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EXECUTIVE SUMMARY

The Advantage I-75 Mainline Automated Clearance System Project (MACS) demonstrates and
evaluates the feasibility of electronic clearance at weigh stations along the Interstate Highway 75
corridor. The test involves participants from government and industry. Government participants include
the states of Michigan, Ohio, Kentucky, Tennessee, Georgia, Florida, the Province of Ontario,

Canada, the Federal Highway Administration (FHWA), and Transport Canada. Industry participants
included the American Trucking Associations, the National Private Truck Council, the Ontario Trucking
Association, state trucking associations along the corridor, and individual motor carriers who travel
along the corridor. The Kentucky Transportation Center at the University of Kentucky serves as the
project's research and operations center on behalf of the lead state of Kentucky. The Center for
Transportation Research and Education (CTRE) at lowa State University serves as the evauator of the
project. The evaluation consists of four tests to determine the effectiveness of electronic clearance of
commercia vehicles at weigh stations. These tests are afuel consumption test, a weigh station
throughput test, a simulation model, and an examination of jurisdictional issues. A report evaluating the
Advantage I-75 MACS system prepared by the University of Kentucky, Kentucky Transportation

Center with input from CTRE, is submitted separately.

The vision of the Advantage I-75 program was to incorporate existing technologies into an Intelligent
Transportation System (ITS) operational setting that provides an initial step in the process of adapting
the nation's highway system to accommodate the increased demands placed on it. The objective of the
Advantage I-75 MACS operational test is to permit transponder-equipped trucks to travel any segment
of the 1-75 and Highway 401 corridor at mainline speeds while being cleared to bypass the weigh
stations along the corridor.

PROJECT SCOPE

The scope of the Advantage I-75 MACS project, as identified by the partnerswere: (1) To increase
industry and state productivity; (2) To improve highway safety; (3) To reduce congestion. The MACS
project partners also identified agoal from inception to "utilize off-the-shelf technology as atactic for
getting the system up and operational quickly." Because of the far-reaching implications of the
Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA), the MACS project partners
incorporated these goals into the related project goal statements. ISTEA's broad goalsare (1) To
provide for a unified, interconnected transportation system, (2) To reduce energy consumption and air
pollution while promoting economic development, and (3) Support the Nation's pre-eminent position in
international commerce.

The evolution of electronic screening at weigh stations is an outgrowth of numerous efforts to streamline
motor carrier regulatory enforcement and alleviate traffic congestion in and around weigh stations. The
Advantage I-75 MACS system establishes the first step in creating "transparent borders" between

states. Electronic screening at weigh stations proposes to change the ways in which state and federal
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officials regulate commercial vehicle operations and to help make all concerned more efficient and
productive.

Asthere are over 600 commercial vehicle inspection stations across the USA and the increasing
emphasis on safety inspections for commercial vehicles, there are numerous occasions on which a
commercial vehicle driver faces delays en route. Many of the nation's fixed inspection facilities were
constructed 20 to 30 years ago. Consequently, the explosive growth in truck traffic has exceeded the
station design specifications at many of these inspection stations. Astruck arrivals exceed these
stations' operational capacities, queues develop and drivers are delayed. Often, the backups require
stations to close to avoid safety hazards on the mainline.

Background

The vision of the Advantage I-75 program is to incorporate existing electronic technologiesinto an ITS
operational setting that provides aninitial step in the process of adapting the nation's highway systemsto
accommodate the increased demands placed on it. This Operationa Test entitled Mainline Automated
Clearance System (MACS) was designed as the initial phase of the Advantage I-75 program. As
previoudy stated, the objective of the Advantage I-75 MACS operational test isto permit compliant
transponder-equipped trucks to travel any segment of the I-75 and Highway 401 corridor at mainline
speeds while being cleared to bypass the weigh stations along the corridor.

Advantage |-75 goals identified by the partnership were: 1. To increase industry and state productivity;
2. Toimprove safety; and 3. To reduce congestion. The MACS project partners a so stated from the
project's inception to "utilize off-the-shelf technology as atactic for getting the system up and
operational quickly." Because of the far reaching implications of the Intermodal Surface Transportation
Act of 1991 (ISTEA), the MACS project partners incorporated itsinto related project goal statements.
ISTEA's broad goals provide for a unified, interconnected transportation system; to reduce energy
consumption and air pollution while promoting economic development; and supporting the Nation's
pre-eminent position in international commerce. As one part of anational effort to improve the
transportation system, the Advantage I-75 MACS program meets these stated goals through improved
procedures and systems used to verify commercia vehicle size, weight, and credentials.

Relationship to the National ITS Program

The national Intelligent Transportation System (ITS) program is designed to address these safety and
productivity concerns by focusing advanced technology on commercial vehicle operations (CVO). One
part of this overarching program isto enhance mainline electronic screening of CVO at the weigh
stations. Presently, along the Interstate 75/Highway 401 corridor, there are approximately 4,500 trucks
equipped with transponders to communicate with AVI (Automated V ehicle Identification) readers
located near 29 weigh stations on the corridor. The AVI readers then identify the

transponder-equipped trucks and their credentials. Those states with mainline weigh-in-motion (WIM)
capabilities can also check compliance with size and weight regulations. When the information is read
and verified, the trucks receive asignal, both visual and audible. The signal directs the operator to either
by-pass the weigh station or to enter the station (for arandom inspection). The elapsed time of this
communication from the truck to the weigh station, back to the truck, isless than one second. Mainline
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electronically screening of commercia vehicles permits compliant vehicles to bypass the weigh station,
consequently enforcement officials can better focus their resources on non-compliant commercial vehicle
operations.

OVERVIEW OF PROJECT METHODOLOGY

To demonstrate and evaluate the feasibility of electronic clearance at weigh stations the basic test design
was to install and operate a prototype system at selected weigh stations along the corridor. 1n addition
to operating the system, studies were conducted to determine any fuel and time savings incurred by
motor carriers operating with electronic clearance. The project methodology included these tasks:

{ Motor Carrier Fuel Consumption Test

{ Weigh Station Individual Evaluation Test
{ Simulation Model

{ Jurisdictional Issues Evaluation

Motor Carrier Fuel Consumption Test

This portion of the evaluation was to determine if mainline electronic clearance produces significant fuel
savings for motor carriers. The test used to make this determination applied accepted Society of
Automotive Engineers (SAE) guidelines. The prescribed method directed one truck to stay on the
mainline and a second truck to enter the weigh station. The second truck would then either stop or slow
at the scale, depending on the design of the weigh station. The fuel used by each truck was then
precisely measured to determine the fuel used by each vehicle. The differencein fuel used was the
estimated savings of fuel attributable to atruck bypassing aweigh station.

Key Findings

The fundamental hypothesis tested was that reduction or elimination of stops at weigh stations by
transponder-equipped truck will result in measurable fuel savings for that vehicle. While the fuel savings
generated from a single stop were minimal, the accumulated benefit from reduced stops at aweigh
station were significant. Fuel savings estimates were measured at five sets of weigh stations along the
corridor. These five sets of weigh stations represent three main weigh station design types. They are:
The static scale design type, the ramp weigh-in-motion (WIM) design type, and the high speed ramp
WIM designtype. The estimated fuel savings were different for each weigh station design type. The
static scale design type provided the most substantial fuel savings of the three different designs.
Bypasses at Knoxville, Tennessee and Findlay, Ohio, provided measurable savings of 0.16 (0.61 liters)
and 0.18 gallons (0.68 liters) per vehicle per station bypassed respectively. The fuel savings accrued at
the ramp WIM scales are less dramatic. The savingsin Monroe, Michigan were estimated at 0.11
galons (0.42 liters) per vehicle per station bypassed. The savingsin Monroe County, Georgia,
however, were estimated at 0.06 gallons (0.23 liters) per station. Finally, the savings accrued in
Charlotte County, Florida, at the high speed ramp WIM, were 0.05 gallons (0.19 liters) per vehicle per
station bypassed. A small study of fuel consumption in queues suggests that the fuel savings for static
scales may be as much as twice the values given here when trucks are in stop-and-go driving conditions
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averaging 4 mph (6.4 kph). Asthiswas a controlled experiment, the fuel savings gained from this
exercise were nominal. The principal conclusion from the experiment, however, isthat there are
measurable fuel savings obtained by electronic clearance. The value of these savings, however,
depends upon the number and nature of stations electronically cleared.

Weigh Station Individual Evaluation

Electronic screening at weigh stations proposes to change the ways in which state and federal officials
regulate commercial vehicle operations and to help make all concerned more efficient and productive.
By screening commercial vehicles electronically, and permitting compliant vehicles to bypass the weigh
station, enforcement officials can better focus their resources on the non-compliant commercial vehicle
operations. This evaluation assesses the effect of electronic clearance on the amount of travel time
confronted by commercial motor vehicles at weigh stations, thus providing a measure of benefit to motor
carriers. Benefitsto state enforcement officials and the traveling public are assessed informally in this
section, but more substantially in the simulation study discussed in alater report.

Data Collection

The purpose of this portion of the evaluation is to determine if mainline electronic clearance produces
significant travel time savings for motor carriers. The data collection procedure used to make this
determination was designed by |owa State University. The prescribed method was to position
recorders at the entrance point of the weigh station, at the static scale, and at the exit point of the weigh
station. The recorders, equipped with stop watches, then recorded the time each truck crossed the
specific point. Mainline speeds of commercia vehicles were also recorded. The differencein time
between the commercial vehicle in the weigh station, and one on the mainline was the estimated time
savings attributable to being electronically screened on the mainline.

Key Findings

The fundamental hypothesis tested was that reduction or elimination of stops at weigh stations by
participant transponder-equipped vehicles will result in travel time savings for that truck. Travel time
estimates were measured at 19 sets of weigh stations along the corridor. These 19 sets of stations
represent the three main weigh station design types. They are the static scale design type, the ramp
weigh-in-motion (WIM) design type, and the high-speed ramp WIM design type.

The estimated time savings were different for each weigh station design type. Travel time savings were
most substantial at the static scale design types. At the static scalesin Knoxville, Tennessee and
Findlay, Ohio, vehicle bypasses provided measurable time savings, on average, of 4.86 minutes, and
2.22 minutes, per station respectively. Part of the time difference is the amount of truck traffic at each
facility. Trucks entered the Knoxville, Tennessee weigh station at a rate of 450 trucks per hour, while
the rate of arriving vehicles at the stations near Findlay, Ohio was 215 trucks per hour. The travel time
savings between driving on the mainline and driving through the weigh-in-motion stations are smaller.
Travel time savings at WIM stations such as those in Monroe, Michigan were estimated at 1.33 minutes
per station. The time savings accrued in Charlotte County, Florida, at the high-speed ramp WIM, were
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1.92 minutes per station cleared to bypass. The principa conclusion from this experiment is that there
are measurable time savings obtained by electronic screening of commercia vehicles. Aswith the fuel
savings, the time savings attributed to bypassing an individual station are minimal though, the
accumulative value to bypassing several stationsis significant. The value of these savings, however,
depends on the number and nature of the stations being electronically screened.
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Simulation Modeling

One of the tasks that the Center for Transportation Research and Education (CTRE) at lowa State
University was given for this program evaluation was to quantify the impact of electronic screening of
commercial motor vehicles in terms of travel time savings for motor carriers and enhanced productivity
of weigh stations. As part of that evaluation, CTRE developed a simulation model that provides visual
animation of commercia vehicle traffic approaching, traveling through, and exiting aweigh station. The
simulation provides arobust medium for evaluation as it can quantify the benefits of electronic screening
under avariety of parameters and display the operation of the system using animation. The animation
provides the audience a better understanding of the analysis of electronic screening on weigh station
throughput.

This report examines the use of computer ssmulation of electronic screening at weigh stations on the 1-75
corridor. For this portion of the evaluation of the Advantage I-75 MACS program, we devel oped
computer simulation models for seven weigh stations along the I-75 corridor. The stations we modeled
are in Halton, Ontario; Monroe, Michigan; Hancock, Ohio; Kenton, Kentucky; Knoxville, Tennessee;
Lowndes, Georgia; and Punta Gorda, Florida. These stations were chosen by the Evaluation Task

Force because they represent varying station design, commercial vehicle traffic flows, and topography.

The weigh station simulation design is based on the existing geometry and functionality of a given weigh
station, yet is flexible enough to accommodate the potential modifications of the weigh station policy and
procedure. The model allows the user to change the model's parameters to perform "what-if" scenarios.

The ability to change the model's parameters and simulate hypothetical scenariosis a powerful tool for
decision-makers when considering performance of agiven weigh station. One goal of the evaluation is
to extrapolate the results of electronic screening into the future. By using simulation, performance
measures such as transponder-equipped trucks, queue length, and unauthorized bypasses can be
projected into the future. The model clearly illustrates the impact of these performance measures on
weigh stations. Therefore, traffic planners and enforcement officials can see that electronic screening of
commercia vehiclesis afeasible option for increasing capacity without costly investments in expanding
the physical infrastructure of aweigh station. Simulation is a process of modeling the operation of an
actual system. Its purposeisto provide a better understanding of the behavior of actual systems and to
evaluate the potential modifications of the system design. Computer simulation isawell known and
powerful tool for testing the impact of changesin variables or parameters for systems where the effect of
such changes cannot be determined analytically. One example in which simulation is useful isto evaluate
traffic experiments which, for one reason or another, cannot be easily carried out and measured in the
field. The MACS evauation is an example of acomplex system where observational studies aimed at
estimating the MACS potential to reduce queues and unauthorized bypasses would be too costly or
impossible to conduct. The model developed by CTRE and the Advantage 1-75 MACS program

vividly demonstrates the potential of computer ssmulation. Because of this potential, researchis
continuing in this area by CTRE and othersin the field.

Key Findings
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The evaluation of the Advantage I-75 MACS project has studied the effects of electronic screening on
reducing travel time and fuel consumption for motor carriers and enhancing the productivity of weigh
stations for enforcement officials. The results of the simulation model show that as participation in
electronic screening grows, participant trucks, enforcement officials, and even non-participant trucks
benefit by a more efficient system.

Jurisdictional Issues

The purpose of thisreport isto document the jurisdictional issues encountered in the implementation of
electronic screening technol ogies for commercial vehicle operations in the participant states and
provinces. The report aso documents whether or not states will continue using MACS or an enhanced
version of electronic screening, and motor carriers’ reactions to using the MACS version of electronic
screening.

The jurisdictional issues portion of the Advantage I-75 MACS evaluation examined several items
including interstate, intrastate, and regional issues with regard to the implementation of electronic
clearance systems. As part of the evaluation, agency staff members and motor carriers were
interviewed and surveyed to obtain their views and opinions of the processes leading to electronic
screening. The examination then set out to determine whether or not the states and province in the
project planned to continue with electronic screening, or an enhanced form of MACS.

Asaprimary goal, the Advantage I-75 MACS operational test was to demonstrate and evaluate the
jurisdictional issuesinvolving electronically screening commercial vehicles at weigh stations. This
evaluation of jurisdictional issues among the Advantage I-75 MACS partnership was designed to
provide states and motor carriers with information to support decisions about continuing or discontinuing
electronic screening or an enhanced form of electronic clearance and verification.

Key Findings

The research into the jurisdictional issues was guided by meeting three objectives. (1) To determine
whether or not states, along with Province of Ontario, will continue to offer electronic screening of
motor vehicles; (2) To determine whether or not motor carriers will continue to participate in Advantage
I-75 MACS after the operational test is completed; and (3) To record al significant jurisdictional issues
addressed during the operational test and document the resolution to issues addressed.

Thefirst objective of the evaluation was met, as the states in the partnership, along with the Province of
Ontario, have agreed to continue to offer mainline electronic screening. The second objective of the
evaluation was also met as our findings conclude that there is support from the industry to continue with
electronic screening of commercial vehicles. Finally, the third objective was met by documenting the
issues encountered in the operational test. These issues were the following: (1) In order to facilitate the
implementation of the system, technical standards and information sharing must be agreed to early on in
the project; and (2) There must be "buy-in" from upper management in order to succeed.
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System Evaluation

The purpose of this portion of the evaluation was to compare the performance of the as-built MACS
system during the operational test to the performance levels specified in the Functional Requirements
Document (FRD). The system evaluation is a cooperative effort including the team from the Center for
Transportation Research and Education (CTRE) and the operations and support staff from the
Kentucky Transportation Center (KTC). The system evaluation report was prepared by the Kentucky
Transportation Center and will be submitted separately by KTC.
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EVALUATION CONCLUSIONS

The Advantage I-75 MACS Project has demonstrated that both states and motor carriers expect to

reap benefits from mainline electronic screening of commercia vehicles at weigh stations.

The fuel consumption tests demonstrated that there are measurable fuel savings generated from mainline
electronic screening. The savings, however, are dependent upon the number and nature of stations
electronically cleared. The weigh station tests measured the effect of mainline electronic screening on
the amount of travel time confronted by commercial motor vehicles at weigh stations, thus providing a
measure of benefit to motor carriers. The principal conclusion from this experiment was that there are
measurabl e time savings obtained by mainline electronic screening. The value of these savings, again
however, depends on the number and nature of the stations being electronically cleared. Another part

of the evaluation was to develop a computer simulation model. The model that CTRE devel oped
provides visual animation of commercial vehicle traffic approaching, traveling through, and exiting a
weigh station. The evaluation of the Advantage I-75 MACS project studied the effects of mainline
electronic screening on reducing travel time and fuel consumption for motor carriers and enhancing the
productivity of weigh stations for enforcement officials. The results of the simulation model show that as
participation in el ectronic screening grows, participant trucks, enforcement officials, and even
non-participant trucks benefit by a more efficient system.

For motor carriers, the benefitsin fuel and time savings are dependent upon the number, the design, and
the level of traffic at each of the weigh stations encountered en route. For states, the benefits are
dependent on the cost avoidance of building new weigh stations by installing mainline electronic
screening systems in the existing weigh stations. As more motor carriers implement electronic screening,
states reap greater benefits without additional costs.

Future ITS projects should seriously consider the methods developed by Advantage I-75 MACS. This
method includes a lead agency to facilitate the project and lead representatives from each jurisdiction in
close contact with the lead agency to enhance communication. While there were issues that caused
minor delays in the project because of uncertainties, with few exceptions, the parties made the
commitment to work together to complete the goals and objectives for the project satisfactorily. The
lessons learned from this project will serve otherswell in future ITS projects.
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I ntroduction

With over 600 commercia vehicle inspection stations across the USA and the increasing
emphasis on safety ingpections for commercial vehicles, there are numerous occasions on which
acommercia vehicle driver faces delays en route. Many of the nation’s fixed inspection
facilities were constructed 20 to 30 years ago. Consequently, the explosive growth in truck
traffic has exceeded the station design specifications at many of these inspection stations. As
truck arrivals exceed these stations' operational capacities, queues develop and drivers are
delayed. Often, the backups require stations to close to avoid safety risks.

The national Intelligent Transportation System (ITS) program is designed to address these safety
and productivity concerns along with focusing advanced technology on commercial vehicle
operations (CVO). One part of this overarching program is to enhance mainline electronic
clearance of CVO at the weigh stations. Presently, along the Interstate 75/Highway 401 corridor,
there are approximately 4,500 trucks equipped with transponders to communicate with AV
(Automated Vehicle Identification) readers located near the 29 weigh stations on the corridor.
The AV readers then identify the transponder equipped trucks and their credentials. Weigh
stations equipped with mainline weigh-in-motion (WIM) scales can also verify compliance with
truck size and weight regulations. When the information is read and verified, the trucks receive a
signal, both visua and audible. The signal directs the operator to either by-pass the weigh
station or to enter the station (for arandom inspection). The elapsed time of this communication
from the truck to the weigh station, back to the truck, isless than one second. By electronically
screening commercial vehicles on the mainline, thereby permitting compliant vehicles to bypass
the weigh station, enforcement officials can better focus their resources on non-compliant
commercial vehicle operations. This specific test was to evaluate the effect of eectronic
clearance on motor carrier fuel consumption along the Interstate 75/Highway 401 corridor.

Project Scope

The purpose of this part of the evaluation is to determine if mainline electronic clearance
produces significant fuel savings for motor carriers. The test used to make this determination
applied accepted Society of Automotive Engineers’ (SAE) guidelines. The prescribed method
directed one truck to stay on the mainline and a second truck to enter the weigh station. The
second truck would then either stop or slow at the scale, depending on the design of the weigh
station. The fuel used by each truck was then precisely measured to determine the fuel used by
each vehicle. The difference in fuel used was the estimated savings of fuel attributable to a truck
bypassing a weigh station.

Summary of Findings

The fundamental hypothesis tested was that reduction or elimination of stops at weigh stations by
transponder equipped truck will result in measurable fuel savings for each transponder equipped
vehicle. Fuel savings estimates were measured at five sets of weigh stations along the corridor.
These five sets of weigh stations represent the three main weigh station design types. They are:
The static scale design type, the ramp weigh-in-motion (WIM) design type, and the high speed
ramp WIM design type. The estimated fuel savings were different for each weigh station design
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type. The static scale design type provided the most substantial fuel savings. Bypasses at
Knoxville, Tennessee and Findlay, Ohio, provided measurable savings of 0.16 (0.61 liters) and
0.18 gallons (0.69 liters) per vehicle per station bypassed respectively. The fuel savings accrued
a the ramp WIM scales are less dramatic. The savings in Monroe, Michigan were estimated at
0.11 gallons (0.42 liters) per vehicle per station bypassed. The savings in Monroe, County,
Georgia, however, were estimated at 0.06 gallons (0.23 liters) per station. Finaly, the savings
accrued in Charlotte County, Florida, at the high speed ramp WIM, were 0.05 gallons (0.19
liters) per vehicle per station bypassed. A small study of fuel consumption in queues suggests
that the fuel savings for static scales may be as much as twice the values given here when trucks
are in stop-and-go driving conditions averaging 4 mph (6.4 kph). As this was a controlled
experiment, the fuel savings realized were minimal savings. The principal conclusion, however,
is that there are measurable fuel savings obtained by electronic clearance. The value of these
savings, however, depends upon the number and nature of stations electronically cleared.

PURPOSE OF THE TEST

The purpose of this test was to evaluate the effect the Advantage I-75 Mainline Automated
Clearance System (MACS) has on the fuel consumption of participant motor carriers.

The detailed data collected as part of the Motor Carrier Fuel Consumption Individual Evaluation
Test were used to provide data on fuel usage of heavy trucks at weigh stations.

EVALUATION TEST DESCRIPTION

On the basis of the results of the previous evaluation activities and pilot studies, this test was
designed to determine the potential fuel savings attributable to electronic clearance of weigh
stations at selected sites along the Advantage I-75 corridor.

This test was based upon applying accepted fuel consumption test procedures to determine the
differences in fuel consumption between two nearly identical commercia vehicles under defined
scenarios (scripts) in the vicinity of selected weigh stations on the I-75 corridor. The scripts
were designed such that one of the trucks simulated electronic clearance by driving past the
weigh station at mainline speeds while the other truck simulated routine weigh station processing
by driving through and stopping or slowing (as the weigh station design dictated) at the weigh
station. At the selected test sites, the two trucks were equipped with special 15-galon (56.775
liter) fuel tanks and given specific instructions concerning speed and route for a loop of interstate
highway containing two weigh stations (one each direction). The trucks used in this test were
nearly identical in specifications, equipped with identical loads and used the same drivers
throughout the test procedure. Also, the trucks began their test runs within one minute of each
other to control as much variability in fuel consumption as possible. The fuel consumption was
measured according to the procedures defined in the SAE Type Il Fuel Consumption Test (SAE
J1321). Thistest was conducted under controlled conditions. Thus, the tests were run with the
weigh stations closed, in order to control the variability in fuel consumption associated with
queues.
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Hypothesis Tested

Hypothesis One:  “Reduction or elimination of stops at weigh stations by
participant transponder equipped trucks will result in measurable energy (fuel)
savings for each equipped truck.” (Detailed Evaluation Plan, May 10, 1996.)

Recap of Test Procedures

The fuel consumption test was based upon the Society of Automotive Engineers Recommended
Practice (SAE Type Il Fuel Consumption Test). This experiment was performed to determine if
the reduction or elimination of stops at weigh stations by trucks equipped with transponders
results in measurable fuel savings for each participant truck. One truck, termed the control truck,
always bypassed the weigh station. The other truck, termed the test truck, alternated between
control runs in which the weigh station was bypassed, and experimental (or test) runs in which
the weigh station was entered. At each of the test sites, the baseline fuel consumption difference
between the two trucks was measured (when both trucks bypassed the weigh station.) Then the
experimental fuel consumption difference was measured between the two trucks (when one truck
bypasses the weigh station and one stops or slows at the weigh station.) This procedure includes
two forms of control. First, during each run the control truck and test truck encountered almost
identical conditions, therefore any observed differences were due to experimenta or vehicle
differences. Second, the use of baseline runs provided estimates of the fuel consumption
differences due to vehicle variances (tire tread, engine performance, etc.) The baseline runs,
therefore, provided a control for the experimental runs.

It should also be noted that Mr. Claude Travis of Claude Travis & Associates was instrumental in
developing these test procedures. Mr. Travis played a key role in the Pilot Tests and provided
much needed expertise and advice throughout the evaluation procedure.

Scenarios of Fuel Consumption Tests

The following describes the scenarios, scripts and procedures for performing the Fuel
Consumption Tests. These are the scenarios as described in the Detailed Evaluation Plan,
submitted on May 10, 1996.

As previoudly stated, two identically equipped trucks, one termed the control truck and one
termed the test truck, complete test runs on defined loops of the interstate highway following
defined scripts. The defined interstate highway loops, illustrated in Figure One, consist of two
weigh stations, two turnaround points, and one base of operations. The trucks complete the
appropriate number of baseline runs whereby both of the trucks follow the control script. These
runs are used to establish baseline fuel consumption differences between the two trucks. The
trucks then complete the appropriate number of test runs whereby one truck follows the control
truck script and the other truck follows the test truck script.  The trucks were dispatched on the
runs within 30 seconds of each other, so that they would be running in identical conditions. The
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number of baseline runs and test runs is dependent upon weigh station design. (Detailed
Evaluation Plan, pp. 22 - 23, May 10, 1996).

The drivers complete each test run according to the following scripts. Separate scripts are

provided for the control truck and the test truck. The route of atypical test runis provided in
Figure 1.

Figure 1. Typical Test Route

Turnaround Two DDEDD
]
2 Ay Scale House Two

42
Direction of ™
Travel

Stop 4 %4 Base of Operationg Scale Stop 1 Stop 12
____J_D[ﬂ] Turnaround One

Scale House One

| Start/Stop  Point

Scriptfor the Control Truck

1. Upon entering the truck cab, close the vent window and side window, reset the
cumulative stop timer to zero, release the parking brakes (hold the vehicle in place using
the foot brake pedal), and wait for the start signal from the data collection team leader.

2. When the data collection team leader signals the start of the run, start the engine, exit the
base of operations, and begin the test run.

3. Accelerate to 60 miles per hour (mph) (97 kilometers per hour [kph]), enter the mainline
and engage the cruise control.

4. Bypass Weigh Station One and proceed to the exit designated as turnaround one.

5. Come to a complete stop at the base of the turnaround one exit ramp (see stop point one)
and depress the start button of the cumulative stop timer.

6. Turn left, pull away from stop point one when traffic permits, and depress the stop button
of the cumulative stop timer.

7. After crossing over the interstate highway, come to a complete stop at a point opposite
the top of the interstate entrance ramp (see stop point two), and depress the start button of
the cumulative stop timer.

8. Turn left onto the interstate exit ramp when traffic permits and depress the stop button of
the cumulative stop timer.
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9. Accelerate to 60 mph (97 kph), re-enter the interstate highway, and engage the cruise
control.

10. Bypass Weigh Station Two, and proceed to the exit ramp designated as turnaround two.

11. Come to a complete stop at the base of the turnaround two exit ramp (see stop point
three) and depress the start button of the cumulative stop timer.

12. Turn left, pull away from stop point three when traffic permits, and depress the stop
button of the cumulative stop timer.

13. After crossing over the interstate highway, come to a complete stop at a point opposite
the top of the interstate entrance ramp (see stop point two) and depress the start button of
the cumulative stop timer.

14. Turn left onto the interstate exit ramp when traffic permits and depress the stop button of
the cumulative stop timer.

15. Accelerate to 60 mph (97 kph), re-enter the interstate highway, engage the cruise control,
and proceed to the exit ramp at the base of operations.

16. Upon arriving at the base of operations start/stop point set the parking brake and put the
transmission in neutral.

17. Observe the cumulative stop timer and idle the engine for the period of time necessary to
equal 60 seconds total stop time. For example, if the cumulative stop timer indicated 27
seconds, the engine would be idled for 33 seconds to equal 60 seconds total stop time.

Script for the Test Truck

1. Upon entering the truck cab, close the vent window and side window, reset the
cumulative stop timer to zero, release the parking brakes (hold the vehicle in place using
the foot brake pedal), and wait for the start signal from the data collection team leader.

2. When the data collection team leader signals run start, start the engine, exit the base of
operations, and begin the test run.

3. Accelerate to 60 miles per hour (97 kph), enter the mainline, and engage the cruise
control.

4. Instruct the run observer, seated in the passenger seat to notify Weigh Station One at a
point 4 miles (6.4 km) upstream from the weigh station entrance ramp.

5. Slow to the designated weigh station approach speed at the beginning of the weigh station
entrance ramp and continue to the static scale.

6. Come to a complete stop for 15 seconds at the static scale (do not engage the cumulative
stop timer).

7. Pull away from the static scale, and re-enter the mainline.

8. Accelerate to 60 mph (97 kph), engage the cruise control, and proceed to the exit ramp
designated as turnaround one.

9. Come to a complete stop at the base of the turnaround one exit ramp (see stop point one)
and depress the start button of the cumulative stop timer.

10. Turn left, pull away from stop point one when traffic permits, and depress the stop button
of the cumulative stop timer.

11. After crossing over the interstate highway, come to a complete stop at a point opposite
the top of the interstate entrance ramp (see stop point two) and depress the start button of
the cumulative stop timer.
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12. Turn left onto the interstate exit ramp when traffic permits and depress the stop button of
the cumulative stop timer.

13. Accelerate to 60 mph (97 kph), re-enter the interstate highway and engage the cruise
control.

14. Instruct the run observer, seated in the passenger seat, to notify Weigh Station Two at a
point 4 miles (6.4 km) upstream from the weigh station entrance ramp.

15. Slow to the designated weigh station approach speed at the beginning of the weigh station
entrance ramp and continue to the static scale.

16. Come to a complete stop for 15 seconds at the static scale (do not engage the cumulative
stop timer).

17. Pull away from the static scale, and re-enter the mainline.

18. Accelerate to 60 mph (97 kph), engage the cruise control and proceed to the exit ramp
designated as turnaround two.

19. Come to a complete stop at the base of the turnaround two exit ramp (see stop point
three) and depress the start button of the cumulative stop timer.

20. Turn left, pull away from stop point three when traffic permits, and depress the stop
button of the cumulative stop timer.

21. After crossing over the interstate highway, come to a complete stop at a point opposite
the top of the interstate entrance ramp (see stop point two) and depress the start button of
the cumulative stop timer.

22. Turn left onto the interstate exit ramp when traffic permits and depress the stop button of
the cumulative stop timer.

23. Accelerate to 60 mph (97 kph), re-enter the interstate highway, engage the cruise control,
and proceed to the exit ramp at the base of operations.

24. Upon arriving at the base of operations start/stop point set the parking brake and put the
transmission in neutral.

25. Observe the cumulative stop timer and idle the engine for the period of time necessary to
equal 60 seconds total stop time. For example, if the cumulative stop timer indicated 27
seconds, the engine would be idled for 33 seconds to equal 60 seconds total stop time.

Procedures

The following paragraphs provide a discussion of the setup procedure for the test trucks and the
base of operations. Following that, the test run procedure provides a discussion of the data
collection team procedure for each of the test runs.

Setup

Upon arriving at the selected test location, the test trucks must be equipped with the appropriate
fuel lines and fuel tanks, and the base of operation must be set up.

* Test Truck Fuel Lines: First, the trucks must be equipped to accept the portable fuel
tanks and quick disconnect fuel lines. This is completed by installing quick-connect
fittings on the fuel draw and fuel return lines. Secondary fuel draw and fuel return lines
with in-line fuel coolers are then run from the engine to the location where the portable fuel
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tank will be mounted. The quick connect fittings will allow the truck to be fueled by either
the portable 15 gallon (56.775 liters) fuel tanks (during the test runs) or the existing 150
(567.75 liters) galon fuel tanks (traveling to and from lodging facilities).

Test Truck Fuel Tanks: Second, the portable fuel tanks are installed in a location that
allows quick access and secure mounting. These tanks are held in place with cargo
securement straps. Generally, the fuel tanks can be mounted on the deck plates behind the
truck’s sleeper cab. These deck plates are typically used by drivers when coupling or
uncoupling trailers and would provide adequate support for the 150-pound
(68.1 kilograms) portable fuel tanks. Using the experience gained in Pilot Study One, six

hours should be an adequate time period to equip the two trucks (test truck and control

truck). It should be noted that the truck setup procedure needs only to be done once at each

test location.

Figure 2. Placement of Portable Tanks

Test Truck Fan Hubs:  The automatic fan hubs are disabled by disconnecting the
positive power lead to the air solenoid. This eliminates variability in fuel consumption that
is attributable to the engagement and disengagement of the fan hub. 1t should be noted that
engine operating temperatures will be closely monitored. Should operating temperatures
approach manufacturers recommended maximums, test runs will be suspended or the fan
hubs will be set to constant run (always engaged).

Base of Operations. The base of operationsis a site located on the test route that provides
an adequate safe working area at each test location. This working area is used for
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installing and removing the portable fuel tanks before and after each test run and fueling
and weighing an extra set of tanks while the trucks complete test runs. As part of the setup
activities, the scales used to weigh the fuel tanks must be set up and leveled at alocation
that is shielded from wind and rain. The recommended method is to use an enclosed 6
foot x 12 foot (1.82 m x 3.66 m) trailer with a sturdy floor that can be detached from a
towing vehicle and leveled. This trailer would house the scale used for weighing the tanks
and a one-day fuel supply.

4 Other Setup Activities: The base of operations was well marked with orange-safety
cones and warning signs during setup. For tests scheduled during nighttime hours, the base
used auxiliary lighting utilizing a portable generator with a light stand.

Test Runs: The data collection team procedure for each test run is detailed in the following
paragraphs:

1. The portable fuel tanks are filled, weighed, with the weights recorded on the data
collection sheet (one sheet per run), and loaded on the trucks. The odometer reading for
each truck is also recorded on the appropriate location on the data collection sheet at this
time.

2. The drivers go to their trucks, close the vent windows and side windows, release the
parking brakes, hold the vehicle in position with the foot brake pedal, and wait for the
start signal.

3. The data collection team leader signals the control truck to start the engine and begin the
test run according to the prescribed script.

4. The data recording person notes the control truck start time (HH:MM:SS) on the data
collection sheet.

5. Between 30 and 45 seconds after the control truck beginsits run, the data collection team
leader signals the test truck to start the engine and begin the test run according to the
script.

6. The data recording person notes the test truck start time (HH:MM:SS) on the appropriate
data collection sheet.

7. A member of the data collection team observes and records the wind speed and direction
and temperature within one minute after the test truck has departed the base of operations.

8. The extra set of tanks are weighed (empty weight from previous run), filled, and
re-weighed (loaded weight for next run) while the control truck and test truck complete
their test runs.

9. As the trucks approach the base of operations after completion of their test runs, the data
collection team positions themselves to direct traffic Thisis necessary to prevent
unplanned stops or starts for the test truck and control truck as they re-enter the base of
operations.

10. The data recording person notes the engine stop time (HH:MM:SS) when each truck has
been parked and the engine has been shut down.

11. The data recording person then interviews the drivers and notes any significant deviation
from the defined script (unplanned stops or starts or other factors that might skew the fuel
consumption).
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12. The fuel tanks are changed (empty tank replaced with full tank) and the trucks are readied
for the next run.

13. The drivers go to their trucks and ready for the next test run (ideally within five-seven
minutes).

14. After the test trucks have departed the base of operations on the next test run, the data
collection team leader computes the fuel consumed and notes the T/C ratio’ for the
previous run.

PLANNING AND SCHEDULING

The test schedule was contingent upon close coordination with all test participants. The
following tables list the names, organizations, addresses, and telephone numbers for each of the
participants involved in the test:

Table 1: Test Participant Contacts by Project Role

Role Key Contact Address Phone/Fax
Evauation Manager Mr. Bill McCall |Center for Transportation (515) 294-9501
Research and Education (5 15) 294-0467
2625 N. Loop Drive
Suite 2 100
Ames, lowa 50010-8615
Evauation Mr. James York, |Center for Transportation (515) 294-8103
Coordinators Mr. Dennis Research and Education (5 15) 294-0467
Kroeger 2625 N. Loop Drive
Suite 2 100
Ames, lowa 50010-8615
DaaCollection Team |(Mr. Ed Powe Entrepreneurial Devel opment (502) 227-6172
Institute (EDJ) (502 227-6763
Kentucky State University
415 Hathaway Hall
Frankfort KY 40601
Motor Carrier Mr. Richard Collins and Aikman Corporation |(704) 985-1202
Honeycutt PO. Box 521 (704) 985-1216
New London NC 28 127

Scheduling commitments were made with participants approximately six weeks prior to
commencement of actual testing. Events such as the 1996 Summer Olympics in Atlanta,
Georgia and highway construction projects caused changes in the original schedule. We

! The T/C ratio is defined as the ratio of test truck fuel consumption (pounds of fuel consumed) to control

truck fuel consumption (pounds of fuel consumed). Thisratio is computed in the field to verify that test run
consistency meets defined SAE standardsfor datacollection. A detailed description of the field data and required
field data reduction method is provided in Appendix One pp. 48-49 of the Evaluation Recommendations. Detailed

Evaluation Plan Part One: Evaluation Recommendations. The lowa Transportation Center. October 18, 1995.
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proceeded with the tests in other locations and returned to the Georgiatest site following the
conclusion of those special events.

Test Locations

With regard to the information learned from Pilot Study One, the goal of the site selection was to
choose the most favorable and the least favorable topographical conditions for each of the weigh
station design types that exist on the Advantage I-75 corridor. Thus, weigh stations were chosen
for their terrain as well as their design and proximity to each other at that location. (See pp.
20-21 of the Detailed Test Plan, submitted May 10, 1996, for a more detailed discussion of site
selection.)

The following table lists the test sites that were selected for the tests, and the contact person for
that weigh station.

Table 2: Weigh Station Contacts by Test Location

Test Location  |Key Contact Address Phone/Fax

Monroe, MI Lt. Thomas Kenney Michigan State Police 3 13-848-4684
12075 South Telegraph Road 3 13-848-3603
Erie M| 48133

Findlay, OH Sgt. Jim Bennett Ohio Highway Patrol 419-423-1414
3201 North Main Avenue 419-423-9179

Findlay OH 45840

Knoxville, TN [Capt. Richard Sayne | Tennessee Dept. of Public Safety  |615-966-5071
7601 Kingston Pike 615-671-1293
Knoxville TN 37919

Monroe, Co. GA |Capt. Cliff Tackett Georgia Dept. of Transportation 912-994-1278
935 E. Confederate Ave
Atlanta, GA 303 16-253 1

Charlotte, Co. FL|{M4gj. Bill Mickler Florida Department of 904-488-7920
Transportation 904-22 1-6627
605 Suwarmee Street
Mail Station 99

Tallahassee FL 32399-0450

Generaly the above named officials were notified in writing and by telephone approximately one
month in advance of commencing the fuel consumption tests. The tests were scheduled and
conducted in the following order:
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1. Findlay, Ohio

2. Monroe, Michigan

3. Knoxville, Tennessee

4. Charlotte County, Florida
5. Monroe County, Georgia

Test Duration

The duration of the tests was dependent upon weigh station design type. The Findlay, Ohio and
Knoxville, Tennessee locations are static scale design. All trucks are directed to the scale and
thereisno bypasslane. The Monroe, Michigan and Monroe County, Georgia locations are
Ramp Weigh-In-Motion (WIM) design, consisting of a static scale and a bypasslane. The
weigh station in Charlotte County, Florida contains a higher speed ramp WIM design. The
weigh station is equipped with a bypass lane that permits speeds of 45 miles per hour (72 kph),
and two scales for weighing trucks. As described in the Detailed Evaluation Test Plan, weigh
station types vary in expected fuel savings and in variability from run-to-run. On the basis of the
Pilot Study data, tests including 60 runs (30 control runs and 30 test runs) were recommended for
the static scales; 100 runs for ramp WIM scales; and 140 runs for the high speed ramp WIM
scales. These sample sizes were reduced by half when the studies were carried out because:

« Thetime required to perform the tests with the original sample sizes was found to be
excessive,

« The recommended sample sizes were found to be conservative, once the data collection
began.

Table 3 lists the test location, scale design and duration of the tests.

Table 3: Test Location, Design Type and Test Duration

Test Location Design Type [Duration (in Days) Total Test Runs
Monroe, Ml Ramp WIM 7 Days 50
Findlay, OH Static Scale 5 Days 30

Knoxville, TN Static Scale 5 Days 30

Monroe Co., GA Ramp WIM 7 Days 50
Charlotte Co., FL  |High Speed Ramp WIM 9 Days 70

In addition to the tests described above, we carried out additional runs at Charlotte County,
Florida to determine the effect of queue length/traffic speed on fuel savings. These runs were
conducted using the large parking areas behind the Charlotte County weigh stations where the
trucks made repeated stops at measured intervals to simulate queue traffic.
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Figure 3: Map of Test Locations

Test Location One
MONROE NB &
SB

Test Location Two

——NB

Fionda Tump.hke
Test Location Five

Hancock S8 and Wood

CHARLOTTE NB &

Actual fuel consumption testing began in July 1996. Preparations, however, were being made
since immediately after the Pilot Studies concluded in September 1995. Data collection,
analysis, and report preparation proceeded through 1996 and 1997, and will be completed at the
end of the MACS operational test in March 1998. A test schedule recap is provided below:

¢+  Test Preparation: September 1995 - June 1996

+  Data Collection: June 1996 - March 1997

+  Data Analysis: October 1996 - October 1997

+  Final Report Preparation: November 1997 - March 1998
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Data collection extended beyond the original schedule set forth on May 10, 1996 due to
scheduling conflicts. The original schedule stated that fuel consumption testing would begin on
or about June 8, 1996 and would be completed on or about August 21, 1996. This target
schedule was not met for a number of reasons, including:

« Theweigh stations in Georgia closed for a month during the Olympic Games in Atlanta,
Georgia. The closures of the weigh stations were done to minimize traffic delays incurred by
the huge number of visitors to the Atlantaarea. Thus, we could not run the tests at the
Monroe County location during July.

« Following the closure of the weigh stations for the Olympic Games, the weigh stationsin
Georgia closed for construction improvements and the implementation of the
Advantage 1-75 systems, such as the AVI equipment and mainline WIM scale. The
construction improvements at the Monroe County weigh station were not completed until
January 1997. The tests were completed at our first scheduled opportunity.

« Thetestsin Charlotte County, Florida were postponed for two weeks, because in-service
training was scheduled for the days that we originally planned for the fuel consumption tests.

A Gantt Chart illustrating the above schedule is provided in Figure 4.

Figure 4: Evaluation Test Schedule

1996 1997 1998
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Test Preparation — June, 96

Data Collection June, 96 I March, 97

Data Anayss October, 96 m—— s Octoljcr, 97

Report Preparation | November, 97 u— \arch 98
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WEIGH STATION DESIGN

There were three basic weigh station design types used for the fuel consumption experiment.
These design types were: The static scale design, the ramp weigh-in-motion (WIM) design, and
the high-speed ramp WIM design. These are the most common design types encountered by
participants. During the early phases of the test, the task force decided that the most efficient and
least efficient design types be used for the experiment in order to determine a proper range of

fuel consumption. To that end, the task force chose the static scale design types at the locations
in Ohio and Tennessee. The ramp WIM design was chosen at the locations in Michigan and
Georgia. Finaly, the task force picked the high-speed ramp WIM design in Charlotte County,
Florida. To recap the site location decisions, these sites were picked based upon their
topographical layouts, varying traffic volumes, and efficiency in design. The static scales at the
Ohio location have flat terrain and contain moderate traffic volume. Conversely, the static scales
near Knoxville, Tennessee are hilly with very heavy vehicle traffic. The ramp WIM design near
Monroe, Michigan is laid out on flat terrain, with heavy traffic. Meanwhile, the scale layout in
Monroe County, Georgiais hilly with a moderate amount of traffic. The high-speed ramp WIM
design in Charlotte County, Floridais probably the most efficient design layout of the group. It
ison flat terrain with alight to moderate traffic volume. This design was termed “ high-speed”
ramp WIM because the design allows trucks to use the bypass lane at speeds of up to 45 mph (72
kph), which is considerably higher than bypass lanes at other facilities.

Because no two weigh station designs are identical, the contrasting design types and locations
were chosen by the Evaluation Task Force in order to capture as broad a range of fuel
consumption differences as feasible. Thus, the test results will show expected fuel savings at the
various weigh station deign types that are located on level terrain, rough terrain, heavy traffic,
and light traffic.

The following figures illustrate the differing design types. Please be aware that these are not
actual scale blueprints, but representations used to illustrate the differences in the weigh station
configurations.
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Figure 5: Weigh Station Design Type One, Single Static Scale

- Static Scale
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Note: Schematic Representation - NOT to Scale

This illustration depicts the type of weigh station layout at the locations in Knoxville, Tennessee
and in Findlay, Ohio. The stations use a single static scale that does not allow the use of a
bypass lane. All trucks that enter the station are directed to the scale.
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Figure 6: Weigh Station Design Type Two, Ramp WIM, Single Bypass Lane
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Note: Schematic Representation - NOT to Scale

This illustration depicts the design used at the locations near Monroe, Michigan and Monroe
County, Georgia. This design uses aramp WIM sorter that permits the use of a bypass lane to
sort compliant trucks from those that require a static weight.  Trucks are directed to the bypass
lane if they weigh under the weigh-in-motion (WIM) threshold weight and no other defects or
violations are initially discovered; other trucks are directed to the static scale. For example, State
of Georgia regulations requires all over-dimension trucks to report to the static scale for a check.
Thus, those trucks requiring an oversize or overweight permit must stop at the static scale in

Georgia
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Figure 7: Weigh Station Design Type Three, High-Speed Ramp WIM, Two Static Scales
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This is the weigh station design located in Charlotte County, Florida. This design again uses a
ramp WIM sorter that directs compliant trucks to the bypass lane and other trucks to the static
scale. This weigh station design also contains two static scales for greater efficiency. The
bypass lane allows trucks to bypass the static scale at speeds of 45 mph (72 kph). (That speed is

generally 10 mph (16 kph) faster than other stations along the corridor.)
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TEST SUMMARIES

The same equipment and drivers were used throughout the tests, to maintain continuity and
uniformity of testing procedures. Two five axle tractor/trailer units from Collins & Aikman
Products Co. of New London, North Carolina were used, along with the same drivers. The
drivers, Mr. Leon Cox and Mr. Grady Wood, have over 60 years of commercial driving
experience between them. Their experience proved to be a great asset during the tests.

In an attempt to obtain “real-world” results as closely as possible, standard issue equipment was
used for these fuel consumption tests. The only modification made to the vehicles was the
addition of the portable fuel tanks, utilized for the precise measurement of the fuel usage. Prior
to the first set of tests in Ohio, the tractors were equipped with “quick-connect” fittings by the
motor carrier, permitting the easy installation and subsequent removal of the portable fuel tanks
and fuel coolers. No other aterations were made to the tractors or trailers.  The following lists
the specifications of the equipment:

1. 1993 Freightliner Conventional Model D 120 64ST

2.400 hp Detroit 60 Series 12.7 Liter engine, equipped with DDECII electronic engine
management System

3. Eaton Roadranger 10 speed transmission

4.2 10" wheelbase

5.11 x 22.5 low profile radial tires

6.48 x 102" enclosed Great Dane trailers

7. Air ride suspension system

FINDLAY, OHIO

The fud consumption tests began on August 3, 1996 at the weigh stations near Findlay, Ohio in
Hancock and Wood Counties. The Hancock County weigh station is located on the Southbound
side of 1-75 and the Wood County weigh station is located on the Northbound side of the
interstate. To reiterate, the reason for selecting this set of weigh stations, was that these weigh
stations are set on flat terrain with moderate traffic levels and there are stations on either side of
the interstate. This selection provided an effective contrast to Knoxville, Tennessee that has a
hilly terrain and heavy traffic levels.

The static scale design required a minimum of 60 runs, in the original plan: 30 in the “control”
condition and 30 in the “test” condition. After completing 12 runs in the control condition and
26 runs in the test condition it was determined that additional runs were not required since
existing results provided results at the desired level of accuracy. Asaresult of this experience
sample sizes were reduced for all weigh station designs. To review our experimental design, two
trucks drove repeated highway circuits under two different scenarios. To recap the scenarios, the
“control”’ condition is where both trucks remain on the freeway for the experiment to establish
the baseline fuel consumption difference between the trucks. The “test” condition is where one
truck, termed the test truck, entersthe weigh station to simulate the processing of a given
vehicle. The other truck, termed the control truck, remains on the freeway and does not enter the
weigh station. The fudl consumption difference between a truck entering and slowing (or
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stopping) at a given weigh station and one that is able to remain on the freeway is measured.
This difference in fuel consumed, after allowing for the baseline differences between the trucks,
is the estimated fuel savings attributable to bypassing a weigh station.

Base of Operations

The base of operations for this was arest area on the southbound leg of the route. During most
of the testing the rest area was near full capacity. Because the tests were conducted during the
day, testing began at 9:00 AM. Beginning at this hour allowed for the morning rush hour traffic
to clear, and for travelers to vacate parking spaces in the rest area. Each morning members of the
crew secured three parking spaces at the north end of the rest area (two spaces for the
tractor-trailers and one space for the van and equipment trailer.) Securing the first three parking
spaces permitted the trucks to enter the rest area unimpeded by other traffic. After refueling the
trucks, members of the crew would go out into the rest area and halt traffic until the test trucks
had entered the freeway. Stopping traffic in the rest area permitted the trucks to accelerate
smoothly and maintain consistent run times.

Figure Eight: Control Truck Entering Base of Operations

Test Route

The test route for this set of tests was a 37 mile (59.5 kilometers) loop, with the north boundary
at Exit 179 and the south boundary at Exit 161. The north exit was US. Highway 6, a 4-lane
divided highway, with little traffic during the day. The turnaround point on the south exit was a
county road with very little traffic.
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Traffic

Over the course of the tests in Ohio, the traffic volume varied. Mostly, the traffic was light to
moderate. During runs four through seven, however, the drivers described heavy car traffic,
which caused the drivers to slow down to 55 mph (88.5 kph) for about 2 miles (3.2 km).
Fortunately, the heavy car traffic did not affect the test results. Later in the test, however, the
drivers encountered heavy truck traffic. When this situation occurred, the drivers experienced
heavy turbulence from the trucks passing the test vehicles. This turbulence caused wider than
normal variance in the test results.

Test Conditions

To recap this portion of the Motor Carrier Fuel Consumption Test, the topography at this
location in Ohio is flat with wide open spaces. The weather cooperated throughout the test, with
no adverse impact on the proceedings. For the four days of testing the temperature averaged in
the mid-80°F (26°C) with little to moderate winds.

For this test, 30,472 Ib. (13,834 kg) of freight was obtained from alocal warehouse for each
truck. Adding the freight to the truck made the gross weight (the weight of the vehicle plus the
weight of the freight) of each of the trucks 65,000 Ib. (29,510 kg). The evaluation task force
determined this gross weight “target” to be the approximate average weight of commercial
vehicles operating on the highways. (Please refer to Appendix page 40 for copies of the bills of
lading and scale receipts for the actual, certified weight used for the tests.)
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MONROE, MICHIGAN

The second round of testing took place at the weigh stations near Monroe, Michigan beginning
on August 20, 1996. These stations are located between Detroit, Michigan and Toledo, Ohio,
about 35 miles (56 km) south of Detroit. These scales are the ramp WIM (weigh-in-motion)
design type, with a weigh-in-motion scale in the entrance ramp and a single static scale for
stationary weighing of vehicles and inspection purposes. These are the same weigh stations used
in the Pilot Studies in the Summer of 1995.

Base of Operations

The base of operations was an interstate rest area and welcome center on the northbound end of
the route. The rest area was continuoudy full and traffic levels were heavy with both car and
truck traffic, requiring testing during nighttime hours. This aleviated some of the traffic
congestion on the highway, but the rest area remained filled with trucks and drivers resting
before making their rounds the next day.

Three parking spaces were secured at the south end of the rest area prior to each day’ s testing.
Again, securing these spaces permitted the test vehicles to enter the rest area smoothly and park
next to the van and equipment trailer for refueling. Aswas done in the previous set of tests,
when the trucks left the rest area, members of the crew halted traffic temporarily to allow the test
trucks to enter the highway unimpeded from the other vehicles, in order to maintain consistent
run times.

Test Route

The north “border” of the test route was moved north one exit from the Pilot Study, because of
the opening of a Pilot Travel Plaza at the exit and the addition of stop lights. The turnaround
point was moved north on Interstate 275, Milemarker 2. Moving from 1-75 to 1-275 was a
smooth transition as the highway provided a merge lane to the 1-275 Loop at highway speeds.
There was no slowdown required until the designated turnaround point at Milemarker 2.

The southbound border of the test route remained Exit 5 of 1-75, the Temperance Road exit. This
isnot a heavily traveled road and there are no stoplights to hinder the vehicles' process.

Moving the north border of the test loop did not extend the test loop too far. The loop was a 34
mile (55 km) round trip, well within the parameters of the test procedures.

Traffic

This stretch of Interstate 75 was streaming with so much traffic that the tests were conducted at
night. Nighttime testing was performed in order to maintain consistency in the test results and to
aleviate the amount of turbulence caused by other trucks moving around the test vehicles. Even
S0, at times the test trucks would still encounter “packs’ of trucks that would surround them for a
period of time. Administering the tests at night, however, lessened the impact of the heavy
traffic volume.
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Test Conditions

The tests at Monroe, Michigan represent one of the contrasting ramp WIM design types. The
topography at this location was flat with wide open spaces. The weather also cooperated during
this set of tests. Because these tests were run during nighttime hours, the temperatures were
cooler than were experienced in Ohio. The temperatures averaged in the low 70'sF (21 °C) and
winds remained cam. The mild weather had little or no adverse impact on the research.

For this test 30,920 Ib (14,038 kg) of freight was obtained from alocal warehouse for each truck.
By obtaining approximately the same amount of freight for this set of tests (within 500 Ib

(227 kg) from the previous set of tests), it was anticipated that the test results would remain
consstent. (Refer to Appendix page 40 for copies of bills of lading and certified scale receipts.)

The revised design ramp WIM station required a minimum of 50 runs, 25 in the “control”
condition and 25 in the “test” condition. The duration of the testing was seven days, including
the placement and subsequent removal of the test equipment on the trucks. This specific set of
tests consisted of 48 total runs, 23 in the control condition and 25 in the test condition. A broken
water pump on the control truck forced cessation of the testing after the 48th run. It was the next
day before repairs were completed. A review of the data collected determined that the
preliminary results were within the parameters established by the Evaluation Task Force.
Therefore, the team did not return to the field to complete two more runs.
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KNOXVILLE, TENNESSEE

The third round of testing took place at the weigh stations near Knoxville, Tennessee beginning
on September 17, 1996. These stations are located about 15 miles (24 km) west of Knoxville,
near the junction of Interstates 40 and 75. These static scales are set in hilly terrain with a heavy
volume. (At peak operating times, an average 430 trucks per hour enter or bypass the weigh
station.) There is along, steep grade approaching the eastbound scale. This steep hill, coupled
with heavy traffic, made this location a natural contrast to the scalesin Ohio. As with those
scalesin Ohio, there is no ramp weigh-in-motion scale to sort traffic at thislocation. These are
the same weigh stations used for the Pilot Studies in the summer of 1995.

Due to the heavy volume of truck traffic, the policies and practices at the weigh stations have
been modified by Tennessee Motor Vehicle Enforcement officials. Changes in weigh station
procedures were made to reduce the risks of accidents on the interstate. Generaly, it is required
that al trucks approaching the weigh stations enter the stations. However, if there is a queue of
vehicles on the entrance ramp that extends to the interstate, then the next vehicle (or vehicles)
can bypass the weigh station without repercussions. This practice of allowing commercia
vehicles to continue past the weigh station when the queue is full prohibits vehicles from lining
up onto the interstate, which would cause a severe safety hazard.

Base of Operations

A base of operations was established at an undeveloped rest area west of the weigh stations. The
use of this facility worked well because there was little traffic around the area. Additionally, this
rest area had no toilet or snack food facilities, which probably contributed to the lack of traffic
interference in the immediate area. Due to the heavy traffic around the weigh station, however,
the tests were conducted at night, to diminish the turbulence caused by the traffic. Each night
the parking area was secured for the trucks and testing equipment. As cars and trucks still
utilized the area, crew members were dispatched to stop traffic temporarily to alow the test
trucks to enter the freeway unimpeded from other traffic.

Test Route

The east border of the test route was moved two exits east from the one used in the Pilot Studies,
because of continued road construction to the airport. The turnaround point was moved to
Milemarker 375 on Interstate 75/40 near Knoxville. The overpass road did have a metered
stoplight. The stoplight, however, did not cause any extended delays, due to alow traffic volume
on that road and the time of night that the tests were conducted. The westbound turnaround point
remained Milemarker 356 on Interstate 40. Thisis not a heavily traveled road, and there are no
stop lights to hinder the test vehicles’ progress.

By moving the east exit of the test route, the loop extended about three more miles, making a4l

mile (66 km) round trip. The length of the trip is well within the parameters of the test
procedures.
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Traffic

Like Monroe, Michigan, this stretch of Interstate 75 is heavily traveled. The large traffic volume
caused the tests to be performed at night in an attempt to diminish the impact of traffic on the
test, both in terms of turbulence and possible speed variations. By running the tests at night there
was a definite reduction in the amount of automobile traffic. The amount of truck traffic,
however, appeared to remain constant. There were times when after the closure of the weigh
station was requested to allow the test truck to enter the scale, that the control truck was then in
the middle of a*“pack” of trucks. While this truck traffic did not adversely affect the overall test,
it is noteworthy that the traffic volume of commercial vehicles did not seem to decrease
appreciably during the nighttime hours.

Test Conditions

The Knoxville, Tennessee weigh stations were chosen because of the hilly terrain and high traffic
volume. This site provided a sharp contrast to the character of the static scales utilized in Ohio,
which were located on flat terrain, with alower traffic volume. By using these contrasting sites,
it was hoped to capture a broad range of fuel consumption differences along the 1-75 corridor.

The weather did not adversely impact our testing procedures. The weather was cool but humid
during the three nights of testing. There was fog during one night of testing. It was not,
however, thick enough to suspend testing. The temperature averaged the mid-60'sF (16°C) and
winds remained calm.

For thistest, 31,600 Ib (14,364 kg) of freight was acquired for each truck. The gross weight of
each truck was virtually identical; within 120 Ib (55 kg) of the other. The control truck’s gross
weight was 65,400 Ib (29,692 kg) and the test truck’s gross weight was 65,520 1b (29,746 kg)
(Refer to Appendix page 37 for copies of bills of lading and certified scale receipts.)

The revised design for the static scale station required a minimum of 30 runs, 15 in the “control”

condition and 15 in the “test” condition. This set of tests completed 30 total runs, 15 in each
condition.
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CHARLOTTE COUNTY, FLORIDA

The fourth round of testing was conducted at the weigh stations in Charlotte County, Florida,
near the city of Punta Gorda. The testing began on October 2, 1996, and lasted through October
9, 1996. These weigh stations are located about six miles south of the intersection of US 17 and
Interstate 75. These scales are termed “high-speed” ramp WIM, because the scale is equipped
with aramp WIM sorter and a bypass lane with a posted speed limit of 45 mph (72 kph). This
bypass lane speed is considerably higher than other bypass lanes, hence the term *high-speed
ramp WIM." Along with the bypass lane, there are two static scales, one on each side of the
scale house, and a large parking lot for inspection purposes. This particular set of scales was not
used in the Pilot Studies, although a similar design layout, near Marion, Florida, was included in
the Pilot Studiesin 1995.

Base of Operations

The base of operations for this set of tests was the shoulder of the road on the south side of the
test route. The nearest rest area was not acceptable because there was no direct accessto it. The
rest area on North Jones Loop Road is about 1/4 mile (0.4 km) off the interstate, and the trucks
would have to maneuver around along circular drive to get to the parking area. Thus, awide
shoulder area on Tuckers Grade Road was utilized for the base of operations. Tuckers Grade
Road is afour lane, divided road, that provided an adequate set-up area.  The shoulder proved to
be satisfactory, as there was little traffic on this road to interfere with the test procedures. There
was aso plenty of territory for the trucks to make their turns into the base area. The Florida
DOT also supplied the crew with warning flags that were posted alongside the road, to warn any
oncoming motorists that a crew was working along the shoulder of the roadway.

As with previous tests, after refueling the trucks, crew members were sent to designated positions
to hold back any oncoming traffic and send the trucks on the test route.

Test Route

The north border of the test route was Exit 34. There was very little traffic on this end of the test
route. The south border, as stated, was Exit 27, Tuckers Grade Road. This was a 47 mile

(76 km) route. Again, there was little traffic and no traffic signals to interfere with the
operations. Given the length of the route, the crew was fortunate to complete 10 runs a day, and
remain within the drivers’ hours of service limits.

Traffic

Truck traffic was not a hindrance at this location. There was a moderate amount of automobile
traffic, however, not enough to cause maor problems.
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Test Conditions

The tests at the Florida location were conducted at the efficient “high-speed ramp WIM” design.
It was a wide open, flat area. There was the Peace River bridge to cross each run, however. The
bridge was probably 3/4 mile (1.2 km) long. There were cross winds that the trucks encountered
going across the bridge. Temperatures were warm, in the mid-80's F (27 ° C). There were
moderately gusty winds throughout the testing. On the seventh day of testing, Tropical Storm
Josephine came ashore north of the test location. While the area did not bear the brunt of the
storm, there were strong winds and rain in the area. The turbulent weather conditions forced a
delay in testing on two occasions, to alow for the storm to dissipate. However, there was
sustained precipitation throughout the day.

For this test 30,240 Ib (13,729 kg) of freight was procured for each truck. Again, the gross
weight of each was virtualy identical, within 80 |b (36 kg). The gross weight of the control
truck was 64,840 Ib (29,437 kg). The test truck’s gross weight was 64,740 Ib (29,392 kg).
(Refer to Appendix page 40 for copies of bills of lading and certified scale receipts.)

The revised design for the high speed ramp WIM station required a minimum of 70 runs, 35in

each condition. The larger number of runsis a consequence of the smaller fuel savings expected
in this type of station. This test completed 70 runs, 35 in each condition.
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MONROE COUNTY, GEORGIA

The fifth and final round of testing was conducted at the weigh stations in Monroe County,
Georgia, near the city of Forsyth, about 60 miles (96 km) south of Atlanta, Georgia. These
scales are the ramp weigh-in-motion (WIM) design type, similar to those in Monroe, Michigan.
These scales provide a substantial contrast to the weigh stations in Michigan, as these scales sit
on top of ahill. Thereisalong, gradual incline approaching the static scale at both northbound
and southbound weigh stations, in contrast to the scales in Michigan, which sit on flat terrain.
Testing began on February 25, 1997 and concluded on March 1, 1997.

Base of Operations

A rest area at the south end of the test route provided the crew with a base of operations. The rest
area was continually full and traffic volumes were heavier than anticipated with both
automobiles and trucks.

The crew was fortunate each day to secure three parking spaces; keeping the parking spots
secured also proved to be a challenge. On several occasions, even after cones were placed in the
spots to reserve the space, people would park in those spaces. Crew members frequently asked
people to move their vehicles, so the test trucks would have a place to park. As with the other
tests, after refueling the tanks, the crew was dispatched to hold back traffic to alow the trucks to
enter the freeway without interference.

Test Route

The north end of the test route was Exit 65, High Falls Road. The south end was Exit 58,
Bolingbrooke Road. Neither road was heavily traveled and there were no traffic signals to hinder
their progress. Utilizing these two exits produced a 41 mile (66 km) test route.

Traffic

This area of Interstate 75 had an ample amount of traffic, both in trucks and automobiles. There
was heavier than normal tourist traffic, due to a motorcycle rally in Daytona, Florida the
following weekend. Even without the tourist traffic, the test trucks encountered several
slowdowns during the runs, due to heavier than expected truck traffic.
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Test Conditions

Therolling terrain at this set of weigh stations provided a sharp contrast to the area surrounding
the weigh stations in Monroe, Michigan. The test route contained several hills, including long
slopes approaching the southbound weigh station and the rest area. The weather aso cooperated
during the tests. The temperature was moderate, in the 70’'sF, (21° C). We did, however,
encounter light rain during two of the days of testing.

For these tests, 30,240 Ib (13,729 kg) of bricks were acquired. The acquisition of this freight
produced a gross weight of 65,280 Ib (29,637 kg) for the control truck and 65,520 Ib (29,746 kg)
for the test truck. Again, the gross weights of the vehicles were very similar, a difference of only
240 1b (109 kg). (Refer to Appendix page 40 for copies of bills of lading and certified scale
receipts.)

The revised design for the ramp WIM station required 50 runs to be performed 25 in the control

condition and 25 in the test condition. This test completed 50 runs, 25 in each condition, carried
out over a period of five days.
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WEIGH STATION QUEUE FUEL CONSUMPTION TESTS

Separate fuel consumption tests were conducted at the Charlotte County, Florida weigh stations
to gather data for estimating the effect of weigh station queues on fuel consumption. The tests
were conducted using similar procedures to those used for to the fuel consumption tests at the
weigh stations.  Some procedures were adjusted to account for the fact that we now had drivers
starting and stopping at various intervals. The description of the test procedures went as follows:

Scenarios

Two identically equipped trucks, one termed the control truck, the other termed the test truck
complete test runs of defined loops, as illustrated in Figure Nine. These tests were conducted in
the large parking and inspection area at the Charlotte County, Florida weigh station. The trucks
completed five baseline runs whereby both trucks follow the control truck script. The control
truck script established the baseline fuel consumption differences between the two trucks. The
trucks then completed five experimental runs in which the test truck stopped each 200 feet, (61
m), and the control truck again followed the control script. The last set of five runs had the test
tuck stop each 100 feet (30.5 m).

Figure 9: Weigh Station Queue Fuel Consumption Tests

Interval Stop Points

Start/Stop Point

Direction of

Routine
Scale Traffic
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Scripts

The drivers completed each test run according to the following scripts. Separate scripts are
provided for the control truck and the test truck.

Script for the Control Truck

1. Upon entering the truck cab, close the vent window and side window, reset the
cumulative stop timer to zero, release the parking brakes (hold the vehicle in place
using the foot brake pedal), and wait for the start signal from the data collection team
leader.

2. When the data collection team leader signals the start of the run, start the engine,
depart from the start/stop point, and accelerate to 15 miles per hour (24 kph).

3. Maintain a speed of 15 miles per hour (24 kph), complete two loops of the parking
area access road, and return to the start/stop point.

4. Upon arriving at the start/stop point put the transmission in neutral, set the parking
brake, and immediately shut down the engine.

Script for the Test Truck

1. Upon entering the truck cab, close the vent window and side window, reset the
cumul ative stop timer to zero, release the parking brakes (hold the vehicle in place
using the foot brake pedal), and wait for the start signal from the data collection team
leader.

2. When the data collection team leader signals run start, start the engine, depart the start
top point and accelerate to 5 miles per hour (8 kph). (This was an average in-queue
speed observed during Pilot Study Two’'s weigh station throughput timing tests.)

3. Come to a complete stop at the first interval stop point and remain stopped for a period
of 15 seconds.

4. Depart the first interval start/stop point and accelerate to 5 miles per hour

8 )

5. (Coi:nldeq)to a complete stop at the next interval stop point and remain stopped for a
period or 15 seconds.

6. Repeat steps 5 and 6 for each interval stop point, complete two loops of the parking
area access road, and return to the start stop point.

7. Upon arriving at the start/stop point put the transmission in neutral, set the parking
brake, and immediately shut down the engine.
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Sd. Dev.e= the standard deviation of the observed fuel consumption differences between the
control truck and the test truck during the experimental runs

SEMean = the standard error of the sample mean (thisis equal to the standard deviation
divided by the square root of the number of runs; it is ameasure of the variability
of our sample mean measurement).

Nb=  number of baseline runs
Ne= number of experimental runs

The fuel consumption values are provided in Table Four for the tests of various weigh stations.
The table lists the difference in fuel consumption between the two trucks during the baseline runs
(in which both trucks bypass the weigh station) and the experimental runs (in which one truck
bypasses while the other pulls into weigh station). The difference between Mb and Me isa
measure of fuel savings due to trucks bypassing weigh stations. Me, the difference between the
fuel consumption of atruck bypassing the station and one pulling into the station, is not an
accurate measure of the savings in fuel because the observed differences on the experimental
runs could be due to variations between the test truck and control truck rather than bypassing the
station. Thisiswhy we use baseline runs to establish the relative fuel consumption of the two
trucks at the time of each test. To elaborate:

Notice that at most locations the control truck (which always bypasses the station) uses more fuel
than the test truck (which pullsinto the station) during the experimental runs. For example, at
the Findlay, Ohio station, the control truck used 0.05 gallons more bypassing the station than the
test truck uses when it stops at the static scale. We use the baseline runs to establish the relative
fuel consumption of the two trucks at the time of each test. At Findlay, Ohio, when both trucks
bypass the weigh station the control truck consumes 0.23 gallons more fuel than the test truck. It
is the difference between these two values, 0.23 - 0.05 = 0.18, that represents the fuel savings.

By stopping at the static scale the test truck has consumed additional fuel so that the two trucks
are nearly the same in terms of fuel consumed.

The use of baseline and experimental runs would not be necessary if it were possible to use truly
identical trucks. For truly identical trucks the mean difference for the baseline runs (M) would
be zero. For this evaluation the mean difference for the baseline runs was positive, the vehicle
used as the control truck always consumed more fuel than the test truck during the baseline runs.
This can be due to minor variations in engine performance, tire tread, or any number of other
possible factors. Sinceit is not possible to control all of these factors the baseline runs provide
the best means of obtaining accurate estimates of fuel savings.

Table Five illustrates the estimated fuel savings per weigh station bypass.
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Table 5: Estimated Fuel Savings Per Weigh Station

Location Weigh Station Type Estimated Fuel 95% Confidence
Savings in Gallons Interval in Gallons
(Liters) (Liters)

Monroe MI Ramp WIM 0.11 0.085, 0.134
(0.42) (0.322, 0.507)

Findlay OH Static Scale 0.18 0.151, 0.207
(0.68) (0.572, 0.783)

Knoxville TN Static Scale 0.16 0.134, 0.194
(0.61) (0.507, 0.734)

Monroe Co. GA Ramp WIM 0.06 0.026, 0.097
(0.22) (0.098, 0.367)

Charlotte Co. FL High Speed 0.05 0.037, 0.067
Ramp WIM (0.19) (0.140, 0.254)

The two sample pooled-t-statistic-based methods are used for drawing conclusions. To be
specific, the runs are viewed as a sample from the population of interest (i.¢., the savings that
would be observed in a much bigger experiment involving more trucks). The observed
difference between M} and M, is an estimate of the fuel savings expected. A 95% confidence
interval provides a range of plausible values for the expected fuel savings. The formula used to
provide the interval is:

Confidence Interval = (M — M.) £ * S( }NLI’ + NL‘ )

where S is a pooled (combined) estimate of variability that uses both the experimental and
baseline runs and the #* value is a number that can be obtained from the tables to insure the 95%
confidence statement is accurate (the * value is generally about 2.0). More details about this
procedure can be found in a variety of statistics texts including The Basic Practice of Statistics by
D.S. Moore, W.H. Freeman and Co., 1994. The pooled procedures require that S and S. be
approximately the same. They are almost identical at four of the five sites. The difference is
more substantial in Charlotte County, Florida, but still within the range for which pooled
procedures can be applied.

The width of the confidence interval is determined mainly by the standard error of the baseline
and experimental means. Although the standard deviations are large, indicating substantial
run-to-run variability, the standard errors are much smaller because they account for the sample
size. Sample sizes were chosen with the goal of obtaining confidence intervals that are
sufficiently narrow for the present purpose.
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An aternative method of expressing the value of fuel savings attributable to electronic clearance
isin percentage of fuel saved. The following table expresses the fuel savings terms of gallons
saved per clearance. These values are expressed as a percentage of the fuel required to complete
I/2 of the loop, i.e. per one station. Table 6 includes an expanded version of the data that led to
these conclusions along with notes about computing fuel savings as a percentage. The numbers
rangefrom 1.53% to 6.65%.

Table 6: Fuel Savings As a Percentage

Station | Type of Run|Number Mean Fuel |[Mean Fuel Mean Savings
of Runs | Used - Used - Difference (%)
Control Test Between
Truck Truck Control and
Gal. (Ltr.)| Gal. (Ltr.) |Test Truck
Gal. (Ltr.)
Findlay OH Basdline 12 2.82 2.59 0.23
(Static Scale) | Experimental 26 2.79 2.74 0.05 6.65%
Knoxville TN Basdline 15 2.98 2.8 0.18
(Static Scale) | Experimental 15 2.95 2.94 0.01 5.69%
Monroe M1 Basaline 23 2.62 2.49 0.13
(Ramp WIM) | Experimental 25 257 255 0.23 4.33%
Monroe GA Basdline 25 34 3.39 0.02
(Ramp WIM)| Experimental 25 3.44 3.49 -0.45 1.80%
Charlotte FL Basdline 35 342 3.25 0.17
(High Speed | Experimental 34 3.52 341 0.12 1.53%
(Ramp WIM)

The percentage of fuel saved is derived by taking the fuel consumed by both trucks per 1/2 loop
(one station) and dividing by the mean amount of fuel used by the test truck on that half loop.
For example, at Findlay, Ohio the typical savings are calculated by subtracting the experimental
fuel used from the baseline fuel used, then dividing by the typical fuel used per half loop.
Therefore, fuel savings expressed as a percentage is. 0.18/2.69 = 6.65%.
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At the Knoxville, Tennessee site, the typical fuel consumption is 2.8765 gallons. The fuel
savings is then 0.1638/2.8765 = 5.69%.

At Monroe, Michigan the typical fuel consumption is 2.5295 gallons. The fuel savings as a
percentage is then calculated as (savings/consumption) 0.1096/2.5295 = 4.33%.

At the Monroe County, Georgia site, the typical fuel consumption is 3.414 gallons. The fuel
savings as a percentage is then calculated (savings/consumption) 0.0616/3.4 14 = 1.80%.

At the Charlotte County, Florida location the typical fuel consumption is 3.3875 gallons. The
fuel savings as a percentage is then calculated (savings/consumption) 0.0519/3.3875 = 1.53%.

Results of Weigh Station Queue Tests

These weigh station queue tests were designed to provide some insight into the fuel consumption
of commercial vehicles which make repeated starts and stops. These tests were to simulate, as
closely as possible, a full weigh station queue. As stated earlier, the test truck made repeated
stops at 100 ft. (30.5 m) and 200 ft. (61 m) intervals. During these queue tests the trucks were
loaded with 35,000 Ib. ( 15,890 kg) of freight to better simulate actual operations through a given
weigh station.

The methods for data analysis and reduction of the weigh station queue tests are the same as for
the highway speed versions with one modification. Results are recorded as fuel saved per mile
rather than per weigh station since no weigh station bypasses are involved in this test.

Table Seven shows the results for three sets of runs: baseline runs in which both trucks complete
aone-mile loop at about 15 mph with no stops, Experimental Condition | (200 ft., 61 m) in
which the test truck stops every 200 feet (6 1 m) for 15 seconds, and Experimental Condition 11
(200 ft., 30.5 m) in which the test truck stops every 100 feet (30.5 m) for 15 seconds.

The control truck averaged about 13.1 mph (2 1.1 kph) during its 15 runs. We report the mean
difference between the two trucks in gallons saved per mile along with the run-to-run standard
deviation and the standard error of the mean. Here, as before, the baseline mean would be zero if
it were possible to use identical trucks. The observed difference suggests that the control truck
consumes more fuel at 13.1 mph (21.1 kph) than the test truck on the baseline run. In the two
experimental conditions the test truck consumes considerably more fuel. The standard deviations
of the Baseline and Experimental | runs are extremely similar, however, the Experimenta |1 runs
were much more variable. Perhaps the constant stopping and starting made these runs more
susceptible to environmental factors. Given the small number of runs we have treated the
standard deviations as equal.

Table 7 summarizes the results of the weigh station queue test.
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Table 7: Baseline and Experimental Results For Weigh Station Queue Test

Run Type Approx. Approx. Number Mean Standard SE Mean
stops Speed in of Runs inGal. Dev. in inGal.
ft. (m) mph (kph) (Ltr) Gal. (Ltr) (Ltr)

Baseline None 131 5 0.0697 0.0124 0.0055
(21.1) (0.263) (0.047) (0.021)

Experimental | 200 38 5 -0.1897 0.0127 0.0057
(61 m) (6.1) (-0.718) (0.048) (0.022)

Experimental 11 100 2.3 5 -0.2960 0.0233 0.0104
(30.5m) (3.7) (-1.120) (0.088) (0.039)

To further explain the Weigh Station Queue Test Results, we go to Table 8. Thefiguresin Table
Eight suggest that the stop-and-go driving conditions typical of weigh station queues may
increase the expected fuel savings for commercia vehicles electronically cleared past static
scales. Our earlier weigh station results suggest that a truck pulling into an empty weigh station,
stopping at the scale, and accelerating back to highway speed will consume 0.16 to 0.18 gallons
(0.61 to 0.68 liters) of fuel per station. The numbers here suggest that a queue moving roughly
at 4 mph (6.4 kph) for alength 0.5 miles (0.8 km) would add another 0.13 gallon (0.49 liters) of
fuel to the cost of stopping (0.26 gallons per mile for 0.5 miles) or ( 0.98 liters per kilometers for

0.8 km).

Table 8: Estimated Fuel Savings and Confidence Interval For Weigh Station Queue Tests

(relative to baseline)

Run Type Approx. Stops Speed Cost of Stop/Go | 95% Confidence
in feet (m) in mph (kph) in gal/mi Interval ingal.
(Itr/km) (tr)
Experimental | 200 38 0.26 0.24,0.28
(61m) (6.1) (0.98) (0.91, 1.06)
Experimental 11 100 2.3 0.37 0.34,0.39
(30.5m) (3.7) (1.40) (1.29, 1.48)
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SUMMARY AND FINDINGS

Table 5 (see page 34) provides the mean fuel savingsin galons (or liters) per weigh station
bypassed and a 95% confidence interval for each site. All confidence intervals exclude the value
zero which means that the fuel savings are “statistically significant.” This statement is of limited
value since it would seem evident that some fuel savings accrue to trucks that bypass weigh
stations. A more important issue concerns the magnitude of savings.

The static scales provide the most dramatic savings with bypasses of Knox, Tennessee and
Findlay, Ohio saving 0.16 and 0.18 gallons (0.61 and 0.68 liters) per station, respectively. The
high-speed ramp WIM in Charlotte County, Florida performs as advertised with fuel savings of
about 0.05 gallons (0.19 liters) per station bypassed. The savings accrued at the ramp WIM set
of scales are between these two extremes. The savings in Monroe, Michigan were estimated at
0.11 gallons (0.42 liters) per station. The result from the Monroe County, Georgia station (0.06
galons (0.19 liters) per station) is surprisingly low, even with the hilly terrain surrounding the
Forsyth area. The confidence interval here is widest because there was a great deal of variability
from run-to-run.

The estimated fuel savings per station bypassed is somewhat conservative since the experimental
runs eliminated traffic within the weigh station. The weigh station queue tests provide some
insight into the magnitude of the additiona fuel savings due to queue traffic. It appears that the
stop-and-go traffic, averaging 4 mph (6.4 kph) consumes an additional 0.26 gallons (0.98 liters)
per mile (km) relative to the 15 mph (24 kph) constant travel. A queue moving at 2 mph (3 kph)
consumes 0.37 gallons (1.4 liters) per mile (km) relative to the 15 mph (24 kph) constant travel
through a given weigh station. The fuel consumption relative to mainline speed is probably a
small amount more, but we did not measure this relationship directly. More testing is needed in
the area of fuel consumption in queue relative to mainline speeds.

The value of electronic clearance, therefore, depends on the number and nature of stations
passed. For example, in societa terms, suppose 100 trucks per hour were cleared to pass a static
scale. The clearance of these trucks would mean savings of 16 gallons (6 1 liters) of fuel per hour
(assuming no queue) for those 100 electronic clearances. Assuming a 0.5 mile (0.8 km) queue
of stop-and-go traffic, would add another 13 gallons (49 liters) to the savings over those 100
clearances. If those trucks were cleared at a ramp Weigh-In-Motion (WIM) type scale, the fuel
savings could range from 6 gallons (22.71 liters) to 11 gallons (41.64 liters) for those 100 trucks
being cleared electronically.

Another method of expressing the value of eectronic clearance isto state it in economic termsin
relation to an individual truck or firm. Therefore, suppose a truck were cleared to bypass 100
static scale stations over a month period. With fuel at $1 .08/gallon? this could mean afuel
savings to the carrier of approximately $11 .00/month per truck. Thus, as a result of these
experiments, we can state that there are measurable fuel savings attributable to electronic
clearance at weigh stations.

2 National Truck Stop (NTS) Average price. week of January 3-9, 1998.
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I ntroduction

This document is the third of five evaluation reports for the Advantage 1-75 Mainline Automated
Clearance Systems (MACS) on the performance and productivity of weigh stations along the
I-75/Highway 401 corridor between Ontario and Florida. The vision of the Advantage I-75
program is to incorporate existing technologies into an ITS operational setting that will provide
aninitial step in the process of adapting the nation’s highway systems to accommodate the
increased demands placed on it. A field operationa test entitled Mainline Automated Clearance
Systems (MACS) was designed and implemented for the Advantage I-75 program. The objective
of the MACS operational test was to allow transponder-equipped trucks to travel any segment of
the entire length of 1-75 and Highway 401 at mainline speeds with no more than a single stop at
aweigh station.

Project Scope

The purpose of this part of the evaluation is to determine if mainline electronic clearance
produces significant travel time savings for motor carriers. The data collection procedure used to
make this determination was designed by lowa State University. The prescribed method was to
position recorders at the entrance point of the weigh station, at the static scale, and at the exit
point of the weigh station. The recorders, equipped with stop watches, then recorded the time
each truck crossed the specific point. Mainline speeds were also recorded. The difference in
time between the commercial vehicle in the weigh station, and one on the mainline was the
estimated time savings attributable to being electronically screened on the mainline.

Findings

The fundamental hypothesis tested was that reduction or elimination of stops at weigh stations by
participant transponder-equipped vehicles will result in travel time savings for that truck. Travel
time estimates were measured at 19 sets of weigh stations along the corridor. These 19 sets of
stations represent the three main weigh station design types. They are the static scale design
type, the ramp weigh-in-motion (WIM) design type, and the high-speed ramp WIM design type.

The estimated time savings were different for each weigh station design type. Travel time
savings were most substantial at the static scale design types. At the static scales in Knoxville,
Tennessee and Findlay, Ohio, vehicle bypasses provided measurable time savings, on average, of
4.86 minutes, and 2.22 minutes, per station respectively. Part of the time difference is the
amount of truck traffic at each facility. Trucks entered the Knoxville, Tennessee weigh station at
arate of 450 trucks per hour, while the rate of arriving vehicles at the stations near Findlay, Ohio
was 2 15 trucks per hour. The travel time savings between driving on the mainline and driving
through the weigh-in-motion stations are smaller. Travel time savings at WIM stations such as

Weigh Station Throughput 3-1 Final Report



those in Monroe, Michigan were estimated at 1.33 minutes per station. The time savings accrued
in Charlotte County, Florida, at the high-speed ramp WIM, were 1.92 minutes per station cleared
to bypass. The principal conclusion from this experiment is that there are measurable time
savings obtained by electronic clearance. The value of these savings, however, depends on the
number and nature of the stations being electronically cleared.

R g e
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PURPOSE OF EVALUATION

The purpose of the weigh station throughput evaluation is to determine the effect of the
Advantage I-75 MACS project on travel time for commercial vehicles on the I-75 corridor.
Specificaly, the difference in time required by commercial vehicles traveling through Advantage
[-75 MACS weigh stations and the time required by vehicles that are electronically cleared to
bypass the same weigh stations was measured.

EVALUATION DESCRIPTION

The evaluation procedures, as described in the Weigh Station Individual Evaluation Test Plan,
submitted to the Task Force on May 10, 1996, is based on the results of the previous evaluation
activities and pilot studies. The test is designed to determine the potential time savings
attributable to being cleared to pass weigh stations at selected sites along the Advantage
[-75/Highway 40 1 corridor. Comparisons of travel times for vehicles electronically cleared to
bypass selected weigh stations on the mainline and for vehicles routinely processed through the
same weigh stations were established by collecting explicit vehicle throughput data during
multiple time periods. The throughput data consisted of vehicle identification and arrival times
collected at three locations within the weigh station for al vehicles entering the station during the
prescribed time periods. The three locations were:

Point One: Upstream base of the weigh station approach ramp (Point of Entry).
. Point Two: Static scale or primary monitoring facility at the center of the weigh station.
. Point Three: Downstream base of the weigh station departure ramp (Point of Exit).

Two research assistants were positioned at each of the three locations and manually recorded the
vehicle identification and arrival time for each arriving vehicle during the scheduled observation
time period. Data were collected in 66 minute increments at the beginning of the tests. The six
additional minutes of data were required to ensure that all measurements were obtained for each
vehicle arriving at Point One during the first 60 minutes. On the basis of Pilot Study Two
results, sSix minutes was an adequate time for approximately 99 percent of the arriving vehicles
from Point Oneto Point Three. Later collection sessions gathered the data in two-hour
increments.  The use of two-hour periods proved to be more helpful for constructing a weigh
station simulation program, which was required for other aspects of the evaluation.

The arrival time data at Points One, Two and Three were used to calcul ate the mean inter-arrival
time and processing time at each of the weigh stations. The mean interarrival time is a measure
of how frequently vehicles arrive a a specified point (e.g., Point One). For example, a mean
inter-arrival time of 8.5 seconds at Point One, indicates that, on average, one vehicle is arriving at
Point One every 8.5 seconds. Processing time is a measure of the time required for vehicles to be
processed from the beginning point of the weigh station (Point One) to the ending point of the
weigh station (Point Three). Travel time savings were established by subtracting the mainline
travel time from Point One to Point Three at observed highway speeds from the weigh station
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processing time. The results of the evaluation are presented in a tabular listing of the typical
travel time savings at each of the selected Advantage I-75 weigh stations. The nature and extent
of vehicle inspections were determined by recording vehicle processing data for each vehicle
arriving at the static scale or central processing point (e.g. Point Two) during the scheduled time
periods. The data recorded are an identifier code used to designate pre-defined inspection
scenarios and processing time. On the basis of the results of Pilot Study Two, the following
three inspection scenarios were used for this test:

« Stop at Scale: Routine processing, in which the vehicle is immediately released to the
mainline after the weight and credentials have been examined.

« Leve One: Brief ingpection, in which the vehicle is first directed to park on the scale (not
pulled out of queue) for abrief credential check and then released to the mainline.

« Level Two: Detailed inspection, in which a vehicle is pulled out of queue and directed to
park at a designated inspection and parking area for further inspection or credential check.

The data were recorded simultaneously with the identification and arrival time information by
the research assistants stationed at Point Two.

For each selected test site, the inspection information is presented in a tabular format providing
the number of vehicles entering the weigh station, the number of vehicles that stopped at the
scale, and the number of Level One and Level Two inspections that occurred during the
scheduled collection periods.

As the design of some of the weigh stations is such that not all the stations require that the
vehicles entering the stations arrive at the static scale, (e.g. Ramp WIM and High-Speed Ramp
WIM stations), the collected data are also useful in determining the probabilities of being
directed to the static scale (Point Two) at these stations.

Hypothesis Tested

« “Reduction or elimination of stops at weigh stations by participant transponder-equipped
trucks will result in travel time savings for those trucks.”

Recap Of Test Procedures

This test compared the travel time required for vehicles proceeding through the weigh station to
that of vehicles bypassing the station at observed mainline speeds. We then calculated expected
travel time savings resulting from electronic clearance at selected Advantage CVO MACS weigh
stations. The data, referred to as throughput processing time data, were collected at scheduled
one- and two-hour time periods that coincided with both peak and non-peak traffic conditions.
The test output is listed in tabular format stating the mean and standard deviation of travel time
savings, and intervals describing the travel time savings for 95% of the truck population for each
of the selected test sites.

The evaluation also incorporated a survey of the nature and extent of existing inspection and
credential monitoring conditions at selected Advantage CVO MACS weigh stations. The study
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documented the number and type of inspection and credential monitoring that occurred during
the scheduled time periods. The results of this part of the study arelisted in Table 5. The
information provided is the number of inspections or credential verifications during the specified
time periods.

Statistical Methods Used to Analyze the Data

The statistical methods used were consistent with the various aims of this data collection effort.
The first part of the statistical analysis of the data was error checking and editing. The
experience from the pilot studies proved accurate; approximately one-to-two percent of the data
records contained data entry or recording errors. Some of these errors were easily discovered; for
example, atruck recorded as having reached Point Three prior to reaching Point One.

The principal method of analysis was ssmply to record summaries of the data. To measure time
savings the mean amount of time required for atruck to pass through the weigh station (based on
a large sample) is reported. A smaller sample of speed measurements is used to assess the time
required for trucks that bypass the weigh station to travel a similar distance. The difference
between the two means is a measure of travel time savings. The median is an alternative
measurement that is not affected by outlying errant values. In addition to reporting the mean
savings, a measure of variability (the standard deviation) and an interval that describes the
experiences of the middle 95 percent of the population of commercia vehicles (with others
excluded as possible errors or evidence of unusual driving) is also reported. In addition, the
recorded data will provide information about the frequency and duration of inspections under the
current system. Thisinformation is most useful for others to assess the possible impact of
electronic clearance on credential monitoring and other violations.

A second aim of the data collection was to provide data for building and validating simulation
models. The tables described above were essentia to that effort, but the simulation requires
additional data about the probability distribution of various random phenomena (i.e., the interval
between consecutive truck arrivals or the service time for an inspection or static weighing).
Standard distributions like the exponential distribution for arrival times (or its generalized
version, known as the gamma distribution) and normal distributions for processing times or
speeds were also considered. The parameters of these distributions were chosen to match the
observed mean and standard deviation of the data.
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Evaluation Schedule
The evaluation schedule was contingent upon close coordination with the test participants and
test location. The following tables list the contact names, addresses and tel ephone numbers for
the key participants and research locations.

Key participants included the eval uation manager, evaluation coordinators, data collection team,
and statistical analysis team. Table 1, provides the key contact, telephone numbers, fax numbers,
and role of each key participant.

Table 1. Evaluation Participant Contacts by Project Role

Role Key Contact Address Phone/Fax
Evaluation Manager Mr. Bill McCall | Center for Transportation (515) 294-9501
Research and Education (515) 294-0467
2625 N. Loop Drive
Suite 2100
Ames, |A 50010-8615
Evaluation Mr. Dennis Center for Transportation (515) 294-7164
Coordinators Kroeger Research and Education (515) 294-0467
2625 N. Loop Drive
Suite 2100
Ames, |A 50010-8615
Data Collection Team Mr. Ed Powe Entrepreneurial Devel opment (502) 227-6172
Institute (502) 227-6763
Kentucky State University
415 Hathaway Hall
Frankfort, KY 40601
Statistical Analysis Dr. Hal Stern 121 Snedecor Hall (515) 294-5582
lowa State University (515) 294-4040
Ames, IA 50011-1210

Evaluation Locations

Because many weigh stations only operate during certain hours of the day, the evaluation was
extremely dependent on close coordination with weigh station personnel. Table 2 provides the
key contact names, addresses, telephone and fax numbers for each of the weigh stations included
in the test. Every effort was made to contact the weigh station both by telephone and in writing
approximately one month prior to commencement of the throughput data collection. The weigh
station personnel were cooperative during the test procedures. Also, the data collection team
made sure not to disturb the stations' operations while collecting the data.
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Table 2: Weigh Station Contacts by Test Location

South)

P.O. Box 5020
Burlington ON, L7R-3Z9

Test Location Key Contact Address Phone/Fax
Halton, Ontario Mr. John Cowan Ministry of Transportation (905) 637-4108
(Trafalgar North and 1182 North Shore Blvd. East Ext. 252

(905) 637-4114

Middlesex, Ontario
(Putnam North and
South)

Ms. Kathie Costello

Ministry of Transportation
659 Exeter Road
London, ON N6E- 1L3

(5 19) 649-3004
(519) 649-3086

Essex, Ontario
(Windsor North and
South)

Mr. Duncan Calder

Ministry of Transportation
2740 Dougall Avenue
Windsor, ON N8X-IT2

(5 19) 972-7349
(519) 973-1492

Monroe, M|
(Erie East and West)

Lt. Thomas Kenney

Michigan State Police
300 Jones Avenue
Monroe, M| 48161

(313) 242-3500
(3 13) 242-8928

Hancock/Wood, OH

Sgt. Jm Bennett

Ohio Highway Patrol
320 1 North Main Avenue
Findlay, OH 45840

(419) 423-1414
(419) 423-9179

P.O. Box 760
Georgetown, KY 40324

Kenton, KY Lt. Jim Sutter Kentucky Transportation Cabinet |(606) 356-1 111
Motor Vehicle Enforcement: (606) 356-0862
P.O. Box 109
Walton, KY 4 1094-0109

Scott, KY Lt. William Carter  |Kentucky Transportation Cabinet [(502) 863-4559

(Georgetown) Motor Vehicle Enforcement (502) 863-2124

Knoxville, TN

Capt. Richard Sayne

Tennessee Dept. of Public Safety
760 1 Kingston Pike
Knoxville, TN 37919

(615) 966-5071
(615) 671-1293

Monroe Co., GA
(Forsyth)

Capt. Cliff Tackett

Georgia Dept. of Transportation
276 Memoria Drive
Atlanta, GA 30303

(912) 994-1278
(912) 993-3017

Lowndes Co., GA

Capt. Charles Purvis

Georgia Dept. of Transportation

(912) 244-6863

Tallahassee, FL 32399-0450

(Valdosta) 276 Memorial Drive (912) 245-4331
Atlanta, GA 30303

Charlotte Co., FL Maj. Bill Mickler Florida Dept. of Transportation |904-488-7920

(Punta Gorda) 605 Suwannee Street 904-221-6627
Mail Station 99
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The data collection schedule was originally designed to be in concert with the fuel consumption

tests, and to be completed during the summer of 1996. The schedule was revised due to several
factors:

. At thetime of the data collection, the weigh stations at Halton and Middlesex, Ontario, due
to staff constraints, were only operating 30 - 40% of the time.

. At Hancock, Ohio the weigh station building was undergoing renovation during June and
July 1996, and was closed for 90 days due to the construction.

. The crews at the Monroe and Lowndes, Georgia stations were reassigned to Atlanta,
Georgiafor parts of July and August 1996 to assist with traffic control and security for the
1996 Summer Olympic Games.

. Following the Olympics, these stations then underwent construction improvements and
were closed for periods of time during the fall. The data collection was delayed until

December 1996.
Figure 1: Original Data Collection Schedule
996 1997 1998
Task Name !
01]02]0304]05]06]07]08]09] 10] 11| 12] 01| 02| 0304] 05] 06| 07 | 08| 09] 10] 11| 12| 01 | 02] 0304 05| 06 07|08 09] 10| 11| 12|
Evaluation Preparation May 96 —June 96
DataCollection June 96 Octc|ber 96
Data Anaysis October 96 HEEE— N OCtober 97
Report  Preparation November 97 s March 98

The data collection was originaly scheduled to begin in mid-May 1996 and to have been
completed within four months. The data collection was delayed, but was completed by
mid-December 1996. Figure 2 shows the revised data collection schedule.

Figure 2: Actual Data Collection Schedule

1996 1997 1998
Task Name
01]02]0304]05]06]07]08]09] 10] 11]12]01]02]0304] 05]06]07]08]09] 10| 11| 12] 01]02]0304]05]06]07]08]09]10]11|12|
Evaluation Preparation May 96 —June 96
DataCollection June 96 — December 96
Data Anaysis October 96 TEEE———————— OC{0 o 97
Report Preparation November 97 E— March 98

An overview of the data collection schedule:

. Test Preparation: May - June 1996

. Data Collection: June - December 1996

. Data Anaysis: October 1996 - October 1997

. Fina Report Preparation: November 1997 - March 1998
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Figure 3: Data Collection Locations
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As Figure 3 indicates, the data collection locations were grouped geographically into Data
Collection Groups One through Five beginning with Data Collection Group One in Ontario,
moving South to Group Two stations in Michigan and Ohio. Data Collection Group Three
contained the stations in Kentucky and Tennessee. Data Collection Group Four included the
stations in Georgia, and Data Collection Group Five included the stations in Florida.

Figure 4: Weigh Station Queue at Findlay, Ohio

Figure 4 above, shows the arrival of trucks at the weigh station near Findlay, Ohio. The picture
clearly illustrates the queue of trucks extending to the mainline highway.

The following table lists the weigh stations for which data were collected, and an indication of
their peak hours of operations.
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Table 3: Weigh Station Design Description

Station Name Design Type Peak Hours Peak Queue Conditions

Halton, ON Ramp WIM 7:00-9:00 AM East  |Frequently full queues resulting
9:00-1 1:00 AM & in manual closing as frequently
3:00-5:00 PM West |as 6 times/hour during peak

periods.

Middlesex, ON Ramp WIM 7:00AM-3:00PM Frequently full queues resulting
East in automatic station closing as
7:00-9:00 AM & frequently as 3 times/hour during
1:00-3:00 PM West  |peak periods.

Essex,ON Ramp WIM: East |7:00AM-3:00PM Frequently full queues resulting

Static Scale: West |East in automatic station closing as
7:00-1 0:00AM West frequently as 6 times/hour during
peak periods.

Monroe, Ml Ramp WIM 6:00-9:00 AM North |Frequently 2,000 ft queues
3:00-6:00 PM South |during peak hours. No station

closings.

Wood, OH Static Scale 5:00-9:00 AM & Queue overflows onto mainline
2:00-7:00 PM 5-7 times per hour during peaks.

Manual station closing when
notified by CB radio.

Hancock, OH Static Scale 6:00-9:00 AM & Queue overflows onto mainline
3:00-6:00 PM 7-9 times per hour during peaks.

Queue monitored by TV camera.
Manual station closing when
queue fills.

Kenton, KY Ramp WIM 9:00-1 1:00AM Rarely full queues. No station

(southbound only) closings.

Scott, KY Ramp WIM 6:00-9:00 AM & Rarely full queues. Automatic

(northbound only) 3:00-6:00 PM station closing when queue fills.

Knox, TN Static Scale 6:00AM-5:00 PM Consistently full queues.

Vehicles instructed to bypass
when full. No station closings.

Monroe, GA Ramp WIM 11:00 AM-4:00 PM | Seldom full queues. Manua

station closing when full.

Lowndes, GA Ramp WIM 7:00-1 1:00 PM South| Seldom full queues. Manual
9:00 AM-4:00 PM station closing when full.

North
Charlotte, FL High-Speed Ramp|10:00 AM-5:00 PM |No full queues.
WIM No station closings.
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Recap of Evaluation Procedures

A detailed description follows of the scenarios and procedures for the weigh station throughput
evaluation.

Scenarios

While it is important to evaluate the effect of electronic clearance on weigh station performance,
the task is complicated by the fact that the traffic conditions at every station are affected by a
number of unique factors such as topography and traffic patterns. Additional complications
include seasonal variation in traffic volume, specia events traffic such as sporting events and
conventions, and continuous road construction. With the enormous number of possible
scenarios, a comprehensive design that would include data describing every possible traffic
condition does not seem possible. Instead we opted to survey the stations during the summer
months (when it was easiest to recruit data collection members and stay within the proposed
evaluation time frarne) at both peak and non-peak travel times. Our aim was to provide
information representative of the range of behavior seen at each station. Information about other

scenarios (e.g., winter travel) can be obtained by simulation or extrapolation from the results
obtained here.

m Mainline )

Ramp WIM Sorter

\ /
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- Point ~ Point
« One / \ Three /
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Figure 5: Weigh Station Data Collection Points
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Throughput Data Collection Procedures

The procedures used for recording vehicle arrival time and unique vehicle identification
information at each of the three data collection points shown in Figure 5 were identical for each
selected collection site. (These are the procedures, as described in the Detailed Evaluation Plan,
submitted on May 10, 1996).

. Point One: Point One was staffed by three individuals. one arrival observer, one arrival
recorder, and one bypass observer/recorder. Prior to the start of the first scheduled
one-hour data collection session, the data collection team leader locates and permanently
marks the observation point (using a1l “x2"x 18" pointed stake or fluorescent paint) at the
location shown on the detailed weigh station site plan. (Site plans for each of the selected
test sites are provided in Appendix Three.) The distance from Point One to Point Two was
then measured using a surveyor’s wheel and recorded on the site plan and in the right
header of the first hour’s Vehicle Arrival/Departure Identification Form. Just prior to the
start of each scheduled session, the arrival recorder enters the information, such as site
identification and weather information, in the header of page one of the Vehicle
Arrival/Departure Identification Form.

As the session began, the arrival observer called out the unique truck identification (first four
digits of the prorate plate and arrival time (MM:SS) to the recorder. For example, suppose that
two closaly spaced (say 100 feet apart) trucks arrive at Point One shortly after the session began.
Now further suppose that the first truck, with prorate plate PR-4564, arrived at Point One at 2
minutes 14 seconds past the hour, and the second truck, with prorate plate RC-8742 arrived at
Point One at 2 minutes 26 seconds past the hour. The arrival observer would announce the first
truck as " PR45-02:14” and the second truck as * RC87--02:26.” The arriva recorder would
record the first truck on the 2-minute line (i.e., third line from the top) on page one of the Truck
Arrival/Departure Identification Form by noting PR45 on the ID line (gray-shaded) and 14 on the
Sec. line (not shaded). The second truck would be recorded in the box immediately to the right
of the first truck by noting RC87 on the ID line (gray shaded) and 26 on the time line (not
shaded). Figure Six illustrates the above sample entries in an abbreviated version of the Vehicle
Arrival/Departure Identification Form. Complete forms are included in the Appendix of the final
report.

Figure 6: Abbreviated Vehicle Arrival/Departure Identification Form

Minute | Vehicle Identification and Arrival Time (Seconds)

Sec.

Sec.
2 1D. |PR45 IRC87

Sec. 14 26
3 b

Sec.
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Using this system, the team can note the ID and arrival time of up to 10 trucks in any
one-minute period.

On the basis of the results of Pilot Study Two, secondary vehicle identification procedures were
established for those instances when the vehicle's prorate plate is not immediately conspicuous.
Conditions encountered during this study indicated that the view of prorate plate is obstructed on
approximately 10 percent of vehicles entering the weigh station because the plate is attached to
the lower portion of the truck’s front bumper on a pivoting bracket which is blown back, covered
by an Oversize Vehicle sign, or otherwise not immediately visible. To ensure uniform
identification of these vehicles at each of the data collection points, the following order of
vehicle identification priority was established:

1. Vehicle prorate plate/identification tag (e.g., first four digits)
2. Vehicle cab color (e.g., blue, green, white, and etc.)
3.  Vehicle make (e.g., Navistar, Ford, Kenworth, Peterbilt, and etc.)

We used this procedure to identify vehiclesin order to reduce the possibility of erroneous or
duplicate vehicle descriptions simultaneoudly residing in the throughput data set.

The bypass observer/recorder was located in the vicinity of Point One where the bypassing truck
traffic can be safely observed. On the basis of the results of Pilot Study Two, the best location
for this individual was approximately 200 feet downstream from Point One approximately 10
feet off the road shoulder. Just prior to the start of each session, this individual records the
appropriate information in the header of the Truck Bypass Form (see page A-5). Asthe session
commenced, this individual observed and recorded each commercia vehicle bypass event
attributable to a queue overflow condition. As each bypass event occurred, this individual placed
a dot on the appropriate minute line of the form using a ten-dot tally system. For example, if
four vehicle bypasses were observed during minute six of the session, this individual placed four
dots on line six of the form.

. Point Two Point Two was staffed by one or two individuals depending on the arrival
rates and the arrival speed at the static scale. Generally the arrival speed at these sites was
slow enough that one individual could both identify and record the required information.

Prior to the start of the first scheduled one-hour data collection session, the data collection team
leader located and permanently marked Point 2 (using a 1" x2"x 18" pointed stake or fluorescent
paint) at the location shown on the detailed weigh station site plan). (Site plans for each of the
selected test sites are provided in Appendix Three.) The distance from Point Two to Point Three
was measured using a surveyor’s wheel and recorded on the site plan and in the header of the first
hour’s Vehicle Arrival/Departure Identification Form

Just subsequent to the start of each scheduled session, the individual assigned to this point enters

the information, such as site identification and weather information, in the header of page one of
the Arrival/Departure Identification Form.
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Figure 7: Recordlng Data at Static Scale
The individual recorded the unique vehicle identification, arrival time (using the method

described for Point One), as each truck arrived at the weigh station’s static scale. The processing
scenario is observed and recorded based on the key described below in Table 4.

Table 4: Recording Vehicle Processing Scenarios

Processing Scenario Notation
Stop at scale: Static weigh and exit e e e eee e eae e None
Level One: Static weigh, credential check (Whlle aopped on scale platform), A
=10 = S

Level Two: Static weigh, inspection, credential check, and exit

For example, if atruck is weighed on the static scale and released to return to the mainline, no
additional notations are recorded. Suppose, however, that a truck with prorate plate CY-4911
arrived at the static scale at 15:23 past the hour and was stopped on the static scale by an
enforcement officer, who walked out of the scale house and asked to see the driver’ s logbook.
Upon examining the driver’s logbook, the enforcement officer then released the truck to return to
the mainline. This event is then recorded by noting “CY49” on the gray shaded ID line of the
15-minute segment line of page one of the Truck Arrival/Departure Form (i.e., 16 lines from the
top), and noting “* 23A” (the symbol A is noted for this processing scenario) on the time line (not
shaded). If the truck had been instructed to park and bring the credentials into the weigh station
and/or the vehicle was parked for inspection, the time line portion of the event would be noted as
“23+” ( the symbol + is used to denote trucks that are static weighed, credential checked, and
inspected prior to being released to the mainline).
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It should be noted that not all vehicles arriving at Point One will be observed at Point Two for
those weigh stations designated as Ramp WIM or High-Speed Ramp WIM design types. Pilot
Study Two revealed that the majority of vehicles (77-99 percent of the total vehicles) that enter
these weigh stations are immediately directed back to the mainline on a static scale bypass lane.
The observer(s) at Point Two at these stations were instructed to only note the vehicle arrival,
identification, and processing scenario data for those vehicles that are directed to the static scale.

The process is repeated using pages one, two, and three of the form until the session ends at six
minutes past the following hour.

« Point Three: AsFigure Fiveillustrates, Point Three corresponds to the point where
vehicles exit the weigh station and return to the mainline. However, the term “ Vehicle
Arrival” is till used at this point to maintain consistency in data terminology. This point is
staffed by two individuals, one arrival observer and one arrival recorder. Prior to the start
of the first scheduled one-hour session, the data collection team |leader located and
permanently marked the observation point (using al “x2"x 18" pointed stake or fluorescent
paint) at the location shown on the detailed weigh station site plan.

Just prior to the start of each scheduled session, the arrival recorder entered information, such as
site identification and weather information, in the header of page one of the Vehicle
Arrival/Departure Identification Form.

As each truck arrived, these individuals noted and recorded the unique vehicle identification and

arrival time using the method previously described for Point One. This process continued for
each arriving vehicle until completion of the session at six minutes past the following hour.
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DATA REDUCTION AND ANALYSIS

Hypothesis and Expected Results

To evaluate the hypothesis that trucks being electronically cleared to bypass weigh stations save
time, we measured time savings using the test procedures described earlier in this document.
Our goal was to provide a measure of expected savings (time in seconds per weigh station
bypassed) for different weigh station designs. One can formally test the hypothesis of no
savings, but this is not of much interest here. Instead we focused on providing a valid estimate
along with estimates of the possible variation due to a variety of uncontrolled factors.

Input Data

Data recorded for each truck observed included identification information, time at which the
truck reached Point One (entry point), time at which the truck reached Point Two (static scale) if
it did so, time at which the truck reached Point Three (exit point), and inspection information.
Relatively few trucks were submitted to inspections that required extended time delays, so those
trucks were omitted from analysis. Only trucks that submitted to a static weigh and/or credential
check are described in Table 11. The information was entered into a computer database for
further study.

METHODS

Data Editing

Real-time data collection efforts of this type are prone to a number of types of data errors. Errors
may occur when recording datain the field (not appropriately identifying a truck, times recorded
in the wrong line of the entry form, atruck being sent for an inspection but not reported as such,
etc.), or when entering the data into the computer database. We ran some consistency checks to
ensure, for example, that trucks arrived at Point One earlier than they arrived at Point Two and
that trucks arrived at Point Two earlier than they arrived at Point Three. We also looked for
instances in which one truck apparently passed a second when that is not possible (in a standard
static scale setup for example.) Incorrect data records were corrected after examining the
original forms. Even after editing, several unusual observations remain, e.g., trucks requiring 20
or 30 minutes to traverse a station with no evidence of an inspection or credential check, or
trucks requiring fewer than 30 seconds to traverse a station, implying incredible speeds. Truck
records with travel times below thirty seconds or above 900 seconds (15 minutes) were assumed
to be in error and deleted from further analysis
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Data Analysis

The analysis approach that we took used simple descriptive statistics to summarize the
experience of the commercial vehicle operations. At each station we report:

N=  the number of trucks observed arriving and departing the station inspection (after
deleting the number of unusual observations);

Mean = the mean time required to travel from Point One to Point Three;
Std Dev. =  the standard deviation of the travel times from Point One to Point Three;

Median = the median travel time from Point One to Point Three (recall the median is the
value such that 50% of the trucks had shorter travel times and 50% of the trucks
had longer travel times);

(2.5%, 97.5%) = interval describing travel times for the middle 95% of truck traffic (the fastest
2.5% of the trucks and the slowest 2.5% of the trucks are excluded).

All times are given in seconds.

The standard error of the mean is given in some tables. This quantity is computed as the
standard deviation divided by the square root of the sasmple size (n). It is a measure of how
accurately the sample mean here reflects the mean that would be observed over the course of a
longer time period. This formula for the standard error assumes that the data are independent
observations. Although this assumption is not valid because the experience of one truck
certainly depends upon other (especialy earlier arriving trucks) trucks, the standard errors still do
provide some measure of variability. In addition we have computed for some tables the travel
speeds that would be required for atruck traveling on the mainline to cover the distance from
Point 1 to Point 3. Estimated time savings are the difference between the mean processing time
for trucks that enter the station and the mainline travel time.

Some discussion about the measures used here is necessary. It is common to summarize data of
this type by the mean and standard deviation. There are, however, several features of these
measures that suggest the mean and standard deviation are of limited benefit here. First, as
mentioned earlier, the data include outliers. The worst of these have been eliminated but it is
likely that others remain. Second, the usual justification for summarizing data by the mean and
standard deviation is that data often follow a bell-shaped symmetric (or normal) distribution. In
this case the data do not appear to be symmetric since it is easy to obtain processing times much
in excess of the mean but there is alimit on how fast a truck will be processed (approximately 30
seconds). For these two reasons we have included as alternatives the median and a 95% interval.
The median is comparable to the mean. In these cases the median is generally lower than the
mean because the mean is inflated by the few long processing times. It should be emphasized,
however, that the mean and median are two different measures neither is incorrect and both are
useful. The mean is useful because multiplying the mean by a number of trips will yield a
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realistic estimate of total processing time (this is the definition of the mean). The medianis
useful because it probably better represents the typical trip than the mean does. The 95%
interval is just an empirical observation of the processing times of the middle 95% of trucks
processed through the weigh station. 1t should be pointed out that thisis not a confidence
interval as it does not represent an estimate of the mean of some population.
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RESULTS

The results of the evaluation are organized under three headings: Processing Times, Estimated
Travel Time Savings, and Inspection Scenarios. Following the discussion of the evaluation
results are the general conclusions of the evaluation.

Processing Times

The weigh station processing times are reported separately for weigh stations with different
designs. For each station, the total number of trucks recorded (generally over six hours of
observation) is given along with the numerical summaries of the distribution time of the elapsed
time required to travel through the station. Specific summaries provided are the mean and
median processing time, the standard deviation of the processing times, the standard error of the
mean (a measure of accuracy associated with the mean), and the 2.5% and 97.5% point of the
distribution of processing times. The last two quantities, viewed as an interval, describe the
processing times experiences by the 95% of truck traffic through the weigh stations.

As described earlier, trucks with unusually large travel times (more than 900 seconds or 15
minutes) or unusually small travel times (less than 30 seconds) are omitted from analysis. In
addition, the results provided do not include those trucks that were required to submit to an
inspection (either Level 1 or Level 2) because the time required for an inspection is
unpredictable. The number of inspectionsis relatively small so that we do not have enough
inspections to draw reliable conclusions about the time required to perform an inspection.

There are considerable differences in the processing times at the various weigh stations.
Naturally, static scales require more time than WIM scales. There is aso variability due to a
number of other conditions including the length of weigh station, topography of the station, and
the vehicle arrival times.

Table 5 provides the results for four weigh stations with static scales. At these scales all trucks
entering the weigh station are expected to stop at Point Two; data for a handful of trucks for
which no Point Two arrival times was recorded are excluded from analysis. The Knoxville,
Tennessee station stands out with a mean travel time of nearly five minutes; the typical travel
times range from three minutes to seven minutes.

Table 5: Processing Times
Static Scales (Trucks Stop at Point 2)

Station N Mean |Std. Dev.| Median [SE Mean| 2.5% 97.5%
Point
Wood OH NB 1,246 136.8 394 133 1.12 79 216
Hancock OH SB| 1,309 127.4 34 124 0.94 78 201
Knox TN NB 454 296.2 63 296 2.96 193 423
Knox TN SB 454 285.5 62.2 282 2.92 170 422
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Tables 6 and 6A provide the results for seven weigh stations that are equipped with WIM scales
and for which relatively few trucks were observed to stop at the static scale. Table 6 provides the
results for all trucks at these stations and those that bypass the static scale whereas Table 6A
excludes the trucks that stopped at the static scale. The results are similar because the number of
trucks stopping at the static scale is small here, generally fewer than 60. As might be expected
the means increase when the number of trucks that stop at the stetic scale are included, because
thelr processing times are larger than for the trucks that bypass. The mean and standard
deviation can be quite sensitive to inclusion of these static-scale stops. The median is much less
sensitive. We view the results of Table 6A as being more representative for these stations
because of the small number of static scale observations.

Table 6: Ramp WIM Station with FEW Stops
at Static Scale (Point 2)
All Trucks (Including stops at scale)

Station N Mean | Std. Dev. | Median | SE Mean | 2.5% | 97.5%
Point
Monroe GA SB 1,377 103.9 40.9 95 1.11 71 194
Kenton KY SB 1,243 150.4 23.9 147 0.68 112 205
Lowndes GA NB 851 81.5 34.1 73 1.17 59 191
Lowndes GA SB 795 81 364 70 1.29 56 216
Monroe MI NB 1,960 77.9 9.6 77 0.22 64 103
Monroe MI SB 1,892 80.6 45.8 73 1.03 61 140
Scott KY NB 1,324 97.1 34.6 93 0.96 64 139
Table 6A: Ramp WIM Scales with Trucks NOT Stopping
at Static Scales (Point 2)
Station N Mean | Std. Dev. | Median | SE Mean | 2.5% | 97.5%
Point
Monroe GA SB 1,341 100.1 30 94 0.82 70 150
Kenton KY SB 1,210 149.9 23.6 147 0.68 111 203
Lowndes GA NB 816 77 18.4 72 0.64 59 135
Lowndes GA SB 737 72.6 17.2 69 0.63 56 125
Monroe MI NB 1,960 77.9 9.6 77 0.22 64 103
Monroe MI SB 1,861 75.6 18.8 73 0.44 61 111
Scott KY NB 1,285 95.3 21.4 93 0.59 63 136
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Tables 7, 7A, and 7B provide results for eight weigh stations that are equipped with WIM scales
for which a significant portion of the population was observed to stop at the static scale. It is
noteworthy that Essex, Ontario (Westbound) is included in this last group even though it is
identified as a static scale rather than a WIM scale. The reason for thisis that the data collection
effort observed a substantial number of vehicles that traveled through the station without
stopping at the static scales (115 vehicles representing 15% of the traffic).

For these eight stations, Table 7 includes the results for al trucks. Table 7A includes only the
trucks allowed to bypass the static scale, and Table 7B includes only the trucks stopped at the
static scale. As one would expect the trucks required to stop at the static scale have longer
processing times than those allowed to bypass the scale. On average it appears to add one or two
minutes per station at the static scale.

Table 7: Ramp WIM Scales With Significant
Stops at Static Scale (Point 2)

(All Trucks)
Station N Mean |Std.Dev.| Median | SE Mean | 2.5% |97.5%
Point

Charlotte FL. NB 786 94.8 40 79 1.43 64 197
Charlotte FL SB 791 128.5 68.3 109 2.43 60 271
Essex ON EB 1,054 | 148.7 56.7 137 1.75 80 280
Essex ON WB 786 147.7 70.3 137 2.51 56 295
Halton ON EB 553 163.9 119.8 126 5.09 54 528
Halton ON WB 841 141.5 108.8 85 3.75 54 457
Middlesex ON EB | 1,890 | 114.7 40 107 0.92 80 207
Middlesex ON WB | 1,725 |- 117.2 41.7 109 1.01 82 199

Table 7A: Ramp WIM Scales with Trucks NOT
Stopping at Static Scale (Point 2)

Station N Mean |Std.Dev.| Median | SE Mean | 2.5% |97.5%
Point

Charlotte FL NB 631 779 12.9 76 0.51 63 106
Charlotte FL SB 647 114.1 55.5 77 2.18 59 205
Essex ON EB 89 101.1 33.1 97 3.51 62 195
Essex ON WB 115 101.7 51.5 86 0.21 34 222
Halton ON EB 332 103.4 70.2 79 3.85 50 275
Halton ON WB 531 83 499 72 2.17 51 268
Middlesex ON EB | 1,684 | 1064 20.7 104 0.51 80 140
Middlesex ON WB | 1,557 | 111.9 358 108 0.91 82 156
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Table 7B: Ramp WIM Scales of Trucks
Stopping at Static Scale (Point 2)

Station N Mean (Std. Dev.| Median | SE Mean | 2.5% | 97.5%
Point

Charlotte FL. NB 155 163.6 39 157 3.13 117 290
Charlotte FL SB 144 1933 81.7 161 6.81 111 454
Essex ON EB 965 153.1 56.4 142 1.82 88 286
Essex ON WB 671 155.6 70.1 145 2.71 68 327
Halton ON EB 221 254.9 121.5 227 8.17 95 586
Halton ON WB 310 241.6 109.5 222 6.22 101 523
Middlesex ON EB | 206 182.7 77.5 168 54 116 394
Middlesex ON WB | 168 166.1 57.6 158 4.44 107 518

Estimated Travel Time Savings

Tables 8,9, and 10 provide a comparison of the observed processing times with an estimate of
the time required for trucks that bypass the given station on the mainline highway. The mainline
travel time is computed based on the average speed observed for trucks on the mainline in the
vicinity of the weigh station. Average time savings per trip ranges from 1.5 - 5 minutes for static
scales. For ramp WIM stations the average savings for a truck remaining on the mainline is 30 -
90 seconds against a truck on the WIM-bypass lane, and about 2 - 4 minutes against a truck
which is directed to the static scale from aramp WIM sorter.

Thereis quite abit of variability in each case due to the different designs and traffic patterns at
each station. In Table Eight it can be seen that among the static scales, the stations in Hancock
and Wood Counties in Ohio require less time than the Knoxville, Tennessee station. Tables Nine
and Ten show that among the ramp WIM stations, Monroe, Michigan, Lowndes County,
Georgia, and Charlotte County, Florida tend to allow the fastest travel times. The station in
Halton, Ontario generally requires more time.
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Table 8: Estimated Travel Time Savings Attributable to Electronic Clearance
at Static Scale Type Weigh Stations

Station N Mean Std. Dev [Mainline Travel| Estimated

Processing (Sec.) Time (Sec.)” | Time Savings

Time (Sec.) (Sec.)

Wood OH NB 1,246 1375 44.68 31.82 105.7

Hancock OH SB 1,312 128.04 39.45 31.86 96.18

Knox TN NB 454 295.68 70.15 37.76 257.92

Knox TN SB 457 287.09 75.38 37.76 249.33

Essex, ON WB 794 150.17 81.59 15.92 134.25

Ohio speed limits for commercial vehiclesis 55 mph (88 kph). Other states are 65 mph (105 kph).

Table 9: Estimated Travel Time Savings Attributable to Electronic Clearance
at Ramp WIM Type Weigh Stations

Station N Mean Std. Dev. | Mainline Travel| Estimated
Processing (Sec.) Time (Sec.)! Time Savings
Time (Sec.) (Sec.)
Halton ON EB 567 173.93 142.47 31.92 142.01
Halton ON WB 845 150.84 158.31 30.99 119.85
Middlesex ONEB | 1,895 116.13 56.79 50.35 65.78
Middlesex ON WB | 1,734 118.63 48.43 47.68 70.95
Essex ON EB 1,055 149.27 58.43 31.37 117.9
Monroe Ml NB 1,990 78.33 30.24 42.01 36.32
Monroe M|l SB 1,892 81.35 48.72 30.99 50.36
Scott KY NB 1,351 96.53 43.93 26.93 69.6
Kenton KY SB 992 162.06 160.17 51.48 110.58
Monroe GA SB 1,392 104.32 515 32.89 71.43
Lowndes GA NB 873 85.48 63.5 33.18 52.3
Lowndes GA SB 814 88.73 83.04 33.18 55.55

[

Michigan speed limit for commercial vehiclesis55 mph. Other states' limits are 65 mph.
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Table 10: Estimated Travel Time Savings Attributable to Electronic Clearance at
High Speed Ramp WIM Type Weigh Stations

Station N Mean Std. Dev. [Mainline Travel| Estimated
Processing (Sec.) Time (Sec.) Time Savings
Time (Sec.) (Sec.)
Charlotte FL NB 800 97.59 49.06 47.94 49.65
Charlotte FL SB 799 132.85 82.55 47.98 84.87

Processing Scenarios

As described earlier, part of the data collected for each truck was a record of the type of
processing it received. For each truck we record whether it stopped at the static scale, whether it
received a Level One inspection, and whether it received a Level Two inspection. For the
purposes of this report, and to be consistent with the individual test plan, Level One inspections
are walk-around inspections. The Level Two inspections are full vehicle inspections. The data
are recorded in Table 11 as vehicle counts and in Table 12 as percentages.
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Table 11: Weigh Station Processing Scenarios

Location N - Number | Stop at Scale- Level One Level Two
of Trucks Number (%) Inspections Inspections-
Through Number (%) Number (%)
W.S.
Group One
Halton, ON EB 609 260 18 0
Halton, ON WI3 909 384 4 8
Middlesex, ON EB 1,954 236 4
Middlesex, ON WB 1,793 202 6 6
Group Two
Essex, ON EB 1,075 984 2 5
Essex, ON WB 813 693 4 2
Monroe, Ml NB 1,997 5 3 4
Monroe, M1 SB 1,904 34 1 3
Wood, OH NB 1,263 1,242 1 10
Hancock, OH SB 1,318 1,313 1 4
Group Three
Kenton, KY SB 1,332 41 8 6
Scott, KY NB 1,361 44 1 2
Knoxville, TN NB 472 454 6 6
Knoxville, TN SB 461 456 0 0
Group Four
Monroe, GA SB 1,410 32 11
Lowndes, GA NB 884 34 15
Lowndes, GA SB 821 58 13
Group Five
Charlotte, FL NB 812 146 12 1
Charlotte, FL SB 815 144 9 2
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Table 12: Percentage of Credential Checks and Vehicle
Inspections at Weigh Stations on 175 Corridor

Weigh Station % Stop at Scale | % Credential Check % Inspection
Group One
Halton ON EB 42.69 2.96 0
Halton ON WB 42.2 0.44 0.89
Middlesex ON EB 12.08 0.15 0.2
Middlesex ON WB 11.27 0.33 0.33
Group Two
Essex ON EB 91.53 0.19 0.47
Essex ON WB 85.24 0.49 0.25
Monroe MI NB 0.25 0.15 0.2
Monroe MI SB 1.79 0.05 0.16
Wood OH NB 98.33 0.08 0.79
Group Three
Kenton KY SB 3.01 0.6 0.45
Scott KY NB 3.23 0.07 0.15
Knox TN NB 96.16 1.27 1.27
Knox TN SB 98.48 0 0
Group Four
Monroe GA SB 2.27 0 1.06
Lowndes GA NB 3.85 0 1.69
Lowndes GA SB 7.06 0.61 158
Group Five
Charlotte FL NB 17.98 1.48 0.12
Charlotte FL SB 17.67 11 0.25

The data were collected during the summer of 1996 and reflect vehicle inspections and credential
checks based on zero percent transponder usage (transponders were only available on a limited
basis at that time). Note that the observed counts or percentages may reflect variations in
enforcement strategies or truck populations. Here we briefly describe the processes that seem to
be followed at the different stations. At the static scale stations, enforcement officials screen the
vehicles as they approach the scales. The officer can then direct the vehicle to the inspection area
if an ingpection is required. At those sites with Ramp Weigh-In-Motion capabilities, the ramp
WIM is set at a certain threshold, 72,000 Ib. for example. At that point, vehicles that exceed
72,000 Ib. are directed to the static scale to be weighed, and given a cursory examination. The
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fact that the vehicle is directed to the static scale does not mean that the vehicle will
automatically be inspected . It only means that a static weight of the vehicles is required. A
visual check of the vehicle is performed while it is being weighed. An inspection is possible, if
vehicle defects are found during the cursory examination. Because the observed counts or
percentages are merely a “snapshot” of station behavior at a particular point in time, they should
be viewed for informational purposes only rather than as a formal evaluation of any specific
hypothesis.
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CONCLUSIONS

On the basis of our survey findings, numerous factors affect the measurement of travel time
savings attributable to electronic clearance of commercial vehicles at weigh stations. The nature
and amount of traffic, for example, around each weigh station plays a role in the amount of travel
time saved (or expended) at each weigh station. For example, it will take vehicles longer to
travel through weigh stations equipped with only static scales and no bypass lanes, than through
those stations equipped with Ramp Weigh-in-Motion (WIM) scales and bypass lanes to sort
compliant vehicles. Thereislittle doubt that mainline electronic clearance of commercial vehicle
can play amajor role in increasing the productivity of the weigh station, as well as the motor
carriers.

To illustrate, suppose a transponder-equipped truck was driven from Detroit, Michigan to
Naples, Florida. If that truck were cleared to pass each of the southbound weigh stations, a total
of 12 minutes, on average, could be saved by electronic clearance of that vehicle. Thisis
valuable time that can be used by the carrier to make deliveries, and the weigh station personnel
can focus their resources on other vehicles that were screened on the mainline.

Summarizing the information from this evaluation is difficult because the time savings that
accrue to a particular company or vehicle depend on the number and type of weigh stations
encountered. A commercia vehicle that frequently passes the weigh station near Knoxville,
Tennessee can save up to five minutes per trip through electronic clearance. A couple of useful
summaries are that a vehicle can save approximately 1.5 - 5 minutes for every static scale weigh
station by using electronic clearance. Furthermore, approximately 0.5 - 1.5 minutes can be
saved for every ramp WIM weigh station that a truck is electronically cleared to pass. An
aternative summary can be obtained by considering a single trip over the length of the corridor
(approximately 3,200 miles) and evaluating the total time saved. When thisis done it appears
that atruck can save 0.5 seconds for every mile traveled. A heavily used truck that travels
12,000 miles per month (144,000 miles per year) can save nearly two hours per month (100
minutes) by using electronic clearance. An extratwo hours of truck time per month is worth
approximately $96.00 per truck per month (assuming 50 miles per hour and $1.20 cost per mile.
This does not include the fuel savings which are described in a separate evaluation).  The
evaluation suggests that electronic clearance offers significant benefits for both the motor carriers
(time savings) and state officials (more efficient enforcement). While there is no “cookbook”
answer for how much time will be saved or how much more efficient enforcement might
become, this report takes the first step in determining systematically and comprehensively what
the costs and benefits are. Therefore, this report states that there are measurable time savings
attributable to electronic clearance of commercial vehicles at weigh stations. States and motor
carrier officials can then use this information as part of their decision making process in
determining how best to utilize electronic clearance at weigh stations.
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EXECUTIVE SUMMARY

The following is the fourth of five evaluation reports for the Advantage I-75 MACS
electronic screening project. The vision of the Advantage I-75 program is to incorporate
existing technologies into an ITS operational setting that will provide an initia step in the
process of adapting the nation’s highway systems to accommodate the increased demands
placed on it. A field operational test entitled Mainline Automated Clearance Systems
(MACS) was designed and implemented for the then-termed Advantage 1-75 MACS
program. The objective of the Advantage 1-75 MACS operational test was to alow
transponder-equipped trucks to travel any segment of the entire length of 1-75 and
Highway 401 at mainline speeds with no more than a single stop at a weigh station.

PURPOSE OF THE EVALUATION

The purpose of this portion of the evaluation was to develop a reliable computer
simulation model to assess the effect that the Advantage I-75 Mainline Clearance
Operational Test (MACS) has on weigh station queue length and the number of
unauthorized (queue-based) bypasses resulting from weigh station overcrowding.

INTRODUCTION

As the evaluator of the Advantage 1-75 MACS Operationa Test, we were given the task
of quantifying the impact of electronic screening in terms of travel time savings for motor
carriers and enhanced productivity of the weigh station. To conduct our evaluation, we
developed a ssimulation model that provides for visual animation of traffic operations
approaching, through, and after a weigh station. The simulation provides a robust
medium for evaluation as it can quantify the benefits of electronic screening under a
variety of operating policy aternatives and display the operation of the system under
each adternative using high fidelity animation. The animation allows a broad audience to
better understand the analysis and the effect of electronic screening on weigh station
throughput.

The ssimulation model consists of two modules, a weigh station and a mainline module.
The weigh station module examines the number of trucks forced to bypass a weigh
station due to a full queue (unauthorized bypasses) and determines the travel time saved
by alowing compliant trucks to be screened electronicaly at mainline speed. The
mainline module measures the reduction in fuel consumption and potentially other
benefits such as improvement in traffic efficiency due to fewer merges and diverge
activities in the vicinity of the weigh station. The mainline module and its integration
with the weigh station module is not examined in this project.
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The weigh station simulation module is a microscopic, stochastic model with a powerful
animation capability. The smulation module is built in Arena ssimulation language (1).
The “Pack and Go” feature of Arena enables the end-users to view the model’s animation
and outputs using Arena Viewer software. The Arena Viewer software, runs the
“packed” model on any Personal Computer running Windows 95.

This report documents the application of the weigh station ssimulation model. The report
illustrates the use of the model through a case study of the Knoxville, Tennessee
northbound weigh station. Thisis aweigh station with a high volume of truck traffic
(i.e., 440 trucks per hour), The collected field data at this site indicates that more than
two thirds of trucks on the mainline are currently bypassing the weigh station due to a full
gueue at the weigh station (unauthorized bypasses). It also shows that under the weigh
station’ s existing operation the average static scale total delay is 290 seconds per truck.

Although only one weigh station is used in the case study illustration, we have used the
simulation to analyze electronic screening for the other selected weigh stations aong the
[-75 corridor. Table 1 includes the locations and types of the simulated weigh stations.
Each state is provided with the Arena Viewer software, the “packed” model of the state's
selected weigh station, and a user manual.

Table 1. Selected Weigh Stations Along 1-75 Corridor

Weigh Station Design Type
Knoxville, TN (northbound)  Static scale

Hancock, OH (southbound)  Static scale

Halton, ON (eastbound) Ramp WIM

Monroe, MI (northbound) Ramp WIM

Kenton, KY (southbound) Ramp WIM

Lowndes, GA (southbound) Ramp WIM

Charlotte, FL (southbound)  High-speed ramp WIM

WEIGH STATION SIMULATION MODEL

The weigh station model design is based on the existing geometry and functionality of a
given weigh station, yet is flexible enough to accommodate the potential modifications of
the weigh station policy and procedure. Given an option to change the model’s
parameters, a “ what-if' analysis can be done.

The weigh station module is specifically designed to simulate traffic operations in and
around a weigh station facility. It simulates truck movement through a weigh station, the
weighing of the trucks, and inspection. One of the most important parts of this module is
the inclusion of the decision-making logic that is associated with the electronic screening
system’s assignment of bypass or pull-in flags to the approaching trucks. The electronic
screening decision making logic for this study is based on the Advantage 1-75 functional
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requirements document (2). Figure 1 presents an overview of the electronic screening
bypass and pull-in logic.

Pass No
Logi
Yes

Figure 1. Electronic Screening System Bypass/Pull-in Logic

The model generates each entity (a truck), according to an exponentia distribution in the
simulation and attributes the entity with vehicle characteristics. For example, if the user
decides to test the implication of having ten percent of the population of trucks equipped
with transponders, the program randomly allocates transponders to ten percent of the
entities. Other attributes are assigned following a discrete or continuous probability
function. These attributes could include such vehicle characteristics as classification,
axle spacing, and axle weights. When electronic screening is deployed in a network or a
corridor of weigh stations: the simulation also has the ability to take into account
information regarding the vehicle which was written to the transponder during prior
interrogation (e.g., the transponder might contain the weight when it was weighed at a
static scale upstream earlier in the day).

The decision making engine is triggered when a transponder-equipped truck passes the
Advance AVI reader site located on the mainline. The transponder data (prior
information written to the transponder) as well as WIM data (e.g., axle weights and
gpacing), which initially were assigned to each truck, are recorded by the roadside reader.
If atruck successfully satisfies al the conditions stated in the logic, it is awarded a
bypass flag. If not, it must enter the upcoming weigh station (pull-in). All trucks that are
not assigned a transponder must also enter the weigh station.

The alowable weight criteria and the bridge formula are the two main components of the

decision-making processor. Given a truck’s axle weights and spacing information from
the WIM, these components determine the truck’ s compliance with weight regulations.
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The logic used by the ssimulation have been verified and the results of the smulation have
been validated by comparing the travel time collected in the field to those generated by
the simulation without the availability of electronic screening. The validation procedure
will be described in more detail later in the report.

Input and Output Data

The weigh station simulation module is built based on actual truck traffic patterns and
geometry data collected at weigh station sites or obtained from local agencies. The
default input data, therefore, presents the existing conditions of a weigh station. Table 2
shows the default input data that reflects the field observations at the Knoxville weigh
station. The model, however, provides the users the opportunity to modify the default
parameters to examine different scenarios. Figure 2 presents an example of parameters
that can be modified prior to a simulation run at the Knoxville static scale weigh station.
Appendix | includes the input data for the other ssimulated weigh stations.

Table 2. Knoxville Simulation Input Parameters

Parameters Morning Noon Afternoon
Traffic volume (vph) 1866 1559 2134
Truck percentage 16 25 20

Safety inspection rate (%) 1 1 1
Average safety inspection time (mm) 15 15 15
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Figure 2. Knoxville Simulation Model Menu

The static scale weighing duration is not listed among the changeable parameters. The
weighing times are randomly generated according to a statistical distribution, which may
not be modified by the users. Field data provides no good statistical distribution for the
safety inspection duration since only a small number of the weighed trucks (less than 3
percent) are being sent for the safety inspection.

The output provides the principle performance attributes. This includes the number of
unauthorized bypasses and trucks' travel times (time spent being weighed and in line at
the scale). Other output parameters include the queue length, the average time in the
system, and total number of trucks processed per hour. Figure 3 shows a summary of the
results during a simulation run of the Knoxville weigh station.
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Figure 3. Knoxville Simulation Sample Output

Model Validation

The model may provide results, which are not identical to the observed system. The
purpose of model validation is to determine if the model replicates the actual system at an
acceptable level of confidence (3). The smulation results are compared to the real
system to validate the weigh station simulation module.

The resemblance of the functionality of traffic movements through an unsignalized
intersection and stetic scale at weigh stations led to the validation data collection method
suggested for delay study at unsignalized intersections. In this method, total delay at
unsignalized intersections is defined as "...the total elapsed time from when avehicle
joins the queue until the vehicle departs from the stopped position at the head of the
gueue (4)." Using the same concept, total delay at weigh stations static scalesis
measured using a plate-reading method.

The data collection crew consists of two individuals who record arrival times and plate
numbers of trucks joining the queue (point 1) another individual who records the arrival
and departure times and plate numbers of trucks at the static scale (point 2), and two
other individual who record the departure time and plate number of trucks leaving the
weigh station (point 3). The number of unauthorized bypasses is concurrently collected
by another individual positioned at point one.

Having the truck arrival times at the these points, the static scale total delay (i.e., delay
from points one to two; di2) and the travel time from the static scale to the exit point (i.e.,

points two to three; d23) of each truck can be determined by matching the plate numbers

in a database system. The time difference between the arrival and departure of trucks at
the static scale is referred to as static scale service time.

The original data collection plan called for recording of only the departure times at the
static scale. In developing the model, it became apparent that the service time, or the
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duration, for which a truck was stopped on the scale, varied significantly and effected the
static scale total delay (di12). Service times are dependent upon the behavior of the weigh
station operator in response to the truck traffic situation within the weigh station and the
condition of the truck on the static scale.

It was determined that the service times should be recorded independent of the total delay
time (di2). During the first data collection trip, a small sample of service times was
collected. Unfortunately, the sample was too small to construct a reliable statistical
distribution. A larger sample would have to be collected. A second trip to the weigh
station would be necessary.

The data collection procedure was revised to include the recording of arrival timesin
addition of departure times and plate numbers of trucks at the static scales. The
Knoxville weigh station was revisited on November 12, 1996. A new set of data was
collected at the station throughout the day according to the new procedure and replaced
the old data. Using the Arena Input Analyzer, the best fitted statistical distribution was
estimated for the new sample of static scale service times and incorporated into the
smulation model.

The static scale total delay (di2), unauthorized bypass percentages, and travel time (d2s)
are determined by running the weigh station simulation model, assuming existing
conditions at a weigh station (i.e., no transponder-equipped truck participation) and using
the traffic volume and service time collected at peak and off-peak periods.

The simulation results are naturally subject to the random fluctuations within the model.
To account for this variation, interval estimates (also called confidence intervals) for
evaluation of the generated point estimate of means are provided. Table 3 compares the
field data to the simulation results that are obtained from ten two-hour simulation runs.
This table also includes the 95 percent confidence intervals for evaluation of the
generated point estimate of means. These confidence intervals provide lower and upper
limits of the true point estimate of averages. Therefore, it can be stated that with 95
percent confidence the true afternoon peak average total delay (di2), for example, is
within two percent of the average delay (288 seconds). Appendix 11 includes the
simulation results for the other weigh stations.

Table 3. Knoxville Field and Simulation Results - Northbound

Morning Noon Afternoon
Parameters Field [Model Field [Model Field |Model
Avg|Avg C.l. Avg |Avg C.I. Avg |Avg C.l.

Total delay (di2), sec. 321 (320 314,326 |250 (248 243,252 (290 |288 284,292
Unauth. bypasses% (61 |60 58,62 [55 95 53, 56 63 63 62, 64
Travel time (d23) sec. |38 (37 36,38 |43 42 41,43 S7 S7 56, 58
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The comparison of the field data with the model’s outputs establishes a level of
confidence that the model is capable of simulating the existing conditions of the weigh
station. The confidence in the simulation model yields a similar level of confidence in
the model outputs obtained under the electronic screening strategy.

CONCLUSIONS

The weigh station simulation model is capable of ng the impact of electronic
screening at weigh stations. One of the advantages of this model is its ability to smulate
hypothetical scenarios. Part of the electronic screening evaluation goal is to extrapolate
the obtained results into the future. Thus performance measures (i.e., delay, unauthorized
bypasses, trucks checked, etc.) can be projected into the future, illustrating the
implications of growth in truck traffic or transponder usage.

Each of the participating states and province in the Advantage I-75 MACS project has
received a copy of the ssimulation model for its particular weigh station providing the
participants with a powerful tool for understanding the benefits of electronic screening.
The model demonstrates the effectiveness in electronic screening of commercial vehicles
by illustrating the reduction in travel time for vehicles and showing the increased
productivity of weigh stations. As participation in the process grows, enforcement
agencies and motor carriers alike share in the benefits of the system.
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Appendix |. Simulation Input Parameters

Table 1.1. Hancock, Ohio - Southbound

Parameters Morning Afternoon
Truck volume (vph) 214 224
Safety inspection rate (%) 1 1

Average safety ingpection time (min) 5 6

Table 1.2. Halton, Ontario - Eastbound

Parameters Day one Day two
Truck volume (vph) 503 493
Ramp bypass rate (%) 35 67
Safety ingpection rate (%) 15 8
Average safety ingpection time (min) 8 7

Table 1.3. Monroe, Michigan - Northbound

Parameters Day one Day two
Truck volume (vph) 333 331
Ramp bypass rate (%) 99 99
Safety ingpection rate (%) 90 90
Average safety inspection time (min) 3 5
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Table 1.4. Kenton, Kentucky - Southbound

Parameters

Day one Day two

Truck volume (vph)

Ramp bypass rate (%)

Safety inspection rate (%)

Average safety inspection time (min)

200 211
96 97
10 10
5 5

Table 1.5. Lowndes, Georgia - Southbound

Parameters Morning Noon Afternoon
Traffic volume (vph) 672 755 884
Truck percentage 17 19 19
Ramp bypass rate (%) 94 91 89
Safety inspection rate (%) 29 20 16
Average safety inspection time (min) 1 16 18

Table 1.6. Charlotte, Florida - Southbound
Parameters Morning Noon Afternoon
Traffic volume (vph) 874 838 932
Truck percentage 17 18 22
Ramp bypass rate (%) 82 80 80
Safety inspection rate (%) 3 11 1
Average safety inspection time (min) 5 10 6
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Appendix Il. Field and Weigh Station Simulation Results

Table 11.1. Hancock, Ohio - Southbound

Morning Afternoon
Avg|Avg Cl.l. Avg Avg C.I.

Total delay (di2) sec. |71 |72 70,74 | 83 87 8391
Unauth. bypasses % |18 1 0,2 | 23 3 14

Travel time (d23), sec.|52 |52 51,53 | 50 (50 49,51

The Hancock weigh station’s mainline open/closed sign is changed to “closed” as soon as
afull static scale queue is observed. This allows the approaching trucks to bypass the
weigh station. The sign will be changed back to “open” shortly after the queue
dissipation starts. The observed travel time from points one to two (d12) is relatively
short (average of 75 seconds per truck) for the weigh station to produce about 20 percent
of unauthorized bypasses if the open/close sign operates properly. The observed number
of unauthorized bypasses could be due to having the weigh station closed even after the
gueue has completely dissipated. The ssmulation model assumes the ideal open/close
sign operation. The model would be capable of matching the observed unauthorized
bypasses by keeping the weigh station closed more often.
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Table11.2. Halton, Ontario - Eastbound

Day one Day two
Parameters Field [Model Field [Model
Avg|Avg Cl. Avg Avg C.I.
Total delay (di2), sec. 194 196 192,200|182 |175 170,180
Unauth. bypasses % 89 |86 8587 |73 8 77,79
Travel time (d23), sec. 61 |70 67,73 |65 66 62,70
Travel time-ramp bypass lane (di3), sec. |120 |124 123, 125|102 |109 108,110
Table 11.3. Monroe, Michigan - Northbound
Day one Day two
Parameters Field|Model Field [Model
Avg |Avg C.I. Avg Avg C.I.
Total delay (di12) sec. 143 |150 143,157 119 (127 123,131
Unauth. bypasses % 0 0 0,0 1 0 0,0
Travel time (d23), sec. 223 |229 213,245|293 (296 269,323
Travel time-ramp bypass lane (d3), sec. |77 |77 77,77 |77 7T T7
Table 11.4. Kenton, Kentucky - Southbound
Day one Day two
Parameters Field|Model Field [Model
Avg |Avg C.I. Avg Avg C.I.
Total delay (di2) sec. 97 101 98,104 |96 101 97,105
Unauth. bypasses % 2 0 0,0 3 0 0,0
Travel time (d23) sec. 124 131 124,138|130 |[127 116,138
Travel time-ramp bypass lane (di13) sec. |149 |144 144,144|150 |144 144,144
Simulation Modeling 4-13 Final Report



Table 11.5. Lowndes, Georgia - Southbound

Morning Noon Afternoon
Parameters Field [Model Field [Model Field Model

Avg | Avg CIl. Avg |Avg Cl. Avg [(Avg Cl.
Total delay (di2) sec. (131 |130 123,137 |136 |137 127,146 |105 |113 115,121
Unauth. bypasses % |0 0 0,0 0 0 0,0 0 0 0,0
Travel time (d23) sec.|229 (224 200,248 [188 |[175 159,191 |259 (240 220,260
Travel time-ramp |75 75,75 |72 75 75,75 73 75 75,75
bypass lane (d13), sec.

Table 11.6. Charlotte, Florida - Southbound

Morning Noon Afternoon
Parameters Field [Model Field Model Field [Model

Avg|Avg C.I. Avg |Avg CIl. Avg |[Avg Cl.
Total delay (di2), sec. (120 |119 118,120 |207 |201 200,201 |102 |107 106,108
Unauth. bypasses % |1 0 0,0 0 0 0,0 0 0 0,0
Travel time (d23), sec. |50 |53 49,57 104 |111 100,122 (78 |80 75,85
Travel time-ramp 74 |78 78,78 183 (177 177,177 (74 |83 82,84
bypass lane (d13), sec.
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INTRODUCTION

This report is part five of the Advantage I-75 Mainline Automated Clearance Systems (MACS)
Project. The purpose of this report isto document the jurisdictional issues encountered in the
implementation of electronic screening technologies for commercial vehicle operationsin the
participant states and provinces. The report also documents whether or not states will continue
using MACS or an enhanced version of electronic screening, and motor carriers reactions to
using the MACS version of eectronic screening.

This report is organized as follows:

o Purpose of the Evaluation: This section of the report provides an introduction and
background to the evaluation. This section also explains the purpose, goals, hypotheses,
and objectives of the evaluation.

« Evauation Objectives: This section describes evaluation objectives pertaining to the
systematic examination of the policies, procedures, and areas of jurisdiction of each of the
states and provinces, and all parties within the Advantage 1-75 MACS partnership involved
in commercial vehicle operations.

« ldentification of State Agencies: This section describes each of the states in terms of
institutional roles in governing commercia vehicle operations.

« ldentification of the Decision Making Processes: This section describes a state decision
making process in terms of adapting e ectronic screening.

« Advantages and Disadvantages of Electronic Screening: This section describes the
advantages and disadvantages of electronic screening as uncovered in this study.

« ldentification of Motor Carrier Decison Making Process: This section documents the
responses from the participating motor carriers pertaining to their experiences with
electronic screening.

« ldentification of Advantages and Disadvantages Considered by Motor Carriers: This
section describes the advantages and disadvantages of electronic screening as reported by
participating motor carriers.

o Document State, Regional and National Issues: This section describes the issues
encountered by each state and the partnership in terms of “lessons learned” and
implementing the field operational test.
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+ Approaches Attempted to Solve Issues: This section describes the approaches used to
alleviate problems, issues, and conflicts encountered by Advantage I-75 MACS.

» Survey Results: This section describes the results of the survey of the state agencies
involved in the Advantage I-75 MACS project.

« Conclusions: This section includes a discussion of the benefits of electronic screening.

AR s 4T

)

T
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PURPOSE OF EVALUATION

The purpose of the jurisdictional issues evaluation was threefold. The first and primary purpose
was to determine the partner states intent to continue to offer the Advantage I-75 MACS, or an
enhanced form of electronic screening. A second purpose was to determine if motor carriers
intended to continue participation in Advantage I-75 MACS, or an enhanced form of electronic
screening. The third purpose was to document jurisdictional issues and impediments to
implementing Advantage I-75 MACS and actions planned by those jurisdictions to overcome
those issues.

An important objective of the Advantage 1-75 Field Operationa Test was to provide an actua
operating environment for the partners to experience and to collect data and information
necessary to make decisions regarding the continuation of Advantage I-75 MACS services and
electronic screening. Therefore, the evaluation provided information for states and motor
carriers to make decisions that may change their business practices.

As the foundation of the evaluation, the Advantage I-75 MACS test godls, as stated in the May
10, 1996, Individual Evaluation Test Plan, are as follows:

o Assess whether or not states or provinces will continue to offer Advantage 1-75 MACS
services, or an enhanced version of electronic screening after the operational test is
compl eted.

« Assess whether or not motor carriers will continue to participate in Advantage I1-75 MACS
services after the operational test is completed.

« Record dl significant institutional issues addressed during the operational test and document
the resolution to the issues.

The test hypotheses that resulted from these goals were:

o The Advantage I-75 MACS Operational Test will provide jurisdictions with sufficient
information to support a decision whether or not to offer Advantage I-75 MACS or an
enhanced form of electronic clearance or verification in their jurisdictions.

o The Advantage I-75 MACS Operational Test will provide motor carriers with sufficient
information to support a decision whether or not to adopt Advantage I-75 MACS or an
enhanced form of electronic clearance or verification.

o Thejurisdictional agenciesinvolved in Advantage I-75 MACS will establish new or

enhanced relationships and or methods for resolving jurisdictional issues as a result of the
operational test.
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The jurisdictional issues portion of the Advantage I-75 MACS evaluation examined several
items including interstate, intrastate, and regional issues with regard to the implementation of
electronic clearance systems. As part of the evauation, agency staff members and motor
carriers were interviewed and surveyed to obtain their views and opinions of the processes
leading to electronic screening. The examination then set out to determine whether or not the

states and province in the project planned to continue with electronic screening, or an enhanced
form of MACS.
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EVALUATION RESULTS

The jurisdictions participating in the Advantage 1-75 MACS project are Michigan, Ohio,
Kentucky, Tennessee, Georgia, Florida, and the Province of Ontario. Since an important
objective of this evaluation was a systematic examination of the policies, procedures, and areas
of jurisdiction of each of the states and provinces, all parties within the Advantage I-75 MACS
partnership involved in commercia vehicle operations were included in the evaluation.

The objectives of the jurisdictional issues evaluation, as stated in the May 10, 1996, Individual
Evaluation Test Plan are as follows:

1. The Advantage I-75 Operational Test will identify the key jurisdictional agency positions
that are, by charter and mission, empowered to support/make a decision on whether or not
to adopt MACS or an enhanced form of electronic clearance/verification.

2. The Advantage I-75 Operational Test will identify the decision making process in place
in each jurisdiction to address adopting MACS or an enhanced form of electronic
clearance/verification.

3. The Advantage |-75 Operational Test will identify key advantages and disadvantages
considered by jurisdictions when deciding whether or not to adopt MACS or an enhanced
for of election clearance/verification.

4. The Advantage 1-75 Operational Test will identify the key motor carriers decision making
process in place to address adopting MACS or an enhanced form of electronic
clearance/verification.

5. The Advantage 1-75 Operational Test will identify key advantages and disadvantages
considered by motor carriers when making the decision to adopt MACS or an enhanced
for of election clearance/verification.

6. Document state, regional and national issues as they arise.

7. Document attempts to solve issues, or lessons learned, as a result of the implementing the
project.

The evaluation set out to determine what types of legal and institutional processes are used to
decide whether or not to adopt electronic screening and/or to continue MACS on Interstate 75.
Specificaly, the study examined organizational issues, regulatory and legal issues, human
resource issues, financial issues, and other issues on which states wanted to elaborate.

The issues raised within a given state in this study demonstrated similarities to previous studies
of ingtitutional issues and to the interstate issues that were cited in those previous studies. For
example, asin the earlier studies, Advantage 1-75 MACS found that upper management support
was central to the project’s success. In the case of Advantage 1-75 MACS, agency staff members
from two states specifically cited the support that they had fi-om upper management. In fact, at
the beginning of the project, the governors of each participant state signed a letter expressing
their support of the project. The support from the governors provided a firm foundation for the
accomplishments of the operational test.
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Methods of motor carrier safety administration and regulation generally vary from state to state.
Within the Advantage 1-75 MACS partnership, one state utilizes a single agency to administer all
motor carrier functions while another state has five agencies handling the routine administrative
and safety regulatory functions that every interstate motor carrier must fulfill. Obviously the
issues associated with interstate cooperation also vary based on the number and types of agencies
involved with the regulatory functions. For example, the issues in Kentucky, a state with just
one agency-the Kentucky Transportation Cabinet-administering the motor carrier regulatory
functions, are different from the issues faced in Michigan, a state with five agencies involved in
motor carrier regulatory and administrative functions.

To further illustrate the similarities and differences among the Advantage I-75 MACS
participants a survey of the partnership was attempted. The survey, which was adapted from the
Volpe National Transportation Systems Center Study of 1994!, was designed to develop a deeper
understanding of the states' processes leading to the implementation of electronic screening and
to explain the conflicts and alliances that occur in developing alarge project such as this. The
results of that survey are discussed later in this section.

To avoid redundancy, however, this study does not directly investigate the issues between
agencies in each state as other FHWA-sponsored institutional issues studies have done, but
instead focuses on the decision making processes and the advantages and disadvantages of
electronic screening in each of the participating states and province. This section lists the states
and the province in the Advantage I-75 MACS project and their organizational structures
pertaining to motor carrier administrative and regulatory functions and electronic screening.

Results of Evaluation Objective |: Identify Key Jurisdictional Agency Positions

For this evaluation objective, we have identified the key agencies in each state and province
within the partnership. These agencies have various responsibilities pertaining to commercial
vehicle operations and electronic screening. Table 1 refers to the agencies with primary
responsibility for mainline electronic screening. These responsibilities are described here.

1

IVHS Institutional Issues and Case Studies, Advantage |-75 Case Sudy, DOT-VNTSC-FHWA-94-10,
FHWA-SA-94-056, Final Report April 1994.
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Kentucky

The Commonwealth of Kentucky is the lead state in the Advantage I-75 MACS project.
Kentucky, through the Kentucky Transportation Cabinet and the University of Kentucky
Transportation Center, has been very active in promoting the project and working to ensure its
SUCCESS.

The Kentucky Transportation Cabinet (KTC) is the primary agency responsible for
administering the commercia vehicle program, including the construction and maintenance of
the weigh stations. The KTC's other responsibilities include @) Administration of Kentucky’s
Intrastate Tax System, b) Issuance of Oversize and Overweight Permits, ¢) Administration of the
Single State Registration System (SSRS), d) Administration of the Kentucky Weight-Distance
Tax, and €) Administration of the International Fuel Tax Agreement (IFTA) and International
Registration Plan (IRP). The Kentucky Transportation Cabinet is also responsible for
constructing and maintaining the extensive road system that consists of some 14,403 miles,
including 762 miles of interstate highways. Overal, Kentucky has some 73,158 miles of roads
and highways. The state highway system aso includes 15 permanent weigh stations in
Kentucky.

Regarding mainline electronic screening of commercial vehicles presently, there are four weigh
stations in Kentucky that are equipped with electronic screening as part of the Advantage I-75
MACS project. These stations are the southbound station in Kenton County, the northbound
station in Scott County, and both stations in Laurel County. These stations are also equipped
with mainline weigh-m-motion scales for enhanced weight enforcement capabilities.

Of the sites that are currently utilizing mainline electronic screening, the stations in Kenton and
Scott Counties, are equipped with ramp weigh-in-motion (WIM) sorters, along with bypass
lanes. These stations are subject to heavy volumes of traffic, yet never close due to full queues.
The two stations in Laurel County close frequently due to full queues. These stations are
currently being relocated to a nearby site. Once construction of the new facilities is completed,
these stations will have include ramp bypass lanes and mainline electronic screening.

Besides the use of fixed scale facilities, Kentucky uses portable scale teams on aternate routes in
its truck enforcement program.
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Florida

Florida has been part of the Advantage I-75 MACS project since the inception of the project in
1990. Presently there are three weigh station sites in the project: the White Springs stations in
Hamilton County, the Wildwood stations in Marion County, and the Punta Gorda stations in
Charlotte County. At each site there are northbound and southbound facilities. The Wildwood
and Punta Gorda stations are both equipped with high-speed weigh-in-motion (WIM) ramp
sorters. The White Springs stations have only recently been re-constructed to include high-speed
ramp WIM sorters. All of these stations are equipped with mainline electronic screening
capabilities. Florida has also equipped its weigh stations on 1-95 with high-speed ramp WIM
sorters and currently has plans to follow the same scenario at the three existing weigh stations on
1-10.

Florida DOT is also responsible for constructing and maintaining the extensive road system that
consists of some 11,92 1 miles, including 1,472 miles of interstate highway highways. Overall,
Florida has some 60,009 miles of roads and highways. The state highway system aso includes
23 permanent weigh stations in Florida

Regarding mainline electronic screening of commercial vehicles, a site that is currently using
mainline electronic screening is near Port Charlotte, five miles south of US Highway 17 on
Interstate 75. Both the northbound and southbound weigh stations are equipped with two static
scales and a bypass lane. The scales are situated on either side of the scale house office. The
posted speed of the bypass lane is 45 mph. The volume of commercia vehicle traffic is
moderate, with approximately 205 vehicles per hour traveling through the station.

Within the state of Florida there are two principal agencies responsible for administering the
commercial motor vehicle (CMV) program. These two agencies are the Florida Department of
Transportation (FDOT) and the Florida Department of Highway Safety and Motor Vehicles
(DHS&MV). The Department of Transportation is primarily responsible for; @ Enforcement of
CMV size and weight laws, b) Issuance of oversize and overweight permits, and

¢) Enforcement of CMV registration laws.

The DHS&MYV is primarily responsible for; a) Enforcement of traffic laws, b) Issuance of
drivers' licenses, ¢) Accident investigations, d) Enforcement of DUI and related laws, and €)
Other traffic enforcement related matters. Besides the use of fixed scale facilities, Florida uses
portable scale teams on alternate routes in its truck enforcement program.
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Georgia

Another partner in the Advantage 1-75 MACS project since 1990 is the State of Georgia.
Presently there are six weigh stations in the Advantage 1-75 MACS program, that are equipped
with mainline electronic screening. They are: the northbound and southbound stations near
Ringgold in Catoosa County, the northbound and southbound stations near Forsyth in Monroe
County, and the northbound and southbound stations near Valdosta in Lowndes County. In
addition to the AVI equipment, these stations are equipped with ramp weigh-in-motion sorters.

Through the use of the ramp weigh-in-motion sorters and bypass lane, these stations are able to
accommodate the truck traffic most of the time. There are, however, periods of time in which the
scales are forced to close for short intervals, due to the queue build up.

Within the State of Georgia, there are three principal agencies with responsibilities for
commercial vehicle operations. They are the Department of Transportation, the Department of
Public Safety, and the Public Service Commission.

Part of the responsibilities of Georgia's Department of Transportation include: a) Vehiclesize
and weight enforcement, b) Issuance of oversize and overweight permits, c) Intelligent
transportation systems, d) Portable scale teams, and €) Various traffic operations planning and
administration. The Georgia Department of Transportation, moreover, has other responsibilities
than regulatory enforcement. These responsibilities include the construction and maintenance of
the highway system. Georgia’'s road network consists of 111,746 miles, of which 17,809 miles
are state maintained. Included in the state highway system are 1,24 1 miles of interstate highways
representing just over one percent of the total highway mileage. GDOT also maintains 19
permanent weigh stations throughout the state.

The State Patrol Division of the Georgia Department of Public Safety also has responsibilities for
regulating commercial vehicle operations. Some of these responsibilities are: @) Commercial
driver’s license issuance, b) Accident investigations, ¢) Enforcement of DUI and drug cases, d)
Occupant restraint enforcement, and €) Enforcement of various traffic laws.

The Georgia Public Service Commission aso has responsibilities with regard to commercial
vehicle operations. Under a cooperative agreement with the Department of Transportation, the
PSC regulates motor carrier safety and hazardous materials transportation. Some of PSC's
responsibilities include: a) Vehicle safety inspections, b) Driver safety inspections,

¢) Hazardous materials safety inspections, d) Certification and registration of motor carriers,

e) Ensure carriers maintain proper levels of insurance, and f) Maintain database of al
inspections.
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Tennessee

Another partner in the Advantage I-75 MACS project is the State of Tennessee. Currently,
mainline electronic screening of commercia vehiclesis utilized at its Knox County weigh
stations, just west of the city of Knoxville. These weigh stations are a single static scale design,
with heavy traffic. The northbound scale sits atop a small hill, and trucks labor to reach the top
and enter the scale. The Knox County site is an ideal location for electronic screening because of
its dated design and high traffic volume; approximately 430 trucks per hour pass by the weigh
station. Obviously because of the physical limitations of these facilities, they cannot
accommodate all the commercial vehicle traffic. Moreover, because of safety concerns, trucks
are allowed to pass the weigh stations if the queue leading to these scalesisfull. [If the trucks
were not allowed to bypass the weigh station, the queue would reach the mainline highway.
Therefore, approximately 66 percent of the trucks approaching this facility continue past the
weigh station, and are not physically checked by officials. Consequently, the Advantage I-75
project provides officials with a method of electronically screening commercia vehicles that
otherwise would not be screened.

Within the State of Tennessee, there are two principal agencies with responsibilities for
governing commercial vehicle operations. These two agencies are the Departments of
Transportation and Safety. The Tennessee Department of Safety, having evolved from its
original state police force, is responsible for enforcement of the various laws governing
transportation safety. Its responsibilities include: @) Driver’s license issuance, b) Vehicle title and
registration, c) Accident investigation, d) School bus inspections, €) Enforcement of commercial
vehicle laws and regulations, f) Enforcement of DUI and drug cases, and g) Auto theft
investigations. Other areas of responsibilities include staffing the fixed weigh stations and
portable scale teams.

The Department of Transportation is responsible for constructing and maintaining the extensive
road systems, including the 16 permanent weigh stations in Tennessee. Tennessee' s road system
stretches 85,037 miles. 13,552 miles are on the state maintained highway network, representing
16 percent of the total highway miles within the state. These highways also carry 75 percent of
the total traffic. Included in the state highway system are 1,062 miles of interstate highways.
Although the interstate system consists of just over one percent of the total highway mileage, it
carries one quarter of al traffic in Tennessee.
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Ohio

The State of Ohio is another participant in the Advantage 1-75 MACS project. Presently there
are two weigh stationsin the project:  The northbound station in Wood County, near the city of
Bowling Green and the southbound station in Hancock County near the city of Findlay, Ohio.
These stations are single static scale type with no bypass lane. These stations are subject to
frequent queue buildup that cause the stations to close periodicaly.

Currently electronic screening is utilized at the weigh stations near Findlay and Bowling Green
that are equipped with asingle static scale. These stations are subject to moderate to heavy
traffic volumes, processing approximately 212 trucks per hour. Over 1,500
transponder-equipped truck pass each site monthly, with about 85 - 95 percent of them being
given “green light” electronic clearances. The primary reason for not receiving a “green light”
clearance is possible weight overload detected by the mainline wiegh-in-motion (WIM) system.

Within Ohio, there are three principal agencies responsible for administering the commercial
motor vehicle program. These agencies are the Ohio Department of Transportation, the Ohio
Department of Public Safety, and the Public Utilities Commission of Ohio. The Department of
Transportation (ODOT) is primarily responsible for construction and maintenance of the
highways, including the weigh stations, and enforcement of the size and weight laws for
commercial vehicles. The Department of Public Safety (ODPS), which includes the Ohio State
Patrol and Bureau of Motor Vehicles, is primarily responsible for the enforcement of traffic laws,
accident investigations, enforcement of DUI laws, issuance of commercial drivers licenses, and
other traffic related enforcement matters. The Public Utilities Commission of Ohio (PUCO) is
responsible for regulated the safety related aspects of the truck and bus industry. The PUCO
registers and reviews motor carriers to ensure compliance with state and federal regulations. The
PUCO is the “lead agency” for the federal Motor Carrier Safety Assistance Program (MCSAP),
and driver-vehicle inspection are performed by both the PUCO and State Patrol. The State Patrol
also staffs the truck weigh stations while the PUCO uses portable scales on alternate routes.

The Ohio DOT is responsible for devel oping and maintaining the state’ s extensive highway
network, which consists of 18,3 15 miles, of which 1,573 miles are interstate highway. The state
maintained roads carry approximately 65 percent of the total traffic in the state. Overall the state
has some 114,642 miles of roadway. ODOT aso maintains 19 permanent weigh stations.
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Michigan

The State of Michigan is another partner in the Advantage I-75 MACS project. Currently,
mainline electronic screening is utilized at the set of weigh stations located approximately five
miles north of the Ohio state line near the city of Monroe, Michigan. These stations are a single
static scale design, equipped with ramp weigh-in-motion sorters and a bypass lane.  These weigh
stations process approximately 500 trucks per hour. While the queues at the stations are full at
peak hours, the stations do not close. Trucks are, however, required enter the weigh stations
when they are open. Therefore, trucks do periodically queue-up on the shoulders of the mainline
highway at peak traffic intervals.

Within the State of Michigan there are five principal agencies responsible for regulating
commercial vehicle operations. These five agencies are the Department of Transportation, the
Department of State Police, the Public Service Commission, the Department of State, and the
Department of Treasury. These agencies have separate and distinct areas of governance over
commercial vehicle operations.

Regarding commercial vehicle regulatory enforcement, the Michigan Department of
Trangportation is responsible for issuing oversize and overweight permits.

The Michigan Department of State Police (MSP) by statute and a cooperative agreement with the
Michigan Department of Transportation, is responsible for commercia vehicle size, weight, and
safety enforcement. The MSP is aso responsible for the physical operations and maintenance of
the 22 permanent weigh stations. Other responsibilities include various traffic enforcement
duties, including the use of portable scale teams on alternate routes.

The Michigan Public Service Commission (PSC) regulates commercia vehicle operations
through its administration of the single-state-registration-system (SSRS) and certification of
for-hire carriers.

The Department of State is responsible for commercial vehicle registration including
administration of the International Registration Plan (IRP). The DOS also issues the commercial
driver’slicense (CDL).

The Department of Treasury is responsible for fuel tax collection, reporting, and the
administration of the International Fuel Tax Agreement (IFTA).

The Michigan Department of Transportation is responsible for construction and maintenance of
the state's extensive road network. Michigan's road system consists of 119,113 miles, of which
9,583 miles are state maintained highways. Included in the state highway system are 1,240 miles
of interstate highways representing just over one percent of the total highway mileage.
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Ontario, Canada

The Province of Ontario is also a partner in the Advantage I-75 MACS project. Presently there
are seven weigh stations in the project: The eastbound station in the town of Whitby; the
eastbound and westbound stations at Halton near the town of Milton; the eastbound and
westbound stations Middlesex, near the City of London; and the eastbound and westbound
stations at Essex near the City of Windsor. Of this group, only the westbound scale at Essex is
not equipped with aramp WIM sorter. The remaining stations are equipped with ramp WIM.
All of the stations are subject to heavy traffic requiring the scales to close periodically.

Currently, mainline electronic screening commercial vehiclesis utilized at the seven sites,
mentioned previously. These stations are subject to heavy traffic volumes. The Essex stations
process approximately 153 trucks per hour, the Halton stations process approximately 232 trucks
per hour, and the Middlesex stations process approximately 600 trucks per hour,

The Ministry of Transportation of Ontario (MTO) is the principa agency for administering the
commercial vehicle program. In addition to being the primary agency for construction and
maintenance of the highways, the MTO is responsible for the enforcement of the commercia
vehicle size and weight laws, commercial vehicle operator registration and licensing, issuance of
oversize and overweight permits, and other traffic related enforcement matters.

The MTO s responsible for developing and maintaining the province' s extensive highway

network, which consists of 16,400 kilometers (10,185 miles) of provincia highways. The MTO
also maintains atotal of 44 permanent weigh stations and uses portable scales on aternate routes.
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Table 1. Key Agencies for Electronic Screening by Jurisdiction

Jurisdiction

Key Agency

Kentucky

Kentucky Transportation Cabinet
State Office Building
Frankfort, KY 40622

Horida

Florida Department of Transportation
605 Suwanne St.
Tallahassee, FL 32399

Georgia

Georgia Department of Transportation
935 E. Confederate Ave
Atlanta, GA 303 16

Tennessee

Department of Safety
1150 Foster Ave
Nashville, TN 37219

Ohio

Ohio Department of Transportation
1980 W. Broad St.
Columbus, OH 43215

Michigan

Michigan State Police
4000 Collins Rd.
Lansing, MI 48890

Ontario

Ministry of Transportation Ontario
1201 Wilson Ave
Downsview ON M3M 1 J8
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Results Of Evaluation Objective 2: | dentify the Decision Making Process

In each state there is a decision making process that begins with building a base of knowledge
and information, as described in Figure 5.1.  The problems or issues that are identified and
examined by staff members, through direct observation or by information given by members of
the public. When issues arise, the staff investigates the specific problem areas, collect facts and
evidence then reports their findings to the agency supervisor. While the specifics may differ
somewhat from each individual state, the decision-making process generally includes the
following steps:

Step 1: Identify Problem. Upon receiving the information from the staff the agency then sets
forth to formally identify the problem.

Step 2. Gather Information. After identifying the problem of congested weigh stations, the next
step isto gather information at selected sites. The agency has to determine the extent of the
problem, who isinvolved and what can be done about it.

Step 3 : Build up Site Knowledge and Make Recommendations. After determining the extent
and nature of the problem, the staff will address resolutions to the problems and make
recommendations to the agency head.

Step 4: Agency Review of Recommendation. The agency head will then determine if there is
merit to the proposal, based on agency mission and budget considerations, and then decide if the
recommendations will be forwarded to the Commission. If there are shortcomings in the
proposal, it goes back to Step 1 for further refinement of the problem. Otherwise the proposal
goes forward to the Transportation Commission-

Step 5: Commission Review of Recommendation. The Commission reviews the agency
recommendation. If there are any requests for more information it goes back to the agency.
Otherwise it is approved.

Step 6: Adopt Recommendation- If the recommendation is approved by the commission, it is
adopted as procedure by the agency.

Jurisdictional |ssues 5-15 Final Report



State Decision Making Process
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Results of Evaluation Objective 3: |dentify the Advantages and Disadvantages of Electronic
Screening to States and Provinces

The third objective of the of the evaluation was to identify key advantages and disadvantages
considered by the jurisdictions to address adopting electronic screening or an enhanced form of
electronic screening or verification.

Many jurisdictions today are experiencing overcrowding at their weigh station facilities. One
method available to alleviate the overcrowding is to employ electronic screening of commercial
vehicles. Among the advantages identified by the Advantage I-75 MACS project of utilizing
mainline electronic screening are:

1. Reduce queues at weigh stations. Using electronic screening at weigh stations permits
compliant vehicles to bypass the weigh stations, decreasing the need to require al trucks
to enter the weigh station. Thus, with fewer trucks entering the weigh station, queues
decrease.

2. Ability to screen more vehicles. Using electronic screening at weigh stations allows
states to check more vehicles than before. In addition to checking the vehicles that enter
the weigh station, enforcement officials are screening vehicles on the mainline as well.

3. The capacity of the weigh station is not compromised. Using electronic screening at
weigh stations means that the capacity of the weigh station will not be exceeded. As
more trucks are equipped with transponders and screened on the mainline, the weigh
station can continue to operate without having to expand significantly and still
accommaodate the non-transponder equipped trucks.

4. Target enforcement resources more efficiently. Using electronic screening at weigh
stations allows enforcement personnel to concentrate their activities on possibly
non-compliant vehicles that have not been checked. As the transponder-equipped trucks
are screened on the mainline, non-transponder equipped trucks can then be checked by
weigh station personnel.

5. Using electronic screening reduces the cost of motor carrier compliance. Using electronic
screening at weigh stations reduces the cost of compliance by targeting enforcement
resources and using them more efficiently.

6. Protect weigh station infrastructure. Using electronic screening at weigh stations protects
the facility’ s infrastructure because there are fewer vehicles driving over the access ramps
and scale platforms.
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Among the disadvantages of electronic screening at weigh stations are:

1. Transponder market penetration. While not specifically a disadvantage, the issue of
significant transponder penetration in the marketplace is a challenge to productive
electronic screening. Therefore, for the jurisdictions to realize significant benefits of
electronic screening, there must be thorough market penetration of transponders. The
more trucks screened and cleared on the mainline, the more benefits are realized by the
participants. Depending on the type of system the states employ, they must develop
innovative methods to distribute transponders to the motor carriers wanting to use them.

2. Ensuring the system is interoperable with other electronic screening systems. Electronic
screening systems cannot be deployed in avacuum. There are presently three electronic
screening systems in the United States. Each truck with a transponder should be screened
by each system. Federa initiatives require interoperability with other systems to ensure
“transparent borders’ between states.

3. Cost of system upgrades. Because of the multitude of new and evolving technologies and
new applications of high technology, there is a potential for required system upgrades that
must be planned and accounted for.

4. Specialized maintenance personnel. parts. and eguipment. Traditionally, personnel in
state departments of transportation and other agencies have specialized in road
construction and law enforcement. Rarely have these departments developed personnel
that have sufficient technical expertise to effectively procure and maintain al ITS
equipment and functions. Such a need for specialized knowledge may be beyond some
public agencies, and some may not want to become expert in or add expert staff to handle
the development of systems, due to budget or staffing restraints.

5. Data privacy and information exchange. An issue for severa partners in the Advantage
[-75 MACS project was data privacy and information exchange. Both public and private
sectors are concerned with the potential numerous uses of data. Motor carriers do not
want the data generated by electronic screening to be used to “target” them for
enforcement activities. The carriers choosing to use electronic screening are concerned
that they may lose the competitive advantage gained from that technology, if they are
treated differently by the enforcement agencies. Motor carriers using the electronic
screening technology want a “level playing field” when it comes to enforcement and do
not want to be treated differently from other carriers that are not using the technology.
Likewise, the public sector has similar concerns for screening carriers, and ensuring that
the data generated by electronic screening are secure. The public sector does not want any
information generated by electronic screening to be used, or misused, for purposes other
than what it is intended for, i.e., to screen compliant commercial vehicles.

6. Acceptance by enforcement personnel Many enforcement personnel in commercial
vehicle safety, believe it is imperative that each commercial vehicle must pass through
the weigh station for weight and visual checks. Others believe, however, that queues
building up on the highway and slow moving vehicles entering the highway from weigh
stations pose safety hazards that are potentially more significant than the potential
hazards posed by allowing electronically screened vehicles to bypass the weigh stations.
Whatever position one advances, however, electronic screening must not compromise
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the safety mission of the enforcement agencies. The operational test demonstrates that
electronic screening can accomplish its goals and not compromise safety.

Results of Evaluation Objective 4. Identify Motor Carrier Decision Making Process

As part of the evaluation, the participating motor carriers were surveyed about Advantage 1-75
MACS project and what decisions they could make pertaining to electronic screening. 120
surveys were mailed, and 3 1 were returned for aresponse rate of twenty-six percent. The survey
revealed several interesting results.

Result 1: The responding motor carriers indicated that they were either satisfied or somewhat
satisfied with the system. Most of the carriers’ satisfaction lay in the fact that the Advantage I-75
MACS saved them time because drivers did not have to wait in long lines to enter the weigh
stations. The carriers that were most satisfied with the system were the ones that enrolled the
earliest. Twenty one carriers of the thirty one that responded to the survey, enrolled in the
program within the first year of the test. These twenty one carriers also indicated that they were
the most satisfied with Advantage 1-75 MACS.

The motor carriers were also asked to list their reasons for their satisfaction or dissatisfaction
with Advantage I-75 MACS. As stated previoudy, the carriers were generally satisfied with the
performance of Advantage I-75 MACS. The reasons indicated for their satisfaction were related
to transit time savings, and those drivers were pleased with the system

Result 2: Next, the motor carriers were asked to elaborate on the process they used to reach their
decision to enroll in the program. Twenty-five respondents indicated that it was a business
decision to reduce travel time and increase customer service. Nine respondents also indicated
that they wanted to reduce the business costs of operating their trucks. Thus, their decisions were
based on anticipated reductions in fuel and maintenance costs.

Finally, motor carriers were also asked if they would pay an additional fee for electronic
screening services. The responses from this question were wide-ranging. Ten carriers stated that
anominal fee would bein order. Eleven carriers responded that since they currently pay enough
in taxes, any additional fees would be out of line. This question was designed to seek out what
support, if any, there is for a fee structure to make the system self-supporting. From the
responses received, however, there does not appear to be a firm consensus among the Advantage
[-75 MACS project respondents on the issue of paying an additional cost for electronic

screening. One respondent indicated that if the fees were dedicated to system operation and
maintenance, the imposition of fees would be acceptable to his company. If the fees wereto go
into the states' general funds, however, then any additional fees would be unacceptable.
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Results of Evaluation Objective 5: | dentify Advantages and Disadvantages Considered by
Motor Carriers

As part of the evaluation motor carriers were asked to consider any advantages and
disadvantages they determined as a result of using electronic screening. The advantages they
stated were the following:

1. Participating motor carriers indicated that they joined Advantage I-75 MACS to cut travel
time and reduce business costs (fuel, equipment maintenance, etc.).

2. Other reasons listed by the motor carriers indicated their reasons for enrolling in the
program were related to safety, either public safety or driver safety. They felt that, by
keeping the drivers on the mainline and reducing travel time, they would reduce driver
fatigue as well.

3. Carriers indicated that drivers viewed automated clearance as reducing the “hasdle factor”
that sometimes occurs at weigh stations; the fact that drivers can continue past the
stations without further scrutiny was a pleasant element of the system.

The disadvantages motor carriers cited pertaining to using electronic screening:

1. Motor carriers would like the system to be expanded and utilized beyond weigh stations,
such as at agricultural inspection stations, Canadian customs stations, and toll booths.

2. Motor carriers indicated that the auditory signal of the transponder needs to be louder
because the signal was hard to hear at times.

3. The current system of approving carriers for electronic screening is lengthy and needs to
be shortened.
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Results of Evaluation Objective 6: Document State, Regional, and National 1ssues

The evaluation objectives included identification of legal and institutional issues encountered
during the project, or likely to be faced if states want to continue offering el ectronic screening.
These issues could also be termed “lessons learned” resulting from implementing a large
demonstration project. Overall, the project demonstrated that electronic screening, even in its
early stage, istechnically viable and increasingly acceptable as a method of commercial vehicle
monitoring and enforcement. Participants in the Advantage I-75 MACS project are confident in
the concept of electronic screening and perceive the program as a success. The participants also
believe that there have been positive benefits produced as a result of this project, including the
realization of the potential public and private sector benefits of Advanced Vehicle Identification
(AVI) technology and electronic screening of commercia vehicles.

During the operational test several issues arose and lessons were learned and documented. These
lessons could provide valuable assistance for future ITS projects. These mgjor lessons include
the following:

. From the beginning, the project partners knew that upper management buy-in of the project
was crucial to its success. Obtaining the support of the governors by signing an agreement
to support the project and provide matching funds hel ped facilitate the project and
overcome many institutional uncertainties.

. The evaluation must be built into the project from the beginning. Evaluation is expensive
and complex, but productive. All participants must be brought in on the original
evaluation plan and program decisions. Input is required from all participants.

. There must be a clear, concise plan of action that is followed. Achieving the necessary
results from a given proposed plan of action is not always possible. The political systemis
complex and unpredictable; therefore gaining the support necessary to sponsor and
champion a course of action is difficult. However, alead agency can obtain the desired
results of agreement, support, and follow-through with a clear and concise plan action.
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Results of Evaluation Objective 7: Attempts to Solve | ssues

As with any large project covering numerous jurisdictions, problems and conflicts arose and had
to be alleviated. During the implementation of the project, several approaches were attempted to
solve these problems and conflicts. Some of the major issues are listed here.

1. Partnerships require communication. commitment and trust. With the large number of
parties involved in this project, clear communication was essential to ensure success.
Essentialy, the jurisdictions have worked together to move the project aong and keep
each participant living up to its commitments. With few exceptions, the public and
private sectors have worked together to implement electronic screening at weigh stations.
Future ITS projects will want to develop routine communication time tables to achieve
program SuCCess.

2. Large research projects require cooperation and compromise from all parties. The
interstate nature of electronic screening and commercial vehicle operations requires
aggressive cooperation between states due to the need for interoperability and
coordination of functions, operation, and maintenance among the partner states. For
example, electronic screening is intended to increase highway efficiency by allowing
safe, legal, and weight-compliant commercial vehicles to pass the weigh stations.
Increased productivity results for both motor carriers and enforcement agencies as
compliant vehicles save time and money by being alowed to pass and enforcement
efforts are focused on possible non-compliant vehicles. Such electronic screening
functions required that data regarding the vehicles credentials be either stored and read
from the vehicle or stored and read from a shared database.

For the process to succeed, the partners had to agree to the status and accessibility of the
commercial vehicle information. For example, it had to be decided whether to update the
data daily, monthly, quarterly, etc. The status and accuracy of the data on vehicle
credentials could vary widely from jurisdiction to jurisdiction. Such differences in the
status and accuracy of the data could reduce the benefits of electronic screening. If the
accuracy of information available on the electronic screening system lags behind actual
vehicle credentialing, newly credentialed vehicles could be required to stop for
compliance checks even though they are in compliance, thus eliminating the benefits of
electronic screening for these commercia vehicles and affected enforcement agencies.

Subsequently, the implementation of Advantage 1-75 MACS required the partners to
cooperate and coordinate in the development of standards and protocols for the design,
operation, and maintenance of the system. Without such cooperation, the goals of
increased highway efficiency and safety would not be met as electronic screening would
not be able to transcend state borders.

3. There must be early, verifiable benefits to be effective. Because of the high deployment
costs involved in electronic screening, the risks are great. Therefore, to be effective and
keep the partners involved the project, the benefits of electronic screening had to be
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demonstrated and verified early in the project. Also, the power of the partnership
demonstrated the benefits of electronic screening through the economy of scale, and
eliminating redundant costs of each state conducting its own procurement of equipment.

4. Business Practices Must Change. The technology in use can readily be made
compatible with other systems. In many states, the commercia vehicle regulatory
responsibilities are distributed among several agencies. There are aso legal impediments
in states that do not recognize today’ s technologies. Regulations that refer to “ written
communication” and “paper” credentials hinder the expansion of technology. The extent
of interagency cooperation also varies from state to state. As the states and their agencies
strive to meet their objectives, they till proceed toward greater interagency coordination
and cooperation in ITS/CVO activities and deployment.
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Survey Results

As part of the evaluation the staffs of the state agencies participating in the project were sent a
survey. The original sample of this study consisted of six states, one Canadian province, and 12
agencies with jurisdiction over commercial vehicle operations. The jurisdictions participating
are Michigan, Ohio, Kentucky, Tennessee, Georgia, Florida, and Ontario, Canada. Since an
important objective of the evaluation was a systematic assessment of the states' decision making
processes and whether or not the states will continue to offer electronic clearance, each agency
within the Advantage 1-75 MACS partnership was included in the survey.

The questionnaire used was developed and adapted from the Volpe study of 1VHS ingtitutional
issues conducted in 1993. The Volpe framework was used as a basis for the questionnaire, and
issues germane to the Advantage I-75 MACS projected were inserted into the existing survey.
A copy of the survey questionnaire is included in the Appendix.

The fifteen-page survey was then mailed to the department heads of each participating agency,
covering the issues described previoudly. Several follow-up contacts by telephone and electronic
mail were made to each potentia survey participant. The response rate, however, was not
significant enough to draw any conclusions.

Notwithstanding, several observations about the project could be made from the comments and
responses that were received. They are:

. Some staff members, particularly lower-level steff, felt left out of the decision-making
processes and communication exchanges pertaining to the implementation of electronic
screening at weigh stations.

. Some members of the partnership felt that the project was moving too owly and were
impatient at the apparent lack of progress.

. Members of some agencies are concerned about the funding methods that will be used to

continue electronic screening. These staff members are concerned whether it will publicly
or privately financed.
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CONCLUSIONS

As aprimary god, the Advantage 1-75 MACS operational test was to demonstrate and evaluate
the jurisdictional issues involving electronically screening commercial vehicles at weigh stations.
This evaluation of jurisdictional issues among the Advantage |-75 MACS partnership was
designed to provide states and motor carriers with information to support decisions about
continuing or discontinuing electronic screening or an enhanced form of electronic clearance and
verification.

The first goa of the evaluation was to determine whether or not states, along with Province of
Ontario will continue to offer electronic screening of motor vehicles. This first goal of the
evaluation was reached, as the states in the partnership, along with the Province of Ontario, have
agreed to offer electronic screening, as shown in Table 2.

Table 2. States and Provinces Adopting Electronic Screening

Ontario Yes
Michigan Yes
Ohio Yes I
Kentucky Yes
Tennessee Yes
Georgia Yes
Florida Yes

The second goal of the evaluation was to determine whether or not motor carriers will continue
to participate in Advantage 1-75 MACS after the operational test is completed. From the
beginning of the Advantage 1-75 MACS project, there has been involvement with the motor
carriers. Carrier representatives were active participants from the beginning on policy-making
committees, evaluation committees, and the alpha test groups. Motor carriers have been
instrumental in seeing the project through to its conclusion and beyond. The participating
carriers are eager to tout the benefits of electronic screening at the weigh stations. Established
systems that can reduce motor carriers' transit times to their destinations, are welcome
improvements along the corridor. Thus, our findings conclude that there is support from the
industry to continue with electronic screening of commercial vehicles.

The third goal of the evaluation was to record all significant institutional issues addressed during
the operational test and document the resolution to issues addressed. The first institutional issue
addressed in the evaluation of the Advantage I-75 MACS is that to facilitate the implementation
of the system, technical standards and information sharing must be agreed to early on in the
project. Within Advantage 1-75 MACS, the transponder capabilities, communications protocols,
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data definitions, and vehicle and carrier identifications were decided upon at the beginning, in
order to eliminate problems later on in the project.

The second institutional addressed is that there must be “buy-in” from upper management in
order to succeed. Obtaining the backing of the governors by having them sign an agreement to
support the project and provide matching funds helped facilitate the project and overcome many
institutional uncertainties

Finally, future ITS projects should serioudly consider the methods developed by Advantage 1-75
MACS. This method includes alead agency to facilitate the project and lead representatives from
each jurisdiction in close contact with the lead agency to enhance communication. While there
were issuesthat caused minor delays in the project because of uncertainties, with few exceptions,
the parties made the commitment to work together to satisfactorily complete the goals and
objectives for the project. The lessons learned from this project will serve others well in future
ITS projects.
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APPENDIX |

1. Billsof Lading Indidcating Loads Used in Fuel Consumption Test
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(1} Reimburse y - fdrthebost of ihe overweight fine if our scale is wrong, OR -
(2) A recresentdtive T Scale Campany will appear in court WITH the dnver as an axpgert witness »t we
Lekeve our scaie was carrect. - .

[N

IF YOU SHOULD GET AN OVERWEIGHT FINE, YOU SHOULD DO THE FOLLOWING TQ GET THE PROSLEM RESOLVED:

CtHTIF}ED 1) Pesttond and request a court date.
2} Caithe CAT Scale focation woere you got the we:gh ticket in question and infonm them of the fine, or cait CAT Scale
AUTOMATED Comoany cirect dunng normal business hours.
TP\U CK 3} IMMEDIATELY send a cogy of the ctation, CAT Scala Ticket, your name, ccn-pany address, and phone aumberto
CAT Scale.
SCALE * The faur weignts shawn below ara separale weights. The GROSS WEIGHT is the CEATIFIED WEIGHT
CAT SCALE COMPANY and was wesgned on a il length plaiform scate.,
£.0. BOX 830 Tt
WALCOTT, IA 52773 *
(319) 284-6263 DATE: STEER AXLE
- DB/ D26 - --r1@7:2:® 11::
. DRIVE AXLE ez TN, T s
SCALE . 1346 @ 1
1R5706 LOCATION: TRAILER AXLE
PUBLIC WESTMASTER'S PILCT_QOIL ’ o T 1:2@8!2 1 1::
CERTIFICATE OF I 79 EXIT 164 * GROSS WEIGHT
WEIGHT & MEASURE °* . FINDLAY OHID : h 3424@ :L o)
Thlsis:ocaﬂsfyﬁutmo !oﬂmngdewibod mardundaowaswdqbed counted, or measursd by a
public or deputy weighmaster, and when peoperly signed and sealed shall be prima facia evidencs of the
) aczuracy of the weight shovwn 24 prascribed by law.
IMPRINT SEAL HERE . e i
{iF APPUCABLE)

f@c«: quﬁsm comoom C‘:ﬁLE
COMPANY mcronk_‘} TRAILER n’i_./é_—th__

6312583

WEIGHMASTER OR
WEIGHER SIGNATURE F==

FULL WEIGH
TICKET 2
7 - i REWEIGH)




Mm

(2} A representative of CAT Scale Company will appear in court WITH the driver as an expert witness 1f we.
believe our scale was correct. ) ) . A

_ IF YOU SHQULD GET AN OVERWEIGHT FINE, YOU SHOULD DO THE FOLLOWING TO GET. THE PHOBLEM .RESOLVED:; .

"WEIGH WHAT WE SAY OR WE PAY"

{f you get an overweight the state after one of our CAT Scales showed a legal weight, we will \E‘
immediately check ourScale anawelwilj} Rz
Reimburse you for the cost ofithe Gverweight fine 1f our scale is wrang, OR "~

RT“:I ED - 1) Post bond and request a court date.
- 2) Call the CAT Scale location where you got the weigh ucket in quesuon and inform them of the fine, or call CAT Scale
TOMATED
Company direct during norrnat business hours.
1) CK 3) IMMEDIATELY send a copy of the citation, CAT Scale Ticket, your name, company. address. and phone number to
- CAT Scale.
' ALE * The four weights shown belaw are separats wetghts. The GROSS WEIGHT is the C:HT!F!ED WEIGHT 3
T SCALE COMPANY and was weighed on a full length platform scale. :
£.0.80X630 - X
IALCQTT, 1A 52773 : -
{319) 284-6263 DATE: STEER AXLE - . .
DS DS DE 11Za@m 16"
. DRIVE AXLE - et e .
SCALE 27982 1b
1541605 LOCATION: . TRAILER AXLE
UBLIC WEESBIASTER'S PILOT OIL =258 1o
CERTIFICATE OF I 75 - EXIT 184 * GROSS WEIGHT -
WEIGHT & MEASURE FINDLAY OHIO LD AR T n
This is to certify that the fciteviving described merchandis'e was weighed, counted, or measured by a
public or deputy weighmaster, and when properly signed and sealed snall be prima faciza evidence of the
accuracy of the weight shown as prescribed by law.
IMPRINT SEAL HERE
(IF APPLICABLE)
LIVESTOCK, PROOUCE, QOP’:RTY CO\(MOO R ?L_ WE;G«-&ED ’\j )
oL/~ /, H/
COMPANY // jM / / w # Lxc’ _;/Z_Z;AIL.R s !
WEIGHMASTER OR / /7 / / / (/ FULL WEIGH
6 3 172 5 8 5 VIEIGHER SIGNATURE / ﬂ / / TICKET #
- — (IF REWEIGH)-
TICKET NUMBER DRIVER IN TRUCK UNLESS CHECKED HEHE._D Q T HE - 9 CAT SCALE COMPANY® 1052
- - - — — = = —l 2 ' —— R e
- The CAT Scale Com

. L

‘ERTIFIED

tmmedxatety check our scate and we will:
(1) Reimburse you for the cost of the overwexght fins if our scale is wrong. QR .
<= (2} A representative of CAT Scale Company will appear.in court WITH the dnver asean experk witness if we

companies is that we back up our guarantee with cash.

EIGH WHAT WE SAY'OR WE PAY"

THE CAT SCALE GUARANTEE
guarantees UK&:QW scates will give an accurate weight. ‘What
e&szhe state aft=-r one of our CAT Scales shawed a legal weight, we will

.. e

.-

believe our scale was correct. - .

- IF. YOU SHOULD GET AN OVERWEIGHT FINE, YOU SHOULD 'rchms FOLLOWING TO GET THE gsog}gga RESOLVED:

" 1) Postbond and request a court date.” s -
. ‘1 17 2) Calithe CAT Scale location where you got the weigh ticket in question and- mform them of the fne, or call CAT Scale
UTOMATED Company direct during normal business hours.
™ U CK 3) IMMEDIATELY send a copy of the c:tatxon. CAT Scale Ticket, your na.me, campany, add.ess, a.nd phone number to
[ CAT Scale.
C A LE * The four weights shown below are separate weights. The GROSS WEIGHT is the CEqTIFlED WEIGHT
SAT SCALE COMPANY and was weighed on a full length platform scate.
- P.O. 80X §30 ' :
WALCQOTT, 1A 52773
{3139) 284-6263 DATE: STEER AXLE

-

DB/ a6

R

LRI 23 b
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if you get an averweight fine from the state after one of cur CAT Scales showed a legal weight, we will .
kmmadiately check our scalg and we will:

(1) Aeimburse you {or the cost of the overweight fine if our scale is wreng, OR: - -~ ° - i

(2} A representatve of CAT Scale Company wnll appeaf in court WITH the dnm as an expert waness if we Tloe :
betfieve cur scale was carect. AL

.- e ta 3

e b

Ve 1 a ey

: .. Tt
iF YOU SHOULD GET AN OVEHWEIGHT FiNE,YOU SHOULD oo THE FOLLQW‘ING TO GEl‘ THE PHOELEM RESOLVED:.

CERTIFIED i '1) Post band and request a court dats. " ’ ) T

2} . Cail the CAT Scale locatien wh t th h ticket i suonandh!ommemoﬂheﬁne.o aﬂc.u"swa
AUTOMATED - 2G4 CAT Sl ocanon wharayou ot e weih et n cus ‘

i

. 'TRUCK 3) IMMEDIATELY send 2 copy of the citation, CAT Scale Ticket, your name, company, ddréss, and phane numb ro.
> . NN p CAT Scale., [N .
SCALE * The four weights shown below are separate weights. Tha GROSS WEIGHT is the CERTIFIED WEIGHT S
CAT SCALE COMPANY and was weighed on a full length platioan scala.
P.0.BOX 630 : - - . . cae e B JEP
WALCOTT, 1A 52773 e g e .
@253 OATERS Z8/19/96 SSIEAE s @meas 1 b e
.._, . 4‘ DT I - . BT LN M RO e . .
: LR e . DRIVE AXLE om RIS
iedeiz . sk _ | =173 15 IR
PUEUCWEGH&&;’;;;’W‘ -PILOT OIL - TRAILER =S=ae 1b- el
I 79 EXIT 184 oL :
. E F‘ - . . l
wgzei?r s:C ni;:s?;zs FINDLAY OHIO anoss WEIGHT& S6=2 1b . )

< T < IS T ae bl e [

This is to cerufy that the-following descnbed merchancise was weighed, caunted, or measured 2y 3
suzlic or deputy weighmaster, and when property signed and sealed shail be pnma facia evideacs of the

acsuracy of the weight shown 2as prescsibed by law. . - -
IMPRINT SEAL HERE '

(IF APPLICASLS)
UVESTCCK, PASCUCE. P)vcaeaw COMMPOITY, OF ARTICLE WEIGHED
COMPANY Y [A/( ﬂ 84 k [}Z 7(/ THACI‘CR:?[:/ TRAILER #
~ WEIGHMASTER CR m (\L}J f 7 2 xZ: ULL WEIGH
WEIGHER SIGNATURE FEE - TICKET #
56413086 ) " = (iF ASWEIGH)
TICKET NUMBER DRIVER IN TRUCK UNLESS CHECKED HEAE (LAY T 436 © CAT SCALE COMPANT 10753

- ————t—

T4 CALE ARANTES
The CAT Scala Comoany guarantees that our scales wiil grve an accucate weight. Yhat
makes us citferent from other scale companses is that wa back up our guarantes with casi.

"WEIGH WHAT 'WE SAY OR WE PAY"
if you get an cverweight fine from tha stata attar ane of our CAT Scales shawed a legal weight, we will
immeqialety check our scaie and we will:. . e
{1y Reambursayculorrecastotmawemeagmﬁnmfourswaswrung.OR" """ :

- {2) Arepraseatatve of CAT Scals Compa.ny wﬁi acopear in coun WITH the driver as an axoen wuness f we
Believe cur scals was cosrect . .

-"v:‘, 3,:
Pl

IFYCU SHOULD GES' AN OVEHWE!GHT FINE. You SHOULD DO THE rOU.OVVlNG TO GE'"HE PROELEM RESOLVED

i

c EH-H FI ED 1} Post bond and request a count date. ] an cal CAT Scal :
— : 2) . Call the CAT Scals location whera you got the weigh ticket in questian and inform them cof the fine, or L]
AU 1 OMATED Company direct during nomal Business hours.
T ' 3) IMMEDIATELY send a copy of the aitanen. CAT Scale Ticket, your name, mnany, acddress, and pheone number 0
RUCK CAT Scale.
SCA LE * The faur weignts shown Celow are secarate weights. The GROSS WEIGHT is the CERTIFIED WEIGHT
CAT SCALE COMPANY and was weigned on a full lengm platorm scaia.
P.0. BOX 630 BRI R B A IO R LTI :
WALCOTT, 1A 52773 ot i
. . b
(319) 284-6263 DATE: DS/ 1D /96 STEER AXLE 1 g-?am 1 b , : !
o~ et te te et T "'~‘.;|'Z - S, hALTAIN . ‘o .
. DHNEAXL. — faee - N
155854 _ seaie =i1zem 1b .
euBLC Wi S2s LOTAToN: PILOT OIL TPALESAMNE o z@e@ 1 b
CER FICAI F I 75 EXIT 184 . " .
WE‘GHT_",&MTE?JHE FINDLAY OHIO . ‘GROSSWEIGHTZ =<4 421 1 b . P

PRI RS LIRS T RS

‘n\nstoleam{ymm" NG Bed handiss was weighed, countad, of measured by &
pub&cordepwmagmmrandwhenpmenys:gnedmdscaiedshaﬂbepmufaaaawdmofme
acmracyolmemgmshmaspmwbedbylaw.

[T

IMPRINT SEAL HERE H
(IF APPLICABLE} :
LVESTOCK, OUCE.P PERTY, COMMO ;V ﬂw&m—nen )
COMPANY 1A L‘/’L/g ;%K?chan‘?’j TRALER s 4 g’I’L
WEIGHMASTER OR FULL WEIGH \
6 A3 3 D 8 S WEIGHER SIGNATURE U L FEE T _ QD TCKET?

W\\/@-‘f < 1 \IF REWEIGH)
T —
TICKET NUMBER ORIV SS CHE ) HERE:, - S~ ® CAT SCALE COMPANT® 1055
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"WEIGH WHAT WE SA

1f you get an overweight fina from the state AETER onegta CAT Saia showed a legal wme&’.‘ N
immedialely check cur scale and we will 2

A

. (1) Reimburse you lor the cost of tha overwerght fine if our scals is wrong, OR . ~ = .
! {2) A representative of CAT Scale Carnpany will appear in court WITH the driver as an exgert wuness 1! we “ -
: believe our scale was carrect, . s
1 ) .
: . IF YOU SHOULD GET AN QVERWEIGHT FINE, YOU SHOULD 00 THE FOLLOWING TO GETTHE PRQSLEM RESOLVED': e
[l ord &
- CERTIFIED 1} Post ond and request a court cate. o at 1-500-336.988.. . . ot
: 2) Orcalt CAT Scaile Company direct 24 hours a day at 1-800- . -
i AUTOMATED 3} BAMEDIATELY send a copy of the uuunn CAT Scale Tckat. your name, company, addtes& and phono number lo .-
1 - CAT Scale Campany At Operali g o
! TRUCK _—
i SCALE * The lour werghts shawn behwmseoa:axemgm.%he GROSS WEIGHT is the CERTIFIED WEIGHT | * * 2 ™
ang was wesghed on a hull langin platform scale, - . "
CAT SCALE COMPANY . i —
| " P.O.BOX6E30 : . ~—
! WALCOTT, IA 52773 . _ .
' (192846283 ° 'AE v 16 /96 STERAANE o i 1
) : PRVEAE maad 1b -
i SCALE — = .
{ tocamon: it EE TRAILER AXLE
i U8 WETGHMASTER'S PILOT OIL Seo4a4d 1o )
: 4% AT LOVELL RD . HT :
: CEATIFICATE OF Is a GROSS WEIE
WEIGHT & MEASURE KNOXVILLE TN S4DA lI =
This is lo ceculy that the eliewing desc:;bed merchandise '‘was weighed, ccunted, or measured by a
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“WEIGH WHAT WE SAY OR WE PAY*™ >

lfycugetancvannmghmnatmmstam_.ﬁmolomca‘r.wusmmdal alweight.we
immadiataly check our scale and we wit 9 M\-

{1) Reunburse you lor the cost of the cverwsight fine if qur scale is wroag, OR

(2) A representatva of CAT Scale Company will appear in court WITH the driver as an sxpert winess if
betievs our scale was comect, wev'

* IF YOU SHOULD GET AN OVERWEIGHT FINE, YOU SHOULD DO THE FOLLOWING TG GET THE PROSLEM RESOLVED:
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CERTIFIED 1) Post bond and request 3 court cate.
2) Orcalt CAT Scate Company direct 2¢ hours 3 day at 1-800-336-5889.
AUTOMATED J) WAMEDIATELY send a copy of the axanen. CAT Scale Ticket, your nams, o drass. and phone et to
TRUCK CAT Scale Company Att: Op g .
SCALE * Tha four weights shown beiow are secarate weights. The GROSS WEIGHT is the CERTIFIED WEIGHT )
CAT SCALE COMPANY and was weigited on a full length platfoan scle.
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(IF APPLICABLE)
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THE CAT SCALE GUARANTES
The CAT Scale Company guarantees that our scales wil give an accurate weght What
maxes us citferent irom other scale comparues is that we dack up our guaranies with cash.

*WEIGH WHAT WE SAY ORWE par?
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Seireve our scais was camrect. - B ’%-,-_
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1} Post bonc and request a court date. ; aa;.‘
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P.0.80X 620 R
WALCOTT, 1A 52773 ’
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APPENDIX I

1. Copy of SAE Fuel Consumption Test Procedure

A-2 Final Report



JOINT TMC/SAE FUEL CONSUMPTION TEST
PROCEDURE - TYPE Il - SAE J1321 OCT86

SAE Recommended Practice

Report of the SAE/DOT Advisory Committee, approved October 1981 and reaffirmed by the Truck and Bus Fuel Economy Committee, October 1986.

1- Scope - This recommended practice provides a standardized test
procedure for comparing the in-service fuel consumption of two condi-
tions of a test vehicle or of one test vehicle to another when it is not
possible to run the two or more test vehicles simultaneously. An
unchanging control vehicle is run in tandem with the test vehicle(s) to
provide reference fuel consumption data. This procedure is especially
suitable for testing components, which require substantial time for re-
moval and replacement or modification, such as engines, transmissions,
axles, and cab sheet metal. This procedure may also be used for
comparison of entire vehicles and for easy-to-change components (those
referenced in the Type | test described in SAE Recommended Practice,
SAE J1264). The test may utilize fleet vehicles operating over representa-
tive routes.

The result of a test using this procedure is the percent difference in fuel
consumption between the two test vehicles or the difference in fuel con-
sumption of one vehicle in two different test conditions.

The fuel measurement method is a key factor in determining the overall
accuracy achievable with this procedure. If the weighing method is used,
overall test accuracy is best and, based on test experience, will be within
+1% (for example, 6% measured improvement can be from 5-7% actual
improvement). (See Section 6, Test Accuracy.)

The following four basic rules must be applied to this procedure to
insure test result validity:

(a) The test routes and cargo weight should be representative of actual
operation.

(b) A single test is inconclusive regardless of the results. A single test should be
taken as an indicator. Test results must be repeatable to have validity.

(c) The more variables controlled, the more conclusive the results.

(d) All test procedures or methods are accurate within prescribed lim-
its. If the component or system being tested by a given procedure shows a
degree of improvement which is equal to or less than the accuracy limit of
the procedure, an additional number of tests should be conducted to
determine its true value. If a number of tests do not show consistent
results, then one must conclude that the changes caused by the compo-
nent or vehicle system are less than can be measured by the test proce-
dure.

2. ldentification - Sufficient information is to be recorded to identify
the vehicles under test and the route over which the test is conducted.
Minimum information required is shown on the Type Il Test Data Form
# 1 (Vehicle Identification).

3. Definitions

3.1 Vehicles "C" and "T"--The vehicles being used for test pur-
poses are identified "C" and "T." This identification applies to the vehi-
cles and associated equipment, including the trailer, in the case of trac-
tor/trailer combinations. Vehicle "C" is the control and is not modified in
any way during the entire test. Control vehicle fuel consumption is used
only to generate control data. It is necessary that Vehicle "C" be dedi-
cated to the test and not used for other purposes until the entire series of
tests is completed. The singular purpose of Vehicle "C" is to monitor the
test route, ambient conditions, and test procedures for each test run.
Vehicle "T" is the test vehicle used to evaluate components. The proce-
dure also has the capability to test two test vehicles, comparing one to the
other. (See paragraphs 5.12 and 5.13 for explanation of the two-vehicle
test.)

3.2 Test Run--A test run is a complete circuit of the test route. A
test run always starts and ends at a common point. This may be accom-
plished by using either a closed loop of highways or a single highway with
one-half of the test run outbound, a turnaround point, and one-half of the
test inbound, or a test track. Each vehicle test run generates one data
point. To be usable, a test run must meet the constraint of paragraph 5.9.

3.3 Data Point--A data point is the quantity of fuel consumed by a
vehicle on a test run.

3.4 T/C Ratio--A T/C ratio is the ratio of the quantity of fuel con-
sumed (data point) by the test vehicle to the quantity of fuel consumed
(data point) by the control vehicle during one test run.

3.5 Baseline Segment-A baseline segment is composed of a mini-
mum of three valid T/C ratios. A baseline segment establishes baseline
fuel consumption of test vehicles or the first of two vehicles to be tested.
(See paragraphs 5.10, 5-11, 5.12, and Appendix |, Sample Calculations,
for further explanation.)

Note: TMC-The Maintenance Council of the American Trucking Association,
Inc.

3.6 Test Segment-A test segment is also composed of a
minimum of three valid T/C ratios. A test segment establishes the fuel
consumption of the test vehicle after modification or the fuel
consumption of the sec- ond of two vehicles tested, .a valid test
segment must be compared to a valid baseline segment. (See
paragraphs 5.10, 5.11, 5.12, and Appendix |, Sample Calculations, for
further explanation.)

3.7 Complete Test--A complete test is composed of a baseline seg-
ment and a test segment.

4. Test Preparations

4.1 Test Route Selection

4.1.1 FOR LONG-HAUL OPERATIONS-A test route representative of ac-
tual operation of not less than 40 miles (64.4 km) should be selected for
conducting the test. The route selected must allow high probability of an
uninterrupted test. (Record on Test Data Form #1.)

412 FOR OTHER OPERATIONS (PICK-UP AND DELIVERY (P&D). CON-
STRUCTION, TRANSIT BUSES, ETC.)--A representative test route must be
selected which will provide sufficient distance and time to consume a
minimum of 30% of the test tank capacity or a minimum of 6 gal (22.7 I)
of fuel, whichever is greater. The route selected must allow high probabil-
ity of an uninterrupted test. (Record on Test Data Form #1.)

4.2 Vehicle Test Speeds-The test speeds selected should be repre-
sentative of average operation as determined by the operator conducting
the test and be within the capability of the test vehicles. Vehicles are to be
operated according to vehicle, engine, and transmission manufacturers”
recommendations (engine speeds and shift points). If the test vehicles can
be operated in more than one transmission or differential ratio over any
part of the test route at the speed selected, a pre-determined driving
procedure must be specified. At no time during the test cycle should one
vehicle control the speed or performance of the other vehicle; however,
they should be run at basically the same time in order to experience the
same ambient operating conditions. (See paragraph 5.4.)

4.3 Vehicle Type and Configuration-Vehicles “C” and ““T”” are
not required to be of the same general configuration. However, it may
require more test runs to obtain three valid T/C ratios when extreme
differences in configuration exist between control and test vehicles. All
vehicles must be in proper operating condition as determined by the
operator conducting the test. (See paragraph 7.7.) Vehicle “C* need not
have the same engine, driveline, axle ratio, or tire size as the test vehicle.
(Record on Test Data Form #1.)

4.4 Cargo Weights-The cargo weights selected for the test should
be representative of the fleet operations and be within the capability of
the vehicles under test. Equal gross weights for Vehicles ““C” and “T” are
not necessary but are desirable. If two test vehicles are being compared,
the cargo weights must be the same. Cargo weight must not change
during a test unless a change in weight is a factor being tested. (Record
measured weights of control and test vehicles on Test Data Form #1.)

4.5 Driver Selections-Drivers selected should be sufficien tly skilled
so that test results are not affected by the driver 3 technique improvement
during the test period. Drivers should also have a strong motivation for
unbiased results and excellence of test procedure conduct.

4.6 Observers-Observers should be assigned to each vehicle. The
observer records the data outlined in paragraph 5.5. Complex driving
cycles require observers; simple driving cycles may not require observers.

4.7 Fuel Measuring

4.7.1 PORTABLE WEIGH TANK METHOD-This method of fuel consump-
tion measurement requires that a portable tank of at least 16 gal (60.6 L)
capacity be installed on each vehicle. The portable tank! must have provi-
sions for both supply and return of fuel. The fuel line connections to the
portablez tank must be fitted with quick-disconnect fittings to allow for
removal without spillage. The portable tank weigh method, requires a
good quality scale2, accurately calibrated in increments of 0.1 Ib (45 g) or
1 0z (28.4 g). (Use Test Data Form #2 for recording data.) When reading
a scale with graduations marked at each ounce, it is a simple matter to
interpolate to % oz. A deadweight of approximately 100 Ib (45.4 kg, is
required to check scale repeatability immediately preceding each series
of fuel tank weighings. (See paragraph 7.4.)

11t is strongly recommended that the portable tanks selected have a high degree
of mechanical integrity. Temporary installation of an automobile fuel tank is not
recommended

2A good scale for this purpose is Accu-weight Model 200 or equivalent.



472 FLow METER METHOD-If vehicles are fitted with on-board flow
meters, these meters must be capable of temperature density compensa-
tion and must be calibrated to a minimum accuracy of *1% at a flow rate
consistent with the vehicle being tested. (Use Form #2 for recording data.) (See
paragraph 6.2 for test accuracy with fuel meter.)

473 FUEL TEMPERATURES-The fuel temperature in the portable
weighing tanks should be kept below 160°F (71°C). Fuel coolers can be
used to maintain the temperature below that value but positioning the
portable weigh tank in an area of good air flow is an easier solution.

4.8 Baseline Segment-Vehicles “C” and “T”” must make sufficient
test runs to complete a baseline segment. (See Appendix I, Sample Cal-
culations.) After the baseline has been established, modification is made
to Vehicle “T.” No change is made to Vehicle “C” for the duration of the test.
Vehicle “C”” must remain the same vehicle, without change, and used for
test purposes only, even if modification to Vehicle “T” requires several
weeks. If trailers are used, the trailers and loads must be used for test
purposes only, or be set aside, unchanged, until the test is completed.

4.9 Test Segment-Vehicle ““C” and modified or new Vehicle “T”
must make sufficient test runs to complete a segment. (See Appendix I,
Sample Calculations.)

5. Test Procedures

5.1 Vehicles “C*” and ““T”” must follow the same start and warm-up
procedures. Warm-up speeds should be at or near test speeds. The time
of warm-up must not be less than 1 h. Longer warm-up periods may be
required at colder temperatures. Warm-up and driver familiarization with
the test route can be accomplished at the same time. This test procedure
is structured to measure fuel consumption differences of warmed-up vehi-
cles.

5.2 Record weather, road conditions, traffic conditions, wind veloc-
ity, wind direction, temperature, humidity, and barometric pressure for
each test run. (Record on Test Data Form #2.) These data are not used in
calculation but are useful in evaluation of test results.

5.2.1 Wind velocity may be checked with an inexpensive marine type3
hand held wind indicator.

5.2.2 Weather data may be obtained from a local airport or other
weather bureau service.

5.3 Vehicles “C” and “T”” are moved to the marked starting point
and parked with engines stopped. Portable fuel tanks are topped off,
weighed, and the weight recorded. Fuel measuring equipment, if used,
and odometers are read and the data recorded. (Use Test Data Form #2.)
Vehicles must be fueled from the same dispenser during the entire test to
insure consistent fuel grade and quality.

5.4 The driver of Vehicle ““T”” should start the engine and leave the
starting area on a predetermined test route. (Engine start time is recorded
on Test Data Form #2-2.) After approximately 5 min, the driver of
Vehicle “C” should start the engine and leave on the test route. (Engine
start time is recorded on Test Data Form #2-1.) The interval spacing is
to insure that one vehicle will not impose an artificial performance limit
on the following vehicle and will also allow fueling between runs without
disproportionate cooling. Care should be taken to insure chat cool-down
periods are identical for both vehicles and for all test runs. Cool-down
periods at start of test and between runs should not be more than 5 min.

5.5 Observers, if used, should make and record a minimum of ten
elapsed time recordings on each run using the Observers Worksheet.
These calculations are made using stopwatches and mile (km) posts. If
mile (km) posts do not exist on the test route, measured miles (km) must
be laid out prior to conducting the test. Using a stopwatch, observers also
record the time the vehicle is stopped at any point on the test route other
than at the start and finish points. The time stopped on the course should
occur only at stop signs. The vehicle stopped time is subtracted from the
total time to obtain running time for each run. (See Form #4, the Ob-
servers Worksheet.)

5.6 If, due to conditions or vehicle specifications, a pre-determined
driving cycle is specified for the test the observer is to coach the driver,
making sure that the vehicle is operated as described in the pre-
determined driving cycle.

5.7 At the end of each test run, each vehicle must stop at the start
(fueling) point. Immediately after full stop, engines are idled for 1 min
and then shut down. (Time is recorded using Forms #2-1 and #2-2.)
Fuel measurement equipment and odometers are read and recorded. (Use
Forms #2-1 and #2-2.)

5-8 The driver of Vehicle “C™ should drive that vehicle for the com-
plete test. The driver of Vehicle “T” should drive that vehicle for the
complete test. After refueling occurs, repeat paragraph 5.3. (Record

weather, road, traffic conditions, wind velocity, and wind direction on
3 Edmund Scientific Co. Barrington, NJ, or Dwyer Instrument, Inc., Michigan City, IN, or
equivalent.

Forms #2-3 and #2-4.) Observers should also remain with their respec- tive
vehicles throughout the complete test since their instructions may influence
driver performance.

5.9 At the conclusion of each test run, all data are recorded and the next
test run is started by repeating paragraphs 5.3-5.6. Time to complete a test run
must be repeated within +0.5%. For a run which requires 1 h to complete,
repeatability must be +18 s. Fuel consumption data should not be used from runs
which failed to repeat time within +0.5% of other runs in the same segment for
the same vehicle. With a 40-50 mile (64.4-80.5 km) long haul course, the use of
runs that do not repeat within +0.5%, excluding time stopped on the test route,
will affect the accuracy of the results. The operational events of these runs must
be identical. The only allowed variable is time stopped at scheduled stops. More
complex test schedules may be less tolerant of variations in stop time.

5.10 A test consists of two segments, a baseline segment and a test
segment. Each segment is made up of a minimum of three valid T/C
ratios (Test Vehicle Fuel Used/Control Vehicle Fuel Used.) Valid T/C
ratios must fit within a 2% band. (See Appendix I, Sample Calculations.)
The 2% band means that the lowest T/C ratio cannot be more than 2%
below the highest.

5.11 If only one test vehicle is used, a baseline segment is run: The
vehicle is then modified and a test segment is run as outlined in para-
graphs 4.1-4.9 and 5.1-5.9. The comparison of the baseline and test seg-
ments for the test vehicle gives the test results. (See Appendix I, Sample
Calculations.)

5.12 If two complete vehicles are to be compared, the Control Vehi-
cle (C) and Test Vehicle One (T:) are used in the baseline segment. The
Control Vehicle (C) and Test Vehicle Two (T3) are used in the test seg-
ment. Both segments are run as outlined in paragraphs 4.1-4.9 and 5.1 -
5.9. The comparison of the baseline and test segments of the test vehi-
cle(s) gives the test results. More than one test vehicle can be run
simultaneously in which case the divisor of the ratio is always the Control
Vehicle (C). (Ti/C, T2/C, T3/C, etc.) (See Appendix I, Sample Calcula-
tions.)

5.13 This test procedure is for use when testing a modification to
test vehicle or when comparing two vehicles employing a switch of the
complete test vehicle between baseline segment and test segment. For
example, when comparing one test tractor to another, the driver and
trailer of the baseline segment vehicle are the driver and trailer of the test
segment vehicle. The test segment is then comparable to the baseline
segment. More than one test can be conducted and several test vehicles
can be operated at the same time. When more than one test vehicle is run
at the same time, the control vehicle should be run between the test
vehicles and as near the middle as possible. A single test is inconclusive
regardless of the results. A single test should be taken as an indicator.
Test results must be repeatable to have validity.

6.  Test Accuracy

6.1 Properly conducted tests using portable tank weigh methods are
considered, based on test experience with long-haul test routes, to have
an overall accuracy within +1% (for example, 6% measured difference
can be from 5-7% actual difference.)

6.2 The use of on-board meters has not been succcssfully demon-
strated during the validation this procedure.

7.  Cautionary notes

7.1 Test Route-It has been determined during validation of the
procedure that the optimum long haul test route is one that starts and
stops at a common point, has a fueling point with easy access to the test
route, and has no traffic control lights. The turnaround should be either
the cloverleaf type or an off ramp with a stop sign, an overhead (or
underneath) crossover, and an on ramp. A turnaround point with traffic-
control lights must be avoided. A test route that has had mile (km)
markers installed is recommended. For other test routes (P&D, construc-
tion, transit buses, etc.) experience has shown that this procedure is ac-
ceptable. However, care must be taken in establishing routes and their
inherent driving cycles to insure they are representative of the operating
parameters of the equipment under test.

7.1.1 For transit buses, the Transit Coach Operating Profile Dump
Cycle* may be used.

7.2 Trailers and Weight Dedication-If trailers are used, the trailer
matched to Vehicles “C” and “T” should stay with their respective
tractors throughout the entire test. If this cannot be done with the opera-
tor revenue equipment, consideration should be given to renting trailers
for the duration of the series of test segments. Under no circumstance

should the trailers be exchanged between Vehicles “C*” and ““T.”” The use

“Baseline Advanced Design Transit Coach Specification, Part Il. Paragraph | (17). Guideline
procurement document for new 30 and 40 ft (10.4 and 12.2 m) coach design. Published by DOT and
UMTA.



of revenue cargo for test weight should be avoided to prevent delay of
weight or loss of costly test data due to an unavoidable extension of the
test period and/or cargo delivery commitments.

7.3 Vehicles “C” and “T”” should be operated at test speeds for not
less than 1 h. for warmup before test cycles are run, to insure that the
vehicles approach temperature stabilization in all components. Invalid
test runs may result if higher fuel consumption is caused by temperature-
induced frictional resistance in one, but not all, of the vehicles used to
conduct the test. If fuel consumption during warm-up is being tested.
Vehicles “C” and “T” should not be operated for a minimum of 12 h
prior to starting each test run.

7.4 Portable tanks must be weighed on the same portable scales, (See
paragraph 4.7.1.) The outside of the portable fuel tanks should be wiped
clean of dirt and fuel each time they are weighed. The scale site should be
protected from winds. Scales must be checked with a known deadweight of ap-
proximately 100 Ib (45.4 kg) before each series of readings. The portable scales
should not be moved between the initial and final weighing of a given test
run unless particular attention is paid to checking the scale repeatability
in a second location. (See paragraph 4.7.1, etc.)

7.5 It is strongly recommended that all drivers and observers of
Vehicles ““C”” and “T”” be required to drive and ride over the test route at
least once before testing. Familiarity with grades, required shifting, brak-
ing, speed maintenance, etc. will lead to greater accuracy and
repeatability.

7.6 To minimize test variability when driving the warm-up run or
first test run, it is recommended that each driver mentally note the precise
location on the test route where he applies the brakes and for how long,
where he shifts gears, and where he accelerates and decelerates. Each
subsequent run should be an exact duplicate of the previous run and no
attempt to improve should be made.

7.6.1 The use of stopwatches by observers and/or drivers to facilitate the
measurement of time and speed between mile (km) markers has been
found to be a valuable aid in meeting the time requirements of this test
procedure.

7.6.2 It has also been found useful to select mile (km) marker check points
along the route and record the time between markers, the time to negoti-
ate a cloverleaf, and the time elapsed from interstate ramp to ramp. The
selected check points should remain the same for each test run. No at-
tempt should be made to compensate for a fast or slow elapsed time
between two previous check points.

7.7 To minimize test variability, it is recommended that all vehicles
(C and T) being tested be in similar mechanical conditions, be representa-
tive of the operator’ vehicle(s) involved in the test, and have (except in
one case where this is the item being evaluated):

(@) Each engine governor set to manufacturer's recommendation or the
operator % standard.

(b) New air cleaner element and new fuel filters. Installation of new air
cleaner element can be waived if vehicle inlet restriction does not exceed
0.5 in H20 (3.7 kPa).

(c) Each vehicle reasonably clean and free of sheet metal dents, tears,
or missing body parts. Fiberglass hoods should be intact.

(d) Cab side window openings the same in each vehicle, open or
closed, for the entire test. For transit buses, all windows should stay the
same (open or closed) for entire test.

(e) Accessory load for each vehicle as consistent as possible (for exam-
ple by turning air conditioning off, defroster off, heat switch at the same
position, and lights on).

(f) Trailer free of damage to exterior surfaces that would affect aero-
dynamic drag.

(g) Truck/tractor alignment checked and proper. Trailer axle align-ment
checked and proper.

(h) Each vehicle properly lubricated prior to test. All fluid levels should be
checked and be at prescribed levels.

(i) Temperature controlled fan drives and shutters locked in the same
operating mode throughout the test.

()) Cold tire pressures measured and inflated to operator’ standard.

(k) A stall check made on vehicles equipped with automatic transmis- sion
and torque converters.

(I) Exhaust system back pressure below engine manufacturers maxi-mum
recommended limit and within 0.5 in Hg (1.7 kPa) between test vehicle engines
of the same make and model.

(m) Proper brake adjustment.

7.8 At the end of each warm-up and at the end of each test run, all
vehicles must be checked for mechanical changes that would affect test
results. Typical checks would include:

(@) Oil pressure and leaks.

(b) Coolant temperature and leaks.

(c) Exhaust gas temperature.

(d) Engine air filter restriction.

(e) Electrical load.

(f) Tire pressures.

(g) Brake dragging (i.e. temperature).

(h) Exhaust smoke.

(i) Observed ability to maintain selected test speed.
() Transmission or differential leaks.

(k) Intake manifold pressure (turbocharger boost).

7.9 Drivers of Vehicles “C™ and “T” should be interviewed between
test runs to ascertain any differences in the apparent handling, power, and
braking characteristics of their respective vehicle. If changes occur be-
tween the test runs of either the baseline segment or the test segment, the
test data should be discarded and the test re-run after correction of the
problem.

7.10 In order to obtain results which may be considered representa-
tive of actual service conditions, it is important to reproduce typical ser-
vice conditions during the test. This applies to load weights, routes,
grades, vehicle speeds, weather, wind conditions, drivers, etc. For example,
if the actual service vehicles generally operate in a part of the country
where hills exist over a substantial portion of the routes, the test should
be conducted on similar terrain in order to obtain the most representative
results.

7.11 Because of the specific nature of aerodynamic drag reduction
equipment (deflectors, body fairings, roof fairings, vortex stabilizers, etc.)
comparison tests between brands or types should not be run with two
trucks. If comparative results are required, additional test trucks are rec-
ommended during any given test. The entire range of trucks may be
either higher or lower than average conditions depending upon the
weather (wind velocity and direction) on the days during which the tests
were conducted. To minimize the effects of high or low yaw angle wind
effects, a circular route or closed loop of highways is recommended.

7.12 The accuracy of odometers and speedometers of Vehicles “C”
and “T” should be determined during the warm-up test and compensa-
tions made for error during actual test runs. If odometer readings (total
miles (km)) between two vehicles differ, it is recommended that the two
elapsed mileage (km) readings be averaged and this value be used for
calculation purposes. Another acceptable method would be to use a vehi-
cle with known speedometer and odometer accuracy and use that distance
for calculations of mpg (km/L) conversions.

7.13 If test participants are currently careful and pay attention to all
details of the procedure, it has been found that it is highly unusual that
more than five test runs are required to complete a segment. It has also
been found that, almost without exception, a procedural error or a me-
chanical problem can be identified when it is necessary to throw out a test
run.
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APPENDIX |
SAMPLE CALCULATIONS
Al. Derivation of Baseline Data
Al.1 Baseline Segment
A.
Fuel Consumed
Ib or kg. Control = T/C Ratio
Vehicle (Data Point)

Fuel Consumed
Ib or kg, Test )
Vehicle (Data Point)

Test Run No.

1 78.94 68.04 1.1602
2 79.41 66.84 1.1881
3 77.50 66.84 1.1595

Check T/C values must be within 2%!?:
After three test runs:
B.  Highest T/C ratio X 0.98 = minimum acceptable T/C ratio
1.1881 X 0.98 =1.1643

The T/C ratios derived by test runs #1 and #3 are less than the

minimum acceptable T/C ratios calculated in B. Therefore, additional
baseline data are required. This comparative test to assure T/C ratios

1 Use 0.98 as a multiplier for this purpose.



within 2% should be made after the third test run and then after each
succeeding test run that is required. When three test runs repeated within
25 of each other, .as checked in B, have been computed, the baseline
segment is complete. In this example, an additional test run is required.

Fuel Consumed Fuel Consumed

Test Run No. Ib or kg. Test ., Iborkg, Control = T/C Ratio
Vehicle (Data Point)  Vehicle (Data Point)
1 78.94 68.04 1.1602
2 79.41 66.84 1.1881
3 77.50 66.84 1.1595
4 78.54 67.34 1.157

After four test runs:
C.
1. Highest T/C ratio X 0.98 = minimum acceptable T/C ratio
1.1881 X 0.98 =1.1643
2. Second highest T/C ratio X 0.98 = minimum acceptable T/C ratio
1.1602 X 0.98 = 1.1370

Because there are three T/C ratios greater than the minimum accept-
able T/C ratio as determined by calculation C.2., the requirement that
three test runs fall within a 2% band has been met and the baseline
segment is complete.

Test runs #1 and #3 were valid when tested by comparison with test
run #4. Therefore, run #2 is considered faulty and is deleted as part of
the baseline segment. Since test runs #1, #3, and #4 meet the 2%
requirement, a #5 test run is not required.

The same procedure shown at A and B is repeated as in C.

If a fifth test is required to get three valid T/C ratios, the determination
of those runs is done per item D.

D.
1. Highest T/C ratio X 0.98 = minimum acceptable T/C ratio
2. Second highest T/C ratio X 0.98 = minimum acceptable T/C ratio
3. Third highest T/C ratio X 0.98 = minimum acceptable T/C ratio

NOTE: If test participants are extremely careful and pay attention to all
details of the procedure, it has been found that it is highly unusual that
more than five test runs are required to complete a segment. It has also
been found that, almost without exception, a procedural error or a me-
chanical problem can be identified when it is necessary to throw out a test
run.

The test segment may now be started.

Al.2 Test Segment-Make similar calculations as in basel ine seg-
ment. (Typical test segment results are shown in paragraph A2.2.)

A2. Calculation of Results — After finishing a baseline segment and a test
segment, calculate the result. That is, compare the baseline segment,
performed before the component change was made to the truck, to the
test segment, performed after the change. Each segment was run until
three T/C ratios of fuel consumption were obtained which met the 2%
test. For calculating the results, we must now compare them.

A2.1 Baseline Segment T/C Ratios

TestRun #1....... 1.1602
H3....... 1.1595
HA. ... ... 1.1577
Ave. 3.4774 , 3=1.1591

A2.2 Test Segment T/C Ratios-(See paragraph Al .2.)

TestRun #2....... 1.0959
H3..... .. 1.1080
HA . ... ... 1.0936

Ave. 3.2975, 3 =1.0992

The T/C ratios derived in each segment are ratios comparing the fuel
consumption of the test vehicle (T) to the control vehicle (C). It is by
comparing these ratios that we derive the percentage improvement (posi-
tive or negative) between the baseline segment (before the component
change) and the test segment (after the component change).

A2.3 Percent Fuel Saved
= (Ave. Baseline T/C - Ave Test T/C) , Ave. Baseline T/C
=(1.1591-1.0992) , 1.1591
=(0.0517 X 100) = 5.17% Fuel Saved.

A2.4 Percent Improvement.
= (Ave. Baseline T/C - Ave Test T/C), Ave. Test T/C
=(1.1591 - 1.0992) , 1.0992
= (0.0545 X 100) = 5.45% Fuel Saved.

A3. mpg (km/L) Conversion-The preferred method of expressing the
result of a test is as a percent of fuel saved, as described in paragraph
A2.3. If it is desired to see fuel consumption stated in mpg (km/L) it must
be emphasized that these values apply to the specific test conditions only.
This section of the procedure describes how to state the results in con-
sistent mpg (km/L) values. The fuel consumption of the control vehicle is
used, in an arbitrary role, in this calculation. For reasons of consistency, and
so that the resulting mpg (km/L) values can be compared with each other,
it is important that the same control vehicle mpg (km/L) value be used to
derive all test vehicles” mpg (km/L) values. Two ways of calculating this
representative control vehicle mpg (km/L) are shown and the choice
between them is not important. It is important that the precaution be
followed of using only one representative control vehicle (including
driver) mpg (km/L) value to calculate all mpg (km/L) values which might
be compared with each other.

The fuel specific weight of the actual test fuel should be determined and
used for this calculation. As an alternative, a value of 7.05 Ib/gal (0.84
kg/L) for #2 diesel and 6.0 Ib/gal (0.72 kg/L) for gasoline may be used.

A3.1 Representative Control Vehicle mpg (km/L) - The control
vehicle representative mpg (km/L) can be obtained from valid fuel con-
sumption for one day or from the valid fuel consumption for every time
that control vehicle was used.2 For this example, the baseline segment
valid runs will be used:

68.04 Run #1
66.84 Run #3
67.84 Run #4

202.72 Ib for 3 runs

202.72 Ib , 7.05 Ib/gal = 28.75 gal
(91.95 kg , (0.85 kg/L = 108.17L)¢

50 miles X 3 runs = 150 miles
(80.5 km X 3 runs = 241.4 km)4

150 miles , 28.75 gal = 5.22 miles/gal*
(241.4km | 10s.IT L =2.23 “km/L)

A3.2 Test Vehicle Baseline mpg (km/L)
Control vehicle representative mpg (km/L) , Ave. Baseline T/C Ratio
5.22 mpg + 1.1591 = 4.50 mpg
(2.23 km/L +1.1591 = 1.92 km/L)

Test Vehicle Test mpg (km/L)
Control vehicle representative mpg (km/L) , Ave. Test T/C Ratio
5.22 mpg, 1.0992 =4.75 mpg
(2.23km/L , 1.0992 = 2.03 km/L)

A3.3 Improvement in mpg (km/L)
Test - Baseline
4.75 - 4.50 = 0.25 mpg improvement
(2.02 - 1.92 = 0.10 km/L improvement)

2 522 mpg (2.23 km/L) has been established as representative of this control
vehicle recognizing that tests run on other days under different weather conditions,
will result in a different mpg (km/L) value for the control vehicle. However, for
other tests where this control vehicle is used for the purpose of converting to mph
(km/L the 5.22 mpg (2.23 km/L) must be used as the representative value if a valid
mpg (km/L) conversion is to be made. If a new representative value is used, a
previous mpg (km/L) improvements must be recalculated using the new representa-
tive value.

3 To convert Ib to kg multiply Ib by 0.4536.

4 To convert miles to km multiply miles by 1.6093.



TYPE Il TEST DATA FORM #1 (VEHICLE IDENTIFICATION)
Power Unit

Fleet Date Test #

Control Vehicle Test Vehicle

Unit Number

Make

Model

Year

Number of Axles

Number of Drive Axles

Engine Make/Model

Governed Speed @ No Load (High Idle) RPM RPM

Rated Power hp (kw) hp (kw)

Rated Speed RPM RPM

Peak Torque Ib-ft Ib-ft

Peak Torque Speed RPM RPM

Transmission Make Model

Geared For mph (km/h) mph (km/h)

at RPM at RPM

in gear in gear

Differential Make/Model

Differential Ratio

Tire Size/Type/Make/Model / / / /

Tire Pressure (Cold) psi (kPa) psi (kPa)

5™ Wheel Setting (express in
in (mm) the distance 5" wheel
fulcrum is ahead or behind the
center line of bogie) in (mm) in (mm)

NOTE: In areas where two units are shown [i.e., hp (kw)] circle the unit used.



TYPE Il TEST DATA FORM #1 (VEHICLE IDENTIFICATION) (CONTINUED)
Power Unit

Fleet Date Test #

Control Vehicle Test Vehicle

Unit Number

Make

Model

Year

Type (Van, Flatbed, Tank, Etc.)

Type of Side

Type of Corner

Height

Length

Tire Size/Type/Make/Model / / / /

Tire Pressure (Cold) psi (kPa) psi (kPa)

Number of Axles on Trailer(s)

G.V.W. (Measured on Scale)

Kingpin Setting in (mm) in (mm)

Cab-to-Trailer Gap in (mm) in (mm)




TYPE Il TEST DATA FORM #1 (VEHICLE IDENTIFICATION) (CONTINUED)

Devices, Components, or System That Are Incorporated

Fleet

Into Control and Test Vehicle Specifications

Date

Test #

Control Vehicle

Test Vehicle

No

Yes

Type

No

Yes

Type

Radiator Shutters (on-off or modulating)

Engine Cooling Fan Sys. (Describe below — A)

Aerodynamic Device (Describe below — B)

Engine Oil

Transmission Lube

Differential Lube

Fuel Heater

Oil Cooler

Tag Axle

Air Lift Axle(s)

Low Back Pressure Exhaust System

Other:




TYPE Il TEST DATA FORM #1 (VEHICLE IDENTIFICATION) (CONTINUED)

Fleet Date Test #

Detailed Description of Vehicle, Component, or System Modification Being Tested:

Length of Test Route from Start to Stop Point: miles (km)

Test Route: (Describe in detail number of lanes; types of road surface; type of turnarounds; type, if any, of traffic control devices; type of terrain, hill,
cuts, curves; special driving instructions; etc.)

Driver(s) Interview
Handling, Power, and Braking Characteristics of Vehicle(s) during Test (see paragraph 7.5):

Control Vehicle

Test Vehicle




TYPE Il - FUEL ECONOMY TEST DATA FORM #2-1
BASELINE SEGMENT OF THE CONTROL VEHICLE

Type |l Test — Portable Fuel Tank Weighing Method or Fuel Flow Meter Method

Fleet Control Tractor # Control Trailer #
Driver Observer

Test # Date

Test Speed Route

Test Run #1

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #2

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #3

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s




TYPE Il - FUEL ECONOMY TEST DATA FORM #2-1 (CONTINUED)

Test Run #4

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #5

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s

Control Vehicle MPG Calculation

Total Fuel Used Ib/gal kg/L (circle one) Time h m S
Total Fuel Used Ib/gal kg/L? 2 = gal (L)

Total Miles (km) Run s

Miles (km) Run h= miles/h (km/h)

gal (L) used = miles/gal (km/L)

Barometric wind
Weather Temperature Humidity Pressure Wind Speed Direction

Run#1

Run # 2

Run# 3

Run#4

Run#5

! Running Time must repeat within + 18 s for 1 h run or +0.5% of the time required to complete the test run or run data point must not be used. See paragraphs 3.2, 3.3, 5.1.
2 |f fuel meter is used record meter readings in this column.
% For No. 2 diesel, use 7.05 Ib/gal (0.84 kg/L); or for gasoline use 6.0 Ib/gal (0.72 kg/L); or actual specific weight of fuel can be used.



TYPE Il - FUEL ECONOMY TEST DATA FORM #2-2
BASELINE SEGMENT OF THE CONTROL VEHICLE

Type |l Test — Portable Fuel Tank Weighing Method or Fuel Flow Meter Method

Fleet Control Tractor # Control Trailer #
Driver Observer

Test # Date

Test Speed Route

Test Run #1

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #2

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #3

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s




TYPE Il - FUEL ECONOMY TEST DATA FORM #2-2 (CONTINUED)

Test Run #4

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #5

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time

Start

Finish

Fuel Used Ib/gal kg/L (circle one)

Time from Start to Finish h m S

Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s

Barometric Wwind
Weather Temperature Humidity Pressure Wind Speed Direction

Run#1

Run # 2

Run# 3

Run#4

Run#5

! Running Time must repeat within + 18 s for 1 h run or +0.5% of the time required to complete the test run or run data point must not be used. See paragraphs 3.2, 3.3, 5.1.



TYPE Il - FUEL ECONOMY TEST DATA FORM #2-3
BASELINE SEGMENT OF THE CONTROL VEHICLE

Type |l Test — Portable Fuel Tank Weighing Method or Fuel Flow Meter Method

Fleet Control Tractor # Control Trailer #
Driver Observer

Test # Date

Test Speed Route

Test Run #1

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #2

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #3

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s




TYPE Il - FUEL ECONOMY TEST DATA FORM #2-3 (CONTINUED)

Test Run #4

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #5

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s

Control Vehicle MPG Calculation

Total Fuel Used Ib/gal kg/L (circle one) Time h m S
Total Fuel Used Ib/gal kg/L? 2 = gal (L)

Total Miles (km) Run s

Miles (km) Run h= miles/h (km/h)

gal (L) used = miles/gal (km/L)

Barometric wind
Weather Temperature Humidity Pressure Wind Speed Direction

Run#1

Run # 2

Run# 3

Run#4

Run#5

! Running Time must repeat within + 18 s for 1 h run or +0.5% of the time required to complete the test run or run data point must not be used. See paragraphs 3.2, 3.3, 5.1.
2 |f fuel meter is used record meter readings in this column.
% For No. 2 diesel, use 7.05 Ib/gal (0.84 kg/L); or for gasoline use 6.0 Ib/gal (0.72 kg/L); or actual specific weight of fuel can be used.



TYPE Il - FUEL ECONOMY TEST DATA FORM #2-4
BASELINE SEGMENT OF THE CONTROL VEHICLE

Type |l Test — Portable Fuel Tank Weighing Method or Fuel Flow Meter Method

Fleet Control Tractor # Control Trailer #
Driver Observer

Test # Date

Test Speed Route

Test Run #1

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #2

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #3

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s




TYPE Il - FUEL ECONOMY TEST DATA FORM #2-4 (CONTINUED)

Test Run #4

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time
Start
Finish
Fuel Used Ib/gal kg/L (circle one)
Time from Start to Finish h m s
Subtract Vehicle Stopped Time h m S
Vehicle Running Time* h m s
Test Run #5

Scale Repeatability Check Weight

Fuel Weight/Fuel Meter Reading Odometer Time

Start

Finish

Fuel Used Ib/gal kg/L (circle one)

Time from Start to Finish h m S

Subtract Vehicle Stopped Time h m S

Vehicle Running Time* h m s

Barometric Wwind
Weather Temperature Humidity Pressure Wind Speed Direction

Run#1

Run # 2

Run# 3

Run#4

Run#5

! Running Time must repeat within + 18 s for 1 h run or +0.5% of the time required to complete the test run or run data point must not be used. See paragraphs 3.2, 3.3, 5.1.



TYPE Il - FUEL ECONOMY TEST DATA FORM #3

CALCULATION SUMMARY SHEET

Fleet Date Test #
Test Vehicle Control Vehicle
Fuel Used, Fuel Used, Checked Valid
Ib/gal kg/L (circle one) Ib/gal kg/L (circle one) TIC T/C Ratos
Baseline Runs Form # 2-2 Form # 2-1 Ratio Used

1

2
Baseline Data 3

4

5

NOTE: Use only valid T/C ratios for calculation of average T/C.

Sum of valid baseline T/C , No. of valid baseline T/C’s = average baseline T/C

Checked Valid
T/C Ratos
Used

Test Vehicle Control Vehicle
Fuel Used, Fuel Used,
Ib/gal kg/L (circle one) Ib/gal kg/L (circle one) TIC
Test Runs Form # 2-2 Form # 2-1 Ratio
1
2
Baseline Data 3
4
5

NOTE: Use only valid T/C ratios for calculation of average T/C.

Sum of valid baseline T/C , No. of valid baseline T/C’s = average baseline T/C




CALCULATION OF T/C LIMITS FORM # 3-1

Fleet Date Test#
After 3 Runs:
Highest T/C Ratio X 0.98 = minimum acceptable T/C ratio
After 4 Runs:
Highest T/C Ratio X 0.98 = minimum acceptable T/C ratio
Second Highest T/C Ratio X0.98 = minimum acceptable T/C ratio
After 5 Runs:
Highest T/C Ratio X 0.98 = minimum acceptable T/C ratio
Second Highest T/C Ratio X 0.98 = minimum acceptable T/C ratio
Third Highest T/C Ratio X 0.98 = minimum acceptable T/C ratio
CALCULATION OF % FUEL SAVED FORM # 3-2
Fleet Date Test #

% Fuel Saved = (Ave. Baseline T/C — Ave. Test T/C) , Ave. Baseline T/C
% Fuel Saved = ( - ).
% Fuel Saved =

Calculation of % Improvement:

Improvement = (Ave. Baseline T/C — Ave. Test T/C) , Ave. Baseline T/C
Improvement = ( - ).
Improvement =




TYPE Il - FUEL ECONOMY TEST DATA FORM # 3-3

Fleet Date Test #

Test Results:

% fuel saved after change

% improvement in fuel economy after change (describe below):




M3

[ Y533 I Adaaadl

[ AT

wo.

L

"= TYPE I—FUEL ECONOMY TEST

THE OBSERVER'S WORKSHEET FORM 4

Fleue

___________ B S . . S
) Lo o
S % - é- Time =3

Observers shauid measure time between
mile posis and advise tha driver, All runs
in a test must be run exactly alike.

Time Between Mile Posts:

ang =

and =

and =

and =

and =

and =

and 2

and =

and =

and

Start-Stap
Point

- — — —— — ——— — — —— — — ~— —— ——— — — —

NOQTE: Identify highways used for test route.

«fp

k4

i
!
f
1
i
!
|
!
1
|
|
!
I
1
l
|
l
!
!
|
-1
|
|
!
1

<

4

l
|
!
x
I
|
i
!
|
|
(
I
|
[
1
1

T T T minimum 20 miles (32,2 km)

e e e

OBSERVER'S NAME

T

N

B

-

i
|
i
|
l
!
!
l
1
l
i
l
l
|
!
!
{
|
i
|
!
|
|
l
s
i
!
!
k
|
z
!
|
|
!
|
i
!
:

Obsarvers should measuce time stopged at
points on course that reguire the vehicle
to stso or when 2 $10p may be required,
for exampte, 3 left turn ag *X° beiow. The
venicle must stop each time it reaches a
potential s100 POINET ON course 10 insure
that ail runs will be run exactly alike.

Time 1

Time 4

Time 3

Total Time
Stopoed




W R

APPENDIX 111

1. Copy of Fuel Consumption Test Measurement Form

A-3

Final Report



Control Truck

Fuel Consumption Test M easurement Form

Driver Name Location
Date Time of Day (Start)
Temperature ‘ Weather Conditions ‘ Wind Speed

Test Run Number:

Scenario (circleone) Test Control

Tractor Unit Number:

Trailer Unit Number:

Fuel Tank # ‘ Fuel Tank Weight Odometer Test Run Time
Start
Finish
Fuel Used Test Run Events
Start to Finish Time
Vehicle Stopped Time

Total Number of Stops During Test Run:

Total Time During Stops:

Test Truck
Driver Name Location
Date Time of Day (Start)
Temperature ‘ Weather Conditions ‘ Wind Speed

Test Run Number:

Scenario (circleone) Test Control

Tractor Unit Number:

Trailer Unit Number:

Fuel Tank # ‘ Fuel Tank Weight Odometer Test Run Time
Start

Finish

Fuel Used Test Run Events

Start to Finish Time

Vehicle Stopped Time

Total Number of Stops During Test Run:
Total Time During Stops:

A-7 Motor Carrier Fuel Consumption




APPENDIX V

1. Copies of Data Collection Forms Used in Weigh Station Throughput Test




Vehicle Arrival/ldentification Form

Page One

Weigh Station Name:

| Traffic Direction: (circle one) North South

Observation Point: (circleone) 1 2 3 | Date:

| Session Start Time:

Observer Name:

Recorder Name:

Weather Conditions:

Point -Point Distance:

Minute | Vehicle ldentification and Arrival Time (Seconds)
0 ID.
Secs.
1 ID.
Secs.
2 ID.
Secs.
3 ID.
Secs.
4 ID.
Secs.
5 ID.
Secs.
6 ID.
Secs.
7 ID.
Secs.
8 ID.
Secs.
9 ID.
Secs.
10 p.
Secs.
11 p.
Secs.
12 p.
Secs.
13 Ip.
Secs.
14 Ip.
Secs.
15 p.
Secs.
16 Ip.
Secs.
17 Ip.
Secs.
18 p.
Secs.
19 b.
Secs.
April 30, 1998 A-2 Weigh Station Throughput




Vehicle Arrival/l dentification Form Page Two

Minute Vehicle Identification and Arrival Time (Seconds)

20 Ip.

Secs.

21 ID.

Secs.

22 ID.

Secs.

23 ID.

Secs.

24 ID.

Secs.

25 D

Secs.

26 ID.

Secs.

27 ID.

Secs.

28 ID.

Secs.

29 ID.

Secs.

30 D

Secs.

31 b

Secs.

32 ID.

Secs.

33 ID.

Secs.

34 D

Secs.

35 D

Secs.

36 ID.

Secs.

37 ID.

Secs.

38 ID.

Secs.

39 D

Secs.

40 Ip.

Secs.

41 D

Secs.

42 ID.

Secs.

April 30, 1998 A-3 Weigh Station Throughput




Vehicle Arrival/l dentification Form Page Three

Minute Vehicle Identification and Arrival Time (Seconds)

43 ID.

Secs.

44 p.

Secs.

45 Ip.

Secs.

46 ID.

Secs.

47 ID.

Secs.

48 ID.

Secs.

49 Ip.

Secs.

50 Ip.

Secs.

51 b

Secs.

52 Ip.

Secs.

53 Ip.

Secs.

54 Ip.

Secs.

55 Ip.

Secs.

56 Ip.

Secs.

57 b

Secs.

58 Ip.

Secs.

5 b

Secs.

00 D

Secs.

01 b

Secs.

02 Ip.

Secs.

03 Ip.

Secs.

04 b

Secs.

05 b

Secs.

April 30, 1998 A-4 Weigh Station Throughput




Truck Bypass Form

Weigh Station Name: Traffic Direction: (circle one) North South
Observer Name: Date: Session Start Time:
Point One-Point Three Mainline Distance: (ft.)
Minute Number of Truck Bypasses Minute Number of Truck Bypasses

0 30

1 31

2 32

3 33

4 34

5 35

6 36

7 37

8 38

9 39

10 40

11 41

12 42

13 43

14 44

15 45

16 46

17 47

18 48

19 49

20 50

21 51

22 52

23 53

24 54

25 55

26 56

27 57

28 58

29 59

April 30, 1998

A-5

Weigh Station Throughput




Vehicle Approach Speed Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Obs. Point: 1 2 3

Observation Time

Approach Speed (mph)

Observation Time

Approach Speed (mph)

Vehicle Approach Speed Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Obs. Point: 1 2 3

Observation Time

Approach Speed (mph)

Observation Time

Approach Speed (mph)

April 30, 1998

Weigh Station Throughput




Mainline Bypass Speed Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Observation Time

Bypass Speed (mph)

Observation Time

Bypass Speed (mph)

Mainline Bypass Speed Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Observation Time

Bypass Speed (mph)

Observation Time

Bypass Speed (mph)

April 30, 1998

Weigh Station Throughput




Static Scale Service Time Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Observation Time

Service Time (seconds)

Observation Time

Service Time (seconds)

Static Scale Service Time Form

Weigh Station Name:

Traffic Direction: (circle one) North South

Observer Name:

Date:

Observation Time

Service Time (seconds)

Observation Time

Service Time (seconds)

April 30, 1998

A-8

Weigh Station Throughput




APPENDIX V

1. Copies of Surveys Sent to State Agencies and Motor Carriers for the
Jurisdictional Issues Evaluation

A-5 Final Report



COPY OF MOTOR CARRIER SURVEY

One of the evaluation objectives of the Advantage I-75 Mainline Automated
Clearance System (MACS) is to determine institutional or jurisdictional issues
that may impact the development of implementing Intelligent Transportation
Systems (ITS) technologies, specifically eectronic screening.

To that end, we are examining two hypotheses:

A. The Advantage I-75 MACS Operational Test will provide motor carriers with

sufficient information to support a decision whether or not to adopt MACS or
an enhanced form of electronic clearance/verification system.

The motor carriers involved in the MACS project will establish new or
enhanced relationships and/or methods for resolving ingtitutional issues as a
result of the operational test.

The purpose of this questionnaire is to address the following questions:

A.

What, if any, jurisdictional or legal impediments did motor carriers encounter
while implementing electronic clearance?

What were the causes of these impediments and how were they overcome?

What lessons were learned in dealing with these impediments that can be
applied to other deployments of ITS products and services?

What are motor carriers’ intentions for continuing Advantage |-75 or another
enhanced form of electronic clearance/verification?

The information will be helpful in assessing potential preferencesin future Intelligent
Transportation Systems (ITS) projects.

Please take a few moments and complete the following survey. You can mail the
completed survey form to: CTRE, lowa State University, 2625 N. Loop DR. Suite 2100
Ames, lowa 50010-8615, Attn: Dennis

Or you can fax your completed survey form to CTRE at 5 15-294-0467.

Thank you for your participation. If you have any questions or need assistance, please

call Dennis Kroeger at 515-294-8103, or email: dennis@ctre.iastate.edu

1 Jurisdictional Issues



Please answer the questions below.

1. When did your company first enroll in the Advantage 1-75 Mainline Automated
Clearance System (MACS) Project?

2. Please explain the reasons why your company decided to participate in MACS.

3. Please describe the process used to reach the decision to participate in the MACS
project. (For example, was the decision based upon improvement of service to
customers, reducing business operating costs, etc.?)

Jurisdictional Issues



4. Please indicate your company’s satisfaction with the MACS process:
Very Satisfied
Somewhat Satisfied
Satisfied

Somewhat Dissatisfied
Very Dissatisfied

O WN PR

5. Please indicate the reasons for your satisfaction or dissatisfaction with the MACS
process:

6. Based upon your participation in the MACS Project, what lessons were learned in
the test, that may be applied to other ITS projects?

7. Based upon your participation in the MACS Project, is there a fee you would feel
comfortable paying for eectronic screening?
If so, how much?

Jurisdictional Issues



COPY OF SURVEY SENT TO STATE AGENCY PARTICIPANTS

I. One of the purposes of the Mainline Automated Clearance Systems (MACS) isto
determine institutional or jurisdictional issues that may impact the development of
implementing Intelligent Transportation Systems (ITS) technology.

The hypotheses to be examined are:

o The Advantage I-75 MACS Operational Test will provide jurisdictions with sufficient
information to support a decision whether or not to offer MACS or an enhanced for of
electronic clearance/verification system in their jurisdiction.

« Thejurisdictional agenciesinvolved in the MACS project will establish new or enhance
relationships and/or methods for resolving institutional issues as a result of the operational
test.

The purpose of this questionnaire isto address four questions:*

1. What ingtitutional and legal impediments did the MACS Project participants encounter
while establishing partnerships and deploying MACS services and products?

2. Wherein thelife cycle of the operational test did these impediments occur?

3. What were the causes of these impediments and how were they overcome?

4. What lessons were learned in dealing with these impediments that can be applied to other
deployments of ITS products and services?

L Project Memorandum U. S. Department Of Transportation, Research and Special Projects Administration,
John A. Volpe National Transportation Systems Center, Cambridge, Massachusetts, IVHS I nstitutional | ssues,
Monitoring Program Framework” Page 2, by Allan J. Deblasio dated September 13, 1993,

1 Jurisdictional Issues



1. Organizational issues can impact the MACS project. Of these types of issues listed below,
please indicate which issues have emerged on this project. For those issues that are
applicable, please rate each one on the degree of severity each has (or had) impacted the
project within each phase of the project.

Degree of Issue Severity: Program Phase

(Please rank the issues

accordingly)

NA = Not Applicable

1 = Encountered but not Severe

2 = Slight, An Irritant

3 = Moderate, Hinders Progress

4 = Severe, Impedes Progress

5 = Critical, Could Stop the Project

X = Did Not Impede But Facilitated
Progress

I. ORGANIZATIONAL Planning Design/ Implementation/ | Evaluation Deployment
Development Testing

1. Intra-Agency Communication: To
what degree do the communications
within any of the partner organizations
impede the achievement of program
cost, schedule, or performance goals?

2. Inter-Agency Communications

To what degree do channels of
communication across organizations
impede the achievement of program
cost, schedule, or performance goals?

3. Public/Private Partnerships: To what
degree do differences in business
practices (i.e. organizational cultures)
between public and private sectors
impede the achievement of program
cost, schedule, or performance goals?

4. Definition of Goals, Roles and
Responsibilities: To what degree does
the clarity, or lack thereof in program
goals or organizational roles and
responsibilities impede the
achievement program cost, schedule,
or performance goals?

5. Allocation of Responsibilities: To
what degree does the allocation of
responsibilities across program
partners/participants (i.e. knowing
who'’s in charge of what) impede the
achievement of program cost,
schedule, performance goals?

2 Jurisdictional Issues




6. Upper Management “ Buy-In": To
what degree does inconsistency in
upper management buy-in impede the
achievement of program cost,
schedule, or performance goals?

2. Regulatory and legal issues also, may have impacted the MACS project. Of these types of
issues listed below, please indicate which issues have emerged on this project. For those
issues that are applicable, please rate each one on the degree of severity each has (or had)
impacted the project within each phase of the project.

Degree of Issue Severity: Program Phase

(Please rank the issues

accordingly)

NA = Not Applicable

1 = Encountered but not Severe

2 = Slight, An Irritant

3 = Moderate, Hinders Progress

4 = Severe, Impedes Progress

5 = Critical, Could Stop the Project

X = Did Not Impede But Facilitated
Progress

I1.REGULATION/LEGAL Planning Design/ Implementation/ | Evaluation Deployment
Development Testing

1. Corporate Favoritism: To what
degree do concerns that taxpayer funds
are contributing to the competitive
advantage of private sector parties
impede the achievement of program
cost, schedule, or performance goals?

2. Authority: To what degree does
local authority over arterial roads
and state highways impede the
achievement of program cost,
schedule, or performance goals?

3. Administrative Requirements:

To what degree do administrative
reguirements (i.e., accounting,
reporting, etc.) associated with the
conduct of thisITS operational test
impede the achievementof program
cost, schedule, or performance goals?

4. Standards and Protocols: To
what degree does the demand for,
or absence of anational
architecture impede the
achievement program cost,
schedule, or performance goals?

3 Jurisdictional Issues




2. Organizational issues can impact the MACS project. Of these types of issues listed below,
please indicate which issues have emerged on this project. For those issues that are
applicable, please rate each one on the degree of severity each has (or had) impacted the
project within each phase of the project.

Degree of Issue Severity: Program Phase

(Please rank the issues

accordingly)

NA = Not Applicable

1 = Encountered but not Severe

2 = Slight, An Irritant

3 = Moderate, Hinders Progress

4 = Severe, Impedes Progress

5 = Critical, Could Stop the Project

X = Did Not Impede But Facilitated
Progress

I11.HUMAN RESOURCES Planning Design/ Implementation/ | Evaluation Deployment
Development Testing

1 Staff Size: To what degree does
the availability of sufficient
numbers of staff impede the
achievement of program cost,
schedule, or performance goals?

2. Staff Expertise: To what degree
has the availability of people with
particular expertise (i.e., electrical,
communications, systems,
hardware, software, human factors,
systems integration, federal
contracting, etc.) impeded the
achievement of program cost,
schedule, or performance goals?

4 Jurisdictional Issues




4. Financial issues can also impact the MACS project. Of these types of issues listed below,
please indicate which issues have emerged on this project. For those issues that are applicable,
please rate each one on the degree of severity each has (or had) impacted the project within
each phase of the project.

Degree of Issue Severity: Program Phase

(Please rank the issues

accordingly)

NA = Not Applicable

1 = Encountered but not Severe

2 = Slight, An Irritant

3 = Moderate, Hinders Progress

4 = Severe, Impedes Progress

5 = Critical, Could Stop the Project

X = Did Not Impede But Facilitated
Progress

IV. FINANCIAL Planning Design/ Implementation/ | Evaluation
Development Testing

Deployment

1. National Priority: To what
degree does the uncertainty
regarding continued federa
funding or public support of
MACS impede the achievement of
program cost, schedule, or
performance goals?

2. Market Uncertainty: To what
degree does the uncertainty
regarding motor carriers
willingness to pay for MACS
impede the achievement of
program cost, schedule, or
performance goals?

3. Cost Sharing: To what degree
does the cost-sharing approach for
MACS impede the achievement of
program cost, schedule, or
performance goals

4. Technology Development: To
what degree has the
underestimation of technology-
related cost, schedule, or
performance goals impeded the
program from attaining its goals?

5. Program Cost: Are the program
and project budgets sufficient? If
not, to what degree are they
insufficient?

6 Jurisdictional Issues




5. Other issues that may have impacted the MACS project. Of these types of issues listed
below, please indicate which issues have emerged on this project. For those issues that are
applicable, please rate each one on the degree of severity each has (or had) impacted the

project within each phase of the project.

Degree of Issue Severity:

(Please rank the issues

accordingly)

NA = Not Applicable

1 = Encountered but not Severe

2 = Slight, An Irritant

3 = Moderate, Hinders Progress

4 = Severe, Impedes Progress

5 = Critical, Could Stop the Project

X = Did Not Impede But Facilitated
Progress

Program Phase

IV. FINANCIAL

Planning

Design/
Development

Implementation/ | Evaluation
Testing

Deployment

1. Privacy Issues: To what degree
have privacy issues and
development of appropriate
confidentiality safeguards been an
impediment to achieving program
cost, schedule, or performance
goals?

2. Environmental Concerns: To
what degree have environmental
concerns (i.e. reducing truck
emissions, etc.) impeded the
achievement of program cost,
schedule, or performance goals?

3. Transponder Issues: To what
degree has the concern of how to
issue and maintain transponders
impeded the achievement of
program cost, schedule, or
performance goals?

4. System Deployment: To what
degree have the concerns of how
administer the overal MACS, and
how to operate and maintain the
system impeded the achievement
of program cost, schedule, or
performance goals?

Jurisdictional Issues




Choose three to five (3 - 5) most severe issues (those issues that have had the most impact on
MACYS) from the previous tables and please answer the following questions (e.g. Issue lll
Human Resources, Staff Size):

6 (3 ISSUE #_:

1)  Among which institutions were these issues evident (e.g. DOT, State Dept. of Revenue,
etc .)?

i) What specifically was (were) the impacts/impediments/constraints?

iii) When in the project life cycle did each of these occur?

iv) How did the issue(s) affect the overall project?

v) Was each issue resolved? If so, how? If not, why not?

vi) Could each have been handled more efficiently/effectively? What advice would you give
the members of a similar project in identifying and/or resolving these issues?

Jurisdictional Issues



6 (b) ISSUE# :

i) Among which ingtitutions were these issues evident?

i) What specifically was (were) the impacts/impediments/constraints?

iif) When in the project life cycle did each of these occur?

iv) How did the issue(s) affect the overal project?

V) Was each issue resolved? If so, how? If not, why not?

vi) Could each have been handled more efficiently/effectively? What advice would you give
the members of a similar project in identifying and/or resolving these issues?

9 Jurisdictional issues



(©) ISSUE#_:

i) Among which institutions were these issues evident?

ii) What specificaly was (were) the impactsimpediments/constraints?

iii) When in the project life cycle did each of these occur?

iv) How did the issue(s) affect the overall project?

v) Was each issue resolved? If so, how? If not, why not?

vi) Could each have been handled more efficiently/effectively? What advice would you give
the members of a similar project in identifying and/or resolving these issues?

10 Jurisdictional Issues



6 (d ISSUE #:

i) Among which ingtitutions were these issues evident?

ii) What specifically was (were) the impacts/impediments/constraints?

iii) When in the project life cycle did each of these occur?

iv) How did the issug(s) affect the overal project?

v) Was each issue resolved? If so, how? If not, why not?

vi) Could each have been handled more efficiently/effectively? What advice would you give
the members of a similar project in identifying and/or resolving these issues?

11 Jurisdictional Issues



(e ISSUE# :

i) Among which ingtitutions were these issues evident?

ii) What specificaly was (were) the impacts/impediments/constraints?

iii) When in the project life cycle did each of these occur?

iv) How did the issue(s) affect the overal project?

V) Was each issue resolved? If so, how? If not, why not?

vi) Could each have been handled more efficiently/effectively? What advice would you give
the members of a similar project in identifying and/or resolving these issues?

12 Jurisdictional Issues



7. What do you consider to be the most important measures of success of the MACS project?
(How do you know that it has succeeded or met its goals?)

7 (a). In your opinion, is the program a success? If so, what are its positive contributions?

7 (b). Knowing what you know now, how would you have done your job differently if you
had to do it over from the beginning?

7 (¢). Knowing what you know now, if you were assigned to be the project manager in charge
of al resources, how would you have the project manager’s job differently if you had to it
from the beginning? Why?

13 Jurisdictional Issues



8. It is possible that several points of contact within your organization eventualy became
involved during the course of participation in the MACS project. For the benefit of others
contemplating starting an ITS operationa test, please list the names of such offices or
organizations that have been active participants in one phase or another:

Of the institution types listed in the following table, please list the most actively participating
organization:

8 (a) What degree of involvement does the most active participant within each category have
or will have in your part of the MACS operationa test phase and deployment, respectively?
The operational test phase includes planning, design, development, integration, bench and
field testing, and evaluation. The deployment phase assumes that the operationa field test has
been successful and a commitment has been made to commercially market a product.

8 (b) Which of the indtitutions listed in the following table have or will be in your critical path
to successfully completing the MACS project’s operational test and deployment phases,
respectively? An organization is in your organization's critical path if the project could not be
successful without it being involved.

14 Jurisdictional Issues



8. INSTITUTION TYPE 8 (@ TO WHAT DEGREE 8 (b): WHICH ARE IN
INVOLVED IN PROJECT? YOUR CRITICAL PATH?

NA = No Involvement 3 = Moderate |[(Check all that apply)
1 = Slight 4 = Active

2 = Minimal 5 = Intense

Genera Specify Most [Test Deployment Test Deployment
Active
Participant

UsSDOT

State DOT

Law Enforcement
Agencies

Department of
Motor Vehicles

Public Service
Commission

Private Sector

Universities

Bridge/Tunnel
Authorities

Port Authorities

MPO'S

Transit Agencies

Regional Agencies

Counties/Cities

Environmenta
Agencies

15 Jurisdictional Issues




9. Have we missed any other issues or concerns that were not covered that you would like to
include? (Feel free to use additional paper if necessary.)

. :
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