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1. PURPOSE

The primary purpose of this Analysis’Model Report (AMR) is to document the screening
analyses for each of the 21 features, events, or processes (FEPs) designated as Disruptive Events
Primary FEPs and listed in Section 1.1. This AMR (ANL-WIS-MD-000005) documents the
Screening Decision and Regulatory Basis, the Screening Argument, and the Total System
Performance Assessment (TSPA) Disposition for each of the Disruptive Events Primary FEPs.
This AMR provides screening information and decisions for the Disruptive Events Process
Model Report (PMR) and provides the same information for a project-specific FEPs database.
This AMR may also assist reviewers during the licensing-review process.

This AMR was originally issued (REV 00) based on consideration of a repository with backfill
and drip shields, as described in the License Application Design Selection Report (CRWMS
M&O 1999a, EDA II). This AMR now also addresses the no-backfill repository design. On
January 26, 2000, a design change was initiated to resolve certain thermal design issues. This
design change was described in Technical Change Request T2000-0133, dated January 26, 2000
(CRWMS M&O 2000a). Additional design changes were noted in "Repository Subsurface
Design Information to Support TSPA-SR," PA_SSR-99218.Tc (CRWMS M&O 2000b). These
design considerations included reorienting the emplacement drifts to azimuth 252/72, removing
the backfill from the design, and considering repository layouts/relocations to accommodate both
a 70,000-metric-ton uranium (MTU) and 97,000-MTU design.

Under the provisions of the U.S. Department of Energy's (DOE's) Revised Interim Guidance
Pending Issuance of New U. S. Nuclear Regulatory Commission (NRC) Regulations (Revision
01, July 22, 1999), for Yucca Mountain, Nevada (Dyer, 1999: and herein referred to as DOE's
Interim Guidance), and also NRC's proposed rule 10 CFR 63 (64 FR 8640), the DOE must
provide a reasonable assurance that the performance objectives for the Yucca Mountain Project
(YMP) can be achieved for a 10,000-year postclosure period. This assurance must be
demonstrated in the form of a performance assessment that (1) identifies the FEPs that might
affect the performance of the geologic repository, (2) examines the effects of such FEPs on the
performance of the geologic repository, and (3) estimates the expected annual dose to a specified
receptor group. The performance assessment must also provide the technical bases for inclusion
or exclusion of specific FEPs from the performance assessment.

Although not defined or specified in DOE's Interim Guidance (Dyer 1999) or the NRC's
proposed rule 10 CFR 63 (64 FR 8640), YMP TSPA has chosen to satisfy the above-stated
performance-assessment requirements by adopting a scenario-development process.  This
decision was made based on the YMP TSPA adopting a definition of "scenario” as a subset of
the set of all possible futures of the disposal system that contains the futures resulting from a
specific combination of FEPs. The DOE has chosen to adopt a scenario-development process
based on the methodology developed by Cranwell et al. (1990) for the NRC. The first step of the
scenario-development process is the identification of FEPs potentially relevant to the
performance of the Yucca Mountain repository (see Section 1.2). The second step includes the
screening of each

ANL-WIS-MD-000005 REV 00 ICN | 7 November 2000
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FEP, and reaching a Screening Decision of either /ncluded in the Total System Performance
Assessment - Site Recommendation (TSPA-SR) or Excluded from the TSPA-SR (see Section
1.3).

1.1 SCOPE

This AMR satisfies the FEP-screening documentation requirements in the Work
Scope/Objectives/Tasks section of the Development Plan entitled Evaluate/Screen Tectonic
FEPs TDP-WIS-MD-0028 (CRWMS M&O 1999b).

The current FEPs list for YMP consists of 1,797 entries, classified as Primary and Secondary
FEPs (as described in Section 1.2). Based on the nature of the FEPs, they have been assigned to
various Process Model Reports (PMRs), so that the analysis and disposition for each FEP resides
with the subject-matter experts in the relevant disciplines. The disposition of FEPs other than
Disruptive Events FEPs is documented in AMRs and PMRs prepared by the responsible PMR
groups. Several relevant FEPs do not fit neatly into the existing PMR structure. Some FEPs
were best assigned to the TSPA itself (i.e., System-Level FEPs), rather than to its component
models. An example is criticality, which is treated in FEP assignments as if it were a separate
subset of FEPs and is included in the System-Level FEPs report (ANL-WIS-MD-000005) along
with the remaining System-Level FEPs.

In the original FEP assignments, 26 FEPs were originally designated as Disruptive Events
Primary FEPs. Five of the FEPs were subsequently reassigned (see Section 1.2) to the System-
level FEPs AMR (ANLW-WIS-MD-000019). This AMR (ANL-WIS-MD-000005) addresses
the 21 Primary FEPs that have been identified as Disruptive Events FEPs and assigned to this
AMR. The 21 Disruptive Events Primary FEPs addressed in this AMR are identified in Table 1.

These 21 Primary FEPs represent natural-system processes that have the potential to produce a
disruptive event. A disruptive event is defined as an "Included in the TSPA-SR" FEP that has a
probability of occurrence during the period of performance less than 1.0 but greater than the
probability screening criterion of one chance in 10,000 in 10,000 years (10%/10* yr). These 21
Primary FEPs are related to geologic processes such as structural deformation, seismicity, and
igneous activity. Of the 21 Disruptive Events Primary FEPs, 16 are addressed explicitly and
fully in this AMR. The remaining five Disruptive Events Primary FEPs are addressed in this
AMR with only short summaries and with references to the related AMRs that provide the
explicit and full discussion of the FEP. This approach was taken because the remaining five
FEPs have significant overlap to the related subject areas and are better discussed in the context
of the referenced AMR.

Table 1. Disruptive Events Primary FEPs

YMP FEP Database Number FEP Name
1.2.01.01.00 Tectonic activity—large scale
1.2.02.01.00 Fractures
1.2.02.02.00 Faulting
1.2.02.03.00 Fault movement shears waste container

ANL-WIS-MD-000005 REV 00 ICN 1 8 November 2000
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Table 1. Disruptive Events Primary FEPs (continued)
YMP FEP Database Number FEP Name
1.2.03.01.00 Seismic activity
1.2.03.02.00 Seismic vibration causes container failure
1.2.03.03.00 Seismicity associated with igneous activity
1.2.04.01.00 Igneous activity
1.2.04.02.00 Igneous activity causes changes to rock properties
1.2.04.03.00 Igneous intrusion into repository
1.2.04.04.00 Magma interacts with waste
1.2.04.05.00 Magmatic transport of waste
1.2.04.06.00 Basaltic cinder cone erupts through the repository
1.2.04.07.00 Ashfall
1.2.10.01.00 Hydrologic response to seismic activity
1.2.10.02.00 Hydrologic response to igneous activity
2.1.07.01.00 Rockfall (large block)
2.1.07.02.00 Mechanical degradation or collapse of drift
22 06.01.00 Changes in stress (dqe to thermal, sei.s.mic, or tectonic
effects) change porosity and permeability of rock
2.2.06.02.00 Changes in stress (due t(_) thermal se‘ai.smic, or tectonic
effects) produce change in permeability of faults
2.2.06.03.00 ;?:rng:; ::a Zt\r’:’aasz3 Edzt:; ;os seismic or tectonic effects)

1.2 FEPs IDENTIFICATION AND CLASSIFICATION

The YMP TSPA has chosen to satisfy the performance-assessment requirements by adopting a
scenario-development process. The first step of the scenario-development process is the
identification of FEPs potentially relevant to the performance of the Yucca Mountain repository.
The most current list of FEPs is contained in the YMP FEP Database (CRWMS M&O 2000c,

Appendix D).

The development of a comprehensive list of FEPs relevant to the YMP is an ongoing process
based on site-specific information, guidance documents, and proposed regulations. The YMP
FEP Database (CRWMS M&O 2000c, Appendix D) contains 1,797 entries, derived from the |
following sources:

. General FEPs from other international radioactive waste disposal programs
. YMP-specific FEPs identified in YMP literature

. YMP-specific FEPs identified in technical workshops

. YMP-specific FEPs identified in FEP AMRs

. YMP-specific FEPs identified by external review (the NRC)

The YMP FEPs list was initially populated with FEPs compiled by radioactive waste programs
in the U.S. and other nations. The Nuclear Energy Agency (NEA) of the Organization for

ANL-WIS-MD-000005 REV 00 ICN 1 9 November 2000
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Economic Co-operation and Development (OECD) maintains an electronic FEP database that
currently contains 1,261 FEPs from seven programs, representing the most complete attempt
internationally at compiling a comprehensive list of FEPs potentially relevant to radioactive
waste disposal (SAM 1997). The NEA FEP database currently exists in draft form only, but the
publications of the seven disposal programs that contributed FEPs to the compilation contain
descriptions of the FEPs. These programs are the Atomic Energy of Canada, Ltd. (AECL;
Goodwin et al. 1994); a “Scenario Working Group” of the NEA (NEA 1992); a joint effort by
the Swedish Nuclear Power Inspectorate (SKI) and Swedish Nuclear Fuel Management
Company (SKB) (Andersson 1990); a study of deep geologic disposal by SKI (Chapman et al.
1995); an assessment done by Her Majesty’s Inspectorate of Pollution (HMIP) for the
intermediate and low-level site proposed in the United Kingdom by U.K. Nirex, Ltd. (Miller and
Chapman 1993); an analysis by the National Cooperative for the Disposal of Radioactive Waste
(NAGRA) of Switzerland for the proposed Kristallin-1 project (NAGRA 1994); and the U.S.
DOE Waste Isolation Pilot Plant (WIPP) program (DOE 1996).

The 1,261 FEPs identified by these programs have been organized by the NEA FEP database
working group into a hierarchical structure that is defined by 151 layers, categories, and
headings. The YMP FEP Database uses the same structure as the NEA FEP database (see
Section 1.4). Each of the layers, categories, and headings is an individual entry in the YMP FEP
Database, as are the 1,261 FEPs, which are organized under them. Therefore, the YMP FEP
Database contains a total of 1,412 entries that were adopted from the NEA database.

The YMP FEP list was supplemented with YMP-specific FEPs identified in past YMP work
during site characterization and preliminary performance assessments (Barr 1999). Because
Yucca Mountain is an unsaturated, fractured-tuff site, many of these FEPs represented events and
processes not otherwise included in the international compilation. The supplemental entries
resulted from a search of YMP literature in 1998 that identified 292 additional FEP entries.
Relevant FEPs from the 1,704 entries identified from the NEA database and YMP literature were
then taken to a series of technical workshops convened between December 1998 and April 1999.
At these workshops, the relevant FEPs were reviewed and discussed by subject-matter experts
within the project. As a result of these discussions, workshop participants proposed 82
additional YMP-specific FEPs. Many of these additional FEPs were developed informally
during roundtable discussions at the workshops and have no formal documentation other than
workshop notes but are included in the FEPs list. A second round of reviews by subject-matter
experts was performed in 1999 and 2000 in association with the development of FEP AMRs.
During the preparation of the FEP AMRs, subject-matter experts reviewed the existing FEPs
relevant to their subject area and, where necessary, identified new or missing FEPs. This review
and documentation process identified nine additional FEPs

An interim version of the YMP FEP list was provided to the NRC in association with the
NRC/DOE Appendix 7 Meeting on the FEPs Database held September 8, 1999. A subsequent
NRC audit of this interim version of the YMP FEP list identified one potential FEP unrelated to
any existing FEPs (Pickett and Leslie 1999, Section 3.3). The audit also identified three
potential FEPs that were possibly related to existing FEPs. Two of these FEPs were
subsequently determined to be redundant to or subsumed in existing FEPs. The other two FEPs
were added to the YMP FEP list.

ANL-WIS-MD-000005 REV 00 ICN 1 10 November 2000
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In summary, the YMP FEP Database (CRWMS M&O 2000c, Appendix D) contains 1,797
entries, comprised of 151 layers, categories, and headings (which define the hierarchical structure
of the database, as described in Section 1.4) and 1,646 specific feature, event, and/or process
entries. The structure of the YMP FEP Database follows the NEA classification scheme, which
uses a hierarchical structure of layers, categories, and headings. Alphanumeric identifiers (called
the “NEA category”) previously used have been retained in the database for traceability

purposes.

Under the definition adopted for the Yucca Mountain TSPA, a scenario is defined as a subset of
the set of all possible futures of the disposal system that contain the futures resulting from a
specific combination of FEPs. There is no uniquely correct level of detail at which to define
scenarios or FEPs. Coarsely defined FEPs result in fewer, broad scenarios, whereas narrowly
defined FEPs result in many narrow scenarios. Coarsely defined FEPs are preferable because
probability arguments and consequence arguments developed at the coarser scale tend to
conservatively bias the TSPA toward including the FEPs. If the FEPs are too narrowly defined,
the narrow definition may result in an otherwise relevant FEP being excluded based on "low
probability” or "low consequence to dose" caused by the narrow definition. For efficiency, both
FEPs and scenarios should be aggregated at the coarsest level at which a technically sound
argument can be made that is adequate for the purposes of the analysis.

For YMP FEP screening purposes, each FEP has been further classified as either a Primary or
Secondary FEP. Primary FEPs are the coarsest aggregation of FEPs suitable for screening for
the YMP project and for which the project proposes to develop detailed screening arguments.
The classification and description of Primary FEPs strive to capture the essence of all the
Secondary FEPs that are aggregated into the Primary FEP. Secondary FEPs are FEPs that are
either completely redundant or that can be reasonably aggregated into a single Primary FEP. By
working to the Primary FEP description, the subject-matter experts assigned to the Primary FEP
also address all relevant Secondary FEPs, and arguments for Secondary FEPs can be included in
the Primary FEP analysis and disposition. For example, the coarse Primary FEP "Faulting" is
used to address multiple and redundant secondary FEPs that concern movement along faults of
various scales, generation and formation of new faults, reactivation of old faults, and the various
types and occurrences of faults in the Yucca Mountain area. Definitions for terms used in the
FEPs descriptions and screening are provided in the Glossary in Attachment I. The relationships
of the Primary FEPs to the Secondary FEPs are shown in the tables in Attachment II along with
the Primary FEPs relationships to Key Technical Issues (KTIs) and Subissues and to Integrated
Subissues (see NRC 1999a, 1999b, and 2000a). Attachment II also provides the relationships to
other related Primary FEPs not addressed in this AMR.

To perform the screening and analysis, the FEPs have been assigned based on the PMR structure
so that the analysis, Screening Decision, Screening Argument, and TSPA Disposition reside with
the subject-matter experts in the relevant disciplines. The TSPA recognizes that FEPs have the
potential to affect multiple facets of the project, may be relevant to more than one PMR, or may
not fit neatly within the PMR structure. For example, many FEPs affect waste form, waste
package, and the Engineered Barrier System (EBS). Rather than create multiple separate FEPs,
the FEPs have been assigned, as applicable, to one or more process-model groups, which are
responsible for the PMRs.
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At least two approaches may be used to resolve overlap and interface problems of multiply
assigned FEPs. FEP owners from different process-model groups may decide that only one
process-model group will address all aspects of the FEP, including those relevant to other PMRs.
Alternatively, FEP owners may each address only those aspects of the FEP relevant to their area.
In either case, the FEP AMR produced by each process-model group lists the FEP and
summarizes the screening result, citing the appropriate work in related AMRs as needed.

In the original FEPs assignment, 26 FEPs were designated as Disruptive Events Primary FEPs.
Five of the FEPs were subsequently reassigned to the System-Level FEPs report. This AMR
addresses the 21 Primary FEPs that have been identified as Disruptive Events FEPs and assigned
to this AMR (ANL-WIS-MD-000005). Of the 21 Disruptive Events Primary FEPs, 16 are
addressed explicitly and fully in this AMR. As previously stated, five of the Disruptive Events
Primary FEPs are addressed explicitly and fully by other AMRs, and are addressed in summary
form in this AMR. The five FEPs in question concern changes in rock properties due to seismic
or igneous activity, or potential changes in hydrologic parameters due to changes in the stress
field.

Prior to and during the FEP-screening process, the Primary and Secondary FEPs were reviewed:
(1) to verify that the FEPs had been appropriately assigned to the Disruptive Events report; (2) to
ensure that other FEPs (either previously identified or not-identified) were being addressed either
in this or other FEP-related AMRs; and (3) to determine that all Secondary FEPs were
appropriately included within the Primary FEP descriptions. Only one secondary FEP, "Faulting
exhumes waste container,” a secondary FEP to the Primary FEP "Faulting,” was found not to be
in the FEPs list and it was subsequently added to the FEPs list.

1.3 FEP-SCREENING PROCESS

As described in Section 1.2, the first step in the scenario-development process was the
identification and analysis of FEPs. The second step in the scenario-development process
includes the screening of each FEP against the project screening criteria. Each FEP is screened
against the guidance, assumptions, or specific criteria stated in DOE's Interim Guidance (Dyer,
1999), NRC's proposed rule 10 CFR 63 (64 FR 8640), and the U.S. Environmental Protection
Agency's (EPA) proposed rule 40 CFR Part 197 (64 FR 46976). The screening criteria are
discussed in more detail in Section 4.2 and are summarized here.

o Is the FEP specifically ruled out by the guidance or proposed regulations, or contrary to
the stated guidance or regulatory assumptions?

e Does the FEP have a probability of occurrence less than one chance in 10,000 in 10,000
years (10%/10* yr)?

« Will there be a negligible change to the resulting expected annual dose if the FEP is
omitted? (Note: See Section 4.2.2 for additional explanation)

Based on the three screening criteria stated above, the FEP is either Included in the TSPA-SR or
Excluded from the TSPA-SR. If the response to each of these screening criteria is "no," then the
screening decision of the FEP is Included in the TSPA-SR because the FEP does not satisfy a
screening criterion. Inclusion of a FEP in the TSPA-SR signifies that the potential effects of a
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FEP on repository performance are specifically included in performance-related and dose-related
calculations. In addition, the FEP must be considered either in the nominal scenario (i.e., the
scenario that contains all expected FEPs and no disruptive FEPs), in the disruptive scenario (i.e.,
any scenario that contains all expected FEPs and one or more disruptive FEPs), or as appropriate,
in the human intrusion scenario. An expected FEP is a FEP that is /ncluded in the TSPA-SR,
and that for the purposes of the TSPA, is presumed to occur with a probability equal to 1.0
during the period of performance. A disruptive FEP is a FEP that is Included in the TSPA-SR,
and that has a probability of occurrence during the period of performance of less than 1.0 but
greater than the screening criteria of 10*%/10*yr. Exclusion of a FEP from the TSPA-SR signifies
that the FEP satisfies one or more of the screening criteria listed above. In that case, the FEP 1s
not modeled in the TSPA-SR. '

Because the Primary FEPs are the coarsest aggregate suitable for analysis, situations may result
in which a given Primary FEP contains some Secondary FEPs that are /ncluded in the TSPA-SR
and some that are Excluded from the TSPA-SR. Or, in some situations, existing conditions (such
as existing fracture characteristics) are Included in the TSPA-SR, but changes in conditions (such
as changes in fracture aperture) have been demonstrated to be of no significance and are
considered as Excluded from the TSPA-SR. In these situations, the screening decision will
specify which elements are Included in the TSPA-SR and which are Excluded from the TSPA-
SR In some instances, a screening decision may be based on preliminary calculations or very
strong and reasoned arguments that remain to be verified. In these instances, the designation of
" Excluded from the TSPA-SR" will also specify the disposition as "Preliminary.”

1.3.1 "Regulatory' Exclusion

The screening criteria contained in DOE's Interim Guidance (Dyer 1999), at proposed rule 10
CFR 63 (64 FR 8640), and at proposed rule 40 CFR Part 197 (64 FR 46976) are relevant to many
of the FEPs. FEPs that are contrary to DOE’s Interim Guidance, or to specific proposed
regulations, regulatory assumptions, or regulatory intent are excluded from further consideration.
Examples include: the explicit exclusion from consideration of all but a stylized scenario to
address treatment of human intrusion (Dyer 1999, Section 113(d); 64 FR 8640, Section 113(d));
assumptions about the critical group to be considered in the dose assessment (Dyer 1999, Section
115; 64 FR 8640, Section 115); and the intent that the consideration of "the human intruders" be
excluded from the human-intrusion assessment (64 FR 8640, Section XI. Human Intrusion).

1.3.2 "Low Probability" Exclusion

Probability estimates used in the FEP screening process are based on a technical analysis (either
by consideration of bounding conditions or by a quantitative analysis), and, in some cases,
involve a formalized expert elicitation (such as seismic- and volcanic-hazard probabilities).
Probability arguments, in general, require including quantitative information about the spatial
and temporal scale of the event or process, the magnitude of the event or process, and the
response of the repository design elements to such events and processes.

For the TSPA, the YMP defines an event as "a natural or anthropogenic phenomenon that has a
potential to affect disposal system performance and that occurs during an interval that is short
compared to the period of performance." The definition of process is "a natural or anthropogenic
phenomenon that has a potential to affect disposal-system performance and that operates during
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all or a significant part of the period of performance.” For probability considerations, the
definitions of event and process may involve (1) the probability of the phenomenon occurring,
and (2) the probability of affecting repository performance.

Consequently, probability screening may be considered on two bases. The first basis for the
probability screening is the consideration of the probability of a phenomenon occurring
independent of its effect on the repository. This is particularly germane to geologic processes
where the phenomena are well defined. If it can be demonstrated that a phenomenon
(independent of its effect on the repository) is of low probability, the phenomenon is excluded
from the TSPA. For example, faulting of intact rock can be excluded based on low probability of
significant displacement; therefore, the potential to affect the repository does not need to be
further analyzed.

A second basis for the probability screening is invoked if an event is defined in terms of the
behavior of the repository, rather than solely in terms of the behavior of the independent geologic
phenomenon. This distinction is important for FEP screening because the interactions of the
engineered repository and the geologic system over long periods of time make it difficult to
distinguish uniquely between external events that are independent of the repository (i.e., the
initiating events in the language of guidance and proposed regulations relevant to preclosure
operations) and those that are dependent on the long-term evolution of the repository system.
Therefore, a low-probability-screening argument may be used if it is shown that the specific
behavior of the repository is of low probability, regardless of the probability of the various events
that may have contributed to that behavior. For example, "Fault movement shears waste
container” is excluded on low probability based on design features (the separation distance of the
waste package and drift wall and the set-back distance from block-bounding faults) because the
design features negate the effect of possible fault displacements. As a result, although fault
displacements on existing faults (the geologic phenomenon) cannot be excluded on low
probability, its effect on the repository (shears waste container) is excluded.

For this AMR, the words damage, failure, breaching, and impairment are used in a specific
sense, as follows:

o Damage generically encompasses failure, breaching, or impairment of the drip shield,
waste package, or other design element.

o Failure is defined respective to "performing the intended waste-containment function"
and is used in the engineering sense of whether a design element meets a stated material
property or performance measure. The term "failure" is correspondingly used with
regard to rock properties in the sense of rock failure being the proximal cause of faults,
fractures, or rockfall.

o Breaching is used to imply that radionuclide containment can no longer be presumed
due to a penetration, rupture, or tear entirely through the waste package, or that
protection of the waste package from dripping and seepage is no longer functional due to
a penetration, rupture, or tear in the drip shield.

o Impairment is loosely defined as applying to other effects, such as accelerated
degradation or corrosion rates or stress cracking, that shorten the performance lifetime.
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If an event is defined in terms of the behavior of the repository, rather than solely in terms of the
behavior of the independent geologic phenomenon, then the low-probability argument may also
be a low-consequence-to-dose argument. That is, if no damage or impairment of engineered
systems occurs, then there is no mechanism for release or accelerated release of radionuclides.
Therefore, there is no significant change to dose, and the regulatory basis for exclusion is "low
consequence to dose." For example, the repository design includes installation of drip shields.
The FEP "Rockfall (large block)" is excluded based on the performance characteristics of the
drip-shield design. Because the largest calculated rockfall does not breach the drip shield, the
waste packages remain unaffected. As a result, the FEP "Rockfall (large block)" could be
excluded either as a non-credible event (or "low probability"), or as "low consequence to dose"
because "Rockfall (large block)" does not provide a mechanism to damage the waste package and
ultimately increase the dose. The basis for a low-consequence-to-dose argument is discussed
further in the following section.

1.3.3 "Low Consequence to Dose" Exclusion

The last of the three screening criteria stated in 1.3 above allows FEPs to be excluded from
further consideration if there would be negligible change to the resulting expected annual dose.
(i.e., on the basis of "low consequence to dose"). The terms “significantly changed” and
“changed significantly” are used in the NRC's and EPA’s proposed regulations but are undefined
terms. Because the relevant performance measures differ for different FEPs (e.g., effects on
performance can be measured in terms of changes in concentrations, flow rates, travel times, or
other measures as well as overall expected annual dose), there is no single quantitative test of
“significance.” For FEP-screening purposes, these terms are inferred to be equivalent to having
no, or negligible, effect.

The low-consequence-to-dose arguments are made for the FEP screening by demonstrating that a
particular FEP has no effect on the distribution of an intermediate-performance measure in the
TSPA. If a FEP can be shown to have negligible impact on unsaturated zone (UZ) or saturated
zone (SZ) flow and transport, waste-package integrity, or other components of the engineered
barrier system (EBS) or natural-barrier system, then the FEP does not provide a mechanism that
results in an increase in the expected annual dose in the TSPA. In some cases, the demonstration
maybe direct, using results of computer simulations of the potential event or process. For
example, by demonstrating that including a particular waste form has no effect on the
concentrations of radionuclides transported from the repository in the aqueous phase, it is also
demonstrated that including this waste form in the inventory would not affect other performance
measures, such as dose, that are dependent on concentration. Explicit modeling of the
characteristics of this waste form could, therefore, be excluded from further consideration in the
TSPA, where concentration of radionuclides has a primary impact on dose.

In other cases, the low-consequence-to-dose argument may involve quantitative reasoning that
considers probabilities that are less than preclosure-design events but that do not satisfy the
probability screening criterion. When coupled with other factors that demonstrate minimal
impact to the repository, it can be demonstrated that the minimal damage weighted by the
probabilities would have a negligible impact on dose. The FEP can, therefore, be Excluded from
the TSPA-SR based on "low consequence to dose."
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Various means to demonstrate negligible impact include site-specific data; TSPA sensitivity
analyses; expertise of the subject-matter experts (including, in some cases, the expert-elicitation
process); natural analogues; modeling studies outside of the TSPA; and reasoned arguments
based on literature research. More complicated processes, such as igneous activity, may require
detailed analyses conducted specifically for the YMP.

1.4 ORGANIZATION OF YMP FEP DATABASE

Under a separate task, the TSPA team is constructing an electronic database, the YMP FEP
Database (CRWMS M&O 2000c, Appendix D), that contains information related to the FEP
Screening Decisions and Regulatory Bases, the Screening Arguments, and the TSPA
Dispositions.

The structure of the YMP FEP Database follows the NEA classification scheme, which uses a
hierarchical structure of layers, categories, and headings. Alphanumeric identifiers (called the
“NEA category”) previously used have been retained in the database for traceability purposes.
The YMP FEP Database has 4 layers, 12 categories, and 135 headings. The relationships
between these layers, categories, and selected headings are shown below in Table 2.

Tabie 2. YMP FEP Database Structure

Layers Categories Total Number of Headings

(and general heading descriptions*)
. -- 10 (timescales, spatial domain, regulatory
0. Assessment Basis requirements, model and data issues)

13 (design, excavation / construction,
closure / sealing, monitoring, quality
control)

10 (tectonics, seismicity, volcanism,
1.2 Geologic Processes and Effects | hydrologic response to geologic
processes)

1.1 Repository Issues

1. External Factors

1.3 Climatic Processes and Effects 9 (climate change)

11 (human intrusion, water management,

1.4 Future Human Actions (Active) social and technological development)

1.5 Other 3 (meteorite impact, earth tides)
2.1 Wastes and Engineered 14 (inventory, waste form, waste package,
Features backfill, drip shield, in-drift processes)
. ) 2.2 Geologic Environment 14 (excavation-disturbed zone, rock
2. Disposal System Domain: properties, geosphere processes)
Environmental Factors 2.3 Surface Environment 13 (topography, soil, surface water,
biosphere)
2.4 Human Behavior 11 (human characteristics, diet, habits,
land and water use)
3. Disposal System Domain: 3.1 Contaminant Characteristics 6 (radioactive decay and ingrowth)
Radionuclide / Contaminant
Factors 3.2 Contaminant Release/Migration | 13 (atmospheric transport)
Factors

8 (drinking water, food, exposure modes,

3.3 Exposure Factors dosimetry, toxicity, radon exposure)

*  Parenthetical notes are general descriptions of selected headings.
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Each FEP has been entered as a separate record in the database. Fields within each record
provide a unique identification number, a description of the FEP, the origin of the FEP,
identification as a Primary or Secondary FEP for the purposes of the TSPA, and references to
related FEPs and to the assigned PMRs. Fields also provide summaries of the Screening
Arguments with references to supporting documentation and AMRs, and, for all retained FEPs,
statements of the TSPA Disposition indicating the nature of the treatment of the FEP in the
TSPA. The AMRs, however, contain the detailed arguments and descriptions of the TSPA
Disposition of the subject FEPs.

Each FEP has also been assigned a unique YMP FEP database number, based on the NEA
categories. The database number is the primary method for identifying FEPs, and consists of an
eight-digit number. This number has the form x.X.XX.XX.xx and defines layer, category, heading,
primary, and secondary entries as follows:

x.0.00.00.00 Layer

x.x.00.00.00 Category

x.x.xx.00.00 Heading (some of these are also Primary FEPs)

x.x.xx.xx.00 Primary FEP (where the first x.x.xx is the overlying Heading)
X.X.XX.xx.xx Secondary FEP (where the first x.x.xx.xx is the overlying primary FEP)

With this numbering scheme, the YMP FEP Database Number always identifies the heading to
which a Primary FEP is assigned and the Primary FEP to which a Secondary FEP is aggregated.
For example, the Primary FEP entitled "Tectonic activity—large scale" is assigned the unique
database number of 1.2.01.01.00. This signifies that it is an external factor (1.x.xx.xx.xx), under
the category of geologic processes (1.2.xX.xx.xx), is listed under the heading for Tectonics
(1.2.01.xx.xx), and is the first Primary FEP under the heading (1.2.01.01.00). The unique
database numbers for the 21 Disruptive Events Primary FEPs are shown in Table 1 (Section 1.1)
and are included in the report section headings under Section 6.2. Using this organization, the
Secondary FEPs are appropriately placed under the Primary FEPs in the database structure.

2. QUALITY ASSURANCE

The Quality Assurance (QA) Program applies to the development of this analysis. The
Performance Assessment Operations responsible manager has evaluated the technical-document-
development activity in accordance with QAP-2-0, Conduct of Activities. The QAP-2-0 activity
evaluation, Conduct of Performance Assessment (CRWMS M&O 1999¢c, WBS#13012130M2)
has determined that the preparation and review of this technical document is subject to the
Quality Assurance Requirements and Description (QARD) DOE-RW-0333P (DOE 2000)
requirements. Although QAP-2-0 Conduct of Activities has been replaced by AP-2.21Q Quality
Determinations and Planning for Scientific, Engineering, And Regulatory Compliance Activities,
the QAP-2-0 activity evaluation (CRWMS M&O 1999c) remains in effect. Preparation of the
analysis did not require the classification of items in accordance with QAP-2-3 Classification of
Permanent Items. Because this activity is not a field activity, an evaluation in accordance with
NLP-2-0 Determination of Importance Evaluations was not required.
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The analysis activities documented in this AMR have been conducted in accordance with the
Civilian Radioactive Waste Management System Management and Operating (CRWMS M&O)
Contractor's quality-assurance program, using approved procedures identified in the
Development Plan entitled Evaluate/Screen Tectonics FEPs (CRWMS M&O 1999b).

The methods used to control the electronic management of data as required by AP-SV.1Q
Control of the Electronic Management of Information were not specified in the development plan
entitled Evaluate/Screen Tectonics FEPs (CRWMS M&O 1999b). With regard to the
development plan for the analysis, the control of electronic management of data was evaluated in
accordance with YAP-SV.1 Control of the Electronic Management of Data. This evaluation
(CRWMS M&O 2000d) determined that the current work processes and procedures are adequate
for the control of electronic management of data for this activity. Though YAP-SV.1Q has been
replaced by AP-SV-1.Q, this evaluation remains in effect.

The list of the 21 Disruptive Events Primary FEPs addressed in this AMR was derived from the
YMP FEP Database REV 00 (CRWMS M&O 2000c, Appendix D). REV 00 of the FEPs
database is currently scheduled as a Level 3 Milestone, deliverable to DOE as part of the TSPA-
SR deliverables and will be maintained in accordance with AP-SV.1Q, Control of the Electronic
Management of Data.

3. COMPUTER SOFTWARE AND MODEL USAGE

This AMR uses no computational software; therefore, this analysis is not subject to software
controls. The analyses and arguments presented herein are based on guidance and proposed
regulatory requirements, results of analyses presented and documented in other AMRs, or on
other technical literature. -

This AMR was developed using only commercially approved software (Microsoft® Word 97)
for word processing, which is exempt from qualification requirements in accordance with AP-
SI1.1Q, Software Management. There were no additional applications (Routines or Macros)
developed using this commercial software.

4. INPUTS

4.1 DATA AND PARAMETERS

The nature of the FEP Screening Arguments and TSPA Dispositions is such that cited data and
information are often used to support reasoned FEP Screening Arguments or TSPA Dispositions,
rather than being used as direct inputs to computational analysis or models. Consequently, the
data and information cited in the FEPs Screening Arguments and TSPA Dispositions are largely
corroborative in nature, and the FEP Screening Decisions will not be affected by any anticipated
uncertainties in the cited data and information. Consequently, the data and information are not
listed as inputs in this section but are cited in the individual FEP Screening Arguments and
TSPA Dispositions.
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Because of its reliance on the below-mentioned AMRs and Calculations, this AMR and its
conclusions may be affected by technical-product information that requires confirmation. Based
on the TBV requirements as presented in AP-3.15Q, the information from the below-referenced
AMRs is considered as "NA-Technical Product Output" for the purposes of this AMR.
Screening Decisions that rely upon one or more of the "Technical Product Output” from the
documents discussed below are labeled as "Preliminary"” to denote that the Screening Decision is
subject to later revisions, pending closure of TBV issues in the originating document(s).
Resolution of the TBV items, however, is not expected to change the Screening Decisions
discussed in Section 6.2.

Any changes to the conclusions of the source documents listed below that may occur as a result
of completing the "To Be Verified" (TBV) confirmation activities to resolve the below-listed
TBVs will be reflected in subsequent revisions. The status of the input-information quality may
be confirmed by review of the Document Input Reference system (DIRs) database for the source
documents.

For this AMR, the following six source documents use input data or provide conclusions that are
based on TBV information:

o Fault Displacement Effects on Transport in the Unsaturated Zone, ANL-NBS-HS-
000020 (CRWMS M&O 2000¢)

e Input Request for Seismic Evaluations of Waste Packages and Emplacement Pallets
(CRWMS M&O 2000f).

o FEPs Screening of Process and Issues in Drip Shield and Waste Package Degradation
ANL-EBS-PA-000002 (CRWMS M&O 2000g)

e EBS Radionuclide Transport Abstraction ANL-WIS-PA-000001 CRWMS M&O 2000h)
o  Drift Degradation Analysis ANL-EBS-MD-000027 (CRWMS M&O 2000i)

e Supporting Rock Fall Calculation for Drift Degradation: Drift Reorientation with No
Backfill CAL-EBS-MD-000010 (CRWMS M&O 2000j)

The results of the analysis presented in Fault Displacement Effects on Transport in the
Unsaturated Zone, ANL-NBS-HS-000020 (CRWMS M&O 2000e, Section 7) are designated by
the authors as TBV. The results of this analysis are used in the support of multiple faulting- and
fracture-related FEPs. The referenced AMR (CRWMS M&O 2000e) lists Assumptions 5.9 and
5.10 as TBV. These assumptions are sensitive to perched-water conceptual models. Resolution
of these TBVs depends on the qualification of the flow-and-transport models used for the TSPA-
SR. Based on the TBV requirements as presented in AP-3.15Q, the information from the
referenced AMR (CRWMS M&O 2000e) is considered as “"NA-Technical Product Output” for
the purposes of this AMR. Resolution of the TBV items, however, is not expected to change the
Screening Decisions discussed in Section 6.2.
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Seismic (ground motion) impact analyses are provided in the Input Request for Seismic
Evaluations of Waste Packages and Emplacement Pallets (CRWMS M&O 2000f). The input
request includes the results of analyses examining the potential impact of seismicity (ground
motion) on the drip shields, and on the emplacement pallets and waste packages. These results
are considered preliminary, and similar analyses are designated as TBV in FEPs Screening of
Process and Issues in Drip Shield and Waste Package Degradation ANL-EBS-PA-000002
(CRWMS M&O 2000g, Section 6.2.3) and EBS Radionuclide Transport Abstraction ANL-WIS-
PA-000001 CRWMS M&O 2000h, Section 6.5.4 and 6.5.5). Based on the TBV requirements as
presented in AP-3.15Q, the information from the referenced AMRs (CRWMS 2000f, 2000g, and
2000f) is considered as "NA-Technical Product Output" for the purposes of this AMR.
Resolution of the TBV items, however, is not expected to change the Screening Decisions
discussed in Section 6.2.

The results presented in Drift Degradation Analysis ANL-EBS-MD-000027 (CRWMS M&O
2000i) and in Supporting Rock Fall Calculation for Drift Degradation: Drift Reorientation with
No Backfill CAL-EBS-MD-000010 (CRWMS M&O 2000j) are used to support screening for the
FEPs for "Rockfall (large block)" (2.1.07.01.00) and "Mechanical degradation or collapse of
drift." TBVs described in Drift Degradation Analysis ANL-EBS-MD-000027 (CRWMS M&O
2000i) include TBV-4412 and TBV-4408. TBV-4412 is the result of using unqualified inputs
regarding fracture orientation and spacing. The fracture inputs, however, are based on final,
qualified fracture data, so no significant change is expected. The TBV was assigned pending
verification of the inputs. TBV-4408 is the result of using unqualified vibratory ground-motion
parameters in the seismic analysis; the peak ground velocity and the peak ground acceleration
were preliminary subsurface-ground-motion values derived from the results of the Preliminary
Seismic Hazard Analysis for Fault Displacement and Vibratory Ground Motion at Yucca
Mountain, Nevada (or PSHA) (USGS 1998). Based on the TBV requirements as presented in
AP-3.15Q, the information from the referenced AMR (CRWMS M&O 2000i) is considered as
"N A-Technical Product Output” for the purposes of this AMR. The potential impacts of changes
in these values are not currently known.

All data used in the supporting calculation, Supporting Rock Fall Calculation for Drift
Degradation: Drift Reorientation with No Backfill CAL-EBS-MD-000010 (CRWMS M&O
2000j), have been qualified. However, the rock bulk properties used in the analysis are currently
considered as TBV. The rock-properties data are from qualified sources but require verification.
Resolution of this TBV is not expected to significantly change the results of the calculation
because the values used are based on the mean values and standard deviations of the results of
geotechnical test performed on core samples from boreholes at the Yucca Mountain site. Based
on the TBV requirements as presented in AP-3.15Q, the information from the referenced AMR
(CRWMS M&O 2000j) is considered as "NA-Technical Product Output" for the purposes of this
AMR. Resolution of the TBV items, however, is not expected to change the Screening
Decisions discussed in Section 6.2.
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42 CRITERIA

This AMR complies with criteria detailed in the DOE's Interim Guidance (Dyer 1999) and
proposed rule 10 CFR 63 (64 FR 8640). The Subparts of the DOE's Interim Guidance and 64 FR
8640 that apply to this analysis are those general-information criteria requiring the
characterization of the Yucca Mountain site (Subpart B, Section 15). In particular, relevant parts
of the guidance include the compilation of information regarding geology, hydrology, and
geochemistry of the site (Dyer 1999, Subpart B, Section 21(c)(1)(ii); 64 FR 8640, Subpart B,
Section 21(c)(1)(ii)), and the definition of geologic, hydrologic, and geochemical parameters and
conceptual models used in performance assessment (Dyer 1999, Subpart E, Section 114(a); 64
FR 8640, Subpart E, Section 114(a)). Additional criteria include the NRC-specified Acceptance
Criteria and the technical-screening criteria provided in Dyer (1999) and in the NRC's and EPA's
proposed rules.

4.2.1 NRC Key Technical Issues and Acceptance Criteria

Analysis of individual Disruptive Events FEPs help address related KTI Subissues and Integrated
Subissues from subject-specific Issue Resolution Status Reports (IRSRs). Of particular
importance are the Issue Resolution Status Report Key Technical Issues: Structural Deformation
and Seismicity (NRC 1999a) and the Issue Resolution Status Report Key Technical Issues:
Igneous Activity (NRC 1999b). The FEPs, in many instances, do not directly address the
Acceptance Criteria in the referenced IRSRs. However, the Screening Argument and TSPA
Disposition statements provided in Section 6 of this AMR do cite AMRs, calculations, and other
supporting information that are relevant to and that address the criteria in the cited IRSRs. The
relationship of the FEPs to the Subissues and to Integrated Subissues (ISI) in the cited IRSRs is
provided in Attachment II of this AMR.

The identification and screening of FEPs, however, are specifically discussed in Issue Resolution
Status Report Key Technical Issue: Total System Performance Assessment and Integration
(TSPAIYNRC 2000) for Subissue 1: System Description and Demonstration of Multiple
Barriers: Features, Events, and Processes Identification and Screening (see Section 4.2.1.1); and
Subissue 2: Total System Performance Assessment Methodology: Scenario Analysis (see Section
42.1.2 through 4.2.14). The applicable Acceptance Criteria and the specific Technical
Acceptance Criteria (T1, T2, etc.) from the TSPAI are identified in the following subsections.

42.1.1 TSPAI Subissue 1 Acceptance Criterion: Features, Events, and Processes
Identification and Screening

The TSPAI (NRC 2000) states that "DOE will identify and classify those FEPs to be combined
into scenarios and screen those FEPs to be excluded from further consideration. DOE's TSPA
will be evaluated to determine if DOE has adequately identified and addressed those FEPs that
are sufficiently likely to occur within the compliance period." The associated Technical
Acceptance Criteria include:

Criterion T1: The screening process by which FEPs were included or excluded from the
TSPA is fully described.

Criterion T2: Relationships between relevant FEPs are fully described.
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To help satisfy Criterion T1, the FEP screening process for the Disruptive Events FEPs is
described in Section 1.3 and Section 6.1 of this AMR. The relationships of the Disruptive Events
Primary FEPs to other relevant FEPs are detailed in Attachment II of this document, and provide
support to satisfy Criterion T2. The classification of FEPs as primary or secondary is discussed
in Section 1.2 of this AMR and provides support to satisfy Criterion T2.

4.2.1.2 TSPAI Subissue 2 Acceptance Criterion: Identification of an Initial Set of
Processes and Events

The TSPAI (NRC 2000) states that DOE's approach to identifying an initial list of processes and
events will be acceptable if the following Technical Acceptance Criterion is met:

Criterion T1: DOE has identified a comprehensive list of processes and events that (1) are
present or might occur in the YM region (YMR) and (ii) includes those processes and
events that have the potential to influence repository performance.

To help satisfy Criterion T1, a summary of the approach and methods used to identify the list of
processes and events is provided in Section 1.2 of this AMR. An extensive discussion regarding
the approach and identification of the list of processes and events is provided in The
Development of Information Catalogued in REV 00 of the YMP FEP Database TDR-WIS-MD-
000003 REV 00 (CRWMS M&O 2000c).

4.2.1.3 TSPAI Subissue 2 Acceptance Criterion: Classification of Processes and Events

The TSPAI (NRC 2000) states that DOE's classification of processes and events will be
acceptable, if the following Technical Acceptance Criteria are met:

Criterion T1: DOE has provided adequate documentation identifying how its initial list
of processes and events has been grouped into categories.

Criterion T2: Categorization of processes and events is compatible with the use of
categories during the screening of processes and events.

To help satisfy Criterion T1 and T2, the categorization (or classification) of the list of processes
and events is discussed in Section 1.2 of this AMR. The categorization is also addressed through
the database organization and FEP numbering as summarized in Section 1.4 of this AMR.
Details regarding the categorization are provided in The Development of Information Catalogued
in REV 00 of the YMP FEP Database TDR-WIS-MD-000003 REV 00 (CRWMS M&O 2000c).

4.2.1.4 TSPAI Subissue 2 Acceptance Criterion: Screening of Processes and Events

The TSPAI (NRC 2000) states that DOE's screening of categories of processes and events will be
acceptable if the following Technical Acceptance Criteria are met:

Criterion T1: Categories of processes and events that are not credible for the YM

repository because of waste characteristics, repository design, or site characteristics are
identified and sufficient justification is provided for DOE's conclusions.
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Criterion T2: The probability assigned to each category of processes and events [..]is

consistent with site information, well documented, and appropriately considers.
uncertainty. [Note: The omitted language in Criterion T2, as noted by the brackets [. . .],

is "not screened based on Criterion TI or T2." However, the TSPAI does not clarify
which Criterion T1 and T2 are being referenced, so it has been omitted here for clarity.]

Criterion T3: DOE has demonstrated that processes and events screened from the PA on
the basis of their probability of occurrence, have a probability of less than one chance in
10,000 of occurring in 10,000 years.

Criterion T4: DOE has demonstrated that categories of processes and events omitted
from the PA on the basis that their omission would not significantly change the calculated
expected dose, do not significantly change the calculated expected annual dose.

To help satisfy Criteria T1, T3, and T4, the Screening Decision (either /ncluded or Excluded) and
the Regulatory Basis (which is expressed as "low probability" or "low consequence to dose") are
listed for each Disruptive Events Primary FEP in Section 6.2 of this AMR. The technical bases
for the decision is provided in the Screening Argument and/or TSPA Disposition discussions.
Similar information for the related Secondary FEPs is provided in Attachment II of this AMR.

Criterion T1 allows for screening based on repository design and corresponds to Assumptions
5.2 and 5.3 discussed in Section 5.0 of this AMR. Accordingly, Criterion T1 is, at least partially,
satisfied because where "not credible”" arguments are used, the potential magnitude of a process
or event is contrasted to and shown to be addressed by a specific repository-design element. The
sources of information for both the magnitude of the event and for the design element are cited.

Criterion T2 is concerned with the basis used to determine probability for FEPs that are to be
included in the TSPA. Criterion T2 is, at least, partially satisfied because the probabilities used
in the Disruptive Events FEP screening and in the TSPA-SR are based on the results of expert
elicitation, which are consistent with site data, well-documented, and consider uncertainty. In
particular, the expert-elicitation process was used to develop probabilities for seismicity and fault
displacement and the results are presented in the PSHA (USGS 1998). The probabilities of fault
displacements at various representative reference points for the repository (see the subheading
Fault Displacement Evaluation in Section 6.2.3 for Point descriptions) are cited as the basis for
excluding the formation of new fractures and new faults, and are also used to determine whether
fault displacements would affect the repository such that the displacements would significantly
change the calculated expected annual dose (see Section 6.2.2 and 6.2.3). The expert-elicitation
process was also used for evaluating the probability of igneous activity. The results of the
igneous-activity expert elicitation are not cited directly but are used in development of the AMRs
cited for the igneous-related FEPs and for the TSPA-SR calculations.

Criteria T3 and T4 are, at least partially, satisfied by the discussions provided in Sections 1.3.2
and 1.3.3, which specifically address the application of "low probability" and "low consequence
to dose" to FEP screening. As described in Section 1.3.2, low probability is considered on two
bases: (1) the probability of a geologic event (e.g., seismicity and faulting), and (2) the
probability of a specific behavior of the repository in response to a geologic process. The low-
consequence-to-dose argument, as described in Section 1.3.3, is used if it is demonstrated that
there is no effect on the distribution of an intermediate performance measure in the TSPA. FEP-
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specific application of "low probability” and "low consequence to dose" are provided for each
Disruptive Events FEP in Section 6.2.

4.2.2 FEP Screening Criteria

DOE's technical screening criteria are provided in DOE's Interim Guidance (Dyer 1999). These
FEP-screening criteria are also identified by the NRC in proposed rule 10 CFR Part 63 (64 FR
8640). Additional screening criteria are identified by the EPA in 40 CFR Part 197 (64 FR
46976). The DOE's Interim Guidance and the proposed NRC regulations specifically allow the
exclusion of FEPs from the TSPA if they are of low probability (less than one chance in 10,000
of occurring in 10,000 years (10%/10* yr) or, as explained in Assumption 5.4, an equivalence of
10 annual-exceedance probability), or if occurrence of the FEP can be shown to have negligible
effect on expected annual dose. These technical screening criteria are the same as those
discussed in Section 4.2.1.4 for Criteria T1 and T3. Other criteria are specified in the
assumptions, guidance, or proposed regulations that address the reference biosphere and the
critical group.

The following subsections provide the regulatory citations for the technical screening criteria
used for the FEP-screening process. The criterion for "low probability" is discussed in Section
4.2.2.1 and for "low consequence to dose" is described in Section 4.2.2.2. The criteria for "low
probability" and "low consequence to dose" are used as the basis for all of the FEP screenings.
Information regarding the reference biosphere (Section 4.2.2.3) and the critical group (Section
4.2.2.4) establishes other pertinent factors that must be considered during the FEP screening.
These other factors include consideration of future states of the geologic setting and the distance
from the repository to the potential receptors.

4.2.2.1 '"Low Probability"

The low-probability criterion is explicitly stated in the DOE's Interim Guidance (Dyer 1999,
Section 114(d)), and proposed rule 10 CFR 63 (64 FR 8640, Section 114(d)):

Consider only events that have at least one chance in 10,000 of occurring over 10,000
years.

The EPA provides essentially the same criterion in proposed rule 40 CFR §197.40 (64 FR
46976):

The DOE’s performance assessments should not include consideration of processes or
events that are estimated to have less than one chance in 10,000 of occurring within
10,000 years of disposal.

The low-probability criterion is stated as less than one chance in 10,000 of occurring in 10,000
years (10%/10 yr, or as explained in Assumption 5.4, an equivalence of 10 annual-exceedance
probability). The use of low-probability criterion for FEP Screening is described in Section
1.3.2 of this AMR. As described in Section 1.3.2, "low probability" is considered on two bases:
(1) the probability of a geologic phenomenon (e.g., faulting), and (2) the probability of a specific
behavior of the repository in response to a geologic process (e.g., fault movement shears waste
container).
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The low-probability criterion is used for the Disruptive Events FEPs screening in’ association
with the results of expert elicitation. The expert-elicitation process was used to develop
probabilities for seismicity and fault displacement and the results are presented in the PSHA
(USGS 1998). The probabilities of fault displacements at various representative reference points
for the repository (see the subheading Fault Displacement Evaluation in Section 6.2.3 for Point
descriptions) are cited as the basis for excluding the formation of new fractures and new faults,
and are also used to determine whether fault displacements would affect the repository such that
dose would be significantly changed (see Sections 6.2.2, 6.2.3, and 6.2.4).

The PSHA (USGS 1998) is of particular interest because at low annual-exceedance probabilities
(10° to 10® annual- exceedance probabilities), the magnitude of the calculated ground motion
and fault displacement is driven by the tail of the uncertainty distribution. The integrated
summary hazard curve for fault displacement based on the Solitario Canyon fault (USGS 1998,
Figure 8-3), suggests that the fault displacement at a 10® annual-exceedance probability could
range from 1 m to 5 m or greater. The median fault displacement on the Solitario Canyon at a
10" annual-exceedance probability is 3 m. However, physical observations of displacements
from trenches excavated at the Yucca Mountain site and studies in the Exploratory Studies
Facility (ESF) indicate that the maximum per-event displacement over the last 250 k.y. is no
larger than 1.3 m (Ramelli et al. 1996, p. Table 4.7.3). A displacement of 1.3 m falls within the
lower fractiles of the uncertainty range for the 10® annual-exceedance probability and below the
median values provided in PSHA (USGS 1998).

Dyer (1999, Section 114(1)) provides direction and is echoed by the NRC at proposed rule 10
CFR 63.115(a)(4), stating that the performance assessment should:

... assume evolution of the geologic setting consistent with present knowledge of natural
processes.

Similarly, the EPA has specified that the DOE must consider the changes that could occur in the
next 10,000 years at proposed rule 40 CFR §197.15 (64 FR 46976). This assumption is stated as

follows:

.. . DOE must vary factors related to the geology, hydrology, and climate based on
environmentally protective but reasonable scientific predictions of the changes that could
affect the Yucca Mountain disposal system over the next 10,000 years.

The FEP-screening discussions cite the range of values presented in the PSHA (USGS 1998),
and postclosure FEPs screening is performed against the median value. The median value, rather
than the mean value, is used for postclosure FEPs screening because it is a better representation
of the central tendency of the hazard at low annual-exceedance probabilities; it is more consistent
with observed fault displacements; and it is a reasonable scientific prediction as required by the
EPA. The basis for using the median value is further justified in Assumption 5.5 (see Section
5.0).
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4.2.2.2 "Low Consequence to Dose"

Criteria for low-consequence-to-dose screening arguments are provided in DOE's Interim
Guidance (Dyer 1999, 114(e) and (f)), and NRC's proposed rule 10 CFR 63 (64 FR 8640, Section
114(e) and (f)), which indicate that performance assessments shall:

(¢) Provide the technical basis for either inclusion or exclusion of specific features,
events, and processes of the geologic setting in the performance assessment. Specific
features, events, and processes of the geologic setting must be evaluated in detail if
the magnitude and time of the resulting expected annual dose would be significantly
changed by their omission.

(f) Provide the technical basis for either 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. Degradation, deterioration, or alteration processes of engineered
barriers must be evaluated in detail if the magnitude and time of the resulting
expected annual dose would be significantly changed by their omission.

The EPA provides essentially the same criteria at proposed rule 40 CFR §197.40 (64 FR 46976):

.. with the NRC’s approval, the DOE’s performance assessment need not evaluate, in
detail, the impacts resulting from any processes and events or sequences of processes and
events with a higher chance of occurrence if the results of the performance assessment
would not be changed significantly.

The terms “significantly changed” and “changed significantly” are undefined terms in the DOE's
Interim Guidance and in NRC's and in the EPA’s proposed regulations. These terms are inferred
for FEP-screening purposes to be equivalent to having no or negligible effect. Because the
relevant performance measures differ for different FEPs (e.g., effects on performance can be
measured in terms of changes in concentrations, flow rates, travel times, or other measures as
well as overall expected annual dose), there is no single quantitative test of “significance.”

The use of low-consequence-to-dose arguments for FEP screening is described in Section 1.3.3
of this AMR. Low consequence to dose, as described in Section 1.3.3, is used if it is
demonstrated that there is no effect on the distribution of an intermediate performance measure
in the TSPA.

4.2.2.3 Reference Biosphere and Geologic Setting

DOE's Interim Guidance and the NRC's and EPA's proposed regulations specify assumptions
(which in effect serve as FEP-screening criteria) pertinent to screening many of the Disruptive
Events FEPs. Particularly germane are explicit assumptions regarding the reference biosphere
and the geologic setting.

An assumption pertaining to the characteristics of the reference biosphere is presented in DOE's
Interim Guidance (Dyer 1999, Section 115 (a)(1)) and in proposed rule 10 CFR 63 (64 FR 8640,
Section 115 (a)(1).
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Features, events, and processes that describe the reference biosphere shall be consistent
- with present knowledge of the conditions in the region surrounding the Yucca Mountain
site.

With regard to changes in the geologic setting, Dyer (1999, Section 114(1)) and the NRC at
proposed rule 10 CFR 63 (64 FR 8640, Section 115(a)(4)) state that:

Evolution of the geologic setting shall be consistent with present knowledge of natural
processes.

The EPA has specified a similar assumption regarding changes that will occur in the next 10,000
years in proposed rule 40 CFR §197.15 (64 FR ). This assumption can be summarized as
follows:

... DOE must vary factors related to the geology, hydrology, and climate based on
environmentally protective but reasonable scientific predictions of the changes that could
affect the Yucca Mountain disposal system over the next 10,000 years.

These criteria require that present knowledge of the geologic and hydrologic system be
considered in the performance assessment. Consequently, existing features such as faults and
fracture systems have been included in the geologic framework and UZ and SZ flow models, and
various rock properties and behaviors of igneous events have been included in the models and
analysis used as a basis for FEPs screening. As a result, FEPs Screening Decisions may indicate
that existing features are Included in the TSPA-SR, while changes to features may be Excluded
from the TSPA-SR based on "low probability" or "low consequence to dose."

These criteria also specify the duration of the regulatory period of concern (10,000 years). In
contrast to geologic processes, this duration is relatively short. Consequently, some geologic
process may be excluded based on "low probability" or "low consequence to dose" because the
regulatory period of concern is shorter than the time period (100,000 years or greater) needed for
geologic processes to result in effects that would significantly affect dose.

4.2.2.4 Critical Group

The characteristics of the critical group to be used in exposure calculations are given in DOE's
Interim Guidance (Dyer 1999, Section 115(b)) and at proposed rule 10 CFR 63 (64 FR 8640,
Section 115(b)). Pertinent to the Disruptive Events FEPs is the guidance that:

The critical group shall reside within a farming community located approximately 20 km
south from the underground facility (in the general location of U.S. Route 95 and Nevada
Route 373, near Lathrop Wells, Nevada). (Dyer 1999, Section 115(b)(1); 64 FR 8640,
Section 115(b)(1))

The EPA-specified assumptions are provided at proposed rule 40 CFR §197.21(a-c) (64 FR
46976) and describe the "reasonably maximally exposed individual" (RMEI). The characteristics
of the RMEI are similar to those described for the critical group, but there is a significant
difference in the approach of using a "critical group" versus the RMEI concept. The difference
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lies in the conceptual approach to calculating dose, the explanation of which is beyond the scope
of this AMR.

For the Disruptive Events FEPs, the distance from the repository to the critical group (specified
as 20 km) is the primary criterion of interest, and it is not significantly different from the
locations of the RMEI proposed by EPA at proposed rule 40 CFR §197.37, Alternative 2 (64 FR
46796), which states that the RMEI " . . . lives within one-half kilometer of the junction of U.S.
Route 95 and Nevada State Route 373." This location is approximately 20 km from the proposed
repository. Consequently, resolution of the differences in approach (i.e., critical group versus
RME]I) is unlikely to affect any screening decisions provided for the Disruptive Events FEPs.

The distance from the repository is of primary interest in evaluating results of igneous-related
transport FEPs. For example, generally speaking, the potential magmatic transport mechanism at
Yucca Mountain would occur over distances significantly less than 20 km. This allows for the
FEP to be Excluded from the TSPA-SR based on "low consequence to dose" because the
radionuclides could potentially be transported by magma only a small fraction of the distance
toward the critical group. The potential increases in radionuclide source terms from deposition
of ash also take into account the distance from repository to the critical group.

4.3 CODES AND STANDARDS

There are no Codes or Standards directly applicable to this analysis.

5. ASSUMPTIONS

There are five general assumptions used in screening of the Disruptive Events FEPs for the
TSPA-SR.

Assumption 5.1: For the Disruptive Events FEP-screening analyses, there is an assumption that
the tectonic strain rates at Yucca Mountain will not vary significantly on a local or regional scale
through the repository-performance period (10,000 years). Additionally, it is assumed that
existing knowledge of natural processes is sufficient to adequately characterize future states of
the geologic system.

Justification: This assumption is justified because it is consistent with the existing
guidance and screening criteria pertaining to present knowledge of natural processes. As
directed by Dyer (1999, Section-114(1)) and the proposed rule 10 CFR 63 (64 FR 8640,
Section 115(a)(4)), the TSPA also assumes that the evolution of the geologic setting is
consistent with present knowledge of natural processes.

At Yucca Mountain, increased rates of tectonic activity and igneous activity in the
geologic past were associated with greater crustal-strain rates than exist in the present. A
geologic condition that would reduce rates or number of incidences for tectonic activity
would favorably impact the potential for containment by the repository. As discussed in
the context of specific FEPs in Section 6, available information indicates that crustal-
extension rates are likely to vary insignificantly or to decrease throughout the
performance period. The rate of subsidence appears to have diminished consistently over
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the last several million years, and the locus of subsidence-related extension has migrated
west of Yucca Mountain (inferred from Fridrich 1999, p. 189; Dixon et al. 1995, p. 765). -
The assumption that crustal-strain rates will not vary significantly from the present rates
is, therefore, conservative because it allows for greater than expected tectonic activity.
Consequently, there is conservatism in the exclusion of the FEP "Tectonic activity—large
scale" because the small magnitude and rate of change are overstated, and the probability
of igneous activity, although Included in the TSPA-SR, is also conservatively overstated.
Because the assumption is reasonable and conservative, it requires no further
confirmation.

Use: This assumption is particularly germane to Disruptive Events FEPs because the
FEPs are concerned with geologic processes (e.g., tectonic, seismic, and igneous
processes) that are influenced by crustal-strain rates. This assumption is used specifically
for the FEP "Tectonic activity—large scale” (1.2.01.01.00) (Section 6.2.1), and "Fractures"
(1.2.02.01.00) (Section 6.2.2), but it is also applicable (though not specifically used in the
screening arguments) to other FEPs related to changes in stress and strain caused by
geologic processes.

Assumption 5.2: Design parameters can be used to justify an "Excluded from the TSPA-SR"
FEP-screening decision, if the design parameter eliminates or alleviates the FEP (i.e., in some
cases the screening decision is design-dependent). Design parameters can be used to support
both low- probability and/or low-consequence-to-dose arguments.

Justification: For the TSPA, the YMP defines an event as "a natural or anthropogenic
phenomenon that has a potential to affect repository performance and that occurs during
an interval that is short compared to the period of performance.” Inherent in this
definition is an interaction between the phenomenon and some component of the
repository system, which potentially leads to significantly changed performance. The
design parameters determine, to some extent, the nature of the interaction of the geologic
process with the waste packages or other designed features. If a design parameter is
instituted which eliminates or alleviates the interaction, then the FEP Screening Decision
can be determined on that basis.

For example, the repository design includes installation of drip shields. The FEP
"Rockfall (large block)" is excluded based on the performance characteristics of the drip-
shield design. Because the largest calculated rockfall does not breach the drip shield, the
waste packages remain unaffected. As a result, the FEP "Rockfall (large block) could be
excluded as either a "non-credible" event (or "low probability"), or it could be excluded
based on "low consequence to dose" because "Rockfall (large block)" does not provide a
mechanism to damage the waste package and, thereby, increase the dose.

This assumption is justified because (1) FEPs can be defined temporally, spatially, and in
magnitude; (2) the phenomena and effect of the interaction can be quantified (or at least
bounded) and, therefore, incorporated into the design in such a way that the potential
effect of the FEP is eliminated or minimized; (3) the implementation of the design and
changes to the design are subject to a performance-confirmation process; and (4) the "as-
built” design can be verified (see Assumption 5.3). Additionally, the TSPAI (NRC 2000,
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Subissue 2 Acceptance Criterion: Screening of Processes and Events, Criterion; see
Section 4.2.1.3 of this AMR) allows for screening based on repository design. Because
of the justifications in provided in Items 2,3, and 4 above, the assumption is reasonable,
and because the Acceptance Criterion allows this assumption, no further confirmation is
needed.

Use: This assumption is particularly germane to FEPs involving potential breaching of
containers due to some geologic phenomenon, such as "Fault movement shears waste
container” (1.2.02.03.00) (Section 6.2.4), and the FEP "Seismic vibration causes
container failure” (1.2.03.02.00) (Section 6.2.6). The FEP "Fault movement shears waste
container" is excluded based on the assumption that fault set-backs as specified in
Subsurface Facility System Description Document BCA000000-01717-1705-00014
(CRWMS M&O 1998a, Sections 1.2.1.7 and Section 1.2.1.8) will be implemented. It is
also relevant to the FEP "Seismic vibration causes container failure" (1.2.03.02.00),
because the design determines the potential for damage from ground motion. This
assumption is also used in support of excluding the FEPs "Rockfall (large block)
(2.1.07.01.00)(Section 6.2.17) and "Mechanical degradation or collapse of drift"
(2.1.07.02.00) (Section 6.2.18)

Assumption 5.3: The TSPA is based on an assumption that the repository will be constructed,
operated, and closed according to the design used as the basis for the FEP screening.

Justification: This assumption is justified because when a design change occurs, the
potential for impact on FEP-screening decisions is evaluated. Changes in the design
require a reevaluation of the screening decision for FEPs that are dependent on design
requirements. This assumption is also justified based on the conditions specified by Dyer
(1999, Section 21 (b)(6)), which includes a requirement for a description of the quality-
assurance program to be applied to structures, systems, and components. Furthermore,
the TSPAI (NRC 2000, Subissue 2 Acceptance Criterion: Screening of Processes and
Events, Criterion T1 ; see Section 4.2.1.3 of this AMR) allows for screening based on
repository design.

For example, this AMR was originally issued (REV 00) based on consideration of a
repository design with backfill, based on License Application Design Selection Report
(LADs) (CRWMS M&O 1999a, EDA 11, p. 0.21 to 0.26 and Section 7). On January 26,
2000 a design change was initiated to resolve certain thermal design issues. This design
change was described in Technical Change Request T2000-0133, dated January 26, 2000
(CRWMS M&O 2000a). Additional design changes have been noted in "Repository
Subsurface Design Information to Support TSPA-SR" PA_SSR-99218.Tc (CRWMS
M&O 2000b). The design considerations included reorienting the emplacement drifts to
azimuth 252/72, including a drip shield, removing the backfill from the design, and
evaluating a repository layout and relocation northward to accommodate both a 70,000-
MTU and 97,000-MTU design. The design changes have been evaluated for the FEP
screening decisions presented in this AMR. This is an inherent assumption for
engineering projects, and design/construct is required as part of the construction process.
No further confirmation is required.

ANL-WIS-MD-000005 REV 00 ICN 1 30 November 2000




Features, Events and Processes: Disruptive Events

Use: Unless a FEP is excluded because of a low probability of the phenomenon
occurring, the FEP screening decision is based, at least in part, on the design used for the
comparison. For example, the repository design includes installation of drip shields. The
FEP "Rockfall (large block)" is excluded based on the performance characteristics of the
drip-shield design. If the drip shield were to be deleted from the design, or constructed
differently from the design used for the analysis, the FEP would need to be reevaluated.

This assumption is particularly germane to FEPs involving potential breaching of
containers such as "Fault movement shears waste container" (1.2.02.03.00) (Section
6.2.4) and "Seismic vibration causes container failure” (1.2.03.02.00) (Section 6.2.6).
The presence of the drip shield (a design feature) limits the potential for rockfall or drift
degradation to breach the containers (see discussion for the FEPs "Rockfall (large block)"
(2.1.07.01.00) (Section 6.2.17) and "Mechanical degradation or collapse of drifts"
(2.1.07.02.00) (Section 6.2.18)).

Assumption 5.4: For postclosure seismic-related and fault-related FEPs, it is assumed that the
probability criterion of one chance in 10,000 in 10,000 years (10%/10% yr) is equivalent to a 10°®
annual-exceedance probability.

Justification: This approach is justified based on the definition of an event as "a natural
or anthropogenic phenomenon that has a potential to affect repository performance and
that occurs during an interval that is short compared to the period of performance.” The
assumption of equivalence of 10%/10° yr to the 10® annual-exceedance probability is
justified if the possibility of an event is equal for any given year. For geologic processes
that occur over long time spans, assuming annual equivalence over a 10,000-year period
(a relatively short time span) for geologic-related events is reasonable. Therefore, no
further confirmation is required.

Use: This assumption is used for the FEP "Fractures” (1.2.02.01.00) (Section 6.2.2); the
fault-related FEPs "Faulting" (1.2.02.02.00) (Section 6.2.3) and "Fault movement shears
waste container” (1.2.02.03.00); and the seismic-related FEP "Seismic vibration causes
container failure." (1.2.03.02.00) (Section 6.2.6). This assumption is also used for the
FEP "Rockfall (large block)" (2.1.07.01.00) (Section 6.2.17) and the FEP "Mechanical
degradation or collapse of drift" (2.1.07.02.00)(Section 6.2.18). This assumption is also
used for the FEPs "Changes in stress (due to thermal, seismic, or tectonic effects) change
porosity and permeability of rock " (2.206.01.00) (Section 6.2.19) and "Changes in stress
(due to thermal, seismic, or tectonic effects) produce change in permeability of faults"
(2.2.06.02.00).

Assumption 5.5: For postclosure evaluation of fault- and seismic-related (ground motion) FEPs,
the postclosure fault-displacement and ground-motion hazards are better represented by the
median value, rather than the mean value or 85" fractile value, due to large uncertainties
associated with 10% to 10 annual-exceedance probabilities. The median value is representative
for postclosure analyses and FEPs-screening.

Justification: The use of the median fault displacement and median ground-motion
values for postclosure evaluations (107 to 10® annual-exceedance probabilities) are
justified because they better expresses the central tendencies of the hazards and are less
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influenced by the tails of the uncertainty distributions. Additionally, as discussed in
Section 4.2.2.1, the use of the median value best satisfies the regulatory intent to "assume
evolution of the geologic setting consistent with present knowledge of natural processes.”

Epistemic uncertainty in the hazard results is highly skewed and the degree of skewness
increases with decreasing annual probability. At annual-exceedance probabilities below
10° to 10%, such as the range between 10° and 10° used for postclosure fault-
displacement evaluations, the mean fault-displacement hazard curve approaches the 85th
fractile, then crosses it. At 10® annual-exceedance probabilities, the mean displacement
coincides with the 99th fractile (USGS 1998, Figures 8.2 to 8.13). For fault
displacements, this indicates that the mean displacement is being determined at these very
low probabilities by the tails of the uncertainty distributions, which are modeled in the
PSHA, in accordance with current practice, as lognormal and unbounded (USGS 1998).
These values do reflect the current state of scientific and modeling uncertainty, but in
considering the hazard results, the fault displacements associated with 10® and lower
annual-exceedance probabilities are increasingly too large when compared to the
observed, maximum fault displacements along the Solitario Canyon and the Bow Ridge
faults

For the Solitario Canyon, the cross-over of the mean and the 85" fractile occurs at the 10~/
annual-exceedance probability and corresponds to a displacement of approximately 5 m
(USGS 1998, Figure 8.3). The median fauit displacement for the Solitario Canyon at the
10 annual-exceedance probability is 3 m, and the maximum observed displacement
along the Solitario Canyon fault for a single-event movement is 1.3 m (Ramelli et al.
1996, p. 4.7-44, Table 4.7.3), or slightly above the 15" fractile for the 10*® annual-
exceedance probability. For the Bow Ridge fault, the cross-over of the mean and the 85"
fractile occurs at a slightly greater than a 10”7 annual-exceedance probability and
corresponds to a fault displacement of about 2 m (USGS 1998, Figure 8.2). However, the
median fault displacement for the 10* annual-exceedance probability is 2 m, and the
maximum single-event displacement is reported as a preferred value of 0.44 m, with a
maximum of 0.8 m (Whitney et al. 1996, Table 4.4-3), or at about the 15" fractile for the
10 annual-exceedance probability. The maximum observed value also falls between the
mean and median fault displacements for the 10° annual-exceedance probabilities.

Because of the highly skewed distribution, the median hazard is considered a more
appropriate representation of the central tendency for purposes of FEPs screening for
postclosure performance evaluation. Moreover, the median-hazard results are more
consistent with fault displacements at Yucca Mountain over the past several hundred
thousand years, as obtained from detailed investigations of fault and faulting for the
YMP.

Although the effects of the upper tails of the uncertainty distributions are not as
significant for ground-motion hazard as they are for fault-displacement hazard, they
nevertheless dominate the hazard at low annual probabilities. As suggested in the PSHA
(USGS 1998, Figures 7-15 and 7-16), at 10 annual-exceedance probability, the hazard is
dominantly from ground motion that is more than one standard deviation above the mean,
and a significant contribution comes from ground motion that is more than two standard
deviations above the mean. Based on the seismic hazard summary curves presented in
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the PSHA (USGS 1998, Figures 7-4 through 7-13), it seems reasonable to anticipate that,
at annual-exceedance probabilities in the range of 10 to 10®, the ground-motion hazard
is also increasingly dominated by ground motion that is more than two standard
deviations above the mean. This behavior suggests that, at low annual-exceedance
probabilities, the ground-motion hazards are dominantly from the upper tails of the
experts' uncertainty distributions on seismic sources, earthquake recurrence, and
maximum magnitude.

In summary, uncertainty in the input parameters for ground-motion and fault-
displacement hazard evaluations, following standard practice, has been modeled
assuming an unbounded log