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ABSTRACT

To comply with the requirements for preclosure safety analysis in 10 CFR 63.112, the
U.S. Department of Energy (DOE) is required to identify and conduct a systematic evaluation of
natural and human-induced hazards and initiating events that may result in radiological release
to the public and workers at the proposed geologic repository operations area at Yucca
Mountain, Nevada. The waste package transporter train will bring the waste packages from the
surface facilities to the emplacement area in the underground facility through the North Ramp
for a distance of approximately 2 km [1.25 mi]. The North Ramp has approximately a 2-percent
downgrade. Civilian Radioactive Waste Management System Management & Operating
Contractor (CRWMS M&O) (1 997a,b, 2000) identified the waste package transporter train
system as a potential source of radiation release in case of a runaway (uncontrolled descent)
event and evaluated the potential hazards associated with the transporter system. CRWMS
M&O (2000) evaluated the postulated runaway scenarios and determined that the maximum
speed of a runaway transporter would exceed the tip-over speed. In the event of a tip-over, the
transporter would impact the tunnel wall, potentially causing damage to the waste package such
that a radiological release may occur. Using data from mining and rail transport accidents, in
addition to fault tree analysis, CRWMS M&O (1 997a) concluded that runaway is a credible
event. Consequently, CRWMS M&O (2000) if additional safety features would lower the
frequency of occurrence to less than the Category 2 frequency limit (1 chance in 10,000 or
greater of occurring before permanent closure). Additionally, CRWMS M&O (2000) concluded
that the transporter would derail in runaway situations if the rails and wheels were extremely
worn from lack of proper maintenance.

This report documents the staff review of the analyses used to estimate the runaway frequency
of the transporter system, including derailment and tip-over onto the drift wall during transport
operations. This review is based on Section 2.1.1.3, Identification of Hazards and Initiating
Events, of the Yucca Mountain Review Plan (NRC, 2003). The staff review also involved limited
independent fault tree analyses using alternate scenarios. As a result of this independent
analysis, staff identified a few credible scenarios that DOE should investigate further.
Additionally, effects of uncertainties in the failure rate data used in the frequency estimate
should also be analyzed, according to the requirement of Acceptance Criterion 3 of Section
2.1.1.3.3 of NRC (2003).

CRWMS M&O. ANL-WER-ME-000001, "Subsurface Transporter Safety Systems Analysis."
Rev. 01. Las Vegas, Nevada: CRWMS M&O. 2000.
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1 INTRODUCTION

1.1. Background

The proposed geologic repository at Yucca Mountain would include both surface and
subsurface facilities (DOE, 2001). Surface facilities will be constructed for receiving, preparing,
and packaging nuclear waste received at the site into waste packages before transporting them
underground for disposal. The underground disposal facility will be constructed approximately
320 m [1,050 ft] beneath the Earth's surface for permanent disposal of the waste packages in
emplacement drifts. The waste package transporter system will transport the waste packages
from the surface facilities to the emplacement area by way of the North Ramp. The transporter
system is currently envisioned as a rail-based system.

Demonstration of compliance with the preclosure performance objectives of 10 CFR 63.111
requires a safety analysis of the waste package transport system that meets the preclosure
safety requirements specified in 10 CFR 63.112. Proper identification of hazards and initiating
events is critical for demonstrating compliance with the preclosure objectives during
emplacement operations, as identified in 10 CFR 63.21 (c)(5). Civilian Radioactive Waste
Management System Management & Operating Contractor (CRWMS M&O) (1 997a,b, 2000)
presented the results of a preliminary evaluation of potential hazards involving the waste
package transportation system. Staff reviewed the reports to assess completeness and
appropriateness of the analysis to identify the hazards associated with the waste package
transporter system to the extent it can be determined based on the current preliminary design
concept. It should be noted that the design of the proposed repository and associated
transporter system is preliminary, and significant changes are anticipated. This report presents
the assessment made by the staff.

1.2 Objectives and Scope

The staff evaluation of hazards and initiating events concerning transportation of waste
packages from the surface facility to the underground emplacement drifts is based on the review
guidance documented in U.S. Nuclear Regulatory Commission (NRC) (2002, Section 2.1.1 .3)
for identification of hazards and initiating events. This report uses the relevant review methods
and acceptance criteria in Sections 2.1.1.3.1 through 2.1.1.3.3 (NRC, 2003). The overall
objectives of this report include:

* Review the tip-over and derailment analyses of the transporter for additional potential
hazards.

* Systematically evaluate the baseline probability data, runaway speed, and runaway
probability analyses presented, including identified failure modes and initiating events,
for appropriateness to the proposed waste package transport system, taking into
consideration current knowledge of the conceptual transporter design.
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* Review the failure modes, analysis techniques, and potential safety enhancements of
the transporter system.

* Conduct limited independent analyses, as warranted, to support staff assessment.

1.3 Organization of This Report

Chapter 2 of this report provides an overview of the subsurface transportation system.
Chapter 3 reviews the method used to determine the maximum runaway speed of the
transporter, including derailment and tipover analyses. Staff assessment has also been
presented, including an independent analysis of the runaway speed. Chapter 4 provides
a review of the fault tree analysis of the runaway event probability presented by
CRWMS M&O (2000). Staff review and an independent assessment are also presented in this
chapter. Chapter 5 presents additional safety features, proposed by CRWMS M&O (2000) for
the transporter system. Chapter 6 summarizes the staff assessment of the analyses presented
by CRWMS M&O (1 997a,b, 2000).
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2 OVERVIEW OF SUBSURFACE TRANSPORTATION SYSTEM

The transporter train, as has been envisioned in CRWMS M&O (2000), comprises two electric
locomotives and a custom-designed transporter. The two locomotives will be powered by an
overhead electric trolley and will be identical except that the primary locomotive will be
permanently coupled to the transporter. The secondary locomotive will be frequently coupled
and decoupled to the transporter. The permanently coupled locomotive will stay in place during
transfer of the waste package into the emplacement drift. The train may be operated either
remotely from the centralized control room via radio signals or by an on-board manual control.
The transporter and both locomotives will be equipped with multiple brake systems
(e.g., dynamic service brake, emergency brake, and parking brake).

The transporter car includes a self-contained, shielded enclosure for storing the waste package
during transport from the waste handling building to the emplacement drifts. The characteristics
of the transporter are given in Table 2-1.

Table 2-1. Transporter Equipment Characteristics (CRWMS M&O, 2000)

Transporter Length 22.065 m [65.8 ft]

Transporter Width 2.94 m [9.65 ft]

Transporter Height 4.337 m [14.4 ft]

Transporter Weight (with waste package) 400 MT [441 ton] maximum

Transporter Weight (without waste package) 302.4 MT [ 333.33 ton] maximum

Locomotive Weight 45.36 MT [50 ton]

Waste Package Weight 85 MT [93.70 ton] maximum

Maximum Operating Speed 8.0 km/hr [5.0 mph] or 2.23 m/s [7.33 ft/s]

Rate of Emplacement 524 waste packages per year based on a
maximum emplacement schedule

During the emplacement phase of the repository operation, the transporter train
(two locomotives and a transporter) will be driven from the Waste Handling Building on the
surface to the North Ramp and Access Main, and then to the turnout of the destination
emplacement drift under onboard operator control (DOE, 2001; CRWMS M&O, 1997a).
The track extends from the exit of the Waste Handling Building to the North Portal and into the
North Ramp and throughout the Access Main and turnouts. There will be many track switches
to accommodate operations, such as coupling and decoupling, of locomotives to the transporter
and reorientation of the transporter as necessary in the drifts. Each track switch will be
remotely operated and instrumented for remote position indication.
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3 DERAILMENT AND TIP-OVER CONDITIONS

3.1 Introduction

Waste packages will be transported from the surface through the North Ramp to the
emplacement drifts. The North Ramp is more than 2 km [1.24 mi long at a slope greater than
-2 percent (CRWMS M&O, 2000). This long downward slope of the North Ramp is a primary
source of concern for loss of braking and subsequent runaway of the transporter train leading to
a derailment or tip-over situation. Inability of the rails to maintain the appropriate gauge and
alignment between rail segments are potential contributors to derailment. In addition, failures in
the instrumentation, control, and remote communications systems; failures in the control
software; and potential human actions may all contribute to the likelihood of derailment.

CRWMS M&O (2000) considered three hazardous conditions that could potentially damage the
waste package during transportation that could lead to a radiological release. These hazards
conditions include: (i) tip-over, (ii) standard braking, and (iii) derailment. The goal of the
analysis presented by CRWMS M&O (2000) was to determine the hazard potential of the
transporter system by establishing the maximum speed the transporter train could achieve
within the proposed repository under runaway conditions. The maximum transporter runaway
speed was subsequently used to determine the potential for derailment at the curves and before
the transporter reaches the access main tunnel in the emplacement horizon.

Staff reviewed the analysis of potential derailment and tip-over conditions following
NUREG-1804 (NRC, 2003, Section 2.1.1.3). The review addressed if the analysis used
appropriate methodology, data, and assumptions to evaluate a hazard potential of a transporter
runaway event. In addition, the focus of the staff review of transporter tip-over potential was to
verify the maximum speed estimated in the analysis (CRWMS M&O, 2000). Staff performed a
sensitivity analysis to determine the extent by which any change in the parameter values could
contribute to faster runaway speeds and, thereby, further increasing the potential for damage to
the waste package.

3.2 Overview of DOE Analysis

3.2.1 Maximum Runaway Speed

3.2.1.1 Runaway Scenarios

CRWMS M&O (2000) considered maximum runaway speeds under three track conditions:
(i) frictionless, (ii) standard rolling resistance, and (iii) standard braking conditions. A partial
layout of the facility, as given in CRWMS M&O (2000), is shown in Figure 3-1 to assist in the
interpretation of these runaway scenarios. The runaway speed was calculated for the following
four different scenarios. Referring to Figure 3-1, the four scenarios are as follows:

Scenario 1. A runaway condition beginning at the entrance of the North Ramp (Point A) with
an initial speed of 8 km/hr [5.0 mph] and accelerating through the North Ramp
Extension Curve to Point D. A tip-over at Point D is highly likely.
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Figure 3-1. Yucca Mountain Site Layout Showing Most Likely Runaway Sites
(CRWMS M&O, 2000)

Scenario 2.

Scenario 3.

A runaway condition initiating at an arbitrary point prior to entering the North
Ramp Extension Curve (e.g., Point B) so the speed proceeding through the North
Ramp Extension Curve (e.g., Point D) is 10 percent less than the calculated tip-
over speed of 114.7 km/hr [72 mph]. Under this scenario, the transporter train
proceeds down the North Ramp Extension to the likely tip-over location (i.e., at a
location between Points G and I).

A runaway condition beginning with an initial velocity of 8 km/hr [5 mph] at the
start of the North Ramp Extension Curve (Point C) and accelerating to the likely
tip-over point at the intersection between the North Main and the Exhaust Main
(Point K).

Scenario 4. A runaway condition beginning at the start of the North Ramp (Point A) with an
initial velocity of 8 km/hr [5 mph]. The runaway continues past Point B and
proceeds through the North Ramp Curve to Point M toward the East Main
section. A tip-over is highly probable somewhere along the North Ramp Curve
between Points B and M.
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3.2.1.2 Frictionless Condition for Upper Bound Limit of Runaway Speed

Runaway speeds for the transporter system were calculated for the four scenarios with
frictionless conditions in CRWMS M&O (2000). The frictionless condition was considered to
determine the upper bound limit of the maximum runaway speed. Only the track grade and
length are needed to determine the ultimate speed with frictionless conditions. Speed is not a
function of mass for this condition. Fundamental Newtonian equations for motion of a body
under constant acceleration (gravity) were used to develop the equation for the frictionless
condition (Avallone and Baumeister, 1987). Additionally, final speed of the transporter is
calculated to be 119.4 km/hr [74.20 mph] and 119.7 km/hr [74.37 mph] at Point D, depending on
the initial speed of 0 or 8 km/hr [5 mph], respectively (CRWMS M&O, 2000); therefore, final
speed is not quite sensitive to the initial speed.

3.2.1.3 Frictional Rolling Conditions

Assumption of frictionless rolling condition is not a realistic scenario. CRWMS M&O
(2000, Sections 3.1.2.1 through 3.1.2.3) used two formulas to determine total rolling resistance:
the first formula determines the track resistance caused by bearing resistance and aerodynamic
drag, and the second formula accounts for curve resistance. Since railroad wheels are fixed on
each axle, additional rolling resistance occurs where curves are encountered along the track
because the outer wheel must travel a greater distance than the inner wheel and, therefore,
must slip because it is fixed by the axle to the inner wheel. Aerodynamic drag, created as an
additional resistance that increases with velocity as the air tries to flow around the narrow space
between the train and tunnel wall was deemed negligible because the frontal area of
the transporter is only approximately one third of the total cross-sectional area of the tunnel
(CRWMS M&O, 2000).

3.2.1.3.1 Rolling and Curve Resistance Estimation Methodology

CRWMS M&O (2000) used empirical equations to develop the maximum runaway speeds for
the transporter. The analysis is based on the most widely accepted formula for calculating
rolling resistance, including aerodynamic drag, developed by W.J. Davis (Air Brake
Association, 1975). An equation, based on the Davis formula, was taken from Avallone and
Baumeister (1987) and used in the analysis for calculating rolling resistance. According to
Avallone and Baumeister (1987), the Davis formula has been used extensively for calculating
freight train resistance on straight track at speeds up to 64.4 km/hr [40.2 mph]. Staff confirmed
that this formula is cited exactly in this form in a more recent edition of Avallone and Baumeister
(1996). CRWMS M&O (2000) also considered another simpler technique, the Goodman
technique (Goodman Equipment Corporation, 1971), for calculating the rolling resistance. The
Goodman technique results in much higher values of rolling resistance than the Davis formula
and does not account for aerodynamic drag. For instance, within a speed of 8 to 64 km/hr
[5 to 50 mph], the Davis formula returns rolling resistance values for the transporter alone
ranging from 4,286 to 7,818 N [963.5 to 1,757.5 lb] while the Goodman technique returns a
constant value (regardless of speed) of 39,233 N [8,819.6 lb]. The Davis formula for rolling
resistance was considered the most accurate for calculation of runaway transporter rolling
resistance by CRWMS M&O (2000). In addition, CRWMS M&O (2000) considered two other
equations that can be used to compensate for lower observed resistance values at increased
speeds above 64 km/hr [40 mph]. These equations are known as the Tuthill equation
(Avallone and Baumeister, 1987, Eq. 11.2.12) and the Canadian National Railway equation,
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(Avallone and Baumeister, 1987, Eq. 11.2.13). These equations are expected to result in less
rolling resistance than the Davis formula; however, the resulting velocities derived from these
equations were not provided in CRWMS M&O (2000).

CRWMS M&O (2000) derived a value for curve resistance based on a general formula from Air
Brake Association (1975). Note that all curves in the proposed site, where a tip-over was
considered likely, have a 305-m [1,000.6-ft] curve radius. CRWMS M&O (2000) derived a
curve resistance value of 28.1 N/MT [5.73 lb/ton] for a 305-m [1,000.6-ft] curve radius.
CRWMS M&O (2000) also estimated the general curve resistance based on a formula
developed by Goodman Equipment Corporation (1 971 a), which produces a curve resistance of
11.8 N/MT [2.40 lb/ton]. This result (which is intended to be combined with the Goodman
equation for rolling resistance) is much lower for specific curve resistance than the Air Brake
Association results. CRWMS M&O (2000) combined the Davis rolling resistance with the Air
Brake Association's curve resistance into a total resistance formula and, thereafter, referred to it
as standard resistance.

3.2.1.3.2 Tip-Over Speed

To calculate the speed at which the transporter would tip-over, the tip-over moments, which act
on the transporter while traversing a curve, were summed by determining the centrifugal force
applied to the center of gravity of all transporter components. According to CRWMS M&O
(2000), the tip-over speed of the transporter was derived as 114.67 km/hr [71.25 mph] based on
a curve radius of 305 m [1,000.6 ft]. Note that a smaller radius of curvature would result in
reduced tip-over speeds. CRWMS M&O (2000) considered any speed within 10 percent of the
calculated tip-over speed is sufficient to cause a tip-over.

3.2.1.3.3 Transporter Runaway Speed

After estimating the total train rolling and curve resistance, a stepwise integration technique was
used to derive the final speed for the transporter train in each runaway scenario, as provided in
Table 3-1. Note that final speed points shown were considered to be the point of maximum
runaway speed for each scenario.

CRWMS M&O (2000) only provided runaway speeds based On standard resistance
assumptions. No values for final speed with Goodman and frictionless conditions for these
scenarios were provided. Results of this analysis using standard resistance assumptions
indicate there is a potential hazard of a tip-over during a runaway transporter train in the
North Ramp.
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Table 3-1. Derived Final Velocities for Scenarios 1, 2, 3, and 4 (CRWMS M&O, 2000)

Scenario 1 2 3 4

Final velocity point along ramp
(Refer Figure 3-1) D G K M

Maximum final velocity 111.0 km/hr 128.2 km/hr 102.5 km/hr 110.4 km/hr
(standard resistance) [68.94 mph] [79.6 mph] [63.7 mph] [68.6 mph]

Velocity compared to tip-over speed Within Less than Within
of 114.67 km/hr [71.25 mph] 3 percent Greater 11 percent 4 percent

Tip-over potential Yes Yes No Yes

3.2.2 Standard and Dynamic Braking Conditions

CRWMS M&O (2000) used Newtonian analysis to determine the likelihood of a wheel locking up
on the transporter train. Any locking up of wheels would significantly increase the stopping
distance. Wheel lock-up is a concern because it could be an initiator for a runaway situation. At
the tip-over speed of 114.67 km/hr [71.25 mph], the transporter train would require a distance of
2,518 m [8,261 ft] at 13-percent brake ratio and 321 m [1,053 ft] at 60-percent brake ratio, to
stop after applying of the emergency brake. A supplemental brake system, such as
axle-mounted supplemental disk brakes (a redundant safety feature), was not considered in this
analysis because the design of the transporter system is evolving. If a supplemental brake
system is included in the transporter system as the design evolves, effects of this brake system
should be evaluated.

3.2.3 Analysis of Derailment Conditions

CRWMS M&O (2000) discussed various suboptimal track conditions that may lead to
derailment, such as twisted track, track misalignment, track hunting, and rail integrity failures
(Blader, 1990). Track hunting is caused by harmonic, oscillatory motions of the train wheels as
they pass down the tracks at speeds that induce harmonic motions of the train cars, such as
swaying, twisting, or rolling down the tracks. This cyclic stress loading !eads to long-term rail
integrity failures caused by crack growth and propagation from internal defects in the rails. The
Federal Railroad Administration has studied the causes for railcar harmonic motion
(U.S. Department of Transportation, 1998) and has found that cars with a relatively high center
of gravity riding on half-staggered, bolt-jointed rails can exhibit this motion at relatively low
speeds of 16 to 32 km/hr [10 to 20 mph]. CRWMS M&O (2000) suggested that the transporter
should avoid operations in the speed range of 16 to 32 km/hr [10 to 20 mph]. Normal operating
speed of the transporter is limited to 8 km/hr [5 mph]. Therefore, track hunting is not a credible
cause for derailment.

CRWMS M&O (2000) gave details of a mathematical evaluation of the possibility of wheel
derailments using the Nadal criterion (Blader, 1990). The Nadal criterion assumes a simplified
set of equilibrium forces at the wheel-rail interface, which can be calculated based on
observable physical properties of the system. Using the Nadal criterion, CRWMS M&O (2000)
found no derailment potential for runaway Scenarios 1 through 4, as previously described.
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Therefore, CRWMS M&O (2000) suggests the transporter would only derail in runaway
conditions when the rails and wheels are extremely worn from lack of proper maintenance.

3.3 Staff Evaluation

3.3.1 Maximum Runaway Speed

Staff consider the runaway scenarios analyzed in CRWMS M&O (2000) to be reasonable
because they encompass the steepest and longest portions of the North Ramp, which are more
than 2 km [1.24 mi] long and have a downward grade of greater than -2 percent. Staff also
considers the likely tip-over locations to be well founded and well defined. Additionally, the
analysis methodology used is consistent with industry practice.

Staff evaluated the methodology used by CRWMS M&O (2000) for calculating the transporter
tip-over speed and found it to be consistent with accepted industry and engineering practices.
Data used by CRWMS M&O (2000) in analyzing the tip-over speed are reasonable. The fact
that CRWMS M&O (2000) considered the transporter train to be a rigid body for these
calculations is reasonable because the design is still evolving. A spring suspension may or may
not increase the estimated tip-over speed depending on its design. Additionally, consideration
of the suspension system of the transporter system would considerably complicate the tip-over
calculations. Staff agree that it is reasonably conservative to assume a tip-over would occur at
runaway speeds within 10 percent of the calculated tip-over speed.

Staff independently verified the calculated maximum transporter speed, as given in
CRWMS M&O (2000). Staff also investigated the effects of using Tuthill and Canadian National
Railway rolling resistance formulas to estimate the rolling resistance instead of the Davis
formula. Although use of these equations produces higher runaway speeds, the difference is
less than 3.5 percent and, therefore, negligible. Additionally, staff investigated use of 448 tonne
[441 ton] as the weight of the transporter instead of the design weight of 434 tonne [427 ton].
Lower weight would tend to decrease curve resistance and, as a result, increase the runaway
speed and tip-over potential for all four scenarios. In addition, staff also analyzed the effect of
higher (0.5 kg/MT/degree [1 lb/ton/degree]) curve resistance used by CRWMS M&O (2000),
instead of 3.9226 N/MT/degree [0.8 lb/ton/degree] given in Avallone and Baumeister (1996), on
runaway speed. Lower curve resistance would increase the runaway speed in curved areas of
the track by only approximately 1 percent. Combined effects of lower transporter weight and
higher curve resistance assumed in CRWMS M&O (2000) result in an insignificant increase of
speed by only 0.2 km/hr [0.1 mph]. Therefore, staff conclude that the analysis presented in
CRWMS M&O (2000) is robust. Although the DOE analysis (CRWMS M&O, 2000) did not
include results for Goodman and frictionless resistance, the staff's independent analysis shows
that the standard resistance results lie reasonably between these boundary conditions.

Based on the previous observations, staff conclude that assumptions used in identifying the
transporter train runaway hazard are defensible, well defined, and have adequate technical
bases, in accordance with Acceptance Criterion 1 of Section 2.1.1.3.3 of NRC (2003).
Additionally, methods used to identify potential runaway situations are adequately quantified.
However, CRWMS M&O (2000) did not consider seismic activity as an initiating event for
transporter tip-over. A seismic event during the emplacement period may damage the
supporting structures, such as the rail track, which could lead to increased probability of
derailments or tip-over. Similarly, an onsite power failure may result in derailment or tip-over of
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the transporter. Department of Energy (DOE) should consider initiating events, such as seismic
activity or power failures, as contributing factors to tip-over conditions in future analysis.

3.3.2 Standard and Dynamic Braking Conditions

CRWMS M&O (2000) used analysis techniques for calculating the braking distances and
determining the braking ratios and net braking forces, as specified in Association of American
Railroads (1999). Additionally, emergency braking conditions and brake characteristics were
based on information provided in Air Brake Association (1975, p. 11-13) and Avallone and
Baumeister (1987, p. 11-35). The data and analysis techniques used were appropriate to
determine the transporter stopping distances for normal and emergency braking conditions.
Brake ratios were taken from relevant industry data. However, a reevaluation of braking
distance may be needed once the transporter design is complete. Stopping under suboptimal
track conditions (worn track) and stopping with less than a full complement of operational
primary brake shoes should also be considered when the design and operational aspects of the
transporter system are complete.

3.3.3 Derailment Conditions

The analysis given in CRWMS M&O (2000) used relevant data for determination of derailment
conditions. Appropriate industry standard techniques (i.e., the Nadal criterion) were used in the
analysis. The derailment forces calculated for the four runaway scenarios were below those
required to cause an actual derailment. CRWMS M&O (2000) noted, however, that the Nadal
criterion does not take into account dynamic effects, such as track hunting, sway, or other
dynamic phenomenon that may increase the likelihood of a derailment. However, as discussed,
track hunting will not be a credible hazard if the transporter train is operated at a speed not
exceeding 8 km/hr [5 mph]. Additionally, as discussed before, CRWMS M&O (2000) did not
consider any natural events, such as an earthquake or power failure. These potential
derailment conditions should be considered when the transporter design is mature.
Additionally, the operational procedures for the transporter system should include an
appropriate track maintenance plan to prevent excessive wear or misalignment conditions that
could lead to a derailment.
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4 RUNAWAY FREQUENCY ESTIMATES USING FAULT TREE ANALYSIS

4.1 Introduction

This chapter deals with the review of determination of the probability of a runaway transporter
train or an uncontrolled descent along the North Ramp, as given in CRWMS M&O (2000). The
consequence of an uncontrolled runaway transporter would be derailment or partial tip-over
(with wall impact). Both accident scenarios can potentially damage the waste package.
CRWMS M&O (2000) used the fault tree analysis technique to determine the probability of a
transporter runaway. Also, CRWMS M&O (2000) evaluated the capability of certain additional
safety features to reduce the probability of a runaway situation. Staff reviewed the information
presented in CRWMS M&O (2000) and other relevant documents (CRWMS M&O, 1 997a,b)
using the review method delineated in Section 2.1.1.3.3 of NRC (2003). This review focused on
the use of appropriate methodology and data associated with evaluating the probability of a
runaway event. In addition, staff independently reviewed the fault tree analysis to confirm the
results and to determine the sensitivity of the output to alternate situations not considered in the
analysis. The assessment by the staff is summarized below.

4.2 Overview of DOE Analysis

CRWMS M&O (2000) revised and expanded previous fault tree studies (CRWMS M&O,
1997a,b) to determine the transporter runaway probability after incorporating several safety
features. One of the goals of the analysis presented in CRWMS M&O (2000) is to reduce the
annual frequency of occurrence below than 10-6 events (i.e., Category 2 frequency limit
assuming 100 year as the preclosure period) so that a runaway event can be eliminated from
further consideration.

CRWMS M&O (1997a) used actuarial data from accidents involving commercial railway and
mine locomotives to develop four different estimates of the transporter runaway probability. The
estimated probabilities ranged from 7.75 x 1 0-5 to 4.71 x 1 0- events per year with a median of
6.04 x 10-4 events per year. An analysis of causal factors show that approximately half of the
runaway accidents in both commercial railway and mine haulage databases could be attributed
to human-initiated events (48 percent in commercial railway and 68 percent in mine haulage).
Therefore, CRWMS M&O (2000) investigated additional safety features that could reduce the
likelihood of operator error.

Objectives of the fault tree analysis presented in CRWMS M&O (2000) are to

* Determine if the transporter system, as currently envisioned, will pose an unacceptable
hazard of a sustained runaway event (wherein the operator fails to recover after
initiation) with a probability of greater than Category 2 frequency limits

* Select design features that could be added to the transporter to reduce the probability
of initiation of a runaway event and to determine the extent that these features may
reduce the probability of the initiation of a runaway event
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* Determine the design features that could be added to the transporter to help the
operator recover control/braking after the initiation of a runaway event and to quantify
the extent to which these features improve the likelihood of operator recovery

The fault tree analysis presented in CRWMS M&O (1 997b) has a top-level event, "Runaway
occurs on North Ramp," which was derived from the probability of occurrence of two lower. level
events-"Runaway Initiated" and "Failure to Apply Brakes After Runaway lnitiation"-as shown in
Figure 4-1. The "Runaway Initiated" fault tree derived the probability for initiation of a runaway
transporter event from both human error and mechanical failures. The "Failure to Apply Brakes
After Runaway Initiation" fault tree derived the probability of failure to stop the runaway event by
human operators or due to a failure of mechanical safety systems. Both lower-level events
must occur ("And" gated) for the top-level event to occur in this case. The results of the
previous studies indicated that the annual probabilities of "Runaway Initiated" was 2.28 x 10'
"Failure to Apply Brakes After Runaway Initiation" was 2.58 x 10' (CRWMS M&O, 1997b). The
product of these two event probabilities is the probability of an uncontrolled runaway occurrence
on the North Ramp, which is 5.88 x 1 O' per year. This probability roughly corresponds with
runaway probability based on actuarial data (6.04 x 10-4 events per year) and- is still larger than
the Category 2 limit of 1.0 x 1 0-6 events per year.

Figure 4-1. Top-Level Fault Tree for Runaway Transporter (CRWMS M&O, 1997b)
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4.3 Fault Tree Analysis With Additional Design Features

CRWMS M&O (2000) provided additional fault tree analyses to demonstrate the extent to which
the transporter runaway probability could be reduced by adding supplemental design and safety
features to the basic transporter design. The safety-enhancing features investigated to reduce
the frequency of the "Runaway Initiated" fault tree are (CRWMS M&O, 2000)

* An electronic interlock to ensure the dynamic brakes are engaged before the operator
can start the train down the North Ramp.

* An alarm to alert the operator when the train speed exceeds the normal range
during descent.

* A control system to automatically actuate the service brakes during normal descent
(speed controller), with human operators providing backup actuation.

CRWMS M&O (2000) evaluated the effects of each of these safety enhancements and
combinations of them by modifying the fault trees "Runaway Initiated" and "Failure to Apply
Brakes After Runaway Initiation" presented in CRWMS M&O (1 997b). Table 4-1 shows the
effect of the safety features for reducing the probability of runaway initiation in the fault tree
titled "Runaway Initiated".

Table 4-1. Effects of Safety Features for "Runaway Initiated" Fault Tree
(CRWMS M&O, 2000)

"Runaway Initiated" Probability
Design Feature for Aiding Operator (events per year)

Manual control (baseline transporter design) 2.28 x 10-1

Speed controller 2.28 x 10-1

Speed alarm 4.47 x 10-4

Dynamic brake interlock 4.02 x 10-4

Alarm and interlock 4.01 x 10-

Alarm and speed controller 4.56 x 10-5

Interlock and speed controller 7.53 x 10-7

Interlock, alarm, and speed controller 7.37 x 10-'°

The last three safety feature combinations listed in Table 4-1 have sufficiently low probability
that, when they are "And" gated with the original probability for "Failure to Stop", the resulting
top level probability for a runaway transporter is less than 1.0 x 1 O'6 events per year.

CRWMS M&O (2000) also evaluated the effects of safety features added to the baseline
fault tree of "Failure to Apply Brakes After Runaway Initiation" that had been derived in
CRWMS M&O (1 997b). The safety enhancing design features investigated to reduce the
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frequency of "Failure to Apply Brakes After Runaway Initiation" fault tree are
(CRWWMS M&O, 2000)

* A device to automatically actuate the emergency brakes during excessive speed.

* A redundant and diverse brake system on the transporter and locomotives that would
include an additional set of hydraulic disk brakes applied to the wheel axles. This
system would provide redundant backup to the transporter's locomotive air brakes.

The automatic emergency brake adds controls to sense a runaway situation and automatically
apply the emergency brakes. The redundant brake system would consist of a hydraulically
controlled disk brake system that supplements the standard air brake system in case of air
brake failure. Effects of adding these systems are shown in Table 4-2.

Table 4-2. Effects of Safety Features for "Failure to Apply Brakes After Runaway
Initiation" Fault Tree (CRWMS M&O, 2000)

"Failure to Apply Brakes After Runaway
Initiation" Probability

Design Feature for Applying Brakes (events per year)

Manual actuation air brake (baseline) 2.58 x 10-3

Automatic emergency brake 8.10 x 10-5

Redundant (Diverse) braking system 2.50 x 10-3

Automatic emergency brake and 4.20 x 10-7
redundant (Diverse) braking system

Note that because the "Failure to Apply Brakes After Runaway Initiation" probability is
dominated by the probability of a human failure to apply the brake, use of a redundant braking
system alone does not improve the probability of failing to stop during a runaway situation.
Addition of an automatic emergency brake, however, reduces the probability of human error
and, as such, significantly improves the chances of stopping during a runaway situation. In the
case where both safety features are added to the transporter, the "Failure to Apply Brakes After
Runaway Initiation" probability is less than Category 2 frequency limit.

There are a variety of combinations of the safety features described above that could be
incorporated into the transporter system to reduce the probability of a runaway event on the
North Ramp to below Category 2 limits. Table 4-3 shows the results of a variety of
combinations of added transporter safety features for both reduction of runaway initiation and
decreasing the probability of "Failure to Apply Brakes After Runaway Initiation" after initiation.
A speed alarm alone is apparently very effective at lowering the probability of runaway because
it directly decreases the probability of human error, which dominates the failure probability
calculation. Ultimate selection and incorporation of these features will be decided as specific
design details of the transporter system are developed.
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Table 4-3. Estimated Runaway Frequency for Different Safety Feature Combinations in
"Runaway Occurs on North Ramp" Top Event (CRWMS M&O, 2000)

Resultant Frequency of
Added Design Features Runaway (events per year)

Manual control and manual emergency brake (baseline) 5.88 x 10-4

Speed alarm only 1.18 x 10-7

Dynamic brake interlock only 1.95 x 10-9

Speed alarm and automatic emergency brake 3.69 x 10-9

Dynamic brake interlock and automatic emergency brake 6.13 x 10-1

Automatic emergency brake only 1.85 x 10-5

Automatic emergency brake and redundant air/hydraulic brake 9.59 x 10-8

4.4 Staff Evaluation of Runaway Fault Tree Analyses

4.4.1 Methodology

Staff reviewed the selection criteria for assignment of probability to baseline events in the
analysis. Failure rate data selected are generally appropriate for the transporter system, in
accordance with the Acceptance Criterion 3 of Section 2.1.1.3.3. of NRC (2003). However, staff
have concerns about some of the failure rate data assumed in the analyses. CRWMS M&O
(1997b) assigned a value of 5.5 x 10- failures per descent for alarm system failure based on an
average of 0.55 hours for a single descent. However, this value of 5.5 x 1 0-7 should be
multiplied by assumed events (or descents) per year, based on a maximum emplacement rate
of 524 waste packages in a year, to estimate the annual frequency of failure of the alarm
system.

Additionally, CRWMS M&O (2000) considered only point estimates for data used as input to the
analysis and neglected any uncertainties associated with the failure probabilities: Acceptanbe-
Criterion 3 in Section 2.1.1.3.3 of NRC (2003) requires that the uncertainties associated with the
frequency of probability estimates should be quantified. Therefore, future analysis should
consider uncertainties with the input data and their effects on the estimated runaway frequency.

4.4.2 Concerns About Fault Tree Analyses and Staff's Independent
Assessment

The fault tree analyses presented by CRWMS M&O (2000) are based on prior work
(CRWMS M&O, 1 997a,b). Staff reviewed these baseline fault tree analyses presented in
CRWMS M&O (1997a,b) to assess the derivation of the probabilities used in these studies and
to determine if the fault tree logic was correctly implemented. In addition, staff also conducted
some independent fault tree analyses to resolve concerns related to the transporter system.
Staff used the SAPHIREe software (Idaho National Engineering and Environmental Laboratory,
1998) to develop the fault trees. Results of this independent assessment are discussed below.
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4.4.2.1 Speed Controller Induced Runaway

In CRWMS M&O (2000), a runaway event initiated by a hardware failure is "And" gated with a
failure of the automatic speed controller. Although staff could not find any data specific to
speed controllers for locomotives, automotive accidents have been reported in which the speed
controller had initiated a runaway condition, leading to an accident (Anderson, 2003). Staff
estimated the probability for a speed control initiated runaway based on a National Highway
Traffic Safety Administration study on data collected from 1979 to 1987 for a population of
4.7 million cars and 2,782 accidents caused by sudden cruise-control acceleration during that
time period (Anderson, 2003):

(2,782 accidents) / (9 year period) x (4.7 million cars) = 6.56 x 10-5 accidents per year

The probability for speed controller initiated runaway is now included in this fault tree, as shown
in Figure 4-2, and is "And" gated with the possibility of human operator not responding to this
situation from the fault tree analysis. This scenario was evaluated using the SAPHIREO
program. The resultant top-level event probability for this fault tree is 7.30,x 10-9 (one order of
magnitude greater than the CRWMS M&O probability of 7.36 x 10-10 estimated by CRWMS
M&O, 2000). Also, note that the speed control runaway is "And" gated with the probability of the
operator failing to respond to a speed alarm, which further lowers the runaway probability.
Consequently, staff feel that DOE should look into the possibility that a failure of a speed
controller can initiate a runaway event and, therefore, investigate the possibility that it should be
"Or" gated instead of "And" gated, as shown in Figure 4-1.

4.4.2.2 Communications Link Failure Probability

Staff have concerns about the zero probability assigned to a communications link failure event
in the "Failure to Apply Brakes After Runaway Initiation' fault tree (CRWMS M&O, 1 997a).
CRWMS M&O (2000) assumed that the communications link would remain operable
throughout the descent because the train would not proceed into the proposed repository unless
the communications link was operational at the beginning of the trip. CRWMS M&O (1 997a),
however, stated that if a spurious signal in the communication system initiated a runaway event
["Runaway Initiated by Malfunction in Communication System" on Page 1 of Attachment I of
CRWMS M&O (1997b)], the conditional probability of 1.0 might be approqpriate-for the "Failure of
Communications Link: Main Control Room to Train" event (CRWMS M&O, 1997a).
CRWMS M&O (1997a) used a probability of zero for the "Failure of Communications Link: Main
Control Room to Train" event in all the analyses. There is a possibility, however, that
safety-critical information may be transmitted through the link, either to the operator or directly to
one of the safety systems, during descent through the North Ramp. Therefore, the possibility
for communications link failure during descent should be considered in the fault tree analysis.

To address the concern about the communications link failure, staff used SAPHIRE software to
develop the original "Failure to Apply Brakes After Runaway Initiation" fault tree and confirmed
that the top-level failure frequency is 2.58 x 10-3 events per year. Staff conducted another
analysis with the failure rate of the communications link changed from 0.0 to 1.0 events per
demand because the failure of the communications link could initiate a runaway event by
sending spurious communication signals. Results of the staff analysis are given in Table 4-4,
and the fault tree is shown in Figure 4-3.
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Table 4-4. Results of Staff Analysis of the Effects of Communications Link Failure

Failure Frequency
Event (events per year)

Runaway initiated (baseline) (CRWMS M&O, 2000) 2.28 x 10-1

Runaway initiated (with alarm and interlock) (CRWMS M&O, 2000) 4.01 x 10- 4

Failure to apply brakes after runaway initiation (baseline with 2.58 x 10-3
communication link failure probability = 0.0) (CRWMS M&O, 2000)

Failure to apply brakes after runaway initiation (with communications 5.25 x 10-2
link failure probability = 1.0)

Runaway occurs (baseline) (CRWMS M&O, 2000) 5.88 x 10-4

Runaway occurs (with alarm and interlock, communications link failure 1.03 x 1 0-6
probability = 0.0) _

Runaway occurs (with alarm and interlock, communications link failure 2.10 x 10-5
probability = 1.0)

Staff assume a speed alarm and a brake interlock will probably be added to the transporter
system as safety features to address the high probability of human initiated runaway. With
incorporation of these two features, the probability of a runaway initiation drops from 2.28 x 10'
to 4.01 x 10-4 events per year. In addition, the probability of the top event, "Runaway Occurs"
is now dominated by hardware instead of human failures. Note that the probability for "Failure
to Apply Brakes After Runaway Initiation" fault tree increases by one order of magnitude when
the communication failure probability is increased to 1.0. Possibility of communication failure
during descent increases the overall probability of a runaway event to above the Category 2
level of 1 x 10' per year even if an alarm and an interlock are included in the transporter.
Therefore, staff conclude that the effects of the failure of the communications link should be
considered for further investigation.

q.4.2.3 Additiona! Staff Analyses

As part of the review, staff conducted additional independent fault tree analyses with alternate
scenarios. The top event frequency using these alternate scenarios, however, do not change
significantly to be considered a credible hazard. These analyses are described briefly.

4.4.2.3.1 Potential Common Cause Failures of Supplemental Brake System

Staff investigated whether some common cause failure mode(s) between the supplemental
hydraulic brake and the air brake systems may need to be accounted for in the analysis. Staff
addressed this concern by using the SAPHIREO software to modify the original fault tree to
include a common cause failure mode for the hydraulic brakes "And" gated with the hydraulic
brake basic failure rate. A ,B factor of 0.1 was used for the common cause failure mode of the
hydraulic system as commonly assigned to redundant components within redundant systems,
such as the transporter brake systems (CRWMS M&O, 1 997b). It was found that the top level
failure probability was not substantially different from the fault tree without the common cause
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brake failure mode. This is caused by the predominance of the human error failure rate, which
overwhelms the failure rate contribution of the hardware. When a similar modification was
applied to the fault tree with added safety features, as presented in CRWMS M&O (2000), the
top event probability did not increase beyond the Category 2 frequency limit. Therefore, the
staff conclude that common cause failure modes between the diverse braking systems do not
contribute significantly to the hazard.

4.4.2.3.2 Supplemental Hydraulic Brake Control System Reliability

Staff are concerned that the assumption of [Assumption 5.12 of CRWMS M&O (2000)3 that the
supplemental hydraulic brake system control valve having the same failure rate as the primary
air brake system control valve may not be necessarily valid. Staff investigated documented
failure rates in Denson, et al. (1995) to determine to what extent they may be similar and to
what extent the difference may affect the probability outcome.

The reliability data indicated a 50-percent lower failure rate for a pneumatic valve in ground
mobile service and a 20-percent lower failure rate for a pneumalic valve in ground fixed service.
While these numbers may at first seem significant, they have little impact on the top-level failure
rate of the "Failure to Apply Brakes After Runaway Initiation" fault tree. This logic is dominated
by human errors, and any changes to the failure probability of the hydraulic brake system of this
magnitude would have minimal impact on the top-level outcome. When a similar modification
was applied to the fault tree with added safety features, as presented in CRWMS M&O (2000),
the top event probability did not increase beyond the Category 2 frequency limit. Therefore,
staff conclude that the failure rate of the primary air brake system control valve would not have a
significant effect on the top event probability.

4.4.2.3.3 Automatic Speed Detector Failure Probability

CRWMS M&O (2000) assumed that a supplemental automatic speed detection/brake actuation
system has the same failure probability as the service brake control for locomotive #1 and the
transporter. Currently, design details for such a supplemental safety system are unknown, so
CRWMS M&O (2000) used the failure probability of the service brake system because it is likely
that both systems would be of similar complexity. Although both are 2-channel redundant
systems, they are not necessarily similar. If an automatic speed detection /raking system is
included in the transporter system, a fault tree analysis should be conducted for the speed
detection system.

4.4.3 Conclusions of Independent Runaway Fault Tree Analysis

Staff review and independent analyses found that CRWMS M&O (1 997a,b, 2000) used
appropriate methods to identify potential hazards and initiating events, in accordance with
Acceptance Criterion 1 of Section 2.1.1.3.3 of NRC (2003). As discussed preciously, the staff
determined that the failure rate assigned to the alarm system is not appropriate. Additionally, a
zero probability for the communications link failure is not appropriate because spurious signals
in the communication system may initiate a runaway event. In addition, DOE should investigate
whether failure of the speed controller would initiate a runaway event. Staff also found that the
probability of events used in the analysis are generally well defined based on the reference
materials. The analysis did not quantify, however, the uncertainties associated with the
frequency of probability estimates, in accordance with Acceptance Criterion 3 of
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Section 2.1.1.3.3 of NRC (2003). The analysis presented in CRWMS M&O (2000,1997a,b)
considered only point estimates for data used in the analyses. Future analyses should consider
input data uncertainties to determine the sensitivity of top-level events to these uncertainties.

Although probabilities associated with human-induced hazards and initiating events were valid,
supportable, and conservative, the human error probabilities were based on nuclear power plant
operations (Swain and Gultman, 1983). It is unknown at this time how well the failure rate data
from the nuclear power plants would be applicable to the proposed repository at Yucca
Mountain. DOE should have a plan to update the assumed failure rates once site-specific
information is available.
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5 Additional Safety Considerations

CRWMS M&O (2000) briefly described three additional features that were considered to
augment the safety of the transporter system. These features include impact limiters attached
to the waste package transporter, limiting the maximum speed of the transporter based on
waste package impact specifications, and supplementary speed retarders to limit runaway
speeds in an emergency situation.

5.1 Impact Limiters

CRWMS M&O (2000) suggests that a crushable, energy-absorbing material should be
incorporated into the radiological shield inside the transporter as protection for the waste
package against impacts from all directions. Although this crushable layer design would
increase the overall size of the transporter shielding, it would provide substantial protection for
the waste package, whereas standard impact limiters would provide limited protection.

Staff agree that the use of a crushable impact absorbing layer as part of the transporter
shielding would provide increased defense-in-depth for potential collision scenarios; however,
more information about this system would be necessary if this feature is to be incorporated into
the design of the transporter system.

5.2 Normal Operating Speed of Transporters

Goodman Equipment Corporation (1971) and Balco (1998), two mining equipment
manufacturers in the United States, limit the operational speeds of locomotives within the range
of 8 and 16 km/hr [5 and 10 mph] for safety concerns. Mining industry standard procedures
specify 16 km/hr [10 mph] as a maximum standard operating speed within a mine (Code of
Federal Regulations 30 CFR 75, 1998). The speed at which derailments or tip-overs would
occur was previously shown (in Section 3.2.2) to be far in excess of these speeds. CRWMS
M&O (2000) assessed the maximum upper bound of impact speed based on the waste package
specification, which states that the waste package must be capable of withstanding a 2.0-m
[6.6-ft] drop onto its ends, or a 2.4-m [7.9-ft] drop on its side. CRWMS M&O (2000) determined
that the terminal velocity at the end of a 2.0-m [6.6-ft] drop as 22.5 km/hr [14 mph] and a 2.4-m
[7.9-ft] drop as 24.7 km/hr [15.3 riph]. Based on these results, and assuming a frontal impact, a
transporter speed of 8 km/hr [5 mph] provides a safety factor of 2.82, based on a 2-m [6.6-ft]
drop height. Therefore, CRWMS M&O (2000) suggested that a maximum operational speed to
be limited to approximately 8 km/hr [5 mph]. Staff agree that a maximum operational speed of
approximately 8 km/hr (5 mph) is acceptable for the existing transporter design.

5.3 Uncontrolled Descent Mitigation

CRWMS M&O (2000) discussed the possible use of two systems to slow down or stop the
transporter in the event of an uncontrolled descent. Speed retarders are commonly used in rail
yards to slow down the descent of individual cars. One type of retarder consists of small,
hydraulic piston actuators (similar to a shock absorber) that are mounted in sets directly to the
tracks. As the train car wheels roll over the units, the piston is retracted, and a resistance force
is applied to the wheels to slow cars moving above a speed set by the manufacturer. Another
type of speed retarder consists of pneumatically actuated braking shoes that grab the car
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wheels when they are actuated. Additionally, magnetic track brakes are capable of deceleration
rates of 2.46 to 3.58 m/s2 [8.07 to 11.75 ft/s2], as cited in Air Brake Association (1975, p. V-22).
During an uncontrolled situation, magnetic force is applied by permanent magnets or
electromagnets to slow the railcar as it passes over the unit. The principal limitations of speed
control units are that power may be required in the form of compressed air (pneumatic actuated
units) or electricity (electromagnetic units) and they are complex systems that require regular
maintenance. CRWMS M&O (2000) concluded that either magnetic or hydraulic piston types of
retarders could be installed in the ramps to help prevent uncontrolled runaway descents.

Staff review shows that the speed retarder would provide additional safety for the transporter
system; however, an analysis of the failure modes and effects of a speed retarder system
should be performed if this feature is to be included in the final design.
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6 SUMMARY AND CONCLUSIONS

CRWMS M&O (1 997a,b, 2000) presented the results of a preliminary evaluation of the potential
hazards of a tip-over and derailment of a transporter train while descending the North Ramp.
CRWMS M&O (1997a,b) used actuarial data for accidents involving commercial railway and
mine locomotives to estimate the runaway probability of a transporter. The estimated
probabilities ranged from 7.75 x 10-5 to 4.71 x 10-3 events per year with a median of 6.04 x
10-4 events per year. Additionally, CRWMS M&O (1 997b) carried out a fault tree analysis to
provide an estimate of the runaway probability independent of the actuarial data. Moreover, a
methodology to examine the design and operational features of the transporter system that can
prevent or mitigate a runaway event was also demonstrated. The fault tree analysis produced a
runaway frequency close to that the actuarial data. Additionally, the probability of a runaway
event is largely dominated by operator error. Therefore, CRWMS M&O (2000) investigated
additional safety features that could reduce the likelihood of operator error.

Staff review found that the technical basis and methods used for the analysis are justifiable and
appropriate for the transporter system and are consistent with industry standards.
CRWMS M&O (2000) has used appropriate bounding values of the parameters used to
determine the speed of the transporter. Defensible technical bases have been provided.
Bounding calculations are adequate for runaway speed analysis because the design of the
transporter system is still evolving. Potential human errors while operating the transporter
system have been adequately identified. Additionally, probability estimates of human reliability
used in the analysis were adequately justified.

Independent staff analyses demonstrated that additional scenarios should be investigated
further by DOE. These scenarios are enumerated below:

1. DOE should investigate whether spurious signals in the communication system can
initiate a runaway event of the transporter train while descending the North Ramp.

2. DOE should investigate whether failure of the speed controller could potentially initiate
a runaway condition of the transporter train.

3. DOE should address uncertainties associated with the failure rates and propagate the
uncertainties through the fault tree analysis.

4. DOE should consider any other events that may initiate a potential derailment or
runaway of the transporter train, such as a seismic event or a power failure. These
events may increase the likelihood of a derailment.

It is currently unknown if failure data (e.g., failures of the locomotive electrical or
communications systems) from the nuclear power plants would be directly applicable to the
proposed repository at Yucca Mountain. DOE should have a plan to collect site-specific failure
data and update the assumed values, if necessary.
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