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1. PURPOSE 

This analysis is prepared by the Mined Geologic Disposal System (MGDS) Specialty Engineering 
Department. The purpose and objective of the analysis is to provide a Preliminary Hazards List 
(PHL) using Preliminary Hazards Analysis (PHA) methodology. This analysis identifies hiiards 
with potential radiological consequences that are applicable to the MGDS Advanced Conceptual 
Design (ACD) during preclosure. The PHA methodology provides a systematic method to identify 
preliminaly hazards that may exist in any system design. The resulting PHL will be used as input 
to the Design Basis Events (DBEs) analyses. It is expected that the results from this analysis will 
undergo further screening and analysis based on the criteria that applies to the performance of DBE 
analyses for the preclosure phase of repository operation. The MGDS design will be analyzed for 
additional hazards as the design evolves due to the potential for introducing new hazards through 
design changes or greater design detail, which may reveal hazards previously transparent to this 
PHA. 

2. QUALITY ASSURANCE 

The Qualj ty Assurance (QA) program controls are applicable to this analysis. The work reported 
in this analysis is used as input into the DBE analyses for the MGDS. This activity can affect the 
design of the repository and waste package (WP). The work performed for this analysis is covered 
by QAP-2-0, Control of Activities, and resulting Activity Evaluation entitled Develop Preliminary 
MGDS H(;lzui-ds Analysis (Reference 5.7). This QAP-2-0 evaluation determined that such activities 
are subject to Quality Assurance Requirements and Description, DOEIRW-0333P (Reference 5.8), 
requirements. Applicable procedural controls are listed in the QAP-2-0 evaluation. A QAP-2-3 
classification analysis for the PHA is not applicable at this stage of the MGDS design. However, 
QAP-2-3 classification analyses to support the classification of the individual Systems, Structure, 
or Components (i.e., permanent items) will be performed for all permanent items identified in the 
PHA as !.he design and/or evaluation of these permanent items evolves. These QAP-2-3 
classification analyses will either: 1) justify the item's inclusion on the MGDS Q-List or, 2) justify 
the item not being included on the MGDS Q-List. In addition, these classification analyses will also 
address those permanent items which have already been added to the MGDS Q-List through direct 
inclusion by the DOE. This document will not directly support any construction, fabrication, or 
procuremt:nt activity and thcrcfore is not required to be procedurally controlled as TBV (To Be 
Verified). However, use of any data from this analysis for input into documents supporting 
construction, fabrication, or procurement is required to be controlled as TBV in accordance with the 
appropriate procedures. This design analysis (Section 7.0) is divided into two distinct parts. 

Section 7.1 addresses the analysis of external events and phenomena. All of the design inputs 
(reference:;) used to prepare Section 7.1 are qualified inputs. Thercfore, subsequent analyses that use 
data from Section 7.1 of this analysis are not required to identify the data as preliminary and/or 
conceptual, or to procedurally control it as TBV, as the data is qualified. 

Section 7.2 addresses the analysis of internal events, and because the ACD is subject to change, the 
PHA cannot be considered bounded. For this reason, subscquent analyses that use data from Section 
7.2 of this analysis are requircd to identify the data as preliminary, as it is currently unqualified; or 
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the data shall bc proccdurally controllcd as TBV in accordance with the appropriate procedures. 
References 5.3 and 5.4 will require subsequent qualification (or superseding inputs) as the MGDS 
design proceeds in order to be considered qualified. 

3. METHOD 

This analysis was pcrformed utilizing the PHA mcthodologies described in the System Safety 
Analysis Handbook (Reference 5.2). This PHA addresses both extcrnal and internal events that 
could, under certain conditions, result in a radioactive release during preclosurc. For external events, 
the PHL is generated by applying a checklist of potential gencric events and phenomena to the 
repository design in gcncral. For internal events, the PHL is generated by applying a checklist of 
potential generic events to each functional area within the repository. 

The adopted process used to develop the PHL is described in thc Preliminary MGDS Hazards 
Analysis Process Flow prcsented in Figurc 3-1. A description of the process steps are 
provided below. 

3.1 DEVELOP GENERIC EVENTS AND PHENOMENA CHECKLLST 

The analysis begins with the development of a comprchensive list of events that, if determined 
to be applicable, could result in a radioactive release. A separate generic events checklist is 
developed to support both the cxtcrnal and internal PHL detcrminations. These generic lists 
are not project specific and attempt to identify all potentially hazardous evcnts. The intent is 
to provide the most comprehensive list to cnsure thorough treatment of possiblc hazards. The 
developmcnt of generic cvcnts and phcnomena for both thc cxternal and internal analyses 
shall make maximum use of cxisting projcct documents where similar work has been 
performed. 

A FHL is the result of a generic checklist for external and internal events. As discussed in 
Section 1, the PHL will be used for futurc DBE analyses. It is expected that somc events on 
the PHL will require multiple analyses by different groups. For example, the potential 
radiological consequence of flooding and any potential criticality concerns of an event on the 
PHL may be pcrformed in scparate analyses. 

For the cxtcrnal analysis, both events and phenomena arc identified. Events are defined to 
bc an occurrence that happens over a short period of timc (e.g., earthquake, dam failure). 
Phcnornena arc dcfined to bc occurrcnces that are process oriented and happen over a longer 
period of time (e.g., erosion, glaciation). For thc internal analysis, only events are identified. 
These evcnts have the same dcfinition as the cxternal events except that they are tailored to 
internal situations (e.g., collision/crushing, fire). This analysis only applies to the preclosure 
time pcriod. 
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Figure 3-1. Preliminary MGDS Hazards Analysis Process Flow 
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3.2 DETERMINE PROJECT APPLICABIUTY OF EXTERNAL EVENTS AND 
PHENOMENA 

This portion of the analysis determines the applicability of external events and phenomena, 
discussed in Section 3.1, that could potentially trigger a sequence of internal events that could 
interact with the waste form. 

Guidance in the selection of external events was obtained from NUREG-1318 
(Refcrcnce 5.25) and ANSVANS-2.12-1978 (Reference 5.20), both of which discuss the event 
probability or credibility. NUREG-1318 addresses medium, low, and extremely low 
probability, but does not quantitatively define them. The credibility threshold of ;r 1x1a6 
eventfyear defined in YAP-2.7Q, Item Classification and Maintenance of the Q-List 
(Reference 5.19), and QAP-2-3, Classification of Permanent Items (Reference 5. I), is used 
in this analysis. Only eventsfphenomena which have probabilities clearly less than 1x10'~ per 
year were excluded. Subsequent DBE analysis to be performed on each selected external 
event will consider both event-specific credibility thresholds and site-spccific probability data. 

The: following approach was developed to document the applicability of external events and 
phenomena. 

A. 
. . .  

: Establishes the explanation of the event or the phenomena to be analyzed. 

B. Required Condition: States what has to occur for the event or phenomenon to exist. 

C. bquired Condition Potentially Exists at Yucca Mountain: Determines if the conditions 
exist that could allow the event or phenomenon to occur at Yucca Mountain. 

D. Potentially Applicable to Preclosure: Determines if the event or phenomenon can 
credibly occur and warrants consideration for the 150-year preclosure period. 

E. Referenm: Establishes the basis for the decision. Identifies background information 
as required. 

F. Conclusinn: Summarizes findings including the data retrieved from the references. 

The evaluation of each candidate event and phenomenon will consider regulatory guidance, 
site characteristics, and selection criteria to develop the final hazard list. Each hazard is 
evaluated using data available in various references that form the basis for the selection. 

Events and phenomena that do not meet the appljcability criteria are documented with 
rationale that cite specific references for the "not applicable" justification. Non-applicable 
events and phenomena will not be considered further in repository design. 

Events and phenomena that meet the criteria or that cannot be excluded at this time are 
considered potentially applicable to preclosure and are included on the external PHL. 
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External events and phenomena contained on thc PHL serve as input to DBE analyses for 
further consideration for the 150-year preclosure period of the repository. 

3.3 DETERMINE PROJECT APPLICABILITY OF INTERNAL EVENTS 

This portion of the analysis determincs the applicability of internal generic events (see 
Section 3.1) that could potentially interact with the waste form resulting in potential 
radiological consequences. The potcntial for a radiological consequence consists of a direct 
(as in the case of a barc spcnt fuel assembly (SFA)) or indirect (as in the case of SFAs encased 
in a shipping cask, spent fuel canister, or as a WP) interaction with high-level waste (HLW) 
or a direct interaction with low-level waste (LLW). Preliminary hazards that do not have the 
potential for a radiological consequence arc not identified as part of this analysis. Interaction 
with a waste form will be assessed by applying the list of generic events to the functional area 
of design through which a waste form is handled. 

Each of the internal generic events will have the following applicability criteria tailored to 
support the determination. 

A. Is the energy source identified in thc internal events checklist present in the current 
dcsign? 

B. Is there a release mechanism required to activate the cncrgy source, and if so, is it present 
in thc current design? 

C. If relcascd, can the cncrgy interact with the waste form? 

This rcsults in the dcvelopment of specific applicability criteria for the assessment 
dctermination. 

If the answer to all three questions is ycs for each of the generic events, the energy source has 
the potcntial to interact with the waste form. Once the potential for interaction has been 
established, specific hazards are identified. Internal project-spccific hazards containcd on the 
PHL serve as input to DBE analyses for the repository. It should be noted that not all 
functional areas of the dcsign will have preliminary hazards producing radiological 
consequences. 

If nonc of the energy resources, release mechanisms, or potential interactions have becn 
identified based on the current design, the hazard is TBV. This is due to the fact that as 
designs evolvc there is a potential to introduce new cnergy sources or that greater design detail 
may reveal hazards previously transparent to the preliminary hazards analysis. 

For enginccring drawings the PEL is revised in accordance with QAP-3-10, Engineering 
Drawings. This procedurc establishes thc responsibilities and process for the development 
and change of engineering drawings. For specifications, the PHL is revised in accordance 
with QAP-3-8, Specifications, which establishes the responsibilities and process for 
dcvelopment and change of specifications. 
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Thc following approach was used to document preliminary hazards in Section 7.2.3.1. 

Area Description: Establishes the baseline explanation of the functional area of design 
for the repository. Information will be used to gain understanding of expected use. 

Generic Event Cate~ot-y Applicability: Summarizes results from the applicability 
assesslnent for each of the following generic events. 

CollisionICrushing 
Chemical Contarnination/Flooding 
ExplosionIImplosion 
Fire 
Radiation/Magnetic/Electricil 
Thermal 
Human Factors 

bference: Identifies the preliminary design data uscd to conduct the analysis. 

. . r e l w r y  Hazards: Identifies specific hazards based on the potential for interaction. 

Thc: functional areas of the repository used to support this analysis are pcr References 5.3 and 
5.4. The analysis bcgins with transport of the HLW from inside the site boundary and 
proceeds to the Carrier Staging Shed (CSS), on to the Waste Handling Building (WHB), and 
then to the intcrface with the transporter. The transporter moves the WP (HLW) from the 
WIB through the main drift where it is transferred to its final destination in the emplacement 
drift. The Cask Maintenance Facility (CMF) and the Waste Treatment Building are also 
includcd as scparate functional areas for potential interactions with LLW. 

4. DESIGN INPUTS 

4.1 DESIGN PAWMETERS 

Design paramctcrs are not applicable. Design parameters represent the engineering values 
uscd in design. This analysis docs not perform a design function. 

Criteria is not applicablc to this analysis. Criteria shall be identified where it is dircctly 
applicable to the design subject. This analysis does not perform a design function; however, 
this analysis is an input to DBE analysis (note that the DBEs includc the DBAs referred to 
below) which, in turn, affects design. Therefore, any Repository Design Requirements 
Document, YMPICM-0023, requirements for DBE's are indirect requirements for this 
analysis. For instance, the following Repository Design Requirements Document 
req~~ircmcnts have bccn identified as applicable to DBE analyses. 
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3.2.4.6 A. Accidents. SSCs that are required to function during accidents shall be 
designed to withstand accident conditions so that their required functions and 
performance criteria can be met during such events. 

Basis for inclusion: This analysis identifies preliminary hazards based on 
accidents. 

3.2.4.6 B. Design Objectives. Conservatively estimated consequences of normal 
operations and credible accidents shall be limited in accordance with 
requirements contained in DOE Order 6430.1 A, Section 1300- 1.4, Guidance on 
Limiting Exposure of the Public. The repository will develop events based on 
site function and licensing requirements. 

Basis for inclusion: This analysis identifies preliminary hazards based on site 
functions. 

3.2.4.6 C. Aircraft. Unless the safety analysis can demonstrate that the risk from an 
i 

aircraft crashing into the facility is acceptable, potential aircraft crashes shall 
C 

be considered among the spectrum of man made missiles that confinement i 
structures must be designed to withstand or against which they must be 

i 
protected. 

Basis for inclusion: This analysis identifies aircraft crash as a potential hazard. 

3.2.4.6 D. External Blast and Missiles. The potential effects of a major explosion at a 
nearby facility or transportation route shall be considered among the spectrum 
of external blast effects and missiles that confinement structures must be 
designed to withstand or against which they must be protected. 

Basis for inclusion: The first step in addressing this requirement is determining 
its applicability to spccific design areas. 

3.2.4.6 E. Internal Blasts and Missiles. The probable consequence of design basis 
accidents (DBAs) involving internally generated missiles or blasts effects shall 
be considered. Such DBAs typically involve failure of high speed rotating 
machinery, cranes, experimental facilities, high energy fluid system 
components, or explosives. Structures required to function following such 
accidents must be designed to withstand these DBAs. 

Basis for inclusion: The first step in addressing this requirement is determining 
its applicability to specific design arcas. 

3.2.6.1 GROA SSCs important to safety shall be designed so that the effects of 
anticipated natural phenomena and environmental conditions will not interfere 
with necessary functions. 
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Basis for inclusion: This analysis identifies the preliminary list of natural 
phenomena that must be considered. 

3.2.6.1 A. Natural Conditions. Natural phenomena and environmental conditions at the 
GROA considered in the design shall include events and conditions such as 
earthquakes, tornados, wind, lightning, floods, precipitation, humidity, 
temperature, sand and dust, and fungus, bacteria, and algae. 

Basis for inclusion: This analysis identifies the preliminary list of natural 
phenomena that must be considered. 

3.2.6.1 E. Tornado and Extreme Wind- 1. Regulatory Guidance. The Guidance in NRC 
Regulatory Guided 1.76, Design Basis Tornado for Nuclear Power Plants, 
applied to geologic repository design. 

Basis for inclusion: This requirement invokes the use of Reguide 1.76. which 
identifies a possible DBE tornado for the repository. 

4.3 ASSUMPTIONS 

4.3.1 This analysis is based on the design concept presented in the Waste Handling 
Building Advanced Conceptual Design Study for 1995 (Reference 5.3) and the 
Mined Geologic Disposal System Advanced Conceptual Design Report (Reference 
5.4). This assumption is used throughout the internal analysis. 

4.3.2 Functional areas of design that have not been formally defined and conceptualized 
but are presumed part of a facility were included in the development of PHL. This 
assumption is used in Sections 7.2.3.3.8 through 7.2.3.3.12. 

4.3,,3 General use facilities (e.g., locker rooms, cafeteria, office space) were not 
considered in this analysis because they do not directly affect waste handling. This 
assumption is used throughout. 

4.4 CODES AND STANDARDS 

10 CFR 60, Disposal of High-Level Radioactive Wmtes in Geologic Repositories, January 1, 
1994 Edition. 

5. REFERENCES 

5.1 QAP-2-3, Classification of Permanent Items, Rev. 7. 

5.2 System Safety Analysis Handbook - A source book for safety practitioners, July 1993, 
published by the System Safety Society. 
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5.3 Waste Handling Building Advanced Conceptual Design Study for 1995, BCB000000-017 17- 
5705-00003 Rev 00, Septcmber 26, 1995. 

5.4 Mined Geologic Disposal System Advanced Conceptual Design Report, B00000000-017 17- 
5705-00027 Rev 00, February 1996. 

5.5 Yuc-ca Mountain Site Characterization Project Site Atlas, Volumc I, 1995. 

5.6 Subramanian, C. V.; Abrahamson, N.; Hadjian, A. H.; Jardine, L. J.; Kemp, J. B.; 
Kiciman, 0 .  K.; Ma, C. W.; King, J.; Andrcws, W.; Kcnnedy, R. P. 1989. Preliminary 
Seismic Design Cost-Benefit A ssessment of the Tuff Repository Waste Handling Facilities. 
Sandia National Laboratories, SAND88- 1600. 

5.7 A ctivity Evaluation, Develop Preliminary MGDS Hazards Analysis, B00000000-017 17-2200- 
00172, Rev. 00, dated 20 May 1996. 

5.8 Quality Assurance Requirements and Description, DOEM-0333P, Rev 5. 

5.9 Bates, R. L. and Jackson, J. A. 1980. Glossary of Geology, Second Edition, American 
Geological Institute. 

5.10 Ma, C. W.; Zavosky, S. J.; Jardinc, L. J.; Kiciman, 0. K. 1991. An Analysis of Scenarios and 
Potential Radiological Consequences Associated with U.S. Military A ircrqft Crashes for The 
Yuc-ca Mountain Repository, Sandia National Laboratories, SAND 90-705 1. 

5.11 Crowc, B; Pcr~y, F.; Geissman, J.; McFaddcn; L., Wells, S.; Murrcll, M.; Poths, J.; 
Valentine, G. A.; Bowkcr, L.; Finnegan, K. 1995. Status of Volcanism Studies for the Yucca 
Mountain Site Characterization Project, Los Alamos National Laboratory, LA- 12908-MS. 

5.12 Site Characterization Plan, Yucca Mountain Site, Nevada Research and Development Area, 
Nevada, DOEIRW-0 199. 

5.13' Evaluation of the Potentially Adverse Condition "Evidence of Extreme Erosion during the 
Qulzternary Period" at Yucca Mountain, Nevada, YMPl92-4 1 -TPR, March 1993. 

5.14 Report of Early Site Suitability Evaluation of the Potential Repository Site at Yucca 
Mountain, Nevada, Scicnce Applications International Corporation, SAIC-9118000, 
January 1992. 

5.15 Revised Mineralogic Summary of Yucca Mountain, Nevada, Las Alamos National 
Laboratory, LA- 1 1497-MS. 

5.16 Technical Bases for Yucca Mountain Standards, National Research Council, National 
Acadcmy Press, Washington, D.C., 1995 
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5.17 Technical Basis Report for Surface Characteristics, Preclosure Hydrology, and Erosion, 
YMPITBR-000 1, April 1995. 

5.18 Coc, J. A.; Whitney, J. W.; and Clancy, P. A. 1995. Volumetri'c Analysis and Hydrologic 
Characterization of a Modem Debris Flow, USGS Administrative Report. 

5.19 YAP-2.7Q, Item classijication and Maintenance of the Q-List, Rev. 0, ICN 1,5/6/96. 

5.20 Guidelines for Combining Natural and External Man-made Hazards at Power Reactor Sites, 
American National Standard Institute/Amcrican Nuclear Society, ANSIIANS-2.12- 1978, 
July 25, 1978. 

, 5.21 Squires, R. R. and Young, R. L. 1984. Flood Potential of Fortymile Wash and its'Principa1 
Southwestern Tributan'es, Nevada Test Site, Southern Nevada, USGS-WRI-83-400 1, Watcr- 
Rcsources Investigations Rcport, U.S. Geological Survey. 

5.22 Eglinton, T. W. and Dreicer, R. J. 1984. Meteorological Design Parameters forthe Candidate 
Site of a Radioactive-Waste Repository at Yucca Mountain, Nevada, SAND84-044012, 
Sandia National Laboratorics, Albuquerque, N. M., Dcccmber. 

5.23 NUREGICR-2300, PRA Procedures Guide, A Guide to the Perjformance of Probabilistic Risk 
Assessment for Nuclear Power Plants, U.S. Nuclear Regulatory Commission, January 1983 

5.24 Ma, C. W., Sit, R. C., Zavosky, S. J., Jardine, L. J., 1992. Preclosure Radiological Safety 
Analysis forA ccident Conditions of the Potential Yucca Mountain Repository: Underground 
Facilities, Sandia National Laboratories, SAND88-706 1. 

5.25 Duncan, A. B., Bilhorn, S. G., and Kennedy, J. E., 1988. Technical Position on Items and 
Activities in the High-Level Waste Geologic Repository Program Subject to Quality 
Assurance Requirements, U.S. Nuclear Regulatory Commission, NUREG- 13 18. 

5.26 Rimstidt, J. D. and Williamson, M. A. 199 1. Vertical Themal Gradient Experiment Results, 
Virginia Polytechnic Institute and State University. 

5.27 Coats, D. W. and Murray, R. C. 1985. Natural Phenomena Hazards Modeling Project: 
Extreme Windflomado Hazard Models for Department of Energy Sites, UCRL-53526Rev 1, 
Lawrence Livermore National Laboratory, Livermorc, California. 

5.28 NUREG- 1032, Evaluation ojStcltion Blackout A ccidents at Nuclear Power Plants, June 1988. 

5.29 Solomon, K. A., Erdmann, R. C., and Okrent, D. 1975. Estimate of the Hazards to a Nuclear 
Re~lctor from the Random Impact of Meteorites, Nuclear Technolocy, Vol. 25, No. 1, 
pp. 68-71. 

5.30 Probabilistic Volcanic Hazard Analysis for Yucca Mountain, Nevada, BA0000000-017 17- 
2200-00082, Rev 0, June, 1996. 
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5.31 American National Standard, ANSIIANS 2.8-92, Determining Design Basis Flooding at 
Power Reactor Sites, July 28, 1992. 

5.32 Electric Power Research Institute, Sourcebook for Microbiological Influenced Corrosion, 
EPRI NP-558, 1988. 

6. USE OF COMPUTER SOFTWARE 

This analysis uses no colnputational software as defincd by QAP-SI-0, Rev 0. Therefore, this 
analysis is not subjcct to the software controls of the SI series. 

7. DESIGN ANALYSIS 

7.1. ANALYSIS OF EXTERNAL EVENTS AND PHENOMENA 

This section addresses the analysis of external events and phenomena. All of the design 
inputs (references) uscd to prepare Section 7.1 are qualified inputs. Therefore, subsequent 
analyscs which use data from Section 7.1 of this analysis are not required to identify the data 
as preliminary andlor conceptual, or to proccdurally control it as TBV, as the data is qualified. 

7 1 1  General Descliption of The Yucca Mountain Site 

The following description, taken from Reference 5-14, is provided to assist in 
development of site specific natural phenomena and man-induced external events. 

The Yucca Mountain Site is in Nye County, southern Nevada, about 160 krn by road 
northwest of Las Vegas. The site lies in the southern part of the Great Basin, which 
is a semi-arid rcgion characterized by linear mountain ranges and intervening 
valleys, sparse vegetation, and little population. Yucca Mountain consists of a 
group of north-trending ridges that extend southward from Beatty Wash on the 
northwest to U.S. Highway 95 in the Amargosa Descrt. The highest point of Yucca 
Mountain is about 1,500 m above sea level, more than 400 m above the western 
edge of Jackass Flats to thc east, and more than 300 m above the eastern edge of 
Crater Flat to the west. 

Yucca Mountain is underlain by a layered sequence of silicic volcanic rocks that 
range in thickness from 1,000 m to more than 3,000 m. These rocks consist mainly 
of weldcd and non-welded ash-flow and air-fall tuffs. The Timbcr Mountain-Oasis 
Valley caldcra complex, to the north of the potential repository site, erupted these 
ash-flow tuffs, between 9.5 and 16 million years ago (mya), with deposition of the 
Paintbrush tuff occurring about 13 mya. While silicic volcanism has ceased in the 
arca, there is evidencc of more recent basaltic volcanism and cinder cones less than 
2 million years old arc present in the area. 
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Yucca Mountain is composed of a series of north-trending structural blocks that 
have been tilted eastward along west-dipping , high-angle normal faults. The 
underground facility for the potential repository would bc located in one of these 
structural blocks. This block is bounded on the west by the Solitario Canyon Fault, 
on the northeast by an inferred fault in Drill Hole Wash, and on the east and 
southeast by a hypothesized series of imbricate normal faults. One of the north- 
trending faults, the Ghost Dance fault, transects the potential repository layout 
within this block. 

The Yucca Mountain Site is about 160 km to the east of the Nevada-California 
seismic belt and about 240 km to the southwest of the Intermountain seismic belt. 
The site is also on the southern margin of the Nevada East-West seismic belt. 
During the time for which records are available, eight major earthquakes (with 
magnitudes of 6.5 or greater) have occurred within about 400 krn of Yucca 
Mountain. 

No perennial streams occur near the Yucca Mountain Site. The only reliable sources 
of surface water in the area are the springs in Oasis Valley, the Amargosa Desert, 
and Death Valley. Because of the aridity of the region, most of the water discharged 
by these springs travels only a short distance before evaporating or infiltrating into 
the soil; therefore, these springs do not provide sources of surface water near the 
site. However, during intense storms, transient flooding may occur in the arroyos 
near the site. 

The potential repository horizon is in the unsaturated zone at a depth of at least 
200 m below the surface and at least 250 m above the water table. Current estimates 
indicate that only a small amount of the precipitation that falls on Yucca Mountain 
infiltrates into the deep unsaturated zone, and only a small vertical groundwater flux 
is expected to be moving downward through the Topopah Spring member in which 
the underground facility would be constructed. 

7.1,,2 Development of the Generic External Events and Phenomena Checklist 

A comprehensive checklist of natural phenomena and man-induced events was 
prepared by project staff through extensive review of information provided in 
References 5.20,5.23, and 5.24. Identification of natural phenomena was based on 
known or predicted geologic, seismologic, hydrologic, and meteorological 
characteristics. Man-induced events include surface, subsurface, and airborne 
activities which occurred in the past, are currently ongoing, or could potentially 
occur in the future. The generic checklist for external events is provided below in 
alphabetical order: 

Aircraft Crash 
Avalanche 
Coastal Erosion 
Dam Failure 
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Dcbris Avalanching 
Denudation 
Dissolution 
Epeirogenic Displacement 
Erosion 
Extreme Wind 
Extreme Weather Fluctuations 
Fire (Range) 
Flooding (storm, river, diversion) 
Fungus, Bacteria, and Algae 
Glacial Erosion 
Glaciation 
High Lake Level 
High Tide 
High River Stage 
Hurricane 
Inadvertent Future Intrusions (man-made) 
Industrial Activity Induced Accident 
Intentional Future Intrusion ( man-made) 
Landslides 
Lightning 
Loss of Off-sitelon-site Power 
Low Lake Level 
Low River Level 
Meteorite Impact 
Military Activity Induced Accidcnt 
Orogenic Diastrophism 
Pipeline Accident 
Rainstorm 
Sandstorm 
Sedimentation 
Seichc 
Seismic activity, Uplifting [tectonic] 
Seismic activity, Earthquake 
Seismic activity, Surface Fault Displacement 
Seismic activity, Subsurface Fault Displacement 
Static Fracturing (fracture [struc geol]) 
Stream Erosion 
Subsidence 
Tornado 
Tsunami 
Undetccted Past Intrusions (man-made) 
Undetccted Geologic Features 
Undetected Geologic Processcs 
Volcanic Eruption 
Volcanism, Magmatic Activity, cxtrusive and intrusive 
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Volcanism, Ash Flow 
Volcanism, Ash Fall 
Waves (Aquatic) 

7.1.3 Evaluation of the Applicability to Yucca Mountain Site 

Referenccs 5.9 or 5.20 provided input to the definitions of external events. 

7.1.3.1 Aimraft Crash 

. . .  DefiIlltlon: Accidental impact of an aircraft. 

uired Conditios: Presence of aircraft 

Required Condition Potcntially Exists at Yucca Mountain: Yes 

P o t e W y  Applicable to Preclosure: Yes 

Referenccs: 5.10, 5.14 p. 3-23 

-: This cvent is potentially applicable to Yucca Mountain because of the 
potcntial for commercial aircraft and because of the proximity of Yucca Mountain 
to the flight path of military aircraft flying from Nellis Air Force Base to their 
practice range. (Reference 5.14). A study on the probability of this event was 
performed in 1990 and reported in Refcrcnce 5.10. 

7.1,.3.2 Avalanche 

Definition: A largc mass of snow, ice, soil, or rock, or mixtures of these materials, 
falling, sliding, or flowing very rapidly under force of gravity. 

Required Condition: Steeply sloped terrain found in high mountain ranges 

Required Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Preclosure: No 

References: 5.12 p. 5-14, 5.22 

Conclusion: This cvent is not applicable to Yucca Mountain. Temperature and 
precipitation levels at Yucca Mountain do not support the build up of large masses 
of snow, ice, or soil needcd to result in an avalanche except possibly a debris 
avalanche discussed in Section 7.1.3.5. Rcfcrcnce 5.12, pages 5- 14 through 5- 18, 
and Reference 5.22 provide historical temperature and precipitation data. Condition 
for forming of glaciers is also discussed undcr Glaciation. 
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7.1..3.3 Coastal Emsion 

. . .  
-: The wearing away of soil and rock by waves and tidal action. (see also 
Erosion) 

bauired Condition: Coastline 

uired Condition Potentially Exists at Yucca Mountain: No 

Potenblly Applicable to Preclosure: No 

References: 5.5 p. 10.3 

Conclusion: This phenomenon is not applicable to Yucca Mountain. This 
phenomenon requires a coastline; therefore, the phenomenon was eliminated from 
furthcr consideration. 

7.L3.4 Dam Failure 

Definition: Failure of a large man-made barrier which creates and restrains a large 
body of water. 

Required Conditio~: Existing Dam 

&quired Condition Potentially Exists at Yucca Mountain: No 

Applicable to Preclosure: No 

References: 5.5 p. 10.3 

Conclusion: This event is not applicable to Yucca Mountain. This phenomenon 
requircs a dam of sufficient size and proximity to Yucca Mountain. Since the 
required condition docs not exist, this event is elirninatcd from further consideration. 

7.1,,3.5 Debris Avalanching 

Definition: The sudden and rapid movement of soil and weathered rock down stecp 
slopcs rcsulting from intensive rainfall. 

Required Condition: Steep slopes and debris 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Prcclosure: Ycs 

R e f e m :  5 . 1 7 ~ .  2-11,5.18 

O:\ ... M&O\(\naIyses\O00130.r0 
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Con-: This event is potentially applicable to Yucca Mountain. According to 
Referencc 5.18, on July 21 or 22, 1984, rainfall-triggered debris flows occurred on 
the south slope of Jake Ridge, about 6 Ism east of the crest of Yucca Mountain. 
Volumetric calculations indicate that 7,000 cubic metcrs of dcbris was redistributed 
on thc 49,000 square meter hillslopc study area. Therefore, this is a credible event 
for consideration during preclosure and needs to be further quantified as to 
frequency, scvcrity, and potential applicability to the repository. 

7.1.3.6 Denudation: (sec Erosion, Section 7.1.3.9) 

. . .  
-: The sum of the processes that result in the wearing away or the 
progressive lowering of the earth's surface by weathering, mass wasting, and 
transportation. 

R 
. . 

equired Cond~ tm:  Weather, soil, and rock 

. . 
Required Condition Potentially Exists at Yucca Mountais: Yes 

Potentially Applicable to Preclosure: No 

References: 

Conclusion: This phenomcnon is not applicable to Yucca Mountain during 
preclosurc. Dcnudation is a process that occurs over gcologic time much greater 
than the 150-year preclosure period. Therefore, the phenomenon is too slow to have 
an appreciable preclosure effect. 

7.1.3.7 Dissolution 

Definition: A process of chemical weathering by which mineral and rock material 
passes into solution. 

kquircd Condition: Minerals, rocks, and fluids 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Prcclosuse: Yes 

Conclusioq: This phenomenon is potentially applicable to Yucca Mountain during 
the high thermal period which occurs during preclosure. Laboratory results show 
that porosity may increasc in regions whcre condensate volume or infiltration flux 
is large. Refcrence 5.15 provides thc mineralogical and petrological characteristics 
of the volcanic rocks at Yucca Mountain; Reference 5.26 reports the results of 
laboratory tests pcrformed on thcrmal gradicnts. Becausc of this, it was determined 
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that the required conditions did exist at Yucca Mountain and the phenomenon needs 
furthcr consideration. 

7.1.3.8 Epeimgenic Displacement 

Definition: Movements of uplift and subsidence that have produced the broader 
features of the continents and occans. 

Required Condition: Continents or oceans 

Required Condition Potentially Exists at Yucca Mou-: Yes 

Potentially Applicable to Preclosure: No 

References: 5.12 p. 1-6 

Conclusion: This event is not applicable to Yucca Mountain. According to 
Ref 5.12, page 1-6, the data suggests that the region surrounding Yucca Mountain 
has bcen gcomorphically stable during much of the middle and late Quaternary (the 
last 3 million years) and that the rates of geomorphic processes are likely to remain 
generally low during the next 10,000 years. 

7.1.3.9 Erosion 

. . .  
efinltion: The wearing-away of soil and rock by weathering, mass wasting, and 

thc action of streams, glaciers, waves, wind, and underground water. 

Required Condition: Soil and rock 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Preclosure: No 

References: 5.13, 5.17,5.12 p. 1-30 

Conclusion: This phenorncnon is not applicable to Yucca Mountain. Reference 
5.13 has determined that erosion at Yucca Mountain is minimal for the 10,000-year 
timc frame and can be considered negligible during thc 150-year preclosure period. 
Long-term hillslope erosion rates for Yucca Mountain were determined to be 0.19 
crn/1000 years. Therefore, although the condition exists at Yucca Mountain, it is not 
applicable for consideration during the preclosure period. More recent studies 
reportcd in Reference 5.17 confirm these results. 
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7.1.3.10 Extreme Wind 

. . .  
-: Wind is a meteorologic term for that component of air that moves 
parallel to the earth's surface. Extreme is defined in Reference 5.20 as the 100-year 
wind with a duration of 6 hours. 

Required Condition: Meteorologic conditions conducive to wind generation 

m u i r e d  Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Preclosure: Yes 

Conclusion: This phenomenon is potentially applicable to Yucca Mountain. 
According to References 5.22 and 5.27, extreme winds do occasionally occur in 
southern Nevada making this phenomenon applicable for consideration during the 
preclosure period. 

7.1,,3.11 Extmme Weather Fluctuations 

Definition: Various typcs of eventslphenomena that include fog, frost, hail, drought, 
high and low temperatures, rapid thaws, ice cover, snow, etc. 

Requi 
. . 

red Condition: The existence of extreme weather fluctuations 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Prcclosure: Yes 

Conclusion: These cventslphenomcna are potentially applicable to Yucca 
Mountain. This includes all other weather-related eventslphenomena not previously 
covered. Data are available in Reference 5.22, including hail, snow, and 
temperatures. Further analysis is necessary to determine if any of these phenomena 
are applicable. 

7.1.3.12 F'im (Range) 

Definition: Thc cvent of combustion external to thc repository manifested in light, 
flames, and heat. 

Required Condition: Natural materials 

Required Condition Potential1 Exists at Yucca Mountain: Yes 
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v Awwlicable to Prcclosure: Yes 

References: Not found 

Conclusion: This event is potentially applicable to Yucca Mountain. This event 
includes fires that occur external to the repository system, such as a range fire. Fires 
can be man-made or initiatcd by other external cvents such as lightning. For the 
purpose of this evaluation, if fire initiating events occur away from the repository 
and cause a fire to start that eventually reaches the repository boundary, it would be 
considered a fire event. The frcquency of a range fire should be further quantified. 

7.1.3.13 Flooding (Stomq River, Diversion) 

. . .  
efinltion: The covering or causing to be covercd with water. Reference 5.20 

includes various definitions for different probabilities. 

Rcquired Condition: Source of water and topography that does not allow adequate 
drainage. 

Required Condition Potentially Exists at Yucca Mountai~: Yes 

y Applicable to Prcclosure: Yes 

Conclusinn: This event is potentially applicable to Yucca Mountain. Although 
flooding can occur over an extcnsive area, intcnse floods at Yucca Mountain are 
generally restricted to relatively small areas and occur as flash floods of short 
duration. Refcrence 5.17 defines thc probable maximum flood magnitude and 
Refcrence 5.21 provides additional input on flood potential. Further analysis is 
necessary to determine the extent to which flooding is applicable. 

7.1.3.14 Glacial Emsion 

D c f i n a :  Rcduction of the earth's surface as a result of grinding and scouring by 
glacier ice armed with rock fragments. 

. . 
Requircd Condition: Glaciers 

Rcquired Condition Potentially Exists at Yucca Mountain: No 

1y Applicable to Preclosurc: No 

References: 5.12 p. 5-89 
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Conclu*: This phenomenon is not applicable to Yucca Mountain. This process 
requircs the presence of glaciation. (see glaciation). 

7.1.3.15 Glaciation 

. . .  
-: The formation, movement, and recession of glaciers or ice sheets. 

Required Condition: Climate change 

R eaui r ed Condition P o w a l l y  Exists at Yucca Mountain: No 

P o t e w y  Applicable to Preclosure: No 

Conclusion: This phenomenon is not applicable to Yucca Mountain. According to 
Reference 5.12, pages 5-89 to 5-90, alpine glaciers did form in the higher portions 
of the Sierra Nevada and in other Great Basin mountain ranges, there is no evidence 
suggesting that glacial activity ever occurred on Yucca Mountain. Reference 5.16 
confirms that "a transition to a glacial climate during the next few hundred years is 
highly unlikely-." and therefore is not applicable for consideration during the 
prcclosure phase. 

7.1.3.16 High Lake Level 

D e f i n h :  Any inland body of standing water occupying a depression in the earth's 
surface, generally of appreciable size and too deep to permit vegetation to take root 
completely across the expanse of water. 

Required Condition: Lake 

Required Condition Potentiallv Exists at Yucca Mountain: No 

Potentially Applicable to Preclosure: No 

References: 5.5 p. 2.3 

Conclusioq: This event is not applicable to Yucca Mountain. This event is included 
on the Generic Hazards List for sites near lakes. Yucca Mountain has only flash 
floods (which are covered under flooding); therefore, the event was eliminated from 
further consideration. 
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7.1.3.17 High Tide 

. . .  Definltlon: Tides are the rhythmic, alternate rise and fall of the surfidce of the ocean, 
and bodies of water connected with the ocean. 

Reapired Condition: Ocean or coastal area 

Required Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Preclosure: No 

Rcfcrences: 5.5 p. 10.3 

Conclusion: This evcnt is not applicable to Yucca Mountain. This event applies to 
coastal areas. The required condition does not exist at Yucca Mountain. Therefore, 
the event was eliminated from further consideration. 

7.1.3.18 High River Stage (see Flooding, Section 7.1.3.13) 

Deinitiou: A river is a natural freshwater surface stream of considerable volume 
and a permanent or seasonal flow. (see Flooding) 

Required Conditio~: Pcrmanent or seasonal flow of considerable volume 

Required Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Preclosure: No 

Conclusios: This evcnt is not applicable to Yucca Mountain. This event is included 
on the Gencric Hazards List for sites ncar active rivers. Yucca Mountain has only 
flash floods (which are covered under flooding); therefore, the event was eliminated 
from further consideration. 

7.1.3.19 Hunicane (see Rainstorm; Section 7.1.3.32) 

D e f i :  An intense cyclone that forms over the tropical oceans and ranges 100 
to 1000 km in diameter. 

Required Condition: Within 200 miles of the Pacific Ocean 

Requircd Condition Potentially Exists at Yucca Mountain: No 

Applicable to Preclosure: No 
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Conclusion: NRC Regulatory Guide 1.59, Design Basis Flooding at Power Reactor 
Sites, endorses ANSI N170-176, Standards for Determining Design Basis Flooding 
at Power Reactor Sites, which has been superseded by ANSIIANS 2.8-92, 
Determining Design Basis Flooding at Power Reactor Sites. ANS 2.8, Section 
7.2.1.1, states that hurricanes "shall be considercd for U.S. coastline areas and areas 
within 100 to 200 miles bordering the Pacific Ocean, Atlantic Ocean, Gulf of 
Mexico, and possessions within the Caribbean Sea. In addition, influence along 
estuaries and rivers connecting with these bodies of water should also be considered 
because hurricane storm surges will be transmitted upstream to some degree." 
Yucca Mountain is locatcd approximately 225 miles to the northeast of Santa 
Monica Bay near Los Angeles, California, the nearest feature defined in the 
standard. Hurricanes, thercfore, are not applicable to the Yucca Mountain region. 

7.1.3.20 Inadvertent Futum Intrusions (man-made) 

. . .  
Definltlon: Man-made intrusions with regard to preclosure involve undetected 
surface access into reposito~y facilities. 

Rcquired Conditios: Potcntial for access to surface facilities 

Reauil.ed-Potentially Exists at Yucca Mountain: Yes 

Potentdy Applicable to Prcclosure: Yes 

Conclusion: This event is potentially applicable to Yucca Mountain. Inadvertent 
future intrusions will be prevented by active barriers (including Safeguards and 
Security measures) which will remain in effect through the preclosure period. 
Reference 5.14 addresses site ownership and control agreements. Therefore, this 
event is applicable for considcration during the preclosure period. 

7.1.3.21 Industrial Activity Induced Accident 

. . .  e f m :  An accident resulting from industrial or transportation activities 
unrelated to the MGDS. 

Required Condition: Activity in the vicinity of Yucca Mountain 

Requircd Condition Potentially Exists at Yucca Mountain: Yes 

Potcntially Applicable to Preclosure: Ycs 
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Conclusion: This event is potentially applicable to Yucca Mountain. The Yucca 
Mountain Site borders the Nevada Test Site. Nuclear weapons testing is on hold 
(but could restart) and alternate uses are now being considered for the Nevada Test 
Site including launch pads for satellite launching rockets. Reference 5.14 concludes 
on page 3-27 that information available now or in the future is not likely to show 
significant adverse effects from nearby industrial, transportation, and military 
installations and operations that cannot be accommodated by engineering measures. 
Since these measures may be necessary, this event was included as a candidate for 
analysis depending on the specific activity involved. 

7.L3.22 Intentional Future Intmsion (man-made) 

Definition: Man-made intrusions with regard to preclosurc involve undetected 
surface access into repository facilities. 

Egguired Conditioq: Potential for access to surface facilities 

Required Condition Potentially Exists at Yucca M o u W :  Yes 

P o t e W y  Applicable to Preclosure: Yes 

References: 5.14 p. 3-9 

Conclusim: This event is potentially applicable to Yucca Mountain. The potential 
exists for intentionally bypassing active barriers to surface facilities with intent to 
sabotage a system important to radiological safety. Reference 5.14 discusses the 
need for site ownership and control and a Safeguards and Security Plan that is under 
preparation by DOE. 

7.1,.3.23 Landslides (see Debris Avalanching; Section 7.1.3.5) 

Definition: A general term covering a wide variety of mass-movement land forms 
and processes involving the downslope transport, under gravitational influence, of 
soil and rock material en massc. 

Requircd Condition: Soil, rocks, and down slopes 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Prcclosure: Yes 

References: 5.18, 5.12 

Conclusion: This event is potentially applicable to Yucca Mountain. According to 
Reference 5.12, page 1-32, large scale rapid mass wasting (e.g., rock slides, debris 
avalanches, earth flows) does not appear to play a significant role in the present 
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erosional regime at Yucca Mountain. However, some evidence of debris 
avalanching has been reported in Reference 5.18 (see Dcbris Avalanching). Further 
analysis is necessary to determine if this event is applicable. 

7.1-3.24 Lightning * 

Definition: The flashing of light produced by a discharge of atmospheric electricity 
between a cloud and the earth. 

&guired Condition: Clouds and earth's surface 

Bcquired Condition P o a v  Exists at Yucca Mountain: Yes 

Applicable to Preclosure: Yes 

References: 5.22 p. 2-24 

Conclusion: This event is potentially applicable to Yucca Mountain. This event is 
anticipated at Yucca Mountain. Reference 5.22 reports that lightning strikes of some 
consequence occur in Nevada. Data on frequency is provided in the reference. 

7.L3.25 Loss of Off-Site/On-Site Power 

Defi-: Thc loss of electrical power either generated and controlled by persons 
outside the Yucca Mountain repository system or within the repository. 

h -u i r ed  Condition: Power requircments 

Rcquired Condition Potentially Exists at Yucca Mountai~: Yes 

Potentially Applicable to Preclosure: Yes 

References: 5.28 

Conclusim: This event is potentially applicable to Yucca Mountain. This event is 
anticipatcd to be credible during preclosure at Yucca Mountain. Reference 5.28 
provides the basis for its consideration. 

7.1.3.26 Low Lake Level 

Befi-: Any inland body of standing water occupying a depression in the earth's 
surface, generally of appreciable size and too deep to permit surface vegetation to 
take root completely across the expanse of water. 

Required Condition: Lake 
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Required Condition Potentially Exists at Yucca Mountain: No 

Applicable to Preclosure: No 

References: 5.5 p. 2.3 

Conclusion: This event is not applicable to Yucca Mountain. This event is of 
concern to power facilities whcre water is needed for cooling purposes. Yucca 
Mountain has neither the need nor the required conditions. Since the required 
conditions do not exist at Yucca Mountain, the event was eliminated from further 
consideration. 

7.1.3.27 Low River Level 

. . .  
Definltlon: A river is a natural freshwater surfdce stream of considerable volume 
and a permanent or seasonal flow. (see Flooding) 

Required Conditios: River 

Required Condition Potentiallv Exists at Yucca Mountain: No 

P o t e W y  Applicable to Prcclosure: No 

References: 5.5 p. 2.3 

Conclusion: This event is not applicable to Yucca Mountain. This event is of 
concern to power Fdcilities wherc water is needed for cooling purposes. Yucca 
Mountain has neithcr the necd nor the required conditions. Since the required 
conditions do not exist at Yucca Mountain, the event was eliminated from further 
consideration. 

7.1.3.28 Meteorite Impact 

Definition: The impact of any meteoroid that has reached the earth's surface without 
being completely vaporized. 

Required Conditio~: Geosphcre 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Preclosw: No 

References: 5.20 p. 6, 5.29 

Conclusio~: This event is not applicable to Yucca Mountain during preclosure. 
This event could occur anywhcre on earth. However, Reference 5.20 states that its 
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probability is much less than per year within the repository site. Rcference 5.29 
prcdicts even lower probabilities and therefore, meteorite impact is not considered 
crediblc,for consideration during the preclosure period. 

7.1.3.29 Military Activity Induced Accident 

-on: An accident resulting from military activities unrelated to MGDS on the 
Nevada Test Sitc or Air Force Range. 

Required Condition: Activity in the vicinity of Yucca Mountain 

Required Condition Potentially Exists at Yucca Mountain: Ycs 

Potentially Applicable to Preclosure: Yes 

C o n c l k :  This event is potentially applicable to Yucca Mountain. Reference 
5.14 identifies potential effects that could bc credible for the preclosure period 
including ground motion, facility accidents, missile firings, and objects dropped 
from aircraft. 

7.1.3.30 Omgenic Diastrophism 

w: Movcment of earth's crust produced by tectonic processes in which 
structurcs within fold-belt mountainous areas were formed, including thrusting, 
folding, and faulting. 

. . 
kquired Condition: Large scale mountain ranges 

Bcquired Condition Potentially Exists at Yucca Mountain: Yes 

Potcntially Applicable to Preclosure: No 

m l u s i o ~ :  This phcnomenon is not applicablc to Yucca Mountain during 
preclosure. According to Refercnce 5.12, page 1-6, the data suggests that the region 
surrounding Yucca Mountain has bcen geomorphically stable during much of the 
middlc and late Quaternary (the last 3 million years) and that the rates of 
geomorphic processes are likely to remain generally low during the next 10,000 
years. 
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7.1.3.31 Pipeline Accident 

. . .  Definltlon: Industrial pipeline containing hazardous materials (oil, gas, etc.). 

Required Condition: Pipeline 

Required Condition Potentially Exists at Yucca Mountain: No 

-: This event is not applicable to Yucca Mountain. Reference 5.14, 
Section 3.3.1.4, has not identificd any industrial pipelines containing hazardous 
materials existing or planned to be located in the area of Yucca Mountain. If a 
pipcline is proposed within the land withdrawal area in the future, an environmental 
assessment would be prepared which would include an analysis of impacts to 
existing facilities. This would need to demonstrate that there are no impacts to the 
repository. Thus, this event was eliminated from further consideration. 

tion: A rainstorm of concern is one that produces the 100-year maximum 
rainfall rate occurring for one day. 

Rcquired Condition: Rain 

Required Condition Potentially Exists at Yucca Mountain: Yes 

Potentially Applicable to Preclosure: Yes 

References: 5.22 p. 2- 14 

meld: This event is potcntially applicable to Yucca Mountain. According to 
Reference 5.22, the Nevada Test Site averages less than 8 inches of precipitation per 
year. The maximum recorded level of rainfall at Yucca Mountain in one day was 
2.13 inches as of the date of this reference. Additional data will bc provided in 
Reference 5.19. This cvent would also consider residual effects of hurricanes. 

Definition: Extreme wind capable of transporting sand and other unconsolidated 
surficial materials. 

Required Conditios: Wind and loose surficial materials 
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a .  

m u i r e d  Condition Potentially Exists at Yucca Mountain: Yes 

PotenMly Applicable to Preclosure: Yes 

-: This event is potentially applicable to Yucca Mountain. The southern 
Nevada desert region experiences the highest incidence of dust storms in the state. 
Howevcr, according to Reference 5.22, relatively strong winds needed for severe 
sandstorms occur only a fraction of the time during dry periods. A design basis 
sandstorm could be developed based on extremc wind or tornado conditions. This 
event nceds to be further quantified for frequency and severity. 

7.1.3.34 Sedimentation 

. . .  Definltlon: The process of forming or accumulating scdimcnt (solid fragmental 
material that originates from weathering of rocks) in layers. 

Beauired Conditio~: Wcathercd rocks 

. . 
Beaulred Condition Po tda l ly  Exists at Yucca Mountain: Yes 

m l l y  Applicable to Preclosure: No 

References: 5.12 p. 1-31 

Conclusion: This phenomenon is not applicable to Yucca Mountain during 
preclosure. This process occurs slowly ovcr many years and is too slow to have an 
appreciable effect and is therefore not applicablc for consideration during the 
preclosure period. 

7.L3.35 Seiche 

Definition: A free or standing-wave oscillation of the surface of water in an 
encloscd or semi-enclosed basin (as a lake, bay, or harbor). 

Required Condition: Large body of water 

Required Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Preclosure: No 

References: 
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Conclusion: This event is not applicable to Yucca Mountain. This event rcquires 
a harbor or large lake. Therefore, the evcnt was eliminated from further 
consideration. 

7.1.3.36 Seismic Activity, Uplifting [Tectonic] 

m t i o ~ :  A structurally high area in the crust, produced by positive movements 
that raise or upthrust the rocks. 

Required Conditio~: Rock upthrusts 

ulred Condition Potentially Exists at Yucca Mountain: Yes 

Potentiav Applicable to Preclosure: No 

References: 5.16 p. 92 

Conclusion: This phenomenon is not applicable to Yucca Mountain. Reference 
5.16, pages 92 and 93, states that measured slip rates at Yucca Mountain range from 
0.001-0.02 mmlyear with recurrence intervals of 20,000-100,000 years making this 
a long-term process and thercforc not applicable for consideration during the 
preclosure period. 

7.L3.37 Seismic Activity, Earthquake 

Definitim: Pertaining to earthquake or earth vibrations, including those that are 
artificially induced. 

Required Condition: Natural seismic activity or weapons testing on Nevada Test 
Site 

Bequircd Condition Potentially Exists at Yucca Mountai~: Yes 

P o t e W y  Applicable to Preclosure: Yes 

Conclusion: This evcnt is potentially applicable to Yucca Mountain. Earthquakes 
have occurred as recently as 1993 in the region as noted in Reference 5.16, page 92, 
making this event applicable for consideration during the preclosure period. 
Seismic topical rcports are currently being revised based on NRC review and 
comment. These reports define the approach to be used for establishing the design 
basis earthquake. 
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7.1.3.38 Seismic Activity, Surface Fault Displacement 

. . .  
c m :  A fracturc or a zone of fractures along which there is potential for 

displacement of the sides relative to one another parallel to the fracture. 

. . 
uired Con-: Surface faults in area of planned surface facilities 

. . 
red Conduon Potentially Exists at Yucca Mountain: Yes 

v Applicable to Prcclosure: Yes 

Refcrcnccs: 5.5 p. 1.2,5.6 pp. 4-4 and 4-5 

Conclusion: This event is potentially applicable to Yucca Mountain. Reference 5.6 
states that the annual probability of a rupture greater than 1 cm under the surface 
facilities was found to be about 1 x lC7. A probabilistic seismic hazard assessment 
will bc performed to reevaluate the probability, and this event is being considered 
crcdible until this assessment is complcte. 

7.1.3.39 Seismic Activity, Subsurface Fault Displacement 

Definition: A fracture or a zone of fractures along which there is potential for 
displacement of the sides relative to one anothcr parallel to the fracture. 

Pcquircd Condition: Subsurface faults in area of planned subsurface facilities 

Required Condition Potentially Exists at Yucca Mountain: Yes 

-v Applicable to Preclosure: Yes 

References: 5.5 pp. 1.2, 1.12, 11.1-11.5 

Conclusion: This event is potentially applicable to Yucca Mountain. Several faults 
intcrscct the designated subsurface repositoly area. This event is applicable for 
consideration during the preclosure period and will be evaluated as part of the 
subsurface repository design. A probabilistic seismic hazard assessment will 
provide annual probabilities of accedcnce for various levels of fault displacement 
at locations throughout the Gcologic Repository Operations Area. 

7.1,,3.40 Static Fracturing 

D e f i m :  Any break in a rock duc to mechanical failure by stress (includes cracks, 
joints, and faults). 

Required Condition: Faulting 
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on Potentially Exists at Yucca Mountai~: Yes 

y Applicable to Preclosure: Yes 

Rcfcrences: 

ConclusiQn: This event is potcntially applicable to Yucca Mountain. The surface 
and subsurface repository areas are potcntially susceptible to rock mechanical failure 
by stress. This evcnt is potentially applicable for consideration during the preclosure 
period and will bc evaluated as part of thc surface and subsurface repository design. 

7.1.3.41 Stream Emsion 

Definition: The progressive removal, by a stream, of bedrock, overburden, soil, or 
othcr cxposed matter, from thc surface of its channel. 

Rcquired Condition: Interrnittcnt or continuous flowing stream 

. . 
m u i r e d  Condition Potentdlv Exists at Yucc~oun ta in :  Yes 

Potentially Applicable to Prcclosure: No 

Rcfcrences: 5.13 

Conclusio~: This phenomenon is not applicable to Yucca Mountain. Studies 
pcrforrned in Refcrcnce 5.13 indicate that this is a long-term phenomenon that 
cycles bctween erosion and deposition. The average incision rate for Fortymile 
Wash was found to be 222 cm/1000 ycars. Bascd on this, this phenomenon is not 
applicable for consideration during the prcclosure period. 

7.1.3.42 Subsidence 

Definition: The sudden sinking or gradual downward settling of the earth's surface 
with little or no horizontal motion. 

Required Condition: Natural geologic processes or man-induced activity that results 
in a large consolidated subsurfacc void space 

Required Condition Potentially Exists at Yucca M o u a :  Yes 

Potentially Applicable to Prcclosure: No 

Refercnccs: 5.12 p. 1-3 1 

Codusism: By its definition, subsidence involves a change in the earth's surface. 
The only functional rcquiremcnt of thc earth's surface ovcr the underground facility 
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is to provide the minimum 200 meter overburdcn, which is considercd a postclosure 
requircmcnt. Events that could potentially lead to subsidcnce such as subsurface 
fault displacement or static fracturing, resulting in collapsc of underground 
excavations, havc bcen included as candidate preclosure events since it is those 
events that could result in a preclosure radioactive material rclease and not the 
subsidence event. Therefore, a subsidence cvent is not applicable to preclosure. 

7.1,.3.43 Tornado 

. . .  Definltxon: A small scale cyclone generally lcss than 500 m in diamctcr and with 
very strong winds. Intense thunderstorms that are prescnt in the desert southwcst 
havc thc capability of producing tornadoes. 

Rcquircd Condition: Tornadocs 

Required Condition Potentially Exists at Yucca Mountaiq: Yes 

y Applicable to Preclosure: Yes 

Conclusion: This event is potentially applicablc to Yucca Mountain. According to 
Refcrcncc 5.22, tornado activity in Nevada is a rare occurrence bccausc conditions 
conducive to tornado formation are generally absent. Dust-devil formations, 
however, are frcquent and on rare occasions, some may reach tornadic proportions 
with expected maximum spccds of up to 157 mph. NRC Regulatory Guide 1.76 will 
define the DBE applicablc to Yucca Mountain unless there is sufficient site specific 
data to justify different maximum tornado conditions. 

7.1.3.44 Tsunami 

. . .  
eftnltlon: A gravitational sea wave produced by a large-scale, short-duration 

disturbance on the ocean floor. Wave heights of up to 30 m may impact coastal 
regions. 

Rcquired Condition: Coastal region 

Rcquired Condition Potentially Exists at Yucca Mountain: No 

Applicable to Preclosure: No 

References: 5.5 p. 10.3 

Conclusion: This cvent is not applicable to Yucca Mountain. This is a coastal event 
and is impossible to affect Yucca Mountain, given the elevation and location of 
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Yucca Mountain (over 1000 m above sea level and hundreds of miles from the 
ocean coast with intervening mountain ranges). 

7.1.3.45 Undetected Past Intrusions (Man-made) 

Definition: Past intrusions involve mining activitics where deep shafts, drill holes, 
or tunnels may have bccn excavated. 

Required Conditim: Undetected intrusions. 

Required Condition Potentially Exists at Yucca Mountain: Unknown 

P o t e u y  Applicable to Preclosurc: No 

Conclusion: These evcnts are not applicable to Yucca Mountain during preclosure. 
The identified reference shows the mining distribution in Nevada, indicating no past . 
mining activities on the site. Extensive site characterization has also-provided 
sufficient assurance that these types of activities would have been detected. In the 
event that an intrusion remained undetected, it would have no effect on preclosure 
performance since it would not provide a direct radionuclide release path to the 
repository surface. 

7.1.3.46 Undetected Geologic Featums 

. . .  
ef in~t io~:  Geologic features of concern to the preclosure period include natural 

phenomenon that has been prcviously discussed, such as faults and volcanoes. 

Required Condition: Undetected geologic features 

Required Condition Potentially Exists at Yucca Mountain: Unknown 

P o t e W y  Applicable to Preclosure: No 

References: 5.5 p. 5.2 

Conclusion: These phenomena are not applicable to Yucca Mountain during 
preclosure. Extensivc site characterization has provided sufficient assurance that all 
features important to preclosure have been identified and characterized. In the event 
that a geologic feature or process remained undetected, it would have no effect on 
preclosure performance which relies mainly on the Engineered Barrier System rather 
than the Natural Barriers System. 
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7.L3.47 Undetected Geologic Pmcesses 

D c f i m :  Geologic processes of concern to the prcclosurc pcriod include natural 
events that have bcen previously discussed, such as erosion, tectonic and seismic 
processes. 

Required Condition: Undetccted geologic proccsses 

Requircd Condition Potentially Exists at Yucca Mountain: Unknown 

Potentially Applicable to Preclosure: No 

References: 5.5 p. 5.2 

Conclusion: This phenomenon is not applicable to Yucca Mountain during 
prcclosurc. Extensive site characterization has provided sufficient assurance that all 
gcologic processes important to preclosure have been idcntified and characterized. 
In the event that a geologic feature or process remained undetected, it would have 
no effect on preclosure performance which relies mainly on the Engineered Barrier 
System rathcr than the Natural Barriers System. 

7.1.3.48 Volcanic Eruption 

D e f i m :  The process by which magma and its associated gases rise into the crust 
and arc cxtruded onto the earth's surface and into the atmosphere. 

Rcquircd Condition: Volcanic Center 

Required Condition Potentially Exists at Yucca Mountaiq: Yes 

Potentially Applicable to Preclosure: No 

References: 5.11 p. 1-9, 5.30 

Conclus.im: This event is not applicable to Yucca Mountain. According to 
Reference 5.11 and 5.30, Yucca Mountain is in a region of past volcanic activity 
with potcntial for future activity. However, eruptions at or near the repository site 
have a probability of 2 x 10-8/year according to the above Reference 5.11 which 
makcs them not credible for consideration during the preclosure period. 

7.1.3.49 Volcanism, Magmatic Activity, Extrusive and Intmive 

D e f i h :  The devclopment and movemcnt of magma (mobile rock material) and 
' its solidification to igneous rock 

Required Condition: Volcanism potcntial 

O:\ ..M&O\l\naIyses\CWI 30.rO 
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w i r e d  Condition Potentially Exists at Yucca Mountain: Yes 

Potentidy Applicable to Prcclosure: No 

Con-: This event is not applicable to Yucca Mountain. Magmatic activity 
eithcr during or at any time while the volcano may be active, has a pofcntial for 
future activity; however, according to Reference 5.11 the probability of this event 
is 2 x lO-'/year which makes it not credible for considcration during the preclosure 
period. Any future volcanic activity would be basaltic rather than silicic volcanism. 

7.1.3.50 Volcanism, Ash Flow 

Definition: A highly heated mixture of volcanic gases and ash traveling down the 
flank of a volcano or along the surface of the ground. 

Required Conditio~: Silicic volcanism potential 

Required Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Preclosurc: No 

Conclusion: This event is not applicable to Yucca Mountain. This event requires 
a silicic eruption describcd in Reference 5.11 as an explosive eruption of silicic 
magma that produce hot pyroclastic flows. These types of eruptions have not 
occurred in thc Yucca Mountain region over the last 11 million years and the 
"-likclihood of recurrence of a large volume explosive silicic eruption is very low, 
perhaps cxtremely low." Because of this, it was detcrmined that the required 
conditions do not exist at Yucca Mountain and the event is eliminated from further 
consideration. 

7.1.3.51 Volcanism, Ash Fall 

Dcfinitioq: A rain of airborne volcanic ash falling from an eruption cloud. 

Required Condition: Basaltic volcanism potential 

Required Condition Potentially Exists at Yucca Mountain: Yes . 

Potentially Applicable to Preclosure: Yes 

Refercnccs: 5.1 1 
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Conclusion: This event is potentially applicable to Yucca Mountain. This is only 
likely to occur given the, likelihood of a volcanic eruption as provided in Reference 
5.1 1. The amount of ash is a function of the distance to the erupted volcano that 
results in different probabilities of eruption and therefore requires further 
consideration. Ashfall to the extent that could cause significant loading of 
repository structures could result from eruptions occurring at much further distances 
(a few hundred kilometers) than those causing the above three, more localized 
effects. Further analysis is needed to determine its applicability for consideration 
during preclosure. 

7.1.3.52 Waves (Aquatic) 

Definition: An oscillatory movement of water manifested by an alternate rise and 
fall of the surface in or on the water. 

&g.u~red Conditio~: Body of water 

Ikguired Condition Potentially Exists at Yucca Mountain: No 

Potentially Applicable to Prcclosure: No 

Conclusion: This phenomenon is not applicable to Yucca Mountain. Yucca 
Mountain is located in a desert environment with no bodies of water large enough 
to provide a source of wave action. Therefore, the phenomenon was eliminated 
from further consideration. 

7.1.3.53 Fungus, Bacteria, and Algae 

. . .  
efinition; Fungus and bacteria are part of a general class of microorganisms that may 

be present in the subsurface environment. Algae, which is an aquatic plant, is not present 
in thc Yucca Mountain environment and is excluded from this discussion. 

Required Condition: The proper environment and the existence of nutrients to support 
these organisms. 

Required Condition Potentially exists at Yucca Mountain: Yes 

Potentially Applicable to Preclosure: No 

Conclusion: According to Rcference 5.32, microorganisms that contribute to 
microbiologically-influenced corrosion cannot exist at temperatures above 140 OF. 
Surface temperatures of the waste package after emplacement exceed this temperature 
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Energy Trace Chccklist (Reference 5.2, page 3-85). 

The gcncric list is a combination of the lists given in thc above three approaches that 
has bccn rcorganized for convenience and applicability to MGDS preclosure 
operations. The resulting comprchcnsivc checklist contains a series of three energy 
questions for each gcncric hazard. Applicability to a functional area of design is 
determined by a positive (yes) response to all threc questions. 

A. Categories: 

1) Uncontrolled MassIForce-Examples include: excessive 
vclocity or acceleration of mass, inadvertent operation of 
appendagc, failure of primarylsccondary structure, tumbling 
(or tipped-over) mass, uncontrolled robot, or uncontrolled 
fixed rotating equipment, falls, drops. 

2) Protrusions into pathways-Examples include: extended 
appcndages, protruding structural elements, or improperly 
placed equipmcnt. 

1) Is kinetic or potential energy present? 

2) Can the Kinetic or potential energy be released in an 
unplanned way? 

3) Can thc release of kinetic or potential energy interact with the 
waste form? 

7.2.2.2 Chemical Contamination/F1ooding (not normally a direct potential threat 
to thc waste form-usually a contributing cause of another threat category) 

A. Categories: 

I) Reactions-For example: release of chemicals or matcrials that 
react with system materials causing system deterioration. The 
releascd matcrials could foster elcctrolytic/galvanic/stress 
corrosion or oxidation. 

2)  Off-Gassing-For example: release of volatile/condensable 
matcrials. 
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3) Venting-Examples include: leaking or venting of materials, 
gases, or liquids (resulting in flooding- see 5) below). 

4) DebrisLeaks-Examples include: small looselfree parts, 
flaking, leaking fluidslflooding (see 5) below), or dirt/dust, 
oxidizcd materials (e.g., mctal rust). 

5) Flooding+specially water, leading to potential for criticality. 

B. Applicability to Functional Area of Design: 

Category 1, Reactions: 

1) Are corrosive/reactive chemicals or materials present? 

2) Can these chemicals or materials be released? 

3) Can the chemicals or materials interact with the waste form? 

Category 2, Off-Gassing: 

1) Are volatilelcondensable materials present? 

2) Can these materials be released? 

3) Can these materials interact with the waste form? 

Categoiy 3, Venting: 

1) Is there potential for venting materials in the area? 

2) Can the materials interact with the waste form? 

Categoiy 4, DebrisILeaks: 

1) Is there potential for debris or leaks in the area? 

2) Can the debris or fluids interact with the waste form? 

Category 5, Flooding 

1) Are sources of water present in the area? 

2) Is there a potential to release the water? 
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3) Can the rclcased water interact with the waste form with 
potential for criticality? 

7.2.2.3 Explosion/Implosion (This evcnt is normally accompanicd by shrapnel or 
other high velocity debris) 

A. Categories: 

1) Pressure Encrgy Rclcase-Examples include: damage1 failure1 
rupture of pressurized container/component and release of 
gases, or implosion of containerlvessel/enclosed structural 
volume. 

2)  Electrical Energy Release-Examples include faults, arcs, 
static chargc, electrical component failure, battery overcharge 
or overdischarge, or out of phase source connection. 

3) Chemical Energy Relcase-Examples include: chemical 
dissociationlreactions, fire internal to confined volumes, 
adiabatic detonation, or ignition of confined flammable gases. 

4) Mechanical Equipment-For example: rotating equipment 
disintegration due to overspeed. 

B. Applicability to Functional Area of Design: 

1) Are pressure, electrical, chemical, or mechanical energy 
present? 

2)  Can an event occur that results in an explosion or implosion 
encrgy release? 

3) Can the released energy impact the waste form directly? 

7.2.2.4 Fire 

Must have ignition, fuel, and oxidizer sources. 

Ignition Sources-Examples include: clectrical faultslshorts, arcs, 
chemical rcactions, hot surfaces, small flames, or catalytic reaction (also 
scc cxplosion/implosion). 

Fuel and Oxidizer Sources-Examples include: flammable materials 
(solids and liquids) and flammable atmosphcres (gases), in addition to the 
presencc of an oxidizing environmcnt from ambient atmosphere or other 
chemical agents (also see Contamination). 
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A. Qte_pories: Not Applicable 

B. Applicability to Functional Area of Design: 

1) Are fuel, oxidizers, and ignition sources present? 

2) Is there sufficient fuel and oxidizer to sustain fire? 

3) Can fire interact with the waste form? 

7.2.2.5 Radiation/Magnetic/Electrical (originating from sources external to 
the WP) 

1) Ionizing-Examples include: radioactive materials, x-rays, or 
high voltage RF equipment. 

2) Non-Ionizing-Examples include: EMI, RF, or corona. 

3) Magnetic-Examples include: permanent magnets and 
electromagnetic devices. 

4) Nuclear Particles-Examples include: ion/electron beams or 
radioactive materials. 

5 )  Laser Light-For example: high energy laser beams and 
accompanying energy forms such as heat. 

B. Applicability to Functional Area of Desia.  . . 

1) Are radiation/magnetic/electrical energy sources present 
external to the waste form? 

2)  Is a mechanism present to release radioactive/magnetic/ 
electrical energy? 

3) Can the release of radiation/magnetic/electrical energy interact 
with the waste form? 

7.2.2.6 Thennal (also see Fire and Lasers above) 

A. Categories: 

1) Heat-This category accornmodatcs any heat energy source 
with sufficient energy to have an impact on the waste form. 
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B. Applicability to Functional Area of D c s b :  

1) Are external heat energy sources present? 

2) Can heat energy be released? 

3) Can the heat energy affcct thc waste form? 

7.2.2.7 Human Factors 

A. Categories: 

1) Human Intcraction (Hazards that directly interact with the 
wastcs that arc caused by human error. Human enor is not 
considered as direct interaction with the waste form but are 
considered separately as designs maturc). 

B. Applicability to Functional Area of Design: 

1) Does the potential for human interaction exist? 

2) Can human interaction cause an energy release of thc types 
discussed above? 

3) Can the energy release interact with the waste form? 

NOTE: Human interaction cannot be deterrnincd at this time. Whcn dcsigns are 
in the conceptual phase, there is, generally, insufficient information to 
make a distinction bctwecn events that are directly caused by human error 
and those caused by equipment failure. Human interaction will be 
included as designs progress. 

7.2,,3 Evaluation of the Applicability to Repository Functional Amas of Design 

7.2.3.1 Repository Site 

For the purpose of this analysis, the repository sitc consists of the surface 
area within the fence but external to the rcpository buildings. The 
activities associated with thc waste form will involve thc surface 
movcmcnt betwccn processing locations. 
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7.2.3.1.1 Site Bounday to the CSS 

Area Description: The activities associated with the waste 
form will involve the surface movement from the site 
boundary to the CSS via truck or rail. 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: Yes - see Fire 
Fire: Yes - potential dicsel fuel fire 
Radiation/Magnetic/Electrical: None identified based on 
ACD-TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

5.4, Volume 11, Section 7.2 

ary Hazards: Truckfrailcar derailment involving 
shipping cask, possible diesel firelexplosion 

7.2.3.1.2 CSS to WHB 

Area Description: The activitics associated with the waste 
form will involvc the surftdce movemcnt from the CSS to the 
WHB via truck or rail. 

CollisionlCrushing: Yes 
Chemical ContaminatiodFlooding: None identified based on 
ACD-TBV 
Explosion/Implosion: Yes - sec Fire 
Fire: Yes - potential diesel fuel fire 
Radfation/MagncticlElcctrical: None identified based on 
ACD-TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2 

. . 
rellmulary Hazards: Cask collision, trucldrailcar derailment 

involving shipping cask, possible diesel firelexplosion 
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7.2.3.2 CSS 

Area Description: The mission of the CSS is to prepare a waste 
transportation "shipping" cask for entering the WHB or the CMF or for 
leaving the repository. The primary functions performed in the CSS 
before entering the WHB or CMF include: 

Removing the personnel barriers from truck and rail carriers 

Performing a radiological survey to determine if contamination on the 
shipping cask surface exceeds allowable limits 

Removing or retracting the impact limiters 

Staging the carricr until the WHB or CMF is ready to receive the 
transportation cask. 

The primary functions performed in the CSS before exiting the repository 
include: 

Reinstalling the impact limiters 

Reinstalling the personnel barriers 

Staging the car~ier until it can be movcd from the CSS to the trucWrail 
parking area. 

Generic Events Applicabilitv: 

Collision/Crushing: Yes 
Chcinical Contamination/Flooding: None identified based on ACD-TBV 
Explosion/Implosion: Yes - see Fire 
Fire: Yes - potential diesel fuel fire 
Radiation/Magnctic/Electricd: None identified based on ACD-TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.3, WHB-SK-1O1A 

. . 
Hazards: Handling equipment drops on shipping cask, 

shipping cask drop, shipping cask slap down, cask collision, possible 
diesel fire/explosion 
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The mission of the WHB is to unload spcnt nuclear fuel or defense HLW 
from truck or rail shipping casks and package the wastc for emplacement 
in welded DCs (WP), Rcfcrcnce 5.4, Volume 11, Section 7.2.2. For the 
purpose of this analysis, oncc the disposal containcr has been loadcd with 
waste and welded closed it is then referred to as a WP. The primary WHB 
functions rcquired to accomplish this mission arc: 

Receiving shipping casks, preparing the casks for unloading, 
unloading the casks, and preparing the casks for dispatch from the 
repository 

Transferring SFA canister from the shipping casks to DCs 

Transferring uncanistered SFAs and HLWC from shipping casks to 
lag storage and from lag storage to DC 

Sealing, cleaning, and transferring loadcd DCs to the subsurface 
equipment for emplacement in the MGDS 

Opening selected SFA canisters prior to DC packaging, and filling the 
voids with filler material as necessary 

Supporting performancc confirmation by pcriodically evaluating WPs . 
retrieved from the underground cmplacement arca, removing samples 
for laboratory analysis, if appropriate, and taking evaluation 
mcasurements. 

7.2.3.3.1 Cask Receiving and Pmpamtion 

e .  ca Dcscr~ption: The Cask Rccciving and Preparation System 
unloads a shipping cask from a truck or rail carrier, prepares 
the shipping cask for fuel unloading and moves the cask to an 
unloading point. The systcm also transfers shipping casks to 
the CMF for maintenance or from the CMF for fuel unloading 
preparation. The systcm is compatible with the following 
shipping configurations: rail shipping casks containing 
canistered waste and truck shipping casks containing 
uncanistered SFAs. 

Generic Events Applicability: 

Collision/Crushing: Yes 
Chcmical Contamination/Flooding: None identified based on 
ACD-TBV 
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Explosion/lmplosion: Yes - see Fire 
Fire: Yes - potential diescl fuel fire 
Radiation/Magnetic/Electrical: None identified based on 
ACDJTBV 
Thermal: Yes - sec Fire 
Human Factors: Not Evaluated 

Reference: 5.3, WHB-SK-101B; 5.4, Volume II, Section 7.2.2 

ry H a z d :  Shipping cask drop, shipping cask slap 
down, cask collision, shield door jams shipping cask, handling 
equipmcnt drops on shipping cask, possible diesel 
firelexplosion 

7.2.3.3.2 Canistemd Waste Transfer 

ea Description: Shipping cask is moved through an airlock 
and the waste canister is transferred to a DC. The empty 
shipping cask is decontaminated and removcd. The Canistered 
Waste Transfer Systcm removes a loaded SFA canister or 
defense HLW canistcr (HLWC) from a rail shipping cask and 
places it in a special DC for the appropriate type of canistered 
waste. It is the function of this system to: 

Transfer the shipping cask from a preparation cart to a 
transfer cart 

Move the shipping cask to thc canistered waste cask room 

Unbolt and remove thc canistered waste shipping cask lid 

Position the cask for unloading through the overhead cell 
port 

Remove the SFA canister or defense HLWC from the 
shipping cask 

Place HLWC in lag storage 

Placc the canistcrcd wastc in the appropriate DC; service 
thc shipping cask lid 

Replacc the lid on the unloaded shipping cask 
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Decontaminate the shipping cask, if necessary 

Return the shipping cask to the preparation cart. 

Generic Events Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: Yes 
Fire: None identified based on ACD-TBV 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: None identified based on ACD-TBV 
Human Factors: Not Evaluated 

Reference: 5.3, WHB-SK-101C; 5.4, Volume It, Section 7.2.2 

. . r e l i u r y  Hazards: SFA canister drop, HLWC drop, SFA 
canister slap down, IILWC slap down, SFA canister collision, 
HLWC collision, SFA canister drops onto DC, HLWC drops 
onto DC, SFA drop on sharp object, HLWC drop on sharp 
object, Decon (or other pneumatic or pressurized) system 
missile duc to fractured nozzle/valve stern/pncumatic device 

7.2.3.3.3 DC Welding and Transfer 

Area Dcscriptio~: The Disposal Container Wclding and 
Transfer Systcm welds the lid of a loaded DC and transfers the 
sealed DC (WP) to the subsurface WP transportcr. It is the 
function of this system to: 

Position lids on loaded DCs 

Weld the DC lids 

Test the completed welds for integrity 

Repair faulty welds, if required 

Control the emissions from the welding process 

Store the WP until ready for transfer to the subsurface WP 
transporter 

Clean the WP 
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Transfer the WP to the subsurface WP transporter 

Transfer a fresh, empty DC, with lid, into the WHB to 
replace the loaded container dispatched for emplacement. 

Gcneric Events Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: Ycs 
Fire: None identified based on ACD-TBV 
Radiation/Magnetic/Electrical: Yes 
Thermal: Yes 
Human Factors: Not Evaluated 

Rcfcrcnce: 5.3, WHB-SK-101C; 5.4, Volume 11, Section 7.2.2 

. . 
Hazards: WP drop, WP slap down, WP drop onto 

sharp object, WP collision, equipment drops onto WP, DC 
drop, DC slap down, DC drop onto sharp object, DC collision, 
fire in WHB fuel handling area, Decon (or other pneumatic or 
pressurized) system missile due to fractured nozzle/valve 
stem/pneumatic device, handling equipment drops on DC, fuel 
damage by burnthrough during welding process 

7.2.3.3.4 Uncanistelled Waste Transfer 

Area Dcscription: The Uncanistcrcd Waste Transfer System 
removes uncanistered SFAs from a truck shipping cask, 
temporarily stages waste and provides for SFA placement in a 
special DC for the appropriate type (i.e., pressurized water 
reactor or boiling water reactor) of uncanistered waste. It is 
the function of this system to: 

Transfer the shipping cask from a preparation cart to a 
transfer cart 

Move the shipping cask to the bare SFA cask port room; 

Unbolt and remove thc truck shipping cask lid 

Position the cask for unloading through the overhead SFA 
transfer cell port 

Remove the SFAs individually from the shipping cask 
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Place the bare SFAs in the appropriate SFA staging rack 
while maintaining thc fuel below thermal limits. 
Criticality control is also maintained. 

Requisition an empty DC and position it below the DC 
port in the DC port room 

Transfcr the SFAs from the staging rack into the 
enlply DC 

Seal thc DC inner lid 

Decontaminate the sealed DC 

Service the truck shipping cask lid 

Replace the lid on the unloaded shipping cask 

Decontaminate thc shipping cask, if nccessary 

Return the shipping cask to the preparation cart. 

Generic Events Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: Yes (flooding) 
Explosion/Implosion: Yes 
Fire: None identified based on ACD-no fuel identified-TBV 
Radiation/Magnetic/Electrical: Yes 
Thermal: Yes 
Human Factors: Not Evaluated 

&&rence: 5.3, WHB-SK-101E; 5.4, Volume 11, Section 7.2.2 

ary Hazards: SFA drop, SFA drop onto sharp object, 
SFA Collision, SFA drops onto DC, Decon (or other 
pneumatic or pressurized) system missile due to fracture of 
nozzlelvalve stemlpneumatic device, Decon system failure- 
internal flooding intolaround DC, fuel damage by burnthrough 
during welding process, fuel damage by laser radiationlheat 

7.2.3.3.5 Canister Filler Addition 

-: The Canister Filler Addition System 
removes thc lid from a sealed SFA canister, adds carbon steel 
shot to fill the voids betwecn SFAs, and rewelds the lid back 
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on the canister. The addition of filler material may be required 
as a criticality control measure. It is the function of this system 
to: 

Receive an SFA canister requiring filler material addition 
from the Canistered Waste Transfer System 

Cut and remove the top of the SFA canister 

Add filler material 

Replace the removed top 

Weld the canister top closed 

Decontaminate the sealed canister 

* Return the canister to the Disposal Container Welding and 
Transfer System. 

Generic Events Applicability: 

Collision/Crushing: Yes 
Chemical ContaminationLFlooding: None identified based on 
ACD-TBV 
Explosion~In~plosion: None identified based on ACD-TBV - Fire: None identified based on ACD-no fuel identified-TBV 
Radiation/Magnetic/Electrical: Yes 
Thermal: Yes 
Human Factors: Not Evaluated 

Reference: 5.3, WHB-SK-1OlE; 5.4, Volume II, Section 7.2.2 

. . 
rcllm~nary Hazards: SFA canister drop, SFA canister slap 

down, SFA canister collision, fuel damage by burnthrough 
during welding processtheat 

7.2.3.3.6 Cask Preparation and Shipping 

ea Dcscription: The Cask Preparation and Shipping System 
prepares empty shipping casks for off-site transfer and loads 
empty shipping casks on rail or truck carriers for on-site 
transfer to the CSS. The system also transfers empty shipping 
casks to the CMF for maintenance after waste unloading. The 
system is compatible with both rail and truck shipping casks. 
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Generic Events Applicability: 

Collision/Crushing: No 
Chemical Contamination/Flooding: No 
Explosion~Implosion: No 
Fire: No 
Radiation/Magnetic/Electrical: No 
Thermal: No 
Human Factors: Not Evaluated 

Refercncc: 5.3, WHB-SK-lO1F; 5.4, Volume II, Section 7.2.2 

mliminary Hazards: None - no spcnt nuclear fuel present 
during this operation 

7.2.3.3.7 Performance Confirmation 

Area Description: The Performance Confirmation System: 

Receives WP retrieved from underground emplacement 

Examines surface corrosion and samples surface films, if 
required 

Opcns the WP and internal waste canister, as required, to 
remove samples for 'laboratory analysis (e.g., SFA 
materials, DC materials, and internal gases) 

Performs evaluation mcasurernents 

Rcpackages thc DC 

Rcplaces and seals the internal canister and/or DC lids 

Rcturns the WP to the WP transporter for underground 
emplacement. 

It is assumed that the WHB will be required to process a WP 
for pcrformance confirmation once every ten years. 

Generic Evcnts Applicability: 

CollisionlCrushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: Yes 
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Fire: Nonc identified based on ACD-TBV 
Radiation/Magnetic/Electrical: Yes 
Thcrmal: Yes 
Human Factors: Not Evaluated 

Reference: 5.3, WHB-SK-101E; 5.4, Volume 11, Section 7.2.2 

. . -rv Hazarh: WP drop, WP slap down, WP drop on 
sharp object, WP collision, Dccon (or other pneumatic or 
pressurizcd) system missile due to fracture of nozzle/valvc 
stemlpneumatic device, fuel damage by laser radiation, fuel 
damage by burnthrough during welding process/hcat damage 

7.2.3.3.8 Maintenance Shop 

Area Description: The maintenance area and other similar 
areas (e.g., tool room, repair shops) have been identified but 
not formally defined. In abscncc of a formal definition, 
Assumption 4.3.2 was used in conjunction with consideration 
for the typical contents of a maintenance shop. This f~~nctional 
area of design will necd to be reevaluated as the design 
matures. 

Generic Evcnts A~~licability: 

Collision/Crushing: Nonc identified based on ACD-TBV 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion~Implosion: None identificd based on ACD-TBV 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Rcfcrcnce: 5.3, WHA-SK- 100A, location 70 

. . 
Prelimnary Hazards: Fire in WHB external to fuel handling 
area 

7.2.3.3.9 Equipment Room 

Area Description: This area has been identified but not 
formally defined. In absence of a formal dcfinition, 
Assumption 4.3.2 was used in conjunction with considcration 
for thc typical contents of an equipment room. This functional 
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area of design will need to be reevaluated as the design 
matures. 

Events A~~licability: 

Collision/Crushing: None identified based on ACD-TBV 
Chemical Contarnination.Flooding: Nonc identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Yes - electrical 
Radiation/Magnctic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

b f e r e u :  5.3, WHA-SK-100A, locations 5, 11, 17,29, 62, 
63,85,132, 133 

nary Hazards: Fire in WHB external to fuel handling 
area 

7.2.3.3.10 Welder Certification Lab 

Area Description: This area has been identified but not 
formally defined. In absence of a formal definition, 
Assumption 4.3.2 was used in conjunction with consideration 
for the typical contents of a welder certification Iab. This 
functional area of design will need to be reevaluated as the 
design matures. 

Generic Events Applicabilitv: 

Collision/Crushing: Nonc identified based on ACD-TBV 
Chemical Contamination/Flooding: None identified bascd on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on 
ACD-TBV 
Thermal: Yes - sec Fire 
Human Factors: Not Evaluated 

Referem: 5.3, WHA-SK- 100A, location 149 

=ry Hazards: Fire in WHB external to fuel handling 
area 
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7.2.3.3.11 Diesel Generator Room 

Area Description: This area has bcen identified but not 
formally dchned. In absence of a formal definition, 
Assumption 4.3.2 was used in conjunction with consideration 
for the typical contents of a diesel generator room. This 
functional area of dcsign will need to be reevaluated as the 
design maturcs. 

nerlc Events A~ulicabilitv: 

Collision/Crushing: None identified based on ACD-TBV 
Chemical Contarnination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None idcntificd based on ACD-TBV 
Fire: Yes 
Radiation/Magnctic/Electrical: None identified based on 
ACD-TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Rcfcrencc: 5.3, WHA-SK-100A, locations 64,65 

ry Hazards: Fire in WHB cxternal to fuel handling 
area 

7.2.3.3.12 Laser Room 

Area Desription: This area has been identified but not 
formally dcfincd. In absence of a formal dcfinition, 
Assumption 4.3.2 was used in conjunction with consideration 
for the typical contents of a laser room. This functional area 
of design will need to bc reevaluated as the design matures. 

Generic Evcnts Applicability: 

Collision/Crushing: None idcntified based on ACD-TBV 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Ycs - see Fire 
Human Factors: Not Evaluated 
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Refcrencc: 5.3, WHA-SK- 100A, locations 3 1, WHB-SK- 1O1E 

. . 
relim-: Fire in WHB external to fuel handling 

area 

Cask Maintenance Facility 

Thc mission of the CMF function is to perform the following tasks: 
testing, routine maintenance, repair, modi.fications, configuration control 
of all cask system clcmcnts, grcparation of cask system elements for 
dccommissioning and disposal when a cask system elcmcnt is deemed 
permanently unfit for usc. Service and maintenance of transport vehicles 
is limited to those activities required to prevent above-normal exposures 
to the gencral public. 

7.2.3.4.1 Test, Inspection, Maintenance, and Repair 

Area Descriptio~: The dry test and repair station 
accommodates tcsts or repairs to the external surfaces of a 
cask, or any tcst or operation to the internal cavity of the cask 
that can bc achieved with the cask containment sealcd. Helium 
leak tests of the cask cavity, venting or sampling of the cask 
intcrior, and purging the interior with inert gas are performed 
at the test and repair station. In addition, the station is 
equipped to repair external discontinuities (e.g., gouges and 
galled or upset metal). Welding equipment is provided to 
make repairs as necessary. Nondestructive testing of weld 
repairs, existing welds, and machined surfaces is performed as 
required. Ultrasonic and dye pcnetrant tests are the most 
common nondestructive testing mcthods. 

Generic Evcnts Applicability: 

Collision/Crushing: None identified based on ACD-TBV 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
'Trfi. vfi:, 

Radiation/Magnetic/Electrical: None identified based on 
ACD-TBV 
Thermal: Yes - scc Fire 

W;: 5.4, Volumc 11, Section 7.2.3 

. . 
=ry Hazards; Fire in LLW area 
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7.2.3.4.2 hpamtion and Decontamination Pits 

ea Descriptioq: The preparation and decontamination areas 
have manual spray apparatus, scrubbing tools, and 
radioactivity measurement instruments and survey supplies 
that allow for cask external decontamination, wash down, and 
contamination measurement. Cask closure head support and 
handling stands provided in each pit enable inspection and seal 
replacement. Hydrostatic testing equipment, fluid 
measurement equipment, and replaccmcnt fluids are provided 
in the pits for servicing cask cooling and shielding systems, if 
required. 

Generic Events Applicability: 

CollisionICrushing: None identified based on ACD-TBV 
Chemical ContaminationLFlooding: None identified based on 
ACD-TBV 
Explosion/Imnplosion: None identified based on ACD-TBV 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on 
ACD-TBV 
Thcrmal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volumc 11, Section 7.2.3 

. l3xhmmy Hazards: Fire in LLW arca 

7.2.3.4.3 Truck and Rail Cleaning Bay 

Arca Description: Truck and railcar maintenance occurs in the 
encloscd truck and railcar cleaning bay. Structural 
components of either a truck or rail transporter are cleaned, 
inspectcd, and repaired as required. Maintenancc is performed 
only on transporter components that are categorized as 
structural. Nonstructural transporter components such as tires, 
brakes, wheel bearings, hydraulic systcm parts, railcar trucks, 
and other intcrfacing nonstructural components, are not 
serviced at the CMF. The truck and railcar cleaning bay is 
ventilated by a CMF Neutral Zone system. 

Generic Events Applicabilitv: 

Collision/Crushing: None identified based on ACD-TBV 
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Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Nonc identified based on ACD-TBV 
Radiation/Magnetic/Electrical: Nonc idcntified based on ACD- 
TBV 
Thermal: None idcntified based on ACD-TBV 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2.3 

. . relimnary Hazards: None identified based on ACD-TBV 

7.2.3.4.4 Clean Shop 

Area Dcscription: The clean shop maintains equipment and 
components from the CMF. The clean shop area is a heating, 
ventilation, and air conditioning neutral zone. Thc shop is 
accessible from the CMF warehouse area and the CMF 
laydown area for movement of transfer facility equipment or 
components requiring maintenance. The shop area equipment 
includes a milling machine, jib crane and hoist, bench lathe, 
enclosed parts cleaner, portable steam cleaner, portablc welder, 
drill press, electric fork lift, arbor press, mobile gantry crane, 
horizontal metal cutter, miscellancous measuring instruments, 
mechanics tools, and misccllancous support tooling for major 
equipmcnt. 

Gcncric Events Applicabilitv: 

Collision/Crushing: None identified based on ACD-TBV 
Chemical ContaminationIFlooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified bascd on ACD-TBV 
Fire: Nonc idcntified based on ACD-TBV 
Radiation/MagneticElectrical: None identified based on ACD- 
TBV 
Thermal: None identified bascd on ACD-TBV 
Human Factors: Not Evaluated 

Refcrcnce: 5.4, Volume 11, Section 7.2.3 

. . Prellrmna1-y Hazards: Nonc identified based on ACD-TBV 
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7.2.3.4.5 Contaminated Shop/Crib Awa 

Area Description: This shop is dedicated to work on 
contaminated components from cask systems, the CMF, the 
WHB and the Waste Treatment Building. The contaminated 
shop area is a heating, vcntilation, and air conditioning Zone 
11. Work in the area is limited to smaller items (e.g., valves, 
connections, and hand tools) that can be safely lifted by hand, 
approximately 50 lbs maximum. Thc shop is equipped with 
containment glove boxes and hoods to inspect, disassemble, 
assemble, repair, or rebuild small items; an electropolishing 
tank with enclosure; stainless steel sinks for decontamination; 
and work benches. Decontamination systems are supplied by 
the decontamination makeup system. 

Generic Events Applicability: 

CollisionlCrushing: None identified based on ACD-TBV 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
ExplosionlImplosion: None identified based on ACD-TBV 
Fire: Yes 
Radiation/Magnctic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2.3 

ry Hazards: Firc in LLW area 

7.2.3.5 Waste Treatment Building 

7.2.3.5.1 LLW Processing Systcm 

a Description: Aqueous LLW is processed with filtration, 
evaporation, and ion exchange to permit water reuse. Non- 
recyclable chemical liquid LLW is immobilized with cement 
and packaged in drums for off-site disposal. 

Gencric Events Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
ExplosionlImplosion: None identified based on ACD-TBV 
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Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Scction 7.2.4 

. . 
Hazards: Fire in LLW area, liquid LLW drop, 

handling equipment drops on liquid LLW, thermal excursion 
duc to process upset 

7.2.3.5.2 Solid LLW Treatment System 

ea Descri~tion: Solid LLW is concentratcd with 
compaction, pressing, cutting and shredding. Spent resin 
slurry LLW is dcwatered. Concentrated and non-compatible 
solid LLW is packaged in drums with cement for off-site 
disposal. 

ic Events Applicability: 

CollisionICrushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
ExplosionlImplosion: None identified based on ACD-TBV 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - sce Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2.4 

1-y Hazards: Fire in LLW area, solid LLW drop, 
handling equipment drops on solid LLW 

7.2.3.5.3 Mixed Waste (MW) Tmnsfer System 

d Description: Drums of solid and liquid mixed waste are 
collccted, packaged, and accumulated for transfer to off-site 
treatment and disposal sites. 
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vents Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Ycs 
Radiation/Magnetic/Electrical: Nonc identified bascd on ACD- 
TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2.4 

Preliminary Hazards: Fire in LLW area, MW drop, handling 
equipment drops on MW 

7.2.3.5.4 Hazardous Waste Tr;tnsfer System 

Area Description: Drums of solid and liquid hazardous waste 
are collected, packaged and accumulated for transfer to off-site 
treatmcnt and disposal sites. 

licability: 

Collision/Crushing: None identified bascd on ACD-TBV 
Chemical Contamination/Flooding: None identified based on 
ACD-TBV 
Explosion/Implosion: None identified based on ACD-TBV 
Fire: Nonc identified based on ACD-TBV 
Radiation/Magnetic/EIcctrical: Nonc identified based on ACD- 
TBV 
Thermal: None identified based on ACD-TBV 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 7.2.4 

Preliminary Hazards: None identified based on ACD-TBV 
(non-radioactive hazardous waste) 

7.2.3.6 Subsurface Repository Emplacement 

7.2.3.6.1 Transport Waste Package into Main Drift 

Arca Description: Transport of each WP to the subsurface 
repository starts (in the WHB) after completion of the WP 
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loading into the shielded WP transporter and after the final 
acceptance for emplacement. The transport locomotive will be 
located ahead of the WP transporter as it travels into the 
repository via the North Ramp and the Upper Block East Main 
or the Upper Block West Main, depending on the WP 
emplacement location selected. 

Generic E v ~ p p l i c a b i l i t p :  

Collision/Crushing: Yes 
Chemical Contamination/Flooding: Yes - flooding 
ExplosionIImplosion: Yes 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - see Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 8.6 

Preliminary Hazards: Transporter derailment outdoors, 
transporter derailment in ramp or main drift, WP car rolls out 
of transporter, runaway transporter, transport cask door jams 
WP, rockfall onto transporter, steel set drop onto WP, loss of 
WP cart restraint in sloped emplacement drift, fire-hydrogen 
explosion from batteries, flooding from water pipe break 

7.2.3.6.2 Transfer Waste Package at Emplacement Dlift Entrance 

Area Description: With the ACD WP transfer concept, the WP 
transporter and the locomotive remain outside the drift 
entrancelshielding door. Transfer of the WP will be through 
the shielding door. Once the WP has been transferred from 
within the WP transporter to a WP transfer dock, located 
directly behind the drift entrance shielding door, the WP is 
ready for final positioning in the emplacement drift. 

Generic Events Applicability: 

Collision/Crushing: Yes 
Chemical Contamination/Flooding: Yes - flooding 
Explosion/Implosion: Yes 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - see Fire 
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Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 8.6 

. . 
r c l ~ m a r y  Hazards: Emplacement railcar derailment, WP car 

rolls out of transporter, emplaccment railcar collision with 
emplacement locomotive, external unloading mechanism fails, 
transport cask internal off-loading mechanism fails, transport 
cask door jams WP, rockfall onto transporter, rockfall onto 
WP/cmplaccmcnt railcar, steel set drop onto WP, fire- 
hydrogen explosion from batteries, flooding duc to pipe break 

7.2.3.6.3 Emplace Waste Package in Emplacement Drift 

criptiom: The Advanced Conceptual Design concept 
for WP emplacement is by railcar. Wastc package 
emplacement on a railcar requires a dedicated, remotely 
controlled secondary locomotive, the "emplacement 
locomotive," for opcrations within the emplacement drift. 
After the unloading of thc railcar mounted WP into the 
emplacement drift, the emplaccmcnt locomotive is transferred 
into the emplacement drift, behind the WP to be cmplaccd. 
The remotcly controlled emplacement locomotive and the 
railcar carrying the WP travel on a permanently installed rail 
system to a prc-determined emplaccment location. Once the 
locomotive rcaches its destination, it uncouples from the 
railcar, and a braking mechanism is activated to hold the WP 
and railcar at that final position. After completion of the 
emplacerncnt function, the crnplacement locomotive returns to 
the drift entrance, where it exits the drift entrance past the 
shielding door, prior to the arrival of thc next WP. 

Generic Evcnts Applicability: 

Collision/Crushing: Ycs 
Chcmical Contamination/Flooding: Yes - flooding 
Explosion/Iinplosion: Yes 
Fire: Yes 
Radiation/Magnetic/Electrical: None identified based on ACD- 
TBV 
Thermal: Yes - scc Fire 
Human Factors: Not Evaluated 

Reference: 5.4, Volume 11, Section 8.6 
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. . -y Hazark: WP collision, emplacement railcar 
derailment, runaway transporter, rockfall onto 
WPIemplaccment railcar, stecl set drop onto WP, loss of WP 
cart restraint in sloped emplacement drift, fire-hydrogen 
explosion from batteries, thcrmal cycling of WP, flooding due 
to pipe break 

8. CONCLUSIONS 

A systematic approach, consistent with cited referenccs, has been used to perform this PHA and to 
generate the cxtcrnal and internal PHLs. Section 7.1 addresses the analysis of external events and 
phenomena. All of the design inputs (rcferences) used to prcpare Section 7.1 are qualificd inputs. 
Therefore, subsequent analyscs which use data from Scction 7.1 of this analysis are not required to 
identify the data as prclirninary andlor conccptual, or to procedurally control it as TBV, as the data 
is qualificd. Screened extcrnal events and phenomcna have been eliminated from further 
consideralion on a permanent basis. Only the potentially applicable cvents and phenomena identified 
in Section 7.1 will be furthcr screcned and analyzed in the DBE process. 

Section 7.2 addresses the analysis of intcrnal events, and because the ACD is subject to changc, the 
PHA cannot be considered boundcd. For this reason, subsequent analyscs that use data from Section 
7.2 of this analysis arc rcquired to identify the data as prcliminary, as it is currently unqualified; or 
the data shall be procedurally controllcd as TBV in accordance with the appropriate procedures. 
Rcfcrcnces 5.3 and 5.4 will require subsequent qualification (or superseding inputs) as the MGDS 
design procccds in order to be considered qualified. Since this is the conceptual phasc of dcsign, 
future interactions may reintroduce the non-applicable internal events that have been ruled out. This 
is due to the potential for dcsign changc which may introduce new hazards or the gencration of 
grcatcr dcsign detail that may reveal hazards that were previously transparent. Items falling into this 
catego~y are subject to rcvision as designs evolve. This is in contrast to the non-applicablc external 
events that are eliminated on a pcrmanent basis. 

This analysis does not contain any attachmcnts. 


