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1.0 INTRODUCTION

As part of the National Maglev Initiative (NMI), the Federal Railroad
Administration (FRA) solicited proposals to conceptually define the technical feasibility,
performance and costs of constructing and operating Maglev systems in the United
States. Four teams were selected to prepare System Concept Definition (SCD)
documents for their respective designs:

d Magneplane
. Foster-Miller
o Grumman

. Bechtel

The FRA requested support from the Volpe National Transportation Systems
Center (VNTSC) to conduct a system safety review of each of the SCDs. Current FRA
regulations are primarily technology-specific and based upon years of steel wheel, steel
rail operating experience.

Because the design of maglev systems is still in the conceptual phase, detailed
design information is not presently available. However, top level safety analyses can be
prepared and were required as part of each contractor's SCD. FRA requirements for
each SCD included definition of a system safety program and preparation of a
structured hazard analysis. The system hazard analysis was to address the following!:

. Loss of system power
. Loss of control and/or communication system
. Loss of levitation or guidance

° Loss of guideway integrity
° Guideway obstruction

° Fire

. Evacuation and rescue

. Levitation/guidance/magnet failure

° Operation restrictions

. Manual override, security and training
. Maintenance of safe headway.

In addition, the following safety related criteria, listed in Exhibit 1-1, were
referenced in the Request for Proposals (RFP) for System Concept Definitions.

1 Maglev System Concept Definition, Feb. 20, 1991, Section C, 5.3 DTFR53-91-R-00021
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EXHIBIT 1-1
Maglev System Criteria
Related to Safety

SCD RFP
S.0.wW.
SECTIONC

SCD REQUIREMENTS |
RELATED TO SAFETY

3.1.1(d)

3.1.1(e)

3.1.1(h)

3.1.1(g)

3.1.1(h)

3.1.1()

3.1.1(m)

3.1.2(b)

3.1.2(c)

3.1.2(d)

3.1.2(e)

Noise and
Vibration

Magnetic Fields

Woeather

Controls

Safety

Communications

Human Factors

Braking System

Structural Integrity

On-Board Power

Emergency
Systems

(OG) The noise and vibration produced by total system cperation should be

designed to meet existing Federal standards and industry practices, as
appropriate, for stationary facilities such as maintenance areas and stations.
Noise and vibration produced by the vehicle traversing the guideway should be
minimized. Potential noise and vibration impacts and possible mitigation
metheds in urban areas should be given special attention. i

(DG) Human exposure to steady and fluctuating magnetic fields shall be
minimized and consider current research findings.

(DG) Operation compatible with all common U.S. weather conditions (e.g., wind,
snow, rain, fog, icing, heat, lightning, etc.) with minimal degradation in system
performance.

(MR) All controls must be fully automated and fail-safe. (DG) A central facility
will operate the system, receiving and integrating data regarding the status and
intagrity of all vehicles and guideways, the locations of all vehicles, guideway
power requirements, vehicle routing requests, etc. (MR) The system control
software must also be fail-safe, equivalent to the level of reliability defined by the
Federal Aviation Administration (FAA) for flight control software for military and
civilian aircraft. See Federal Aviation Regulation 25.1309, Amendment 25-23
and Advisory Circular 25.1309-1.

(MR) A system safety plan must be included which discusses possible tailure
modes, human operation considerations, evacuation procedures, system restart,
equipment and software availability, safety inspections, consequeqces of
vandalism and traspassing, etc. The central control facility will log all operations
and communications for subsaquent analysis in the event of a failure.
Consideration must be given to safe use of materials and construction methods,
and to the safety of other users of the rights-of-way.

(DG) The system will include provisions for non-vital voice, data, and video
communication capability.

(DG) Human factors considerations, including the operator, passengers and
maintenance considerations shall be evidenced in the design.

(MR) Vehicles must have redundant braking systems which are fai‘l-safe.
Normal braking of up to 0.2g should be considered. ‘

(MR) Vehicles must safely withstand high-speed impacts with small objects such
as birds, debris, snow and ice. Vehicles must also have adequate fatigue lite
and low-speed crash worthiness and shall sustain only minimum damage in a
2.2 m/s (5 mph) impact. ‘

{DG) All power for normal hotel functions, controls, levitation, etc. should be
transferred from the guideway. (MR) The Vehicle must be equipped with
emergency power for cperation, as appropriate within the system safety plan.

{MR) Vehicles must include emergency systems for fire fighting, lighting, HVAC,
evacuation, communication, etc. as appropriate within the system safety plan.

{DG) - Design Goal
(MR) - Minimum Requirement
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EXHIBIT 1-1 (Continued)

SCD REQUIREMENTS
RELATED TO SAFETY

(MR) The system shall include instruments which monitor the integrity of the
guideway (presence of debris, snow and ica, misalignmaent or deterioration of
guideway, etc.) and the status of on-board systems (propulsion, levitation,
guidance, power, safety, etc.). Data acquired should be recorded and fully
integrated into vehicle and overall-system controls to allow appropriate response
in emergency and normal operations. In normal operations, vehicles will be
monitored or controlled from a central facility. Howsevaer, vehicles will include
manual controls for emergency and maintenance cperations.

(MR) Civil structure (foundation and structure supporting the guideway) shall
have a minimum 50-year life. Consideration shall be given to structural integrity
under earthquake and high-wind conditions.

{MR) The system shall include instruments which monitor guideway integrity
(presence of debris, snow and ice, misalignment or deterioration of guideway,
etc.), the status of its subsystems (propulsion, levitation, guidance, power,
entries/exits, etc.) and the locations and velocities of all vehicles. Data acquired
should be fully integrated into guideway and overall-system controls to allow
response in both emergency and normal operations.

(MR) Design of tunnals shall address issues of comfort, noise and safety, with
special attention to vehicle entry and passing vehicles.

(MR) Superslavated (banked) guideways must provide for safe oparation of
vehicles at all speeds from zero to the maximum design speed of the curve.
Emergency evacuation must be possible from vehicles stopped in a curve.

The contractor shall, as a minimum, address following elements:

Levitation and guidance systems including magnet design and configuration,
cooling, control system requirements, power requirements, and failure modes.

Structural daesign considerations, including weight and crash worthiness
considerations.

Braking system, including regenerative, aerodynamic, mechanical or other
suitable means.

Active and/or passive banking, including the minimum horizontal and vertical
radii of curvature as a function of vehicle velocity.

Aerodynamics, including calculated internal and external noise intensities, and
innovative design techniques to reduce drag and/or noise.

Civil structural elements, including piers, footings, columns, spans and materials
used and adjustability of structure to maintain required alignment.

Maglev active/passive elemants, including propulsion, guidance and levitation
system components, mounting and means of alignment adjustment, and
optimum material properties.

Alignment tolerances, and sources of disturbances (expansion gaps, thermal
distortion, warpage, differential settlement of substructure, wear, etc.).

SCD RFP
S.0.W,
SECTIONC
3.1.2(1) Instrumentation
and Controls
3.1.3(a) Structural Integrity
3.1.3(e) Instrumentation
and Controls
3.1.3(1) Tunnels
3.1.3(h) Superelevation
32
3.2.1(a) | Vehicle
3.2.1(c) Vehicle
3.2.1(d) Vehicle
3.2.1(e) Vehicle
3.2.1(1) Vehicle
3.2.2(a) Guideway
3.2.2(b} Guideway
3.2.2(c) Guideway
(DG) - Design Goal

(MR) - Minimum Requirement




EXHIBIT 1-1 {Continued)

SCD RFP SCD REQUIREMENTS
S.0.W. RELATED TO SAFETY
SECTIONC
3.2.2(d) | Guideway —  Entry/ext method, including maximum speeds, impact on headway, physical
size and configuration.
3.2.2(h) Guideway -~ Power requirements, proposed distribution method, lightning protection and
grounding.
3.2.2(i) Guideway - Instrumentation for sensing guideway integrity and vehicle positions.
3.2.3(a) ] System - Communications and control systems, including overall philosophy, principal
Considerations elemaents, software hardware integration and verification and validation
methodology.
3.23(h) | System -~ Retiability plan for assuring satety and high availability, including the major
Considerations subsystems (vehicle, infrastructure, power distribution, communications and

control) and their primary functions (propulsion, levitation, guidanc‘e. braking.
etc.).

(DG) - Design Goal

{MR) - Minimum Requirement

14
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This report documents a review of the four System Concept Definitions (SCDs)
with respect to the system safety process, hazard identification, hazard criticality
assessment, mitigating measures and the proposed validation process to verify hazard
resolution.

1.1  APPROACH TO THE SCD SAFETY REVIEW

The approach used for reviewing the safety programs and hazard analyses
prepared by the SCD contractors was as follows:

. A generic process for implementing a system safety program during the
conceptual design of a new transportation system was defined and
compared to the programs outlined in the SCDs. Each approach was
evaluated with respect to its system safety organization, safety process,
and schedule for implementation.

Each contractor’s system safety approach is reviewed in the first section of
each of the following chapters.

o Each SCD was reviewed to identify how the contractor addressed the
required safety issues:

- Loss of system power

- Loss of control and/or communication system
- Loss of levitation or guidance

- Loss of guideway integrity

- Guideway obstruction

- Fire

- Evacuation and rescue

- Levitation/guidance/magnet failure

- Operation restrictions

- Manual override, security and training
- Maintenance of safe headway.

These safety issues are referred to as "baseline hazards". The "baseline
hazards" were reviewed in a matrix format, as illustrated in Exhibit 1-2.

For each baseline hazard, the contractor's Preliminary Hazard Analysis (PHA) or
similar analysis, was reviewed for accuracy and completeness, and the "resolution” or
"control method" was documented. The remainder of the SCD was reviewed to:

d Identify the design features referenced by the PHA

o Identify the "resolution” or "control method" of hazards adopted by
designers but not covered in the PHA

1-5



. Identify issues, such as hazards that were not addressed, hazard |
classifications that were inconsistent, or ambiguities that the FRA or
contractor may wish to investigate.

The matrices and accompanying text is provided in the second section of each
chapter.

EXHIBIT 1-2
Hazard Matrix

ADDRESSED IN SCD

BASELINE CONCEPT DESIGN
HAZARD PHA REFERENCE PLAN FOR ISSUES
MITIGATING HAZARDS

HOW RESOLVED
N THE

CONTRACTOR'S
PHA

HOW RESOLVED
N OTHER
SECTIONS OF
THE 86B

OPEN ISSUES
©R
COMMENTS

Additional safety issues were addressed as part of the SCD review:
Safety-related items from Exhibit 1-1
Vehicle/Guideway Dynamics

Electromagnetic Interference (EMI)

Guideway Maintenance Operations.

These "additional hazards" are presented in a similar matrix in the third

section of each chapter. Where contractors identified hazards not in either

VNTSC list, they were included with the additional hazards.
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. The emergency response strategy, design features, and advantages and
disadvantages of each approach were reviewed and documented in the
fourth section of each chapter.

1.2  SYSTEM SAFETY PROGRAMS APPLIED TO CONCEPTUAL DESIGN

System safety engineering applies scientific and engineering principles for timely
identification of hazards and initiation of actions necessary to prevent or control
hazards within the system. Effective management and integration of program's
professional personnel are essential to achieve the stated goals of system safety
engineering. The efforts should start at the earliest possible time in the system life cycle
to identify and then eliminate or control potentially unacceptable hazards.

To evaluate each contractor's system safety approach, a model system safety
program, focused on the design phase activities, was defined. It encompassed the
following elements:

. Program Description - A general technical overview of the program and
Maglev system should be provided. This section should provide the basis
for selecting the design safety program tasks.

d Safety Organization and Interfaces - This section should clearly establish
the responsibility, accountability and authority (RAA) for performance of
the safety tasks in the program. It should further explain the functional
interfaces among the various elements having the RAA. An
organizational diagram showing where the safety RAA resides within the
program should be provided.

° Safety Scheduling and Tracking — The master program management
schedule and tracking system should include identified safety tasks and
milestones. It very important that they are included because without
formal management recognition and tracking of safety tasks, they are
easily overlooked under the pressure of high priority issues.

. System Safety Design Specifications — The methods that will be used to
identify and/or set safety criteria for Maglev should be described in this
section. These should include specific references to safety standards and
design specifications that are mandated for the program and also
standards not mandated but which the program intends to use. In
addition, the controls which management will use to ensure compliance
with the requirements should be set forth.

o Safety Analysis — The safety analysis techniques and processes to be used
should be described in this section. Every system concept definition
program should conduct a Preliminary Hazard Analysis (PHA). APHA is
usually the minimum level of safety analysis for an advanced design effort
because the requirements for subsequent safety analyses are based on the
categorization of hazards from the PHA.



This section should also identify any subcontractor responsibilities for
analysis and should establish whether a standard format or procedure is
to be required for the subcontractor.

. Safety Verification - The methods to be used to verify that the level of
safety required for a system or Line Replaceable Unit (LRU) has been met
should be described.

. Training - Training required for engineers, managers, and subcontractors
in safety processes and procedures should be described. Responsibility
for conducting and documenting this training should be established.

. Certification Program - In some complex development programs, such as
Maglev systems, it may be necessary to establish a system of self-audit, or
certification, to ensure that the objectives and requirements of the design
safety program are being met. This section should describe such'an audit
procedure.

1.3 SAFETY ANALYSIS CONSIDERATIONS

Designing for safety entails analyzing the proposed design of systems,
subsystems and Line Replaceable Units (LRU's). Consideration of the effects of their
interfaces and interrelationships with such factors as facilities, support equipment,
operational procedures and environments, and maintenance programs should be
examined. During the design phase, the safety analyses should accomplish the
following: |

o Identify potential hazards and establish appropriate safety criteria
. Assess the design based on safety criteria

. Modify proposed designs to satisfy the criteria

. Demonstrate compliance with the criteria.

These tasks may be accomplished by using four primary analysis tools which are
interrelated. These four tools are the core of the system safety analysis process of
setting criteria, guiding the design, and verifying compliance with the criteria. They are
supplemented, complemented and/or augmented by a variety of other safety activities
and analyses. The four tools are derived from methodology contained in FAA Advisory
Circular 25.1309-1A. The safety process described in this section is intended to be used
as an engineering tool to help verify that a specific design architecture and its
installation in the Maglev train is safe.

The relationship between these four tools is shown in Exhibit 1-3 and discussed
in the following sections. Exhibit 1-4 identifies each design phase and corresponding
analytical tasks and outcomes. Notice that most of the analyses are performed more

than once. The purpose of preliminary analyses is to provide an early means to validate
the system architecture.
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EXHIBIT 1-+4

Outcome of Safety Analyses
PHASE ANALYSIS TASKS RESULT/QUTCOME
SYSTEM CONCEPT « PHA + For a naw design: Safety events of
DEFINITION . Independent Review ‘ concern & numerical safety criteria
+  For an existing design: safety cmoria for
design modifications
DEVELOPMENT +  Preliminary FMECA « Evaluate alternative designs
DESIGN +  Preliminary FTA
PROTOTYPE + Final FMECA, FTA »  Safety-validated design
DEVELOPMENT « Zonal Inspection «  Validation of numerical safety criteria
+« FMECA Validation +  Minimum Equipment List (MEL)
+ PHA Assumptions Validation +  Certification Maintenance Requurements
(CMR) !

1.4 SAFETY ANALYSIS TOOLS

Four safety analysis tools, useful during the design phase, are briefly discussed
below. Each contractor's system safety program should contain a plan to conduct
similar analyses.

1.4.1 Preliminary Hazard Analysis (PHA)

A PHA is a systematic, high-level examination of a proposed system's functions
to identify and classify potential hazards to the Maglev system that the funcnons can
cause or contribute to, not only due to malfunction, but also in normal operatxon A
PHA addresses the vulnerability of system functions; it is not an assessment of any
particular hardware or software design.

A PHA is qualitative and is conducted using experienced engineering judgment.
For functions that are not complex, evidence of satisfactory service experience of similar
functions based on other high speed rail or transit applications may provide sufficient
information. For complex systems, a new formal PHA should be prepared to provide a
thorough evaluation of the system.

The purpose of the PHA is to develop safety design requirements for the system
and establish the framework for subsequent safety analysis and a certification plan It
provides information about potential functional failures and assigns hazard
classifications for each.
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1.4.2 Failure Modes, Effects and Criticality Analysis (FMECA)

A FMECA is a systematic, comprehensive, bottom-up evaluation that analyzes
the effects of potential failures in an LRU or system, as installed, from design data. The
procedure assesses the impact of these failures on system or LRU operation, and
consequently on the operational safety of the Maglev train. Information provided in the
FMECA includes:

. Identification of single-point failures and hazard-level classification,
which should confirm the adequacy of fail-safe design features.

. Identification of potential hazards due to significant multiple failure
conditions involving latent, undetected failures

. Identification of additional analyses, such as fault trees or design changes
which may be required.

. A system overview with a description of the system and its operation,
possibly including schematics.

. Documentation of the effect of significant design changes.

The FMECA, a working document, should be continually refined to reflect the
current status of the system design. The preparation of the analysis should begin early
in the design stages and its refinement should parallel design progression.

1.4.3 Fault Tree Analysis (FTA)

An FTA is an analytical tool used for identifying and properly relating events
which alone or in combination with other events could result in an undesired condition.
It can serve as a mathematical model in determining the probability of a specified
undesired event. The fault tree itself is a top-down graphical representation of the
logical relationships among failure and error events. It provides a concise and orderly
description of the various combinations of possible events within a system which could
result in some predefined undesired event for the Maglev system called the "Top
Event".

"Top Events" can be established from PHAs. Usually, Top Event candidates are
derived from hazards/mishaps classified in the PHA as Category I or II. Like the
FMECA, the FTA cannot be completed until the design is complete. In fact, the FMECA
should be complete before the FTA because the FMECA can provide various detail
system data for the fault tree such as system effects and monitor parameters. However,
a preliminary qualitative fault tree can often provide guidance for decisions about
system architecture early in the design process.
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1.44 Zonal Analysis (ZA)

A ZA is the systematic inspection of the geographic locations of the components
and interconnections of a system, evaluation of potential system-to-system interactions
with and without failures, and assessment of the severity of potential hazards inherent
in the system installation. The ZA can substantiate the FMECA and FTA for the
systems under consideration by verifying that design redundancies are reflected in the
installation and are not violated by single undesired events, including cascadmg or
common-cause events.

1.5 HAZARD CLASSIFICATIONS

The PHA is used to assign hazard classifications and safety criteria and establish
what, if any, additional analyses are required. In order to assign hazard classifications,
a definition of hazard classifications must be stated. MIL-STD-882B is the most widely
used reference for definitions of hazard classifications. The Hazard Severity Categones
identified in MIL-STD-882B are stated here: |

DESCRIPTION CATEGORY MISHAP DEFINITION

CATASTROPHIC ) Death or system loss

CRITICAL n Severe injury, severe occupational illness, or major
system damage.

MARGINAL (] Minor injury, minor occupational illness, or minor
system damage

NEGLIGIBLE v Less than minor injury, occupational illness, or!
system damage i

MIL-STD-882B cautions that "these hazard severity categories provide guidance to a
wide variety of programs. However, adaptation to a particular program is generally required to
provide a mutual understanding between the client and the contractors as to the meaning of the
terms used in the category definitions. The adaptation must define what constitutes system loss,
major or minor system damage, and severe and minor injury and occupational illness.”

Each SCD states that their program will follow the overall approach of MIL-STD-
882B. However, only one SCD provides an adaptation of the general hazard category
wording in MIL-STD-882B. The definitions below are suggested as a standard to
provide consistency in future Maglev safety reviews, and were used to suggest the
classification of hazards when an SCD contractor did not.

The classification descriptions and design standards are derived from those set
forth in FAA Advisory Circular 25.1309-1A. These classifications and standards apply
to airplanes certified by the FAA under Title 14 of the CFR, Chapter I, Part 25 as well as
those certified under the equivalent regulations of other countries. Adoption of Maglev
terminology has been substituted for airplane terminology.

1-12



. Class I (Catastrophic): Hazards/Mishaps which would result in multiple
fatalities, destruction of levitating vehicles, or damage to terminals or
guideway segments such that the effected segments of the Maglev system
cannot operate.

. Class II (Critical): Hazards/Mishaps which would reduce the capability
of the Maglev system or the ability of operators to cope with adverse
operating conditions to the extent that there would, for example, be a large
reduction in safety margins or functional capabilities, extensive damage to
Maglev system equipment, higher workload or physical distress such that
the operators could not be relied upon to perform their tasks accurately or
completely, or adverse effects on the traveling public, including up to a
few severe injuries or, exceptionally, fatalities.

. Class III (Marginal): Hazards/Mishaps which would reduce the
capability of the Maglev system or the ability of the operators to cope with
adverse operating conditions to the extent that there would be, for
example, a significant reduction in safety margins or functional
capabilities, non-disabling damage to Maglev system equipment, a
significant increase in operator workload or in conditions impairing
operator efficiency, or some minor injury, discomfort or danger to the
traveling public.

. Class IV (Negligible): Hazards/Mishaps which would not significantly
reduce Maglev system safety, and which involve operator actions that are
well within their capabilities. Negligible Hazards/Mishaps may include,
for example, a slight increase in operator workload, such as manual train
operation into a station on a line where trains normally operate
automatically, or some inconvenience to the traveling public.

Note that a Catastrophic Hazard /Mishap (Category I) is not quite the same as
the conventional definition of a fatal accident. The latter covers accidents in which as
few as one person is killed (e.g. a fatality where a train strikes a person on the track).
The Catastrophic Category as used here for system safety assessments is in effect a
multi-fatality Hazard/Mishap. It is true that the definition also includes loss of a train
or fixed line equipment, which might sometimes be non-fatal, but in practice usually
involves fatalities.

The Critical Category (Category II) is intended to cover those Hazards/Mishaps
for which the risk of escalation to a catastrophe is potentially high and also those in
which a small number of persons may be seriously injured, or, in exceptional
circumstances, killed.
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16 STANDARD DESIGN CRITERIA
Maglev system functions should be designed and installed so that:

1) PROBABLE mishaps are no more severe than Class IV.
2) Class III and II mishaps are IMPROBABLE, wherein

a) Class III mishaps are at least REMOTE, and

b) Class II mishaps are at least EXTREMELY REMOTE.
3) Class I mishaps are EXTREMELY IMPROBABLE.

PROBABLE mishaps re those anticipated to occur one or more times during the
operational life of each Maglev vehicle.

IMPROBABLE mishaps include REMOTE and EXTREMELY REMOTE mishaps.

REMOTE mishaps are those not anticipated to occur during the entire
operational life of a single random Maglev vehicle. However, they may occur
occasionally during the total operational life of all vehicles in use on a single system.

EXTREMELY REMOTE mishaps are those anticipated to occur rarely, if at all,
during the total operational life of all Maglev vehicles on any one system, but
nevertheless must be considered as possible.

EXTREMELY IMPROBABLE mishaps are those so unlikely that they are not
anticipated to ever occur during the entire operational life of all Maglev vehicles in the
system.

The following four chapters of this report review each SCD contractors safety
program, hazard analyses and emergency response system. For ease of reference back
to the SCD documents, paragraph numbers are included in parenthesis with an
abbreviation of the contractor:

. MP - Magneplane
o FM - Foster-Miller
. GR - Grumman

o BE - Bechtel
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2.0 SAFETY REVIEW OF SCD - MAGNEPLANE

This chapter contains a review of the Magneplane system safety program,
their hazard analyses and related issues, and their proposed emergency response

strategy.

2.1 SAFETY REVIEW OF SCD SYSTEM SAFETY APPROACH - MAGNEPLANE

The Magneplane safety approach is based on MIL-STD-882. Four hazard
categories were developed to classify hazards in terms of severity (MP SCD 5.3.1 0.1).
For each category, a numerical hazard rate goal was developed for safety related
failures. In addition, the safety criteria are based on the following principles:

. No single point failure shall result in a Category I or II hazard

o Any single point failure that results in a Category III or IV hazard shall
be backed up by a safe mode of operation.

The Magneplane SCD also defines general safety objectives and design
requirements (MP SCD 5.3.10.1.2.2 and 5.3.10.1.2.3). These objectives serve to define
activities that are required to identify, evaluate and eliminate hazards. The design
requirements provide guidance during system design. The following precedence is
established for resolving hazards:

1) Design for minimum risk

2) Incorporate safety devices

3) Provide warning devices

4) Develop procedures and training.

2.1.1 Organization Structure

Magneplane plans to establish a safety office, however, its prescribed duties do
not include actually performing safety tasks, with two exceptions (MP SCD 5.3.10.1.3):

. Software Requirements Hazard Analysis (MP SCD 5.3.10.1.3.7) where
the safety office is given responsibility to perform the analysis and
develop software design and test requirements

. Training (MP SCD 5.3.10.1.3.5) where the safety office is given
responsibility for conducting the training.

Magneplane plans to establish a safety office responsible for planning,
tracking, describing, and documenting the following tasks:

. Preliminary Hazard Analysis (PHA) (MP SCD 5.3.10.1.3.1)
. System Safety Management (MP SCD 5.3.10.1.3.2)
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J Hazard Tracking and Risk Resolution

. Software Requirements Hazard Analysis (MP SCD 5.3.10.1.3.7)
e  Safety Compliance Assessment (MP SCD 5.3.10.1.3.6) |
. Training (MP SCD 5.3.10.1.3.5).

2.1.2 Safety Process
The following issues were evident from the Magneplane SCD:

o System level Responses and Preliminary Hazard Analysis (MP
SCD 5.3.10.2) - Two types of safety analyses were performed on the
current design concept: System Level Responses to system level issues
such as weather, braking obstacles and control system failures were
identified, and a Preliminary Hazard Analysis was performed on 13
subsystems. The findings of these analyses are discussed in Section 2.2
of this report.

. System Safety Management (MP SCD 5.3.10.1.3.2) - System Safety
Management is described as planning, provndmg, describing and
overseeing the safety effort. An explanation is not provided to discuss
what organization performs the tasks that ensure the design is safe.

. Hazard Tracking and Risk Resolution (MP SCD 5.3.10.1.3.4) - The
process for Hazard Tracking and Risk Resolution is not adequately
presented. No entity is assigned responsibility for finding the hazards
nor is a procedure for transferring hazards to the hazard log provided.

. Safety Design Requirements (MP SCD 5.3.10.1.2.3) - Eight design
requirements are listed (No. 9 is not a design requirement) but there
are no program tasks that describe how they will all be accomplished.
No design requirements mention designing to quantitative rlsk values.
Except for a brief statement in MP SCD 5.3.10.1.2.5, no quantltatwe
design analysis is identified.

2.1.3 Schedule

The Magneplane report states that the safety office is responsible for the
timely completion of safety tasks throughout the program. However, a safety
program schedule is not provided.
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22 RESOLUTION OF BASELINE HAZARDS - MAGNEPLANE

Exhibit 2-1 outlines the Magneplane hazard analysis findings and references
the SCD system description. There are several issues regarding the hazard analysis
process used by Magneplane during SCD development. A review of the PHA
demonstrates the following concerns:

d Understanding the purpose of PHAs
. Providing a systematic and exhaustive PHA

o Identifying and categorizing the effects of hazards
o Providing a closed-loop system safety design process.

2.2.1 Understanding the Purpose of the PHA

The purpose and content of Magneplane's PHA is unclear. Although
guidelines for performing the PHA are well defined and are adapted from MIL-STD-
882, the PHA provided does not adhere to the MIL-STD. For example, Magneplane
identifies that the following items shall be considered by the PHA
(MP SCD 5.3.10.1.3.2):

. Hazardous components

° Safety related interface considerations among various elements of the
system

° Environmental constraints including the operating environments

o Operating, test, maintenance and emergency procedures

. Safety related equipment, safeguards and possible alternate approaches.

These items require a complete detail design which is not available during
the concept design phase of development. The analysis performed by Magneplane
more closely resembles a Failure Modes, Effects and Criticality Analysis (FMECA)
than a PHA.

Performing a FMECA rather than a PHA during the concept design phase of
development results in the following areas of concern:

. Without knowing the effect and severity of a hazard, it is not possible
for the contractor to determine whether the design baseline is
acceptably safe.

. Because the design is not complete, a complete FMECA is not possible.
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The purpose of a PHA is to address top-level hazards that affect the
system. To resolve a top-level hazard, several subsystems may be
involved. For example, mitigation of the "Guideway Obstruction”
hazard may require interface between the guideway monitoring and
train control systems. By analyzing single failures with each
subsystem, the top-level hazard cannot be completely resolved. The
PHA should create criteria that pertains to resolving hazards, rather
than analyzing hardware specific failure modes.

2.2.2 Providing a Systematic and Exhaustive PHA

Magneplane did not analyze the system during all phases of operation and
under all operating conditions. The following are examples which should be
further investigated:

Aerodynamic controls were analyzed for four possible failure
conditions including:

- actuator failure,

- loss of vehicle power,

- bird strike,

- unexpected "Hardover” operation.

Asymmetrical control surfaces is a potentially hazardous condition that
was not addressed. In addition, the severity of control surface failures
is dependent upon the speed at which the vehicle is traveling. The
phase of operation was not discussed.

Failure of the communication system should require an analysis to
include all functions performed by the global and wayside systems. In
particular, incorrect command transmission must be analyzed in detail
and safeguards must be incorporated to assure that any incorrect
command transmission is adequately mitigated.

2.2.3 Identifying and Classifying the Effects of Hazards

An important purpose for performing a PHA is to analyze and classify the
effects of hazardous conditions. Although Magneplane defines hazard categories in
detail, there appears to be confusion in addressing the hazardous effects. The
following is a list of hazards in which no effects are stated:

Vehicle Electrical System (MP SCD 5.3.10.2.2.3.b) - Three failure
conditions are analyzed but no effects are described or classified.

Magnetic Field Shielding (MP SCD 5.3.10.2.2.8) - Two failure conditions
are analyzed but no effects are described or classified.
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. Box Beam/Levitation Sheets (MP SCD 5.3.10.2.2.9) - This analysis does
not analyze system hazards but rather provides a list of design features
intended to prevent the kinds of failures that should be identified and
classified.

. Magswitch (MP SCD 5.3.10.2.2.11) — The PHA defines the vulnerability
of the vehicle to certain failures while passing through a switch that
could result in a Class I hazard. However, this hazard is not defined.
Presumably, the hazard is that "the vehicle departs from the
guideway".

. Power System (MP SCD 5.3.10.2.2.12) - The effects of power failure on
the vehicle is not defined or classified. The only failure case considered
was power loss. However, overvoltage and reduced voltage conditions
could also have hazardous effects.

J Communications (MP SCD 5.3.10.2.2.13) - The effects of failures are not
defined or classified.

Without defining the effects and seriousness of hazards, it is not possible to
determine if system designs are acceptably safe. This analysis, as prepared, is not a
useful tool to guide the design of a Maglev system and definition system
requirements.

224 Providing a Closed-loop to the Design Process

Although Magneplane's proposed design concept largely reflects the
mitigating measures outlined in their PHA, the hazards are not categorized.
Therefore, it cannot be determined if the resolutions are adequate to mitigate the
hazard.

23 IDENTIFICATION/RESOLUTION OF ADDITIONAL HAZARDS -
MAGNEPLANE

Exhibit 2-2 summarizes additional hazards identified by Magneplane. There
are three significant findings that were uncovered during this review:

° The hazard associated with snow/ice accumulation has not been
adequately mitigated.

o Magneplane does not consider failures of the landing gear system
during normal operation.

. Magneplane considers unexpected deployment of the landing gear
system as a Category IV hazard.
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2.3.1 Snow/lce Accumulation

Magneplane's resolution for mitigating the snow/ice accumulation includes
providing Magway monitoring and relying on the heating of the Magway during
normal operation. Block interface monitoring straps will monitor the magway and
detect expansion and contraction due to weather. Closed Circuit Television (CCTV)
will also be used to detect the level of snow accumulation. The thermal analysis
that estimates the heat radiated by the magway is based on 20 second headways, and
since much longer headways are likely, does not prove that snow will not
accumulate. Therefore, this hazard has not been adequately mitigated.

2.3.2 Landing Gear

The hazards associated with the landing gear system have not been fully
addressed. The PHA mitigates hazards and failures of the landing gear system by
initiating pre-flight inspections. The more significant hazard is a failure that occurs
at high speed.

An unexpected deployment of the landing gear is considered a Category IV
hazard. This assessment is based on the aerodynamic controls preventing the
vehicle from losing control. A further analysis is required to show that the effects of
this hazard are as minimal as claimed.

24 EMERGENCY RESPONSE
24.1 Vehicle Emergency Evacuation Overall Strategy

In passenger stations, substations, maintenance areas and other areas where
normal door level platforms are provided, passengers and crew will egress through
the vehicle's side doors and/or window panel emergency exits.

Four side doors are provided for both the 45- and 140-passenger vehicle
designs, with two doors on each side near both the front and rear of the vehicle
passenger cabin. The sliding doors open and close by compressed-air-driven
actuators (MP SCD 3.2.1.c.1.2, Vol. 2). The vehicle doors are approximately 48 inches
wide allowing for two-abreast emergency egress, if necessary (MP SCD Figure 55,
Section 3.2.1, Vol. 2).

Four window panel emergency exits are provided for both the 45- and 140-
passenger vehicle designs, with two exits on each side between the front and rear
doors of the vehicle passenger cabin (MP SCD 3.2.1.¢.3.15.3.8, Vol. 2). These
emergency exits are specified as aircraft Type I which must have rectangular
openings sized no smaller than 24 x 48 inches.

Emergency evacuation along the guideway outside of stations and
maintenance areas is provided via hatch-type exits at each end of the vehicle which
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permit passengers to egress onto the guideway track semicircular trough (MP SCD
Section 3.2.1.c.1.4, Vol. 2) shown in Exhibit 2-3. The staircase shown in Exhibit 2-3
integrated with the hatch door to assist in emergency egress, is not included in the
SCD design.

The track trough structure where the evacuated passengers/crew will walk is
comprised of a fiber-reinforced plastic curved support structure for propulsion system
LSM windings (MP SCD 3.2.2.b.5, Vol. 2 and Figures 31 and 32, Section 3.2.2, Vol. 2).
This LSM winding support structure is designed to withstand considerable linear
motor induced loading (MP SCD 3.2.2.b.4, Vol. 2) and thus will not be compromised
by the additional loading of egressing passengers. The radius of the track trough cross
section is 2.1 meters (MP SCD Figure 1, Section 3.1.2, Vol. 1). Accordingly, the local
curvature of the trough walkway, shown in Exhibit 2-3, should not impede safe
movement along the track. The track walkway height increase from the trough
center to the edge of a nominally 0.5 meter wide "single-file walking right-of-way" is
about 1.4 cm.

Evacuated passengers egress from the track trough to a safe location using a
small hinged stairway; this stairway may be deployed from a storage location on a
guideway local platform mounted between the side box beams of a dual track
guideway. This hinged stairway will swing over the track trough, shown in Exhibit
2-4 (MP SCD Figure S-11, final page of Vol. 7B), to allow the passengers/crew to climb
out of the track trough and over the track side box beams. Such hinged stairways and
associated local emergency platforms will be provided "at intervals" along the
guideway length (MP SCD 5.3.10.2.3, Vol. 5). The suggested maximum spacing
between these egress locations and an emergency platform is specified by the SCD to
be approximately 0.76 km.

The local emergency platform allows for transferring passengers/crew to a
standard revenue system Maglev "rescue vehicle" (MP SCD 5.3.10.2.3, Vol. 5), either
on the same track or an adjacent track, shown in Exhibit 2-4. Alternatively,
passengers/crew may walk along the guideway track trough to the nearest station
where a small hinged stairway, similar to that described above and shown in
Exhibit 2-4, will provide access to the station platform.

A wider stairway "may be provided" from the local emergency platforms to
ground level, shown in Exhibit 2-4. These stairways will be counterbalanced for self-
stowing and will be normally inaccessible from the ground (MP SCD 5.3.10.2.3, Vol. 5).

The SCD does not address the issue of system reactivation activities; there is
no mention of checking if guideway tracks are clear of evacuated passengers and
crew. Continuous monitoring of the guideway tracks with closed circuit TV camera
surveillance, presumably capable of providing for clear track assurance, is proposed
for "critical locations,” but this surveillance system will only cover about 10% of
guideway length (MP SCD 3.2.2.i.3, Vol. 2).
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2.4.2 Vehicle Emergency Evacuation Within Guideway Switch Zones

The Magneplane system guideway switching concept widens the track trough
by increasing trough flat bottom width to form a track side branch (MP SCD 3.2.2.d of
Vol. 2). A vehicle traversing the switch section at speed is electrodynamically
guided along either the switch-trough branch or into the switch side branch without
using moving parts. By selectively short-circuiting one of the two sets of passive
null-flux loop coils embedded in the track surface directly below the centerline paths
of the switch traversing vehicles, operators can guide the vehicle as desired. Null-
flux loop coils are track-embedded directly on corresponding LSM windings which
are powered in accordance with the selected switch branch.

Spaces on each side of the embedded null-flux loops and LSM windings are
completely filled with concrete to provide a flat running surface, shown in
Exhibit 2-5. This flat surface is required for the air suspension pads which extend
downward from the sides of the vehicle when it is traversing through the switch at
low speed (i.e., when the electrodynamic suspension is inadequate). These flat
surfaces through the guideway switches also allow for evacuation through the
hatch-type emergency exits at both ends of each Maglev vehicle onto the track
within guideway switch zones in a manner similar to the emergency egress
procedure onto standard dual track guideways. These switch flat surfaces provide a
walkway through the switch to the nearest hinged stairway which provides access
over the track structural box frame to a guideway local emergency platform.

2.4.3 Vehicle Emergency Evacuation Within Superelevated Track Guideway Curve
Zones

The Magneplane vehicles are physically free to roll within the guideway track
semi-circular trough when traversing curves, but are limited by electrodynamic side
forces. The side forces tend to act about the vehicle roll axis to keep the vehicle
propulsion magnets almost directly under the track LSM magnets (known as
vehicle "keel effect") (MP SCD 3.2.2.g.4, Vol. 2). The guideway track troughs are
effectively "superelevated" through current because the track’s banking results in
essentially zero lateral forces relative to the vehicle's fixed axis for trains traversing
the curve at the designed speed (MP SCD 1.5 and 1.6, Vol. 1). The track effective
"superelevation” through curves is implemented by means of the appropriate
angular displacement of the LSM windings and the associated side levitation plate
box structures about the center of the trough cross-sectional curvature.

During emergency stopping on a guideway track curve, the vehicle "keel
effect” roll stiffness will progressively diminish as the speed decreases towards zero.
This allows the vehicle to roll in toward a horizontal position using the pendulous
action caused by gravity; the vehicle is supported on low speed air-lubricated
landing pads which provide almost negligible resistance to vehicle roll motion. The
pendulous action occurs because the vehicle's center of gravity is vertically below
the center of the track trough cross-sectional curvature.
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Any vehicle stopped on a guideway curve will be horizontally level. A
substantially level guideway trough walkway is available through curves for
passenger/crew movement away from the stopped vehicle to a rescue vehicle, a
station platform or a ground level location. For the tangent track case, the track
walkway may be located on the track box structure levitation sheet portion of the
track trough, and not on the LSM winding support structure if the superelevation
induced track "bank angle" is high, such as the bank angle of a curve designed for
high speed. However, this track levitation sheet walkway would likely not be
perceived by evacuating passengers/crew to be any different from a tangent track
LSM winding support structure walkway.

2.4.4 Vehicle Cabin/Crew Compartment Layout and Exits for Emergency
Evacuation

The aisle width, seat pitch, overhead baggage stowage bin facilities, emergency
lighting, emergency exit sizes and opening/identification/accessing of emergency
exit arrangements are consistent with commercial aircraft requirements. (MP
SCD 3.2.1.c.3.15.3.8, p.72, Vol. 2).

A 90 second vehicle emergency evacuation duration is considered adequate
for a Maglev vehicle where the risk of rapid fire spreading and/or explosion is lower
than the risks associated with aircraft, due to the lack of large quantities of liquid
fuel on-board. The Maglev vehicle fire protection requirements should be in
accordance with aircraft requirements (MP SCD 5.3.10.2.4, Vol. 5).

The SCD proposes using only single vehicles in revenue service with 45 or
140 passenger capacity. System capacity will be attained by operating vehicles at very
low headways relative to existing public guided ground transport system operating
practice. The option of designing larger single vehicles for a larger eventual system
capacity is also suggested for possible longer term upgrading of the system (MP
SCD 1.8, Vol. 1).

Current vehicle passenger capacity design standards require each Magneplane
vehicle fore and aft hatch-type exits to evacuate 23 or 70 passengers, respectively,
within the specified 90 second evacuation duration in the event of an emergency
(i.e., a maximum of one passenger every 1.3 seconds). Awkwardness of egress from
the hatch-type exits, evident from Exhibit 2-4, makes realization of a 90 second
evacuation unlikely, at least for a 140-passenger vehicle.

The FAA has proposed requirements for commercial aircraft that the
maximum distance from any seat row to the nearest exit be 9 meters (30 ft.). This
requirement is easily satisfied by the proposed Maglev vehicle cabin layout for
normal entry/exit doors, but not for the emergency hatch exits.
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24.5 Emergency Response Information Communication Means

During emergency situations, communication between vehicles and system
central control occurs using vehicle-to-wayside radio and fiber optic
communication/data transfer links. All ground communication/data transfer
between system wayside controllers and central control is via a fault-tolerant fiber
optic cable network (MP SCD 3.2.1.k.15, Vol. 2).

The SCD specifies the need for at least one attendant to be on-board each
Maglev vehicle in transit (MP SCD 3.2.1.k.19, Vol. 2). Attendants have access to a
display unit which provides a summary status of the vehicle operations and any
data/messages received across the radio frequency link from the “global” control
center. Both keyboard and voice communication will be available across the radio
frequency link. Any emergency response related information will be transmitted to
the vehicle attendant. The attendant will notify the passengers via the on-board
public address system or a provided megaphone (MP SCD 3.2.1.c4, Vol. 2) and assist
passengers during subsequent emergency evacuations.

The least reliable element of the emergency response communications system
is the vehicle-to-wayside radio frequency link. This link may be susceptible to
electromagnetic interference effects or to atmospheric induced propagation
uncertainties and could malfunction or fail because of transmitter and/or receiver
equipment faults. Radio frequency link reliability factors, such as line-of-sight
transmission, ultra-high-frequency highly-directional beam transmission and on-
board plus wayside transmitter/receiver redundancy need to be addressed in
subsequent program phases.

2.4.6 Provision for Emergency On-Board Power Supply

A sealed conventional lead-acid battery on-board power supply subsystem is
specified in the SCD (25 and 33 kWh for the 45 and 140 passenger vehicles
respectively); the battery array is divided into left and right-hand sections for fault
tolerance purposes (MP SCD 3.2.1.g, p.120, Vol. 2). An otherwise separate on-board
emergency electrical power supply, used primarily for emergency lighting and
communications purposes, is not specifically identified in the SCD, although either
section of the on-board battery power system may power the vehicle during
emergencies.

With respect to vehicle emergency power loads, any emergency situation
requiring the rapid stopping of the vehicle followed by an urgent evacuation of
passengers and crew can be expected to only require a very limited supply of
emergency power. There should be sufficient thermal capacity in the
superconducting magnet dewars to provide for electrodynamic suspension for the
relatively short duration of a vehicle emergency deceleration to a stop without
reliance on cryocooler operation.
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Proposed hydraulic actuator deployment of the on-board emergency braking
skids for rapid deceleration (estimated to be about 0.45 g's at high speed and
increasing to about 0.6 g's at the low speed magnetic drag peak) is independent of
any on-board electrical power supply; these brakes are actuated by firing an
air/hydraulic accumulator (MP SCD 3.2.1.d.2, Vol. 2). Presumably, low speed
landing air pads can be similarly deployed without reliance on an on-board
emergency electrical power supply in cases where a reduced deceleration emergency
stop is necessary. Furthermore, cabin air conditioning and heating loads can be
realistically eliminated for the duration of vehicle emergency stop deceleration and
urgent evacuation procedures without causing undue passenger discomfort.

It may be advisable for purposes of emergency evacuation and safety
assurance, to provide a very modest capacity emergency battery power supply system
aboard the vehicle, which is completely separate from the primary on-board battery
supply subsystem.

2.4.7 Advantages of SCD Proposed Emergency Response Vehicle Evacuation
Means

Emergency evacuation from a stopped vehicle onto the guideway track
trough will be available over the entire guideway length, including track switches
and superelevated curves.

The system capital costs associated with providing emergency evacuation
from a stopped vehicle to a "safe location” will be minimal because the guideway
track trough functions as the emergency walkway. Passengers and crew travel along
the walkway to a deployable staircase transfer point where a track-attached local
emergency platform will be provided.

Two options for emergency egress from the track walkway to a "safe location”
will be provided via a hinged staircase for egress over the track box beam onto a
track-attached local emergency platform, then either via a staircase to ground level
or from the platform into a Maglev rescue vehicle.

24.8 Disadvantages of SCD Proposed Emergency Response Vehicle Evacuation
Means '

In emergencies passengers and crew will egress onto the guideway track, not
onto a dedicated walkway physically separated from the operational tracks. There is
no way of knowing exactly where evacuated passengers and crew are located along
the track at any given time or when the track is completely cleared of all passengers
and crew, unless the proposed closed-circuit TV camera surveillance coverage is
extended to the entire guideway length.

The number of passengers required to egress through the hatch-type exits at
the front and rear of a vehicle may be too high to realize the 90 second goal, at least
for the 140 passenger vehicle design.
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Vehicle evacuation through nose and tail hatch-type exits can be difficult
because of the hatch size and orientation imposed by the low aerodynamic drag nose
and tail section design; egress through these exits may be especially difficult for
disabled and/or elderly passengers.
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3.0 OVERVIEW OF SCD - FOSTER-MILLER

This chapter contains a review of the Foster-Miller system safety program,
their hazard analyses and related issues, and their proposed emergency response
strategy.

31 OVERVIEW OF SCD SYSTEM SAFETY APPROACH - FOSTER-MILLER
3.1.1 Organization Structure

There is no discussion of a safety organization provided by Foster-Miller. A
statement is made that safety and reliability plans will be provided in the final
version of the report. However, DOT form DOT F 1700.7 says that the present report
is the final report for this contract. Under the heading of "Reliability
Considerations" an integrated analytical approach involving safety, reliability, and
maintenance activities is described, but no organizational structure for
implementing it is defined.

3.1.2 Safety Process
The following issues were evident from the Foster-Miller SCD:

. Safety Assurance (FM SCD 7.1) - Foster-Miller provides a general
summarized discussion of their baseline design approach to Fire
Control, Evacuation, Lightning Protection, Door Operation, Guideway
Integrity, Human Factors, and Magnet Quench Prevention. Their
overall safety strategy appears to deal with most critical failures and
malfunctions by bringing the train to a controlled safe stop and
evacuating the passengers onto a protected walkway. All other safety
topics, including their version of PHAs, referred to as "Safety Hazard
Screening,” are covered under the heading of Reliability
Considerations.

. Integrated Analytical Approach (FM SCD 7.2.1) - Foster-Miller describes
an "Integrated Analytical Approach” which aggregates the treatment of
safety, reliability, and maintenance activities during the design process.
While there is much that can be said in favor of this approach, Foster-
Miller does not address the organizational issues associated with such
integrated efforts.
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The proposed Mission/Safety MTBF Matrix is intended to relate the
impact of failures on safety and system availability in a new and novel
way. The matrix is a complex rearrangement of the Hazard Risk Index
found in MIL-STD-882B using quantitative values instead of
qualitative judgments about the allowable frequency of undesired
events. It presents 25 possible rankings for such events, which are too
many to be meaningful for design requirements. By comparison, MIL-
STD-882B provides 20 rankings, and FAA Advisory Circular 25.1309-1A
provides four, which is about right for design guidance purposes.

In the discussion of the source of the values used in the Mission/Safety
Matrix there are two apparent errors:

- The quotation from the FAA Advisory Circular on Federal
Aviation Regulation 25.1309 is from the obsolete version that
was canceled in 1988 and replaced with AC 25, 1309-1A. The
correct maximum probability for any catastrophic failure
condition is 1 x 10-? for each flight hour.

- The domestic fleet average delay and cancellation rate due to
airplane-chargeable equipment failures is really on the order of
3%, three times greater than stated.

A brief discussion on the Foster-Miller philosophy for setting allowable
failure rates for design indicates a misunderstanding of the subtle but
critical differences between failure rates and probabilities and the role
of each in designing safe system functions. A numerical value is
shown for redundant aircraft engine control systems that is referred to
as a failure rate but is more likely a probability. The number is
presumably derived from an MTBF given for a single control system,
but no calculations are given and the numbers are not reconcilable by
any direct relationship. i

Safety Hazard Screening (FM SCD 7.2.2) - Foster-Miller describes "safety
screening” of the design concept as roughly corresponding to a MIL-
STD-882 Preliminary Hazard Analysis. The identified hazards (called
"Causes” by Foster-Miller) are essentially high-level generic events of
external origin. They are divided into three categories:

- Human origin
- Weather related
- Miscellaneous.
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There is no classification of the effect of the identified hazards to the
Mission/Safety Matrix proposed by Foster-Miller. The safety screening
results are of little value for showing how Foster-Miller has or
will"...identify, assess, resolve, and follow-up potential safety-critical
hazards and unsafe conditions for each Maglev system...". The system
design descriptions provided elsewhere in the report are more useful
than the safety screening results for understanding the safety features
of their baseline design.

System Reliability (FM SCD 7.2.3) - Under this heading, two case studies
are used to demonstrate the Foster-Miller tradeoff analysis
methodology. One is on mechanical versus electronic switching, and
the other is on onboard versus batch mode refrigeration. The
quantitative portions of both analyses are questionable as to
correctness. The switch analysis, for example, uses generic source data
that is known to vary widely in different applications, contains several
mathematical errors, and states quantitative conclusions with no
substantiation or derivation. These analyses also indicate that the
Foster-Miller "integrated analytical approach” may be causing some
confusion by mixing safety issues with reliability issues.

3.1.3 Schedule

There is no safety program schedule provided in the Foster-Miller Maglev
Development Plan. There is a line item "Safety Testing” in the full-scale test
program, and a "Safety/Egress/Fire Suppression” line item included in the system
analysis task schedule.

32 RESOLUTION OF BASELINE HAZARDS - FOSTER-MILLER

Exhibit 3-1 outlines the Foster-Miller hazard analysis findings and
corresponding references to the SCD design plan. The PHA methodology used by
Foster-Miller during the hazard analysis process raises several issues:

A systematic PHA process is not evident

Methods for identifying and categorizing the effects of hazards are not
included

There is no closed-loop process which ensures that hazard resolutions
are incorporated in design plans

Excess burden is placed on maintenance actions for ensuring safety.
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3.21 Providing a Systematic PHA Process

Foster-Miller proposes the use of a "Hazard Screening” process that
approximately corresponds to a MIL-STD 882 type PHA. The Foster-Miller hazard
screening process only considers hazards caused by external events. There is no
mention of hazards that result from subsystem malfunction or human error. The
hazards identified (called "Causes” by Foster-Miller) are essentially high-level
generic events of external origin. Each "cause” has associated resolutions required
to mitigate the hazard. These are not specific and do not relate to safety issues that
apply to Maglev. For example:

. To mitigate an "automobile/truck collision with train at ground level”
hazard, the Foster-Miller PHA suggests implementing grade crossing
gates "similar to existing ones for railroads". Although Foster-Miller
discusses the guideway and automobile roads on the same grade, for a
train moving 134 m/s (300 mph), total grade separation is probably
essential. A collision is potentially catastrophic and should have been
classified properly.

o To mitigate a "snow" hazard, "slanted guideway surfaces" are
proposed. But accumulation of snow on slanted surfaces is common
and further analysis is needed.

. To mitigate a "cut fiber optic wires to guideway coils" hazard, the
analysis recommends: "make it difficult to get at wires". Design and
installation requirements to protect the fibers should also be addressed.

. To mitigate a "computer virus" hazard, "antivirus software" should be
installed. Mitigating computer viruses are probably the least important
element of a well structured software development process.

3.2.2 Effects of Hazards

The effects of identified hazards are not classified with respect to the
Mission/Safety Matrix proposed by Foster-Miller. This results in an analysis that is
of little value because it cannot be determined how Foster-Miller will "identify,
assess, resolve, and follow-up potential safety critical hazards and unsafe conditions
for each Maglev system.”
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3.2.3 Providing a Closed-Loop to the Design Process

There appears to be minimal coordination between the hazard analysis and
the SCD design definition. The following examples demonstrate the lack of
communication between the safety engineer and design engineers:

| The "Hazard Screening” resolution of the guideway obstruction hazard
only addresses incorporating train sensors to detect objects. However,
section 3.9 of the SCD defines four methods for identifying guideway
obstruction, including:

- Vehicle systems to record vehicle passage for deterioration,
misalignment, excessive precipitation build-up, harsh weather
and presence of object

- Embedded fiber optic sensors to monitor guideway integrity

- Security fencing, overhead shielding and video incident
detection

- Drone inspection of the entire route.

. The "Hazard Screening" resolution for a fire hazard only includes
incorporating a fire detection and suppression system. However,
section 7.1.2 of the SCD describes several steps for mitigating a fire
hazard including:

- Ensuring fire codes, as defined by the FRA, are achieved

- Incorporating fire retardant materials into the design

- Providing back-up power for emergency lighting and
ventilation.

The design approaches recommended to control hazardous events are not
specific. For example, they recommend some broad, general approaches such as
“redundant train systems,” "public awareness," "shielding methods," "backup
power supply,” etc. which are truisms for any design approach, but not helpful in
assessing Foster-Miller's understanding of hazards in their baseline design.
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3.2.4 Maintenance Actions to Ensure Safety

Throughout the PHA, Foster-Miller places the burden for ensuring safety on
maintenance actions. For example:

. To mitigate "environmental corrosion of the guideway and train
components”, maintenance personnel will perform periodic
inspections similar to aircraft. During the conceptual design phase of
development, criteria should be developed to eliminate or control
corrosion such as choosing non-corrosive materials, ensuring proper
drainage of guideway and providing drain loops in vehicle wire
bundles.

. To mitigate "objects consistently and randomly found on guideway
routes” hazard, maintenance personnel will locate and remove objects.
Maintenance cannot be expected to effectively perform this task over
the entire guideway.

. To mitigate "magnetic dust/clay builds up on train/guideway magnets"”
hazard, maintenance personnel will perform periodic cleaning. Since
the hazard severity is not identified, the interval of these inspections is
not clear. If the frequency is too short, high maintenance costs may
result. If the frequency is long, management controls must be put in
place to ensure the cleaning is performed.

3.3 IDENTIFICATION/RESOLUTION OF ADDITIONAL HAZARDS -
FOSTER-MILLER

Exhibit 3-2 outlines additional hazards identified by Foster-Miller. The
findings/issues are similar to those discussed for the baseline hazards. Additional
hazards are better discussed in sections of the SCD other than in the PHA "Hazard
Screening” process. For example, Foster-Miller examines environmental issues,
such as vibration, EMI and noise requirements in detail in Chapter 8, but they are
not discussed in the PHA.

The PHA and SCD descriptions do not always agree. For example, the safety
analysis recommends that maximum braking rates be limited to 0.2 gs. However,
the SCD claims that braking levels may potentially reach deceleration levels as high
as 0.25 gs. This demonstrates that Foster-Miller's "Integrated Analytical Approach”
to the treatment of reliability, safety and maintenance may not be a closed loop
process.
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34 EMERGENCY RESPONSE
3.4.1 Vehicle Emergency Evacuation Overall Strategy

The SCD indicates vehicle passengers must remain on-board for all but
"severe cases" of emergency, such as out-of-control fire, structural failure or long-
term stoppage (FM SCD 7.1.3).

Three options for emergency egress from stopped vehicles are listed:

. Lateral egress via the normal entry/exit doors onto a guideway
supported emergency walkway, shown in Exhibits 3-3 and 3-4 for single
and for dual track guideways, respectively. (Option A)

. Fore/aft egress via an emergency exit hatch at the nose and the tail of
each train set onto a guideway track floor walkway, shown in
Exhibit 3-5. (Option B)

. Downward egress via vehicle floor emergency hatch doors and
deployable staircases or ladders (not indicated in the SCD) onto a
guideway emergency walkway suspended below the track, shown in
Exhibit 3-6. (Option C)

It should be noted, with respect to the fore/aft egress option, that the staircase
shown in Exhibit 3-3 is integrated into the hatch door to assist in emergency egress
from the vehicle and is not included in the SCD design. Also, in reference to the
fore/aft egress option "B", the Foster-Miller vehicle design provides for emergency
egress from one vehicle to another within a train set via vehicle end centered
passageways which are partly surrounded by the train set articulated magnet bogies.
Limiting crew and passenger access to inter-vehicle passageways to emergency
situations eases the magnetic field shielding requirements for these passageways.

All three vehicle emergency egress options can accommodate passenger/crew
egress from the guideway walkways to ground level via emergency staircases,
shown in Exhibits 3-3, 3-4, 3-5 and 3-6. These staircases will be located at intervals
along the length of the track.

Both the lateral and the fore/aft vehicle emergency egress options can also
accommodate egress from guideway walkways to Maglev rescue vehicles, shown in
Exhibits 3-3, 3-4 and 3-5. In the downwards egress option, movement from the
below-track suspended walkway backup into a Maglev rescue vehicle on the same

- track is not practical because of safety risks associated with deploying the rescue
vehicle floor hatch staircases or ladders onto the suspended walkway.
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The SCD does not explain how the suspended walkway is configured to
handle the obstruction caused by guideway pylons. One option is to split the top of
the pylons into two columns, but this greatly complicates pylon design and increases
capital cost.

Another issue not addressed by the SCD is the interference between the
vehicle floor door staircase/ladder in egress option "C" and the guideway
connection diaphragm members (spaced at 5-6 meter intervals between the track
structural beam sidewalls). Currently, the 1.4 meter square vehicle floor exit (FM
SCD Figures 2-33 and 2-34) only allows for steep ladder access onto the suspended
walkway. The steepness dramatically lowers the emergency egress rate and presents
difficulties for disabled or elderly passengers.

The SCD proposes standardized 24.7 meter long Maglev vehicle units which
could be interconnected between nose and tail units to form revenue system
trainsets. The vehicle units, with added identically shaped nose and tail extensions
to allow for bi-directional operation, are interconnected to form a baseline two-car
146 passenger trainset.

Four inward-sliding side doors are provided for each vehicle unit, with one
door on each side near both the front and rear of the vehicle passenger cabin. The
vehicle doors are 1.37 meters (54") wide allowing for two-abreast emergency egress,
if necessary, for lateral egress option "A" (FM SCD Figure 2-3). As shown in Exhibits
3-3 and 3-4, the guideway track sidewall will constitute a 0.46 meter (18") high
obstacle to lateral egress from the vehicle doors to the emergency walkway.
Presumably, deployable steps with folding handrails will assist disabled and elderly
passengers from the vehicle to the emergency walkway.

34.2 Vehicle Emergency Evacuation Within Guideway Switch Zones

Three different system guideway switch design concepts are proposed by the
Foster-Miller SCD:

° A vertical switch design, shown in Exhibit 3-7, used for high speed
mainline application; designated as switch Type |

o A lateral switch design, shown in Exhibit 3-8, used primarily for
intermediate speed off-mainline application (e.g., in the vicinity of
stations); designated as switch Type II

o A lateral switch design, shown in Exhibit 3-9, used primarily for very
low speed application (e.g., within terminals or maintenance yards);
designated as switch Type IIL

Proposed high-speed switch Type I, shown in cross-section in Exhibit 3-7,
incorporates two overlapping sets of null-flux levitation coils in the vertically
extending sidewalls of the switch structure. Electrically opening one and glosmg the
other set of null-flux coil sets will vertically divert a switch traversing trainset into
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either an upper or lower track branch. Continuous flexible and reinforced plastic
floor members will be hydraulically actuated to be vertically positioned for the
upper or lower track branch in conjunction with the electrical opening or closing of
the null-flux coil sets. These Type I switch moveable floor members will provide
the vehicle with wheel landing surfaces in the event of a magnetic suspension
system failure while traversing the switch.

This Type I vertical switch design precludes placing emergency walkways
along the sides of the guideway as required for emergency egress option "A" and
shown in Exhibits 3-3 and 3-4. This switch design could, however, incorporate an
emergency walkway between or suspended below the landing wheel floor members,
as shown in Exhibit 3-7; this walkway is required for the fore/aft or the downward
emergency egress options shown in Exhibits 3-5 and 3-6, respectively. Switch
walkways need to be designed to be flexible enough to accommodate vertical
movement of the floor members.

The intermediate speed switch, Type II, shown in cross-section in Exhibit 3-8,
incorporates the hydraulically actuated lateral displacement of multiple segmented
length track sections supported by wheels running on laterally oriented rails (FM
SCD Figure 3-63).

The Type II lateral switch design will allow for the location of an emergency
walkway along either side of the moveable track segments, as required for the
proposed lateral emergency egress option, shown in Exhibits 3-3 and 3-4. These
walkways will be designed to be have sliding, overlapped joints to allow for the
small rotational movements of the segmented length track sections. This switch
design inherently provides for the track floor emergency walkway, shown in Exhibit
3-8, required for the fore/aft emergency egress option. This lateral switch design
precludes constructing the suspended emergency walkway required for the
downward emergency egress option, shown in Exhibit 3-6.

The low speed switch, Type III, shown in cross-section in Exhibit 3-9 is only
used for vehicle wheels-deployed operation and incorporates pivoted moveable
sidewalls at the switch nose end together with vertically moveable sidewalls. These
movable sidewalls are located between outside fixed sidewalls and can be raised
above or retracted into the track floor (FM SCD Figure 3-64). Three sidewalls define
possible switch track branches: angular movement of the switch nose end sidewalls,
appropriately raised and lowered vertically moveable sidewalls and the outside fixed
sidewalls.

This lateral switch design allows for placement of an emergency walkway
along either laterally moveable sidewalls or the outside fixed sidewalls, shown in
Exhibits 3-3 and 3-4, for the proposed first emergency egress option. The remaining
two emergency egress options are not possible for this lateral switch design; the
fore/aft and the suspended walkways seriously compromise passenger and crew
safety because of potentially dangerous mechanical components. .Exhibit' 3-10
summarizes the feasibility of switch types with emergency egression options.
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EXHIBIT 3-10
Compatibility of Proposed Switch Configuration Type with Vehicle

Emergency Egress Options
Vehicle Emergency Egress Options
Lateral Fore/Aft Downward
Switch Type Option "A" Option "B" Option "C"
| No Yes Yes
I Yes Yes No
1l Yes Safety Negated No

3.4.3 Vehicle Emergency Evacuation Within Superelevated Track Guideway Curve
Zones

The proposed vehicle's hydraulic active tilting system can tilt the vehicle up
to 12 degrees from horizontal, and the guideway track beam superelevation may be
angled up to 12 degrees from horizontal (FM SCD 2.5). Thus, vehicles with
operative tilting systems stopped on a superelevated track segment, under
emergency conditions, can be leveled to ease emergency egress from the train.
While the first egress option can be implemented without complication, possible
differences in angles between the vehicle floor and superelevated track present
fore/aft door egress difficulties for elderly and disabled passengers on walkways
without handrails. Egress onto a suspended walkway is also difficult -- downward
egress is only possible for vehicles stopped on a superelevated track curve and tilted
to match the track superelevation angle. This tilting allows for deployment
clearance of the vehicle floor door staircase or ladder to the suspended walkway.
Possible differences between the vehicle and walkway angles also present difficulties
for elderly and disabled passengers on walkways. without handrails.

If the tilting system fails, the vehicle may experience tilting angles up to 24
degrees from the walkway; emergency egress onto the guideway walkway from
vehicle side doors becomes difficult for elderly and disabled passengers. Downward
egress becomes virtually impossible because of stairway/ladder clearance
requirements.

34.4 Vehicle Cabin/Crew Compartment Layout and Exits for Emergency
Evacuation

The aisle width, seating pitch, overhead baggage stowage bin facilities,
emergency lighting, emergency exit sizes and emergency exit arrangements are
consistent with commercial aircraft practices. The cabin layout is based on 2 X 3
business class seating at 1.0 meter (39.4") pitch, 2 X 2 first class seating at 1.1 meter
(43.3") pitch and 0.54 meter (21.3") aisle width (specified on Figures 2-12, 2-33 and 2-
34 of the Foster-Miller report). This cabin layout is compatible with the commercial
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aircraft arrangements used to meet requirement for emergency evacuation of
vehicle passengers and crew within 90 seconds of an emergency stop.

The 90 second emergency evacuation duration is adequate for a Maglev
vehicle where the risk of rapid fire spreading and/or explosion is less than the risks
for aircraft. In this regard, the Foster-Miller Maglev vehicle fire protection is in
accordance with aircraft practice and is consistent with the general aircraft oriented
design approach of this SCD baseline design.

Four 1.37 meter (54") wide entrance/exit doors, two per vehicle unit side, are
provided in each vehicle unit. Each unit also has one wheelchair station (FM SCD
Figures 2-33 and 2-34). Each door, in the event of an emergency, will thus be
required to evacuate only up to 37 passengers for the lateral egress option on the
basis that only doors on one side of the vehicle will be available for emergency
access, as shown in Exhibits 3-3 and 3-4. The corresponding evacuation rate for
evacuating 37 passengers in a 90 second duration is one passenger every 2.4 seconds.
The requirement to emergency evacuate up to 50 passengers per available door for
the Foster-Miller proposed vehicle design is consistent with aircraft practice.

Two 1.4 meter (55") square emergency floor hatch doors are provided in each
of the proposed vehicle units (FM SCD Figures 2-33 and 2-34). Each floor hatch, in
the event of an emergency, will thus be required to evacuate up to 37 passengers for
the downward egress option, shown in Exhibit 3-6. The evacuation rate is identical
to the previous rate; one passenger every 2.4 seconds.

Based on vehicle passenger capacity designs, nose and tail vehicle unit hatch-
type exists will be required to evacuate up to 74 passengers for business class seating
per vehicle unit within the specified 90 second evacuation duration (i.e., a
maximum of one passenger every 1.2 seconds per consist trainset). The
awkwardness of egress from the vehicle fore and aft emergency hatches, evident
from Exhibit 3-5, makes the realization of complete evacuation within the specified
90 second duration unlikely, even for the baseline two-vehicle unit trainset
configuration.

The FAA-proposed commercial aircraft requirements for maximum distance
between any seat row and the nearest exit to be less than 9 meters (30 ft) is satisfied
by the proposed Maglev vehicle cabin layout with respect to normal entry/exit doors
for the lateral egress option "A" and the floor emergency hatch doors for the
downwards egress option "C", but not when nose and tail-unit emergency hatch
exits are used; evacuation through up to one half of the trainset overall length
would be required in this last case.
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3.4.5 Emergency Response Information Communication Means

During emergency situations, communication between vehicles and system
central control occurs using vehicle-to-wayside radio communication/data transfer
links in the 933 MHz frequency range. All ground communication/data transfer
between system wayside controllers and central control utilize redundant fiber optic
cable networks (FM SCD 6.1.3 and 6.1.5). Provision will be made on this ultra-high-
frequency radio link for the trainset crew to request initiation of voice
communication via a separate vehicle-to-wayside line-of-sight radio frequency link
and to indicate unusual on-board situations.

Measures to ensure optimal reliability of the system-vital vehicle-to-wayside
ultra-high-frequency radio link are not specifically addressed in the SCD; the SCD
only mentions the need for system redundancy. Because of the uncertainty
regarding system reliability, a proper assessment of the communication system
cannot be made. Properly designed for high-reliability operation, the
communication system can fulfill its role to provide communication of
information between vehicle and station central control.

The SCD requires one on-board attendant for each train vehicle unit to
provide for passenger comfort needs and also to assist in emergency situations and
evacuations. Only the attendant/passenger ratio in first class seating vehicle unit
conforms to current commercial aircraft federal regulations which require one on-
board attendant for every 50 passengers. With 74 seats in business class seating
vehicle units, this ratio fails to conform to stated airline standards. Emergency
response related information is relayed to the passengers via the on-board public
address system accessible from the crew positions for each vehicle unit.
Additionally, an on-board intercom system is provided between all crew positions
in each trainset.

3.4.6 Provision for Emergency On-Board Power Supply

Vehicle on-board power is supplied by a battery back-up subsystem which is
constantly charged by the inductive coupling wayside-to-vehicle power transfer
system (FM SCD 2.7.4). The type of emergency battery power is not identified in the
SCD, but the battery subsystem energy density, power capacity, weight and volume
are estimated for typical on-board emergency power requirements.

This emergency on-board power battery subsystem is incorporated for on-
board emergency use only; the inductive power transfer system is designed to
directly provide all on-board power needs over the entire speed range of the vehicle,
including trains at a standstill (FM SCD 2.7.4).

The vehicle hydraulic power supply system powers the landing/guidance

wheels and the vehicle tilting system. Hydraulic system accumulators could
provide sufficient power to operate the vehicle tilting system and to deploy the
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wheels during an emergency stop with the wayside-to-vehicle power transfer system
inoperative. However, hydraulic system accumulators are not specifically addressed
in the SCD.

Back-up emergency power could be provided within the design boundaries of
the SCD proposed system for each of the on-board electrical and hydraulic systems;
the backup emergency power supply could provide sufficient power to operate all of
the essential vehicle functions in an emergency which requires vehicle landing and
subsequent emergency evacuation. Additional discussion and detail should have
been provided in the SCD.

3.4.7 Advantages of SCD Proposed Emergency Response Vehicle Evacuation
Means

Emergency evacuation from a stopped vehicle onto a guideway-supported
walkway, in accordance with either the lateral or the fore/aft alternate egress
options, will be possible typically over almost the entire guideway length, except as
noted below.

Emergency evacuation from a stopped vehicle onto the guideway-supported
emergency walkway for the lateral emergency egress option will be relatively easy to
accomplish if deployable steps are available.

Two options for emergency egress from the guideway-supported emergency
walkway to a "safe location” will be available for the lateral and fore/aft egress
options, either via a staircase to ground level or with Maglev rescue vehicle.

The system guideway capital costs associated with providing emergency
evacuation paths from a stopped vehicle to an emergency walkway is minimal for
the proposed fore/aft emergency egress option because the guideway track floor
functions also as a walkway; these costs are limited to constructing egress staircases
from the walkway to ground at determined intervals.

3.4.8 Disadvantages of SCD Proposed Emergency Response Vehicle Evacuation
Means

Emergency evacuation from a stopped vehicle onto a guideway-supported
walkway will not be available for three of the nine combinations of switch design
and emergency egress options (see Exhibit 6-1) for 2 of the 3 combinations of highly
superelevated track and the emergency egress options or for any of the three
emergency egress options through superelevated curves when the vehicle tilting
system is inoperative.

The capital cost of the guideway supported emergency walkway required for
most of the guideway length for either the lateral or downward emergency egress
options, will be significant, although such walkway cost was not estimated in the

SCD report.

3-30



The downward vehicle emergency egress option appears to be flawed by
guideway track cross-member diaphragm and guideway pylon interference
considerations, by design incompatibility with both lower speed switch designs and
by implementation difficulties in highly superelevated track curves.

The proposed fore/aft vehicle emergency egress option requires significantly
longer vehicle evacuation times for trains with more than two vehicle units when
compared to the two alternate egress options of this SCD.

Emergency evacuation through the nose and tail hatch exits for the fore/aft
emergency egress option is hampered by the extra time needed to navigate through
the hatch; passage through these hatches is slow because of the hatch size and
orientation imposed by the aerodynamic nose and tail section design.

Emergency evacuation through the vehicle floor hatch-type exits down
descending ladders or staircases to the emergency walkway suspended below the
track for the proposed downwards vehicle emergency egress option will be difficult,
particularly for disabled and/or elderly passengers.

The close proximity of the emergency walkway (for the lateral egress option
vehicle evacuation) to the adjacent track of a dual track guideway will require drastic
speed reductions or complete stoppage of all vehicle traffic on the adjacent track to
minimize or eliminate vehicle-induced wind and acoustical noise impact on
walkway occupants.
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4.0 SAFETY REVIEW OF SCD - GRUMMAN

This chapter contains a review of the Grumman system safety program, their
hazard analyses and related issues, and their proposed emergency response strategy.

41 OVERVIEW OF SCD SYSTEM SAFETY APPROACH - GRUMMAN

411 Organization Structure

No discussion of the safety organization structure is provided. However, it is
stated that the safety activities conducted to assess the Grumman Maglev conceptual
design were essentially conducted by Battelle independently from the design team.

4.1.2 Safety Process

Grumman conducted a thorough PHA of their design concept in accordance
with standard industry practice. The approach and hazard classification
methodology is based on MIL-STD-882B. Approximately 150 hazards were
identified, including the generic safety issues identified in the SCD statement of
work. A control provision is recommended for each hazard, and the design feature
is identified that has been or will be incorporated into the baseline design to control
with the hazard. These PHA entries have been checked against the appropriate
system descriptions within the body of the SCD, providing evidence of a closed loop
process.

The interfaces between safety, human factors, reliability, and maintenance
activities were handled correctly. The reliability program conducted during the
contract period made good use of the PHA data.

4.1.3 Schedule

There is no future safety program schedule provided. Grumman does not
provide any planning information for future safety analysis work. The Safety
Assurance Plan section of the report deals with the activities conducted under the
SCD contract.

42 RESOLUTION OF BASELINE HAZARDS - GRUMMAN

Exhibit 4-1 shows the Grumman response to the Baseline Hazards identified
in the statement-of-work. Grumman thoroughly understands the purpose and
procedure for conducting a PHA. Each of the baseline hazards was subdivided into
more detailed and concise events of concern. A proposed control provision was
established for each event. Verification of control provisions was limited to Class I
and II hazards. Very few potential hazards identified in the PHA were not addressed
in the detailed design text.
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43 IDENTIFICATION/RESOLUTION OF ADDITIONAL GRUMMAN
HAZARDS

Exhibit 4-2 summarizes the Grumman Team response to other safety-related
requirements identified in their original statement-of-work which were not
specifically covered by the Baseline Hazards and additional hazards identified by
Grumman.

44 EMERGENCY RESPONSE
44.1 Vehicle Emergency Evacuation Overall Strategy

The Grumman evacuation strategy requires passengers to remain on-board
the Maglev vehicles except at scheduled station stops and in life-endangering
emergency situations. This strategy allows for continued operation of the system
after detecting faults; the vehicle operates with degraded performance or restricted
operation which either prevents or minimizes the probability of life-endangering
hazardous situations.

Vehicle emergency evacuation over the length of the guideway will be via
the normal entry/exit doors and/or emergency exit windows on either side of the
vehicle. Passengers will egress onto the top slab of the dual-track guideway center
spine girder which forms a horizontal platform surface 3 to 4 meters wide, shown in
Exhibit 4-3. Passengers and crew then transfer to a rescue vehicle or egress to ground
level via emergency staircases. These staircases will be located every 10 to 20 girder
span-lengths along the guideway.

The SCD proposes standardized 50-passenger Maglev vehicle modules which
can be fitted with nose and tail sections; these end sections will contain a crew
compartment and a storage bay. This modularized design approach allows for a
single 50-passenger vehicle, a double-module 100-passenger trainset which is
designated the baseline configuration, or longer multiple module trainsets,
depending on system capacity requirements. Each vehicle module is provided with
two power-operated sliding doors 0.81 meters (32") wide, one on each side of the
module, for normal entry/exit and emergency egress. Large module windows (4/5
m x 9/5 meter) are provided, some of which will be able to be "popped out" for use
as additional emergency exits.

One meter separates the vehicle floor from the spine girder top emergency
egress platform, evident from Exhibit 4-3, and a suitably deployable short ladder or
folding stairs will be required to assist passengers during egress. This is not
addressed in the SCD.

4-28



‘ujen jo seaepns opweuipoler uo
dn-pying e ssesppe jou op suejd ubisep pue yHd

-Aiesseseu pewesp se eauejsip bunjeiq

woeinns 10} epiaosd o) speeds Buiesedo eyl eanpel
0) A1eSSBI8U 8q ||IM )] "esle S|y Ul wioj pinod
YIYM SB]313 JJ0 HOOW) |IIM Jey) Jed Juoy) ey uo ebpe
Buipeej peicuue Areey e Buipinoid Aq peyuensid

8q ||IM )2el} 8y} Jo Sepis 6y} uo uole(nwndIde

8|21 ‘volipuoa ules Buizeasju) gee-¢ ~d

‘peads Bupesedo

ui uonanpel e Buynbes Aq suonesedo uo joedw
pue ezpuuiw o} *(Seyaul JNoj JOAO JO ISEDBI0)
Yum) suojipuod jjepmous Aaeey Guunp ‘pepusiul
os[e s1]| "S|je} MOUS ejelepouws sow 10) eenbepe eq
M @sueses(d siyl "joen Aemepind ey) pue sjaiyea
8} ueem]eq esuesee|d pelenAs) {'ul-y) W-gL 0 © sey
wejskg Asjbeyy vewwnig eyl 16¢-¢'d L'TETE

‘Seese ajnol
renusiod ey} ul pepiodss se:njesedwsy iseybiy eyl
eAoqe si yaiym ‘(4,021) Os6¥ 01 dn seinjeseduwiel
ul ojesedo o} peuisep si Il esnedsq sesnjeseduie)
ybiy ejqissod esey Aq pelsope eq 1ou pjnoys
woeisAg Aejbey vewwup eyy 26e-€ 'd 9ZTE€Z'E

(4.02-)
062 I& ejelado o) peubisep s1 i 8sneseq WoIsAS
ueununie) eyl uo j1aedu jeucijesedo ue eAey

-JeR6q ueae s buun peeds pue

UOIYPUOD B34 §O UONIeIep dljewolne Liejiwi| peeds
aneuIoINE GjRANOER PIN0J Jojeledo urel) tojeledo
[esjue eiA Ajjeqiea pejoelp se - eauelsip Gubjeiq
Kouebiewse ueins mojie o) Aiessessu ji pedds
peonpes je Gunezedo epnjsul sucisiaoid jo2u0D

(1 ssei)) ‘Aemepinb
seARe| ujes} 10 Aemapinb yum 19B1U0D pelisepun

) Gunynses (EZ) SUSIIPUSD 83] U] S8181ed0 eIl

“SUOIPU0D Mous Aaeey U e[xyeA moid

mous [erceds esn Uejiwy) pecds snewoine ejealoe
pino Jojesado urey) ‘ioteiedo jeiued eia Ajjeqien
peeip se - eauesip bupjeiq Asuebiswe yueijns
MOjjE 0} SUOJIPUDD Mous Ul Aressedeu ji peeds
peonpel e ole1edo 0) epnjaul sucisineid (0NU0D

: (1 ssejQ) "uoisijjod
10 Kinlu o} Buipee| ‘Ayjiqedes bunjeiq Aouebiewe
V) uonONPes 10 uopeIe|edsp ueppns uj Bujnses

‘sein|je} pele|es einjesodiua) 0) OAIIR|e! J6UUR
ojes-jiej, ul Juewdinbe pseog-uo pue ‘uajjeisqns
[eano Aejes Bujubisep epnjout suojsiaoid [o5uc)

() ssejD) "uonesedo

ejesun fenueiod uj synse) (T"Z) SOIMEISONISL

10U pjnoys seineseduie) mo 166-€°d L'ZETE MOT10 YOIH Aoy U sjerodg SuleTL

sueNSUo)

pue suoiipuod

:spiezey UsAe|® Ojul PepIAIPqNS piezeH leyieom

SAQUVZVH ONILVOILIN SAQUVYZVH
sansslt HOd4 NV1d N9IS3A L1d30NOD SISAVNV QUVZVH AHVYNINIIIUd JyNolLuaav
@aos NI a3ssayaav
SpiezeH [PUOHIPPY
ueunINIc)

v LI4IHX3

4-29



pennbel
eq pjnom ubisep jenidesuos Aemepinb weseid eyy
Ul SUOISIAGI ewos ‘g pue O Alebeieo Jo) ubisep o)

‘weae aydonseles | sse|d
e jo uoneayyssejo piezey peubisse yum e0ibe Jou
S0P puIMjie] 10 puMpeEsy jo 199)je prezey peljiuep)

‘pasinbes eq pjnom suoneayioads ubisep (661°0<)
a pue 9 AtoBere) ‘elusojie) se yons eese Gupjeys
-punosB Aysuejul-ybiy e u) Ynq §j "Seinol Jopiiod
1sesyuou Jo} (6 61°0 >) g AioBejeo esueunoped
snusies 19w o} peubisep st eanjanis Aemepind
weisAg Asibey uswwnip eyl vee-€ d ¥'TETE

-101em Bujpuels 10} mojje pjnoa eyl

eoepns [eluozucy ey, Aue u) Buipjing jou Aq pue
suojsinoid ebeulesp ejeudosdde Buipiroid Aqayul 2
Jo 981 Uje) B BlEPOWIWOIOR 0) peubisep s| einns
AemepinG uveununiy oy) 6e-€'d €ZTETE

‘pessoIppe 10N

“suolupuo? isnb

pum Jo puim e1eaes Guunp pepuedsns Ajuesodwel
10 pehe|ap eq 0} eAey Aew suojieied() 'S80} pum
osey} o} isnpe [m wolsAs |01uod peleldosse oyl
pue sjeubeus uolielAe] 8Y) BIUIS ‘SUOIPUOD PUIM
10w wioy) yoedw) fewnuiu Uy ynsel m ubisep siyy

*AjBuipio2oe peeds eonpes pue
ejqissod se U00s se AUAIIOE DIWSIES BSUSS O} USIM
Kew ‘Bunfeys punoib Aysuejul e1esepowl pueIsyiim

o1 AemepinB BuiuGisep epnjou) suoisiaosd jonuoD

(1 ssejo) ‘Aemepinb Bujaes) ujes) so Aemepinb
YuMm uies) Jo 1Bl pelisepun ejqissed uj Buiynses

‘seouemo|je esueisip Gunjeiq Aouebiewe
ul sedepns 1eMm s|qissod Joj Junoase Lejem Guipuels
uaaeid o} eimeAInd jodoid yum sesepns Aemepinb

jeiuozuoy Guubisep epnjoul suoisiaoid [0JjU0D

(1 ssejD) "peonpes Ayjiqedes bupjeiq ejes
u) Buynses

‘peonpes tou s} Ayiqeded Bupje:q
ejes esneseq pepesu ese suoisiaoid |01uU0d ON

(1 sseiD) sweye
prezey pesisepun ou ui 6unnses (T SUSPUSD

"JoBjUOD
AemepinByures peluemun jueaeid o} A|Buipioode
peads ujen ywy pue fjjesnewoine SUCHIpUOD puim
y6iy esues ‘AwbejuyAuiqeyes y6iy yum esepein
Aemopinburesn 6uiubisep epnjour suoisiroid [onuo)

ads NI a3ss3uaav

“(ydw 62) sesu g oy dn Gunsnd pue ‘(ydw Of) (penunuoo)
28SAU Z'C1 01 dn spuIm pesy ‘(Ydw OS) 98SAU 62 (1 sseD) “Aemepinb seaee| sjuresIsuo)
o} dn spum epis Apeeis u; uonesedo Joj peubiisep | ules Jo AemepinG Yum 10BjU0d pelisepun Ul Bunynses | pue suonpuo)
s1 wosAg As|Be uewwm eyl p6e-€°d ZZTETE 3L INLTTY
SAQHVZVH ONILVOLLIN SQHVYZVH
s3anssl HO4 NVYId NDIS3A LdIONOD SISAYNY QUVZVH AHVNINN3td TYNOLLIGaV

(panuguo)) 7-¢ LIGIHXH

4-30



-ubisep [en)dsauoo u peljesodioaul uesq
10U SBY SINIINNS BJ21YeA Ui uole|nsul Joj ubiseq

‘ubisep {enjdesuod u; peesodiooul
usaq jou sey uonoejoid Guuyby 105 ubisep pejieleq

-sjusuodwod uoiiouny [esio Ajejes Joj pelinbed
8q pinoys isnp/pues Joj Bunsel uonesyiienp

‘gp §9 mojeq
s{eae| esiou ey) 6upq o) weidins eq o} peuueld s
UIqeD B} Ul UCNE|NSU] BSIOU ‘OPBW BIBM SOJEWNSe
[8A0)] @siou Joueut ou ySnoyyy 80p-€ d EHETE

‘seseyd ubjsep pejelep

wenbesqns Bupnp Aresseceu se peeiodiodu
pue pemeiael 6q [Iim uonoejold Suiuiyby

o} ene|es spiepuels pue ‘seunepinb ‘suoneinbes
ejqesydde pue ejeudoiddy gee-€ 'd STETE

‘oxus Bunny6i

e ejedissip 0} yied jeaujoeje Auaanpuod ybiy
B SE BAI9S O] SeORHNS [BUIGIXS Ji|[eleu-uou o} yseul
wnupunje Jo Jeddod Suipuoq Aq pue ‘ubisep eyl ol
‘e|qeaijdde se (g joy) 0EL VdIN Jo siueweinbe)
ey 6unesodiosu) Aq pepiaoid si uoiioeiosd

Guiuyby ejo1yea ‘uowppe Ul Syi-g 'd €'1TE

‘SuciiIpuod puesasnp oy Aq Aressegeu
pewesp se speeds pesnpe! e wejsAs ey} Guneredo
epnjoul Aet SUOIBIOPISUOD YONG "POIBIUNOIUS
9q pinoa 12y} }SNp pue pues pjus Ajeaneiel

oY) wo1} swejqoid ejqissod ezjwiui 0} pepesu
oq Aew suoljesepisuod ubiseq 86¢-¢d LTETE

‘suolypuod AYqIsiA

ebues yoys Kiea Guunp spesds peanpel je wejsAs
Aojbepy uewnunig ey) ejeledo oy edtjoeid poob

oq Aew y 'lenemol{ “Aemepinb eyt uo uononiisqo
ubtesoj Aue o) puodses pue esues Ajleaewolne

-uonensyy
pue ubisep oweuADOIeE BIA S{OAS) e|qeidedoe
o} estou Buyuy epnjou suosiaold [013U0D

(11 ssejD) “Ainfuy smeopsebuessed ul Bunnsel
0

‘suoisjroid
|e10eds pue ufisep [einlonns elA uonoeload Bupyb
sjenbepe Buipiaoid epnjoul suoisiaoid |01U0D

(1 sselD) “mesopebuessed
10 uoyn20100(e ejqissod ul Bugynsel

-Kkemepinb uo s196[qo jo uonselep
ayewoine Burpnjoul onewolne eq o} ojeledo
weysAs Buiubisep epnjou) suoisiaoid [051U0D

01 Auigedes ey) eAey |im sweisAs Abeiul (penunuod)
91N0J PUE [O1UCD PUR pURWWOD B3UIS ‘Alejes pue (1 sse|D) S|ueNSu0D
suonesedo AojSepy uo 1oedu Jofew Aue eaey jou ‘108lqo 10 uiel} JeylouE Yum uoisy|od ejgissod Ul | pue SUCIPUOD
pinoys * - - Boj jo @suennazo eyy §ee-€ 'dsZTETE| Bunmnses 18YIeoM
SQUVZVH ONULVIILIN SAQUVZVH
S3anssl HOd4 NVYTd N9DIS3A 1d3ONOD SISAVNY QHVZVH AHVNINIT3Hd JyNowaay

@aos N1 g3ss3uaav

(panuguo)) Z-p LIGIHXT

4-31



‘JusIUONAUS [BWeIXe ey} Jo Jebuessed ey) 0)

pie1} neubew ey} seziwiupu ubisep iyl uos ey}
U} xn|} oneubew ey) SeIRNUSO0D YIYM ‘sjfes Lol
pue sjeubew 8109 uos esn weisAs Aejely swee)
ueunurr) oy) o} peuueid sieubews ayi ‘20AeMmoH
we)sAs uoneypodsues) peyuisele Gunsixe pue
as|Bepy usemieq esuelejp Arewud ey; ese sjeubew
uoleyas| oyl “sweiss Bunsixe ey toj ese Aey)

"JIN3 Jo sjene] pejoedxe o) eAlele! ofes-[1e),

eq o} juewdinbe [eano Aefes ubisep ‘osie 's62N0S
JW3 [ewe)xe woij Aeme suojieis/skemepinb
6unesol epnjou| suoisiacid |0NU0D

se jew|uiw Sse eq 0} peldedxe ese suoissue W3 uonelpey
wosj soedu Alefes ey) ‘suieisks ucnepodsuel) (1 sseiD) ‘suewny uo s198)6 jedibojoiq oneubepy
Ao101ul pUE URGIN PBHUIB|O J6YIO O} UORNGUISIP e|qissod pue juswdinbe jo uojesedo efesun pue
pue uoneieusB somod up Jeywis Aiea syweishs | - eigissod ui Guninse (OT T SIS MNeUbEWonid|3 (onann3)
Aeibepy edAl SW3 eyl eous Sit-€d €YETE JUISTA UF j Amqnedwo)
Jedusiepeiul
aneubew
‘spiezey oM} Olul PEPIAIPGNS Sem plezeH -on%9|3
‘speeds sjqesedwod
1e uonepocdsuel) (iel JO SWIO) JUeLIND UBY) BSIOU §SB8)
eonpoud seja1yeA peeine) AjesneuSiew 'sweisAs
y1es peeds ybiy seyio o} pesedwod Si¥-€ d
'seuljepInb (1861) V.1dV oyl ©A0qeE [|BM Yioq el
yaym (v) gp 98 pue (v) gp 82 ‘Ajeaioedsol ‘otem
Aemepinb oY) woy (1 0£2) W 0 pue (i) 9Lv) w
Sp1 1@ sjeae| esiou Aqssed peloipesd wnuwixew eyy
-Kemepinb ey woyj (i 0€2) w oL pue (4 92p) w
Sp1L uiyum *Ajeansedsel *eauep)ses Aue Joj n00 0}
poisipeid esem suonedpssed Joeduw 81eAes, pue
Jaedw, ey} ‘eueisd (0661) V1NN eyl pue Jopluod *5|9A8] 510U
uonepodsues Y104 MeN 01 uojsog ey Buisn | y6iy wosy suonels Uy [euuosied pieiys o) (seinsojsue
‘pesn elem senbjuyoe) uonebiyw esiou ou pswinsse *6'9) uoisiaoid eyew ‘1eeb oA)s9101d Jeam
sisfjeue siy) °Aqssed ejSuis e 4o} (1861) VAidV | pinoys siexiom 8aueusiurew ‘senbiuyoe) Buipieiys
pue eansodxe ene|nwND 10} (0661) VLdWN Aq pue ubisep osureufposee eiA Aqnd eseued
pesodozd eLelud BSI0U BY) YIM UOHIBULOD Ul BIEP | o) sjens| estou Buionpes epn|au) suoisiaoid j01uoD
esiou 20 pidessues) Guisn siopuiod uoneucdsues ) (penunuod)
‘S WIBiSEEYUOU OM) Ul SuR)) As|Bely (11 55€1D) AnumiA Ul pue suoliels U} s18ylo sjuresisuo)
}O UCHONPOIUI W01} 19BAW] BSIOU BY) POIeN|eAS pue jeuuosied esueusiuiew o} Anfu; uj Buynses | pue suopuo)
eaey (2661) |2 10 uesueH gip-¢ *d ez e | [ETZN ACUISIRT S[5A6 T 05I0N UOIH So1eroust) urel] seyleap
SAYVZVYH DNULVOLLIN SAHYZVH
sanssl HOd4 NV1d N9IS3QA 1d3IONOD SISAVNY QHVZVH AYVNININ3Yd TYNOILLIQaY

aoss NI gass3uaav

(panuguo)) Z-v LIdiHX3

4-32



-Aeued wbiom

("ql 008) ‘63 #9€ & Aelewixoidde yesoides 0)
porewmse e.e spiejys esey| ‘Buipjeiys siy epirosd
0} 81NJON}s 100)} QuIOdABUOY BY) jO 188YS ede}

8uo se pasn eq p|nod |aels 1eeys ulyy ‘Buipjelys
[eels |eoo] ewos Sujjesodiodu) Aq peaelyse

Apsee AieA S| SIY] “[9AS] SIY] 196U ||IM BN Inoge

jo uoyienuele 9Q v _"Guipielys noyum (eAS] pjely
ap 1semo| ey} sjeew Auesu AteA ufiisep diseq oY)
*${8AS] 3p OM] IS11} 8Y) 18ew o} pesnbes Guipjeiys ou
sje1ey) ‘100|) Oy} 1 (SSNEY G pUE |) JW G0 pue
1°0 USeMIeq Pue |aAe] Jees ey} e (ssneo 1) 1w 10
mo|eq ese Buip|elys Inoyum spsl} op ey} jey) moys
synses ey] ‘Guipjeiys Inoyum ejoiyeA euljeseq

1no jo AJUIdIA Oy} Ul PUB UIYIMm §18A6| plelj Sneubew
op peisipeid ey ejenjeas o} pejejdwod useq

sey sisjeue oyeubew g-€v 012-€°d 6'1°T€

Wopm jo wewselels ey) Aq peyjioeds sy

piel} 1omoj ey} yeew o) pepeeu eq jiim Buipjeiys
eWos eyl POPN|SU0D S1 Il eJeyM ‘6°L'2'E UoNIesqns
uy pessnasip Anj etow s sBujpunouns sy pue
ejayea eyl Inoybnouy spiey dileubew jo uonnquisip
feneds ey) jo uoje(NdED "BIUBISIP = 1 B18YM ZI/L JO
uoljoUN} B Se 9SEeIdep 0} Peliadxe aq ued 6ANYeA
Ino 10} MOHY eutjepinb ey Suoje sjeas " G 0}

1 8q (M 8|3iyeA 1desuod Aejbepy swee | ueuruMD
oY} JO BpISINO W | UBY) SSB| UIYUM pue Bpisul yioq
sieubew uonenas) ey) wouy piey sneubew eyl 1ey)
sejesipul siskjeue Areunield 2ip-€ 'd EV'ETE

Aemepinb

10 AuuiolA uj jeuvosied uo W3 JO 19j§e YW

o) Aiesseoeu se Buipjelys erei0dioou) Jo weisAs
ubisep es00y ‘osfe ‘43 Jo s1eA6) peldedxe

o} eAejel ofes-jie}, eq o} wewdnbe [eanud
Kiojes ubisep ‘osje einsodxe uewdinbe [eud
Kiojes mosopebuessed eanpes o) Aiessedeu se
buipielys eresodiosu) 0} epnjoul suoisiaoid 0UCD

(1 ssejD) "suewny uo seje
feaibojoiq ejqissod pue Juswdinbe jo uoyesedo
sjesun ejqissod u) Buynse: (TTZ) JWT o1EI6USYH

(penunuo)
uonelpey
aneubepy

pue

(owann3)

Amaqnedwo)
JodusIopeUl
onsubew
-00998|3

S3anssl

SAUVZVH ONLLYOILIW
HOd NVd NDIS3A 1d3ONOD

SISAVNY QHVZVH AHVNINI3Ud

a9os NI a3assasaav

SQUVZVH
TVYNOlLIgav

(panunuo)d) z-p LIGIHX3

L ] a

4-33



[t

v,

‘moJ Buoje pue suoyeisu) ssease Aemepinb
pezuoyineun Bunjueaeid epnjoul suoisiroid [onuoD

‘sieBuessed .ro\u_._w Aemepinb uo jeuvosied
o} yieepzAnful ug Jnses pINO piezey jejiuslod

(1°8) Aemepino
uQ ssessedsas|

‘peanpold ere jey)

sjueund Appe paanpu) eyl o} enp spiel oneubew
o o} P{eIYS SANIOYO U SB SOAIBS 1019NPU0D

Auy -Aauenbeyy seybyy Aue Je syuewesinbes

e ey) Ajsiies ose |im SIYl j8As| op Jw

10°0 10 1°0 6y} Jeyye 1eew 0} 8ACqe pojou Hulpjelys
(ee1s eyi epirozd em ji “Bulpjejys Inoyim peljsies
Apueseyul st uonIpuod 10Ylieu usy) ‘016z eroqe
Aouenbes) Aue sueeld Je ey} GWNSSE 6M )| “ZH Ovl
noge eaoqe seiousnbes) 10) (LW 10°0) 18Ae] puodes
ey} pue zH 2 eAaoqe seiouenbely o Buipielys
[RUOIIPPE OU YYM Jew 8q SRy} pjnom (Jw 1°0)

{eno} se 1s1y eyt pideisuesy [0 jey) sewill 0| incqe
9q Aelu uoNGUISIP J€ OY1 JeY) BNSSE 810jeIey}
Kew opp -uoisuedsns deb-efie| eyy w1 Jueleyu

xnyj ebexee) peseesou] oyl 0} enp ‘pidessues |

8Y) Jo 1ey) sew)} ue} Inoqe |8A6)] Pjel Ip e SHqIyxe
ejoiIyea InO ~Apnis [edifjeue peyw e pinom

uey) SjoA8| pjelj o€ 8y} jO Olew|Se 9leINJJ. SI0W €
opiroid |i1m elep 1se) pideisuel] 6y) jo ucpeunuexy
*8|21yeA g0 oY) uo skeains pjelj oeubew epew
eaey Aey) pue 'pideisuel] ey} JO ley) o) Jeluis s
ubisep IO jey) ‘19ABMOY ‘91eUNUO} 18 BM “ApmiS
uSisep (enideauo e 10) ejqeucses) jey) puokeq

1 yoiym sisAjeue snosoby A1ea e jileiue pinom

dew pjel} Qv ey jo sisAfeue pejielep y ZizZ-¢ 'd

(penunuod)
(OWann3)
Auqnedwod
Je3uslepeiu)
aneubew
-01198|3

s3anssl!

SGUVZVH ONLLYOLLIN
HOd NVd NDIS30 LdIINOD

SISAYNV QHVZVH AUVNININ3Yd

aos N1 gass3daav

SAQUVZVH
IvNOLUaay

(panunpuod) 7-v LIGIHX3

4-34



*goS 6y} ul seuslieq ey jo uonduasep 10
uoISSNISIP PeJielep ou stiey) QDS ey) inoybnosyy
Aesipoued pouojusw a1e seleeq pieog-uQ

‘Noaioedses suoibes peeds moy

pue y6iy ey} Jo) pesn eq (Im exelq uoliouy

oy} yum uonsuniuod u) exeiq weund
Appe oy} sso| jomod AsueBiewe Buung  «

"pesn eq || yoeosdde Bupjeiq
oanjeioueber ey) suonesado jeusou 104 .

:SMOj|0} SE §] eUI|eseq UBLIWNIE) Jo) yseosdde
Buijelq pepuswwiodes ey) $91-¢ 'd by’ L'TE

‘peijuen jou sem uejd ubisep ‘esojesey)
‘Juene jeutbiep |1) SSe|D © Se peulep si piezeH

‘poljueA tou sem ue|d ubisep ‘elojeien
“luene |euibiep ||| SSE|D © Se peulsp si plezey

qinse: pjnoys bupjeiq Aouebiswe
- Jouuew _ejes-jie}, U} Juswdinbe joiuo/eINdwod
preog-uo GuuBisep epnjoul suoisiaoid joju0D

*SuUOJoUN} |0JU0D pleoq
-uo [earo Alejes Jo s50) uj Buynses [F5] (WEIEAS
BTG ASUSHIOUT] "SIoodIo) ~5'0) SWeIASANG

Ha

‘|eaued
o1 Butyodes pue ucipuod Guisues pue ejqeljes
AuBiy weisAs Gupiew apnjou) suoisirod (onuoD

-Ainfu) se6uessed ejgissod yum Wbiu e sseibe
u Aynapp vy Guiynses (€75 BUNYETT SRIGBATO 55071

‘[enued oy Buisode:s pue
pIE0G-Uo SUCIIPUO? jewilouqe Buisues pue 6jqenss
Aybiy weisAs Gupjew epnjous suoisiacid [01U0D

‘ures) jo 6uiddois ejqissod
pue sseujjopL0sip JeGuessed uj Bunynses

‘peisy)
eJe oAjom) Buluiewes 0y) ‘sprezey euljeseq Joylo
18pUN PEIBAOD USB( BABY ISOW *JIOABMOY ‘9JIYen

oY) Yum pejeicosse spiezey suo-Auy) pelusp) 8[oIYeA
SQHUVZVH ONWVYOILLIN SQUVYZVH
s3anssi HOd4 NV1d N9IS30 Ld3ONOD SISAVNY QUVZVH AHYNINI3Hd TNoLLaavy

aos NI g3ss3vaav

(panunuo)) Z-§ LIGIHX3

. 1 4

4-35



]

*810INALI0D SNOUBA
ey) 10} pessnosip eJe sjueweinbes esemijos oN

‘suopels/ejsiyea eyl jo sjuswelnbes ubisep

8Y) U} 10U ‘(JOS 64} Jo UCHD8S UBjd BIUBINSSY
Aiefes g'2'e 8Y) u) pejeso sy uwnjod ueid

ubisep eys ul {eps-¢ ‘d) ydesberied pesueisjes oyy

“8jotyeA oY) jo siuswesnbes ubisep
8y} Ul tou ‘QOS Byl Jo UoKI8S UBld 8oURINSSY

-ubisep ey} ul sl SIY) 1B Pepusiul SUBSW BUO BY) SI
1 ‘A1ejes jo jeas] ybiy e Guias|yoe jo sueew Ajuo ey
10U I S|Y) BjIYM 'Seinjiej ejesun jo Alljiqeqosd moj

e U] synses |} esnedeq Alejes Jo |eae] Ybiy e einsue
sdjey esnjeus siyi jo uoneInBijuos Juepunpes y
*9leIS OjEes © 0} YOASI [|IM UOIIUNJAUBISAS 8] *IN220
weweseibesip pjnoys luewesibe Joj peseduiod 10
pey2oYyd aq [Im sindino ney) pue ‘|ejjesed u) elesedo
{im s1eindwiod ezows 10 OM) Jey) sejidu s1endwod
JUepUNPe. PeYOBYD, Wie) 8Y| ‘suojiejsqns epishem
ey} ie pue pJeoq-uo Yioq suoiaun} jeao Alejes
Auew unoped o} s1endwod yuepUNPOs PEXOBYD
‘ueie|o) Ynej ez o} st voneuswejdunubisep
UewwIug ey) Uy uelul ey) evs-€ ‘dEELETE

‘uonesedo ejesyie} esjuerent

o} we)sAs oi60o] Josues e pue sie)ewoie|eade
(e10AGS UlRIUOD (M ebeyord ey weisAs

i1 oy} o} Indu) ey sepiaoid pue uonee|eade
[elsje] SeSUBS UIqeD 8y} U] pejeso] ebeyoed tosues
Vv ‘wisjueyssw | suljeseq &y} Jo sjusucdwod
solew smoys g6-12'c @by ZLi-£-dsLTE

‘sjuswpeduiod

obeiols - £82'SZWed HAD 6P YV o
suojjeso| juewdinbe |eaude|e

‘sped Buirow - L'62Z Wed HAD 6y
safjsus)orIRYd

Bunees - Gz Ued YD 6Y YVd o
Bunyby) - seanoesd pepusLLLIOdS)

pue SpIEpPUBIS O [BNUE HYY
juswebuene

qeo lojeiedo - 622 Ued H4D6F
suosied ps|qesip 1o} juewiebuese

louelul - 8E Ued H4D 6V '066L joYQY -

‘epnjoul stuswainbel ejqeaydde Ajenueiod
jo seainog ‘Gupybi pue ‘sonsueloeieyd bugees
‘wewdjnbe abeyoa ybiyBuinm jo uoliedso] ‘Yipm

©|SIe Se Yons SI0j0B) BPN|IU) SWIEOU0D) ‘suopedidun

*sjusuodwod
ejqeljes Aybiy esn ieuuew ofes-jie), Ul NI
josjuod yn bulbisep epnjow suoisiaosd josuoy)

*Ainfu) sebuessed e|qissod uj Buyynses

*$8820B/108jU0D
Jebuessed Jueaeid o} Jeuurw U SOIM
Bujurejuos pue Bunnos sepnjsu) uojsiaoid Buijosuon

Alefes g2’ 8 ul peleao) sy uwnjod ue|d Aejes sey osje ejoiyea ey episu) sbuiysiwing pue *Ainjuy Je6uessed ejqissod uy (penunuod)
ubisep oY) Ui (265-€ "d) ydesbesed pesusisjes eyy | wewdnnbe jo wewebueue ey zgs-€'d s'eL-eze | Bunnses (55) BOEYOA UOIH OF PosodRy SIebUsssegd 8|31yeA
SAUVZVH ONLLVYOILIN SQUVZVH
s3nsst HOd4 NVd NDIS3d LdIAONOD SISAVNV GHVZVH AUVNINN3Yd TVYNOLLIgay
aO$ NI g3ass3yaav

(panuguo)) Z-¥ LIGIHXA

4-36



‘weysAs Aejbew

peoads ybiy siy1 10j suoneinBes Buysixe Buikypow u)
pesepisuod aq o} pesu (6 jed) siuewseiinbe) Buize|6
JJeiolie UONBISIUIWPY UOIIBIAY [eleped “ulen e uey)
yeiase ue o) snobojeue elow eq Aew sped esey)
pue spiiq oYY ‘s10elqo (jeus woyj ebewep yoeduw o}
Aujiqeseu|na 8BNS PES] PUR PIBIYSPUIM SBINPOoAUY
peeds spaiyea aejfepy ybiy ey} -sjoedwi 1oeiqo
ebie| Ajloaiejes premo) pejueno. ese suolieinbes 440
Bunsix3 ‘e[olyea eyl jo sesens Buipesj J0 smopulm
oY) Bupjuis *a1e ‘emoeload ‘spaq “6°e *s10e{qo

Jo ynse1 e se Anfuj wolj masd pue siefuessed
1oej01d 0} 1epio Ul ‘(2 “JeH) €22 ed ‘U4 6¥ ey} Jo
sjuewnbes sy} ‘WnWiuNL € je ‘19sLY ISNW s{elelew
juswipedwod esou pue Buizeln spi-¢ de1'Ze

‘peljieA Jou sem ueid ubisep ey) ‘e10jeleyl
weae jeuibsey |1] Sse|D € SE peuyep S| piezeH

"Il 3N (2emojjo}) emssed jo Jjed om) pue
syuI N eAnoe jo sied esiy) Aq 8anjonls sisseyd
ey) woyj peuoddns sy Apoq ey} °z2-12€ 614 ul

umoys si wojsAs Sumn spdiyea eyl gol-€-ds1Te

1'G plezeH se seweg

-speeds asinid
1e 100lqo [[EWS YUM UOIS|[|0D PUBISYIM O) SMOPUIM
epis pue (pue {uoJj pue Joyesedo 10} MOPUIM *5°9)

1u04) ejoiyea Guubisep epnjou) suoisinoid [oNUCD

-Kinfuy 1e6uessed/masd ojqissod

u) Guginses

-9910} Buysojo 100p sedoid esn pue Buun
1odo:d Guikojdwe ‘Aemicop ul eouese.d joelep o)
siosues uop Buikejdwe epnjoul suoisircid j0AU0D

-Kinju; eyqissod
u) Gujynse, 1 T !

TSR TOBUSSSEg UQ 050 s1000
-Aouepunpes yum Jeuuew ejgeljes
Ay6iy w Gujubisep epnjoul suoisiaosd [0nUcDH

yeep/Ainfu)
eleaes ejqissod uj Guiynses [OT'S) SIB0Q pUE
BONBA J60d1) U6sMIoY MBI [eIRISlS JO 55671

‘g|qeijes Aybiy wisiueyasw exew - SeAINd Uo
peddois j s Guneanoesp epnjoul suoisiroid jonuoD

Anlu; Jebuessed

e|qissod ui Gunses{6S) OAIND U0 SA0I5 UreJ]
"1} BAISSOOXO

weneud o) wsjueyosew dojs bulfojdwe pue
e|qeyes Aybiy Bupjew epnjoui sucisiaoid (0)u0D

-Ainfuy JoBuessed ejqissod ul bulynses(F5) STOINES {penunuod)
L'S piezeH se ewesg TBTENS 1O SOAINTy U0 padnpold WL oASSo3Ng 8|oIyeA
SQUVZVH DNLLYOILLIN : SQUVZVH
sanssl HO4 NV1d N9IS30 LdIINOD SISAVNY QUVZVH AHVNIN3Hd JyNoluaav

ads NI a3ss3taav

(panunuo)) z-% LIGIHXI

. b}

4-37



-sjuswiresep Buiuoaeid Ajenuesse

Aq we)sAs ey} 01 f19jes [euoippe sepirosd
siyj] ‘pideisues] seop se *Aemopinb ey) punose
sdesm ubisep SW3 vewwnid eyl Z-5°dv'l’s

*Q|31yeA ey Jo Jeel Pue Juosj 8y} 0} pely
seijquesse Jodwnq Suiqiosqe ABioue yum peubisep
$1 epoiyea ey ‘peeds moj 1e Aypqeded buiqiosqe
AB1eue s,8jd1yeA ey} eznundo o) Z5L-€ A ZTELTE

“AwBejuyAljiqenes ybiy yum osepeiul
KemepinByuren Bujubisep epnjsul suoisiaoid j031u0D

‘Ainfuipieep u) Guninses TIT'S)

*suoIs1j{09 u1 eBewep [ein)oruls 151S6J 0] elempiey
6uioeuu0d pue S|ees pue WesAs |01ju0d oju)
Kouepunpes Buubisep epnjoul suoisinoid (o5uo)

: ‘swejqoid 1ees jeinjonns
o.o:u._.uo&a_._.__o_n_amon:__ms._:me.au.ﬂ«.a

‘s|ewolew Jue)sises joedw
16410 Buisn pue spue JuoJ) Uel) 10} MOPUIM peze|b
Ayjenb ybiy K19 Bujsn epnjoul suoisacid |05uoD

‘s1eBuessed Jo me19 o} yieepslinful {penuiiuod)
£z'c piezel se sweg | ul Bunnses CILTEYY
SAHVZVH ONILYOLLIN SQUYZVH
$3anssi HO4 NV1d N9IS3a 1d30NOD SISAVNY QHYZVH AHVNIWITIUd IVNOLLIgay
aos NI g3ss3daav

(p3nunuo)) z-¥ LIGIHXA

4-38



lopib euids Aemepinb

punoib o} esextels

\

Kemjjem Aouebiewe

N

I
I
T
|
|
|
1

\«

T

4 I
H 1

A A A A A 4 Lotk bk b L L L

hw

_—~—©|91YeA pejens|
11 pue peddols
Aouebiewe

- - - - -
- - v

8[o1yea
enosel yoes ff
Jeyto o} Jejsuel) umopdels

Kemyjjem o} Joop

%oEBJ} GBS UMOP 184N} uxe Asuebiewe
8|21YeA 8Nose) 0} Jejsues) 100p el ssesbe

sueajy ssa183 LouaBiowg apyaA pasodoid uvewuman)
€-¥ LIgIHX3

4-39



Joyd Aseuiyoews youms
10jen)oe annespiy

Kemjjem

Kouebiewe
7

siejjol
P oo O . WY V o YV ann
— e Y L%¥] 5226843
I |
|
" _
_ \ " o
_ % _ H
| % ! f
] i | H
," “ .
' ! i
' } !
1 !
."...;1.\.:3?.. }a!!w
|
|
| wesq st
(6unes youms ! joes] ejqesacwt (Bues youms
no uim) sseibe ybnosy) ybiess)
100p OpIS O]IIYeA Kemjjem o) sseiBo
sepinoid Aemyjem Aouefiewe pejuep
Aouebiewe weeq y3e) 1ejued

weeq yoes
Aemepinb poxyy

440

(passaippe DS Jou ssa18a LHH>uaBiawa yojims)
1dacuo) uBisaq Yorms [e1aje] pasodold o suedpy ssai8y LouaBiawy ueunmuo 3o uonesjddy ajqissog

V¥ LI4IHX3



44.2 Vehicle Emergency Evacuation Within Guideway Switch Zones

The proposed guideway switch design does not incorporate the center
structural spine girder with the vehicle track beams cantilevered on both sides of the
girder suggested in the baseline guideway configuration shown in Exhibit 4-4.
Instead, the individual-track beams of the switch are supported on pier cross-beam
members located at 15 meter intervals along the length of the switch. A front
section of the switch length incorporates a bending track beam while the rear section
has a rotating and laterally translating switch dual beam (GR SCD 3.2.2.4). These
switch moveable beams have steel rollers running on steel rails mounted on the
pier cross-beam members, shown in the switch cross-section in Exhibit 4-4.

Although not addressed in the SCD report, emergency egress walkways can be
cantilevered to the fixed outside beam and to the moveable outside beam of the
switch, but vehicle clearance requirements preclude adding such a walkway to the
center moveable beam of the switch as indicated in Exhibit 4-4. Vehicle clearance
considerations are evident from the switch planview shown in Figure 3.2.2-30 of the
Grumman SCD.

Thus, emergency egress onto a narrow walkway will be possible only over the
length of the switch design on the switch turn-out branch, but not over the length of
the rotating/laterally translating rear section of the straight-through branch.

4.4.3 Vehicle Emergency Evacuation Within Superelevated Track Guideway Curve
Zones

The proposed vehicle's hydraulic active tilting system can tilt the vehicle up
to 9 degrees from horizontal; and, the guideway track beam superelevation angle
may be up to 15 degrees from horizontal (GR SCD 3.2.1.5). Thus, vehicles with
operative tilting systems that are stopped on a superelevated track segment can be
leveled to within 6 degrees of horizontal to ease emergency egress from the train. If
the tilting system fails, however, the vehicle may experience tilting angles up to 24
degrees from the walkway and emergency egress onto the guideway walkway from
vehicle side doors will be difficult.

4.4.4 Vehicle Cabin/Crew Compartment Layout and Equipment for Emergency
Evacuation

The aisle width, seating pitch, overhead baggage stowage bin facilities,
emergency lighting, emergency exit sizes and emergency exit arrangements are
consistent with commercial aircraft regulations (2 x 3 business class seating at 38"
pitch with 22" aisle width specified - - GR SCD Figure 3.2.1-71). The cabin layout is
compatible with the requirements for emergency passenger and crew evacuation
within 90 seconds of an emergency stop.
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This 90 second duration is adequate for a Maglev vehicle where the risk ¢of

rapid fire spreading and/or explosion is lower than the risks associated with airgraft.

The Grumman Maglev vehicle complies with aircraft evacuation requirements.

Four 0.8 meter wide entrance/exit doors, two per train side (one per m

le

set), are provided for the baseline dual module 100-passenger trainset configuration.

Accordingly, each door will be required, in the event of an emergency, to evacuate

up to 50 passengers. Only doors on one side of the vehicle will be available for
guideway spine girder platform emergency access, as shown in Exhibit 4-4. Thig
evacuation rate corresponds to one passenger every 1.8 seconds to achieve an
evacuation time of 90 seconds. The requirement to evacuate up to 50 passengerg

per

door for the Grumman proposed vehicle design is consistent with aircraft practjce.

44.5 Emergency Response Information Communication Means

During emergency situations, communication between vehicles and system

central control occurs using vehicle-to-wayside ultra high frequency radio
communication/data transfer links. All ground communication/data transfer

between system wayside controllers and central control is via a fault-tolerant fiber

optic cable network (GR SCD 3.2.3.1).
The SCD clearly identifies the need for extremely high reliability of the

communications link between the vehicles and the wayside regional centers. The
SCD states clearly that loss or significant deterioration of this communication link

will invoke a system-wide emergency stop.

Potential sources of unreliability for the proposed communications system

(1]

and techniques to optimize radio link reliability are extensively addressed in th
SCD (GR SCD 3.2.3.1.5).

A potentially serious problem is the baseline system ultra-high-frequen

(UHF) radio transmission multipath interference problem. This results from the

radio waves being reflected off terrain or other ground objects, and will be
minimized by continually comparing signal quality among a number of waysi

transceivers distributed along the guideway length at nominal 2 km intervals. [This

wayside transceiver spacing allows for nearly continuous geometric line-of-sight

transmission, ideal for optimal UHF radio link reliability. Grumman plans to use

an array of fixed antennas at wayside-located receiving sites and multiple
antenna/receiver combinations on the vehicle, combined with directional
polarization transmission multiplicity. The strongest signal is automatically
selected from each wayside antenna array. Two vehicle antennas are proposed,
separated by as great a distance as possible, with redundant transceivers for each
antenna.
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A "leaky" transmission line or waveguide vehicle-to-guideway
communication link, based on near field-coupling between the vehicle antenna and
guideway transmission line located in close proximity, is suggested as an alternative
to the baseline radio link if an insufficient number of radio frequency channels are,
available because of system frequency allocation limitations.

The proposed baseline UHF radio link vehicle-to-guideway communication
system has a high degree of redundancy and the inherently high reliability of a line-
of-sight transmission system. The fiber optic cable networks proposed for the system
ground communications can be designed to be exceptionally reliable by using state-
of-the-art availability enhancement techniques.

Accordingly, the proposed communication system reliability and availability
_is adequate for use in emergency conditions to control the train and to provide
subsequent evacuation instructions to passengers.

Grumman suggest having an on-board attendant on the baseline 100-
passenger vehicle to provide for passenger needs and supervision (GR
SCD 3.2.1.13.6) and to assist in emergency situations, especially evacuation. This
attendant/passenger ratio does not meet the current commercial aircraft federal
regulations which require one on-board attendant for every 50 passengers.
Presumably, any emergency response-related information will be transmitted to the
vehicle attendant, who in-turn, will notify the passengers via the on-board public
address system.

4.4.6 Provision for Emergency On-Board Power Supply

The predicted vehicle electrical power demand of about 170 kW requires an
on-board lead-acid battery power supply which weighs approximately 6000 Ibs (i.e.,
about 4.5% of the estimated loaded baseline vehicle weight). (GR SCD 3.2.1.7) This
power supply will provide power for up to 30 minutes for vehicle operations when
power transfer from wayside via vehicle induction coil pickup of the linear
propulsion motor harmonics (GR SCD 3.2.1.2) is unavailable because the train
traveling at speeds less than 100/150 mph.

An emergency electrical power supply, independent of the on-board normal
electrical power supply is not specifically addressed in the SCD. The issue of
providing a highly reliable on-board emergency power supply with the required
capacity to provide all needed suspension, braking, lighting and communication
functions during any emergency stop and vehicle evacuation needs to be addressed.
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4.4.7 Advantages of SCD Proposed Emergency Response Vehicle Evacuation
Means

Emergency evacuation from a stopped vehicle onto the guideway walkway
will be available over the entire guideway length, except along one particular track
branch of the switch design and through superelevated curves for a vehicle with
inoperative tilting system.

Emergency evacuation from a stopped vehicle onto the guideway walkway
will be relatively easy with vehicle-deployable short ladders or stairs.

Two options for emergency egress from the guideway walkway to a “safe
location" will be available:

o Via a staircase to ground level
o From the walkway onto a Maglev rescue vehicle.

The system guideway capital costs associated with providing emergency
evacuation means from a stopped vehicle to an emergency walkway is minimal
because the top of the spine girder of the dual-track guideway structure will function
as a walkway, and thus costs for providing for emergency evacuation are limited to
constructing egress staircases from the walkway to ground at spaced intervals.

44.8 Disadvantages of SCD Proposed Emergency Response Vehicle Evacuation
Means

Emergency evacuation from a stopped vehicle with an inoperational vehicle
cabin tilting system onto the guideway spine girder top walkway will be difficult
through highly superelevated guideway curves. These conditions will make
evacuation difficult for disabled and/or elderly passengers.

The close proximity of the emergency walkway to the adjacent track of the
dual-track guideway requires drastic speed reductions or complete stoppage of all
vehicle traffic on the adjacent track to minimize or eliminate vehicle induced wind
and acoustical noise impact on walkway occupants.
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50 SAFETY REVIEW OF SCD - BECHTEL

This chapter contains a review of the Bechtel system safety program, their hazard
analyses and related issues, and their proposed emergency response strategy.

51 OVERVIEW OF SCD SYSTEM SAFETY APPROACH - BECHTEL

The Bechtel Team safety approach during SCD is stated to be one of:

Identifying the classification to be used for hazards in the maglev system
Assigning an allowable total probability value to the hazard classification
Identifying specific potential hazards associated with maglev rapid transit

Developing design approaches which mitigate the hazard or reduce its
probability to an acceptable level. |

The Bechtel Team philosophy for dealing with hazards is basically that which is
espoused by MIL-STD-882B. Specifically, they claim the following design techniques
have been employed:

Fault Avoidance - Elimination of or limiting the probability of the fault
occurring.

Fail Safe - If fault occurs, system reverts to a known, safe state.

Fail Degraded - If fault occurs, system reverts to degraded or restricted
operating mode.

Fail Operational - First fault has no operational effect, second fault is fail
safe or degraded.

Fail Operational Squared - No operational effect for more than one fault.

5.1.1 Organizational Structure

No discussion of the Bechtel safety organizational structure used for the SCD
effort is provided. A statement is made that the Bechtel Team approach to safety has
been to implement a plan which emphasizes designing to mitigate or minimize the
probability of hazards. They state that safety plans which detail specific analyses to be
used for certification, and reporting requirements will be developed and reported
during later program phases. These plans will implement formal MIL-STD-882 type
safety programs. They provide a table of MIL-STD-882B tasks by program phase
showing when they propose to apply each task.



5.1.2 Safety Process

Hazard severity categories were adapted and expanded from MIL-STD-882B,
and an allowable probability was assigned to each category. No quantitative analysis of
any design features was provided, however. Their primary effort was to conducta
preliminary system hazard analysis.

Bechtel has identified 25 generic hazards which they used to assess the suitability
of various design approaches considered for their baseline design. These hazards were
ranked for severity against a scale of eight severity levels that was created by expanding
the four levels given in MIL-STD-882B. Eight levels are too many to be workable or
meaningful, and are not needed for design guidance. It is sometimes difficult to decide
which of two categories on a scale of four to use for a specific event. It will be even
more difficult and arbitrary on a scale of eight, and the choice will have no significant
impact on the design. This problem is illustrated by. the assignment of the same
allowable hazard probability to more than one level of hazard severity category.

Eighteen of the 25 identified hazards cover the baseline hazards specified in the
statement-of-work except for manual operation, security, training and passenger
evacuation, which are considered procedural hazards that Bechtel says will be
developed during later phases of the maglev program. However, these topics are
addressed to a limited extent in Part E of the Bechtel SCD. The baseline hazards and the
eighteen Bechtel hazards are reconciled and discussed in Section 5.2.3. They also
identified seven hazards that were not included in the baseline hazards in the
statement-of-work. These are discussed in Section 5.3.

High-level, almost generic, design techniques are listed against each of the 25
hazards that are to be "employed to minimize the hazard probability." Many of the
listed techniques, however, are intended to mitigate the hazard's effect, but have no
influence on its probability of occurring. For example, for the hazard of "Fire aboard
vehicle," a design technique recommendation is “Fully automated detection and
suppression systems designed into vehicle", but nothing is said about probability
requirement for detection and suppression failure.

As mentioned above, each of the 25 identified hazards were assigned to a
severity category with an allowable probability. No analyses have been provided at this
time which indicate whether the Bechtel baseline design can achieve the assigned levels.

5.1.3 Schedule

Bechtel provides a table of the MIL-STD-882B tasks assigned to various program
phases. The allocation of the tasks is appropriate except for Safety Assessment (See 5.4
below). They propose to submit the formal Safety Program Plan, which will include
detail task scheduling, during the Conceptual Development Phase.
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52 RESOLUTION OF BASELINE HAZARDS

Exhibit 5-1 summarizes the Bechtel Team response to the Baseline Hazards
identified in the statement-of-work. Eighteen of the 25 hazards identified by Bechtel
cover the baseline hazards except for manual operation, security and training, and
passenger evacuation and rescue, which are considered procedural hazards that they
say will be developed during later phases of the maglev program.

The table correlates the Bechtel hazards identified in their PHA with the
applicable baseline hazards. There is overlap in several cases. The hazard severity level
identified for each Bechtel hazard is based on their selection from MIL-STD-882B
without applying the expanded categories used by Bechtel. This was done so that
comparisons with severity levels applied to similar hazards by the other SCD
contractors could be made more easily.

The table also summarizes some of the hazard mitigating features identified in
the design discussion sections of the Bechtel SCD report. Generally, there is no conflict
between the design described and the results of the PHA. However many high-level,
almost generic, design techniques offered as solutions for hazards in the PHA were not
discussed in the subsystem design descriptions.

Several other issues are noted in the table. Specifically, sources of power for
some emergency equipment that could be needed in the presence of a power failure are
not explained. The specific corrective actions that are assigned to the automated zone
controllers are not explained. There is some confusion as to whether Bechtel is or is not
proposing to build some sections of the guideway at grade level. Limited information is
provided on fire prevention techniques. There are conflicting ambiguous statements in
different sections of the report regarding whether onboard manual controls are
provided for emergency movement of vehicles.

53 RESOLUTION OF ADDITIONAL HAZARDS

Exhibit 5-2 summarizes the Bechtel Team response to other safety-related
requirements identified in their original statement-of-work which were not specifically
covered by the Baseline Hazards. Also included in the Exhibit are additional hazards
identified by Bechtel. While most of these were addressed in the proposed baseline
design, there was little or no coverage in the Safety Assurance Plan and no specific
hazards were identified in the PHA. EMI/EMC hazards and design issues were not
addressed.
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54 EMERGENCY RESPONSE
54.1 Vehicle Emergency Evacuation Overall Strategy

The emergency evacuation strategy presented in this SCD suggests that
passengers will remain on-board the vehicle at all times except for the potentially life-
endangering situations identified as category I hazards (BE SCD 4.2, Section J, Vol. II).
This strategy requires continued operation of the system with degraded or restricted
performance without endangering passengers and crew.

Two alternative vehicle emergency evacuation means are provided over the full
length of the guideway:

L A preferred vehicle controlled-coasting to a "safe stopping" site
. A back-up inflatable chute or slide

Controlled Vehicle Coasting to ''Safe Stopping" Site

The Bechtel-proposed preferred means of vehicle emergency evacuation
(Exhibit 5-3) utilizes the kinetic energy of the vehicle and controlled vehicle braking to
“coast" the vehicle to a "safe stopping" site located approximately every 4 km along the
guideway length. Emergency platforms will be provided at sites for emergency egress
through the vehicle side doors and, if necessary, through aircraft-type side window
panel emergency exits, onto the site platform, shown in Exhibit 54. The SCD specifies
aircraft Type-A doors (1.05m x 1.85m) for the Maglev vehicles (BE SCD 1.13.5 and
Figure C1-58, Section C, Vol. 1, Book 2); these doors have up to 104 passengers per
minute (BE SCD Figure C1-59, Section C, Vol. 1, Book'2).

The emergency platform can be used to transfer passengers/crew to a Maglev
"rescue vehicle" on either track of the dual-track guideway, shown in Exhibit 5-4.
Additionally, a stairway will be provided for alternative evacuation from the
emergency platform to a safe location on the ground.

Vehicles will coast to a stop on the guideway using a controlled application of LSM
dynamic braking and braking provided by the vehicle's aerodynamic and magnetic drag
(BE SCD Figure C1-60, Section C, Vol. 1, Book 2). The proposed LSM propulsion system
will be able to stop a vehicle on any given guideway LSM winding block length even with
power loss from the supply utility. Vehicle dynamic braking will be controlled by
selectively switching the electrical resistance of the wayside resistor banks located near the
wayside power substations. This will dissipate the LSM energy generated by the
decelerating vehicle (BE SCD 4.8, Section A, Vol. 1, Book 1). An independent source of
standby power at each substation resistor bank will provide the power necessary to
regulate the resistor bank switching in the event of a total power-outage from the supply
utility. The vehicle plug-type flat-plate aerodynamic and drag chute emergency braking
(BE SCD 1.12.3 and 1.12.4, Section C, Vol. 1, Book 2) will not be used for coasting to a "safe
stopping” site because of their relative uncontrollability.
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The spacing between “safe stopping" sites will depend on the difference in the
coasting distance for a vehicle decelerating from a given speed with and without
maximum LSM dynamic braking coasting effort. The SCD suggests placing the "safe
stopping" sites with the guideway power conditioning substations spaced at 4 km
intervals. By doing so, road access for substation maintenance can be used additionally
for ground transport of evacuated passengers and crew.

Vehicles decelerating to a stop from speeds down to approximately 80 m/s (180
mph) can coast to a safe stopping site spaced every 4 km. Bechtel claims that a vehicle
will coast to a stop in about 6 km from an initial speed of 80 m/s without dynamic
braking and can be stopped in about 2 km with maximum dynamic braking (BE
SCD 5.4, Section A, Vol. 1, Book 1). Dynamic braking energy recovery, using
converters to feed the LSM generated ac power output back into the dc power lines, is
advocated by Bechtel for economic reasons (BE SCD 1.12.2, Section C, Vol. 1, Book 2)
and will be available for thrust augmentation purposes to extend the coasting distance
for vehicles initially traveling below the threshold speed of 80 m/s.

This strategy will allow all system vehicles to reach a safe stopping site in
emergency conditions independent of the utility power supply provided there is
sufficient dynamic braking taking place within the system by other vehicles to provide
the needed thrust to extend the coasting range of vehicles stopping from initial speeds
less than 80 m/s. While these conditions may not always be met, exceptional cases will
be handled by the vehicle "back-up" emergency evacuation plan.

The concept of "safe stopping" sites for emergency evacuation purposes was first
advocated by Transrapid in their Maglev system and requires maintaining a vehicle
"safe hover" condition while decelerating the vehicle to a "safe stopping" site. "Safe
hovering" requires the vehicle's electrodynamic primary suspension and air bearing
landing pad system to remain functional during the decelerating coast to a "safe
stopping" site. "Safe hovering" during controlled coasting depends on realizing a low
probability of loss of the primary magnetic suspension system relative to other
emergencies which require safe stopping and vehicle evacuation.

The "safe hovering” condition for Bechtel is comparable to that of the Transrapid
system. Thus, acceptance of the "safe stopping" site concept for the Transrapid Maglev
system by the transportation regulatory community can be considered a precedent for
acceptance of the concept for the Bechtel Maglev system. Loss of the Transrapid vehicle
active feedback controlled electromagnetic primary suspension system can result from
electrical or mechanical component failure in the suspension system or from failure of
the on-board power supply system. Numerous electrical components, sensors and
electrical units comprise each of the separate suspension electromagnets and associated
feedback loop. This complexity compromises the overall suspension system reliability
to the extent that the suspension system is no longer acceptable for public
transportation. This has resulted in Transrapid Maglev system reliance upon
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suspension magnet loop redundancy to realize acceptable predicted revenue system
vehicle availability (i.e., use of a substantial number of distributed suspension magnet
loops per vehicle such that only certain location combinations of multiple magnet loop
failures would jeopardize "safe hovering".

Compared with the Transrapid systems, loss of the Bechtel vehicle passive
electrodynamic primary suspension system can result from superconducting magnet
quenching or from magnet winding/dewar component failure but not from failure of
the on-board power supply system. The magnets are persistent current-mode operated
and require only infrequent charging. Also, these superconducting magnets do not
require on-board refrigeration power for their cryogenic cooling system because the
magnet winding cryocooling is based on an on-board supply of helium to absorb the
generated heat load (BE SCD 4.3, Section D, Volume II).

The probability of superconducting magnet quenching can be made extremely
low by appropriate magnet design practice such as the practice reflected by the Bechtel
SCD baseline magnet design having a winding current density of only 24% of the
critical current as to provide for a conservative operational quenching safety margin of 4
(BE SCD 3.1, Section C, Vol. I, Book 2). State-of-the-art lightweight magnet dewars can
be designed to exhibit exceptionally high reliability in being a structural rather than a
power active component. Further, the proposed utilization of 96 separate
superconducting magnet windings contained within 12 separate dewar modules for the
primary suspension of the Bechtel proposed vehicle would provide for a high degree of
operational redundancy in the same manner as for the Transrapid primary suspension
system. Such redundancy would, however, be conditional upon the proximity of the
Bechtel proposed magnet windings not allowing for the inductive coupling propagation
of any magnet quench from one winding to another.

Inflatable Chute or Slide Vehicle Egress

The proposed additional "back-up" means for vehicle emergency evacuation uses
aircraft-type inflatable emergency escape chutes/slides deployed immediately below
each of the four vehicle doors (reference Exhibit 5-5). Passengers and crew egress
directly to ground level when the elevated guideway height does not exceed 12 meters,
shown in Exhibit 5-4 (BE SCD 1.13.10, Section C, Vol. 1, Book 2).

In emergency evacuation situations where the guideway height exceeds 12
meters or where local ground is not readily accessible by the slides, a walkway between
the tracks of a dual guideway will be provided. Emergency egress onto walkways will
be via a short platform extended from the vehicle below each of the four vehicle doors
and a relatively short, inflatable chute/slide, shown in Exhibit 5-4 (taken from SCD
Figure C1-62, Section C, Vol. 1, Book 2). A stairway to ground will be provided at
intervals along the walkway, shown in Exhibit 5-5.
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54.2 Vehicle Emergency Evacuation Within Guideway Switch Zones

The proposed system baseline guideway switch is comprised of a flexible fiber
reinforced plastic beam which can be laterally deformed by suitable actuators to line up
with the turn-out branch from an undeflected straight-through track setting. (BE
SCD 5.3, Section A, Vol. I, Book 1).

Two additional alternative guideway mechanically passive switch design
concepts are discussed. (BE SCD 4.1 and 4.2, Section D, Vol. II). The first mechanically
passive switch design concept (BE SCD 4.1.4, Section D, Vol. II) incorporates auxiliary
guidewalls located outside of the guideway boxbeam. This boxbeam is narrowed to a
point, then split and progressively widened over the length of the switch to form two
turn-off track branches (BE SCD D4-1, Section D, Vol. II). Guidance coils are embedded
in the guidewalls and "frog windings" are embedded in the switch guideway floor
between the guidewalls and the boxbeams. Suspension levitation/guidance ladders are
provided on both sides of the switch boxbeam and inside of the guidewalls.

The preferred implementation of this switch uses passive guidance coils
embedded in the guidewalls and boxbeam upstream of the switch point. These coils are
interconnected to form null flux loops in two-pair sets. Electrically connecting and
disconnecting these null flux loop sets will electrodynamically “steer” a vehicle towards
one of the switch branches (BE SCD 4.1.5, Section D, Vol. II).

An alternate implementation of this switch uses active guidance coils embedded
in the guidewalls and boxbeam and active "frog coils" embedded in the switch floor
between the guidewalls and the boxbeam, all upstream of the switch point. Selectively
activating one of two switch coil combinations will electrodynamically "steer” a vehicle
towards one of the switch branches (BE SCD 4.1.6, Section D, Vol. II).

The second mechanically passive switch design (BE SCD 4.2, Section D, Vol. I)
incorporates auxiliary switch walls located outside of the guideway boxbeam.
Suspension levitation/guidance ladders are provided on both sides of the switch
boxbeam and on the inside of the switch walls. Vehicle levitation and guidance can be
transferred from the boxbeam ladders to the switch wall ladders by hydraulic actuated
lateral outward displacement of the vehicle superconducting magnets. These magnets
are suspended on swing arm linkages while the vehicle is traversing an upstream
extended length of straight switch section. Upon entering the lift-off switch section, the
outside switch walls begin to curve upwards, then swing away to one side when there
is sufficient vertical clearance for vehicles to pass underneath—this forms the switch
turn-out branch.

The most significant differences between the three designs lies in the switching
motions. Vehicle motion through the turn-off branch for this switch design will be three
dimensional while the corresponding motion through the first passive and baseline
switch designs will be two dimensional. All three SCD documented switch design
concepts are compatible with the "safe stopping" site emergency evacuation option
because these sites will not be located at track switching zones on the guideway.

5-22

(]



The baseline switch concept will be compatible with the inflatable slide
emergency evacuation options shown in Exhibits 5-4 and 5-5, if a widened walkway
floor is placed beneath the switch flexible beam. This will allow access to the ground
from the vehicle inflatable slide for switch elevations higher than 12 meters. For
straight-through and turn-out branch switch beam settings, switch elevations less than
12 meters require adequate structure clearance to deploy inflatable slides on one side of
the vehicle. Neighboring track for opposite direction travel should not be located so
close to the switch track that it would prevent slide use.

The first of the two mechanically passive switch concepts will be compatible with
the inflatable slide emergency evacuation options shown in Exhibits 5-4 and 5-5.
Walkways can be placed along the outside of the guidewalls of this switch section that
are accessible from the vehicle deployed inflatable slides for switch elevations
exceeding 12 meters. Switch elevations less than 12 meters should have adequate
switch structure and moveable magnet pod clearance to deploy inflatable slides on one
side of the vehicle stopped in straight-through and turn-out switch branches.

The second of the two mechanically passive switch concepts is incompatible with
the inflatable slide emergency evacuation options because of inaccessibility caused by
the three-dimensional switch structure. It does not appear possible to place walkways
along the straight-through and the turn-out branches on some portions of the switch
section with elevations greater than 12 meters. Also, not enough clearance exists
around the three-dimensional switch structure for deployment of inflatable slides for
some portions of the switch length less than 12 meters high.

5.4.3 Vehicle Emergency Evacuation Within Superelevated Track Guideway Curve
Zones

For the proposed vehicle, both the hydraulically actuated active cabin tilting and
the guideway beam superelevation angles can each be up to 15 degrees (BE SCD 3.4,
Section A, Vol. I, Book 1). Accordingly, any vehicle which is stopped on a
superelevated track in an emergency should be capable of being leveled using the active
tilting system to ease emergency egress. A vehicle stopped on a superelevated track
with an inoperative cabin tilt mechanism could be tilted at an angle up to 30 degrees
from horizontal. Emergency egress should still be possible using deployable slides, but
it will be more difficult from a tilted vehicle and will be only marginally possible for
disabled or elderly passengers. Emergency egress via vehicle deployable slides onto a
guideway-attached walkway, shown for a level vehicle in Exhibit 5-5, cannot be
considered because the slide may be misaligned with the walkway enough to
jeopardize safe egression.

The Bechtel tilt design is such that only an inner vehicle structure containing 'the
passenger cabin is tilted. The exterior structure remains fixed relative to the vehicle's
magnet bogies. This design simplifies the tilting mechanism, a}lows for advantages in
external aerodynamics and insulates cabin acoustical noise. It is not apparent, however,
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how the vehicle doors are designed to accommodate the 15 degree relative tilt between
the cabin inner shell and the exterior vehicle shell which could exist if stoppedona
superelevated track. Another difficulty arises with stowage of the deployable slide
below each door — there is no mention of this in the SCD.

54.4 Adequacy of Vehicle Cabin/Crew Compartment Layout and Equipment for
Emergency Evacuation

The aisle width, seating pitch, overhead baggage stowage bin facilities,
emergency lighting, emergency exit sizes and emergency exit arrangements proposed
for the vehicles appear to be consistent with commercial aircraft practice (3 X 3 coach
class seating at 31" pitch with 23.4" aisle width specified on the Baseline Vehicle
Specification Sheet of Vol. I, Book 2). Such practice should allow compliance with
emergency evacuation standards which call for evacuation of a vehicle within 90

seconds of an emergency stop.

This emergency evacuation duration is considered adequate for a Maglev vehicle
where the risk of rapid fire spreading and/or explosion in Maglev vehicles is lower
than the risks for aircraft where large quantities of liquid fuel are typically on-board. In
this regard, aircraft requirements (BE SCD 1.10.1, Section C, Vol. 1, Book 2) for fire
protection are specified.

The SCD proposes using only single vehicles with 100 passenger capacity for
revenue service. To meet specified system capacity, vehicles will operate at very low
headways relative to current public guided ground transport system operating
practices. Headways of 30 and 90 seconds minimum are specified for maximum system
capacity of 12,000 and 4,000 passengers per hour, respectively (BE SCD 1.2.1, Section C,
Vol. I, Book 2).

Four 1.0 meter wide entrance/exit doors, two per vehicle side, are provided in
the vehicle cabin layout. In the event of an emergency, each door will be required to
evacuate up to 50 passengers. The doors on only one side of the vehicle will be
available for emergency egress-either for "safe stopping" site platform access or for
escape slide deployment, shown in Exhibits 5-3, 5-4, and 5-5. For an evacuation
duration of 90 seconds, this corresponds to an evacuation rate of 1 passenger every 1.8
seconds. The requirement to evacuate up to 50 passengers per available door for the
proposed vehicle design is conservative compared with aircraft practices where, for
example, although a Boeing 747 aircraft cabin has 10 exit doors only 50% may be used in
the FAA demonstration to evacuate a maximum of 500 passengers and crew. This is
equivalent to 100 passengers per available door. )

The FAA-proposed commercial aircraft requirements for maximum distance
between any seat row and the nearest exit to be less than 9 meters (30 ft) is easily
satisfied by the proposed Maglev vehicle cabin layout.

5-24



5.4.5 Adequacy of Emergency Response Information Communication Means

During emergency situations, communication between vehicles and system
central control occurs using vehicle-to-wayside radio communication/data transfer
links. Back-up communication is provided for by a back-up link transmitted on the
propulsion motor windings. All ground communication/data transfer between system
wayside controllers and central control is via a fault-tolerant fiber optic cable network
(BE SCD 6.3/6.7, Sec A, Vol. I, Book 1).

A number of vehicle-to-guideway communication and/or data links are
specified in the SCD. (BE SCD.4.3.4, Section C, Vol. I, Book 2). The primary vehicle-to-
wayside link is a leaky coaxial cable antenna transceiver system for wide frequency
band communication/data transmission over a 20 km range. Transmissions will be
networked for direct radio links with central control and other vehicles. A secondary
vehicle-to-wayside radio link will be provided using vehicle beacon readers and
transponders spaced at relatively close intervals along the guideway to ensure reliable
line-of-sight transmission. A third vehicle-to-wayside link uses low frequency signals
modulated onto and off of the guideway LSM-powered propulsion windings. Voice
communication services will also be provided to the on-board passengers via standard
cellular telephones. '

The SCD specifies using three on-board attendants for the baseline 100-passenger
vehicle to provide passenger assistance in emergency situations and during vehicle
emergency evacuation (BE SCD 1.13.6, Section C, Vol. I, Book 2). This is consistent with
current commercial aircraft federal regulations which require one on-board attendant
for every 50 passengers. Any emergency response-related information will be
transmitted to the vehicle attendants who, in turn, will inform the passengers with an
on-board public address system. Attendants will also assist passengers during any
subsequent evacuation.

The least reliable part of the emergency response communications for the
proposed system design is the vehicle-to-wayside link. Emergency response vital links
may be susceptible to electromagnetic interference effects and may malfunction or fail
due to transmitter and/or receiver equipment faults. However, the SCD specification
for three independent vehicle-to-guideway transmission systems provides for very
significant emergency response communications redundancy. Additionally, each of the
three specified transmission links is based on different implementation technology and
thus offer different trade-offs between sensitivity to electromagnetic interference effects,
transmission bandwidth capability and inherent reliability of the required
communications hardware/software. Accordingly, the proposed communication
methods available for emergency response information transfer purposes (emergency
control of the vehicle and evacuation announcements) is considered to be adequate.
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5.4.6 Provision for Emergency On-Board Power Supply

The SCD specifies an on-board fibered NiCad battery emergency power system
which is completely independent of the on-board dual fuel cell normal power supply
(BE SCD 1.5.3, Section C, Vol. I, Book 2). The emergency power supply is capacity-rated
to supply power for emergency lighting, communications and emergency-only dc
motors to operate the cabin normal ventilation fans for approximately one hour.

The vehicle hydraulic supply system, is required to operate the cabin tilting
actuators and incorporates three accumulators (BE SCD 1.4.1, Sect. C, Vol. I, Book 2).
The energy stored in these accumulators must be sufficient to operate the cabin tilting
system actuators after failure of the normal (i.e. non-emergency) electrical power system
which normally drives the hydraulic system pump motors. The hydraulic system
accumulators will be sized to maintain at least several seconds of normal operation of
the vehicle secondary suspension and aerodynamic control surface actuators with the
hydraulic system pump inoperative. Secondary suspension conventional mechanical
springs will be connected in parallel with the hydraulic actuators so the suspension will
remain functional under emergency conditions with the hydraulic suspension
inoperative. Under these conditions the vehicle will exhibit degraded performance to
the extent that the ride at higher speeds will be uncomfortable but not dangerous.

The vehicle on-board compressed air system for air bladder deployment and
operation of the air bearing landing pads at speeds below 10 km/hr uses air tanks sized
to power these pads for at least one landing or take-off with the system air compressor
inoperative (BE SCD 1.8, Section C, Vol. ], Book 2). Additionally, a back-up airstart
cartridge will be provided for emergency operation of the air bearing landing pads fo
one landing or take-off. :

Thus, back-up emergency power will be provided for each of the on-board
electrical, hydraulic and air systems and will have sufficient power capacity to operate
all of the vehicle essential functions for emergency situations which require a vehicle
landing and subsequent emergency evacuations.

5.4.7 Advantages of SCD Proposed Emergency Response Vehicle Evacuation Means

Emergency evacuation after using LSM dynamic braking controlled "coasting" of
vehicles to "safe stopping" site platforms along the guideway will almost be comparable
to station egress

Emergency evacuation by using vehicle controlled "coasting" to "safe stopping"”
site platforms will be available to vehicles beginning their coast anywhere over the
entire length of the guideway, including through track switches and superelevated
curves, except the vehicle operating and system failure mode combinations noted in
Subsection 5.4.8 below.
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Additional "back-up" means for emergency evacuation using deployable slides
will be available over the entire guideway length except through one branch setting of
the switch design and on curves with the vehicle tilting system inoperative.

Two options for emergency egress from the track walkway to a "safe location”
will be provided, either by using a staircase to ground level or from the walkway into a
Maglev rescue vehicle.

5.4.8 Disadvantages of SCD Proposed Emergency Response Vehicle
Evacuation Means

Passengers may be subjected to significant longitudinal "g" forces during
controlled coasting deceleration to a “safe stopping" site, particularly for minimal
vehicle braking distances within the constraints of "safe stopping" site spacing.

Emergency evacuation from vehicle deployable slides has a higher risk of injury
than emergency egress directly onto a walkway or site platform and may be particularly
difficult for disabled and elderly passengers.

The capital cost of a guideway mounted walkway required for vehicle
emergency evacuation using deployable slides when guideway heights exceed 12
meters, is significant (estimated as about $1,000,000/mile in the BE SCD page C1-218,
1.13.10, Vol. I, Book 2, or about 11% of the cost of the dual guideway structure without
the attachments).

Emergency evacuation by means of vehicle controlled "coasting” to "safe
stopping" site platforms will not be available to vehicles beginning their coast from
speeds below about 80 m/s when there is a power outage and not enough other
vehicles are decelerating to provide sufficient regenerative power to provide some
coast-extending thrust to the slow vehicle.

Evacuation by means of vehicle deployable slides will not be available over the
entire length of the non-baseline mechanically passive alternate switch design which
relies on laterally displacing the vehicle magnet pods.

Evacuation using vehicle deployable slides when the guideway height exceeds 12
meters will be difficult on highly superelevated guideway curves when the vehicle
cabin tilting system is inoperative.

For the high guideway slide egress option, the close proximity of the emergency
walkway to adjacent tracks of a dual track guideway will require drastic speed
reduction or the complete stoppage of all vehicle traffic on adjacent tracks to minimize
or eliminate vehicle-induced wind and acoustical noise impact on walkway occupants.
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6.0 SUMMARY

The summary is under development and will reflect the outcome of the briefing

held on January 7, 1993.
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