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ABSTRACT 

Computerized routing models for the movement of radioactive and other hazardous 
materials by highway exist at the national level. These models use gross esti
mates of distance and operating speed to select minimum paths for various 
origin-destination pairs. Although these models are constantly being enhanced, 
the coarseness of data aggregation that is necessary on a national scale has 
precluded their use at smaller levels of analysis such as an individual state. 
The purpose of this paper is to report on efforts to refine the existing models 
for improved operation on more limited networks. The existing highway network 
for New Mexico is described and additional data bases are defined and examined 
to identify supplementary information (such as roadway geometrics and opera
tional parameters) that will improve model performance at the state level. The 
accuracy and effectiveness of detailed routing projections as well as the as
sociated costs, benefits, and sensitivities of the use of various network para
meters are also to be evaluated. 

Research and development activities in the transpor
tation of radioactive materials have been under way 
for several years. These efforts have been directed 
toward a number of areas that include the design and 
testing of waste-transport hardware, the development 
and maintenance of a number of computerized data 
bases that pertain to the transport of radioactive 
and other hazardous materials, and the development 
and application of several computerized routing 
models for the transportation of hazardous materials. 

This latter activity has resulted in two nation
wide routing models for the movement of radioactive 
materials by road (HIGHWAY) and rail (INTERLINE). In 
addition, a data base that contains legislative, 
regulatory, and operational restrictions (LRIS) on 
the movement of radioactive and hazardous waste is 
maintained; efforts are now under way to interface 
these restrictions with the previously developed 
routing models. Technical developments in these two 
areas have been performed primarily by Oak Ridge 
National Laboratory (ORNL) and have been reported 
previously in the technical literature (!_-2_). 

Although the nationwide models just described are 
continually being enhanced, the level of data aggre
gation that is necessary on a nationwide scale may 
preclude serious consideration of detailed network 
geometric and operational factors appropriate at 
other levels of analysis. Thus, for example, appli
cation of the routing models at a more detailed 
level of analysis, such as a region of the country 
or a specific state, may require more refined net
work information than the gross link distances and 
average driving speeds used in the nationwide code. 

The work on which this paper is based is an at
tempt to "window-in" on only a limited portion of 
the nationwide network--the state of New Mexico-anrl 
investigate the desirability of enhancing network 
descriptions through the consideration of additional 
1 ink parameters that may influence the movement of 
highway vehicles used to transport hazardous mate
rials. Thus, the overall project has four goals: 

1. To examine the applicability of currently 
available nationwide network routing models, 

2. To evaluate the appropr lateness of such 
models to regional and state levels of analysis, 

3. To assess the availability and applicability 
of additional statewide network data that are help
ful in improving model performance, and 

4. To conduct sensitivity analyses to determine 
the cost-effectiveness of more detailed model appli
cations. 

Subsequent sections of the paper contain a descrip
tion of the existing highway model, its data re
quirements and its output, a discussion on the 
state-level network defined by the national model, a 
list and evaluation of additional data sources that 
are available at the state level to refine the na
tional model as applied to New Mexico, and an out
line of future activities related to improved model 
performance (including cost-effectiveness) at the 
state level. 

THE HIGHWAY ROUTING MOOEL 

Network models that involve use of path selection 
criteria and vehicle trip assignment to previously 
selected paths have been an integral part of trans
portation analysis for many years. At the urban-area 
scale, the emphasis of these models has been on the 
assignment of passenger vehicles to alternative 
highway networks based on the selection of minimum 
paths as a function of distance, travel time, cost, 
or some general measure of trip impedance (6). More 
recently, traffic or trip assignment models have 
been applied to passenger movements at other levels 
of aggregation, such as regions, states, or even the 
entire country (]_) , and analysis methods have been 
broadened to include the assignment of freight as 
well as passenger movements (~ 11). Conceptually, 
however, modeling approaches have remained basically 
unchanged. Thus, for example, groups of paths, or 
"trees," are first developed on the basis of the 
minimization of some measure of trip disutility 
through the network. Then movement volumes, or 
flows, are assigned to the minimum paths between an 
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origin and all possible destinations. Individual 
volumes on any one link in the network may then be 
easily obtained by summing minimum path volumes for 
all paths that involve use of that link. 

been used by ORNL in the development and subsequent 
modification of HIGHWAY, a routing program for pre
dicting highway paths for the movement of radioac
tive waste nationwide. The data base used in HIGH
WAY, originally the COMPU.MAP program developed by 
Logistic Systems, Inc. (10), is basically a com
puterized road atlas that contains over 240,000 
miles of highway on over 15,000 roadway links de 
fined by 10, !;OO nuudl i11t!!rsections. In terms ot 
functional or administrative classification, all 
Interstate highways and all U.S. numbered highways 
(with the exception of those that parallel the In
terstate system) are included in the HIGHWAY data 
base. Most principal state ro ut es are also included, 
and a number of local roads and s treets, parti-
r.nlarly those that connect ~~::;lcuL facilities wiLii 
nearby airports, have recently been added to the 
network (~) • 

Information in the data base for each link in
cludes link origin and destination (usually a city, 
town, or major street intersection) , link designa
tion (Interstate, U.S., state, or local road route 
number), highway functional classification (given in 
Table 1), estimated driving speed on the link (in 

TABLE I Functional Classification 
of the HIGHWAY Data Base 

Class 
No. 

l 
2 
3 
4 
5 
6 
7 

Description 

Multilane limited access 
Two-lane limited access 
Four-lane divided 
Four-lane undivided 
Principal highway 
Other through highway 
All other roads 

miles per hour) , and link length ( in miles) . Output 
from the HIGHWAY model consists of the route between 
an origin-destination pair chosen by minimization of 
the total impedance (a function of distance and 
travP.l time) between the pair. 

The model is capable of reacting to several user
imposed constraints on the routing. In addition to 
routes based only on state and local restrictions 
that govern the movP.mPnt of nor!!!i:!l ~o!!'merce, the 
model can also select routes that bypass areas of 
high population density--the so-called Nuclear 
Regulatory Commission (NRC) routes--or that maximize 
the use of Interstate facili ties--the U .s. Depart
ment of Transportation (DOT) criteria (i,..?.l. 

ResultEI obtained by using the different routing 
criteria are summarized in Table 2, which compares 
the three routing criteria for a shipment between 
Barnwell, South Carolina and Richland, Washington. 
As can be seen in the table, the regular route is 
the most direct, both in terms of distance and driv
ing time, and uses Interstate facilities for 90 
percent of the trip. By using the NRC criteria, in 
contrast, the route bypasses six metropolitan areas 
and increases the travel distance by just over 5 
percent. The driving time on this route, however, is 
increased by almost 12 percent because of the greater 
percentage of use of lower-speed, non-Interstate fa
cilities. The DOT route, which maximizes the use of 
Interstate facilities, results in the longest dis
tance but, because of the greater use of high speed 
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TAB LE 2 Comparison of Routes Between 
Richland, Washington and Barnwell, South 
Carolina (4) 

Driving 
Distance Time Percent of 

Type (km) (hr) Interstate 

Regular 4312 46.2 90.0 
NRC 4542 51.7 56.4 
DOT 4562 47.7 96.7 

facilities, only a sl i ght increase in overall travel 
time. The DOT route passes through eight urbanized 
areas. Differences among the three routes are shown 
in Figure 1. 

The limited amount of data available from the 
national model , however, may limit its effectiveness 

FIGURE 1 Routes between Barnwell, South Carolina and 
Richland, Washington (4). 

when applied to regional or state levels of analy
sis. As the size of the analysis area decreases, the 
need to define network parameters in more detail 
increases. Link lengths of 75 to 150 miles, although 
appropriate for analyses at the national level, are 
too coarse for use in state and regional applica
tions. Average driving speeds from road atlas time
and-distance maps, which are the basis for the na
tional network, similarly do not consider variations 
in driving speed, and, hence, travel time at the 
state level. Finally, additional data not appro-
pr i ate at the nation~l l~vel, such as roadway geo-
metrics, operating speeds by time of day, and the 
identification of critical ~pot ln~~~inn~ (rail
highway grade crossings and critical bridges, for 
example) need to be considered at the lower levels 
of aggregation. It is the availability and the use 
of such data that is discussed in the next section. 

DATA NEEDS AT THE STATE LEVEL 

The New Mexico portion of the nationwide HIGHWAY 
data base is shown in Figure 2. The New Mexico net
work shown contains a total of 207 links that range 
in length from 1 to 153 miles. Estimated driving 
speeds on the network vary from 60 mph on the state's 
Interstate facilities to a low of 10 mph on a number 
of restricted local streets. The only other informa
tion available from the national data base for the 
New Mexico network is functional classification. 

One of this project's objectives was the con
sideration of additional data available at the state 
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Source: Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

FIGURE 2 ORNL HIGHWAY data base. 

level to augment the state network represented in 
HIGHWAY. These additional data were deemed to be 
necessary because of the coarseness and the limited 
amount of information available from the national 
data. The process may be thought of as similar to 
the process that occurs in the network coding step 
at the urban transportation planning level where, as 
the size of the area decreases (or the sophistica
tion of the analysis technique increases), the level 
of detail and the number of special features to be 
coded increases. Thus, for instance, broad region
wide planning studies have little need for detailed 
geometrics whereas small area studies may have to 
consider such network or operational features as 

• Turn penalties at intersections, 
• Roadway capacity, 
• Directional distribution of traffic, 
• Street width, 
• The presence or absence of parking, 
• Roadway surface t ype and condition, and 
• The predominant land use in the area (§). 

Fortunately, a great deal of inventory informa
tion on New Mexico roadway s exists. This information 
is maintained in a standard format, for t he most 
part, for a number of state highway offices by the 

TABLE 3 Available Data for Highway Routing-State Level 

File Variables of Interest 
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Division of Government Research (DGR) at the Univer
sity of New Mexico. Not all of the information is 
appropriate, of course, for the statewide routing 
issue. Data thought to be most useful have been 
identified by file source and are summarized in 
Table 3. 

As the data in Table 3 indicate, a large amount 
of additional network information is available to 
refine the New Mexico roadway s ystem for the analy
sis of intrastate routing of hazardous materials. A 
number of technical issues need to be resolved, 
however, before the refined network is used in model 
applications. The issue of the length of sections 
that define network links, for instance, must be 
addressed. Link lengths on the existing HIGHWAY 
network for the state, as previously mentioned, 
range from 1 to over 150 miles. Segment lengths on 
the state's Roadway Inventory file for the Inter
state system, on the other hand, vary in length from 
only 200 ft to over 11 miles. Use of the refined 
state network will require section lengths somewhere 
between the extremes represented by the HIGHWAY and 
Roadway Inventory data bases. 

Another issue in the use of additional state
level data to improve network model performance 
involves the utility of spot, or specific locational 
data, in conjunction with sections or links of vary
ing lengths. For example, critical geometric factors 
(sharp curves, steep grades, limited sight dis
tances) may occur at a number of locations along a 
previously defined network link. In order to use 
this spot information in the routing code, an index 
for the section that reflects the number and sever
ity of such critical locations on the link must be 
developed. The same may be true for accident infor
mation contained in the state's computerized acci
dent information system if it is to be used to iden
tify locations (or links) with unusual accident 
characteristics. 

FUTURE DEVELOPMENTS 

Considerable work remains to be done to implement 
improved routing models for the shipment of hazar
dous materials at the state level of analysis. The 
ex isting state network has been defined and data 
sources available at the state level that will add 
detailed information on existing links have been 
identified. Work on extracting the additional vari
ables of interest from a number of diverse data 
bases is under way and a single source that contains 
the complete set of desired information is antici
pated shortly. 

The refined network will then be used to e xamine 
the sensitivity of various routing alternatives to 
the new level of network detail. Alternative routing 
travel times may be relatively insensitive to road
way geometric features such as vertical alignment, 
for instance, but may be particularly sensitive to 
speed and traf f ic flow volumes by time of day. Regu 
lato r y or legislative restrictions that prohib i t 

Roadway inventory Average dally traffic (ADT), uverage highway speed, cri ticnl grade, critical sight distance, functional classification, number of lanes, 
l>l:&mont leng lh, lefl shoul1lor width, median width, median type, log mile of section start, roadway width, administrative route 
number, right shoulllcr width. ROW width , ~urfocc width 

Roadway condition 
Photolog file 
Highway needs 
Highway bridge file 

Adjusted overall rating, capacity rating, percent heavy commercial, design speed, 30th highest hourly volume 
Roadway gradient, horizontal curvature, average roadway roughness, vertical curvature 
Future ADT, operating speed, passing sight distance, safe speed, terrain type, percent heavy commercial 
Approach width, bridge width, functional classification, operating load, substructure condition, super-structure condition, vertical 

clearance 
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hazardous materials movement during certain hours or 
on certain routes may similarly add to the time and 
costs of scheduling such movements. Geometric and 
traffic operational parameters may also be related 
to accident experiPTI~P. On rn~~w~y aanman~~, t~~~ 

identifying possible high hazard locations. 

SUMMARY 

The research discussed in this paper concerns in
vestigation of the highway routing of radioactive 
and other hazardous materials in New Mexico through 
the applicat i on ana rPfinPmPnt of exi11ting nation
wide network analysis models. Truck-related data 
bases that detail truck movements, as well as de
tailed geometric and operational inventory data, 
have been identified at the state level and are 
being used to refine estimates of hazardous mate
rials movements in the state. Results of this proj
ect will enable estimates of the orobable route~ nf 
such movements to be made within New Mexico and will 
allow decision makers at various levels to better 
evaluate the impacts of such movements. 
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