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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 js being distributed to each Region, Division, and State highway
agency.

J ]
(ZOES~IY
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 therecof. 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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LIST OF ABBREVIATIONS

The text of this report uses a number of abbreviations for agencies,

legislation, and government programs. While each abbreviation is defined
where it is first used, the following table is provided for the convenience of

readers.

AASHTO
ABAG
BMCS
Caltrans
CFR
CHEMTREC
CHP
CTS
poD
DOE
EPA
FARS
FEMA
FHWA
FRA
HMIR
HMTA
I1CC
100T
MCSAP
MTB
NASS
NHTSA
NOACA
NRC
NTSB
OHMT
oMC
0TA
010
RCRA
RSPA
SARA
SHMED
STAA
STCC
TIUS
TRB
usooT

American Association of State Highway and Transportation Officials
Association of Bay Area Governments

FHWA Bureau of Motor Carrier Safety (now OMC)

California Department of Transportation

Code of Federal Regulations

Chemical Transportation Emergency Center

California Highway Patrol

Commodity Transportation Survey

United States Department of Defense

United States Department of Energy

United States Environmental Protectijon Agency

NHTSA Fatal Accident Reporting System

Federal Emergency Management Agency

Federal Highway Administration (part of USDOT)

Federal Railroad Administration (part of USDOT)

RSPA Hazardous Materials Incident Reporting System
Hazardous Materials Transportation Act (1974)

Interstate Commerce Commission

I11inois Department of Transportation

Motor Carrier Safety Assistance Program

RSPA Materials Transportation Bureau (now OHMT)

NHTSA National Accident Sampling System

National Highway Traffic Safety Administration (part of USDOT)
Northeast Ohio Areawide Coordinating Agency

Nuclear Regulatory Commission

National Transportation Safety Board

RSPA Office of Hazardous Materials Transportation

FHWA Office of Motor Carriers

Office of Technology Assessment (part of the U.S. Congress)
FHWA Office of Traffic Operations

Resource Conservation and Recovery Act

Research and Special Programs Administration (part of USDOT)
Superfund Amendments and Reauthorization Act (1986)

State Hazardous Materials Enforcement Development Program
Surface Transportation Assistance Act (1982)

Standard Transportation Commodity Code

Truck Inventory and Use Survey

Transportation Research Board

United States Department of Transportation
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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 matertals. 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 develep 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 Tocal agencies
related to highway transportation of hazardous materials.

. A review of the Federal responsibilities related to highway
transportation of hazardous materials.



. 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, I11inois, 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 acc1dent
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.19

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



for use in risk assessment and routing evaluations for highway transportation
of hazardous materials.

Appendix B presents two numerical examples of the application of the

revised procedures for hazardous materials transportation routing analyses
recommended in this report.



[I. 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 asscciated 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 Titerature
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 Tevels. Various estimates have been made based on
the incomplete data that are available. The National Transportation Safety




Board {NTSB) stated in 1981 that the U.S. Department of Transportaticn (USDOT)
estimated that:76

. At least 4 billion tons (3.6 x 1012 kg) of hazardous mate-
rials are shipped each year,

. At Tleast 218 million ton-miles (3.18 x 10! kg-km) of haz-
ardous materials are shipped every year.

. At least 250,000 shipments of hazardous materials (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 (0TA)
provide more detail on the estimate of the quantities of hazardous materials
shipped in 1982.1285 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 0TA for tons and ton-
miles of hazardous materials shipped are substantially Tower 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-
tjon 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 TIUS for which data are available was conducted in
1982.1% Table 2 presents a breakdown of the 1982 TIUS data developed in the
0TS study.1°85

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

Number of vehicles or
vessels used Tons of cargo Ton-mi les

Mode for hazmat transportation transported (millions)
Truck 337,000 dry freight or fiatbed 927,000,000 (59.8%) 93,600 (11.9%)
130,000 cargo tanks
Rai | 115,600 tank cars 73,000,000 (4.7%) 53,000 (6.7%)2
Waterborne 4,906 tanker barges 549,000,000 (35.4%) 636,500 (81.2%)
Air 3,772 commercial planes 285,000 (0.01%) 459 (0D.06%) -
Total 1,549,285,000 783,559 :

2 Based on 1983 data.



Table 2. Summary of truck fleet carrying hazardous materials.1+85

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 (1iquid)
A11 other (28 categories)

Principal product:
Mixed cargos
Petroleum
Chemicals
A11 other (24 categories)

Gross weight (1b):
10,000 or less (2 categories)
19,501-33,000 (2 categories)
40,001-50,000
50,001-60,000
60,001-80,000
A1l other (8 categories)

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

Operator class:
Business use
Motor carrier
Owner /operator
A1l other (5 categories)

Number of trucks

Truck-miles

{thousands) (millions)
466.6 16,236
243.8 10,282
117.0 2,971

20.5 776
80.3 2,191
5.0 15
140.8 7,016
130.3 4,317
195.5 4,903
113.5 5,716
136.6 3,491
60.3 2,069
156.2 4,960
122.5 1,818
90.8 1,578
36.1 1,479
34.4 1,983
110.9 8,083
71.9 1,295
269.7 4,888
90.9 4,075
73.1 6,749
32.3 525
0.6
275.8 6,200
153.3 8,391
21.1 1,423
16.4 222



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),1+8s .

1976- 1984
70, 000
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£
$ 50,000 \
&)
= 40,000 \ -
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& 30,000 \
€
2 20,0004 x
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Figure'l. Frequency of hazmat incidents by transportation mode,
1976-1984,1

This data base includes incidents in which a hazardous material was uninten-
tionally released white 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 Teaks. 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 "private" carriers,
where the truck is owned by the shipper of the cargo. "For hire" trucks
travel substantially more miles per year than "private" 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.! 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 freguency 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.?6 Thus, the safety of hazmat transportation by highway
js 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 1s 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 concerning truck
safety.



a. Structural preblems 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-trailer combination trucks/double-
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 1ikely variations of truck flows within cells of these variables due to
such factors as: location on highway system, direction of travel, season o
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 1imits 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 1ist of the
broad range of factors thought to influence truck safety.6? 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 Tong-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 HIGHWAY
Number of trailers Function
Number of axles on tractor/trailer(s) Access control
Cab type Number of lanas
Cargo area configuration Lane width

Shoulder width
TRUCK SIZE AND WEIGHT Shoulder surface
Width of trailer Median width
Length, overall Horizontal alignment
Length, trailer(s) Vertical alignment
Empty/loaded Surface condition (wet/dry/etc.)
Weight, gross Pavement condition
Weight, trailer Pavement type
TRUCK OPERATIONS TRAFFIC
Cargo type Volume iADT)
Operator type Volume (day/night)
Trip type Percent trucks
TRUCK DRIVER ENVIRONMENT
Age Visibility
Experience with rig Weather
Hours of service Light
Driver condition

TEMPORAL
LOCATION Month/season of year
State Day of week
Urban/rural 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 {llustrated 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
i1lustrates 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.

11
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A 1981 NHTSA analysis suggests similar conclusions to those
indicated by Figure 6.7! Comparisons among overall accident rates of all
large trucks (over 10,000 1b 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 Tower 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 1llustrated 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 Tess 1ikely to involve injuries, than traffic acci-
dents as a whole.

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

All A1l large- AN
, traffic truck nonlarge-truck
Accident severity accidents accidents accidents
Fatal? 0.7 1.4 0.6
InjuryP | 33.3 25.7 33.7
Property damage on1yb 60.5 68.9 60.0
Unknown® 5.7 ' 3.7 5.8

g Fatal Accident Reporting System (FARS).
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.

(1) 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:

15



. Type of development (urban/rural).

. Access control (freeway/nonfreeway).

. Number of lanes.

. Presence or absence of median (divided/undivided).

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 ]eygT of detatl.

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 secticns),
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 1imited 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,

16



Table 7. Truck accident involvement rates by highway type and
truck configuration.“3
(selected California sites, 1979-1983)

Rural Rural Urban Urban
freeway nonfreeway freeway nonfreeway

Number of sites 9 3 5 1
Cumulative length (mi) 316,77 214.49 170.57 14.19

Exposure (106 veh-mi)

Al11 vehicles 11,190 2,929 38,038 442
A1l trucks 2,959 493 2,460 48
Single-unit trucks 641 130 1,359 29
Single-trailer combination trucks 1,806 204 845 16
Double-trailer combination trucks 512 159 256 3

Total Accident Rate (per 106 veh-mi)

A1l vehicles 1.02 1.68 1.36 8.96
A11 trucks 0.90 1.49 1.48 1.64
Single-unit trucks . 0.56 0.68 1.01 1.04
Single-trailer combination trucks 0.94 1.91 2.18 2.03
Double-trailer combination trucks 1.18 1.63 1.63 5.33
Fatal Accident Rate (per 106 veh-mi)

A11 vehicles 0.03 0.07 0.01 0.07
A11 trucks 0.03 0.08 0.01 0.06
Single-unit trucks 0.01 0.01 0.01 0.04
Single-trailer combination trucks 0.03 0.14 0.02 0.06
Double-trailer combination trucks 0.04 0.06 0.04 0.03
Fatal Pius Injury Accident Rate

(per 106 veh-mi)

A11 vehicles 0.46 0.83 0.56 3.36
A1l trucks 0.40 0.57 0.46 0.78
Single-unit trucks 0.23 0.27 0.34 0.38
Single-trailer combination trucks 0.42 0.76 0.64 1.14
Double-trailer combination trucks 0.49 0.57 0.48 2.67
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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 B, are
guite consistent with the Caltrans 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 1involvement rate
Highway type involvements (106 veh-mi) {per 10§ veh-mi)
Urban Interstate 917 25,651 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 -
AT 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-
sible.10*6% This recommendation 1s 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, fllustrated in
table 9, were based on data for 194 5-mile highway segments in California,
Texas, and New Jersey. These segments were Tocated adjacent to truck volume
counting Tocations 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, I11inois, and Michigan.

Table 9. Estimated truck accident rates.2»3
(Selected sites in California, Texas, and New Jersey)

Truck accident rate

Highway type {accidents per 106 veh-mi)
Interstate {freeway) 0.65
U.S. and State highways 2.26
(rural nonfreeways)
Interrupted flow due to intersections 3.65

(urban arterials)

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 toc 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 Caltrans findings
in table 7,%3s71 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 previcusly 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-
trajlers,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.22s40243 Fyrthermore, 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
jsolate 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, s¢ 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 1imiting 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.*0 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 egual 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 Caltrans 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 propertion 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.1e
(FHWA data for ICC-authorized carriers, 1984)

Truck configuration

Single-trailer Double-trailer
combination truck combination truck
Number of Percent of Number of Percent of
Accident type accidents accidents accidents accidents
NONCOLLISION ACCIDENTS
Ran off road 1,616 6.4 117 8.5
Jackknife 1,749 6.9 138 10.1
Overturn 1,942 7.7 262 19.1
Separation of units 130 0.5 16 1.2
Fire 172 Q.7 5 0.4
Cargo loss or spillage 132 0.5 2 0.1
Cargo shift 97 0.4 2 0.1
Other noncollision 47 0.2 1 0.1
COLLISION ACCIDENTS 19,346 76.7 827 60.4
Total 25,231 100.0 1,370 100.0

(3) Cargo area configuration: Trucks vary in the con-
figuration of the trailer or container where the cargoc 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 -- mere tanks and
fewer vans, for example.
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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).1¢* 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 effects 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.2! The study was 1imited to trucks operated by I[CC-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
1imited 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 con¢lusion 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 1iterature 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.1o4

Carqc area configuratic

n

Van

Refrigeration truck
Bump truck

Tank truck

Transit mix truck

Relative involvement ratio

% accidents/
% vehicles

0.84
1.20
1.60
0.77
1.20

% accidents/
% miles

0.70
0.99
2.20
0.83
3.30

Table 12. Comparison of truck accident involvement rates.2!

Accident involvement rate {per 106 veh-mi)

tractor Single-unit Single-trailer truck
Flatbed Tanker

Double-trailer truck

Van

No. of
Model vear axles truck
Over~the-road
trucking
New 2 0.53
3 0.17
*
01d 2 ¢.48
3 0.16

Local trucking

New 2 1.81
3 0.38
01d 2 2.05
*
3 0.37

* Less than 15 accident invo
** |ess than 5 accident 1nvol

2.00
5.73

1.70

2.01

lvements.
vements.

0.99*
1.08

0.51
0.84

24

0.42%*
2.58

0.97*
1.42

Van Flatbed Tanker

2.94%
1’27*

3.48

0.80

1.34
0.56*

1.84
0.41*

1.16*



1. Geometric Design Features Associated With Truck Accidents

A general overview of truck safety issues reievant 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.1? 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 overinvoived as the struck vehicle in multiple-vehicle
accidents on upgrades.10* 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 (NTSB)
highlighted rajlroad grade crossings as a particular concern.?? 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. NTSB 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.?* 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.3! 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 (g's) required to initiate a roll-
over; a larger value implies a truck configuration that is less 1ikely 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-semitraiier trucks at full load.3!

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 threshclds 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,3o

Finally, an analysis of the FHWA Motor Carrier Accident data base
found a truck accident pattern asscciated with stopping on shoulders.32 The
study considered all accidents of regqulated 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.":o00

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 Tife-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 those incidents.
Table 13 presents a 1ist 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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Rank

10

11

Table 13. Generalized scenarios being used to evaluate
protective systems for hazmat releases.199

General scenario description

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.

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.)

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

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.

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.

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.

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.

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.

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 poputlated
area.

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

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 potent5a1 of generalized
highway facility types.1o0

Rank Approx. score General highway facility
1 5.6+ Elevated facilities with development below
2 5.5 Depressed facilities with development over
3 5.0 to 5.4 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
d. hazmat storage facilities

4 4.0 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. A1l of the other protective sys-
tems are those with the potential to mitigate, but not prevent, the conse-
quences of hazmat releases. S3Some 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.109

Category System
Mitigating Systems

A. Detection and warning BuiTlt-in PA systems
Emergency call boxes
Gas detectors/alarms
Monitoring for quick response
Communication and detection systems

B. Systems to facilitate escape Crossovers
and response Transversable medians
Median openings
Highway exit/entrance redesign for
emergency response vehicles
Emergency exits with heavy doors (tunnels)
Arrows pointing to nearest exit (tunnels)

C. Systems to mitigate fire/ Foam blanketing systems

explosion consequences Large sprinkler systems
Effective vent systems

Availability of hydrants

D. Systems to mitigate spills Pea-style vents to trap gases
consequences Effective vent systems (closed area)
Robust drainage with holding reservairs
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 automat1ca11y close
Clay blankets or barrier members

E. Specialized situations 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

A. Containment High performance barrier systems

B. Control 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, an 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 80,000-1b (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. 0n
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 t¢ 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 Tocate the roadway and/or adjacent development so that the prevalling 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.8° 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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ITI. 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 im 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 cutside 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 1iterature and on visits
to agencies in six States and three local communities made as part of the
study. The States visited were California, I1iinois, 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 informatfon 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 msat.

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 i1s 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 concerning the
responstbitities of other Federal agencies was obtained from published litera-
ture and through the Federal, State, and Tocal 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.s

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

. 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.!2

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 [II-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 Responsibitities 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 1374.

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
requlations 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 USDOT
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 alsc 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 Emergency Management Agency: 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 Agency: 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 govermments. 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 avaijlable
under SARA,

d. Nuclear Requlatery Commission: The Nuclear Regulatory
Commission (NRC) has responsibility to promete safety in handling and trans-.
porting radioactive materials. This autherity 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
requlations 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 radiocactive waste.
DOE compiies 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 requlations. DOE has no regulatory authority aver 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
requlations, 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 Transportation Safety 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.76277

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
Tevel.

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.

3. 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

o]e 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 requlations; 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 senjor 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 envirommental agencies: State environmental agen-
cies have the respensibility to protect the enviromment by ensuring that any
hazardous materials spilled on or along the highway are properly cleaned up.
Even if another agency 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 radicactive materials transportation program of
the I111nois 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 requlations. 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 cutgrowth 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 requlations for their facilities. These are usually similar to the
regulations adopted by other State agencies. Virginia has recently completed

40



a study of appropriate hazmat transportation regulations for bridges and tun-
ne]s.'ogl Sk

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 sfte. Local fire departments
need both trained personnel and specialized equipment tec 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,
Tocal 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 tevel, have a key role in coordi-
nating emergency response to hazmat incidents on the highway and in
maintaining 1iaison 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 ptanning 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
i1llustrate 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:

. Regulation of hazmat transportation/

. Routing of hazmat shipments.

. Regutation and routing of explosive shipments.
Regulation and routing of radioactive shipments.
Regulation and routing of hazardous waste shipments.,
. Signing of hazmat routes,

. Enforcement of hazmat transportation regulations.
. 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.

O~-NOAONDBWN =

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 Mate-
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.24225 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.s8t

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
0ffice 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,84

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 regulaticons 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.!2 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.12284 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 (I11inois, New Jersey, and Wisconsin), the State
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highway agency is the agency responsible for adopting hazmat transportation
safety regulations. In I1linois and New Jersey, the State highway agency has
an office with specific responsibility for regulation of hazmat transportation
-safety. In Wisconsin, the State patrol 1s 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, requ-
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.

¢. Local agencies: Local agencies do not generally have a
role, other than an advisory one, in the establishment of hazmat transporta-
tion safety requliations. 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 reles 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 13975, the U.S. Department of Transportation has authority
to requlate 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 radicactive shipments. Thus, for most shipments of hazardous
materials, there are no routing requlations under 49 CFR. RSPA is currently
studying the adoption of routing regulations for nonradioactive hazardous
materials.®5 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.2* 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.s

In three of the States visited in the present study --

I11inois, 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 reqgulation 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 I-5 freeway in Seattle.

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

¢. 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.$7°+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 1imits; 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.é

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 Tlaw.

. 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
requlated 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
quatlified 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 pubiishes 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 places." 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 "safe parking places" which are
designated areas where a truck carrying explosives can be parked unattended.
Thus, these "safe parking places" are considered toc 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 48 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 I11inois, where the estab-
lishment of designated safe havens for explosive shipments is a local func-
tion. Two safe havens in I11inois have been designated by local authorities,.
but there are no general criteria for safe havens.

4. Requlation and Routing of Radiocactive Shipments

a. federal agencies: Federal involvement in shipments of
radioactive materials is greater than for other types of hazardous materials
for several reasons, First, the U.S. Department of Transportation has, to
date, exercised its authority over routing of hazmat shipments exclusively in
the area of radiocactive 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 radicactive
materials. These regulations establish the Interstate highway system as the
preferred route for radiocactive 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 "Guidelines for Selecting Preferred Highway
Routes for Large Quantity Shipments of Radiocactive Materijals."e4
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The Nuclear Regulatory Commission is charged with promoting
safety in handling and transporting radicactive 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 radiocactive 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 I11inois, Washington, and
Wisconsin, require radicactive 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 radiocactive 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
Timits. 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
radicactive materials by highway.8% For example, the I11inois Department of
Nuclear Safety requires shippers of spent nuclear fuel to obtain permits, to
provide advance netification 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 I1linois 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 Taws that require
carriers to notify local officials when hazardous materials are going to be
transported.13 Most commonly, advance notification requirements of this type
apply to radiocactive 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 requlations.63 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.é4

¢. 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 (0TO). 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.3s 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 @ truck with the letters "HC" (for Hazardous Cargo) on the bed of the
truck.

0TO has recently adopted new signs for incorporation in the
MUTCD to designate preferred hazmat routes and hazmat route prohibitions.
These signs are fllustrated in figure 10. Preferred hazmat routes are to be
identified by MUTCD Sign R14-2 which has block letters "HC" in black on white
background inside a green ring. The letters "HC" 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 McDornald,
except that they do not include the side view of a truck.66 Figure 11 i1lus-
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,8e

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.1S 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 ring) and prohibition signs (with a red ring and diagoral 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.®
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Figure 10. MUTCD symbol signs for hazmat route preferences and prohibitions.35

HAZARDOUS
CARGD
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 PROHITION SIGN

r r
DANGEROUS
DANGEROUS
GOODS CARRIERS
GOODS ROUTE PROMIBITED
. J —

Figure 12. Symbol sign for hazmat route preferences and prohibitions
used in Canada.8®

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.$

Only one of the six States 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 prohibitions, respec-
tively. The sign incorporates block letters "HM" for hazardous materials
route preferences and prohibitions and "HW" for hazardous waste route prefer-
ences and prohibitions.

Caltrans 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, Caltrans personnel expressed several concerns
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about whether the national MUTCD signs can meet their needs. In particular,
Caltrans is concerned that:

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

. The use of the Tetters "HC" on the national MUTCD sign may be
inappropriate because "hazardous cargo” is a broader term
than "hazardous materials." For example, "hazardous cargo"
would include a locad 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 Tocal agencies that have implemented hazmat
prohibitions for specific facilities have typically used large rectangular
signs (with sizes and shapes similar to freeway gquide signs) with either white
letters on a red background 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 Regqulations

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-Tevel radicactive 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 Ticensing of hazmat carriers
required under the HMTA, so there are no Ticense suspensions or revocation
proceedings that can be used as enforcement tools at the Federal level.s2

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,
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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 I11inois 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) imac-

curate or missing shipping papers; and (f) excessive radiation levels in cab
of truck.as

"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 viclation 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 hazardous materials violators. 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 Il1linois. I1linois 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 I11inois 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 [11inois Department of Transportation
(IDOT) that deals exclusively with hazmat transportation safety issues. Fines
. for single violations typically range from $1,250 to $2,500, and multiple vio-
Tations on a single vehicle might result in fines from $1,500 to $3,000. The
IDOT 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
I11inois.

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.

¢. 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 I1linois, 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 raole 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, t