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UPDATE 2 - Attachments as promised

Attached is a draft table showing just ENG3 related FEPS and ENG3 thinking on who has ownership/lead. I
will explain details at the meeting.

Also attached is Bret's "Scenario Strategy" which contains the master FEP list (Appendix Al) that shows FEP
relationships to ISIs, but does not address the lead issue.

The approach we are taking in the ENG3 strategy is that each ENG3 related FEP should have a single ISI lead

with agreed to imputs from others. The ENG3 table is attempting to get to that desired outcome.

We can discuss further next Thursday.

Have a good weekend.

Update 1:

This is a one hour (or less) meeting. NRC Headquarters 3:30 to 4:30,
CNWRA 2:30 - 3:30

Folks - ENG3 needs your help.

ENG3 has taken the FEP list from Bret's "Scenario/FEPS strategy" and have looked at all ENG3 related FEPS.
Some are clearly ENG3 lead.
Others "clearly" have lead in other ISI teams. We have taken a shot at making "lead/ownership" assignments."
I need to explain this to you and get your "buy in."

I plan to have attachments to you by the end of the week.

Purpose: To discuss ENG3 FEP assignments to other ISI teams of ENG3 related FEPS.

Outcome: To develop lead ISI teams for ENG3 related FEPS (See See FEP assignments in
"Scenarios Strategy"), develop input/output needs for all ENG3 related FEPS.
This will then be fed back into the ENG3 strategy input/output table, as well as be

1



used to make specific ENG3 team assignments

Process: Discuss what ENG3 did, and what ENG3 needs from related ISI teams
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ABSTRACT

This document describes a review approach, roles and responsibilities for different teams, and
mechanisms to document the review of scenario analysis so that findings are transparent and
traceable. This document is intended to support the development of model abstraction review
plans to cover scenario analysis needs so that an appropriate level of integration can
be ensured.
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1 BACKGROUND

Performance assessment is a systematic analysis that (i) identifies features, events, and
processes that might affect the performance of a geologic repository, (ii) examines the effects of
these features, events, and processes on performance, and (iii) estimates the radiological
exposures to the reasonably maximally exposed individual. It is an analysis that addresses the
three questions of the risk triplet: what can happen?, how likely?, and what are the
consequences? Scenario analysis is a component of performance assessment that evaluates
the first two questions of the risk triplet. It includes a systematic enumeration of features,
events, and processes that can reasonably occur in the repository system, supporting the
identification of possible ways in which a geologic repository environment can evolve so a
defensible representation of the system can be implemented in a total system performance
assessment model. A scenario is defined as the plausible future conditions of the repository
system during the period of regulatory concern. It includes a postulated sequence (or absence)
of events and assumptions about initial repository characteristics and boundary conditions.
The third question of the risk triplet (what are the consequences?) is evaluated under model
abstraction, which will be a major endeavor of the license application review for postclosure
safety requirements.

Scenario analysis is composed of four steps: (i) identification of features, events, and
processes relevant to the potential high-level waste geologic repository; (ii) selection or
screening of features, events, and processes important to estimating dose risk to a
reasonably maximally exposed individual during the period of regulatory concern;
(iii) formation of scenario classes from a screened or reduced collection of features, events,
and processes; and (iv) selection or screening of the scenario classes for consideration in a
total system performance assessment. Because consequences of potential radionuclide
releases are weighted by event or scenario class probability, probability estimates and
associated uncertainty are required to support total system performance assessments.

The Yucca Mountain Review Plan (NRC, 2003) provides generic guidance for a licensing
review. The Risk Insight Baseline Report (NRC, 2004) is being used to provide risk information
to support the licensing review. Evaluation of Multiple Barriers and Scenario Analysis must rely
on feedback from the model abstraction or integrated subissues teams. Thus, model
abstraction teams must incorporate support to multiple barriers and scenario analysis as part of
their review activities.

The objective of this document is to develop a strategy to ensure a defensible, integrated,
efficient, and risk-informed license application review of scenario analysis, consistent with the
Yucca Mountain Review Plan and licensing schedule constraints. This document describes a
review approach, roles and responsibilities for different teams, and mechanisms to document
the review effort so that findings are transparent and traceable. This document is intended to
support model abstraction review team activities to cover scenario analysis needs so that an
appropriate level of integration can be ensured.
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2 SCENARIO ANALYSIS

According to 10 CFR 63.114, a performance assessment used to demonstrate compliance must
(i) consider only events that have at least 1 chance in 10,000 of occurring over 10,000 years;
(ii) provide the technical basis for either inclusion or exclusion of specific features, events, and
processes in the performance assessment; and (iii) provide the technical basis for either the
inclusion or exclusion of degradation, deterioration, or alteration processes of engineered
barriers in the performance assessment, including those processes that would adversely affect
the performance of natural barriers. Scenario analysis requirements for a safety analysis report
supporting a license application are defined in 10 CFR 63.21(c)(1), and (9): a safety analysis
report must include a description of the Yucca Mountain site, including those features, events,
and processes that might affect the design of the geologic repository operations area and the
performance of the geologic repository. The safety analysis report must include an assessment
to the degree to which features, events, and processes are expected to materially affect
repository compliance, in both beneficial or adverse terms.

The Yucca Mountain Review Plan (NRC, 2003) describes four review methods for scenario
analysis namely: (i) identification of an initial list of features, events, and processes;
(ii) screening of the initial list of features, events, and processes; (iii) formation of scenario
classes using the reduced set of events, and (iv) screening of scenario classes. The Integrated
Issue Resolution Status Report (NRC, 2005a) provides a summary of the scenario analysis
status as of 2004. Additional information to respond to key technical issue agreements was
reviewed (NRC, 2005b) after completion of the Integrated Issue Resolution Status Report.
Scenario analysis agreements were considered completed, with the exception of agreements
TSPAI.2.02 and 2.07. Agreement TSPAI.2.07 requests implementing the Enhanced Plan for
Features, Events, and Processes (Bechtel SAIC Company, LLC, 2002). Information addressing
TSPAI.2.07, a database of features, events, and processes, still has not been made publicly
available. Nevertheless, the analysis and model reports that present the U.S. Department of
Energy (DOE) treatment of features, events, and processes are publically available and review
can be conducted. Screening arguments for a number of features, events, and processes
under agreement TSPAI.2.02 were identified as requiring additional technical bases. For the
third and fourth scenario analysis review methods in the Yucca Mountain Review Plan, staff
identified that enough information will be available at the time of the license application to
initiate a review (NRC, 2005a).

The following section delineates a strategy to accomplish an effective and efficient
license application review process that should result in a defensible, integrated,
risk-informed, and performance-based safety evaluation report.

2.1 Review Approach

Successful evaluation of scenario analysis requires integration among all model abstraction
teams. A schematic of the flow of information, as well as the chronology on the review, is
presented in Figure 2-1.

Proposed tasks to accomplish an integrated review, as well as a delineation of responsibilities,
are discussed in the following sections.
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2.1.1 Identification of an Initial List of Features, Events, and Processes

Scenario analysis identifies the features, events, and processes that could influence, directly or
indirectly, dose risk from the potential high-level waste repository to a reasonably maximally
exposed individual. It is thereby an integral part of the performance assessment. Staff will
evaluate whether the initial list includes all features, events, and processes having a potential to
influence repository performance.

Timing and Hlow I KeyDemonstration of Compliance
with the Postco.ur. Public Health 4...... Before detailed review

and Environmental Standards > After detailed review

I ll TSi F ErP s TSPA12
System Description Scenario Anale
and Demonstration Model Abstraction a,;

of Multiple Barriers FEPs
j------------------------- ------- ---------

Engin eered i
Subsystems Geosphere Biosphere

1. B Engineered Unsaturated Zone Saturated Zone Direct Release Dose

Barriers Flow and Transport Flow and Transport and Transport Calculation

ENG Uzi SZi DIRECTI Cc ation
Degradation of Climate end Flow Paths in the Volcanic Disruption aoncidatin

Engineered Barriers Infiltration Saturated Zone of Waste Packages Roud

=IENG2 •u2 Flo Pat n Radonuctide
Machan D upon FlowTransport in the Airborne Transport Redistribution of

Tranpor ofR onuctides, RaluctideS
of Engineered EarIers Unsaturated Zone I auae E] n oRadioncle alncie

rup]-- atuatedZon1 11 in Soil

Information provided before:e~nt d c. Chemistry Z '

of Wa ad as Radonuclide F eat ures, Events, and Processes, Biospherenr~ineered Barriers 1 nsotithCharacteristics
1Usalursad Zone FEPs (included and excluded)5a W 

2
i j Taso nh hrceitc

Provided after: review of excluded FEPs

Figure 2-1. Flow of Information Among Teams for the Evaluation of Scenario Analysis
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The scenario analysis team will be responsible for reviewing the response to agreement
TSPAI.2.07. Several features, events, and processes analyses and model reports are publicly
available that allow evaluation of the implementation of the Enhanced Plan for Features, Events,
and Processes (Bechtel SAIC Company, LLC, 2002). Staff will summarize the results of the
evaluation in a brief memorandum.

The scenario analysis team will be responsible for implementing this review method, with
conclusions to be summarized in the safety evaluation report.

Tasks (Scenario Analysis Team)

The scenario analysis team will evaluate information to address agreement TSPAI.2.07. The

team will then develop a section in the safety evaluation report addressing this review method
and, if necessary, a Request for Additional Information.

2.1.2 Screening of the Initial List of Features, Events, and Processes

After identifying features, events, and processes, the second step in the scenario analysis is the
evaluation for further consideration in the total system performance assessment model. Those
features, events, and processes with a chance of occurring greater than 1 in 10,000 over
10,000 years that pose a risk because of dose consequences (i.e., have the potential to affect
compliance as defined in 10 CFR 63.113) must be included in further scenario analyses.
Therefore, staff will evaluate whether screening rationales are robust enough that no feature,
event, or process influential to repository performance is excluded from consideration in the
performance assessment model.

For this review method, the main scope of the scenario analysis team is assessing the technical
basis of exclusion arguments. Model abstraction teams will assess the adequacy of the total
system performance assessment model to account for included features, events, and
processes. Exclusion arguments can be based on low consequence or low probability.
Exclusion can also be based on regulatory constraints. For example, the human intrusion
scenario is restricted to a stylized system defined in 10 CFR 63; and features, events, and
processes related to a human intrusion scenario outside the stylized description can be
excluded from further consideration in a total system performance assessment. Previous
editions of screening arguments have also relied on design criteria or quality control procedures
to disregard the occurrence or consequence of certain processes. The technical bases of

screening arguments appealing to design criteria or quality control procedures should be
complete enough, commensurate with the risk significance of the feature, event, and process
under consideration, to support a screening decision.

Screening arguments for a number of features, events, and processes under agreement
TSPAI.2.02 were identified as requiring additional technical bases (NRC, 2005b).
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The following specific items still require additional technical bases:

2.1.08.04.0B Condensation Forms at Repository Edges (Repository-Scale Cold Traps)

2.1.06.05.0B Mechanical Degradation of Invert; 2.1.06.05.OC Chemical Degradation of
Emplacement Pallet; 2.1.06.05.OD Chemical Degradation of Invert

2.2.08.03.0B Geochemical Interactions and Evolution in the Unsaturated Zone

2.2.10.07.OA Thermo-Chemical Alteration of the Calico Hills Unit

* 2.2.10.09.OA Thermo-Chemical Alteration of the Topopah Spring Basal Vitrophyre

* 2.2.07.05.OA Flow and Transport in the Unsaturated Zone From Episodic Infiltration

* 2.2.11.02.OA Gas Effects in the Unsaturated Zone

The scenario analysis team, supported by model abstraction teams, will evaluate screening
rationale from all relevant integrated subissue perspectives for all of the excluded features,
events, and processes, including those identified as requiring additional technical bases
(NRC, 2005b). The integrated subissues teams will document relevant findings, such as the
identification of screening arguments necessitating additional technical bases and justification of
why those technical bases are relevant, based on the Risk Insight Baseline Report or some
other analyses. Integrated subissue teams are referred to Appendix B of the Integrated Issue
Resolution Report (NRC, 2005a) for examples of questions on the technical bases of previous
(now outdated) screening arguments. Additional examples are available in the evaluation letter
for agreement TSPAI.2.02 (NRC, 2005b). A minimal record will be generated for screening
arguments of features, events, and processes deemed to have sufficient technical bases. The

record may focus on stating that the screening argument provides sufficient technical bases to
exclude the feature, event, and process under a particular integrated subissue perspective.
Based on risk significance, particular features, events, and processes, such as criticality, may
be identified independently from the adequacy of the technical bases for exclusion, for detailed
discussion in the safety evaluation report.

Due to the more than 300 features, events, and processes requiring evaluation from
14 integrated subissue perspectives, a tool will be required to manage the screening
argument review effort. This tool will be a simple Microsoft® Excel file classifying features,
events, and processes by (i) Integrated Subissue, (ii) inclusion or exclusion into the DOE
performance assessment model, (iii) dependence of screening arguments on the scenario
class (seismic, igneous, nominal), (iv) risk significance, (v) dependence of screening
arguments on the length of the performance period, and (vi) status of the review of excluding
screening arguments.

The Excel file will be flexible enough to introduce new categories, if needed. This file will allow
model abstraction teams to identify (i) assigned features, events, and processes; (ii) which
integrated subissues must communicate to develop an integrated assessment; (iii) progress of
the review effort or additional issues of consideration (e.g., whether disruptive scenarios or long

performance periods must be accounted for in the evaluation of the screening argument); and
(iv) communicate updates to the database of features, events, and processes by DOE.
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The division of responsibilities is as follows. The scenario analysis team is in charge of
developing the Excel file with an initial categorization of features, events, and processes.
An initial version of the classification of features, events, and processes is tabulated in the
Appendix. The initial classification and the format of the Excel file are open for refinement.
The scenario analysis team comprises at least one representative of all of the integrated
subissues. The integrated subissue representatives will ensure that all of the associated
features, events, and processes are reviewed by the integrated subissue teams. In the interim,

review results will be documented in scientific notebooks or another staff preferred method.
Relevant result findings (e.g., screening arguments necessitating additional technical bases)
will be brought to the attention of the scenario analysis team so that adequate integration and
risk insight perspectives are accounted for. The scenario analysis team will decide the
appropriate level of documentation to include in the safety evaluation report. The integrated

subissues representative will monitor review of the included features, events, and processes
as part of the model abstraction review. Model integration is the responsibility of each model
abstraction team.

Tasks (Scenario Analysis Team)

* Classify features, events, and processes in an Excel file to assign review tasks

0 Track review progress

0 Track updates to the database of features, events, and processes, and adjust the review
effort accordingly

0 Support discussions regarding integrated subissues of screening arguments identified
as requiring additional technical bases

0 Compile a list of included features, events, and processes to support model abstraction
review activities

Summarize integrated subissues feedback, develop a section in the safety evaluation
report to address this review method, and if necessary, develop a request for additional
information.

Integrated Subissue Teams

Provide feedback on the adequacy of the classification of features, events, and
processes in the Excel file.

Review screening arguments and document review results of excluded features, events,
and processes. For examples on the appropriate level of detail for documentation,
consult Appendix B of the Integrated Issue Resolution Status Report (NRC, 2005a) and
the evaluation letter for agreement TSPAI.2.02 (NRC, 2005b).

Assess whether updated screening arguments address outstanding comments of
agreement TSPAI.2.02.
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Communicate promptly to the scenario analysis team those screening arguments
identified as needing additional technical bases.

Participate in discussions of review findings with the scenario analysis team.

Provide written input for the safety evaluation report and, if necessary, requests for
additional information.

Verify, as part of integration activities, that included features, events, and processes are
evaluated in the model abstraction review activities.

2.1.3 Formation of Scenario Classes Using the Reduced Set of Events

Those features, events, and processes or sequences of events or processes screened for

inclusion into the total system performance assessment model are further grouped into scenario

or event classes. The staff will evaluate whether all relevant scenario classes have been
identified. The scenario analysis team will be responsible for evaluating this review method and
summarizing conclusions in the safety evaluation report.

Tasks (Scenario Analysis Team)

Develop a section in the safety evaluation report addressing this review method, and if

necessary, develop requests for additional Information.

2.1.4 Screening of Scenario Classes

After identifying scenario classes, probability or consequence arguments are developed to
support inclusion or exclusion of the scenario classes from the total system performance
assessment model. Therefore, staff will evaluate whether all relevant scenario classes have
been incorporated into the total system performance assessment model or properly excluded
based on a sufficient analysis of potential consequences or probability of occurrence. The
scenario analysis team will be responsible for evaluating this review method and summarizing
conclusions in the safety evaluation report.

Tasks (Scenario Analysis Team)

Develop a section in the Safety Evaluation Report addressing this review method, and Request

for Additional Information, if necessary.

2.2 Proposed Schedule

The scenario analysis review and completion of the corresponding safety evaluation report draft
chapter could occur within 155 days after the acceptance review. Most of the time (140 days) is
devoted to completion of the draft safety evaluation report chapter and requests for additional
information. The following schedule is recommended.
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Prelicense Application Activities

* Completion of the Excel file classification: 30 days

* Review of screening arguments in analysis and model reports, and documenting the
review effort: 60 days

License Application Activities

° Review License Application updates: 30 days

* Discussion of review results: 30 days

* Write section of safety evaluation report and requests for additional information: 80 days

* Documenting a list of included features, events, and processes: 10 days
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APPENDIX



This appendix associates features, events, and processes with integrated subissues. The table
is intended to facilitate integrated subissues identifying the collection of features, events, and
processes to be reviewed. Acronyms used in the table are spelled at the end. The features,
events, and processes screened as included are indicated in shadowed rows in Table A.1. The
X symbol is used to indicate which features, events, and processes are associated to the 14
integrated subissues.
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Table A-1. Classification of Features, Events, and Processes per Integrated Subissue
Tracking No FEP Title ENG1 ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 Dirl Dir2 Dosi Dos2 Dos3 TSPAI

0.1.02.00.0A Timescales of concern X

0.1.03.00.0A Spatial domain of concern X

0.1.09.00.0A Regulatory requirements and exclusions X X X X X X X X X X X X X X

0.1.10.00.0A Model and data issues X

1.1.01.01.0A Open-site investigation boreholes X X

1,1.01.01.0B Influx through holes drilled in drift wall or crown X X

1.1.02.00,0A Chemical effects of excavation and construction in the engineered barrier system X X X X

1.1,02.00.0B Mechanical effects of excavation and construction in the engineered barrier system X

1.1,02.01.0A Site flooding (during construction and operation) X

1.1.02.02.0A Preclosure ventilation X X

1.1.02.03.0A Undesirable materials left X X X X X

1.1.03.01.OA Error in waste emplacement X X X X

1,1.03.01.0B Error in backfill emplacement X

1.1.04.01 .0A Incomplete closure X X

1.1 .0500.OA Records and markers for the repository X

1.1.07.00.0A Repository design X X X X X X

1.1.08.00.OA Inadequate quality control and deviations from design X X X X

1.1.09.00.OA Schedule and planning X

1.1.10.00.0A Administrative control of the repository site X

1.1.11.00.OA Monitoring of the repository X

1.1.12.01.0A Accidents and unplanned events during construction and operation X X X

1.1.13.00.OA Retrievability X X

1.2.01.01.0A Tectonic activity - large scale X

1.2.02.01.OA Fractures X X X X

1.2.02.02.OA Faults X X X X

1.2.02.03.OA Fault displacement damages engineered barrier system components X X

11.2.03.02.0A Seismic ground motion damages engineered barrier system components X X X

1.2.03.02.0B Seismic-induced rockfall damages engineered barrier system components X X

11.2.03.02.0C Seismic-induced drift collapse damages engineered barrier system components X X X

1.2.03.02.0D Seismic-induced drift collapse alters in-drift thermohydrology X X X X X

1.2.03.02.OE Seismic-induced drift collapse alters in-drift chemistry X X X X X

1.2.03.03.OA Seismicity associated with igneous activity X



,>)

Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 DiM Dir2 Dos1 Dos2 Dos3 TSPAI

1.2.04.02.0A Igneous activity changes rock properties x X X X X X

1.2.04.03.0A Igneous intrusion into repository X X X

1.2.04.04.0A Igneous intrusion interacts with engineered barrier system components X X X X X

1.2.04.04.0B Chemical effects of magma and magmatic volatiles X X X X

1.2.04.05.OA Magma or pyroclastic base surge transports waste X X x

1.2.04.06.OA Eruptive conduit to surface intersects repository x X X

1.2.04.07.0A Ashfall X X X X

1.2.04.07.0B Ash redistribution in groundwater X X X

1.2.04.07.OC Ash redistribution via soil and sediment transport X X X

1.2.05.00.0A Metamorphism X

1.2.06.00.OA Hydrothermal activity X X X X

1.2.07.01.OA Erosion/denudation X X X

1.2.07.02.OA Deposition x x

1.2.08.00.OA Diagenesis X

1.2.09.00.OA Salt diapirism and dissolution X

1.2.09.01.OA Diapirism X

1.2.09M02.OA Large-scale dissolution X X X X

1.2.10.01.0A Hydrological response to seismic activity X X X X

1.2.10.02.OA Hydrologic response to igneous activity X X X X

1.3.01M00.OA Climate change X X X X X X X X

1.3.04.00.0A Periglacial effects X X X

1.3.05.00.OOA Glacial and ice sheet effects X X X X

1.3.07.01.0A Water table decline X X X X

1.3.07.02.OA Water table rise affects saturated zone X X X X

1.3.07.02.0B Water table rise affects unsaturated zone X X

1.4.01.00.OA Human influences on climate X X X

1.4.01.01.OA Climate modification increases recharge X X X X

1.4.01.02.OA Greenhouse gas effects X X

1.4.01,03.OA Acid rain X X

1.4.01.04.OA Ozone layer failure X X

1.4.02,01.OA Deliberate human intrusion X

1.4.02.02.OA Inadvertent human intrusion X

1.4.02.03.OA Igneous event precedes human intrusion X

1.4.02,04.0A Seismic event precedes human intrusion X

1.4.03.00.OA Unintrusive site investigation X

1.4.04.00,0A Drilling activities (human intrusion) X

1.4.04.01.OA Effects of drilling intrusion X

1.4.05.00.OA Mining and other underground activities (human intrusion) X



Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 DiO DIr2 Dos1 Dos2 Do.3 TSPAI

1.4.06.01 CA Altered soil or surface water chemistry X X X

1.4.07.01.OA Water management activities X X X X X

1.4.07.02.OA Wells X X X

1.4.07.03.0A Recycling of accumulated radionuclides from soil to groundwater X

1.4.08.00.0A Social and institutional developments X X X

1.4.09.00.OA Technological developments X X X

1.4.11.00.0A Explosions and crashes (human activities) X X

1.5.01.01.OA Meteorite impact X X X

1,5.01.02.OA Extraterrestrial events X X

1.5.02.00.0A Species evolution X

1.5.03.01 0A Changes in the Earth's magnetic field X

1.5.03.02.0A Earth tides x

2.1.01.01.OA Waste inventory X X X X

2.1.01.02.0A Interactions between co-located waste X X X

2.1.01.02.0B Interactions between co-disposed waste X X X

2.1.01.03.0A Heterogeneity of waste inventory X

2.1.01.04.0A Repository-scale spatial heterogeneity of emplaced waste X X

2.1.02.01.0A Defense spent nuclear fuel degradation (alteration, dissolution, and radionuclide release) X X

2.1.02.02.OA Commercial spent nuclear fuel degradation (alteration, dissolution, and radionuclide release) X X

2.1 .02.03.A High-level waste glass degradation (alteration, dissolution, and radionuclide release) X X

2.1.02.04.OA Alpha recoil enhances dissolution X

2.1.02.05.OA High-level waste glass cracking X

2.1.02.06.OA High-level waste glass recrystallization X

2.1.02.07.OA Radionuclide release from gap and grain boundaries X

2.1.02.08.0A Pyrophoricity from defense spent nuclear fuel X X

2.1.02.09.OA Chemical effects of void space in waste package X X

2.1.02.10.OA Organic/cellulosic materials in waste x x

2.1.02.11.0A Degradation of cladding from waterlogged rods X

2.1.02.12.OA Degradation of cladding prior to disposal X

2.1.02.13.OA General corrosion of cladding x

2.1.02.14.OA Microbially influenced corrosion (MIC) of cladding X

2.1.02.15.OA Localized (radiolysis enhanced) corrosion of cladding X

2.1.02.16.0A Localized (pitting) corrosion of cladding X

2.1.02.17.OA Localized (crevice) corrosion of cladding X

2.1.02.18.OA Enhanced corrosion of cladding from dissolved silica X

2.1.02.19.OA Creep rupture of cladding X

2.1.02.20.OA Internal pressurization of cladding X

2.1.02.21.OA Stress corrosion cracking (SCC) of cladding X
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Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 DiM Dir2 Dos1 Dos2 Dos3 TSPAI

2.1.02,22.OA Hydride cracking of cladding X

2.1.02.23.OA Cladding unzipping X

2.1.02.24.OA Mechanical impact on cladding X

2.1.02.25.OA Defense spent nuclear fuel cladding X

2.1.02.25.01 Naval spent nuclear fuel cladding X

2.1.02.26.0A Diffusion-controlled cavity growth in cladding X

2.1.02.27.OA Localized (fluoride enhanced) corrosion of cladding X

2.1.02.28,OA Grouping of defense spent nuclear fuel waste types into categories X

2.1.02.29.0A Flammable gas generation from defense spent nuclear fuel X

2.1.03.01.OA General corrosion of waste packages X X

2.1.03.01.0B General corrosion of drip shields X X

2.1.03.02.OA Stress corrosion cracking (SCC) of waste packages X X X

2.1.03.02.08 Stress corrosion cracking (SCC) of drip shields X X X

2.1.03.03.OA Localized corrosion of waste packages X X

2.1.03.03.0B Localized corrosion of drip shields X X

2.1.03,04.0A Hydride cracking of waste packages X X

2.1.03.04.0B Hydride cracking of dnp shield X X

2.1.03.05.OA Microbially influenced corrosion (MIC) of waste packages X X

2.1.03.05.0B Microbially influenced corrosion (MIC) of drip shields X X

2.1.03.06.OA Internal corrosion of waste packages prior to breach X X

2.1.03.07.OA Mechanical impact on waste packages X

2.1.03.07.0B Mechanical impact on drip shields X

2.1 .03.08.OA Early failure of waste packages X X

2.1.03.08.08 Early failure of drip shields X X

2.1.03.09.OA Copper corrosion in engineered barrier system X

2.1.03.10.0A Advection of liquids and solids through cracks in the waste package X X X

2.1.03.10.0B Advection of liquids and solids through cracks in the drip shield X X X

2.1.03.11.OA Physical form of waste package and dnp shield X X X x

2.1.04.01.OA Flow in backfill x

2.1.04.02.0A Chemical properties and evolution of backfill X X X

2.1,04,03.OA Erosion or dissolution of backfill X X X

2.1.04.04.OA Thermal-mechanical effects of backfill X X

2.1.04.05.OA Thermal-mechanical properties and evolution of backfill X X X

2.1.04.09.OA Radionuclide transport in backfill X

2.1.05.01.OA Flow through seals (access ramps and ventilation shafts) X

2.1.05.02.OA Radionuclide transport through seals X X

2.1.05.03.OA Degradation of seals X X



0)

Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZ1 UZ2 UZ3 SZ1 SZ2 Dirt Dir2 Dos1 Dos2 Dos3 TSPAI

Chemical effects of rock reinforcement and cementitious materials in engineered barrier
2.1.06.01.OA system X X X

2.1.O6.02.OA Mechanical effects of rock reinforcement materials in engineered barrier system X

2.1.06.04.OA Flow through rock reinforcement materials in engineered barrier system X X X

2.1.06.05.OA Mechanical degradation of emplacement pallet X X

2.1.06.05.0B Mechanical degradation of invert X X X

2.1.06.05.OC Chemical degradation of emplacement pallet X X

2.1.06.05.0D Chemical degradation of invert X X X

2.1.06.06.0A Effects of drip shield on flow X X X

2.1.06.06.0B Oxygen embrittlement of drip shields X X X

2.1.06.07.0A Chemical effects at engineered barrier system component interfaces X X X

2.1.06.07.0B Mechanical effects at engineered barrier system component interfaces X X X

2.1,07.01.OA Rockfall X X

2.1.07.02.OA Drift collapse X X X X

2.1.07.04.0A Hydrostatic pressure on waste package X

2.1.07.04.0B Hydrostatic pressure on drip shield X

2.1.07.05.OA Creep of metallic materials in the waste package X

2.1.07.05.0B Creep of metallic materials in the drip shield X

2.1.07.06.OA Floor buckling X X X

2.1.08.01.0A Water influx at the repository X

2.1.08.01.08 Effects of rapid influx into the repository X

2.1.08.02.0A Enhanced influx at the repository X

2.1.08.03.OA Repository dryout due to waste heat X

2.1.08.04.OA Condensation forms on roofs of drift (drift-scale cold traps) X X

2.1.08.04.0B Condensation forms at repository edges (repository-scale cold traps) X X

2.1,08,05,0A Flow through invert X

2.1.08.06.0A Capillary effects (wicking) in engineered barrier system X X

2.1,08.07.OA Unsaturated flow in the engineered barrier system X X

2.1.08.09.0A Saturated flow in the engineered barrier system X X

2.1.08.11.0A Repository resaturation due to waste cooling X X

2.1.08.12.OA Induced hydrologic changes in invert X X

2.1.08.14.0A Condensation on underside of drip shield X X

2.1.08.15.OA Consolidation of engineered barrier system components X X X X

2.1.09.01.0A Chemical characteristics of water in drifts X X X

2.1.09.01.0B Chemical characteristics of water in waste package X X

2.1.09.02.0A Chemical interaction with corrosion products X X

2.1.09.03.OA Volume increase of corrosion products impacts cladding X X

2.1.09.03.0B Volume increase of corrosion products impacts waste package X X X



Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENG1 ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZI SZ2 DiM Dir2 Dos1 Dos2 Dos3 TSPAI

2.1.09.03.OC Volume increase of corrosion products impacts other engineered barrier system components X X X X

Radionuclide solubility, solubility limits, and speciation in the waste form and engineered
2.1.09.04.0A barrier system X

2.1.09.05.OA Sorption of dissolved radionuclides in the engineered barrier system X

2.1.09.06.OA Reduction-oxidation potential in waste package X X X

2.1.09.06.0B Reduction-oxidation potential in drifts X X X

2.1.09.07.OA Reaction kinetics in waste package X X X

2.1.09.07.0B Reaction kinetics in waste drifts X X X

2.1.09.08.OA Diffusion of dissolved radionuclides in engineered barrier system X

2.1.09.08.OB Advection of dissolved radionuclides in engineered barrier system X

2.1.09.09.OA Electrochemical effects in engineered barrier system X X

2.1.09,10.OA Secondary phase effects on dissolved radionuclide concentrations X

2.1.09,11.OA Chemical effcts of waste-rock contact X X

2.1.09.12.OA Rind (chemically altered zone) forms in near field X X X X X

2.1.09.13.OA Complexation in engineered barrier system X X

2.1.09.15.OA Formation of true (intrinsic) colloids in engineered bamer system X X

2.1.09.16.OA Formation of pseudo-colloids (natural) in engineered barrier system X X

2.1.09.17.OA Formation of pseudo-colloids (corrosion products) in engineered barrier system X X X

2.1.09.18.OA Formation of microbial colloid in engineered barrier system X X

2.1.09.19.OA Sorption of colloids in engineered barrier system X X

2.1.09.19.08 Advection of colloids in engineered barrier system X

2,1.09.20.OA Filtration of colloids in engineered barrier system X

2.1.09.21.OA Transport of particles larger than colloids in engineered barrier system X

2.1.09.21.0B Transport of particles larger than colloids in saturated zone X X X

2.1.09.21.OC Transport of particles larger than colloids in unsaturated zone X X

2.1.09.22,OA Colloid sorption at the air-water interface X X X

2.1.09.23.OA Stability of colloids in engineered barrier system X X

2.1.09.24.OA Diffusion of colloids in engineered barrier system X

2.1.09.25.OA Formation of colloids (waste-form) by coprecipitation in engineered barrier system X X

2.1.09.26.OA Gravitational settling of colloids in engineered barrier system X

2.1.09.27.OA Coupled effects on radionuclide transport in engineered barrier system X X X X

2.1.09.28.0A Deliquescence on waste package outer surface X X

2.1.09.28.0B Deliquescence on drip shield outer surface X X

2.1.10.01.OA Microbial activity in engineered barrier system X X X

2.1.11.01.OA Heat generation in engineered barrier system X X X X

2.1.11.02.OA Non-uniform heat distribution in engineered barnier system X X X X

2.1.11.03.OA Exothermic reactions in engineered barrier system X X

2.1.11.05.OA Thermal expansion/stress of in-package engineered barrier system components X X X



Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 Dirt Dlr2 Dosl Dos2 Dos3 TSPAI

2.1,11.06.OA Thermal sensitization of waste packages X X

2.1.11.06-0B Thermal sensitization of drip shields X X

2.1.11.07.OA Thermally expansion/stress of in-drift engineered barrier system components X X X

2.1.11.08.0A Thermal effects on chemistry and microbial activity in engineered barrier system X

2.1.11.09.0A Thermal effects on flow in the engineered barrier system X X

2.1.11.09.0B Thermally-driven flow (convection) in waste packages X X

2.1.11.09.OC Thermally-driven flow (convection) in drifts X X

2.1.11.1 O.0A Thermal effects on transport in engineered barrier system X

2.1.12.01.0A Gas generation (repository pressurization) X X X

2.1.12.02.OA Gas generation (He) from waste form decay X X

2.1.12.03.OA Gas generation (H2) from waste package corrosion X X

2.1.12.04.OA Gas generation (C02, CH4, H2S) from microbial degradation X X X

2.1.12.06.OA Gas transport in engineered barrier system X X X

2.1.12.07.OA Effects of radioactive gases in engineered barrier system X

2.1.12.08.OA Gas explosions in engineered barrier system X X X

2.1.13.01.0A Radiolysis X X X

2.1.13,02.OA Radiation damage in engineered barrier system X X X X

2.1.13.03.QA Radiological mutation of microbes X X X

2.1.14.15.OA In-package criticality (intact configuration) X X

2.1.14.16.0A In-package criticality (degraded configurations) X X

2.1.14.17.0A Near-field criticality X X

2.1.14.18.0A In-package criticality resulting from a seismic event (intact configuration) X X

2.1.14.19.OA In-package criticality resulting from a seismic event (degraded configurations) X X

2.1.14.20.OA Near-field criticality resulting from a seismic event X X

2.1.14.21.0A In-package criticality resulting from rockfall (intact configuration) X X X

2.1.14.22.OA In-package criticality resulting from rockfall (degraded configurations) X X X

2.1.14.23.0A Near-field criticality resulting from rockfall X X X

2.1.14.24.OA In-package criticality resulting from an igneous event (intact configuration) X X

2.1.14.25.0A In-package criticality resulting from an igneous event (degraded configurations) X X

2.1.14.26.OA Near-field criticality resulting from an igneous event X X

2.2.01.01.0A Mechanical effects of excavation and construction in the near field X X X

2.2.01.01.0B Chemical effects of excavation and construction in the near field X X X

2.2.01.02.OA Thermally-inducad stress changes in the near-field X X X

2.2.01.02.0B Chemical changes in the near field from backfill X X X

2.2.01.03.0A Changes in fluid saturations in the excavation disturbed zone X X X

2.2.01.04.OA Elemental solubility in excavation disturbed zone X

2.2.01.05.OA Radionuclide transport in the excavation disturbed zone X X

2.2.03.01.GA Stratigraphy X X X X X X
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Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZl SZ2 Dirl Dtr2 DosI Do.2 Dos3 TSPAI

2.2,03,02.OA Rock properties of host rock and other units X X X X X X

2.2.06.01.OA Seismic activity changes porosity and permeability of rock X X X X

2.2.06.02.OA Seismic activity changes porosity and permeability of faults X X X

2.2.06.02.OB Seismic activity changes porosity and permeability of fractures X X X X

2.2,06.03.OA Seismic activity alters perched water zones X X

2.2.06.04.OA Effects of subsidence X

2.2.06.05.OA Salt creep x

2.2.07.01.0A Locally saturated flow at bedrocklalluvium contact X

2.2.07.02.OA Unsaturated ground water flow in geosphere X X

2.2.07.03.OA Capillary rise in the unsaturated zone X

2.2.07.04.OA Focusing of unsaturated flow (fingers, weeps) X X

2.2.07.05.OA Flow in the unsaturated zone from episodic infiltration X X

2.2.07.06.OA Episodic or pulse release from repository X X

2.2.07,06.0B Long-term release of radionuclides from the repository X X X X

2.2.07.07.OA Perched water develops X X

2.2.07.08.OA Fracture flow in the unsaturated zone X X

2.2.07.09.OA Matrix imbibition in the unsaturated zone X

2.2.07.10.OA Condensation zone forms around drifts X X

2.2.07.11.OA Resaturation of geosphere dryout zone X X

2.2.07.12.OA Saturated ground water flow in the geosphere X X

2.2.07.13.OA Water-conducting features in the saturated zone X X X

2.2.07,14.OA Chemically-induced density effects on ground water flow X X X

2.2.07.15.0A Advection and dispersion in the saturated zone X X X

2.2.07.15.OB Advection and dispersion in the unsaturated zone X X

2.2.07.16.OA Dilution of radionuclides in ground water X X X

2.2.07.17.0A Diffusion in the saturated zone X X

2.2.07.18.OA Film flow into the repository X X

2.2.07,19.0A Lateral flow from Solitario Canyon fault enters drifts X

2.2.07.20.OA Flow diversion around repository drifts X

2.2.07,21.0A Drift shadow forms below repository X

2.2.08.01.OA Chemical characteristics of groundwater in saturated zone X X X X X

2.2.08.01.OB Chemical characteristics of groundwater in unsaturated zone X X X X

2.2.08.03.OA Geochemical interactions and evolution in the saturated zone X X

2.2.08.0310B Geochemical interactions and evolution in the unsaturated zone X X

2.2.08.04.OA Re-dissolution of precipitates directs more corrosive fluids to waste packages X X

2.2.08.05.OA Diffusion in the unsaturated zone X

2.2.08.06.OA Complexation in the saturated zone X X X

2.2.08.06.OB Complexation in the unsaturated zone X X
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Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZ1 SZ2 DIIM Dir2 Dos1 Dos2 Dos3 TSPAi

2.2.08.07.OA Radionuclide solubility limits in the saturated zone X X

2.2.08.07.OB Radionuclide solubility limits in the unsaturated zone X X

2.2.08.07.0C Radionuclide solubility limits in the biosphere X

2.2.08.08.OA Matrix diffusion in the saturated zone X X

2.2.08.08.0B Matrix diffusion in the unsaturated zone X X

2.2.08.09.OA Sorption in the saturated zone X

2.2.08.09.08 Sorption in the unsaturated zone X

2.2.08.10.0A Colloidal transport in the saturated zone X X X

2.2.08.10.0B Colloidal transport in the unsaturated zone X X

2.2.08.11.0A Groundwater discharge to surface with the reference biosphere X X X

2.2.08.12.OA Chemistry of water flowing into the drift X

2.2.08.12.0B Chemistry of water flowing into the waste package X X

2.2.09.01.OA Microbial activity in the saturated zone x x

2.2.09.01.0B Microbial activity in the unsaturated zone X X

2.2.10.01.OA Repository-induced thermal effects on flow in the unsaturated zone X X X X

2.2.10.02.OA Thermal convection cell develops in saturated zone X X

2.2.10.03.OA Natural geothermal effects on flow in the saturated zone X

2.2.10.03.0B Natural geothermal effects on flow in the unsaturated zone X

2.2.10.04.OA Thermo-mechanical stresses alter characteristics of fractures near repository X X X

2.2.10.04.0B Thermo-mechanical stresses alter characteristics of faults near repository X X X X

2.2.10.05.OA Thermo-mechanical stresses alter characteristics of rocks above and below the repository X X X X

Thermo-chemicel alteration in the unsaturated zone (solubility, speciation, phase changes,
2.2.10.06.OA precipitation/dissolution) X X

2.2.10.07.OA Thermo-chemicel alteration of the Calico Hills unit X X

Thermo-chemicel alteration in the saturated zone (solubility, speciation, phase changes,
2.2.10.08.OA precipitation/dissolution) x x

2.2.10.09.OA Thermo-chemical alteration of the Topopah Spring basal vitrophyre X X

2.2.10.10.OA Two-phase bouyant flow/heat pipes X

2.2.10.1 1.OA Natural air flow in unsaturated zone X X

2.2.10.12.OA Geosphere dry-out due to waste heat X X

2.2.10.13.OA Repository-induced thermal effects on flow in the saturated zone X

2.2.10.14.OA Mineralogic dehydration reactions X X X

2.2.11.01.OA Gas effects in the saturated zone X X X

2.2.11.02.OA Gas effects in the unsaturated zone X X X

2.2.11.03.OA Gas transport in geosphere x X X X

2.2.12.00.OA Undetected features in the unsaturated zone X X X

2.2.12.00.0B Undetected features in the saturated zone X X X

2.2.14.09.OA Far-field criticality X X X X



Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZI SZ2 Dirl Dir2 Dos1 Dos2 Dos3 TSPAI

2.2.14.10.OA Far-field criticality resulting from a seismic event X X X X

2.2.14.1 1.OA Far-field criticality resulting from rockfall X X

2.2.14.12.OA Far-field criticality resulting from an igneous event X X X X

2.3.01.00.OA Topography and morphology X X X

2.3.02.01.OA Soil type X X

2.3.02.02.OA Radionuclide accumulation in soils X X X X

2.3.02.03.OA Soil and sediment transport in the biosphere X X

2.3.04.01.OA Surface water transport and mixing X X

2.3106.00.0A Marine features X X

2.3.09.01.OA Animal burrowing/intrusion X

2.3.11.01.OA Precipitation X X X

2.3.11.02.OA Surface runoff and flooding X X X

2.3.11.03.OA Infiltration and recharge X X X

2.3.11.04.OA Ground water discharge to surface outside the reference biosphere X X

2.3.13101.0A Biosphere characteristics X X X

2.3.13.02.OA Radionuclide alteration during biosphere transport X

2.3.13.03.OA Effects of repository heat on biosphere X

2.3.13,04,OA Radionuclde release outside the reference biosphere X X X

2.4.01.00.OA Human characteristics (physiology, metabolism) X

2.4.04.01.OA Human lifestyle x X X

2.4.07.00.OA Dwellings X

2.4.08.00.OA Wild and natural land and water use X X X

2.4.09.01 .OA Implementation of new agricultural practices or land use X X X

2.4.09.01.0B Agricultural land use and irrigation X X X

2.4.09.02.OA Animal farms and fisheries X X X

2.4.10.00.OA Urban and industrial land and water use X X X

3.1.01.01.0A Radioactive decay and ingrowth X X X X X X X

3.2.07.01.0A Isotopic dilution X X X X

3.2.10.00.OA Atmospheric transport of contaminants X X X

3.3.01.00.OA Contaminated drinking water, foodstuffs and drugs X

3.3.02.01.0A Plant uptake X

3,3.02.02.OA Animal uptake X

3.3.02.03.OA Fish uptake X

3.3.03.01.OA Contaminated non-food products and exposure X

3.3.04.01.OA Ingestion X

3.3.04.02.0A Inhalation X

3.3.04.03.OA External exposure X

3.3.05.01.OA Radiation doses X



Table A-1. Classification of Features, Events, and Processes per Integrated Subissue (continued)
Tracking No FEP Title ENGI ENG2 ENG3 ENG4 UZI UZ2 UZ3 SZI SZ2 Dirt Dir2 DosI Dos2 Dos3 TSPAI

3.3.06.00.OA Radiological toxicity and effects X

3.3.06.01.0A Repository excavation X

3.3.06.02.OA Sensitization to radiation X

3.3.07.00.OA Non-radiological toxicity and effects X

3.3.08.00.OA Radon and radon daughter exposure X

Notations that refer to Integrated Subissues
ENG1 Degradation of engineered barers
ENG2 Mechanical disruption of engineered barriers
ENG3 Quantity and chemistry of water contacting waste packages and waste forms
ENG4 Radionuclide release rates and solubility limits
UZI Climate and infiltration
UZ2 Flow paths in the unsaturated zone
UZ3 Radionuclide transport in the unsaturated zone
SZI Flow paths in the saturated zone
SZ2 Radionuclide transport in the unsaturated zone
Dirl Volcanic disruption of waste packages

Dir2 Airborne transport of radionuclides
Dos1 Representative volume

Dos2 Redistribution of radionuclides in soil
Dos3 Biosphere characteristics
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;LEGEND FEP Analysis Reports (AMRs) Supporting TSPA-LA

Suggested FEP Lead UZ = Unsaturated Zone Flow and Transport (UZ) ANL-NBS-MD-000001 REV 04 BSC 2005 [DIRS 174191]

Suggested FEP Lead-Not originally associated with FEP SZ Saturated Zone Flow and Transport (SZ) ANL-NBS-MD-000002 REV 04 BSC 2005 [DIRS 174190]

Topics: BIO Biosphere (BID) ANL-MGR-MD-000011 REV 05 BSC 2005 [DIRS 174107]

(1) Thermal-HydrologicChemical Seepage Model DE Disruptive Events (DE) ANL-WIS-MD-000005 REV 03 BSC 2005 [DIRS 173981]

(2) in-drift Chemical Environment WP = Waste Package and Drip Shield Degradation (WP), ANL-EBS-PA-000002 REV 05 BSC 2005 [DIRS 174995]

(3) Flux Splitting WF = Waste Form Degradation, ANL-WIS-MD-000009 REV 02 BSC 2004 [DIRS 170020]

Screening Decision: CLAD = Clad Degradation, ANL-WIS-MD-000008 REV 02 BSC 2004 [DIRS 170019]

1: Included LC: low consequence EBS = Engineered Barrier System, ANL-WIS-PA-000002 REV 05 BSC 2005 [DIRS 175014]

E: Excluded LP: low probability SYS = System Level, ANL-WIS-MD-000019 REV 02 BSC 2004 [DIRS 170021]

bR: by Regulation CRIT = Criticality, ANL-EBS-NU-000008 REV 01, BSC 2004 [DIRS 168556]

0.1.09.00.OA
Regulatory requirements and exclusions: This FEP addresses
regulatory requirements and guidance specific to the Yucca Mountain
repository.

X X X X X X X X X X X X X SYS

Repository design: This FEP addresses the consideration of the design
of the repository and the ways in which the design contributes to long-

1.1.07.00.0A term performance. The performance assessment must account for design
features, material characteristics, and the ways in which the design
influences the evolution of the in-drift environment.

2 X X X X X SYS

1.2.03.02.OD*

Seismic-induced drift collapse alters in-drift thermohydrology:
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 drifts. Drift collapse could impact flow pathways and
condensation within the EBS, mechanisms for water contact with EBS
components, and thermal properties withing the EBS.

X X X X DE,
EBS

Igneous intrusion interacts with engineered barrier system
components: An igneous intrusion in the form of a dike occurs through
the repository, intersecting the repository drifts. Magma, pyroclastics, and

1.2.04.04.OA volcanic gases enter the drift and interact with the EBS components
including the drip shields, the waste packages, and the invert. This leads
to accelerated drip shield and waste package failure (e.g. attack by
magmatic volatiles, damage by flowing or fragmented magma, thermal
effects) and dissolution or volatilization of waste.

Chemical effects of magma and magmatic volatiles: An igneous
intrusion into the repository may be accompanied by the release of
magmatic volatiles. The volatiles may affect in-drift chemistry (potentially

1.2.04.04.0B leading to increased waste package corrosion), or may be absorbed by
the host rock, where they could change the chemistry of the water
seeping back into the drift following the intrusive event. Seepage water
chemistry following magma cooling could also be affected by flowing
through and interacting with the intruded basalt.

2 X X X X DE

2 x x x x DE
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Interactions between co-disposed waste: Codisposal refers to the
disposal of different waste types within the same waste package.
Codisposal might affect chemical interactions or radionuclide

2.1.01.02.0B mobilization. At Yucca Mountain, the DSNF will be combined with HLW X X
canisters within a waste package. This codisposal with HLW within a
waste package is unique to the DSNF and does not apply to the CSNF
placement within waste packages.

Defense spent nuclear fuel degradation (alteration, dissolution, and
radionuclide release): DSNF to be disposed of in Yucca Mountain has a
variety of fuel types that include metallic uranium fuels; oxide and MOX

2.1.02.01.OA fuels; Three Mile Island rubble; and heterogeneous fuels such as UAIx, U- X
ZrHx, and graphite fuels. In general, the composition and structure of
these spent fuels are significantly different from the commercial spent
nuclear fuel (CSNF), and degradation, alteration, and dissolution may be
different from the CSNF degradation.

Commercial spent nuclear fuel degradation (alteration, dissolution,
and radionuclide release): Alteration of the original mineralogy of the
commercial spent nuclear fuel (CSNF) (under wet or dry conditions) and
dissolution of the uranium-oxide matrix can influence the mobilization of

2.1.02.02.0A radionuclides. The degradation of U02 could be affected by a number of
variables, such as surface area, burnup, temperature, overall solution
electrochemical potential (Eh), pH, and especially solutions containing
significant concentrations of calcium, sodium, carbonate and silicate ions,
as well as availability of organic complexing materials. In turn, these
water properties are affected by the alteration of the cladding and matrix.
High-level waste glass degradation (alteration, dissolution, and
radionuclide release): Glass waste forms are thermodynamically
unstable over long time periods, and will alter on contact with water.

Radionuclides can be mobilized from the glass waste by a variety of
2.1.02.03.0A processes, including degradation and alteration of the glass, phase

separation, congruent dissolution, precipitation of silicates co-

precipitation of other minerals including iron corrosion products, and
selective leaching.

WF

WF

WF

WF

WIF2.1.02.09.OA
Chemical effects of void space In waste package: If waste packages
and/or DSNF canisters are not completely filled, then the unfilled inert-
gas or air-filled volume could influence water-chemistry calculations.

X

2.1.03.01.0A General corrosion of waste packages: General corrosion may X
contribute to waste package failure.

2.1.03.01.01B General corrosion of drip shields: General corrosion may contribute to X
drip shield failure.

Stress corrosion cracking (SCC) of waste packages: Waste packages

2.1.03.02,OA become wet at specific locations that are stressed, Stress-corrosion X I
cracking ensues. The possibility of SCC under dry conditions or due to
thermal stresses are also addressed as part of this FEP.

2.1.03.03.0A Localized corrosion of waste packages: Localized corrosion in pits X
leads to failure of the waste packages.

WP

WIP

x WIP

WIP



Tracking No FEPTitle I ENG3 Screening ENG3 ENG1 ENG2 ENG4 UZ1 UZ2 UZ3 SZ1I SZ21 Dirl Dir2 DDoslIDoS2 Dos3 TSPAI AMR

Evolution of the Near Field Environment EI [I'i]Decision Topic I

Microbially influenced corrosion (MIC) of waste packages: Microbial
activity may catalyze waste package corrosion by otherwise kinetically

2.1.03.05.OA hindered oxidizing agents. The most likely process is microbial reduction X
of groundwater sulfates to sulfides and reaction of iron with dissolved
sulfides.

Physical form of waste package and drip shield: The specific forms of
the various drip shields, waste packages and internal waste containers
that are proposed for the Yucca Mountain repository can affect long-term
performance. Waste package form may affect container strength through
the shape and dimensions of the container and affect heat dissipation

2.1.03.11.0A through container volume and surface area. Waste package and drip X
shield materials may affect physical and chemical behavior of the
disposal area environment. Waste package and drip shield integrity will
affect the releases of radionuclides from the disposal system. Waste
packages may have both local effects and repository scale effects. All
types of waste packages and containers, including CSNF, DSNF, and
DHLW, should be considered.

1* WP

X X wP

2.1.06.06.OA

Effects of drip shield on flow: The drip shield will affect the amount of
water reaching the waste package. Effects of the drip shield on the
disposal region environment (for example, changes in relative humidity
and temperature below the shield) should be considered for both intact
and degraded conditions. A particular issue related to the impact of the
drip shield on water contacting the WP (due to condensation) is
discussed in FEP 2.1.08.14.OA.

X X X

Condensation forms on roofs of drift (drift-scale cold traps):
Emplacement of waste in drifts creates thermal gradients withing the
repository. Such themal gradients can lead to drift-scale cold traps

2.1.08.04.0A* characterized by latent heat transfer from warmer to cooler locations. This X

mechanism can result in condensation forming on the roof or other parts
of the drifts, leading to enhanced dripping on the drip shields, waste
packages, or exposed waste material.

Condensation forms at repository edges (repository-scale cold
traps): Emplacement of waste in drifts creates thermal gradients within
the repository. Such thermal gradients can lead to repository-scale cold

traps characterized by latent heat transfer from warmer to cooler X
locations. This mechanism can result in condensation forming at
repository edges or elsewhere in the EBS, leading to the enhanced
dripping on the drip shields, waste packages, or exposed waste material.

Capillary effects (wicking) in engineered barrier system: Capillary
2.1.08.06.0A rise, or wicking, is a potential mechanism for water to move through the X

waste and EBS.

Unsaturated flow in the engineered barrier system: Unsaturated flow
2.1.08.07.0A may occur along preferential pathways in the waste and EBS. Physical X X

and chemical properties of the EBS and waste form, in both intact and
degraded states, should be considered in evaluating pathways.

2.1.08.11.0A Repository resaturation due to waste cooling: Water content in the X
repository will increase following the peak thermal period.

EBS

EBS

EBS

EBS

EBS

EBS
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Chemical characteristics of water In drifts: When flow in the drifts is re
established following the peak thermal period, water may have chemical
characteristics influenced by the near-field host rock and EBS.
Specifically, the water chemistry (pH and dissolved species in the
groundwater) may be affected by interactions with cementitious materials

2.1.09.01.0A or steel used in the disposal region. These point source contaminated
waters may coalesce to form a larger volume of contaminated water. This
altered groundwater is referred to as the carrier plume because
dissolution and transport will occur in this altered chemical environment
as contaminants move through the EBS, and down into the unsaturated
zone. (Note: there is no defining limit as to what volume of contaminated
water constitutes a plume.)
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2 X X EBS

2.1.09.01.0B

Chemical characteristics of water In waste package: Chemical
characteristics of the water in the waste packages (pH and dissolved
species) may be affected by interactions with materials or steel used in
the waste packages or waste forms and by the inflowing water from the
drifts and near-field host rock. The in-package chemistry, in turn may
influence dissolution and transport as contaminants move through the
waste, EBS, and down into the unsaturated zone.

X

Chemical interaction with corrosion products: Corrosion products
produced during degradation of the waste form and the metallic portions
of the waste package may affect the mobilization and transport of
radionuclides. Corrosion products may facilitate sorption/desorption and
coprecipitation/dissolution processes. Corrosion products may form a

2.1.09.02.OA "rind" around the fuel that could (1) restrict the availability of water for X
dissolution of radionuclides or (2) inhibit advective or diffusive transport of
water and radionuclides from the waste form to the EBS. Corrosion
products also have the potential to retard the transport of radionuclides to
the EBS. Finally, corrosion products may alter the local chemistry,
possibly enhancing dissolution rates for specific waste forms, or altering
radionuclide solubility.

Volume increase of corrosion products impacts cladding: Corrosion
products have a higher molar volume than the intact, uncorroded

2.1.09.03.OA material. Increases in volume during waste form and cladding corrosion X
could change the stress state in the material being corroded and lead to
cladding unzipping.

Reduction-oxidation potential in waste package: The redox potential
in the waste and EBS influences the oxidation of barrier and waste-form
materials and the solubility of radionuclide species. Local variations in the
redox potential can occur,

Reduction-oxidation potential in drifts: The redox potential in the EBS

2.1 .09.06.OB* influences the oxidation of the in-drift materials and the in-drift solubi o 2 X
radionuclide species. Local variations in the in-drift redox potential can
occur.

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 in the drift and

waste environment.

WF

EBS,
WF

Clad

WF

EBS

WF

x 
I
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2.1 .09.07.OB* Reaction kinetics in waste drifts: Chemical reactions, such as
radionuclide dissolution/precipitation reactions and reactions controlling
the reduction-oxidation state, may not be at equilibrium in the drifts.
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2 X X EBS

2.1.09.16.OA

Formation of pseudo-colloids (natural) in engineered barrier system:
Pseudo-colloids are colloidal-sized assemblages (between approximately
1 nanometer and I micrometer in diameter) of nonradioactive material
that has radionuclides bound or sorbed to it. Natural pseudo-colloids
include microbial colloids, mineral fragments (clay, silica, iron
oxyhydroxides), and humic and fulvic acids. This FEP addresses
radionuclide-bearing colloids formed from host-rock materials and all
interactions of the waste and EBS with the host rock environment except
corrosion. Pseudo-colloids formed from corrosion of the waste form and
EBS are discussed in FEP 2.1.09.17.0A. Microbial colloids are discussed
in FEP 2.1.09. 18.0A. Humic and fulvic acids are discussed in FEP
2.1.09.13.0A.

X

Formation of pseudo-colloids (corrosion products) in engineered
barrier system: Pseudo-colloids are colloidal-sized assemblages
(between approximately 1 nanometer and 1 micrometer in diameter) of
nonradioactive material that has radionuclides bound or sorbed to it.
Corrosion product pseudo-colloids include iron oxyhydroxides from

2.1.09.17.0A corrosion and degradation of the metals in the EBS and silica from X X
degradation of cementitious materials. Pseudo-colloids formed from host-
rock materials and all interactions of the waste and EBS with the host
rock environment except corrosion are discussed in FEP 2.1.09.16.OA.
Microbial colloids are discussed in FEP 2.1.09.18.0A. Waste-form glass
colloids are discussed in FEP 2.1.09.25.0A.

Stability of colloids in engineered barrier system: For radionuclide-
bearing colloids to affect repository performance, the colloids in the
dispersion must remain suspended, that is, be stable, for time scales that
are long relative to time required for groundwater travel. Further, they

2.1.09.23.OA must carry significant concentrations of radionuclides. The stability of X
smectite colloids, which is applicable for YMP groundwater colloids and
waste-form colloids, is determined primarily by ionic strength but also to
an extent by pH. The stability of iron-(hydr) oxide colloids, which is
applicable to corrosion-product colloids, is determined by both ionic
strength and pH.

WF

WF

WF

WF2.1.09.25.OA

Formation of colloids (waste-form) by coprecipitatlon in engineered
barrier system: Dissolved radionuclides and other ions may co-
orecipitate to form colloids. Co-precipitates may consist of radionuclides
bound in the crystal lattice of a dominating mineral phase or may consist
of radionuclides engulfed by a dominating mineral phase.

X

2.1.09.28.OA*

Deliquescence on waste package outer surface: Salt-containing dust,
which could accumulate on the waste package outer surface during the
oreclosure ventilation period, can absorb moisture from the drift
atmosphere, even at low relative humidity, dissolving the salt and creating
concetrated aqueous solutions. This deliquescence process may result in
focalized surface chemistry that could cause penetration of the waste
Dackage outer surface by localized corrosion.

E LC 2 X EBS,
WP
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Deliquescence on drip shield outer surface: Salt-containing dust,
which could accumulate on the drip shield surface during the preclosure
ventilation period, can absorb moisture from the drift atmosphere, even at

2.1.09.28.OB* low relative humidity, dissolving the salt and creating concetrated
aqueous solutions. This deliquescence process may result in localized
surface chemistry that could cause penetration of the drip shield surface
by localized corrosion.
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2.1.11.01.OA

Heat generation In engineered barrier system: Temperature in the
waste and EBS will vary through time. Heat from radioactive decay will be
the primary cause of temperature change, but other factors to be
considered in determining the temperature history include the in-situ
geothermal gradient, thermal properties of the rock, EBS, and waste
materials, hydrological effects, and the possibility of exothermic reactions
(see FEP 2.1.1 1.03.OA). Considerations of the heat generated by
radioactive decay should take different properties of different waste
types, including DSNF, into account.

X I X X EBS

2.1.11.02.OA
Non-uniform heat distribution In engineered barrier system: Uneven
heating and cooling at edges of the repository lead to non-uniform
thermal effects during both the thermal peak and the cool-down period.

X X X X I EBS

+ 11-*-I-4-4-4--4-.1-4-4-4-4.-4-4-4.-4-4-

2.1.11.08.0A
Thermal effects on chemistry and microbial activity In engineered
barrier system: Temperature changes may affect chemical and microbial
orocesses in the waste and EBS. U 2 EBS,

WF

Thermal effects on flow in the engineered barrier system: High

temperatures in the EBS may influence seepage into and flow within the
2.1.11.09.OA waste and EBS. Thermally-induced changes to fluid saturation and/or X

relative humidity could influence in-package chemistry. Thermal gradients
in the repository lead to localized accumulation of moisture. Wet zones
form below the areas of moisture accumulation.

Thermally-driven flow (convection) in drifts: Temperature differentials
2.1.11.09.OC may result in covective flow in the EBS. Convective flow within the drifts X

could influence in-drift chemistry.

Condensation zone forms around drifts: Condensation of the two-
phase flow generated by repository heat forms in the rock where the
temperature drops below the local vaporization temperature. Waste

2.2.07.10.OA package emplacement geometry and thermal loading will affect the scale X
at which condensation caps form (over waste packages, over panels, or
over the entire repository), and to the extent to which "shedding" will
occur as water flows from the region above one drift to the region above
another drift or into the rock between drifts.
Resaturation of geosphere dryout zone: Following the peak termal
period, water in the condensation cap (see FEP 2.2.07.10, OA) may flow
downward into the drifts. Influx of cooler water from above, such as might
occur from episodic flow, may accelerate return flow from the

2.2.07.11.OA condensation cap by lowering temperatures below the condensation X

point. Percolating groundwater will also contribute to resaturation of the
dry out zone. Vapor flow, as distinct from liquid flow by capillary
processes, may also contribute.

EBS

EBS

-4-I-4-4-I-I-4.-4.-.4-

UZ

uz
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2.2.07.18.OA

Film flow into the repository: Water entering waste emplacement drifts
may occur by a film flow process. This differs from the traditional view of
flow in a capillary network where the wetting phase exclusively occupies
capillaries with apertures smaller than some level defined by the capillary
pressure. As a result, a film flow process could allow water to enter a
waste emplacement drift at non-zero capillary pressure. Dripping into the
drifts could also occur through collection of the film flow on the local
minima of surface roughness features along the crown of the drift.

X UZ

Chemical characteristics of groundwater in unsaturated zone:
Chemistry and other characteristics of groundwater in the unsaturated
zone may affect groundwater flow and radionuclide transport of dissolved

2.2.08.01.0B and colloidal species. Groundwater chemistry and other characteristics,
including temperature, pH, Eh, ionic strength, and major ionic
concentrations, may vary spatially throughout the system as a result of
different rock mineralogy.

Re-dissolution of precipitates directs more corrosive fluids to waste
packages: Redissolution of precipitates which have plugged pores as a
result of evaporation of groundwater in the dry-out zone, produces a

2.2.08,04.OA pulse of fluid reaching the waste packagess when gravity-driven flow
resumes, which is more corrosive than the original fluid in the rock. See
FEP 2.2.07.11. A for a discussion of return flow from the condensation
cap.

Chemistry of water flowing into the drift: Inflowing water chemistry
2.2.08.12.0A may be used in analysis or modeling that requires initial water chemistry

in the drift. Chemistry of water flowing into the drift is affected by initial
water chemistry in the rock, mineral and gas composition in the rock, and

the thermo-hydrological-chemical processes in the rock.

I X X X UZ

X
EBS,

UZ

1 UZ

i i i i M . 7 1 i i i i i i i i i i I

2.2.08.12.0B

Chemistry of water flowing into the waste package: Inflowing water
chemistry may be used in analysis or modeling that requires initial water
chemistry in the waste package.

X X WF

1.1.01.01.0B

Influx through holes drilled in drift wall or crown: Holes may be drilled
through the drift walls or crown for a variety of reasons including, but not
limited to, rock bolt and ground support, monitoring and testing, or

construction related activities. These openings may promote flow or
seepage into the drifts and onto the waste packages.

X E LC UZ

Chemical effects of excavation and construction in the engineered
barrier system: This FEP is concerned with the chemical effects

associated with excavation/construction of the underground regions of thE
repository on the long-term behavior of the engineered and natural
barriers. Excavation-related effects include chemical changes to the rock

1 .1.02.00.0A and incoming groundwater due to potential explosives residue.
Excavation and other construction activities could also directly cause
groundwater chemistry changes within the tunnel due to the impact of
such contaminants as diesel exhaust, explosives residues, or other
organic contaminants. Finally, oxidizing water introduced into the
repository during excavation/construction could impact repository
conditions/performance.

E LC 2 X X X EBS
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Undesirable materials left: During construction and pre-closure
operation of the repository there might be possibilities for leaving
unwanted material in the vicinity of the radioactive waste. These materials

1.1.02.03.OA could be of different kinds and could to some extent affect many long-
term processes in the repository from canister corrosion to transport
mechanisms of radionuclides.

Inadequate quality control and deviations from design: This FEP
addresses issues related to inadequate quality assurance and control
procedures and inadequate testing during the design, construction, and
operation of the repository. It also includes inadequacy in the
manufacture of the waste forms, containers, and engineered features.

1.1.08.00.OA Lack of quality control could result in a poorly designed repository,
unmodeled design features, deviations from design, material defects,
faulty waste package fabrication, and faulty or non-design standard
construction. All of which may lead to reduced effectiveness of the
engineered barriers.

Seismic-induced drift collapse alters in-drift chemistry: Seismic
activity could produce jointed-rock motion and/or changes in rock stress

1.2.03.02.01 leading to enhanced drift collapse and/or rubble infill throughout part or all
of the drifts. Drift collapse, and the associated changes in seepage and
in-drift thermohydrology could impact in-drift chemistry

Hydrothermal activity: Naturally-occurring high-temperature
1.2.06.00.OA groundwater may induce hydrothermal alteration of minerals in the rocks

through which the high-temperature ground-water flows. Geothermal
effects on flow are discussed in FEPs 2.2.10.03.OA and 2.2.10.03.0B.

Altered soil or surface water chemistry: Human activities (e.g.,
industrial pollution, agricultural chemicals) may produce local changes to

1.4.06.01.OA the soil chemistry or to the chemistry of water infiltrating Yucca Mountain
and could provide a plume of unspecified nature to interact with the

,repository and possibly with waste packages.

X
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2.1.01.02.OA

Interactions between co-located waste: Collocation refers to the
disposal of CSNF, DSNF, HLW, and possibly other wastes in close
proximity within the repository. Collocation might affect thermal outputs,
chemical interactions, or radionuclide mobilization.

X E LC X

Pyrophoricity from defense spent nuclear fuel: DSNF can contain

O yrophoric material. Pyrophoric material could ignite and produce an 1 1 LC
2.1 .02.08.A adverse effect on repository performance. Pyrophoric events could affect X E L

the thermal behavior of the system and could contribute to degradation of
the waste package, waste form, and cladding.

WF

WF

WF2.1.02.10.OA Organic/cellulosic materials in waste: Degradation of cellulose in the
waste could affect the long-term performance of the disposal system.

X E LC

Stress corrosion cracking (SCC) of drip shields: Drip shields become

2.1.03.02.0B wet at specific locations that are stressed. Stress-corrosion cracking X E LC
ensues. The possibility of SCC under dry conditions or due to thermal
stresses are also addressed as part of this FEP.

2.1.03.03.OB Localized corrosion of drip shields: Localized corrosion in pits leads to X E LP
failure of the drip shields.

X WP

~I I I II I JII I I I IVP
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Hydride cracking of waste packages: A potential failure mechanism for

2.1 .03.04.OA waste packages involves the uptake of hydrogen and the formation of X E LP
metal hydrides, which may mechanically weaken the container and
promote corrosion.

Hydride cracking of drip shield: A potential failure mechanism for drip
shields involves the uptake of hydrogen and the formation of metal

2.1 .03.04.0B hydrides, which may mechanically weaken the container and promote X E LP
corrosion.

Microbially influenced corrosion (MIC) of drip shields: Microbial
activity may catalyze drip shield corrosion by otherwise kinetically

2.1.03.05.0B hindered oxidizing agents. The most likely process is microbial reduction X E LC
of groundwater sulfates to sulfides and reaction of iron with dissolved
sulfides.

WP

WP

WP

-4-4-4-4-4-+-4-4-4.-+-4-* 4-

- .* - * -

Internal corrosion of waste packages prior to breach: Aggressivei
2.1.0306.OA chemical conditions within the waste package could contribute to X E L

2.1 .03.06.0A corrosion from the inside out. Effects of different waste forms, including

CSNF and DSNF, are considered in this FEP.
Ao~vection of liquids and solids tnrougn cracks in tne waste
package: The presence of one or more cracks or other small openings of
sufficient size in a waste package may provide a pathway for the
advective flow of water (e.g. thin films or droplets) or solid material into

the waste package. The resulting presence of sufficient water or solid

2.1.03.10.OA material in the waste package may affect in-package chemistry and/or E LC 3 X X
criticality. Partial or full plugging of the waste package cracks by chemical
or physical reactions after their formation (i.e. healing) could also affect
water flow and radionuclide transport through the waste package.
Passivation by corrosion products is a potential mechanism for was
package healing.

Advection of liquids and solids through cracks in the drip shield:
The presence of one or more cracks or other small openings of sufficient
size in a drip shield may provide a pathway for the advective flow of water

2.1.03.10.0B (e.g. thin films or droplets) or solid material through the drip shield. The E LC 3 X X
resulting flux may affect drip shield performance and/or subsequent
dripping onto the waste packages. Partial or full plugging of the drip
shield cracks by chemical or physical reactions after their formation (i.e.
healing) could also affect water flow through the drip shield.

Flow in backfill: Preferential pathways for flow and diffusion may exist
within the backfill and may affect long-term performance of the waste
packages. Backfill may not preclude hydrological, chemical, and thermal X E LP
interactions between waste pack ages within a drift.

WF,I'I II - .wP_
EBS

EBS

EBS

EBS

EBS

Chemical properties and evolution of backfill: The chemical properties
of the backfill may affect groundwater flow, waste package and drip shield

2.1.04.02.OA durability, and radionuclide transport in the waste disposal region. X
Properties of the backfill may change through time, due to processes
such as alteration of minerals.

E LP :A X

E LP 2 X X2.1.04.03.0A
Erosion or dissolution ot backfill: Solid material in backrill is carrmeo
away by flowing groundwater, either by erosion of particulate matter or by
dissolution.
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Thermal-mechanical properties and evolution of backfill: The
physical properties of the backfill may affect groundwater flow, waste
package and drip shield durability, and radionuclide transport in the waste

2.1.04.05.0A disposal region. Properties of the backfill may change through time, due X E LP X EBS

to processes such as silica cementation, thermal effects, and physical
compaction.

Chemical effects of rock reinforcement and cementitious materials
in engineered barrier system: Degradation of ground support material

2.1.06.01.OA (cement, rock bolts, wire mesh) used for any purpose in the disposal E LC X X EBS
region may affect long-term performance through both chemical and
physical processes. Degradation may occur by physical, chemical, and
microbial processes.

Flow through rock reinforcement materials in engineered barrier E LC

system: Groundwater flow may occur through the ground support
materials (wire mesh, rock bolts, grout) and liner (if present).

Chemical degradation of emplacement pallet: Degradation of the
materials used in the emplacement pallet may occur by chemical or
microbial processes, and may affect the long-term performance of the X E LB

repository.

Chemical degradation of invert: Degradation of the materials used in
2.1.06.05.0D the invert may occur by chemical or microbial processes, and may affect X E CX EBS

the long-term performance of the repository. I__II_

Oxygen embrittlement of drip shields: A potential failure mechanism

2.1 .06.06.0B for drip shields is oxygen embrittlement, resulting from the diffusion of X E WP

interstitial oxygen in the titanium at high temperatures.

2.1.06.07.OA
Chemical effects at engineered barrier system component
interfaces: Chemical effects that occur at the interfaces between
materials in the drift may affect the performance of the system. U E LC X X EBS

Drift collapse: Partial or complete collapse of the drifts, as opposed to
discrete rockfall, could occur as a result of seismic activity, thermal
effects, stresses related to excavation, or possibly other mechanisms.

2.1.07.02.OA Drift collapse could affect stability of the engineered barriers and waste X E LC X
packages. Drift collapse may be localized as stoping at faults or other
geologic features. Rockfalls of small blocks may produce rubble
throughout part or all of the drifts.

4.-

X EBS

2.1.08.01.OB

Effects of rapid influx into the repository: Extremely rapid influx could
reduce temperatures below the boiling point during part or all of the
thermal period. Increases in flux could result from climate change, but the
cause of the increase is not an essential part of the FEP.

X E LC EBS

Saturated flow in the engineered barrier system: Saturated flow and
radionuclide transport may occur along preferential path ways in the

2.1.08.09.0A waste and EBS. Physical and chemical properties of the EBS and waste X E LC X
form, in both intact and degraded states, should be considered in
evaluating pathways.

EBS
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Induced hydrologic changes in invert: Drainage in the drifts is altered
by plugging of fractures or floor buckling (see FEP 2.1.07.06.OA).
Possible effects include wetting or ponding in the invert until fractures in

2.1.08.12.OA the wall are reached by the water level or until there is sufficient head to X E LC X
clear the fractures. Wetting or ponding could provide a continuing source
of water vapor for interaction with the drip shields, waste packages and
their supports.

Condensation on underside of drip shield: Condensation of water on

2.1.08.14.OA the underside of drip shield affects waste package hydrologic and X E LC
chemical environment.

EBS

EBS

EBS2.1.08.15.OA
Consolidation of engineered barrier system components:
Condensation of water on the underside of drip shield affects waste
package hydrologic and chemical environment.

x E LC x x x

Volume increase of corrosion products impacts waste package:
2Corrosion products have a higher molar volume than the intact,

2.1 .09.03.OB luncorroded material, Increases in volume during waste form, cladding,

and waste package corrosion could change the stress state in the

material being corroded, leading to waste package damage.

WP

2.1.09.03.OC*

Volume increase of corrosion products impacts other engineered
barrier system components: Corrosion products have a higher molar
volume than the intact, uncorroded material. This FEP addresses volume
increase in all EBS components other than waste package, waste form
and cladding. Increases in volume during corrosion of steel in the invert
may change the stress state or structural integrity of the invert.

x E LC x x EBS

Electrochemical effects in engineered barrier system:
Electrochemical effects may establish an electric potential within the drift

2.1.09.09.OA or between materials in the drift and more distant metallic materials. X E LC
Migration of ions within such an electric field could affect corrosion of
metals in the EBS and waste, and could also have a direct effect on the
transport of radionuclides as charged ions.

Clad,
WP

2.1.09.1 1.OA

Chemical effcts of waste-rock contact: Waste and rock are placed in
contact by mechanical failure of the drip shields and waste packages.
Reactions between uranium, rock minerals, and water in contact with
both, precipitate uranium, leading spent fuel to dissolve more rapidly than
if constrained by the equilibrium solubility of uranium.

x CladE LC

4-

Rind (chemically altered zone) forms in near field: Thermal-chemical
processes involving precipitation, condensation, and re-dissolution alter

2.1.09.12.0A the properties of the adjacent rock. These alterations may form a rind, or
altered zone, in the rock, with hydrological, thermal, and mineralogical
properties different from the initial conditions.

Complexation in engineered barrier system: The presence of organic

complexants in water in the EBS could augment radionuclide transport b)

2.1.09.13.0A providing a transport mechanism in addition to simple diffusion and
advection of dissolved material. Organic complexants may include
materials found in natural groundwater such as humates and fulvates, or

materials introduced with the waste or engineered materials.

E LC I x x x x UZ

E LC 2 X WF
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Formation of true (intrinsic) colloids In engineered barrier system:
True colloids are colloidal-sized assemblages (between approximately I
nanometer and 1 micrometer in diameter) consisting of hydrolyzed and

2.1.09.15.0A polymerized radionuclides. They may form in the waste package and X E LC
EBS during waste-form degradation and radionuclide transport. True
colloids are also called primary colloids, real colloids, Type I colloids,
Eigenkolloide, and intrinsic colloids (or actinide intrinsic colloids, for those
including actinide elements).

Formation of microbial colloid in engineered barrier system: This
FEP addresses the formation and transport of microbial colloids in the
waste and EBS. Radionuclide-bearing colloids formed from host-rock

2.1.09.18.OA materials and all interactions of the waste and EBS with the host rock X E LC

environment except corrosion are discussed in FEP 2.1.09.16. OA.
Pseudo-colloids formed from corrosion and degradation of the metals in
the waste form and EBS are discussed in FEP 2.1.09.17.OA.

2.1.09.19.OA Sorption of colloids in engineered barrier system: Interactions X E LC
between radionuclide-bearing colloids and the waste and EBS may result
in retardation of the colloids during transport by sorption mechanisms.

WF

WF

EBS

EBS2.1.09.27.OA

Coupled effects on radionuclide transport in engineered barrier
system: Repository induced changes to the physical and chemical
properties of the EBS and waste form may be important for evaluating
radionuclide transport in the EBS. The existence of chemical gradients
within the disposal system, resulting from repository material, waste
emplacement, and corrosion products may influence the transport of
contaminants of dissolved and colloidal species. This could include:
geochemical reactions that move (pump) radionuclides, effects on
advection, diffusion, and sorption within and through failed waste
packages, and microbial and electrochemical effects.

X E LC X X

Microbial activity in engineered barrier system: Biological activity is
important to consider because of the potential impact on aqueous
chemical conditions within the waste and EBS. In deep subsurface
environments, biological activity is limited to microbiological activity and
may include effects of natural and anthropogenic bacteria (e.g.,

2.1.10.01.OA anaerobic, methanogenic, sulfate reducers, etc.), protozoans, yeast,
viruses, and algae. This FEP includes a broad range of effects of
biological impacts, including the effects of microbes on corrosion of waste
containers, cladding, and the waste form; bioreduction of multivalent
contaminants, metals, and sulfate; generation of organic complexants
and gases as metabolic by-products; and the formation of blofilms and
impact on transport.

E ILC1 2 X X EBS

2.1.11.03.OA

Exothermic reactions in engineered barrier system: Exothermic
reactions liberate heat and will alter the temperature of the disposal
system and affect the properties of the repository and surrounding
materials. Oxidation of uranium metal fuels such as represented by N-
Reactor fuels is one example of a possible exothermic reaction. Hydration
of concrete used in the underground environment is another example of a
possible exothermic reaction in the EBS.

X E LC X 
EBS,
WF
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I nermally expansion/stress of in-aritt engineered barrier system
components: Repository heat at Yucca Mountain could result in
thermally induced stress changes that would affect the mechanical and
chemical evolution of the repository. These stress changes could affect
the EBS components, thus causing the formation of pathways for

2.1.11.07.OA groundwater flow through the EBS or altering and/or enhancing existing X E LC
pathways. Relevant processes include rockfall, drift stability, changes in
physical properties of the disturbed rock zone and surrounding rock, and
changes in physical properties of the drip shields, waste packages, and
pedestal. Thermal effects on the invert are discussed in FEP
2.1.11.10.0A.

X
EBS,
WF

2.1.11.09.0B
Thermally-driven flow (convection) in waste packages: Temperature
differentials may result in convective flow in the EBS. Convective flow
within the waste and EBS could influence in-package chemistry.

X E LC

Gas generation (repository pressurization): Gas generation in the
repository might lead to pressurization of the repository, produce
multiphase flow, and affect radionuclide transport. This FEP addresses
repository pressurization. Multi-phase flow is discussed in FEP

2.1.12.01 .0A 2.1.11.09.OA and gas phase transport is discussed in FEP 2.1.12.06.0A X E LC
and 2.1. 12.07.0A. Technical discussions are presented separately for gas
generation from waste form decay (FEP 2.1.12.02.0A), waste package
corrosion (FEP 2.1.12.03.OA), microbial degradation (FEP 2.1.12.04.OA),
and radiolysis (2.1.13.01.OA).

Gas generation (He) from waste form decay: Helium (He) gas
production may occur by alpha decay in the waste. Helium production

2.1.12.02.OA might cause local pressure buildup in cracks in the fuel and in the void X E LC
between fuel and cladding, leading to cladding and waste-package
failure.

X

WF

EBS

EBS,
Clad

2.1.12.03.OA

Gas generation (HZ) from waste package corrosion: Gas generation
can affect the mechanical behavior of the host rock and engineered
barriers, chemical conditions, and fluid flow, and, as a result, the transpon
of radionuclides. Gas generation due to oxic corrosion of waste
containers, cladding, and/or structural materials will occur at early times
following closure of the repository. Anoxic corrosion may follow the oxic
phase if all oxygen is depleted. The formation of a gas phase around the
waste package may exclude oxygen from the iron, thus inhibiting further
corrosion. Waste package general corrosion is addressed in FEP
2.1.03.01.OA.

X E LC
EBS,
WP,
Clad

2.1.12.04.OA

Gas generation (C02, CH4, H25) from microbial degradation:
Microbes are known to produce inorganic acids, methane, organic
byproducts, carbon dioxide, and other chemical species that could
change the longevity of materials in the repository and the transport of
radionuclides from the near field. The rate of microbial gas production wil,
depend on the nature of the microbial populations established, the
prevailing conditions (temperature, pressure, geochemical conditions),
and the organic or inorganic substrates present. Initial analysis indicates
the most important source of nutrient in the YMP repository will be
metals. Other possible nutrients include cellulosic material, plastics, and
synthetic materials. Minimal amounts of organics are mandated by
regulation.

E LC 2 X X
EBS,
WF
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Gas transport In engineered barrier system: Gas in the waste and
2.1.12.06.OA EBS could affect the long-term performance of the disposal system. X E LC

Radionuclides may be transported as gases or in gases. Gas bubbles
may affect flowpaths, and two-phase flow conditions may be important.

Gas explosions in engineered barrier system: Explosive gas mixtures

2.1.12.08.OA could collect in the sealed repository. An explosion in the repository could E LP 2
have radiological consequences if the structure of the repository were
damaged or near-field processes enhanced or inhibited.

Radiolysis: Alpha, beta, gamma, and neutron irradiation of water can
2.1.13.01.0A cause disassociation of molecules, leading to gas production and X E LC

changes in chemical conditions (Eh, pH, concentration of reactive
_radicals).

X EBS

X EBSX

X
EBS,
WF,
WP

2.1.13.02.0A

Radiation damage in engineered barrier system: Radiolysis due to the
alpha, beta, gamma-ray, and neutron irradiation of water could result in
the enhancement for the movement of the radionuclides from the surface
of a degraded waste form into groundwater flow. When radionuclides
decay, the emitted high-energy particle could result in the production of
radicals in the water or air surrounding the spent nuclear fuel, If these
radicals migrate (diffuse) to the surface of the fuel, they may then
enhance the degradation/corrosion rate of the fuel (U02). This effect
would increase the dissolution rate for radionuclides from the fuel material
(fuel meat) into the groundwater flow. Strong radiation fields could lead to
radiation damage to the waste forms and containers (CSNF, DSNF,
DHLW), backfill, drip shield, seals and surrounding rock.

X E I LC X IX
EBS,
WF,
WP

Radiological mutation of microbes: Radiation fields could cause

2.1.13.03.OA mutation of microorganisms, leading to unexpected chemical reactions
and impacts.

Chemical effects of excavation and construction in the near field:

2.2.01.01.01B Excavation may result in chemical changes to the incoming groundwater

and to the rock in the excavation disturbed zone.

E LC 2 X X EBS

E LC 2 X IX UZ

2.2.01.03.OA

Changes In fluid saturations in the excavation disturbed zone: Fluid
flow in the region near the repository will be affected by the presence of
the excavation, waste, and EBS. Some dry-out will occur during
excavation and operations.

X E LC X

2.2.10.01.OA

Repository-induced thermal effects on flow in the unsaturated zone:
Thermal effects in the geosphere could affect the long-term performance
of the disposal system, including effects on groundwater flow (e.g.,
density-driven flow), mechanical properties, and chemical effects in the
UZ. Thermal effects are most important in waste, engineered barrier
system, and the disturbed zone surrounding the excavation. See FEPs
2.1.11.08.OA, 2.1.11.09.OA, 2.1.11. 10.OA, and 2.2.01.02.OA for
discussions of this region.

X

U Z

X UZE LC X

Thermo-mechanical stresses alter characteristics of fractures near
repository: Heat from the waste causes thermal expansion of the

2.2.10.04.OA surrounding rock, generating changes in the stress field that may change X E LC
the fracture properties (both hydrologic and mechanical) of fractures in the
rock. Cooling following the peak thermal period will also change the
stress field, further affecting fracture properties near the repository.

X UZ, SZ
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Thermo-mechanical stresses alter characteristics of faults near
repository: Heat from the waste causes thermal expansion of the

2.2.10.04.0B surrounding rock, generating changes to the stress field that may change X E LC X X UZ, SZ
the fault properties (both hydrologic and mechanical) in and along faults.
Cooling following the peak thermal period will also change the stress
field, further affecting fault properties near the repository.

Thermo-mechanical stresses alter characteristics of rocks above
and below the repository: Thermal-mechanical compression at the

2.2.10O.05.0A repository produces tension-fracturing in the PTn and other units above
the repository. These fractures alter unsaturated zone flow between the X E LC X X UZ,
surface and the repository. Extreme fracturing may propagate to the
surface, affecting infiltration. Thermal fracturing in rocks below the
repository affects flow and radionuclide transport to the saturated zone.

Thermo-chemical alteration in the unsaturated zone (solubility,
speciation, phase changes, precipitationldissolution): Thermal
effects may affect radionuclide transport directly by causing changes in

2,2.1O.06.0A radionuclide speciation and solubility in the UZ or indirectly, by causing X E LC UZ
changes in the host rock mineralogy that affect the flow path. Relevant
processes include volume effects associated with silica phase changes,
precipitation and dissolution of fracture-filling minerals (including silica
and calcite), and alteration of zeolites and other minerals to clays.

Gas transport in geosphere: Gas released from the drifts and gas
generated in the near-field rock will flow through fracture systems in the

2.2.11.03.OA near-field rock and in the geosphere. Certain gaseous or volatile X E LC X X UZ
radionuclides may be able to migrate through the far-field faster than the
groundwater advection rate.


