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FOREWORD

This report presents the results of a research study undertaken to review
present practices for safe transportation of hazardous materials on public
highways. The report contains a review of the responsibilities and current
practices of Federal, State, and local agencies related to highway
transportation of hazardous materials and a review of current guidelines for
selecting preferred hazardous materials transportation routes.

The study included extensive analyses of existing accident and incident data
bases to develop new knowledge for use by highway agencies in safe management
of hazardous materials transportation. In particular, default values for
truck accident rate and probability of release given an accident have been
developed for use in routing studies. Highway agencies are encouraged to
develop default values applicable to their local area using the procedures
outlined in the report.

This report is being distributed to each Region, Division, and State highway
agency.

~
R. J. Betsold
Director, Office of Safety and Traffic

Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the contractor, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names-appear herein only because they are considered
essential to the object of this document.

- \\-
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I. INTRODUCTION

This report reviews the state of the art and presents the results of
analyses of a broad range of issues related to highway transportation of haz­
ardous materials. The objectives and scope of this research and the organiza­
tion of this report are described below.

A. Research Overview

The objectives of this research study were:

1. To analyze existing exposure, accident, incident, and risk data
pertaining to highway transportation of hazardous materials.

2. To synthesize present knowledge and practices related to high­
way safety, design, traffic operation, and incident management relating to
hazardous materials (hazmat) shipments.

3. To identify research needed to develop potential new counter­
measures and improvements in existing techniques and procedures with regard to
hazardous materials problems which, at the national level, are the responsi­
bility of the Federal Highway Administration (FHWA).

The study was limited to those aspects of hazardous materials trans­
portation which are related to the responsibilities of FHWA, State, and/or
local highway agencies.

Several major technical tasks were performed during the research
including:

• A review of pUblished and unpublished literature relevant to
highway transportation of hazardous materials.

• An analysis of existing data bases containing accident, inci­
dent, and exposure data related to highway transportation of
hazardous materials. The data bases that have been analyzed
include the DOT Research and Special Programs Administration
(RSPA) Hazardous Materials Incident Reporting System; the
FHWA Office of Motor Carriers (OMC) Accident Reports; the
Missouri Statewide Traffic Accident Reporting System; and the
1982 Truck Inventory and Use Survey (TIUS).

• A review of the current practices of State and local agencies
related to highway transportation of hazardous materials.

• A review of the Federal responsibilities related to highway
transportation of hazardous materials.
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• A review of existing risk assessment methods for establish­
ment of hazardous materials shipment routes and the develop­
ment of recommendations for improving those methods.

• The development of improved truck accident data for use in
risk assessment from data for the State highway systems in
California, Illinois, and Michigan.

A review panel made up of representatives from highway agencies at
the Federal, State, and local levels and representatives of the hazardous
materials trucking industry played an important part in the study. The review
panel assisted the research team in establishing the direction for the study,
suggested topics to be investigated in the study, and assisted in developing
and ranking of recommended topics for future research.

B. Scope and Organization of This Report

This report is organized into seven main sections and one appendix,
in addition to this Introduction. Each section is briefly discussed below.

Section II provides a review and critique of literature related to
highway transportation of hazardous materials.

Section III reviews the responsibilities and current practices of
Federal, State, and local agencies related to highway transportation of haz­
ardous materials. This review is based on the literature and visits by the
project staff for agencies in six States and three local agencies.

Section IV reviews the available sources of accident, incident, and
exposure data related to highway transportation of hazardous materials.

Section V presents the results of analyses of existing accident,
incident, and exposure data bases.

Section VI reviews the current state of the art of risk assessment
for establishing routes for highway transportation of hazardous materials.
This section focuses on a critique and recommended improvements to FHWA rout­
ing guidelines. 1o

Section VII presents recommendations for future research related to
highway transportation of hazardous materials.

Section VIII presents the conclusions and recommendations of the
study.

Appendix A of the report describes the development of default values
of truck accident rate and release probabilities for different highway types
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for use in risk assessment and routing evaluations for highway transportation
of hazardous materials.

Appendix 8 presents two numerical examples of the application of the
revised procedures for hazardous materials transportation routing analyses
recommended in this report.
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II. LITERATURE REVIEW

This section of the report provides a review and critique of the
literature related to hazardous materials (hazmat) transportation by highway.
The topics covered include highway safety and highway design issues in hazmat
transportation.

Another aspect of the state of the art of hazardous materials trans­
portation by highway -- the responsibilities and current practices of Federal,
State, and local agencies is reviewed in section III of this report.

A. Highway Safety Issues in Hazmat Transportation

Highway safety issues in hazmat transportation are addressed in the
following discussion including the magnitude of the hazmat transportation
safety problem, the results of research concerning truck safety that are
potentially applicable to hazmat transportation, and the analysis methods cur­
rently in use for hazmat transportation risk assessment.

1. MagnitUde of the Problem

This section of the report reviews existing data on the magnitude of
the safety problem associated with highway transportation of hazardous mate­
rials. The discussion addresses the quantities and types of hazardous
materials transported, the frequency of accidents and incidents involving
hazardous materials, and the consequences of those accidents and incidents.
Accidents and incidents in hazardous materials transportation need to be care­
fully distinguished. Traffic accidents are occurrences to vehicles on public
highways involving collisions between vehicles, collisions between vehicles
and other objects, a vehicle running off the road, or a vehicle overturning in
the road. Traffic accidents involving trucks transporting hazardous materials
do not necessarily result in a release of those materials. Hazardous mate­
rials incidents are occurrences in which a hazardous material being trans­
ported is unintentionally released. Hazardous materials incidents result both
from traffic accidents and from other causes. Thus, some accidents are not
incidents, some incidents are not accidents, and some occurrences are both
accidents and incidents.

The discussion focuses primarily on those sources in the literature
that can be used to assess the magnitUde of the hazardous materials transpor­
tation problem at the national level. However, several useful stUdies have
also been conducted at the State level inclUding work in Arizona (references
88, 91, and 92), California (reference 17), New Jersey (references 78 and 109),
Virginia (references 13 and 90), and Washington (references 117 and 118).

a. quantity and type of hazardous materials transported: The
total quantity of hazardous materials shipped each year in the United States
is uncertain because no complete data on hazmat shipments exist at either the
national, State, or local levels. Various estimates have been made based on
the incomplete data that are available. The National Transportation Safety
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Board (NTSB) stated in 1981 that the U.S. Department of Transportation (USDOT)
estimated that: 76

• At least 4 billion tons (3.6 x 10 12 kg) of hazardous mate­
rials are shipped each year.

• At least 218 million ton-miles (3.18 x lOll kg-km) of haz­
ardous materials are shipped every year.

• At least 250,000 shipments of hazardous materi"als (bulk and
nonbulk) are made every day.

• About 10,700 shippers and 11,700 carriers are involved in
hazmat transportation.

• At least 400,000 trucks regularly transport hazardous mate­
rials.

• Between 5 percent and 15 percent of all trucks on the road at
any given time carry hazardous materials

"Recent estimates by the Office of Technology Assessment (OTA)
provide more detail on the estimate of the quantities of hazardous materials
shipped in 1982. 1'85 These data, shown on table 1, estimate that 60 percent
of all hazardous materials by weight are transported by highway although,
because of the relatively long distances involved in rail, water, and air
shipments, the highway mode accounts for only 12 percent of the ton-miles of
hazardous materials shipped. The totals estimated by OTA for tons and ton­
miles of hazardous materials shipped are substantially lower than the DOT
estimates shown above, reflecting the uncertainty in the available data. The
most complete available data on the truck fleet involved in hazmat transporta­
tion and the types of products they carry are provided by the Truck Inventory
and Use Survey (TIUS) conducted at 5-year intervals by the Bureau of the Cen­
sus. The most recent TrUS for which data are available was conducted in
1982.1~ Table 2 presents a breakdown of the 1982 TIUS data developed in the
OTS study.I'85

Table 1. Estimated transportation of hazardous materials by mode in 1982. 1,85

Mode

Truck

Rai I

Waterborne

Air

Number of vehicles or
vessels used

for hazmat transportation

337,000 dry freight or flatbed
130,000 cargo tanks

115,600 tank cars

4,909 tanker barges

3,772 commercial planes
Total

Tons of cargo
transported

927,000,000 (59.8%>

73,000,000 (4.7%>

549,000,000 (35.4%>

285,000 (0.01%>
1,549,285,000

Ton-mi les
(mi II ions>

93,600 (11.9%>

53,000 (6.7%>a

636,500 (81.2%>

____4~5~9 (0.06%>'
783,559

a Based on 1983 data.
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Table 2. Summary of truck fleet carrying hazardous materials.l,as

Category

Total hazmat truck fleet

Percent of miles truck was involved
in carrying hazardous materials:

Below 25%
25%-49%
50%-74%
75%-100%
Not reported

Body type:
Van
Tank (liquid)
All other (28 categories)

Principal product:
Mixed cargos
Petroleum
Chemicals
All other (24 categories)

Gross weight (lb):
10,000 or less (2 categories)
19,501-33,000 (2 categories)
40,001-50,000
50,001-60,000
60,001-80,000
All other (8 categories)

Range of operation:
Within 50 miles
50-200 miles
Over 200 mil es
Off-road
Not reported

Operator class:
Business use
Motor carri er
Owner/operator
All other (5 categories)

6

Number of trucks
(thousands)

466.6

243.8
117.0
20.5
80.3
5.0

140.8
130.3
195.5

113.5
136.6
60.3

156.2

122.5
90.8
36.1
34.4

110.9
71.9

269.7
90.9
73.1
32.3
0.6

275.8
153.3
21.1
16.4

Truck-miles
(millions)

16,236

10,282
2,971

776
2,191

15

7,016
4,317
4,903

5,716
3,491
2,069
4,960

1,818
1,578
1,479
1,983
8,083
1,295

4,888
4,075
6,749

525

6,200
8,391
1,423
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b. Frequency of incidents involving hazardous materials: Fig­
ure 1 illustrates the frequency of hazardous materials incidents by transpor­
tation mode for the period 1976-1984, as determined by OTA, from the Research
and Special Programs Administration (RSPA) Hazardous Materials Incident
Reporting system (HMIR).I,e5

1976- 1984

..8 30,000
E
Z 20,000

10,000

iii-c:
~

""0
U
c:

.....o

70,000 "T"""'"---------------.......,
60,000

50,000

40,000

Air Highway Highw'ay
(For Hire) (Private)

MODE

Rail Water

Figure 1. Frequency of hazmat incidents by transportation mode,
1976-1984. 1

This data base includes incidents in which a hazardous material was uninten­
tionally released while being transported, while being loaded or unloaded, or
while in temporary storage incidental to these operations. The figure shows
that the vast majority of reported hazmat incidents involve highway trans­
portation, as opposed to the air, rail, and water modes. The highway inci­
dents include both releases due to traffic accidents and releases due to other
causes such as valve or container leaks. The RSPA data make a distinction
between highway incidents involving "for hire" trucks where the shipper and
the carrier are separate entities, and incidents involving "pr ivate" carriers,
where the truck is owned by the shipper of the cargo. "For hire" trucks
travel substantially more miles per year than "pr ivate" trucks and carry a
wider variety of cargos.

Figures 2 and 3 show the trends over time in the frequencies of
highway incidents involving a hazmat release in the "for hire" and "private"
categories, respectively.l These data include both incidents that occur on
the highway and incidents that occur in truck terminal or yard areas.
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The reported frequencies of highway-related hazmat incidents
reached a peak about 1978 or 1979 and have declined since. This decline in
reported incident frequency could be the result of a decrease over time in
truck accident rates or in the quantities of hazardous materials shipped.
However, it should also be noted that there was a change in the hazmat inci­
dent reporting requirements in 1981, so that small-quantity spills of electric
battery acid and paint no longer need to be reported.

Previous analyses of the RSPA HMIR data, including the OTA
study, have been broad in scope, covering all modes of transportation. Sec­
tion V of this report focuses solely on the highway mode and solely on inci­
dents that occur during actual transportation on the highway. Incidents
occurring during loading or unloading in yard or terminal areas have been
exluced from the analyses in section V because they are not relevant to
highway routing issues.

2. Truck Safety

Virtually all highway shipments of hazardous materials are carried
by truck, and there are more than 400,000 trucks that regularly transport
hazardous materials. 76 Thus, the safety of hazmat transportation by highway
is a larage-scale truck safety management problem.

Two fundamental objectives in safety management of hazmat trucking
are: (1) to minimize the risk of personal injury and property damage due to
traffic accidents; and (2) to minimize the risk of personal injury and prop­
erty damage due to other causes (e.g., valve and container leaks). The man­
agement of the risk of traffic accidents is similar for hazmat trucking and
for trucking in general, because the same types of trucks are used for trans­
porting both hazardous and nonhazardous cargos. However, the consequences of
accidents involving trucks transporting hazardous materials are potentially
much greater than for other types of trucks. In addition, the management of
risks due to causes other than traffic accidents is of unique interest in
hazmat transportation, since such incidents can also have severe consequences.

Key truck safety issues in hazmat transportation that confront both
highway agencies and carriers include what truck configurations and what
highway routes should be used for particular hazmat shipments and for hazmat
transportation in general. However, reliable data for making such determina­
tions are rare. There has been virtually no research into the safety char­
acteristics (accident rates, accident severities, accident types, etc.) of
trucks involved directly in hazmat transportation.

There is a substantial body of research dealing with truck safety in
general, that is potentially applicable to hazmat trucking. However, the
available reseach results must be interpreted very cautiously, because of
limitations on the type of data available for truck safety research. A review
of the effects of data limitations on truck safety research is a useful first
step, because these same types of data limitations will constrain the analyses
performed in the present study. This review is presented in the following
section followed by a summary of relevant research findings concerni,ng truck
safety.

9



a. Structural problems in truck safety research: The inves­
tigations of most critical truck safety questions require both accident and
exposure data. Accident data consist of reports of traffic accidents obtained
either from police reports, or from independent follow-up investigations.
Each record in an accident data base documents the characteristics of a
particular accident or a particular accident-involved vehicle.

Exposure data provide a measure of the opportunities or
accidents to occur. Typical exposure measures in truck safety studies are
vehicle-miles of truck travel or ton-miles of cargo shipped.

A major weakness in most truck safety research is that exposure
data that correspond well to the available accident data are seldom available.
Suppose, for example, that one obtained police-reported accident data for
truck accidents on all highways in a particular State broken down by highway
type, truck type (single-unit trucks/single~trailercombination trucks/d6uble­
trailer combination trucks/etc.), and cargo area configuration (van/flatbed/
tanker/etc.). In order to determine accident rates by these variables, one
would need exposure data broken down by the same factors. There are no exist­
ing truck exposure data of this type in any State, and data of this type would
be very hard to collect in any reasonable fashion over an entire State, given
the likely variations of truck flows within cells of these variables due to
such factors as: location 9n highway system, direction of travel,. season of
year, day/night, etc.

Because of the cost and difficulty of collecting corresponding
exposure data, researchers usually find it necessary to make exposure esti­
mates from data sources that are independent of, and not intended for use
with, the available accident data. This correspondence between the indepen­
dent data sets is often poor and limits the accuracy of the results.

Another structural problem in truck safety research is the
inability to consider the effects of all relevant independent variables.
Table 3, adapted from a recent FHWA study, provides a partial list of the
broad range of factors thought to influence truck safety.67 As a practical
matter, no study can hope to account for the effects of more than a few of
these variables. The available studies in the literature must be judged not
just on whether they consider the effects of the variables of primary interest
in the study, but whether they adequately control for the potential effects of
other factors that could potentially confound the study result. No study is
perfect in this respect, but some are much better than others. The following
review of the truck safety literature relies on the studies assessed as best
controlling or accounting for the effects of multiple related factors.

b. Findings of truck safety research: This section of the
report summarizes the findings of truck safety research as background to the
current study of safety in trucking of hazardous materials. By way of intro­
duction, it is useful to examine the long-term trends in truck accident rates.
Figure 4 illustrates these trends, as recently estimated by the Transportation
Research Board (TRB) based on data reported to the National Safety Council. 112
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Table 3. Factors considered to affect truck accidents.

TRUCK TYPE OR CONFIGURATION
Number of trailers
Number of axles on tractor/trai1er(s)
Cab type
Cargo area configuration

TRUCK SIZE AND WEIGHT
Width of trailer
Length, overall
Length, trai1er(s)
Empty/loaded
Weight, gross
Weight, trailer

TRUCK OPERATIONS
Cargo type
Operator type
Trip type

TRUCK DRIVER
Age
Experience with rig
Hours of service
Driver condition

LOCATION
State
Urban/rural

HIGHWAY
Function·
Access control
Number of lanes
Lane width
Shoulder width
Shoulder surface
Median width
Horizontal alignment
Vertical alignment
Surface condition (wet/dry/etc.)
Pavement condition
Pavement type

TRAFFIC
Volume (ADT)
Volume (day/night)
Percent trucks

ENVIRONMENT
Vi sibi1ity
Weather
Light

TEMPORAL
Month/season of year
Day of week
Time of day

The data show that trucking has generally become safer over the years, with
accident involvement rates for both intercity common (for hire) carriers and
private carriers decreasing steadily since the 1950s. More recent trends in
both the fatal and overall truck accident involvement rates are illustrated in
figure 5. It is interesting to note that truck accident rates have decreased
substantially over the period 1979-1982. just as hazmat incident frequencies
decreased over that period. (However, truck accident rates have begun to rise
again from 1983 through 1987.)

Trucks generally have lower total accident involvement rates
than passenger cars, but higher fatal accident involvement rates. Figure 6
illustrates the results of a TRB analysis of the ratio of combination truck
(tractor-trailer) accident involvement rate to all-vehicle accident involve­
ment rates based on National Highway Traffic Safety Administration (NHTSA)
data for the period 1975-1983. 112 Total accident rates for combination trucks
are generally about half of all-vehicle accident rates. However, fatal acci­
dent rates for combination trucks are generally 1.4 to 1.6 times those for all
vehicles, and this ratio has been increasing in recent years.
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A 1981 NHTSA analysis suggests similar conclusions to those
indicated by Figure 6. 71 Comparisons among overall accident rates of all
large trucks (over 10,000 lb or 4,500 kg gross weight), combination trucks,
single-unit trucks, and passenger cars are presented in table 4. These esti­
mates were developed by NHTSA from accident data for seven States, accident
data from the National Accident Sampling System (NASS), and available exposure
data. Table 5 presents analogous data for fatal accidents, based on data from
the Fatal Accident Reporting System (FARS). The data in tables 4 and 5 imply
that large trucks have lower total accident involvement rates than passenger
cars, but higher fatal accident involvement rates. Single-unit trucks have
consistently lower accident involvement rates than combination trucks, at all
severity levels. However, the data suggest that fatal accident rates for
combination trucks are approximately 2.5 times higher than for passenger cars,
a greater difference than found by most previous investigations.
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The severity distribution of large truck accidents, in contrast
to traffic accidents as a whole, is illustrated in table 6 for a 2-year period
{1979-1980).28 The table shows that large truck accidents are more likely to
involve fatalities, but less likely to involve injuries, than traffic acci­
dents as a whole.

Table 6. Percent distribution of accidents by severity.28
(1979-1980 annual average)

All All 1arge- All
traffic truck nonlarge-truck

Accident severity accidents accidents accidents

Fatal a 0.7 1.4 0.6

Injuryb 33.3 25.7 33.7

Property damage onlyb 60.5 68.9 60.0

Unknownb 5.7 3.7 5.8

a Fatal Accident Reporting System (FARS).
b National Accident Sampling System (NASS).

There are countless driver, vehicle, and roadway factors that
influence truck accident rates. Out of this multitude of factors, there are
three primary vehicle and roadway factors whose effects on truck accident
rates are important for effective management of hazmat transportation by high­
way. These are:

• Highway type.

• Truck configuration.

• Cargo area configuration.

Definitions of these factors and research findings concerning their effect on
truck safety are discussed below. The remaining factors, while not directly
relevant to hazmat transportation safety, must be considered to the extent
that their effects are related to or confounded with the three critical
factors.

(l) Highway type: The type of highway on which vehicles
operate is known to have a strong effect on accident rates for all vehicle
types including trucks. Four factors related to the geometric design of the
highway and its surrounding environment are generally used to define highway
type. These are:
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• Type of development (urban/rural).

• Access control (freeway/nonfreeway).

• Number of lanes.

• Presence or absence of median (divided/u"ndivided).

The effect of highway type on truck accident rates is a critical factor in
comparing the risk of hazmat releases due to traffic accidents between alter­
native routes. It would be desirable to know typical truck accident rates,
preferably broken down by truck type and cargo area configuration, for the
following highway types at a minimum:

• Rural freeway.

• Rural multilane nonfreeway.

• Rural two-lane highway.

• Urban freeway.

• Urban arterial street.

Unfortunately, there are very few studies that have examined truck accident
rates at this level of detail.

A recent California Department of Transportation (Cal­
trans) study examined truck accident involvement rates by highway type and
truck configuration.~3 The results of this study are presented in table 7.
The primary purpose of the study was to determine the effect of truck config­
uration on accident rates, with particular attention given to single-unit
trucks, single-trailer combination trucks, and double-trailer combination
trucks. This comparison was made for four specific highway types: rural
freeways, rural nonfreeways (including both two-lane and four-lane sections),
urban freeways, and urban nonfreeways. The study results indicate that
accident rates, both for trucks and for other types of vehicles, are generally
lower on freeways than on nonfreeways and are generally higher on urban
highways than on rural highways. The accident rates for urban nonfreeways
appear particularly high in table 7, but this finding is based on a single
site and, thus, should be considered less reliable than the other study
findings. It should be noted that this study was based on a limited number of
sites that are not necessarily statistically representative of all California
highways, much less the Nation as a whole, and the study had no control for
the effects of cargo area configuration, which probably varies more widely in
California than any other State. The results of this study are considered
further in the next section of the report which addresses the effect of truck
configuration.
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Table 7. Truck accident involvement rates by highway type and
truck configuration.~3

(selected California sites, 1979-1983)

Number of sites
Cumulative length (mi)

Exposure (10 6 veh-mi)

All vehicles
A11 trucks
Single-unit trucks
Single-trailer combination trucks
Double-trailer combination trucks

Rural
freeway

9
316.77

11,190
2,959

641
1,806

512

Rural
nonfreeway

3
214.49

2,929
493
130
204
159

Urban
freeway

5
170.57

38,038
2,460
1,359

845
256

Urban
nonfreeway

1
14.19

442
48
29
16

3

Total Accident Rate (per 106 veh-mi)

All vehicles
A11 trucks
Single-unit trucks _
Single-trailer combination trucks
Double-trailer combination trucks

Fatal Accident Rate (per 10 6 veh-mi)

All vehicles
A11 trucks
Single-unit trucks
Single-trailer combination trucks
Double-trailer combination trucks

Fatal Plus Injury Accident Rate
(per 10 6 veh-mi)

All vehicles
A11 trucks
Single-unit trucks
Single-trailer combination trucks
Double-trailer combination trucks

1.02
0.90
0.56
0.94
1.18

0.03
0.03
0.01
0.03
0.04

0.46
0.40
0.23
0.42
0.49

17

1.68
1.49
0.68
1.91
1.63

0.07
0.08
0.01
0.14
0.06

0.83
0.57
0.27
0.76
0.57

1.36
1.48
1.01
2.18
1.63

0.01
0.01
0.01
0.02
0.04

0.56
0.46
0.34
0.64
0.48

8.96
1.64
1.04
2.03
5.33

0.07
0.06
0.04
0.06
0.03

3.36
0.78
0.38
1.14
2.67



A 1987 study determined fatal accident involvement rates
by highway type for combination trucks using nationwide accident data from a
University of Michigan data base compiled from Fatal Accident Reporting System
(FARS) and FHWA Office of Motor Carriers (OMC) data and nationwide exposure
.data compiled by FHWA.18 The results of this study, presented in table 8, are
quite consistent with the Ca1trans results for fatal accidents presented in
table 7.

Table 8. Fatal accident involvement rates of combination trucks
by highway type. 18

(Nationwide data, 1980-1982)

Number of fatal Travel by Fatal accident
accident combination trucks involvement rate

Highway type involvements (106 veh-mi) (per 106 veh-mi)

Urban Interstate 917 25,551 0.036
Urban noninterstate 1,979 27,164 0.073
Rural Interstate 1,750 60,554 0.029
Rural noninterstate 5,678 66,078 0.086
Unknown 276

All 10,600 179,347 0.059

Previous investigators performing hazmat transportation
risk assessments have been frustrated by the lack of definitive information on
truck accident rates by highway type. Most investigators have recommended the
use of actual accident data for the highway routes in question, whenever pos­
sib1e.IO'6~ This recommendation is sound if the analysis segments are long
enough to ensure that the sample sizes of accidents used are sufficient to
provide an accurate measure of the traffic safety differences between the
routing alternatives in question. Section VI of this report presents a proce­
dure based on a test of the Chi-squared statistic to determine whether the
site-specific accident experience for a particular highway segment is suffici­
ently different from the expected accident experience to warrant use of the
site-specific accident data.

Because of the lack of truck accident data for hazmat risk
assessments, a study for the Environmental Protection Agency (EPA) developed
average truck accident involvement rates for three highway types: freeways;
rural nonfreeways; and urban arterials. 2 '3 These rates, illustrated in
table 9, were based on data for 194 5-mi1e highway segments in California,
Texas, and New Jersey. These segments were located adjacent to truck volume
counting locations and were not necessarily representative of the highway
system as a whole in those States. However, the results in table 9 do provide
a reasonable illustration of the differences in truck safety between highway
types. Section VI and appendix A of this report present improved truck
accident data for use as default values in hazmat routing analyses. These
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improved data are based on accident data and estimated truck volumes of the
entire State highway systems in California. Illinois. and Michigan.

Table 9. Estimated truck accident rates. 2 • 3

(Selected sites in California. Texas. and New Jersey)

HighwaY type

Interstate (freeway)
U.S. and State highways

(rural nonfreeways)
Interrupted flow due to intersections

(urban arterials)

Truck accident rate
(accidents per 106 veh-m1)

0.65
2.26

3.65

The available findings concerning the effect of highway
type on truck safety have important implications for hazmat transportation.
First. freeways should be generally preferred to nonfreeways as hazmat trans­
portation routes. Not only do freeways have lower accident rates than non­
freeways. but they are also usually located farther from residential and other
development than nonfreeways and provide a more manageable location to contain
and clean up any spills that do occur. Possible exception may be elevated
freeways. depressed freeways. bridges. and tunnels. Second. urban highways
typically have higher truck accident rates than rural highways. with urban
arterial streets having the highest truck accident travel rates of any highway
type. However. it must be recognized that if additional distance is required
to use freeway routes or avoid urban areas. the exposure to accidents (vehi­
cle-miles of travel) is increased. Thus. there is a tradeoff between accident
rate and distance traveled that needs to be considered formally to select a
minimum risk route whenever the route with the lowest accident rate is not the
shortest route.

(2) Truck configuration: The effect of truck configura­
tion on safety is also a concern in the management of hazmat transportation
safety.· Research results concerning truck configuration should be of interest
to carriers in the selection of the type of trucks to be used for particular .
types of shipments. Truck configuration is not generally considered in hazmat
routing studies. because it is assumed that the same types of trucks would be
used on all of the routing alternatives considered and previous research is
not sufficient to provide valid estimates of how differences in accident
involvement rates of truck types vary between highway types. .

There are three truck configurations of primary interest
in hazmat transportation. These are:

• Single-unit trucks.
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• Single-trailer combination trucks.

• Double-trailer combination trucks.

Single-unit trucks are smaller than combination trucks and have a cargo com­
partment mounted on a rigid frame that is integral with the truck cab.
Single-unit trucks are used primarily for local pickup and delivery operations
and for short-haul intercity trucking. Combination trucks have separate trac­
tor and trailer units joined together with a trailer hitch. By far the vast
majority of intercity trucking -- for both hazardous and nonhazardous cargos
-- is performed with single-trailer combination trucks. consisting of a trac­
tor pulling a single semitrailer. Double-trailer combinations. consisting of
a tractor pulling a semitrailer followed by a full trailer. have long been
used in the western States and are now becoming common nationally with the
enactment of the 1982 Surface Transportation Assistance Act (STAA).

Previous research generally indicates that single-unit
trucks have substantially lower accident involvement rates than combination
trucking, perhaps by as much as 50 percent. This conclusion is supported by
both the NHTSA findings presented in tables 4 and 5 and the Cal trans findings
in table 7.~3.71 This finding does not necessarily indicate that single-unit
trucks are preferable for hazmat shipments, however. Single-unit trucks are
smaller than combination trucks and carry less cargo, so more trips are
required to carry the same cargo. If a combination truck can carry twice as
much cargo as a single-unit truck. then the expected number of accidents for
the combination trucks will be the same even if their accident rate is twice
as high as the single-unit trucks.

Substantial research attention has recently focused on the
safety differences between single- and double-trailer combinations, because of
interest in the effects of the 1982 STAA. which authorized the use of doubles
on routes designated by the Secretary of Transportation. even in States (pri­
marily in the East) where doubles were previously prohibited. The Transporta­
tion Research Board (TRB) performed a study mandated by Congress to assess the
safety differences between twin-trailer trucks. consisting of two 28-ft
(8.5 m) trailers. in comparison to existing (non-STAA) 45-ft (13.7 m) semi­
trailers. 112

The TRB study reviewed a broad range of previous studies
that addressed the safety effects of the tractor-semitrailer and twin-trailer
configurations and identified three studies whose results were considered most
credible. These studies were those in references 22, 40, and 43. These
studies estimated that the accident involvement rates for twins were, respec­
tively. 2 percent less. 6 percent more. and 12 percent more than the rates for
tractor-semitrailers.22,~o'~3 Furthermore. the use of twins was estimated to
result in a 9 percent reduction in the vehicle-miles required to transport a
given tonnage of cargo. Thus, even if the accident rate for twins were
slightly higher than the accident rate for tractor-semitrailers, the reduced
vehicle-miles of travel would result in no net increase in accident
frequencies from the use of twins.
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These three studies were selected by the TRB study panel
as most credible because they incorporated the best experimental controls to
isolate the effect of truck type and reduce the potential influence of extra­
neous variables. The studies in references 22 and 40 were limited to the
evaluation of van semitrailers and van twins, so the effect of differences in
cargo area configurations was excluded.

The first of these three studies combined data from the
FHWA Motor Carrier Accident data base for 1977 with exposure data from the
1977 Truck Inventory and Use Survey; reasonable similarity among the roadway
types, temporal distribution of operations, commodity types and densities, and
carrier operating practices was achieved by limiting comparisons to intercity
operations of van trailers by ICC-authorized carriers. 22

The second study used a unique approach to match accident
and exposure data for tractor-semitrailers and twin trailers.~o This study,
conducted by a major nationwide trucking firm, assembled accident data for
trips between pairs of terminals for which the company used both tractor­
semitrailers and twin trailers. Thus, the accident data set for both kinds of
trucks applied to trips on the same days, over identical routes, under identi­
cal conditions; This approach provides a nearly perfect match between the
accident and exposure data, and indicates a key advantage of private carrier
data bases over government data bases in performing truck accident studies for
vehicle-related issues.

The third of these studies, by Caltrans, the results of
which are summarized in table 7, achieved good experimental control by using
only selected road segments on which a reasonably good match between accident
and exposure data could be made in most cases.~3 This limitation was an
attempt to circumvent the problem of uncertainty in statewide travel estimates
made in an earlier study of California data. 122 The estimate quoted above of
a 12 percent higher accident involvement rate for twins, as compared to
tractor-semitrailers, is based on the reanalysis in the TRB study of the
Caltrans data summarized in table 7; this reanalysis gave equal weight to each
site so that the sites with the largest percentage of twin trailer and
tractor-semitrailer exposure would not dominate the analysis results. One
remaining concern about the Cal trans study is that it made no distinction
between the various cargo area configurations (vans/flatbeds/tankers/etc.) of
tractor-semitrailers and twin trailers, which vary widely in California and
include truck configurations that are not found in other States.

Although these studies reviewed above are among the best
in their experimental design and control of extraneous factors, there remain a
substantial number of factors that influence truck safety that were not (and
probably could not have been) addressed. For example, -none of the studies
considered driver factors. In addition, research suggests that empty trucks
may have slightly higher accident rates than loaded trucks, primarily because
of poor braking performance. Nearly all of the truck studies that have been
applied to hazmat transportation include accident data for empty trucks, which
may make them less than completely appropriate for analysis of hazmat trans­
portation in loaded trucks. Numerous additional examples of uncontrolled
extraneous variables could be cited.
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The differences in accident rates between single-trailer
and double-trailer combination trucks, at least for trucks with van semi­
trailers, are not sufficiently large to warrant a major distinction between
them. However, the distribution of accident types for single-trailer and
double-trailer combination trucks are quite distinct, as shown in a recent
analysis of FHWA data for ICC-authorized carriers, presented in table 10. 18

Double-trailer combination trucks tend to have a greater proportion of over­
turning accidents than single-trailer combination trucks, while single-trailer
trucks tend to have a greater proportion of collision accidents. This finding
suggests that single-trailer combination trucks may be preferred for hazmat
shipments since overturning accidents are much more likely to result in a haz­
mat release than are collision accidents as demonstrated in section V of this
report.

Table 10. Distribution of accident types for single- and
double-trailer combination trucks. 1 s

(FHWA data for ICC-authorized carriers, 1984)

Truck configuration

1,616 6.4 117 8.5
1,749 6.9 138 10.1
1,942 7.7 262 19.1

130 0.5 16 1.2
172 0.7 5 0.4
132 0.5 2 0.1
97 0.4 2 0.1
47 0.2 1 0.1

19,346 76.7 827 60.4

25,231 100.0 1,370 100.0Total

Accident type

NONCOLLISION ACCIDENTS
Ran off road
Jackknife
Overturn
Separation of units
Fire
Cargo loss or spillage
Cargo shift
Other noncollision

COLLISION ACCIDENTS

(3) Cargo area configuration: Trucks vary in the con­
figuration of the trailer or container where the cargo is placed. Common
cargo area configurations include enclosed vans, flatbeds or platforms, and
tanks. The cargo area configuration of the truck used for a particular ship­
ment is largely controlled by the type of cargo being transported. However,
cargo area configuration is of interest in the assessment of hazmat transpor­
tation safety, because hazmat transportation typically involves a different
mix of cargo area configurations than trucking in general -- more tanks and
fewer vans, for example.

22



The results of a 1971 study, which are presented in
table 11, illustrate the effect of cargo area configuration on relative truck
accident involvement rates (expressed as the ratio of percent of accident
involvement to percent of miles traveled).lO~ This study found particularly
high accident involvement rates for dump trucks and transit mix (concrete)
trucks. However, the types of trucks normally used in intercity trucking -­
vans, refrigerators, and tankers -- had relatively similar rates. This study
had good experimental control for the e~fects of highway type since it was
based on toll road data. However, the authors cautioned that the available
exposure data were limited and their estimates might not be reliable. In
addition, the authors recognized that the differences among the cargo area
configurations could reflect differing operational practices not accounted for
in the study.

A more recent study that included consideration of the
effects of cargo area configuration was based on accident data for 1977 drawn
from the FHWA Motor Carrier Accident data base and exposure data from the 1977
Truck Inventory and Use Survey (TIUS) conducted by the U.S. Bureau of the
Census. 21 The study was limited to-trucks operated by ICC-authorized carriers
not carrying farm products. The results of the study are presented in
table 12. It.should be noted that the reported accident rates vary greatly.
and not always in consistent patterns. Several of the results in the table
are specifically noted as being less reliable. because they are based on
limited numbers of accident involvements. However, if one examines the data
for the types of trucks most commonly used in intercity trucking -- single­
trailer combinations with three-axle tractors in over-the-road operation
the differences in accident involvement rates among vans, flatbeds, and
tankers are not large.

The conclusion that vans, flatbeds. and tankers have rela­
tively similar overall accident rates does not imply that these configurations
do not have different safety characteristics that need to be considered in
management of hazmat transportation. It only means that the safety differ­
ences between these configurations tend to balance out over their entire oper­
ating environment. Each truck configuration may experience safety problems
associated with particular highway geometric features. Safety problems of
this type are addressed in the next section of this report.

B. Highway Design Issues in Hazmat Transportation

This section provides a review of literature related to highway
design issues in hazmat transportation. Two types of highway design issues
are reviewed: geometric design features associated with truck accidents and
protective systems that can be designed into highways to mitigate the conse­
quences of hazmat releases. Thus. the geometric design issues reviewed here
address both highway design issues related to causal factors in hazmat
releases and highway design issues related to mitigation of the consequences
of hazmat releases.
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Table 11. Relative involvement ratios for trucks by
cargo area configuration.lo~

Relative involvement ratio
%accidentsl %accidentsl
%vehicles %milesCargo area configuration

Van

Refrigeration truck

Dump truck

Tank truck

Transit mix truck

0.84

1.20

1.60

0.77

1.20

0.70

0.99

2.20

0.83

3.30

Table 12. Comparison of truck accident involvement rates. 21

No. of Accident involvement rate (per 10 6 veh-mi)
tractor Single-unit Single-trailer truck Double-trailer truck

Model year axles truck Van Flatbed Tanker Van Flatbed Tanker

Over-the-road
trucking

New 2 0.53 0.73 0.45 0.37 1.58 2.94* 1.34
3 0.17 0.95 1.09 1.03 0.27 1.27* 0.56*

*

Old 2 0.48 0.66 0.64 0.79 1.14 1.84
3 0.16 1.05 1.69 0.97 0.28 3.48 0.41*

Local trucking

New 2 1.81 2.00 0.99* 0.42** 1.76*
3 0.38 5.73 1.08 2.58

Old 2 2.05 1.70 0.51 0.97* 0.73 1.16*
*

3 0.37 2.01 0.84 1.42 0.53* 0.80

Less than 15 accident involvements.*
** Less than 5 accident involvements.

24



1. Geometric Design Features Associated With Truck Accidents

A general overview of truck safety issues relevant to hazmat trans­
portation was provided earlier in this report. The following discussion exam­
ines specific highway design features associated with truck accident.
including:

• Horizontal curves.

• Grades.

• Crest vertical curves.

• Passing zones.

• Railroad grade crossings.

• Interchange ramps.

• Shoulders.

These geometric design elements are highlighted because they may merit special
consideration in hazmat routing studies.

Horizontal curves, both on highway sections and on ramps. are common
sites for large truck accidents. An NHTSA analysis of 1979 Fatal Accident
Reporting System (FARS) data. for accidents involving combination trucks in
which the truck driver was killed. found that 45 percent of the single-vehicle
accidents occurred on curved sections of roadway as compared to only
16 percent of the multiple-vehicle accidents. ll Thus. single-vehicle
accidents involving trucks are a particular problem on horizontal curves.
Roadside design improvements to reduce the consequences of running off the
road are important in reducing the consequences of such accidents.

Large trucks tend to have special safety problems on grades. On
upgrades, they often travel slowly and are subject to being rear ended by
overtaking vehicles. On downgrades. large trucks are susceptible to runaway
accidents or overtaking and rear ending of slower vehicles. A 1971 study
analyzed truck accidents on grades of the Ohio and Pennsylvania turnpikes and
found large trucks overinvolved as the struck vehicle in mUltiple-vehicle
accidents on upgrades.lo~ Passenger cars were overinvolved as the struck
vehicle on downgrades. To alleviate safety problems of these types. highway
agencies typically provide truck climbing lanes on upgrades and runaway truck
escape ramps on downgrades.

The differences in highway sight distance requirements for passenger
cars and trucks were examined in a 1979 study.~2 With respect to stopping
sight distance at crest vertical curves. the author concluded that the
increased eye height of truck drivers compensates for inferior truck braking
for the average of all truck sizes. but not necessarily for larger and heavier
trucks having particularly long braking distances. In addition. increased eye
height provides no compensating advantage to truck drivers at horizontal sight
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restrictions. At sag vertical curves, sight distance is determined by
headlight range, and it was found that the truck driver has no unusual visi­
bility disadvantage. Trucks generally require 50 percent more distance to
pass other vehicles than do nontrucks. The author concluded that this in­
creased passing distance was not adequately compensated for by the truck
drivers' 17 percent to 27 percent passing sight distance advantage and found
that passing zones adequate for passenger cars may be inadequate for trucks.

A 1981 study by the National Transportation Safety Board (NTSS)
highlighted railroad grade crossings as a particular concern. 77 From 1975
through 1979, there was an annual average of 62 train accidents in the United
States involving trucks transporting bulk hazardous materials; these accidents
resulted in an annual average of 7 fatalities, 41 injuries, and $1.6 million
in property damage. There may also be as many as 750 near-collisions per year
of trains with trucks transporting bulk hazardous materials. HTSS found a
particular problem at rail-highway grade crossings without active warning
devices, especially those near bulk hazardous materials storage, depot, or
terminal facilities.

Large trucks appear to experience particular problems at interchange
ramps. An NHTSA evaluation of FARS data found that off-ramps at freeway
interchanges have the highest ratio (5:100) of overturned trucks to all other
trucks involved in fatal accidents.7~ A recent study evaluated truck accident
patterns on ramps and found five specific geometric design and traffic control
problems that produced truck accident patterns at specific locations. 3l These
were:

• Side friction factors generated by ramp curves that were
excessive given the roll stability limits of many trucks.

• Truckers assuming that the ramp advisory speed does not apply
to all curves on the ramp.

• Deceleration lane lengths that were deficient for trucks,
resulting in excessive speeds at the entrance of sharply
curved ramps.

• Lightly loaded truck tires that were sensitive to pavement
texture in avoiding hydroplaning on high-speed ramps.

• Curbs placed on the outer side of curved ramps pose a pecu­
liar obstacle that may trip and overturn articulated truck
combinations.

Each of these situations could potentially lead to a truck accident involving
a hazmat release. Particular concern is addressed to truck rollover thresh­
olds, illustrated for several types of loaded trucks in figure 7. The thresh­
olds are expressed as lateral accelerations (gls) required to initiate a roll­
over; a larger value implies a truck configuration that is less likely to roll
over. Design policies for horizontal curves are generally based on avoiding
lateral acceleration levels that produce discomfort for automobile drivers;
however, many turning maneuvers that are reasonably comfortable for automobile
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Figure 7. Loading data and resulting rollover thresholds for typical
tractor-semitrailer trucks at full 10ad. 3l

drivers could produce lateral accelerations that exceed the rollover thresh­
olds indicated in figure 7. The rollover thresholds of trucks may be
increased through vehicle redesign. For example, a recent study in Michigan
has suggested the redesign of gasoline tankers to produce a truck with both a
larger capacity and a lower center of gravity for greater stability.29
Greater stability also results from increasing the track width (i.e., axle
length). The data on rollover thresholds presented in figure 7 are for trucks
with a cargo area width of 96 in (2.4 m). As a result of the 1982 STAA, 102­
in (2.6 m) cargo area widths are becoming more common. Another study by the
same author as reference 29 has found that the increase in width from 96 to
102 in (2.4 to 2.6 m) results in a 15 percent to 18 percent increase in
rollover threshold if both the tractor and trailer are widened and the spacing
between the springs of the truck suspension is increased. 30

Finally, an analysis of the FHWA Motor Carrier Accident data base
found a truck accident pattern associated with stopping on shoulders. 32 The
study considered all accidents of regulated interstate carriers reported to
FHWA between 1967 and 1975. A vehicle stopped on the shoulder of the highway
was involved in 3 percent of the accidents studied; of the vehicles stopped on
shoulders, 43 percent were trucks, a proportion undoubtedly greater than the
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proportion of trucks in the traffic stream. Rear-end collisions constituted
90 percent of the on-sholder accidents and these collisions resulted in more
than an average number of fatalities and injuries per accident. On-shoulder
accidents occurring during darkness constituted 62 percent of accidents. and
in 53 percent of the accidents the primary cause was identified as drivers
dozing at the wheel.

2. Protective Systems to Mitigate Consequences of Hazmat Releases

Another aspect of highway design that enters into the management of
hazmat transportation is the incorporation of protective systems in highway
designs to mitigate the consequences of hazmat releases. There is virtually
no published literature related to protective systems. but this concept is
being studied in a current FHWA research contract entitled "Guidelines for
Protective Systems for Spills of Hazardous Materials on Highway Systems." 100

This study is intended to develop guidelines for physical designs to
mitigate catastrophic consequences of hazardous materials spills on the road­
way and roadside. A catastrophic event is considered to be any hazmat acci­
dent or incident that may have life-threatening consequences for motorists or
the adjacent population. or cause long-term environmental damage.

The simplest response in areas where a hazmat release could have
catastrophic consequences is to prevent hazmat-carrying vehicles from using
that particular highway section and reroute them elsewhere. However. this may
not always be practical or feasible. Protective systems should be considered
in such places.

The research approach being used is to develop generalized scenarios
of catastrophic incidents that could potentially occur and then to determine
what protective systems could mitigate the consequences of t~ose incidents.
Table 13 presents a list of 11 scenarios that have received detailed evalua­
tion, ranked by their catastrophic potential.

Potential protective systems to mitigate these scenarios were iden­
tified and evaluated by a project advisory panel of State highway agency per­
sonnel from 27 States plus other experts in the field. Six hazardous mate­
rials were considered in the evaluation of these scenarios: chlorine,
propane, anhydrous ammonia, gasoline, nitric acid, and phosphorous compound.
Chlorine was perceived to have the greatest catastrophic potential of any of
these materials, while no distinction in catastrophic potential was found
between the other five.

The potential for catastrophic consequences for various types of
highway facilities was evaluated by the panel. Table 14 presents the rankings
of the catastrophic potential of hazmat releases for the facility types ranked
as having the greatest potential risks. The table shows that the greatest
catastrophic potential was identified for elevated highway facilities where
material released can go down to the development below. Slightly less concern
was expressed for depressed highway facilities with overpasses or air-rights
structures above. Still less catastrophic potential was identified for
materials that are transported laterally (e.g., fires or gases that endanger
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Table 13. Generalized scenarios being used to evaluate
protective systems for hazmat releases. lOO

Rank General scenario description

1 Poisonous, toxic, flammable~ or explosive material endangers large
numbers of trapped motorists, e.g., between interchanges, in cut
sections, or in traffic jams downwind of poisonous or toxic gas
release.

2 Chemical spills of poisonous or explosive materials that could enter
underground transit stations or tunnels through sidewalk vents, etc.
(Includes entry of lighter-than-air toxic or poisonous gases into
adjacent or overhead transit stations.)

3 Hazardous materials accidents causing release of toxic, flammable,
or explosive materials in tunnels.

4 Gasoline, LNG, propane (flammables, explosive gases), etc., acci­
dents, and releases on elevated facilities, including ramps thereto,
with people at risk below or in adjacent buildings.

5 Release of poisonous toxic or explosive gases in populated areas in
general and/or in locations and situations where special populations
and/or institutions, such as schools, hospitals, hotels, nursing
homes, apartment complexes, etc., are at risk.

6 Releases from accidents between hazardous materials containers on
highways and passenger trains or trains carrying hazardous cargo
either at rail-highway crossings at grade or in situations with
shared rights-of-way, such as freeways with transit in the median.

7 Explosive materials on facilities in populated areas and particu­
larly in situations and areas where catastrophic consequences could
occur to highway structures or apartments--adjacent or on air
rights. Includes situation with adjacent petrochemical plant that
could result in conflagration.

S Sufficient quantities of poisonous materials such as herbicides or
dangerous biological/agents (or any material causing long-term or
permanent damage) being released into a potable water supply,
particularly reservoirs and susceptible aquifers and/or watersheds.

9 Rural, hilly, or mountainous areas with cities or towns at bottom of
long or steep grades where brake failure of hazardous materials
carriers could cause catastrophic consequences to the populated
area.

10 Spills of nuclear wastes or other nuclear materials, particularly in
populated areas, areas affecting water supply, or areas particularly
difficult to respond to and/or clean up.

11 Carriers of toxic flammable or explosive materials leaking material
during transit in heavily populated or congested areas.
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Table 14. Ranking of catastrophic potential of generalized
highway facility types. 100

Rank

1

2

3

4

Approx. score

5.6+

5.5

5.0 to 5.4

4.0

General highway facility

Elevated facilities with development below

Depressed facilities with development over

Any facility adjacent to vulnerable popula­
tion in order of:

a. nursing home or hospital
b. schools
c. apartments
d. shopping centers
e. hotel
f. factory
g. hazmat storage facilities

Drainage into sewage system

Note: Scores on a scale from 1 (least catastrophic potential) to 7
(highest catastrophic potential).

high-rise apartments, schools, hospitals, etc., adjacent to the roadway). The
least catastrophic potential was foreseen for materials escaping into a sewer
system.

A separate round of evaluations was made for environmental concerns,
as opposed to the immediate effects of a release. A direct spill into a pota­
ble water supply was rated as having the highest catastrophic potential of any
environmental factor.

The project advisory panel generated 98 specific ideas for protec­
tive systems relevant to the 11 scenarios in table 13. These ideas for pro­
tective systems were evaluated to determine which were the most feasible,
implementable, and practical. Table 15 identifies and classifies the most
promising protective systems. Only two types of protective systems with the
capability to prevent catastrophic consequences were identified; these are
vehicle containment and/or control ·systems. All of the other protective sys­
tems are those with the potential to mitigate, but not prevent, the conse­
quences of hazmat releases. Some of the most promising protective systems are
discussed below.

An important aspect of highway design to mitigate the consequences
of hazmat releases can be provided by operational flexibility that allows
emergency response personnel and equipment to reach an accident site quickly
and that allows traffic to be rerouted away from a spill. Examples of designs
with operational flexibility of this type are traversable medians, median
crossovers at regular intervals, and wide shoulders.
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Table 15. Potentially effective physical protective systems
for hazmat releases on highways. 100

Category System

Mitigating Systems

B. Systems to facilitate escape
and response

A. Detection and warning

C. Systems to mitigate fire/
explosion consequences

D. Systems to mitigate spills
consequences

E. Specialized situations

A. Containment
B. Control

Built-in PA systems
Emergency call boxes
Gas detectors/alarms
Monitoring for quick response
Communication and detection systems
Crossovers
Transversable medians
Median openings
Highway exit/entrance redesign for

emergency response vehicles
Emergency exits with heavy doors (tunnels)
Arrows pointing to nearest exit (tunnels)
Foam blanketing systems
Large sprinkler systems
Effective vent systems
Availability of hydrants
Pea-style vents to trap gases
Effective vent systems (closed area)
Robust drainage with holding reservoirs
Avoid use of open rails on structures
Large sumps
Grease trap sedimentation basins
Floating surface barriers
Drainage gutters directed toward

collection points
Retention basins that automatically close
Clay blankets or barrier members
Fresh air vents at elevated levels

(subways)
Coamings over street-level intake vents

(subways)
Air intakes away from roads (tunnels,

subways)
Massive barriers with energy absorbing

materials (runaway trucks)

Preventive Systems

High performance barrier systems
Truck escape ramps
Upgrade truck runoffs
Wide shoulders
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On high-volume freeways with frequent hazmat shipments, permanently
installed response capabilities, such as fixed-site foam blanketing systems,
could be considered.

To mitigate the consequences of poisonous or explosive materials
entering underground transit stations or tunnels, some of the measures men­
tioned below could be effective:

• Vents designed in free-trap style so that the release gases
get trapped in the first section.

• Vents equipped with electronically controlled sealed doors
that could be closed in case of a spill.

• Built-in automatic foam generators and sensors.

• Coverings over street-level intake vents with drainage away
from vents.

For overhead stations, a possible protective system would be the
ability to crash-stop ventilation and provide positive internal air pressure
to prevent intrusion of toxic gases.

An emergency arising out of an accident inside a tunnel involving a
vehicle carrying hazardous materials may be handled in the following ways:

• By providing sprinkler and vent systems.

• By installing foam systems at periodic intervals.

• By convoying hazmat-carrying vehicles, while closing the
tunnel to general traffic, if possible.

Accidents of hazmat vehicles on elevated facilities, on ramps, or in
mountainous areas can be quite catastrophic to people living below or in adja­
cent buildings. Such accidents must be prevented as far as possible. Practi­
cal approaches to mitigating the consequences of such accidents could include
the following steps:

• Where justified by a high risk, longitudinal traffic barriers
or guardrails capable of restraining an BO,OOO-lb (36,000 kg)
tank truck or tractor-trailer impacting at 15 degrees and
50 mi/h (80 km/h) can be provided.~8 The use of such bar­
riers may be justified by the risk of catastrophic conse­
quences, regardless of low risk of accident occurrence. On
bridges that span a potable water supply source, this type of
barrier may be essential to keep the truck and its cargo on
the structure, and prevent the hazardous material from enter­
ing the water.

• Design drainage systems on bridges to prevent hazardous mate­
rials from reaching the water supply.
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• Shoulders should be wide enough and roadside slopes flat
enough to allow effective emergency response in case of truck
overturns and rollovers so that spills may be contained.

• Runaway or escape ramps are desirable in vulnerable moun­
tainous areas. These are constructed of materials such as
deep, loose gravel which allow trucks to be brought to a con­
trolled stop.

For handling potentially catastrophic incidents arising out of
release of toxic or explosive gases in populated areas, it would be desirable
to locate the roadway and/or adjacent development so that the prevailing winds
maximize dispersion of hazardous, gaseous releases away from adjacent popula­
tions.

Protection of water supply sources from accidental hazmat spills can
be carried out in several ways, as described below. Storm-water drainage from
bridges and roadways should not be allowed to flow directly into the body of
water; instead, drainage can be directed to a retention basin. Retention
basins are required only if rain occurs at the time of the incident, or if the
drainage system discharges into the water supply source. Contaminations
should be separated from water before it leaves this basin. Retention basins
can separate only those compounds that are insoluble in water. Two types of
basins can be constructed according to projected need. They are:

• A SUbmerged wall basin.

• A basin connected to the separator in series.

Retention basins are not effective when the hazardous material is soluble in
water. In such a case, some sort of chemical treatment is required prior to
release of the contaminated water flow into the environment. Another effec­
tive way to protect water supply sources from contamination is to install
drainage systems with holding reservoirs that can be isolated from regular
storm drains should a hazmat spill occur.

Very few of these protective systems for hazmat spills have been
implemented because of their high cost. Perhaps the only protective system in
the United States intended specifically to protect public water supplies from
hazmat spills is found on a 300-ft (90 m) bridge constructed by the North
Carolina Department of Transportation. eo The bridge was constructed as a
cored-slab, flat-deck concrete structure without weep holes so that runoff
from the bridge cannot flow directly into the river below. Instead, the run­
off is piped to two retention basins whose outflow is controlled by sluice
gates that can be closed manually in the event of a hazmat spill. The use of
storage tanks to contain runoff from a 6-mi (10 km) section of new highway
adjacent to a water supply reservoir was considered by the Rhode Island
Department of Transportation, but the project was not built because of the
high cost of protecting the reservoir ($20 to $30 million).119
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A comprehensive final report on protective systems and a manual
intended for use by highway agencies is expected to be completed by
September 1989.
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III. RESPONSIBILITIES AND CURRENT PRACTICES OF
FEDERAL, STATE, AND LOCAL AGENCIES

One major aspect of the state-of-the-art review performed in this
study was a review of the responsibilities and current practices of Federal,
State, and local agencies related to highway transportation of hazardous mate­
rials. The results of this review are presented in this section of the
report. For the convenience of readers, a list of the many abbreviations used
in this section is found at the beginning of this volume.

A. Overview of Responsibilities and Current Practices

This section of the report focuses on the review of the responsibil­
ities and current practices of Federal, State, and local agencies related to
highway transportation of hazardous materials. The report emphasizes the role
of highway agencies at all three levels of government in meeting these respon­
sibilities, but the roles of other agencies are included in the review as
well. There are two reasons for including other types of agencies in addition
to highway agencies. First, many responsibilities that are assigned to high­
way agencies in some States are met by nonhighway agencies in other States.
Second, highway agencies must work cooperatively with other agencies in many
areas where the primary responsibility falls outside the highway agency. In
short, the presentation of how Federal, State, and local governments meet
their hazardous materials transportation safety responsibilities would be
incomplete without considering all types of agencies.

The review is based primarily on published literature and on visits
to agencies in six States and three local communities made as part of the
study. The States visited were California, Illinois, New Jersey, Virginia,
Wisconsin, and Washington. The project staff met with the State highway agen­
cies and other State agencies with hazmat transportation safety responsibili­
ties. The States selected for participation in this study are among the
leaders in the hazmat transportation safety field, and the information they
provided should be regarded as the state-of-the-art practices. However, it
should be recognized that not all States are so far advanced, and many need
major improvements in the way they address hazmat transportation safety
issues. It is hoped that this material on current practices will provide an
example for all States to illustrate how these responsibilities can be met.

The local agencies visited were Contra Costa County, California;
Henrico County, Virginia; and Dane County, Wisconsin. These visits, and dis­
cussion with officials at the State level, provided a general overview of
local agency responsibilities and practices in several States. However, it
should be recognized that the variety in the agency size, responsibilities,
and expertise is much greater for local agencies than for State agencies.
Thus, these limited contacts with local agencies have only scratched the sur­
face of documenting how hazardous materials transportation responsibilities
are being met at the local level.
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The review of Federal responsibilities related to highway transpor­
tation of hazardous materials included visits with officials of two agencies
of the U.S. Department of Transportation -- the Research and Special Programs
Administration and the Federal Highway Administration. These two agencies
have the primary responsibility at the Federal level for safety issues of haz­
ardous materials transportation by highway. Information con~erning the
responsibilities of other Federal agencies was obtained from published litera­
ture and through the Federal. State. and local agency contacts made during the
study.

Finally. the study was fortunate to have access to the results of
three State questionnaire surveys in the preparation of this report. These
were:

• An American Association of State Highway and Transportation
Officials (AASHTO) survey of State practices for control and
cleanup of hazardous materials spills. 5

• An AASHTO survey of State routing and signing practices rela­
ted to highway transportation of hazardous materials. 6

• A survey of State hazardous materials programs conducted by
the Virginia Transportation Research Council for the TRB Com­
mittee on Planning and Administration of Transportation
Safety Programs. 12

Each of these surveys solicited responses from all 50 States and received
responses from at least 40 States.

Section III-B describes the general responsibilities of Federal.
State. and local agencies related to highway transportation of hazardous mate­
rials. This section identifies the types of agencies involved in hazardous
materials transportation and discusses the responsibilities and functions of
each.

Section III-C reviews the current practices of Federal. State. and
local agencies in 16 specific areas of responsibility in hazmat transportation
safety. The scope of the review includes all of the types of agencies identi­
fied in section III-B. but the review focuses on the role of highway agencies.

Section III-D summarizes the conclusions of this review of Federal.
State. and local responsibilities and current practices.
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B. General Responsibilities of Federal, State, and Local Agencies

1. Federal Agencies

a. U.S. Department of Transportation: The lead Federal
agency in hazardous materials transportation in all modes is the U.S. Depart­
ment of Transportation (USDOT). Specific authority in regulation of hazmat
transportation is granted to the Secretary of Transportation by the Hazardous
Materials Transportation Act (HMTA) of 1974.

Within the USDOT, the primary responsibility for hazardous
materials transportation issues is assigned to the Office of Hazardous Mate­
rials Transportation (OHMT) of the Research and Special Programs Administra­
tion (RSPA). RSPA has the responsibility to develop, issue, and interpret
regulations for all modes of hazmat transportation except bulk marine trans­
portation and exercises enforcement authority for intermodal hazmat ship­
ments. 62 RSPA has an overall coordinating role in hazmat transportation
safety that includes coordination with its sister agencies within the US DOT
and other Federal, State, and local agencies. In particular, RSPA investiga­
tions can preempt State or local regulations found to be inconsistent with
Federal regulations. RSPA also sponsors research and encourages training pro­
grams to improve the ability of State and local agencies to respond to hazmat
transportation emergencies and operates the Hazardous Materials Incident
Reporting system, to which hazmat releases in interstate commerce must be
reported.

The individual modal administrations within the USDOT exercise
enforcement authority within the mode of transportation over-which they have
jurisdiction. In the highway mode, this authority is exercised by the Federal
Highway Administration (FHWA). The FHWA Office of Motor Carriers (OMC)
develops, issues, and interprets the Federal motor carrier safety regulations
which apply to all trucks operating in interstate commerce, including trucks
carrying hazardous materials. OMC also performs inspection and enforcement

. functions related to hazardous materials transportation by highway and the
manufacture and use of containers used in bulk transportation of hazardous
materials by highway.62 OMC inspections may be conducted in the field or at
carrier terminals. OMC also operates the Federal motor carrier accident
reporting system to which serious accidents involving regulated interstate
motor carriers must be reported. A Hazardous Materials Division has recently
been formed within OMC to coordinate FHWA activities related to hazmat trans­
portation.

The FHWA Office of Traffic Operations has the responsibility to
develop uniform highway signs for use in identifying preferred and prohibited
routes for hazardous materials shipments.

The FHWA Office of Research, Development, and Technology per­
forms research related to the safety of hazardous materials shipments by high­
way, including the present study.
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b. Federal Emer enc Mana ement A enc: The Federal Emer­
gency Management Agency FEMA is responsible for coordinating Federal
response to emergencies and disasters of all types, including hazmat trans­
portation incidents. FEMA provides support and guidance planning to State and
local agencies for dealing with hazardous materials emergencies and is active
in developing and sponsoring training programs for emergency responders.

c. U.S. Environmental Protection A enc: The U.S. Environ­
mental Protection Agency EPA is responsible for mitigating the consequences
of any hazardous materials spill affecting land, water. or air. EPA requires
reports of hazmat spills on the highway and tracks these spills to ensure that
they are properly cleaned up. EPA has responsibility for providing technical
information on environmental and health risks to emergency responders and to
State and local governments. EPA has regulatory responsibility under the
Resource Conservation and Recovery Act (RCRA) in the area of hazardous waste
to ensure that waste is transported safely and is ultimately treated or dis­
posed of properly. However, EPA transportation regulations by law must be
consistent with USDOT regulations. Under the 1986 Superfund Amendments and
Reauthorization Act (SARA) Title III, EPA has required each State to establish
an Emergency Response Commission to coordinate response to hazardous materials
emergencies. and some new funds for emergency response training are available
under SARA.

d. Nuclear Regulatory Commission: The Nuclear Regulatory
Commission (NRC) has responsibility to promote safety in handling and trans-­
porting radioactive materials. This authority is derived from the Atomic
Energy Act of 1954. The NRC is responsible for the development of safety
standards for packaging of higher level radioactive materials and the develop­
ment of shipment security requirements. Through a memorandum of understanding
between the USDOT and the NRC. each agency has agreed to adopt and enforce the
regulations developed by the other. 62

e. U.S. Department of Energy: The U.S. Department of Energy
(DOE) is a frequent shipper of radioactive materials and radioactive waste.
DOE complies with applicable USDOT and NRC regulations. As a Federal agency,
DOE is not subject to State and local regulations. but DOE does attempt to
comply with such regulations. DOE has no regulatory authority over the trans­
portation of radioactive materials by others.

f. U.S. Department of Defense: The U.S. Department of
Defense (DOD) is a frequent shipper of radioactive and other hazardous mate­
rials related to military programs. DOD complies with applicable USDOT and
NRC regulations. As a Federal agency. DOD is not subject to State and local
regulations. but DOD does attempt to comply with such regulations. DOD has no
regulatory authority over the transportation of radioactive or other hazardous
materials by others.

g. National Trans ortation Safet Board: The National Trans­
portation Safety Board NTSB is responsible for investigating major transpor­
tation accidents, including highway accidents involving hazardous materials.
NTSB has also performed special studies of Federal and State enforcement
efforts in hazardous materials transportation by truck and of railroad/highway
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grade crossing accidents involving trucks transporting bulk hazardous mate­
rials. 76 '77

h. U.S. Department of Commerce: The U.S. Department of Com­
merce Bureau of the Census conducts its Census of Transportation at 5-year in­
tervals. Included within the Census of Transportation is the Truck Inventory
and Use Survey which, for a sample of trucks in each State, provides data on
vehicle-miles of travel, the types of materials transported, and the general
percentage of truck usage devoted to hazardous materials transportation. This
data base is one of the few sources of hazmat exposure data at the national
level.

i. U.S. Customs Service: The U.S. Customs Service enforces
the Nation's trade and tariff policies and intercepts hazardous materials
entering the United States illegally.

j. U.S. Department of Justice: The U.S. Department of
Justice prosecutes violations of Federal laws including statutes relating to
dumping or cleanup of hazardous materials.

2. State Agencies

This section describes the general responsibilities of State agen­
cies in highway transportation of hazardous materials.

a. State highway agencies: State highway agencies have a key
role in hazardous materials transportation because they operate the highway
system over which most intercity shipments of hazardous materials move. The
hazmat responsibilities of State highway agencies vary widely, but there are
some State highway agencies involved in virtually every aspect of hazmat
transportation. State highway agencies nearly always have a lead role in the
signing of hazmat route preferences or prohibitions, because they have the
responsibility for placing signs; however, only a very few States have imple­
mented signed hazmat routes. Other areas of hazmat responsibility in which
some State highway agencies have a lead role with their State include general
regulation of hazmat transportation; routing of hazmat shipments; regulation
and routing of explosives and radioactive shipments; enforcement of hazmat
transportation regulations; hazmat accident and incident reporting; incident
traffic management; and incident site cleanup.

b. State police agencies: State police agencies have a cen­
tral role in hazmat transportation safety in most States because they usually
have the enforcement responsibility for hazmat transportation regulations and
are usually among the key responders to the scene of hazmat incidents. In
many States, the senior State police officer present at an incident site is
the on-scene commander. In some States, police agencies have broader hazmat
transportation responsibilities including the adoption of regulations and the
exercise of routing authority.

c. State emergency management agencies: State emergency man­
agement agencies have the responsibility for coordinating emergency response
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to hazmat incidents. This responsibility often includes preparedness for haz­
mat transportation emergencies; operating a 24-hour toll-free number for
reporting of hazmat incidents and other emergencies; coordinating emergency
response by other State and local agencies; providing training courses; and
acting as a clearinghouse for hazardous materials information. State emer­
gency management agencies seldom have a lead role in hazardous materials
transportation issues, but serve as a coordinating agency to ensure that other
State and local agencies are working together.

d. State environmental agencies: State environmental agen­
cies have the responsibility to protect the environment by ensuring that any
hazardous materials spilled on or along the highway are properly cleaned up.
Even if another agen~y does the cleanup, the State environmental agency
ensures that the cleanup is complete. Many State environmental agencies oper­
ate a hazmat incident reporting system to ensure that hazmat spills requiring
cleanup are identified. In some States, the environmental agency may fulfill
the responsibilities of the U.S. Environmental Protection Agency under a
Federal-State agreement. This may include the exercise of the U.S. EPA's
responsibility for safe transport of hazardous waste. In one State that was
visited in the present study, the State hazmat transportation regulations are
developed and adopted by the State environmental agency, which also has
authority to conduct safety audits at carrier terminals.

e. State health agencies: The State health agency in some
States has responsibilities very similar to the responsibilities of State
environmental agencies discussed above. In fact, several States have a com­
bined environmental and health agency that exercises these functions. In
addition, State health agencies may include a radiation safety office that is
responsible for planning and emergency response for highway shipment of radio­
active materials.

f. State nuclear safety agencies: Some States have a sepa­
rate nuclear safety agency that plays a key role in regulation of radioactive
shipments. For example, the radioactive materials transportation program of
the Illinois Department of Nuclear Safety is nationally recognized in this
area.

g. State utilities commissions: In at least one State, the
utilities commission plays a key role in establishing and enforcing hazmat
transportation regulations. The Washington Utilities and Transportation Com­
mission shares regulatory and enforcement authority with the Washington State
Police; the enforcement activities of the commission focus on safety audits at
carrier terminals, while the police perform the field enforcement function.
Utilities commissions in some States have long had regulatory authority over
the trucking industry, and commission involvement in hazmat transportation is
an outgrowth of this authority.

h. State bridge, tunnel, and toll road authorities: Many
bridges, tunnels, and toll roads are administered by public agencies indepen­
dent of the State highway agency. These agencies establish hazmat transporta­
tion regulations for their facilities. These are usually similar to the
regulations adopted by other State agencies. Virginia has recently completed
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a study of appropriate hazmat transportation regulations for bridges and tun­
nels.~9's~

3. Local Agencies

This section describes the general responsibilities of local agen­
cies in highway transportation of hazardous materials.

a. Local highway agencies: Local highway agencies are typi­
cally less involved in hazmat transportation than State highway agencies. Many
cities and counties are not very active in hazmat transportation and, in those
that are active,the responsibility for hazmat transportation usually lies
outside the highway agency.

Where cities have established preferred or prohibited routes
for hazmat shipments, the local highway agency is usually actively involved in
the choice of the routes and the posting of signs. Local highway agencies
provide support in other areas including providing traffic control devices,
closing streets, and establishing detour routes at hazmat incident sites •

. b. Local fire departments: Local fire departments usually
have the primary local responsibility for emergency response to hazmat inci­
dents. According to the laws or regulations of many States, the local fire
chief is the on-scene commander at an incident site. Local fire departments
need both trained personnel and specialized equipment to meet this respon­
sibility.

c. Local police agencies: Local police agencies are often
the first on the scene at hazmat incidents on local streets and highways, and
police officers remain at the scene for traffic control and crowd control
after other responders arrive. Police agencies may also become involved in
establishing hazmat route preferences and prohibitions and in initiating
reports of hazmat accidents and incidents to State agencies. In most States,
local police agencies have the authority to enforce State hazmat transporta­
tion regulations, but few local police agencies have either the resources or
the expertise to perform this function.

d. Local emergency management agencies: Local emergency man­
agement agencies, particularly at the county level, have a key role in coordi­
nating emergency response to hazmat incidents on the highway and in
maintaining liaison with interested Federal and State agencies. Local emer­
gency management agencies may also coordinate training of emergency response
personnel and cleanup of the hazmat spills.

e. Local health agencies: Local health agencies often have a
role in assisting in emergency response and monitoring cleanup of hazmat
spills. In some States, city or county health departments may serve as the
representative of the State health or environmental agency in such matters.

f. Local planning agencies: Local planning agencies often
have an important role in the routing of hazmat shipments. In particular,
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metropolitan planning organizations such as the North Texas Council of Govern­
ments in Dallas-Fort Worth (see references 57, 81, and 82) and the Association
of Bay Area Governments in the San Francisco Bay area (see references 8, 9,
and 53) have been very active in metropolitan areawide hazmat routing studies.

4. Summary of Responsibilities

This section summarizes the responsibilities of Federal, State, and
local agencies in highway transportation of hazardous materials. Two charts
are presented.

Figure 8 presents a chart of the responsibilities of a broad range
of types of agencies in Federal, State, and local government. Specific agen­
cies at the Federal level are identified in the chart; State and local agen­
cies are described in generic terms, since each State and locality has a
different organizational structure. For each of 16 areas of responsibility in
hazardous materials transportation safety, the chart identifies agencies with
lead roles, support roles, or occasional roles. The 16 areas of responsibil­
ity identified in figure 8 include 13 specific hazardous materials issues and
three general functions that should be present in any large agency (personnel
training, research, and information exchange). The three latter responsibili­
ties are rated in relation to whether these functions are currently being
exercised in the hazmat area.

A blank entry in figure 8 indicates that an agency has no direct
role in that particular area of responsibility. The role identified for each
type of agency is its role within its own level of government -- Federal,
State, or local. For example, the primary Federal agency within a particular
area of responsibility is defined as having a lead role, even if the overall
level of responsibility at the Federal level in that area is small. At the
State and local levels, several types of agencies may be indicated as having a
lead role in a particular area of responsibility, because organizational prac­
tices vary widely between States and localities. In general, any type of
State or local agency that has a lead role or shares a lead role in some cir­
cumstances is identified in the chart as having a lead role.

Figure 9 is a similar chart that identifies the role of highway
agencies at the Federal, State, and local levels in the same 16 areas of
responsibility in hazardous materials transportation safety. At the Federal
level, the chart presents the overall role of the U.S. Department of Trans­
portation in each area of responsibility. At the State level, the chart pre­
sents the role of the State highway agencies in each of the six specific
States visited in the present study. A key finding drawn from the chart in
figure 9 is that the State highway agency has either a lead or a key support
role in every area of responsibility for hazmat transportation in at least
some States. On the other hand, local highway agencies tend to be less
involved in hazmat transportation with local fire, police, emergency manage­
ment, and planning agencies having a more dominant role.

The charts presented in figures 8 and 9 illustrate the broad range
of agencies that have a role in highway transportation of hazardous mate­
rials. Altogether, the charts identify 10 specific Federal agencies, includ­
ing the USDOT; 8 types of State agencies; and 6 types of local agencies that
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that may have a role in hazmat transportation by highway. The charts also
illustrate that highway agencies, particularly at the State level, have a key
role in highway transportation of hazardous materials.

The next section discusses the current practices of Federal, State,
and local agencies in each of the 16 areas of responsibility summarized in
figures 8 and 9.

C. Current Practices of Federal, State, and Local Agencies

This section of the report presents the current practices of
Federal, State, and local agencies in a variety of aspects of hazmat trans­
portation safety. This section is an overview intended to acquaint readers
with the general responsibilities of Federal, State, and local agencies and to
distinguish between the responsibilities of highway agencies and other types
of agencies involved in hazmat transportation. The issues addressed in this
section include:

1. Regulation of hazmat transportation/
2. Routing of hazmat shipments.
3. Regulation and routing of explosive shipments.
4. Regulation and routing of radioactive shipments.
5. Regulation and routing of hazardous waste shipments.
6. Signing of hazmat routes.
7. Enforcement of hazmat transportation regulations.
8. Hazmat incident detection.
9. Emergency response.

10. Incident traffic management.
11. Incident site cleanup.
12. Hazmat incident and accident reporting.
13. Monitoring hazmat flows.
14. Personnel training.
15. Research in hazmat transportation safety.
16. Information exchange.

Each of these issues is discussed below.

1. Regulation of Hazmat Transportation

For purposes of this discussion, the regulation of hazmat trans­
portation refers to the establishment of regulations concerning vehicle condi­
tion and operation, labeling, packaging, loading, shipping papers, and driver
requirements. Other aspects of hazmat transportation regulation, such as
routing regulations and specific requirements for shipments of explosives,
radioactive materials, and hazardous waste shipments, are dealt with in sub­
sequent sections.

a. Federal agencies: Regulations for hazmat transportation
are established at the Federal level by the U.S. Department of Transportation
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through the Office of Hazardous Materials Transportation (formerly the t~ate­

rials Transportation Bureau) of the Research and Special Programs Administra­
tion (RSPA). This office promulgates the regulations (49 CFR*) that apply to
hazmat transportation in interstate commerce.2~'25 Hazardous materials in
intrastate commerce are not regulated at the Federal level except for haz­
ardous substances and hazardous wastes regulated by EPA, which are also regu­
lated under 49 CFR.

Carriers of hazardous materials in interstate commerce are also
subject to the Federal motor carrier safety regulations promulgated by the
Office of Motor Carriers (OMC) of the Federal Highway Administration (FHWA).
The Federal motor carrier safety regulations are applicable to all trucks, not
just hazmat carriers, and address safety issues of concern in all types of

·trucking, independent of cargo type, including safe vehicle condition, safe
operation of vehicles, and safe driver performance.

Federal agencies also conduct programs that are intended
specifically to assist State agencies in regulating hazmat transportation
safety. These programs are described in the following discussion of State
agency programs.

b. State agencies: The role of State agencies in regulation
of hazmat transportation safety has been increasing dramatically in recent
years, both because of increased State awareness of hazmat transportation
safety issues and Federal programs to encourage State activity.

From 1981 through 1986, the RSPA Office of Hazardous Material
Transportation conducted the State Hazardous Materials Enforcement Development
(SHMED) program to encourage State activity in hazmat transportation safety
management. SHMED provided a one-time grant to States that agreed to adopt
49 CFR as a State regulation and to establish hazmat inspection and enforce­
ment programs. In all, 25 States participated in the SHMED program.8~

The SHMED program expired in 1986, and has been effectively
replaced by a broader Federal program that addresses motor carrier safety, in
general, as well as hazmat transportation safety. This program is the Motor
Carrier Safety Assistance Program (MCSAP), and it is administered by the FHWA
Office of Motor Carrier Safety. Rather than a one-time grant, the MCSAP pro­
gram provides ongoing implementation grants to States that agree to partici­
pate in the program. Participation in the MCSAP program requires:

* The Federal hazardous materials transportation regulations are contained in
Title 49, Code of Federal Regulations, Parts 100 through 189. These
parts of the regulations are usually referred to in the hazmat transpor­
tation field by the citation 49 CFR. In fact, Title 49 also contains
many other transportation-related regulations, including the Federal
motor carrier safety regulations in Parts 390 through 397. However,
following conventional practice in the field, Parts 100 through 189 will
be referred to here as 49 CFR.
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• Agreement to adopt both the Federal Motor Carrier Safety reg­
ulations and the highway-related portions of the Federal Haz­
ardous Materials regulations (49 CFR), or comparable rUles,
as State regulations (see footnote on p. 46).

• Development of an enforcement and safety program plan and
designation of a lead agency to administer the plan.

• Agreement to devote adequate resources to administration of
the program and the enforcement of the regulations.

• Establishment of statutory authority for regulation of pri­
vate and for-hire motor carriers and provision for the right
of entry into vehicles and terminal facilities to permit com­
pliance inspections.

Over 40 States are participating in the MCSAP program.8~

State activity in hazmat transportation regulation has substan­
tially increased in the 1980·s, both because of increased State interest and
the SHMED and MCSAP programs. Many States have adopted 49 CFR as a State
regulation for intrastate commerce, as well as interstate commerce, so that
the hazmat transportation safety regulations are gradually becoming applicable
to all hazmat truck shipments. The establishment of safety regulations for
intrastate hazmat shipments is an important goal, because most intrastate
shipments have not previously been subject to any safety regulations.

A recent survey conducted by the Virginia Transportation
Research Council for the Transportation Research Board (TRB) Committee on
Planning and Administration of Transportation Safety found that at least
34 States have adopted 49 CFR as the basis for State regulation of hazmat
transportation safety.12 Each of the six States whose practices were reviewed
in depth in this study has adopted 49 CFR as a State regulation. In five of
these six States, 49 CFR currently applies to both interstate and intrastate
hazmat shipments. In the remaining State, the implementation problems in
applying 49 CFR to intrastate hazmat shipments are being studied, and a regu­
lation for intrastate shipments is expected to be adopted in about 1 year.

California requires all companies transporting hazardous mate­
rials in the State to be licensed by the California Highway Patrol (CHP). The
licensing arrangements apply to a company as a whole and not to individual
trucks. The administrative scheme for this licensing process includes provi­
sions for advance telephone arrangements with out-of-state carriers entering
the State. In addition, every individual cargo tank used in the State must be
inspected and certified by the CHP. At least 26 States require transporters
of hazardous materials or hazardous waste to register with the State and pay a
fee.12'8~ Fees of this type are one method of financing a State's regulatory,
enforcement, or emergency response activities.

The role of State highway agencies in regulation of hazmat
transportation safety varies widely. In three of the six States visited as
part of the present study (Illinois, New Jersey, and Wisconsin), the State
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highway agency is the agency responsible for adopting hazmat transportation
safety regulations. In Illinois and New Jersey, the State highway agency has
an office with specific responsibility for regulation of hazmat transportation

-safety. In Wisconsin, the State patrol is part of the State highway agency
and has been assigned regulatory (as well as enforcement) responsibility for
hazmat transportation safety. In California, Virginia, and Washington, regu­
latory authority for hazardous materials transportation is assigned to another
agency (State patrol, utilities and transportation commission, or environmen­
tal agency), and the State highway agency has only an advisory or support
role.

State agencies that operate specific highway facilities, such
as toll road authorities, have also established 49 CFR as the hazmat trans­
portation regulation for highway facilities under their jurisdiction.

c. Local agencies: Local agencies do not generally have a
role, other than an advisory one, in the establishment of hazmat transporta­
tion safety regulations. Where local agencies have tried to adopt overly
restrictive regulations, they have been found by RSPA to be inconsistent with
Federal regulations.

2. Routing of Hazmat Shipments

This discussion addresses the Federal, State, and local roles in
routing control for hazmat shipments. The discussion applies to routing con­
trols for general hazmat shipments. Specific issues related to routing of
radioactive, explosive, and hazardous waste shipments are discussed in subse­
quent sections.

a. Federal agencies: Under the Hazardous Materials Transpor­
tation Act (HMTA) of 1975, the U.S. Department of Transportation has authority
to regulate the routing of hazmat shipments. Responsibility for establishment
has been assigned within the USDOT to the RSPA Office of Hazardous Materials
Transportation. To date, this authority has been exercised only in relation
to routing of radioactive shipments. Thus, for most shipments of hazardous
materials, there are no routing regulations under 49 CFR. RSPA is currently
studying the adoption of routing regulations for nonradioactive hazardous
materials. 95 Section 397.9 of the Federal motor carrier safety regulations
has a very general limitation on routing of hazardous materials shipments:

"Unless there is no practicable alternative,
a motor vehicle which contains hazardous mate­
rials must be operated over routes which do
not go through or near heavily populated areas,
places where crowds are assembled, tunnels,
narrow streets or alleys."

Guidance to State and local agencies on the establishment
routes for hazmat shipments has been provided through research funded by the
FHWA Offices of Research, Development and Technology. In particular, an
implementation report entitled "Guidelines for Applying Criteria to Designate
Routes for Transporting Hazardous Materials" was published by FHWA in 1980. 10
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These guidelines have been reissued in 1989 in a revised form by RSPA.9~ The
need for further updates to these guidelines is addressed in section VI of
this report.

b. State agencies: State agencies differ in their authority
over routing of hazmat shipments and the manner in which they exercise that
authority. A recent American Association of State Highway and Transportation
Officials (AASHTO) survey of hazardous materials routing and signing practices
found that State agencies have routing authority over hazmat shipments in
about half of the States (22 out of 46 agencies responding). The remaining
States have no authority to regulate the routes used by hazmat shipments. It
is important to note that the States that do not currently exercise routing
authority are not preempted from doing so by Federal regulations. Rather,
these States do not exercise routing authority because their legislatures have
not chosen to enact appropriate legislation and designated a State agency to
administer that legislation. Of the States that have routing authority, only
five do not actually exercise this authority. New or expanded routing author­
ity is currently being sought through legislation in nine States that cur­
rently have routing authority and two States that do not.6

In three of the States visited in the present study -­
Illinois, New Jersey, and Wisconsin -- there is no statutory authority, either
within the State highway agency or within any other State agency, to establish
route preferences for hazmat shipments or to prohibit hazmat shipments from
particular routes. The establishment of hazmat route preferences or route
prohibitions in these States would probably require legislation. In addition,
there is no general statutory authority for regulation of hazmat routing in
Virginia, but the Virginia Department of Transportation does have authority to
regulate or prohibit hazmat shipments at bridges and tunnels.

Two of the States that were visited -- Washington and
California -- have authority to regulate the routing of hazmat shipments by
prohibiting hazardous materials from specific routes. In Washington, this
authority is exercised for State highways by the Washington State Department
of Transportation which has complete authority to prohibit specific classes of
vehicles from any particular State highway. This authority has not generally
been exercised, except to prohibit trucks carrying flammable materials from
the reversible lanes of the 1-5 freeway in Seattle.

In California, the authority to prohibit hazardous materials or
hazardous waste shipments from particular routes rests with the CHP. By law,
the CHP must consult with the California Department of Transportation
(Caltrans) concerning any hazmat prohibition on a State highway.

c. Local agencies: Local authority over hazmat routing
varies widely from State to State and from community to community. A number
of hazmat routing studies conducted by metropolitan planning organizations
(MPOs) have led to the establishment of designated hazmat routes, typically
for through shipments rather than local pickups and deliveries. One example
of this type of study was conducted by the North Central Texas Council of
Governments for the Dallas-Fort Worth metropolitan area. 57 '81'82 The imple­
mentation of a metropolitan areawide routing plan of this type requires
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cooperation (and, possibly, legislative action) by all affected municipalities
and participation of the State highway agency.

The recent AASHTO routing and signing survey found that local
agencies are active in exercising routing control over hazmat shipments in 19
of the 46 States responding. In seven of these States, local agencies exer­
cise routing control over all highways within their municipal limits; in the
remaining 12 States, local agencies exercise routing control only for non­
State highways. Local agency restrictions on hazmat routing are subject to
review by State agencies in 8 of the 19 States where local agencies exercise
routing control •. However, such activities would be subject to State agency
review in several other States where local agencies are not currently active
in routing control over hazmat shipments. 6

Of the States visited in the present study, the broadest
authority over hazmat routing prohibitions is held by local agencies in
Washington State, which have complete authority to prohibit hazardous mate­
rials on streets and highways under their jurisdiction. This authority has
been exercised by only one city in Washington.

In California, local agencies can establish route restrictions
or prohibitions for hazardous materials or hazardous waste shipments on high­
ways under their jurisdiction, subject to review by the CHP. Any route
restriction or prohibition is subject to the following requirements:

• The route in question must be appreciably less safe than a
reasonable alternate highway.

• The restriction or prohibition must not be precluded or pre­
empted by Federal law.

• The restriction or prohibition must not eliminate necessary
access to local pickup and delivery points or reasonable
access to fuel, repairs, rest, or food facilities within
0.5 mi (0.8 km) of State highways.

• The restriction or prohibition cannot be made if no other
lawful alternative exists.

The CHP acts as an arbitrator in the case of disagreements among cities or
objections from the trucking industry. This process is initiated by a peti­
tion from a local government or a trucking firm. The CHP must hold a pUblic
hearing as part of this process.

In the other four States visited, the legal authority of local
governments to establish routing regulations is unclear. Only one city in
these four States is known to have established hazmat routes.

In addition to routing restrictions, some municipalities have
chosen to control hazmat shipments through time-of-day restrictions or cur­
fews. Curfews have generally been applied only to certain types of hazmat
shipments, such as radioactive materials.
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A variety of curfew types have been employed. Most commonly,
certain types of hazmat shipments are restricted from traveling on congested
highways during the morning and evening peak periods. Broader curfews may
restrict hazmat shipments to nighttime hours. Both of these approaches are
intended to reduce the likelihood of a congestion-related traffic accident
resulting in a hazmat release and to minimize the number of motorists directly
exposed to any release that should occur. In contrast, some municipalities
have considered the opposite approach of requiring hazmat shipments to move
during daylight hours on weekdays when the community's emergency response
capability is at its highest.

The variety of curfew requirements in different communities
imposes a burden in terms of additional delays and costs of shippers and car­
riers of hazardous materials. A 1986 study developed scheduling models to
predict the delays resulting from curfews in multiple cities along a shipment
route and to select the optimal shipment schedule. 26 Their model includes the
capability to consider constant (deterministic) and uncertain (stochastic)
travel times-between cities. The major implications of uncertain travel times
are that (a) the relative advantages of precise dispatching decrease as the
uncertainty in .travel times increase, and (b) the optimal departure time is
earlier when travel times are uncertain than when they are known with
certainty.

3. Regulation and Routing of Explosive Shipments

a. Federal agencies: Shipments of explosive materials are
regulated at the Federal level by the RSPA Office of Hazardous Materials
Transportation through the requirements of 49 CFR, which includes special
restrictions on the type and condition of trucks used, loading and unloading
procedures, delivery procedures, emergency transfers, and required documents
for explosive shipments. Federal regulations restrict the locations where
trucks transporting explosives can be parked and require that a truck trans­
porting explosives must be attended at all times by the driver or another
qualified representative of the motor carrier except when the vehicle is
parked on the premises of the shipper, carrier, or consignee or in a desig­
nated safe haven. There are no Federal regulations that define requirements
for safe havens for explosive shipments.

Federal regulations do not establish routing requirements for
explosive shipments. but do require that the driver must have in his posses­
sion a written routing plan and, except in emergencies, the driver must follow
that routing plan.

b. State agencies: Most States do not have regulations for
explosive shipments that go beyond those in 49 CFR. An exception is
California, which has implemented a network of designated routes for explosive
shipments.

The California Highway Patrol (CHP) has statutory authority to
designate routes for transportation of explosives. The CHP publishes maps
showing the designated routes, required inspection stations, safe stopping
places, and safe parking places for explosive shipments. The map shows the
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locations of specific commercial truck stops that are designated as "safe
stopping p1aces. 1I Drivers may stop at these facilities for food, fuel, or
other reasons, but the truck must be attended at all times. Some commercial
truck stops are also identified as having II safe parking p1aces" which are
designated areas where a truck carrying explosives can be parked unattended.
Thus, these II safe parking p1aces ll are considered to be designated safe havens
under 49 CFR. Drivers are not permitted to stop at any location other than an
inspection station, safe stopping place, or safe parking place, unless the
vehicle is disabled or unless ordered to stop by a police officer.

In other States, there appears to be substantial confusion over
the concept of designated safe havens for explosive shipments, since 49 CFR
does not specify criteria for establishment of designated safe havens.

c. Local agencies: In most States, local agencies have a
limited role in regulation of explosive shipments, as in general regulation of
hazmat transportation. One general exception is Illinois, where the estab­
lishment of designated safe havens for explosive shipments is a local func­
tion. Two safe havens in Illinois have been designated by local authorities,.
but there are no general criteria for safe havens.

4. Regulation and Routing of Radioactive Shipments

a. Federal agencies: Federal involvement in shipments of
radioactive mate!ials is greater than for other types of hazardous materials
for several reasons. First, the U.S. Department of Transportation hast to
date, exercised its authority over routing of hazmat shipments exclusively in
the area of radioactive shipments. Second, packaging requirements for ship­
ments of spent nuclear fuel are regulated by the Nuclear Regulatory Commis­
sion. Third, the U.S. Departments of Energy and Defense are frequent shippers
of radioactive materials.

Regulations developed by the RSPA Office of Hazardous Materials
Transportation control routing of large-quantity shipments of radioactive
materials. These regulations establish the Interstate highway system as the
preferred route for radioactive shipments. Where an Interstate bypass around
a city is available, the bypass must be used in preference to the route
through the city. States and local governments cannot arbitrarily or uni­
laterally ban radioactive shipments totally or from particular routes, but
acceptable alternative routes can be developed for particular sections of an
Interstate highway based on agreement among all affected jurisdictions. State
and local laws or regulations are subject to preemption by action of the U.S.
Department of Transportation.

Other aspects of 49 CFR regulate the quantities of radioactive
material that can be shipped in a single vehicle, loading techniques, and
acceptable radiation levels inside and outside the vehicle.

RSPA has pUblished a guide for risk analysis in routing of
radioactive shipments entitled IIGuidelines for Selecting Preferred Highway
Routes for Large Quantity Shipments of Radioactive Materials.1I6~

52



The Nuclear Regulatory Commission is charged with promoting
safety in handling and transporting radioactive materials. This authority is
derived from the Atomic Energy Act of 1954. The Nuclear Regulatory Commission
is responsible for the development of safety standards for packaging of higher
level radioactive materials and the development of shipment security require­
ments. Through a memorandum of understanding between the USDOT and the
Nuclear Regulatory Commission, each agency has agreed to adopt and enforce the
regulations developed by the other. 62

The U.S. Departments of Energy and Defense are frequent ship­
pers of radioactive materials and radioactive waste related to both civilian
and military nuclear programs. A DOE report provides an overview of regula­
tions and safety considerations in transportation of radioactive materials. 121

b. State agencies: Shipments of radioactive materials are a
high visibility issue that is of direct concern to many States. While States
cannot adopt regulations that conflict with Federal laws or regulations,
States have been active in establishing inspection, notification, permitting,
and escort requirements .

. A number of States, including Illinois, Washington, and
Wisconsin, require radioactive shipments entering the State to be inspected
for compliance with Federal and State regulations. States may also inspect
shipments originating within the State at their point of origin. Inspections
of radioactive shipments are not usually the responsibility of the State high­
way agency, but are more typically performed by the State police.

Radioactive shipments do not usually require a permit from the
State highway agency, but shipments of spent nuclear fuel are often trans­
ported in a large lead cask that causes the truck to exceed established weight
limits. Thus, such shipments require a permit from the State highway agency,
not because they are radioactive, but because they are overweight. However,
the permitting process provides an opportunity for advance notification for
State agencies to learn about the shipment. Overweight permits often restrict
shipments to certain hours, but these requirements are no different for radio­
active and nonradioactive shipments. The AASHTO Task Force on Size and Weight
Regulation is currently considering appropriate requirements for a standard­
ized vehicle for spent nuclear fuel shipments that might simplify the permit­
ting process.

In some States, permits and advance notification are also
required by a State health or nuclear safety agency. At least 18 States have
advance notification requirements for shipment of spent nuclear fuel or other
radioactive materials by highway.8~ For example, the Illinois Department of
Nuclear Safety requires shippers of spent nuclear fuel to obtain permits, to
provide advance notification of shipments, and to pay a fee used to support
the State nuclear safety program. This policy was recently upheld by RSPA as
not inconsistent with Federal laws and regulations. The Illinois State Police
escort all shipments of spent nuclear fuel passing through the State.

c. Local agencies: Local agencies do not typically have a
direct role in regulation or routing of radioactive shipments. However, a
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recent review found that 136 localities have established laws that require
carriers to notify local officials when hazardous materials are going to be
transported. I] Most commonly, advance notification requirements of this type
apply to radioactive shipments.

5. Regulation and Routing of Hazardous Waste Shipments

Shipments of hazardous waste are subject to regulation and, in some
cases, routing control as described in the following section.

a. Federal agencies: Shipment of hazardous waste in both
interstate and intrastate commerce is subject to all established U.S. Depart­
ment of Transportation requirements, including the Federal motor carrier
safety regulations and Federal hazardous materials transportation regula­
tions. Shipments of hazardous waste are also regulated by the EPA both to
ensure safe transportation of the waste and to ensure its proper disposal or
treatment. This authority derives from the Resource Conservation and Recovery
Act (RCRA). Regulations developed by EPA under RCRA must be consistent with
USDOT regulations. 6 ] Hazardous waste shipments require an EPA hazardous waste
manifest to facilitate tracking of their ultimate disposal or treatment •.

b. State agencies: Most State highway agencies do not regu­
late shipments of hazardous waste any differently than other hazardous mate­
rials shipments. An exception to this general rule is California, where State
laws specifically allow the CHP, in consultation with Caltrans, to establish
routing restrictions for either hazardous waste shipments or hazardous mate­
rials shipments or both. Despite the lack of any special interest in hazard­
ous waste shipments by highway agencies, most States have a State environmen­
tal agency that shares the responsibility for hazardous waste shipments with
the U.S. EPA and is involved in monitoring these shipments through tracking of
the hazardous waste manifest. At least 18 States require advance notification
for hazardous waste shipments by highway.84

c. Local agencies: Local agencies do not generally have a
role in the regulation of hazardous waste transportation, except in California
where local agencies share the State authority described above.

6. Signing of Hazmat Routes

a. Federal agencies: At the Federal level, traffic control
device requirements, including signs for hazmat routing, are the responsibil­
ity of the FHWA Office of Traffic Operations (OTO). OTO is responsible for
publication of the Manual on Uniform Traffic Control Devices for Streets and
Highways (MUTCD), which sets criteria for uniform application of signs, sig­
nals, and markings. 35 The MUTCD is used by State and local agencies
throughout the United States.
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A 1983 FHWA study evaluated several candidate hazmat route
signs. 66 This evaluation compared the candidate signs with respect to both
understanding and personal preferences by truck drivers, police officers, and
the general pUblic. The sign that received the highest rating featured a side
view of a truck with the letters "HC" (for Hazardous Cargo) on the bed of the
truck.

OTO has recently adopted new signs for incorporation in the
MUTCD to designate preferred hazmat routes and hazmat route prohibitions.
These signs are illustrated in figure 10. Preferred hazmat routes are to be
identified by MUTCD Sign R14-2 which has block letters "HCII in black on white
background inside a green ring. The letters "HC II stand for Hazardous Cargo.
Hazmat route prohibitions are to be identified by MUTCD Sign R14-3 which has
block letters "HC," in white on a black background, inside a red ring with a
diagonal slash. These signs are similar to those recommended by McDonald,
except that they do not include the side view of a truck.66 Figure 11 illus­
trates text versions of these signs, bearing the legends "Hazardous Cargo
Route" and "No Hazardous Cargo."

b. International agencies: There is also international
interest in hazmat route signing. Despite efforts by the United Nations and
the European Conference of Ministers of Transport, the signs used for hazard­
ous materials routes and prohibitions in Europe are not uniform among
countries. 86

Canada has conducted a laboratory study of 10 different permis­
sive/prohibited sign pairs for dangerous goods routes and found that none of
the tested signs inherently conveyed the intended meaning. IS The routing sign
finally adopted by Canada uses a solid black diamond symbol, representing the
shape of the hazmat placard used in North America. Both permissive signs
(with a green ~ing) and prohibition signs (with a red ring and diagonal slash)
may be used. Figure 12 illustrates the Canadian signs.

c. State agencies: Posting of signs for hazmat route pref­
erences or prohibitions on the State highways is generally a function of the
State highway agency. State agencies generally use the signs in the national
MUTCD, although some States have their own State MUTCDs that expand on the
national criteria.

In the recent AASHTO routing and signing survey, States were
asked how hazmat route prohibitions and route preferences should be communi­
cated to the driving pUblic. In the case of route prohibitions, 8 States
prefer the use of maps or permits, 9 States prefer the use of field signs, and
10 States prefer a combination of maps and field signs. In the case of route
preferences, 10 States prefer the use of maps or permits, 4 States prefer
field signs, and 5 States prefer a combination of maps and field signs. These
findings indicate that a substantial number of States would prefer to imple­
ment hazmat routes without posting signs and that the perceived need for sign­
ing is stronger in the case of route prohibitions than route preference~6
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Figure 10. MUTCD symbol signs for hazmat route preferences and prohibitions.35

HAZARDOUS
CARGO
ROUTE

NO
HAZARDOUS

CARGO

Figure 11. MUTCD text signs for hazmat route preferences and prohibitions.3s
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DANGEROUS GOODS ROUTE SIGN

DANGEROUS
GOODS ROUTE

DANGEROUS GOODS PROHITION SIGN

DANGEROUS
GOODS CARRIERS

PROHIBITED

Figure 12. Symbol sign for hazmat route preferences and prohibitions
used in Canada. 86

Since hazmat route preferences or prohibitions have been imple­
mented in only a few States. most State agencies have not adopted a hazmat
routing sign. It is expected that most States will use the new signs incor­
porated in the national MUTCD. if these signs fully meet their needs. The
recent AASHTO routing and signing survey found that 15 States feel that the
MUTCD design for "HC" route signs is adequate for their needs. 3 States do not
feel that the MUTCD is adequate for their needs. and 20 States are not sure.
This uncertainty is important and indicates that many States have not yet come
to grips with the practical problems of implementing hazmat routes. 6

Only one of the six St~tes visited in the present study has
adopted a sign for identifying hazmat routes. The California Department of
Transportation (Caltrans) has adopted a standard sign for hazmat routes
featuring a solid black diamond-shaped placard (similar to the Canadian hazmat
route sign discussed above). The California sign has both permissive and pro­
hibitive versions for hazmat route preferences and pro~ibitions, respec­
tively. The sign incorporates block letters "HW' for hazardous materials
route preferences and prohibitions and "HW" for hazardous waste route prefer­
ences and prohibitions.

Cal trans adopted their placard symbol sign prior to the adop­
tion of the signs in figures 10 and 11 for the national MUTCD. During the
visit as part of this study, Cal trans personnel expressed several concerns
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about whether the national MUTCD signs can meet their needs. In particular,
Cal trans is concerned that:

• The national MUTCD sign will be less recognizable to hazmat
truckers than the familiar placard shape.

• The use of the letters "HC" on the national MUTCD sign may be
inappropriate because "hazardous cargo" is a broader term
than "hazardous materials." For example, "hazardous cargo II

would include a load of wild animals.

• The national MUTCD sign does not distinguish between hazard­
ous materials and hazardous waste routes, which Caltrans must
do under California law.

Other State and local agencies that have implemented hazmat
prohibitions for specific facilities have typically used large rectangular
signs (with sizes and shapes similar to freeway guide signs) with either white
letters on a red backgro~nd or black letters on a yellow background.

d. Local agencies: Local agencies generally follow the
national MUTCD and the signing policies adopted at the State level in their
State. In the past, local agencies have developed their own signs when no
sign has been adopted at the State level. The incorporation of a hazmat route
sign in the national MUTCD will encourage local agencies to use that sign in
the future.

7. Enforcement of Hazmat Transportation Regulations

a. Federal agencies: The Federal agency with primary respon­
sibility for enforcement of hazmat regulations is the U.S. Department of
Transportation. Other Federal agencies are involved in enforcement of regu­
lations for specific types of hazardous materials within their scope, includ­
ing the Environmental Protection Agency for hazardous waste shipments and the
Nuclear Regulatory Commission for high-level radioactive shipments.

Within USDOT, enforcement responsibilities for the highway mode
are assigned to the FHWA Office of Motor Carrier Safety. RSPA deals with
intermodal enforcement issues including container manufacturing and testing.
Civil penalties up to $10,000 per violation (or per day for continuing viola­
tions) are the most common enforcement mechanism under the HMTA. Other avail­
able enforcement mechanisms are criminal penalties, compliance orders, and
imminent hazard orders. There is no Federal licensing of hazmat carriers
required under the HMTA, so there are no license suspensions or revocation
proceedings that can be used as enforcement tools at the Federal level. 62

Neither RSPA nor FHWA has the size of field staff that would be
needed for a major enforcement effort. Therefore, recent efforts have focused
on stimulating State enforcement activity -- first through the SHMED program,

58



and now through the MCSAP program. Thus, most hazmat transportation enforce­
ment in the highway mode is conducted at the State level.

b. State agencies: State enforcement programs in hazmat
transportation safety have been expanding rapidly in recent years, primarily
in response to the Federal SHMED and MCSAP programs, although some important
State programs (including the Illinois program) predate these Federal pro­
grams. According to the Office of Technology Assessment, an informal survey
of States participating in the SHMED program in 1983 found the most common
violations identified in roadside inspections to be: (a) failure to display
placard correctly; (b) failure to brace containers of material; (c) leaking
discharge valves on cargo tanks; (d) improperly described cargo; (e) inac­
curate or missing shipping papers; and (f) excessive radiation levels in cab
of truck.8~

-Responsibility for enforcement of hazmat transportation safety
regulations falls outside the responsibilities of the State highway agencies
in most, but not all cases. Five of the six States visited as part of this
study -- California, New Jersey, Virginia, Washington, and Wisconsin -- have
enforcement programs that operate in a similar manner, although they differ in
scale and stage of implementation. In these States, enforcement of State haz­
mat regulations is typically performed by the State police through truck
inspections at fixed weigh scales and at temporary roadside locations. Viola­
tions cited by the State police are generally adjudicated in a local court in
the jurisdiction where the violation occurred. Fines for violations vary, but
$50 to $500 per violation is not unusual. In some cases, State highway agen­
cies provide direct or indirect support to these police enforcement activ­
ities, because the weigh scales where much of the enforcement activities take
place are often owned or operated by the State highway agency.

Enforcement officers report four problems commonly encountered
in prosecuting hazardQus materials ~iolators. First, because of a lack of
training or experience, officers often do not provide adequate documentation
in the inspection report or have not followed correct procedures. As a
result, many cases must be set aside or the charges reduced. Second, enforce­
ment officers find that many jUdges and local prosecutors have difficulty
understanding hazardous materials regulations and respond by dismissing cases
or lowering penalties without cause. A third problem is the difficulty of
obtaining assistance from other agencies in preparing evidence for court pro­
ceedings. State agencies are sometimes unwilling to cooperate in testing haz­
ardous materials or in providing other technical assistance. Fourth, State
enforcement agencies complain that fines are too low to serve as a deterrent
to noncompliance. Many carriers and shippers treat fines as a cost of doing
business.8~

The one major exception to the general pattern is the hazmat
enforcement program in Illinois. Illinois has one of the largest State
enforcement programs, with 70 full-time State police officers involved in
enforcing the State hazmat transportation safety regulations. However, viola­
tions cited by the State police in Illinois are adjudicated through an admin­
istrative proceeding within the State highway agency rather than through a
judicial proceeding in a local court. Fines for violators are determined by
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compliance officers in a section of the Illinois Department of Transportation
(lOOT) that deals exclusively with hazmat transportation safety issues. Fines

. for single violations typically range from $1,250 to $2,500, and multiple vio­
lations on a single vehicle might result in fines from $1,500 to $3,000. The
lOOT compliance officers also have enforcement authority and participate in
2-day special compliance efforts held at different locations throughout the
State 8 to 10 times per year. The combination of large-scale enforcement
activities, swift administrative adjudication, and relatively high fines has
resulted in a substantial increase in compliance with hazmat regulations in
Illinois.

State agencies may also conduct compliance audits at carriers'
terminal facilities. In some cases, this is a State police responsibility,
although, in Virginia, carrier audits are the responsibility of the Department
of Waste Management, and in Washington State they are the responsibility of
the Utilities and Transportation Commission.

c. Local agencies: In most States, local police agencies
have the same authority as State police agencies to cite violators of hazmat
transportation regulations. One exception is Illinois, where enforcement of
hazmat transportation regulations is strictly a State function. As a prac­
tical matter, however, most local police agencies do not have either the
resources or the expertise for hazmat enforcement, so the vast majority of
enforcement effort is conducted at the State level.

8. Hazmat Incident Detection

a. Federal agencies: Federal agencies have no direct
on-scene role in the detection of hazmat incidents that occur on the highway
system. However, Federal agencies do have an indirect role in encouraging
more effective detection of incidents at the State and local levels.

b. State agencies: State agencies have a primary role in the
detection of hazmat incidents and the coordination of emergency response.
However, the State highway agency has only an occasional role in incident
detection.

A few State highway agencies operate real-time freeway surveil­
lance systems in major metropolitan areas which are capable of detecting high­
way incidents, including hazmat incidents. Although some hazmat incidents are
also first detected by highway maintenance crews in the field, incidents typi­
cally first come to the attention of State police through routine patrols or
telephone reports. Many State environmental agencies and/or emergency manage­
ment agencies also maintain 24-hour telephone hotlines for reporting of emer­
gencies, including highway incidents. There is a need for improved methods
for informing State highway agencies about the occurrence of hazmat inci­
dents. State highway engineers often complain that they are the last to be
informed when hazmat incidents occur.
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c. Local agencies·: Local pol ice departments and emergency
management agencies have a similar role to State agencies in detecting and
reporting hazmat incidents. Local highway agencies generally have a minimal
role in this activity.

9. Emergency Response

a. Federal agencies: Federal agencies do not have a direct
role as an on-scene responder to hazmat incidents on the highway, but gener­
ally playa coordinating role. The lead agency at the Federal level in the
emergency response level is the Federal Emergency Management Agency (FEMA)
which has responsibilities for coordinating, planning, training, and response
capabilities for all types of emergencies.

The RSPA Office of Hazardous Materials Transportation assists
State and local agencies to improve their emergency response capabilities
through the provision of readily available, accurate information for emergency
responders. In particular, RSPA publishes and distributes over 1 million
copies of the USDOT Emergency Response Guidebook to State and local respon­
ders.ll~ RSPA has also pUblished a guide for local officials entitled, "Com­
munity Teamwork: Working Together to Promote Hazardous Materials Transporta­
tion Safety."n

The National Response Center operates a 24-hour toll-free tele­
phone number for receiving reports of hazmat discharges or releases and noti­
fying appropriate State and local authorities. It also maintains a limited
capability to provide technical information to on-scene personnel. 63

Although privately funded by the Chemical Manufacturers Associ­
ation, the Chemical Transportation Emergency Center (CHEMTREC) plays an impor­
tant national role in coordinating emergency response to hazmat incidents.
CHEMTREC, which can also be contacted through a 24-hour toll-free number, pro­
vides immediate advice and technical information on materials involved in a
.hazmat incident. More importantly, CHEMTREC initiates communication among
other concerned parties, such as the shipper or manufacturer, to facilitate
response through use of their expertise in handling the materials under emer­
gency circumstances. 63

b. State agencies: State agencies playa critical role in
emergency response to hazmat incidents on the highway, especially those that
occur on State highways and outside city limits. The primary responders at
the State level can include State police agencies, State emergency management
agencies, State environmental agencies, State health agencies, and State
nuclear safety agencies. The role of the emergency responders is to contain
the spill so that it can subsequently be cleaned up. There is general agree­
ment that a single on-scene coordinator is needed to manage response at an
incident site. 69 '73 Practices differ among States, but it is not uncommon for
the senior State police officer present to be in command at an incident
site. According to a recent survey, at least 18 States maintain or finance
the equipment, training, and maintenance of hazmat emergency response teams.
Additional States are developing State-supported teams.
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A 1980 study reports that, for radiological emergencies,
29 States have trained response teams in a central office responsible for the
entire State; 14 States have field offices that provide trained personnel when
alerted to an incident by the central office; and the remaining States rely on
local pUblic safety or public health personnel to make an initial assessment
of the incident and contact appropriate State authorities, if necessary. 69

Increasingly, State highway agencies are training their field
personnel about how to deal with a potential spill if they encounter one.
Most State highway agencies play only a supporting role in emergency response
to hazmat incidents. An exception to this general rule is the California
Department of Transportation (Ca1trans) which has 71 two-man teams with spe­
cialized equipment and training for responding to hazmat spills. These per­
sonnel are not full-time hazmat specialists, but are supervisory-level
personnel with other duties who are on call if a spill occurs. The main
responsibility of these teams is to identify the material spilled and decide
how to deal with it. However, their level of involvement in emergency
response is unusual for highway agencies.

A recent AASHTO survey on control and cleanup of hazardous
materials spills found that 56 percent of State highway agencies had some per­
sonnel trained for emergency response to hazmat incidents. s Furthermore, the
survey indicated that 86 percent of these agencies use the USDOT Emergency
Response Guidebook and 67 percent of State highway agencies carry the guide­
book in some of their vehic1es.s'11~ However, unless they are first on the
scene, State highway agencies generally leave emergency response activities to
personnel with more training and experience and concentrate on their respon­
sibilities in incident traffic management and cleanup (discussed in the fol­
lowing sections).

A few State highway agencies have found that they can assist
emergency responders from other agencies by prepositioning emergency response
supplies (sand, absorbent materials, foam generators, etc.) in highway agency
facilities. This is a logical role for State highway agencies, since they
have an established network of maintenance yards at key locations throughout
the State. For example, the Illinois EPA plans to purchase and maintain three
different types of Hazardous Materials Response Trailers. The trailers will
be stored in lOOT maintenance yards and taken to the scene by lOOT personnel
on request. However, the rOOT personnel will turn the trailer over to emer­
gency response personnel and will not remain at the scene.

c. Local agencies: Local agencies, including fire depart­
ments, police agencies, emergency management agencies, and health agencies,
play an important role in emergency response. In many cases, the local fire
chief is in command at an incident site. However, it is unusual for a local
highway agency to have a direct role in emergency response to highway hazmat
incidents.

10. Incident Traffic Management

a. Federal agencies: Federal agencies have no direct role in
traffic management for hazmat incidents on the highway.
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b. State agencies: Traffic management for hazmat incident
sites is primarily the function of State police and highway agencies for inci­
dents on State highways. State police agencies are generally responsible for
securing the site and keeping motorists and onlookers away from the site and
out of danger. State highway agencies are generally responsible for providing
traffic control devices and establishing and signing detour routes if the
highway is closed. Thus, the primary role of the State highway. agency is to
provide for safe traffic flow. In States that contract for maintenance with
local highway agencies. these functions are performed by the local agencies.

c. Local agencies: Local police and highway agencies gen­
erally perform the same functions described above for State agencies at inci­
dent sites that are within city limits or off the State highway system.

11. Incident Site Cleanup

a. Federal agencies: Federal agencies generally have no
direct role in the cleanup of hazmat spills on the highway. However, in some
major spills, the U.S. Environmental Protection Agency may become involved to
ensure that the spill is properly cleaned up. The EPA can impose requirements
on-the carrier involved to mitigate environmental damage and to pay for
cleanup costS."63

b. State agencies: Responsibility at the State level for
cleanup of hazmat spills on the highway generally rests with either the State
highway agency. the State police agency. the State environmental agency. or
the State health agency. Table 16 summarizes the distribution of lead agen­
cies in cleanup activities at the State level from a recent AASHTO survey of
43 States on control and cleanup of hazardous materials spills. s

Table 16. Lead agencies at the State level in cleanup of
hazardous materials spills. s

Agency

State environmental agency
State police agency
State health agency
State emergency management agency
State highway agency

Percent of
states

53
20
12
8
7

100

In some States. the lead responsibility was shared by more than one agency.
The State highway agency had the lead responsibility for cleanup in only three
States. and participated in cleanup activities in six additional States. In
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the six States visited as part of the present study, only the California and
Washington highway agencies participate directly in cleanup activities.
Caltrans has nine spill contractors on call throughout the State to clean up
hazmat incident sites. In Virginia, the State highway agency assumes respon­
sibility for cleanup activities only if other responders do not adequately
clean up the site. In Illinois, New Jersey, and Wisconsin, the State highway
agency has no role in cleanup activities.

c. Local agencies: Local agencies that may become directly
involved in cleanup activities include local fire departments, emergency man­
agement agencies, and health agencies. Local highway agencies generally have
only a support role. Under a unique arrangement in California, partial State
reimbursement for local cleanup costs is available through the State health
agency, and State contractors are available to assist in cleanup activities.

12. Hazmat Accident and Incident Reporting

a. Federal agencies: Three Federal agencies receive reports
of hazmat accidents and incidents from involved carriers. These are the RSPA
Office of Hazardous Materials Transportation, the FHWA Office of Motor Carrier­
Safety, and the U.S. Environmental Protection Agency. Each of these reporting
systems is dependent on self-reporting by the carrier responsible for the
spill.

RSPA requires reports of hazmat releases from involved carriers
within 15 days following the discovery of the spill. 62 '93 In addition, haz­
ardous materials lncidents involving a fatality, serious injury, or property
damage in excess of $50,000, or involving radioactive materials or etiologic
agents, must be immediately reported to the National Response Center. The
RSPA reporting requirements apply only to carriers engaged in interstate
transportation of hazardous materials. There is no minimum quantity released
or minimum property damage threshold for reporting hazmat incidents to RSPA.
Any incident, no matter how small, is technically reportable if the hazardous
material escapes from its container. It is not necessary for the hazardous
material to escape from the vehicle in order for the incident to be report­
able. The only exceptions to this general rule are small quantity releases of
battery acid and certain paint products which were excluded from the reporting
requirements in 1981. In addition, hazardous substances that are regulated by
EPA and do not fall in any of the established hazard classes under 49 CFR are
considered to be Other Regulated Materials-Class E (ORM-E). Releases of mate­
rial classified as ORM-E are required to be reported only if the quantity
released exceeds a reporting threshold.

The FHWA requires reports of truck accidents involving regu­
lated interstate motor carriers. 33 Reports are required for accidents involv­
ing a fatality, an injury, or at least $4,200 in property damage. The FHWA
reports identify whether the involved truck was carrying hazardous materials
or whether those hazardous materials were released. Both the RSPA and FHWA
data bases have been analyzed in this study and are discussed further in sec­
tions IV and V of this report.
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The U.S. Environmental Protection Agency requires reports of
spills of hazardous materials or hazardous waste by a motor carrier or anyone
e1se. 63 These reports are received by EPA regional offices, several of which
have developed computer data bases for managing these data. These data are
used by EPA to monitor cleanup activities and assess carrier responsibility.

b. State agencies: State agencies also operate reporting
systems for hazmat accidents and incidents. The police accident reporting
systems of 15 States contain data on whether the involved vehicles were trans­
porting hazardous materials. However, only 3 of these 15.States also record
whether hazardous materials were released as a result of the accident. These
States are Louisiana, Missouri, and Wyoming.

Several States also maintain reporting systems for hazardous
materials spills on the highway. The recent survey by the Virginia Trans­
portation Research Council for TRB indicates that at least 23 States maintain
reporting systems for hazmat spi11s. 12 Typically, these reporting systems are
operated by the State environmental agency and include a record of all spills
that come to their attention, similar to the record of spills kept by the
EPA. In Illinois, the hazmat incident reporting system is operated by the
State highway agency. Reporting to this system is voluntary, but response
agencies are encouraged to submit a report any time that equipment is dis­
patched. The Illinois reporting system began operation on January 1, 1987.

c. Local agencies: local agencies do not typically operate
hazmat incident reporting systems, although many local agencies initiate haz­
mat incident reports to the State reporting systems discussed above.

13. Monitoring Hazmat Flows

a. Federal agencies: There are no Federal programs for moni­
toring hazmat flows on specific highways or corridors. The only type of
hazmat flow data gathered at the Federal level is the Truck Inventory and Use
Survey (TIUS) conducted every 5 years by the Bureau of the Census.l~ This
survey provides some fairly gross estimates of vehicle-miles of travel carry­
ing specific types of hazardous materials. However, these data can be cate­
gorized geographically only by the State in which the truck is registered and
not by the State(s) in which the travel occurred.

b. State agencies: Most States have not put a major effort
into determining the volumes or types of hazardous materials moving on spe­
cific routes. In a few States, the State highway or emergency management
agency has performed placard counts to document hazmat flows on some routes.
For example, reports prepared for State agencies in Arizona (references 88,
91, and 92) and Virginia (reference 90) have characterized the hazmat flows on
major routes in those States.

The New Jersey Department of Transportation has devoted more
effort than most States to characterizing hazmat flows. The New Jersey DOT
has purchased data from the TRANSEARCH data base and has prepared a report
documenting the quantities of hazardous materials shipments with origins or
destinations in New Jersey (data on shipments moving through the State are
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apparently unavailable).7S'109 The New Jersey DOT is presently working to
break down the commodity flow data by mode and Standard Transportation Com­
modity Code (STCC) at the county level.

The documentation of hazmat flows has some general application
in characterizing the nature of the hazardous setting priorities for emergency
response capabilities, but it is difficult to see any major benefits from
expanding the collection of this type of data.

c. Local agencies: Most local agencies have not developed
any effort to monitoring hazmat flows. The one existing hazmat risk assess­
ment model intended for use by small communities, known as the Kansas State
University (KSU) model, encourages local agencies to make placard counts as
part of the risk assessment process. 9S The major benefit of this activity is
increasing community awareness of the potential of hazmat incidents.

An extensive hazmat flow study based on placard counts has
recently been completed in Dane County, Wisconsin. 27 The study was part of
the county·s effort to develop a comprehensive hazardous materials emergency
plan.

14. Personnel Training

a. Federal agencies: Federal agencies are active in con­
ducting, funding, and encouraging hazardous materials training for State and
local ~ersonnel. Training is conducted for enforcement of hazmat regulations
and planning for and responding to hazmat incidents. Funding for programs of
this type is provided through the Federal Emergency Management Agency, the
U.S. Department of Transportation, and the U.S. Environmental Protection
Agency. USDOT funding for training activities related to hazmat enforcement
may be obtained by States as part of the MCSAP program. FEMA and EPA funding
grants for training are available for improving emergency response to hazar­
dous materials incidents.

b. State agencies: State agencies are both developers and
consumers of training programs related to hazmat transportation safety. A
number of States have developed hazmat training courses or adapted courses
developed at the Federal level. Such courses have been developed and pre­
sented by State highway, police, emergency management, and environment agen­
cies; by State universities; or by State training organizations such as the
California Specialized Training Institute.

Training in hazmat transportation safety is important for State
highway agency personnel, even in States where the highway agency does not
have a lead role in hazmat regulation or hazmat incident response. At a mini­
mum, highway agency field personnel should have a basic hazmat awareness
course on what to do in case they should encounter an overturned truck on the
highway. Highway agencies are also frequent carriers of certain types of haz­
ardous materials (e.g., asphalt, paint, etc.), and their personnel need train­
ing in proper handling of these materials.
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c. Local agencies: Local agency personnel need much of the
same kind of training as State personnel in hazmat transportation regulation
and basic hazmat awareness. In addition, local fire and police personnel are
often the key responders to hazmat incidents and need hazmat emergency
response training. Such training is often available to local agencies through
Federal or State programs.

15. Research

a. Federal agencies: A substantial amount of research in
hazardous materials transportation safety is conducted at the Federal level.
Research related to highway transportation of hazardous materials has been
sponsored by the USDOT Research and Special Programs Administration, the
Federal Highway Administration, the U.S. Environmental Protection Agency, the
National Transportation Safety Board, and the U.S. Department of Energy.

b. State agencies: State agencies are also active in
research related to hazmat transportation safety on the highway. In particu­
lar, noteworthy hazmat transportation safety evaluations have been conducted
by the States of Arizona (references 88, 91, and 92), California (refer-
ence 17), New Jersey (references 78 and 109), Virginia (references 13 and 90),
and Washington (references 117 and 118). Typically, State research has been
directed toward documenting the magnitude of hazmat transportation safety
problems and improving the State1s ability to manage these problems effec­
tively.

c. Local agencies: Local agencies perform very little
research in the hazmat transportation safety field. Local efforts are typi­
cally directed more toward improving planning and emergency response than
toward research.

16. Information Exchange

a. Federal agencies: All Federal agencies with responsibil­
ities related to hazardous materials transportation participate to some extent
in information exchange. The Federal Emergency Management Agency and the
USDOT Research and Special Programs Admini~tration have taken a lead in this
activity by setting up an electronic bulletin board service to provide State
and local emergency response personnel and other interested parties with
information regarding prevention, preparation, and mitigation of hazardous
materials emergencies. The system provides a bulletin service and nine infor-"
mation conferences from which users can select, including:

• Calendar of Federal information and training events.

• Calendar of State information and training events.

• Calendar of conferences.

• Literature listings.

• Available instructional listings.
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• On-line data bases and toll-free numbers.

• Experiences, regulations, laws, and news events.

• Organizational resources.

• Messages.

b. State and local agencies: All types of State and local
agencies with responsibilities related to hazardous materials transportation
participate to some extent in information exchange and can have access to the
electronic bulletin board operated by FEMA and RSPA.

D. Summary

The preceding discussion illustrates the division of responsibil­
ities in hazmat transportation safety between Federal, State, and local agen­
cies and the variety of organizational approaches used by State and local
governments to meet their responsibilities. Highway agencies do not always
have a lead role in hazmat transportation safety, but usually play at least a
key support role because they operate the highway system over which hazmat
shipments move. A key finding of the study is that, in every area of respon­
sibility related to hazmat transportation safety, the State highway agency has
either a lead or a key support role in at least some States.

Many previous analyses have stressed the importance of designating a
single lead agency to deal with hazmat transportation safety issues; and cer­
tainly, in any field as complex as hazmat transportation, leadership is criti­
cal. However, the management of hazmat transportation safety is, by nature, a
cooperative venture with many diverse responsibilities to be met, and no State
has attempted to meet these responsibilities within a single agency.

Highway agencies, police agencies, fire departments, emergency man­
agement agencies, and environmental agencies all have an important role to
play, and these agencies must cooperate effectively. The successful State
programs reviewed in this study were characterized by (1) strong commitments
on the part of agency management to work together on hazmat safety issues and
(2) effective day-to-day cooperative relationships among personnel at the
working level with hazmat responsibilities in each agency. A number of States
have formed hazardous materials commissions or interagency working groups to
promote cooperation in hazmat transportation safety. The State emergency
response commissions being formed under SARA Title III should solidify these
cooperative working relationships which are the key to effective management of
hazmat transportation safety.
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IV. DATA SOURCES

This section of the report reviews the sources of accident, inci­
dent, and exposure data related to highway transportation of hazardous mate­
rials. The first portion of the discussion is an overview which defines the
meaning of accident, incident, and exposure data as related to highway trans­
portation of hazardous materials. Then, both existing and potential new
sources of hazmat incident, accident, and exposure data are reviewed and
critiqued.

A. Overview of Accident, Incident, and Exposure Data

Effective use of hazmat transportation safety data requires a com­
plete understanding of and a careful distinction among accident, incident, and
exposure data. Each type of data is discussed in more detail in the remainder
of this section.

Accident data bases contain reports of traffic accidents obtained
either from police reports, from motorist or motor carrier reports, or from
independent follow-up investigations. Each record in an accident data base
documents the characteristics of a particular accident or a particular acci­
dent-involved vehicle. The accident data bases of interest to this study are
those that contain data on truck accidents where it can be determined whether
or not the trucks involved in the accidents were carrying hazardous mate­
rials. It is also desirable to be able to determine whether a hazardous mate­
rials release occurred in a particular accident.

Incident data bases contain reports of occurrences where a hazardryus
material was unintentionally released. The incidents of primary interest to
the proposed study are releases of hazardous materials during their transpor­
tation by highway. Several types of incidents need to be considered including
(1) releases due to traffic accidents, (2) releases due to valve or container
leaks, and (3) releases due to fires or explosions.

Figure 13 illustrates the overlapping nature of accident and inci­
dent occurrence. The figure shows that total highway trips or total highway
vehicle-miles (represented by Block A) can be subdivided into three cate­
gories: hazardous materials shipments (B); other truck shipments that involve
similar vehicles but do not involve hazardous materials (C); and highway
travel by vehicle types other than trucks (D). Each shipment or trip may
either involve a traffic accident or not; hazardous materials shipments can
also involve an incident (i.e., a release) even if no accident occurs. Thus,
as figure 13 illustrates, some incidents are not accidents (F), some accidents
are not incidents (L), and some occurrences are both incidents and accidents
(M). Figure 14 presents a classification scheme for accidents and incidents
based on recent work by the Organization for Economic Cooperation and
Development. 86
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Yes

No >-Y;...;e;.;:;s~~0

ACCIDENTS -Types 1 and 2
INCIDENTS - Types 1 and 3

Figure 14. Classification scheme for on-highway events and causes
of resulting fatalities and injuries for trucks

carrying hazardous materials.
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Accident and incident data are interesting by themselves because
they indicate the frequency with which particular events occur. However, the
assessment of accident or incident risk requires corresponding exposure
data. Exposure is a measure of opportunities for accidents or incidents to
occur, such as number of hazardous materials shipments, tons of hazardous
materials shipped, or, best of all, vehicle-miles of hazardous materials ship­
ments. Thus, Block B in figure 13 represents the exposure for hazardous mate­
rials accidents and incidents.

Risk measures, such as accident or incident rates per million vehi­
cle-miles, can be expressed as the ratio of frequency of accidents or inci­
dents to exposure:

AR=r (1 )

where R represents a measure of risk (e.g., accident rate); A represents a
frequency measure (e.g., number of accidents); and E represents an exposure
measure (e.g., vehicle-miles of travel). To be useful in establishing hazard­
ous materials transportation policies, risk measures must be made very spe­
cific. For example, an accident rate for a particular type of truck traveling
on a particular type of road can be obtained if both the accident and exposure
populations are stratified accordingly.

One major difficulty in past analyses of truck accidents, that is
also a difficulty in hazmat transportation safety analyses, is that exposure
data that correspond well to the available accident or incident data are
seldom available. It is often necessary to "force fit" disparate sources of
data such as the FHWA Motor Carrier Accident Reports and the Census Bureau's
Truck Inventory and Use Survey to determine truck accident rates. Mismatches
between accident, incident, and exposure data limit the ability to perform
valid research related to hazmat transportation safety. Better data sources
are needed in future research to improve the correspondence between accident,
incident, and exposure data.

The following existing and potential new sources of accident, inci­
dent, and exposure data are reviewed in the remainder of this section:

Accident Data

Fatal Accident Reporting System (FARS)
National Accident Sampling System (NASS)
FHWA Motor C~rrier Accident Data Base
State traffic accident record systems

Incident Data

RSPA Hazardous Materials Incident Data Base
EPA Spill Reports
State hazmat incident reporting systems
Canadian data
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Exposure Data

Truck Inventory and Use Survey (TIUS, 1977 and 1982)
Commodity Transportation Survey (CTS)
FHWA Motor Carrier Census
Canadian data
Toll road data
Hazmat carrier data

These data sources have been investigated through a review of published liter­
ature and data base documentation, through contacts with the agencies that
maintain these data bases, and through analysis of the most promising data
bases. The most useful sources in the literature concerning these data bases
were a recent study of hazardous materials transportation by the Office of
Technology Assessment and a paper prepared as an outgrowth of that
study.61'85 Table 17 presents a brief summary of the major existing accident,
incident, and exposure data bases. Table 18 compares the variables avai"lable
in the major existing accident and incident data bases.

B. Accident Data

The existing sources of data concerning traffic accidents involving
hazardous materials are reviewed below. A critique of available traffic acci­
dent data for use in hazmat analyses is presented.

1. Fatal Accident Reporting System (FARS)

The Fatal Accident Reporting System, operated by the National High­
way Traffic Safety Administration (NHTSA), contains data on every police­
reported traffic accident in the United States that results in a fatality.
FARS receives data on approximately 40,000 to 50,000 fatal accidents per year.
-However, only about 120 to 150 of these accidents involve vehicles carrying
hazardous materials. The FARS data indicate, for each vehicle involved in
each accident, whether that vehicle was carrying hazardous materials. There
is no indication of whether the hazardous materials being carried were
released or whether the fatalities or injuries that resulted from the accident
were related to the release. Because of the available sample size and the
lack of detail concerning hazmat involvement in each accident, the FARS data
are not very useful for safety evaluation of highway transportation of hazard­
ous materials.

2. National Accident Sampling System (NASS)

The National Accident Sampling System is also operated by NHTSA.
The system includes data on approximately 9,000 accidents per year sampled
from police-reported accidents in 35 to 50 representative Primary Sampling
Units located throughout the United States. Prior to 1987, approximately
75 accidents per year investigated by NASS involved vehicles carrying hazard­
ous materials.
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Table 18. Variables included in selected accident and incident
data bases.

FHWA State RSPA EPA and State Canadian
Motor Carr; er accident Hazmat Incident haznat spi 11 hazmat incident

Variable Acc i dent Reports data bases Report ing System report ing systems report; n9 s ys tem

Frequency of accidents X !I
involving a hazmat truck

Frequency of incidents
involving a hazmat release

Ace i dent/ i nci dent consequences
Fatal it ies X X X

Injuries X X X
Property damage amount X X X
Hazmat re 1ease ?/ X X
Quant i ty re I eased X X
Fire X X
E.plos;on X X
Evacuat ion y X

fype of truck involved
Single-unit/articulated truck X xy ?/
Humber of trail ing units X X!/ 2/
Cargo area conf i gurat i on X X!/ ~/ 2/

(van/flatbed/tanker/etc. )

Incident cause
fraffic accident/other cause 2/
fype of other cause 2/

Shipment data
Type of hazardous material !I

trans ported/re 1eas ed
Origin of shipment
Destination of shipment
Type of container or packaging

Geograph i c 1ocat i on
E.act 1ocat ; on X

(e.g•• milepost)
County X
State/ prov ; nce X

Highway type
On- highway/off - h; ghway !/ ~/ X
Freeway/non-freeway 2/ 2/
Humber of 1anes X X

Di v; ded/undl'1i ded X X

Locat i on on highway system
Urban/rural lQ/
Tangent/curve
Intersect; on/non- intersect i on X
Interchanges or ramps X
Rai lroad grade crossings X
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Table 18. Variables included in selected accident and incident
data bases. (continued)

FIllA Stlte RSPA EPA and State Canadi an
Motor CllTler Iccldent HuNt Incident hazilit spi 11 hazlIlat incident

Vlrlable Acc Ident Reports dati bases Report i ng SyS tell reporting systems report; ng syS tem

Acc Ident type and .anner ot
collision

HUliber ot vehicles Involved X X
(s Ing 1e-veh Ic Ie/.u1tip1e-

vehicle)
Collis ion/non-col1is Ion X X
Type of collision X X

(head-on/rear-end/ang 1e)
Object struck X

Tille of accident/incident
Year X X X X
Month X X X X
Date within IIOnth X X X X
Day of week X X X X
TlIIl! of day X X !!I X
Day/night X X
Lighting condition X X

Pav_nt surface condition X X
(Dry/wet/ Ice and snow)

Ellergency response dati X X
Agencies responding

Hotes:
1 Avatlable in 15 StitH.
2 Available In 4 States.
3 Hew data itell betng Idded to RSPA dati.
4 Adequlcy of coding schetllS vlriH between StitH.
5 Available In narrative only.
6 AVlilable only tor 5_ tYPH ot Incidents (e.g•• tank truck overturning).
7 All accidents are on-highway.
8 Can be detenlined fro- available data tor IpproxiNtely 871 of Incidents.
9 Can be deteT'llined fro- locat ton or dltl .11epost.

10 Coded as restdential. business. or urbln area.
l! Included on reporttng ,fonl but IPPlrently not Included in co-puterlzed data.
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The data included in NASS for these cases are very similar to FARS. There is
no indication in the computerized data whether a hazmat release occurred and
whether or not any of the fatalities and injuries in the accident were related
to the hazmat release. Because of the available sample size and the lack of
detail concerning hazmat involvement in each accident, the NASS data are not
very useful for safety evaluation of highway transportation of hazardous mate­
rials. Furthermore, NASS was revised in 1987 to collect data on passenger­
carrying vehicles only. Therefore, present and future NASS data is not
applicable to hazardous materials transportation.

3. FHWA Motor Carrier Accident Reports

The FHWA Office of Motor Carriers (formerly the Bureau of Motor Car­
rier Safety) maintains a data base of accident reports filed by regulated
interstate motor carriers. 33 The FHWA data base is invaluable as a nationwide
picture of safety in the trucking industry. The key variables included in the
data base have been identified in table 18. The FHWA Motor Carrier Accident
Reports provide the only national data base that can be used to examine the
frequency and distribution of truck accidents that resulted in a hazmat
release, in comparison to accidents involving hazmat-carrying trucks and truck
accidents, in general. Some of the key findings concerning the proportion of
accidents involving hazmat-carrying vehicles that result in a release in sec­
tion V of this report are based on the FHWA Motor Carrier Accident Reports.

Two important disadvantages of this data base should be noted.
First, while nationwide in scope, the data do not include all truck accidents,
but only those of regulated interstate motor carriers and intrastate carriers
of Hazard Class ORM-E materials. Second, the FHWA accident data are dependent
on self-reporting by carriers. Because of the self-r.eporting nature of the
system, there ·is likely to be underreporting of accidents to FHWA. One previ­
ous study noted that the percentage of property-damage-only accidents is sub­
stantially·smaller in the FHWA data than in data on police-reported accfdents
from the NASS, indicating that minor accidents are probably underreported to
FHWA.28 The property damage threshold for· reporting truck accidents to FHWA
was $2,000 for the entire period covered by this report. As of January I,
1986, the reporting threshold has been raised to $4,200.

4. State Traffic Accident Records System

Each of the 50 States maintains an automated traffic accident
records system containing data from police accident reports and, in some
cases, accident reports filed by motorists. In most States, both State and
local police agencies contribute data to this system. The key variables from
State traffic accident records systems that are often used in hazmat transpor­
tation safety analyses have been listed in table 18.

The police report forms of the 50 States have been reviewed in the
NHTSA pUblication, "State Accident Report Forms Catalogue 1985."75 The review
found that the police accident report forms of 15 States indicate whether or
not hazmat-carrying vehicles were involved in each reported accident. These
States are Alabama, California, Florida, Illinois, Kansas, Louisiana, Maine,
Minnesota, Missouri, New Hampshire, New York, Ohio, Pennsylvania, South
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Carolina, and Wyoming. The Pennsylvania accident report form has the most
complete description of the type of hazardous materials involved in each acci­
dent, including both a hazard class and a placard number.

In 13 of these 15 States, the data on the police report forms
clearly distinguish which of the accident-involved vehicles were (and were
not) carrying hazardous materials. However, in only 3 of these 15 States, is
it possible to determine whether a hazmat release resulted from the acci­
dent. These States are Louisiana, Missouri, and Wyoming. The police accident
report for a 16th State, South Dakota, does not indicate whether hazmat­
carrying vehicles were involved in the accident, but does indicate whether a
hazmat release occurred. While only the police accident forms in all of these
States have been reviewed, it is assumed that all of the hazmat data items
coded by police officers are retained in each State's computerized accident
records system.

5. Critique of Available Accident Data

The utility of the available accident data for hazmat transportation
safety analyses is limited by the small amount of hazmat data available in
computerized accident records. In 34 States, there is no hazmat data at all
in the traffic accidents records system. In an additional 13 States, the
accident records system contains data on either the involvement of hazmat­
carrying vehicles, the occurrence of a hazmat release, or both in each acci­
dent. Only 3 States have data on both of these key variables in their traffic
accident records systems.

State interest in hazmat transportation issues is increasing. In
the future, States that add hazmat involvement data to their police accident
report forms should be encouraged to include both involvement of hazmat-carry­
ing vehicles and occurrence of a hazmat release. States that have included
only one of these variables in their accident records systems should be
encouraged to include both. States should also be encouraged to add data on
the type of hazardous materials being transported.

The FHWA Motor Carrier Accident Reports already contain data on both
involvement of hazmat-carrying vehicles and involvement of hazmat releases.
Thus, the FHWA data base does not need to be improved in this respect.

Another element of State traffic accident records systems that needs
improvement is the coding scheme for truck types. In the flurry of interest
in truck safety analyses that followed the passage of the 1982 Surface Trans­
portation Assistance Act (STAA), many States found that their accident coding
schemes were unable to distinguish clearly between the various types of
trucks. At a minimum, two key variables are needed for hazmat transportation
safety analyses -- truck configuration and cargo area configuration. The
coding of truck configuration should, at a minimum, distinguish between the
following types of trucks:

• Single-unit or straight trucks.
• Tractor-semitrailer combination trucks (singles).
• Straight truck with full trailer.

80



• Tractor-semitrailer-full trailer combination trucks (double).
• Tractor-semitrailer-full trailer-full trailer combination

trucks (triples).

The data needed for cargo area configuration should. at a minimum. distinguish
between vans. flatbeds. tankers. and bulk solid carriers. Many State accident
records systems have been improved in the last few years to include these dis­
tinctions between truck types. These distinctions between truck types can
also be made correctly in the FHWA Motor Carrier Accident Reports.

Finally. there is a need for better coordination between traffic
accident and hazmat incident records systems. When a hazmat release occurs as
the result of a traffic accident. both types of data bases should cross­
reference the record number or identifier in the other file so that data from
both files can be used together as needed. This is particularly important
because. as shown in table 18. hazmat incident records tend to omit many of
the key truck accident variables. and vice versa.

c. Incident Data

The existing sources of data concerning hazmat incidents are
reviewed here. These data sources include: the RSPA Hazardous Materials
Incident Reporting System; the EPA Spill Reports; State hazmat incident
reporting systems; and the Canadian dangerous occurrence reports. A critique
of available hazmat incident data is presented and possible new sources of
hazmat incident data are described.

1. RSPA Hazardous Materials Incident Reporting System

The following discussion presents an overview of the RSPA Hazardous
Materials Incident Reporting System (HMIR) and addresses· the problem of under­
reporting of hazmat incidents to this system.

a. Overview: A highway-related hazardous materials incident
is an unintentional release of a hazardous material during or in connection
with its transportation by highway. Hazmat incidents in all modes. including
highway transportation. are required by law to be reported to the RSPA HMIR by
all carriers engaged in interstate transportation. 93 RSPA receives nearly
5.000 reports of highway-related hazmat incidents each year. Except for inci­
dents involving hazardous substances or hazardous wastes classified under
49 CFR in Hazard Class ORM-E, carriers engaged solely in intrastate trans­
portation are not required to report hazmat incidents to RSPA. It is not
clear how many incidents that occur are not reported for this reason.

There is no minimum quantity released or minimum property dam­
age threshold for reporting hazmat incidents to RSPA. Any incident, no matter
how small. is technically reportable if the hazardous material escapes from
its container. It is not necessary for the hazardous material to escape from
the vehicle. The only exceptions to this general rule are small-quantity
releases of electric battery acid. certain paint products. and materials in
Hazard Class ORM-E.
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The RSPA reporting requirements are in the process of being
expanqed to include incidents in which a highway is closed for 1 hour or more
or persons are evacuated from the vicinity of a potential incident site, even
if no hazmat release occurs. There have been instances in which an over­
turned truck carrying hazardous materials caused a major highway to be closed
for many hours and the surrounding population to be evacuated because of the
possibility of a release. Such incidents will now be reportable to RSPA even
if no release occurs. The revised HMIR report form will also distinguish ex­
plicitly between incidents that occur en route during transportation and inci­
dents that occur in terminal and loading areas.

b. Underreporting problems: The RSPA HMIR data are based
. entirely on self-reporting by carriers. The self-reporting nature of the sys­

tem undoubtedly leads to underreporting of incidents, but the level of. under­
reporting is uncertain.

A 1986 study by the Office of Technology Assessment 85 (OTA)
raised substantial concern about the level of underreporting to the RSPA
HMIR. OTA compared the RSPA data for 1 year (1983) to the FHWA Motor Carrier
Accident Reports for the same year and compared the HMIR data to accidents
investigated by the National Transportation Safety Board (NTSB) over a longer
period. Unfortunately, the OTA analysis appears to be based on misinterpreted
data, at least as far as the comparison of the RSPA and FHWA data is .
concerned.

Table 19 presents a comparison of the RSPA and FHWA data for
1983 that appeared in table 2-16 of the OTA report. The table asserts that
there were 1,602 hazmat vehicular accidents reported to FHWA and "approxi­
mately" 211 reported to RSPA. There were, in fact, 1,602 hazmat vehicular
accidents reported to FHWA in 1983, but this is the total number of accidents
involving hazmat-carrying vehicles. Only 282 of these accidents- (276 definite
and 6 probable) involved a hazmat release. The remaining accidents did not
involve a hazmat release and, thus, were not required to be reported to the
HMIR. The number of hazmat releases resulting from traffic accidents reported
to the HMIR in 1983 is also incorrect in table 19. There were not "approxi­
mately" 211 releases, but exactly 300. These 300 releases were the result of
268 distinct accidents (i.e., some accidents released more than one material).

A corrected version of table 19 is presented as table 20. Only
130 of the traffic accidents shown in the table are common between the report­
ing systems. The remaining accidents (152 for RSPA and 138 for FHWA) were
reported to one reporting system and not to the other.

A comparison of deaths, injuries, and property damage in the
RSPA and FHWA data files, drawn from table 2-17 of the OTA report, is pre­
sented in table 21. 85 The comparisons of the two data bases for the numbers
of deaths, injuries, and property damage in tables 19, 20, and 21 are all mis­
leading because the FHWA and RSPA data bases use different reporting require­
ments. All deaths and injuries from accidents to motor carriers in interstate
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Table 19. Comparison of FHWA motor carrier accident data with
RSPA Hazmat Incident Reporting System (HMIR) for 1983.85

Category

Number of vehicular accidents
Injuries
Deaths
Average property damage per accident

FHWA

1,602
1,479

154
$16,800

RSPA

Approximately 211a
Maximum 121
Maximum 8
Approximately $1,534

a Approximation is based on the total number of highway incidents for
1983 multiplied by the percentage of incidents which are the result
of vehicular accidents (4.5%).

Table 20. Comparison of FHWA motor carrier accident data
with RSPA Hazmat Incident Reporting System (HMIR)

for 1983 (corrected).

Category

Number of vehicular accidents
Injuries
Deaths
Average property damage per accident

FHWA

282
249

28
$30,650

RSPA

268
6
5

$20,540

Table 21. Misreporting of consequences in RSPA hazmat incident data
in comparison to FHWA motor carrier accident data for 1983. 85

Number of
matching Property

Source incidents Deaths Injuries damage

FHWA Motor Carrier 502 50 490 $10,077,004
Accident Reports

RSPA Hazmat Incident 502 5 59 4,404,000
Reporting System (HMIR)
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commerce are reportable to FHWA, while only deaths and injuries that are
directly due to a hazardous materials release are reportable to RSPA. The

·same interpretation probably holds for property damage from hazmat incidents
reported to RSPA, but this point is not clear from the instructions for com­
pleting the hazmat incident report. 93

Table 21 is also incorrect in another way. The table purports
to show 502 "matching incidents" between the FHWA and RSPA files for 1983,
which is not possible since there were only 282 accidents reported to FHWA and
268 accidents reported to RSPA. The problem lies primarily in the criteria
used for matching. The OTA report states on p. 77 that only three common
fields exist for the two data bases: year, month, and State of release. 8s

The report states that, because of this, incidents occurring at different
locations in the same State or on different days during the same month might
be erroneously matched. In fact, there are several additional common fields
that could be used for matching including the day of the month, the name of
the city where the accident occurred, the name of the carrier, and the type of
hazardous material transported.

A review of the two files produced the following results:

• Of 282 highway accidents in the FHWA file for 1983 that
resulted in a hazmat release, 130 (or 46 percent) were found
in the RSPA file and 152 (or 54 percent) were not.

• Of 268 highway accidents in the RSPA file for 1983 that
resulted in a release of at least one hazardous material, 130
(or 49 percent) were found in the FHWA data base and 138 (or
51 percent) were not.

If is not clear to what extent accidents reported to FHWA and not reported to
RSPA, or vice versa, represent noncompliance by carriers since the reporting
requirements for the two data bases differ.

Table 22 presents a corrected version of table 21. The table
shows the number of fatalities and injuries that resulted from the 130 match­
ing incidents in the FHWA and RSPA data bases for 1983. The 130 cases common
to both files involved a total of 10 fatalities and 109 injuries. However,
only two of these fatalities and four of these injuries had causes that were
attributed to the release (by being reported on the RSPA form). Although the
available accident sample size is very small, these data suggest that in acci­
dents in which there was a release, about 80 percent of the fatalities and
95 percent of the injuries that occur are not due to the release.
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Table 22. Comparison of consequences of hazmat accidents reported
to both FHWA and RSPA (corrected).

Number of
matching

Source incidents Deaths Injuries

FHWA Motor Carrier 130 10 109
Accident Reports

RSPA Hazmat Incident 130 2 4
Reporting System (HMIR)

Finally, the OTA report cites four "notable" accidents, which
appeared in the FHWA file and not in the RSPA data. as evident of under­
reporting. The accidents occurred in:

• Highland Park, Illinois, on March 22, 1983, killing one,
injuring four, and causing $120,000 in damages.

• Kemmerer, Wyoming, on April 7, 1983, killing five. injuring
two, and causing $26,500 in damages.

• Georgetown, Kentucky, on May 1, 1983, killing three, injuring
nine, and causing $75,000 in damages.

• Hurricane, Utah, on November 21. 1983, killing three, injur-
ing three, and causing $100.000 in damages.

In fact. according to the FHWA data base, none of these accidents should have
been reported to RSPA. The Highland Park accident involved a fire in a truck
that was not carrying hazardous materials. The remaining three accidents
involved trucks that were carrying hazardous materials, but there is no indi­
cation that there was a hazmat release in any of the three accidents.

The conclusion drawn by OTA that there is substantial under­
reporting to RSPA is probably correct. However, the data presented by OTA in
support of this conclusion have been misinterpreted and do not adequately
quantify the degree of underreporting. It is likely that any data base depen­
dent on voluntary reporting by carriers, including the FHWA data base. will
experience underreporting. Any discrepancies between the RSPA and FHWA
reporting systems could be easily resolved by greater exchange of data between
these agencies. There is a greater need to quantify how many reportable acci­
dents and incidents are not, in fact, reported to either agency.
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2. EPA Spill Reporting System

The EPA requires incidents involving an unintentional release of
hazardous materials to be reported. These reports include both transporta­
tion-related and nontransportation-re1ated spills. Like other Federal and
State reporting systems, the EPA data are dependent on self-reporting by
shippers and carriers. The purpose of this system is to allow EPA to keep
track of the incident and ensure that it is properly cleaned up. The data are
primarily verbal descriptions of the incident, the location, and the mate­
rial{s) involved. The extent of computerization of these data varies between
EPA regions. Given the unstructured format of these data, they are unlikely
to be useful for analysis of hazmat incident risks.

3. State Spill Reporting Systems

Many State environmental agencies also operate spill reporting sys­
tems similar in concept to the U.S. EPA system. These systems are generally
based on reports from the shipper or carrier. Thus, this system is "sp ill­
based," in that the spiller initiates the report. Existing systems in some
States can now provide overall statistics on hazmat incident frequencies and,
over time, more States are expected to develop incident reporting systems.
State highway agencies, and pUblic agencies that operate specific facilities
such as toll roads, bridges, and tunnels, maintain records of incidents on
their facilities that come to their attention, and these are reported to what­
ever State reporting system is in place.

The Illinois Department of Transportation has started a hazmat inci­
dent reporting system that is "response-based" rather than I'spill-based."
Response agencies (e.g., police agencies, fire departments, cleanup contrac­
tors, etc.) are encouraged to make voluntary reports of their activities in
response to hazmat incidents whenever personnel and equipment a~e dispatched.
Several response agencies may report each incident which increases the likeli­
hood that at least one report on each incident will be received. Spillers are
also encouraged to make voluntary reports to this system. The Illinois DOT
system only started operation on January 1, 1987, so only 2 years of experi­
ence have been accumulated. However, this system shows promise of providing a
more complete record of the hazmat incidents that occur than the systems of
other States because of the wide variety of agencies that are encouraged to
report to the system.

4. Canadian Data

Transport Canada, the Canadian equivalent of the U.S. Department of
Transportation, operates a reporting system of dangerous occurrences in haz­
ardous materials transportation (in other words, hazmat incidents).110
Approximately 500 such reports are received each year, and the reporting sys­
tem has been in place in its current form since 1985. The key variables
included in the Canadian data are summarized in table 18. These data are
potentially of interest to U.S. analysts because truck equipment and operating
conditions in Canada are more similar to those in the United States than any
other country, and because Canada also has a hazmat exposure data base that
could potentially be analyzed together with these incident data.
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5. Critique of Available Hazmat Incident Data

There are two key issues that need to be addressed to improve the
quality of hazmat incident data. These are (1) increasing the proportion of
incidents that are reported and (2) improving the linkage between incident and
accident data.

Current hazmat incident data do not provide a complete picture of
the magnitude of hazardous materials transportation safety problems. At both
the Federal and State levels, incident reporting criteria should require all
incidents to be reported. The distinction between incidents involving inter­
state and intrastate carriers is artificial and should be eliminated. Under­
reporting will be a problem in any voluntary system, but improved methods are
needed to increase the proportion of incidents that are reported. The
Illinois DOT reporting system that encourages reports from multiple agencies
whenever response personnel or equipment is dispatched is a promising method
for increasing the proportion of incidents that are reported.

Better linkage is needed between incident and accident data at both
the Federal and State levels. The discussion in section V of this report
documents that traffic accidents are the major cause of serious hazmat inci­
dents. However~ table 18 illustrates that the variables included in incident
and accident data are quite distinct, and a complete picture of both the
causes and consequences of particular incidents cannot be formed without both
types of data. For example, incident data seldom provide specific information
on the location of the incident or the truck configuration involved. Accident
data seldom provide specific information on the specific material used. It is
unrealistic to suppose that a substantial number of new variables can be added
to either existing incident or accident reporting systems. Therefore, there
needs to be a better link between these systems.

One method of providing a better linkage between incident and acci­
dent reporting systems is to include a field in each record system that cross­
references the report number or record number of the incident in the other
data base. This approach is equally applicable to the reporting systems main­
tained at the Federal level by RSPA and FHWA and the reporting systems that
exist or will be developed in the future at the State level. Not only would
this type of linkage allow analysts to access the accident data for particular
incidents, but it would also provide a channel for the incident data bases to
include available data on unreported incidents that occur in reported acci­
dents. This approach might ultimately lead to a combined reporting system for
accidents and incidents, where an incident report would be made on a sup­
plementary form to the accident report. (Of course, provision would still
have to be made for reporting of highway incidents not related to traffic
accidents and for reporting of incidents in other modes of transportation.)

6. Potential New Sources of Hazmat Incident Data

There are no new potential sources of hazmat incident data. All
hazmat incident data are likely to continue to be collected by either Federal
or State agencies. However, there are some new potential sources of hazmat
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exposure data (toll roads, hazmat carriers, etc.) discussed in the next sec­
tion of this report. Corresponding incident data for specific hazmat carriers
or toll roads could be obtained from existing sources and used together with
the exposure data from toll roads or hazmat carriers to develop measures of
the risk of specific types of incidents.

D. Exposure Data

The existing and potential new sources of hazmat exposure data are
reviewed here. The existing data sources include: the Truck Inventory and
Use Survey; the Commodity Transportation Survey; the FHWA Motor Carrier
Census; and Canadian data. A critique of available exposure data for hazmat
transportation by highway is presented and possible new sources of hazmat
exposure data are discussed.

1. Truck Inventory and Use Survey (TIUS)

The Truck Inventory and Use Survey is part of the Census of
Transportation conducted once every 5 years by the Bureau of the Census.l~ The
survey is based on a random sample of trucks selected from State registration
records. Truck owners are sent a survey questionnaire to be completed
describing the characteristics and use of that particular truck. One of the
questions asked of truck owners is the percentage of time that that particular
truck is used to carry hazardous materials. (Responses to the hazmat question
are provided in five broad categories: a percent; below 25 percent; 25 per­
cent to 49 percent; 50 percent to 74 percent; and 75 percent to 100 per­
cent). The survey results are entered into a computer data base including
appropriate expansion factors for use in making statewide and national esti­
mates from the sample data.

The TIUS is virtually the only form of available exposure data that
presents nationwide statistics on highway transportation of hazardous mate­
rials. The TIUS data can be used to estimate vehicle-miles of travel and ton­
miles of materials shipped for generalized categories of materials and for
specific types of trucks; however, the TIUS cannot provide exposure estimates
for specific highway types. The 1977 TIUS data for hazardous materials trans­
portation by highway were analyzed in the recent OTA study and an analysis of
the 1982 TIUS data was performed in this study and is presented in section V
of this report.

2. Commodity Transportation Survey (CTS)

The Commodity Transportation Survey is a survey of the transporta­
tion modes used by a sample of approximately 16,000 companies to ship specific
commodities. The survey contains data on the types of commodities shipped,
the mode of transportation, the shipment weight, and the origin and destina­
tion of the shipment. However, the CTS provides origin-to-destination flow
data only on shipments from manufacturing plants to first destinations, miss­
ing the rest of the distribution chain and all nonmanufactured goods. The
data base includes information on highway, rail, water, and air shipments and
can be used to determine the proportion of particular hazardous materials that
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are shipped by specific modes. However, the data base is limited to partic­
ular commodities. and it is not always possible to identify hazardous
materials shipments in the data. Since the survey includes only specific
companies and specific commodities and does not contain any specific data on
travel distances that could be used to compute vehicle-miles of travel or ton­
miles of cargo shipped, it cannot provide reliable exposure data for hazardous
materials transportation by highway.

3. FHWA Motor Carrier Census

The FHWA Motor Carrier Census includes data on the operation of
approximately 250.000 individual motor carriers. The data base includes data
on the types of trucks used, the types of hazardous materials carried. and the
container types used to carry specific hazardous materials. but it cannot be
used to obtain reliable estimates of exposure data. such as vehicle-miles or
ton-miles.

4. Canadian Data

Transport Canada maintains an exposure data base on dangerous goods
(hazardous materials) shipments in Canada. This data base is based on sepa­
rate surveys of" for-hire trucking and private trucking conducted by Statistics
Canada at periodic intervals. The most recent survey was in 1984. The data
are maintained in microcomputer data base files in dBASE III.

The for-hire trucking survey was conducted with firms earning more
than $100.000 annually in intercity freight revenue. The survey consists of a
representative sample of intercity shipments. Local shipments (defined as
those of 25 km or less) are not included. Transborder shipments between
Canada and the United States are also not included in the sampling scheme.
Approximately 8,000 shipments or series of shipments were sampled in the most
recent survey. Shipment origins and destinations can be identified by prov­
ince and by specific metropolitan areas. These data could be used together
with the Canadian incident data described above to perform hazmat risk analy­
ses. The data can be used to determine exposure estimates by vehicle-miles
and by ton-miles for specific materials. but cannot provide exposure estimates
for specific truck types and highway types.

The Canadian incident and exposure data suffer from the same lack of
correspondence as comparable U.S. government data bases. The incident and
exposure data are collected independently, the incident data are probably sUb­
ject to underreporting biases. and the exposure data are based on a relatively
small sample from a large population of shipments.

5. Critique of Available Exposure Data

Exposure data are needed in hazmat accident and incident studies as
a measure of the opportunities for accidents and incidents to occur. However,
the available exposure data are collected independently of the available acci­
dent and incident data. through surveys that are not structured to provide
corresponding data. The reporting requirements for hazmat accident and inci­
dent data and the criteria for inclusion in hazmat exposure surveys are not
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compatible. There is a need for hazmat exposure surveys to be conducted so
that they correspond to the available accident and incident data.

Exposure data that can be broken down by all variables of interest
are also needed. Hazmat exposure data can usually be broken down by type of
material and sometimes by type of truck. However, highway type (freeway/non­
freeway, number of lanes, divided/undivided) and area type (urban/rural) are
key factors in predicting truck accident rates, and hazmat exposure data can
seldom be broken down by highway type and area type.

The following discussion focuses on two potential new sources of
hazmat exposure data intended to meet these needs more completely than exist­
ing data.

6. Potential New Sources of Hazmat Exposure Data

Two potential new sources of hazmat exposure data have been investi­
gated in this study. These are toll road data and hazmat carrier data. Each
of these sources holds promise of providing a better match with hazmat acci­
dent and incident data than has been possible in the past. However, each
approach would require a substantial research effort to develop reliable expo­
sure data and perform a valid hazmat risk study.

a. Toll road data: One potential source of hazmat exposure
data that has not been fully utilized is data from toll roads and turnpikes.
Collection of exposure data, such as vehicle-miles of travel or ton-miles
shipped by specific truck types or for specific materials, is much simpler on
toll roads and turnpikes than on other types of highways. The ticket­
controlled portions of toll roads are best suited to exposure data collection
because all vehicles entering or leaving the highway must pass through -a toll
barrier. A ticket is obtained by the driver at the entry point and is sur­
rendered at the exit point along with payment of the toll. Thus,. the ticket
creates a record of the distance traveled by a specific vehicle that could be
matched with data on the type of truck and type and quantity of material
transported. Toll roads with this type of ticket-controlled operation are
found in Florida, Indiana, Kansas, Maine, Massachusetts, New Jersey, New York,
Ohio, Oklahoma, and Pennsylvania.

The feasibility of this type of study has been demonstrated. A
study of truck accident rates on the ticket-controlled portions of four toll
roads was recently conducted by the Insurance Institute for Highway Safety.89
This study obtained data on distance traveled based on the entry and exit
points shown on the toll tickets and data on truck type based on the vehicle
classification systems used for toll collection purposes. (The vehicle clas­
sifications systems used by the four participating toll roads were compatible
with the study objectives.)

Toll road authorities do not routinely record whether or not
trucks using the facility are carrying hazardous materials or what specific
material is being carried. Thus, cooperation of the toll road authority would
be needed to collect data of this type from entering or exiting vehicles. A
data collection effort of this type was recently conducted on the Pennsylvania
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Turnpike. Placarded trucks carrying hazardous materials on the Pennsylvania
Turnpike are required to have a permit purchased by their company from the
turnpike authority. For a period of 6 months. placarded trucks showing a haz­
mat permit were given a card to complete including data -on the entry point.
exit point. type of truck. material transported. and quantity transported.
Although these data have never been fully analyzed. they demonstrate the fea­
sibility of this data collection approach.

Any data collection effort of this type would require the
active cooperation of several toll road authorities. This cooperation could
probably be obtained by working through the hazardous materials transportation
committee of the International Bridge. Tunnel. and Turnpike Association
(IBTTA). which has an active interest in this issue.

Data on hazmat accidents could be obtained through the toll
road authority or through the police agency responsible for accident investi­
gation on the facility. Data on hazmat incidents could be obtained through
the toll road authority or through the State environmental agency. Federal
data from the RSPA and FHWA reporting systems should be used to ensure that
the available accident and incident data are as complete as possible. Because
toll roads have regular police patrols. the available accident and incident
data should be among the most reliable for any part of the highway system.

The only major drawback of a study of toll road data is that
only one type of highway can be effectively studied -- divided highways with
full access control. Most ticket-controlled toll roads are located in rural
areas. although portions of the New Jersey and Pennsylvania Turnpikes are in
heavily urbanized areas. However. within this limited class of highways. toll
roads offer an excellent controlled environment within which to study hazmat
accident and incident risks.

b. Hazmat carrier data: Another potential new source of
exposure data for hazmat accident and incident risk analyses is from the
internal records of hazmat carriers. including for-hire carriers and private
carriers. Data from for-hire carriers would probably be more interesting than
private carrier data. because for-hire carriers typically operate a wider
vari@ty of trucks and carry a wider variety of products.

Most for-hire trucking firms. including hazmat carriers. have
computer systems to track individual shipments. These computer systems are
typically large data bases in which each record represents a particular truck­
load or consignment. These records typically include most of the .key vari­
ables needed for hazmat exposure analysis. including:

• Type of truck.
• Type of material shipped.
• Quantity of material shipped.
• Truck weight.
• Origin location.
• Destination location.
• Distance traveled.
• Departure time.
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• Arrival time.
• Time en route.

Carriers use these data as the basis for generating shipment manifests, driver
records, and customer billings.

Hazmat accident and incident data corresponding to the exposure
data could be obtained from the carrier as well. In the case of an interstate
carrier. these accidents and incidents have presumably already been reported
to RSPA and FHWA. A key advantage of the use of carrier data over government
data bases is the almost perfect match that can be obtained between hazmat
accident, incident. and exposure data.

A study based on hazmat carrier data would require the active
participation of several carriers. It would be desirable to involve a mix of
carriers of different sizes that transport different types of materials. In
structuring such a study. it should be recognized that any data obtained from
carriers would have to be treated as confidential and carriers would need to
be assured that this confidentiality would be maintained. The involvement of
several carriers would ensure that the reported data could not be used to
determine the safety records or business patterns of particular carriers.

As in the case of toll road studies, hazmat carrier studies
cannot determine the role of highway type or area type in the risk of hazmat
accidents and incidents. However, a carefully structured study based on car­
rier data could control for the effects of these variables and ensure that the
risks of particular truck types or materials could be correctly determined. A
recent study (reviewed in section II of this report) used such an approach to
match accident data and exposure data for tractor-semitrailer and twin-trailer
trucks.~o This study, conducted for a major nationwide trucking firm,
assembled accident data for trips between pairs of terminals for which the
company used both types of trucks. Thus, the accident data sets for both
kinds of trucks applied to trips on the same days, over identical routes,
under identical conditions. Thus, disaggregating the data by origin-destina­
tion pairs can provide nearly perfect comparability of exposure between spe­
cific types of trucks or specific types of materials shipped.
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V. ANALYSIS OF EXISTING DATA BASES

This section presents the results of an analysis of existing inci­
dent, accident. and exposure data bases.

A. Analysis of Hazmat Incident Data

The frequencies, causes, circumstances, and consequences of hazmat
incidents have been characterized based on 5 years of data (1981-1985) from
the RSPA Hazardous Materials Incident Reporting system (HMIR). The reporting
requirements for this data base have been documented in section IV of the
report.

1. Annual Incident Frequencies

Table 23 presents a summary of the hazmat incidents reported to RSPA
in the years 1981 to 1985, inclusive. A total of 28,433 incidents was
reported during this period. Two interesting observations can be made from
the data in ta~le 23. First, there was a major decrease in the frequency of
reported hazmat incidents from 1981 to 1982. There was a change in the
reporting requirements for hazmat incidents in 1981, so that small quantity
spills of battery acid and paint no longer need to be reported.

Table 23. Annual hazmat incident frequencies by
type of location, 1981-1985.

Type of
location 1981 1982 1983 1984 1985 Total

On-highway 3,914 2,663 2,325 2,417 2,228 13,547 (47.6%)
Off-highway 3,476 2,230 2,041 1,475 1,955 11,177 (39.3%)
Unknown 1,275 766 504 610 554 3,709 (13.1%)

TOTAL 8,665 5,659 4,870 4,502 4,737 28,433

Second, it should be noted that only a portion of the incidents in
table 23 occurred during transportation on pUblic highways. It is not always
possible to distinguish clearly between on-highway and off-highway incidents
in the RSPA data. However, the following types of incidents can be presumed
to occur on the highway:

• Incidents caused by a traffic accident.

• Incidents caused by cargo shifting or damage by other
freight.
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• Incidents that occurred in a different city and/or State than
either the origin or the destination of the shipment.

• Incidents in which the city or State where the incident
occurred is unknown.

The following types of incidents can be presumed to occur off the highway:

• Incidents involving loading or unloading.

• Incidents involving material dropped in handling.

• Incidents involving external puncture not caused by a traffic
accident.

The location of incidents that do not fit any of the above definitions cannot
be presumed.

. Table 23 shows that 39 percent of hazmat incidents occur at loca-
tions off of pUblic highways, such as terminals or shipping yards. Approxi­
mately 48 percent of hazmat incidents occur on the highway, and the location
of the remaining 13 percent of incidents cannot be determined.

Hazmat incidents that do not occur on public highways are not of
direct concern to highway agencies, because these incidents could not involve
a release onto a highway right-of-way. Therefore, the 11,117 off-highway
incidents and the 3,709 unknown location incidents in table 23 have been
excluded from the subsequent analyses in this report. The subsequent analyses
address only the 13,547 incidents that one can be reasonably sure did occur on
public highways.

2. Causes of Hazmat Incidents

Table 24 presents the distribution of hazmat incidents by the type
of failure that occurred. The major failure types are body or tank failures
(20 percent), valve or fitting failures (24 percent), and cargo shifting
(37 percent).

Traffic accidents were found to constitute approximately 11 percent
of all hazmat incidents. This is a higher proportion of traffic accidents
than reported in previous studies, because off-highway incidents have been
excluded from the data. 8s

Severe incidents are of greatest concern in the management of haz­
ardous materials transportation safety. There is no commonly accepted defini­
tion of what constitutes a severe incident. Table 24 illustrates the distri­
bution of failure types in on-highway hazmat incidents for progressively less
restrictive definitions of incident severity ranging from "death only" to "a11
reported incidents. 11 The severe nature of unintentional releases of hazardous
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materials in traffic accidents can be clearly seen in table 24. Note that
although traffic accidents constitute just 11 percent of all reported inci­
dents, they constitute 35 percent to 68 percent of the severe incidents,
~epending on the definition selected for· severe incidents. In the 35 inci­
dents in which a fatality occurred due to a release, over 90 percent (32 inci­
dents) were caused by traffic accidents.

Valve or fitting failure is the second leading failure type in these
various definitions of severe incidents. Valve or fitting failures, which
constituted 24 percent of all incidents, were attributed to 29 percent of the
incidents that resulted in deaths or injuries and lesser percentages of other
severity level definitions. No other failure type accounted for more than
14 percent of the severe incidents for any of the severity levels examined.
Thus, regardless of the definition selected for a severe incident, traffic
accidents account for a much more important part of the hazardous materials
highway safety problem than is suggested by overall release statistics.

For purposes of the tables that follow in this analysis, severe
incidents have been defined as those that involve either (1) a fatality or
injury caused by the hazmat release; (2) property damage of $50,000 or more
caused by the hazmat release; or (3) a fire or explosion. Table 24 shows
that, by this definition, traffic accidents constitute 56 percent of severe
incidents. In fact, nearly a quarter of traffic accidents that cause a hazmat
release result in a severe incident.

The general causes of hazmat accidents are summarized in table 25.
Approximately 50 percent of incidents are attributable to human error and
35 percent of incidents to package failure. Previous analyses of the RSPA
data base have indicated that, overall, human error is responsible for over
60 percent of hazmat incidents. The lower proportion of hazmat incidents
attributable to human error and the higher proportion of incidents attribut­
able to package failure in table 25 occur because human error predominates in
off-highway loading/unloading incidents, which have been excluded from the
analysis. It should be noted that the literature suggests driver error as a
significant cause of traffic accidents; thus, in this sense, "human error" is
ultimately responsible for a large portion of the traffic accidents shown in
table 25. When the analysis shown in table 25 is limited to severe incidents,
traffic accidents dominate, of course, as they did in table 24. However, in
severe incidents not caused by traffic accidents, package failure is actually
a larger cause of severe incidents than human error.

3. Type of Hazardous Material Involved

Table 26 presents the distribution of the type of hazardous material
released in hazmat incidents. Where more than one hazardous material was
released in a single incident, the incident was classified on the basis of the
primary material released (listed first in the RSPA data file).

Table 26 shows that the predominant hazardous materials released are
flammable and combustible liquids (46 percent) such as gasoline, and corrosive
materials (40 percent). Poisonous gases and liquids constitute 5 percent of
all releases. No other single hazard class constitutes more than 3 percent of
releases.
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Table 25. Distribution of on-highway hazmat incidents by
cause of release, 1981-1985.

Cause of release

All reported
incidents

No. %

Severe
incidents onli
No.

Traffic accident
Human error
Package failure
Other

1,457
6,845
4,691

550

(10.8)
(50.5)
(34.6)
(4.1)

355
101
128

49

(56.1)
(16.0)
(20.2)
(7.7)

Table 26. Distribution of on-highway hazmat incidents by
material released, 1981-1985.

All reported incidents Severe inc1dents on 1y

Inctdents Incidents

caused by Incidents caused by Incidents

traffic due to traffic due to

Total accidents other caus es Total accidents other caus e.

Material released No. ! ~ ! ~ ! ~ ! ~ ! ~ !

O~ -- C1a.. A 10J (O.B) t1 (0.8) 92 (O.B) 2 (O.J) 2 (0.6) 0 (0.0)

O~ -- CIa.. 8 10 (0.1) J (0.2) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

O~ -- Clas. C 25 (0.2) 15 (1. 0) 10 (O. 1) 2 (O.J) 2 (0.6) 0 (0.0)

O~ -- Clas. 0 11 (0.1) 0 (0.0) 11 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

O~ -- Cla.s E 1B4 (1. 4) J8 (2.6) 146 (I. 2) 12 (1.9) 1 (2.0) 5 (1. B)

Organic peroxide 115 (0.8) 0 (O.O) 115 (1.0) 5 (0.5) 0 (0.0) 5 (1. 8)

BlastIng agent 9 (0.1) 6 (0.4) J (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Combustible liquid 599 (4.4) J21 (22.4) 272 (2.J) 77 (12.2) 64 (lB.O) 1J (4.7)

Flammable liquid 5,661 (41.9) 702 (48.2) 4,965 (41.1 ) 268 (42. J) 214 (60. J) 54 (19.4)

Flammable .01 id 91 (0.7) 8 (0.5) 8J {D. 7) 9 (I. 4) 1 (0. J) 8 (2.9)

Oxidizer J96 (2.9) 28 (1. 9) 368 (J.O) 25 (J.g) 3 (0.8) 22 (7.9)

Honf 1ammab 1e compressed gas 142 (1.0) lJ (2.J) 109 (0.9) 19 (J.O) 7 (2.0) 12 (4. J)

Flammable compressed gas 1J6 (1. 0) 47 (J.2) 89 (0.1) 27 (4. J) 16 (4.5) 11 (4.0)

Poisonous gas or 1iquid A 9 (0.1) 0 (0.0) 9 (0.1) 2 (O.J) 0 (0.0) 2 (0.7)

Poisonous gas or liquid 8 6J5 (4.7) 31 (2.1) 604 (5.0) 26 (4.1) 4 (1.1 ) 22 (7.9)

Irritating material 8 (0.1) 0 (0.0) 8 (0.1) 1 (0.2) 0 (0.0) 1 (0.3)

Radioactive material J6 (O.J) 9 (0.6) 27 (0.2) J (0.5) 1 (0. J) 2 (0.7)

Explo. ive -- Class A 4 (O.O) J (0.2) 1 (0.0) 1 (0.2) 1 (O.J) 0 (O.Ol

Explosive -- Class B (0.0) 0 (O.O) (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

ExplosIve -- Class C 12 (0.1) (O.J) 8 (0.1) 4 (0.6) 1 (0. J) J (1. 1)

Corros i 'Ie "ateri a1 5.J45 (J9.5) 192 (lJ.2) 5.15J (42.6) ISO (2J.7) 32 (9.0) 118 (42.4)

TOTAL 13,541 1,457 12.084 6JJ J55 278
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Table 26, and subsequent tables, break down the distribution for all
hazmat incidents into incidents caused by traffic accidents and incidents due
to other causes. These data indicate that flammable and combustible liquids
constitute 71 percent of the releases due to traffic accidents, as opposed to
46 percent of all incidents. By contrast, corrosive materials account for
only 13 percent of the releases in traffic accidents, but 43 percent of
releases due to other causes. Thus, it appears that corrosive materials, by
their nature, are much more likely to produce a valve, fitting, or container
failure than other placarded materials.

Table 26 also shows the distribution of severe hazmat incidents by
type of material released. About 55 percent of severe incidents involve flam­
mable and combustible liquids, as compared to 46 percent of all incidents.
Thus, flammable and combustible liquids are overrepresented in severe inci­
dents as compared to total incidents. The opposite appears to be true of cor­
rosive materials. Corrosive materials are involved in 24 percent of severe
incidents, as compared to 40 percent of all incidents.

4. Temporal and Geographic Patterns

a. Month: Table 27 presents the distribution of hazmat inci­
dents months of the year. The table shows that the relative proportion of
hazmat incidents is highest in summer months and lowest in winter months.
This probably reflects seasonal trends in hazmat shipment volumes. Interest­
ingly, the distribution of hazmat incidents due to traffic accidents is more
constant from month-to-month and does not show the marked seasonal trend found
in the distribution of incidents due to other causes.

b. Time of day: Data are not available to construct a dis­
tribution of hazmat incidents by time of day similar to time of day distribu­
tions that can be assembled for traffic accidents. The time of a traffic
accident is generally determined to within a few minutes by a police investi­
gation. By contrast, a hazmat release may occur during transportation and riot
be discovered until the truck reaches its destination. Thus, a precise time
of day for the incident often cannot be determined.

c. Geographic location: Table 28 presents the distribution
of hazmat incidents by regions of the United States. For consistency,
table 28 uses the same regions used in the recent Office of Technology Assess­
ment study.5'6 These regions are illustrated in figure 15. The predominant
regions of the United States for hazmat incidents are the Middle Atlantic,
South Atlantic, and East North Central (Great Lakes) States.

The hazmat incident frequencies by State in the 10 highest States
are presented in table 29.
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Alaska and Hawaii
A&H

Figure 15. Regions of the United States used in data base analyses. 8s
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5. Vehicle and Operational Factors

Very few vehicle and operational factors are available for hazmat
incidents. For example, hazmat incident data do not generally indicate the
type of truck involved in the incident. The RSPA data do indicate that
821 incidents, or 3 percent of all incidents in the 1981-1985 period, involved
tank trucks overturning.

One factor that is available is the type of carrier (for-hire or
private) reporting the incident. Table 30 illustrates the distribution of
hazmat incidents by type of carrier. The table shows that private carriers
experience 27 percent of incidents due to traffic accidents. but only 3 per­
cent of incidents due to other causes. This finding suggests the possibility
of underreporting of incidents due to other causes by private carriers.
Table 30 also shows that the proportion of severe incidents involving private
carriers is sUbstantially larger than the proportion for all incidents. This
finding is also consistent with the hypothesis of underreporting of minor
incidents by private carriers.

Table 30. Distribution of on-highway hazmat incidents by
type of carrier. 1981-1985

AI I reported incidents Severe Incidents only

Type of
carrier

Total
No.

Incidents
caused by
traff ic

accidents
No.

Incidents
due to

other causes
No.

Total
No.

Incidents
caused by
traffic

accidents
! No.

Incidents
due to

other causes
No.

For-hire 12,850 (94.9) 1,067 (73.2) 11,783 (97.5) 518 (81.8) 258 (72.7> 260 (93.5)
Private 0695 (5.1) 390 (26.8) 305 (2.5) 115 (18.2) 97 (27.3) 18 (6.5)

TOTAL 13,545 1,457 12,088 633 355 278

6. Consequences of Incidents

The RSPA data base includes the consequences of each reported inci_ o

dent. including the number of deaths and injuries and the dollar amount of
property damage. In the case of incidents related to traffic accidents. the
RSPA data include only deaths and injuries that are directly due to the hazmat
release. Other deaths and injuries due to the accident are not reported. The
same interpretation probably holds for property damage from hazmat incidents.
but this point is not clear from the instructions for completing the hazmat
incident report. 92

Table 31 presents a frequency distribution of the number of deaths
resulting from highway-related hazmat incidents. The table shows that.deaths
resulted from only 0.3 percent of incidents.
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Table 31. Distribution of number of deaths per on-highway
hazmat incident, 1981-1985.

Incidents
caused by Incidents
traffic due to

Number of deaths Total accidents other causes
per incident No. % No. % No. ~

0 13,510 (99.7) 1,425 (97.8) 12,085 (99.9)
1 27 (0.2) 25 (1. 7) 2 (0.0)
2 6 (0.1 ) 5 (0.3) 1 (0.0)
3 a (0.0) a (0.0) 0 (0.0)
4 0 (0.0) 0 (0.0) 0 (0.0)
5 0 (0.0) 0 (0.0) a (0.0)
6 0 (0.0) 0 (0.0) 0 (0.0)
7 1 (0.0) 1 (0.1) 0 (0.0)
8 1 (0.0) 1 (0.1) a (0.0)

TOTAL 13,545 1,457 12,088

Table 32 presents a frequency distribution of the number of personal
injuries resulting from highway-related hazmat incidents. The table shows
that only 2 percent of hazmat incidents resulted in injuries. Thus, it is
apparent that the deaths and injuries from hazmat releases result from a rela­
tively small proportion of the total number of incidents.

Table 33 summarizes the consequences of hazmat incidents for the
period 1981 to 1985, inclusive. During this period, there were 57 deaths and
473 injuries from on-highway hazmat incidents, or an average of approximately
11 deaths and 95 injuries per ye~r in the United States. Approximately
90 percent of the deaths and 25 percent of the injuries attributed to releases
were due to traffic accidents. On average, 10 deaths and 23 injuries per year
were attributed to releases due to traffic accidents. Releases due to traffic
accidents were about 100 times more likely to cause deaths and 3 times more
likely to cause injuries than releases due to other causes.

On-highway releases resulted in about $10 million in reported prop­
erty damage per year at at average reported cost of about $3,600 per incident.
Releases due to traffic accidents resulted in about 80 percent of the total
reported property damage costs. Releases in traffic accidents resulted in
about 30 times more reported property damage costs per incident than did
releases due to other causes.

Table 34 summarizes the type of consequences resulting from hazmat
incidents. The table shows that 98 percent of incidents result in spillage of
hazardous materials as the only consequence. Fires result from 1 percent of
incidents and explosions from 0.2 percent of incidents.
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Table 32. Distribution of number of injuries per on-highway
,..

hazmat incident, 1981-1985.

Incidents
caused by Incidents

Number of traffic due to
injuries per Total accidents other causes

incident No. % No. % No. %

0 13,268 (98.0) 1,375 (94.4) 11 ,892 (98.4)
1 192 (1.4) 66 (4.5) 126 (1.0)
2 46 (0.3) 9 (0.6) 37 (0.3)
3 20 (0.1) 3 (0.2) 17 (0.1)
4 6 (0.0) 2 (0.1) 4 (0.0)
5 1 (0.0) 0 (0.0) 1 (0.0)
6 0 (0.0) 0 (0.0) 0 (0.0)
7 4 (0.0) 2 (0.1) 2 (0.0)
8 3 (0.0) 0 (0.0) 3 (0.0)
9 0 (0.0) 0 (0.0) 0 (0.0)
10 1 (0.0) 0 (0.0) 1 (0.0)

11-15 1 (0.0) 0 (0.0) 1 (0.0)
16-20 0 (0.0) 0 (0.0) 0 (0.0)
21-25 1 (0.0) 0 (0.0) 1 (0.0)

TOTAL 13,543 1,457 12,086

Tables 33. Summary of consequences of on-highway
hazmat incidents, 1981-1985.

Incidents
caused by
vehicle Incidents due

All incidents accidents to other causes

Number of incidents 13,547 1,457 12,090

Number of deaths 54 50 4

Deaths per incident 0.0040 0.0340 0.0003

Number of injuries 473 115 358

Injuries per incident 0.035 0.079 0.030

Total property damage ($) 48,297,000 38,412,000 9,885,000

Property damage per incident ($) 3,565 26,364 818
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Table 34. Distribution of on-highway hazmat incidents
by result of release, 1981-1985.

Incidents caused Incidents
by traffic due to

Total accidents other causes
No. % No. % No. %

None 19 (0.1) 5 (0.3) 14 (0.1 )
Fire 63 (0.5) 36 (2.5) 27 (0.2)
Explosion 7 (0.1 ) 2 (0.1) 5 (0.0)
Fire and explosion 14 (0.1) 4 (0.3) 10 (0.1)
Spi 11 age 13,317 (98.3) 1,328 (91.1) 11,989 (99.2)
Spillage and fire 115 (0.8) 79 (5.4) 36 (0.3)
Spillage and explosion 6 (0.0) 1 (0.1) 6 (0.0)
Spillage, fire, and 2 (0.0) 2 (0.1) 0 (0.0)

explosion

TOTAL 13,543 1,457 12,086

Hazmat incidents caused by traffic accidents result in .a greater
proportion of fires and explosions than other types of incidents. The data in
table 34 show that 8 percent of hazmat incidents due to traffic accidents re­
sult in fires and 0.6 percent result in explosions. This finding is consis­
tent with the results in table 26 that indicate that 71 percent of the
releases due to traffic accidents involve flammable or combustible liquids.
The higher proportion of fires and explosions in traffic accidents also indi­
cates the important role of the forces generated by the accident in initiating
these fires and explosions.

Table 34 indicates that 19 hazmat incidents (0.1 percent) involved
neither a spill, a fire, or an explosion. These 36 incidents were investi­
gated further, and it was found that 12 of the incidents were miscoded and
did, in fact, involve a hazmat spill. Most of the remaining incidents
involved shipments of radioactive materials where no material was "spilled."
According to the reporting criteria of 49 CFR 171.5, some sort of low-level
contamination and/or crushing or opening of an outer package may have occurred
in these cases.

B. Analysis of Traffic Accident Data

This section of the report presents the analyses of traffic accident
data reported to the FHWA Office of Motor Carriers and by police agencies in
Missouri.

1. FHWA Truck Accident Data Base

The FHWA Office of Motor Carriers (formerly Bureau of Motor Carrier
Safety) maintains a data base of truck accident reports filed by regulated
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interstate motor carriers. 33 The reporting requirements for this data base
have been documented in section IV of the report. The following section pre­
sents tables of the characteristics of truck accidents in general and acci­
dents involving hazmat-carrying trucks. Selected tables also indicate the
breakdown of accidents involving hazmat-carrying trucks into accidents where
the hazardous materials being carried were and were not released.

a. Annual accident frequencies: Table 35 presents the annual
accident frequencies reported to FHWA for all truck accidents and for acci­
dents involving hazmat-carrying trucks. A few accidents in the FHWA file that
appear to have occurred in terminal areas or other off-highway sites have been
eliminated. Overall, hazmat-carrying trucks experienced approximately 5 per­
cent of all truck accidents.

Table 35 shows a general uptrend in accident frequencies from
1981 through 1985. Some observers have interpreted this as reflecting an
increase in truck accident rates, although it could also indicate an increase
in vehicle-miles of travel by trucks.

Table 35 shows that approximately 15 percent of accidents
involving trucks' carrying hazardous materials result in a hazmat release.
This estimate is slightly lower than the 20 percent estimate developed in
research for the Environmental Protection Agency (EPA).2'3 Furthermore, this
EPA estimate was developed indirectly, while the 15 percent estimate presented
here for the probability of a release is based on actual data. (The rationale
for the EPA estimate is presented in section VI of this report.) Under­
reporting of accidents to FHWA may produce a bias in the estimate presented
here. However, past research has shown that accident reporting levels
increase as accident severity increases.-'16'107 Therefore, accidents
resulting in a release are more likely to be reported than other accidents,
and 15 percent should be a conservative (upper bound) estimate of the overall
proportion of hazmat accidents resulting in a release. Tables in the follow­
ing sections of the report examine the effect of selected factors on the prob­
ability of a release given an accident.

The FHWA data base is incomplete for some factors for the years
1982 and 1983. In those years, selected accident factors were not entered
into the computer data base as an economy move. Entry of all available data
was resumed in 1984. For the sake of consistency, the following tables in
this section are based on data for 1984 and 1985 only, so that each table is
based on the same set of accidents.

b. Temporal and geographic patterns: This section addresses
the temporal and geographic distribution of truck accidents in the FHWA data
and compares the frequency distribution of truck accidents in general to acci­
dents involving hazmat-carrying trucks, and further subdivides the hazmat
accidents into accidents in which releases did and did not occur. The tables
of truck accidents that follow indicate their frequency distribution by month,
by day of week, by time of day, and by geographic location.
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(1) Month: Table 36 presents the distribution of FHWA­
reported truck accidents by month of the year.

(2) Day of week: Table 37 presents the distribution of
FHWA-reported accidents by day of the week. There is a greater proportion of
all types of accidents on weekdays than on weekends, as might be expected from
decreased trucking activity on Saturday and Sunday. Further, it appears that
the types of hazmat accidents that occur on weekends may be less likely to
result in a release, although the differences are not large. This finding
could reflect different types of materials being shipped-and a different
nature of trucking operations on weekends.

(3) Time of day: Table 38 presents the distribution of
FHWA-reported accidents by time of day. The table indicates that truck acci­
dents and hazmat accidents are most common during daytime hours when truck and
traffic volumes are highest. However, the table also indicates that the per­
centage of hazmat accidents resulting in a release is highest in the nighttime
hours from 1:00 AM through 6:00 AM. This finding indicates that the types of
hazmat shipments made during these hours appear to be more likely to result in
a release if a traffic accident occurs than the types of shipments made at
other times of the day.

The findings reported above are borne out by the distribu­
tion of accidents by light condition shown in table 39. Accidents during day­
light hours predominate, but the proportion of hazmat accidents resulting in
releases is highest during an ill-defined period reported as ".dawn." The
somewhat higher probability of a release for dark, unlighted conditions, as
compared to lighted streets, may suggest that releases at night are more prob­
able in rural than in urban accidents.

(4) Geographic location: Table 40 presents the frequency
distribution of truck accidents over the same regions of the United States
used earlier in this report for hazmat incidents. The regional distribution
of truck accidents is quite similar to the regional distribution of hazmat
incidents shown in table 28. Table 40 indicates that the probability of a
release given an accident to a hazmat-carrying truck is higher in accidents
that occur in the western States than in the rest of the United States.

Table 41 summarizes the FHWA-reported truck accident
experience by State for the 10 highest States. The list of the 10 highest
States for truck accidents in table 41 differs slightly from the 10 highest
States for hazmat incidents identified in table 29.

c. Type of cargo involved: Table 42 presents the frequency
distribution of FHWA-reported accidents by type of cargo involved (hazardous
or otherwise). The table indicates quite a distinct difference in the dis­
tribution of cargo types for hazmat-carrying trucks and trucks in general.
Trucks carrying liquids 1n bulk constitute 50 percent of hazmat-carrying
trucks in general, but only 5 percent of trucks in general. The predominance
of tank trucks carrying bulk liquids represents a major difference in exposure
between hazmat trucking and other forms of trucking.
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The data in table 42 show that liquid tankers (19 percent
releases) are slightly more likely than average to "release their cargo in a
traffic accident, while releases in the 40 accidents involving trucks trans­
porting bulk solids are much more likely than average (30 percent releases).
On the other hand, trucks transporting gases in bulk, explosives, and hazard­
ous materials in general freight are less likely than average to release their
cargo in a traffic accident.

d. Highway factors: This section presents tables illustrating
the distribution of truck accidents by highway factors, including highway
type/area type, relationship to junction, and road surface condition.

. (1) Highway type and area type: Table 43 presents the
frequency distribution of FHWA-reported truck accidents by highway type and
area type. Highway type is used here to refer to the number of lanes and the
presence or absence of a median on the highway, and area type refers to the
type of highway environment. These categories are necessarily defined here as
presented on the FHWA accident report form completed by carriers. It should
be noted that here is no formal urban/rural classification in the FHWA data,
but the business areas and residential areas are probably primarily in urban
areas and small towns. The data in table 43, especially the highway type
data, must be interpreted with care. From the number of one-lane and three­
lane roads reported, and the reporting of accidents on two-lane divided roads
(not shown in table), it is apparent that some carriers may be "confused about
whether to report the total number of lanes on the road or the number of lanes
in one direction of travel. Thus, there is a great potential in these data
for confusion between two-lane and four-lane highways.

The data in table 43 support the hypothesis suggested in
the discussion of table 39 that rural traffic accidents are more likely to
result in hazmat releases than urban traffic accidents, presumably because of
the higher speeds involved. Approximately 17 percent of the rural hazmat
accidents resulted in a release, while 8 percent of hazmat accidents in busi­
ness areas and 11 percent of hazmat accidents in residential areas resulted in
a release.

(2) Relationship to intersecting facilities: Table 44,
which shows the distribution of FHWA-reported truck accidents by their rela­
tionship to intersections, freeway ramps, and railroad-highway grade cross­
ings, presents some very important findings concerning the likelihood of haz­
mat releases in different types of accidents. Intersection accidents are much
less likely to result in a hazmat release than accidents in general; in fact,
only 10 of 283 (or 4 percent) accidents at intersections involving hazmat­
carrying trucks resulted in a release. This is much smaller than the 14 per­
cent of all accidents involving hazmat-carrying vehicles that result in a
release. Accidents involving hazmat~carrying trucks on freeway ramps are more
likely to result in a release, with 22 percent releases for hazmat accidents
non-ramps and 26 percent releases for hazmat accidents on off-ramps. Railroad
grade crossings have the highest likelihood of a release (46 percent when an
accident occurs, although the sample size for this determination is quite
small.

(3) Road surface condition: Table 45 presents the dis­
tribution of FHWA-reported truck accidents by road surface condition at the
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time of the accident. Accidents resulting in hazmat releases appear to be
slightly more prevalent on dry pavement than on wet or icy pavements.

e. Vehicle and operational factors: The final set of tables
obtained in the analysis of the FHWA truck accident data base deals with vehi­
cle and operational factors. These factors include specific accident types
and truck characteristics.

(1) Accident type: Table 46 presents the distribution of
accident types for hazmat accidents and truck accidents .in general. MUltiple­
vehicle collisions are the leading type of accident both for vehicles carrying
(47 percent) and not carrying (52 percent) hazardous materials. However, the
leading accident types that result in hazmat releases are single-vehicle over­
turning accidents, which constitute 41 percent of releases. and single-vehicle
run-off-road accidents. which constitute 23 percent of releases. While mUlti­
ple-vehicle collisions represent 47 percent of accidents for trucks carrying
hazardous materials. these accidents result in only 16 percent of all hazmat
releases. Single-vehicle collisions represent 53 percent of the accidents for
trucks carrying hazardous materials. but result in 84 percent of all releases.

Accidents involving hazmat-carrying trucks are at least
twice as likely as other truck accidents to result in an overturn. Further­
more, releases occur in 38 percent of hazmat overturns as compared to 14 per­
cent of all accidents involving hazmat-carrying trucks. Hazmat accidents are
1.5 times as likely as other truck accidents to involve a single-vehicle run­
ning off the road, and such accidents result in a hazmat release 33 percent of
the time. These accident types are characteristic of tank trucks and repre­
sent the relatively larger use of tankers in hazmat trucking as compared to
trucking in general.

By contrast. single-vehicle collisions with parked cars or
nonmotorists (pedestrians. bicycles, and animals) and multiple-vehicle colli­
sions (including both car-truck and truck-truck collisions) are less likely
than average to result in a release. This confirms the finding in table 44
that intersection accidents are less likely to result in a hazmat release.
since accidents at intersections typically involve multiple-vehicle colli­
sions.

The principal special concerns in accidents involving
trucks carrying hazardous materials are the actual and potential consequences
of hazmat releases. From this perspective. the analysis findings indicate
that data on accidents involving hazmat-carrying trucks without data on
whether or not a hazmat release occurred can be very misleading because the
probability of a release given an accident varies wid~ly between accident
types.

(2) Truck configuration: Table 47 presents the distri­
bution of FHWA-reported accidents by truck configuration. The table reflects
the overwhelming predominance of single-trailer combination trucks in both
hazmat transportation and trucking in general. The table indicates that both
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single-unit and double-trailer combination trucks are slightly less likely
than average to release their cargo when involved in an accident, and sing1e­
trailer combination trucks are slightly more likely to, but the differences
.are not large. Truck trailers (single-unit trucks towing a full trailer)
appear to have the highest likelihood of a hazmat release when involved in an
accident.

Table 48 presents the distribution of accidents by cargo
area configuration (van/f1atbed/tanker/etc.) for single-trailer combination
trucks in the FHWA data. The table shows that the majority of these accidents
involve van semitrailers, while the majority of accidents for hazmat-carrying
trucks involve tankers. Table 48 also indicates that the probability of a
hazmat release given an accident is above average for tankers and below aver­
age for vans.

(3) Accident type and truck configuration: Tables 49,
50, and 51 illustrate the combined distribution of accident type and truck
configuration for accidents involving single-unit trucks, single-trailer com­
bination trucks, and double-trailer combination trucks. The following com­
binations of truck configuration and accident type appear to have a par­
ticularly high likelihood of resulting in a hazmat release:

• Overturning by single-unit trucks and single-trailer combina­
tion trucks.

• Running off the road by single-trailer combination trucks.

• Truck-train collisions.

• Separation of units in double-trailer combination trucks.

For all truck types, multiple-vehicle collisions are less likely ~han other
accident types to result in a hazmat release.

(4) Carrier type: Table 52 presents the distribution of
FHWA-reported accidents by carrier type, including ICC-authorized carriers,
private carriers, and other carriers.

(5) Trip type: Table 53 presents the distribution of
FHWA-reported accidents by trip type, distinguishing between over-the-road and
local pick-up-and-delivery trips. Accidents during over-the-road trips appear
slightly more likely than average to result in a hazmat release, and local
pick-up-and-de1ivery trips slightly less likely than average, but the dif­
ferences are not large.

120



T
ab

le
48

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
ca

rg
o

ar
ea

co
nf

ig
ur

at
io

n
fo

r
si

n
g

le
-t

ra
il

er
co

m
bi

na
tio

n
tr

uc
ks

.
19

84
-1

98
5.

A
cc

id
en

ts
in

vo
lv

in
g

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

tr
uc

ks
no

t
H

az
m

at
R

el
ea

se
ca

rr
yi

ng
ha

zm
at

Co
m

bi
ne

d
No

re
le

as
e

re
le

as
e

pr
ob

ab
il

it
y

C
on

fi
gu

ra
ti

on
No

.
%

N
o.

%
N

o.
%

N
o.

%
(%

)

Va
n

30
.3

49
(6

4.
3)

62
1

(2
4.

5)
55

7
(2

6.
0)

64
(1

6.
6)

10
.3

Fl
at

be
d

7.
89

0
(1

6.
7)

70
(2

.8
)

60
(2

.8
)

10
(2

.6
)

14
.3

-
Ta

nk
3.

38
9

(7
.2

)
1.

76
4

(6
9.

7)
1.

47
0

(6
8.

5)
29

4
(7

6.
4)

16
.6

N -
O

th
er

5.
59

7
(1

1.
8)

76
(3

.0
)

59
(2

.7
)

17
(4

.4
)

22
.4

TO
TA

L
47

.2
05

2.
53

1
2.

14
6

38
5

15
.2

N
ot

e:
C

ar
go

ar
ea

co
nf

ig
ur

at
io

n
m

is
si

ng
fo

r
17

.8
%

of
ac

ci
de

nt
s.



T
ab

le
49

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
ac

ci
de

nt
ty

pe
fo

r
si

ng
le

-u
ni

t
tr

uc
ks

.
19

84
-1

98
5.

A
cc

id
en

ts
in

vo
lv

in
g

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

tr
uc

ks
no

t
No

H
az

m
at

R
el

ea
se

ca
rr

yi
ng

ha
zm

at
Co

m
bi

ne
d

re
le

as
e

re
le

as
e

pr
ob

ab
i1

1t
y

A
cc

id
en

t
ty

pe
N

o.
%

No
.

%
No

.
%

No
.

%
(%

)

SI
NG

LE
-V

EH
IC

LE
AC

CI
DE

NT
S

N
on

co
11

is
io

n
A

cc
id

en
ts

R
an

-o
ff

-r
oa

d
36

3
(5

.3
)

41
(1

1.
7)

35
(1

1.
3)

6
(1

5.
4)

14
.6

Ja
ck

kn
if

e
21

(0
.3

)
1

(0
.3

)
1

(0
.3

)
0

(0
.0

)
0.

0
O

ve
rt

ur
n

34
0

(5
.0

)
60

(1
7.

1)
42

(1
3.

5)
18

(4
6.

2)
30

.0
S

ep
ar

at
io

n
of

un
it

s
16

(0
.2

)
0

(0
.0

)
0

(0
.0

)
0

(0
.0

)
F

ir
e

39
(0

.,6
)

8
(2

.3
)

7
(2

.3
)

1
(2

.6
)

12
.5

.....
C

ar
go

sp
i1

1a
ge

13
(0

.2
)

2
(0

.6
)

0
(0

.0
)

2
(5

.1
)

10
0.

0
N N

C
ar

go
sh

if
ti

ng
5

(0
.1

)
1

(0
.3

)
1

(0
.3

)
0

(0
.0

)
0.

0
O

th
er

no
nc

o1
1i

si
on

17
(0

.2
)

1
(0

.3
)

1
(0

.3
)

0
(0

.0
)

0.
0

C
ol

li
si

on
A

cc
id

en
ts

C
ol

li
si

on
w

ith
fi

xe
d

ob
je

ct
58

3
(8

.5
)

21
(6

.0
)

21
(6

.8
)

0
(0

.0
)

0.
0

C
ol

li
si

on
w

ith
pa

rk
ed

ve
hi

cl
e

69
2

(1
0.

1)
21

(6
.0

)
21

(6
.8

)
0

(0
.0

)
0.

0
C

ol
li

si
on

w
ith

tr
ai

n
28

(0
.4

)
2

(0
.6

)
2

(0
.6

)
0

(0
.0

)
0.

0
C

ol
li

si
on

w
ith

no
nm

ot
or

is
t

27
3

(4
.0

)
6

(1
.7

)
6

(1
.9

)
0

(0
.0

)
0.

0
O

th
er

co
11

is
io

n
28

2
(4

.1
)

15
(4

.3
)

14
(4

.5
)

1
(2

.6
)

6.
7

M
UL

TI
PL

E-
VE

HI
CL

E
AC

CI
DE

NT
S

C
ol

li
si

on
w

ith
pa

ss
en

ge
r

ca
r

3.
45

3
(5

0.
3)

12
3

(3
5.

1)
11

6
(3

7.
3)

7
(1

7.
9)

5.
7

C
ol

li
si

on
w

ith
tr

uc
k

61
2'

(8
'.9

)
44

(1
2.

6)
40

(1
2.

9)
4

(1
0.

3)
9.

1
C

ol
li

si
on

w
ith

ot
he

r
ve

hi
cl

e
12

4
(1

.8
)

4
(1

.1
)

4
(1

. 3
)

0
(0

.0
)

0.
0

ty
pe

TO
TA

L
6.

86
1

35
0

31
1

39
11

.1



T
ab

le
50

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
ac

ci
de

nt
ty

pe
fo

r
si

n
g

le
-t

ra
il

er
co

m
bi

na
tio

n
tr

uc
ks

,
19

84
-1

98
5.

A
cc

id
en

ts
in

vo
lv

in
g

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

tr
uc

ks
no

t
'

,N
o

H
az

m
at

R
el

ea
se

ca
rr

yi
ng

ha
zm

at
Co

m
bi

ne
d

re
le

as
e

re
le

as
e

pr
ob

ab
il

it
y

A
cc

id
en

t
t
~

N
o.

%
N

o.
%

N
o.

%
N

o.
%

(%
)

SI
NG

LE
-V

EH
IC

LE
AC

CI
DE

NT
S

N
on

co
ll1

s1
on

A
cc

id
en

ts
R

an
-o

ff
-r

oa
d

3,
57

8
(6

.2
)

25
1

(8
.7

)
15

3
(6

.2
)

98
(2

3.
0)

39
.0

Ja
ck

kn
if

e
4,

47
5

(7
.7

)
13

1
(4

.5
)

12
2

(5
.0

)
9

(2
.1

)
6.

9
O

ve
rt

ur
n

4,
16

2
(7

.2
)

40
5

(1
4.

0)
23

3
(9

.5
)

17
2

(4
0.

4)
42

.5
S

ep
ar

at
io

n
of

un
it

s
22

1
(0

.4
)

28
(l

.0
)

23
(0

.9
)

5
(1

.2
)

17
.9

F
ir

e
35

4
(0

.6
)

22
(0

.8
)

22
(0

.9
)

0
(0

.0
)

0.
0

.....
C

ar
go

sp
il

la
ge

23
8

(0
.4

)
16

(0
.6

)
0

(0
.0

)
16

(3
.8

)
10

0.
0

N
C

ar
go

sh
if

ti
ng

19
6

(0
.3

)
4

(0
.1

)
3

(0
.1

)
1

(0
.2

)
25

.0
w

O
th

er
no

nc
ol

li
si

on
12

3
(0

.2
)

6
(0

.2
)

5
(0

.2
)

1
(0

.2
)

16
.7

C
ol

li
si

on
A

cc
id

en
ts

C
ol

li
si

on
w

ith
fi

xe
d

ob
je

ct
6,

53
8

(1
1.

4
)

19
8

(6
.9

)
16

8
(6

.8
)

30
(7

.0
)

15
.2

C
ol

li
si

on
w

ith
pa

rk
ed

ve
hi

cl
e

5,
38

1
(9

.3
)

20
0

(6
.9

)
19

4
(7

.9
)

6
(1

.4
)

3.
0

C
ol

li
si

on
w

ith
tr

ai
n

26
4

(0
.5

)
18

(0
.6

)
8

(0
.3

)
10

(2
.3

)
55

.6
C

ol
li

si
on

w
ith

no
nm

ot
or

1s
t

86
4

(1
.5

)
54

(1
.9

)
53

(2
.2

)
1

(0
.2

)
1.

9
O

th
er

co
ll

is
io

n
1,

97
5

(3
.4

)
13

2
(4

.6
)

12
3

(5
.0

)
9

(2
.1

)
6.

8

M
UL

TI
PL

E-
VE

HI
CL

E
AC

CI
DE

NT
S

C
ol

li
si

on
w

ith
pa

ss
en

ge
r

ca
r

22
,2

33
(3

8.
6)

1,
11

2
(3

8.
5)

1,
07

5
(4

3.
7)

37
(8

.7
)

3.
3

C
ol

li
si

on
w

ith
tr

uc
k

6,
46

9
(1

1.
2)

28
8

(1
0.

0)
25

8
(1

0.
5)

30
(7

.0
)

10
.4

C
ol

li
si

on
w

ith
ot

he
r

ve
hi

cl
e

51
7

(0
.9

)
21

(0
.7

)
20

(0
.8

)
1

(0
.2

)
4.

8
ty

pe

TO
TA

L
57

,5
88

2,
88

6
2,

46
0

42
6

14
.8



T
ab

le
51

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
ac

ci
de

nt
ty

pe
fo

r
d

o
u

b
le

-t
ra

il
er

co
m

bi
na

tio
n

tr
uc

ks
.

19
84

-1
98

5.

A
cc

id
en

ts
in

vo
lv

in
g

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

tr
uc

ks
no

t
No

H
az

m
at

R
el

ea
se

ca
rr

yi
ng

ha
zm

at
C

om
bi

ne
d

re
le

as
e

re
le

as
e

pr
ob

ab
il

it
y

A
cc

id
en

t
t
~

N
o.

%
No

•.
%

N
o.

%
N

o.
%

(%
)

SI
NG

LE
-V

EH
IC

LE
AC

CI
DE

NT
S

N
on

co
ll

is
io

n
A

cc
id

en
ts

R
an

-o
ff

-r
oa

d
24

2
(7

.9
)

41
(1

4.
7)

35
(1

3.
8)

6
(2

4.
0)

14
.6

Ja
ck

kn
if

e
29

7
(9

.6
)

21
(7

.6
)

20
(7

.9
)

1
(4

.0
)

4.
8

O
ve

rt
ur

n
55

0
(1

7.
9)

75
(2

7.
0)

64
(2

5.
3)

11
(4

4.
0)

14
.7

S
ep

ar
at

io
n

of
un

it
s

25
(0

.8
)

5
(1

.8
)

3
(1

.2
)

2
(8

.0
)

40
.0

F
ir

e
9

(0
.3

)
2

(0
.7

)
2

(0
.8

)
0

(0
.0

)
0.

0
.....

.
C

ar
go

sp
il

la
ge

5
(0

.2
)

1
(0

.4
)

0
(0

.0
)

1
(4

.0
)

10
0.

0
N

C
ar

go
sh

if
ti

ng
4

(0
.1

)
0

(0
.0

)
0

(0
.0

)
0

(0
.0

)
A

O
th

er
no

nc
ol

li
si

on
4

(0
.1

)
0

(0
.0

)
0

(0
.0

)
0

(0
.0

)

C
ol

li
si

on
A

cc
id

en
ts

C
ol

li
si

on
w

ith
fi

xe
d

ob
je

ct
23

3
(7

.6
)

14
(5

.0
)

13
(5

.1
)

1
(4

.0
)

7.
1

C
ol

li
si

on
w

ith
pa

rk
ed

ve
hi

cl
e

16
7

(5
.4

)
9

(3
.2

)
8

(3
.2

)
1

(4
.0

)
11

.1
C

ol
li

si
on

w
ith

tr
ai

n
7

(0
.2

)
0

(0
.0

)
0

(0
.0

)
0

(0
.0

)
C

ol
li

si
on

w
ith

no
nm

ot
or

is
t

48
(1

.6
)

4
(1

.4
)

4
(1

.6
)

0
(0

.0
)

0.
0

O
th

er
co

ll
is

io
n

12
6

(4
.1

)
10

(3
.6

)
10

(4
.0

)
0

(0
.0

)
0.

0

M
UL

TI
PL

E-
VE

HI
CL

E
AC

CI
DE

NT
S

C
ol

li
si

on
w

ith
pa

ss
en

ge
r

ca
r

1,
02

2
(1

3.
2)

70
(2

5.
2)

68
(2

6.
9)

2
(8

.0
)

2.
9

C
ol

li
si

on
w

ith
tr

uc
k

31
9

(1
0.

4)
25

(9
.0

)
25

(9
.9

)
0

(0
.0

)
0.

0
C

ol
li

si
on

w
ith

ot
he

r
ve

hi
cl

e
23

(0
.7

)
1

(0
.4

)
1

(0
.4

)
0

(0
.0

)
0.

0
ty

pe

TO
TA

L
3,

07
9

27
8

25
3

25
9.

0



.... N U
1

T
ab

le
52

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
ca

rr
ie

r
ty

pe
.

19
84

-1
98

5.

A
cc

id
en

ts
in

vo
lv

in
g

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

tr
uc

ks
no

t
No

H
az

m
at

R
el

ea
se

ca
rr

yi
ng

ha
zm

at
C

om
bi

ne
d

re
le

as
e

re
le

as
e

pr
ob

ab
il

it
y

C
ar

ri
er
t
~

N
o.

%
N

o.
%

N
o.

%
N

o.
%

(%
)

IC
C

-a
ut

ho
ri

ze
d

58
,7

95
(8

2.
8)

2,
27

3
(6

1.
8)

1,
94

7
(6

1.
6)

32
6

(6
3.

1)
14

.3
P

ri
va

te
10

,4
28

(1
4.

7)
1,

30
0

(3
5.

3)
1,

12
9

(3
5.

7)
17

1
(3

3.
1)

13
.2

O
th

er
1,

74
3

(2
.5

)
10

7
(2

.9
)

87
(2

.8
)

20
(3

.9
)

18
.7

TO
TA

L
70

,9
66

3.
68

0
3,

16
3

51
7

14
.0

T
ab

le
53

.
D

is
tr

ib
ut

io
n

of
FH

W
A

-re
po

rte
d

tr
uc

k
ac

ci
de

nt
s

by
tr

ip
ty

pe
,

19
84

-1
98

5.

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
ca

rr
yi

ng
ha

zm
at

T
ri

p
ty

pe

A
cc

id
en

ts
in

vo
lv

in
g

tr
uc

ks
no

t
ca

rr
yi

ng
ha

zm
at

N
o.

%
C

om
bi

ne
d

N
o.

%

No
H

az
m

at
R

el
ea

se
re

le
as

e
re

le
as

e
pr

ob
ab

il
it

y
N

o.
%

N
o.

%
il
l

O
ve

r-
th

e-
ro

ad
Lo

ca
l

PU
&D

TO
TA

L

57
,1

58
(8

0.
4)

13
,9

60
(1

9.
6)

71
.1

18

2.
63

0
(7

1.
1)

1.
07

0
(2

8.
9)

3.
70

0

2,
24

4
(7

0.
5)

93
7

(2
9.

5)

3,
18

1

38
6

(7
4.

4)
13

3
(2

5.
6)

51
9

14
.7

12
.4

14
.0



f. Consequences of accidents: Table 54 summarizes the conse­
quences of the FHWA-reported accidents. Table 54 refers to all deaths,
injuries, and property damage resulting from the accident. Unlike the conse­
quences reported for hazmat incidents, these consequences are not necessarily
the result of a hazmat release. It should be noted in table 54 that accidents
involving hazmat-carrying vehicles tend to involve slightly greater conse­
quences than truck accidents in general. Accidents in which a hazmat release
occurs clearly involve more deaths, more injuries, and more property damage
than accidents in which there is no release. The greater consequences when a
release occurs may be due in part to the consequences of the release, but also
indicate that the accident involved higher speeds or greater collision forces
than other accidents, which in turn may cause both the hazmat release and the
higher damages.

Table 55 summarizes the distribution of the FHWA truck accident
data by accident severity levels. The table shows that a hazmat release is
more likely in fatal and injury accidents than in property-damage-only acci­
dents, undoubtedly because of the greater forces involved. It is important to
note that 83 percent of the fatalities and 85 percent of the injuries in acci­
dents involving hazmat-carrying trucks occur in accidents in which there is no
hazmat release. The comparison of all cases common to both the FHWA and RSPA
files in table 22 provides insight on the cause of injuries and fatalities.
Although the accident sample size in table 22 is small, the table suggests
that in accidents in which a release occurs, about 80 percent of the fatali­
ties and 95 percent of the injuries that occur are not due to the release.
Thus, when a traffic accident occurs, traditional accident causes, and not the
properties of the hazardous materials transported, may be responsible for the
vast majority of the fatalities and injuries involving hazmat-carrying trucks.

Combining the above estimate with the previously noted finding
that, for release events, approximately 90 percent of deaths and 25 percent of
injuries were attributable to traffic accidents, the estimates of the fatali­
ties and injuries shown in figure 16 can be derived. The dominant role of
traffic accidents is clearly shown through the estimate that roughly 96 per­
cent of all fatalities and 97 percent of all injuries involving trucks trans­
porting hazardous materials resulted from traffic accidents in which no
release occurred. It is important to note, however, that one major disaster
involving numerous fatalities or injuries due to a release could greatly alter
these estimates in any given year. The concern over such possibilities along
with the potential for major evacuations and route closures is, in fact, the
key reason for interest in hazardous materials transportation as a separate
highway safety issue.

2. Analysis of Missouri Accident Data

The Missouri State Highway Patrol maintains a Statewide Accident
Reporting System (STARS) containing data on all accidents reported by police
agencies in Missouri. These data are used by the Missouri State Highway and
Transportation Department and local agencies in the management of highway
safety problems in Missouri.
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Yes

No

ACCIDENTS - Types 1 and 2
INCIDENTS - Types 1 and 3

Figure 16. Classification scheme for on-highway events and causes
of resulting fatalities and injuries for trucks

carrying hazardous materials.
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Since July 1, 1984, the STARS system has contained data identifying whether or
not each vehicle involved in an accident was carrying hazardous materials,
what type of hazardous materials were carried, and whether or not a hazmat
release occurred. Missouri is one of only three States in the Nation that has
incorporated all of these items in their police-reported accident data.

The Missouri STARS system has the advantage over the FHWA data that
it contains all accidents investigated by police agencies, not just those
self-reported by carriers. The STARS data also include accidents for all
types of trucks and all types of carriers, not just regulated interstate car­
riers. In addition. each accident has been investigated by a police officer;
while the experience and training of police officers vary widely. they would
generally be expected to have more training and experience in accident inves­
tigation and employ the accident reporting form with greater consistency than
the wide variety of individual motor carriers who report accidents to FHWA.
However. it should be kept in mind that accident data based on police reports
are subject to the same types of underreporting biases as carrier-reported
data. although perhaps not to the same extent.

The property-damage threshold for reporting accidents in Missouri is
$500, which is substantially lower than the $2.000 threshold used by FHWA.
Thus. the Missouri data may contain a greater proportion of property-damage­
on1y.accidents. On the other hand. Missouri like most States classifies acci­
dents involving Type C injuries (no visible injury) as injury accidents. FHWA
classifies an accident as an injury accident only if a person receives medical
treatment away from the scene. Therefore, the proportion of injury accidents
in the Missouri data would also be expected to increase for this reason.

The following sections of the report present tables of po1ice­
reported accidents in Missouri involving hazmat-carrying vehicles. Compari­
sons to the entire population of accident-involved trucks have not been made
in Missouri. although the data to make such comparisons could be obtained.
These tables address most of the accident-related variables addressed above
for the FHWA data, plus some new variables inclUding area type (urban/rural).
speed limit. horizontal alignment. and vertical alignment.

a. Accident frequencies: The frequencies of accidents involv­
ing hazmat-carrying vehicles and accidents in which a hazmat release occurred
in Missouri are presented in table 56 for the latter half of 1984 and the
entire calendar years 1985 and 1986. Table 56 indicates that Missouri experi­
ences just over 200 accidents per year involving hazmat-carrying vehicles.
ApprOXimately 13 percent of these accidents result in a hazmat release. The
percentage of hazmat accidents involving a release in Missouri (13 percent) is
in good agreement with the percentage in the FHWA data for the entire United
States (15 percent).

It should be noted that there appear to be some definitional
problems in identification of hazardous material cargos by the investigating
officers. For example, in 1985 and 1986, there were 15 accidents involving
vehicle types other than trucks transporting hazardous materials. One of
these accidents involved a motor home with a propane tank which would not nor­
mally be subject to hazardous materials regulations except at a few specific
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bridges and tunnels. Only one of these 15 accidents involving vehicles other
than trucks resulted in a hazmat release.

Table 56. Annual hazmat accident frequencies in Missouri.

1984
(July-Dec.) 1985 1986 Total

Number of accidents involving 138 210 206 554
hazmat-carrying vehicles

Number of accidents with no 119 181 182 482
hazmat release

Number of accidents involving 19 29 23 72
a hazmat release

Percent of releases (13.0) (13.8) (11.7) (13.0)

To avoid any seasonal biases, the data for the latter half of
1984 have been omitted frQm the remaining tables in this section, and the
tables are based on data for the entire calendar years of 1985 and 1986 only.

b. Temporal patterns: This section illustrates the distribu­
tion of the Missouri accident data for 1985 and 1986 by temporal variables,
including month, day of week, time of day, and light condition.

(1) Month: Table 57 presents the distribution of hazmat
accidents in Missouri by month of the year.

(2) Day of week: Table 58 presents the distribution of
hazmat accidents in Missouri by day of week. As in the nationwide FHWA data,
there is a greater proportion of accidents on weekdays than on weekends.

(3) Time of day: Table 59 presents the distribution of
hazmat accidents in Missouri by time of day. Although based on a much smaller
sample of accidents. the Missouri data in table 59 are very similar to the
nationwide data in table 38. There are many more accidents in the daytime
than in the nighttime hours. but the nighttime accidents involve a higher
probability of a hazmat release.

These findings are confirmed by the distribution of acci­
dents by light condition in table 60. which indicates that nearly 75 percent
of accidents involving hazmat-carrying vehicles occur during daylight. but
that accidents after dark on unlighted roads are substantially more likely to
result in hazmat release.

c. Type of hazardous cargo involved: Table 61 presents the
distribution of police-reported hazmat accidents in Missouri by type of haz­
ardous cargo involved.
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Table 57. Distribution of police-reported hazmat accidents in
Missouri by month, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Combined release release probability

Month No. % No. % No. % (%)

January 32 (7.7) 27 (7.4) 5 (9.4) 15.6
February 32 (7.7) 29 (8.0) 3 (5.7) 9.4
March 26 (6.3) 20 (5.5) 6 (11.3) 23.1
April 38 (9.1) 32 (8.8) 6 (11.3) 15.8
May 30 (7.2) 26 (7.2) 4 (7.5) 13.3
June 41 (9.9) 36 (9.9) 5 (9.4) 12.2
July 39 (9.4) 32 (8.8) 7 (13.2) 17.9
August 36 (8.7) 31 (8.5) 5 (9.4) 13.9
September 30 (7.2) 30 (8.3) 0 (0.0) 0.0
October 43 (10.3) 38 (10.5) 5 (9.4) 11.6
November 37 (8.9) 31 (8.5) 6 (11.3) 16.2
December 32 (7.7) 31 (8.5) 1 (1.9) 3.1

TOTAL 416 363 53 12.7

Table 58. Distribution of police-reported hazmat accidents in
Missouri by day of week, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Day of Combined release release probability
week No. % No. % No. % (%)

Monday 64 (15.4) 54 (14.9) 10 (18.9) 15.6
Tuesday 67 (16.1) 60 (16.5) 7 (13.2) 10.4
Wednesday 77 (18.5) 67 (18.5) 10 (18.9) 13.0
Thursday 53 (12.7) 47 (12.9) 6 (11.3) 11.3
Friday 81 (19.5) 70 (19.3) 11 (20.8) 13.6
Saturday 41 (9.9) 35 (9.6) 6 (11.3) 14.6
Sunday 33 (7.9) 30 (8.3) 3 (5.7) 9.1

TOTAL 416 363 53 12.7
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Table 59. Distribution of police-reported hazmat accidents in
Missouri by time of day, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Time of Combined release release probability

day No. % No. % No. % (%)

0100-0300 29 (7.0) 24 (6.6) 5 (9.6) 17.2
0400-0600 21 (5.1) 14 (3.9) 7 (13.5) 33.3
0700-0900 60 (14.5) 53 (14.7) 7 (13.5) 11.7
1000-1200 88 (21.3) 79 (21.9) 9 (17.3) 10.2
1300-1500 86 (20.8) 74 (20.5) 12 (23.1) 14.0
1600-1800 74 (17.9) 71 (19.7) 3 (5.8) 4.1
1900-2100 27 (6.5) 23 (6.4) 4 (7.7) 14.8
2200-2400 28 (6.8) 23 (6.4) 5 (9.6) 17.9

TOTAL 413 361 52 12.6

Table 60. Distribution of police-reported hazmat accidents in
Missouri by light condition, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Li.ght Combined release release probability

condition No. % No. % No. % (%)

Dayl ight 310 (74.7) 277 (76.5) 33 (62.3) 10.6
Dark -- lighted 41 (9.9) 38 (10.5) 3 (5.7) 7.3
Dark -- not lighted 64 (15.4) 47 (13.0) 17 (32.1) 26.6

TOTAL 415 362 53 12.8
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Table 61. Distribution of police-reported hazmat accidents in
Missouri by cargo type, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat
Type of Combined release release Release

hazardous cargo No. % No. % No. % probability (%)

Gases in bulk 138 (33.2) 128 (35.3) 10 (18.9) 7.2
Solids in bulk 77 (18.5) 70 (19.3) 7 (13.2) 9.1
Liquids in bulk 187 (45.0) 152 (41. 9) 35 (66.0) 18.7
Explosives 14 (3.4) 13 (3.6) 1 (1.9) 7.1

TOTAL 416 363 53 12.7

The classes of hazardous material used in Missouri account for explosives and
bulk shipments of gases, solids, and liquids but do not include an equivalent
of the ngeneral freight n or nothern categories used by FHWA which could be
used to represent packaged materials. This may explain the particularly high
percentage of nsolids in bulk n in the Missouri data which could be used by
police officers as a catch-all for packaged materials. The FHWA data show
that accidents involving solids in bulk are particularly likely to result in a
hazmat release, while those involving general freight are not. Because these
two types of accidents may be mixed together, the data for the nsolids in
bulk n category in table 61 are not considered reliable.

In contrast, the data in table 61 for liquids in bulk are in
very close agreement with the data in table 42 with respect to both the over­
all percentage of hazmat accidents involving liquids in bulk and the percent­
age of accidents in which liquids in bulk are released. The data in table 61
indicate that liquid tank trucks are more likely than other truck types to
experience hazmat release if an accident occurs.

d. Highway factors: This section presents distributions of
the Missouri accident data by highway factors including highway type, area
type, speed limit, relationship to junction, horizontal and vertical align­
ment, and road surface condition.

(1) Highway and area type: There is no variable avail­
able for the Missouri accident data that explicitly identifies the type of
highway (number of lanes, divided/undivided, freeway/nonfreeway) on which each
accident occurred. The highway class is a useful surrogate for highway
type. Table 62 presents the distribution of the Missouri hazmat accident data
by highway class.
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Table 62. Distribution of police-reported hazmat accidents in
Missouri by highway glass, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat
Combined release release Release

Highway class No. % No. % No. % probability (%)

Interstate 96 (23.1) 82 (22.6) 14 (26.4) 14.6
U.S. or State 145 (34.9) 121 (33.3) 24 (45.3) 16.6

route
Supplementary or 55 (13.2) 46 (12.7) 9 (17.0) 16.4

county road
City street 118 (28.4) 113 (31.1) 5 (9.4) 4.2
Other 2 (0.5) 1 (0.3) 1 (1.9) 50.0

TOTAL 416 363 53 12.7

Interstate highways consist exclusively of divided free­
ways. The U.S. and State routes in Missouri are primarily rural two-lane
highways, but also include urban highways, multilane highways, and non­
Interstate freeways. The supplementary roads (lettered routes) and county
roads in Missouri together constitute what could be the rural county road sys­
tem in most States. The category for city streets consists exclusively of
municipal streets under local maintenance.

Table 62 indicates that all of the highway classes
- described above experience a substantial proportion of hazmat accidents. The

probability of a hazmat release given an accident is lowest on city streets~

Table 63 confirms the importance of area type (urban/
rural) in predicting the probability of a hazmat release. There are nearly ­
equal numbers of accidents in urban and rural areas in Missouri, but rural
accidents are approximately three times as likely to result in a hazmat
release. The greater likelihood of a hazmat release in rural accidents
undOUbtedly results from the higher speeds involved (and, thus. the higher
forces generated in accident situations). but could also relate to the types
of accidents that occur, the types of cargos transported. and the types of
trucks used.

Similar findings are also evident in table 64. which pre­
sents the distribution of hazmat accidents in Missouri by speed limit. The
table demonstrates that the probability of a hazmat release given an accident
is highest on highways with speed limits of 45 mi/h (72 km/h) or more.
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Table 63. Distribution of police-reported hazmat accidents in
Missouri by area type, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat
Combined release release Release

Area type No. % No. % No. % probability (%)

Urban 210 (50.5) 197 (54.3) 13 (24.5) 6.2
Rural 206 (49.5) 166 (45.7) 40 (75.5) 19.4

TOTAL 416 363 53 12.7

Table 64. Distribution of police-reported hazmat accidents in
Missouri by speed limit, 1985-1986

Accidents involving
hazmat-carrying vehicles

No Hazmat
Speed limit Combined release release Release

(mi/h) No. % No. % No. % probability (%)

25 or less 60 (14.7) 59 (16.5) 1 (1.9) 1.7
30 35 (8.6) 32 (9.0) 3 (5.8) 8.6
35 65 (15.9) 59 (16.5) 6 (l1.5) 9.2
40 26 (6.4) 24 (6.7) 2 (3.8) 7.7
45 21 (5.1) 17 (4.8) 4 (7.7) 19.0
50 2 (0.5) 2 (0.6) 0 (O.O) 0.0
55 200 (48.9) 164 (45.9) 36 (69.2) 18.0

TOTAL 409 357 52 12.7

Note: All data are prior to increase of Interstate highway speed limit to
65 mi/h for passenger cars and 60 mi/h for trucks in May 1987.

(2) Relationship to intersecting facilities: Table 65
presents the distribution of the Missouri hazmat accidents by relationship to
intersecting facilities. The table indicates similar percentages of inter­
section and railroad grade crossing accidents to those in the nationwide FHWA
data (see table 44). Table 65 also confirms that intersection accidents are
much less likely than other types of accidents to result in a hazmat
release. None of the railroad grade crossing accidents in Missouri resulted
in a hazmat release, but the sample size (five accidents) is very small and
the FHWA data in table 44 are considered more reliable in this respect. Acci­
dents on freeways ramps are not identified separately in the Missouri data.
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Table 65. Distribution of police-reported hazmat accidents in Missouri
by relationship to intersecting facility, 1985-1986

Accidents involving
hazmat-carrying vehicles

Relationship to No Hazmat
intersecting Combined release release Release

facility No. % No. % No. % probability (%)

None 367 (88.2) 316 (87.1) 51 (96.2) 13.9
Intersection 44 (10.6) 42 (11.6) 2 (3.8) 4.5
Railroad grade 5 (1.2) 5 (1.4) a (0.0) 0.0

TOTAL 416 363 53 12.7

(3) Alignment: The distribution of Missouri accidents by
horizontal and vertical alignment is presented in tables 66 and 67, respec­
tively. Table 66 shows that the probability of a hazmat release is nearly
twice as high on horizontal curves as on tangent sections of highway. Simi­
larly, the probability of a hazmat release if an accident occurs, presented in
table 67 is higher on grades than on level highway sections, and is highest at
hillcrests.

(4) Road surface condition: The distribution of hazmat
accidents in Missouri by road surface condition (dry/wet/ice and snow), pre­
sented in table 68, is very similar to the nationwide distribution in
table 45. The Missouri data suggest that, given an accident, hazmat releases
are more likely under wet pavement than under dry pavement conditions, while
the nationwide data imply the opposite conclusion. However, the sample size
of accidents in Missouri is too small for this finding to be statistically
significant.

e. Vehicle and operational factors: The final set of tables
obtained from the Missouri accident data pertain to vehicle and operational
factors, including accident type and truck configuration.

(1) Accident type: Table 69 presents the overall dis­
tribution of accident types for hazmat accidents in Missouri. The data for
multiple-vehicle collisions are also broken down by manner of collision (head­
on/rear-end/etc.). As in the nationwide FHWA data (see table 46), the pre­
dominant accident types are overturning accidents, fixed object collisions,
and mUltiple-vehicle collisions. The sample size for the Missouri accident
analysis is smaller and, thUS, more subject to variation than in the nation­
wide data; however, the same patterns are evident. Overturning and other
types of noncollision accidents are most likely to result in a hazmat release
while multiple-vehicle collisions are least likely.
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Table 66. Distribution of police-reported hazmat accidents in
Missouri by horizontal alignment, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Horizontal Combined release release probability
alignment No. % No. % No. % (%)

Straight 339 (82.3) 302 (83.7) 37 (72.5) 10.9
Curve 73 (17.7) 59 (16.3) 14 (27.5) 19.2

TOTAL 412 361 51 12.4

Table 67. Distribution of police-reported hazmat accidents in
Missouri by vertical alignment, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Vertical Combined release release probability
alignment No. % No. % No. % (%)

Level 264 (64.5) 234 (65.5) 30 (57.7) 11.4
Hi 11 129 (31. 5) 110 (30.8) 19 (36.5) 14.7
Crest 16 (3.9) 13 (3.6) 3 (5.8) 18.8

TOTAL 409 357 52 12.7

Table 68. Distribution of police-reported hazmat accidents in
Missouri by road surface condition, 1985-1986.

Accidents involving
hazmat-carrying vehicles

Road No Hazmat Release
surface Combined release release probability

condition No. % No. % No. % (%)

Dry 296 (71. 5) 260 (71.8) 36 (69.2) 12.2
Wet 85 (20.5) 72 (19.9) 13 (25.0) 15.3
Ice &snow 33 (8.0) 30 (8.3) 3 (5.8) 9.1

TOTALS 14 362 52 12.6

137



Table 69. Distribution of police-reported hazmat accidents in
Missouri by accident type and manner of collision, 1985-1986

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Accident type and Combined release release probability

manner of collision No. % No. % No. % (%)

SINGLE-VEHICLE ACCIDENTS

Nonco11ision accidents
Overturn 51 (12.3) 28 (7.7) 23 (45.1) 45.1
Other 11 (2.6) 5 (1.4) 6 (11.8) 54.5

Collision accidents
Collision with fixed 61 (14.7) 49 (13.4) 12 (23.5) 19.7

object
Collision with other 3 (0.7) 2 (0.5) 1 (2.0) 33.3

obejct
Collision with parked 23 (5.5) 22 (6.0) 1 (2.0) 4.3

vehicle
Collision with non- 10 (2.4) 10 (2.7) 0 (O.O) 0.0
motorist

Collision with train 5 (1.2) 5 (1.4) 0 (0.0) 0.0

MULTIPLE-VEHICLE ACCIDENTS

Head-on collision 12 (2.9) 11 (3.0) 1 (2.0) 8.3
Rear-end collision 67 (16.1) 66 (18.1) 1 (2.0) 1.5
Sideswipe -- meeting 11 (2.6) 11 (3.0) 0 (O.O) 0.0
Sideswipe -- passing 55 (13.2) 55 (15.1) 0 (0.0) 0.0
Angle co·ll ision 67 (16.1) 64 (17.5) 3 (5.9) 4.5
Other collision 40 (9.6) 37 (10.1) 3 (5.9) 7.5

TOTAL 416 365 51 12.3
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Similar conclusions are evident in the accident type distributions presented
in tables 70 and 71 for single-unit trucks and single-trailer combination
trucks, respectively. A separate table for double-trailer combination trucks
is not presented, because the data are too sparse to be meaningful.

(2) Truck configuration: The overall distribution of
Missouri hazmat accidents by truck configuration is presented in table 72.
This table is in good agreement with the nationwide FHWA data in table 47,
indicating that accidents involving single-trailer combination trucks are more
likely to result in a hazmat release than single unit trucks. The sample size
for double-trailer combination trucks in table 72 is too small to be
meaningful.

f. Consequences of accidents: The consequences of the
Missouri hazmat accidents are summarized in table 73. As in the nationwide
FHWA data, accidents involving a hazmat release tend to involve more deaths
and injuries than accidents that do not involve a release. Table 74 indicates
clearly that hazmat releases are most likely in fatal accidents and least
likely in property-damage~only.accidents.

C. Analysis of Exposure Data

This section of the report presents the analysis of th~ exposure
data available from the 1982 Truck Inventory and Use Survey (TIUS) conducted
by the Bureau of the Census.l~ This survey is conducted every 5 years based
on a random sample of trucks selected from State registration.records. Truck
owners are sent a survey questionnaire to be completed describing the char­
acteristics and usage of that particular truck. The results are entered into
a computer data base including appropriate expansion factors for use in making
statewide and national estimates from the same data.

The TIUS is virtually the only form of exposure data available at
the national level that addresses hazmat transportation by highway. The
tables shown below illustrate the type of exposure estimates that can be
developed from the TIUS. Tables 75 through 78 present the results obtained
from analysis of the 1982 TIUS data.

Table 75 presents TIUS estimates of the entire U.S. truck population
and the portion of those trucks used in hazmat transportation. The table
shows the estimated number of trucks in each category and the estimated annual
vehicle-miles of travel by those trucks. The estimated vehicle-miles of
travel for hazmat-carrying trucks include all travel by those trucks, even if
they carry hazardous materials only part of the time. It should be kept in
mind that the 1982 TIUS was performed prior to the passage of the 1982 Surface
Transportation Assistance Act (STAA), which has markedly increased the number
of double-trailer combination trucks in use in the United States.
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Table 70. Distribution of police-reported hazmat accidents in
Missouri by accident type and manner of collision

for single-unit trucks, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Accident type and Combined release release probability

manner of collision No. % No. % No. % (%)

SINGLE-VEHICLE ACCIDENTS

Nonco11ision accidents
Overturn 17 (10.4) 10 (6.8) 7 (46.7) 41.2
Other 5 (3.1) 2 (1.4) 3 (20.0) 60.0

Collision accidents
Collision with fixed 21 (12.9) 19 (12.8) 2 (13.3) 9.5

object
Collision with other 1 (0.6) 1 (0.7) 0 (0.0) 0.0

object
Collision with parked 15 (9.2) 15 (10.1 ) 0 (0.0) 0.0

vehicle"
Collision with non- 2 (1.2) 2 (1.4) 0 (0.0) 0.0

motorist
Collision with train 1 (0.6) 1 (0.7) 0 (0.0) 0.0

MULTIPLE-VEHICLE ACCIDENTS

Head-on collision 7 (4.3) 6 (4.1) 1 (6.7) 14.3
Rear-end collision 27 (16.6) 26 (17.6) 1 (6.7) 3.7
Sideswipe -- meeting 2 (1.2) 2 (1.4) 0 (0.0) 0.0
Sideswipe -- passing 11 (6.7~ 11 (7.4) 0 (0.0) 0.0
Angle coll ision 36 (22.1 36 (24.3) 0 (0.0) 0.0
Other co11 i sion 18 (11.0) 17 (11.5) 1 (6.7) 5.6

TOTAL 163 148 15 9.2
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Table 71. Distribution of police-reported hazmat accidents in
Missouri by accident type and manner of collision for

single-trailer combination trucks, 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Accident type and Combined release release probability

manner of collision No. % No. % No. % (%)

SINGLE-VEHICLE ACCIDENTS

Noncollision accidents
Overturn 30 (13.4) 14 (7.5) 16 (43.2) 53.3
Other 6 (2.7) 3 (1.6) 3 ( 8.1) 50.0

Collision -accidents
Collision with fixed 34 (15.2) 25 (13.4) 9 (24.3) 26.5

object
Collis10n with other 2 (0.9) 1 (0.5) 1 (2.7) 50.0

object
-Collision with parked 7 (3.1) 6 (3.2) 1 (2.7) 14.3

vehicle
Collision with non- 8 (3.6) 8 (4.3) 0 (0.0) 0.0

motorist
Collision with train 0 (0.0) 0 (0.0) 0 (0.0)

MULTIPLE-VEHICLE ACCIDENTS

Head-on collision 4 (1.8) 4 (2.1) 0 (0.0) 0.0
Rear-end collision 36 (16.1) 34 (18.2) 2 (5.4) 5.6
Sideswipe -- meeting 8 (3.6) 8 (4.3) 0 (0.0) 0.0
Sideswipe -- passing 42 (18.8) 42 (22.5) 0 (0.0) 0.0
Ang 1e co11 i sion 28 (12.5) 25 (13.4) 3 (8.1) 10.7
Other collision 19 ( 8.5) 17 (9.1) 2 (5.4) 10.5

TOTAL 224 187 37 16.5
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Table 72. Distribution of police-reported hazmat accidents in
Missouri by vehicle type and truck configuration. 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat Release
Vehicle type and truck Combined release release probability

configuration No. % No. % No. % (%)

Single-unit truck 163 (39.2) 148 (40.8) 15 (28.3) 9.2
Single-trailer combina- 224 (53.8) 187 (51.5) 37 (69.8) 16.5

tion truck
Double-trailer com- 14 (3.4) 14 (3.9) 0 (0.0) 0.0

bination truck
Nontruck 15 (3.6) 14 (3.9) 1 (1.9) 6.7

TOTAL 416 363 53 12.7

Table 73. Summary of consequences of police-reported
hazmat accidents in Missouri. 1985-1986.

Accidents involving
hazmat-carrying vehicles

No Hazmat
Total Release Release

No. of accidents 416 363 53

No. of deaths 15 9 6

Deaths per accident 0.036 0.025 0.113

No. of injuries 181 144 37

Injuries per accident 0.44 0.40 0.70
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Table 75 illustrates that the vast majority of trucks are, and truck
travel in the United States is by, single-unit trucks. However, most of the
travel by single-unit trucks is in local pick-up-and-delivery operations and
on relatively short trips. Single-trailer combination trucks represent only
3 percent of registered trucks, but accumulate over 12 percent of annual vehi­
cle-miles by trucks. Only a very small portion of truck travel is by truck
types other than single-unit trucks and single-trailer combinations.

Single-unit trucks constitute the majority of trucks used at least
part of the time in hazmat transportation. However, yable 75 indicates that
over 68 percent of annual vehicle-miles for hazmat-carrying trucks are
traveled by single-trailer combination trucks. Single-unit trucks constitute
24 percent and double-trailer combinations constitute 4 percent of travel by
hazmat-carrying trucks.

Table 76 presents a similar breakdown of trucks and truck travel by
cargo area configuration for single-trailer combination trucks. The majority
of the trucks in both the general truck population and the hazmat-carrying
truck population have enclosed van semitrailers. Vans constitute 65 percent
of travel by hazmat-carrying trucks. liquid or gas tankers constitute 26 per­
cent of travel by hazmat-carrying trucks and flatbeds constitute 7 percent.

Table 77 presents comparable data on the distribution of cargo area
configurations for double-trailer combination trucks. The table shows that
van trailers are even more predominant among double-trailer combination trucks
than among single-trailer combination trucks. Double tankers for liquids,
which have been reported in some States to have safety problems, constitute
only 6 percent of travel by hazmat-carrying doubles, and only 0.3 percent of
travel by all types of hazmat-carrying trucks.

Table 78 presents the distribution of trucks and vehicle-miles of
travel by the percentage of time carrying hazardous materials. The table
shows that only about 17 percent of hazmat-carrying trucks carry hazardous
materials nearly all of the time. In fact, the majority of hazmat-carrying
trucks and vehicle-miles are by trucks that carry hazardous materials less
than 25 percent of the time.

Other available data in the 1982 TIUS allow trucks and truck travel
to be broken down by State of registration, carrier type, and principal
product carried. However. the TIUS data cannot be disaggregated by any of the
highway characteristics of direct interest to highway agencies.
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VI. RISK ASSESSMENT AND ROUTING

This section of the report discusses the risk assessment and routing
methods appropriate for highway transportation of hazardous materials. First.
existing risk assessment models and routing methods are reviewed. Then. a
detailed critique of the FHWA routing guidelines for hazardous materials is
presented together with recommendations for revising these guidelines.

A. Existing Risk Assessment Models and Routing Methods

The following discussion describes the existing risk assessment mod­
els and routing methods applicable to highway transportation of hazardous
materials. Risk assessment models are used to quantify the potential risk to
population or property of transporting hazardous materials over particular
routes. Routing methods are techniques for using risk assessment results to
compare alternative routes for hazmat shipments.

First. the general types of risk assessment models that have been
developed are identified. Then. four specific routing methods for highway
shipments of hazardous materials are reviewed. Finally. several examples of
routing studies using these methods are presented.

1. Types of Risk Assessment Models

A classification of risk assessment models was developed by Rowe in
NCHRP Synthesis of Highway Practice 103. "Risk Assessment Processes for Haz­
ardous Materials Transportation." 96 Risk assessment models are classified
into four types including: enumerative indices; regression models; network
and distribution models; and probabilistic models. Each of the four types of
risk assessment models is reviewed below. The examples of each type of risk
assessment model cited below include all transportation modes and are not
limited to just the highway mode.

a. Enumerative indices: Enumerative indices are risk assess­
ment models based on a rating or scoring scheme. Two examples of enumerative
index models are the Garbor and Griffith model and the Kansas State University
(KSU) model. 37 ' 97

The Garbor and Griffith model is based on counts of the number
of chemical plants, storage facilities. and their proximity to population and
transportation facilities. The KSU model uses prepared tables to convert
traffic counts, route mileage. placard counts. and form"of threat. to indices
used to classify risks as low. medium. or high. The same type of index is
generated for a community's emergency response preparedness. referred to as a
"vulnerability" index. The KSU model is reviewed in greater detail later in
this section of the report.

The limitation of models based on enumerative indices is that
they lack precision. High risk situations may be masked in the aggregation
process. However, from a small community's perspective. they are easy to use.
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in terms of data acquisition and computational requirements. They can provide
an excellent review of a community1s average vulnerability, but they do not
help to identify particular locations or situations of unusually high risk nor
specific means to reduce these risks. Their greatest value may be to promote
greater community awareness through the process of applying the model.

b. Regression models: Regression models use measurable
parameters such as average daily traffic, number of heavy volume intersec­
tions, number of signals, type of road or railroad, and road or railroad con­
dition as independent variables. These independent variables are then related
to accident probabilities per million vehicle-miles, usually for a specific
vehicle type, as the dependent variable.

Regression models are usually route-specific, since the data
available are for specific routes. A good example of a regression model is
the FHWA or Urbanek model, which was developed specifically for use in routing
decisions.10'9~'116 The accident probabilities determined from regression
models are usually multiplied by a consequence estimate, typically represent­
ing the nature and extent of the population at risk.

The equations used to predict accident probabilities in regres­
sion models contain parameters whose values are set on the basis of previous
research or the jUdgment of the model developer. The values of the variables
in the regression model are based on actual site-specific data gathered by the
model user. A weakness of regression models is that neither the model devel­
oper nor the model user typically has access to enough historical data on low­
probability, high-consequence events to obtain a reliable model.

Regression models are more suited to choosing between alterna­
tive routes than to providing a community with the overall risk or even the
specific risk problems of a specific route.

c. Network and distribution models: Network and distribution
models are intended to choose routes based on specific criteria (e.g., minimum
risk) through a network of routes that is usually national or regional in
scope. These models use historical data, national average data, or site­
specific data as the basis for estimating accident rates for specific links.
Some models of this type use population density as a consequence measure.~1'59

Because these models generally use national data bases, they
primarily assess either national or regional transportation risks for a given
mode of transport, or a given commodity class. One such distribution model
uses a shortest path algorithm with weights for each link in the transporta­
tion network based on the product of accident probability and accident
consequence. 120 In this respect, this model is similar to the probabilistic
risk assessment models discussed below.

d. Probabilistic risk assessment models: Probabilistic risk
assessment models are based on the conditional probability of an accident and
the magnitude of its consequences as the two principal components. Models of
this type differ in: (1) how they combine parameters or sets of parameters
into the two components to arrive at the risk estimate; (2) the level of
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detail required for data acquisition; and (3) the methods used to acquire data
and/or estimate the model parameters.

Several different definitions of risk have been used. The
National Academy of Sciences panel on risk analysis and hazard evaluation used
the conditional probability of an accident resulting in loss as its definition
of risk. 72 Several other models all use an expected value of risk, defined as
the product of the conditional accident probability and the estimated magni­
tude of consequences.~6'55'68'120

Probabilistic risk assessment models also differ in the level
of detail in the required data. Some models start with the shipment of a par­
ticular material by a specified mode over a specified route or distance. The
expected risk for each case is found by developing estimates of the likelihood
of an accident and the magnitude of consequences. Each individual expected
risk is then aggregated over all paths, modes, vehicle types, cargos, etc., to
obtain an estimate of absolute expected risk. The models in references 7 and
87 are examples of this type. NCHRP Synthesis of Highway Practice 103
classifies this approach as a "bottom-up,11 since analysis starts with data at
the finest level of detail available, and the data must be relatively com­
p1ete. 96 By contrast, the II top-down" approach starts with aggregated data and
attempts to break down the estimates to the finest level of detail permitted
by the available data.

Some models use fault-tree analysis to develop probabi1i­
ties.~6'68 Others use average accident rates by mode and vehicle type.
Dispersion models for population exposure and simulations to determine spill
behavior are two of many approaches that have been tried to estimate accident
consequences. 38

2. Kansas State University Model

One of the earlier risk assessment models for hazmat transportation
in the United States is the KSU mode1. 97 This model is used to determine the
average risk of hazmat incidents and average vulnerability (lack of emergency
response preparedness) for a community as a whole. Community risk and vulner­
ability are rated on an ordinal scale as low, medium, or high. The KSU model
is intended primarily for communities with populations under 50,000.

The KSU model is applied in a series of 14 steps; the first 11 steps
constitute the risk assessment and the last three steps constitute the evalu­
ation of community preparedness and the selection of an emergency response
plan. The authors provide detailed guidance, with tables and forms, for car­
rying out the analysis. This guidance is provided in a userls manual present­
ing the step-by-step process so that local officials need no technical exper­
tise to apply the model. 98

In applying the KSU model, the user develops values for two major
components: a risk factor and a consequence factor. The risk factor takes
into account the quantities and types of hazardous materials flowing through
the community. A Twelve-Hour Average Density (THAD) subfactor is determined
from placard counts of hazmat carrying vehicles and route mileages. The types
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of hazardous materials shipped are considered in a subfactor called the Aver­
age Form of Threat (AFT); this factor is based upon an adjusted placard count
which gives additional weight to large bulk shipments, exceptionally hazardous
materials (e.g., explosives), and "triple threat" materials (e.g., materials
that could result in fires, explosions, and toxic releases). The risk factor
is determined by entering a table with both a THAD value and an AFT value.

The consequence factor in the KSU model is based on four surrogate
measures for the potential extent of consequences. These are the environment
subfactor; the population-density sUbfactor; the property subfactor; and the
manufacturing and storage subfactor. These four subfactors are additive and
consider consequences with 0.5 mi (0.8 km) on either side of 1.0-mi (1.6 km)
route segments for all transportation modes present in the community (highway,
rail, air, and water).

The 14 steps in application of the KSU model are:

Step 1. Obtain Maps and Available Photographs -- Obtain community
maps that can identify all forms of transportation and storage of hazardous
materials. Topographical maps, for example, are important for accident miti­
gation after the fact.

Step 2. Conduct a Manufacturing and Storage Establishment Survey
Identify all source and repositories of hazardous materials within the com­
munity.

Step 3. Obtain Traffic Data on Pipelines, Barges, Air, and Rail
Acquire traffic count data.

Step 4. Plot I-Mile Route Segment Corridors -- Use maps to plot
impact corridors 0.5 mi (0.8 km) on either side of routes for all transporta­
tion modes.

Step 5. Plot Manufacturing and Storage Data -- Add source and stor­
age data to the maps.

Step 6. Conduct Hazmat Traffic Surveys -- Conduct traffic surveys
where data are not otherwise available, particularly for highways.

Jtep 7. Determine Risk Subfactors -- Determine 12-hr average den­
sity (THAD of traffic based on traffic counts and route lengths, and adjust
for hazmat placard counts, hazmat shipment quantities (based on vehicle
types), and hazard class, using tables provided with the model.

Step 8. Determine Risk Factor -- Convert step 7 to a risk factor,
using table provided with the model.

Step 9. Determine Consequence Subfactors -- Obtain data on surro­
gate measures for hazmat incident consequences including environmental condi­
tions, population densities, exposed property, and manufacturing and storage
facilities.

150



Step 10. Determine Consequence Factor -- Sum the four subfactor
values of step 9.

Step 11. Determine Risk Index -- Use the values of the risk and
consequence factors to determine a risk index. Express the risk index to a
high. medium. or low risk level.

Steps 12-14. Evaluate emergency response capability to determine
the estimated degree of community vulnerability.

The KSU approach is limited by the resources available to carry out
the total process and the possible lack of sensitivity to specific problem
areas. However. the model does provide a community with a reasonable overview
of its vulnerability to risk. If this vulnerability is high. then further
studies should be conducted. The use of the model has been demonstrated
through application to several small communities.~7

NCHRP Synthesis of Highway Practice 103 has proposed a simplified
approach to hazmat risk assessment based on a modification of the KSU
model. 96 This approach, referred to as a "scoping analysis," is intended as a
quick method to determine whether a community has an overall problem related
to hazmat transportation and to identify specific high-risk situations. The
scoping analysis considers only three key commodities: gasoline. chlorine,
and anhydrous ammonia. These three products are transported in and through
most communities and have historically been involved in more than 50 percent
of all multiple-fatality accidents involVing hazardous materials.

In contrast. another recent study by the Association of Bay Area
Governments (ABAG) in metropolitan San Francisco has developed a modified ver­
sion of the KSU model that, with data at a greater level of detail, can be
used for hazmat routing analyses. 53 The ABAG approach is reviewed below.

3. FHWA Guidelines for Hazmat Routing

The FHWA publication, "Guidelines for Applying Criteria to Designate
Routes for Transporting Hazardous Materials." presents the most widely used
risk assessment procedure for highway transportation of hazardous mate­
rials. 10 The overall procedure in the guide determining appropriate routes
for hazmat shipments is referred to as the FHWA routing method. The key ele­
ment of this method is a risk assessment model known to many users as the
"Urbanek model." These guidelines have been reissued in 1989 in revised form
by RSPA.9~

a. Overview of the FHWA routing method: Figure 17 illus­
trates the structure of the FHWA routing method. Prior to the application of
the risk assessment model, the alternative routes under consideration are
evaluated with respect to two types of mandatory factors: physical factors
and legal factors. The physical factors considered are those that might make
a particular alternative route infeasible, such as weight restrictions on
bridges or height restrictions at underpasses. Other physical constraints
might include inadequate shoulders for breakdowns, extensive construction
activities, or inadequate parking and turning spaces. Legal factors that
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could limit the feasibility of a particular alternative route include laws and
regulations that prohibit trucks or hazardous materials on specific roadways,
bridges, tunnels, or toll roads. Any alternative route that is found to be
infeasible due to physical or legal factors can be eliminated from
consideration at this point.

The next step in the FHWA routing method is to conduct a quan­
titative evaluation of the alternative routes using the risk assessment model,
which is discussed in the next section of this report. The output of this
analysis is a risk estimate for each alternative route.

The final step in the FHWA routing method is to consider sub­
jective factors that cannot be easily quantified but may increase the conse­
quences of a hazmat release on one route relative to another. The sUbjective
factors most frequently considered are:

• Special populations, such as schools or hospitals, that would
be particularly difficult to evacuate in the event of a haz­
mat release.

• Special land uses, such as watersheds, reservoirs, and other
ecologically sensitive areas that would be damaged by a haz­
mat release.

• Emergency response capabilities, including the location, man­
power, and training level of emergency response teams.

The consideration of these factors is optional, and no specific procedures for
their consideration are provided in the guide.

The final choice of the safest feasible route for hazmat ship­
ments is based on the quantitative results of the risk assessment and the
evaluation of the subjective factors.

b. Overview of the FHWA risk assessment model: The FHWA risk
assessment model is intended to compare the risks involved in hazmat transpor­
tation by highway on two or more selected alternative routes. In many cases,
the alternative routes are not homogeneous in highway type, traffic volume,
population density, or level of development; therefore, it is usually neces­
sary to divide each alternative route into segments that are relatively homo­
geneous. The total risk for a route is then determined as the sum of the
calculated risks for all segments of that route.

There are three steps in the determination of risk using the
model. These are:

• Determine accident probability.

• Determine accident consequence.

• Calculate risk.
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Each of these steps is described below.

(1) Determine accident probability: The probability of a
hazmat"accident is computed in the risk assessment model from the following
equation:

AR i

where:

P(A)i = AR i x li x FHZ

P(A)i = probability of a hazardous materials accident for route
segment i

= accident rate per veh-mi for all vehicle types on route
segment i

li = length (mi) for route segment i

FHZ = fraction of all accidents that involve a hazmat release

(2)

The first term in equation (2) is the accident rate per
vehicle-mile (AR;) for the route segment in question. Since hazardous mate­
rials release rates are not generally available for specific route segments
and truck accident rates were thought to be similarly unavailable, the risk
assessment model is based on the general accident rate for all vehicle types.

The FHWA guide urges the use of actual accident histories
for the route segments in question, whenever possible. Accident predictive
models are provided for use when actual accident data are not available.
Accident predictive equations from published literature are provided for three
highway types: freeways; two-lane highways; and urban arterials. 70 'lo7 A
number of alternative predictive models were reviewed before making the choice
to use these particular models. 116

The second term in equation (2) is the length of the route
segment (li). length is considered in the determination of accident probabil­
ity because it is a direct measure of the exposure of vehicles to the risk of
accidents. For example, if one alternative route is twice as long as another,
a vehicle traveling the longer route has twice the risk of an accident due to
the difference in length alone, even if the accident rates of the two segments
are the same.

The third and final term in equation (2) is the fraction
of all accidents that involve a hazmat release (FHZ). This fraction was esti­
mated by Urbanek and Barber from available data. 116 They examined 4.5 years
of hazmat incident data from the DOT Research and Special Programs Administra­
tion (RSPA) and found a total of 2,104 hazmat releases due to the traffic
accidents. They also estimated that there were 93,200,000 traffic accidents
in the United States during the same period. Thus, the fraction of traffic
accidents involving a hazmat release was estimated as:
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2,104 -5
93,200,000 =2.3 x 10

A worksheet for performing the calculation of accident probability is provided
in the FHWA guide. 10

(2) Determine accident conseguences~ The risk assessment
model considers two types of consequences from an accident involving a release
of hazardous materials. These are personal injury consequences and property
damage consequences. Both of these consequences are compared between routes
based on the population potentially exposed and the value of the property
potentially exposed to a hazmat release.

The model assumes that the personal injury consequences of
a hazmat release are proportional to the population potentially exposed to the
release. The population potentially exposed to a release may be estimated on
the basis of residential population, employment, motorists, or a combination
of the three. The application of the model to residential populations is
illustrated in the guide. The four steps in evaluation of exposed residential
population are:

• Delineate the potential impact zone on census tract maps that
include the area around the route segment in question. The
extent of the potential impact zones for various classes of
hazardous materials is based on the impact distances shown in
table 79, which is presented in the updated form used in the
revised guidelines recently issued by RSPA.94

• Determine what proportion of each census tract is located
within the impact zone.

• Multiply the census tract population by the proportion of the
census tract within the impact zone.

• Sum the exposed populations for all census tracts along the
route segment.

A worksheet for performing these calculations is provided in the FHWA guide.
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Table 79. Potential impact distances for various classes of
hazardous materials.9~

Hazardous materials class Impact distance

Combustible Liquid (CL) 0.5 mi all directions

Flammable Liquid (FL) 0.5 mi all directions

Flammable Solid (FS) 0.5 mi all directions

Oxidizer (OXI) 0.8 mi all directions

Nonflanunable Gas (NFG) 1.0 mi all directions

Flanunable Gas (FG) 0.5 mi all directions

Poison (POI) 1.0 mi all directions

Corrosive (COR) 1.0 mi all directions

Explosives (EXP) 0.5 mi all directions

A similar approach is used for the assessment of property
damage consequences, which is considered to be an optional component of the
risk assessment model. The property.damage consequences of a hazmat release
are assumed to be proportional to the value of the property adjacent to the
route segment in question. (It should be noted that the model considers only
property adjacent to the roadway, not property within the entire impact zone
for population risks defined above.) Five land-use types are considered by
the model: high-density residential; medium-density residential; low-density
residential; commercial; and industrial. The steps in the assessment of the
value of property exposed to a hazmat release are as follows:

• Determine lineal frontage for each land-use type.

• Estimate dollar value per linear foot for each land-use type.

• Multiply lineal frontage of each land-use type by the asso­
ciated value per lineal foot, and sum across all land-use
types for each route segment.

• Add the value of roadway structures owned by the highway
agency on the route segment.

A worksheet for assessing the value of property exposed to a hazmat release is
also provided in the FHWA guide.
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where:

(3) Calculate risks: Risk is calculated in the Urbanek
model as the product of the probability of a hazmat accident and the popula­
tion or property damage consequences of an accident. Thus, in general:

Risk = Probability x Consequences (3)

The population risk is computed in the Urbanek model as:

RPOP i = P(A)i x POP i (4)

= population risk along route segment i

= number of persons within the specified impact zone width
exposed to a hazardous materials release along route
segment i

The property damage risk is computed in the Urbanek model as:

(5)

where: PV i = total property value along route segment i

The total population risk or total property damage risk
for each alternative route is computed by summing all of the individual risks
along each route. The risk assessment model does not provide a method for
combining or weighting the population and property damage risks for a route,
so these risks must be considered separately.

4. RSPA Model for Shipments of Radioactive Materials

A risk assessment model for routing of shipments of radioactive
materia]s has been developed by the Research and Special Programs Administra­
tion (RSPA) of the USDOT.6~ An example of a shipment of radioactive materials.
might be a shipment of spent nuclear fuel from a nuclear reactor to a storage
or processing site-. The model does not attempt to quantify the risk of a
release of radioactive material in an absolute sense, but does assess the
relative risks of possible alternative routes for shipments of radioactive
materials.

The primary factors considered by the RSPA model in comparing alter­
native routes for shipment of radioactive materials are:
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• Normal radiation exposure.

• Public health risk from accidents.

• Economic risk from accidents.

These three factors are considered to have equal weight in the evaluation of
alternative routes. Each of these factors is discussed below.

The normal radiation exposure is a risk that is unique to radioac­
tive materials. This factor is the risk associated with the relatively low
level of radiation exposure that will be experienced by motorists and the gen­
eral public. even when no release of radioactive materials occurs. The model
used to consider normal radiation exposure considers the following elements
for each alternative route: average population density along route; length of
route; average flow rate; average speed of vehicles on the route; and distance
between opposing lanes.~S The average flow rate and the average speed of
vehicles on the route are used to determine the average spacing between
vehicles traveling in the same direction on the route. which determines their
expected exposure to radiation. The exposure to radiation of motorists
traveling in the opposite direction is based on the distance between opposing
lanes. Shipment-specific levels of radiation are not considered in the model
because these would not vary between alternative routes.

Public health and economic (property damage) risks from radioactive
materials released due to traffic accidents are also considered to be primary
risk factors. A release of radioactive material due to a traffic accident
will occur only if the package containing the radioactive material is sub- .
jected to accident forces that exceed the package design standards. Two fac­
tors are considered in assessing these risks: (1) the frequency of accidents
that could result in a release; and (2) the consequences from such accidents
in terms of the number of people and extent of property that could be exposed
to radiation if a release occurs. Both of these factors typically vary
between alternative routes.

The RSPA model recommends that the accident risk estimates be based
on actual traffic accident data from State or local agencies responsible for
the routes under consideration. A range of possible accident risk measures
are suggested for use including. in descending order of desirability:

• Hazardous material truck driver fatality rate.

• General truck driver fatality rate.

• Hazardous material truck fatal accident rate.

• General truck fatal accident rate.

• General vehicle traffic fatality rate.

• General traffic accident rate.
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• Accident rate from accident predictive models.

These measures, although expressed as accidents per million vehicle-miles, are
not intended to estimate the risk of a radiation-releasing accident in abso­
lute terms, but rather provide a relative comparison between routes. Thus,
one of the above measures should be selected and the same measure should be
used for all routes under consideration. The emphasis on fatal accidents and
accidents in which the truck driver is killed is intended to focus the analy­
sis on the risk of accidents that might generate sufficient forces to result
in a release of radioactive material. It is obvious that some compromises
must be made in the choice of an accident rate measure. There are unlikely to
be enough hazardous material truck driver fatalities on most highways to allow
a valid comparison of risk between alternative routes; thus, one of the lower
priority accident measures will probably need to be chosen. At the other
extreme, the use of accident predictive models, as in the Urbanek model, is
the _lowest priority and is considered to be less desirable than the use of
actual accident data.10'9~'116 Once the relative accident rate per million
vehicle-mile is estimated, this rate can be multiplied by the length of each
route (or route segment) to obtain a relative accident frequency.

The pUblic health and economic (property damage) consequences of a
release of radioactive material are also estimated. When radioactive material
is released as the result of a traffic accident, the population in an area of
approximately 25 mi 2 (65 km 2) downwind of the release is generally exposed to
low levels of radioactivity. The pUblic health risk is based on the number of
persons who could potentially be exposed to radiation; this is estimated from
the population density on either side of each alternative route, out to a dis­
tance of 10 mi (16 km). The population within a 5-mi (8 km) band is consid­
ered most critical and is given greater weight in the analysis. Economic
(property damage) consequences are estimated in terms of the decontamination
costs for the different types of land uses within 10 mi (16 km) of each alter­
native route; as in the case of public health risks, land uses within a 5-mi
(8 km) band surrounding the highway receive greater weight in the analysis.

The estimates of the three primary risk factors are normalized to
place them on a dimensionless 0 to 1 scale and are combined into a measure of
overall risk, giving each factor equal weight.

Secondary (nonradiation) factors that may be used in the RSPA model
to compare routes are:

• Emergency response capabilities.

• Evacuation.

• Location of special facilities.

• Traffic fatalities and injuries.

These factors are optional and may be used where they are considered appro­
priate to the comparison of particular routes.
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5. Abkowitz Model

A risk assessment model has been developed by Abkowitz et ale for
assessment of the risk of a release during highway shipment of hazardous
wastes. 2 ,3 The Abkowitz model is intended for use by the EPA in environmental
impact statements, which usually include an evaluation of the "do-nothing"
alternative (not making any hazmat shipments). Thus, the model is intended to
provide absolute measures of risk rather than just relative comparisons be­
tween routes.

The Abkowitz model considers the risk of three types of incidents:
container failures due to vehicle accidents; container failures en "route due
to causes other than vehicle accidents; and releases at shipment terminal
points. The following assumptions were made concerning these three types of
incidents:

• The probability of a truck accident in which a release occurs
is independent of the type of waste being transported and the
container type used in shipment.

• The probability of occurrence of an incident at any point
along the route is a nonzero constant that, exclusive of
truck accidents, depends only on the type of container
used.

• The probability of occurrence of an incident at a shipment
terminal point depends only on the container type used.

• The expected amount released as a result of an incident
depends on the container type used and the specific cause of
the release (failure mode). It does not depend on the loca­
tion of the incident.

The risk of hazmat releases is expressed in this model as the
fraction of the total quantity of hazardous materials shipped that will be
released. This model can be expressed as:
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where:

FR = FRPM(CT.RAR)*D + FRTP(CT)

FR =fraction released

(6)

FRPM(CT.RAR) =expected fraction released per mile shipped for a
specified container type CT and a specific highway
type with releasing accident rate RAR

CT = container type

RAR = expected releasing accident rate (releasing accidents
per million veh-mi) for highway type HT

o =distance traveled (mi)

FRTP(CT) = expected fraction released at terminal points

Table 80 presents the expressions recommended in references 2 and 3"for
estimating FRPM(CT.RAR) and FRTP(CT) in equation (6).

Table 80. Estimates of fraction of hazardous material released
by container type. 2 ' 3

Container class

Cylinders
Cans
Glass
Plastic
Fiber boxes
Tanks
Metal drums
Open metal
containers

Expected fraction
released per mile shipped
______[FRPM(CT.RAR)]

1.3 x 10-6 + 0.13 RARa
2.6 x 10-6 + 0.12 RAR
1.7 x 10-6 + 0.27 RAR
4.1 x 10-6 + 0.14 RAR
1.3 x 10-6 + 0.12 RAR
4.2 x 10-6 + 0.19 RAR
2.4 x 10-6 + 0.10 RAR
7.5 x 10-6 + ? RARb

Expected fraction
released at terminal points

[FRTP(CT)]

1.4 x 10-"
4.0 x 10-"
2.6 x 10-"
5.2 x 10-"
6.1 X 10-5
7.6 X 10-6
2.9 x 10-"
1.2 X 10-3

a RAR is the releasing accident rate per million veh-mi for a
particular highway type (see Table 81).

b Estimates of the contribution of traffic accidents to release for this
container type are unreliable.
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Expected rates for releasing accidents, defined as traffic accidents
of sufficient severity to release all or part of the hazardous cargo, were
incorporated in this model in the following form:

where:

RAR(HT) =AR(HT) * P (RIA)

RAR(HT) = expected releasing accident rate for highway type HT

AR(HT) = expected truck accident rate for highway type HT

p(RIA) = probability of a hazmat release given an accident

(7)

Table 81 presents the accident rate data used in these estimates. The truck
accident rate estimates for different highway types in table 81 are those
presented earlier in this report (see table 9).

Table 81. Accident rates resulting in a hazardous materials
release by highway type. 2 '3

Truck Expected releasing
accident rate accident rate

[AR(HT)] Probability [RAR] (releasing
(accidents of a hazmat accidents per
per mi 11 ion release given an million

Highway type veh-mi) accident [p(Rlm veh-mi)

Interstate (freeway) 0.65 0.20 0.13
U.S. and State routes 2.26 0.20 0.45

(rural highways)
Interrupted flow due 3.65 0.20 0.73

to intersections
(urban arterial)

Composite 1.40 0.20 0.28

The probability of a hazmat release given an accident [P(RIA)] was
determined indirectly. First, the authors of references 2 and 3 noted that
1982 Federal Railroad Administration (FRA) data indicate in 601 train acci­
dents, consisting of 2,770 cars carrying hazardous materials, there were
109 cars that released hazardous materials. 36 Second, previous work by a
different author indicated that tank trucks involved in accidents are 10 times
more likely to spill than rail tank cars. 39 These two factors yield a
probability of release estimate of 0.4 for tank trucks, which was adjusted
downward to 0.2 by the authors of references 2 and 3 to compensate for the
higher damage threshold for an FRA reportable accident in comparison to the
damage threshold used in the RSPA Hazmat Incident data base. The indirect
estimation of [P(RIA)] is probably the weakest element of the Abkowitz model.
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However, this probability is treated as constant for all routes and does not
affect the relative comparison between routes; instead, it functions only as a
scale factor to express the relative accident rates of alternative routes so
that they can be meaningfully interpreted.

6. Routing Studies for General Hazardous Materials

A number of routing studies for major metropolitan areas have
applied the routing methods discussed above. These studies are reviewed here
with emphasis on how the existing routing methods were adapted to fit the
needs of particular metropolitan areas.

a. Dallas-Fort Worth study: The North Central Texas Council
of Governments completed in 1985 a well-documented, detailed study which
employed the FHWA routing method in the selection of an appropriate routing
strategy for hazmat shipments. 57 'Sl'S2 A number of modifications and enhance­
ments to the FHWA procedures were made as part of this study, including:

• Replacing manual computations with an automated system based
on data base analyses. This was necessary to enable detailed
computations on the scale required for a regional study.

• The factor used in the Urbanek model to represent the frac­
tion of all accidents that involve a hazmat release (FHZ) was
ignored, because it is constant for all alternative routes.

• The property damage consequences of hazmat releases were not
considered due to lack of data on land use. However, both
population and employment were considered in assessing the
potential for deaths and injuries due to hazmat release.

• The impact area was based on a worst-case scenario, and popu­
lation and employment within 2 mi (3.2 km) of each alterna­
tive route were considered.

• Map overlays were developed to indicate the locations of
schools, hospitals, shopping centers, water supplies, etc.,
for consistent application of the subjective factors.

The Dallas-Fort Worth study used a path-building algorithm to
determine minimum risk routes for hazmat shipments. Minimum-risk routes were
determined between every pair of entry and exit points to the metropolitan
Dallas-Fort Worth highway system. In nearly every case, the minimum-risk
routes between points were the shortest freeway routes that did not pass
through either downtown Dallas or downtown Fort Worth; these minimum-risk
routes thus made substantial use of the beltways surrounding the central
cities.

The impact of restricting hazmat shipments to the minimum-risk
routes was evaluated by comparing the minimum-risk routes to minimum-distance
routes between the same points. The minimum-distance routes were used to
represent the routes that drivers of hazmat-carrying vehicles would use in the
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absence of any hazmat routing restrictions; in fact, route choice by drivers
is more complex, and takes into consideration travel time, congestion, and
safety in addition to travel distance. The minimum-risk routes were found to
result in a 50 percent reduction in population exposure and an 80 percent
reduction in employment exposure, or a net reduction in risk of approximately
60 percent, in comparison to the minimum-distance routes. An equivalent
statement is that the risk of permitting trucks to use the minimum-distance
routes was found to be 2.625 times higher than restricting them to the mini­
mum-risk routes. The mlnimum-risk routes were found to require 2.161 times as
many vehicle-miles of travel as the minimum-distance routes. Since the ratio
2.625/2.161 is greater than 1.0, there was assumed to be a positive benefit in
restricting hazmat shipments to the minimum-risk routes.

An interesting sidelight to the study was the treatment of haz­
mat routing on freeways in the vicinity of downtown Dallas which, under the
minimum-risk routes, would be used only for shipments with origins or destina­
tions within the city. The routing plan developed in the first phase of the
study recommended that hazmat shipments be prohibited from freeway segments
located on elevated structures or on depressed roadways near the central busi­
ness district, and that hazmat shipments use the arterial street system
instead. However, the risk assessment conducted in the second phase of the
study found that the total risk of using the freeways was lower than the total
risk of using the arterial street system. This conclusion is not surprising
given that freeways generally have lower accident rates than arterial streets
and are generally located farther from surrounding development.

The routing plan developed in the study has been approved by
the North Central Texas Council of Governments and has now been adopted by
ordinance in all 16 of the affected communities.

b. Portland study: A hazmat routing study conducted in
Portland, Oregon, was also based on the FHWA routing method. 23 The study
initially focused on three categories of shipments: (1) local deliveries; (2)
access to industrial zones; and (3) through shipments. It was quickly real­
ized that the adoption of a routing plan for local deliveries would be nearly
impossible. It was found that some carriers made deliveries to over 200 local
customers and could not reasonably adhere to a fixed routing scheme. There­
fore, the responsibility for routing of local deliveries was placed on car­
riers. Four industrial areas were considered in the study; alternative access
routes were available for only one of the four areas. Routes for through
shipments were examined by considering possible combinations of alternative
routes between all entry and exit points to the metropolitan area.

The Portland study considered potential risks to population,
employment, and property. In contrast to the Dallas-Fort Worth study, the
impact area extended only 0.25 mi (0.4 km) from the highway, which was con­
sidered adequate for first phase evacuation. Portland paid special attention
to the effects of roadway characteristics and the potential for high-conse­
quence accidents. Factors considered were: lane and shoulder width; number
of stops and heavy volumes of traffic; traffic weaving; and lane changes.
Tunnels and rail-highway grade crossings were also considered because of the
potential for disastrous consequences.
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As a result of the study. hazmat shipments were banned on two
routes. and it was recommended that several other routes not be used.
Carriers had their choice of eight recommended route alternatives. To imple­
ment the study results. Portland issued advisory pamphlets presenting the
recommended routes to local truckers. hazmat facility loading dock managers.
and weigh stations. Other results of the study included an inventory of
emergency response resources. and increased local awareness of the need for
equipment and training for emergency response personnel along the recommended
routes. establishment of reduced speed limits in areas of high risk. and time
of day restrictions on certain types of hazmat shipments.

. c. Columbus study: A third local study based on the FHWA
routing method was conducted in Columbus. Ohio. loS The risk assessment found
the 1-270 beltway to be the safest route around or through Columbus. The
Columbus study found a need to consider other objective and sUbjective factors
beyond the results of the risk assessment. These factors included:

• Special populations (schools. hospitals. etc.).

• Land usage.

• Number of highway structures.

• Operational costs to carriers.

The consideration of operational costs to carriers recognized that the use of
less than optimal routes can result in additional vehicle operating costs and
driver wages for carriers. In fact, several of the recommended routes were
shorter than the only viable alternative. For example. the southwest leg of
1-270 on the beltway around the city was found to be 2.1 mi (3.3 km) shorter
than the combined length of the 1-71 (south leg) and 1-70 (west leg) through
the center of the city.

Although property values were not considered quantitatively in
the risk assessment. land use was considered qualitatively. Large segments of
the recommended 1-270 beltway route passed through agricultural land. while
the alternatives through the city were more urban in nature.

The number of highway structures (underpasses and overpasses)
on 1-270 was fewer in number than the alternatives. and 1-270 was preferred
for this reason.

Finally. special populations (schools. hospitals. etc.) were
considered. No special populations were found along the recommended 1-270
route.

d. Cleveland study: The Northeast Ohio Areawide Coordinating
Agency (NOACA) performed a study in 1987 of hazardous materials routes in the
Cleveland metropolitan area. 83 The scope of the study included all Interstate
routes. many State highways. and selected county or municipal streets on which
significant truck movements occur. The risk assessment of these routes was
based on the FHWA routing method with the following modifications:
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• The study used truck accident rates rather than general vehi­
cle accident rates recommended in the FHWA guidelines. The
truck accident rates were based on 3 years of truck accident
data for the segments being analyzed and truck volume data
for one of those 3 years.

• The truck accident rate was multiplied by the percentage of
placarded trucks observed by NOACA in a recent field sur­
vey. However, the same percentage was used for all routes
studied, so this factor had no effect on the results.

• Risks for both daytime and nighttime populations along the
analysis segments were considered. Nighttime population
included the resident population (from census data) in the
impact zone, plus motorists. Daytime population included
daytime household population, plus employment, plus school
enrollment, plus motorists. Daytime household population was
defined as the sum of the population over age 65, plus twice
the population under age six. The population under age six
was multiplied by two based on the assumption that there was
at least one caretaker for each child.

The risk assessment results were used to identify the route 'segments with the
highest daytime risk, the highest nighttime risk, and the highest difference
in risk between daytime ana nighttime. A critical path algorithm was used to
define recommended routes for through truck movements in the Cleveland area.

e. San Francisco Bay Area study: The KSU risk assessment
model was originally intended solely as a tool to rate risk and vulnerability
for entire communities on an ordinal scale (low, medium, high). However, as
part of a regional assessment of hazmat transportation in the San Francisco
Bay Area by the Association of Bay Area Governments (ABAG), a modified KSU
model was developed for use in hazmat routing studies. 8 ,g'53

The following modifications to the KSU model were made by ABAG:

• The risk index is calculated individually for each mode of
transport and each route segment, so that relative hazards
throughout the community can be compared. The original KSU
model derived a single risk index for the entire community.

• The 1-mi (1.6 km) wide corridors used in the KSU model were
divided into subcorridors: the 0.5 mi (0.8 km) closest to
the route (0.25 mi or 0.4 km on each side) is assigned the
calculated risk index. The outer 0.25 mi (0.4 km) on both
sides receives a risk index reduced to the proportion of
materials transported that belong to the higher risk cate­
gories (flammable, flammable gas, explosive, and poison
gas).
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• An adjustment factor is applied to the risk index for each
mode of transport to account for the differences in the
safety records of the individual modes.

• The tables used to rate the effects of Adjusted Placard
Count, Average Form of Threat, Risk Factor, and Population
Subfactor were recalibrated to accommodate urban conditions.

• The overall community index for level of ris~ was dropped in
favor of maps indicating relative risks throughout the com­
munity.

The modified model was demonstrated through application to hazmat routing in a
suburban community with a population of approximately 40,000 (Union City,
California).

f. Toronto study: A recent study in Toronto, Ontario, is a
good example of a hazmat routing study based on an alternative to the FHWA
routing method.

The Toronto study concluded that traditional methods of risk
assessment were lacking because they considered the number of persons or
amount of property potentially exposed to a hazmat release, but not the proba­
bility that the exposed persons or property would actually be harmed by a
release. 103 It was noted that the consequences of hazmat spills may range
from negligible to a major catastrophe, and that this variability is not con­
sidered by the FHWA approach. Thus, the spill impact area is itself a vari­
able whose probability distribution should be considered. Therefore, the
authors used a fault-tree approach to try to integrate these variabilities
along routes and select the minimum risk route. Variations in exposure to
risk for different links and nodes of the highway network were estimated
through a fault-tree network, a family of damage propagation relationships,
and truck accident statistics. These estimates were employed to compute
minimum risk routes for specific types of hazmat shipments.

The fault-tree approach to risk assessment was tested through
application to a computer representation of the highway network of metro­
politan Toronto. This test considered chlorine as the material being
shipped. The evaluation found various paths between points in the highway
network including minimum time routes, minimum truck operating cost routes,
and minimum-risk routes. Accident rates were estimated for different
environmental conditions, including both dry pavement and wet pavement, and
the minimum-risk routes were found to differ under dry and wet conditions. In
fact, it was found, in general, that minimizing different attributes resulted
in the selection of different routes. Since decision makers must often
consider several selection factors or criteria in selecting routes, this
approach provides the decision makers with quantitative data as a basis for
consideration of each of these factors.
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7. Routing Studies for Radioactive Materials

Routing studies for radioactive shipments are usually based on the
RSPA risk assessment model, discussed above. This model considers three pri­
mary risk factors -- normal radiation exposure, public health risk from acci­
dents, and economic risk from accidents -- as well as optional secondary
(nonradiation) factors.

A recent study provides a good example of the use of risk assessment
to select routes for radioactive shipments. 50 This study used a modified
version of the RSPA method to select a route for shipments of spent nuclear
fuel between the Surry and North Anna power stations in Virginia. The
following modifications were made to the RSPA method:

• A method was developed for incorporating wind rose data
(i.e., temporal distribution of wind direction and speed) in
the assessment of public health and economic risks.

• The estimation of economic risks was modified to include
decontamination costs for undeveloped land.

• A roadway geometrics factor was added to the determination of
secondary (nonradiation) risks to reduce the tendency of the
method to select rural secondary roads based on their low
population density.

• A ranking system was developed to implement the emergency
response capabilities factor. This ranking was performed for
the individual cities and counties through which alternative
routes passed and considered timely response, personnel
availability, personnel training for handling radioactive
material, and availability of needed equipment.

• Consideration of shipment costs based on time and distance
traveled was also incorporated in the model.

The study resulted in selection of a shipment route that bypassed heavily pop­
ulated areas. Precautions recommended for shipments included: escort vehi­
cles; avoidance of peak traffic periods, especially in or near cities;
avoidance of nighttime shipments; improvement of emergency response capabil­
ities along the route; and preparation of an evacuation plan for sections of
Richmond.

A routing model, known as HIGHWAY, developed at Oak Ridge National
Laboratory, can be used to develop routing alternatives for consideration in
risk assessment. 56 The HIGHWAY model is particularly appropriate for
id~ntifying candidate routes for long distance shipments. The HIGHWAY model
uses a data base containing the characteristics of each segment of the U.S.
highway network, including the length of each segment and the average travel
speed. Candidate routes can be selected to minimize travel time, minimize
travel distance, or a weighted combination of both, subject to user-specified
constraints such as maximizing freeway travel, avoiding large metropolitan

168



areas, or avoiding particular States. The HIGHWAY program only selects
candidate routes, however; it does not have any capability to perform a risk
assessment of alternative routes.

A computer system for risk assessment intended for highway routing
studies has been developed by Sandia National Laboratories. 20 This system,
known as TRANSNET, was developed to evaluate routing alternatives for ship­
ments of radioactive materials, but is adaptable to other materials as well.
TRANSNET is a system of several programs that can use input data sets in a
common format. A key element of TRANSNET is RADTRAN, a risk assessment model
for the radiological risks associated with transportation of radioactive mate­
rials. Another component of TRANSNET is INTERSTAT, which operates in a manner
similar to the HIGHWAY model discussed above; INTERSTAT uses only the Inter­
state highway network, designated State alternatives to Interstate highways,
and NRC-approved routes for spent-fuel shipments, but has some capabilities to
consider gross data on population and accident risks along that network.
Another part of TRANSNET is State GEN/State NET, which is a promising tool for
State and local highway agencies. 19 State GEN/State NET requires a user to
input data concerning accident rates and population densities on a particular
network, but provides users a minimum-risk routing algorithm to apply to their
own data. The risk evaluation in State GEN/ State NET allows the user to
apply weights to different attributes of the segments included in the user's
data file, such as accident rate and population density, but the program has
no capability to consider products of attributes (e.g., accident rate times
length times population density) as is done in the FHWA model. Users can
access TRANSNET through a computer system at Los Alamos National
Laboratories.

B. Revision of the FHWA Guidelines

This section presents a critique of the FHWA guidelines for hazmat
routing and recommended revisions to the guidelines. These recommendations
should be considered in future revisions of the FHWA guide. 10

1. Critique of the FHWA Routing Guide

a. General structure and format: The following discussion
presents a critique of the general structure and format of the routing analy­
sis method presented in the FHWA routing guide:

• The general structure of the FHWA routing method presented in
figure 17 is appropriate and need not be changed. The empha­
sis of the FHWA method on first identifying feasible alterna­
tive routes, then performing a quantitative risk assessment
of the alternative routes and, finally, considering subjec­
tive factors in the tradeoffs between routes is a highly
desirable approach and should be retained.
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• The risk assessment model in the FHWA guide [and, especially,
equation (2) presented in this report] gives the superficial
appearance of providing an absolute measure of risk, but in
reality adequate data for developing absolute measures of
risk do not exist. The guide should state this clearly and
should be restructured to provide the most complete assess­
ment possible of the relative differences in risk between
alternative routes.

• The FHWA guide provides an excellent step-by-step "how-to-do­
it" presentation of the quantitative risk assessment proce­
dure, including worksheets and examples. The guide also has
a good general overview of the recommended approach to risk
assessment. However, the report lacks an initial overall
presentation of the specific relationships that make up the
risk assessment model or the rationale for these relation­
ships. In the current report, a user who wants to understand
the basis for the model (as opposed to how to do the computa­
tions) has to work through the step-by-step procedure and
reconstruct the model; unfamiliar users may have difficulty
grasping exactly what the procedure is, why that procedure is
recommended, and how it might be adapted to fit local circum­
stances. User credibility and understanding of the model
would be increased if the report first presented the basic
equations on which the model is based, and explained the
rationale for each term, and the method for determining its
values. Then, and only then, should user-oriented step-by­
step procedures and worksheets be presented. The 1987
Canadian screening method is organized effectively in this
manner, with separate volumes for the description of the risk
assessment method and the worksheets, although the same goal
could be achieved with separate sections within the same
volume. 6o

• The FHWA guide does not necessarily meet the needs of the
wide variety of potential users, which range from small com­
munities with extremely limited staff capabilities and
facilities to major metropolitan area routing studies con­
ducted by a professional planning staff with extensive com­
puter facilities available. The procedure in the current
FHWA guide seems best suited to a medium-sized community,
with a planning staff of at least one professional, and con­
sidering a limited number of alternative routes. Considera­
tion should be given to the need for less detailed procedures
suitable for small communities without professional staff or
access to census data and to the need for a more sophisti­
cated procedure suitable for major metropolitan area routing
studies. The 1987 Canadian screening method provides an
excellent example of the use of several predefined levels of
detail for various factors to develop a flexible approach to
risk assessment that fits the needs of a variety of
agencies. 60
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b. Accident probability: The following discussion presents a
critique of the method for determining accident probability in the FHWA
routing guide:

• The FHWA guide takes the correct approach by providing a de­
fault method for estimating accident rates, but encouraging
users to use their own accident data as the basis for risk
assessment whenever possible. However, caution needs to be
exercised in using actual accident histories for the specific
route segments being analyzed. If the individual route seg­
ments are very short and/or the time periods for which acci­
dent data are obtained are very short, only a few accidents
will be found for each segment. (This is particularly true
if the analysis is restricted to truck accidents as discussed
below.) Accident rates based on small numbers of accidents
can be very unreliable and can result in artificial dif­
ferences in accident rates between route segments that could
incorrectly influence the choice of routes. A statistical
test should be included in the procedure to assure that, if
actual accident data are used for a route segment, the sample
size of accidents is large enough to produce a reliable esti­
mate of the accident rate.

On the other hand, users should be encouraged to develop
their own default accident rates based on broadly based
(systemwide) data for their own highway system and use these
data in preference to whatever default accident rates are
provided in the guide.

• The default accident rates used by the FHWA guide are based
on the general accident rate for all vehicle types. This
approach is not desirable, because it fails to incorporate
the effects of geometric and other factors that may be rela­
ted to truck accidents, but not to passenger car accidents.
Furthermore, the regression models used to predict general
vehicle accident rates are based on data that are at least 15
to 20 years old. These models purport to reflect the influ­
ence of geometric and traffic factors on accidents. However,
the models may not be reliable today for general accident
rates, and certainly have no direct applicability to trucks.
It appears desirable to base hazmat risk assessment on a
subclass of accidents, such as general truck accidents, that
is more closely related to the risks involved in hazmat
transportation. The developers of subsequent risk assessment
models have moved from dependence on general traffic accident
rates. For example, the Abkowitz model is based on truck
accident rates, and RSPA has developed a risk assessment
method for radioactive shipments that incorporates a range of
accident rate measures from specific to general, with the
most specific measure for which data are available being used
in any specific case.2'3'6~ The development of more reliable
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•

•

•

•

truck accident rates for use as a basis for hazmat risk
assessment is needed.

The FHWA guide correctly recognizes that highway type is a
key variable that influences accident rates. Default esti­
mates of accident rates are provided by separate regression
models for freeways, two-lane highways, and urban arte­
rials. However, area type (urban/rural) also needs to be
recognized as a key variable.

Data are not currently available to incorporate the accident
rates for different types of trucks (e.g., single-unit
trucks, tractor-semitrailer combination trucks, etc.) in
equation (2). Reliable accident rates by truck type are dif­
ficult to obtain because reliable exposure data (vehicle­
miles of travel) by truck type are seldom available. How­
ever, it should be recognized that, while accident rates by
truck type might be used to select the appropriate truck for
a particular shipment, they are not generally needed for
relative comparisons of routes since the same trucks would
presumably be used for each route. (The only exception to
this generalization occurs at locations where a difference in
the quantity of material carried by different truck types and
a corresponding change in the dispersion distance of that
material affect the relative degree of population exposure on
two or more alternative routes. This is only likely to occur
in areas with very nonuniform development.)

The route segment length (L i ) is treated correctly in equa­
tion (2) since there is a slmple proportionality between
length and accident probability.

The inclusion of the factor FHZ (2.3 x 10- 5 ) gives equa-
tion (2) the superficial appearance that it provides an
absolute measure of risk, such as the probability of a hazmat
release per trip by a hazmat-carrying vehicle over a given
route segment. However, this is not the case. A dimensional
analysis of Equation (2) indicates that it actually deter­
mines the expected number of hazmat releases per trip over
the route segment by any type of vehicle -- passenger car or
truck, whether carrying hazardous materials or not. Poten­
tial users, including Caltrans, have been reluctant to use
the FHWA guide because of the awkward formulation of the FHZ
term. Furthermore, it should be noted that the value of FHZ
has no direct bearing on the relative comparison between
routes, because FHZ is a constant multiplied directly into
the accident probability for every route segment on every
alternative route. An alternative formulation of Equa-
tion (2) that does not incorporate the FHZ term should be
adopted. Neither the available data nor the available analy­
sis techniques are adequate to perform an assessment of the
absolute risk of a hazmat release, so a relative assessment
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is practical,
The FHZ factor

the FHWA guide-

of the differences between routes is all that
and the FHWA guide should state this clearly.
has been eliminated in the updated version of
lines recently issued by RSPA.9~

• The method for determining accident probabilities in equa­
tion (2) does not recognize the effect of the probability of
a hazmat release given an accident involving a hazmat-carry­
ing vehicle. Thus, the procedure by default treats all acci­
dents on all highway types as equally likely to result in a
release. The accident data analyses presented in section V
of this report show that release probabilities vary widely
with accident type, with higher release probabilities in
single-vehicle accidents than in multiple-vehicle colli­
sions. Since the proportions of these accident types are
known to vary markedly between highway and area types,
release probabilities will vary as a function of highway type
and area type as well. The consideration of the probability
of a hazmat release given an accident needs to be incor­
porated in the model.

• The assessment of accident probability does not consider the
probability of releases from causes other than traffic acci­
dents (e.g., valve or container leaks). The emphasis on re­
leases due to traffic accidents is reasonable since available
data indicate that approximately 38 percent to 65 percent of
serious incidents from shipments on the highway result from
traffic accidents (see section V of this report). The proba­
bility of a release from causes other than traffic accidents
could be expressed as a function of truck type or container
type, but this factor would not be directly relevant to
routing evaluations since the same truck and container types
would presumably be used for all alternative routes. The
probability of a valve or container leak is probably propor­
tional to the time a shipment spends on the road. The ship­
ment time is closely related to the route segment length,
whose relative effect between routes is already incorporated
in equation (2). However, the proportionality of releases
due to causes other than traffic accidents to time spent on
the road indicates that the risk assessment procedure should
either quantitatively or sUbjectively have a bias against
routes where hazmat-carrying trucks are likely to be delayed
in traffic.

c. Accident consequences: The following discussion presents
a critique of the method for determining accident consequences in the FHWA
routing guide:
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• There is no currently accepted method of estimating the con­
sequences of hazmat releases (e.g., persons killed, persons
injured, property damaged). Therefore, the FHWA guide and
other current risk assessment models assume that the conse­
quences of a hazmat release are proportional to the number of
persons or amount of property exposed to a release. This
assumption should be clearly stated in the FHWA guide. In
light of this necessary assumption, the 1987 Canadian screen­
ing method has gone so far as to restate the basic risk
assessment formula as: 60

Risk = Probability x Exposure

After consideration of this issue, we do not recommend the
replacement of equation (3) by equation (8). The term "con­
sequences" should be retained so that in the future, if meth­
ods of estimating actual consequences of different types of
hazmat releases are developed, the role of these estimates of
consequences in the risk assessment procedure will remain
obvious. This approach will provide a continuing reminder to
users of the current assumption of proportionality between
consequences and exposure. However, the specific procedures
used to evaluate population and property consequences can and
should be referred to as the"estimation of "population expo­
sure" and "property exposure."

• The measure of personal injury consequences used for a given
route segment in the risk assessment model in the FHWA guide
is the total number of persons exposed in the impact area.
The impact area is defined in most cases as a band of equal
·width on either side of the roadway segment, with the width
of the band specified by the impact distance shown in
table 79 (see next item for a discussion of impact areas that
are sensitive to wind direction). This approach is incorrect
because a given hazmat release does not necessarily expose
all persons along the entire route segment, but only those
persons within the impact distance of the specific location
at which the release occurs.

The effect of the existing procedure is to make the results
of the risk assessment sensitive to the relative lengths of
the route segments used for analysis. For example, suppose
that two identical routes -- Route A and Route B -- with the
same length, accident probability, and population density are
analyzed. If Route A is arbitrarily divided into 0.25-mi
(0.4 km) segments and Route B is arbitrarily divided into
1-mi (1.6 km) segments, then the analysis using the FHWA
guide would conclude that Route B has four times the risk of
Route A, even though the routes are, in Tact, identical in
risk. In route segments of different length, the increase in
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risk with increasing route segment length is already
accounted for by the Li term in equation (2). However, the
approach used by the FHWA guide also penalizes the longer
route segment because more people live along it, even if the
population density (and thus, the number of persons exposed
to a specific release) is the same.

From a historical perspective, it is worth noting that the
apparent mistake in the treatment of route segment length was
intentional on the part of _the original author of the proce­
dure. The author of the gUide-maintains that the procedure
in the FHWA gUide is a conservative approach because all of
the population along a route segment could be concentrated at
a single location (e.g., a large apartment building).lls
However, this approach handles this extraordinary situation
correctly at the cost of handling more typical situations
incorrectly. We maintain that if all of the population along
a given route segment is concentrated at a single point, then
the route segment is not internally homogeneous and should be
divided into two or more route segments that are.

In our view, the double counting of the effect of length can
be corrected most simply by dividing the population within
the impact area along the entire route segment by the length
of the route segment, as follows:

POP
Population Exposure =~

1

This term represents the linear population density along the
route segment in question. Similarly, the determination of
property exposure to a hazmat release suffers from the same
problem as population exposure and should be reformulated as:

PV
Property Exposure =~

1

This term represents the average value of property per mile
along the route segment. These corrections to the FHWA risk
assessment procedure have been incorporated in the updated
guidelines recently published by RSPA.9~

• The FHWA guide requires, as a minimum, access to detailed
population data at the census tract level. Many users of the
procedure may find themselves without convenient access to
such detailed data or without the analysis staff needed to
use such data if it were available. Furthermore, preliminary
analyses conducted with more generalized population data may
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be useful as a screening tool to identify and eliminate obvi­
ously unsuitable routes. The guide should provide users with
some default estimates of population density on which such a
preliminary analysis could be based.

• The impact distances in table 79 need to be adjusted based on
the latest available information. The accompanying text en­
courages the use of conservative estimates of impact dis­
tances. but should perhaps cite other sources that users
might consult to determine these distances for specific mate­
rials. The FHWA guide should refer users to the latest
available data on dispersion and evacuation distances.
including the USDOT Emergency Response Guidebook (which was
available only as an unpublished draft when the FHWA guide
was originally developed) and other recent research.10'11~

• The impact distances shown in table 79 include both distances
that extend equally in all directions and distances that
extend in a specified distance downwind. However. the FHWA
guide does not describe explicitly how to determine the popu­
lation exposure for materials that are dispersed downwind.
This issue needs to be addressed explicitly in a revision of
the guide. because many extremely hazardous materials
(including poison gases) are dispersed in this manner.

In determining the population exposure for windborne mate­
rials. it would probably be overly conservative to include
all persons within the impact distance on both sides of the
route segment. However. determination of specific dispersion
patterns for specific route segments is not possible without
information on the time distribution of wind direction and
speed (i.e •• a wind rose). which is not typically available
to routing analysts. In the absence of wind rose data. one
possible approach is to consider persons within the impact
distance on only one side of the road. but to always choose
the more densely populated side. This approach requires fur­
ther investigation before being adopted. however. to consider
the possibility of wind shifts and to consider its appli­
cability to heavier-than-air gases such as nitrogen
tetroxide.

• The FHWA guide suggests the consideration of either popula­
tion exposure. employment exposure. motorist exposure. or a
combination of these three variables in evaluating personal
injury risks. Specific procedures for consideration of popu­
lation exposure are included in the guide. However. no guid­
ance on the circumstances under which employment exposure or
motorist exposure should be considered or the method that
would be used to consider them.
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• The risk assessment model in the FHWA guide treats all per­
sons within the impact zone of a route segment as equally
exposed. In practice, however, the persons closest to the
road are most likely to be injured. The use of a weighting
scheme to put greater weight on population near the roadway
and less weight on population near the limits of the impact
area should be considered. However, it is likely that the
available population data at the census tract level, sug­
gested for use by the gUide, are too aggregated to support
population analysis at this level of detail.

• As currently formulated, the risk assessment model in the
FHWA guide addresses only one specific type of material at a
time, typically the most critical material in a particular
hazard class. In fact, the model has a variety of applica­
tions, including both analyses of specific materials and
analyses of general hazmat routes carrying a mix of many
types of materials. The possibility that computer applica­
tions of the model could incorporate a weighting system,
where the risk assessment results for specific materials
could be weighted by the occurrence of those materials in the
traffic stream (based, for example, on a placard count),
should be explored.

• The risk assessment procedure in the FHWA guide does not con­
sider the distance between the roadway and the nearest popu­
lation or property exposed to a hazmat release. With the
exception of motorists (who are exposed no matter which type
of facility is used to transport hazardous materials), it is
generally farther from the roadway to the nearest building on
controlled access freeways than on uncontrolled access urban
arterials or rural highways. This greater distance could be
an important advantage in containing a liquid or solid
release and in minimiZing the potential damage from explo­
sions or releases of flammable materials. However, there is
currently no method for quantifying this benefit.

d. Overall risk assessment and subjective factors: The
following discussion presents a critique of the overall risk assessment method
in the FHWA routing guide and the approach used for assessment of subjective
factors:

• The overall formulation of risk as the product of accident
probability and accident consequences [as in equation (3) of
this report] should be retained.

• The FHWA guide provides no specific guidance on when to con­
sider both personal injury and property risks and how to com­
bine or weight these risks when both are considered. Several
major metropolitan area routing studies have avoided this
issue by considering only personal injury risks, since data
on land use and property values were unavailable. s7 'los This
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may be the realistic situation with which many potential
users are faced, particularly since the FHWA guide does not
suggest any typical property values for specific land uses.

The 1987 Canadian screening method suggested some specific
weights for use in combining population, property, and envi­
ronmental risks. 60 Specifically, an example in the Canadian
procedures suggested the following weights:

Type of Exposure

Population
Property
Environment

Weight Factor

60%
10%
30%

It is unlikely that all users could agree on a single set of
weight factors appropriate for all circumstances, but at
least these weights illustrate that personal injury risks
(population exposure and environment exposure) should receive
more weight than property risks, and immediate threats of.
personal injury (population exposure) should receive greater
weight than long-term threats of personal injury (environmen­
tal exposure) •. Some guidance for users should be provided
either by: (1) additional text discussing these issues, or
(2) specific values of suggested weights presented as an
example. In either case, the final choice of which types of
exposure to consider and how to combine or weight that expo­
sure should be left to the user.

• The FHWA guide recommends that special populations, such as
schools or hospitals, that would be particularly difficult to
evacuate in the event of a hazmat release be considered as a
subjective factor in routing decisions. The definition of
special populations should be expanded to include outdoor
populations, which are more directly susceptible to the
effects of hazmat releases than indoor populations. Partic­
ular consideration should be given to high concentrations of
outdoor populations such as sports stadia, but other outdoor
populations (parks, outdoor theatres, golf courses, etc.)
should also be considered.

• Environmental risks are currently addressed in the FHWA guide
as a subjective factor, whose possible effect on routing
decisions is considered after completion of the quantitative
risk assessment. In contrast, the 1987 Canadian screening
method includes a quantitative scoring approach to the con­
sideration of sensitive environments (see section 6.0 of the
Canadian report).60 Based on our review of the Canadian
method, we do not recommend the adoption of the Canadian
approach to scoring environmental factors in its current
form, because we do not feel the current state of the art is
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adequate for quantitative assessment. However, the material
in the Canadian report could form the basis for expanding the
discussion of environmental issues in the FHWA guide and pro­
viding a checklist of sensitive environments to be
considered.

• Emergency response capabilities are currently addressed in
the FHWA guide as a sUbjective factor. In contrast the 1987
Canadian screening method (see sections 7.0 and 8.0) of the
Canadian report includes a quantitative approach to consider­
ation of emergency response capabilities (counting 'the number
of trained fire squads and the number of police cars avail­
able within a 10-min response period at specific sites).6o
In the 1987 Canadian screening method, the quantitative
assessment of response capabilities is translated into a
rating on a scale from 1.0 (low) to 1.5 (high), and the rela­
tive risk for each route is divided by the response capa­
bility factor as follows:

Total Score = Probability x Expo~ure
Response Capabillty (11)

This conceptual approach for consideration of response capa­
bility is extremely interesting, but we do not recommend its
adoption in its current form. Counting the numbers of avail­
able response equipment and personnel is useful, but the
quality (e.g., training and experience) of response personnel
is at least as important and probably more important. How­
ever, the quantitative aspects of the method might be adapted
for use in the FHWA guide and conceptual approach of rating
response capabilities and treating this as a divisor in the
risk equation, as in equation (11), appears to have merit and
should be fully explored and should be considered for inclu­
sion in the FHWA guide if found to be practical.

2. Recommended Revisions to the FHWA Routing Guide

Based on our review and critique of the FHWA routing guide, it is
recommended that this document be completely rewritten and reissued. This
report presents specific enhancements to the guide that are recommended to
increase its usefulness to State and local government agencies.

The ideas for these recommendations have been drawn from many
sources. The recommendations concerning the format of the guide and structure
of the risk assessment procedures owe a great deal to the 1987 Canadian
screening assessment method for dangerous goods truck routes. 6l The recom­
mendations concerning the assessment of accident probabilities have been
developed in detail by the authors but owe their genesis to the approach
recommended in references 2 and 3. Thus, we have tried to draw upon the most
useful concepts currently available about hazmat risk assessment and to show
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how these concepts can be fitted together into a practical risk assessment
procedure.

The specific recommendations for revision of the risk assessment
procedure are presented here in two groups. The first group consists of
recommendations that can be implemented relatively quickly from existing
data. The second group consists of recommendations that will require further
research prior to implementation.

a. Recommendations that can be implemented based on existing
data: The following recommendations involve complete replacement of the
method for estimating accident probabilities; small, but critical, adjustments
to the quantitative method for estimating accident consequences; and the
expansion of the text concerning the assessment of subjective factors related
to accident consequences. All of these changes can be implemented from data
that are currently available in published literature except for the default
truck accident rates, which can be developed from data currently available in
State highway agencies. Revision of the method for estimating accident proba­
bilities is considered vital to increase the credibility of the risk assess­
ment procedure in the highway community. The specific recommendations are
presented below.

1. The FHWA routing guide should be reissued in a two-part or
two-volume format similar to the 1987 Canadian screening method. The first
part should contain a clear statement of the recommended risk assessment
method and its rationale, including appropriate references to previous
research and other documents containing supporting information. The second
part should be entirely user-oriented; this part should present worksheets and
examples but should not seek to justify the procedure.

2. The guide should clearly state that the risk assessment
method provides a relative comparison of the risks between alternative routes
and not an absolute measure of risk.

3. The overall structure of the FHWA routing method, as pre­
sented in figure 17, should be retained.

4. The basic risk assessment formula in the guide:

Risk = Probability x Consequences (12)

is correct and should be retained. However, it should be stated that there is
no accepted method for estimating the consequences (i.e., persons injured or
property damaged) by a hazmat release and that, therefore, the existing method
assumes that the consequences of a hazmat release are proportional to the num­
ber of persons or amount of property potentially exposed to a release.

5. The computation of accident probability on a route segment
should be revised so that it incorporates truck accident rate, segment length,
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and the probability of a hazmat release given an accident. Equation (2)
should be replaced with the following relationship:

where: probability of an accident involving a hazmat release
for route segment i

= truck accident rate (accidents per veh-mi) for route
route segment i

probability of a hazmat release given an accident
involving a hazmat-carrying truck for route segment i

Li = length (mi) of route segment i

6. The guide should" include suggested default values of truck
accident rates (TARi ) and release probabilities [P(RIA)i] for various highway
and area types. As a minimum, default truck accident rates and release proba­
bilities should be included for the following types of highways:

• Rural freeways.
• Rural two-lane highways.
• Rural multilane divided highways.
• Rural multilane undivided highways.
• Urban freeways.
• Urban arterial streets.

Table 82 presents examples of typical truck accident rates developed in this
study with data from California, Illinois, and Michigan. The release proba­
bilities in table 82 are based on the distribution of typical truck accident
types from the California, Illinois, and Michigan data on the probability of
release given an accident for different accident types based on FHWA data as
shown in table 46. The development of these default values is documented in
the appendix to this report. Users could be encouraged to use these default
values ot to develop default values based on their own data. Many States have
developed or are developing computerized accident records systems and com- "
puterized geometric and traffic volume data that can be linked together to
develop Statewide accident rates and accident type distributions for specific
highway and area types.

7. Users should be cautioned against using truck accident
data for specific route segments unless the segment is long enough and/or
enough years of accident data are included so that the accident history is
large enough to be meaningful. A simple Chi-squared test can be employed to
determine whether the actual accident frequency for a route segment is enough
larger or smaller than the expected accident frequency to warrant replacement
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Table 82. Default truck accident rates and release probability
for use in hazmat routing analyses.

Truck Probability Releasing
accident rate of release accident rate

Area (accident per given an (releases per
~ Roadway type million veh-mi) accident mill ion veh-m1)

Rural Two-lane 2.19 0.086 0.19
Rural Multilane undivided 4.49 0.081 0.36
Rural Multilane divided 2.15 0.082 0.18
Rural Freeway 0.64 0.090 0.06

Urban Two-lane 8.66 0.069 0.60
Urban Multilane undivided 13.92 0.055 0.77
Urban Multilane divided 12.47 0.062 0.77
Urban One-way street 9.70 0.056 0.54
Urban Freeway 2.18 0.062 0.14

of the default truck accident rates with site-specific rates based on accident
histories. This test is employed as follows:

Step 1. Obtain truck accident data for a particular highway
segment. The truck accident data should cover as long a time period as pos­
sible without introducing extraneous effects due to traffic, geometric, and
operational changes. The observed number of accidents during this period- is
referred to as Ao'

Step 2. Compute the expected number of truck accidents for the
route segment for that same time period using systemwide default accident
rates such as those presented in table 81. The expected number of truck acci~

dents can be computed as:

where:

Ae = TAR x TADT x L x 365 x N x 10-6

Ae = expected number of truck accidents

TAR =expected truck accident rate (accidents per veh-mi)

TADT = average daily truck traffic (veh/day)

L = length of highway segment (mi)

N = duration of study period (yr)
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where:

If Ae ~ 5, then use the Chi-squared procedure given in Step 3A. If Ae < 5,
then the accident sample size is too small to use the Chi-squared procedure,
and an alternative procedure in Step 38 based on the Poisson distribution
should be used

Step 3A. If A > 5, compare the expected and observed number of
accidents by computing t~e-Chi-squared statistic:

(A - A )2
x2 = e 0

Ae

x2 = Chi-squared statistic

Ae =expected number of truck accidents

Ao =observed number of truck accidents

If x2 < 4, then the expected and observed number of accidents do not differ
significantly at the 5 percent significance level. Therefore, the systemwide
default accident rate should be preferred to site-specific accident data.

If x2 > 4, then the expected and observed number of accidents differ
significantly. This indicates at the 5 percent significance level that the
observed accident rate is lower or higher than the systemwide default value.
In this case, the systemwide default accident rate should be replaced by a
value based on the site-specific data. If the site-specific accident rate is
greater than the default accident rate, then use the site-specific rate. If
the site-specific accident rate is less than 50 percent of the default acci­
dent rate, then use 50 percent of the default accident rate. The latter
restriction is included to keep very low short-term accident experience, or
poor accident reporting levels in a particular jurisdiction, from causing mis­
leading results. Even if the roadway segment has experienced no accidents
during the study period, there is still risk involved in transporting hazard­
ous materials over the segment, and the use of 50 percent of the default acci­
dent rate is recommended.

Step 38. An alternative procedure based on the Poisson distribution
is used whenever A < 5, because the Chi-squared test is not applicable to
this small accident sample size. Table 83 shows critical values from the
Poisson distribution for testing the significance of difference from the

If A exceeds the critical value given in table 83 for the known .
value of Ae, tRen the expected and observed accident frequencies differ sig­
nificantly. In this case, the systemwide default accident rate should be
replaced by the site-specific accident rate, calculated as:

Ao X 106
TAR = TADT x L X 365 x N
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If Ae < 5, it ;s recommended that the default accident rate should never be
decreased, because the available sample size is rarely adequate to indicate a
true accident rate lower than the expected value.

Table 83. Critical values of the Poisson distribution

Expected
accident frequency

(Ae)

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

Critical value
of A at the

5% signi~icance level

4
5
6
6
7
8
9
9

Example. For example, suppose a 1.8-mi (2.9 km) section of rural
freeway with a truck volume of 5,000 trucks per day has experienced 10 truck
accidents in the last 3 years (i.e., A = 10). The expected truck accident
rate for a rural·freeway, based on tab~e 82, is 0.64 accidents per million
veh-mi (0.40 accidents per million veh-km). The expected number of accidents
on this freeway segment for a 3-year period is:

Ae = 0.64 x 10- 6 X 5,000 x 1.8 x 365 x 3

= 6.3 accidents

The Chi-squared statistic is calculated as:

2 = (6.3 - 10)2 - 2 17x 6.3 -.

Since 2.17 < 4, the observed accident frequency for the segment is not signif­
icantly different from the expected accident frequency. Therefore, the
expected accident experience, rather than the observed accident experience,
should be used in a hazmat risk assessment. In this case, the observed acci­
dent frequency would have to be greater than 12 truck accidents in a 3-year
period to justify use of a truck accident rate higher than the expected
value. If, for example, this freeway segment had actually experienced
15 truck accidents in the last 3 years, then the appropriate truck accident
rate for use in hazmat risk assessment would be determined from equation (16)
as:
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15 X 106
TAR = 5,000 x 365 x 3 x 1.8 = 1.52 accidents per million veh-mi

Users should be encouraged to develop their own default truck
accident rates based on systemwide data for their own jurisdiction. Accident
rates based on systemwide accident data for a specific State or municipality
are likely to be more reliable than default rates based on data from other
jurisdictions.

8. The impact distances in table 79 of this report should be
periodically revised based on the latest available data on evacuation
distances for general classes of hazardous materials. These evacuation
distances should generally be based on the maximum evacuation distances for
any specific material within a given class of hazardous materials shown in the
1987 USDOT Emergency Response Guidebook and in recent research. 114 Users
performing a routing evaluation for a specific hazardous material should be
encouraged to use the best available data on evacuation distances for that
specific material. Users should be specifically cautioned that evacuation
distances can be substantial for heavier-than-air gases, such as nitrogen
tetroxide, and the latest research concerning such materials should be
consulted.

9. The guide should discuss the appropriate impact distances
both for routing studies for specific materials and for general hazmat routing
studies on routes carrying a variety of materials. The guide should recommend
the use of a conservative estimate of impact distance and emphasize the need
to use consistent impact distances on each of the alternative routes being
studied.

10. The guide should state clearly that it does not address
routing procedures for shipments of radioactive materials because impact dis­
tances have not been established and because other factors (e.g., normal
radiation exposure) need to be considered. Specific reference should be made
to the most current available procedure for routing of radioactive materials
(e.g., the RSPA risk assessment procedures for radioactive shipments).64

11. The procedures in the guide for determining population
exposed to hazmat releases along a particular route segment should be
retained. The population exposure should be reformulated as in the updated
guidelines recently pUblished by RSPA to avoid double counting the effect of
route segment length, as described in the previous section. 94 The population
risk should be calculated as shown below:

(17)

The POPj/Li term in equation (17) represents the linear population density
along tne route segment in question.
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12. A discussion should be included in the guide of when to
consider employment and motorist exposure, in addition to population expo­
sure. Users should be encouraged either (1) to use the larger of resident
population or employment exposure or (2) to conduct separate evaluations of
daytime and nighttime risk as was done in the hazmat routing study for the
Cleveland area. 83 The consideration of motorist exposure should be recom­
mended in situations where it is likely to be most critical: congested high­
ways, tunnels, depressed highways, bridges, and elevated structures. Future
research on these issues is also recommended.

13. The procedures in the guide for determining property
exposed to hazmat releases along a particular route segment should be
retained. However, the property exposure should be reformulated as in the
updated guidelines recently published by RSPA to avoid double counting the
effect of route segment length, as described in the previous section. 94 The
property damage risk should be calculated as shown below:

(18)

In equation (18), the term PVi/Li represents the average value of property per
mile along the route segment.

14. The guide should provide a table of representative values
of property value per unit length for a range of land uses including, as a
minimum, the five types of land use addressed in the FHWA guide:

• High-density residential.
• Medium-density residential.
• Low-density residential.
• Commercial.
• Industrial.

It would be desirable to expand this list to include additional
land use types as follows:

• High-density residential.
• Medium-density residential.
• Low-density residential.
• Commercial--office.
• Commercial--retail.
• Industrial.
• Institutional.
• Agricultural.
• Open land.

At present, these estimates would have to be based on existing data sources
including the 1987 Canadian screening method. 6o

These values should serve as default values in the procedures,
but users should be encouraged to replace the default values with their own
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estimates if the default values appear inappropriate to their community.
There is a natural reluctance to include dollar values in the procedure, since
they are subject to change over time. However, it might be of greater assis­
tance to users to provide default estimates of dollar values and warn them of
the need to update them for inflation, especially since the relative values of
different types of property may be stable over time.

15. The discussion of the approach used to consider sensitive
environments in the FHWA guide should be expanded. Currently this factor is
considered qualitatively through a SUbjective comparison to the results of the
quantitative risk assessment. The 1987 Canadian screening method includes a
quantitative procedure for assessing the effects of sensitive environments.
The adoption of a quantitative method for assessing the effects of sensitive
environments is not recommended without further research to establish its
validity. However, the material in the Canadian report should be used to
expand the discussion of environmental issues in the guide and provide a
checklist of sensitive environments to be considered.

16. The discussion of the approach used to consider emergency
response capabilities in the FHWA guide should be carefully expanded. Cur­
rently, this factor is considered qualitatively through a subjective compar­
ison to the results of the quantitative risk assessment. The 1987 Canadian
screening method includes a quantitative procedure for assessing emergency
response capabilities. 5o Other recent work in this area should also be
considered. so The adoption of a quantitative method for assessing emergency
response capabilities is not recommended without further research to establish
its validity. However, these other sources should be used to expand the dis­
cussion of emergency response capabilities in the FHWA guide.

17. The guide should provide additional guidance to users on
whether personal injury risk alone or both personal injury and property risk
should be considered. The adoption of a formal weighting scheme for personal
injury and property risks, as is used in the Canadian method, is not recom-

- mended without further research to establish a rational basis for the values
of the weights and to investigate user receptiveness to this concept. How­
ever, the discussion of the relative importance of personal injury and prop­
erty risks should be expanded to emphasize that the greatest weight should be
given to risks of injury to people and less weight should be given to the risk
of damage to property.

18. The worksheets provided in the FHWA routing guide should
be revised, as appropriate, to accommodate the recommended changes in the risk
assessment procedure.

b. Recommendations that require further research: The fol­
lowing discussion presents recommendations for improvement of the FHWA routing
guide that will require future research. These recommendations, by nature,
will require more time to implement than the recommendations in the previous
section. These long-term recommendations include some structural changes in
the risk assessment procedure, minor revisions to the accident probability
estimation procedures, and possible major changes to the determination of
accident consequences. The specific recommendations are presented below.
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19. It would be desirable to revise the structure of the FHWA
routing guide to address the needs of at least three types of users:

• Small communities without a professional planning staff and
without access to detailed accident and population data
required for risk assessment.

• Medium-sized communities with a small professional planning
staff that has manual access to the required accident and
population data required for risk assessment.

• Major statewide or metropolitan area routing studies with a
large professional planning staff and computerized access to
the required accident and population data.

The scope of the current guide is most appropriate for medium-sized com­
munities with a small professional staff and a few well-defined alternative
routes.

It would be desirable for the guide to present users with pro­
cedures applicable to data availability at several different levels of detail.
This approach was used in the 1987 Canadian screening method, which provides
analysis procedures at three different levels of detail for five factors:

• Accident probability.
• Population exposure.
• Property exposure.
• Environmental exposure.
• Response capability.

Detail Level 1 in the Canadian method is generally based on default values and
readily available roadway data for the alternative routes. Detail Levels 2
and 3 require increasingly detailed data about specific conditions on the
alternative routes. It is recommended that for application in the United
States, individual detail levels could address the three community sizes iden­
tified above. The guide should retain the flexibility for users to adopt dif­
ferent levels of detail for different aspects of the risk assessment method,
which will allow evaluators to customize a method that best suits their bud­
get, time limits, personnel availability, data availability, and needs.

20. The default estimates of truck accident rates and release
probabilities should be updated to the extent possible based on future
research. In particular, future truck safety research should be monitored for
reliable data on truck accident rates by truck type and cargo area configura­
tion that could be incorporated in the risk assessment procedure. Data on the
differences, if any, between general truck accident rates and hazardous mate­
rials truck accident rates would also be desirable. However, these improve­
ments in truck safety data will only be possible if the quality of exposure
data available for such analyses improves in the future.
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21. Future research should consider the feasibility of consid­
ering releases from causes other than traffic accidents in the risk assessment
procedure. Because the probability of such releases can be assumed to be pro­
portional to travel time, a quantitative method for considering the differ­
ences in travel time between alternative routes would be required. Such an
analysis would require more detailed data on traffic operational conditions
than is typically considered in risk analysis today.

22. The impact distances provided in the guide should be
reconsidered periodically based on the latest research.

23. Methods of weighting the potential consequences of
releases of the different materials shipped on general hazmat routes should be
considered in future research. Reasonable weights for different materials
could possibly be developed by users for specific routes based on hazmat flow
data or field placard counts.

24. Consideration should be given to including alternative
procedures in the guide for assessing population exposure at a lower level of
detail than the existing procedures. For example, the 1987 Canadian screening
method includes default estimates of population density (population per unit
area) for central cities, suburbs, and rural areas. 60 Alternative procedures
for estimating employment exposure based on land use are also provided. Sim­
plified procedures of this type that do not require population data at the
census tract level may be more appropriate for small communities than the
existing procedures in the FHWA guide. Further, guidance should also be pro­
vided to users on when to consider both employment and population exposure
(perhaps when employment reaches a specified percentage of population).

25. Future research is needed to develop better methods for
predicting the actual consequences of hazmat releases (estimated number of
persons killed or injured, estimated property damage) rather than just the
number of persons exposed to a release. In particular, greater weight should
be given to persons closest to the roadway as they are most likely to be
killed or injured. However, analyses of this type will require both revised
procedures and improved data sources to be effective. In general, new proce­
dures of this type are appropriate for use only in analysis at the greatest
level of detail.

26. Methods of incorporating wind direction and speed data
(i.e., wind rose data) in hazmat risk assessments for gaseous materials are
needed. Currently, some sophisticated computerized risk assessment systems,
such as that used at Oak Ridge National Laboratories, can link together popu­
lation and wind rose data. Wind rose data are not currently accessible to the
average user of the FHWA routing guide but future development of computer
capabilities could make such data more accessible, and practical procedures to
apply it would then be needed (see Recommendation 30 for additional thoughts
on how computer systems might enhance risk assessment by State and local
agencies).
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27. The development of a quantitative rating procedure for
assessing sensitive environments should be considered. A quantitative proce­
dure of this type was incorporated in the 1987 Canadian screening method. In
the long run, a quantitative rating method may be desirable in the FHWA guide
to ensure that sensitive environments receive complete consideration in the
risk assessment.

28. The development of a quantitative method for assessing
emergency response capabilities should be considered. A quantitative proce­
dure of this type was incorporated in the 1987 Canadian screening method. In
the long run, a quantitative rating method may be desirable in the FHWA guide
to ensure that emergency response capabilities are thoroughly considered in
the risk assessment. However, it is vital that the rating of emergency
response capabilities include consideration of more qualitative factors, such
as the level of training and experience of emergency responders.

29. Development of a formal procedure for weighting the con­
tribution of population exposure and property exposure in risk assessment
should be considered. Potential users, especially those with little experi­
ence in risk assessment, are unlikely to be able to develop reasonable weights
without some guidance.

The 1987 Canadian screening method provides an example of spe­
cific weights recommended for use in hazmat risk assessment. Research to
develop an appropriate basis for providing such weights in the FHWA guide
should be considered. Weights of this type might give users a starting point
for considering appropriate values for use in their community. The final
choice of which types of exposure to consider and how to combine or weight
that exposure should be made by the user.

30. The computer analysis needs of users of the FHWA guide for
hazmat risk assessment at all levels of detail need to be thoroughly reviewed
to determine whether computer programs should be developed to supplement the
guide. Discussions with potential users at both the State and local levels
should be conducted to determine whether there is sufficient demand for
enhanced computer programs to justify their development. In particular, the
need for, and feasibility of, three potential types of computer programs need
to be assessed. These are:

• A microcomputer program to perform a risk assessment between
alternative routes at the lowest level of detail (equivalent
to Detail Level 1 in the 1987 Canadian screening method).
This program would operate without access to large data base
files such as census tract data and would be intended for use
by small- and medium-sized communities.

• A computer program to perform risk assessment at the greatest
level of detail, inclUding access to detailed population data
by census tract. This type of program would be suitable for
use in hazmat risk assessments for a major metropolitan
area. Today, analysis at this scale is most conveniently
performed in the mainframe computer environment (although the
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applicability of microcomputers to this type of analysis will
undoubtedly increase over time). A thorough feasibility
analysis should be performed before this type of program is
developed because it may not be easy to generalize the needs
of major metropolitan area studies so that a single program
is applicable to more than one area.

• An expert system for hazmat risk assessment to consider the
role of subjective factors together with the results of quan­
titative risk assessment. A system of this type could make
available in a user-friendly program the opinions of a panel
of experts concerning the relative risks presented by the
variety of sUbjective factors considered in the FHWA guide.

Finally, a thorough analysis should be made of the capabilities of the com­
puter system and risk assessment data bases assembled at Oak Ridge National
Laboratories and Sandia National Laboratories to assist State and local high­
way agencies, including roadway, population, and wind rose data. Particular
attention should be given to methods by which highway agencies could assemble
the data needed to utilize the State GEN/State NET risk assessment and routing
analysis system which has been developed by Sandia National Laboratories and
is accessible to outside users. 19
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VII. RECOMMENDATIONS FOR FUTURE RESEARCH

This section of the report presents the recommendations of priority
issues for future research in highway transportation of hazardous materials
developed during the study. The first subsection describes the process by
which these recommendations were developed. The second subsection presents
18 specific issues for which future research is needed, ranked in high,
medium, and lower priority groups.

A. Procedure Used to Identify Future Research Issues

The priority issues for future research were developed jointly by
the research team and a study review panel consisting of experts in highway
transportation of hazardous materials.

An initial set of issues needing future research were identified by
the research team and included in an interim report to FHWA submitted in May
1987. This report. including the recommendations for future research, was
reviewed by the study review panel and discussed at its first meeting in June
1987. Several additional issues for future research were suggested by the
study review panel at this first meeting. Neither the research team nor the
panel attached any explicit priorities to specific issues at this time.

A revised list of 27 issues for future research was prepared in
February 1988 and distributed to the study review panel. At this time, the
panel was asked to rate the 27 issues for importance and probability of suc­
cess. Ratings of these issues were also obtained from USDOT representatives
interested in the study and from some colleagues of the panel members. Eleven
responses to the request for ratings of future research issues were
received. The respondees included: four State highway agency representa­
tives; one State police agency representative; one metropolitan planning orga­
nization representative; one consultant; one NTSB representative; and three
FHWA representatives.

The ratings of the 27 is~ues were discussed by the study review
panel at their second meeting in March 1988. As a result of this meeting,
some issues were dropped, several new issues were suggested, the priority of
some of the existing issues was changed, and several issues that had been
treated separately were judged to be closely related and were. therefore,
grouped together. For example, one issue (establishing safe haven require­
ments for unattended vehicles) was dropped from the list because an RSPA­
funded study of that issue has recently begun. The final result of this pro­
cess is a set of 18 issues for which future research is recommended which
represent the best collective thinking of the research team and the study
review panel.
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B. Priority Issues Recommended for Future Research

The 18 issues for which future research is recommended are listed in
table 84 in 3 categories: high priority issues; medium priority issues; and
lower priority issues. The order of the issues within each priority level is
not meant to indicate the priority of the issue within that level.

These issues are all related to transportation of hazardous mate­
rials. However, it should also be recognized that there is also a great need
for general truck safety research related to vehicle design, highway design,
and highway operational issues, and that this research will also make a criti­
cal contribution to the safety of highway transportation of hazardous
materials.

The 18 priority issues for future research in highway transportation
of hazardous materials are:

High Priority Issues

1. Improve the Quality of Hazmat Safety Data

The improvement of the quality of the data available for hazmat risk
assessment and routing studies was a high priority issue identified in the
study. The study review panel reached a clear consensus that, while current
risk assessment and routing models may need some minor improvements, there is
a much greater need to improve the data used in those models. Research is
needed to recommend specific improvements in data collection systems and spe­
cific changes in reporting requirements and penalties for nonreporting. Spe­
cific aspects of this problem that should be addressed in this research
include:

a. Identify the real hazmat data needs of highway agencies
and the feasibility and cost of collecting the needed
data.

b. Quantify the degree of underreporting to current accident
and incident reporting systems and recommend changes to
data collection systems, reporting requirements, or pen­
alties for nonreporting that would improve the complete­
ness and timeliness of reporting.

c. Assess the need to expand Federal reporting reqUirements
for accidents and incidents to include both intrastate, as
well as interstate, transportation.

d. Assess the feasibility of establishing uniform incident
reporting requirements and establishing a common form that
meets the needs of all agencies that collect hazmat inci­
dent data (e.g., FHWA, RSPA, EPA, State agencies, etc.).
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Table 84. Recommended topics for future research in highway
transportation of hazardous materials.

High Priority

1. Improve the Quality of Hazmat Safety Data.

2. Demonstrate Improved Hazmat Risk Assessment and Routing Models.

3. Establish the Cost-Effectiveness of Hazmat Routing Requirements.

4. Evaluate Risk of Hazmat Incidents at Special Facilities.

Medium Priority

5. Determine Signing Needs for Hazmat Routes.

6. Establish Procedures and Set Priorities for Enforcement of Hazmat Routing
Restrictions.

7. Investigate Advantages and Disadvantages of Time-of-Day Restrictions.

8. Determine Training Needs of Highway Agencies Related to Highway
Transportation of Hazardous Materials.

9. Determine Which Hazardous Materials Special Requirements Should Apply To.

10. Determine Acceptable levels of Risk and Develop Improved Methods for
Communicating Risk levels to the Public.

11. Improve Funding Mechanisms for Cleanup of Hazmat Spills.

12. Perform Hazmat Risk Assessment Based on Private "Industry-Based" Data.

13. Investigate the Possibility of Reducing the Quantities of Hazardous
Materials Shipped.

14. Improve Management of Hazmat Safety at Intermodal Points.

lower Priority

15. Improve Management Methods for Major Incidents.

16. Determine Appropriate Advance Notification Requirements for Sensitive
Environments.

17. Investigate Causes of Hazmat Incidents Related to Cargo Shifting.

18. Investigate Effectiveness of Designated lanes for Hazmat Carrying Trucks.
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e. Better data are needed on the specific sequences of events
that lead to hazmat releases. On-scene accident investi­
gation teams have been suggested as one way to get such
information.

f. Develop specifications for an improved hazmat exposure
data base that would be compatible with existing (or
improved) hazmat accident and incident data bases and
would permit analysis of rates (per million veh-mi or
cargo ton-mil for specific types of accidents and inci­
dents.

2. Demonstrate Improved Hazmat Risk Assessment and Routing Models

There is a need to make further improvements in the FHWA guidelines
for establishing preferred routes for hazmat shipments, to communicate these
improvements to users, and to demonstrate the risk assessment and routing pro­
cedures. The reissue of the FHWA routing guide by RSPA is a useful first step
in this process. The accident probability portion of the FHWA routing model
has .been improved in this study. However, there is still a need to thoroughly
revise the accident consequences portion of the FHWA routing model. Specific
recommendations for improvements to the model are presented in section VI of
this report. When these improvements are made, the FHWA routing guide should
be revised and reissued.

There is a need for a project to demonstrate the implementation of
the revised risk assessment and routing methodology. This project should
involve working with several State or local jurisdictions in the application
of the revised procedures to their road network.

There is also a need to enhance the computer tools available to
users in applying the FHWA routing guide. These enhancements could include:

a. Development of a microcomputer program to apply the proce­
dures of the FHWA routing guide.

b. Development of an expert system program to consider the
role of qualitative or subjective factors on choices
between alternative routes. These qualitative and subjec­
tive factors are addressed briefly in the routing guide,
but the user currently has very little guidance on their
importance relative to the quantitative results of the
routing model.

c. Testing of the suitability of the computerized routing
models developed at Oak Ridge National Laboratories and
Sandia National Laboratories for use by highway agencies
to apply the FHWA routing guidelines. The most promising
computer system appears to be the StateGEN/StateNET pro­
gram developed at Sandia National Laboratories.
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3. Establish the Cost-Effectiveness of Hazmat Routing Requirements

A methodology is needed to evaluate the cost-effectiveness of hazmat
routing decisions. Routing decisions may impose substantial costs on highway
agencies (e.g., extensive signing needs) and on the trucking industry. High­
way agencies will not be willing to make major capital investments based on
uncertain data. Therefore, a method is needed to establish whether the costs
are justified by a reduction in the risks and/or consequences of hazmat inci­
dents.

4. Evaluate Risk of Hazmat Incidents at Special Facilities

The risks of hazmat incidents at special facilities such as elevated
freeways, depressed freeways, bridges, and tunnels need to be determined.
These risks need to be compared with the risks of comparable incidents if haz­
mat carrying trucks were diverted to alternate routes such as arterial
streets. The comparison should consider the degree of risk to motorists, to
adjacent residents, and to adjacent property and should consider the experi­
ences of emergency response personnel at such facilities (e.g., difficulty of
fighting fires on depressed or elevated freeways). The comparison should also
consider that adjacent development on arterial streets is typically closer to .
the roadway than on freeways. Other special facility types of interest
include railroad-highway grade crossings, airport runways above freeways, air­
rights structures, and rapid transit facilities in freeway medians.

Medium Priority Issues

5. Determine Signing Need for Hazmat Routes

Research is needed to determine the signing needs for hazmat
routes. The results of a recent survey of State highway agencies discussed in
section III of this report show considerable diversity of opinion about the
need for signing and the types of signs to be used. Many agencies would pre­
fer to designate routes without posting signs, because the presence of signs
may unnecessarily arouse pUblic concern about the perceived risks of hazmat
shipments. Thus, the effectiveness of hazmatrouting schemes based on maps
provided directly to hazmat carriers needs to be evaluated. There are also
concerns about whether the hazmat route preference and prohibition signs cur­
rently included in the MUTCD will, in fact, meet all of the needs of highway
agencies.

6. Establish Procedures and Set Priorities for Enforcement of
Hazmat Routing Restrictions

Research is needed to establish procedures and set priorities for
enforcement of hazmat routing restrictions, as well as other regulations.
Specifically, how should hazmat routing requirements be enforced? Will volun­
tary compliance work or are patrols needed? Is signing required to make rout­
ing restrictions enforceable? What should the penalties be? How should
routing restrictions be publicized? Should violations go on the driver's
record? Can penalties be applied to the carrier rather than just to the
driver?
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7. Investigate Advantages and Disadvantages of Time-of-Day
Restrictions

The advantages and disadvantages of time-of-day restrictions on haz­
mat routes need to be investigated. In the past, some agencies have
restricted hazmat shipments to off-peak hours when congestion was lowest,
while other agencies have restricted hazmat shipments to daytime hours when
emergency response capabilities were highest. These contradictory approaches
need to be resolved, and the economic impacts of time-of-day restrictions on
through shipments and on local pickup-and-delivery operations in a metro­
politan area need to be determined.

8. Determine Training Needs of Highway Agencies Related to Highway
Transportation of Hazardous Materials

The training needs of highway agencies related to highway transpor­
tation of hazardous materials need to be determined. Specifically, training
is needed for engineers and planners involved in routing decisions and for
field personnel who may be the first to encounter a spill, but the specific
types of training to meet these needs should be identified and successful
ideas that have already been tried should be synthesized for users. Current
training programs in California, Illinois, and other States should be reviewed
and new ideas for training developed.

9. Determine Which Hazardous Materials Special Requirements Should
Apply To

There is a need to determine which hazardous materials routing
restrictions, safe haven requirements, and advance notification requirements
should apply to. If special requirements are to be establ i.shed for "extremely
hazardous" or "ultrahazardous" materials or any other subset of hazardous
materials, agreed list(s) of materials need to be coordinated between RSPA,
EPA, and other agencies.

10. Determine Acceptable Levels of Risk and Develop Improved
Methods for Communicating Risk Levels to the Public

There is a need to determine what level of risk is acceptable to the
public and to better understand differences in actual and perceived risk. For
example, the risks of hazmat incidents could be assessed in comparison to
other public safety risks in everyday life (e.g., house fires). The solution
to this problem may lie largely in developing better methods for communicating
risk levels to the public.

11. Improve Funding Mechanisms for Cleanup of Hazmat Spills

There is a need for improved funding mechanisms to finance the man­
agement of hazmat transportation safety and cleanup of spills (e.g., "sp iller
pays II legislation). Research is needed to evaluate the effectiveness of
"spiller pays" legislation in jurisdictions where it has been tried. For
example, there are no reliable data on the percentage of cases in which a
recovery was made, the actual percentage of cleanup costs recovered in those
cases, and factors that make recovery of cleanup costs easy or difficult.
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12. Perform Hazmat Risk Assessments Based on Private "Industry­
Based" Data

There is a need for analysis of hazmat transportation risks based on
the private data bases of hazmat carriers, as discussed in section IV of this
report. "Industry-based" data collection of this sort may be the only way to
obtain truly comparable data on both hazmat flows and hazmat accidents and
incidents. This approach would require the voluntary cooperation of companies
willing to contribute data on a confidential basis.

13. Investigate the Possibility of Reducing the Quantities of Haz­
ardous Materials Shipped

Methods to reduce the quantities of hazardous materials that are
shipped should be investigated as a means of decreasing the potential for
accidents and incidents. Most previous studies have taken for granted that
the quantities of hazardous materials shipped cannot be reduced, but this
hypothesis has not been thoroughly investigated and tested.

14. Improve Management of Hazmat Safety at Intermodal Points

The management of hazmat safety at intermodal points (e.g., port
facilities) needs to be improved. Research is needed to characterize the
safety problems at intermodal points and to develop effective methods for
dealing with these problems.

Lower Priority Issues

15. Improve Management Methods for Major Incidents

There is aPneed to improve methods for detection and management of
major hazmat incidents, with emphasis on freeway incidents. Research should
address improved freeway surveillance and incident detection methods; use of
mobile motorist assistance patrols to make a rapid visual assessment of poten­
tial incidents; and improved training and response time for emergency response
agencies. There is a need to establish procedures to reduce the time required
for highway agencies to be informed about incidents detected by others, espe­
cially in small jurisdictions. There is also a need to improve feedback mech­
anisms from emergency response agencies to highway agencies after an incident
to assist highway agencies in establishing hazmat transportation regulations,
routing preferences, etc.

16. Determine Appropriate Advance Notification Requirements for
Sensitive Environments

The appropriate role of advance notification requirements for hazmat
shipments needs to be determined. Advance notification may be a particular
concern for sensitive environments such as bridges, tunnels. schools, and hos­
pitals. The type of materials that might require advance notification and the
benefits of advance notification to highway agencies and emergency response
agencies need to be evaluated.
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17. Investigate Causes of Hazmat Incidents Related to Cargo
Shifting

An investigation of hazmat incidents involving cargo shifting is
needed to determine if the shifting was related to roadway geometrics or emer­
gency maneuvers. The research should focus on whether incidents related to
cargo shifting can be reduced through highway design improvements.

18. Investigate Effectiveness of Designated Lanes for Hazmat
Carrying Trucks

The effectiveness of designated lanes for hazmat carrying trucks in
reducing the risk of hazmat incidents should be investigated. If designated
lanes are implemented on freeways, should trucks be restricted to the right
lane only or should trucks be prohibited only from the far left lane? Are
run-off-road and overturning accidents caused by lane-changing maneuvers and,
thus, reduced by lane use restrictions?
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VIII. CONCLUSIONS AND RECOMMENDATIONS

Highway Agency Responsibilities for Hazmat Transportation

1. Responsibilities for management of highway transportation of hazardous
materials are divided between Federal, State, and local agencies and
between highway agencies and other agencies •

.
2. Highway agencies do not always have a lead role in hazmat transportation

safety, but usually play at least a key support role because they operate
the highway system over which hazmat shipments move. A key finding of
the study is that, in every area of responsibility related to hazmat
transportation safety, the State highway agency has either a lead or a
key support role in at least some States.

3. Management of hazmat transportation safety is a cooperative venture
involving many diverse agencies, including highway agencies, police agen­
cies, fire departments, emergency management agencies, and environmental
agencies. Effective management of hazmat transportation safety depends
more on close cooperation between these agencies at the management and
working levels than on which agency is designated to take the lead.

Data Sources

4. There is substantial underreporting of hazmat-related accidents and inci­
dents to Federal data bases. The degree of underreporting has not been
adequately quantified.

5. Better linkage is needed between incident and accident data at both the
Federal and State levels.

6. A number of States have added a data element indicating the presence or
absence of hazardous materials to their police traffic accident report
forms. At present, most of these State forms do not also note whether or
not the hazardous materials were released as a result of the reported
accident. In truck accident analyses, it cannot be presumed that any
fatalities and injuries that occur are related to the presence of hazard­
ous materials because releases occur in only 15 percent of accidents, and
the probability of a release varies widely between accident types. Thus,
accident report forms should also include a data element indicating
whether or not a hazmat release occurred.

7. Available exposure data for hazmat shipments are collected on a different
basis and cannot be related directly to the available accident and inci­
dent data. Improved exposure data are needed for assessment of hazmat
transportation risks. Possible methods for obtaining improved exposure
data might be through data collection from individual carriers or from
toll roads.
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Fatalities and Injuries

8. Approximately 99 percent of all fatalities and 96 percent of all injuries
involving trucks carrying hazardous materials are not related to hazmat
releases. These fatalities and injuries occur either in accidents in
which there is no hazmat release or are not caused by the releases which
do occur. Of the small remaining fraction of fatalities and injuries
associated with releases, more fatalities occurred in releases caused by
traffic accidents than in releases with other causes. For the 4 percent
of injuries caused by hazmat releases, the reverse was found -- more
injuries were due to releases not caused by traffic accidents. It is
important to note that one major disaster involving a release could
greatly alter these distributions in any given year and, in fact, this
concern is the reason that hazardous materials transportation is a sepa­
rate highway safety issue.

Hazmat Incidents

9. Approximately 11 percent of hazmat incidents that occur on public high­
ways are caused by traffic accidents. This estimate of the proportion of
incidents caused by traffic accidents is higher than found in previous
studies, because incidents that occur off the highway in terminal, yard,
and loading areas have been eliminated.

10. About 90 percent of the deaths and 25 percent of the injuries due to haz­
mat releases were caused by traffic accidents.

11. Between 35 percent and 68 percent of severe hazmat incidents were found
to be caused by traffic accidents, depending upon the definition adopted
for a severe incident. ThUS, traffic accidents are far more likely to
result in a severe incident than other causes.

Traffic Accidents Involving Hazmat-Carrying Trucks

12. Approximately 96 percent of the fatalities and 97 percent of the injuries
in accidents involving trucks carrying hazardous materials are due to the
physical collision itself and not the properties of the hazardous mate­
rials being transported.

13. Approximately 13 percent to 15 percent of accidents involving hazmat­
carrying trucks result in a hazmat release.

14. Higher than average probabilities of a hazmat release are found in traf­
fic accidents involving:

• Truck-train accidents at railroad-highway grade crossings
(45 percent release probability, based on 22 accidents).

• Overturning in a single-vehicle accident (38 percent release
probability).
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• Running off the road in a single-vehicle accident (33 percent
release probability).

• Trucks transporting solids in bulk (30 percent release proba-
bility. based on 40 accidents).

• Freeway off-ramps (26 percent release probability).

• Freeway on-ramps (22 percent release probability).

• Highways with speed 1imits.of 45 mi/h (72 km/h) or more
(18 percent release probability).

15. Lower than average probabilities of a hazmat release are found in traffic
accidents involving:

• Truck collisions with pedestrians. bicyclists. and animals
(2 percent release probability).

• Truck collisions with parked vehicles (3 percent release
probability).

• Truck collisions with passenger cars (4 percent release prob­
ability).

• At-grade intersections (4 percent release probability).

• Truck collisions with other trucks (9 percent release proba­
bility).

16. Trucks carrying liquids in bulk constitute 50 percent of accident
involvements for hazmat-carrying trucks and 2 percent of accidents for
other trucks. This very large difference is indicative of a major dif­
ference in tank truck exposure between hazmat and other trucking.

Risk Assessment and Routing Guidelines

17. The FHWA hazardous materials routing gUidelines. with improvements recom­
mended in section VI of this report. provide a valid method for assessing
the relative risks of alternative routes.

18. The accident probability portion of the FHWA routing model should include
terms representing truck accident rate and the probability of a hazmat
release given an accident. Procedures for estimating these terms from
available truck accident. truck volume. and highway geometric data are
discussed in section VI and appendix A of the report. A numerical exam­
ple of the estimation of these terms is presented in appendix B of the
report.
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19. Routing studies based on average truck accident rate data for specific
highway classes within a particular jurisdiction are likely more reliable
than truck accident rates calculated for the individual highway segments
being evaluated. Default accident rates and release probabilities that
can be used in the absence of better local data are given in this
report. However, it is always preferable for a jurisdiction to develop
average truck accident rates and release probabilities from its own data
than to use outside data.

20. A statistical test is provided in section VI of this report to allow
users to determine whether the observed truck accident rate for a spe­
cific highway segment is significantly higher (or lower) than the
expected value. Where this test is significant, the user is justified in
using the truck accident rate for the specific highway segment being
evaluated in preference to the systemwide average.

Future Research

21. Recommended issues for future research related to highway transportation
of hazardous materials, ranked by priority level, are presented in Sec­
tion VII of this report. The highest priority issues are:

• Improve the quality of hazmat safety data.

• Demonstrate improved hazmat risk assessment and routing
models.

• Establish the cost-effectiveness of hazmat routing require­
ments.

• Evaluate risk of hazmat incidents at special facilities such
as elevated freeways, depressed freeways, bridges~ and tun­
nels.
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APPENDIX A

DEVELOPMENT OF TRUCK ACCIDENT RATES AND RELEASE PROBABILITIES
FOR USE IN HAZMAT ROUTING ANALYSES

This appendix presents a procedure that can be used by highway agen­
cies to develop estimated average truck accident rates and release probabili­
ties for different highway and area types. The procedure is demonstrated
using data from three States. Users are encouraged to develop truck accident
rates and release probabilities from data for their own jurisdiction, using
the procedure described in this appendix. However, when data appropriate for
the users locality are not available, the estimates presented here based on
data from the three States can be used as default values.

A. Background

Section VI of this report recommends that the FHWA guidelines for
hazmat routing studies be revised to incorporate an improved method for esti­
mating accident probabilities. Specifically, the use of truck accident rates
is recommended in preference to the all-vehicle accident rates presently used
in the FHWA routing guide. 1o In addition, a new term representing the prob­
ability of a hazmat release given an accident involving a hazmat carrying
truck has been introduced. The revised equation for determining accident
probability is:

(19)

where: P(R)i = probability of an accident involving a hazmat release
for route segment i

TARi = truck accident rate (accidents per veh-mi) for route
segment i

P(RIA)i = probability of a hazmat release given an accident
involving a hazmat carrying truck for route segment

Li = length (mi) of route segment i

The objective of the analyses performed in this appendix is to
determine values of TAR and P(RIA) in equation (19). Users are encouraged to
determine expected values of TAR and p(RIA) from data for their own State.
Statewide averages for specific highway and area types are generally much more
reliable than estimates based on accident data for the specific highway seg­
ments being analyzed in a hazmat routing study, because the sample size of
accidents for individual highway segments is often not large enough to allow
statistically valid comparisons between alternative routes. Where the analy­
sis segments are relatively short and the duration of the analysis period is
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limited to a few years, as is often the case, estimates based on actual acci­
dent histories will be unreliable. For example, if a segment had no truck
accidents in 3 years, it would clearly be incorrect to assign that segment
zero risk. If, for two similar highway segments on alternate routes, one seg­
ment had one accident in 3 years and the other had two accidents, it would
clearly be incorrect to assume that one segment has twice the risk of the
other. Thus, it is generally more reliable to use average systemwide accident
rates than to use accident histories for specific analysis segments.

There are a few cases, however, where accident rates may be sUbstan­
tially higher (or lower) than average, that warrant reliance on the accident
history for a specific segment. Section VI of the report includes a statis­
tical test to determine when actual accident histories are preferable to sys­
temwide averages [see equation (15)].

The truck accident rate data used as default values in hazmat rout­
ing studies should reflect the influence of highway geometric and traffic
variables that have a demonstrated relationship to truck safety. Two key
variables whose strong relationship to truck accident rates has been demon­
strated are highway type (two-lane highway, freeway, etc.) and area type
(urban/rural). Section II of this report discusses several studies that
demonstrate such relationships. Freeways generally have lower accident rates
than any other highway type, and should generally be preferred to other high­
way types for hazmat shipments. Rural highways also generally have lower
truck accident rates than urban highways for the same highway type. Thus
routes that avoid urban areas are generally preferable, unless they are sub­
stantially longer or involve a less suitable type of highway. It would be
desirable for the default accident rates used in hazmat routing studies to
also reflect the influence of other geometric features of highways ·such as
lane width, shoulder width, curves, grades, and intersections. Some of these
relationships have been demonstrated for all-vehicle accident rates, but none
of these features have been specifically related to truck accidents. The
relationships developed in this appendix quantify the effect of highway type
and area type on truck accident rate, but not the effects of other geometric
features, which are beyond the scope of the. study.

In addition to truck accident rates, the distribution of truck acci­
dent typ~s also varies with highway and area type. Rural highways and urban
freeways tend to have a larger proportion of single-vehicle noncollision acci­
dents, while lower-speed urban highways tend to have a higher proportion of
multiple-vehicle collisions. Analyses of the FHWA Motor Carrier Accident
reports, presented in section V of this report, show that the probability of a
release given an accident involving a hazmat carrying truck is much higher in
single-vehicle noncollision accident than in single- or multiple-vehicle col­
lision accidents. Thus, the probability of release given an accident is also
expected to vary for different highway and area types.
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B. Procedure for Developing Truck Accident Rates and Release Probabilities

The following discussion presents the procedures that were used to
develop the default accident rates and release probabilities in table 82 and
can be used by highway agencies to develop default values from their own
data. Site-specific accident data for the particular alternative routes being
evaluated should only be used where equation (15) indicates a need. Estimates
of truck accident rates and release probabilities based on an agency's own
data are preferred to the use of the default values in table 82.

1. Data Needs

Three types of data are needed to estimate truck accident rates and
release probabilities in a form useful for hazmat routing analyses. These
are:

• Highway geometric data.
• Truck volume data.
• Truck accident data.

In order for the analysis to be accomplished efficiently, it is desirable for
these data to be available in computerized form using a common location iden­
tifier (e.g., mileposts) so that the three types of data can be linked
together. Many State highway agencies have been computerizing and linking
their data files and now, or soon will, have the capability to perform this
type of analysis.

No State of which the authors are aware currently has the necessary
data and linking capability to analyze accident rates for all public highways
in the State. The best systems currently available include all highways under
the jurisdiction of the State highway agency. To obtain unbiased estimates,
it is desirable for the highway geometric, truck volume, and truck accident
files to cover the entire State highway system. If only a subset of the State
highway system is used, this subset should be selected through a statistical
sampling process to maintain the unbiased nature of the estimates.

Highway geometric files are needed to define the characteristics of
segments to which truck volume and accident data can be added. Highway geo­
metric files typically consist of relatively short route segments (0.35 mi
[0.56 km] or less in length) for which data on the geometric features of the
segment are included. The minimum data that should be available for this
analysis are:

• Number of lanes.
• Divided/undivided.
• Access control (freeway/nonfreeway).
• One-way/two-way.
• Urban/rural.
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Other data typically available in highway geometric files that users might
want to consider include lane width and shoulder width. In addition to road­
way segment data, geometric files often include records of the geometrics of
individual intersections and freeway ramps. These features could also be con-
sidered in the development of default accident rates. '.

Traffic volume files typically include the Annual Average Daily
Traffic (AADT) and may also include either the average daily truck volume or
the percent trucks in the traffic stream. In order to be useful, truck volume
data needs to be given in the same location reference system as the highway
geometric and accident data.

The truck accident data needed for the analysis is a subset of the
accident files for all vehicle types maintained by all State highway agencies.
In selecting accidents for inclusion in the analysis, it is important to use
the same definition of a truck that was used in obtaining the truck volume
counts. Since nearly 89 percent of the accidents in which hazardous materials
are released involve combination trucks (i.e., tractor-trailers), it would be
desirable to limit the accident analysis to combination trucks only. Unfor­
tunately, however, truck volume data for combination trucks are seldom avail­
able on a systemwide basis. Therefore, it is often necessary to use truck
volume data and accident data for all trucks or for all commercial vehicles.
(It is important to realize that traffic counts of "all commercial vehicles"
typically include both trucks and buses. Thus, when traffic volume counts for
"all commercial vehicles" are used, it is important to include both bus and
truck accidents in the analysis.)

Typical accident characteristics that should be included in the
analysis are:

• Number of vehicles involved.
• Types of vehicles involved.
• Type of collision (if any).
• Date of accident.
• Accident severity (most severe injury).

The recommended accident type categories. into which the truck accidents should
be classified using these data are those shown in table 46. Each accident­
involved vehicle should be treated as a separate observation (i.e., an acci­
dent involving two trucks should be counted as two accident involvements).

2. Data Processing

The processing of the data described above sh~uld be conducted in a
series of five steps illustrated in figure 18. This processing can be accom­
plished using a standard statistical package such as the Statistical Analysis
System (SAS). The key element in the processing is linking the appropriate
truck volume and accident data to individual roadway segments from the highway
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Read Data for
Individual Highway

Segments

Combine Adjacent
Segments with

Similar Geometries
and Traffic Volumes

Delete Highway
Segments with
Inadequate or
Missing Data

Determine Truck
Volume for Each

Highway Segment

Determine Number and
Type of Truck Accidents

for Each Highway Segment

Step 1

Step 2

Step 3

Step 4

Step 5

Figure 18. Step-by-step process for merging data from highway
geometries, truck volumes, and accident data files.
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geometric file using a common location reference system (e.g., mileposts).
Each step in the linking of the data from these files is described below.

Step 2 -

Step 1 - The data for the individual roadway segments should be read from
the highway geometric file. Only those geometric data items
needed for the analysis should be read (see example list given
above). The highway class (highway type and area type) of each
roadway segment should defined based on the available data.
Typical highway classes include:

• Rural two-lane highways.
• Rural multilane undivided highways.
• Rural multilane divided highways.
• Rural freeways.
• Urban two-lane streets.
• Urban multilane undivided streets.
• Urban multilane divided streets.
• Urban one-way streets.
• Urban freeways.

Individual roadway segments, which have relatively short average
lengths, should be merged into longer segments whenever adjacent
segments match in highway class and other selected variables and
have average daily traffic volumes within 20 percent of one
another. When adjacent highway segments are merged, their aver­
age daily traffic volumes should be combined using a weighted
average by length, as follows:

(20)

where: ADTc = average daily traffic volume for combined
segments

ADTi = average daily traffic for route segment i

Li = length (mi) for route segment i

Step 3 - Eliminate from the analysis any roadway segments for which acci­
dent or truck volume data are not available or which did not fit
within one of the highway classes selected.

Step 4 - The truck volumes for the merged sections should be obtained
from the volume file. The truck volume data should be used,
together with the length of the segment, to compute the annual
veh-mi of truck travel on each segment:
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where: TVMT i =Annual truck travel (veh-mi) on route
segment i

TADT i =Average daily truck volume (veh/day) on
on route segment i

(21)

Step 5 - Data on truck accidents should be obtained from the accident
files. Each truck accident involvement should be classified by
year, accident severity, and accident type. The common
location reference system used to link the accident and
geometric files should be used to decide which segment the
reported location of each accident falls within and to total
the number of accident involvements within each segment by
year, by severity level, and by accident type. Each year of
data for each segment should generally be treated as a separate
observation in the analysis.

The result of step 5 is a file containing the truck volumes and truck accident
histories for individual highway segments that can be used to compute truck
accident rates and release probabilities.

3. Data Analysis

The average truck accident rate for each highway class can be com­
puted as the ratio of total truck accidents to total veh-mi of truck travel
for that highway class. In other words:

Aij
TAR j = VMT

ij
(22)

where: TAR j = Average truck accident rate for highway class j

Aij = Number of truck accidents in one year on route segment i in
highway class j .

VMTij = Annual vehicle miles of truck travel on route segment i in
highway class j

The values of TAR j for each highway class from equation (22) can be used to
replace the default truck accident rates in table 83 with values more suited
to local conditions.

The probability of a hazmat release given an accident varies between
highway types because it is varies with accident type and because the distri­
bution of accident types varies markedly between highway classes. Table 46
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shows the probability of release given an accident by accident type based on
the analysis of the FHWA motor carrier accident report data. Table 46 was
determined from the FHWA motor carrier accident reports because, for each
accident involved truck, these reports both whether the truck was carrying
hazardous materials and whether the hazardous materials were released. It
would be desirable for users to derive values comparable to those in table 46
for their own State, but only three States currently have both data items
needed to make this determination in their accident records systems.

The probability of a release given an accident involving a hazmat­
carrying vehicle can be computed as:

(23)

where: P(RIA)j =

P(RIA)k =

Probability of a hazmat release given an accident involv­
ing an hazmat carrying vehicle for highway class j

Probability of a hazmat release given an accident involv­
ing a hazmat carrying vehicle for accident type k (from
table 49 or equivalent State data)

Probability that an accident on highway class j will be of
accident type k (i.e., proportion of truck accidents for
each accident type shown in table 49 on" highway class j
from State accident data)

The values of p(RIA); from equation (23) can be used to replace the default
values for the proba~ility of release given an accident presented in table 83.

The development of the default values for truck accident rate and
probability of release from table 82 using the procedure described above is
illustrated in the remainder of this appendix.

c. Data Sources

The development of systemwide estimates of truck accident rate for
different highway and area types using the procedure presented above requires
three types of data, preferably in computerized form. These data types are:
highway geometries, truck volumes, and truck accidents. Past research linking
accident data to specific highway geometric features has usually been based on
selected subsets of the State highway system. However, recent progress in the
availability of geometric and traffic volume files that can be linked to acci­
dent data now enables such analyses to be performed in a few States for the
entire State highway system. Additional States are computerizing their geo­
metric and traffic volume inventory files, so statewide analyses should be
possible in additional States in the future.
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Based on discussions with a number of agencies, three State highway
agencies that could provide the data needed to develop systemwide truck acci­
dent rates were identified. These agencies were the California, Illinois, and
Michigan Departments of Transportation. The type of data available from each
State is discussed below.

1. Available Data Files
.

The California Department of Transportation (Caltrans) maintains
both geometric and traffic volume files that can be linked to accident data as
part of their Traffic Accident Surveillance and Analysis System (TASAS).
TASAS includes both a highway geometric file and accident files that are
linked by a post mile location reference system. Locations in both files are
identified by unique combinations of six parameters: district, county, route
number, route number suffix, post mile prefix, and post mile. The average
length of highway segments in the highway geometric file was approximately
0.35 mi (0.56 km). (The segments in the geometric file are relatively short,
because a new segment begins any time one of the key cross-sectional data ele­
ments for the segment changes its value.) The highway geometric file includes
the average daily traffic volume for each segment, but not the truck volume or
percent trucks. Therefore, truck volumes were obtained from another file that
presents truck volume counts by number of axles for approximately 7,300 loca­
tions on the 15,200-mi (24,500 km) State highway system [i.e., approximately
one truck volume count every 2 mi (3 km)]. The locations of the truck volume
counts were identified in same post mile system as the highway geometric and
accident data. The truck volume and percent trucks for each highway segment
were estimated from the truck volume counts at the nearest count locations to
both ends of the segment and the distances from the ends of the segment to
those count locations. Manual checks of the results of this process were
made, segment by segment, to assure that the estimated truck volumes were rea­
sonable.

The Illinois Department of Transportation maintains a highway seg­
ment data base for marked (numbered) State highways. The highway data base
includes both average daily traffic volumes and truck volumes for each seg­
ment. The average segment length in this file was approximately 0.085 mi
(0.14 km), much shorter than the segments in the California file, probably
because more variables were considered in the definition of where a new seg­
ment must begin. One version of this file contains location reference data
that can be linked to the accident file. In this common reference system,
locations are uniquely defined by county, route, and mile station.

The Michigan Department of Transportation maintains a file of high­
way segments, similar to the California and Illinois files discussed above.
This highway segment file is part of the Michigan Dimensionalized Accident
Surveillance (MIDAS) system. The MIDAS segment file identifies segment loca­
tions by a five-digit control section number and a milepost (distance from
beginning of section) within the control section, the same location reference
system used in the State's accident data. The average segment length in the
MIDAS segment file is approximately 0.27 mi (0.43 km). The MIDAS segment file
currently excludes freeway segments although they are in the process of being
added. Therefore, the mileposts of rural and urban freeway segments were
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obtained from another file maintained by the State. The MIDAS segment file
contains average daily traffic volumes, but not truck volumes. Therefore,
truck volumes were taken from another file known as the Trunkline Vehicle
Miles (TVM) file. This file contains average daily traffic and commercial
traffic volume estimates for 3 recent years for highway sections between major
points of change in traffic volume; these sections average approximately
1.3 mi (2.1 km) in length.

2. Highway Geometric Data

The highway geometric data available in all three States was quite
extensive and only a portion of that data was used in the study. The geo­
metric data file was used to define the highway type and area type for each
highway segment. Nine highway classes (combinations of highway type and area
type) were used in the study. These are:

• Rural two-lane highways.

• Rural multilane undivided highways.

• Rural multilane divided highways.

• Rural freeways.

• Urban two-lane streets.

• Urban multilane undivided streets.

• Urban multilane divided streets.

• Urban one-way streets.

• Urban freeways.

Only a few highway segments in each State could not be classified into one of
these nine highway classes. For example, freeway ramps were not considered in
the current study.

Other geometric and traffic control variables were available in the
files. Cross-sectional elements such as lane width and shoulder width were
available in all three States. Some data on the geometries and traffic con­
trol of individual intersections were available in each of the three States.
Data on individual horizontal curves were available in two of the States, and
data on grades were available in one of the States. Only one of the three
States included speed limit in their highway data base. Detailed consideration
of the effects of these other geometric and traffic control variables was
beyond the scope of the present study.

3. Traffic Volume Data

Two forms of traffic volume data were obtained for each highway seg­
ment. These were: average daily traffic volumes and truck volumes. In all
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three States, average daily traffic volumes were available in the highway geo­
metric file. However, in two of the three States, truck volumes had to be
obtained from other sources, as described above.

The only truck volume data currently available for most highway seg­
ments in the three States are the volumes for all commercial vehicles.
(Illinois routinely counts volumes for combination trucks and publishes a map
showing combination truck volumes, but these data are not available in a com­
puterized file that can be linked to accident data.) All three States defined
a commercial vehicle as any vehicle with more than two axles or more than four
tires. This category generally includes single-unit trucks, combination
trucks, and buses. It would be more desirable, for purposes of hazmat routing
studies, to use truck volume and accident data for combination trucks only,
rather than for all commercial vehicles. Most hazmat shipments are shipped by

·combination trucks; table 47 shows that nearly 89 percent of accident~ in
which hazardous materials are released involve combination trucks, and only
11 percent involve single-unit trucks. However, reliable volume data for com­
bination trucks are not available and the analyses conducted in this study
were restricted, of necessity, to all commercial vehicles.

Historically, commercial vehicles have been identified visually in
volume counting. In the process of implementing the FHWA Traffic Monitoring
GUide, many States are in the process of transition from manual ·to automated
counting of commercial volumes and are relocating their permanent vehicle
classification counting stations to provide better statistical representative­
ness of the highway system. It is not clear that States can remain completely
faithful to their nominal definitions of a commercial vehicle in automated
counting. For example, most automated systems have no way to distinguish
between two-axle four-tire and two-axle six-tire vehicles, but a distinction
between passenger cars and two-axle trucks and buses can be made with wheel­
base data. There are no data available to determine the extent to which truck
volumes determined from manual and automated counts differ. The automated
data may, in fact, be more accurate than the manual data due to the elimina­
tion of human errors. In any case, the differences between manual and auto­
mated truck volume counting methods are unlikely to have a major effect on the
accuracy of the truck accident rate estimates developed in this appendix.

Two different approaches to commercial volume counting have been
used in the three States. Illinois makes commercial vehicle counts over the
entire State highway system during every fourth year. The most recent com­
mercial vehicle volume data available to this study for Illinois were taken in
1984. California and Michigan perform commercial counting on a rotating
basis, as many counts as possible each year. Locations with rapidly changing
traffic volumes may be counted more often than areas of slow growth.
California and Michigan both count average daily traffic volumes more often
than they count commercial volumes and they use the most recent ADT data to
update the truck volumes (i.e., they assume that the percent trucks does not
change as traffic volumes grow).

The commercial vehicle volumes in the Illinois files were incomplete
for many highway segments in Chicago and surrounding counties and for scat­
tered segments elsewhere in the State. These missing data were estimated from
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the truck volumes for adjacent sections in the file or from the State's pub­
lished commercial volume map.

4. Truck Accident Data

Accident data were obtained from existing files in all three States
for their entire State highway system. Accident data were obtained for all
commercial vehicles (combination trucks. single-unit trucks. and buses).
Buses are not of direct interest to this study. but accident data for buses
were included because buses are included in the commercial vehicle counts used
as exposure data. Only about 5 percent of the "truck" accidents included in
the study were. in fact. bus accidents. Therefore. the inclusion of buses in
the truck volume and truck accident data is unlikely to have a major effect on
the calculated truck accident rates.

The accident data files used for the study contained a broad range
of accident descriptors. The following accident characteristics were used to
classify accidents and to decide whether or not particular accidents met the
criteria for inclusion in the study and should be counted:

• Number of vehicles involved.
• Types of vehicles involved.
• Type of collision (if any).
• Date of accident.
• Accident severity (most severe injury).

Accidents were classified by accident type using the following cate­
gories. which are compatible with the accident classification system used by
the National Safety Council:

SINGLE-VEHICLE NONCOLLISION ACCIDENTS

Run-off-road
Overturned (in road)
Other noncollision

SINGLE-VEHICLE COLLISION ACCIDENTS

Collision with parked vehicle
Collision with train
Collision with nonmotorist (animal. pedestrian.

bicycle)
Collision with fixed object
Other collision

MULTIPLE-VEHICLE COLLISION

Collision with passenger car
Collision with truck
Collision with other vehicle (RV. motorcycle)

215



Each truck involved in an accident was treated as a separate observation in
the data analysis. Thus, accidents involving two or more trucks were treated
as two or more accident involvements. The categories for multiple-vehicle
accidents shown above are based on the largest vehicle involved in the acci­
dent other than the vehicle under consideration. Thus, an accident involve­
ment classified as a "collision with truck", represents one truck involvement
in an accident in which at least two trucks were involved. Such accidents
were classified as truck-truck collisions, even though it cannot be estab­
lished with certainty whether or not the trucks actually collided (e.g., it is
possible that both trucks collided with a third vehicle, but not with each
other).

The severity for each accident involvement was classified by the
most severe injury in the accident as a whole. This approach to severity
classification is reasonable for truck accidents because very often, in a col­
lision between a truck and a passenger car, injuries to the passenger car
occupants are more likely than injuries to the truck occupants.

The accident data used in the analysis for California and Michigan
covered the 3-year period from 1985 through 1987, inclusive. Only 2 years of
accident data, 1986 and 1987, were used in Illinois, because the location ref­
erence system used for accidents in the Chicago area in 1985 and prior years
was "not fUlly compatible with the available highway data. A decision was made
not to use the 1985 data for the rest of the State, because statewide urban
area accident rates for 1985 in Illinois might be very different than for
other years if the Chicago area were excluded.

D. Data Processing

All of the data files described above were obtained from the States
on magnetic tape and were processed on an IBM-compatible mainframe computer
using the Statistical Analysis system (SAS) following the step-by-step
approach for merging the data from the available geometric, traffic volume,
and accident files illustrated in figure 18. The steps used in processing
these data are described below:

Step 1 - The data for the individual highway segments were read from the
highway geometric file.

Step 2 - Individual highway segments, which have relatively short aver­
age lengths as described above, were merged into longer seg­
ments whenever adjacent segments were of the same highway and
area types and had average daily traffic volumes within
20 percent of one another. When adjacent highway segments were
merged, their average daily traffic volumes were combined using
a weighted average by length in accordance with equation (20).
Following this merging of adjacent sections, the average
segment lengths were 2.36, 1.70, and 1.84 mi (3.80, 2.74, and
2.96 km) in California, Illinois, Michigan, respectively.
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Step 4 -

Step 3 -

Step 5 -

A few segments for which accident or truck volume data were not
available or which did not fit within one of the nine highway
classes listed above were deleted. In particular toll roads
and bridges were eliminated from consideration in all three
States and unmarked (i.e., unnumbered) routes were eliminated
in Illinois because accident data could not be reliably linked
to the available geometric data. Highway segments where trucks
were prohibited (e.g., where the truck percentage is, in fact,
zero) were also deleted. Less than 0.2 percent of the
remaining highway segments had to be deleted in any of the
three States because of missing accident or traffic volume
data, so the results obtained are very representative of the
highway system as a whole.

The truck volumes for the merged sections were obtained from a
volume file, if they were not already available in the highway
segment file. The truck volume data were used, together with
the length of the segment, to compute the annual veh-mi of
truck travel on each segment, in accordance with equation (2l).

Data on truck accidents were obtained from the accident files
supplied by the States. Each truck (or bUs) accident involve­
ment was classified by year, accident severity, and accident
type. The common location reference system used to link the
accident and geometric files was used to decide which segment
the reported location of each accident fell within and to total
the number of accident involvements within each segment by
year, by severity level, and by accident type. Each year of
data for each segment was treated as a separate observation in
the analysis.

The result of step 5 was a file containing the truck volumes and truck acci­
dent histories for individual highway segments that was then used to compute
truck accident rates and release probabilities.

E. Analysis Results

This section presents the results of the analysis of accident
geometric and traffic volume data. First the accident rates, accident sever­
ity distributions, and accident type distributions for different highway and
area type classes obtained in the analysis are presented. Next, a subsection
on interpretation of results discusses the effects of accident reporting
levels and the development of relationships between truck accident rate and
variables other than highway and area class. Specific default values of truck
accident rate and release probability are presented in the final section of
the appendix.

1. Truck Accident Rates

Tables 85, 86, and 87 present the truck accident rates by highway
and area type class for California, Illinois, and Michigan, respectively.
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Each of these tables represents essentially all highways under State jurisdic­
tion in those States, except for toll roads and bridges and (in Illinois)
unmarked routes. The California and Michigan tables represent 3 years of data
(1985-87), while the Illinois tables represent 2 years of data (1986-87). For
each highway class, the tables show the total length of highway in that class,
the number of homogeneous analysis segments, the average daily truck volume,
the number of truck accident involvements, the total truck travel (million
veh-mi), and the truck accident rate (accident involvements per million
veh-mi) computed in accordance with equation (22).

Table 88 shows a comparison of truck accident rates for all three
States and includes an average accident rate for all three States combined,
weighted by veh-mi of truck travel. (Note: a weighted average by veh-mi of
truck travel is equivalent to combining the accident rates for the three
States by summing the numerators and denominators of the accident rate expres­
sion.) It is evident in table 88 that there are substantial variations in
accident rate among the three States. This, unfortunately is the case in most
accident studies.

Table 88. Truck accident rates by State and combined.

Truck accident rate
Highway class (accidents per million veh-mi)

Area Weighted
~ Roadway type Cal Hornia I" inoi s Michigan averagea

Rural Two-lane 1.73 3.13 2.22 2.19
Rural Multilane undivided 5.44 2.13 9.50 4.49
Rural Multilane divided 1.23 4.80 5.66 2.15
Rural Freeway 0.53 0.46 1.18 0.64

Urban Two-lane 4.23 11.10 10.93 8.66
Urban Multilane undivided 13.02 17 .05 10.37 13.92
Urban Multilane divided 3.50 14.80 10.60 12.47
Urban One-way street 6.60 26.36 8.08 9.70
Urban Freeway 1.59 5.82 2.80 2.18

a Weighted by veh-mi of truck travel.

For example, a 1988 study has demonstrated from accident data (for all vehicle
types, not just trucks) on two-lane highways in seven States that accident
rates for seemingly identical conditions in different States can differ by a
factor as large as 3 or 4. 7 9 Other examples of large state-to-state dif­
ferences in accident rate can be found in studies of two-lane highway safety
and roadside clear recovery zones.~~'108 The data in table 88 appear to bear
out this conclusion. Such differences may arise from differences in the acci­
dent reporting systems of the various States, but there is no hard evidence to
support this conclusion.
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The 1988 study mentioned above concludes that there are dangers in
combining data from different States. 79 The authors agree and strongly
encourage those performing hazmat risk analyses to develop default accident
rates from data for their own State. However, it should also be recognized
that the primary objective in developing truck accident rates for hazmat
routing analyses is to have accident rates that represent the relative dif­
ferences in risk between highway classes and not to represent the absolute
risk for any particular situation. The greatest State-to-State discrepancies
in table 88 tend to be those for highway classes with the smallest available
sample sizes of truck accident involvements and truck travel. For example,
unusually high accident rate for rural multilane divided highways in Illinois
represents only about 100 mi (160 km) of highway with just 231 accident
involvements and 48 million veh-mi (77 million veh-km) of truck travel in
2 years. The weighted-average accident data in table 88 minimize the influ­
ence of values based on small sample sizes and comes closer to representing
the differences between-highway classes than the data for any single State.
Therefore, the three-State averages from table 88 are appropriate for use as
default values in hazmat routing studies when no better local estimates are
available. However, locally generated data are always preferable when
availab1e.

Analysis of variance results established clearly that the differ­
ences in truck accident rate between highway classes within each State shown
in tables 88, 86, and 87 are statistically significant at the 5 percent sig­
nificance level. Furthermore, no year-to-year differences in accident rate
were found to be statistically significant, either overall or for any partic­
ular highway class; i.e., there are no time trends in the data. Stepwise

- regression analyses were performed to explore possible relationships between
truck accident rate and the independent variables average daily traffic volume
and percent trucks. While some statistically significant relationships were
found, none explained a large proportion of the variation in truck accident
rate (i.e., all had low R-squared values) and the independent variables
selected for inclusion in the models were not consistent from State to State.
Therefore, "this approach was abandoned and a decision was made to rely on the
accident rate values given in table 88.

2. Accident Severity

Tables 89, 90, and 91 illustrate the truck accident severity distri­
butions by highway class in California, Illinois, and Michigan, respectively.
Table 92 compares the percentage of fatal and injury accidents in the three
States and the combined data.

Table 92 shows that the proportion of fatal and injury accidents for
each highway class is highest in California, and is substantially smaller in
Illinois and Michigan. This could, in part, represent true differences
between the Western and Midwestern regions of the United States. On the other
hand, a portion of this difference could represent differences in reporting
levels between the States. The data in table 92 suggest that it is likely
that there are differences in accident reporting levels among the three
States.
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Experience indicates clearly that accident reporting levels increase as
accident severity increases, so reporting levels are likely to be highest for
fatal accidents and lowest for property-damage-only accidents.~'16'l07

However, reporting levels for less severe accidents may vary widely between
jurisdictions.

The three States differ in their reporting thresholds for property­
damage-only (PDO) accidents. Illinois uses a consistent $250 reporting
threshold for PDO accidents and has for many years. California has a state­
wide $500 reporting threshold for PDO accidents, but individual cities in
California may have lower limits. (For example, the City of los Angeles has a
$200 reporting threshold.) California has also experienced problems with
underreporting by various local police jurisdictions which investigate acci­
dents, but do not forward all of their reports to the State level. Michigan
has a $200 reporting threshold for PDO accidents. However, PDO reporting
levels in the various States appear to be influenced as much by the character­
istics of State-local coordination as by the dollar threshold used for PDO
accidents. 102

One commonly used technique used in highway safety studies to
increase consistency between accident data from different States is to limit
the analysis to "tow-away " accidents (i.e., accidents in which one or more of
the involved vehicles had to be towed from the scene.) However, this alterna­
tive was not possible in the present study because none of the accident files
provided by the three participating States included either a tow-away code or
a dollar amount of property damage in their accident data files. (In
Michigan, the master accident file created by the State police department
includes a tow-away code, but this code is not included in the subset of the
master accident file that is intended to be linked to geometric data.) Thus,
it is likely, but not proven, that PDO accident reporting levels are lower in
California than in Illinois and Michigan. Furthermore, there is no formal
method to adjust the data for these differences because of the lack of a tow­
away criterion or a property damage amount.

3. Accident Type Distribution

Tables 93, 94, and 95 show the percentage distribution of accident
types by highway class in California, Illinois, and Michigan, respectively,
using the accident type classifications presented above. These tables are
based solely on the accident frequencies for the specific States, highway
classes, and accident types, except for single-vehicle noncollision accidents
in Michigan. The accident data available from Michigan were not sufficient to
classify single-vehicle noncollision accidents into the three subclasses shown
in the table: run-off-road, overturned in road, and other noncollision.
Therefore, the relative proportions of these SUbcategories of noncollision
accidents were estimated from the California and Illinois data.

Tables 93, 94, and 95 illustrate that the various highway classes
have distinctly different patterns of accident types. For example, the per­
centage of single-vehicle noncollision accidents (which have the highest prob­
ability of producing a hazmat release if an accident occurs) shown in table 96
is about twice as high on rural highways as on urban highways.

227
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On rural highways, the percentage of single-vehicle noncollision accidents is
higher for two-lane highways and freeways than for multilane nonfreeways. In
urban areas, two-lane highways generally have a higher percentage of single­
vehicle noncollision accidents than other highway classes.

4. Probability of Release Given an Accident

The analysis of the FHWA Motor Carrier Accident Reports presented in
section V of this report shows the probability of a hazmat release given an
accident involving a hazmat carrying truck varies with accident type.
Table 97, which summarizes the results given earlier in the report in
table 46, shows that the highest release probabilities are found for colli­
sions with trains and single-vehicle run-off-road and overturning accidents
and the lowest probabilities are found for multiple-vehicle collisions. The
distribution of accident types by highway class in tables 93, 94, and 95, and
the release probabilities for different accident types in table 97 can be
multiplied together to estimate the average release probability for accidents
on each highway class. The release probability for a particular highway class
is computed in accordance with equation (23) as the sum for all. accident types
of the proportion of each type of accident times the probability of release .
given an accident for that accident type.

Table 97. Probability of release given that an accident has
occurred as a function of accident type.

Accident type Probability of releasea

SINGLE-VEHICLE NONCOLLISION ACCIDENTS

Run-off-road
Overturned (in road)
Other noncollision

SINGLE-VEHICLE COLLISION ACCIDENTS

Collision with parked vehicle
Collision with train
Collision with nonmotorist
Collision with fixed object
Other collision

MULTIPLE-VEHICLE COLLISION ACCIDENTS

Collision with passenger car
Collision with truck
Collision with other vehicle

a Based on data in table 46.
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0.331
0.375
0.169

0.031
0.455
0.015
0.012
0.059

0.035
0.094
0.037



For example. the probability of release given an accident for rural two-lane
highways in California. given as 0.100 in table 98. is obtained by multiplying
each element of the first row of table 93 by the corresponding element in
table 97 and summing the individual products. These release probabilities by
highway class are shown in table 98.

Initially. we were concerned that the release probabilities in
yable 98 might be sUbstantially different if they were based on the accident
type distribution for combination trucks only rather than the accident type
distribution for all commercial vehicles. However. a supplementary analysis
was performed and only minor variations in the values in table 98 were found
for combination trucks.

Motor carrier accidents reported to FHWA. which form the basis for
table 97. have a property damage threshold of $2.400. which is 5 to 10 times
higher than the thresholds used by the three States whose data was used in the
study. In addition to the difference in reporting thresholds. it is also
known that there is substantial underreporting of motor carrier accidents to
FHWA because of the self-reporting nature of the system (see discussion in
section IV of this_report). However. the available data are not sufficient to
adjust for this difference in reporting threshold. .

Table 98. Probability of hazmat release given that an
accident has occurred.

Probability of hazmat release
Highway class given an accident

Area Weighted
~ Roadway type California Illinois Michigan averagea

Rural Two-lane 0.100 0.074 0.073 0.086
Rural Multilane undivided 0.100 0.071 0.064 0.081
Rural Multilane divided 0.087 0.064 0.062 0.082
Rural Freeway 0.083 0.111 0.095 0.090

Urban Two-lane 0.077 0.059 0.069 0.069
Urban Multilane undivided 0.064 0.052 0.055 0.055
Urban Multilane divided 0.068 0.048 0.058 0.062
Urban One-way street 0.066 0.050 0.056 0.056
Urban Freeway 0.062 0.055 0.067 0.062

a Weighted by veh-mi of truck travel.
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F. Final Values for Use in Hazmat Routing Analyses

Table 99 presents the recommended default values for truck accident
rate and probability of release given an accident by highway class. These
final values are based on the combined three-State data given in tables 88
and 98, respectively. The final values of truck accident rate and release
probability can be used to as default values for TAR and p{RIA) in equa-
tion (18) when local estimates are not available.

Table 99 also shows the estimated releasing accident rate, in
releases per million veh-mi, which is the product of truck accident rate and
probability of release. Thus, the releasing accident rate is the product of
the TAR and p{RIA) in equation (19) and represents the best available estimate
of the relative risk of hazmat releases during transportation on different
highway classes.

Table 99. Default truck accident rates and release probability
for use in hazmat routing analyses.

Truck Probability Releasing
accident rate of release accident rate

Area {accidents per given an (releases per
~ Roadway type mi 11 ion veh-mi) accident million veh-mi)

Rural Two-lane 2.19 0.086 0.19
Rural Multilane undivided 4.49 0.081 0.36
Rural Multilane divided 2.15 0.082 0.18
Rural Freeway 0.64 0.090 0.06

Urban Two-lane 8.66 0.069 0.60
Urban Multilane undivided 13.92 0.055 0.77
Urban Multilane divided 12.47 0.062 0.77
Urban One-way street 9.70 0.056 0.54
Urban Freeway 2.18 0.062 0.14
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Rural Area
-------------

Urban Area

APPENDIX B

EXAMPLE OF REVISED RISK ASSESSMENT PROCEDURES
FOR HAZARDOUS MATERIALS ROUTING ANALYSES

This appendix presents two numerical examples of the calculations to
illustrate the revised risk assessment procedures for ~azmat routing analyses
presented in section VI-B of this report. The first example shows how a State
would use truck accident rates and release probabilities based on their own
data. The second example illustrates use of the default values of truck
accident rates and release probabilities developed in appendix A of this
report. These examples are not intended to illustrate all aspects of hazmat
routing analyses, but do illustrate the revised procedures developed in this
report.

Both examples addresses the relative risks of hazardous shipments on
the simple highway network shown in figure 19. Hazmat shipments must move
from Point 1 to Point 5 by either Route A or Route B, which are, respectively,
16.5 and 11 mi (26.5 and 17.7 km) long. Route A is composed of three segments
designated 1-2, 2-3, and 3-5, while Route B is composed of two segments desig­
nated 1-4 and 4-5. Route A has a substantial proportion of its length on non­
access-controlled facilities (two-lane and multilane divided highways), while
Route B is entirely on freeways. Route B is shorter than Route A, but has
nearly half its 'length in an urban area with high population density. ·Route A
is longer, but is predominantly rural. The numerical examples address the
relative risks of hazmat transportation based on differing assumptions con­
cerning the truck accident rates and volumes on the alternative routes.

RouteA 1~2~3~5

Route B 1~4~5

'\:~M~U~IU~,a~n~e~D§IV~ld~e~d:H:I:g;hw~a~Y~1r2 '"2 1 000 personstml...6":..
'fl9'1 '1 6ml" ... c e

~\~'(i (\s\~\ :.'- Ii; :-
• e.(\9 ne~So c: ~
........ ,. ... -eO Gl......0' • r:,O'u ... CII GI

.'" :-. ... 11)" ..
f>~ .......,;. 8 u.

6,"1 - 1,500 persons/ml2 ... ~~I _ 5,000 persons/ml 2

Freeway ~ Fr&8way DES~INATION
I
I
I
I
I
I
I

Figure 19. Highway network considered in numerical examples.
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A. Example 1 -- Use of an Agency's Own Data

Example 1 involves a State highway agency that has used its own
truck accident, truck volume, and geometric data to develop locally applicable
values for truck accident rates and release probabilities using the procedure
presented in appendix A of this report. For illustrative purposes, the
California truck accident rates presented in table 85 and the California
release probabilities presented in table 98 will be used in this example.

Table 100 presents the basic State truck accident data for each
route segment and the application of the Chi-squared (x 2 ) test to determine
whether the expected truck accident rate or the site-specific accident rate
should be used. For each route segment, the expected number of truck acci­
dents in 3 years (Ae) is compared to the actual number of truck accidents
observed during that same length of time. For route segments 1-2, 2-3, 3-5,
and 1-4, the calculated value of x2 is less than 4.0, indicating that the
State's estimate of the expected truck accident rate should be used in
preference to the site-specific accident data. The use of the site-specific
accident data would be misleading in these cases since there is no evidence
that their deviations from the expected values are not just random. Route
segment 4-5, however, was expected to experience 43.5 accidents in 3 years,
but 65 accidents actually occurred. In this case, the computed value of x2 is
10.62, which is substantially greater than 4.0 and is highly statistically
significant. For this segment, the State should use the site-specific acci­
dent rate of 2.37 accidents per million veh-mi (1.47 accidents per million
veh-km) computed from equation (16), rather than the expected value of
1.59 accidents per million veh-mi (0.99 accidents per million veh-mi).

Table 101 illustrates the application of the revised FHWA risk
assessment method based on equations (13) and (17). Accident probabilities
for each route segment in the revised method are determined as the product of
the expected State truck accident rates developed in table 100, the release
probabilities from table 98, and the route segment lengths. The accident con­
sequences are represented by the number of persons potentially exposed to
hazmat releases per unit length calculated from the population density along
the route segment and the impact zone width. In this case, an impact zone
width of 0.5 mi (0.8 km) on either side of the roadway was selected. This
impact zone width is appropriate for most of the materials shown in
table 79.

The population risk for each route segment in table 101 is computed
as the product of the accident probability and the number of persons exposed
per unit length. The total population risk for each route is the summation of
the risks for each of the individual segments that make up the route. The
results shown in table 101 indicate that Route A involves slightly less risk
than Route B. Route A would be the preferred route for hazmat shipments
unless there are qualitative or subjective factors present that favor Route B.

236



T
ab

le
10

0.
C

om
pa

ris
on

of
tr

uc
k

ac
ci

de
nt

ra
te

s
us

in
g

C
hi

-s
qu

ar
ed

te
st

--
'E

xa
m

pl
e

1

(1
)

(2
)

0
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

(1
2)

T
ru

ck
E

xp
ec

te
d

ac
ci

d
en

t
tr

u
ck

E
xp

ec
te

d
O

bs
er

ve
d

ra
te

fo
r

ac
ci

d
en

t
nu

m
be

r
o

f
nu

m
be

r
o

f
us

e
in

ri
sk

ra
te

tr
u

ck
tr

u
ck

as
se

ss
m

en
t

(a
cc

id
en

ts
ac

ci
d

en
ts

ac
ci

d
en

ts
C

h
l-

(a
cc

id
en

ts
p

er
T

ru
ck

in
in

sq
u

ar
ed

p
er

R
ou

te
A

re
a

R
oa

dw
ay

m
i

II
io

n
AD

T
le

ng
th

3
y

ea
rs

b
3

y
ea

rs
s
ta

tl
s
tl

c
C

m
il

li
o

n
R

ou
te

se
gm

en
t

ty
p

e
ty

p
e

ve
h-

m
l

)a
(v

eh
/d

ay
)

(m
i)

(A
e

)
(A

o
)

(X
2

)
X2

>
41

ve
h-

m
l)

N w ....,

A
1-

2
R

ur
al

T
w

o-
la

ne
1.

73
50

0
6

.0
5
~
7

7
0

.3
0

N
o

1.
73

2
-3

R
ur

al
M

u
lt

il
an

e
1.

23
1,

00
0

6
.0

8.
1

5
1

.1
9

N
o

1
.2

3
d

iv
id

ed
3-

5
U

rb
an

F
re

ew
ay

1
.5

9
4,

50
0

4
.5

3
5

.3
44

2
.1

4
N

o
1

.5
9

B
1-

4
R

ur
al

F
re

ew
ay

0
.5

3
1,

50
0

6
.0

5
.2

9
2

.7
7

N
o

0
.5

3
4-

5
U

rb
an

F
re

ew
ay

1
.5

9
5,

00
0

5
.0

4
3

.5
65

10
.6

2
Y

es
2

.3
7

d

II
Fr

om
ta

b
le

85
.

b
Fr

om
eq

u
at

io
n

(1
4

).
c

Fr
om

eq
u

at
io

n
(1

5
).

d
Fr

om
eq

u
at

io
n

(1
6

).



T
ab

le
10

1.
R

is
k

as
se

ss
m

en
t

fo
r

ha
zm

at
ro

ut
in

g
us

in
g

re
vi

se
d

FH
WA

m
et

ho
d

--
Ex

am
pl

e
1

(1
)

(2
)

(3
)

(4
)

(5
)

(6
1

(7
)

(8
)

(9
)

(1
0)

(1
1

1
T

ru
ck

Im
pa

ct
ac

ci
d

en
t

ra
te

P
ro

ba
b

II
it

y
of

P
op

ul
at

io
n

zo
ne

T
ot

al
P

er
so

ns
R

ou
te

(a
cc

id
en

ts
pe

r
re

le
as

e
gi

ve
n

L
en

gt
h

R
el

ea
se

d
en

si
ty

w
ld

th
d

pe
rs

on
s

ex
po

se
d

P
op

ul
at

io
n

R
ou

te
se

gm
en

t
m

il
li

o
n

ve
h-

m
l)

a
an

ac
cl

d
en

tb
(m

l)
p

ro
b

ab
ll

lt
y

C
(p

er
so

ns
/m

I
2 1

(m
i)

ex
po

se
de

pe
r

m
lf

rl
sk

g
- A

1-
2

1.
73

0
.1

0
0

6
.0

1.
03

8
80

0
0

.5
4.

80
0

80
0

83
0

2
-3

1.
23

0
.1

0
0

6
.0

O
.7

3S
1.

00
0

0
.5

6
.0

0
0

1.
00

0
73

8
3-

5
1.

59
0

.0
6

2
4

.5
0.

44
4

5
.0

0
0

0
.5

20
.0

00
5

.0
0

0
2.

21
8

3
.7

8
6

N w
B

1-
4

0
.5

3
0.

08
3

6
.0

0.
26

4
1.

00
0

0
.5

7.
00

0
1.

00
0

26
4

Q
)

4-
5

2
.3

7
0

.0
6

2
5

.0
0.

73
5

5
.0

0
0

0
.5

20
,0

00
5

.0
0

0
3.

67
4

3,
93

8

RO
UT

E
A

IN
VO

LV
ES

LE
SS

R
IS

K
TH

AN
RO

UT
E

B

a
Fr

om
ta

b
le

10
0.

b
Fr

om
ta

b
le

98
.

c
C

al
cu

la
te

d
as

(3
)

x
(4

)
x

(5
)

fr
om

eq
u

at
io

n
(1

3
).

d
Fr

om
ta

b
le

79
.

e
C

al
cu

la
te

d
as

(7
)

x
(5

)
x

(8
)

x
2

.
f

C
al

cu
la

te
d

as
(9

)/
(5

).
g

C
al

cu
la

te
d

as
(6

)
x

(1
0)

fr
om

eq
u

at
io

n
(1

7
).

\ \\



B. Example 2 -- Use of Default Accident Rates

Example 2 addresses the same highway network used in the first exam­
ple, with slight changes to the truck volumes and accident experience on some
of the route segments. This second example illustrates the use of the default
truck accident rates and release probabilities in table 99.

Table 102 presents the basic accident data for each route segment
and the application of the Chi-squared (x 2 ) test. The calculated values of x2

for route segments 2-3, 3-5. and 1-4 are less than 4.0, as in the first exam­
ple, indicating that the default truck accident rate should be used in prefer­
ence to the site-specific accident rate. As in the first example. the calcu­
lated value of x2 for route segment 4-5 is greater than 4.0, indicating that
the site-specific accident rate should be used in preference to the default
value.

Route segment 1-2 in table 102 presents an important exception to
the Chi-squared test. This route segment is expected to experience only
2.9 truck accidents in a 3-year period. The Chi-squared test is not appli­
cable when the expected number of truck accidents (A ) is less than 5 and an
alternative test based on the Poisson distribution sRould be employed. Inter­
polation in table 83 shows that the critical value of the Poisson distribution
is 6.8 accidents when Ae = 2.9. Since this route segment experienced more
than this critical number of accidents in 3 years, the site-specific accident
rate, computed in accordance with equation (16), has been used "in preference
to the default value.

Table 103 illustrates the application of the revised FHWA risk
assessment procedure to the data for this second example. These calculations
are entirely analogous to those for the first example in table 101. The
results show that, for the conditions in the second example, Route B involves
slightly less risk than Route A. Route B would be the preferred route for
hazmat shipments unless there are qualitative or subjective factors that favor
Route A.

C. Summary

The examples illustrate that the revised FHWA risk assessment proce­
dure presented in this report is equally applicable to routing decisions based
on a highway agency's own truck accident data and decisions based on the
default values of truck accident rate and release probability presented in
this report. The use of truck accident rates based on an agency's own data is
generally preferable, because these values will be most suited to local con­
ditions.

The examples also illustrate the key role of the Chi-squared test in
the decision to use either the default value of truck accident rate or the
truck accident rate based on site-specific data for any given route segment.
Finally. the second example illustrates the special· case where the expected
number of truck accidents is less than 5; in this case. a test based on the
Poisson distribution should be used in place of the Chi-squared test.

239



T
ab

le
10

2.
C

om
pa

ris
on

of
tr

uc
k

ac
ci

de
nt

ra
te

s
us

in
g

C
hi

-s
qu

ar
ed

te
st

--
Ex

am
pl

e
2

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1

)
(1

2)
T

ru
ck

E
xp

ec
te

d
ac

ci
d

en
t

tr
u

ck
E

xp
ec

te
d

O
bs

er
ve

d
ra

te
fo

r
ac

ci
d

en
t

nu
m

be
r

o
f

nu
m

be
r

o
f

us
e

In
ri

sk
ra

te
tr

u
ck

tr
u

ck
as

se
ss

m
en

t
(a

cc
id

en
ts

ac
ci

d
en

ts
ac

ci
d

en
ts

C
h

l-
(a

cc
id

en
ts

pe
r

T
ru

ck
in

in
sq

ua
re

d
pe

r
R

ou
te

A
re

a
R

oa
dw

ay
m

il
l

io
n

AD
T

le
ng

th
3

y
ea

rs
b

3
y

ea
rs

s
t
a
t
l
~
t
i
c
C

X2
>

41
m

i
II

io
n

R
ou

te
se

gm
en

t
ty

p
e

ty
p

e
ve

h-
m

i
)a

(v
eh

/d
ay

)
(m

l)
(A

e
)

(A
o

)
(X

)
ve

h-
m

l)

-
-

A
1-

2
R

ur
al

T
w

o-
la

ne
2

.1
9

20
0

6
.0

2
.9

8
d

Y
es

d
6

.0
ge

2
-3

R
ur

a
I'

M
u

lt
il

an
e

2.
15

1,
00

0
6

.0
14

.1
9

1.
84

N
o

2
.1

5
d

iv
id

ed
N

3-
5

U
rb

an
Fr

ee
w

ay
2

.1
8

4,
50

0
4

.5
4

8
.3

55
0

.9
3

N
o

2
.1

8
A 0

B
1-

4
R

ur
al

Fr
ee

w
ay

0.
64

1,
50

0
6

.0
6

.3
9

1.
16

N
o

0
.6

4
4-

5
U

rb
an

Fr
ee

w
ay

2
.1

8
5,

00
0

5
.0

5
9

.7
76

4.
45

Y
es

2.
77

e

a
Fr

om
ta

b
le

99
.

b
Fr

om
eq

u
at

io
n

(1
4

).
c

Fr
om

eq
u

at
io

n
(1

5
).

d
C

hi
-s

qu
ar

ed
te

st
Is

n
o

t
ap

p
li

ca
b

le
be

ca
us

e
A

<
5

.
T

h
er

ef
o

re
,

A o
is

co
m

pa
re

d
to

a
c
ri

ti
c
a
l

v
al

u
e

o
f

th
e

P
oi

ss
on

d
is

tr
ib

u
ti

o
n

(6
.8

),
as

In
te

rp
o

la
te

d
fr

om
tf

ib
le

83
.

e
Fr

om
eq

u
at

io
n

(1
6

).



T
ab

le
10

3.
R

is
k

as
se

ss
m

en
t

fo
r

ha
zm

at
ro

ut
in

g
us

in
g

re
vi

se
d

FH
WA

m
et

ho
d

--
Ex

am
pl

e
2

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1

)

T
ru

ck
Im

pa
ct

ac
ci

d
en

t
ra

te
P

ro
ba

b
II

It
y

of
P

o
p

u
la

ti
o

n
zo

ne
T

ot
al

P
er

so
ns

R
ou

te
(a

cc
id

en
ts

pe
r

re
le

as
e

gi
ve

n
L

en
gt

h
R

el
ea

se
d

en
si

ty
w

ld
th

d
pe

rs
on

s
el

lp
os

ed
P

o
p

u
la

ti
o

n

R
ou

te
se

gm
en

t
m

il
li

o
n

ve
h-

m
l)

a
an

ac
cl

d
en

tb
(m

l)
pr

ob
ab

II
It

yC
(p

er
so

ns
/m

I
2 )

(m
i)

ex
po

se
de

pe
r

m
lf

rl
sk

g
-
-
-

A
1-

2
2

.1
9

0.
08

6
6

.0
1.

13
0

80
0

0
.5

4,
80

0
80

0
90

4
2

-3
2.

15
0.

08
2

6
.0

1.
05

8
1,

00
0

0
.5

6,
00

0
1,

00
0

1,
05

8
3-

5
2.

18
0.

06
2

4
.0

0.
60

8
5,

00
0

0
.5

20
,0

00
5,

00
0

3,
04

1
N

5,
00

3
A ....

B
1-

4
0.

64
0.

09
0

6
.0

0.
34

6
1,

00
0

0
.5

7,
00

0
1,

00
0

34
6

4-
5

2.
77

0.
06

2
5

.0
0.

85
8

5,
00

0
0

.5
20

,0
00

5,
00

0
4,

29
0

4,
63

6

RO
UT

E
B

IN
VO

LV
ES

LE
SS

R
IS

K
TH

AN
RO

UT
E

A

a
Fr

om
ta

b
le

10
2.

b
Fr

om
ta

b
le

99
.

c
C

al
cu

la
te

d
as

(3
)

x
(4

)
x

(5
)

fr
om

eq
u

at
io

n
(1

3
).

d
Fr

om
ta

b
le

79
.

e
C

al
cu

la
te

d
as

(7
)

x
(5

)
x

(8
)

x
2

.
f

C
al

cu
la

te
d

as
(9

)/
(5

).
9

C
al

cu
la

te
d

as
(6

)
x

(1
0)

fr
om

eq
u

at
io

n
(1

7
).



REFERENCES

1. Abkowitz. M•• and G. F. List, "Hazardous Materials Transportation: Com­
modity Flow and Incident/Accident Information Systems,1I Office of Tech­
nology Assessment contractor report, January 1986.

2. Abkowitz. M•• et a1 •• IIAssessing the Releases and Costs Associated with
Truck Transport of Hazardous Wastes. 1I Draft Final Report. EPA Contract
No. 68-02-6621. January 1984.

3. Abkowitz. M., et a1 •• "Estimating the Release Rates and Costs of Trans­
porting Hazardous Waste." Transportation Research Record 977. 1984.

4. American Association of State Highway and Transportation Officials, A
Manual on User Benefit Analysis of Highway and Bus-Transit Improvement ­
1977. Washington. D.C •• 1978.

5. American Association of State Highway and Transportation Officials, IIA
Report on the Use of the 1974 AASHTO PUblication. A Guide for Control and
Cleanup of Hazardous Materials." Subcommittee on Highway Transport, March
1987.

6. American Association of State Highway and Transportation Officials, "Sur­
vey of Hazmat Routing and Signing Practices. II May 1988.

7. Ang. A. H.-S •• et al •• IIDevelopment of a Systems Risk Methodology for
Single and Multimodal Transportation Systems," DOT Office of University
Research, Washington, D.C •• July 1979.

8. Association of Bay Area Governments, IIHazardous Spill Prevention and
Response Plan--Volume 1: Issues and Recommendations,1I Berkeley,
California. February 1983.

9. Association of Bay Area Governments. "Hazardous Spill Prevention and
Response Plan--Volume 2: Risk Assessment. 11 Berkeley. California.
December 1982.

10. Barber. E. J •• and L. K. Hildebrand. "Guidelines for Applying Criteria to
Designate Routes for Transporting Hazardous Materials." Report No. FHWA­
IP-80-15. Federal Highway Administration. November 1980.

11. Bondy. N., and S. Partyka. "An Analysis of Fatalities in Articulated
Trucks Using Automated Accident Data Files," National Highway Traffic
Safety Administration. June 1980 (cited in reference 34).

12. Bowman. G. M., "Hazardous Materials Programs of the Fifty States. 1I
Virginia Transportation Research Council. January 1988.

13. Bowman. G. M•• "Hazardous Materials Regulations in Virginia,1I Virginia
Transportation Research Council. February 1987.

242



14. Bureau of the Census, "1982 Census of Transportation: Truck Inventory
and Use Survey, II Report No. TC82-T-52, United States summary and indi­
vidual state reports, September 1985.

15. Bartch, T. M., and R. E. Dewar, "Design and Evaluation of a New Traffic
Sign: Dangerous Goods Routes," presented at the 8th Annual Conference of
the Canadian District, Institute of Transportation Engineers, 1983 (cited
in Reference 86).

16. California Department of Transportation, "Accident Costs, internal memo­
randum, October 8, 1974 (cited in reference 4).

17. California Department of Transportation, "Transportation of Hazardous
Materials in California by Highway and Rail," September 1986.

18. Carsten, 0., "Safety Implications of Truck Configuration," presented at
Transportation Research Board Annual Meeting, January 1987.

19. Cashwell, J. W., and C. M. Erickson, "State GEN/State NET -- A Methodol­
ogy to Assess Local-Area Routing Alternatives," Report No. SAND88-0567C,
Sandia National Laboratories, March 1988.

20. Cashwell, J. W., K. S. Neuhauser, and E. A. Kern, "TRANSNET -- Access to
Advanced Transportation Risk Analysis Techniques," Report No. SAND88­
2809C, Sandia National Laboratories, 1988.

21. Chirachavala, T., and D. E. Cleveland, "Causal Analysis of Accident
Involvements for the Nation's Large Trucks and Combination Vehicles,"
Presented at the Transportation Research Board Annual Meeting, January
1985.

22. Chirachavala, T., and J. OIDay, "A Comparison of Accident Characteristics
and Rates for Combination Vehicles with One or Two Trailers," Report No.
UM-HSRI-81-41, University of Michigan, Highway Safety Research Institute,
1981.

23. City of Portland (Oregon), "Establishing Routes for Trucks Hauling Haz-
ardous Materials in Portland, Oregon," Draft, January 1984.

24. Code of Federal Regulations, Title 49: Transportation, Parts 100 to 177,
1984.

25. Code of Federal Regulations, Title 49: Transportation, Parts 178 to 199,
1984.

26. Cox, R. G., and M. A. Turnquist, "Scheduling Hazardous Material Shipments
in the Presence of Curfews," Transportation Research Record 1063, 1986.

27. Dane County Department of Emergency Management, "Hazardous Materials
Transportation: Dane County Study,11 Madison, Wisconsin, December 1987.

243



28. Eicher, J. P., et al., "Large Truck Accident Causation," Report No. DOT­
HS-806-300, National Highway Traffic Safety Administration, 1982.

29. Ervin, R. D., "Safer Gasoline Tankers for Michigan," HSRI Research
Review, March-April 1981, Volume 11, No.5, Highway Safety Research
Institute, University of Michigan.

30. Ervin, R. D., liThe Influence of Size and Weight Variables on the Roll
Stability of Heavy Duty Trucks," SAE Paper 831163, Society of Automotive
Engineers, 1983.

31. Ervin, R. D., et al., "Influence of the Geometric Design of Highway Ramps
on the Stability and Control of Heavy Duty Trucks," Transportation
Research Record 1052, 1986.

32. Federal Highway Administration, "Commercial Vehicles in Collisions
Involving a Vehicle Parked or Stopped on Highway Shoulders," Bureau of
Motor Carrier Safety, 1977 (cited in reference 34).

33. Federal Highway Administration, "Guide for Preparing Property Carrier
Accident Report MCS-50T," Bureau of Motor Carrier Safety, January 1973.

34. Federal Highway Administration, "Synthesis of Safety Research Related to
Traffic Control and Roadway Element--Volume 2," Report No. FHWA-TS-82­
233, December 1982.

35. Federal Highway Administration, Manual on Uniform Traffic Control Devices
for Streets and Highways, 1978 and sUbsequent revisions.

36. Federal Railroad Administration, "Accident/Incident BUlletin 150,"
June 1982.

37. Garbor, T., and T. K. Griffith, "The Assessment of Community VUlner­
ability to Acute Hazardous Materials Incidents," Journal of Hazardous
Materials, Vol. 8, 1980.

38. Garrick, B. J., et al., A Risk Model for the Transport of Hazardous
Materials, Holmes and Narver, Los Angeles, 1969.

39. Geffen, C. A., "An Assessment of the Risk of Transporting Propane by
Truck and Train," Report No. PNL-3308, Battelle Pacific Northwest Labora­
tories, Richland, Washington, March 1980.

40. Glennon, J., "Matched Pair Analysis," Prepared for Consolidated Freight­
ways, 1979.

41. Glickman, T. S., "The Geographical Distribution of Risk Due to Hazardous
Materials Tank Car Transportation in the U. S.," unpublished paper, 1979.

42. Gordon, D. A., "Highway Sight-Distance Requirements: Truck Applica­
tions," Report No. FHWA-RD-79-26, Federal Highway Administration (cited
in reference 34).

244



43. Graf, V. D., and K. Archuleta, "Truck Accidents by Classification,"
Report No. FHWA/CA/TE-85, California Department of Transportation,
January 1985.

44. Graham, J. lo, and D. W. Harwood, "Effectiveness of Clear Recovery
Zones," NCHRP Report 247, May 1982.

45. Greenborg, J., et al., "Application of ALARA Principles to Shipment of
Spent Nuclear Fuel," Report No. PNL-3261, Battelle Pacific Northwest
Laboratories, Richland, Washington, 1980.

46. Hall, R. J., et al., "An Assessment of the Risk of Transporting Plutonium
Dioxide and Liquid Plutonium Nitrate by Train," Report No. BNWL-1996,
Battelle Pacific Northwest Laboratories, Richland, Washington. February
1977 •

47. Hassel-Garten, R., and E. R. Russell, "Manual for Small Towns and Rural
Areas to Develop a Hazardous Materials Emergency Plan: With an Example
Application of the Methodology in Developing a Generalized Emergency Plan
for Riley County, Kansas. II Report No. DOTlOST/P-84/86-041, DOT Uni vers ity
Research Program, January 1986.

48. Hirsch, T. J., "Longitudinal Barriers for Buses and Trucks," Transpor­
tation Research Record 1052, 1986.

49. Hobeika, A. G., D. L. Price. and B. Basilio, "A Knowledge-Based Classifi­
cation Scheme for Regulating the Flow of Hazardous Materials Through Tun­
nels and on Bridges," presented at the 67th Annual Meeting of the Trans­
portation Research Board, January 1988.

50. Hobeika, A. B., et al., "Selection of Preferred Highway Routes for the
Shipment of Spent Nuclear Fuel Between Surry and North Anna Power Sta­
tions in Virginia." State of the Art Report 3, Transportation Research
Board. 1986.

51. Howell, R. B•• et al., "A Survey of Measures Used by State Transportation
Agencies to Mitigate Chemical Water Pollutants Related to Highway Facil­
ities," Report No. FHWA/CA/TL-80/01, California Department of Transporta­
tion, January 1980.

52. ICF Incorporated. "Lessons Learned: A Report on the Lessons Learned from
State and Local Experiences in Accident Prevention and Response Planning
for Hazardous Materials Transportation," U.S. Department of Transporta­
tion and U.S. Environmental Protection Agency. December 1985.

53. Jackson, K., "A Report on the Use of a Modified Kansas State University
Risk Assessment Model in a San Francisco Bay Area Community," DOT Con­
tract No. DTRS-56-83-P-00585/A, Association of Bay Area Governments,
Berkeley. California, December 1983.

245



54. Jamei, B., A. G. Hobeika, and D. L. Price, "Hazardous Materials Transpor­
tation Rules and Regulations at Bridge-Tunnel Facilities," presented at
the 67th Annual Meeting of the Transportation Research Board,
January 1988.

55. Jones, G. P., et al., "Final Report--Risk Analysis in Hazardous Materials
Transportation-Volume 1," DOT Report No. TES-20-73-4-1, University of
Southern California, Los Angeles, March 1973.

56. Joy, D. S., and P. E. Johnson, "HIGHWAY, A Transportation Routing Model:
Program Description and Revised User's Manual," Report No. ORNL/TM-8759,
Oak Ridge National Laboratory, October 1983.

57. Kessler, D., "Establishing Hazardous"Materials Truck Routes for Shipments
Through the Dallas-Fort Worth Area," State of the Art Report 3, Transpor­
tation Research Board, 1986.

58. Kornhauser, A. L., "Development of an Interactive-Graphic Computer Model
for the Nation-Wide Assignment of Railroad Traffic," Final Report, Con­
tract No. DOT-FR-75225, Princeton University, September 1971.

59. Lamkin, J. T., et al., "Hazardous Materials Spills-Management Review,"
Texas Transportation Institute, Prepared for the American Petroleum
Institute, 1980.

60. LaMorte/Williams and Associates, "Dangerous Goods Truck Route Screening
Method for Canadian Municipalities;" Consultant's Report and Workbook,
Transport Canada, Ottawa, January 1987.

61. List, G., et al., "Information Sources for Hazardous Materials Flow
Analyses," Presented at the Transportation Research Board Annual Meeting,
January 1986.

62. Materi~ls Transportation Bureau, "A Guide to the Federal Hazardous Mate­
rials Transportation Regulatory Program," Research and Special Programs
Administration, January 1983.

63. Materials Transportation Bureau, "Community Teamwork: Working Together
to Promote Hazardous Materials Transportation Safety," Research and
Special Programs Administration, May 1983.

64. Materials Transportation Bureau, "Guidelines for Selecting Preferred
Highway Routes for Large Quantity Shipments of Radioactive Materials,"
Report No. RSPA/MTB-81/5, DOT Research and Special Programs Administra­
tion, June 1981.

65. Materials Transportation Bureau, "Toward a Federal/State/Local Partner­
ship in Hazardous Materials Transportation Safety, Research and Special
Programs Administration, September 1982.

66. McDonald, C., "Development of a Hazardous Materials Routing Sign," Report
No. FHWA/RD-82/141, Federal Highway Administration, March 1983.

246



67. McGee, H. W., and D. W. Morganstein, "Development of a Large Truck Safety
Data Needs Study Plan,·' Report No. FHWA-RD-88-137, Federal Highway Admin­
istration, February 1986.

68. McSweeney, T. I., et al., "An Assessment of the Risk of Transporting
Plutonium Oxide and Liquid Plutonium Nitrate by Truck," Report No. BNWL­
1846, Battelle Pacific Northwest Laboratories, Richland, Washington,
August 1975.

69. Mitler, E. L., et al., "Survey of Current State Radiological Emergency
Response Capabilities for Transportation Related Incidents," Nuclear
Regulatory Commission, September 1980.

70. Mulinazzi, T. E., and H. L. Michael, "Correlation of Design Character­
istics and Operational Controls with Accident Rates on Urban Arterials,"
Proceedings of the 53rd Annual Road School, Engineering Bulletin of
Purdue University, Series No. 128, March 1967.

71. Najjar, D., "A Comprehensive Approach to Truck Accident Data," National
Center for Statistics and Analysis, National Highway Traffic Safety
Administration, unpublished paper, August 1981 (cited in reference 16).

72. National Academy of Sciences, "Analysis of Risk in the Water Transporta­
tion of Hazardous Materials," Report of the Risk Analysis and Hazardous
Evaluation Panel of the Committee on Hazardous Materials, NAS Assembly of
Mathematical and Physical Sciences, Washington, D.C., 1976.

73. National Hazardous Materials Transportation Advisory Committee, 1985.

74. National Highway Traffic Safety Administration, "Heavy Trucks: Fatal
Accident Reporting System Special Report," Report No. DOT HS 803 259,
May 1978.

75. National Highway Traffic Safety Administration, "State Accident Report
Forms Catalogue 1985," Report No. DOT-HS-806-884, February 1986.

76. National Transportation Safety Board, "Safety Effectiveness Evaluation­
Federal and State Enforcement Efforts in Hazardous Materials Transporta­
tion by Truck," Report No. NTSE-SEE-81-2, February 1981.

77. National Transportation Safety Board, Special Study-Railroad/Highway
Grade Crossing Accidents Involving Trucks Transporting Bulk Hazardous
Materials," Report No. NTSB-HZM-81-2, September 1981.

78. New Jersey Department of Transportation, "1982 New Jersey Commodity
Flows," Office of Freight Services, July 1985.

79. Ng, J. C. N., and E. Hauer, "Accidents on Rural Two-Lane Roads: Dif­
ferences Between Seven States," Presented at the 68th Annual Meeting of
the Transportation Research Board, July 1988.

247



80. North Carolina Department of Transportation. "An Example of an Environ­
mental Protective System on Bridges Over Waterways: Improvements to Red
Mill Road from Hamlin Road to Old Oxford Road. Durham County, North
Carolina," unpublished report.

81. North Central Texas Council of Governments, "Hazardous Materials Routing
Study--Phase I: Establishing Hazardous Materials Truck Routes for Ship­
ments Through the ~allas-Fort Worth Area," October 1985.

82. North Central Texas Council of Governments, "Hazardous Materials Routing
Study--Phase II: Analysis of Hazardous Materials Truck Routes in Prox­
imity to the Dallas Central Business District,ll October 1985.

83. Northeast Ohio Areawide Coordinating Agency, "Hazardous Materials Trans­
portation Study: Risk Assessment of Truck Movements of Hazardous Mate­
rials in the NOACA Area," Report No. TR-87-15, Cleveland, Ohio,
June 1987.

84. Office of Technology Assessment, "Transportation of Hazardous Mate­
rials: State and local Activities," Report No. OTA-SET-301, March 1986.

85. Office of Technology Assessment, "Transportation of Hazardous Materials,"
Report No. OTA-SET-304, July 1986.

86. Organization for Economic Cooperation and Development,ll Transporting Haz­
ardous Goods by Road," Paris, 1988.

87. Philipson, l. l., "Risk Analysis in Hazardous Materials Transportation:
A Mechanism for Interfacing the Risk Analysis Model with the Hazardous
Materials Incident Reporting System,1I Report No. TES-20-74-6, Office of
the Secretary of Transportation, September 1974.

88. Pijawka, D., et a1., liThe Transportation of Hazardous Materials in
Arizona--Volume I: Comprehensive Study Approach, Analyses and Findings,1I
Arizona Department of Transportation, April 1986.

89. Preusser, D. F., and H. S. Stein, IIComparison of Passenger Vehicle and
Truck Crash Rates on Toll Roads,1I ITE Journal, December 1987.

90. Price, D. l., et al., IIMulti Modal Hazardous Materials Transportation in
Virginia,ll Virginia Department of Transportation Safety, September 1981.

91. Radwan, A. E., et al., liThe Transportation of Hazardous Materials in
Arizona--Volume II: Hazardous Materials Data Base Management Systems:
Development and Programs, II Arizona Department of Transportation, April
1986.

92. Radwan, A. E., et al., IITransportation of Hazardous Wastes in Arizona,1I
Transportation Research Record 1063. 1986.

248



93. Research and Special Programs Administration, "Guide for Preparing Haz­
ardous Materials Incident Reports," U.S. Department of Transportation,
September 1980.

94. Research and Special Programs Administration, "Guidelines for Applying
Criteria to Designate Routes for Transporting Hazardous Materials,"
Report No. DOT/RSPA/OHMT-89-02, June 1989 (revised version of refer­
ence 10).

95. Research and Special Programs Administration, Notice of Proposed Rule­
making, "Detailed Hazardous Materials Incident Reports," 49 CFR Part 171,
Research and Special Programs Administration, Federal Register, March 27,
1987.

96. Rowe, W. D., "Risk Assessment Processes for Hazardous Materials Trans­
portation," NCHRP Synthesis of Highway Practice 103, November 1983.

97. Russell; E. R., et al., "A Community Model for Handling Hazardous Mate­
rials Transportation Emergencies," Report No. DOT/RSPA/DPB-50/81-30,
Office of University Research, Research and Special Programs Administra­
tion, October 1981.

98. Russell, E. R.~ et al., "Risk Assessment Vulnerability Users Manual for
Small Communities and Rural Areas," Report No. DOT/OST/P-34/86-043, DOT
University Research Program, October 1981 (revised March 1986).

99. Russell, E. R., et al., "Phase III - Final Report--Risk Assessment/
Vulnerability Validation Study Volume 2. Appendices: Individual
Studies," Report No. DOT/OST/P-34-86-042, DOT University Research Pro­
gram, June 1983.

100. Russell, E. R., et al., "Guidelines for Protective Systems for Spills of
Hazardous Materials on Highway Systems," Contract No. DTFH61-85-C-00139,
Federal Highway Administration, in progress.

101. Ryckman, R. W., and M. D. Ryckman, "0rgan izing to Cope with Hazardous
Materials Spills," Management and Operations, April 1980.

102. Sabra, Z. A., "Trends in Highway Information,1I Report No. FHWA-RD-88-055,
Federal Highway Administration, July 1988.

103. Saccomanno, F. F., et al., IIInteractive Selection of Minimum Risk Routes
for Dangerous Goods Shipments," Presented at Transportation Research
Board Annual Meeting, January 1987.

104. Scott, R. E., and J. OIDay, IIStatistical Analysis of Truck Accident
Involvements,lI Report No. DOT-HS-800-627, National Highway Traffic Safety
Administration, December 1971.

105. Seidle, C., IIHazardous Materials Route Report," City of Columbus, Ohio,
Department of Public Service, Division of Engineering and Construction,
October 1984.

249



106. Smith, A. J., Jr., Managing Hazardous Substances Accidents, McGraw-Hill,
N~w York, 1981.

107. Smith, R. N., "Predictive Parameters for Accident Rates," California
Division of Highways, 1973.

108. Smith, S. A., et al., "Identification, Quantification, and Structuring of
Two-Lane Rural Highway Safety Problems and Solutions," Report Nos.
FHWA/RD-83/021 and FHWA/RD-83/022, Federal Highway Administration,
June 1983.

109. Soetber, P., "Incidence, Regulation, and Movement of Hazardous Materials
in New Jersey," Transportation Research Record 1063, 1986.

110. Transport Canada, "Transportation of Dangerous Goods: Guide for Comple­
tion of Dangerous Occurrence Report," 1985.

111. Transportation Research Board, "Transportation of Hazardous materials:
Toward a National Strategy (Volume 1)," TRB Special Report 197, 1983.

112. Transportation Research Board, "Twin Trailer Trucks," TRB Special Report
211, 1986.

113. Union Carbide Corporation, liThe Union Carbide Transportation Risk Ranking
Model," 1987.

114. U.S. Department of Transportation, Emergency Response Guidebook, Report
No. DOT P 5800.2, 1980 and subsequent revisions.

115. Urbanek, Gary L., personal communication with Dr. Eugene R. Russell,
1987.

116. Urbanek, G. L., and E. J. Barber, "Development of Criteria to Designate
Routes for Transporting Hazardous Materials," Report No. FHWA/RD-80/105,
Federal Highway Administration, September 1980.

117. Washington Util ities and Transportation Commission, "Heavy Truck - Haz­
ardous Materials Accidents 1985," January 1987.

118. Washington Utllities and Transportation Commission, "Transport of Haz­
ardous Materials in Washington State 1981-1984" (1986 Addendum), December
1986.

119. Wilbur Smith and Associates, "A Macroscale Analysis of Drainage Alterna­
tives to Protect the Scituate Reservoir Watershed," prepared for Rhode
Island Department of Transportation, December 1983.

120. Williams, K. N., and D. Sheldon, "A Risk Assessment Methodology for the
Highway Transportation of Hazardous Materials," unpublished paper,
Economath Systems, Inc., Santa Monica, California, 1980.

250



121. Wolff, T. A., The Transportation of Nuclear Materials," Report No.
SAND84-0062, Sandia National Laboratories, Dec~mber 1984.

122. Yoo, C. S., et al., "Comparison of California Accident Rates for Single
and Double Tractor-Trailer Combination Trucks," Report No. FHWA-RD-78-94.
Federal Highway Administration, 1978.

251

-U.S.GOVERN"ENT PRINTIRG OFFIGE:1990-717-000:27166




