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EXECUTIVE SUMMARY

In response to a growing concern over the management of
hazardous wastes and their impact on the population and environment,
the Resource Conservation and Recovery Act (RCRA) was enacted in
1976. RCRA authorized the EPA to establish a hazardous waste
control program for the nation, which includes the identification and
classification of hazardous wastes. re~virements for owners and
operators of hazardous waste facilities, and guidelines for state
programs developed under the act.

in 1981, as part of the national hazards waste control program,
EPA’'s Office of Solid Waste began to develop its RCRA Risk/Cost
Analysis Model. The model is designed to assist in the development
of hazardous waste policies.

The RCRA Risk/Cost Analysis Model consists of an array of
possible ways to treat, transport and dispose of the hazardous wastes
generated in the United States. There zre three main factors
considered in the model's formulation of posuble says to .nanage

hazardous waste:

(1) The type of waste (and its hazardous chemical
constituents). _

(2) The types of technologies used to treat, transport and
dispose of the wastes.

(3) The environmental settings in which the wastes are

treated, transported and disposed.



The model forms all possible combinations of a list of wastes,
technologies and environmental settings -- or W-E-T cells. The model
then caiculates the risks and costs involved in each W-E-T cell. In
this fashion, the relative merits and drawbacks of various hazardous
waste management strategies can be dentified.

This report focuses on one component of the RCRA Risk/Cost
Lnalysis Model: the costs incurred and expected fraction released
(Rtr) during transport of hazardous wastes. The objectives of our
project were governed by the following criteria:

* In order to establish a tool for policy analysis, we wanted
to estimate & fraction release model that reflected, as much
as possible, actual data on hazardous waste shipments and
incidents. Compiling a comprehensive data sample
necessitated extensive data collection at both the state and
federal levels.

* In order to ascertain whether previous studies were reliable
for policy analysis, we performed a critical review of
existing truck transport cost studies. We then developed
revised cost formulas to account for deficiencies identified in
the review process and compared the revised cost procedure

with quoted rates to validate its applicability.

Because 90 percent of all current hazardous waste transport is via
truck, the transport release model and cost review were restricted to

truck transport.?

!'The authors are presently conducting studies of the release rates
and costs of hazardous waste shipments by rail and waterborne
transport.



Fraction Release Analysis Methodology

Hazardous waste releases during transport can result from a
number of causes {(failures modes) and can occur either at shipping

terminal points or enroute. We defined three incident types:

(1) Container failures due to vehicular accidents enroute.
(2) Container failures occurring enroute due to causes other
than vehicular accidents.

(3) Container failures at shipment terminal points.

We formulated a Transport Release Model to compute the expected
fraction released (Rtr) during transport. This is a function of: (1)
the expected fraction released enroute ... {(2) the expected fraction
released at terminal points. Deriving these release fractions requires
an understanding of the expected fraction released given an incident
for each failure mode, the probability of an incident for each failure
mode and, for enroute Incidents, the distance shipped. It is
necessary to estimate these parameters for each container type used
in transport. Thus, the total number of parameters to be estimated
depends on the number of container types and failure modes.
Furthermore, the use of the model for policy analysis requires
hazardous waste shipment distances as input.

Estimating incident probabilities also requires a determination of
the total involvement. For example, total involvement for incidents
which occur enroute is a function of the total distance shipped (i.e.,
the average shipment distance multiplied by the number of

shipments). For incidents which occur at terminal points, the total



involvement 1s the total number of shipments. Thus, it is necessary
to estimate the average shipping distance and the number of
shipments for each coatainer type.

We computed these measures using: (1) shipping distances
derived from incident data, 2) data on the number of vehicular
accidents and 3) independently derived estiriates of vehicular accident
rates. Subsequently, it became possible to compute incident rates for
other faillure modes. It was not necessary to perform this explicitly
for each container type. Rather, we expressed all incident rates in
terms of a common vehicle accident rate. We assumed that this
accaident rate does not depend on the container type used for
shipment.

Data Dascription

We dentified three types of data which were necessary to

conduct the reiease and cost analyses:

(1) Truck accident and volume data.

{2) Hazardous waste shipment informatron.

(3) Hazardous waste incident data.
wWherever possible, we obtained data from 1980, 1981 and 1982,
because they represent the most recent information availabie on
hazardous waste incidents and shipments.

We obtained truck accident and volume data from Texas,
California and New Jersey records. Each record included average
daily counts of vehicular traffic characterized by vehicle type and the
annual number of truck accidents. The California and Texas da.ta
included observations for interstate highways, U.S. highways and

state routes. The New Jersey data, on the other hand, included



many highway sections containing intersections with traffic signals.

We collected data on hazardous waste shipments from California,
Texas, Massachusetts and New York manifest records. In general,
each record contained the following intormation: origin location,
destination location, waste type transported, quantity shipped and
unit of shipment. A significant problem with this database was Its
tack of accuracy in reporting the locations of generation and disposal
sites. In some cases, the county of oi.;u0 or the destination state
was the only location description. Thus, it was necessary to make
some assumptions to correct for this problem. State data also did not
consistently include interstate shipments.

The primary data source for estimating the incident probability
and fraction release parameters was the Hazardous Material Incident
File (HAZMAT) maintained by the U.S. Department of Transportation's
Materials Transportation Bureau (MTB). HAZMAT, a compilation of
nauonwide data on hazardous material spills, contains information on
the frequency and circumstances (container involverient, failure mode,
sevarity of resulting spils, etc.) surroundirg tlisczardous material
incidents.

Although over 8,000 incidents of hazardous material spills
involving truck travel were reported in 1981, a closer inspection of
these data indicated that an extremely small number (84) of these
spills involved hazardous wastes. Because the sample size of
hazardous waste incidents was not large enough for statistical
analysis, we considered all of these hazardous materials incidents in
developing the incident model. Also, because we postulated that the

incident rate and fraction release models do not depend on the type



of waste being shipped, but rather, on the container type used, and
because the HAZMAT file covers a wide range of container types, this
approach is justified.
Estimating the Truck Accident Rate

We assumed that the truck accident rate is a functicn of the
highway type and traffic conditions. Truck accident and volume data
were obtained from California, Texas and New Jersey; these data
represented a wide range of traffic and truck volumes and four
different highway types. To test the statistical significance of any
differences in accident rates under different highway and traffic
conditions, we conducted an analysis of variance (ANOVA), which
indicated the significance of the traffic volume, truck percentages and
highway type.

The analysis of the accident rate data yielded the following
estimate for aggregate accident involvement rates (releasing accidents
per million truck miles):

Interstates 0.13
U.S. and State Highways 0.45
Urban 0.73
Composite 0.28
These results fall within the range of previously reported
estimates and demonstrate the difference in the accident rate for

various highway types. The truck accident rate is also dependent on

both the total traffic volume and the percentage of trucks in the



traffic stream. These results suggest that in applying the estimates
provided, cell means should be used in lieu of aggregate means if
sufficient information is available to identify the highway type and the
traffic volume.

Incident Modeling

The HAZMAT file of reported hazardous materials incidents
allows the coding of up to 334 container types and 27 failure modes.
From our analyses of thess dawa, we iasuunied 8 container types with
reascnably uniform physical characteristics and incident involvement
rates:

(1) Cylinders

(2) Cans

(3) Glass

(4) Piastic

(5) Fiber Boxes

(6) Tanks

(7) Metal Drums/Pails

(8) Open Metal Containers

For each of these container classes, we determined the
respective parameters in the fraction reiease model. Table 1
summarizes the resulting estimates of the fraction released by
conwainer type.

The results of our analyses indicate that in terms of their
order of magnitude, the expected fractions released per mile shipoed
range from 108 o 106, depending on the container class. The
sxpected fractions released at terminal points range from 10'6 to

10'3, depending on the container class.



Table 1 Estimates of Fracrion Released by Container Clsass

Container Expected Fractiomn Expected Fraction
Class Released Per Released at Terminal
Mile Shipped** Poiats
'6 r “
1 1.3 x 1078 + (13 21 1.4 x 10
2 2.6 x 100 +(12 A" 4.0 x 107
1 ' 1.7 x 10”8 + (27 A" 2.6 x 107°
o 6.1 x 1078 + (1420 5.2 x 107
s 1.3 x 1078 +(12 11 6.1 x 1072
6 4.2 x 1078 - (.19 AY 7.6 x 10°°
7 2.4 % 1078 +(.10 1Y 2.9 x 107
8" 7.5 x 1079 1.2 x 1073

xastimate assoclaced with the release fraction during accident is not
reliable,

nr)' = releasing vehicle accident rate.



Our computed estimates indicate that:

()

(2)

)

The release rates for tank trucks are much lower than
for other container types.

The expected amount released at terminal points is one to
three orders of magnitude higher than the amount
released enroute.

The expected revase fracuuas during transport are
potantially as high as the release fractions at disposal
sites and treatment facilities, which range from 10'7 to
10°3 for routine spillage and 1073 to 102 for accidental

spillage.

Estimating the Expectsd Amount Released

Using the model parameters given in the previous sections, we

employed the following procedure to estimate the expected fraction

released during transport:

2D

(2)

)

(4)

Identify shipment characteristics.

number of shipments

vol.me per shipment

trip distance

container type
Identify highway characteristics.
- highway type
- traffic volumes
Select appropriate values of fraction release parameters
for the container type being considered.

Compute the fraction of accidents that involve releases



(5)

(6)

7

(8)

10

(derived as the truck accident rate multiplied by 0.2).
Determine fraction released enroute and at terminal
points.

Multiply fraction released enroute by total trip miles and
fraction released at terminal pomnts by the number of
shipments.

Add these values to arrive at total expected fraction
released.

Multiply this by the total volume (o obtain the total

expected amount released.

This procedure is demonstrated in the discussion on model application.

Estimating the Cest of Transporting Waste
Trip Profile Analysis

Using

the waste shipment data from Texas, California,

Massachusetts and New York, we examined the following:

(1)

(2)

(3)

The mean shipping distance, segmented by waste type
(for each state).

The quantity shipped, segmented by waste type (for
each state).

The extent to which the above measures vary across

states.

The resulting information was used in cost applications where specific

trip lengths and the quantities shipped were not known.

In order to determine if the quantity and/or distance shipped is

related to the waste type (solid or liquid) or the particular state

under consideration, we conducted 3 muitivariate analysis of variance.
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The results of the analysis indicated that the shipment characteristics
of liquid and eolid wastes vary by state and consequently we could
not derive aggregate estimates. This resuvited in our conducting
separate analyses for each state.

Our analysis results indicated that trip distance and quantity
shipped vary by waste category and also vary considerably among
states. This is likely due to differences in the manifest system,
geographic location, size and industrial activity of each state,

We did, however, conclude that the quantity transported is
independent of trip distance. Our findings do not substantiate the
argument that shipments are filled closer to capacity on longer tri.ps
than shorter ones. We aiso found that in three of the four states,
the mean shipment size for Jliquids s 1arger than for solids
shipments, and that in three of the four states, the average trip
distance 13 longer for solids shipments than for liquids shipments.

Questions are sometimes raised regarding genersl waste shipment
characteristics for the Unit-ed States. Although there iz no basis for
assuming that our sample is typical of the tice ‘“azardou. waste
transport industry, we computed weighted averages of the shipping
distances and quantities which reflect the number of annual manifests
in each of the states. These weighted averages should not be
misinterpreted to apply to specific hazardous waste transport scenarios
in the United States.

The mean trip length for ali shipments is 84.2 miles, with a
mean trip length for liquids of 77.1 miles and for solids of 109.6
miles. For liquids, the mean quantity shipped is 3,171 gallons. For

solids, it is 2,791 gallons (11.6 tons). The trip distance frequency
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distribution for 3ll four states, for both liquids ard solids, follows an
exponential distribution. This is not surprising because disposal sites
are itkely to be located near points of waste generation.

Cost Msthodoliogy

We reviewed the existing literature on the cost of transporting
hazardous waste and identified seven studies which treated the issue
of estimating the cost of transporting hazardous waste by truck. Al
seven studies considered this issue within the larger framework of the
total cost and risk of hazardous waste treatment at a regional level.

The studies’ resuits varied from gross estimates of the unit cost
of transport to more sophisticated derivations of costs based on fixed
and variable components. We noted several deficiencies in these
methods, part:cularly in  the assumptions relating to shipment
characteristics (for example, all of the studies assumed that vehicles
travel at capacrty, which s not substantiated by the results of the
trip profile analysis) and their failure to compare their results to the
actual rates charged by haulers.

Using the most comprehensive of the methodologies, we
developed a revised costing procedure which was designed +to
overcome these deficiencies. QOur modifications included considering
trip distances and shmpment sizes based on the trip profile analysis
results, using 1983 component costs, and comparing the revised
methodology to actual price quotes from waste haulers.

We then used the revised costing procedure to estimate
transport costs for 6,000 gallon tankers and 18-ton stake (flatbed)
trucks. The average costs computed using the trip profile

characteristics are:
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Tankers Stake Trucks
Average Cost Per $4.14 $4.55
Loaded Mile ($)
Average Cost Per $0.31 $0.39

Loaded Ton-Mile (S)

The average costs per 'oaded mile and loaded ton-mile are larger for
stake trucks than tankers. This is due to the smaller loads
associated with stake trucks.

in order to estimate the cost of transport when details on
specific sivipments are available, we derived the following formulas for

tankers and stake trucks:

88.8
d"'tmkor (8/logded mile) = 3.08 ¢ —x—
(s/ N 3.08 88.8
citm $/loaded ton-mile) = —— ¢ —
tanker Y Xy
129.38
clm’“k. (S/loaded mile) = 3.02 + "
3.02 129.38
citm ($/lcaded ton-mile) = .
stake Y XY
wheres:

clm = cost per loaded mile

citm = cost per loaded ton-mile

X
Y

shipment distance (miles)

shipment cize (tons)
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To determine the accuracy of the revised costing procedure, wo
compared its estimates with the actual rates charged by haulers. The
comparison showed that the estimates we obtained using this cost
formula appear to be quite representative of quoted rates in the
hazardous waste transport industry. The average cost figures,
however, did not compare quite as favorabiy. Consequently, we

recommend that the average cost figures should be used rather

carefully, and should only be empioyed when information is not

available on trip distance and/or shipment size.

Modsl Application

To illustrate the established release and cost procedures, we

posed the following problem:

Suppose 200 S5-galion drums are being shipped a distance of 100
miles on interstate highways. The average daily traffic (ADT) and
truck percentages on the highways are unknown. What are the

expected releases and cost involvad?

Release Computation

From previously reported results, we obtained the releasing
accident rate for interstates as 0.13 x 10'6 releasing accidents per
truck mile. The expectad amount released enroute was obtained using

the fraction released from Table 1 as:

E (release enroute) = (2.4:&10'6 * 0.10x0.13x10'6) x 100 x 200 x 55
= 2.65 gallons
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4

2.9x10° " x 200 x 55

E (release at terminals)

3.19 gallons

Total expected release = 5.84 gallons

Cost Analysis
The average load carried by stake trucks is 2,781 gallons,
which is equivalent to 11.6 tons. 1"he quantity being shippad is
11,000 gallons. which is equivalent  45.83 tons. The cost per
loaded ton-mile 1s:
3.02 129.38

(s/loaded ton-mule) = . = 0.37
stake 1.6 (100} (11.6)

citm

Number of ton-miles per shipment = 11.6 x 100 = 1160

Cost per shipment = 1160 x 0.37 = $429.20

Average number of shipments = 3.94

Total Cost = 3.94 x 429.20 = $1,691.05

Concluding Remarks

This project has addressed the potential releases and costs of
transporting hazardous wastes by truck. In the course of conducting
this study, we drew several conclusions that are useful for policy

analysis. Below, we briefly discuss our conclusions.
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A trip profile analysis conducted on data frora several states
indicated that, on average, wastes are shipped less than 100 miles
from their generation to their disposal sites. The average trip length
1s lower for liquids than for solids. Generally speaking, the mean
quantity shipped is independent of shipping distance.

In assessing truck transport relesases, it is important to
distinguish between two kinds of incidents that result in spills. For
one class of incidents, the probability of occurrence is a function of
the distance traveled; for the other, tha occ'irrence probability for a
particular shipment is fixed. We computed expacted fraction release
estimates for both kinds of incidents.

The costs of transporting hazardous wastes by truck can be
reasonably approximated using the formulas derived in this study.
These cost formulas compare well with actual industry quotes.

The individual and collective results of the entire analysis are
applicable at many levels of aggregation. Using this study's models
and cott formulas, 1t is possible to obtain broad estimates of expected
releases and transport costs, as well as estimates of the raleases and
costs involved in individual shipments.

Perhaps the most mmportant result of this study is that the
release rates associated with transporting hazardous wastes by truck
appear to be as large as the potential releases at treatment and
disposal sites. In fact, for some W-E-T combinations, transport may
be a potentially more dangerous activity. As a re:ult, policymakers
should give careful consideration to the relative risks involved in the

treatment, transport and disposal of hazardous wastes.
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CHAPTER 1
INTRODUCTION

In the United States, 160 million metric tons of hazardous
wastes are generated each year as part of the industrial process.
These wastes include organic chemicals, pesticides, acids, caustics,
flammables and explosivés [1].

Accidents involving hazardous wastes have the potential to
produce catastrophic effects on people and the environment.
Depending on the nature of the waste, the extent of its release and
where it occurs, hazardous waste spills can impose serious public
safety problems through contdtiination of the surrounding air, water
or soil. Therefore, it is of utmost impu-*ance to dispose of these
wastes with a minimal impact on the environment and to find safer
methods of transporting them from their generation zones to disposal
sites.

In response to a growing concern over the management of these
wastes and their impact on the population and environment, the
Resource Conservation and Recovery Act (RCRA) was enacted in
1976. RCRA authorized the EPA to establish a hazardous waste
control program for the nation, which includes the identification and
classification ‘of hazardous wastes, requirements for owners and
operators of hazardous waste facilities, and guidelines for state
programs developed under the act.

In 1981, as part of the national hazards waste control program,

EPA's Office of Solid Waste began to develop its RCRA Risk/Cost
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Analysis Model. The model is designed to assist in the development
of policies for hazardous waste facilities.

The RCRA Risk/Cost Analysis Model consists of an array of
possible ways to treat, transport and dispose of the hazardous wastes
generated in the United States [2]. There are three main factors
considered in tl';e model's formulation of possible ways to manage
hazardous waste:

(1) The type of waste (and its hazardous chemical
constituents).

(2) The types of technologies used to treat, transport and
dispose of the wastes.

(3) The environmental settings in which the wastes are
trested, transported and disposed.

Th- -cdel forms all possible combinations of a list of wastas,
technologics and environmental settings. Thus, it may be regarded
as a three-dimensional matrix, each call of which is a combination of
a waste, an environment and technology(ies) - - a W-E-T cell. Each
W-E-T cell may be viewed as a particular waste management practice.

The model then calculates the risks and costs involved in each
W-E-T cell. In this fashion, the relative merits and drawbacks of
various hazardous waste management strategies can be idesntified.

This report focuses on one component of the RCRA Risk/Cost
Analysis Model: the costs incurred and expected fraction released

(Rtr) during transport of hazardous wastes. The objectives of our
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project were governed by the following criteria:

* In order to establish a tool for policy analysis, we wanted
to estimate a fraction release model that reflected, as much
as possible, actual data on hazardous waste shipments and
incidents. Complling a comprehensive data sample
necessitated extensive data colle.tion at both the state and
federal levels,

* |In order to ascertain whether previous studies were reliable
for policy analysis, we performed a critical review of
existing truck transport cost studies. We then developed
revised cost formulas to account for deficiencies identified in
the review process and compared the revised cost procedure
with quoted rates to validate its applicability.

Because 90 percent of all current hazardous waste transport is via
truck [3], the transport release model and cost review were
restricted to truck transport.!

This report is organized as follows. Chaptar 2 develops the
framework for the fraction release analysis and discusses the data
requirements. Chapter 3 summarizes the data collection effort and
describes the format of the database. Chapter 4 describes an
analysis of shipment characteristics performed on hazardous waste
manifest data from several states. Chapters 5 and 6 focus on the
estimation of the parameters for the fraction release model. Chapter

1The authors are presently conducting studies of the release rates
and costs of hazardous waste shipments by rail and waterborne
transport.
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7 describes the procedure for estimating tne cost of transporting
wastes by truck. Chapter 8 provides examples demonstrating the use
of the fraction release and cost models, as well as some concluding
remarks. The appendices present the report's supporting

documentation.
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CHAPTER 2
FRACTION RELEASE AMNALYSIS METHODOLOGY
Hazardous waste releases during transport can result from a
number of causes (failures modes) and can occur either at shipping
terminal points or enroute. Of those incidents which occur enroute,
a certain proportion results directly from truck accidents. We
defined three incident types as:

(1) Container failures due to vehicular accidents enroute.

(2) Container failures occurring enroute due to causes other
than vehicular accidents.

(3) Container failures at shipment terminal points.

In developing the’transport release r...." #nur postulates were made
for these three types of incidents:

(1) The probability of a truck accident in which a release
occurs is independent of the waste being shipped and
the container type used in shipment.

(2} The probability of occurrence of an incident at any point
along the route is a nonzero constant which, exclusive of
truck accidents, depends on the container type used.

(3) The probability of occurrence of an incident at a
shipping terminal point depends only on the container
type used.

(4) The expected amount released as the result of an
incident depends on the container type used and the

specific cause of the release (failure mode). It does not
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depend on the location of the incident.
We formulated the Transport Release Model as follows:

Rep = J R x A d Expected fraction release enroute.

R x @ Expected fraction released at terminal points.

where: Rtr is the expected release fraction.

R is a vector of parameters corresponding to the

expected fraction released of hazardous wastes for each

defined failure mode.

A is the probability vector corresponding to incidents
enroute for each defined failure mode.

] is the probability vector corresponding to incidents at
terminal points for each defined failure mode.

d is the distance shipped.

For each container type considered, it is necessary to estimate
the vectors R, 8 and A. Thus, the total number of parameters to be
estimated depends on the number of container types and defined
failure modes. Furthermore, the use of the model for policy analysis
requires hazardous waste shipment distances as input.

The primary data source for estimating the incident probability
and fraction release parameters in this analysis was the Hazardous
Material Incident File (HAZMAT) maintained by the U.S. Department
of Transportation's Materials Transportation Bureau (MTB). A
compilation of nationwide data on hazardous material spills, HAZMAT
contains information relating to the frequency and circumstances

(container involvement, failure mode, etc.) surrounding hazardous
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material incidents.

Estimating incident probabilities also requires a determination of
the total involvement. For example, total involvement for incidents
which occur enroute is a function of the total distance shipped (i.e.,
the average shipment distance muitiplied by the number of
shipments). For incidents which occur -* terminal points, the total
involvement is the overall number of shipments. Thus, it is
necessary to estimate the average shipping distance and the number
of shipments for each container type.

The average shipping distance was computed from information
contained directly in the HAZMAT file. We estimated the number of
shipments using 1) this estimate of the average shipping distance, 2)
HAZMAT data on the number of vehicular accidents and 3)

' accident rates.

independently derived estimates of vehicular.
Subsequently, it became possible to compute incident rates for other
failure modes. It was not necessary to pertorm «iis explicitly for
each container type. Rather, we expressed all incident rates in
terms of a common truck accident rate. We assumed that this
accident rate does not depend on the container type used for
shipment.

After the Transport Release Model's framework was developed,
we identified the following analyses and data requirements:
(1) Truck Accident and Volume Data

a. Compile truck accident rates for different highway types

and under different traffic volume conditions.
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b. Conduct statistical tests to determine the effect of highway
type, traffic volume and truck volume on the accident rate.
(2) Hazardous Waste Shipment Information
a. Compile average waste shipping distance and quantity
carried for several states and various waste categories
(solids, liquids, etc.).
b. Conduct statistical tests to determine the effects of states
and waste types on shipping distances and quantities.
(3) Hazardous Waste Incident Data
a. Identify container classes and failure modes to be
considered.
b. Estimate the mean shipping distances for each container
class.
c. Estimate the fraction released as a result of an incident for
each container class.
d. Estimate incident probabilities for each container class.
e. Derive expected release estimates for each container class

per mile shipped and at terminal points.
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CHAPTER 3
DATA DESCRIPTION
The previous discussion identified three streams of data which
were necessary to conduct the risk analysis:
(1) Truck accident and volume data.
(2) Hazardous waste shipment information.
(3) Hazardous waste incident data.
Wherever possible, we obtained data from 1980, 1981 and 1982,
because they represent the most recent information available on
hazardous waste incidents and shipments. Below, we describe the
types and sources of the data gathered and the problems encountered

during data collection.

3.1 Truck Accident and Volume Data

To ensure that our database was comprehensive and useful, we
imposed the following rules for collecting truck accident and volume
data:

(1) Obtain a statistically-large sample of highway locations
for which accident histories, truck volumes and total
traffic volumes are available.

(2) Obtain location samplings for different highway types.
Different highway types (Interstate, U.S. routes, State,
etc.) are based on different design standards and, as a
result, may exhibit different accident frequencies.

(3) Obtain location samplings from several states. While the
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design standards are essentially the same across states,
there may be other variables which affect truck accident
rates (e.g., climate).
Following these rules, we obtained accident and volume data over
S-mile sections from three states: Texas, California and New Jersey.
3.1.1 Texas
The Texas State Department of Highways and Public
Transportation maintains 320 manual traffic volume count stations
across the state. These stations provide average daily counts of
vehicular traffic characterized by vehicle ype. The Department also
maintains a comprehensive accident records system from which one can
obtain accident data. We obtained accident and volume data from 47
randomly selected stations (9 State, 18 U.S. Routes and 20
interstates) for the year 1980; the format of these data is described
in Table 3.1.
3.1.2 California

The California Department of Highways and Public
Transportation maintains count station data in the same basic format
as the Texas data. We randomly selected 95 count stations (46 State,
15 U.S. Routes and 34 Interstates) for the year 1981, and obtained
bi-directional volume and accident data for 5-mile sections for each
station.

3.1.3 New Jersey

The New Jersey Department of Transportation maintains

classified traffic counts as well as descriptions of vehicular accidents.



Table 3.1 Truck Accident and Volume Data Format

DATA ITEM

Station Code

Station Location

Highway

Control section
One-directional length

Number of truck accident/year
Truck Average Dally Traffic
(ADT)(2-axle and greater)
Total ADT

TYPE

Text
Text
Text
Text
Real
integer

Integer

Integer

27
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We obtained data from 52 out of 171 randomly selected count stations
for 1980. The traffic volume counts from these stations were 8-hour
averages for 1980. The data were not segmented by highway type
because most of the sampled roadway sections contained signalized
intersections. Instead, the number of intersections in the S-mile
segment of interest was recorded because we felt that intersections

would influence the accident rate more strongly than highway type.

3.2 Hazardous Waste Shipment Information

Some states have implememented a manifest system for recording
hazardous waste shipments. The data from such manifest systems can
be used to study the gquantity and distance shipped by tvaste
category. We obtained waste shipment data from Caiifornia, Texas,
Massachusetts and New York. We selected these states because they
organized and maintain accessible manifest records, and the states
vary in geographical location, size and in their level of industrial
activity.?

It should be noted, however, that none of these states records
infcrmation on shipping modes as part of the manifest file. Iin order
to determine which shipments were made by truck, we assumed that a
maximum shipment weight of 66,500 Ibs was transportable by truck,
based on information in the Oglesby and Hicks study ([4].

2Data availability imposed limitations on this analysis such that
different states were used for accident and hazardous waste shipment
analyses, respectively.
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3.2.1 California

We obtained the entire manifest file from the California
Department of Health Services (CDHS) in two formats, "A" and "B".
The major difference between the two formats is that Format A used
an alphanumeric code for the county where the shipment originated
while Format B used a numeric code for the same information. The
CDHS used Format A through March 1981 and Format B from April
1981 through June 1981,

The CDOHS also made a reporting change in its waste code.
Prior to Febrary 1981, it defined 16 waste types; the code was
subsaquently expanded to include 76 waste types. The reporting
format allows for the possibility of three different waste types being
shipped concurrently, but the details of the shipment refer only to
the first waste code noted on the record. The general format of
these shipment data is shown in Table 3.2.

The manifest identifies each shipment's point of origin by
county, implying that any analysis of shipments would be conducted
by assuming that travel originated at the county's centroid. The
disposal sites are identified by name and location. The data also
include out-of-state shipments, which comprise approximately 2% of ail
shipments. Although the data do not specify the destination state, a
CDHS official estimated that 80 percent of interstate shipments are

destined for Nevada.



Table 3.2 California Waste Shipment Data Format

DATA ITEM

County code

Waste type codes

Hazardous properties code
Number of containers

Container type code

Physical state of materials code
Disposal site code

Quantity shipped

Units

Handling method code

Disposal date

TYPE

Integer
integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer

Integer

30

LENGTH
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3.2.2 Texas

We obtained the entire manifest file for the years 1976, 1979,
1980 and 1981 from the Texas Department of Water Resources.’
Initially this database included all hazardous material shipments, but
was subsequently modified to include only those shipments of materials
which are categorized as wastes. Because the database contained
very limited information regarding out-of-state disposal sites, we uséd
only the data on disposal trips within Texas. |In cases where both
the shipper and receiver filed reports for the same shipment, we
eliminated these duplicate records.

Each record contains the registration numbers of the shipper
and receiver. We then used the master file of shippers and disposal
sites to obtain the exact origin and destination location of each waste
shipment. This allowed for us to make more accurate estimates of the
distance traveled than in California. Table 3.3 provides a description
of the Texas data format.

3.2.3 Massachusetts *

We obtained a random sample of waste shipments for 1981 from
Urban Systems Research and Engineering, Inc., the firm responsible
for collecting hazardous waste data for the Massachusetts Bureau of
Solid Waste Disposal. The sample consisted of 642 records, which
includes both intrastate and interstate shipments. These data are
described in Table 3.4.

Although the origin of a shipment was identified by comnunity,
its destination site was coded only by state. We obtained a separate

3We requested the 1976 data in case it was necessary to perform a
trend analysis.



Table 3.3 Texas Waste Shipment Data Format
DATA (TEM TYPE
Report date Integer
Receiver district code Integer
Receiver ragistration number Text
Shipper district code Integer
Shipper registration number Text
Ticket number Integer
Ticket type Text
Waste code Integer
Quantity shipped Integer
Units code Integer
Date shipped Integer
Comments Text
Record number Text

32

LENGTH
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Table 3.4 Massachusetts Waste Shipment Data Format
DATA ITEM TYPE
{») Text
Name Text
wn of origin cod|9 integer
Region of origin codg integer
Month in 1981 Integer
Waste type Text
Destination code integer
Method of disposal code Integer
Generator code Integer
Employment at generation site Integer
Volume shipped (gais) Integer

33

LENGTH
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list of disposal sites which specifies each facility's exact location and
the types of wasfes it treats [5]. We assumed that all shipments
would go to the nearest facility in the destination state that could
accomodate the type of waste being transported.

3.2.4 New York

The New York data consist of a random sample of 209 records
for 1982 that were randomly selected from a file of hazardous waste
shipments maintained by the New York State ODepartment of
Environmental Conservation. These data include the town of origin
and destination for both intrastate and interstate shipments. The

waste shipment data format for New York appears in Table 3.5.

3.3 Hazardous Waste Incident Data

The u.s. Department of Transportation's Materials
Transportation Bureau (MTB) collects information on hazardous
materials spills from all states. We obtained their entire data file
(called HAZMAT) from the National Data Corporation for the years
1976, 1980 and 1981. It should be noted that the MTB redefined the
term “incident" in January 1981 to exclude all battery spills and spills
of paints contained in 5-gallon cans or less, unless death, injusy or
excessive damage occurred.

The HAZMAT data allow for two container types to be coded for
each shipment. Container type 1 is usually the inner container and
container type 2 is the outer container (unless two different container

types are used in the same shipment). Failure modes are used to



Table 3.5 New York Waste Shipment Data Format

DATA ITEM

Origin (town, state)
Destination (town, state)
Waste type

Quantity

Units

Number of containers

Container type

TYPE

Text
Text
integer
integer
Integer
Integer

Integer

35
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describe the reasons for container failure (see Appendix B).
HAZMAT allows two such modes for each container type (e.g.,
handling failure and loose valves). An example of each record and
the information it can contain is shown in Table 3.6.

Although over 8,000 incidents of hazardous material spills
involving road travel were reported in 1981, a closer inspection of
the data indicated that only 84 of these spills involved hazardous
wastes.® Because the sample size of hazardous waste incidents was
not large enough for statistical analysis, we considered all hazardous
materials incidents in developing the incident model. In view of the
postulates made in Chapter 2 (i.e., that the incident rate and
fraction release models do not depend on the type of waste being
shipped, but rather, on the container type used), and the fact that
the HAZMAT file covers a wide range of container types, this

approach is justified.

*Based on the classification of hazardous wastes used by the Materials
Transportation Bureau,



Table 3.6 Hazardous Waste Incident Data Format

"DATA ITEM

Report number
Muitiple code
Mode code

Date of incident
Time of incident
Incident city
Incident state
Carriers
Shippers

Origin city
Origin state
Destination city
Destination state
Injuries

Deaths

Damages

Damage code
Quantity released
Units

TYPE

Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Integer
Integer
Integer
Text
Integer

Text

37
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Commodity code
Commodity class
Container 1 code

Failure code 1 cont 1
Failure code 2 cont 1
Capacity container 1
Capacity units cont 1
Number in shipment cont 1
Number failed cont 1
Gauge of cont 1
Manufacturers of cont 1
Label or placard
Completeness code
Sigrificance of report
General cause of incident
Rasult of release
Recommendation on report
Apparent violation
Miscellaneous information
Container 2 code

Failure code 1 cont 2
Failure code 2 cont 2
Capacity container 2
Capacity units cont 2

Number in shipment cont 2

Text
Text
Text
Integer
integer
Integer
Text
Integer
[nteger
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Integer
Integer
Integer
Text

Integer
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Number failed cont 2
Gauge of cont 2
Manufacturers of cont 2
Rail-tank-car ID no.
Registration exemption no.
Inspection date

Carrier's name

Shipper's name

Commodity ﬁame

Integer
Text
Text
Text
Text
Text
Text
Text
Text

30
19

39
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CHAPTER 4
TRIP PROFILE ANALYSIS
Using the waste shipment data from Texas, California,
Massachusetts and New York, we compiled the following:
(1) The mean shipping distance, segmented by waste type
(for each state).
(2) The quantity shipped, segmented by waste type (for
each state).
(3) The extent to which the above measures vary across
states.
The resulting information was used in cost applications where specific
trip lengths and the quantities shipped were not known. It also
serves as useful information for policy studies which rely on
characteristics of haz.ardous waste shipments. Below, we describe the
process used to refine the database and the analysis procedure for

each of the four state dat.abases.

4.1 Data Refinement

After we eliminated records of non-hazardous waste shipments,
redundancies and other reporting problems, we were left with 56,414
records for Texas (1981), 40,245 records for California (1981), and
random samples of 642 records for Massachusetts (1981) and 209
records from New York (1982). For every state, we performed a
sampling procedure; the sample size was such that the 95 percent

confidence limits were within 30 percent of the mean (with the
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exception of the Massachusetts solids data®).

For Texas, 137 records were randomly selected from the
database and for each of these records. we identified the registration
of the shipper and receiver. We then obtained locations of the
generation and disposal sites using the master registration file of the
Texas Department of Water Resources. Finally, we used a road map
to estimate trip distances.

For California, we randomly selected 242 records using a similar
sampling scheme. Each record contained information on the origin
county (generation site) and the disposal site location. Using road
maps, we identified county centroids and estimated the trip distance
from the origin centroid to the disposal site.

For New York, 193 randomly selected records out of the 209
were used in the analysis. A random sample of 233 Massachusetts
records were selected based on the sampling scheme.

If the generation and disposal sites were located in the same
town, we assumed a shipping distance of 10 miles for Texas,
California and New York. For Massachusetts, we assumed a 5 mile
shipping distance, as towns were assumed to be geographically smaller

there.

*Shipments of solids in Massachusetts comprised too small a share of
overall{ shipments in the random sample to meet this criteria.
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4.2 Analysis Results

In order to determine if the quantity and/or distance shipped is
related to the waste type (solid or liquid) or the particular state
under consideration, we conducted a multivariate analysis of variance.
The resuits of the analysis indicated that the shipment characteristics
of liquid and solid wastes vary by state and consequently we could
not derive aggregate estimates. This rasuited in our conducting

separate analyses for each state, as described below.

4.2.1 (California

The California data on the quantity of waste shipped are coded
in five different units:

(1) Gallons.

{2) 42 gallon barrels.

(3} 55 gallon drums.

(4) Tons.

{5) Cubic yards.
We assuined that the first three codes cgnstitute a liquid measure,
while the last two are for solids.!

Figure 4.1 shows the shipping distance distribution for the
overall sample. Table 4.1 displays the means and standard deviations
of the shipping quantities and distances by waste type. The mean
shipping distance is roughly 78 miles, with liquids being transported
greater distances than solids. The latter was confirmed by a

hypothesis test which was significant at the 95 percent confidence

‘For states where both unit codes and waste type codes were
available, consistency checks were administered.
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Table 4.1 Distance and Quantity Shipped - California

Distance Shipped

Waste Type Sample
Liquid 77
Solid 165
Grand Mean 242

Quantity Shipped

Waste Type Sample
Liquid 77
Solid 165

Grand Mean 242

Mean

99.08
68.39
78.16

Meaan
3156.
2199.
2504.

St.Dev.
68.02
94.00
87.62

§t.Dev.
1719.
1639.
1720.
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level.

While it has been argued that haulers operate closer to capacity
et lang-distance runs, we found that the distance and quantities
shippecli are G;\co}-r;ia'tea (p = 0.15).

On the basis o’f :.'h‘e above observations, one can conclude that,
in California, shipments 'inv;aiving liquids travel significantly greater
distances than those involving solids. Furthermore, the quantity of
waste shipped is, ;)h the average, the same for varying trip lengths.
This is true both for liquici; and solids.

4.2.2 Texas

The Texas data on ti'le quantity of waste shipped are coded in
the following units:

(1) Tons.

(2) Gallons.

{3) Cubic yards. -
(4) 55 galion drums.

As before, we assumed that the tons and cubic yards codes
constitute a solids measure and that gallons and 55 gallon drums are
for liquids. Table 4.2 displays the means and standard deviations of
the shipping distances and quantities .by waste type. Figure 4.2
shows the shipping distance distribution for the overall sample, which
again follows an exponential form.

The mean shipping distance in Texas is approximately 57 mifes,
roughly 27 percent less than in California. It is interesting to note

that in Texas, solids shipments travel longer distances than liquids, a
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Table 4.2 Distance and Quantity Shipped - Texas

Distance Shipped

Waste Type
Liquid
Solid

Grand Mean

Quantity Shipped

Waste Type
Liquid
Solid

Grand Mean

Sample
89

137

Sample
89

137

Mean
49,58
70,37
56.87

Mean
3650.
3390.
3481.

St.Dev.
78.65
82.67
80.39

St.Dev.
1812.
2041.
1961.
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reversal from the California findings. This was confirmed by a
hypothesis test at the 95 percent significance level. We also found in
Texas that distance and queantities shipped are uncorrelated (p =
0.23}.

4.2.3 Massachusetts

The Massachusetts data on waste types are coded in the

following units:

(1) Lliquids (in gallons).

(2) Solids (in gallons).
Within these broad categories, waste types are coded by the nature
of the waste (solvents, waste oils, etc.). Figure 4.3 shows the
frequency histogram of shipping distances for the overall sample and
Tabie 4.3 displays a summary of the distance and quantity shipped
by waste type. Note that the mean trip length for all shipments is
similar to those for Texas (57 miles) and California (78 miles), states
which are much larger in size. The reason for this, of course, is
that the Massachusetts data reflects the fact that approximately 25% of
the waste is shipped out-of-state. As mentioned previously, the
California and Texas manifest data is primarily for within-state
shipments.

On the basis of the computed correlation between distance and
quantity suipped, the quantity of liquids shipped appears to be
independent of distance (p = .27), whereas the quantity of solids
shipped is related to shipping distance (p = .69). This finding is

different from the California and Texas solids results. However, the
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Table 4.3 Distance and Quantity Shipped - Massachusetts

Distance Shipped

Waste Type
Liquid
Solid

Grand Mean

Quantity Shipped

Wpsto Type
Liquid
Solid
Grand Mean

Sample
203

30

233

Sample
203

30

233

Maan

65,54

102.7
70.32

Mean
1438.
1008.
1383.

St.Dev.
112.0
181.2
123.2

St.Dev.
1769.
1495.
1739.
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solids database is relatively small in Massachusetts, and the resuits
must be interpreted accordingly.

4.2,.4 New York

The New York data on hazardous waste shipments are coded in

the following units:

(1) Cubic yards.

(2) Tons.

(3) Gallons.
Again, we assumed that the first two measures are for solids and the
third is for liquids. These data also include several records showing
that wastes were either shipped out-of-state, or orginated in other
states but were disposed of in New York. We included these data in
the analysis.

Figure 4.4 shows the frequency ' histogram of shipping distances
for the overall sample and Table 4.4 displays a summary of the
distances and quantities shipped by waste type. As can be seen
from the table, New York has the longest mean shipping distance of
the four states (128 miles), and solids have a much longer mean
shipping distance than liquids. The latter observation was
substantiated by the hypothesis test which was significant at the 95
pérqent level. This is not surprising, as the New York data includes
interstate shipments, and solids are often transported long distances
to landfills while liquids often travel locally to recyclers or
incinerators. As in the case of the other states that were analyzed,

the quantities and distances shipped are uncorrelated (p = 0.17).
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Table 4.4 Distance and Quantity Shipped - New York

Distance Shipped

Waste Type Sample
Liquid 130
Solid 63
Grand Mean 193

Quantity Shipped

Waste Type Sample
Liquid 130
Solid 63

Grand Mean 193

Mean
94.51
196.8
127.9

Mean
2972.
2968.
297.

St.Dev.
119.6
182.4
150.5

St.Dev.
2143.
1894.
2060.

53
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4.3 |Implications of Pooling State Data

The results of the four state analyses varied both in terms of
distances traveled and quantities shipped. This is likely due to
substantial 'differences in the manifest system, location, size and
industrial characteristics of these four states. It was also shown that
there is no valid statistical argument for pooling the data from each
state into an aggregate sample.

However, questions are often raised regarding general waste
shipment characteristics for the United States. Although there is no
basis for concluding that our sample is typical of the hazardous waste
transport industry, we computed weighted averages of the shipping
distances and quantities which reflect the number of annual manifests
in each of the states. These weighted averages should not be
misinterpreted to apply to'specific hazardous waste transport scenarios
in the United States.

The results appear in Table 4.5. The mean trip length for all
shipments is 84.2 miles, with a mean trip length for liquids of 77.1
miles and for solids of 109.6 miles. For liquids, the mean quantity
shipped is 3,171 gallons. For the solids categories, it is 2,791
gallons (11.6 tonms). For both solids and liquids, the quantity
shipped increases slightly with trip length, but not enough to
support a statisticailly-significant conclusion, even at the 90 percent

confidence level.



Table 4.5 Distance and Quantity Shipped - Weighted Sample

Distancs Shipped

Waste Type
Liquid
Solid

Grand Mean

Quantity Shipped

Waste Type
Liquid
Solid

Grand Mean

Sample
499
306
805

Sample
499
306
805

Mean

7.1

109.6
84.2

Mean
3in.
2791.
2931,

53
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The trip distance frequency distribution for all states, for both
liquids and solids, follows an exponential distribution. This is not
surprising because disposal sites are likely to be located near points
of waste generation. Thus, one can represent the distance

distribution as:

fix) = 1 el™3%)

where:

x = shipping distance.

1/) = mean of the distribution.
4.4 Summary

Using manifest data from California, Texas, New York and
Massachusetts, we examined two waste characteristics: trip distance
and quantity transported per shipment. Our analyses of these data
indicated that trip distance and quantity shipped vary by waste
category and also vary considerably among states. This is likely due
to differences in manifest systems, geographic location, size and
industrial activity of each state.

We concluded that the quantity transported is independent of
trip distance. Our findings do not substantiate the argument that
shipments are filled closer to capacity on longer trips than shorter
ones. We also found that in three of the four states, the mean
shipment size for liquids is larger than for solids shipments, and that

in three of the four states, the average trip distance is longer for
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solids shipments than for liquids shipments. Finally, we found that
shipping distance, in general, can be approximated by an exponential

distribution.
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CHAPTER 5
{INCIDENT MODELING

As defined in Chapter 2, the three types of incidents which

result in the release of hazardous materials are:

(1) Container failures due to vehicular accidents enroute.

(2) Container failures occurring enroute due to causes other

than vehicular accidents.

(3) Container failures at shipping terminal points.
These incidents can result from a number of failure modes. We
assumed that the probability of an incident occurring depends on the
particuliar container used in shipment. In this chapter, we describe
the development of two models, the incident occurrence model and the
fraction release model (the fraction release model contains two
submodels, the fraction of containers failed and the fraction spilled).
From these models, we derived estimates for the expected fraction
released enroute and at terminal points for each of the identified
container classes. .

In the course of our analysis, we reviewed several studies
which also examined the risk of transporting hazardous materials (for
an overview discussion of this topic see TRB [6] and NCHRP(7]).
In general, the methodologies for determining estimates of risk can be
grouped in three broad categories: statistical estimation, fault-tree
analysis and subjective estimation. Each of these techniques has
advantages and disadvantages which must be evaluated in any given

case. For exampte, the primary limitation of statistical estimation
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techniques is the fact that one must assume the process generating
the accident/incident frequencies to be stationary. Otherwise, the
estimates obtained from past data could not be used to predict future
occurrences. Unlike statistical estimation methods, fault-tree analysis
attempts to model the In¢ldent occurrence process in great detail.
While this has great scientific appeal, there are difficulties associated
with the acquisition of data for predicting basic event probabilities
and the uncertainty that all significant event sequences have been
considered. Nevertheless, fault-tree analysis as applied to the
estimation of the risk of transporting huzardous materials has been
used in several studies among which are Rhoads [8], Bercha [9] and
Geffen [10]. Other studies relevant to the evaluation of risk in
hazardous material transport include those of Gaylor [11], Jones [12]
and NTSB [13]. The reader is referred to a comprehensive
bibliography on this subject’ provided by Russell, et al. [14]. Of
the various techniques discussed in the literature we considered
statistical estimation to be the most appropriate for the present study
in terms of the overall project objectives. We used the results of

other researchers to check the credibility of our estimates.

5.1 Container Classification

The HAZMAT file allows the coding of up to 334 container
types, 27 failure modes and 4 cause codes (see Appendices A and
B). We chose cause code 3, vehicular accident, to compute the

frequency of such accidents. This was done in order to avoid the
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possible ambiguity resuiting when several failure modes appear in a
given record. The other three cause codes were considered too
general for this analysis and we discarded them in favor of the more
detailed failure modes.

We reduced the 334 container types to 42 by eliminating those
which had a low frequency of incidents (less than 10) during the
analysis year (1981). We then grouped the remaining container types
into 9 classes on the following basis:

(1) Similarity of physical characteristics {e.g., strength).
(2) (ncident involvement.

A further analysis of the HAZMAT data revealed some records
with improperly coded container capacities and others with a mismatch
in the units for the quantities shipped and spilled. After we
eliminated these records, there were no observations in one of the 9
classes, so we eliminated that class. In addition, there were no
recorded observations for failure modes 23, 24, 25 and 26 in any
class. By eliminating these 4 modes, we were left with 23 failure
modes for analysis.

For each of the 8 remaining container classes we derived and
plotted incident frequency and damage histograms. These histograms
demonstrated that, in addition to their physical differences, the
container classes differed in terms of both fzilure frequency and
associated damage for the 23 failure modes. As a result of this step
in the analysis, we identified an additional container class. The final

list of container classes and the container types that comprise them is
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shown i Table 5.i. The "fr:eduency and damage histograms for the
first 8 container classes (exciuding the ‘other’ class) are shown in

Appendix C.

5.2 Incident Occurreéhté Model

In order to estliidté probabilities of failure from a database
containing fréqueitles of fdllure, one requires a measure of the total
involvement. it &l be shown that if one assumes that the
probability of an ihtident |§ constant along all points on a given
route, then the probaiaility of occurrenct of an incident somewhere
along the route is directly proportional to the length of the route.
Thys, for 1':he first two incident types (incidents enroute}, the total
transport distance is the total involvement. For incidents at shipment
terminal points, the numbér of shipments is the total involvement
since distance is not a. factor in this case. Given the above
conditions for each container class and failure mode, the limiting
probability distribution for the number of incidents is a Poisson
distribution. We demonstrate this result below for the number of
container failures occurring enroute by failure mode "}" for a
particular container class:

Let:
S be the number of shipments
F(d) be the cumulative probability distribution for the shipment

distances for the container class being considered



Table 5.1 Container Classification

Container Class

-—b
-

Cylinders
Cans
Glass
Plastic

Fiber Boxes

@ v or WM

Tanks

Metal Drums/Pails

-d

8. Open Metal Containers
9. Other

Container Types

278,219

264,266,268

257,274,292,295

258, 276,296,320

69,7/,260,281

24,+v,.07, 308,309,310,312,313
315,322,327,328

81,92,95,160, 161,162,282
318,319

271,273,321,326

62
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Uy be the mean distance shipped

N. be the number of incidents occurring enroute by failure
mode "j"

be 1I:he_ fropqpi}iyy of incident involvement by failure mode

"§" while enroute

A be the probabili’:y of incident involvement by failure mode
T per un{t cﬁ.sltance traveled

Then for a shiprﬂgm gf length 'd', the probability of an incident by

failure mode 'j’ is P = xjd. Furthermore, the total number of

shipments of distance 'd’' is S dF(d).

The random variable Nj follcws a binomial distribution with parameters

S dF(d) and pi:
P[Ni = n'.ld] = binomial[s dF(d),Pj]

The binomial distribution can be approximated by a Poisson probability

mass function with parameter (pj S dF(d)):

P[Nj = nj]d] ~ Poisson[S dF(d)X’.d]
Using the result that the sum of independent Poisson .andom
variables is also a Poisson random variable with a parameter equal to

the sum of the individual parameters, we obtained:

P[Nj = ni] ~ Poisson{I S dF(d) Jnjd]
~ Poisson[$S Xjud]

The same derivation can be used for each of the other incident
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types.
Thus, corresponding to each container class there are a set of
probability mass functions for the various incident types and failure

modes given by:

exp(-Au S) (XudS)"1
Container Failure P(ngiS,dougl = - )]
during Vehicuiar n1l
Accidents exp(-ljudS) (’j"ds) "j
Container Failures P(n.ls,x.,ud} = j=2,23
Enroute bl n;! -

N mj
(-8;5)(9;S)

Failures at P{m.|S,8.) = j =123 (3)
Terminal Points } ) mi!

where S is the number of shipments, ¥y is the mean shipping
distance, and the \'s and 6's are the corresponding incident rates.

We derived the estimators of )\j and Bj as:

- nj’l
. = X j=2, ..., 23 (4)
) n
1
~ "‘j’l ~
9, = id j=12 ...,23 (5)
j n,

where ) is an estimate of the truck accident rate in which releases
occur (A = 2.8 x 1077 from Section 5.6), ; is an estimate of u,, the
mean shipping distance for the container class, to be determined from
the HAZMAT file (see Section 5.3), and n and m, are the incident

frequencies for the container class (obtained from the HAZMAT file).
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~ -~

Note that in equations 4 and 5, Xi and Bi do not exist if

ny = 0. When this occurs, the effect of the Poisson approximation in
the derivation of the probability mass functions (equations 1,2, and

3) must be consideréd explicitly. The resulting estimators become:

- (nj*l)o exp{uNj
li = - Ei {uN) {6)
d

(mi*l) v exp(uN) El(uN) (7

where N is the total number of observed incidents for the particular

container class, v is computed by:
1 1
N * e = e
an (8)
"

and El(z) is the exponential integrai:
. . (-1n"z"
E.I(z) = -0.57721 - ¢nz - § —m— (9)
n=1 n nl

5.3 Estimating the Mean Shipment Distance

in order to compute the estimates of the incident probabilities
for each container class, it was necessary to obtain an estimate of
the mean shipping distance (ud) of all hazardous material shipments
using that container class during the analysis year (1981). This
information is not directly available in the HAZMAT incident file
because the file contains information only for those shipments which

were involved in incidents.
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Below, we illustrate the derivation of an estimator for vy Let
"X" be a binary random variable indicating the occurrence (X=1) or
non-occurrence (X=0) of an incident. Given a shipment of distance
"d":

P (X=1|d)

P (X=0]d)

£ d, and
1-¢td

where £ is the combined incident rate (summed over all failure modes,
but unique for each container class).
Also, let f(d) be the overall shinning length distribution. The

conditional distribution (given an incident) is:

&d f(d) d f(d)
f(diX=1) = ———u0— =
J/¢d f(d) E(d)

The first and second moments of this conditional distribution are:

E(d?)
1d £(d|X=1) = (10)
E(d)
) E(d)
1d? f(d|X=1) = — (1
E(d)

If f(d) is assumed to follow a Gamma distribution <with parameters «

and B, the first three moments are:

E(d) = a B
) = og? + o282
E(dY) = (a*1)(a*2) aB°

Thus, equations 10 and 11 become:
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E(dIX=1) = 6 (1 * a) (12)
E(d2[X=1) = (a*1)(a*2) B2 (13)

The parameters « and B can then be determined from equations 12
and 13 by using the values of the conditional moments of the
shipping distances as computed from the data in the HAZMAT file.
The estimate of L is then given by ; = af. Table 5.2 summarizes
the computed estimates of the mean shipping distances for seven of

the container classes analyzed in this study.

.4 Fraction Release Model

The fraction release model! is comprised of two sub-models: one
for the fraction of containers failed given an incident (the failure
model) and the other for the fraction spilled given a failure (the spill
model). We assumed that the fraction failed and fraction spilled
variables are dependent on. both the container type and failure mode.

Using this assumption, we constructed linear models as foliows:

m
|

= Ilo + G-lxl * ...t G7X7 * B1Y1 * ..t 822Y22 (14)

P = xo + x1x1 ¢ .. t7x7 * GIY] LI 522Y22 {15)
where F and P denote the fraction failed and fraction spilled, and the
Xs and Ys are binary variables denoting the container classes and
failure modes, respectively. For example, an observation
corresponding to container class 1 and failure mode 6 would have

X1=1 and Y6=1; the remaining independent variables would be zero.



Container
Class

b B - > T ¢ I - S N )

N

60
98
99
76
79

103

Table 5.2 Distance Distribution Summaries

E(d|{X=1) Var(d|X=1) «

790.38
770.59
942.45
933.50
619.20
282.19
858.68

996.55
589.58
651.88
758.61
565.73
240.21
637.48

0.7852
0.7259
1.1115
<.5344

V. avuwv

0.4022
0.8321

442.74
446.48
446.35
608.37
512.16
201.24
468.67

Q.

347.63
324.10
496.11
325. 1
107.04
80.94
390.00

68
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The full regression models contain 29 binary variables which
define 8 container classes’ and 23 failure codes, assuming that the
interaction terms are not significant in the analysis. The regression
coefficients in the models can be estimated using the spill data in the
HAZMAT file. Tables 5.3 and 5.4 summarize the estimates of the
dependent variables (failure and spill).® Table 5.5 displays the
analysis of variance (ANOVA) for the full model regressions.

We then proceeded to test the hypotheses that the container
classes and failure modes are significant factors affecting the fraction
failed and fraction spilled. To test t~ hypothesis on the fraction

failed, we constructed the following reduced models:

Fag ®ByYy t oo ® B 22Y22

To test the hypothesis on the fraction spilled, the reduced models
became:

F = ¢'o * u.‘X1 ’.... + u7X7

v
Ll

"Uo + r1x.| * ... 87)(7

Tables 5.6 and 5.7 show the ANOVA results for the two reduced
models. Table 5.8 summarizes the significance tests for the container

class and failure mode effects. The results demonstrate the

These models did not include container class 8.

'The tables include estimates from an independent regression for
container class 8 (open metal containers). They do not include the
estimates for container class 9 (other).



TABLE 5.3 Predicted Values of Fraction Failed by
Container Class and Failure Mode

FAILURE
MODE

1
1 0.2966
2 0.3059
3 0.2555
4 -
5 .
6 -
7 0.3549
8 0.2878
9 0.2928
10 0.3586
11 0.3884
12 -
13 0.3604
14 0.2894
15 0.2848
15 -
17 0.3848
18 -
19 0.4440
20 -
21 -
22 0.2768

[ ]
-4

0.2184
0.2276
0.1773

0.1368
0.2753
0.2767
0.2095
0.2146
0.2804
0.3102
0.2894
0.2821
0.2112
0.2065
0.2010
0.3066

0.3658
0.7774
0.2805
0.1985
0.6768

CONTAINER CLASS

0.3290
0.3382
0.2879
0.2408

0.3859

0.3201
0.3910
0.4208
0.4000
0.3927
0.3218

0.4172

0.4764
0.2880
0.3911
0.3091
0.7874

0.2376
0.2469
0.1965
0.1494
0.1560
0.2946
0.2959
0.2288
0.2338
0.2996
0.3294
0.3087
0.3014
0.2304
0.2202
0.3258
0.3850
0.1966
0.2997
0.2178

0.3218
0.3310
0.2806
0.2336
0.2401
0.378¢
0.3800
0.3129
0.3179
0.3837
0.4135
0.3928
0.3855
0.3146
0.3099
0.3043
0.4099
0.4691
0.2807
0.3839
0.3019
0.7801

0.7970
0.8062
0.7558
0.7153
0.8539
0.8552
0.7881
0.7931
0.8589
0.8887
0.8680
0.8607
0.7898
0.7851
0.8851
0.9825
0.9443
0.7559
0.8591
0.7771
1.0000

70

0.2736 0.1000

0.2828
0.2325
0.1854
0.1919
0.3305
0.3319
0.2647
0.2698
0.3356
0.3654
0.3446
0.3373
0.2664
0.2617
0.2562
0.3618
0.4210
0.2326
0.3357
0.2537
0.7319

0.2270
0.2060
0.1250
0.0400
0.1000
0.1000
0.2960
0.1570
0.2160
0.2820
0.3630
0.2730
0.1870
0.1550
0.2870
0.1430
0.0540
0.1930
0.2650
0.2540

0.1000
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TABLE 5.4 Predicted Values Of Fraction Spiiled by
Container Class and Failure Mode

FAILURE
MODE
[

1 0.4471

2 0.3815
3 0.4137

4 -

5 -

6 -

7 0.4586
8  0.2718
9  0.2075
10  0.1681
11 0.2120
12 -

13 0.2936
14 0.2789
15  0.2366
16 -

17 0.3069
18 -

19 0.2716
20 -
21 -
22

[ )
-~

CONTAINER CLASS

0.5622 0.8315 0.5843 0.3908 0.2399 0.3621 0.1000

0.4966 0.7659
0.5288 0.7982
- 0.189
0.4767 -
0.4033 0.6726
0.5737 -
0.3869 0.6562
0.3226 -
0.2842 0.5535
0.3271 0.5964
0.4200 0.6893
0.4087 0.6780
0.3940 0.6633
0.3517 -
0.2622 -
0.4220 0.6913
0.3867 0.6560
0.6703 0.9397
0.5332 0.8025

0.4306 0.5457 0.8150

0.4538 0.7232

0.5187
0.5510
0.4717
0.4989
0.4254
0.5959
0.4090
0.3447
0.3063
0.3492
0.4421
0.4308
0.4161
0.3843
0.4441
0.4089
0.6925
0.5553
0.5678

0.3253
0.3575
0.2782
0.3054
0.4540
0.4024
0.2155
0.1512
0.1129
0.1558
0.2487
0.2374
0.2227
0.1804
0.1909
0.2506
0.2154
0.4990
0.3619
0.3744
0.2825

0.1743
0.2065
0.1544
0.0810
0.2514
0.0646
0.0003
0.0003
0.0048
0.0977
0.0864
0.0717
0.0294
0.0997
0.0075
0.0644
0.3480
0.2109

0.2234
0.1315

0.2965 0.4170
0.3287 0.3510
0.2495 0.5000
0.2766 0.5500
0.2032 0.1000
0.3736 0.1000
0.1868 0.1980
0.1225 0.0960
0.0841 0.1770
0.37270 0.2200
0.2199 0.3740
0.2086 0.4220
0.1939 0.3310
0.1516 0.2120
0.1621 0.1540
0.2219 0.4470
0.1866 0.6670
0.4703 0.8580
0.3331 0.3310

0.3456 0.4180
0.2537 0.1000



Table 5.5 ANOVA Table for Full Model

(a) Fraction failed

SOURCE DF
Regression 30
Residual 7774
Total 7804

(b) Fraction spilled

SOURCE DF
Regression 30
Residual 7174
Total 7804

DF = degrees of freedom
SS
MS

sum of squares

mean square

SS

1457.13
762.87
2220.0

SS

961.78
828.22
1790.00

48.57
0.70

32.06
0.11

72
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Table 5.6 ANOVA Table for Reduced Model Testing for Container

Class Significance

(a) Fraction failed

SOURCE DF SS MS
Regression 23 1293.90 56.26
Residual 7781 926.08 0.1
Total 7804 2220.0

(b) Fraction spilled

SOURCE DF 1) MS
Regression 23 841.03 32.56
Residual 7781 948.97 0.12
Total 7804 1790.00

DF = degrees of freedom
S5 = sum of squares

MS = mean square



74

Table 5.7 ANOVA Table for Reduced Model Testing for Failure Mode

Significance
(a) Fraction failed
SOURCE DF SS MS
Regression 8 1436.74 179.59
Residual 7796 783.26 0.10
Total 7804 2220.0
(b) Fraction spilled
SOURCE DF sS MS
Regression 8 908.01 113.50
Residual 7796 881.99 0.1
Total 7804 1790.00

DF = degrees of freedom
8S = sum of squares

MS = mean square



FACTOR

Container

Class

Failure Mode

Table 5.8 F-test Summaries

SUBMODEL

Fraction Failed

Fraction Spilled

Fraction Failed

Fraction Spilled

COMPUTED
'Fl

237.54
161.92

9.4
22.94

75

SIGNIFICANCE

b
A

0.01
0.1

0.01
0.01
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significance of both effects at the 1 percent level.

5.5 Fraction Release Estimators

Let Fi' pP., and Ri denote the random variables fraction failed,

fraction spilled and fraction released for failure mode "j", with means

"fj’ "pj and pje respectively. Thus:

Assuming that Fj and Pj are independent:

¥rj = Y ¥pj

Using rj to denote the estimate of Hpje we obtained:

where fj and ;:vi are the "mean response estimates obtained from the
models in equations 14 and 15.

Recall that xj and Gi denote the probabilities of incidents
occurring by failure mode "j" enroute and at shipping terminal points,
and that ;i and ;j are their estimators. Let u, and ¥t denote the

mean fraction released per mile shipped and at terminal points,

respectively. Let r and e denote their respective estimators. Then:

23 =~ ,
r=s L prA *or) (16
j=2 ) 1

r. = £r.0 (17)
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where )', corresponding to the failure mode ’releasing vehicular
accident’, is considered an input variable which need not be
equivalent to the overall mean truck accident rate ( i) used in

~ ”~

estimating the othgr incident probabilities, )\i and ei. in fact,
depending on roadway type etc., various values of ' can be used in

computing the releage fractipn ip equation 16.

5.6 Fraction Relgase Estimates

In the previous sectipns, we derived several estimators which
are required to estimate the expected fraction released. We computed
estimates for the expected fraction failed and fraction spilled as
shown in Table 5.3 and 5.4. In addition, we computed estimates for
the mean shipment distances for each container class (see Table 5.2).
Finally, we require an estimate, » (and 1), of the releasing truck
accident rate. In Chapter 6 we will discuss the determination of
estimates for the truck accident rate. In computing % (and 1),
however, we must account for the fact that not all truck accidents
result in a release. We derived an estimate of 0.2 for the fraction of
truck accidents in which a spill occurs. This was based on the
following factors. First, the 1981 FRA Accident/Incident Bulletin (15)
indicates that in 601 train accidents consisting of 2,770 cars carrying
hazardous materials, 109 cars released. Second, previous work by
Geffen [10] indicates that tank trucks involved in accidents are
approximately 10 times more likely to spill than rail tank cars. These

two factors yield an estimate of 0.4 which we adjusted downward to
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compensate for the fact that the damage threshold for an FRA
reportable accident is higher than the threshold used in the HAZMAT
file.

Table 5.9 summarizes the estimates of the expected fraction
released both enroute and at terminal points for the container classes
considered in this analysis. Note that the expected fraction released
per mile shipped is expressed in terms of ), a releasing accident
rate which may vary depending on transport link characteristics.
Estimates for )\' are, obtained by multiplying the accident rates given
in Chapter 6 for various roadway types and traffic volumes by 0.2.
The aggregate accident involvement rates (releasing accidents per

million truck miles) are summarized for different highway types below:

Interstate 0.13
U.S. and State 0.45
Urban 0.73
Composite 0.28

In order to evaluate our results, we compared the estimates for
tanks in Table 5.9 with the results of the Bercha study [9] for tank
trucks and vacuum trucks, and the PNL studies [8,10] for tank and
tank-trailer combination trucks. The PNL studies report incident
probabilities in a 210 km shipment of 3.68 x 10™> and 3.57 x 10™ for
propane and gasoline carrying trucks, respectively. These values
translate to an incident probability per mile of 2.8 x 10"7 which

compares favorably with our estimate for the fraction released per
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Table 5. Estimates of Fraction Released by'Container Class

Container Expected Fraction Expected Fraction
Class Released Per Released at Terminal

Mile Shipped Points
-6 1 -4

1 1.3 x 1078 + (132" 1.4 x 10
2 2.6 x 108 +¢.12 1") 4.0 x 107
3 1.7 x 1078 +¢.27 A7) 2.6 x 10°°
4 6.1 x 1078 +¢14 A") 5.2 x 1079
5 1.3 x 1079 + (12 A1) 6.1 x 107°
6 4.2 x 108 +(.19 A") 7.6 x 10°6
7 2.4 x 1079 +¢.10 A") 2.9 x 1074
g% 7.5 x 1079 1.2 % 1073

xestimate associlated with the release fraction during accident is not
reliable.
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mile of 1 x 10'7. The Bercha study reports release fractions per
mile of 2.02 x 10~/ and 1.68 x 10~/ for vacuum trucks and tank

trucks, respectively. In addition, Bercha reports fraction release
4

estimates during loading/unloading of 4.6 x ‘IO-4 and 2.4 x 107" for

vacuum trucks and tank trucks, respectively, Our results for
hY

incidents enroute are in general agreement with Bercha's. For

incidents at terminal points, however, our results are two orders of
magnitude lower. This apparent discrepancy could result from
under-reporting of HAZMAT small spill incidents at terminals. If we
remove the very sm.all spills from the Bezrcha analysis, the resulting
release fractions during loading/unloading for both vacuum and tank
trucks become 2.4 x 10'5. These are still three times higher than

our estimate of 7.6 x 1075,

5.7 Errors of the Estimates

There are several sources of error which affect the release
estimates in Table 5.9. These can be categorized as modeling errors
and estimation errors. In this section, we are interested only in the
estimation errors and their implications.

Recall thai in equations 4 and 5, there are three factors to be
estimated: A, the vreleasing truck accident rate; By the mean
shipping distance for the container class; and the incident frequency
ratios. In view of the functional form of the estimators, the errors

in the aforementioned factors are multiplicative. That is, a 10% error
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in 3 and a 10% error in (ni"l)/n1 yields a 21% error in xi. The
error in i, in turn, is multiplicative in the errors in the accident
rate estimates and the estimates of the fraction of accidents which
release. In order to gauge the total error, we looked at each of the
factors indi\;idually.

The frequency ratios which we derived from the HAZMAT data
could be affected by under-reporting of incidents. There is strong
evidence to suggest that this occurs. However, if the
under-reporting is uniform across all failure modes, our estimates are
not affected. It is our view that accidents are not as likely to go
unreported as are other incidents (particularly at terminals) and this
would lower our estimates.

The estimates of the truck accident rates derived in this study
are within the range of previously repcrted findings. As an average
of rates representing variéd highway and traffic volume conditions,
the composite rate used in our analysis is lower than what was used
in the PNL {8,10] and Bercha [9] studies. This again would tend to
lower our estimates.

With regard to the estimate of the fraction of accidents which
release, it may be argued that our estimate of 0.2 is high. For
example, it has been suggested that one can use the fatality rate as
a proxy for the releasing accident rate. From data reported in
NHTSA [26]), 8.6% of single vehicle truck accidents result in a

fatality. NHTSA also reports injury rates of 24%. Thus, a factor in
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the range of 0.08 to 0.24 appears reasonable.

There are other factors whose errors affect the computations of
the final fraction release estimates. These include sampling errors in
the estimates of the fraction spilled given an accident, and errors in
the estimation of the shipping distances by container types. The
magnitude of these errors is given by the standard error of the
estimates and is less than 20%.

As an illustration of the overall error effects, consider the
possibility that we underestimated the a;:cident rate by 25%,
overestimated the fraction of re.... 5 accidents by 100%,
overestimated the shipping distance by 20% and underestimated the -
frequency ratio at terminals by 20%. For the above situation, the net

error in the incident probability estimates would be approximately 44%.

5.8 Results and Implications

Using the HAZMAT data, we estimated the fraction of containers
failed and the fraction spilled for each defined container class and by
each failure mode. We also computed the probabilities of incidents
occurring in two categories: enroute and at shipping terminal points.
These estimates enabled us to determine the overall fraction released.

The results of our analyses indicate that in terms of their
order of magnitude, the expected fractions released per mile shipped

range from 108 t 1078, depending on the container class. The

expected fractions released at terminal points range from 'IO"6 to

10'3, depending on the container class.
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Our computed estimates indicate that:

m

(2)

3)

The release rates for tanker trucks are much lower than
for other container types.

The expected amount released at terminal points is one to
three orders of magnitude higher than the amount
released enroute.

The expected release fractions during transport are
poteritially as high as the release fractions at disposal
sites and treatment facilities which range from 107 to
10™2 for routine spillage and 107% to 1072 for accidental

spillage [16].



83

CHAPTER 6
ESTIMATING THE TRUCK ACCIDENT RATE
After we derived the expected fraction release estimates per
mile shipped in terms of the truck accident rate (Chapter J5), we
performed an analysis of the truck accident rate data (see Chapter 3)
to derive estimated accident rates for different roadway types. We

defined the truck accident rate as follows:

Nx106
y B ee———————————
TADTxLx365
where:
Y is the accident rate (accidents per million truck
miles).
N is the frequency of truck accidents for the analysis
year.

TADT is the average daily truck volume.
L is the length of the section over which the volume
and accident data were collected.
Although the truck accident rate for a given section of road is a
function of many traffic and driver related factors, the primary
interest for the present analysis is in the dependence of the accident
involvement rates on different highway types, and traffic and truck
volume levels.
Previous research in this area includes the work of Vallette, et

al. [17], ADL [18], FHWA [19], BMCS [20], Zeiszler [21], Scott and
O'Day [22], Yoo [23], Smith and Wilmot [24], Meyers [25] and others

(see NHTSA [26]). In several of the above studies, accurate truck
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exposure data was not available. In others, only one highway type
was considered. The Vallette study provides reasonably accurate
estimates for accident rates ranging from 0.43 to 5.24 per million
truck miles for different truck and highway types. However, traffic

volume levels are not considered.

6.1 Analysis

The truck accident and volume data collected from California,
Texas and New Jersey (see Chapter o) ncluded a wide range of
traffic and truck wvolumes, and four distinct highway types. From
this 3-state database, we obtained data on the volumes and
frequencies of accidents for trucks of 2-axle dual tires and larger.?
We used this subset because it is most representative of the vehicies
used to transport hazardous materials.

To test the statistical significance of any differences in accident
rates for different highway and traffic volume levels, we conducted
an analysis of variance (ANOVA). The analysis of the data from
California and Texas was conducted as a fixed effect, three-factor
(truck percentage, traffic volume and highway type}, mixed design of
unequal sample size. We nested the traffic volume factor (ADT)
within the highway type factor because the California data seem to
correspond to much higher ADT volumes than did the Texas data.

Table 6.1 shows the means and standard deviations for each cell (SH

= state highway, U.S. = U.S. highway and IH = interstate highway),

*Excluding 2-axle pick-up and panel trucks.



Highway
Type

SH

us

Table 6.1 Cell Statistics for California and Texas

% Truck

<7

>7

<7

>7

<7

>7

ADT(x10°) N

0-25
25-50
>50
0-25
25-50
>50

0-25
25-50
>50
0-25
25-50
>50

0-40
40-80
>80
0-40
40-80
>80

-bbc;b\l

w

n
27
1

Mean

5.623
1.389
1.586
1.014
0.883
0.554

7.563
2.065
1.580
1.219
0.536
0.600

0.425
1.469
0.951
0.413
0.624
0.733

St.dev

6.456
0.675
2.040
1.034
0.793
0.317

9.379
3.592
1.544
0.828
0.337
0.000

0.352
1.617
0.549
0.386
0.435
0.466

85
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and Table 6.2 shows the group statistics. The analysis «f wiine
in Table 6.3 demonstrates the significance of the main effe
percentage and ADT at the 5 percent level.

We conducted our analysis of the New Jersey dow: o
three-factor (truck percentage, traffic volume and numb.or cof
intersections) crossed design. OQur analysis of the New .Jer.¢, &
also indicates the significance of the main effects at the 5 ' cens

level. The results are summarized in T.>les 6 4, 6.5 and 6.0,

6.2 Results and |mplications

The analysis of the truck accident rate data vyieided ih-
following estimate for the accident involvement rates (accidenis (.
million truck miles):

Interstates 0.65
U.S. and State Highways 2.26

Highways with interrupted 3.65
flow due to intersections

These results fall within the range of previously - ..
estimates and demonstrate the difference in the accident 1-'¢
various highway types. Furthermore, the analysis in the piev o
sections shows that the truck accident rate is dependent c.i F.ih
total traffic volume and the percentage of trucks in the rzac
stream. These results suggest that in applying tihe eatine.s:

provided, cell means should be used in lieu of aggregate tneans o



Factor

Highway

Truck %

ADT

Table 6.2 Group Statistics for California and Texas

Level
SH

us

>7
0-25
25-50

>50

Count
57
34
58
59
90
72
38

39

Mean

2.21

2.248

0.632

2.981

0.740

2.298

1.032

0.973

St.dev.

3.910

4.295

0.584

4.829

0.728

4.4217

1.550

0.974
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Source of
Variation

Main
Factors

Highway
Type(H)

"I?Truck (T)

Nested
Factor

ADT
within H
Interaction
T and H
T and
ADT
within H

Error

Table 6.3 ANOVA Table for New Jersey

Degrees of Sum of
Freedom Squares

2 31.81

1 66.99

6 133.23
2 24.25

6 91.37
131 1033.85

Mean
Square

15.90

66.99

12.12
15.22

8.33

E
Statistic

1.91

8.03

2.66

-l wd
Ba&

88

Level of
Significance

0.153

0.005

0.018



Number
intarsec.
. per Smiles

>8

Table 6.4 Cell Statistics for New Jersey

%LTruck

<7

>7

<7

>7

ADT(x10%) N

(veh/day)

0-20
20-40
>40
0-20
20-40
>40

0-20
20-40
>40
0-20
20-40
>40

10

N O W W

- ~

H O W

4.709
2.878
1.391
1.875
1.262
0.457

10.28
6.633
3.454
4.571
2.969
2.406

89

St.dev

2.48¢9
1.560
0.283
0.842
1.531
0.034

0.022
2.747
0.000
3.598
0.896
1.176



Factor

Intersec.

(number/S5miles)

$Truck

ADT

Table 6.5 Group Statistics for New Jersey

Lavel

0-8
.>8

</

0-20
20-40
>40

Count

29

26
26

21
21
10

Mean

2.703
4.852

5.013
2.293

4.410
3.7
1.817

20

St.dev.

2.266
3.074

3.075
1.7

3.112
2.816
1.184



Table 6.6 ANOVYA Table for New Jersey

Sourca of Degrees of Sum of

Variation Freacdom

Main
Factors

S TRUCK(T)

ADT :
Intersections( )

Intaraction
T and ADT

T and |
ADT and |

T and ADT
and |

Error

- -

~

N

Squares

62.06

'§4.79

78.19

14.17

6.31
6.84

2.41

.133.02

Mean
Square

62.06

32.39
78.19

7.08

6.31
3.42

1.20

3.82

F
Statistic

16.22

8.57
20.44

1.85

1.65
0.89

0.32

91

Level of
Significance

0.000

0.000
0.000

0.170

0.206
0.417

0.731
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sufficient information is available to identify the highway type and the
traffic volumes. Furthearmore, if in a given situation one has
available more accurate accident rate data, then the data should bLe
used in lieu of the rates provided in this report.

For the purpose of computing the fraction release estimates in
equations 16 and 17, we derived a composite truck accident rate of
1.4 accidents per million truck miles based on a weighted average of

the rates previously mentioned.
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CHAPTER 7

ESTIMATING THE COST OF

TRANSPORTING WASTE
This chapter describes how we estimated the cost of
transporting hazardous wastes by truck Briefly, our procedure was
as follows. First, we reviewed the existing literature directed at
estimating the cost of transporting hazardous wastes. From our
review, we identified seven studies that addressed the issue of
estimating the cost of transporting hazardous waste by truck. All of
these studies considered this issue within the larger framework of the

total cost and risk of hazardous waste treatment at a regional levei.

Next, we selected the most comprehensive of these methodologies
and developed a revised cost procedure using some of its assumptions
and modifying others. Finally, we determined the accuracy of our
costing procedure by comparing its estimated results with the actual

rates charged by haulers.

7.1 Literature Review

ln a report to the Environmental Council of Alberta concerning
the transportation risks Involved in treating hazardous waste
substances, Bercha and Associates [9] addressed the costs of
transporting hazardous waste by segmenting costs according to trip

1eThe RCRA Risk/Cost Analysis Model uses these costing assumptions
and unit costs, but uses a different accounting procedure.



Trip Length Cost (Canadian $ Cost (U.S. &
Per Tonne-Kiiom;tler Per Ton-Mlle')'

0-100 Km (62 mi) 0.120 0.176

> 100 Km (€2 mi) 0.080 0.117

The Bercha analysis did not differentiate its calculated costs by
truck capacity or material transported. Also, we had to make
assumptions about two items that wers not reported in the Bercha
paper. First, we assumed that trip length corresponds to the
one-way trip distance but that the costs of "deadheading” back to the
point of origin are embedded in Bercha's cost estimates. Second, we
assumed that trip length was segmented to reflect the decrease in per
ton-mile costs that will occur with longer trips (fixed costs are
distributed over a larger base).

A study by Booz, Allen and Hamilton [27] addressed
transportation costs as part of an assessment of hazardous waste
generation and trestement capacity. Booz-Allen assumed that all
hazardous waste would be transported by either 6,000 gailon tank
trucks or flatbed trucks carrying 80 drums. Their report implies
that trucks would be traveling at full capacity. On the basis of

interviews with facility operstors, Booz-Allen posited three different

9%
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"rules of thumb" for truck transport costs:

Method Cost ($)

Flat rate per hour $30 - 340

Flat rate per mile, round trip $1.50 - $3.00

Fixed costs plus variable cost $100 - 3150 minimum charge and

(usually applied to shorter trips) $1.00 to $1.50 per mile

it should be noted that Booz-Allen did qualify its work by stating
that not all facility operators use these rules of thumb.

The Booz-Allen study does not indicate the conditions under
which each costing method is most appropriate. The study also
assumed that the costs for transporting waste by tank or drum are
similar, and it did not re.cognize the expected decrease in per-mile
costs associated with longer trips. Finally, the assumption that
trucks travel at full capacity is not supported by analyses which
have been conducted on hazardous waste shipment characteristics
reported in Chapter 4. Consequently, the estimated costs are likely
to be biased on the low sida.

In its study of the New York State hazardous waste management
program, Camp, Dresser and McKee (CDM)} conducted telephone
interviews with haulers operating within the state [28]. cDM

obtained estimates for a 75 mile one-way trip using 4,000 gallon tank
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trucks. Their cost estimates (including all fees, tolls, gas and
wages) ranged from $1.14 to $4.80 per truck-mile depending on
distance, waste type and quantity. For their purposes, Camp,
Dresser and McKee used an average cost of $1.25 - $1.50 per mile.

The importance of this study is not in the assumptions CDM
adopted (which suffer from the deficiencies described previously in
the Bercha and Booz-Allen discussions), but in the information
obtained in conversing directly with operators. The operators
themselves identified trip distance, shi~~-~~t size and waste type as
being important factors in determining truck transportation costs.

Transport cost was treated quite generally in a study of
hazardous waste management in Massachusetts [5]. The Massachusetts
Bureau of Solid Waste Disposal assumed that waste would be
transported in either 80 drum trucks or 4,400 gallon tanker trucks,
and that trucks only travel at full capacity. Costs were estimated at
$1.00 - $3.00 per truck-mile (one-way trip), which is equivalent to
$0.06 - $0.18 per ton-mile. The Massachusetts study adopted a rate
of $0.12 per ton-mile. No additional insights coulid be gained from
reviewing this costing approach. Beyond assuming that shipments are
only made at full capacity, the methodology suffers from assuming
that per-mile costs remain constant, irrespective of trip length and
material transported.

In contrast to the variable cost structure established in the
first four studies, Arthur D. Little (ADL) developed a more

sophisticated approach for itz assessment of hazardous waste
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management facilities in New England [29]). ADL recognized that the
real cost of transporting wastes consists of a fixed cost (capital
amortization, insurance, taxes, salaries, fringes, supervision, general
and administrative) which is independent of the shipping activity and
a3 variable cost (fuel, tires, lubrication, maintenance) which is likely
to be a function of irip distance.

In developing its cost formulas, ADL assumed that a truck is in
service 2,000 hours a year and, during the time that the truck is in
service and on the road, the average \ravel speed is 40 mph. ADL
further assumed that the truck operates at capacity when a shipment
is made and returns empty to the point of origin. Using these and
other assumptions (see Table 7.1), ADL conducted its analysis for
6.000 gallon tank trucks and stake trucks capable of carrying thirty
55-gaiton drums.

Using this information, ADL derived the following cost
functions:

Tanker Cy = 0.084 + 2.45/d

Stake truck Cy = 0.237 11.01/d
where:

Cy = cost in $/ton-mile

d = one-way trip distance (miles)

The major advantages of ADL’'s approach are: 1) its detailed
transportation cost components, 2} its recognition that some costs are
fixed while others are variable, 3) its use of different truck types

and 4) its use of unit costs which decrease as a function of trip
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Table 7.1 ADL Cost Assumptions - New England

6000 Gallon Tanker Stake Truck -~ 20 ft bed
Teuck Typs: Loed Capagity — 28 tam 30-58 gailon drums -~ 7 tom
Capital Cost: $68,000 $24,000
Loading snd Unigading Fuel 2 hours Jhours
Fxed Costa {S/yr)
capitsi amartizanaon
8 yrs @ 4% - 0.292 16,080 7,008
wlaies & fringss
@ N2 7% 25,500 28,500
supsrvision (40% of above) 10,200 10,200
insurancs and taxes 4,000 4,000
$8,760 48,708
GRA®10% 5,578 4,871
81,338 53719
Operating Costs (S/mile)
Fuel (6 lpng. 100¢/gallon) 0.17 {9mpg@ 100¢/gationy AN
Tires and lubrication 0.06 a.q3
Masmtenance g ﬂ
0.20 014
G&A O 10% .02 ]
020 0.19

Source: Arthur D, Little, Inc. A Plan for Development of Hazardous Waste

Management Facilities in the New England Region, Volume 2: Appendices.

prepared for the New Eng Regicnal Commission, September 1979.
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distance.

The drawbacks of this work are:

(1) The estimates of capital and operating costs were not
validated against actual records.

(2) 1t was assumed that trucks operate at full capacity
during transport.

(3) 1t was assumed that trucks are constantly in demand and
available for sarvice.

These assumptions contribute a bias towaruy wunderestimating the real
transport cost per shipment.

ADL revised its 1979 costing procedure for a study of
hazardous waste quantities and facility needs in Maryland [30]. The
primary modifications were:

(1) Trucks were assumed to be in service 80 percent of the
time.

{2) A line item for profit (5 percent of non-capital related
expenses plus general and administrative expenses) was
included.

(3) A roll-off container truck with capacity for eighty
S5-gallon drums was included.

(4) The component costs were updated to account for
inflation and other changing market conditions. For the
Maryland study, ADL contacted operators and
manufacturers in the U.S. to verify the; plausibility of

its component cost assumptions.
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ADL’'s estimates of the cost per ton for cne-way trip distances
of 50 and 100 miles for tank trailers and stake trucks transporting
rolf-off containers appear in Tables 7.2 and 7.3. In their report,

ADL described the following generalized cost formulas:

Tanker (25 tons) CT = 3.09 * 0.115 d ($/ton)
Stake truck (18 tons) CT = 11,66 * 0.312 d ($/ton)

Howevear, we applied these formulas tc . information in Tables 7.2

and 7.3, and obtained quite different results between the formula and

table:

Distance Truck Type Cost/Ton Cost/Ton
Estimate Estimate
in Table by Formula

50 miles Tank $7.91 $8.84

100 miles Tank $13.22 $14.59

50 miles Stake $12.49 $27.26

100 miies Stake $19.71 $42.86

These discrepancies, particularly for the stake truck, raise serious
questions about the validity of the Maryviand cost formulas. However,
the basis for the cost estimates in Tables 7.2 and 7.3 appear to be

sound.

snhnd
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Table 7.2 ADL Pricing Procedure - Tank Trailer (Bulk Liquid -
25 Tons)
Typical Tri
One way distance 50 miles 100 miles
Tonnage per trip 25 comns 25 coms
Loading/unlosading time 2 hrs. 2 hrs.
Time on road 2.5 hrs. 5 hrs.
Total trip time 4.5 hrs. 7 hrs.
Capital Cost (1978 §)
Pover unit 840,250 §40,250
Tank trailer 26,000 24,000
864,250 364,250
Capital Related Hourly Charges
Interest at 152 $4.82 $4.82
Depreciation 2.86 2.86
, 37.68
Non-Capital Ralated Hourly Ch s
Dnvcris salary $12.50 $12.50
Supervision <.50 2.5
Insyrance 2.10 2.10
License & tax 2.00 2.00
$19.10 $19.10
Per Mile Charges
Fuel and oil $0.20 $0.20
Tires, msaincenance and repair 0.12 0.12
' $0.32 $0.32
Iransport Cascs
Toctal crip time 4.5 hrs. 9 hrs.
Chargeable trip time
(1.2 x cocal crip cime) S.4 hes. 8.4 hrs.
Non=capital related hourly costs $103.14 $160.44
Per mile charges 32.00 64,00
$135.14 $224.44
G &A@ 102 13.51 22.44
3143.63 $246.88
Profitc @ 52 7.43 12.34
$156.08 §259.22
Capital related hourly costs 61.72 71.32
19 $330.54
Cost per ton $7 91 $§13.22

Source: JArthur D. Little, Inc. Hazardous Waste Quantities and Facilitv Needs
in Maryland. prepared for Hazardous Waste Facilities Sicing Board and
‘(aryland Environmental Science, August 1981.
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Table 7.3 ADL Pricing Procedurs - Stake Truck (Drummed Liquid,
Solid; Bulk Liquid - 18 Tons)
Typical Tri
One way distance S0 wiles 100 wmiles
Tonnage per trip 18 tons 18 tons
Loading/unloading time 3 hrs. 3 hrs.
Time on road 2.5 hrs. S hes.
Total crip time 5.5 hers. 8 hra.
Capital Cost (1978 §)
Powsr unit §40,250 840,250
Til t-f!l- 12- m 1;. :g:
Roll-off container
gapital Belaced Hourly Charges
Interest @ 152 $6.32 8$4.32
Depraciation <209 _2.88
$6.4) $7.20
Non=Capital Related Hourlw Charges
nﬂ'vcris salary :'2.5%0 $12.50
Supervision 2.50 2.50
Insurance 2.10 2.10
License and taxas 2.00 2.00
$19.10 $19.1
Per Mile Charges
Fuel and oil $0.10 $0.20
Tires, maintenance and repair 0.12 0.12
$0.32 §0.32
Transpor: Costs
Tocal trip time 5.5 hrs. 8 hrs.
Chargeable trip time
(1.2 x cocal trip tioe) 6.6 hea. 9.6 hrs.
Non=capital related hourly costs $126.06 $183.26
Per mile charges 312.00 64 .00
§158.496 $247.36
G&aA@1LOZ 15.81 26.74
§173.87 $272.10
Profit @ 5% 8.69 13.61
$182.36 §285.71
Capital relazed hourly costs b2.31 5921
§224.87 $354.383
Cost per ton $12.49 $19.71

Source: Arthur D. Little, Inc. Hazardous Waste Quantities and Facility Naeds
in Maryland. prepared for Hazardous Waste Facilities Siting Board and
Maryland Envirommental Scientce, August 1981,
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ADL's oversll approach corrects for many of the first five
studies’ methodological problems. The major remaining problems are:
1) ADL assumed that trucks are fully loaded and 2} although it
consuited operators on the component cost estimates, ADL did not
examine actual cost racords to determine if its total costs were
representative of actual costs.

For an earlier version of the RCRA Risk/Cost Analysis Model,
ICF examined the costs of transporting waste by 6,000 gallon tank
trucks for one-way trip distances of 27 and 250 miles [16]. ICF
assumed that on-site transportation costs were included in treatment
and disposal costs (this assumption appears to be implied in the other
six studies).

ICF formulated a procedure similar to that developed by ADL.
However, unlike ADL, {CF did not formulate the following cost
factors:

(1) Supervisory labor.

{2) Interest on capital.

(3) insurance.

(4) Tax.

(S) General and administrative.

(6) Profit.
The ICF procedure suffers from the same deficiencies as ADL's
Maryland methodology and, in addition, is not as comprehensive. For
these reasons, the ICF approach appears to be less suitable for

adoption than the ADL methodology.



104

In .smmary, the methodologies we reviawed fall into two major
categories: variable cost models and total (fixed plus variable) cost
modeis. The total cost models are more sophisticated in their
treatment of componant costs; thus, they are likely to be more
reprasentative of the real cost of operating service. Of the total
cost models, ADL's Maryland model appears to be the most complete,
although some deficiencies still remain.

Below, we describs a revised procedure that was devsioped to

address these deficiencies.

1.2 Revised Procedure
We devised a costing procedure based on ADL's Maryland study
cost assumptions, with the following modifications:

(') We updated costs into 1983 terms using the consumer
price indax, where appropriate.

(2) We assumed average trip distances and shipment sizes
based on the results of the analysis of hazardous waste
shipment characteristics.

(3) We compared the revised cost formulas to actual price
quotes from waste haulers in order to establish the
accuracy of the revised procedure.

We estimated transport costs for 6,000 gallon tankers and 18-ton stake
trucks. As in the case of the ADL study, we segmented costs into

fixed and variable costs, 3s described in Table 7.4.
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Table 7.4 Cost Assumptions for Revised Procedurs
Truck 6000 Gallon Stake Truck
Tanker (18 Tom)
FIXED COSTS
Capital Cost $90,400 $81,600
Capital Amoritization
8 yrs. @ 122 = 0.201 18,170 16,402
Mon-Capital Fixed Chargas (1983%)
Driver's Salary: 14.64/hr x 2000 29,280 29,280
Supervision: 2.%93/hr. x 2000 5,860 5,860
Insurance: 2.10/hr. x 2000 4,200 4,200
License and Tax: 2.00/hr. x 2000 4,000 4,000
Total Capital and Pixed Charges 61,510 59,742
G+ AQ 107 0,431 5,974
Profit @ 5% 3,383 3,286
T0TAL FIXED COSTS/YR 71,044 69,002
VARIABLE COSTS (3/mile)
Fuel and 011 $0.23 $0.23
Tires, Main. and Repair 0.14 0.14
C+A@ 102 0.04 0.04
Profic @ SX 0.02 0.02
TOTAL VARIABLE COST/MILE $0.43 $0.43

*Ugser Consumer Price Irndex (CPI) figures for urban wages, the inflation
rate has been as follows: 1981 = 10.4%, 1982 = 6.1Z.
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71.2.1 Average Cost Approach - 6,000 Gallon Tanker

Analysts often require average cost information in order to make
policy decisions where detailed information on shipment characteristics
s not available. This approach can be facilitated by assuming an
average shipment size and trip length for a typical shipment. Below,
we examine average costs for tanker transport, assuming that the
tanker 1s carrying liquid materials.

We asssumed that: 1) the utilization rate is 80 percent (in
service 1,600 hours per yaar}, 2) ume .: the road is based on an
average spesd of 40 mph and 3) the loading/unloading time is 2 hours
for each shipment. Based on the analysis of hazardous waste
shipment characteristics, the weighted mean trip length is 84.2 miles
and the average shipmant size is 3,171 gallons, equivalent to 13.21
tons. These inputs, coupled with the information in Table 7.4,
yvielded the following results:

84.2x2 miles
average time per shipment 2 ————— * 2 hrs. = 6.21 hrs.
40 mph
1600 hrs
average trips per year = ————— = 257.85
6.21 hrs
71,044

average fixed cost per trip = = $275.74
257.65

average variable cost per trip = 0.43 x 84.2x2 = $72.41
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average total cost per trip = 275.74 < 72.41 = $348.15

348.15
84.2
31.14
3.0

= 34.4

average cost per loaded mile =

= $0.31

average cost per loaded ton-mile =

Thus, we determined that the average cost per loaded mile of tanker
transport i1s $4.14 and the average cost ~er loaded ton-mile is $0.31.

1.2.2 Average Cost Approach - . ~ -~ Stake Truck

We used the same time, distance and quantity assumptions as in
the previous case, with the fcllowing exceptions:
(1) Loading/unloading time was assumed to be 3 hours.
(2) Average shipment size was assumed to be 11.63 tons.
The analysis proceeded as follows:
84.2x2 miles
average time per shipment ——————— <+ 3 hrs, = 7.21 hrs.
40 mph
1,600 hrs
average trips per year ¥ ————— =z 221.9
7.2 hrs
$69,002

221.9

= $310.96

average fixed cost per trip =

average variable cost per trip = 0.43 x 84.2x2 = $72.41

average total cost per trip = 310.96 « 72.41 = $383.37



108

$383.37
84.2
$4.55
1n.e

average cost per loaded mile = =z $4.55

average cost per loaded ton-mile = = $0.39

The average costs per loaded mile and loaded ton-mile are larger for
stake trucks than tankers. This is dus to the smaller loads

associated with stake trucks.

7.2.3 Deriving Cost Formulas

When details on specific shipments are available, it is extremsly
useful to have formulas which can bs used to estimate the cost of
transport. Below, we discuss how formulas were derived for tankers
and stake trucks.

After defining F as annual fixed cost., X as one-way shipment
length (miles), Y as shipment size (tons) and Z as loading/unloading
time (hrs), we expressed the average cost per loaded mile as:

F 1

cim(s/loaded mile) 2 ~— ¢+ (0.43x2)
(1600/(.05X+2)) 2X

For tankers: F = $71,044 and Z = 2. Therefore, the cost per lcadad
mile for tankers is:

($/loaded mile) = 3.08 ¢+ — (18)

clm
tanker X

The cost per loaded ton-mile (ctm) for tankers is:
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| s/ ; 3.08 88.8
citm $/loaded ton-mile) = —— ¢ — (19)
tanker Y XY

For stake trucks, F = $69,002 and Z = 3.

The cost per loaded mile for stake trucks is:

129.38
clm“.“ ($/loaded mile) = 3.02 * " (20)
The cost per loaded ton-mile for stoke trucks is:
s/ p le) 3.02 129.38 an
cltm $/.0aded ton-mile) = .
stake Y XY

1.3 Comparison with Actual Charges

To dstermine the accuracy of our costing procedure, we
compared the cost estimates using the revised costing procedure with
actual rates charged by hauiers. We obtained the information on
actual rates from a study of hazardous waste haulers’ transportation
costs conducted by Temple, Barker and Sicane, Inc. (TBS) in May
1583 [31].

in their cost study of drum and bulk waste transport activities,
TBS contacted a number of companies involved in the treatment,
disposal and transportation of hazardous wastes. TBS experienced
considerable difficulty in obtaining cost information that could be used
to compare one operation directly to another. In fact, companies

varied in terms of type of truck, vehicle capacity, area of service,
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average hauling distance, quoted rates and the units to establish
rates. Nevertheless, TBS attempted to establish a uniform scale by
converting all rates to $/loaded mile.

For 5.000-6,000 gallon tankers, the quoted rates ranged from
$2.75 - $4.50 per loaded mile, with an average of $§3.40. Using the
average cost approach, we estimated the average cost per loaded mile
to be $4 14, which 1s toward the upper bound of what most shippers
are charging. However, the lower costs in the quoted range wers
for one-way trips of 200-300 miles; *¢'... Aistance is well above the
average one-way trip distance (84.2 miles) used in the average cost
procedure. Using the derived cost formula for tankers with a
one-way trip distance of 300 miles, we estimated the average cost to
be $3.38 per loaded mile, which is consistent with the amount
operators reported that they charge for a 300 mile one-way trip.

For stake trucks capable of handling 70 to 88 drums, the TBS
study reported that the rate per loaded mile ranged from $2.10 to
$4.00. with an average of $3.30. The average cost approach yielded
an estimate of $4.55. Again, the lower rates in the TBS study were
associated with longer trip lengths (200 to 300 miles) than we used.
Using the derived cost formula for stake trucks, the estimated cost
per loaded mile for a 300 mile one-way shipment is $3.45, which
compares rather favorably with the reported rates.

In conclusion, the derived cost formulas appear to be
representative of the hazardous waste transport industry quoted

rates, particularly for the long-haul market. The use of the average
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cost figures, however, should be treated more carefully, and should
only be employed when information is not available on shipment size

and trip distance.

7.4 Summary

We reviewed seven methods for estimating the cost of
transporting haiitdblid waste by truik. The results varied from
gross astimates of the unit cost of transport to more sophisticated
derivations of cost based on fixed and variable components. We
noted several deficiencies in these methods, particularly in the
assumptions relating to shipment characteristics and the failure to
compare results to the actual rates charged by waste haulers.

We then developed a revised costing procedure which was
designed to overcome these deficiencies. Using this procedure, we
derived new cost formulas for estimating the cost of wastes
transported by tanker and stake truck. The cost estimates based on
these formulas compared quite favorably with actual industry quotes.
Consequently, we feel that these formulas can be adopted for use in

policy analysis.
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CHAPTER 8
MODEL APPLICATION AND
CONCLUDING REMARKS
Below, we present two case studies which illustrate the
application of the fraction release and cost models. The case studies
represent two different scenarios and demonstrate the flexibility of
the models. The rasuits of the case studies are summarized in Table

8.1 Scenario 1

From a policy standpoint, it is often meahingful to obtain
estimates of the fraction released for a large number of shipments.
Thus, we posed the following problem: Suppose 'IOG gallons of liquid
waste are shipped over a highway network by tanker truck. No
other information is available. What are the expected releasss and

costs of transporting this material?

8.1.1 Release Computation

From Table 4.5 we used the mean distance for shipping liquids
of 77.1 miles. Because no information was available on the nature of
the highway network, we used the appropriate mean (releasing)
accident rate of \' = 2.8 «x 10'7 accidents per truck mile from
Chapter 5. The expected amount released enroute was obtained using

the fraction released from Table 5.9 as:



Table 8.1 Summary of Resuits of Case Study

Quantity Shipped (gals.)
Distance Shipped (miles)
Quantity per Vehicle (gals.)
Average Number of Shipmants
Truck Accident Rata {¥10°")
Expected Release Enroute (gals.)
Expected Release Handling (gals.)
Total Release (gals.)

Total Release (%)

Cost per Ton-mile ($)

Number of Ton-miles

Cost per Shipment ($)

Total Transport Cost ($)

Scenario

108
7.1
an
315.4
0.28
7.34
7.6
14.94
0.0015
0.32
1018.5
325.92
102,795.17

113

Scenario 2

200 x 35
100

2191
3.94

13
2.65
3.19
5.84
0.053
0.37
1180.0
429,20
1691.05
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E(released enroute) = (4.2x10°3 + 0.19x2.8x10"7) x 108 x 77.1

= 7.34 gallons

Similarly, the expected amount released at terminal points is:

E (release at terminals) = 7.6):10's x 168
= 7.6 gallons

Total expected releass = 14.94 gallons

8.1.2 Cost Analysis
From Table 4.5, the weighted mean shipment size for liquids is
3171 galions, which is equivalent to 13.21 tons. Using equation 19,
the cost per ton-mile is:
3.08 88.8

($/loaded ton-mile) = . s 0.32

cltm
tanker 13.21 (13.21)(77.1)

Number of ton-miles. per shipment = 13.21 x 77.1 = 1018.5
Cost per shipment = 1018.5 x 0.32 = $325.92
Average number of shipments = 106/3171 = 315.4

Total Cost = 315.4 x 325.92 = $102,795.17
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8.2 Scenario 2

On a more disaggregated level, it is often useful to obtain
estimates of the anticipated fraction released for point-to-point
shipmants. Thus, we formulated a problem which would be
characteristic of this class: Suppose 200 55-galion drums are being
shipped a distance of 100 miles on Interstate highways. The ADT
and truck percentages on the highways are unknown. What are the

expected releases and costs involved?

8.2.1 Release Computation
From Chapter 5, we obtained the accident rate for Interstates
as ) = 0.13 x 10°s accidents per truck mile. The expected amount

released enroute was obtained using the fraction released from Table

5.9 as:

E (release enroute) = (2.4:('!0.6 . 0.10x0.13x10-6) x 100 x 200 x S5

2.65 galions

2.9x10°4 x 200 x 55

E (release at terminais)

3:19 gallons

Total expected release = 5.84 gallons
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The average load carried by stake trucks is 2791 gallons, which
is equivalent to 11.6 tons. The quantity being shipped is 11,000
gallons which is equivalent to 45.83 tons. Using equation 21, the
cost per loaded ton-mile is:
3.02 129.38

($/lcaded ton-mile) = ¢ = 0.37
1.6 (100)(11.8)

citm

stake

Number of ton-miles par shipment = 11.6 ¥ 100 = 1160

Cost per shipment = 1160 x 0.37 = $429.20

Average number of shipments = 3,94

Total Cost = 3.94 x 420.20 = $1,691.05

8.3 Concluding Remarks

This project has addressed the potential risks and costs of
transporting hazardous wastes by truck. In the course of conducting
this study, we drew several conclusions that are useful for policy
analysis. Below, we briefly discuss our conclusions.

A trip profile analysis conducted on data from several states
indicated that, or average, wastes are shipped less than 100 miles
from their generation to their disposal sites. The average trip length

is lower for liquids than for solids. Generally spsaking, the mean



117

quantity shipped is independent of shipping distance.

In assessing truck transport risk, it is important to distinguish
between two kinds of incidents that result in spills. For one class of
incidents, the probability of occurrence is a function of the distance
traveled: for the other, the occurrence probability for a particular
shipment is fixed. We computed expected fraction release estimates
for both kinds of incidents.

The costs of transporting hazardous wastes by truck can be
reasonably approximated using the fr-— 'las derived in this study.
These cost formulas compare quite favorably with actual industry
quotes.

The individual and collective resuits of the entire analysis are
applicable at many levels of aggregation. Using this study's models
and cost formulas, it is possible to obtain broad estimates of expected
releases and transport costs, as well as estimatas of the risks and
costs invoived in individual shipments.

Perhaps the most important result of this study is that the risk
of transporting hazardous wastes by truck appears to be as large as
the potential risks at treatment and disposal sites. In fact, for some
W-E-T combinations, transport may be & potentially more dangerous
activity. As a result, pclicymakers should give careful consideration
to the relative risks involved in the treatment, transport and disposal

of hazardous wastes.
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APPENDIX A

LIST OF CONTAINER TYPES
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CONTAINER ABPAEVIATIONS AKD SPCCIFICATICH WUNBERS
ARIR. OR USUALLY USUALLY CAN 3 DLk nee NEV DATE CONSTR (7R 49 CORTAZHSR DESCRIPTION

SPEC MD. CONTT  CONT2 CITHER CONTAINER CONSTK CARCELLED SECTION

1 e -— -— it TAE OR es 179,200  Hon-rressure
2 (3] b - YES  TAK CAR YES 177200  Nompressure
3 s —-— - Y& TAK iR YES 179.200 Hon=rressure
4 2] — — YES  TANX CAR YES 179,209  Henesressure
L] 1] -— —  YE§ TAKX CaR YES el Honrrressure
6 &S - ==  TE§ TRNK (AR YES 179.200  Monesressure
? (1] -~ - YIS TS CAR s 179.200  Horerressure
8 (11 — -— YES  TANK CAR YES 179,200  Norsressure
9 Yes — — YES  TANK CaR 31 129,200 MHonerressute

10 €S — -  YE§ TANX CAR YES L 170,200 Nomerressyre

11 7S Cd L YE§  ThRK CAR YES 129.200 Hon-rressure

12 s —-— — YE  TARK CAR (1] 179.200 Homsressure

13 13 — - Y8 TARK OAR YES 179,20  Nonerressure

14 (11 o~ - T TAK OR YES 179,200  Rorepressure

15 (1] - - T NKOR YES 179.200  Ronrressure

16 (1] — — YE5  TaNK CAR (3] 179,200 Non-pressyre

17 n®s -— — Y& TN CAR YES 177230 Honerressure

18 12 - -  YE§ TANK OAR 11 179.300  Nonpressure

19 s - = T TAK CR YES 1793 Norepressure

20 33 -— - YES T CAR (1] 179,100  Pressure

21 (3 o= e T8 TR CAR YES 179,100  Pressure

22 )i - - Y5 TNK AR TES 179,100  Pressure

23 (1] - - YES TMKCAR YES 179.100  Pressure

26 TES — — TES T CAR YES 179.100 Pressure

25 TES - b YE§ TAK CAR YES 179,300 Multi-unis

26 i1 —-— e YES  TANK CAR YEs 179.300  Mult{-unit

27 (3] —— - VB TNECR YES 179.300 Multi-unit
28 (] — —— YE5  INIK CAR YES 179.300 Rultz-unat
29 1 -— - YES  TaiK OAR YES 179.500 Hih rressure
30 TS — — YES  TANK CAR YES 179.100 Pressure

k1 8 s o — Y&  TNK CAR Yes 179,100 Pressure

32 - YES YES  ——  DARREL/AKEG WO0D MO 19740518 171,14 Wooden barrels and Less (Light?
33 b (3] s ——  BAKREL/YEG VOOD YES 128.1% Wooden barrels and kess (Lisans
3% -— s YES  ——  BAKREL/KEG WOOD HD 19240819 171.14 Wooden barrels nd kess (Lismt)
35 WS = ——= Y INKOR s 17930  Rolti-umt
k" (3] -— - YE5  TWX CAR 1ES 179.300  Rulta=unit
37 ns - - YB TAXCOR 12 ] 179,200  Hom-sressure
38 (33 -— -  YES  TANK CAR YES 179.200  Vorrepressure
K} s - — YE§  TANK CAR YES 179.200 Mon-sressure
40 s -— — YES  TANK GAR YES 179,200 NHonmrressure
4l s — ~ YES TAMK CAR NO 19771231 179,100  Pressure

42 w - —— YES  TANK CAR KD 197M231 129.100 Pressure

43 s — — YES  TAHK CAR ¥O 1971231 179.100 Pressurs

b e — - YES  TANK CAR YES 179.105 2 Pressure

45 H - -~ YES  TAK AR YES 179,103 2 Pressure

3 See codes sn last rase 83 Julk containers can only be COHT1 (lanar Containers)

Dats Base  Attribute

BAZAT.0NS  CONTL
CANTVO.DNS  CONT2
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46
&7
48
49
50
1))
52
53
54
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56
57
58
59
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69
70
n
2
n
74
3
76
77
78
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80
8l

gdfgagdaaaaagdaan

adll
~
L)

dasgaadadadadd | dagasdadaaririoirtnnnnetirntid
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CONTAIMER ADDSEVIATIONS AND SPECIFICATION KUNBERE
A30%. OR USUALLY USUALLY Cili 3T ALK ™m

MU DATE CONSTR CFR 4 CONTAINER DESCRIPTION

TNE CAR 12 ] 174052 Pressure

1A CAR YIS 1M.100 3 Preswure

K CR e 170,105 3 Prossure

N CAR s 175,100 2 Proawure

itk A0 TS 179,400 Lisuafied dvdregen

UK Ca CRYO TS 179,400  Ulovitied hedrosm

TR Cok YES 19,400 Lasvified hedrosen

K CAR OIYD YIS 179,400  Lievitied mdrosen

Ti CAR YES 129,400  Lievified vdrosen

T CAR )1 171,400 Lisvified hudrosen

TN CAR NO  19TAZL 17,100 Fressure

TRE CAR X 1A 10500 Freswre

ThE CaR ¥ UL A0 Preswune

TR CAR YES 17,1052 Presmure

TRE CM YES 179,308 2 Pressure

K CAR s 1M.000 7 Preswre

e G 1] 179:300 23 Presuare

K CAR YEs 179,105 2 Preswre

Tk CAR &S ©9,200 Horroressure

BARRELAEG VOOD M0 LY24G315 121,04 Gooden barrels and kest (slzek)

MRELALS 0D NG 198 1104 Uooden barrels and kess (slack)

KX FIBER bt 1] 17.210 Toxes IRCS

207 FIKR €S 173,205 Soxms

0z FISER ) 1] 178,204 Seams

0x FIIR s 178.207 Soxes

3z FINR s 128,208 Yexme

X FUSER (1] 178.200 Roxes

302 FLIER 1] 179,211 Boxat NRCS

10X FIBER YES 178,212 Parer faced msansed 20lustyrene JRCE

£ KL YES 178040 Retal hess

DRUM KETAL 1] 178.14) Heta] draat

X ¥OOD s 1281483 Nailed

X YO0D s 178,148 Nanled

fox vood YES 178,187 Hoiled

3x V00 Yes 178.470 Neiled

I ¥00D YES 178417 Nasled

30t ¥o0D TES 1R Fiberboard limed

X 000 2] 178,174 Bores

30X W00 13 11847 Retal laned

30X Y000 TES 1781 Glusd Plwuoed or voodsn box

20x ¥00D 11 178.181 Vooden daxss for two fivv=sillon cord

08 §00D i3] 178.165 Plywood or wooden boxvse virebeund
- BOX ¥O0D YES 178.18 Yooden Doxese virebouvs

30X vOOD TES 1/8.19?7 Vooden virebound overves®

11 Wik contarners can only be CONTI (Inner Conlainers)

Data base  Aitridute
RADWT.DNS  CONT
CATO. NS CONT2
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CONTAIKER AREREVIATIONS AND SPECIFICATION WUBERS

e

DR KETA,
DRUM RETAL
DRUY KETAL

R IETAL
IR KETAL
DR KETAL
50X %000
X 600D
KX 400D
CaRear
CaRBOY
CARMOY
CARBOY
CARROY
CARBOY
CARBOY
CARBOY

RAY CGNTALIER
RAN CONTAINER
DRUA NOR=-HETAL
DRUN NDN-RETA.

RAN CONTAINER

RAN CONTAINZR
DRUM NOH-HETAL
DRUN HON-NETAL
D MON=IETAL
10x FIBER

30X FIBER

30t FIBEK
TNK

T

CARBOY

CARABOY

e

INSIDE CONTAIN

NEV  DATE CONSTP CFR 49

8 fd8dg d8 ddosdssddfdasd ddad

&

s@ adaas

CONSTR CANCELLED SECTION

178,315
10116
in.a

178.117

178.418

12139

178193

178,190

178.191
12841
19790341 178.2
19790311 178.3
1784
19790010 382
178.8

"

178.14

1842
178.3

178.120
178.194
128,224
178.225

178,121

{7178
172.196
178197
178.198
178,214
178.218

178,219
173.301h

173.30th
19790511 178.8
19790511 178.9

N8
178,20

Attridute
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CONTAINER DESCRIPTION

Stesl STCt Rias

Stesl STCs RS

Recondationed I7E (closed head)s converted t:
174 (osen hesd) STCS RIRS

Stee) STCY RNAT

Stael STICS RiGE

Steal barrels or drums STC3 Radias

Yoadm kits

Vooden boxess »lwwood) elested

Voodn boxess vlvucodr nailed

Doxed

Foxed lesd

In kess

Boxed slass

ulasss an rlwwood drum

Blassy in rluwrod drms STCE

Polvethulene: in astal crates

Glassr cushioned vith e:28ndable solustvrens
in vooden viredound box

Glass uith exsanded solvstyrens oversack
Soxeds § to § 172 sallom for exvort enly
111"

Phenclic=fosa tnsulsted: setal overrack
Wooden rrowective Jacket

Fiber ¢rua

Fiber drus oversack for inside »lasiic
container

Fire and shock resistants shenolic-feas
ansulstedr agtal oversact

Vooden »rotective oversathk

Uooden drusse »lywcod

Uooden druas: Plvwoad

Plvwood drus for slastic 1nsade contziner
Fiberboard boxes

Srecisl cslamviricsl fiberbosrd box for hagh
ualosives

Fidberboard boxes

Steel cylinderr semnlessy saxian 8230 120
rounvis vater casscity

Stes] cylinderr senaless: aaxiow sas0 200
rounds sater caratily

Hetalevackelad

Hrtal-Jacheled

Nailing tude

Keta} cansr rails and hats

82 Bulk containgss can only be CONTE (Inmer Contiiners)
Data Base
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CONTAINER ARBREVIATIONS £ND SPELIFICATION NUMLERS

ADIR. OR USUALLY USUALLY CAN Pt BuLkes ) 141
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138
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INST0E CONTAIN
INSIDE CONTAIN
WSIDE CONTAIN
NSILE CONTAIN
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IHS10§ COMTAN
INGIDE CONTAIN
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COLINDER
X6

30X KETAL
W HETAL
B0% KETAL
W ETR
Tax

OTHER
DRIt RON-METAL

CARBOY

DRUM MON-IETAL
DAG CLOTH

36 CLOTH

b6 CLOTH
DRUM NETAL
DRUN METAL
DAUM HETAL
DRI METAL

DRUM NETAL
DRUY METAL

DRAR METAL
TREK

NEV DATE CONSTR CFR 49
CONSTH CANCELLED SECTION

1]
e
h(]
€S
e
TES
es
€8
TES
%S
(1}
YES
&
&S
&S
s
1]
YES

L)
L
Yes
TES
[
TES
N

1ES
YES

Yes
e
M)
e
YES
YES
TES
YES
YES

YES
L]

178.2
178.23
17R.24
1722.2%
128.28
178.28
178,29
.:o.ao
178,31
178.32
178.33
17830
128.34
172.3%
178.7%
178.21
B3
176.24

173.301h
19790541 178.13
178.148
178.147
T 178.148
178,149
173.301h

178130
128.19

19790511 178,12
178.18

178.230
178.213
178.2U4
178.131
178.102
1768.13%
178,137
178.130
178134

178,433
173.30th

CONTALNZR DESTRIPTION

Corrusated fiderboard cartons

Durlex saser Dass

Folyethviene bottle

Neta} contayners ind liners

Fiber cans and boxss

Ustersroof »aser dass for lLiningt

Parer dass for linings

Lining for baxes

Saterrroof rorer linang

Hetal cans

Ron=refillable astsl contsaners
Non-ref{}ladle eetal contsiners

Netsl tuces for radicactive saterials
Polyethvlene containers RIBIAT
Polysthylene centainers RANAS
Polysthvlene containers

felusthulene containers

Polyathylend containers over one failon
caracaty RINAS

Stesl cvlinderr sdoaless

Juss 1n s

Hetal cisesy riveted or losk-sessed
Ketal cases) velded or riveted

fels] trurks

Hetal boxes

Stesl cylinderr seanlesse sbasus size 320
rsouns uvater carscity

Folystyrene cases

Kkeusable solded soluethylone container
uithout overrack RIGIAS

alvsina corbove

Non-reusable solded roluethylene érua for us
vithout cversack RiRt

Lined clotr (srarlax)

Burlars lamed

burlers rarer laned

Druss STCS RIRS

Druas STCz RHDiAT

Druns NRCS RIRT

Druas NRCE RENAT

Druss STCS RHAS

Steel overssch for insige slastic container
NRCS

Steel druas with solvethwlene liner
Steel cylanders seasless: maxinua s13¢ 5
rounds vater caracaty

12 Wik containers can only be CONTL (lnner Containers)

Data DBase

atiribute

HATMAT.DNS  CONTI
CANTVO.DXS  CONT2

Reproduced from
best available copy.




REPR. 0F VEUS.LY USUALLY CAll FE
CONT2 EITHER CORTAIAER

SFET AJ.

168
169
170
171

172
173

174
175
176
177
178
179
180

181
182
183

185
186
187
188
189
190
191
192
193
124
195
196
197
198
199
200
201
202
203
204
205

206

3 See codes on last rage

céun

¥ES
YES
€S
1es

Y
(1]

Yee
YES
(3]
YES
YES
s
1ES

YES
s
YES
Ye§
€S
YES
YES

yee

YES
E§
€S
YES
3]
(3]
e
€S
s
11
128
Tes
ES
e
es

(3]

YES
TES

aagatirritretend

™
w

!I -
fltitia
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CONTAINER APEREVIATIONS AND SPRCIFICATION KUMBZRS

NEV DATE CONSTR LR 49

WK TYPE
CYLINDER YES
CYLINLEK MK YES
CYLINDER YES
CYLINUER YES

"
lial
"™

F]
w

-
w

CYLINDER TR, YES

CYLINDER s
OLIGE ML TES
onER e
CYLINGER YIS
oLNTS T
LIS s
OnLIER s
CYLINDER Yes
CILINGER ]
CYLIMIER YES
CTLINDER )
CYLINDER )
DRUA AETAL "o
LUk TN, YES
W T YES
UK KETR. TS
W AL YES
MYA KT YES
Wor NETAL  YES
BN ETL  YES
DRUA HON-METAL KO
%G PHFER YES
WG PAPER YES
26 PRPER Yes
16 PAPER YES
BAS PLASTIC YES
M6 CLOTH YES
CILINIER s
CYLINDER s
CYLIKDER e
CYLINDER YES
CLINDER Yes
CRLINDER ")
CLIOER Yes

1930100

19790313

CONSTR CAMCELLED SECTION

178.4%
178,34
128,43
178.37

178,32
178,48

178,36
178,38
178,39
128.40
178.41
178,42
178.44

178,45
178.48

173.288¢ |
170.107
178,108
178,109
178,136
173.110
178.111
178.112
178.18
128,334
178.237
172.2%
178,239
178,241
178,240
178,49
178.58
178.5)
178,53
176,34
173.3044 3

178,51

CONTAINZR DESCRIFTION

Non=reysable (nom-refillsdle) culingers HRD:
Seauless steel

Seasless steel

Seanless steels agde of definilaly sruscrsle
steels

Seanless steels sade of definitely rrescrsde
steels over 1000 rounds water voluse
Seasless cylinder made of definitely
prescraded aluninus allows

Seanless steels over 1000 sounds uater volu:
Seatless steel

Seatless nickel

Seacless steel

Seazless steel

Seanless steel

inside contaaners) sezaless stee] for WCY
use

Sesnless steel

Forge welded stes]

Nor=ref1llable aetal containers
Horref111able cetal contzaners

Alwina dree

Druss

Barrels or druas

Iiruns

Draas STC3

Barrels or dras RARY

Drums

Druas RiNAS

Rubder druss

Parer Dass

Parer dass

Parer Diss

Parer Dass

All »lastic dag

Bats» cloth and »arerr lined

Forge velded stesl

Uelded strel

Uelded and draced stesl

Velded ang brazed

Velded or welded and brazed

Cylinder vathaut lontitudinal sem for
pressures of 130 to 300 rounds »si

Velded or brized stee)s nade of d¥famately
srescribed stenls

82 Bulk containers can cnly be CONT1 (lnner Containers)
Attriduty

Dats Base

HAZNAT D45
CANTVC. DS

coNT
ez



ABER. OR USURLLY USUALLY Chn B8 BULKSS L 1] IV DATE CONSTR CFR 4%

SFEC K. CONT2 CITHER CONTAIMER

207
208
209
210
211
212
213
216
215
216
217
218
219
220

221
222
223
226
225
226
227
228
229
220
231
232
233
234
233
236
37
238

239
240
241
262
263

264
245
2646
247

= svv cofes on last sate

CONTL

a

e

|gadaasaasana

didagaddaadfdd

88

~
L]

Fhiag
gagl!

s
(1]
e
s

ERN
gl

ftrrpdatiiiigl

1gaattiitrrniaigit i

i2aagatitiiii

EERE- IEREERERRRRY-1-
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CONTAIRER ADFREVIATIONS MMD SFECIFICATION MUMDERE

CONTAINER [Z3CAIFTION
CONSTR CAMCELLED SECTInN

CrLINDER Yes 178.81 Velded steel

il ine YES 178.52  Yadded and brayed steel

Enjiot TES 173.3 Ins3de conlanerss velded stesl

e es 172,58 Inside contzinerss veloed steel for #/CH

CLINDER (3] 176,47 Insade contsniars: veldad staanless ster

CYLINDER YES 178.48 Velded slwine

CYLIRDER 11 178.57 Veldedr 1mulated

DRUM KETAL TS 178.80 Steel barrels or drues KRAY

K L] 173.3% Steel rortadle lank

T ¥Es 178. 4% Steel

T n 17372 Steel sartable tand

TR R0 1.3 Aluainus or wagnesius rortsdle tanks

T L] 173.324 Cylindrical sluoirum sortable tank

RAM COMTAINER M 11790331 173.3958 2 Ketal encaseds uranius or lesd shinided
cantaingr fer radioictive catarials

Tl s 178.232 hetal

TAK TeS 50,253 Netal

DR METAL S 178.01 Stee] harrels or drums RINAS

DR METAL YES 178,82 Steel barrels or ¢rues RAS

DRUM HETL Yes n.a Steel barrels or druss RINAY

DRUN IRTAL YES 178,04 Stael darrels or draas Lined AHAS

DRIM iTTAL (1] 178.83 Stenl drees RIS

DRUN METRL YES 178.87 Steel barrels or drusse lead lined RIS

DRUN KETML YES 178.58 Nickel barrels or druss R

DR METAL YES 178,89 Steal Darrels or druas KRNAR

DRUR METAL Es 178.%0 Fona} druss

DRU 1ETR, YES 78,72 Lassed steel drums RIS

DRUR KETAL YES 178.91 Steel druase sluminue 1ined RINAT

THK s 176.2%8 Stesl

RN KETR s 178.97 Steel darrels or druas RHAY

DR METN, YES 178.98 Steel barrels or druas RHAS

DRUN KETAL Yes 178.9¢ Steel barrels or druas RHAS

RN METAL YES 178.102 Ceiandrical stee] oversachs strazght sides
for insade rlastic contsiners

DR KETAL e 178.100 Stecl barrels or drums KHAZ

DRUN METAL Y& 178.101 Steel darrels or druas RilAS

RAN CONTAINER  YES 178.103 Metal sachating

RAM CONTAIMER YES 178,104 Netal rackagsng

RAM CONTAIER  YES 126,350 General rackaging: for twre & radicactive
saterials

CYLINDER YES 178,59 Steel for acetylene

CTLINDER ¥ES 178.40 Steel for scetviene

CTUIKDER TES Non=refillable setal conlainers

36 CLOTH ¥ES £loth or burlas bag tcoatl far solad

atensls)

3% Sulk containers can only de CONTI (lnner Containees)
Data Base Atiribute

HAZNAT.ONS . COMTY

CANTUD.DNS  CONT2




ADIR. GF USURLLY USUALLY CAN € VLRSS ™t

SPEC KO, CNT2  EITHEK CONTAINDR

248
249
250

51

232
25)

254
2535
256

287
2.8
259
260
261
262
263

264
265
266
267
268
269

270
271
12
73

74

275
276
277
278

8 See codes on lLast »ese

/1)

nis
1es

YeS

5

-

P
N

aadaal |

P L oiatl

S
s

g

{ddaal i
tretie g gl

iaditg

fall

i
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CONTAISZR AEBAEVIATIONS AMD SPECIFICATION MIABERS

NEV DATE CON"TR CFR af
COXSTR TAKCELLED SECTION

Bhi PLASTIC s
BAG FREER T
OTHER YES
ONER s
MRREL/VES NGID TES
CILINDER BAX WD 19270701 17%.30 1
ner s
OTHER Yes
WOTTLE &S
KWL w
SOTIE YES
M L3
o FUIIER 1]
MY ETAL 1
30X Vo0 TES
OTRER L
4 -TES
G YE§
CAN YES
<] YES
T YES
CARPOY i
CARBY %S
CAREOY Yee
' COATAINER YES
CONTAINER 1(3]
INSIDE CONTAIN  YES
kAN CONTATRZR TS
INSIDE CONTAIN  YES
QTHER s
(18117 ] YES

CONTATIER PESCRIPTION

Plantac bas (contl far selid saterials)
Parer Das lronl) for solid saterisls)
Packagas of contuiners grecked Om boled o
sircrafi by o rassensder 1n pdition W0
lussase

Sarse fuse only if +#i1) eceurred during
lcading or uslosding)

Nooden barryl coatl fer solnd saterisls)
Cylinder: 550 to 200 rounds witer volus F
RAIL SRANSFORT OALY

Portadle bin (eontl for solid ssteriaje)
Resarter ieft contazner dlark

Rotsles plawtic or slass net seecsfiedr
caranaty 2 galion or lesy

Glass bottler cavacity 2 salloms or less
Plestic botiler corpesty 2 salloms of less
Bor wood ar fiberboard not teecified
Fiberboars bex or carton

Ketal box

Booden box

Case aade of wooden Trane vith vire tover
(eenl? only}

Canr cther than wts) oF 3luaine

Mroeol oan leontents under sressurel
Aluaima cin

Fibgrdosrd can

Betal casne caracity 7 mllems or lems
Carbows ather Lhan glasy or rlastic or
ssterial unseecifinds casacity § salloms ot
sare

Glzss cardboyr CIracity § 1allons or eore
Plastic carbawe caracily § saijons or sove
Plastic carton or box fcgnt2 Prisarilyi
Containars no descrirtion siven {do nol ust
1t at all rossatle)

Glass containetr no cesscity or Sescrirtior
fiven N °

Lead container used 35 shielding for aner
container of radiorctive asternals

Plastic containerr Mo crsacily Or dascnirtl
fiven

Kolded styrafcam oversack for dathles: w8y
or tarbovs

Calinders ¢ sressure vestel fOr comrrensd
sases

T8 Bulk containers can enly be CONTL (Imner Containers)

Dats Bass  Attridute

HADAT.DNS  CONTY
cCATR. 5 CONT2



a35%. OR USUALLY JSUALLY CAll P£ DULKSS
COXT? EITHER COKTAINER

eFiC 6.
219

280
28)

282
283
286
285

286
287

289
290
291

292
293
294

295

296

297
298
299

300
301

302
303
304
305
306
307
308
309
310
il

3 See codes on last rate

CONTL
i

| &
2l

4 @ add add 8 2o aaaa

tg 818
trtrreinig al

gaagaadadaal

1ai

€S

iadl

g

(I igd 8 @8 1111
B 8§ F REE E
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CONTAINER ABBREVIATIONS b SPECIFICATION IAROERS

e

DR

DAY HON-PEETAL
PRUN KETAL
DRUN NON-KETAL

ga¢8
:
sidsssszsd 0d d88 & § 0f@ ddd s da IFdEd g3

:
:

TANK INTERMIDAL
TAD, INTEANDDAL

KETAL
WREL/VES V00D
INSIDE CONTAIN

NCU  DATE CONSTR CFR 49
CONSTR CAMCELLED SECTION

TS

19220701 173,300 2

176301
17N

178,315

178.318
173.8
173.3
13. 7
n.3
1.3
13,8
178,341
178.342
1733

Data Base  Atirabuta
HAIMAT DS COMTL
CANTUD.DNS  COMT2

CONTAINER JRSCRIFTION

Celindrical estal contrinerr not for
conrressed 9388 (i, 0«2 NGt 2 pressure
vessel)

Prus - fibars astal or slasiic not seessfied
fiber drums contl for solicss contl for
lisuids

fets) drua

Plastic érn

Rubber drun

Stesl ar 3ron flask for ihe shivemnt of
arreury

Ra§l hooper car for s0lid ssversals only
Higway horrer teaaler for solad wstersals
only

Culindere 1700 somds vater voluse FOR RRIL
TRANSPORT QLY

Stess rortable tank

Stee] rortadle tank

'3v« glasse slastic oF earthenuare oot
specified

Glass sv

Plastae sar

Juss slags or slastic not oeeified corseate
sore than 2 sallens and less than 5 gallens
6lass st casacaty sore thin 2 sallens and
less than § gallom

Plastic Jum casacity sore Lan 2 sallons arc
less then § sallom

fietal kes

Yooden keg

Plastac laner for fiber druas and boxes or
wetal druas containies liouvids

#assenzer lussese on bus or Jurensfi

for 120nd nitroslvearin or drethylene slveci
dinitrate

Contasner for dlasting cers

Carso \anks

Carto tanks

Carso tarks

Carey tanks

Carso tanks

Carso tanks

Carso tanks

Carso tanks

Cargo tanks

21 Bulk containers ezn only be CONT1 (Inner Containers)

duced from
E::: oav“acileable copY.




$EHh. OF USURLLY USUMLLY CA BU
SFEC WD, CGNTY CONT2 EITHER CONTAINER

312 "®s —
313 Yee -
314 &S -
s \(3] -
316 £S5 bt
317 €S e
ns YES -
319 YES -
320 e -_—
321 ES —
322 YE§ -
323 j(1) -
324 (3] —
325 TS -
326 €S —
327 2 -
328 s -
329 e —_
330 -— YeS
33l Tes —
332 - Yes
333 — YES
334 — YES

t See codes on last rase

tiint

i1}
YE§

RE-FR-3
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COATAINER APEREVIATIONS 4hb SPECIFICATION WUALERS

REd  DATE COMSTR CPR 49

xn e

YES K )
YEE  TANK YES
YES  TREK L]
TS TR 1es
YES  TNA CRYD YES
-— OTER Yes
- Pl TES
— AU METAL YES
=  DRUS RON-RETAL  YES
== DTRER YES
YES  TANK YES
YES  TRX CR s
YES TANK s
YES T TE5
&S T TES
YEE  TAKK (3]
YES AR YeS
-  TUBE 1]
- TUBE YES
-  TUBE YES
- N YES
e« RAM CONTAINER  YES
YES R\ VONTAIKER  YES

- CONSTR CANCELLED SECTION

171,53
178.343
173
178,397

173.373b
173.3%e

CORTRINER PESCRIFTION

Tored tanks

Larso tanks

Corgo tanks

Carto tanks

Carso tanks for creesenit llguids

Used on batlery resorts when rerorter stoted
"o Pecrasing used

Pail: orin headr caracity 30 Sollons or less
Hetal smly oren hesdr casecsty 10 sallons o
Inss

Plastac ails oren hath trataty 10 illoms
or luss )|

Falietr uses only for battery reroris vhen n:
other container Siver

Hor-sartable tank

Redssrond tark car

Portable tank

Portable rubber tank

Storass tank

Tark Lrucks Sank sounted on truck chassis
Tank Lroilers sesa-trailer or full trsiler
{two axles)

Saueeze tube

Fiber tuoy

Glass e

Kaling tubes fiberboerd

Tyre A container for radiosctive saterials
Tyre } contdiners for tadioaciive
aaterialiincludes soall rackases thry large
casks)

5T Bulk conlirners cen only be CONTI (Inner Contaanerei

Data Pase

Attribute
HAZHAT. NS CONTY
CARTO, DIS



COIse USSD In IMJUIIIM ATIRINTE

ceoe
1 facrame Fr,j’ml,whll)

oo O SLR I F T I O e

1 NIt Higtuey Contisner

3 Buid Rasl Container

¢ Sulk Interscdal Container
S Balv Vater Cortairer

OIS USED TN RESTRICTION.CODE ATTRIBUTE

CODE  ABEREVIATION DESLRIPT IOl

1 Reaovable Kead Mithorized

2 R kezovable Hesd Reeuired

3 KRR Resovible Head Nt Authorized

4 KRC NoreReugadle Container

$ SiC Single Tris Comtainer

& M Far Afrcratt Use

7 SH-a Single Yrir Container &
Kesovable Hepd Muthorized

68  STC-RWNA Sinsle Trir Container
Resovable Hesd Not Autharized

9 SRR Sinsle Trir Container §
Resovable Hesd Reouired

10  HRC-RHA Kon-Reusable Container §
Resavable Head Acthorized

11 KAC-RWFA Hon-Reusadle Container
Resovable Hesd Hot Msthorizsd

12 FRC-RRR Non-Reusable Containse §
Resavable Head Resvired

FROGGRAMS  CANALX.DIC

131

CODES USED 1M TYPE.O7 RECORD ATTRIBUTE

R duced from
b:slroavu:ifabh copy.

BESCRIPTION-=—eremmeemaeee

Geraric container nase ysed when no
specafication containee is stven

014 wrecaficstion curtasners continued
use alloueds no mev construztion

2a" b De0eTe spacification container
found 1n CFR 49 Part 178

014 seecification conlainers na longer
suthorized for hatardous satsrials
Provosed srecification container
Perforsance srecification for
radicactive ssterial container
Ssecification converted during
reconditianing 178/17H
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APPENDIX B
DESCRIPTION OF FAILURE MODES AND CAUSE CODES



Cade
Number

]
02

05
06
07
08

10
n
12
13
14
15
16
17
18

19

20
21

BR

24
25

26
27

Abbreviation

DROPPED
EXT PUNCT
OTHER FRT
WATER
OTHER LIQ
FREEZING
EXT HEAT
INT PRESS
CORR-RUST
DEF FVC

LOOSE FVC
INNER REC
BOTTOM
BODY-SIDE
WELD
CHIME
OTHER .
HOSE BUST

LOAD-UNLD

IMP BLOCK
IMP LOAD
VEH ACC
VENTING
FUMES
FRICTION

STAT ELEC
METAL FTG

133

FAILURE MODES

Description

Dropped in Handling
External puncture

Damage by other freight
Water Damacg :

Damage from other liquid
Freezing

External heat

Internal pressure

Corrasion or rust

Defective fittings, valves or
closures

Loose fittinas valves or
closures

Failure of inner receptacles
Bottom failure

Body or side failure

Weld failure

Chime failure

Other conditions

Hose burst during
loading/uniocading of tank trucks
Loading/unioading spill
(invoiving tank trucks and

, trailers)

Improper blocking/bracing (cargo
shifted, fell over, etc.)
Improper loading (upside down,
on the side, heavy freight on
top)

Vehicular accident or derailment
Venting (automatic or intentional
manual venting)

Release of fumes only (any type
of container)

Friction (between containers or
containers and vehicle)

Static electricity

Metal fatigue



Cods Number

01
02

CAUSE CODES

Dascription

Human error
Package failure
Vehicular accidents

Other

134
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APPENDIX C

INCIDENT FREQUENCY AND DAMAGE HISTOGRAMS



FREQUENCY

10

FREQUENCY - CONTRINER CLARSS !

-OallUN0lH o=

1

3 7 8 9 10 11 13 14 15 17 18 22 24
FAILURE CODE

136



AANAGE - CONTATNER CLASS 1

7000 |

DANRGE ($)
&
o
©
=

3000
2000 |

1000 |}

0 ﬂr—lD

1 2 3

7 8 9 310 11 13 14 15 17 19 22 24
FRILURE COODE

137



FAEQUENCY

FREQUENCY - CONTRINER CLARSS 2

I

Oa ﬂﬂﬂn

oo

FRILURE CODE

"1 2356 78 91011'2131415171920212227

138



70000

DAMARGE - CONTRINER CLASS 2

10000 |

o Il

2 35 8 9 101112131“1516171920212227
FRAILURE COOE

139



FREQUENCY - CONTAINER CLRSS 3

FREQUENCY
©
°

ml(
h
|

_mnﬂ Hmnﬂmmmﬂ_

2 3 4 6 8 1011121314 17 19 20 21 22 27
FAILURE CODE

140



15000

10000

BAUARE - conTRINER cLRSS 3

nlila_n A

1

2 3 4 6 8 1011121314 17192021 22 27
FAILURE CODE

141



FREQUENCY - CONTRINER CLASS U4

FREQUENCY
N
o
o

0

—rmea sl D N0~

1 2 3456 78 91011121314181719202122
FRILURE COQGE

142



Uﬂﬂﬂﬁs $ (thousands)
o
[ o

100

ORMAGE - CONTRINER CLASS M

w,fj[j

1 2 83456 7 8 91031121314161718202122

FAILURE CODE

143



200 |

FREQUENCY

FREQUENCY - CONTRINER CLRSS S

mﬂmﬂm

-

Lo

nin

1 2 3 4 S 7 8 9101112131415161719202122
FRILURE COODE

144



(thousande!)

DANAGE $
P
[~
o

o W] 101 -;-:=:=r1==

OANAGE - CONTRINER CLASS S

1 2 94578 9101112131415161719202122
FAILURE CODE

145



FREQUENCY

400

100

FAEQUENCY - CONTAINER CLASS 6

(e |

1

2 36 7 8 9 101112131415171819202227

FRILURE CODE

146



4000

(thousande)

1000

DAMAGE - CONTRINER CLRSS 8

-

ﬂ,mDﬂﬂ

PN o |

1

2 36 7 8 9 1011 1415171819 21 2224

FRILURE CODE

147



FREQUENCY

148

FREQUENCY - CONTRINER CLASS 7

1500

1250 |
1000 }
750
500 |

250 |

o

1 2 36§78 910111213141516171920212227
FRILURE CODE




OAMAGE $ (thousands)

1200

300

BRNABE - CONTRINER CLRSS 7

"=

A

.

Al

1 2 35 78 910111213141516171920212227

FAILURE CODE

149



FREQUENCY

100

FREQUENCY - CONTAINER CLASS 8

— HHH = Nn=-0o_ .

FRILURE CODE

150



10000

$0060

DAMAGE - CONTAINER CLASS 8

oﬂ DDHHHDB =[1=

1 236578 910111213141516171920212227
FAILURE CODE

151



