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DISCLAIMER 

The analysis contained in this document was developed by Bechtel SAIC Company, LLC (BSC) 
and is intended solely for the use ofBSC in its work for the Yucca Mountain Project (YMP). 

Continuation of Item 8 Notes/Comments from page 1 
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11966-005 Pages [C]25, 46	 Revision of the determination of the jib crane drop rate is 
reflected though the text and revision of the drop rate 
figure. 

11989-005 Page 15	 Text of the bullet beginning with "Intentional malevolent..." 
has been modified as specified in the CR. 

12002-005 Pages [C-] 25-26	 The total plant ratio used to develop crane drop estimates 
was changed to 43/109 as recommended. The affected 
drop rates were updated in response. 

12101-004 Pages [B2]- 2, 21, and 22	 Site Transporter text was updated as specified in the CR. 
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updates throughout the document. 
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1. PURPOSE 

This document and its companion document entitled Intra-Site Operations and BOP Event 
Sequence Development Analysis (Ref. 2.2.29) constitute a portion of the preclosure safety 
analysis (PCSA) that is described in its entirety in the safety analysis report that will be 
submitted to the U.S. Nuclear Regulatory Commission (NRC) as part of the Yucca Mountain 
Project (YMP) license application. These documents are part of a collection of analysis reports 
that encompass all waste handling activities and facilities of the geologic repository operations 
area (GROA) from the beginning of operation to the end of the preclosure period. The Intra-Site 
Operations and BOP Event Sequence Development Analysis (Ref. 2.2.29) describes the 
identification of initiating events and the development of potential event sequences that emanate 
from them. This analysis uses the resulting event sequences to perform a quantitative analysis of 
the event sequences for the purpose of categorization per the definition provided by 10 CFR 63.2 
(Ref. 2.3.2). 

The PCSA uses probabilistic risk assessment (PRA) technology derived from both nuclear power 
plant and aerospace methods and applications in order to perform analyses to comply with the 
risk-informed aspects of 10 CFR 63.111 and 63.112 (Ref. 2.3.2) and to be responsive to the 
acceptance criteria articulated in the Yucca Mountain Review Plan, Final Report (Ref. 2.2.69). 
The PCSA, however, limits the use of PRA technology to identification and development of 
event sequences that might lead to direct exposure of workers or onsite members of the public; 
radiological releases that may affect the workers or public (onsite and offsite) and criticality. 

The radiological consequence assessment relies on bounding inputs with deterministic methods 
to obtain bounding dose estimates. These were developed using broad categories of scenarios 
that might cause a radiological release or direct exposure to workers and the public, both onsite 
and offsite. These broad categories of scenarios were characterized by conservative meteorology 
and dispersion parameters, conservative estimates of material at risk, conservative source terms, 
conservative leak path factors, and filtration of releases via facility high-efficiency particulate air 
(REPA) filters, when applicable. After completion of the event sequence development and 
categorization in this analysis, each Category 1 and Category 2 event sequence was 
conservatively matched with one of the categories of dose estimates. The event sequence 
analyses also serve as input to the PCSA criticality analyses by identifying the event sequences 
and end states where conditions leading to criticality are in Category 1 or 2. 

An event sequence is defined in 10 CFR 63.2 (Ref. 2.3.2) as follows: 

"A series of actions and/or occurrences within the natural and engineered 
components of a geologic repository operations area that could potentially lead to 
exposure of individuals to radiation. An event sequence includes one or more 
initiating events and associated combinations of repository system component 
failures, including those produced by the action or inaction of operating 
personnel. Those event sequences that are expected to occur one or more times 
before permanent closure of the geologic repository operations area are referred to 
as Category 1 event sequences. Other event sequences that have at least one 
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chance in 10,000 of occurring before permanent closure are referred to as 
Category 2 event sequences." 

As an extrapolation of the definition of Category 2 event sequences, sequences that have less 
than one chance in 10,000 of occurring before permanent closure are identified as beyond 
Category 2. Consequence analyses are not required for those event sequences. 

10 CFR 63.112, Paragraph (e) and Subparagraph (e)(6) (Ref. 2.3.2) require analyses to identify 
the controls that are relied upon to limit or prevent potential event sequences or mitigate their 
consequences. Subparagraph (e)(6) specifically notes that the analyses should include 
consideration of "means to prevent and control criticality." The PCSA criticality analyses 
employ specialized deterministic methods that are beyond the scope of the present analysis. 
However, the event sequence analyses serve as an input to the PCSA criticality analyses by 
identifying the event sequences and end states where conditions leading to criticality are in 
Category 1 or 2. Some event sequence end states include the phrase "important to criticality" 
(ITC). This indicates that the event sequence has a potential for reactivity increase that should 
be analyzed to determine if reactivity can exceed the upper subcriticality limit. 

In order to determine the criticality potential for each waste form and associated facility and 
handling operations, criticality sensitivity calculations are performed. These calculations 
evaluate the impact on system reactivity to variations in each of the parameters ITC during the 
preclosure period. The parameters are waste form characteristics, reflection, interaction, neutron 
absorbers (fixed and soluble), geometry, and moderation. The criticality sensitivity calculations 
determine the sensitivity of the effective neutron multiplication factor (kerr) to variations in any 
of these parameters as a function of the other parameters. The PCSA criticality analyses 
determined the parameters that this event sequence analysis should include. The presence of a 
moderator in association with a path to exposed fuel was required to be explicitly modeled in the 
event sequence analysis because such events could not be deterministically found to be incapable 
of exceeding the upper subcriticality limit. Other situations treated in the event sequence 
analysis for similar reasons are multiple U.S. Department of Energy (DOE) spent nuclear fuel 
(SNF) canisters in the Canister Receipt and Closure Facility (CRCF) in the same general 
location, and presence of sufficient soluble boron in the pool in the Wet Handling Facility 
(WHF). 

The initiating events considered in the PCSA define what could occur within the site GROA and 
are limited to those that constitute a hazard to a waste form while it is present in the GROA; 
i.e., an internal event due to a waste processing operation conducted in the GROA, or an external 
event that imposes a potential hazard to a waste form, or waste processing systems, or personnel 
(e.g., seismic or wind energy, flood waters). Such initiating events are included when 
developing event sequences for the PCSA. However, initiating events that are associated with 
conditions introduced in structures, systems, and components (SSCs) before they reach the site 
(e.g., drops of casks, canisters, or fuel assemblies during loading at a reactor site; improper 
drying, closing, or inerting at the reactor site; rail accidents during transport; tornado or missile 
strikes on a transportation cask) or nonconformances during cask or canister manufacture 
(i.e., resulting in a reduction of containment strength) are not within the scope of the PCSA. 
Such potential precursors are subject to deterministic regulations (e.g., 10 CFR Part 50 (Ref. 
2.3.1), 10 CFR Part 71 (Ref. 2.3.3), and 10 CFR Part 72 (Ref. 2.3.4)) and associated quality 
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assurance programs. As a result of compliance to such regulations, the SSCs are deemed to pose 
no undue risk to health and safety. Although the analyses do not address quantitative 
probabilities, it is clear that the use of conservative design criteria and the implementation of 
quality assurance controls will result in unlikely exposures to radiation. 

Other boundary conditions used in the PCSA include: 

•	 Plant operational state. The initial state of the facility is normal with each system 
operating within its vendor-prescribed operating conditions. 

•	 No other simultaneous initiating events. It is standard practice to not consider the 
occurrence of other initiating events (human-induced or naturally occurring) during the 
time span of an event sequence because (a) the probability of two simultaneous initiating 
events within the time window is small and, (b) each initiating event will cause 
operations to be terminated, which further reduces the conditional probability of the 
occurrence of a second initiating event, given that the first has occurred. 

•	 Equipment failure mode. The failure mode of a structure, system, or component (SSC) 
corresponds to that required to make the initiating or pivotal event occur. 

•	 Fundamental to the basis for the use of industry-wide reliability parameters within the 
PCSA, such as failure rates, is the use of structures, systems, and components (SSCs) 
within the GROA that conform to NRC accepted consensus codes and standards, and 
other regulatory guidance. 

•	 Intentional malevolent acts, such as sabotage and other security threats, were considered 
in a separate safeguards and security analysis performed by others. 

As stated, the scope of the PCSA is limited to internal initiating events originating within the 
GROA boundary and external initiating events that have their origin outside the GROA 
boundary, but can affect buildings and/or equipment within the GROA. External event analyses 
are documented in other PCSA documents (e.g., External Events Hazards Screening Analysis 
(Ref. 2.2.26)). Internal event identification (using a master logic diagram (MLD) and hazard and 
operability (HAZOP) evaluation), event sequence development and grouping, and related facility 
details are provided in Intra-Site Operations and BOP Event Sequence Development Analysis 
(Ref. 2.2.29), which also documents the methodology and process employed and initiates the 
analysis that is completed here. 

This document uses event trees from the event sequence development analysis (Ref. 2.2.29) to 
quantify the event sequences for each waste form. Quantification refers to the process of 
obtaining the mean frequency of each event sequence for the purpose of categorization. This 
document shows the categorization of each event sequence based on: 

•	 Mean frequency associated with the event sequence frequency distribution. 

•	 Uncertainty associated with the event sequence frequency distributions. 

15	 November 2008 



Intra-Site Operations and BOP Reliability 000-PSA-MGRO-00900-000-00B 
and Event Sequence Categorization Analysis 

•	 Material at risk for each Category 1 and Category 2 event sequence for purposes of dose 
calculations. 

•	 Important to safety (ITS) SSCS. 

•	 Compliance with the nuclear safety design bases. 

•	 Procedural safety controls (PSCs) required for operations. 

Other PCSA documents, which are not referenced here, cover the reliability and categorization 
of external events and summarize PSCs and nuclear safety design bases. 
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3. ASSUMPTIONS 

3.1 ASSUMPTIONS REQUIRING VERIFICATION 

None used. 

3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION 

3.2.1 General Analysis Assumptions 

Assumption-Equipment and SSCs designed and purchased for the Yucca Mountain repository 
are of the population of equipment and SSCs represented in United States industry-wide 
reliability information sources. Furthermore, the uncertainty in reliability is represented by the 
variability of reliabilities across this population. 

Rationale-Although the repository features some unique pieces of equipment at the system level 
(e.g., the waste package transfer trolley (WPTT) and the cask transfer trolley used in the waste 
handling facilities), at the component level the repository relies on proven and established 
technologies. The industry-wide information sources include historical reliability information at 
the component level. Such experience is relevant to the repository because the repository relies 
on components similar to the ones represented in the information sources. In some cases, 
system-level information, such as crane load drop rates, from the industry-wide information 
sources are used. It is appropriate to use such information because it represents similar pieces of 
equipment at the system level. In addition, drawing from a wide spectrum of sources takes 
advantage of many observations, which yields better statistical information regarding the 
uncertainty associated with the resulting reliability estimates. 
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4. METHODOLOGY 

4.1 QUALITY ASSURANCE 

This analysis has been prepared in accordance with Calculations and Analyses (Ref. 2.1.1 ) and 
Preclosure Safety Analysis Process (Ref. 2.1A). Therefore, the approved version is designated 
as "QA: QA" 

In general, input designated "QA: QA" is used; however, some of the inputs that are cited are 
designated "QA: N/A" The suitability of these inputs for the intended use is justified as 
follows. 

Documentation of suitability for intended use of "QA: N/A" drawings: Engineering 
drawings are prepared using the "QA: QA" procedure Engineering Drawings (Ref. 2.1.2). They 
are checked by an independent checker and reviewed for constructability and coordination before 
review and approval by the engineering group supervisor and the discipline engineering manager 
(Ref. 2.1.2, Section 3.2.2, and Attachments 3 and 5). The check, review, and approval process 
provides assurance that these drawings accurately document the design and operational 
philosophy of the facility. For this reason, they are suitable for their intended use as sources of 
input to this analysis. 

Documentation of suitability for intended use of "QA: N/A" engineering calculations or 
analyses: Engineering calculations and analyses are prepared using the "QA: QA" procedure 
Calculations and Analyses (Ref. 2.1.1). They are checked by an independent checker and 
reviewed for coordination before review and approval by the engineering group supervisor and 
the discipline engineering manager. The check, review, and approval process provides assurance 
that these calculations and analyses accurately document the design and operation of the facility. 
For this reason, they are suitable for their intended use as sources of input to this analysis. 

Documentation of suitability for intended use of engineering studies (which are "QA: 
N/A"): In a few instances, studies are used as inputs to this analysis. The uses of inputs from 
studies are made clear by the context of the discussion at the point of use. The use of studies is 
acceptable for committed analyses, such as the present analysis, provided that the results are not 
used for procurement, fabrication, or construction purposes. Because the present analysis is not 
used for procurement, fabrication, or construction purposes, the use of studies is acceptable. 
Therefore, the studies that are used as inputs are suitable for their intended uses. 

Documentation of suitability for intended use of BSC design guides (which are "QA: N/A"): 
The uses of inputs from design guides are made clear by the context of the discussion at the point 
of use. Design guides are used as inputs only when specific design documents, such as 
drawings, calculations, and design reports are not available at the present level of design 
development. Therefore, the design guides that are used as inputs are suitable for their intended 
uses. 
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Documentation of suitability for intended use of BSC engineering standards (which are 
"QA: N/A"): Engineering standards are used in this analysis as the basis for the numbering 
system for basic events. The uses of inputs from BSC engineering standards are made clear by 
the context of the discussion at the point of use. Therefore, the design guides that are used as 
inputs are suitable for their intended uses. 

Documentation of suitability for intended use of BSC Interoffice memorandum: Due to the 
early nature of the design of some systems, the only available sources for the information used 
are interoffice memorandum. The information used from these sources are conservative 
estimates and appropriate for their intended use. 

Documentation of suitability for intended use of inputs from outside sources: The uses of 
inputs from outside sources are made clear by the context of the discussion at the point of use. 
These uses fall into the following categories and are justified as follows (in addition to the 
justifications provided at the point of use): 

1.	 Some inputs are cited as sources of the methods used in the analysis. These inputs are 
suitable for their intended uses because they represent commonly accepted methods of 
analysis among safety analysis practitioners or, more generally, among scientific and 
engineering professionals. 

2.	 Some inputs are cited as examples of applications of analytical methods by others. 
These inputs are suitable for their intended uses because they illustrate applicable 
methods of analysis. 

3.	 Some inputs are cited as sources of historical safety-related data. These inputs are 
suitable for their intended uses because they represent historical data that is commonly 
accepted among safety analysis practitioners. 

4.	 Some inputs are cited as sources of accepted practices as recommended by codes, 
standards, or review plans. These inputs are suitable for their intended uses because 
they represent codes, standards, or review plans that are commonly accepted by 
practitioners of the affected professional disciplines. 

5.	 Some inputs provide information specific to the Yucca Mountain Repository that was 
produced by organizations other than BSC. These inputs are suitable for their 
intended uses because they provide information that was developed for the Yucca 
Mountain Repository under procedures that apply to the organization that produced the 
information. 

4.2 USE OF SOFTWARE 

4.2.1 Levell Software 

This section addresses software used in this analysis as Level 1 software, as defined in Software 
Management (Ref. 2.1.3, Attachment 12). SAPHIRE V. 7.26 STN 10325-7.26-01 (Ref. 2.2.76) 
is used in this analysis for PRA simulation and analyses. The SAPHIRE software is used on a 
personal computer running Windows XP inside a VMware virtual machine; it is also listed in the 
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