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Attachment II – description of EVENT tree tops

The first event tree from the configuration generator defines the fractional breakdown of the waste forms and waste package types proposed for disposal in the repository.  This event tree, presented in Figure I-1, is a stand-alone tree (i.e., none of its end states transfer to a sub-event tree).  Its purpose is to graphically identify the fraction of total waste package inventory for each waste form and waste package type, including naval waste package types.

Although the Naval Nuclear Propulsion Program is responsible for assessing criticality potential of the naval waste package types in accordance with NNPP’s Technical Support Document for the License Application (McKenzie 2004), these waste package types are presented on this event tree for completeness.

The 22 commercial and DOE SNF waste package types listed in Figure I-1 are utilized as the initiating event in 22 separate event trees.  The sole purpose of these event trees is to transfer to the event tree that initiates the evaluation of the four criticality FEPs cases.  The “YMP‑INIT‑EVENTS” end state name in the “END‑STATE” column indicates the name of the event tree to which the transfer occurs.

The “YMP‑INIT‑EVENTS” event tree is presented in Figure I-3.  This event tree directs the evaluation of the four criticality FEPs cases — (1) Base Case, (2) Seismic Disruptive Event, (3) Rock Fall Disruptive Event, and (4) Igneous Disruptive Event.  These cases are respectively represented by the four branches of the first top event — INIT-EVENT.  The probabilities of occurrence assigned to the top event branches representing these four criticality FEPs cases are as follows:

The probability of BASE-CASE branch of this top event has been assigned a probability of 0.0 because the value of an upper branch, or success branch, is interpreted by SAPHIRE as the complement of its assigned value (i.e., one minus the assigned value).  Since the base case criticality FEPs are always to be evaluated, a zero value is assigned to this branch (i.e., 0=1–1).

The seismic disruptive event branch, or second branch, of top event INIT-EVENT, is also assigned a probability of 1.0 (i.e., always evaluated).  This was done so as not to modify the seismic sub-event probabilities of top events SEIS-RANGE and SEIS-DAMAGE.  As indicated by the top event SEIS‑RANGE, the seismic disruptive event has been divided into four sub-events, each representing a seismic frequency range.  Top event SEIS‑DAMAGE further subdivides the top three seismic frequency ranges based on whether the seismic induced damage results from ground motion or faulting.

Seismic consequences have been evaluated for annual exceedance frequencies ranging from 10-4 to 10­8 per year (BSC 2004e).  The determination of the subdivision of the seismic case analysis represented by top event SEIS-RANGE is based on the seismic faulting event’s impact on the waste package.  For seismic event annual exceedance frequencies greater than 2×10-7 per year (i.e., less severe earthquakes), no waste package damage occurs due to faulting (BSC 2004e, Section 6.7).  For seismic event annual exceedance frequencies less than 2×10-7 per year (i.e., more severe earthquakes) waste package failure is initiated.  Six waste packages are predicted to fail for seismic faulting events at the 6×10-8 to 2×10-7 per year annual exceedance frequency range.  A maximum of 56 waste package failures are predicted to occur for seismic faulting events at the 1×10-8 to 2×10-8 per year annual exceedance frequency range (BSC 2004e, Table 26).  Seismic event annual exceedance frequencies from 1×10(8 to 2×10-8 per year are represented by the upper branch of top event SEIS-RANGE.  The second branch represents the annual exceedance frequency range of 2×10-8 to 6×10-8 per year, the third branch represents 6×10-8 to 2×10-7 per year, and the lower branch represent 2×10-7 to 1×10-4 per year annual exceedance frequencies.  These basic events assigned to these branches are SEIS-1E-8TO2E-8, SEIS-2E-8TO6E-8, SEIS-6E-8TO2E-7, and SEIS-2E-7TO1E-4, respectively.  The probabilities of these basic events are determined using Equation II-1 and the information provided in Table II‑1:


Probability = [(1-e-ΔλΔt)]
Eq. II-1

where:
Δλ is the difference in the seismic annual exceedance frequencies of interest



(λ2 - λ 1)



Δt is the difference in the time periods of interest (t1 – t2)

Table II-1.  Calculation of Seismic Basic Event Probabilities

Seismic Basic Event
λ1

(events/year)
λ 2

(events/year)
t1

(years)
t2

(years)
Probability

SEIS-1E-8TO2E-8
1.0E-8
2.0E-8
10,000
0
1.000E-4

SEIS-2E-8TO6E-8
2.0E-8
6.0E-8
10,000
0
4.000E-4

SEIS-6E-8TO2E-7
6.0E-8
2.0E-7
10,000
0
1.400E-3

SEIS-2E-7TO1E-4
2.0E-7
1.0E-4
10,000
0
6.314E-1



The top three branches of top event SEIS-RANGE are further subdivided to account for the waste package failure dependency on seismic induced ground motions and faulting.  The lower branch of top event SEIS-RANGE is not subdivided because seismic faulting is not predicted to result in any waste package failures for this annual exceedance frequency range.  The event SEIS-GROUND defines the upper branch of the SEIS-DAMAGE top event and is used to evaluate the potential of waste package failure due to seismic induced ground motions.  The event SEIS-FAULT represents the lower branch of the SEIS-DAMAGE top event and is used to evaluate the potential of waste package failure due to seismic induced faulting.  To activate evaluation of both branches of this top event, event /SEIS-GROUND is assigned a value of 0.0 (complement of 1.0) for all seismic ranges.  The event SEIS-FAULT is assigned a value of 1.0 for seismic ranges represented by the first and second branches of SEIS-RANGE for all commercial SNF waste package types (21–PWR Absorber Plate, 21–PWR Control Rod, 12‑PWR Absorber Plate, 44–BWR Absorber Plate, and 24–BWR Absorber Plate waste package types).  For the DOE SNF waste package types (5–DHLW/DOE Short, 5–DHLW/DOE Long, and 2–MCO/2–DHLW waste package types), SEIS-FAULT is assigned a value of 1.0 for seismic ranges represented by the upper and first, second, and third branches of SEIS-RANGE.

The rock fall disruptive event is represented by the third branch of top event INIT-EVENT.  The basic event for this criticality FEPs case is ROCKFALL-EVENT.  Rock fall is the result of natural drift degradation phenomena and is expected to occur throughout the postclosure period without any predictable frequency.  The rock fall disruptive event is differentiated from rock fall that may occur during a seismic disruptive event.

The igneous disruptive event case is represented by the fourth branch of the INIT-EVENT top event.  Its basic event is IGNEOUS-EVENT. 

The DRIFT top event of the “YMP‑INIT‑EVENTS” event tree is used to split the criticality FEP evaluations between the two geological zones of the drifts – lithophysal and nonlithophysal.  Based on the drift area information, values are applied to DRIFT­ZONE.  The upper branch of DRIFT-ZONE (i.e., /DRIFT-ZONE) will be assigned the complement value. It is important to distinguish between the two geological units to account for their different impacts on seepage, drip shield damage, and waste package damage.

The sequences of the “YMP‑INIT‑EVENTS” event tree of Figure I-3 automatically transfer to another event tree.  An event tree transfer is indicated by the “T” after the sequence numbers in the “#” column.  The “MSL‑ET” end state name in the “END‑STATE” column for the first ten sequences indicates the name of the event tree to which the transfer occurs.  The “MSL‑ET” event tree (shown in Figure I -4) performs the probability evaluation for availability of seepage, drip shield and waste package failure, availability of condensation, seepage accumulation in the waste package (i.e., formation of a bathtub or flow-through configuration), and neutron absorber material misload.

The end state names for the remaining two sequences indicates a transfer to the “IGNEOUS” event tree.  The “IGNEOUS” event tree directs the probability evaluation of potentially critical configurations during an igneous event.

As presented in the “MSL‑ET” event tree and its continuation event tree “MSL‑ET2” of Figures I-4 and I-5, nine top events are used to define the events and processes necessary for the formation of a waste package bathtub or flow-through configuration.  The purpose of the first top event, MS‑IC‑1A, is to evaluate the probability of infiltration water or seepage reaching the drift.  This top event is separated into four branches.  The first branch represents the no seepage case.  The second through fourth branches represent lower-bound, mean, and upper-bound seepage rates, respectively.

If seepage is predicted to occur (i.e., one of the bottom three branches), then top event MS‑NF‑T is queried.  The purpose of this top event is to account for the availability of water in the drift invert, or near-field.  Water in the invert provides a transport mechanism of fissile material to the far-field in the event of waste package breach and its release of the waste form.  Water in the invert may also provide a reducing environment that causes the deposition and accumulation of fissile material in the near-field.  The upper branch, of this top event accounts for the availability of water to enter a failed waste package.  The lower branch accounts for seepage water in the invert.  The lower branch transfers directly to the near-field event tree “CONFIG‑NF4” for further evaluation.  Both branches of this top event are evaluated in order to assess the criticality potential of these scenarios.  Therefore, /MS-NF-T will be assigned a value of 0.00 (i.e., the complement of 1.00) and MS-NF-T will be assigned a value of 1.00.

Top event MS‑IC‑2 evaluates the probability that, given seepage in the drift, the drip shield is failed in such a manner to allow water to pass through to the waste package.  Regardless of whether the drip shield is failed (i.e., branching goes down) or not (i.e., branching goes up), top event MS‑IC‑1B is queried.  If the drip shield is failed, the query of top event MS‑IC‑1B is performed to determine if, in addition to seepage, condensation water flux is available to enter a waste package.  If the drip shield is not failed, the query of the condensation top event is performed to determine if any water flux is available to enter a waste package.

Other than those sequences of top event MS‑NF‑T that transfer to the “CONFIG‑NF4” event tree, all sequences of the MSL‑ET” event tree transfer to its continuation event tree “MSL‑ET2”. 

There are six top events in the “MSL‑ET2 event tree to complete the master scenario list initiation.  The first top event to be queried is MS‑IC‑3A.  Top event MS‑IC‑3A evaluates the probability of a waste package failure.  The branching of this top event allows for both advective and diffusive failures of the waste package as well as no waste package failures.  The middle branch of this top event represents a diffusive failure of the waste package.  The bottom branch of this top event represents a waste package failure that allows advective flow of water to enter and support the generation of a potentially critical configuration.  If the waste package is not failed (i.e., branching goes up), then the analysis is terminated.  Termination of sequence evaluation is indicated by the @END‑ANALYSIS end state name (the @ symbol prefixing an end state name indicates to SAPHIRE to stop processing).

Top event MS‑IC‑3B evaluates the probability that, given an advective flow path into the waste package (bottom branch of top event MS‑IC‑3A), either a flow-through or a bathtub configuration is formed.  A flow-through configuration results from a failure of both the top and bottom of the waste package, allowing the water to flow in through the top of the waste package and out through the bottom.  This configuration is represented by the upper branch of this top event.  A bathtub configuration is formed when only a top failure of the waste package occurs.  The bathtub waste package configuration is represented by the bottom branch of this top event.  If a flow-through waste package configuration is formed, the next top event queried is NA‑MISLOAD.  If a bathtub waste package configuration is formed, then top event MS‑IC‑4 is queried.

Top event MS‑IC‑4 evaluates the probability that, given its availability to enter a failed waste package, water accumulates in and fills the waste package creating a potentially critical configuration.  The probability value for water accumulation and waste package filling is dependent on the seepage scenario of top event MS-IC-1A of event “MSL-ET”.  Therefore, separate branches are provided in top event MS-IC-4 that reflect the branching of MS-IC-1A for the lower-bound, mean, and upper-bound seepage scenarios.  The second through fourth branches from the top of this top event respectively represents these seepage scenarios.  The upper branch of this top event represents the probability that water does not accumulate in sufficient quantity to fill the waste package.

The accumulation and retention of water in the waste package is referred to as a bathtub configuration and is represented on the event tree as a downward branch for top event MS-IC-3B.  It is also possible for water to enter the waste package, but does not accumulate due to a breach in the waste package bottom.  This condition is referred to as a flow-through configuration and is represented on the event tree as an upward branch for top event MS-IC-3B.  Potentially critical configurations could result from either condition through the degradation of the waste package internals and the separation or removal of neutron absorber and/or fissile materials.

Another possible configuration is one in which a breach in the top and bottom of the waste package exists, but that the bottom hole is much smaller than the top hole so more water could enter the waste package through the top than could exit through the bottom.  This configuration is not explicitly considered in this analysis because the low seepage rates predicted in the repository would preclude this configuration from occurring.  In addition, this waste package configuration can be considered a subset of the bathtub configuration.

The next top event evaluated for the “MSL‑ET2”event tree is NA‑MISLOAD.  This top event is queried for either waste package diffusive or advective (both bathtub and flow-through configurations) failure branches of the all branches of the MS‑IC‑3A and MS‑IC‑3B top events.  The NA‑MISLOAD top event evaluates the probability that neutron absorber material is not loaded as designed into the waste package or waste form.  Evaluation of neutron absorber material misload is an important consideration for the determination of a configurations criticality potential.  Dependent on the top event MS‑IC‑4 branching, both misload and no misload branches transfer to the appropriate “CONFIG‑BATH” and “CONFIG‑NOBATH” event trees for further criticality potential evaluation.

If the NA‑MISLOAD top event is queried following a diffusive failure of the waste package (middle branch of top event MS‑IC‑3A), then the processing of these sequences proceeds to the evaluation of top events WF‑MISLOAD and CRIT‑POT‑WF.  The WF‑MISLOAD misload top event queries the potential for misloading the waste package’s waste form and top event CRIT‑POT‑WF evaluates the criticality potential of the resulting configuration.  The upper branch of the CRIT‑POT‑WF top event indicates that this configuration does not have any criticality potential and processing of this sequence is terminated.  The lower branch of this top event indicates that the configuration has a criticality potential and the probability associated with that potential is assigned to end state IP-DRY.
II.1
DESCRIPTION of Event Trees “MSL‑ET” and “MSL‑ET2

The following subsections provide description of the top events of the event tree “MSL‑ET” event tree (Attachment I, Figure I-4) and its continuation event tree “MSL‑ET2” (Attachment I, Figure I-5).  This event tree consists of 10 top events.

Six events and processes are required to define the formation of a waste package bathtub or flow-through configuration.  These events are listed as top events of the “MSL‑ET” event tree (Attachment I, Figure I-4) and its continuation event tree “MSL‑ET2” (Attachment I, Figure I-5).  These events are:

(1) The probability that seepage flux is available to enter a waste package (top event MS‑IC‑1A)

(2) The probability of drip shield failure (top event MS‑IC‑2)

(3) The probability that condensation flux is available to enter a waste package (top event MS‑IC‑1B)

(4) The probability of waste package failure (top event MS‑IC‑3A)

(5) The probability that the waste package failure will allow for the formation of a bathtub configuration (top event MS‑IC‑3B)

 For bathtub configurations only:

(6) The probability of sufficient seepage to fill and overflow the waste package during the regulatory period (top event MS‑IC‑4).

In addition, event trees “MSL‑ET” and “MSL‑ET2” contain four other top events necessary to define the internal and external configuration classes.  The first of these is top event MS‑NF‑T that defines whether seepage that reaches the drift flows directly to the invert and is available to influence the formation of near-field configuration classes.  The second top event, NA‑MISLOAD, helps define the internal waste package conditions by querying whether the waste package’s or waste form’s neutron absorber material was misloaded.  The third top event, WF-MISLOAD, defines the probability that a waste form has been misloaded into a waste package.  Finally, the fourth top event determines the criticality potential for failed waste packages under dry diffusion conditions.

The following sections provide descriptions of event trees “MSL‑ET” and “MSL‑ET2” for the base case.  This event tree consists of 10 top events.

II.1.1
Top Event MS–IC–1A

Seepage reaching the drift is an important factor in waste package degradation and criticality potential.  Two parameters characterize the seepage into the emplacement drifts – the seepage fraction (location within the drifts that see seepage) and the seepage rate (the volume of water entering the drift on an annual basis).  The purpose of top event MS-IC-1A is to represent the possibility that seepage is available in a drift to enter a breached waste package.  The upper branch of this top event indicates that seepage does not occur and the bottom three branches indicates that seepage does occur: branch 1 – lower-bound seepage scenario, branch 2 – mean seepage scenario and branch 3 – upper-bound seepage scenario.

The appropriate seepage probability is then substituted into the SAPHIRE analysis based on the sequence branching of top event DRIFT-ZONE of the “YMP-INIT-EVENT” event tree

II.1.2
Top Event MS–NF-T

The branching of top event MS-NF-T represents the availability of seepage to flow directly into the invert.  The upper branch indicates that seepage does not flow into the invert and the lower branch indicates that it is available.  If seepage is available to flow directly into the invert, the sequence transfers to the “CONFIG-NF4” event tree for the evaluation of near-field configuration class NF-4.  Because both pathways are likely to occur simultaneously, both branches of this top even are processed to ensure the evaluation of all configuration classes.

II.1.3
Top Event MS–IC–2

The probability of water passing through the drip shield to a failed waste package is an important factor in waste package degradation and criticality.  This event is associated with top event MS–IC–2 of the “MSL–ET” event tree (Figure I-4).  The upper branch represents no drip shield failure and the lower branch represents that the drip shield has failed.

Water pathways through the drip shield can be created by corrosion and/or gaps caused by the drip shield response to events such as seismic activity and emplacement errors.  Drip shield failures can be categorized as being caused by either time-dependent or time-independent mechanisms.  Corrosion failure mechanisms are time-dependent and may be active or inactive during the performance evaluation period.

Time-independent drip shield failure mechanisms are defined as those failure mechanisms that can occur randomly from the time of initial emplacement.  Drip shield emplacement errors, rock fall, or seismic events are types of time-independent failure mechanisms that can potentially result in immediate creation of an advective pathway through the drip shield.  In certain cases, such as fabrication errors, the failure mechanism is an initiator that exacerbates corrosion (a time-dependent mechanism).

II.1.4
Top Event MS–IC–1B

The availability of condensation water to enter a failed waste package is an important factor in waste package degradation and criticality and is associated with top event MS–IC–1B of the “MSL–ET” event tree (Attachment I, Figure I-4).  The upper branch of this top event represents the unavailability of condensation to enter a failed waste package.  The lower branch represents that condensation is available to enter a failed waste package.

II.1.5
Top Event MS–IC–3A

The ability for water to enter a waste package is an important factor in waste package degradation and criticality and is associated with top event MS–IC–3A of the “MSL–ET2” event tree (Attachment I, Figure I -5).  Water pathways into the waste package can be created by corrosion and/or failures caused by the waste package response to events such as seismic activity and fabrication errors.  Waste package failures can be categorized as being caused by either time-dependent or time-independent mechanisms.  Corrosion failure mechanisms are time-dependent and may be active or inactive during the performance evaluation period.

Time-independent waste package failure mechanisms are defined as those failure mechanisms that can occur randomly from the time of initial emplacement.  A seismic event is a type of time-independent failure mechanism that can potentially result in immediate creation of an advective pathway into the waste package.  In certain cases, such as fabrication errors, the failure mechanism is an initiator that exacerbates corrosion (a time-dependent mechanism).

Waste package failure is defined as those waste package damage mechanisms that can result in either a diffusive or advective flow path into the waste package.  The upper branch of this top event represents the probability of no waste package failures.  The second and third branches respectively represent the probability of a diffusive or advective waste package failure.  Waste package failure could be the result of a crack in the waste package surface or from the catastrophic failure of the complete waste package.  As will be discussed, not all waste package damage mechanisms results in an advective failure of the waste package.

II.1.6
Top Event MS–IC–3B

The branching of top event MS-IC-3B represents the probability that waste package failure will result in the formation of a bathtub or flow-through configuration.  The upper branch indicates the formation of a flow-through waste package configuration and the lower branch indicates that a bathtub configuration is formed.

II.1.7
Top Event MS-IC-4

The availability of sufficient water to fill and overflow a waste package in a bathtub configuration is associated with top event MS-IC-4 of the “MSL-ET2” event tree (Attachment I, Figure I-5).  The upper branch of this top event represents that there is insufficient seepage to fill and overflow a failed waste package during the regulatory period.  The second, third, and fourth branches represent the probability of sufficient seepage to fill and overflow a failed waste package for the lower-bound, mean, and upper-bound seepage scenarios, respectively.

II.1.8
Top Event NA–MISLOAD

The presence of neutron absorber materials in a waste package is important to criticality control during the regulatory period for the majority of the waste forms proposed for disposal in the repository.  Misload of the neutron absorber materials is associated with top event NA–MISLOAD of the “MSL–ET2” event tree (Figure I-5).  The upper branch of this top event indicates that there is no neutron absorber material misload and the lower branch indicates that there is a misload.  

Neutron absorber material misload can occur as the result of several mechanisms during the waste package fabrication and loading processes.  These processes include the use of wrong materials, failure to load the neutron absorber materials into the waste package or waste form, and selection of the wrong waste package type.  

Assessment of the neutron absorber material misload event only accounts for the potential to load no or less than the designed mass of neutron absorber material.  No penalty is assigned for loading additional neutron absorber materials into a waste package or waste form.

II.1.9
Top Event WF–MISLOAD

The WF–MISLOAD top event represent the probability that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.1.10
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of a waste package with a diffusive failure.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.2
DESCRIPTION of Event Tree “CONFIG–BATH”

The following subsections provide description of the top events of the event tree “CONFIG–BATH” (Attachment I, Figure I-6).  This event tree consists of 10 top events. 

II.2.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN is used to configure the in-package, bathtub configuration classes IP-1, IP-2, and IP-3 for evaluation.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The three in-package, bathtub configuration classes are represented by the second through fourth branches from the top of this top event.  These three branches direct the evaluation of configuration subclass IP-1, IP-2, and IP-3, respectively.

II.2.2
Top Event MS-IC-6

The branching of top event MS-IC-6 initiates the evaluation of in-package configuration class IP­1 defined as the scenario in which the waste package internal structures degrade at a slower rate than the waste form.  This top event has five branches that are accessed by the second branch of top event CONFIG-SCEN.  The upper branch indicates that waste package internal structures do not degrade slower than the waste form and the lower four branches indicate that they do.

II.2.3
Top Event MS-IC-7

The branching of top event MS-IC-7 represents the in-package scenario of the waste package internal structures degrading at the same rate as the waste form and the subsequent transfer of the SAPHIRE evaluation to event tree “CONFIG-IP2-D”.  This top event is queried by the third branch of top event CONFIG­SCEN.  The upper branch indicates that the waste package internal structures do not degrade at the same rate as the waste form and the lower branch indicates that they do.

II.2.4
Top Event MS-IC-8

The branching of top event MS-IC-8 represents the in-package scenario of the waste package internal structures degrading faster than the waste form and the subsequent transfer of the SAPHIRE evaluation to event tree “CONFIG-IP3”.  This top event is queried by the fourth branch of top event CONFIG­SCEN.  The upper branch indicates that the waste package internal structures do not degrade faster than the waste form and the lower branch indicates that they do.

II.2.5
Top Event MS-IC-9

The branching of top event MS-IC-9 represents the waste form degrading in-place for the evaluation of configuration subclass IP-1A.  This top event is queried by the second branch of top event MS-IC-6.  The upper branch indicates that the waste form does not degrade in-place and the lower branch indicates that it does.

II.2.6
Top Event MS-IC-10

The branching of top event MS-IC-10 evaluates whether waste package internal structures degrade at some point during the regulatory period thereby transforming configuration class IP-1 into IP-2.  This top event is queried by the third branch of top event MS–IC–6.  The upper branch indicates that the waste package internal components do not degrade and the lower branch indicates that they do.

II.2.7
Top Event MS-IC-11

The branching of top event MS-IC-11 represents the mobilization of the degraded waste form and its separation from any intact neutron absorber material.  The upper branch indicates that the degraded waste form is not separated from any intact neutron absorber materials and the lower two branches indicate that it does.  The second branch of this top event evaluates configuration subclass IP-1B.  The third, or bottom, branch of this top event represents the flushing of the mobilized waste form into the near-field environment via this sequence’s immediate transfer to the “CONFIG-NF-F” event tree.

II.2.8
Top Event MS-IC-12

The branching of top event MS-IC-12 evaluates whether waste package bottom fails at some point during the regulatory period thereby transforming configuration class IP-1 into IP-4.  This top event is queried by the fourth branch of top event MS-IC-6.  The upper branch indicates that the waste package bottom does not fail and the lower branch indicates that they do.  

II.2.9
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probabilty that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.2.10
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.3
DESCRIPTION of Event Tree “CONFIG–NOBATH”

The following subsections provide description of the top events of the event tree “CONFIG–NOBATH” (Attachment I, Figure I-7).  This event tree consists of 5 top events. 

II.3.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN is used to configure the in-package, flow through configuration classes IP-4, IP-5, and IP-6 for evaluation.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The three in-package, flow through configuration classes are represented by the second through fourth branches from the top of this top event.  These three branches direct the evaluation of configuration subclass IP-4, IP-5, and IP-6, respectively.

II.3.2
Top Event MC-IC-29

The branching of top event MS-IC-29 represents the in-package scenario of the waste package internal structures degrading slower than the waste form and the subsequent transfer of the SAPHIRE evaluation to event tree “CONFIG-IP4-A”.  This top event is queried by the second branch of top event CONFIG­SCEN.  The upper branch indicates that the waste package internal structures do not degrade slower than the waste form and the lower branch indicates that they do.

II.3.3
Top Event MS-IC-30

The branching of top event MS-IC-30 represents the in-package scenario of the waste package internal structures degrading at the same rate as the waste form and the subsequent transfer of the SAPHIRE evaluation to event tree “CONFIG-IP5-B”.  This top event is queried by the third branch of top event CONFIG­SCEN.  The upper branch indicates that the waste package internal structures do not degrade at the same rate as the waste form and the lower branch indicates that they do.

II.3.4
Top Event MS-IC-31

The branching of top event “MS-IC-31” represents the in-package scenario of the waste package internal structures degrading faster than the waste form and the subsequent transfer of the SAPHIRE evaluation to event tree “CONFIG-IP6-C”.  This top event is queried by the fourth branch of top event CONFIG­SCEN.  The upper branch indicates that the waste package internal structures do not degrade faster than the waste form and the lower branch indicates that they do.

II.4
DESCRIPTION of Event Tree “CONFIG–IP2-D”

The following subsections provide description of the top events of the event tree “CONFIG–IP2-D” (Attachment I, Figure I-8).  This event tree consists of 5 top events. 

II.4.1
Top Event MS-IC-13

The branching of top event “MS-IC-13” determines whether the degraded waste form and waste package components collect at the bottom of the waste package.  The upper branch indicates that the waste form and waste package components do not collect at bottom of waste package and bottom two branches indicate that they do.

II.4.2
Top Event MS-IC-14

Top event “MS-IC-14” is queried as part of configuration IP-2 to determine whether soluble neutron absorbers are flushed from waste package.  The upper branch indicates that soluble neutron absorbers are not flushed from waste package and the bottom branch indicates that they are.  

II.4.3
Top Event MS-IC-15

Top event “MS-IC-15” is queried as part of configuration class IP-5 to determine whether waste package bottom fails draining liquid.  The upper branch indicates that waste package bottom does not fail draining liquid and the bottom branch indicates that it does.  

II.4.4
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probabilty that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.4.5
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.5
DESCRIPTION of Event Tree “CONFIG–IP3”

The following subsections provide description of the top events of the event tree “CONFIG–IP3” (Attachment I, Figure I-9).  This event tree consists of 9 top events. 

II.5.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN is used to configure the in-package, bathtub configuration classes IP-3.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The two in-package, bathtub configuration classes are represented by the second and third branches from the top of this top event.  These two branches direct the evaluation of configuration subclass IP-3 and IP-6.

II.5.2
Top Event MS-IC-16

The branching of top event “MS-IC-16” determines whether the basket structure supports mechanically collapse.   The top branch indicates that they do not the bottom three branches indicate that they do. 

II.5.3
Top Event MS-IC-17

Top event “MS-IC-17” is queried as part of IP-3 to determine whether structures containing neutron absorbers fully degrade.  The top branch indicates that they do not and the bottom branch indicates that they do.

II.5.4
Top Event MS-IC-18

Top event “MS-IC-18” is queried as part of IP-3 to determine whether soluble neutron absorbers are flushed from degraded portion of basket.  The top branch indicates that they are not and the bottom branch indicates that they are.

II.5.5
Top Event MS-IC-22

The branching of top event “MS-IC-22” determines whether significant neutron absorber degradation occurs before structural collapse.   The top branch indicates that it does not and the bottom three branches indicate that it does.

II.5.6
Top Event MS-IC-23

Top event “MS-IC-23” is queried as part of IP-3 to determine whether waste package internal structures mechanically collapse and degrade.  The top branch indicates that they do not and the bottom branch indicates that they do.

II.5.7
Top Event MS-IC-24

Top event “MS-IC-24” is queried as part of IP-6 to determine whether waste package bottom fails and drains liquid.  The top branch indicates that it does not and the bottom branch indicates that it does.

II.5.8
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probability that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.5.9
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.6
DESCRIPTION of Event Tree “CONFIG–IP3-G”

The following subsections provide description of the top events of the event tree “CONFIG–IP3-G” (Attachment I, Figure I-10).  This event tree consists of 6 top events. 

II.6.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN is used to configure the in-package, bathtub configuration classes IP3-G for evaluation.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The three in-package, bathtub configuration classes are represented by the second through fourth branches from the top of this top event.  These three branches direct the evaluation of configuration subclass IP3-G.

II.6.2
Top Event MS-IC-19

Top event “MS-IC-19” is queried as part of IP-3 to determine whether soluble neutron absorbers are flushed from waste package.  The top branch indicates they are not and the bottom branch indicates they are.

II.6.3
Top Event MS-IC-20

Top event “MS-IC-20” is queried as part of IP-2 to determine whether waste form degrades mobilizing fissile material.  The top branch indicates it does not and the bottom branch indicates it does.

II.6.4
Top Event MS-IC-21

Top event “MS-IC-21” is queried as part of IP-6 to determine whether waste package bottom fails and drains liquid.  The top branch indicates it does not and the bottom branch indicates it does.

II.6.5
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probability that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.6.6
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.7
DESCRIPTION of Event Tree “CONFIG–IP4-A”

The following subsections provide description of the top events of the event tree “CONFIG–IP4-A” (Attachment I, Figure I-11).  This event tree initiates the evaluation of the internal waste package configuration subclasses IP-4A and IP-4B.  This event tree consists of 6 top events. 

II.7.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN is used to configure the in-package, flow-through configuration subclasses IP-4A and IP-4B.  The upper branch is not utilized in these analyses and is included only for modeling convenience.  The two branches from the top of this top event.  These two branches direct the evaluation of configuration subclass IP-4A and IP-4B, respectively.  The bottom, or fourth, branch initiates a transfer to the processing of configuration class IP-5.

II.7.2
Top Event MS-IC-32

The branching of top event MS-IC-32 initiates the evaluation of in-package configuration subclass IP­4A defined as the scenario in which the waste form degradation products hydrate in their initial location.  This top event is queried by the second branch of top event CONFIG-SCEN.  The upper branch indicates that waste form degradation products do not hydrate in their initial location and the lower branch indicates that they do.

II.7.3
Top Event MS-IC-33

The branching of top event MS-IC-33 represents the degradation of the waste package internal structures.  This top event is queried by the third branch of top event CONFIG-SCEN.  The upper branch indicates that the waste package internal structures do not degrade and the lower branch indicates that they do.  Activation of the lower branch of this top event initiates a transfer to the “CONFIG-IP5-B” event tree.

II.7.4
Top Event MS-IC-34

The branching of top event MS-IC-34 represents the mobilization and hydration of the degraded waste form and its separation from the neutron absorber materials of the waste package.  This top event is queried by the third branch of top event CONFIG-SCEN.  The upper branch of this top event indicates that the waste form is not mobilized and separated from the neutron absorber materials and the bottom two branches indicate that it is.  The second branch represents the waste form mobilization and separation internal to the waste package to initiate the evaluation of configuration subclass IP-4B.  The bottom, or third, branch represent the transport of the mobilized waste form to the near-field environment as indicated by the transfer to the “CONFIG-NF-F” event tree.

II.7.5
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probabilty that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.7.6
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.8
DESCRIPTION of Event Tree “CONFIG–IP5-B”

The following subsections provide description of the top events of the event tree “CONFIG‑IP5‑B” (Attachment I, Figure I-12). This event tree initiates the evaluation of the internal waste package configuration subclass IP-5B.  This event tree consists of 4 top events. 

II.8.1
Top Event MS-IC-35

The branching of top event MS-IC-35 represents the accumulation of the hydrated waste form and waste package degraded internal components at the bottom of the waste package.  The upper branch of this top event indicates that the waste form and degraded components do not collect on the bottom of the waste package and the bottom two branches indicate that it does.  The second branch initiates the evaluation of configuration subclass IP-5B.  The bottom, or third, branch represent the transport of the hydrated waste form and degraded internal components to the near-field environment as indicated by the transfer to the “CONFIG-NF-F” event tree.

II.8.2
Top Event MS-IC-36

Top event “MS-IC-36” is queried as part of IP-5 to determine whether flow through flushing removes soluble neutron absorbers.  The top branch indicates it does not and the bottom branch indicates it does.

II.8.3
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probability that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.8.4
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.9
DESCRIPTION of Event Tree “CONFIG–IP6-C”

The following subsections provide description of the top events of the event tree “CONFIG–IP6-C” (Attachment I, Figure I-13). This event tree initiates the evaluation of the internal waste package configuration subclass IP-6C.  This event tree consists of 6 top events. 

II.9.1
Top Event MS-IC-37

The branching of top event “MS-IC-37” determines whether the intact waste form settles in the bottom of the waste package and mixes with hydrated waste package corrosion products.   The top branch indicates it does not and the bottom four branches indicate that it does.

II.9.2
Top Event MS-IC-38

Top event “MS-IC-38” is queried as part of IP-6 to determine whether flow through flushing removes soluble neutron absorbers.  The top branch indicates it does not and the bottom branch indicates it does.

II.9.3
Top Event MS-IC-39

Top event “MS-IC-39” is queried as part of IP-5 to determine whether waste form degrades mobilizing fissile material.  The top branch indicates it does not and the bottom branch indicates it does.

II.9.4
Top Event MS-IC-40

Top event “MS-IC-40” is queried as part of near-field configuration classes to determine whether waste package mostly degrades while waste form stays largely intact.  The top branch indicates it does not and the bottom branch indicates it does.

II.9.5
Top Event WF-MISLOAD

The WF-MISLOAD top event represents the probability that a waste form was incorrectly placed into a waste package or DOE standardized SNF canister during the preclosure loading process.  The lower branch of this top event indicates the occurrence of a waste form misload and the upper branch indicates that no misload occurred.

II.9.6
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.10
DESCRIPTION of Event Tree “CONFIG-NF-F”

The following subsections provide description of the top events of the event tree “CONFIG–NF-F” (Attachment I, Figure I-14). This event tree initiates the evaluation of the near-field configurations for the formation of potentially critical configurations.  This event tree consists of 4 top events.

II.10.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN establishes the evaluation of three of the five near-field configuration classes – NF-1, NF-2, and NF-3.  These configuration classes are represented by the second, third and fourth branches from the top of this top event.  The top branch is not utilized in these analyses and is included as a modeling convenience.

II.10.2
Top Event MS-NF-6

The branching of top event MS-NF-6 directs the evaluation of near-field configuration class NF­1.  The upper branch of this top event indicates that this configuration class is not to be evaluated and the lower branch indicates that this configuration class will be evaluated.  Selection of the lower branch results in a transfer to the CONFIG-NF1 event tree.  This near-field configuration class represents the transport of fissile material bearing solutes from the waste package to the near-field environment.  The NF-1 configuration class is to be evaluated for either a waste package overflow or bottom breach scenario.

II.10.3
Top Event MS-NF-7

The branching of top event MS-NF-7 directs the evaluation of near-field configuration class NF­2.  The upper branch of this top event indicates that this configuration class is not to be evaluated and the lower branch indicates that this configuration class will be evaluated.  Selection of the lower branch results in a transfer to the CONFIG-NF2 event tree.  Configuration class NF-2 represents the transport of fissile material bearing slurry effluent from the waste package into the near-field environment.  A slurry effluent can only result from a bottom breach of the waste package.

II.10.4
Top Event MS-NF-8

The branching of top event MS-NF-8 directs the evaluation of near-field configuration class NF­3.  The upper branch of this top event indicates that this configuration class is not to be evaluated and the lower branch indicates that this configuration class will be evaluated.  Selection of the lower branch results in a transfer to the CONFIG-NF3 event tree.  This near-field configuration class represents the transport of fissile material bearing colloids from the waste package to the near-field environment.  The NF-3 configuration class is to be evaluated either for a waste package overflow or bottom breach scenario.

II.11
DESCRIPTION of Event Tree “CONFIG-NF1”

The following subsections provide description of the top events of the event tree “CONFIG–NF1” (Attachment I, Figure I-15). This event tree initiates the evaluation of the near-field configuration class NF-1 representing the near-field accumulation of fissile materials into potentially critical configurations resulting from solution effluent discharges from the waste package.  This event tree consists of 5 top events.

II.11.1
Top Event MS-NF-9

The branching of top event MS-NF-9 directs the evaluation of the three configuration subclasses of configuration class NF-1 – NF-1A, NF-1B, and NF-1C.  These configuration classes are represented by the second, third and fourth branches from the top of this top event.  The upper branch is not utilized in these analyses and is included for modeling convenience.  The lower branch of this top event represents the transport of fissile material from the near-field to the far-field.  This branch immediately transfers to the CONFIG-FF-J event tree for far-field evaluation.

II.11.2
Top Event MS-NF-10

The branching of top event MS-NF-10 directs the evaluation of near-field configuration class NF-1A.  The upper branch of this top event indicates that fissile materials are not sorbed into the invert materials and the lower branch indicates that fissile materials are sorbed in the invert materials.  The criticality potential of near-field configuration class NF-1A will be evaluated for the seismic disruptive event.

II.11.3
Top Event MS-NF-11

The branching of top event MS-NF-11 directs the evaluation of near-field configuration class NF-1B.  The upper branch of this top event indicates that fissile materials do not precipitate in the invert and the lower branch indicates that fissile materials do precipitate in the invert.  The criticality potential of near-field configuration class NF-1B will be evaluated for the seismic disruptive event.

II.11.4
Top Event MS-NF-12

The branching of top event MS-NF-12 directs the evaluation of near-field configuration class NF-1C.  The upper branch of this top event indicates that fissile materials are not transported from one or more waste packages and deposited at an invert low point.  The lower branch indicates that fissile materials are transported and deposited at an invert low point.  The criticality potential of near-field configuration class NF-1C will be evaluated for the seismic disruptive event.

II.11.5
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of a waste package with an advective failure.  The cladding of a waste form in such a waste package is assumed to have breached and the waste form converted (degraded) into a more reactive configuration that has been flushed from the breached waste package.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.  This top event is queried for this event tree only for waste package advective failure conditions.

II.12
DESCRIPTION of Event Tree “CONFIG-NF2”

The following subsections provide description of the top events of the event tree “CONFIG–NF2” (Attachment I, Figure I-16). This event tree initiates the evaluation of the near-field configuration class NF-2 representing the near-field accumulation of fissile materials into potentially critical configurations resulting from slurry effluent discharging from the waste package.  This event tree consists of 3 top events.

II.12.1
Top Event MS-NF-13

The branching of top event MS-NF-13 directs the evaluation of near-field configuration class NF-2A.  The upper branch of this top event indicates that fissile material contained in the slurry effluent does not flow and conform to the invert surface.  The lower branch indicates that the slurry effluent does flow to conform to the invert surface.  In order to evaluate near-field configuration subclass NF-2A, only the lower branch of this top event will be evaluated – slurry effluent does flow to conform to the invert surface.

II.12.2
Top Event MS-NF-14

The branching of top event MS-NF-14 evaluates whether the neutron absorber and fissile materials separate as the slurry effluent flows to conform to the invert surface.  The upper branch of this top event indicates that the neutron absorber and fissile materials do not separate and the lower branch indicates that they do.  Both branches of this top event will be evaluated in order to assess the criticality potential of the slurry effluent with and without neutron absorber materials.

II.12.3
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass NF-2A - a slurry effluent from the waste package is assumed to flow and conform to the invert surface with and without neutron absorber material separation.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.13
DESCRIPTION of Event Tree “CONFIG-NF3”

The following subsections provide description of the top events of the event tree “CONFIG–NF3” (Attachment I, Figure I-17). This event tree initiates the evaluation of the near-field configuration class NF-3 representing the near-field accumulation of fissile material bearing colloids into potentially critical configurations.  This event tree consists of 7 top events.

II.13.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN establishes the evaluation of the three subclasses of near-field configuration class NF-3 and the transport of fissile material containing colloids from the near-field to the far-field environments.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The three near-field configuration subclasses are represented by the second and third branches from the top of this top event.  The second branch directs the evaluation of configuration subclass NF-3A and the third branch directs the evaluation of subclasses NF-3B and NF-3C.  The fourth, or bottom, branch of this top event represents the transport of fissile material through the near-field environment to the far-field environment.  The fourth branch immediately transfers to the “CONFIG-FF-K” event tree for far-field configuration evaluation.

II.13.2
Top Event MS-NF-15

The branching of top event MS-NF-15 directs the evaluation of near-field configuration subclass NF-3A.  The upper branch of this top event indicates that fissile material containing colloids are not filtered and concentrated on top of the invert, trapped by corrosion products.  The lower branch indicates that the colloids are trapped on the invert surface.  In order to evaluate near-field configuration subclass NF-3A, only the lower branch of this top event will be evaluated.

II.13.3
Top Event MS-NF-16

The branching of top event MS-NF-16 determines whether fissile material containing colloids are transported into the invert.  Activation of the upper branch of this top event indicates that fissile material containing colloids are not transported into the invert.  The activation of the second branch indicates that fissile material containing colloids are transported into the invert.  In order to evaluate near-field configuration subclasses NF-3B and NF-3C, the second branch of this event is activated.  The third branch is activated, which allows the fissile material colloids to be transported into the far-field.

II.13.4
Top Event MS-NF-19

The branching of top event MS-NF-19 directs the evaluation of near-field configuration subclasses NF-3B and NF-3C.  The upper branch of this top event evaluates configuration subclass NF-3B and indicates that the invert materials have not degraded prior to the release of the waste form materials following a seismic event.  The lower branch evaluates near-field configuration subclass NF-3C and indicates that the invert materials have degraded prior to the release of waste form materials following a seismic event.

II.13.5
Top Event MS-NF-17

The branching of top event MS-NF-17 evaluates the likelihood of hydrodynamic or chromatographic separation of fissile material containing colloids from the neutron absorber materials for both near-field configuration subclasses NF-3B and NF-3C.  The upper branch of this top event indicates that fissile material containing colloids are not separated from the neutron absorber materials and the lower branch indicates that they are.

II.13.6
Top Event MS-NF-18

The branching of top event MS-NF-18 represents the filtration and concentration of the fissile material containing colloids in the invert for both configuration subclasses NF-3B and NF-3C.  The upper branch of this top event indicates that fissile material containing colloids are not filtered and concentrated in the invert and the lower branch indicates that they are.

II.13.7
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclasses NF-3A, NF-3B, and NF-3C – scenarios for the filtration and concentration of fissile material containing colloids in the near-field.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.14
DESCRIPTION of Event Tree “CONFIG-NF4”

The following subsections provide description of the top events of the event tree “CONFIG–NF4” (Attachment I, Figure I-18). This event tree initiates the evaluation of the near-field configuration class NF-4.  This event tree consists of 6 top events.

II.14.1
Top Event MS-NF-2

The branching of top event MS-NF-2 determines whether seepage water ponds on the drift floor due to sealing or damming.  The upper branch of this top event indicates that ponding does not occur and the lower branch indicates that it does.

II.14.2
Top Event MS-NF-3

Top event “MS-NF-3” is queried to determine whether aqueous corrosion of waste package occurs.  The top branch indicates it does not and the bottom branch indicates it does.

II.14.3
Top Event MS-NF-4

Top event “MS-NF-4” is queried to determine whether container bottom breaches.  The top branch indicates it does not and the bottom branch indicates it does.

II.14.4
Top Event MS-NF-5

Top event “MS-NF-5” is queried to determine whether waste form and basket degradation mobilizes fissile material and neutron absorber.  The top branch indicates it does not and the bottom branch indicates it does.

II.14.5
Top Event MS-NF-DD

The branching of top event MS-NF-DD determines whether fissile material can accumulate on the invert surface due to dry transport mechanisms from a failed waste package that does not experience advective flow.  The upper branch of this top event indicates that fissile material does not accumulate on the invert surface and the lower branch indicates that it does.

II.14.6
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass NF-4A.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.15
DESCRIPTION of Event Tree “CONFIG-NF4-E”

The following subsections provide description of the top events of the event tree “CONFIG–NF4-E” (Attachment I, Figure I-19). This event tree initiates the evaluation of the near-field configuration class NF-4.  This event tree consists of 5 top events.

II.15.1
Top Event MS-NF-22

Top event “MS-NF-22” is queried to determine whether fissile material and absorbers accumulate in pond.  The top branch indicates they do not and the bottom branch indicates they do.

II.15.2
Top Event MS-NF-23

Top event “MS-NF-23” is queried to determine whether the basin is effectively sealed.  The top branch indicates it is not and the bottom branch indicates it is.

II.15.3
Top Event MS-NF-24

Top event “MS-NF-24” is queried to determine whether fissile material accumulates in clays at the bottom of the pool.  The top branch indicates it does not and the bottom branch indicates it does.

II.15.4
Top Event MS-NF-25

Top event “MS-NF-25” is queried to determine whether non-fissile bearing water flushes neutron absorbers.  The top branch indicates it does not and the bottom branch indicates it does.

II.15.5
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass NF-5A.  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.16
DESCRIPTION of Event Tree “CONFIG-NF5-I”

The following subsections provide description of the top events of the event tree “CONFIG–NF5-I” (Attachment I, Figure I-20). This event tree initiates the evaluation of the near-field configuration class NF-5.  This event tree consists of 2 top events.

II.16.1
Top Event MS-NF-26

Top event “MS-NF-26” is queried to determine whether intact waste form sits in pond on drift floor.  The top branch indicates it does not and the bottom branch indicates it does.

II.16.2
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass NF-5 (scenario for intact waste form to sit in a pond on drift floor.)  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.17
DESCRIPTION of Event Tree “CONFIG-FF-J”

The following subsections provide description of the top events of the event tree “CONFIG–FF‑J” (Attachment I, Figure I-21) This event tree initiates the evaluation of the far-field configuration class FF-1 representing the far-field accumulation of fissile material bearing solutes into potentially critical configurations.  This event tree consists of 9 top events.

II.17.1
Top Event MS-FF-1

The branching of top event MS-FF-1 initiates the evaluation of far-field configuration class FF-1 representing the transport of fissile material containing solutes into the far-field’s saturated and unsaturated zones.  The upper branch represents that the fissile material bearing solutes are not transported to the far-field and the lower branch represents that they are. Only the lower branch of this top event is activated to initiate the evaluation of this far-field configuration class.

II.17.2
Top Event MS-FF-2

The branching of top event MS-FF-2 determines whether the fissile materials entering the far-field environment are separated from the neutron absorber materials of the waste package or waste form.  The upper branch indicates that the fissile material is not separated from the neutron absorber materials by the far-field environment.  The remaining three branches evaluate far-field configuration classes for the separation of the fissile materials from the neutron absorber materials.  The second branch from the top directs the evaluation of configuration subclass FF-1A and the third branch directs the evaluation of subclasses FF-1B and FF-1C.  The fourth, or bottom, branch of this top event represents the transport of fissile material through the unsaturated zone and into the water table for the evaluation of configuration class FF-3.  The fourth branch immediately transfers to the “CONFIG-FF3” event tree.

II.17.3
Top Event MS-FF-3

The branching of top event MS-FF-3 represents the transport of fissile materials through the unsaturated zone to the water table.  The upper branch of this top event indicates that fissile material is not transported to the water table.  The lower branch of this top event indicates that fissile materials are transported directly to the water table.

II.17.4
Top Event MS-FF-11

The branching of top event MS-FF-11 represents the precipitation of fissile material as the chemistry of the fissile material containing carrier plume is altered by the unsaturated zone host rock.  This scenario represents far-field configuration subclass FF-1A.  The upper branch of this top event indicates that fissile material is not precipitated and the lower branch of this top event indicates that it is.

II.17.5
Top Event MS-FF-12

The branching of top event MS-FF-12 represents the transport of fissile material containing solutes to altered TSbv.  The upper branch of this top event indicates that the fissile material is not transported to the altered TSbv.  The second and third branches of this top event indicate that fissile materials are transported to the altered TSbv and initiate the evaluation of far-field configuration subclasses FF-1B and FF-1C, respectively.

II.17.6
Top Event MS-FF-13

The branching of top event MS-FF-13 represents formation of the far-field configuration subclass FF-1B, which is defined as the sorption of fissile material in clays and zeolites in the altered TSbv.  The upper branch of this top event indicates that fissile materials are not sorbed and the lower branch of this top event indicates that they are.

II.17.7
Top Event MS-FF-14

The branching of top event MS-FF-14 represents the formation of far-field configuration subclass FF-1C, which is defined as the accumulation of fissile material containing solutes in topographical lows above altered TSbv.  The upper branch of this top event indicates that fissile material containing solutes are not accumulated and the lower branch of this top event indicates that they are accumulated.

II.17.8
Top Event MS-FF-15

The branching of top event MS-FF-14 represents the formation of far-field configuration subclass FF-1C, which is defined as the chemical changes in perched water precipitating fissile material.  The upper branch of this top event indicates that there are no chemical changes and the lower branch of this top event indicates that there are.

II.17.9
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass FF-1 (scenario representing the far-field accumulation of fissile material bearing solutes into potentially critical configurations.)  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.18
DESCRIPTION of Event Tree “CONFIG-FF-K”

The following subsections provide description of the top events of the event tree “CONFIG–FF‑K” (Attachment I, Figure I-22) This event tree initiates the evaluation of the far-field configuration class FF-2 representing the far-field accumulation of fissile material bearing colloids into potentially critical configurations.  This event tree consists of 7 top events.

II.18.1
Top Event MS-FF-16

The branching of top event MS-FF-16 initiates the evaluation of far-field configuration class FF­2 representing the transport of fissile material bearing colloids into the far-field’s unsaturated zone.  The upper branch represents that fissile material bearing colloids are not transported to the far-field and the lower branch represents that they are.

II.18.2
Top Event MS-FF-17

The branching of top event MS-FF-17 determines whether the fissile material bearing colloids entering the unsaturated zone environment are hydrodynamically or chromatographically separated from the neutron absorber materials of the waste package or waste form.  The upper branch indicates that the fissile material is not separated from the neutron absorber materials by the unsaturated zone environment.  The remaining two branches represent the separation of the fissile materials from the neutron absorber materials and initiate the evaluation of the FF-2 configuration subclasses.  The second branch from the top directs the evaluation of configuration subclass FF-2A and the third branch directs the evaluation of configuration subclasses FF-2B and FF-2C.

II.18.3
Top Event MS-FF-18

The branching of top event MS-FF-18 represents far-field configuration subclass FF-2A that is defined as the trapping of fissile material bearing colloids in altered TSbv.  The upper branch of this top event indicates that fissile material bearing colloids are not trapped and the lower branch indicates that they are.

II.18.4
Top Event MS-FF-19

The branching of top event MS-FF-19 represents the transport of fissile material containing colloids to altered TSbv.  The upper branch of this top event indicates that fissile material containing colloids are not transported and the lower two branches indicate that they are.  The second and third branches of this top event initiate the evaluation of far-field configuration subclasses FF-2B and FF-2C, respectively.

II.18.5
Top Event MS-FF-20

The branching of top event MS-FF-20 represents formation of the far-field configuration subclass FF-2B, which is defined as the sorption of fissile material containing colloids on clays and zeolites in the altered TSbv.  The upper branch of this top event indicates that fissile materials are not sorbed and the lower branch of this top event indicates that they are.

II.18.6
Top Event MS-FF-21

The branching of top event MS-FF-21 represents the formation of far-field configuration subclass FF-2C, which is defined as the filtration and accumulation of fissile material containing colloids in topographical low above altered TSbv.  The upper branch of this top event indicates that fissile material containing colloids are not filtered and accumulated and the lower branch of this top event indicates that they are.

II.18.7
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of near-field configuration subclass FF-2 (scenario representing the far-field accumulation of fissile material bearing colloids into potentially critical configurations.)  The upper branch indicates that this configuration does not have any criticality potential and the lower branch indicates that it does.

II.19
DESCRIPTION of Event Tree “CONFIG-FF3”

The following subsections provide description of the top events of the event tree “CONFIG–FF3” (Attachment I, Figure I-23) This event tree initiates the evaluation of the far-field configuration class FF-3 representing the accumulation of fissile material into potentially critical configurations in the far-field saturated zone.  This event tree consists of 9 top events.

II.19.1
Top Event CONFIG-SCEN

The branching of top event CONFIG-SCEN establishes the evaluation of the five subclasses of far-field configuration class FF-3 defined as the transport of fissile material into the saturated zone.  The upper branch is not utilized in these analyses and is included only as a modeling convenience.  The five far-field configuration subclasses are represented by the second through sixth branches from the top of this top event.  These five branches direct the evaluation of configuration subclass FF-3A, FF-3B, FF-3C, FF-3D, and FF-3E, respectively.  

II.19.2
Top Event MS-FF-4

The branching of top event MS-FF-4 initiates the evaluation of far-field configuration subclass FF­3A defined as the precipitation of fissile material in the upwell zone of hydrothermal fluids at faults or in fractures.  The upper branch indicates that fissile material is not precipitated and the lower branch indicates that it is.

II.19.3
Top Event MS-FF-5

The branching of top event MS-FF-5 represents the mixing of the fissile material containing contaminant plume below the redox front.  The upper branch indicates that mixing does not occur and the lower branch indicates that it does.

II.19.4
Top Event MS-FF-6

The branching of top event MS-FF-6 initiates the evaluation of far-field configuration subclass FF­3B defined as the precipitation of fissile material as the contaminant plume mixes below the redox front.  The upper branch indicates that fissile material is not precipitated and the lower branch indicates that they are.

II.19.5
Top Event MS-FF-7

The branching of top event MS-FF-7 initiates the evaluation of far-field configuration subclass FF­3C defined as the precipitation of fissile materials at the reducing zone (i.e., the remains of organic materials).  The upper branch indicates that fissile material is not precipitated and the lower branch indicates that it is.

II.19.6
Top Event MS-FF-8

The branching of top event MS-FF-8 initiates the evaluation of far-field configuration subclass FF­3D defined as the precipitation of fissile materials at the reducing zone of a pinchout of the tuff aquifer.  The upper branch indicates that fissile material is not precipitated and the lower branch indicates that it is.

II.19.7
Top Event MS-FF-9

The branching of top event MS-FF-9 represents the transport of fissile material containing solutes to Franklin Lake Playa.  The upper branch indicates that transport does not occur and the lower branch indicates that it does.

II.19.8
Top Event MS-FF-10

The branching of top event MS-FF-10 represents the precipitation of fissile material containing solutes in organic-rich zones of Franklin Lake.  The upper branch indicates that precipitation does not occur and the lower branch indicates that it does.

II.19.9
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of the precipitated fissile material in the organic-rich zones of Franklin Lake.  The upper branch indicates that precipitated material does not have a criticality potential and the lower branch indicates that it does.

II.20
DESCRIPTION of Event Tree “IGNEOUS”

The following subsections provide description of the top events of the event tree “IGNEOUS” (Attachment I, Figure I-24). ).  This event tree is accessed as part of the igneous disruptive event and directs the evaluation of the eruptive and intrusive igneous scenarios.  This event tree consists of 4 top events.

II.20.1
Top Event IG-EVENT-TYPE

The upper branch of the IG-EVENT-TYPE top event represents the eruptive igneous scenario.  The lower branch of the IG-EVENT-TYPE top event represents the intrusive igneous scenario. Given an igneous event, an intrusive scenario is expected to occur.  Therefore, IG-EVENT-TYPE is assigned a value of 1.00.

II.20.2
Top Event IG-WP-LOC

The branches of the IG-WP-LOC top event directs the evaluation of waste packages at the dike (intrusive event) or conduit (eruptive event) intersection point.  The upper branch of this top event directs the evaluation of a waste package at the dike or conduit intersection points.  The lower branch of this top event directs the evaluation of waste packages beyond the dike or conduit intersection points.

II.20.3
Top Event IG-WP-RELOC

The purpose of this top event is to represent the possibility that, for an eruptive igneous scenario, waste packages initially beyond the conduit intersection point may at some point get pulled into the conduit.

II.20.4
Top Event NA–MISLOAD

The presence of neutron absorber materials in a waste package is important to criticality control during the regulatory period for the majority of the waste forms proposed for disposal in the repository.  Misload of the neutron absorber materials is associated with top event NA–MISLOAD of the “MSL–ET2” event tree (Attachment I, Figure I-5).  The lower branch of this top event indicates the occurrence of a misload of neutron absorber materials in the waste package or waste form and the upper branch indicates that no misload occurred.

II.21
DESCRIPTION of Event Tree “IG-ERUPTIVE”

The following subsections provide description of the top events of the event tree “IG-ERUPTIVE” (Attachment I, Figure I-25). This event tree is accessed as part of the evaluation of an eruptive igneous scenario for those waste packages intersected by the eruptive conduit or those waste packages that are initially beyond the conduit, but are subsequently pulled into the conduit.  This event tree consists of 7 top events.

II.21.1
Top Event IG-CONFIG

The IG-CONFIG top event establishes the configuration of the waste packages ejected from the repository during an eruptive igneous event.  Waste packages in the eruptive conduit can be either destroyed and the waste form pulverized during the eruptive process and the remains ejected and dispersed across the surface (the branch of this top event) or it can be ejected breached, but relatively intact and lying on the surface (the failure branch of this top event).

II.21.2
Top Event IG-RAINFALL

The purpose of top event IG-RAINFALL is to determine the probability that rainfall occurs at some point in time after an eruptive event.  The upper branch of this top event indicates that rainfall does not occur and the lower branch indicates that it does.

II.21.3
Top Event IG-BATHTUB

Top event “IG-BATHTUB” is queried to determine whether waste package bathtub configuration forms.  The top branch indicates that a flow-through configuration forms and the bottom branch indicates that a bathtub configuration occurs.

II.21.4
Top Event IG-FM-TRANS

Top event “IG-FM-TRANS” is queried to determine whether fissile material is transported from the waste package.  The top branch indicates it is not and the bottom branch indicates it is.

II.21.5
Top Event IG-FM-ACCUM

The purpose of this top event is to represent the possibility that, after an eruptive igneous event disperses the waste form on the surface, subsequent rainfall mobilizes the waste form and it accumulates into a potentially critical configuration.

II.21.6
Top Event WF-MISLOAD

The WF-MISLOAD top event represent the probability that a waste form was incorrectly placed into a waste packaged during the preclosure loading process.

II.21.7
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.22
DESCRIPTION of Event Tree “IG-INTRUSIVE”

The following subsections provide description of the top events of the event tree “IG-INTRUSIVE” (Attachment I, Figure I-26). This event tree is accessed as part of the eruptive and intrusive igneous scenario evaluations for those waste packages that are in the drift beyond the eruptive conduit or for those waste packages that are at or beyond the dike intersection point.  This event tree consists of 8 top events.

II.22.1
Top Event IG-WP-DESTRYD

This top event quantifies the probability that the waste package is destroyed as a result of the entry force of intrusive material.  Separate consideration is given for those waste packages at the dike intersection point where the forces would be greatest versus those waste packages lying beyond the dike or conduit intersection points.

II.22.2
Top Event IG-WP-SLUMP

The IG-WP-SLUMP top event evaluates whether the waste package will remain intact (upper branch), partially slump (middle branch), or completely slump (lower branch) as a result of  the high temperatures of the intruding materials.

II.22.3
Top Event IG-MAGMA-INT

The purpose of this top event is to quantify the possibility that, because of waste package breach following an intrusive igneous event, intrusive material can enter the breached waste package. The upper branch represents that magma does not intrude into the waste package upon its failure and the lower branch represents that it does.

II.22.4
Top Event IG-MAGMA-COOL

Top event “IG-MAGMA-COOL” is queried to determine whether the magma has cooled.  The top branch indicates it has not and the bottom branch indicates it has.

II.22.5
Top Event IG-MAGMA-FRAC

Top event “IG-MAGMA-FRAC” is queried to determine whether the magma fractures after cooling.  The top branch indicates it does not and the bottom branch indicates it does.

II.22.6
Top Event IG-MAGMA-SEEPAGE

The purpose of top event IG-MAGMA-SEEPAGE is to represent the possibility that, after the cooling and fracturing of the intrusive material, seepage returns and enters the breached waste package.  The upper branch of this top event indicates that seepage does not occur and the bottom three branches indicates that seepage does occur for the lower-bound, mean and upper-bound seepage scenarios, respectively.

II.22.7
Top Event IG-FM-TRASPT

Top event “IG-FM-TRASPT” is queried to determine whether fissile material transports to the near‑field.  The top branch indicates it does not and the bottom branch indicates it does.

II.22.8
Top Event CRIT-POT-WF

The branching of top event CRIT-POT-WF represents the criticality potential of configuration.  The upper branch indicates that configuration does not have a criticality potential and the lower branch indicates that it does.

II.23
DESCRIPTION of Event Tree “IG-INTRUSIVE2”

The following subsections provide description of the top events of the event tree “IG-INTRUSIVE2” (Attachment I, Figure I-27). This event tree is a continuation of the evaluation of an intrusive igneous event for those waste packages not destroyed by the force of the intrusive event.  This event tree consists of 7 top events.

II.23.1
Top Event IG-MAGMA-COOL

The branching of top event IG-MAGMA-COOL establishes the temperature of the intrusive material.  The upper branch indicates that the temperature is above 100°C.  The lower branch indicates that the temperature is below 100°C.  Both branches of this top event are processed for the determination of the waste package’s pre- and post-cooling criticality potential.

II.23.2
Top Event IG-MAGMA-FRAC

The branching of top event IG-MAGMA-FRAC indicates whether or not the intrusive material fractures upon cooling.  The upper branch of this top event indicates that no fracturing of the intrusive material occurs and the bottom branch indicates that fracturing does occur.

II.23.3
Top Event IG-SEEPAGE

The purpose of top event IG-SEEPAGE is to represent the possibility that, after the cooling and fracturing of the intrusive material, seepage returns and enters the breached waste package.  The upper branch of this top event indicates that seepage does not occur and the bottom three branches indicates that seepage does occur for the lower-bound, mean and upper-bound seepage scenarios, respectively.

II.23.4
Top Event IG-BATHTUB

The purpose of top event IG-BATHTUB is to represent the possibility that, after the cooling and fracturing of the intrusive material and seepage returns and enters the breached waste package, a bathtub configuration is formed within the waste package.  The upper branch of this top event indicates that a bathtub configuration does not form and the lower branch indicates that it does.

II.23.5
Top Event IG-FM-TRANSPT

The branching of top event IG-FM-TRANSPT establishes whether fissile material remains internal to the waste package or is transported external to the waste package to the near-field environment.  The upper branch indicates the evaluation of fissile material remaining in the waste package.  The lower branch indicates that the fissile material is transported external to the waste package.  Both scenarios are evaluated in this analysis as being equiprobable for the determination of each configurations criticality potential.

II.23.6
Top Event WF-MISLOAD

The WF-MISLOAD top event represent the probability that a waste form was incorrectly placed into a waste packaged during the preclosure loading process.

II.23.7
Top Event CRIT-POT-WF

Quantification of the CRIT-POT-WF top event establishes the criticality potential of a given igneous configuration.  Activation of the upper branch indicates that the configuration has no criticality potential and activation of the lower branch indicates that there is criticality potential.
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