re
gi

on
.  

Th
e 

P
S

H
A

ex
pe

rt 
el

ic
ita

tio
n 

in
di

ca
te

s 
th

at
 fu

tu
re

 s
ei

sm
ic

 e
ve

nt
s 

ar
e 

ex
pe

ct
ed

 to
 

ru
pt

ur
e 

ex
is

tin
g 

fa
ul

ts
, r

at
he

r t
ha

n 
de

ve
lo

p 
ne

w
 fa

ul
ts

 in
 th

e 
Y

uc
ca

 
M

ou
nt

ai
n 

vi
ci

ni
ty

 w
ith

in
 th

e 
ne

xt
 1

0,
00

0 
ye

ar
s.

  I
n 

ad
di

tio
n,

 a
lth

ou
gh

 
se

is
m

ic
 e

ve
nt

s 
m

ay
 re

ac
tiv

at
e 

ex
is

tin
g 

fa
ul

ts
, t

he
 re

su
lti

ng
 fa

ul
t 

di
sp

la
ce

m
en

ts
 a

re
 li

m
ite

d 
to

 a
 fe

w
 m

et
er

s 
w

ith
 in

si
gn

ifi
ca

nt
 c

ha
ng

es
 

in
 h

yd
ro

lo
gi

c 
pr

op
er

tie
s 

of
 fa

ul
ts

.  
Fu

rth
er

m
or

e,
 th

e 
un

ce
rta

in
ty

 in
 th

e 
ef

fe
ct

iv
e 

hy
dr

ol
og

ic
 p

ro
pe

rti
es

 in
co

rp
or

at
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 

Tr
an

sp
or

t M
od

el
, c

ou
pl

ed
 w

ith
 u

nc
er

ta
in

ty
 in

 s
pe

ci
fic

 d
is

ch
ar

ge
, 

ex
ce

ed
s 

th
e 

ch
an

ge
s 

th
at

 w
ou

ld
 b

e 
ca

us
ed

 b
y 

sm
al

l m
ov

em
en

ts
 

al
on

g 
ex

is
tin

g 
fa

ul
ts

.  
Th

er
ef

or
e,

 s
ei

sm
ic

 a
ct

iv
ity

-in
du

ce
d 

ch
an

ge
s,

 to
 

fa
ul

t p
or

os
ity

 a
nd

 p
er

m
ea

bi
lit

y,
 a

re
 n

ot
 c

on
si

de
re

d 
in

 th
e 

S
Z 

Fl
ow

an
d 

Tr
an

sp
or

t A
bs

tra
ct

io
n 

M
od

el
 a

nd
 a

re
 n

ot
 IT

B
C

 fo
r t

he
 s

at
ur

at
ed

 
zo

ne
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
02

.0
A 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

06
.0

2.
0B

S
ei

sm
ic

 A
ct

iv
ity

C
ha

ng
es

 
Po

ro
si

ty
 a

nd
 

Pe
rm

ea
bi

lit
y 

of
Fr

ac
tu

re
s

Ex
cl

ud
ed

 

Th
e 

m
ai

n 
re

su
lt 

of
 s

ei
sm

ic
 a

ct
iv

ity
 is

 e
xp

ec
te

d 
to

 b
e 

th
e 

re
ac

tiv
at

io
n 

of
 e

xi
st

in
g 

fra
ct

ur
es

 ra
th

er
 th

an
 th

e 
op

en
in

g 
of

 n
ew

 fr
ac

tu
re

s 
su

ch
 

th
at

 a
ny

 n
ew

 fr
ac

tu
re

s 
fo

rm
ed

 w
ou

ld
 h

av
e 

a 
ne

gl
ig

ib
le

 e
ffe

ct
 o

n 
hy

dr
ol

og
ic

 o
r t

ra
ns

po
rt 

pr
op

er
tie

s.
  I

n 
ad

di
tio

n,
 e

xi
st

in
g 

re
gi

on
al

 
st

re
ss

es
 im

po
se

d 
on

 fr
ac

tu
re

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
re

fle
ct

 th
e 

cr
us

ta
l 

ex
te

ns
io

n 
st

re
ss

es
 in

 e
ffe

ct
 to

da
y,

 a
nd

 re
gi

on
al

 fr
ac

tu
re

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
ar

e 
no

t e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
ly

 a
lte

re
d 

fro
m

 c
ur

re
nt

 
co

nd
iti

on
s 

by
 fu

tu
re

 s
ei

sm
ic

 a
ct

iv
ity

.  
Fu

rth
er

m
or

e,
 th

e 
un

ce
rta

in
ty

 in
 

hy
dr

ol
og

ic
 p

ro
pe

rti
es

 in
co

rp
or

at
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

M
od

el
 e

xc
ee

ds
 a

ny
 c

ha
ng

es
 in

 fr
ac

tu
re

 h
yd

ro
lo

gi
c 

pr
op

er
tie

s 
re

su
lti

ng
 fr

om
 s

ei
sm

ic
 a

ct
iv

ity
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

6.
02

.0
B 

N
o 

N
on

-IT
B

C
:

C
ha

ra
ct

er
iz

at
io

n 
of

 
Ig

ne
ou

s 
E

ve
nt

s 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

2.
0A

S
at

ur
at

ed
G

ro
un

dw
at

er
 

Fl
ow

 in
 th

e 
G

eo
sp

he
re

 
In

cl
ud

ed
 

G
ro

un
dw

at
er

 fl
ow

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

 d
ef

in
es

 th
e 

di
st

rib
ut

io
n 

of
 

flo
w

pa
th

s 
an

d 
flo

w
 ra

te
s 

an
d 

is
 th

e 
dr

iv
in

g 
fo

rc
e 

fo
r r

ad
io

nu
cl

id
e 

tra
ns

po
rt 

fro
m

 th
e 

w
at

er
 ta

bl
e 

to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t. 

 
V

ar
ia

tio
ns

 in
 fl

ow
pa

th
s 

an
d 

ra
te

s 
al

on
g 

th
e 

vo
lc

an
ic

 tu
ff 

an
d 

al
lu

vi
um

 
aq

ui
fe

rs
 u

ni
ts

 a
re

 im
po

rta
nt

 fa
ct

or
s 

th
at

 a
ffe

ct
 tr

an
sp

or
t t

im
es

th
ro

ug
h 

th
e 

S
Z.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
12

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-198 February 2008 



 

   

 

 

 

 

 

 

 
  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

3.
0A

W
at

er
-

C
on

du
ct

in
g 

Fe
at

ur
es

 in
 th

e
S

Z In
cl

ud
ed

 

W
at

er
 fl

ow
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
 o

cc
ur

s 
w

ith
in

 th
e 

fra
ct

ur
ed

 tu
ff 

un
its

 
an

d 
th

e 
al

lu
vi

um
.  

Th
e 

gr
ou

nd
w

at
er

 fl
ow

 ra
te

s,
 ra

di
on

uc
lid

e 
tra

ns
po

rt 
ve

lo
ci

tie
s,

 a
nd

 ra
di

on
uc

lid
e 

re
ta

rd
at

io
n 

ch
ar

ac
te

ris
tic

s 
of

 th
es

e 
di

ffe
re

nt
 w

at
er

-c
on

du
ct

in
g 

fe
at

ur
es

 a
re

 s
ig

ni
fic

an
tly

 d
iff

er
en

t. 
 In

ad
di

tio
n 

to
 th

e 
di

ffe
re

nc
es

 in
 fl

ow
 a

nd
 tr

an
sp

or
t c

ha
ra

ct
er

is
tic

s 
of

 th
e 

27
 d

iff
er

en
t h

yd
ro

ge
ol

og
ic

 u
ni

ts
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
, t

he
 p

re
se

nc
e 

of
 1

0 
di

sc
re

te
 fl

ow
in

g 
fe

at
ur

es
 in

 th
e 

fra
ct

ur
ed

 tu
ff 

un
its

 c
on

tro
l t

he
 

ad
ve

ct
iv

e 
ve

lo
ci

tie
s 

an
d,

 th
er

ef
or

e,
 tr

an
sp

or
t t

im
es

 fr
om

 th
e 

ba
se

 o
f 

th
e 

un
sa

tu
ra

te
d 

zo
ne

 to
 th

e 
al

lu
vi

um
.  

D
ep

en
di

ng
 u

po
n 

th
ei

r p
hy

si
ca

l 
pr

op
er

tie
s,

 th
es

e 
di

sc
re

te
 fe

at
ur

es
 a

ct
 a

s 
ei

th
er

 b
ar

rie
rs

 o
r c

on
du

its
 

to
 g

ro
un

dw
at

er
 fl

ow
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
.  

In
 th

e 
so

ut
he

rn
 p

ar
t o

f 
th

e 
sa

tu
ra

te
d 

zo
ne

 m
od

el
 d

om
ai

n 
ne

ar
 A

m
ar

go
sa

 V
al

le
y,

 th
e 

flo
w

 in
th

e 
al

lu
vi

um
 p

ro
vi

de
s 

a 
si

gn
ifi

ca
nt

 re
du

ct
io

n 
in

 th
e 

m
ov

em
en

t o
f 

ra
di

on
uc

lid
es

 to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t. 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
13

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

4.
0A

C
he

m
ic

al
ly

 
In

du
ce

d 
de

ns
ity

 
E

ffe
ct

s 
on

G
ro

un
dw

at
er

 
Fl

ow
Ex

cl
ud

ed
 

W
at

er
 e

nt
er

in
g 

th
e 

sa
tu

ra
te

d 
zo

ne
 fr

om
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 w

ill
te

nd
 to

 h
av

e 
hi

gh
er

 d
en

si
ty

 b
ec

au
se

 o
f e

va
po

ra
tiv

e 
co

nc
en

tra
tio

n.
  

D
en

si
ty

-d
riv

en
 fl

ow
 w

ill
 n

ot
 o

cc
ur

 u
nd

er
 a

m
bi

en
t f

lo
w

 c
on

di
tio

ns
 

be
ca

us
e 

of
 in

su
ffi

ci
en

t d
en

si
ty

 g
ra

di
en

t b
et

w
ee

n.
  D

ur
in

g 
th

e 
th

er
m

al
 

pe
rio

d,
 h

ig
he

r d
en

si
ty

 s
ee

pa
ge

 w
at

er
 w

ill
 c

ar
ry

 a
 s

m
al

l f
lu

x 
an

d 
w

ill
 

be
 lo

ca
liz

ed
 a

nd
 tr

an
si

en
t, 

an
d 

w
ill

 b
y 

di
lu

te
d 

by
 p

or
ew

at
er

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 p

rio
r t

o 
re

ac
hi

ng
 th

e 
w

at
er

 ta
bl

e.
  T

hi
s 

sm
al

l 
pe

rc
ol

at
io

n 
flu

x 
fro

m
 th

e 
re

po
si

to
ry

 w
ill

 b
e 

fu
rth

er
 d

ilu
te

d 
by

 th
e 

ba
se

 
flo

w
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
 o

nc
e 

re
ac

hi
ng

 th
e 

w
at

er
 ta

bl
e.

  T
he

po
te

nt
ia

l e
ffe

ct
 o

f c
he

m
ic

al
ly

 in
du

ce
d 

de
ns

ity
 e

ffe
ct

s 
is

 e
xp

ec
te

d 
to

 
be

 m
in

or
 c

om
pa

re
d 

to
 th

e 
un

ce
rta

in
tie

s 
in

 g
ro

un
dw

at
er

 s
pe

ci
fic

 
di

sc
ha

rg
e 

an
d 

flo
w

in
g 

in
te

rv
al

 p
or

os
ity

 th
at

 a
re

 in
cl

ud
ed

 in
 th

e 
SZ

 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

A
bs

tra
ct

io
n 

M
od

el
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

14
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-199 February 2008 



 

   

 

 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

5.
0A

Ad
ve

ct
io

n 
an

d 
D

is
pe

rs
io

n 
in

 th
e 

S
Z In
cl

ud
ed

 

A
dv

ec
tio

n 
is

 th
e 

pr
in

ci
pa

l t
ra

ns
po

rt 
m

ec
ha

ni
sm

 fo
r b

ot
h 

di
ss

ol
ve

d 
an

d 
co

llo
id

al
 ra

di
on

uc
lid

es
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
.  

Th
e 

ad
ve

ct
iv

e 
flu

x 
is

 d
ep

en
de

nt
 o

n 
th

e 
hy

dr
og

eo
lo

gi
c 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

hy
dr

os
tra

tig
ra

ph
ic

 u
ni

ts
 a

nd
 d

is
cr

et
e 

w
at

er
-c

on
du

ct
in

g 
fe

at
ur

es
 in

 
th

e 
sa

tu
ra

te
d 

zo
ne

, a
s 

w
el

l a
s 

th
e 

hy
dr

au
lic

 g
ra

di
en

t t
hr

ou
gh

 th
es

e 
un

its
 a

nd
 fe

at
ur

es
. 

D
is

pe
rs

iv
e 

pr
oc

es
se

s 
te

nd
 to

 s
pr

ea
d 

tra
ns

ie
nt

 
ra

di
on

uc
lid

e 
pu

ls
es

 th
at

 m
ay

 b
e 

re
le

as
ed

 to
 th

e 
sa

tu
ra

te
d 

zo
ne

 (e
.g

., 
fo

llo
w

in
g 

th
e 

br
ea

ch
 o

f a
 w

as
te

 p
ac

ka
ge

 o
r t

he
 w

at
er

 ta
bl

e 
ris

e 
as

so
ci

at
ed

 w
ith

 c
lim

at
e 

ch
an

ge
s)

.  
Th

es
e 

pr
oc

es
se

s 
ha

ve
 b

ee
n 

in
cl

ud
ed

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

 tr
an

sp
or

t. 
 A

dv
ec

tio
n 

th
ro

ug
h 

th
e

fra
ct

ur
es

 is
 IT

B
C

 b
ec

au
se

 o
f i

ts
 im

po
rta

nc
e 

fo
r d

et
er

m
in

in
g 

flo
w

pa
th

s 
an

d 
ra

te
s 

of
 ra

di
on

uc
lid

e 
m

ov
em

en
t i

n 
th

e 
S

Z.
  D

is
pe

rs
io

n,
ho

w
ev

er
, i

s 
no

t I
TB

C
 b

ec
au

se
 it

 h
as

 in
si

gn
ifi

ca
nt

 c
on

tri
bu

tio
ns

 to
 

ra
di

on
uc

lid
e 

tra
ns

po
rt 

in
 th

e 
sa

tu
ra

te
d 

zo
ne

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

15
.0

A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

6.
0A

D
ilu

tio
n 

of
 

R
ad

io
nu

cl
id

es
 in

G
ro

un
dw

at
er

 
In

cl
ud

ed
 

D
ilu

tio
n 

of
 ra

di
on

uc
lid

es
 a

s 
a 

re
su

lt 
of

 g
ro

un
dw

at
er

 tr
an

sp
or

t i
s 

in
cl

ud
ed

 in
 th

e 
TS

P
A

 in
 tw

o 
w

ay
s:

 d
is

pe
rs

io
n 

in
 fl

ow
in

g 
gr

ou
nd

w
at

er
 

an
d 

di
lu

tio
n 

in
 th

e 
re

pr
es

en
ta

tiv
e 

vo
lu

m
e 

of
 g

ro
un

dw
at

er
.  

D
is

pe
rs

io
n 

is
 in

si
gn

ifi
ca

nt
 in

 a
ffe

ct
in

g 
th

e 
ra

te
 o

f r
ad

io
nu

cl
id

e 
m

ov
em

en
t (

se
e 

de
sc

rip
tio

n 
of

 F
E

P
 2

.2
.0

7.
15

.0
A

, A
dv

ec
tio

n 
an

d 
D

is
pe

rs
io

n 
in

 th
e 

S
Z)

. I
n 

ad
di

tio
n,

 th
e 

m
et

ho
d 

fo
r c

al
cu

la
tin

g 
th

e 
co

nc
en

tra
tio

n 
of

 
ra

di
on

uc
lid

es
 in

 th
e 

an
nu

al
 w

at
er

 d
em

an
d 

of
 th

e 
R

M
E

I a
s 

im
pl

em
en

te
d 

in
 th

e 
TS

P
A

 m
od

el
 is

 p
re

sc
rib

ed
 b

y 
th

e 
re

gu
la

tio
n.

 
Th

er
ef

or
e,

 d
ilu

tio
n 

of
 ra

di
on

uc
lid

es
 is

 n
ot

 IT
BC

 fo
r t

he
 s

at
ur

at
ed

 
zo

ne
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

7.
16

.0
A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

tra
ns

po
rt

S
at

ur
at

ed
 Z

on
e 

Fl
ow

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-200 February 2008 



 

   

 

 

 
 

 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

07
.1

7.
0A

D
iff

us
io

n 
in

 th
e

S
Z In
cl

ud
ed

 

U
nl

ik
e 

m
at

rix
 d

iff
us

io
n 

w
hi

ch
 is

 d
es

cr
ib

ed
 in

 th
e 

in
cl

ud
ed

 F
E

P
 

2.
2.

08
.0

8.
0A

, m
ol

ec
ul

ar
 d

iff
us

io
n 

in
 th

e 
fra

ct
ur

ed
 v

ol
ca

ni
c 

tu
ffs

 a
nd

 
al

lu
vi

um
 is

 in
si

gn
ifi

ca
nt

 in
 c

om
pa

ris
on

 to
 fr

ac
tu

re
d-

do
m

in
at

ed
 

ad
ve

ct
io

n 
an

d 
hy

dr
od

yn
am

ic
 d

is
pe

rs
io

n 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
. 

E
st

im
at

ed
 u

pp
er

 li
m

it 
of

 e
ffe

ct
iv

e 
di

ffu
si

on
 c

oe
ffi

ci
en

t i
s 

ab
ou

t t
w

o 
or

de
rs

 o
f m

ag
ni

tu
de

 lo
w

er
 th

an
 th

e 
m

in
im

um
 d

is
pe

rs
io

n 
co

ef
fic

ie
nt

s 
fo

r v
ol

ca
ni

c 
un

its
. T

he
re

fo
re

, a
lth

ou
gh

 in
cl

ud
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 

Tr
an

sp
or

t A
bs

tra
ct

io
n 

M
od

el
 fo

r t
he

 p
er

fo
rm

an
ce

 a
ss

es
sm

en
t, 

th
is

 
pr

oc
es

s 
is

 n
ot

 IT
B

C
 fo

r t
he

 s
at

ur
at

ed
 z

on
e.

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
7.

17
.0

A 

N
o 

N
on

-IT
B

C
:

U
ns

at
ur

at
ed

 Z
on

e 
C

he
m

ic
al

 
E

nv
iro

nm
en

t
U

ns
at

ur
at

ed
 Z

on
e 

P
ro

pe
rti

es
 

U
ns

at
ur

at
ed

 Z
on

e 
Tr

an
sp

or
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

1.
0A

C
he

m
ic

al
 

C
ha

ra
ct

er
is

tic
s

of
 G

ro
un

dw
at

er
 

in
 th

e 
S

Z
In

cl
ud

ed
 

C
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 g
ro

un
dw

at
er

, i
nc

lu
di

ng
 te

m
pe

ra
tu

re
, p

H
, 

E
h,

 io
ni

c 
st

re
ng

th
, a

nd
 m

aj
or

 io
ni

c 
co

nc
en

tra
tio

ns
, s

ig
ni

fic
an

tly
 a

ffe
ct

 
so

rp
tio

n,
 w

hi
ch

 is
 a

n 
im

po
rta

nt
 fa

ct
or

 th
at

 c
on

tri
bu

te
s 

to
 ra

di
on

uc
lid

e 
tra

ns
po

rt 
in

 th
e 

S
Z,

 a
nd

 h
as

 b
ee

n 
in

co
rp

or
at

ed
 in

to
 th

e 
S

Z 
flo

w
 a

nd
 

tra
ns

po
rt 

ab
st

ra
ct

io
n 

m
od

el
 th

ro
ug

h 
so

rp
tio

n 
co

ef
fic

ie
nt

s 
(K

d s
). 

P
ro

ba
bi

lit
y 

di
st

rib
ut

io
ns

 o
f t

he
 K

d s
 w

er
e 

de
ve

lo
pe

d 
fo

r e
ac

h 
ra

di
oe

le
m

en
t o

f i
nt

er
es

t a
m

on
g 

th
e 

th
re

e 
m

aj
or

 ro
ck

 ty
pe

s.
  T

he
 K

d
di

st
rib

ut
io

ns
 w

er
e 

de
ve

lo
pe

d 
th

ro
ug

h 
la

bo
ra

to
ry

 e
xp

er
im

en
ts

 u
nd

er
 

va
rio

us
 c

on
di

tio
ns

 (t
im

e,
 e

le
m

en
t c

on
ce

nt
ra

tio
n,

 a
tm

os
ph

er
ic

 
co

m
po

si
tio

n,
 p

ar
tic

le
 s

iz
e,

 a
nd

 te
m

pe
ra

tu
re

) w
ith

 c
or

re
la

tio
ns

 b
as

ed
 

on
 c

on
si

de
ra

tio
n 

of
 s

uc
h 

va
ria

bl
es

 a
s 

pH
, E

h,
 w

at
er

 c
he

m
is

try
, r

oc
k 

co
m

po
si

tio
n,

 ro
ck

 s
ur

fa
ce

 a
re

a,
 a

nd
 ra

di
on

uc
lid

e 
co

nc
en

tra
tio

n.
  T

he
 

K
d d

is
tri

bu
tio

ns
 w

er
e 

sa
m

pl
ed

 in
 th

e 
TS

P
A

 to
 a

cc
ou

nt
 fo

r t
he

 e
ffe

ct
s 

of
 n

at
ur

al
 v

ar
ia

tio
ns

 in
 p

or
e-

w
at

er
 c

he
m

is
try

 a
nd

 m
in

er
al

 s
ur

fa
ce

s.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
01

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-201 February 2008 



 

   

 

 

 
 

 

 

 
 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

3.
0A

G
eo

ch
em

ic
al

 
In

te
ra

ct
io

ns
 a

nd
E

vo
lu

tio
n 

in
 th

e 
S

Z Ex
cl

ud
ed

 

Th
e 

sa
tu

ra
te

d 
zo

ne
 is

 p
re

do
m

in
at

el
y 

in
 a

n 
ox

id
iz

in
g 

en
vi

ro
nm

en
t, 

w
hi

ch
 g

en
er

al
ly

 fa
ci

lit
at

es
 tr

an
sp

or
t o

f r
ad

io
nu

cl
id

es
 m

or
e 

th
an

 a
 

re
du

ci
ng

 e
nv

iro
nm

en
t. 

 R
ed

uc
in

g 
zo

ne
s 

ha
ve

 b
ee

n 
ob

se
rv

ed
 d

ire
ct

ly
ea

st
 o

f Y
uc

ca
 M

ou
nt

ai
n 

in
 w

el
ls

 H
-3

, H
-4

, W
T-

17
, b

#1
, W

T-
10

, 
W

T-
12

 a
nd

 W
T-

14
. I

t i
s 

no
t e

xp
ec

te
d 

th
at

 th
es

e 
lo

ca
l r

ed
uc

tio
n 

zo
ne

s 
w

ill
 b

e 
ox

id
iz

ed
 d

ur
in

g 
th

e 
10

,0
00

 y
ea

rs
 a

fte
r r

ep
os

ito
ry

cl
os

ur
e,

 o
r t

ha
t t

he
y 

w
ill

 in
cr

ea
se

 in
 s

iz
e.

  T
he

 p
re

se
nc

e 
of

 re
du

ci
ng

 
co

nd
iti

on
s 

al
on

g 
th

e 
flo

w
 p

at
h 

w
ou

ld
 te

nd
 to

 in
cr

ea
se

 tr
an

sp
or

t t
im

e,
 

be
ca

us
e 

re
du

ci
ng

 c
on

di
tio

ns
 c

ou
ld

 le
ad

 to
 in

cr
ea

se
d 

so
rp

tio
n 

an
d 

pr
ec

ip
ita

tio
n 

of
 re

do
x-

se
ns

iti
ve

 ra
di

on
uc

lid
es

.  
R

ed
uc

in
g 

ox
id

iz
in

g 
co

nd
iti

on
s 

w
ou

ld
 re

su
lt 

in
 d

is
so

lu
tio

n 
an

d 
de

so
rp

tio
n 

an
d 

a 
re

tu
rn

 to
 

th
e 

ra
di

on
uc

lid
e 

co
nc

en
tra

tio
ns

 s
im

ila
r t

o 
th

os
e 

pr
io

r t
o 

en
co

un
te

rin
g 

th
e 

lo
ca

liz
ed

 re
du

ci
ng

 c
on

di
tio

n.
 T

he
re

fo
re

, o
xi

di
zi

ng
 c

on
di

tio
ns

 
al

on
g 

th
e 

en
tir

e 
flo

w
 p

at
h 

is
 c

on
se

rv
at

iv
el

y 
as

su
m

ed
 in

 th
e 

de
ve

lo
pm

en
t o

f r
ad

io
nu

cl
id

e 
K

d d
is

tri
bu

tio
ns

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

.  
In

 a
dd

iti
on

, m
ix

in
g 

of
 p

al
eo

w
at

er
s 

an
d 

re
ch

ar
ge

d 
w

at
er

s 
un

de
r 

cu
rre

nt
 c

lim
at

ic
 c

on
di

tio
ns

 w
ou

ld
 n

ot
 re

su
lt 

in
 m

aj
or

 c
ha

ng
es

 in
 th

e 
bu

lk
 w

at
er

 c
he

m
is

try
.  

Fu
rth

er
m

or
e,

 te
m

po
ra

l c
ha

ng
es

 in
 w

at
er

 
ge

oc
he

m
is

try
 e

xe
rt 

lit
tle

 e
ffe

ct
s 

on
 g

eo
ch

em
ic

al
 in

te
ra

ct
io

n 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
03

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

6.
0A

C
om

pl
ex

at
io

n 
in

th
e 

S
Z

In
cl

ud
ed

 

Th
e 

pr
es

en
ce

 o
f p

ot
en

tia
l c

om
pl

ex
at

io
n 

ag
en

ts
 h

as
 b

ee
n 

in
cl

ud
ed

 in
 

th
e 

de
ve

lo
pm

en
t o

f t
he

 s
or

pt
io

n 
pr

op
er

tie
s 

of
 th

e 
ra

di
on

uc
lid

es
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
. 

C
om

pl
ex

at
io

n 
ha

s 
be

en
 im

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
so

rp
tio

n 
pr

op
er

tie
s,

 w
hi

ch
 a

ls
o 

in
cl

ud
e 

ch
em

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 

th
e 

gr
ou

nd
w

at
er

, r
ad

io
nu

cl
id

e 
co

nc
en

tra
tio

ns
, a

nd
 v

ar
ia

tio
ns

 in
 ro

ck
 

su
rfa

ce
 p

ro
pe

rti
es

 (s
ee

 d
es

cr
ip

tio
n 

of
 in

cl
ud

ed
 F

E
P

 2
.2

.0
8.

01
.0

A
, 

C
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 g
ro

un
dw

at
er

 in
 th

e 
S

Z)
.  

). 
Th

is
 p

ro
ce

ss
 

is
 d

et
er

m
in

ed
 n

on
-IT

B
C

 b
ec

au
se

 it
s 

di
re

ct
 e

ffe
ct

s 
on

 s
or

pt
io

n 
ar

e 
in

cl
ud

ed
 in

 o
th

er
 F

E
P

s 
w

hi
ch

 a
re

 im
po

rta
nt

 to
 p

er
fo

rm
an

ce
 o

f t
he

 
sa

tu
ra

te
d 

zo
ne

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

06
.0

A 

N
o 

N
on

-T
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-202 February 2008 



 

   

 

 

 

 
 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

7.
0A

R
ad

io
nu

cl
id

e 
S

ol
ub

ili
ty

 L
im

its
in

 th
e 

S
Z

Ex
cl

ud
ed

 

R
ad

io
nu

cl
id

e 
so

lu
bi

lit
y 

lim
its

 d
ep

en
d 

on
 th

e 
so

lu
tio

n 
ch

em
is

try
(in

cl
ud

in
g 

pH
 a

nd
 E

h)
 a

nd
 te

m
pe

ra
tu

re
.  

R
ad

io
nu

cl
id

e 
co

nc
en

tra
tio

ns
 e

nt
er

in
g 

th
e 

sa
tu

ra
te

d 
fro

m
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 a

re
 

no
t e

xp
ec

te
d 

to
 e

xc
ee

d 
so

lu
bi

lit
y 

lim
its

 b
ec

au
se

 o
f t

he
 e

ffe
ct

s 
of

 
di

lu
tio

n,
 d

is
pe

rs
io

n,
 m

at
rix

 d
iff

us
io

n,
 a

nd
 s

or
pt

io
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 (s

ee
 d

es
cr

ip
tio

n 
of

 F
E

P
 2

.2
.0

8.
07

.0
B

 R
ad

io
nu

cl
id

e 
so

lu
bi

lit
y

lim
its

 in
 th

e 
U

Z)
.  

Th
ey

 w
ill

 b
e 

fu
rth

er
 re

du
ce

d 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
 

by
 th

e 
sa

m
e 

pr
oc

es
se

s.
  T

he
re

fo
re

, c
ha

ng
es

 in
 ra

di
on

uc
lid

e 
so

lu
bi

lit
y 

fro
m

 th
e 

un
sa

tu
ra

te
d 

to
 th

e 
sa

tu
ra

te
d 

zo
ne

 h
av

e 
be

en
 

ex
cl

ud
ed

 fr
om

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
M

od
el

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
8.

07
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

N
on

e 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

8.
0A

M
at

rix
 D

iff
us

io
n 

in
 th

e 
S

Z
In

cl
ud

ed
 

Fi
el

d 
sc

al
e 

in
 s

itu
 tr

ac
er

 te
st

s 
at

 th
e 

C
-w

el
ls

 v
al

id
at

ed
 m

at
rix

 d
iff

us
io

n 
as

 a
n 

im
po

rta
nt

 tr
an

sp
or

t m
ec

ha
ni

sm
 in

 fr
ac

tu
re

d 
vo

lc
an

ic
 

fo
rm

at
io

ns
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
.  

Th
is

 p
ro

ce
ss

 c
an

 b
e 

an
 e

ffe
ct

iv
e 

re
ta

rd
in

g 
m

ec
ha

ni
sm

 a
nd

 is
 IT

B
C

 fo
r t

he
 s

at
ur

at
ed

 z
on

e.
  A

lth
ou

gh
fie

ld
-te

st
 d

at
a 

fro
m

 th
e 

Al
lu

vi
al

 T
es

tin
g 

C
om

pl
ex

 a
nd

 th
e 

N
ye

 C
ou

nt
y

E
ar

ly
 W

ar
ni

ng
 D

ril
lin

g 
P

ro
gr

am
 S

ite
 2

2 
al

so
 in

di
ca

te
 s

om
e 

de
gr

ee
 o

f 
he

te
ro

ge
ne

ity
 in

 th
e 

al
lu

vi
um

, n
o 

cr
ed

it 
is

 ta
ke

n 
fo

r m
at

rix
 d

iff
us

io
n 

in
 

th
e 

al
lu

vi
al

 u
ni

ts
 b

as
ed

 o
n 

co
ns

id
er

at
io

n 
fo

r c
on

se
rv

at
is

m
.  

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
08

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
C

he
m

ic
al

 
E

nv
iro

nm
en

t
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-203 February 2008 



 

   

 

  

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.0

9.
0A

S
or

pt
io

n 
in

 th
e

S
Z In
cl

ud
ed

 

S
or

pt
io

n 
pl

ay
s 

an
 im

po
rta

nt
 ro

le
 in

 d
el

ay
in

g 
th

e 
m

ov
em

en
t o

f m
os

t 
ra

di
on

uc
lid

es
 th

ro
ug

h 
th

e 
sa

tu
ra

te
d 

zo
ne

.  
S

ev
er

al
 ra

di
on

uc
lid

es
, 

in
cl

ud
in

g 
th

os
e 

th
at

 c
on

tri
bu

te
 th

e 
m

os
t s

ig
ni

fic
an

t f
ra

ct
io

n 
of

 th
e 

in
ve

nt
or

y 
(fo

r e
xa

m
pl

e,
 90

 Sr
, 13

7 C
s,

 23
9 P

u,
 24

0 Pu
, 24

1 Am
, a

nd
 24

3 A
m

),
ar

e 
m

od
er

at
el

y 
to

 h
ig

hl
y 

so
rb

ed
 in

 th
e 

sa
tu

ra
te

d 
zo

ne
. T

he
re

fo
re

, 
so

rp
tio

n 
is

 in
cl

ud
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

A
bs

tra
ct

io
n 

M
od

el
 

us
in

g 
a 

lin
ea

r e
qu

ili
br

iu
m

 s
or

pt
io

n 
(K

d )
 m

od
el

.  
Th

e 
K

d d
is

tri
bu

tio
ns

w
er

e 
de

ve
lo

pe
d 

th
ro

ug
h 

la
bo

ra
to

ry
 e

xp
er

im
en

ts
 u

nd
er

 v
ar

io
us

 
co

nd
iti

on
s 

(ti
m

e,
 e

le
m

en
t c

on
ce

nt
ra

tio
n,

 a
tm

os
ph

er
ic

 c
om

po
si

tio
n,

 
pa

rti
cl

e 
si

ze
, a

nd
 te

m
pe

ra
tu

re
) w

ith
 c

or
re

la
tio

ns
 b

as
ed

 o
n 

co
ns

id
er

at
io

n 
of

 s
uc

h 
va

ria
bl

es
 a

s 
pH

, E
h,

 w
at

er
 c

he
m

is
try

, r
oc

k 
co

m
po

si
tio

n,
 ro

ck
-s

ur
fa

ce
 a

re
a,

 a
nd

 ra
di

on
uc

lid
e 

co
nc

en
tra

tio
n.

  T
he

 
K

d d
is

tri
bu

tio
ns

 w
er

e 
sa

m
pl

ed
 in

 th
e 

TS
P

A
 to

 a
cc

ou
nt

 fo
r t

he
 e

ffe
ct

s 
of

 n
at

ur
al

 v
ar

ia
tio

ns
 in

 p
or

e-
w

at
er

 c
he

m
is

try
 a

nd
 m

in
er

al
 s

ur
fa

ce
s.

  
A

lth
ou

gh
 it

 c
ou

ld
 p

ot
en

tia
lly

 fu
rth

er
 d

el
ay

 ra
di

on
uc

lid
e 

m
ov

em
en

t 
th

ro
ug

h 
th

e 
sa

tu
ra

te
d 

zo
ne

, s
or

pt
io

n 
of

 d
is

so
lv

ed
 o

r c
ol

lo
id

al
 

ra
di

on
uc

lid
es

 o
nt

o 
fra

ct
ur

e 
su

rfa
ce

s 
is

 n
ot

 c
on

si
de

re
d 

in
 th

e 
S

Z 
Fl

ow
an

d 
Tr

an
sp

or
t A

bs
tra

ct
io

n 
M

od
el

 d
ue

 to
 in

su
ffi

ci
en

t d
at

a.
  S

or
pt

io
n 

is
de

te
rm

in
ed

 to
 b

e 
IT

B
C

 fo
r t

he
 s

at
ur

at
ed

 z
on

e.
   

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
09

.0
A 

Y
es

 
IT

B
C

:
S

at
ur

at
ed

 Z
on

e
C

he
m

ic
al

 
E

nv
iro

nm
en

t
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-204 February 2008 



 

   

 
 

 

 

  

 

 

 
 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

08
.1

0.
0A

C
ol

lo
id

al
 

Tr
an

sp
or

t i
n 

th
e 

S
Z In
cl

ud
ed

 

S
ev

er
al

 ra
di

on
uc

lid
es

 c
an

 b
e 

tra
ns

po
rte

d 
irr

ev
er

si
bl

y 
or

 re
ve

rs
ib

ly
at

ta
ch

ed
 to

 c
ol

lo
id

s 
(n

ot
ab

ly
 23

9 P
u,

 24
0 P

u,
 24

1 Am
, a

nd
 24

3 Am
). 

Th
es

e 
co

llo
id

s 
ca

n 
be

 fi
lte

re
d 

an
d 

re
ta

rd
ed

 a
s 

th
ey

 a
re

 tr
an

sp
or

te
d 

th
ro

ug
h 

th
e 

fra
ct

ur
ed

 ro
ck

 m
as

s 
an

d 
po

ro
us

 a
llu

vi
um

 s
uc

h 
th

at
 th

ei
r 

m
ov

em
en

t i
s 

pr
ev

en
te

d 
or

 th
e 

ra
te

 o
f m

ov
em

en
t i

s 
su

bs
ta

nt
ia

lly
re

du
ce

d.
  C

ol
lo

id
al

 tr
an

sp
or

t i
s 

af
fe

ct
ed

 b
y 

th
e 

ty
pe

 o
f c

ol
lo

id
 a

nd
 th

e 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
w

at
er

-c
on

du
ct

in
g 

fe
at

ur
es

.  
C

ol
lo

id
al

 tr
an

sp
or

t
ef

fe
ct

s,
 in

cl
ud

in
g 

re
ta

rd
at

io
n 

of
 c

ol
lo

id
s 

in
 th

e 
sa

tu
ra

te
d 

zo
ne

, a
re

 
in

cl
ud

ed
 in

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

.  
B

as
ed

 o
n

co
ns

id
er

at
io

ns
 fo

r c
on

se
rv

at
is

m
, a

 s
m

al
l f

ra
ct

io
n 

of
 th

e 
co

llo
id

s 
is

 
m

od
el

ed
 a

s 
un

re
ta

rd
ed

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

, a
nd

 c
ol

lo
id

 m
at

rix
 

di
ffu

si
on

 is
 n

ot
 in

cl
ud

ed
 in

 th
e 

m
od

el
 b

ec
au

se
 it

s 
ef

fe
ct

 o
n 

sa
tu

ra
te

d 
zo

ne
 tr

an
sp

or
t i

s 
ex

pe
ct

ed
 to

 b
e 

sm
al

l. 
 A

lth
ou

gh
 c

on
si

de
re

d 
an

d 
ac

co
un

te
d 

fo
r i

n 
th

e 
po

st
cl

os
ur

e 
an

al
yz

ed
 b

as
is

, t
he

 c
on

tri
bu

tio
n 

of
 

co
llo

id
 tr

an
sp

or
t p

ro
ce

ss
es

 is
 le

ss
 s

ig
ni

fic
an

t t
ha

n 
th

at
 a

ss
oc

ia
te

d 
w

ith
 th

e 
tra

ns
po

rt 
of

 d
is

so
lv

ed
 ra

di
on

uc
lid

es
 a

nd
 p

ar
am

et
er

 
ch

ar
ac

te
ris

tic
s 

as
so

ci
at

ed
 w

ith
 th

e 
tra

ns
po

rt 
of

 c
ol

lo
id

s 
ar

e 
no

t 
co

ns
id

er
ed

 im
po

rta
nt

 to
 b

ar
rie

r c
ap

ab
ilit

y.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.0

8.
10

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

N
on

e 

S
at

ur
at

ed
 Z

on
e 

2.
2.

09
.0

1.
0A

M
ic

ro
bi

al
 A

ct
iv

ity
in

 th
e 

S
Z

Ex
cl

ud
ed

 

H
et

er
ot

ro
ph

ic
 m

ic
ro

bi
al

 a
ct

iv
ity

, w
hi

ch
 u

se
s 

or
ga

ni
c 

ca
rb

on
 a

s 
th

e 
so

le
 e

ne
rg

y 
so

ur
ce

, i
s 

ex
pe

ct
ed

 to
 b

e 
lim

ite
d 

be
ca

us
e 

gr
ou

nd
w

at
er

 
sa

m
pl

es
 ta

ke
n 

in
di

ca
te

 li
ttl

e 
to

 n
o 

or
ga

ni
c 

ca
rb

on
 in

 g
ro

un
dw

at
er

.  
Ad

di
tio

na
lly

, a
ny

 p
ot

en
tia

l a
ut

ot
ro

ph
ic

 m
ic

ro
bi

al
 re

ac
tio

n 
w

ill
 n

ot
 

ge
ne

ra
te

 C
O

2 . 
E

ve
n 

in
 th

e 
ev

en
ts

 th
at

 o
rg

an
ic

 c
ar

bo
n 

is
 c

on
ve

rte
d 

to
 C

O
2 , 

th
e 

re
su

lti
ng

 p
er

tu
rb

at
io

n 
to

 th
e 

pH
 a

nd
 c

ar
bo

na
te

 w
at

er
 

ch
em

is
try

 w
ou

ld
 b

e 
ne

gl
ig

ib
le

.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.0
9.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e

Tr
an

sp
or

t 
R

ad
io

nu
cl

id
e 

In
ve

nt
or

y 
an

d 
So

ur
ce

 
Te

rm
 P

ro
pe

rti
es

 
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-205 February 2008 



 

   

 
 

 

 

  

 

 
 

 

 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

10
.0

2.
0A

Th
er

m
al

 
C

on
ve

ct
io

n 
C

el
l

D
ev

el
op

s 
in

 S
Z 

Ex
cl

ud
ed

 

Th
er

m
al

-h
yd

ro
lo

gi
c 

m
od

el
in

g 
in

di
ca

te
s 

th
at

 th
e 

w
at

er
-ta

bl
e 

te
m

pe
ra

tu
re

 w
ill

 p
ea

k 
ap

pr
ox

im
at

el
y 

6,
00

0 
ye

ar
s 

af
te

r c
lo

su
re

, a
t 

le
ss

 th
an

 a
bo

ut
 3

0°
C

 a
bo

ve
 th

e 
cu

rre
nt

 a
m

bi
en

t t
em

pe
ra

tu
re

.  
A

n 
an

al
ys

is
 u

si
ng

 th
e 

R
ay

le
ig

h 
nu

m
be

r i
nd

ic
at

es
 th

at
 th

e 
pe

ak
te

m
pe

ra
tu

re
 is

 b
el

ow
 th

e 
cr

iti
ca

l v
al

ue
 fo

r t
he

 o
ns

et
 o

f c
on

ve
ct

io
n 

in
 

th
e 

sa
tu

ra
te

d 
zo

ne
. 

A
dd

iti
on

al
ly

, t
he

 p
ea

k 
te

m
pe

ra
tu

re
 is

 e
st

im
at

ed
 

to
 re

su
lt 

in
 a

 w
at

er
-ta

bl
e 

m
ou

nd
in

g 
of

 5
.0

5 
m

 a
nd

 a
 2

1%
 in

cr
ea

se
 in

 
th

e 
hy

dr
au

lic
 g

ra
di

en
t, 

w
hi

ch
 a

re
 s

m
al

l v
ar

ia
tio

ns
 c

om
pa

re
d 

to
 th

e 
un

ce
rta

in
ty

 o
f g

ro
un

dw
at

er
 s

pe
ci

fic
 d

is
ch

ar
ge

 a
lre

ad
y 

ca
pt

ur
ed

 in
 th

e 
S

Z 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

A
bs

tra
ct

io
n 

M
od

el
.  

 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

02
.0

A 

N
o 

N
on

-IT
B

C
:

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e 
Fl

ow
E

xt
en

t o
f S

at
ur

at
ed

 
Zo

ne
 

G
eo

th
er

m
al

 G
ra

di
en

t
W

as
te

 P
ac

ka
ge

S
ou

rc
e 

Te
rm

, 
In

ve
nt

or
y,

 In
ve

nt
or

y
D

ec
ay

, a
nd

 D
ec

ay
H

ea
t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 

S
at

ur
at

ed
 Z

on
e 

2.
2.

10
.0

3.
0A

N
at

ur
al

G
eo

th
er

m
al

E
ffe

ct
s 

on
 F

lo
w

in
 th

e 
S

Z
In

cl
ud

ed
 

N
at

ur
al

 g
eo

th
er

m
al

 e
ffe

ct
s,

 a
s 

th
ey

 in
flu

en
ce

 fl
ui

d 
pr

op
er

tie
s,

 a
re

 
im

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
S

Z 
S

ite
-S

ca
le

 F
lo

w
 M

od
el

, w
hi

ch
 s

er
ve

s 
as

 
th

e 
ba

si
s 

fo
r t

he
 S

Z 
Fl

ow
 a

nd
 T

ra
ns

po
rt 

A
bs

tra
ct

io
n 

M
od

el
. 

S
tu

di
es

 
of

 tw
o-

ph
as

e 
flu

id
 in

cl
us

io
ns

 in
 th

e 
 u

ns
at

ur
at

ed
 z

on
e 

sh
ow

 th
at

 
si

gn
ifi

ca
nt

 o
r w

id
es

pr
ea

d 
al

te
ra

tio
n 

of
 th

e 
na

tu
ra

l g
eo

th
er

m
al

 
gr

ad
ie

nt
 h

as
 n

ot
 o

cc
ur

re
d 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
, w

hi
ch

 im
pl

ie
s 

th
at

 
si

gn
ifi

ca
nt

 c
ha

ng
e 

to
 th

e 
ge

ot
he

rm
al

 g
ra

di
en

t h
as

 li
ke

w
is

e 
be

en
 

ab
se

nt
 fr

om
 th

e 
sa

tu
ra

te
d 

zo
ne

. 
Th

er
ef

or
e,

 th
is

 p
ro

ce
ss

, a
lth

ou
gh

 
in

cl
ud

ed
 in

 th
e 

m
od

el
s 

of
 s

at
ur

at
ed

 z
on

e 
flo

w
, d

oe
s 

no
t s

ig
ni

fic
an

tly
af

fe
ct

 th
e 

gr
ou

nd
w

at
er

 fl
ow

pa
th

s 
or

 ra
te

 o
f m

ov
em

en
t o

f 
ra

di
on

uc
lid

es
.  

Th
er

ef
or

e,
 th

e 
ef

fe
ct

 is
 c

on
si

de
re

d 
no

n-
IT

B
C

 fo
r t

he
 

sa
tu

ra
te

d 
zo

ne
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
03

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

E
xt

en
t o

f S
at

ur
at

ed
 

Zo
ne

 
G

eo
th

er
m

al
 G

ra
di

en
t 

N
on

-IT
B

C
:

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

ANL-WIS-MD-000024 REV 01 A-206 February 2008 



 

   

 

 
 

 

 

 

 

  

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

10
.0

8.
0A

Th
er

m
o

ch
em

ic
al

 
A

lte
ra

tio
n 

in
 th

e
S

Z 
(s

ol
ub

ili
ty

,
sp

ec
ia

tio
n,

 
ph

as
e 

ch
an

ge
s,

 
pr

ec
ip

ita
tio

n/
 

di
ss

ol
ut

io
n)

Ex
cl

ud
ed

 

A
na

ly
se

s 
sh

ow
 th

at
 p

ot
en

tia
l t

he
rm

al
-c

he
m

ic
al

 p
ro

ce
ss

es
 h

av
e 

in
si

gn
ifi

ca
nt

 e
ffe

ct
s 

on
 c

he
m

ic
al

 c
om

po
si

tio
ns

 in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
 (s

ee
 F

E
P

 2
.2

.1
0.

06
.0

A
 T

he
rm

o-
ch

em
ic

al
 a

lte
ra

tio
n 

in
 th

e 
un

sa
tu

ra
te

d 
zo

ne
). 

 S
im

ila
rly

 fo
r t

he
 s

at
ur

at
ed

 z
on

e,
 th

er
m

al
-

hy
dr

ol
og

ic
 m

od
el

in
g 

in
di

ca
te

 th
at

 th
e 

w
at

er
-ta

bl
e 

te
m

pe
ra

tu
re

 w
ill

 
pe

ak
 a

pp
ro

xi
m

at
el

y 
6,

00
0 

ye
ar

s 
af

te
r c

lo
su

re
, a

t l
es

s 
th

an
 a

bo
ut

 
30

°C
 a

bo
ve

 th
e 

cu
rre

nt
 a

m
bi

en
t t

em
pe

ra
tu

re
; s

uc
h 

te
m

pe
ra

tu
re

 
in

cr
ea

se
s 

w
ill

 b
e 

in
su

ffi
ci

en
t t

o 
al

te
r t

he
 z

eo
lit

es
 (c

lin
op

til
ol

ite
) a

nd
 

w
ill

 h
av

e 
no

 e
ffe

ct
 o

n 
so

rp
tio

n 
co

ef
fic

ie
nt

s 
(K

d s
) s

in
ce

 th
e 

K
d s

 a
re

 
ei

th
er

 u
na

ffe
ct

ed
 b

y 
te

m
pe

ra
tu

re
 o

r i
nc

re
as

e 
sl

ig
ht

ly
 w

ith
te

m
pe

ra
tu

re
.  

Fr
ac

tu
re

 p
er

m
ea

bi
lit

ie
s 

m
ay

 b
e 

sl
ig

ht
ly

 re
du

ce
d 

as
 a

 
re

su
lt 

of
 m

in
er

al
 p

re
ci

pi
ta

tio
n 

of
 s

ilic
a 

an
d 

ca
lc

ite
, h

ow
ev

er
, t

he
 

ef
fe

ct
s 

ar
e 

in
co

ns
eq

ue
nt

ia
l t

o 
si

te
-s

ca
le

 fl
ow

 a
nd

 tr
an

sp
or

t i
n 

th
e 

sa
tu

ra
te

d 
zo

ne
. 

Fi
na

lly
, a

ny
 th

er
m

al
ly

-in
du

ce
d 

ch
an

ge
s 

in
 

un
sa

tu
ra

te
d 

zo
ne

 w
at

er
 c

he
m

is
try

 w
ou

ld
 b

e 
fu

rth
er

 d
ilu

te
d,

 g
iv

en
 th

e 
re

la
tiv

el
y 

sm
al

l v
ol

um
e 

of
 u

ns
at

ur
at

ed
 z

on
e 

w
at

er
 th

at
 c

on
tri

bu
te

s 
to

 
th

e 
to

ta
l w

at
er

 fl
ow

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

.  
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

0.
08

.0
A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
R

ep
os

ito
ry

 E
le

va
tio

n 
ab

ov
e 

th
e 

W
at

er
 

Ta
bl

e 

ANL-WIS-MD-000024 REV 01 A-207 February 2008 



 

   

 

 

 

  

 
  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

10
.1

3.
0A

R
ep

os
ito

ry
-

In
du

ce
d 

Th
er

m
al

 
E

ffe
ct

s 
on

 F
lo

w
in

 th
e 

S
Z

Ex
cl

ud
ed

 

Th
er

m
al

-h
yd

ro
lo

gi
c 

m
od

el
in

g 
in

di
ca

te
s 

th
at

 th
e 

w
at

er
-ta

bl
e 

te
m

pe
ra

tu
re

 w
ill

 p
ea

k 
ap

pr
ox

im
at

el
y 

6,
00

0 
ye

ar
s 

af
te

r c
lo

su
re

, a
t 

le
ss

 th
an

 a
bo

ut
 3

0°
C

 a
bo

ve
 th

e 
cu

rre
nt

 a
m

bi
en

t t
em

pe
ra

tu
re

.  
S

uc
h 

te
m

pe
ra

tu
re

 in
cr

ea
se

s 
w

ill
 n

ot
 c

au
se

 th
e 

gr
ou

nd
w

at
er

 s
pe

ci
fic

 
di

sc
ha

rg
e 

to
 a

pp
ro

ac
h 

th
e 

up
pe

r l
im

it 
of

 th
e 

un
ce

rta
in

ty
 ra

ng
e 

co
ns

id
er

ed
 in

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

.  
In

ad
di

tio
n,

 a
lth

ou
gh

 in
cr

ea
se

d 
te

m
pe

ra
tu

re
s 

ca
n 

ca
us

e 
so

m
e 

ch
an

ge
s 

in
 g

ro
un

dw
at

er
 c

he
m

is
try

, t
he

 v
ar

ia
bi

lit
y 

in
tro

du
ce

d 
by

 s
uc

h 
ch

an
ge

s 
w

ill
 b

e 
m

uc
h 

le
ss

 th
an

 is
 a

lre
ad

y 
in

cl
ud

ed
 in

 th
e 

ra
ng

e 
of

 d
is

tri
bu

tio
n 

co
ef

fic
ie

nt
s 

us
ed

 to
 m

od
el

 s
or

pt
io

n.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 2
.2

.1
0.

13
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

C
he

m
ic

al
 

E
nv

iro
nm

en
t

In
-D

rif
t T

he
rm

al
 

E
nv

iro
nm

en
t,

C
on

ve
ct

io
n,

 
C

on
de

ns
at

io
n,

 a
nd

 
Ev

ap
or

at
io

n 
S

at
ur

at
ed

 Z
on

e
P

ro
pe

rti
es

 
S

at
ur

at
ed

 Z
on

e
Tr

an
sp

or
t 

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

D
rif

t W
al

l
Te

m
pe

ra
tu

re
 

W
as

te
 P

ac
ka

ge
Sp

ac
in

g 
R

ep
os

ito
ry

 E
le

va
tio

n 
ab

ov
e 

th
e 

W
at

er
 

Ta
bl

e 

S
at

ur
at

ed
 Z

on
e 

2.
2.

11
.0

1.
0A

G
as

 E
ffe

ct
s 

in
th

e 
S

Z
Ex

cl
ud

ed
 

Th
er

e 
is

 n
o 

ev
id

en
ce

 o
f l

ar
ge

-s
ca

le
 g

as
 b

ui
ld

-u
p 

in
 th

e 
sa

tu
ra

te
d 

zo
ne

, o
r s

ig
ni

fic
an

t v
ol

um
es

 o
f o

il 
or

 g
as

 in
 th

e 
Y

uc
ca

 M
ou

nt
ai

n 
vi

ci
ni

ty
.  

A
dd

iti
on

al
ly

, t
he

re
 is

 n
o 

po
te

nt
ia

l f
or

 c
la

th
ra

te
s 

or
 fo

r 
m

ic
ro

bi
al

 d
eg

ra
da

tio
n 

of
 o

rg
an

ic
 c

om
po

ne
nt

s 
as

 p
ot

en
tia

l 
hy

dr
oc

ar
bo

n 
or

 g
as

 s
ou

rc
es

 a
t Y

uc
ca

 M
ou

nt
ai

n.
  F

ur
th

er
m

or
e,

 
de

gr
ad

at
io

n 
of

 re
po

si
to

ry
 c

om
po

ne
nt

s 
th

at
 w

ou
ld

 p
ot

en
tia

lly
 p

ro
du

ce
 

ga
s 

is
 n

ot
 e

xp
ec

te
d 

to
 a

ffe
ct

 fl
ow

 a
nd

 tr
an

sp
or

t i
n 

th
e 

sa
tu

ra
te

d 
zo

ne
.

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

1.
01

.0
A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

S
ou

rc
e 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-208 February 2008 



 

   

 
 

 
 

 
 

 

 
 

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

2.
2.

12
.0

0.
0B

U
nd

et
ec

te
d 

Fe
at

ur
es

 in
 th

e
S

Z In
cl

ud
ed

 

P
ot

en
tia

l i
m

pa
ct

s 
on

 g
ro

un
dw

at
er

 fl
ow

 fr
om

 u
nd

et
ec

te
d 

fe
at

ur
es

 in
 

th
e 

sa
tu

ra
te

d 
zo

ne
, s

uc
h 

as
 fr

ac
tu

re
 z

on
es

, i
nh

om
og

en
ei

tie
s,

 fa
ul

ts
, 

gr
av

el
 le

ns
es

, a
nd

 c
ha

nn
el

s 
in

 th
e 

al
lu

vi
um

 a
re

 im
pl

ic
itl

y
in

co
rp

or
at

ed
 in

 th
e 

S
Z 

flo
w

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

 a
nd

 th
e 

S
Z 

1-
D

 T
ra

ns
po

rt 
M

od
el

 th
ro

ug
h 

st
oc

ha
st

ic
 p

ar
am

et
er

 d
is

tri
bu

tio
ns

.  
Th

e 
S

ite
-S

ca
le

 S
Z 

Fl
ow

 M
od

el
 is

 b
as

ed
 o

n 
ob

se
rv

ed
 a

nd
 in

fe
rre

d 
flo

w
 p

at
hs

 a
nd

 fl
ow

 p
ro

pe
rti

es
, a

nd
 u

nc
er

ta
in

ty
 in

 th
e 

m
od

el
s

im
pl

ic
itl

y 
in

cl
ud

es
 th

e 
ef

fe
ct

s 
of

 th
es

e 
di

sc
re

te
 fe

at
ur

es
, w

he
th

er
 

de
te

ct
ed

 o
r u

nd
et

ec
te

d.
  G

ro
un

dw
at

er
 s

pe
ci

fic
 d

is
ch

ar
ge

 in
 th

e 
sa

tu
ra

te
d 

zo
ne

 m
ay

 b
e 

en
ha

nc
ed

 d
ue

 to
 th

e 
pr

es
en

ce
 o

f u
nd

et
ec

te
d 

fe
at

ur
es

. 
In

 th
e 

al
lu

vi
um

, u
nd

et
ec

te
d 

fe
at

ur
es

 c
ou

ld
 b

e 
gr

av
el

 le
ns

es
 

an
d 

ch
an

ne
ls

, a
nd

 in
 th

e 
vo

lc
an

ic
 u

ni
ts

 u
nd

et
ec

te
d 

fe
at

ur
es

 c
ou

ld
 b

e
fa

ul
ts

 a
nd

 fr
ac

tu
re

s 
or

 fr
ac

tu
re

 c
lu

st
er

s.
  U

nc
er

ta
in

tie
s 

in
 p

ar
am

et
er

s
re

la
te

d 
to

 th
es

e 
fe

at
ur

es
 a

re
 a

pp
lie

d 
to

 th
e 

hy
dr

og
eo

lo
gi

c 
un

its
 w

he
n 

ge
ne

ra
tin

g 
sa

tu
ra

te
d 

zo
ne

 b
re

ak
th

ro
ug

h 
cu

rv
es

 fo
r t

he
 T

SP
A

.  
Th

is
 

m
od

el
in

g 
ap

pr
oa

ch
, c

ou
pl

ed
 w

ith
 a

de
qu

at
e 

ch
ar

ac
te

riz
at

io
n 

of
 th

e 
sa

tu
ra

te
d 

zo
ne

, e
ns

ur
es

 th
at

 g
ro

un
dw

at
er

 fl
ow

 ra
te

s 
an

d 
flo

w
 p

at
hs

 
ar

e 
no

t s
ig

ni
fic

an
tly

 a
ffe

ct
ed

 b
y 

an
y 

un
de

te
ct

ed
 fe

at
ur

es
. T

he
re

fo
re

, 
th

is
 e

ffe
ct

 is
 n

on
-IT

B
C

 fo
r t

he
 s

at
ur

at
ed

 z
on

e.
 

FE
P 

So
ur

ce
:

SN
L 

20
08

 [D
IR

S 
18

30
41

] –
 2

.2
.1

2.
00

.0
B 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

S
at

ur
at

ed
 Z

on
e 

Fl
ow

 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-209 February 2008 



 

   

 

 
 

 

 

 
 

 
 

 

  

 

Postclosure Nuclear Safety Design Bases 

Ta
bl

e 
A

-3
. 

IT
B

C
 A

na
ly

si
s 

of
 L

ow
er

 N
at

ur
al

 B
ar

rie
r F

E
P

s 
(C

on
tin

ue
d)

 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

3.
1.

01
.0

1.
0A

R
ad

io
ac

tiv
e 

D
ec

ay
 a

nd
 

In
gr

ow
th

 
In

cl
ud

ed
 

R
ad

io
nu

cl
id

es
 th

at
 h

av
e 

lo
w

 a
dv

ec
tiv

e 
ve

lo
ci

ty
 a

nd
 a

re
 h

ig
hl

y 
so

rb
ed

 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
 c

an
 h

av
e 

su
ffi

ci
en

t r
ad

io
ac

tiv
e 

de
ca

y 
al

on
g 

th
ei

r t
ra

ve
l p

at
h 

af
te

r c
lo

su
re

 to
 s

ig
ni

fic
an

tly
 re

du
ce

 th
e 

ra
te

 o
f 

m
ov

em
en

t t
o 

th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
 T

he
 d

eg
re

e 
of

 d
ec

ay
 is

 a
 

fu
nc

tio
n 

of
 th

e 
ha

lf-
lif

e 
of

 th
e 

ra
di

on
uc

lid
e 

in
 c

om
pa

ris
on

 to
 th

e 
tra

ns
po

rt 
tim

e 
al

on
g 

th
e 

ex
pe

ct
ed

 tr
av

el
 p

at
hs

 b
et

w
ee

n 
th

e
re

po
si

to
ry

 a
nd

 th
e 

ac
ce

ss
ib

le
 e

nv
iro

nm
en

t. 
 F

or
 o

th
er

 ra
di

on
uc

lid
es

 
(n

ot
ab

ly
 24

1 A
m

 to
 23

7 N
p)

, i
ng

ro
w

th
 c

an
 in

cr
ea

se
 th

e 
ef

fe
ct

iv
e 

ra
te

 o
f 

ra
di

on
uc

lid
e 

m
ov

em
en

t. 
 B

ot
h 

of
 th

es
e 

pr
oc

es
se

s 
ar

e 
in

cl
ud

ed
 fo

r 
bo

th
 d

is
so

lv
ed

 a
nd

 c
ol

lo
id

al
 ra

di
on

uc
lid

e 
tra

ns
po

rt 
in

 th
e 

sa
tu

ra
te

d 
zo

ne
 tr

an
sp

or
t (

S
N

L 
20

07
 [D

IR
S

 1
83

75
0]

, S
ec

tio
n 

7.
4.

2 
[b

]; 
6.

7.
4.

2 
[b

]).
 D

ec
ay

 is
 c

on
si

de
re

d 
in

 th
e 

S
Z 

Fl
ow

 a
nd

 T
ra

ns
po

rt 
A

bs
tra

ct
io

n 
M

od
el

, a
nd

 a
dd

iti
on

al
ly

, i
ng

ro
w

th
 in

 th
e 

S
Z 

1-
D

 T
ra

ns
po

rt 
M

od
el

.  
R

ad
io

ac
tiv

e 
de

ca
y 

an
d 

in
gr

ow
th

 a
re

 m
uc

h 
lik

e 
in

ve
nt

or
y,

 w
hi

ch
 is

 
w

el
l c

ha
ra

ct
er

iz
ed

 g
iv

en
 th

e 
fix

ed
 in

ve
nt

or
y 

th
at

 is
 u

se
d 

in
 th

e 
an

al
yz

ed
 b

as
is

.  
A

ny
 c

ha
ng

e 
to

 in
ve

nt
or

y 
w

ill
 b

e 
m

an
ag

ed
 b

y 
th

e
ch

an
ge

 e
va

lu
at

io
n 

pr
oc

es
s 

(s
ee

 S
ec

tio
n 

6.
1.

8)
.  

Th
e 

de
ca

y 
an

d 
in

gr
ow

th
 p

ro
ce

ss
es

 a
re

 n
ot

 c
on

si
de

re
d 

IT
B

C
 fo

r t
he

 s
at

ur
at

ed
 z

on
e 

be
ca

us
e 

th
e 

av
er

ag
e 

gr
ou

nd
w

at
er

 re
si

de
nc

e 
tim

e 
th

ro
ug

h 
th

e 
sa

tu
ra

te
d 

zo
ne

 is
 m

uc
h 

sh
or

te
r t

ha
n 

th
e 

ha
lf-

liv
es

 o
f m

aj
or

 d
os

e 
co

nt
rib

ut
or

s.
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 3
.1

.0
1.

01
.0

A 

N
o 

N
on

-IT
B

C
:

R
ad

io
nu

cl
id

e 
In

ve
nt

or
y 

an
d 

So
ur

ce
 

Te
rm

 P
ro

pe
rti

es
 

W
as

te
 P

ac
ka

ge
S

ou
rc

e 
Te

rm
, 

In
ve

nt
or

y,
 In

ve
nt

or
y

D
ec

ay
, a

nd
 D

ec
ay

H
ea

t 

N
on

-IT
B

C
:

N
on

e 

ANL-WIS-MD-000024 REV 01 A-210 February 2008 



 
Ta

bl
e 

A
-3

. 
IT

B
C

 A
na

ly
si

s 
of

 L
ow

er
 N

at
ur

al
 B

ar
rie

r F
E

P
s 

(C
on

tin
ue

d)
 


Fe
at

ur
e 

/
C

om
po

ne
nt

 

FE
P 

N
um

be
r

N
am

e,
 a

nd
Sc

re
en

in
g

D
ec

is
io

n 
D

is
cu

ss
io

n 
of

 E
ffe

ct
 o

n 
B

ar
rie

r C
ap

ab
ili

ty
 

R
el

at
es

 
to

 IT
B

C
1 

C
or

e 
Pa

ra
m

et
er

 
C

ha
ra

ct
er

is
tic

2 
C

on
tr

ol
 P

ar
am

et
er

C
ha

ra
ct

er
is

tic
3 

S
at

ur
at

ed
 Z

on
e 

3.
2.

07
.0

1.
0A

Is
ot

op
ic

 D
ilu

tio
n 

Ex
cl

ud
ed

 

In
 g

en
er

al
, f

or
 ra

di
on

uc
lid

es
 th

at
 a

re
 ra

re
 in

 th
e 

na
tu

ra
l e

nv
iro

nm
en

t, 
su

ch
 a

s 
is

ot
op

es
 o

f t
ec

hn
et

iu
m

, p
lu

to
ni

um
, a

nd
 a

m
er

ic
iu

m
, i

so
to

pi
c 

 
di

lu
tio

n 
of

 ra
di

on
uc

lid
es

 o
f r

ep
os

ito
ry

 o
rig

in
, b

y 
na

tu
ra

l s
ou

rc
es

, 
w

ou
ld

 n
ot

 o
cc

ur
.  

Fo
r o

th
er

 n
at

ur
al

ly
 o

cc
ur

rin
g 

is
ot

op
es

 o
f e

le
m

en
ts

 
su

ch
 a

s 
st

ro
nt

iu
m

, u
ra

ni
um

, a
nd

 c
ar

bo
n 

pr
es

en
t i

n 
th

e 
sa

tu
ra

te
d 

 
zo

ne
, i

so
to

pi
c 

di
lu

tio
n 

co
ul

d 
on

ly
 d

ilu
te

 th
ei

r c
on

ce
nt

ra
tio

ns
 a

nd
 th

us
 

re
du

ce
 th

e 
ra

di
ol

og
ic

al
 c

on
se

qu
en

ce
s.

  T
he

 e
ffe

ct
 is

 n
on

-IT
B

C
 

be
ca

us
e 

it 
is

 e
xp

ec
te

d 
to

 b
e 

in
si

gn
ifi

ca
nt

. 
FE

P 
So

ur
ce

:
SN

L 
20

08
 [D

IR
S 

18
30

41
] –

 3
.2

.0
7.

01
.0

A 

N
o 

N
on

-IT
B

C
:

S
at

ur
at

ed
 Z

on
e

P
ro

pe
rti

es
 

N
on

-IT
B

C
:  

R
ep

os
ito

ry
G

eo
gr

ap
hi

c 
an

d 
G

eo
lo

gi
c 

Lo
ca

tio
n 

 1 
A

 F
E

P
 re

la
te

s 
to

 a
 P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
 if

 it
 d

ire
ct

ly
 in

flu
en

ce
s 

or
 is

 d
ire

ct
ly

 in
flu

en
ce

d 
by

 th
e 

pa
ra

m
et

er
 c

ha
ra

ct
er

is
tic

.  
Th

e 
P

ar
am

et
er

 is
 d

et
er

m
in

ed
 to

 b
e 

IT
B

C
 if

 fo
r a

 p
ar

tic
ul

ar
 B

ar
rie

r a
nd

 B
ar

rie
r F

ea
tu

re
, t

ha
t P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
 s

ub
st

an
tia

lly
 a

ffe
ct

s 
th

e 
ra

te
 o

f m
ov

em
en

t o
f w

at
er

 a
nd

 th
e 

re
le

as
e 

or
 re

le
as

e 
ra

te
 o

f r
ad

io
nu

cl
id

es
 fr

om
 th

e 
Y

uc
ca

 M
ou

nt
ai

n 
re

po
si

to
ry

 to
 th

e 
ac

ce
ss

ib
le

 e
nv

iro
nm

en
t. 

 
 

2 
E

nt
rie

s 
in

 th
is

 c
ol

um
n 

id
en

tif
y 

ar
ea

s 
w

hi
ch

 s
up

po
rt 

th
e 

an
al

yz
ed

 b
as

is
 a

nd
 a

re
 n

ot
 a

m
en

ab
le

 to
 d

ire
ct

 c
on

tro
l o

r i
de

nt
ifi

ed
 a

s 
a 

C
on

tro
l P

ar
am

et
er

 C
ha

ra
ct

er
is

tic
. 

  3 
C

on
tro

l P
ar

am
et

er
 C

ha
ra

ct
er

is
tic

s 
id

en
tif

y 
th

e 
ar

ea
s 

w
he

re
 c

on
tro

ls
 fo

r o
pe

ra
tio

ns
 a

nd
 d

es
ig

n 
ar

e 
re

qu
ire

d 
to

 s
up

po
rt 

th
e 

an
al

yz
ed

 b
as

is
.  

A
ny

 c
ha

ng
es

 to
 th

e 
co

nt
ro

ls
 o

r t
he

 d
es

ig
n 

w
ill

 b
e 

ev
al

ua
te

d 
th

ro
ug

h 
an

 e
st

ab
lis

he
d 

ch
an

ge
 c

on
tro

l p
ro

ce
ss

, w
hi

ch
 w

ill
 in

cl
ud

e 
an

 e
va

lu
at

io
n 

of
 th

e 
im

pa
ct

s 
of

 c
ha

ng
e 

on
 F

E
P

s,
 

IT
B

C
, a

na
ly

si
s 

an
d/

or
 m

od
el

 re
po

rts
, m

od
el

s,
 a

nd
 a

ss
um

pt
io

ns
 th

at
 s

up
po

rt 
th

e 
LA

. 

   

Postclosure Nuclear Safety Design Bases 

ANL-WIS-MD-000024 REV 01 A-211 February 2008 



   

Postclosure Nuclear Safety Design Bases 

INTENTIONALLY LEFT BLANK 


ANL-WIS-MD-000024 REV 01 A-212 February 2008 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 100
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 100
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


