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PREFACE

This report was sponsored by the Urban Mass Transportation
Administration®s Office of Technical Assistance, Safety and Security
Staff. Lloyd G. Murphy, Director of the Safety and Security Staff
was instrumental in the initiation and overall guidance of this
effort.

The contractual effort which resulted in this report also
included consideration of evacuation and rescue of elderly and
disabled passengers from vehicles and structures of underground
portions of urban rail transit systems. The results of that work are
not reported here but have been incorporated into the "Emergency
Preparedness Guidelines for Rail Transit Systems™ which are currently
under review pending dissemination by the Urban Mass Transportation
Administration®s Office of Technical Assistance, Safety and Security
Staff.

Special methods of evacuation and rescue are required to ensure
the safety of elderly and disabled passengers on standard and
modified vans, body-on-chassis small buses, and heavy-duty transit
buses. The standard methods are often ineffective with elderly and
disabled passengers because their physical and mental problems hinder
them from cooperating with rescue forces or extricating themselves.
This study determines the most effective methods of evacuation and
rescue as a function of transit use by the elderly and disabled,
accident incidence rates for various types of transit vehicles,
transit vehicle characteristics and crashworthiness, and the state of
emergency preparedness forces. Equipment needs are ascertained, and
suggestions are made for providing familiarity and simulation
training, for developing standard operating procedures, for
debriefing actual accident victims, and for disseminating this newly
developed technology. An industry-wide Project Review Committee has
been formed and consulted to gather comments concerning the
development of evacuation and rescue scenarios and alternative



methods. Transit operators, state DOTS and transit equipment
manufacturers have been contacted and interviewed. A bibliography of
190 i1tems 1s included.

At the beginning of the project, iImportant direction was
provided by Roy Field, Arthur L. Flores, William T. Hathaway, lrving
Litant, Stuart N. Palonen, Robert J. Pawlak, Donald E. Sussman, and
Stephanie H. Markos from the U.S. Department of Transportation.

Stuart Palonen served capably as the Project Monitor until
leaving the Center. Richard J. Porcaro took over as Interim Project
Monitor and provided significant direction. Robert Pawlak
subsequently brought this project to its successful completion.

Important contributions were made during the course of this
project by our subcontractor, the University of Michigan,
Transportation Research Institute, Ann Arbor, MI.

A special expression of gratitude is conveyed to George L.
Cancro, Robert S. Carpenter, Richard Fasy, Farnham Folsom, Terrence
J. Moakley, Thomas O"Brien, Albert Sergio, Robert Williams, and
Carmella Strano, the members of the industry-wide Project Review
Committee who contributed significant amounts of time and expert
comment on the draft documents and at the Review Committee Meetings.
Thanks also go to their respective employers for allowing their
participation: The Port Authority Trans-Hudson Corporation of New
York and New Jersey; the Arlington, Virginia, Fire Department; the
Southeastern Pennsylvania Transportation Authority; the State of
Maine and the Community Ambulance of Augusta, Maine; the Eastern
Paralyzed Veterans Association of New York City; the Massachusetts
Bay Transportation Authority; the Rescue Training institute of
Ambler, Pennsylvania; the Pennsylvania Fire Training School of
Bridgeport Pennsylvania; and Moss Rehabilitation Hospital, of
Philadelphia, Pennsylvania.

During the conduct of the research a large number of transit
operators, State Departments of Transportation, equipment
manufacturers, police departments, newspapers, municipal libraries,
and insurance agents (all listed in Appendix A) were contacted and
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requested to provide information. Their contributions are duly noted
and appreciated.

Significant and interesting comments on the draft interim and
final reports were provided by Abdo S. Ahmed, Roy Field, William T.
Hathaway, Robert J. Pawlak, Richard J. Porcaro, Jeffery G. Mora,
Patricia Cass and Stephanie H. Markos from the U.S. Department of
Transportation.

Thanks go to my secretary, Virginia B. Orr, for her typing and
graphic skills, and the other KETRON secretaries for their typing
support, to Ms. Pat Afriat for her coordination of secretarial
services, to Christine White for her fine artwork, and to Lawrence E.
Decina for his help in developing the bibliography and acquiring
source material.
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EXECUTIVE SUMMARY

There is a need for developing safe and efficient methods of
rescuing elderly and disabled passengers from transit vehicles.
Existing procedures and available literature often do not adequately
address the special needs of this group of passengers, the
characteristics of the various types of vehicle they use, or the
emergency response options that can be used to rescue them.

Elderly and disabled people are often a majority of the
passengers on standard and modified paratransit vans and/or body-on-
ohassis small buses. Their use of these vehicles is expected to
Increase because of special services being provided by transit
operators.

Standard paratransit vans seem sufficiently crashworthy,
although more inclined than automobiles to roll over in accidents.
Modified vans, 1if properly constructed, are about as safe as standard
vans. But poorly designed raised roofs, wheelchair lifts that block
entrances and/or are not effectively counterbalanced, and other
poorly designed or executed modifications have been shown to reduce
the safety of some modified vans.

Body-on-chassis small buses, i1f properly designed and
constructed, are sufficiently crashworthy (with one exception) but,
like the vans, appear to be more inclined than automobiles to roll
over in accidents.

Elderly and disabled people also use urban transit buses and
Iintercity motor coaches but to a lesser degree than the vans and
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small buses previously mentioned, and their use of these vehicles is
expected to remain constant. These bus types are the most
crashworthy of all types previously mentioned.

The crashworthiness of these various transit vehicles was used
to establish the kinds and degrees of crush that may occur in
accidents. Scenarios for emergencies and accidents and their
probability were determined from available data. Next, the kind of
equipment and procedures that would be necessary to respond to these
emergencies (such as extrication of trapped passengers) was
determined.

Evaluation of methods and equipment currently available for
rescue in such situations revealed a number of shortcomings 1In
existing training, equipment, and operating procedures. Standard
techniques for rescue from automobiles now serve as the basis for the
rescue of elderly and disabled passengers from transit vehicles, yet
these procedures are often insufficient. For example, elderly and
disabled passengers may: 1) be unable to communicate; 2) have pre-
existing conditions -that could affect the selection of the type of
treatment for injury; 3) become entrapped or impaled by the aids that
they use, such as wheelchairs; 4) become irrational; 5) be unable to
contribute physically to the process of extrication; and 6) need to
be 1mmobilized before removal from the vehicle and transport to a
hospital.

Options available to improve this state of affairs include:
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education of potential rescuers about the characteristics of
these types of transit vehicles and the characteristics of
elderly and disabled passengers;

sharing of pertinent information by transit operators with
rescue forces and involvement of operators in their
training;

Increase in the realism of training exercises with actual
vehicles and elderly and disabled people (or actors);
development of methods of improvisation with present
equipment;

development of new rescue equipment;

joint development of standard emergency procedures by
transit operators and rescue forces; and

documentation of accidents and incidents involving elderly
and disabled people and dissemination of relevant

information throughout the industry.
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1.  INTRODUCTION

To ensure the safety of passengers on paratransit vans and
buses, efficient and safe methods of rescuing them are needed.
Methods applicable to the general public, however, may not always be
practicable in the rescue of elderly and disabled passengers because
of their physical and mental conditions, and in many cases, because
of their inability to escape by themselves. The identification,
development, and implementation of effective methods for safely
rescuing such passengers are necessary and iIncrease In importance as
transit and paratransit vehicles are made more accessible to them.
This research program concerned the preparedness of transit operators
and rescue forces for emergencies involving such passengers.

1.1 PROJECT GOAL AND OBJECTIVES

The purpose of this project has been formulated iIn response to
concerns felt by both the transit community and the U.S. Department
of Transportation over the ability of transit operators and rescue
forces to rescue elderly and disabled passengers in emergencies.
Specifically, 1t i1s to invent and to evaluate alternative methods
that can be used to ensure the safe and quick rescue of elderly and
disabled passengers from standard and modified vans, body-on-chassis
small buses, heavy duty small buses, urban transit buses, and
Intercity buses.

The project has achieved the following objectives:

0 establishment of an industry-wide committee responsible for
reviewing and evaluating the rescue equipment, procedures,
and techniques identified or developed under this project;

0 review and evaluation of domestic and foreign literature on
rescue from public vehicles;

o review of the emergency medical techniques and procedures
currently employed by U.S. and foreign transit system
operators for the rescue of passengers and employees during
emergencies;



0 identification of the most critical rescue problems likely
to be encountered by elderly and disabled transit passengers
and development of scenarios describing them; and

o development of alternative procedures and techniques for
achieving safe and timely rescue In those scenarios for
which existing methods do not appear to be feasible.

1.2 REVIEW COMMITTEE

A Project Review Committee was established to comment on and to
add to the scenarios and the alternative methods, equipment, and
techniques that were developed by this research program.

The committee members brought to their work a very broad array
of qualifications and expertise. The qualifications of each
potential member were fully reviewed and each person was extensively
interviewed before the best candidates were approved for appointment

to the committee by the Transportation Systems Center (TSC) Project
Monitor. The committee members were:

0 George L. Cancro i
Assistant Superintendent of Operations
Acting Superintendent of Transportation
Port uthorlt% Trans-Hudson (PATH) Corp.
New York and New Jersey

0 Robert S. Carpenter
Chief )
Arlington Fire Department
Arlington, Virginia

0 Richard Fasy
Manager of System Safety )
Southeastern Pennsylvania Transportation
Authority (SEPTA) )
Philadelphia, Pennsylvania

o  Farnham Folsom
Director, County Ambulance of Augusta
Augusta, Maine

o Terence J. Moakley i
Barrier Free Design Director o
Eastern Paralyzed "Veterans Association,
New York, New York



0 Thomas O"Brien
Manager, Office for Special Needs i
Massachusetts Bay Transportation Authority (MBTA)
Boston, Massachusetts

0 Albert Sergio
Executive Director
Rescue Training Institute
Ambler, Pennsylvania

o Carmella Strano )
Director of Transportation
Evaluation_and Training Center
Moss Rehabilitation Hospital
Philadelphia, Pennsylvania

0 Robert Williams
Senior Rescue Instructor
Pennsylvania Fire Training School
Bridgeport, Pennsylvania.

The Committee contributed to the study through general informal
meetings with project team members and through formal reviews, with
the TSC Project Monitor and the Project Team, of the interim report
and the draft version of the final report. The Committee made

substantive contributions to this final report.

1.3 LITERATURE REVIEW

Literature and reference materials were found by searching
through various automated data bases. The libraries of the U.S.
DOT/Transportation Systems Center, the Occupational Safety and Health
Administration, the Veteran®"s Administration, the Transportation
Research Board, the National Transportation Safety Board, various
universities and medical schools, and various national associations,
such as the National Association of Emergency Medical Technicians,
the National Registry of Emergency Medical Technicians, and the
National Fire Protection Association, were searched in order to find
relevant documents. The ACT Foundation, a prominent national
organization in the field of emergency medical services, was also
contacted. From these sources of information and from contacts with



transit personnel/ a large body of literature was located and
reviewed. The relevant publications are listed in this final report
as Section 5, the Bibliography.

1.4 CURRENT PRACTICE REVIEW

The project team contacted various transit operators in order to
find out what procedures they have developed to rescue elderly and
disabled passengers from vehicles iIn emergencies, and to learn of any
actual accidents in which these procedures were used.

Limited information on preparedness and training in transit bus
and paratransit vehicle systems was found. This reflects the common
but iIncorrect assumption that there is no need for such documenta-
tion. There have been few catastrophic accidents, and for the most
part, the systems enjoy very strong safety records.

The project team also consulted selected police departments,
newspapers, and transportation consultants. The individuals and
agencies that were contacted (and are listed in Appendix A) were:

0 transit operators;

0 state departments of transportation;
0 equipment manufacturers;

o police departments;

0 newspapers and municipal libraries;
0 Insurance agents; and

0  consultants.

The I1llinois Paratransit Association provided local assistance
by publishing a description of this research project in their May
1982 newsletter.

In addition, a number of automated accident files at the
Transportation Research Institute of the University of Michigan were
examined and used in the study. They were:



the Fatal Accident Reporting System (PARS) of the National
Highway Traffic Safety Administration (NHTSA)j

data files from the states of Michigan, Pennsylvania, Texas,
and Washington; and

data from the second phase of the National Crash Severity
Study (NCSS).
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2. ORIENTATION: THE ELDERLY AND THE DISABLED

2.1 CHARACTERISTICS

The transportation characteristics of the elderly and the
disabled have been extensively studied over the previous decade or so
(43, 189, 190, et. al.). Much work has concerned a subgroup of this
population referred to as the "transportation handicapped.”™ Section
16(c) of the Urban Mass Transportation Act of 1964, as amended,
defines a transportation-handicapped person as:

"Any individual who, by reason of illness, iInjury, age,

congenital malfunction, or other Perm@nent or temporary

Incapacity or disability, is unable without special

facilities or sgecia! planning or design to utilize mass

transportation facilities as effectively as persons who

are not so affected."

The transportation handicapped differ considerably among
themselves in the severity and extent of their disabilities, the way
in which other people view their physical and mental limitations, and
their income, age, and mobility. Because of these differences, the
transportation problems and needs of the transportation handicapped
also differ widely. The likelthood of such a person using a
conventional transit vehicle 1s inversely proportionate to the
severity of his handicap. Often, however, studies of the
transportation handicapped consider only chronic disabilities and
neglect people in iInstitutions. Estimates of the transportation-
handicapped population, therefore, have limited applicability to the
study of the overall elderly and disabled population using public
transit. In reality, significant numbers of the elderly and disabled
can be found on the various types of public transit vehicles, as will
be shown iIn this section.

The term "elderly and disabled” includes any person who 1is
elderly or disabled or both. This research concerns those who would
find 1t difficult to escape from an accident involving a public
transit vehicle without aid from transit personnel, rescue forces, or
fellow passengers.



2.1.1 Elderly

The declining birthrate and increasing longevity have combined
to produce an increasingly aged population in the United States. The
elderly population, defined as including persons aged 65 years or
over, 1is currently about 20 million persons, or 9 percent of the
entire population. Of these, about one third are estimated also to
be disabled In some manner.

2.1.2 Disabled

Definitive data concerning the size of the disabled population
are not available, because disabilities are not recorded in the
national census, and because many persons suffer from multiple
disabilities. Most estimates are based upon National Health Surveys
(NHS), conducted by the National Center for Health Statistics In
concert with local studies and extrapolated to the overall
population. The data are based upon perceived mobility limitations
and therefore contain a subjective element.

According to the NHS data (43), approximately 6.5 million
noninstitutionalized people have some mobility limitation due to a
chronic condition. Of these, about 1.75 million are house-bound, 1.5
million use some form of special aid, and 0.50 million require
assistance from another person. The incidence of wheelchair use is
2.10 per 1000 population, which suggests a total population of
wheelchair users of between 400,000 and 500,000 persons.

Table 2-1 shows the incidence rates for the total U.S.
population and the combined Standard Metropolitan Statistical Area
(SMSA) populations within the various NHS mobility-limitation
categories. For the institutionalized, the census data provide
overall populations; all mobility limitations must be inferred. The
total population of the chronically ill in institutions is more than
2 million persons, of whom nearly 1 million are in homes for the
aged. By applying the same incidence rates for mobility impairment
to the non-aged portion of the institutional population, the total
institutional population with transportation disabilities has been
estimated at about 1.25 million. Many of these people are in



TABLE 2-1. INCIDENCE OF MOBILITY LIMITATIONS DUE TO CHRONIC
CONDITIONS BY AGE AND MOBILITY LIMITATION CATEGORY: U.S.
AND METROPOLITAN POPULATION (NONINSTITUTIONAL)

(Number Mobility Limited/1000 Population)

Use Transit with Difficulty Cannot Use Transit
Has Uses_ Uses Needs Uses _ Confined
Age Trouble Other Aids Other Aids Help Wheelchair To House
U. S. Population
Under 18 1.13 0.12 0.06 0.68 0.42 0.57
18 to 64 11 .60 1.65 0.9 1.52 1.44 5.9%
65 & Over 57.77 22.03 15.71 17.37 11.54 51.55
All Age Groups 12.78 3.15 2.11 2.8 2.10 8.70
Combined
Metropolitan
Population
(All_SMSAS)
Under 18 0.98 0.12 0.07 0.69 0.42 0.56
18 to 64 10.32 1.55 0.90 1.44 1.36 5.52
65 & Over 49.56 20.32 14.42 15.97 10.65 53.24
All Age Groups 11.05 2.85 1.9 2.56 1.93 8.42
Combined

SOURCE: ADAPTED FROM REFERENCE NO. 43.

institutions (homes and schools for the mentally or physically
disabled, homes for dependent and neglected children, homes for unwed
mothers, etc.) that allow movement by public transit.

According to the NHS data, the overall incidence rates of acute
mobility limitations are 2.78 per 1000 persons and 3.31 per 1000 for
the age group of 18 and over. An incidence rate for the elderly only
was not obtained. Overall, the acutely disabled population is
estimated to be approximately 600,000 persons.

2.1.3 Medical Conditions and Mobility

Many disabilities do not impose significant limitations upon the
use of transit but may well cause difficulty in escape or rescue from
traffic accidents. For instance, the U.S. has about 2 million blind
persons and several hundred thousand deaf persons, many of whom use
transit regularly. Table 2-2 is taken from a study of the Chicago
metropolitan area and illustrates this point by comparing various
mobilitylstates associated with a range of musculoskeletal, systenmic,
and sensory-degraded conditions. Each of these has many implications



TABLE 2-2. MEDICAL CONDITION BY MOBILITY LIMITATION

Mobility Limitation
Medical Home- i 3 __Some ___No _
Condrtion bound { Wheelchair | Use Aids | Difficulty { Limitation
(8) %) (%) () (%)
Musculoskeletal : 5 13 19 28 36
Arthritis _ 4 5 13 34 44
Back _or Spine 7 14 19 29 32
Missing_Limbs 5 10 55 20 10
Paralysis 8 53 24 8 8
Other 7 10 33 16 35
Cardiovascular 10 3 1 33 43
Respiratory 5 3 1n 32 49
Nervous System 13 35 37 10 6
Multiple _
Sclerosis 20 37 37 6 0
Cerebral
Palsy 6 33 36 14 1
Perceptual a 1 17 40 34
Visual 9 1 19 41 30
Hearing 0 0 4 35 61
Mental Disorders 0 0 4 12 84

SOURCE: REFERENCE 189

for the state of a passenger during a traffic accident. Passengers
with cardiovascular and respiratory conditions and any limitations
arising therefrom will be especially sensitive to the temperature and
toxicity of the atmosphere and the degree of anxiety expressed by
fellow passengers. |

Table 2-3 shows the effects of the passengers®™ medical
conditions on their ability to perform various tasks required for the
use of transportation. The effects of these mobility limitations in
public transportation are also shown in Table 2-4, the data of which
derive from a national sample survey of the transportation
handicapped by the Urban Mass Transportation Administration of the
U.S. Department of Transportation (190). For example, 64.9 percent
of the transportation handicapped experienced difficulty going up or
down stairs or inclines. Approximately 60 percent found it difficult
to stoop, kneel or crouch. Some of the transportation handicapped
experience both types of mobility problems. One can infer that many
suffer from some combination of the eight identified mobility
problems.



TABLE 2-3. FUNCTIONAL PERFORMANCE BY MOBILITY LIMITATION

Mobility Limitation

Difficulty in Home- Some Mo
Pertorming Task bound Wheelchair | Use Alds | Difticulty | Limitation
{8) {8) {s) {4 {8)
Walking:
Extrene 4" [ 2] 16 1 [}
Great 42 n k34 11 1
Some ¢ 4 27 s2 1
Little ] 3 1 3 [ 1]

Oynamic Movement:

gxtreme 42 4?2 17 2 [ ]
Great 33 o M 17 1
Some 1 7 30 41 12
Little U] ) 19 40 "
Vehicle Environment:
Kxtreme 45 36 21 ) ]
Great 3 57 S0 e ]
some [} 7 16 46 24
Little [ [ 13 FE) 70

Manipulative Ability:

Extrene ? S 3 [} 0
Great 3 32 23 10 1
Some 3 4% 43 30 10
Little 2 15 29 (1] [ 1]

Perceptual Variables:

Rztreme 4 2 1 0 [
Great ] 1 7 3 1
Some a3 ] 25 27 1
Little 63 [ 1) 67 70 90

BOURCE: REPERENCE 189,

TABLE 2-4. INCIDENCE OF GENERAL MOBILITY PROBLEMS AMONG
TRANSPORTATION HANDICAPPED PEOPLE

o Transpartation
Mobility Problems Handicapped
. With Problem
(%)
Difficulty going up or down stairs/inclines 64. 9
Difficulty stooping/kneeling/crouching 60. 6
Difficulty walking/going more than one block 56. 9
Difficulty waiting/standing 56. 2
Difficulty lifting or carrying weights u

E% 10 IS%- Ying J g 47.3
Difficulty moving in crowds 41.4
Difficulty sitting down or getting up 40. 5
Difficulty reaching/handling or grasping 3.5

NOTE: Percents add to more than 100% because of multiple general
mobility problems among transportation handicapped people.

SOURCE: REFERENCE 190.
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Passengers with musculoskeletal disorders may be susceptible to
post-accident injury because of such factors as bone embrittlement.
The sedentary way of life imposed by some physical handicaps,
~especially among wheelchair users, may also lead to extremes of body
weight or unusual weight distribution, which may further complicate
rescue.

The deaf and blind are frequent users of vans and especially of
public buses. The deaf may be difficult to recognize but might need
special help during an emergency, since they would not hear
announcements or iInstructions. Seeing-eye dogs are used by only 3
percent of the whole visually-impaired population. Although these
dogs are permitted on all public transit, it is not possible to tell
whether the same small portion of the blind use them there.

2.2 USE OF TRANSIT

The use of transit obviously depends upon two factors, the
accessibility of the transit system and the desire and need of the
transportation handicapped to travel. The first iIs very mode-
specific and will be discussed under each mode. The second is
affected by a variety of socio-economic factors as well as by
mobility limitations.

Availability of mass transit has a negligible effect on the
frequency of trips by the transportation handicapped, according to
the national survey (190). Overall, they take fewer trips than the
non-handicapped population. For iInstance, transportation handicapped
people 16 years and over In mass transit areas travel at the rate of
29.1 trips (by all modes) per person per month versus 54.8 trips (by
all modes) per person per month among non-handicapped people of the
same age group. Elderly transportation-handicapped persons and those
with severe dysfunctions have even lower trip rates. Among the
elderly transportation handicapped, 9 percent take trips, but their
- average number of monthly trips (by all modes) is lower than the rate
for all the transportation handicapped (20.4 versus 29.5).

Few of the transportation handicapped take work trips (Tables 2-
5 and 2-6). However, among those who do work, work trips are taken

11



TABLE

2-5.

TYPES OF TRIPS TAKEN

IN AN AVERAGE MONTH

(Base: Transportation Handicapped People in Each Group)
IN TOTAL URBAN AREAS IN MASS TRANSIT AREAS
) ) % of_Transportation | % of Non-Transporta-
Trip Types % of Transportation Handicapped People tion Handicapped
Handicapped People (16 yrs. +) Taking People (16 yrs. +)
Taking Trips Trips Taking Trips
Shopping/Personal 76 7 A
Leisure/Recreation 69 68 87
Medical/Therapy 69 70 31
Work 14 14 55
School 8 5 15
Across all trip types 98 97 9

NOTE: Percenta add to more than 100% because of multiple trips taken.
SOURCE: REFERENCE 7190.
TABLE 2-6. MONTHLY TRIP RATES BY TYPE OF TRIP TAKEN
(Base: Total Trips Taken By Each Group)
IN TOTAL URBAN AREAS IN MASS TRANSIT AREAS
. Transportation Non-Transportation
. Total _ Transportation | Handicapped Pegple | Handicapped Pegple
Trip Types Handicapped Trips (16 yrs. and older)] (16 yrs. and older)
Trips Avg. No. Trips Avg. No. | Trips Avg. No.
Taken of Trips* Taken of Trips* | Taken of Trips*
() ] Per Month Per_Month_ Per Month
Shopping/Personal 34 12.9 36 13.2 29 16.6
Leisure/Recreation 28 11.5 28 11.9 23 14.4
Medical/Therapy 11 4.8 12 4.9 2 3.9
Work 18 3.3 19 37.8 39 3.1
School 9 31.5 5 2.4 7 25.1

eAverage number of trips per month are based
REFERENCE 190.

SOURCE:
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at about the same rate as those of the non-handioapped. Because of
their relatively high age, few of the transportationhandicapped take

trips to school.

Like the transportation handicapped as a whole, the elderly
transportation handicapped travel primarily for shopping and personal
business, leisure and recreation, and medical reasons. As might be
expected, only a very small proportion of elderly transportation
handicapped persons take work or school trips.

2.2.1 Van and Small Bus Usage

There are many kinds of operators of standard and modified vans
and body-on-chassis small buses, such as special agencies or
organizations providing services to their clientele, coordinating
agencies providing overall specialized transportation services,
private operators providing non-emergency ambulance service, and
public transit authorities providing demand-responsive or community-
oriented transportation services. In an emergency, the identity of
the operating agency will be an immediate clue to the nature of the
passengers. A van operated by a senior center or an area agency on
aging obviously carries elderly persons. A vehicle serving a
sheltered workshop probably has passengers with a wide range of
systemic dysfunctions.

The type of vehicle may suggest an upper limit to the number of
persons on board. A modified van has at most 12 to 15 ambulatory
persons, but only 7 to 11 passengers 1f wheelchair capability has
been added. Similarly, a body-on-chassis small bus usually can seat
20 to 25 ambulatory persons. However, if all the positions on the
vehicle are for wheelchair users, then the only ambulatory passenger
IS the driver. The greatest variations In passenger characteristics
occur among body-on-chassis small buses used by public transportation
authorities. These small buses, defined iIn Section 4, are used
primarily for services to the elderly and disabled although some are
used in general services In rural areas and small cities.

13



The Southeastern Michigan Transportation Authority (SEMTA),
which 1s the largest operator of small bus services in the United
States provides a good example of the use of such vehicles. It
estimates that 2-3 percent of all its trips are provided to
wheelchair users. Disabled people are about 15 percent of SEMTA"s
patronage and wheelchair users are approximately 15 percent of this
group. Since there are about 200,000 riders per month and 215 small
buses operating 6 days a week, there is about 1 wheelchair user per
bus per day and 7 disabled persons per bus per day. But because most
service 1s demand-responsive, the number of daily trips for each
vehicle cannot be determined. If each vehicle makes one tour per
day, then every vehicle, on the average, carries one wheelchair user.
IT each makes two tours per day, half the tours have a wheelchair
user aboard. Unless the vehicles are used In a service for the non-
frail elderly only, the probability of a wheelchair user being aboard
ranges from 0.33 to 1.00. In systems that are specifically for the
disabled, the probability of a wheelchair user being on board is very
close to 1.0. For example, data from Project Mobility in
Minneapolis-St. Paul, Minnesota, demonstrated that wheelchair user
trips are approximately 40 percent of all trips. Wheelchair user
ridership is about 10 trips per day per vehicle. Therefore, i1f each
vehicle makes two tours per day, five wheelchair users will
simultaneously be on each vehicle.

2.2.2 Bus Usage

Of the various modes of public transportation, the bus is relied
on most frequently by the transportation handicapped (190), being
used by 22 percent of all of them (Table 2-7). Further, usage of the
bus i1s slightly higher among those aged 16 or over in mass transit
areas (29 percent) than among the non-handicapped aged 16 or over in
mass transit areas (25 percent). Also, the transportation
handicapped who use the bus rely on it heavily, using it for 41
percent of all their trips. For 233,000 of the transportation
handicapped, the bus is the only means of transportation. The
monthly trip rate for the transportation handicapped using buses is
12.5 (Table 2-8).
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TABLE 2-7. MODES USED IN AN AVERAGE MONTH
(Base: Total Respondents in Each Group)

IN TOTAL URBAN AREAS IN_MASS TRANSIT ARFAS
Tranaportation Non-Transportation
Total Transportation Handicapped Pegple Handicapped Peaple
Node Handicapped People (16 yra. and Older) | (16 yrs. and Older)
*Pepple No. of % People *People
Using People _(000) Using Using
Car Si 6,140
As (Pa,%senger* 66 4,920 62 41
As driver 32 2.371 29 67
Bus 22 1,612 29 25
Malking 14 1,042 16 16
Taxi 13 972 14 [
Rail Transit** 2 164 3 7
Aiioclatlon Van 1 84 1 -
Personally Oaned Van 1 79 1 1
Other (e.g-, School
Bur) 7 49% $ 5
NUMBER OF PEOPLE (000) 7,440 4,716 92,403

* Percenta add to more than the net of car usage became some people use the car both
as a passenger and a driver. —_—

«* Defined In the study as a Rapid Rail System_serving an urban area which utilised either
a subway or an elevated-type construction with high level platforms.

SOURCE:  REFERENCE 190.

TABLE 2-8. MONTHLY TRIP RATES OF TRANSPORTATION HANDICAPPED
PEOPLE BY MODE

*Trips Average No. of Trips Per

Mode Taken Month "Among Users of Mode
Car

As passenger 34 15.0

As driver 38 A9
Bus 9 12.5
Walking 7 14.9
Taxi 3 7.1
Rail Transit* 2 21.3
Personally Owned 1 25.3
Van
Association van 1 20.2
QOther Nodes (e.g-,
School Bus) 5 19.5

TOTAL 100

* Defined_in the study as a Rapid Rail System serving an urban
area which utilizes either a subway or an elevated-type con-
struction with high level platforms.

SOURCE:  REFERENCE 190.
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The number of the elderly and disabled traveling by bus varies
considerably. Those dependent upon mass transit have always been a
large proportion of all transit riders. The elderly may be 40
percent of all transit riders. The number of elderly passengers,
however, is significantly lower during peak hours, when most people
are traveling to or from work, and higher during off-peak hours.
Consequently, although bus occupancy is lower during the non-peak
period, the number of elderly aboard may be much higher. Except for
certain special express bus commuter services, it is probable that
there are elderly passengers aboard every bus trip.

Wheelchair users are 0.2 percent of the general population, but
the proportion using mass transit is not known. Obviously, those
transit systems with buses that are inaccessible to wheelchair users
have zero ridership, and no major metropolitan area has yet
established a fully accessible bus transit system. However, in
Seattle, which has made a commitment to overall environmental as well
as transportation accessibility, the rate of wheelchair users®
ridership is near that of their population incidence, and there are
similar rates in some smaller cities where a high level of
accesibility is provided. Even at the highest of these ridership
levels, a wheelchair passenger is still relatively uncommon:
approximately one rider per accessible bus per day. Since the
average bus makes many trips, perhaps as many as 30 during one day,
the chance of a wheelchalr passenger being on any one trip 1Is
approximately 1 in 30. The exception to this is modified full-size
buses operated by institutions to carry large groups of the disabled.
These may carry as many as 10 to 16 wheelchair passengers. Although
few iIn number, these vehicles are used In many major metropolitan
areas and pose significant problems for escape and rescue in the
event of an emergency.

2.3 INCIDENCE OF TRANSIT ACCIDENTS INVOLVING THE ELDERLY AND THE
DISABLED

Knowing the probability of elderly and disabled passengers being
on board a transit vehicle that is involved in an accident would help

16



to determine the amount of specialized equipment that should be made
available to rescue teams. Some information that bears on this
problem, derived from the published literature, was included iIn
Section 2.2; and more data are recorded in appropriate parts of
Sections 3 and 4.

These published data, however, are not comprehensive enough to
draw clear inferences. Consequently, a search through computerized
accident data bases was made by the project team to find statistics
pertaining to elderly and disabled passengers iIn transit vehicles.
Since no single source of accident data was totally suitable, a
number of accident files were examined and used to compile incidence
values. They were the Fatal Accident Reporting System (PARS) of the
National Highway Traffic Safety Administration, files from the States
of Michigan, Pennsylvania, Texas, and Washington, and data from the
second phase of the National Crash Severity Study (NCSS). Only these
highway vehicle accident files were cost-effectively available, and
only the PARS, Michigan and Pennsylvania data bases proved useful.

The probability of an elderly person being on board a highway
transit vehicle at the time of an accident can be estimated from the
accident data by examining the age of each occupant whose age,
injury, etc., were recorded by the investigating officer, and of whom
a record i1s included in the computerized data files. The total
number of occupants is the number listed as being in the vehicle at
the time of the accident, in those jurisdictions that give such
information. Because the number and characteristics of occupants are
frequently under-reported, especially in the case of uninjured
occupants, the probability of the presence of an elderly occupant,
when computed from the accident data, may be too low.

Disabled passengers are not specified in any of the accident
data sets examined. Instead, the presence of children under five
years of age was used as a surrogate for disabled passengers.

17



The results for FARS, Michigan, and Pennsylvania are given in
Tables 2-9 through 2-11. Probabilities are given for the presence of
at least one occupant 65 years or over, and 70 years or over. Note
that the figures vary greatly among the three data sets, that of
Michigan being the lowest. (This 1is particularly interesting since
Michigan has the largest fleet of small buses in operation in the
country.) These differences probably reflect local differences in
documentation policies and practices. The high figures from the FARS
data may result from higher occupant injury rates in fatal accidents,
and consequently more complete occupant documentation. Still, one
must be careful in applying the FARS statistics, since this data set
records only fatal accidents, and investigating officers do not
uniformly document accidents involving large vehicles with multiple
occupants. The lack of uniformity of definitions of vehicle types
also suggests that one must exercise caution In using these
probability values.

Because of the possibility of under-reporting, which would lead
to bias iIn the accident files, the 1977 National Personal

Transportation Survey was used to obtain national estimates of the
ages of bus passengers. Passenger-miles were used as the measure of
exposure for estimating the probability of a passenger in a given age
range being on board any bus at any time (including the time of an
accident). It is not possible to differentiate between intercity and
transit bus use, but school buses have been noted and excluded. The
results are given in Table 2-12. The vehicle-miles are weighted by
sample expansion factors to give national estimates of bus travel.
The actual number of trips iIn each age category of the survey is also
shown to give an indication of the size of the sample upon which the
national estimates are based. The percentage of the total passenger-
miles accrued by each group of interest 1is also given.

Computation of the probability that at least one passenger of a
particular age group would be on board at the time of an accident
would require knowledge of the distribution of the number of
passengers by vehicle-mile, information that 1is not available.
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TABLE  2-9.

INVOLVED HIGHWAY TRANSIT VEHICLE

FARS 1975-1980

PROBABILITY OF AT LEAST ONE OCCUPANT OF GIVEN AGE

GROUP BEING

IN THE

Cross ) Van as Van as
School Country § Transit Other Unknown § School Other Bus | TOTAL
Bus Bus Bus Bus Bus Bus
Total Highway Transit_
Vehicles in Fatal Acci- 786 220 795 91 109 32 23 2,056
dents
Vehicles With at Least
One Occupant of:
Age>.65 29 51 58 9 13 2 4 166
Prob. 0.037 0.232 0.073 0.00 0.119 0.063 0.174 0.081
Age>70 14 39 31 4 7 0 2 97
Prob. 0.018 0.177 0.039 0.044 0.04 0.000 0.087 0.047
Age 0-4 1 16 9 1 5 1 4 37
Prob. 0.001 0.073 0.011 0.011 0.046 0.031 0.174 0.018
Age 04 &65 0 12 2 0] 2 0 2 18
Prob. - 0.000 0.055 0.003 0.000 0.018 0.000 0.087 0.009

NOTE: Probability = Number of vehicles with occupants/Number of vehicles.



TABLE 2-10.. PROBABILITY OF AT LEAST ONE OCCUPANT OF GIVEN AGE GROUP
BEING IN THE INVOLVED HIGHWAY TRANSIT VEHICLE

MICHIGAN 1981

School Other
Bus Bus Total

Total Highway Transit
Vehicles in Accidents 1,427 1,365 2,792

Vehicles With At Least
One Occupant of:

Age > 65 28 32 60
Prob. 0.020 0.023 0.021
Age > 70 10 13 23
Prob. 0.007 0.010 0.008
Age 0-4 2 3 5
Prob. 0.001 0.002 0.002
Age > 65 & 0-4 0 0 0
Prob. 0.000 0.000 0.000
Probability = Number of vehicles with_ occupant of given

age group/Number of vehicles.

2-11. PROBABILITY OF AT LEAST ONE OCCUPANT OF GIVEN AGE GROUP
BEING IN THE INVOLVED HIGHWAY TRANSIT VEHICLE

PENNSYLVANIA 1979

Intercity| Transit
Bus Bus Total
Total Highway Transit
Vehiclel™ in Accidents 97 633 730
Total Occupants 720 2,056 2,776
Vehicles With At Least
One Occupant of:
Age > 65 19 49 68
Prob. 0.196 0.077 0.093
Age > 70 11 35 46
Prab. 0.113 0.055 0.063
Age 0-4 6 18 24
Prob. 0.062 0.028 0.033
Age > 65 & 0-4 4 7 11
Prob. 0.041 0.011 0.015
Number of Vehicles With
At Least One Occupant
Requiring Extrication 1 8 9
Prab. 0.010 0.013 0.012
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TRANSIT

TABLE 2-12. 1977 NATIONAL PERSONAL TRANSPORTATION SURVEY:
AND INTERCITY BUS RIDERS
Actual Weighted Proportion
Age Number Passenger of Travel
(Unweighted) | Miles (x10%) D)
0-4 31 156.218 0.5112
5-9 142 1042.195
10-14 328 275.651
15-19 440 6341 .583
20-24 215 3404.381
25-29 187 2334.479
30-34 133 1917.129
35-39 126 1338.063
40-44 85 1600.164
45-49 71 885.460
50-54 100 1629.408
55-59 129 1501.318
60-64 91 2050.447
65-69 110 1495.109 -89
70-74 72 1656.172 5.42
75-79 32 311.727 1 .02
>80 19 148.609 0.486
TOTAL 2,311 30558.1
> 65 233 3611.6 11 .8
> 70 123 2116.5 6.93
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Nevertheless, crude but useful estimates can be obtained by making a
simple assumption. If it is assumed that a given number, n, of
passengers are in a bus at the time of an accident, the probability
that at least one passenger of age group 1 is aboard 1is

P=1-(-Pi)

where p; 1s the probability that an individual passenger is of age
group 1. Using the proportions given in Table 2-2 for P; and an
assumed load of 20 passengers, the probabilities of at least one
elderly passenger being on board are, for those aged 65 or over, P =
0.919, for those aged 70 or over, P = 0.762, for those 0-4 years, P =
0.097, and for those 0-4 and 65 or over, P = 0.928. One can also ask
how many patrons must be on board for the expectation of an elderly
or young (surrogate disabled) passenger to be at least 0.5. Then
(1-P1)" = 0.5. For those aged 65 or over and 0-4 years, p; = 0.123,
and n = 5.3 passengers.

The probabilities of elderly passengers being aboard obtained
from the accident data are much lower than those obtained by the
above approximations. It is not likely that under-reporting in the
accident data would result in such a large discrepancy unless
occupancy rates are very low. In fact, a check of the Pennsylvania
data indicated that 45 percent of the intercity buses and 42 percent
of the transit buses were reported to have only one occupant,
presumably the driver, at the time of the accident, and this
information probably accounts for the better part of the discrepancy.
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3. PARATRANSIT VANS

3.1 INTRODUCTION

Paratransit vans carry a much greater proportion of elderly and
disabled passengers than do full size transit buses, body-on-chassis
small buses, and railcars. As mentioned In the preceding section,
one can expect up to 40 percent of urban bus passengers to be elderly
and 1 in 30 buses to be carrying a wheelchair user. In contrast, all
of the passengers iIn a paratransit van may be elderly or disabled.
The only able-bodied occupant of a van that has been in a collision
or other accident may be the driver. Even if the driver is uninjured
or only slightly injured, he/she may not be able to single-handedly
evacuate elderly and disabled passengers from the vehicle. Help from
trained rescuers, the police, or emergency medical service personnel
will probably be required for most accidents. If the vehicle catches
fire, the passengers and the driver may have to rely on the immediate
help of nearby motorists and other good Samaritans before
professional rescue personnel arrive.

Thus, a serious van accident poses difficult problems of rescue.
The operators of paratransit vans must extend their driver training
programs to include rescue methods and practices. Such programs,
which should include simulations, are necessary to realize the goal
of providing the safest paratransit service to all passengers.

This section lays the foundation for accomplishing that goal.
Recommendations are based on a review of the literature on the
subject, of current practices, and of case studies of accidents.

3.1.1 Use of Paratransit Vehicles

Although some transit authorities and systems provide
paratransit service to commuters by subscription, the likelihood of
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an elderly or disabled person being on board such a vehicle is slight
because of a common lack of wheelchair lifts and other aids to
access. In contrast, some paratransit vans are occupied only by
elderly and disabled persons, particularly those vans used by:

0 nutrition centers;

0 sheltered workshops;

o therapy centers;

0 doctor®"s offices and hospitals;

o schools or learning centers;

0 shopping centers; or

o vocational rehabilitation centers.

The problems of rescue can be complicated by the practice of
combining the transportation services provided to the elderly and
disabled. This combination can result in a variety of types of
passenger, such as wheelchair users, retarded, senile, blind and/or
deaf persons in one vehicle. Rescue personnel must be aware of this
possibility and must know how to handle such a situation.

3.1.2 Paratransit Vehicle Characteristics

Because vans have become common on the nation®s highways,
emergency-response personnel may feel they are already familiar with
them. However, when used for paratransit, vans are often modified to
seat up to 15 individuals, often have lifts and tiedown devices for
the disabled, and often have raised roofs. The specific dimensions
and features of paratransit vans can serve to demonstrate how closely
the passengers are seated inside and can begin to suggest some of the
problems of extrication that may be encountered when such a vehicle
has been involved In an accident.

Dimensions. Figure 3-1 and Table 3-1 show the interior
dimensions of the standard vans that are often used for paratransit
service. The headroom, about 53 inches, prevents one from standing
erect. Figure 3-2 illustrates the typical seating arrangements of
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Source: Reference 31

FIGURE 3-1. INTERIOR DIMENSIONS FOR STANDARD VANS
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TABLE 3-1. INTERIOR DIMENSIONS FOR STANDARD VANS

CHEVROLET & GMC DODGE FORD
Model G20 G20 G30 B200 B300 B300 E150 E250 E350
WHEELBASE
WB (ins.) 110 125 125 109.6 127.6 127.6 124 138 138
INTERIOR

LENGTH - BACK
OF FRONT SEAT | 94.2 118.2 118.2 9.9 110.9 136.9 91.2 111.2 131.2
TO REAR DOOR
AT SHOULDER
HEIGCT 1L

(ins)

INTERIOR
WIDTH AT
SHOULDER
HEIGHT IW 70.8 70.8 70.8 69.0 69.0 69.0 70.6 70.6 70.6

(ins)

WIDTH BETWEEN
WHEEL-HOUSING { 53.5 53.5 53.5 50.0 50.0 50.0 48.0 48.0 48.0
W (ins)

MAXTMUM
INTERIOR
HEIGHT 53.7 53.8 53.8 53.2 53.2 53.2 51.6 51.6 51.6
FLOOR TO

ROOF IH (ins)

Source: Reference 3le



FIVE PASSENGER 110 INCH WHEELBASE TWELVE PASSENGER 127.6 INCH WHEELBASE

AL

EIGHT PASSENGER 127.6 INCH WHEELBASE FIFTEEN PASSENGER 127.6 INCH OR
136 INCH WHEELBASE

Source: Reference 31

FIGURE 3-2.  SEATING ARRANGEMENTS FOR STANDARD VANS
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vans of three different wheelbases. The narrow width of the aisle
along the side of the vehicle and the short distance between the
seats, about 10 inches, may hinder escape and rescue. The rear
wheelhousing, by protruding into the aisle, further reduces freedom
of movement. The full-width bench seat found in the rear of many
vehicles partially blocks the rear door.

In order to provide additional room and to permit access to
wheelchair users, many paratransit vans have been modified by
Increasing headroom, widening the body and/or by adding a lift.
These modifications are made by companies other than the original
equipment manufacturers. Several of them are listed iIn Appendix A,
Table A-3.

Raised Roof. The most common modification is the addition of a
raised roof. Some states require such roofs to be capable of
supporting the weight of a fully loaded, overturned vehicle. Some

raised roofs, however, are simply unreinforced fiberglass caps that
can immediately be separated from the vehicle in a collision or

rollover. Such low-quality roofs can also reduce the structural
integrity of the vehicle so that in an accident, the van may be
partially crushed. (Subsection 3.2.3 reviews an accident that
resulted in severe buckling.) Rollover accidents of vehicles with
such roofs can also easily allow passengers to be ejected, causing
serious or fatal injuries. Unfortunately, since many paratransit
operators lack adequate funding, they often buy unreinforced roofs
because they are less expensive.

Vehicle Widening. The Wide One Corporation now offers an
Increase in the width of a standard B-300 Dodge MaxiVan by 14 inches.
The vehicle 1s cut in half along its centerline, the frame and body
are widened, and the axles are extended. This type of modification
should add to the stability of the vehicle and iIncrease the interior
space, thereby incidentally facilitating escape or rescue work should
there be an accident.

Lifts and Ramps. Lifts or ramps are often installed in
paratransit vans as an aid to wheelchair users and others who have
difficulty negotiating the step into the van. Figure 3-3 shows one
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Source: Collins Industries, Inc.

FIGURE 3-3. REAR MOUNTED WHEELCHAIR RAMP



example of a ramp in the rear of a modified van. In its stored
position, this ramp could block a significant portion of the rear
exit in an accident if the rear of the passenger compartment is
crushed.

Figure 3-4 shows a powered lift installed in a modified van and
being operated by a wheelchair user. Figure 3-5 shows a lift in its
stored position in a van. This typical lift fully blocks the side
door while stored and may become inoperative iIn an accident. Rescue
personnel would have to use the rear or cab doors or to cut through
the side of the van to gain access. In contrast, another type of
side-mounted lift (Figure 3-6) folds in half when stored, thus
allowing some access by rescue personnel.

It i1s possible for a lift or ramp to be forced over and onto
passengers during an accident. The weight of such devices can also
reduce the stability of vans, thereby increasing the probability of
rollover (not uncommon in accidents), and the possibility of serious
Injury or death.

Doors. It iIs important to note that the rear doors of many
paratransit vans cannot be opened from inside.

Windows. The windows of most standard and modified vans are not
designed for emergency access. Many are sealed, some slide
horizontally to allow only a partial opening, and still others may
open outwards to only a limited extent.

Fuel. Because all vans necessarily carry fuel, there is always
a danger of fire or explosion.

3.2 PARATRANSIT VAN ACCIDENTS
This subsection:

0 identifies the types of accidents in which a paratransit van
may be expected to be involved;

0 determine the probability of occurrence of each type of
accident; and
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Source: The Braun Corporation.

FIGURE 3-4. POWERED WHEELCHAIR LIFT INSTALLED IN MODIFIED VAN



Source: The Braun Corporation.

FIGURE 3-5. POWERED WHEELCHAIR LIFT IN ITS STORED POSITION ON A MODIFIED VAN



Source: The Crow River Corporation

FIGURE 3-6. FOLD IN HALF WHEELCHAIR LIFT IN STORAGE POSITION
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0 discusses several actual paratransit van accidents involving
the elderly and disabled.

3.2.1 Types of Accidents

There are five basic types of emergencies that may befall
paratransit vans. They are:

0 driver iIncapacitation;
o collision;
o rollover;
o fire; and
o complete or partial immersion In water.
‘The following 1s a list of possible accident combinations:
0 driver incapacitation to collision;
driver incapacitation to rollover;
driver incapacitation to water Immersion;
driver 1incapacitation to collision to rollover;
driver incapacitation to collision to water immersion;
driver incapacitation to rollover to water immersion;
driver incapacitation to rollover to fire;
collision to rollover;
collision to water immersion;
collision to fire;
collision to rollover to water immersion;
collision to rollover to fire;
rollover to water immersion;
rollover to fire;
fire to collision; and

O O O 0O 0o O o o o o o o o o o

fire to rollover.



Incapacitation of the driver, for whatever reason, could lead to
any of these accidents. Even iIf the driver becomes incapacitated
while the van is stopped, an emergency could develop if, for example:

0 the passengers are retarded to the point of not being
capable of caring for themselves and seeking help;

0 passengers, such as wheelchair users, are so disabled that
they cannot leave the van to seek help; and/or

o0 the senility of the passengers prevents them from seeking
help.

Of all the accidents, those involving fire and water immersion
require the quickest action. If a van®s driver first detects smoke,
he/she may have time to evacuate all occupants before the van is
engulfed in flames. The driver may have to singularly carry
passengers out of the van because there probably would not be
sufficient time to use a wheelchair lift or ramp. Passengers must
always be evacuated before any attempt is made to fight a fire, even
If an extinguisher is on board.

Complete or partial immersion in water would probably leave few,
iIf any, survivors. Each of the occupants might be dazed by the
initial plunge. With a lift-equipped van, the right side door iIn
most cases would prohibit escape, and a full-width rear seat, in any
van so equipped, would obstruct the rear door. This would leave only
the two cab doors as possible exits, and the driver-side door would
not permit quick escape because of the seat and the steering wheel.
Immersion accidents are quite rare, but when they occur, few drivers
Or passengers escape.

3.2.2 Probabilities of Various Types of Van Accidents

Each type of accident may demand specific techniques and
equipment for effective rescue. Knowing the frequency of each of
these types of accident might allow rescue teams to make economical
decisions on special training and the purchase of equipment. The
available automated data bases were used to find the probability of
each type of accident.
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Although the sources of accident information, which were named
In Section 2.3, are very extensive, they were not able to answer the
exact questions posed. For example, one sub-category of accident is
a collision leading to fire, but the sources include those accidents
that i1nvolved both a collision and a fire without indicating the
order of the two events. Also, none of the sources differentiates
between complete and partial Immersion in water. There were no cases
of 1mmersion of vans used as buses iIn any source that includes such a
code, that is, PARS, Washington, and Pennsylvania. Only PARS lists
driver incapacitation in the form "died before accident." Even here,
however, there were so few such cases (b out of a total of 63,467
vehicle accidents) that i1t is doubtful that any involved vans. In
Table 3-2, the category '"No. Resulting in Driver Incapacitation” may,
in fact, include drivers who died before the accident.

Table 3-2 summarizes the PARS van data for the period 1975-1980.
The number of fatal van accidents for the six year period appears to
be unrealistically low, however. The data indicate that only 18
fatal accidents of vans operating as buses occurred during the
period. Of these, 72.2 percent were caused by collisions, and only
23.1 percent of the collisions resulted in the driver becoming
Incapacitated. None of the accidents involved a fire, a combination
of rollover and fire, a combination of collision and fire, a
combination of collision, rollover and fire, or water Immersion.
Table 3-2 also shows that 17 of the 18 (.4 percent) fatal accidents
began with a collision. Of these 17, 5 (29.4 percent) resulted in
Incapacitation of the driver. Five of the 18 (27.8 percent) total
accidents began with or included a rollover. It was not until 1978
that PARS introduced rollover as a separate variable.

The Texas records for 1981 (Table 3-3), do not differentiate
among vans being used for transit, private, and recreational use.
They do distinguish rural from urban settings. Ninety-one percent of
all van accidents in rural areas and 9 percent iIn urban areas
involved collisions. Since many social service agencies in rural
areas use vans to transport their clients, the ratio of collision to
rollover, 10:1, 1is particularly interesting.
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TABLE 3-2.

PARS 1975-1980 VANS:

NUMBER OF VEHICLES (ACCIDENTS) AND PROBABILITY OF

INVOLVEMENT IN EACH TYPE OF ACCIDENT
Accident Vans as School Vans_as other
Type Buses Buses
No. Proba- No. Proba-
Hater Proba- Result-  bility Proba- Result- bility
Inmer  { No. of  bility ing In  of No. of bility ing In of
T Ss,Jgr_V \égl";icc_les oflln— I?rlver [iriver \g‘;icgles oflln— I?rlver [I)river
i- - i i- wlve- Incapa-  Incapa- i- wolve- |Incapa-  Incapa-
sion over Fire nersionj dents) ment citation citation { dents) ment citation citation
® 0 o o0 0 0 o 0 0
® 0.001 1 0.50 008 O 0
® & o o 0 0 o o 0
17 0.773 9 0.50 13 0.72 3 0.231
® 1 005 1 1.0 o o 0
® e 2 o 1 0.500 022 2 0.50
® & 0] 0 (0] (0] 0
® (0] 0] 0 0 0 0
Total Vehicles 2 1.0 12 0.545 18 1.0 5 0.278
(Accidents)
All Accidents
Involving:
® 0 09® 10 0.5 7 o.M 5 0.294
® 4 042 2 0.50 5 0.278 2 0.400
® 1 005 1 1.0 0 0 0 0
D 0] 0 0 0) 0 0 0 0
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TABLE 3-3.  TEXAS 1981 SMALL VANS: NUMBER OF VEHICLES (ACCIDENTS) AND PROBABILITY OF
INVOLVEMENT IN EACH TYPE OF ACCIDENT.
Accident Small Vans* Small Vans*
Type Rural Urban**
No. Proba- No. Proba-
Proba- Result- bility Proba- Result- Dbility
No. of  bility ing In  of No. of  bility ing In  of
_ Vehicles of In- Driver  Driver Vehicles of In- Driver  Driver
Colli- Roll- (Acci-  volve- Inrepa-  Incapa- (Acci-  volve- Incapa-  Incapa-
sion  over dents) ment  citation citation dents) ment  citation citation
et 3,617 0910 161 004 | 17,98 090 2% 0.013
@ A 0.020 3 0.091 175  0.010 12 0.0
Total Vehicles 4,041 1.0 194 0.048 18,161 1.0 246 0.014
(Accidents)

* Small vans in this data base include private and recreational vehicles.

** Urban as used here

population of over 5,000.

Otherwise,

includes all accidents that occurred
the accident was classed as rural.

in a community with
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In rural areas 4.4 percent of the drivers became incapacitated as a
result of a collision, but more than twice as many (9.1 percent) were
Incapacitated by a rollover.

Michigan records for 1981 and Pennsylvania records for 1979 do
not specify vans as a vehicle category.

The number of occupant fatalities and the sum of fatalities and
"A" (incapacitating) injuries taken from PARS are shown in Table 3-4.
For vans used as (non-school) buses, 65 out of 110 occupants (59
percent) incurred fatal or "A" injuries. This implies an average of
2.8 per vehicle.

3.2.3 Van Accident Case Studies

Several accidents involving paratransit vans carrying elderly
people are described and discussed below. Some of the information
comes from National Transportation Safety Board (NTSB) reports, which
are well documented.

Paratransit Van/Farm Vehicle Collision. On September 12, 1979,
a 1976 standard Dodge paratransit van occupied by 14 elderly persons
was traveling on U.S. Route 6/50 near Delta, Utah. About 6:25 A.M.,
before dawn, i1t overtook and collided with a poorly-lighted, slow-
moving farm vehicle. The van was lifted up on i1ts left wheels,
traveled off the right side of the road, and struck a concrete bridge
parapet that was approximately 4 1/2 feet beyond the edge of the
pavement. Eight of the van®"s occupants were killed and the remaining
six were injured; the operator of the farm vehicle was not iInjured.
Figure 3-7 shows a simulation of the accident using vehicles similar
to those originally involved. Figure 3-8 presents the van's seating
chart with occupants® ages and iInjuries and the amount of penetration
by the bridge parapet into the passenger compartment of the
paratransit van.

Figure 3-9 shows the front left of the van. The damage to the
roof, left side, roof supports, and seatbacks was caused by the
parapet when i1t penetrated the van along the left side windows from
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TABLE 3-4. PARS 1975-1980 VAN OCCUPANCY AND INJURY
N
Number of
Number of Number of Number of Fatalities and

Vehicle Type Vehicles Occupants Fatalities | "A" Injuries
Vans Used as 23 110* 14 51
(non-school)
Buses
All Vans 9,661 18,062** 4,943 9,274

18,932*
Total 9,716 18,062** 4,972 9,355

19,156*

*The number of occupants statistic iIs missing data on 0.1? of the

vans.

**Qccupants with recorded documentation on each.




Source: Reference 107

FIGURE 3-7. IMPACT SIMULATION OF DELTA, UTAH, ACCIDENT USING SIMILAR
VEHICLES
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PARAPET
PENETRATION

72
(EJECTED)

PARAPET
PENETRATION

FATALS

Source: Reference 107

FIGURE 3-8. DELTA, UTAH, VAN SEATING CHART
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Note damage imprint from bridge parapet at top
of left front fender and at top of left side
instrument panel. Note buckling of side panel
to rear tire area.

Source: Reference 107

FIGURE 3-9. LEFT FRONT VIEW OF DELTA, UTAH, VAN



the left front corner to the middle of the second bench seat. The
van came to rest on its left side with i1ts front end on top of the
bridge wing wall.

All of the occupants had to be extricated from the vehicle
except the passenger in the right front seat and the passenger on the
far right of the first bench seat. (See Figure 3-8.) Both of these
passengers were ejected into an irrigation canal. The 72-year-old
passenger sustained a shoulder injury but managed to swim to and
crawl up the embankment. The other®"s body was found several hundred
feet downstream. An autopsy was not performed.

Paratransit Van/Pick-up Truck Collision. On February 23, 1978,
at 4:20 P.M., a standard 1978 Chevrolet paratransit van carrying 12
elderly passengers was struck on the left front and left side by a
1951 Chevrolet pick-up truck traveling in the opposite direction on
U.S. 395 near Susanville, California. The van was owned by a council
on aging and was being used to transport the passengers to the state

fair. The impact caused the van to lift up, roll over, and come to
rest on its top.

Figure 3-10 i1s the seating chart of the occupants with their
ages and injuries. After impact, the van rolled clockwise along its
longitudinal centerline. The 72-year-old passenger in the middle of
the first bench seat was pinned inside the van and was one of the
last to be extricated. The 86-year-old passenger on the second bench
seat was also pinned in the wreckage and had to be extricated.

Figure 3-11 shows the van in 1ts final resting position. Being
upside down made gaining access to the victims extremely difficult,
as did the crushing of the roof and the distortion of the body.

Modified Paratransit Van Collision. On July 21, 1978, a
modified 1976 Dodge Maxivan was being operated as a paratransit
vehicle for elderly people in Howard County, Maryland, when it
overtook a State Highway Department line-painting operation. The van
collided first with the right rear of a trailer carrying a large
lighted traffic control arrow, then with the right rear of the truck
that was pulling the trailer, then with the rear of a pick-up truck
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Source: California Highway Patrol.

FIGURE 3-10. PARATRANSIT VAN SEATING CHART SHOWING OCCUPANT AGES AND
INJURIES: SUSANVILLE, CALIFORNIA, ACCIDENT
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Source: California Highway Patrol.

FIGURE 3-11. SUSANVILLE, CALIFORNIA, ACCIDENT;
VAN IN FINAL RESTING POSITION
AT ACCIDENT SITE



carrying a large lighted traffic control arrow, causi;ing’ it to leave
the roadway, and finally with a bridge parapet (Figure 3-12).

Despite the four collisions, the van remained nearly intact.
Figure 3-12 shows the front of the van crushed considerably, but the
raised roof stayed iIn position and the wheelchair lift at the side
doors remained operable (Figure 3-13). Figure 4-14 shows emergency
first aid being provided to one of the six persons (aged 68, 74, 80+,
84, and 89) on board. It appears from Figure 3-14 that one of the
passenger bench seats partially failed as a result of the collisions.
Evacuation of the passengers was facilitated by using the side doors
and by lowering the wheelchair lift.

Multipurpose Van Safety (Reference 110). Because of the
increasing popularity of multipurpose vans and concern for how their
interiors are being furnished, the National Transportation Safety
Board (NTSB) investigated 18 low-to-moderate-speed accidents
involving such vehicles. They studied crashworthiness, immediate
causes of iInjuries, occupant restraints, postcrash fires, and ease of
escape.

Injuries to 64 occupants are summarized in Table 3-5 and damage
to the vans in Table 3-6. The following points in the NTSB report
should be noted:

0 5 of the accidents involved rollovers;

0 11 occupants were ejected in the rollover accidents (four
through the windshield);

0 17 occupants from the accidents were ejected;
o0 3 of the 17 ejected were killed;

0 23 doors (mostly front doors), of the 114 (of 19 vans) were
jammed and could not be opened without tools;

o the volume of passenger compartments was reduced (as shown
in Table 3-7); and

0 10 of 19 vans did not retain their windshields on impact.
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Source: Maryland State Police.

FIGURE 3-12. PARATRANSIT VAN IN FINAL RESTING POSITION AFTER
MULTIPLE VEHICLE COLLISIONS: HOWARD COUNTY, MARYLAND



Source: Maryland State Police.

FIGURE 3-13. PARATRANSIT VAN AGAINST BRIDGE PARAPET; HOWARD COUNTY,
MARYLAND
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Source: Maryland State Police,

FIGURE 3-14. SENIOR CITIZEN VICTIMS OF PARATRANSIT VAN ACCIDENT:
HOWARD COUNTY, MARYLAND
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TABLE 3-5. KINDS OF INJURIES FOUND IN THE NTSB STUDY OF MULTIPLE VAN

ACCIDENTS
ABBREVIATED INJURY SCALE NUMBER OF OCCUPANTS
0. No Injury 2
1. Minor 38
2. Moderate
3. Severe (not life threatening) 4
4. Serious (life-threatening
survival probable) 5
5. Critical (survival uncertain) 1
Fatal (within 24 hours) 8
9. Unknown 1
TOTAL 64

Source: Reference 110.
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TABLE 3-6.

DOOR RETENTION AND POSTCRASH CONDITION:

MUTIPURPOSE VANS

VAN DOOR POSITION DAMAGE
1963 Chevrolet Left Front Upper hinge sprung and partially
- separated “from "A™ Pillar, door
Riaht Eront I!latch abraded, odpenedtat”lmpact.
ig ron inges sprung and. partia sep-
arated fPom 'gA"_ pillar, bu?:/kleélO
outward, door jammed.
1965 Chevrolet Left Front Hinges bent, latch released,
12 roll) - openetd dat impact and driver
ejected.

Right Front ammed shut; roof crushed down-
ward 12-inches causing "A" pillar
distortion and jamming of door.
Right rear door opened at impact;
latch released; hinges damaged.

1966 Ford t Jammed, latch damaged. _

e ear Torn off in crash. (Prior damage

- to left rear corner.)

1967 Ford Left Front Not damaged, opened at impact;

Right Side Latch released, doors opened at

ront and_ impact.

Rear_and_both

Rear_pDoors

Right Side Pin on top hinge sheared.

ear

1969 Ford Left Front Latch damaged;
RighF E[ﬁm Two rear doors opened at impact.
‘and_Two_Right P P
10e__Doors
2
1969 Dodge Le.‘tﬁ_and
J Right Front Jammed and had to be forcibly
opened by rescuers - both doors
had male latch shear failures.
Hinges on right side (forward
door was forced through.
1970 Ford Left Front Moved rearward 1 inch at impact,
- Jammed shut.
Source: Reference 110.
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TABLE 3-6. DOOR RETRENTION AND POSTCRASH CONDITION:  NTSB STUDY OF
MULTIPURPOSE VANS (Continued)

VAN DOOR POSITION DAMAGE
1973 Chevrolet Right Front Jammed shut; both rear doors
paneled over - no exit.
1974 Ford Left Front Sprun% . i i
Rignt_Front Jammed (forced into hinges of

right side (forward door)).

1974 Ford Right Rear Latch damaged, jammed shut.

L—%TR_‘e ear Hinges cjamgged,Jjammed shut. _
Impact in area_caused mechanisms
to be punched in.

1975 Dodge kg;tﬁ aln_d Jammed due to "A" pillar displace-
g Right Front ment. P P

1977 Chevrolet Right Front Jammed shut.

1977 GMC Left Front Intrusion 8 to 10 inches, severe

crushing of left front of vehicle
and door during head-on crash.

1977 Dodge Right Front Latch released and opened at im-
(rollover pact, left front damg ed at top
rail A" Pillar for downward
in rollover.

1977 Dodge Left Front Jammed shut, both rear doors
- locked .

1977 Dodge Right Front Jammed shut, 3-inch intrusion.

1977 Dodge Left and Both jammed shut, 4-inch intru-
Right Rear sion “from direct crush.

1977 Ford No damage to any doors.

1977 Ford Left Front Opened at impact, latch released,

left A" Pillar shifted releasing
door and door, left and right
rear - both jammed.

Source: Reference 110.
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TABLE 3-7. REDUCTIONS IN PASSENGER COMPARTMENT VOLUME OF MULTI-
PURPOSE VANS IN NTSB STUDY OF ACCIDENTS

ESTIMATED
PERCENT REDUCTION NUMBER OF VANS
0] 6
1 3
2 2
4 2
5 2
10 4
AVERAGE PERCENT CRUSH = 3.4%

Source: Reference 110.



3.2.4 Jamming of Van Doors During Collisions and Degree of Crushing

The NTSB study revealed that doors frequently jam in van
accidents. This poses a problem for rescuers. Table 3-8 suggests
the extent of the problem. The data come from the National Crash
Severity Study (NCSS) between April 1, 1978 and March 31, 1979. The
data are weighted. Unweighted numbers of vehicles are shown in
parentheses. The vans in the NCSS data were standard small vans, and
probably few, if any, were modified for use as paratransit vans.

Table 3-9 shows, In a different form, NCSS Phase 2 data for the
crushing of vans in accidents. The degree of crush for each vehicle
(for which crush data are available) was specified by a horizontal
profile made up of 2, 4, or 6 individual crush measurements. The
greatest of the crush measurement for each vehicle was assigned to
that vehicle. The measurments for all vehicles were then averaged to
give the mean maximum amount of crush shown in the table.

3.2.5 Modifying Factors

There are several modifying factors that can contribute to the
complexity of an accident. They include:

0 The time of day of the accident

0 The day of the week

0 The location of the accident

0 The potential for secondary injuries.

IT the accident occurs iIn an urban area, 1t 1is highly probable
that 1t will be noticed immediately and that rescue and emergency
medical personnel will be able to reach the scene quickly. In
contrast, a rural setting may mean that precious time is lost before
a passerby notices the accident (especially if the van is off the
road or immersed in water) and before rescue personnel can arrive on
the scene. Similarly, time of day and day of the week can affect the
response time.
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TABLE 3-8. VAN AND CAR DOORS JAMMED CLOSED

(WEIGHTED DATA FROM THE
NCSS PROGRAM, PHASE 2)

ACCIDENT CARS VANS
TYPE % N* %
Rollovers
Jammed** 262 66.8 85 6/7.5
2 (20
Not Jammed 130 33.2 41 32.5
“43) ®
Total 392 100.0 126 100.0
(125) (28)
Non-Rol lovers
Jammed** 2800 31.9 229 50.3
(902) (49
Not Jammed 5982 68.1 226 49.7
(1183) (118)
Total 8782 100.0 455 100.0
(2085) (118)

*

by the inverse of the samplin C
numbers of observations are shown iIn parentheses.

fraction.

** At least one door in the vehicle jammed closed.
numbers are given in parentheses.

The numbers of vehicles shown are the numbers after weighting
The unweighted actual

Unwe ighted
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TABLE 3-9. CRUSH OF VANS AND CARS (WEIGHTED DATA FROM THE NCSS

PROGRAM, PHASE 2)

Accident Type

Mean Maximum Crush

Collision Rollover CARS Vans
N** CRUSH N* Crush
(in.) (in.)
0 187 7.4 27 5.6
43) ®
0 8444 16.9 391 12.5
(1989) (110)
0 0 67 22.7 80 13.6
(36) (15)

*The numbers of vehicles shown are the numbers after weighting by

the inverse of the sampling fraction.

numbers of observations are shown in parentheses.

The unweighted actual

**The numbers of vehicles shown are the numbers after weighting by

the inverse of the sampling fraction.

numbers of observations are shown in parentheses.

The unweighted actual
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In any highway accident, there is always a possibility of
additional injury to victims and of injury to the rescue forces,
other motorists, witnesses, and spectators. These Injuries may be
caused by:

o a Tire or explosion after the accident;

o other vehicles colliding with the wreckage, rescue
equipment, rescue personnel, or victims; or

0 ineffective or improper use of equipment and extrication
methods.

All three of these threats can be mitigated by trained and alert
personnel.

3.3 COMPONENTS OF EFFECTIVE RESCUE

Literature on the escape and rescue of elderly and disabled
passengers from paratransit vans is extremely scarce, and little has
been written on escape and rescue from vans iIn general.
Nevertheless, some discussion of this matter is embedded in general
discussions of escape and rescue from highway vehicles. In this
subsection, information on escape and rescue derives from the
existing literature and from project team experiences.

This discussion is structured around what Grant (6?) refers to
as "the system of vehicle rescue operations.” The system comprises
the following ten activities:

0 preparation;
response;
assessment;;

hazard control;
support operations;
gaining access;

emergency care;

o O O O o o o

disentanglement;



0 removal and transfer; and

0 debriefing and documentation.

3.3.1 Preparation

Preparation for rescue requires both equipment and personnel.

Equipment. One often hears from rescue personnel that "If we
only had more and better equipment, we could be so much more
effective.” This may be true, but most emergency response units do
not have the equipment listed in Table 3-10 and still succeed in
their areas of specialization. This is because each of them is
totally familiar with the equipment it has and consequently can make
effective use of it.

Much of the equipment that is used to extricate victims from
automobile accidents can also be used with paratransit vans.
However, other equipment that is necessary for gaining access to vans
Is not in the inventory of all rescue forces. For example, rescue
forces will need powered hydraulic tools to cut through wheelchair
lifts, and/or ramps, which commonly block side or rear doors. Such
tools are expensive and require training for those who will use them.
Inexpert use of them can be dangerous. Among rescue forces, stories
circulate of cases where misuse of the tools resulted in accidental
injury to entrapped victims.

IT the van is carrying wheelchair users, one may reasonably
assume that the secured chairs have suffered some deformation during
the accident (particularly if the chairs are positioned sideways) and
that some passengers may be entangled. Because wheelchair users form
close bonds with their chairs, extrication by means of the
destruction of a chair should be carried out only when absolutely
necessary.

Rollover accidents are considerably more common with vans than
automobiles. Stabilization equipment will frequently be needed to
prevent movement of the wreckage while the passengers are being
rescued.
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TABLE 3-10.

LIST OF EMERGENCY RESCUE EQUIPMENT

HAND TOOL KIT

Aircraft snips
Cold chisel set
Claw_hammer
Machinist hammer
Short-handled sledgehammer
. (2. 1/2 pound)
Linoleum knife
Batter¥ Pllers
Chann cking pliers
Dlagona cuttlng pllers
Needle-nosed pliers
lip-joint Ilers
Vlse -grip pliers
Punch™ set
Rubber mallet
Regular_frame hacksaw
Low-profile frame hacksaw
Carpenter®s handsaw
Small treesaw
Wiresaw
Adjustable wrench (assorted
Si1zes
Open-end wrench (assorted
sizes)
Pipe wrench (assorted sizes)
Socket _wrench (3/8-inch drive,
/8-inch_to 3/4-inch

capacity)

ADDITIONAL HAND TOOLS

Crash ax

Flat-head ax

Pick-head ax

Rescueax pe ax (such as the
Combination rescue tools
Impact bar i

Bolt cutter (36-inch)

Pry

Sledgehammer
Wrenching bar
Can opener

Dent puller
Door-lock opener

ELECTRICALLY-POWERED TOOLS

Chain saw

Rescue—t¥pe circular saw
Wood—cu tting-type circular

Electrlc %rlll
eciprocatin e power
hang&N g-type p
Power shears

Electric impact tool

GASOL INE-POWERED TOOLS

Disc saw kit
HYDRAUL ICALLY-POWERED TOOLS

4-ton, 10—ton or 20-ton
cap aC|t¥ ¥draullc
rescue too

Hurst rescue tool
AIR-POWERED TOOL

Air cutting-gun kit
CHEMICALLY-POWERED TOOLS

Oxy-acetylene cutting
torch kit

TRAFEIC HAZARD-CONTROL EQUIP—

MENT

Safety flares
Warning flags
Traffic-control flash-

light
FIRE SUPPRESSION AND PREVEN-

Pressurized water extin-
guisher

Carbon dioxide extinguisher
ry—chemlcal extinguisher
HiIgh-expansion foam gen-
erator

nght Water and dry-chemical
System

Source:

Reference 67.




TABLE 3-10.

LIST OF EMERGENCY RESCUE EQUIPMENT (Continued)

HAZARD DETECTION EQUIPMENT

Combustible gas detector kit
Carbon monoxide detection Kit
Oxygen analyzer

ELECTRIC HAZARD-CONTROL EQUIP-
MENT

Lineman"s gloves and protectors

Lineman®s hot stick i

100 feet of weighted synthetic
rope i

Insulated wire cutters

DANGEROUS-MATERIALS LEAK KIT

Nonsparking hammer
Hardwood and rubber cone-shaped

plugs
VEHICLES STABILIZATION EQUIPMENT

Hardwood cribbing
Hardwood wedges
Air bag set

SUBMERGED VEHICLE KIT

Scuba gear i
CompreSsed air tank with a long

hose

POWER-GENERATING AND POWER-—
DISTRIBUTING EQUIPMENT

Portable electric ?enerator
Power cord and ree
Power distribution box

LIGHTING EQUIPMENT

Portable floodlights
Battery-operated "handlights

COMPRESSED AIR SUPPLY SYSTEM

High-pressure compressor
Manifold air storage system
Spare air cylinders

RESCUER PROTECTION EQUIP-

MENT

Safety Helmet

Safety goggles

Gloves

Turnout coat

Boots )

Self-contained, 