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ABSTRACT 

As increasing amounts of hazardous materials are transported in the United 
States, a significant concern has been the associated risk to public safety and 
the environment. Although a national reporting system for hazardous materials 
transport incidents exists, a companion data base on hazardous materials move
ments does not. Thus, it is difficult to monitor the activity level of hazard
ous materials movements and to assess the safety of the industry. Identified 
are potential sources of information to perform flow analyses of hazardous 
materials: the quality and usefulness of these data bases for diagnostic, 
policy planning, and evaluative needs are assessed. The study scope includes 
flow, fleet, and network utilization across the major modes of hazardous mate
rials transport . Several important conclusions are reached about the applica
bility of existing information, in terms of both the way the information is 
collected and what it represents. Based on these conclusions, recommendations 
are made on how information reporting policies and practices can be improved to 
enhance the capability of analyzing hazardous materials transport. 

As increasing amounts of hazardous materials cargo 
are transported in the United States, the associated 
risk to public safety and the environment has become 
a significant and growing concern. In 1971, the Of
f ice of Hazardous Materials Transport (OHMT) began 
collecting data on hazardous materials incidents in 
the United States. Although the data are often crit
icized as being unrepresentative, a more glaring 
problem is the lack of comprehensive information on 
hazardous materials movements. Little information 
exists about where these moves occur, what vehicles 
are employed, and what network elements are used. 
Because of this deficiency, it has been difficult to 
monitor the activity level of hazardous materials 
movements and to assess the safety (i.e., accident 
and incident rates) of this industry as a whole or 
the relative safety of different modes and con~ 

tainers. 
The purpose of this paper is to i dentify pot en

tial sources of information for performing flow 
analyses of hazardous materials, and to assess the 
quality and usefulness of these da ta bases for diag
nostic, policy planning, and evaluat i ve needs. The 
paper concludes with an assessment of the current 
analysis envi r o nment, and suggests reporting modifi
cations that could enhance the capability of per
forming flow analyses of hazardous materials. 

A COMPLEX ARRAY OF SOURCES 

Identifying the array of data bases is a complex 
task. Not only are there three types of data to con
sider (i.e., flow, fleet, and network) but there are 
four major vehicular modes involved . in transporting 
hazardous materials: truck, rail, water, and air. 
Furthermore, many organizations maintain informa-
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tion--including federal agencies, state and local 
governments, trade organizations, carriers, ship
pers, and consulting firms. 

It would be nearly impossible to describe all of 
the data bases, especially when carriers and ship
pers are included: however, it is possible to de
scribe the major ones, particularly those that are 
publicly available. For the most part, these data 
bases are kept by federal agencies, state and local 
governments, and trade organizations. 

For many data bases, it is possible to give a 
synopsis of their characteristics, such as name, 
sponsoring organization, contents, sources, cross
checks, strengths, and weaknesses. In this paper, 
the discussion is segmented into flow data bases, 
fleet data bases, and network data bases. 

FLOW DATA BASES 

In general, flow data bases contain information on 
the movement of commodities f.rom one place to an
other. They can be classified into two tiers, the 
first indicating whether they include all commodi
ties or a subset only , and the s eco nd indicating 
whether they are mu ltimodal or mode-spec ific . 

Data Bases for All Commodities 

Multimodal 

Since 1963, the Bureau of the Census has been col
lecting transportation data every 5 years at varying 
levels of detail. Most recently, surveys were con
ducted in 1977 and 1983. The 1977 survey contains 
four parts: the Commod ity Transportation Survey 
(CTS) , the Truck Invent ory and Use Su rvey (TIUS) , 
the National Travel Survey, and the Nonregulated 
Motor c a r riers and Public War ehousing Survey (1), 

The 1977 CTS con tains f low data for commodities 
shipped by manufacturing establishments selected 
from each of 456 industries. Each record lists the 
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total number of tons shipped from a given origin 
(state, product ion area, or Bureau of Economic 
Analysis region) to a given destination (same basis) 
for a specific conunodity [up to five-digit Standard 
Transportation Conunodity Code (STCC)), the principal 
mode of transport, weight block, and value block. 
The data are based on voluntary responses from ap
proximately 16 ,000 of the 19 ,500 establishments to 
which survey forms were sent. The data ar e checked 
against the Census of Manufacturers Survey by using 
the value of shipment information to ensure that the 
expanded value of shipments made corresponds closely 
to the value of conunodities produced (1). 

Although the main strength of the - census is its 
multimodal nature, inasmuch as it provides ways to 
estimate market shares and trends in a wide variety 
of situations, it does have limitations. The most 
important of these are as follows. It does not con
tain data on waste shipments, or agricultural or raw 
material shipments such as crude petroleum and natu
ral fer t il izers. The shipments that are present are 
only from point of manufacture to first destination, 
often a warehouse; they do not reflect movements in 
the entire distribution chain. Data submission is 
voluntary, creating unknown biases due to nonreport
ing. In addition, the data are collected only every 
5 years, the scope of the survey is heavily depen
dent on federal budget priorities, and the questions 
asked are not consistent, making trend analyses dif
ficult. Finally, the Census Bureau typically takes 
at least 2 years to release the data; as o~ the pub
lication date of this paper, the 1983 data have yet 
to be released. Moreover, the data are released at 
the state-to-state or production area-to-production 
area level and are carefully screened to release 
data only on those respondents whose confidentiality 
can be maintained. Consequently, some flows ar~ 

omitted at the higher levels of detail. Finally, 
there is no specific focus on hazardous materials. 
Therefore, one is limited to the data contained in 
the conunodity flows, and if the detail is weak or 
suppressed, it is impossible to determine--espe
cially at the two-, three- , and four-digit levels of 
detail--what percent of the shipments are hazardous. 

To demonstrate these problems, only the differ
ences between the CTS data collected in 1983 and 
those collected in 1977 need be considered. Although 
the 1977 CTS provides true conunodity flow data, the 
1983 CTS does not. In 1983, the respondents were 
asked to identify their line of business by four
digit Standard Industrial Classification (SIC) code 
and then report the number of tons they shipped to 
each state and the modal shares, giving no direct 
indication of conunodi ty. Thus, it is impossible to 
determine exactly what conunodities were shipped and 
what percent of the tonnage constituted hazardous 
materials. 

Despite these problems, the CTS is the only mul
timodal data base available. Other organizations, 
such as state and local governments, do not collect 
similar information. They rely either on the CTS 
directly or its interpretation and enhancement by 
consulting firms for their multimodal flow informa
tion. Consulting firms using the CTS supplement it 
heavily with other modal sources, described later, 
to improve the quality of the data (_!). 

Truck. 

Virtually no truck (highway) flow data exist. There 
is no evidence that a federal agency maintains this 
information explicitly; the Interstate Conunerce Com
mission (ICC) does not keep it, nor does the FHWA, 
U .s. Department of Transportation. The only source 
of information is the CTS described earlier. 

Transportation Research Record 1063 

However, three tangentially related data bases 
are worthy of discussion. The first is the TIUS col
lected by the Bureau of the Census. The 1977 TIUS 
contains data on the character and use of approxi
mately 117 ,000 trucks, drawn from an estimated uni
verse of 28 million. The sampling rate is skewed 
towaLd large truck:; to enhance that portion of the 
data, but the sample size is still small. More than 
one-half of the states have samples of about 1,600 
large trucks; for the largest states of Texas and 
California, the sample size reaches 3,000 (3). 

The TIUS contains information on each -vehicle's 
registration (vehicle identification number) , physi
cal characteristics (size, type of body, engine 
size, transmission type, braking system, etc.), op
erator class (ICC-certified common carrier, contract 
carrier, etc.), range of operation (e.g., short 
range) , annual mileage, percent of mileage in home 
state, principal and secondary conunodity carried, 
and the percent of time hazardous materials were 
carried. It is based on voluntary responses from the 
owners of the vehicles selected. It has no cross
checks except the state registration files from 
which the survey vehicles were selected. 

The significance of the TIUS from a hazardous 
materials standpoint stems from it showing what per
cent of the time (1977) or miles (1982) a vehicle 
was used to haul hazardous materials. Through the 
answer to this question and several others, such as 
the annual mileage statistics, it is possible to 
estimate various measures of transport activity, 
such as annual truck-miles by conunodity group and 
carrier category. In addition, through the range of 
operation and state base of operation, it is possi
ble to develop rudimentary spatial information. 

The second source is the Motor Carrier Census 
(MCCS ) main t ained by the Bureau of Motor Car rier 
Sa£ety. I t contains a p rofile on appr oximately 
250 , 000 motor carriers . Although the data base is 
us ed pr imar ily to monitor c a r rier s a fety , it can be 
used to develop act ivity meas ures and simple spatial 
flow indicators. The data base contains each car
rier's base-of-operations state, the states served, 
the type of conunodities carried, and--for hazardous 
materials--the kind of container and tank or package 
used to carry conunodities in each of the hazard 
classes designated by the U.S. Department of Trans
portation. Also, it contains information on the car
rier's classification (e.g., ICC common , ICC exempt, 
private), number of miles operated, number o f 
drivers, and numbers of trucks, t ruck trac tors, and 
trailers, segmented by type of ownership (owned, 
leased, or trip leased). 

The third source is the ICC Waybill Sample (see 
the description under the section on Rail that fol
lows). It contains data on the rail portion of truck 
sh ipment s tha t use rail for one segment of the move, 
usually r efer red to as container -on-flatcar or 
trailer-on-flatcar shipments. 

At the state level, several data bases are being 
developed. New York, for example, is computerizing 
the data collected by its state police during their 
roving truck inspections. The data base is both 
clean and complete. Other states with similar infor
mation include Virginia (4), New Mexico (5), Wash-
ington(~), and Colorado(~). -

A few metropolitan areas such as Indianapolis 
(7), Por tland (8), and San Franc isco (9) have col
l;cted hazardous materials flow data fo;- information 
and planning purposes . Moreover, the number is grow
ing, partly as a resul t of pilot projects funded by 
federal agencies (~). However, the data are focused 
on local movements and are of little value for na
tional flow analyses. 

Trade organizations generally do not keep flow 
data. The American Trucking Associations (ATA) , fo.r 
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example, keeps only aggregate statistics on tons and 
ton-miles. Moreover, the firms that submit the data 
are principally less than truckload carriers, so the 
data lack information about bulk shipments. Occa
sionally, the ATA's Safety Department collects site
specific data, but only in response to field studies 
being conducted at specific locations. Shipper orga
nizations, such as the American Petroleum Institute, 
the Chemical Manufacturers Association, the Petro
leum Marketers Association, and the National Associ
ation of Chemical Distributors, are in much the same 
position as the ATA. 

Individual firms, however, do keep data on their 
own movements. Trucking firms generally keep comput
erized traffic data bases that include origin, des
tination, commodity (by a variety of codes), ship
ment 'weight, and shipment date. Major shippers, such 
as the large chemical and petroleum companies, also 
keep computerized data on their truck shipments. 
They record origin, destination, commodity (often on 
the basis of some marketing-based coding scheme) , 
shipment weight, and shipment date. 

Other types of data are kept by consulting firms, 
such as Transportation Research and Marketing, which 
has developed a National Motor Truck Data Base 
(NMTDB) (10). Started by the Association of American 
Railroads in 1977, the NMTDB contains information on 
approximately 36,000 movements per year, some 4,000 
of which involv.e hazardous materials. The data are 
collected at 18 selected truck stops, typically in 
the West and Midwest, in an attempt to sample selec
tively long-haul moves. For the shipments it covers, 
the data base includes origin city and state, desti
nation city and state, commodity (up to seven-digit 
STCC) , vehicle character is tics, opera tor character
i s tics , and an operator profile. It is cross-checked 
to a limited extent against fuel sales at the truck 
stops and volume counts on selected Interstates. 

Rail 

The federal rail data base is the Waybill Sample 
collected by the ICC (.!!.l • Every year, the ICC re
quires railroads to submit waybills on a certain 
percentage of the traffic they terminated. The way
bill data base for 1984 contains flow data for ap
proximately 6 percent of all rail movements, approx
imately 315,000 records. It shows origin (city and 
state), destination (city and state), commodity 
(seven-digit STCC), number of cars, shipment weight, 
shipment cost (rail revenue) , and the railroad junc
tions traversed. It is based on carloads t e rminated 
by all the Class I carriers and some of the Class 
IIs and Class Ills . Since the AAR took respons ibil
ity for collecting the waybills and preparing the 
samples, numerous editing checks and cross-checks 
have been introduced. Moreover, by working with the 
roads involved, the AAR has been able to improve the 
quality of the sample. 

The sample size has risen to 6 percent because of 
a recent ICC proceeding. Historically, the sample 
was created by collecting waybills ending in 01, 
which resulted in about a 0.8 percent sample of all 
car movements because of underreporting for multiple
car shipments. In Ex parte 385 (12), it was decided 
to alter the sampling method to correct for this 
problem. For example, for railroads submitting hard 
copy waybills, three criteria are now involved. For 
waybills covering 1- to 5-car movements, the 01 rule 
still applies; for waybills covering 6 to 25 cars, 
those ending in 1 must be submitted; and for way
bills covering more than 25 cars, those ending in 1 
and 7 must be submitted. 

The data base does, however, have its limi ta
tions. For past years, it reflects only movements 
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terminated by Class I carriers, which means that 
movements terminated by Class II carriers and Class 
III carriers are missing (reportedly about 6 percent 
of all movements). Little edit checking was done be
fore 1983. Occasionally, cars with extremely large 
loads or cars without any shipment weight appear. 
Sometimes the same car shows up repeatedly, indicat
ing faulty records. In addition, because many mul
tiple-car shipments are missing in the samples be
fore 1983, some commodities, such as coal and grain, 
are significantly underreported. For determining 
spatial flow patterns, the sample is generally con
sidered adequate for region-to-region flows, but for 
state-to-state flows or anything finer, its credi
bility is hotly debated. 

State and local governments do not appear to col
lect rail data. Two states with strong rail divi
sions, New York and New Jersey, do have data bases, 
but these are derived from the ICC data. In a few 
instances, localized data have been collected, for 
example, in the state of Washington <il and in Indi
anapolis, Indiana !1). 

The major trade organization, the AAR, maintains a 
comprehensive data base on railcar movements (.!1) • 
TRAIN II contains status information on the movement 
of about 80 percent of all railcars. Its purpose is 
to allow railroads and shippers to trace their cars 
regardless of where they are located. Each railroad 
participating in TRAIN II submits location and 
status information on all the cars on its lines, 
both owned and foreign, so that shippers and other 
roads can determine where their cars are and their 
respective status. For each car, the data base in
cludes current location (at an origin, destination, 
or some intermediate point), empty or loaded status, 
and the commodity being carried (seven-digit STCC). 

The AAR currently uses TRAIN II to develop sum
maries of hazardous material flows. Occasionally, it 
has prepared tables of carload originations and ter
minations by STCC code for each state, and tables 
showing u. s. flows for all hazardous commodities, 
ranked by total carloadings. 

Regarding carriers, most railroads--and certainly 
the major ones--maintain traffic flow data bases. A 
few keep times and locations for all events in the 
car-movement cycle (14). Most keep data that can be 
captured from the waybill : shipper, consignee, on
line and off-line origins and destinations, cars, 
tons, revenue, and so forth. 

Water 

At the federal level, the u.s. Army Corps of Engi
neers maintains a complete data base on all trade 
movement of U.S. and foreign vessels in U.S. waters 
(15) including domestic as well as international 
shipments. Only data on military cargo moved in U.S. 
Department of Defense vessels are missing. The fol
lowing information is provided on each movement: 
origin district, port, dock, and date; destination 
district, port, dock, and date; commodity (four
digit code); shipment weight (short tons); operator; 
vessel descripti9n; and the waterways traversed, in
cluding entry and exit mileposts. It is based on 
data submitted by carriers, shippers, and vessel 
owners. The reporting r e quireme nts are comprehen
sive, and thus it effec tively r epresents a 100 per
cent sample. 

The main weakness of this data base is its com
modity classifications. These are based on a four
digit code, but total only 163; as a result, the 
classifications are broad. Hazardous materials could 
conceivably fall into 30 of these classifications, 
but it cannot be determined which ones or to what 
extent. The level of detail at which one can analyze 
flows is consequently limited. 
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Air 

No data base on air shipments, hazardous or other
wise, is kept other than the CTS already described. 
Federal Aviation Administration (FAA) inspectors 
sometimes perform 90-day record checks, but the only 
information they keep is the number of hazardous 
class shipments, not the overall percentage or the 
total volume. 

The situation appears to be much the same for 
state and local governments. Only Virginia has col
lected any primary data (_!) consisting of informa
tion on hazardous materials passing through many of 
its major airports. 

Carriers and shippers maintain traffic flow data 
bases, including information on hazardous material 
flows. Generally, they keep track of origin, desti
nation, commodity (again on the basis of a marketing
based code), shipment weight, and shipment date. 

Specialized Data Bases 

Hazardous wastes 

Environmental Protection Agency (EPA) regulations 
require every hazardous waste shipment to have a 
manifest (16). Thus, in theory, a complete flow data 
base exist~ detailing hazardous waste movements. In 
practice, however, the extent of computerization 
varies from one EPA region to another. An outgrowth 
of the requirement for manifests is that states gen
erally have good information on waste movements and 
the carriers involved. In some cases, they are col
lecting and computerizing the data for EPA. Carriers 
also appear to have fairly complete data even though 
they are not technically responsible for preparing 
the manifests. 

Radioactive Materials 

The u.s. Department of Energy (DOE) maintains a list 
of all high-level radioactive shipments, and it con
ducts surveys of the low-level radioactive ship
ments. One such survey was conducted in 1975 <!ll , 
and a second was recently conducted by SRI Interna
tional <!.!!) • 

A Potpourri of Codes 

It is surprising, because federal data collection is 
not new, that numerous hazardous materials commodity 
codes are used by the different federal agencies. At 
least 10 exist, not counting those used internally 
by carriers and shippers. These include the codes 
used in the u.s. Department of Transportation's OHMT 
Hazardous Materials Incident Reporting system data 
base; the EPA codes (16); the United Nations/North 
American (UN/NA) codes (19); the STCC (1.Q.), of which 
two versions exist; the standard codes (01 through 
48) and the 49 series of codes specifically estab
lished for hazardous materials; the National Motor 
Freight Classifications (NMFC) (21); the u.s. Army 
Corps of Engineers codes (15); several Bureau of the 
Census codes; the Transportation Commodity Codes for 
domestic shipments (1977 Census) (22); the SIC codes 
for the 1983 census (technically speaking, the SIC 
codes are developed and maintained by the Bureau of 
Economic Analysis, u.s. Department of Commerce) 
(~) ; the Schedule A codes for imports and the 
Schedule E codes for exports. 

These codes are all used simultaneously, yet few 
cross-reference tables have been developed for them, 
either for hazardous materials or any other type of 
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commodity. The tables include the conversion file 
from series 49 STCCs to regular STCC codes and UN/NA 
codes maintained by the AAR <W ; the STCC-to-SIC 
code conversion table at the four-digit SIC level 
maintained by the AAR, which is in hard copy only 
<1.!l ; the NMFC-to-STCC conversion table maintained 
by the ATA ( 25) ; the U.S. Army Corps of Engineers 
conversion file between their commodity codes for 
water to Bureau of the Census Standa<d International 
Trade Classification (SITC) codes (it appears that 
these SITC codes are used only for translation pur
poses); and the SITC, SIC, Schedule A, and Schedule 
E translation files maintained by the Bureau of the 
Census. It is interesting to note that UN/NA numbers 
appear only once and OHMT or EPA numbers do not ap
pear at all. 

FLEET DATA BASES 

Highway 

For the highway mode, no useful fleet data base 
exists. There are data bases for trucks, meaning 
single-unit trucks and truck tractors, but no sim
ilar data base for trailers. Yet trailers are 
clearly the main highway vehicle for hazardous 
materials. 

At the federal level, the only potential sources 
of information are the TIUS and the MCCS data bases 
described previously in the section on Flow Data 
Bases, but neither of these is adequate. The former 
is only a small sample, and its focus is on single
unit trucks and truck tractors, not trailers. The 
latter contains counts of trailers for each carrier, 
but no information on trailer characteristics, and a 
nry v;rn is indistinguishable from a stainless steel 
tank. 

The situation is much the same at the state 
level. Although the states have some information 
about the trailers they register and inspect, the 
level of detail is low. The data bases indicate only 
such details as whether the trailer is a tank or a 
dry van, and so forth; they do not differentiate 
between an MC30l, MC302, MC306, or MC33l, not do 
they show whether the trailer is being used to carry 
hazardous materials. 

The trade organizations do not maintain fleet 
data bases. Trailer manufacturers are required to 
report their production statistics to the Bureau of 
the Census (26), but the level of detail is aggre
gate. For example, only 4 categories of tank trail
ers are indicated, while 10 or more are listed in 
the OHMT' s incident data base. Furthermore, these 
categories vary from year to year. 

Rail, Water, and Air 

Relatively comprehensive fleet data are kept for 
these three modes. The AAR maintains a master file 
called the Universal Machine Language Equipment Reg
ister (UMLER file) on all cars and locomotives in use 
in the United States (27); the U.S. Army Corps of 
Engineers keeps a master file on all vessels in
volved in commercial shipping in the United States; 
and the FAA keeps records on all aircraft in use in 
the United States. 

However, none of these data bases has flags indi
cating whether the vehicle is used to carry hazard
ous materials. One can only infer such information 
by analyzing the commodity flow and accident and/or 
incident data bases, and determining the types of 
vehicles that are typically used for hazardous mate
rials for each mode. It is then possible to extrapo-

. late fleet sizes by reflecting these findings back 
into the fleet data bases. 



List et al. 

TABLE I Data Base Summary 

Data Highway Rail Water Air 

Flows CTS' crs• CTS' CTS' 
CFIRM-1 CFIRM-1 
NMTDBb 

CFIRM-1 CFIRM-1 

TI&Uc 
MCSC 
iced ice• 

TRAIN II 
wcsr 

EPA-I EPA-! EPA-I EPA-I 
DOE DOE DOE DOE 

Fleets TIUSg 
MCCSh 
DMVi 
UMLERd UMLER 

VMF 
ARF 

EPA-2 EPA-2 
Networks DOE/ORNL 

FRA 
WMF 

CFIRM-2 CFIRM-2 CFIRM-2 CFIRM-2 

8
Limited sample ; on1y from point of manufacture to first destination; no wastes 
or 11grk ullur.al pr0du e1 u . 

~t~!, '~;:~~r~; :;.::.~~n,::y~~~~·~:;~;"~~-~;~.":.' · 
c Onl.)' for trAllcrs and contnlnars that move via roilroad ~. 
,No more: thnn ;s 6 percent sample or all movements. 

Limited commOdity detail-only 30 classes of hntardot11 m:irerlol5-
~No specific data on traller·s.. 

Onl)' count.a of t r11Jl~rs. truck troctor:s, and trucks. 
i No physh: ol chn acteristlCJ or use lndloator1 for trailers. 

NETWORK DATA BASES 
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direct carriers to use the Interstate system, so one 
can infer general routing patterns with reasonable 
validity. In the case of the rail network, making 
inferences is not as easy. Some railroads have more 
than one way in which they can route a car from 
point A to point B, and some have special rules for 
routing hazardous material shipments. In addition, 
historical movement data are difficult to obtain, 
and some railroads do not computerize it. Finally 
TRAIN II does not show a high level of routing de
tail--just passing times for selected locations 
within each carrier's network. In the case of water, 
the vessel movement files show routings in consider
able detail, but the commodity data are too weak to 
draw significant conclusions. 

The second problem is that the data bases do not 
contain the information required to perform risk 
analyses. In general, their link and node informa
tion does not include population statistics, or link 
condition data such as level of maintenance, acci
dent rates, or historic flow volumes, all of which 
are key to any method of risk analysis. Fortunately, 
some private consulting firms have added some of 
this information to their data bases, but it is not 
publicly available. 

SUMMARY AND CONCLUSIONS 

Network data bases for highway, rail, and water are 
each maintained by a federal agency. None is kept 
for air: the air traffic control system provides 
national network control. The DOE, through Oak Ridge 
National Laboratory, maintains an inventory of the 
principal segments of the U.S. highway network. The 
Federal Railroad Administrat i on maintains a complete 
inventory of the line segments in the U.S. network, 
although it is important to note that the railroads 
are not directly involved in updating this data 
base. The u.s. Army Corps of Engineers maintains a 
complete inventory of the waterway segments in the 
U.S. waterway network. Moreover, states and some 
consulting firms keep network data bases that have 
been derived from these and other data. 

The foremost conclusion is that no single, publicly 
available data base exists describing the hazardous 
materials transportation system. An array of data 
bases is required to develop even crude flow, fleet, 
and network information, as shown in Tables l and 2. 
The CTS is the only multimodal data base showing 
flows: however, it is weak from the standpoint of 
hazardous material flow definition and is 7 years 
out of date. In addition, when the 1983 CTS is re
leased, it will be of limited value because the sur
vey was small and the flow data do not consist of 
individual shipments. 

Moreover, such a data base cannot be assembled 
because two of the major components are missing. No 
comprehensive data base for highway flows is kept, 
nor is there one for trailers despite the apparent 
depth in Table 1. Because the highway mode has the 
most widespread public impact, these are noteworthy 
gaps. The CTS is helpful for highway flows, but its 
data are thin. The TIUS and MCCS data bases are 
helpful, but they provide only the trucks and truck
miles involved in hazardous materials movements, not 
true flow data. The only other source is the NMTDB, 
but it has limitations because of its intentional 
bias toward long-haul shipments and restricted geo
graphic coverage. 

Two points are important here. First, the data 
bases do not contain flags showing which network 
elements carry heavy volumes of hazardous materials. 
Second, developing such flags is problematic. In the 
case of the highway ne·twork, the federal standards 

TABLE 2 Data Bases 

Acronym 

ARF 
CFIRM-1 
CFIRM-2 
CTS 
DOE 
DOE/OR NL 
DMV 
EPA-! 
EPA-2 
FRA 
ICC 
MCCS 
NMTDB 
TIUS 
TRAIN II 
UMLER 
VMF 
wcs 
WMF 

Data 

Aircraft registration files 
Flow data bases 
Network data bases 
Commodity Transportation Survey 
Radioactive shipment data bases, high and low level 
Highway network file 
Motor vehicle records 
Waste shipment manifests 
Waste carrier permits 
Rail network data base 
ICC Waybill Sample 
Motor Carrier Census 
National Motor Truck Data Base 
Truck Inventory and Use Survey 
Rail locator data base 
Uniform machine language equipment register 
Vessel master file 
Waterborne commerce flow statistics 
Waterway master file 

Organization 

Federal Aviation Administration 
Consulting firm 
Consulting firm 
Bureau of the Census 
U.S. Department of Energy 
Maintained by the U.S. Department of Energy at Oak Ridge National Laboratory 
State departmens of motor vehicles 
Environmental Protection Agency 
Environmental Protection Agency 
Federal Railroad Administration 
Interstate Commerce Commission 
Bureau of Motor Carrier Safety, Federal Highway Administration 
Transportation Research and Marketing (consulting firm) 
Bureau of the Census 
Association of American Railroads 
Association of American Railroads 
U.S. Army Corps of Engineers 
U.S. Army Corps of Engineers 
U.S. Army Corps of Engineers 
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Although the ICC data are adequate for rail 
flows, they could be enhanced or replaced by the 
TRAIN II data kept by the AAR, if the latter could 
be obtained. TRAIN II provides much better informa
tion because it represents 100 percent data on at 
least 80 percent of the rail-based shipments. 

The data for water are essentially complete, es
pecially insofar as vessel movements are concerned. 
The main shortcoming is that the commodity classifi
cations are too broad. This problem could be re
solved by expanding the commodity list or by adding 
a flag that shows whether a given shipment was a 
haza.rdous commodity. 

The absence of interchangeable commodity codes is 
an additional and major problem. The OHMT has one 
set of codes, the EPA another, and there are UN/NA 
codes, modal codes, and codes used internally by 
carriers and shippers. The level of detail varies 
widely between one set of codes and another, and no 
standard officially recognized or maintained cross
reference tables have been developed. 

The current status of reporting hazardous mate
rials movement information suggests that major mod
ifications to existing reporting practices are nec
essary to enable national hazardous commodity flows 
to be quantified. These modifications must occur at 
several levels, beginning with designing adequate 
procedures for cross-referencing, defining uniform 
categories of measurement, and implementing enforce
ment programs regarding reporting requirements and 
standards. This process is likely to be resource
intensive and require a considerable degree of in
stitutional cooperation. 
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Scheduling Truck Shipments of 
Hazardous Materials in the Presence of Curfews 

ROGER G. COX and MARK A. TURNQUIST 

ABSTRACT 

Locally imposed curfews have been considered as a mechanism for reducing risks 
associated with movements of hazardous materials through heavily populated 
areas. However, the imposition of such curfews creates scheduling problems for 
carriers and the need for consideration of overall policy at the state and fed
eral levels. Simple algorithms for addressing these scheduling issues are pre
sented: their use in doing sensitivity analysis of a hypothetical problem in
volving shipment of spent nuclear fuel by truck is demonstrated. 

Transportation of hazardous materials is an issue of 
considerable public concern. This concern is most 
sharply focused when the materials being transported 
are radioactive, but a wide variety of toxic and 
flammable chemicals also presents varying degrees of 
risk to people and property. In the United states, 
most hazardous materials are moved by truck or rail, 
and these movements frequently pass through heavily 
populated urban areas. 

The mechanisms used to reduce the risks associ
ated with hazardous materials movements include at
tempts to reduce both the probability of accidents 
involving these shipments and the number of people 
potentially exposed to the consequences of an acci
dent, should one occur. In practice, this has led to 
consideration of restricting hazardous materials to 
certain specified routes, restricting their movement 
during some portions of the day (e.g., rush hour), 
or both. 

Regulation of hazardous materials transportation 
occurs at the local, state, and federal levels. 
These regulations are in many cases implemented in
dependently, and in some cases they conflict with 
each other . This has led some observers and partici-
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Laboratories, Holmdel, N.J. 
Cornell University, Ithaca, 

pants in the industry to criticize the hodgepodge of 
local regulations, while others defend the rights of 
local governments to control movements within their 
jurisdictions. 

The focus of this paper is on one important type 
of movement restriction: the imposition of time-of
day curfews by localities. The objective is to de
velop analytical tools that can be used for two 
basic purposes: 

1. For a carrier of hazardous materials facing a 
particular set of curfews in specific cities, an im
portant operational problem is to schedule shipments 
to minimize total transit time, including delay due 
to the curfews. 

2. For policy analysis, it is important to be 
able to estimate the total delay imposed by curfews 
of various types in different numbers of cities in 
order to determine the aggregate effect of the pat
tern of local regulations. 

Use of the models developed here for operational 
planning by carriers is important because en route 
delays imposed by curfews are clearly undesirable. 
Such delays increase the cost of shipment and, be
cause they increase total time en route, they also 
increase some elements of risk associated with haz
ardous materials movement. 


