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1 INTRODUCTION

11 BACKGROUND

This Report is the Executive Summary for the independent technical evaluation of the
Oregon Green Light CVO project. The Oregon Department of Transportation (ODOT) is
near completion of the implementation of their Intelligent Vehicle Highway System
Strategic Plan for Commercial Vehicle Operations (now referred to as ITS/CVO).
Through Green Light, Oregon has installed twenty-one mainline systems featuring
weigh-in-motion (WIM) devices and automatic vehicle identification (AVI) at the major
weigh stations and ports-of-entry in the state. In addition, certain sites have been
equipped with safety enhancements that regulate road conditions and speed. Examples
are the Downhill Speed Information System at Emigrant Hill, and the installation of

weather stations at three other locations.

The purpose of this report is to present a summary of the findings of all the Detailed Test
Plans conducted for the evaluation. The Detailed Test Plans were published in 1997,
"The Oregon ‘Green Light’ CVO Evaluation -Detailed Test Plans” [1]. Earlier documents
providing essential background to the Evaluation are the Evaluation Plan [2], and,

Individual Test Plans (ITP) [3].

Each of the tests conducted by the research team for the evaluation of Green Light
addressed one of five goals of the evaluation as documented in the Evaluation Plan [2].
These are:

* Assessment of Safety
* Assessment of Productivity

» Assessment of User Acceptance
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» Assessment of Mainstreaming Issues

» Assessment of Non-Technical Interoperability Issues
The objectives associated with each goal are given in detail in The Oregon “Green Light”
CVO Project - Individual Test Plans (ITP) [3]. The detailed test plan documents [1]
expand on the information provided in the ITP and provide in detail the activities planned

for each evaluation measure.

1.2 PURPOSE AND SCOPE

The purpose of this Executive summary is to summarize the principal findings from each
Detailed Test Plan (DTP). Each of the DTP’s is summarized in Exhibit 1-1.

As the evaluation progressed, some simplifications were made as it became clear that
some elements of Green Light would be modified or eliminated. For example, objective
2.6 was eliminated because vision technology was eliminated from ODOT'’s plans. Also,
a major change was implemented for DTP #7 where a simulation tool was developed to
enable benefits of electronic screening to be evaluated. Simulation was necessary
because the evaluation was proceeding concurrently with deployment, and, it was not
possible to collect data that would enable measurement of impacts. Because the impact
of pre-screening on fuel consumption was also determined using the simulation, that
study (DTP #9) is reported with DTP #7. Exhibit 1-2 shows a summary of the DTP’s that

were completed.

The findings will be presented in Chapter 2, in the order of the detailed test plans. A
general discussion regarding the success of the Green Light project is given in Chapter

4. Conclusions and Recommendations are given in Chapter 4.
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EXHIBIT 1-1 Summary of Detailed Test Plans as Plann ed

Detailed Objective Measure Hypothesis /

Test Plan Assumption

DTP #1 1.1 Determine change in safety | 1.1.1 Proportion of compliant (with The proportion of compliant

compliance with the Federal FMCSR) trucks / carriers of total trucks will eventually
Motor Carrier Safety Regulations | inspected and total processed per increase.
month.
1.1.2 Proportion of non-compliant The proportion of non-
(with FMCSR) trucks-carriers of total compliant trucks will
inspected and total processed per eventually decrease.
month.
DTP #2 1.2 Determine change in truck 1.2.1 Ratio of mean speed in Truck speeds will decrease
behavior due to the Road inclement weather to that in “good” in inclement weather.
Weather Information System weather, before & after installation.

DTP #3 1.2.2 Ratio of accidents before & Accident risk will decrease
after installation if sufficient data with better information
exists. available on weather

conditions.

DTP #4 1.3 Determine change in truck 1.3.1 Ratio of mean speed on Mean speeds will decrease.

behavior due to the Downhill downhill sections, before & after
Speed Information System installation.

DTP #5 1.3.2 Ratio of accidents before & Accidents will decrease.
after installation if sufficient data
exists.

DTP #4 1.3.3 Comparison of mean speeds Mean speeds will converge
with advisory speeds towards advisory speeds.

DTP #6 2.1 Determine changes in tax 2.1.1 Determine the change in the Tax collection will become

administration costs resources required in the collection more automatic and costs
process, i.e., hardware, software, reduced (refer to the 1994
staff etc. Green Light Document).

DTP #6 2.1.2 Determine the change in the Audit process will become
resources required in the auditing more automatic.
process (government and carrier).

DTP #6 2.2 Determine changes in tax 2.2.1 Determine changes in highway | Oregon Green Light will

evasion use tax revenues collected & why. support changes.

DTP #7 2.3 Determine changes in 2.3.1 Compare total vehicles pro- Number processed will

vehicles processed at each site cessed (cleared & not-cleared). increase.

DTP #7 2.3.2 Compare no. of interruptions Interruptions will decrease.
per shift & total time.

DTP #8 2.3.3 Observe system availability. Availability will be

approximately 95%.
DTP #8 2.3.4 Observe system availability for | The system availability for

long combination vehicles at Farewell
Bend

LCVs at Farewell Bend will
be approximately 95%.
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DTP #7 2.4 Determine productivity to 2.4.1 Compare truck flow on the Truck flow will increase.
motor carriers mainline before & after installation.

DTP #9 2.5 Determine impacts on 2.5.1 Estimate changes in fuel use Fuel consumption will
energy before and after using I-75 decrease.

experience.

DTP #10 2.6 Determine the ability of 2.6.1 Evaluate the accuracy of the Vision system will be
vision technology to support 100 | vision system by comparison of vision | accurate at least 90% of the
percent electronic screening readout with actual plate numbers. time.
service

DTP #11 3.1 Assess motor carrier 3.1.1 Determine attitude towards The majority of carriers will
acceptance electronic screening, including have a positive attitude.

perceived impacts.

DTP #11 3.1.2 Determine attitude towards The majority of carriers will
new services, e.g., select carriers- have a positive attitude.
vehicles for inspection based on
inspection and compliance status.

DTP #11 3.1.3 Evaluate motor carrier Carriers will demonstrate
acceptance of mainline electronic acceptace by installing
screening. transponders.

DTP #12 3.2 Assess agency acceptance 3.2.1 Determine agency attitude The majority of agency
towards electronic screening, personnel will have a
including perceived impacts. positive attitude.

DTP #12 3.2.2 Determine agency attitude The majority of agency
towards new services, e.g., select personnel will have a
carriers-vehicles for inspection based | positive attitude.
on inspection and compliance status.

DTP #13 4.1 Document regional and 4.1.1 Identify, assess and document | Knowledge of pertinent

national mainstreaming issues pertinent regional and national issues | regional and national issues
(e.g. 10U, HELP, CVISN, ITS will increases the
Systems Architecture, DSRC) and effectiveness of the Green
assess the impacts to Green Light for | Light program.
customers and providers.

DTP #13 4.2 Document approaches 4.2.1 Document approaches Participation in pertinent
attempted to solve attempted to solve regional and regional and national issues
mainstreaming issues and final national mainstreaming issues as will contribute to the
resolutions they arise, and final resolutions. effectiveness of the Green

Light program.

DTP #14 5.1 Document non-technical 5.1.1 Identify, assess and document Knowledge of pertinent non-

interoperability issues pertinent non-technical technical issues will
interoperability issues as they arise increases the effectiveness
for customers and providers. of the Green Light program.

DTP #14 5.2 Document approaches 5.2.1 Document approaches Documentation of

attempted to solve
interoperability issues and final
resolutions

attempted to solve non-technical
interoperability issues as they arise,
and final resolutions.

participation in, and
approaches used to resolve
pertinent non-technical
issues will contribute to the
effectiveness of the Green
Light program.
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EXHIBIT 1-2 Summary of DTP’s as Completed

DTP Test Measure Description Qutcome
All Executive Summary
DTP #1 1.1.1and 1.1.2 Inspection Compliance Completed as Planned
DTP #2 1.2.1 RWIS — Speed Study Combined and Reduced in
DTP #3 1.2.2 RWIS - Accidents Scope
DTP #4 13.1 DSIS - Speed Study Combined and Reduced in
DTP #5 1.3.2 DSIS — Accidents Scope
DTP #6 2.1.1,2.1.2 and Tax Collection and Auditing | Completed as Planned
2.2.1
DTP #7 2.3.1,2.3.2, and Simulating the Impact of Completed as Planned
24.1 Electronic Screening Combined with DTP #9
DTP #8 2.3.3and 2.3.4 System Availability Completed with Reduced
Scope
DTP #9 251 Fuel Consumption Completed as Planned
Combined with DTP #9
DTP#10 |2.6.1 Assess Vision Technology No Evaluation Conducted
DTP#11 |3.1.1and3.1.2 Assess Motor Carrier Completed as Planned
Acceptance
DTP #12 | 3.2.1and 3.2.2 Assess Agency Acceptance | Completed as Planned
DTP#13 |4.1.1and4.2.1 Mainstreaming Issues Combined and Completed
DTP #14 |5.1.1and5.2.1 Non-technical as Planned

Interoperability Issues
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2 SUMMARY OF FINDINGS

This chapter summarizes the findings from each of the detailed test plans.

2.1 DTP #1 — Inspection Compliance

Out-of-service violations found during a series of random inspections (in 1998 and 1999)
were used as an indicator of change in vehicle safety. The study found no significant
changes in compliance rates at sites where Green Light technology was deployed.
However, there was a significant increase in the total number of violations per inspection
at non-GL, fixed sites. The most consistent pattern observed was a decrease in violation
rates at non-fixed (or mobile) sites. The number of violations, the number of OOS
violations, and the number of vehicle OOS violations per inspection decreased.
Combining data across site types, the only significant difference was an increase in

violations per inspection between 1998 and 1999.

It is important to note that over the course of the evaluation period, from January 1998 to
July 1999, there was a low transponder penetration in relation to the total traffic
bypassing the Green Light facility at Woodburn POE. At the end of the data collection
period for this study in July 1999 there were approximately 3000 transponders in the
field, less than the amount needed to actually show a change in compliance as a result
of Green Light. This number increased substantially to over 10, 000 transponders in the
field in July 2000. Green Light bypasses also increased dramatically from about 28,000

in July 1999 to approximately 60,000 by July 2000.
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This study established a baseline for future studies that should show that safety
compliance increases as Green Light is fully deployed and a significant truck population
carry transponders. It is strongly recommended that ODOT conduct random inspections

annually so that it can be clearly demonstrated that safety of the truck fleet is Improving.

2.2 DTP #2 — Road Weather Information System — Spee d Study

ODOT's travel advisory web page has underwent several upgrades in during the last 12
months of the evaluation. In January of 2000, a test version of TripCheck was launched,
a high-powered web interface that brings together several mediums of information for
travelers. Information from the Green Light RWIS sensors are combined with 13 other
weather stations across the state to provide timely weather and road conditions to
motorists. In addition, TripCheck offers general information such as a listing of
construction projects that could pose delays, public transportation services and

schedules, rest area locations, and scenic byways.

The RWIS installations were successful in meeting the goal of providing real-time
weather data for public use through the Traffic Management Operations Center in
Portland. The server installations in La Grande, The Dalles and Ashland relay the
information quickly and efficiently, enhancing the existing infrastructure used to provide
weather conditions in these three areas known for their high occurrence of truck

crashes.

The interface with truck traffic through the use of variable message signs was not

accomplished before the evaluation was completed, due to the incompatibility of the
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existing hardware interfacing with the signs in Ladd Canyon. Combined with the
prohibitive costs of retrofitting signs with compatible hardware and/or purchasing new
signs, this led to an incomplete evaluation of the motor carriers adjusting speed to

adverse weather conditions.

Detailed test plan #11, the Motor Carrier Survey, provides additional insight into how
motor carriers feel about the RWIS system as intended by ODOT. The survey found
that 60% of carriers agree that RWIS would benefit their company (14% disagree and

26% have no opinion).

Recommendations for future work would be to pursue the dissemination of real time data
to the roadside, rather than solely through the Internet. With the advent of wireless data
communications, trucks could be equipped with palmtop computers that can query road
conditions via the Internet. Until such technology is mainstream, information kiosks at
rest areas, truck stops, and weigh stations, could be incorporated into ODOT's existing
infrastructure without a great deal of capital expense, and would reach all carriers,

regardless of their technological advancements.

2.3 DTP #3 — Road Weather Information System — Acci  dent Study

Available accident data has given a good baseline approach to continued monitoring of
accidents in the Ladd Canyon area. It is strongly recommended that ODOT continue to

collect data so that the impact of the RWIS can be measured.

Document Oregon GreenLight Final Report0 - Executive Summary.doc
Final Report: Executive Summary
All Test Measures



Oregon Green Light CVO Project 4/30/01

24 DTP #4 — Downhill Speed Information System — Sp  eed Study

Although the Emigrant Hill DSIS was not been deployed, the evaluation indicates that
DSIS is a valuable tool that will be beneficial to the trucking community. Emigrant Hill
continues to be listed as a high truck crash corridor in the state of Oregon, with 62
crashes occurring in 1999 due to speed and improper overtaking. The DSIS could aid in
reducing these numbers through a warning system of advised speeds and personalized

signing as proposed in the Green Light Project.

OSU recommends that ODOT continue to pursue deployment of this technology, and if

possible, conduct an evaluation of its effectiveness.

2.5 DTP #5 - Downhill Speed Information System — Ac  cident Study

Available accident data has given a good baseline approach to continued monitoring of
accidents at Emigrant Hill. It is strongly recommended that ODOT continue to collect

data so that the impact of the DSIS can be measured.

2.6 DTP #6 — Tax Collection and Auditing

The impact of Green Light increases the capacity of a weigh station to observe motor

carriers’ operations. For each truck that uses a transponder, a space is created in the
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weigh station queue. Assuming that the ODOT maintains the volume of traffic currently
processed through the static scales, the total number of observations will increase equal
to the rate of growth in transponder-equipped trucks. For trucks that have transponders,
observations will be recorded at every pass by the weigh station. For trucks without
transponders, the likelihood of having to stop at the static scale, thus being observed will

increase.

Observations or third party data are an integral part of the weight-mile tax auditing
process. Weight-mile tax reports are generated by the motor carrier on a monthly or
guarterly basis. Reported trips are compared to observations within the state.
Observations are currently made at the weigh station through vehicle weighing, safety
inspections, and traffic citations. Weigh station observations are by far the most

prevalent observations.

The increase in the number of observations enabled by Green Light will allow the audit
unit to more effectively select motor carriers for audit. By having more observations,
there is a greater chance of detecting unreported trips. Additional observations will also
improve the accuracy of motor carrier audits. The additional information will allow the
field auditors to more precisely and assuredly estimate a vehicle’s pattern of operation
with the boundaries of Oregon. This will also serve as a deterrent to weight-mile tax

evasion.

Green Light will lead to an increase in the number of observations, improved accuracy,
and, allow for a better selection of files to be audited. However, it will have little effect on
the process of auditing. The auditing process calls for manual review of all files by the

Pre-audit staff. A few lines of additional data might add a few seconds to the pre-audit
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staff review. Conversely, the additional data might allow the pre-audit staff to more
quickly identify unreported operations, flag the files for audit, and move along to the next
file. If either or both scenarios prove to be correct, the effect on the efficiency of the pre-
audit process, measured in the amount of resources that it takes to review a file, will be

negligible.

Field auditors use weigh station observations to piece together a vehicle’s pattern of
operation within Oregon. Because weigh station observations are more easily accessed
than motor carrier records, the time that it takes to conduct an audit might be shortened.
However, unless a truck is observed in several locations on all trips, review of data from
a variety of sources will continue to be the norm. The effect that electronic clearance will
have on the efficiency of the desk and field audit processes, measured in the amount of

resources that it takes to conduct a desk or field audit, will be negligible.

With regard to tax collection, the “Oregon Weight-Mile Tax Study” of 1996 concluded
that the “evasion rate of the weight miles tax is approximately five percent of the total tax
liability, or ten million dollars per year." Although the amount of revenue lost to evasion
each year is quite significant, it is only a small portion of motor carriers are actually
submitting incomplete or inaccurate tax reports. © To meet the objectives set forth in
Measure 2.2.1 “Determine the changes in highway use tax and why”, the study team
focused on the effect that Oregon Green Light technology has on the behavior of these
motor carriers and the ability of the audit branch to detect and adjust inaccurate and/or
incomplete tax reports. For example, the Woodburn Port of Entry currently allows all

vehicles that weigh less than 62,000 Ibs. on the ramp weigh in motion scale to take the

! Oregon Weight Mile Tax Study (Cambridge Systematics, Inc., Sydec Inc., and Pacific Rim
Resources, Inc. February 20", 1996.)
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ramp bypass lane and thus avoid direct observation. Consistently, 60 percent of trucks
that pass through Port of Entry are not directly observed. Assuming that the number of
transponder-equipped vehicles increases as is expected, a substantial percentage of
trucks will be checked electronically on the mainline and the static scales will no longer
be operating at or near capacity. The weigh station will then be able to lower the
threshold weight of the ramp bypass and pull in a higher percentage of non-transponder

equipped trucks for static scale weighing and observation.

According to Motor Carrier Auditors, motor carriers are quite cognizant of the fact that
the audit branch uses weigh station observations. For those motor carriers that are
tempted to report only those trips in which they are observed, the additional observations
will serve as a direct deterrent resulting in greater tax receipts per registered motor

carrier.

Deterrence alone will not eliminate tax evasion. As one auditor stated during the group
interviews, “Tax evasion is more often an act of omission than an act of commission.”
Poor record keeping and/or a lack of understanding of reporting procedure results in
inaccurate or inadequate tax filings. The increase in the number of observations
resulting from the introduction of electronic clearance will allow the pre-audit team to
detect and adjust inaccurate and/or incomplete tax reports. By having more
observations, there is a greater chance of catching unreported trips in both in pre-audit
and field audit. While Green Light will provide more observations to assist auditors, this

analysis did not determine significant changes in the processes.
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2.7 DTP #7 — Simulating the Impact of Electronic Sc  reening

The simulation findings indicate that electronic screening will reduce travel time and fuel
consumption for trucks participating in the electronic screening programs, or transponder
equipped trucks. Findings also indicate that electronic screening will decrease the
occurrence of unobserved bypasses resulting from full queues and increase the
percentage of trucks being screened for safety and compliance. The effectiveness of
electronic screening will be situational. Several variables, including truck traffic volumes
at the weigh station, the percentage of motor carriers participating in the electronic
screening program, and Oregon's commercial vehicle enforcement policies and
procedures will determine the degree to which the electronic screening program meets

its objectives.

An advantage of the simulation model is that the ODOT is not limited to the analysis of
the scenarios selected for this report. ODOT staff can run the model on any personal
computer with the Windows 95 or higher operating systems. With the Arena Viewer,
users are able to alter input parameters such as traffic level, transponder rate, and
number and length of inspections, to perform "what if" scenarios. ODOT can also
analyze the impact that changes in operational procedure and/or staffing levels would
have on the functionality of the weigh station. For example, ODOT could examine the
impact of changing the threshold weight for the bypass lane or closing the ramp bypass
lane entirely. Also, it can be shown that if the ramp bypass lane were closed,
electronically screened vehicles would realize greater time savings than vehicles not

participating in the program.
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In the scenario described above, closing the ramp bypass lane would also serve the
objectives of ODOT’s motor vehicle enforcement objectives. At the time of data
collection, the ramp bypass lane allowed vehicles weighing less than 75 percent of the
legal limit to bypass the static scale and return to the mainline. By bringing all vehicles
to a stop at the static scale, the Woodburn staff would have the opportunity to visually
check all vehicles not participating in the electronic screening. The ramp bypass lane
serves the purpose of reducing congestion within the weigh station and thus minimizing
unobserved bypasses, while maintaining weight screening on all vehicles that enter the
weigh station. With enough vehicles participating in the program, electronic screening
will give ODOT more flexibility in setting operational procedures. The simulation model

will assist ODOT in assessing the impact of proposed changes in procedures.

Although closing the ramp bypass lane would result in the most dramatic changes in
travel time savings for participating vehicles and would allow for a visual check of all
vehicles, it is more likely that operational procedures would change incrementally. The
simulation package gives the end user the ability to vary the percentage of vehicles and
determine the threshold weight that would bring the greatest number of vehicles to the

static scale without resulting in unobserved bypasses.

For this evaluation of weigh station efficiency, the Arena Viewer software "packed" with
the Woodburn model is considered a deliverable equal in and of itself. Not only does the
simulation provide a robust medium for evaluation but the powerful animation capability
makes it possible to demonstrate the functionality of the weigh station and the impact of

electronic screening to a broader audience.
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2.8 DTP #8 — System Availability

The evaluation was designed to take place over a two-year period after the roadside
systems were deployed. However, at the time the evaluation contract was completed,
only seven of the twenty-one sites had been deployed, and had not been functioning for
two years. The data collected were analyzed and indicated that the system was
available at least 95% of the time to Weighmasters and Motor Carriers at the seven
sites, when considered in aggregate. The data collected at Farewell Bend indicate that

the system availability for long combination vehicles was nearly 100%.

It is strongly recommended that ODOT continue to evaluate data available in the Trouble

Report Master Log and publish the results on an annual basis.
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2.9 DTP #11 — Assess Motor Carrier Acceptance

A questionnaire survey was designed to monitor and assess motor carrier acceptance of
Green Light technologies. Two surveys (“before” and “after”) were sent to carriers who

operate in Oregon. The first survey was conducted in 1998, and the second in 2000.

The main goal of the questionnaire surveys was to obtain the following:
» User attitudes to electronic screening and its perceived impacts on the motor carrier.
» User attitudes to new services such as Road Weather Information System (RWIS)

and Downhill Speed Information System (DSIS).

The survey design was based on the method described in the “Mail and Telephone
Surveys — Total Design Method” by Don A. Dilliman. Mailing included an initial cover
letter, the survey, and a brief description of Green Light components, a follow-up
postcard, and finally a second survey identical to the first, but with a slightly different

cover letter.

Surveys were mailed to a random sample of carriers registered to operate in Oregon.
The population of motor carriers was divided into three strata based on the location of
the carriers listed in ODOT's database. Twelve hundred Oregon carriers made up the
first stratum (Oregon carriers). One thousand carriers based in Washington, California,
Idaho, and Nevada comprised a second stratum (Pacific Norwest carriers) while 1,000 of
carriers of the remaining states and Canadian provinces made up to the third stratum

(Other carriers).
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The percentage of respondents to the survey was about 10 percent less in the “after”
survey than in the “before” survey. The experience level of the participants is evenly
distributed across strata with no significant variations in both “before” and “after”
surveys. Nearly half (50%) of the respondants had been working in the industry for more
than 20 years. Overall, smaller carriers dominated the sample with about three-quarters
(75%) having fleet sizes of one to ten trucks. However, the medium fleet size (11 — 99

tractors) showed significant changes in the “after” or second survey.

A summary of findings is listed below:

* 41% of carriers agree (19% disagree) that Mainline Preclearance will benefit their
company in the “before” survey while about 32% of carriers agree (25% disagree)
with this statement in the “after” survey.

 60% of carriers agree (that Road Weather Information System (RWIS will benefit
their company in the “before” survey and 52% of carriers agree with this statement in
the “after” survey. Approximate 15% disagree with the statement in both surveys.

* Over 50% of carriers agree with the policy of screening trucking for possible
inspection based on recent compliance with federal safety regulations (nearly 16 %
disagree) in both “before” and “after” surveys.

* Over 60% of carriers rate the overall performance of ODOT'’s Motor Carrier Services
as “Good” (nearly 26% rate it “Fair” and about 4% rate it “poor”) in both “before” and
“after” surveys. 9% rate it “Excellent” in the “before” survey and 6% in the “after”

survey.

The evaluation of motor carrier acceptance by tracking transponder penetration since

they were introduced in 1997 showed that, after a slow start, the industry embraced the
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technology. At the time the evaluation was completed, nearly 12,500 transponders were

in use.

2.10 DTP #12 — Agency Acceptance

The purpose of this study was to gain insight about how Green Light met its initial
objectives in the eyes of the personnel that work with the system as well as those that
developed and deployed it. The interviews provided an opportunity to document the
lessons learned during Green Light’s deployment. The study used an interview process
tailored to focus on both Green Light's benefits, and the obstacles that may have
hindered the development of the system’s integration into the ODOT’s business and
operations. It was intended that the results of this part of the evaluation would provide a

valuable resource to those deploying similar projects.

The interviews consisted of asking up to nine questions of a targeted group of ODOT'’s
leadership and personnel involved closely with the Green Light deployment. The
summary of responses shows a high level of agency acceptance as well as an
understanding of the benefits gained and recognition of lessons learned. The last
guestion dealt with lessons learned and is repeated below, followed by a summary of the
responses:

“What have been some lessons learned in the incepti  on of Green Light, and
what have been deterrents to its complete and succe  ssful operation?”

Interoperability was commented on as a problem, specifically regarding the differing
business models between different systems and the competitive politics surrounding the
issue. It was stated that only the federal government has the power to enforce

cooperation, but they have not. The technology is not a real problem, but the political
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resistance is. The program also has had installation and assimilation problems because
of the lack of a central coherent training or marketing plan. Training was done
piecemeal all over the state, so the same battles were fought over and over again. A
comprehensive and organized introduction and training program would have increased
early acceptance and eased the transition. The trucking industry as a whole is not an
early adopter of technology, and a solid, timely marketing program should have been
implemented. Some of the marketing that was done was done prematurely, which let
carrier interest fade before the system was up and running. An important lesson is that
by giving out free transponders to new members, the startup risk of new technology was
shifted away from the truckers, so they became much more agreeable to the program.
While this method may not be appropriate everywhere, it is important to note that
carriers want to save time and money, but an untried system that fails will cost them
more than it saves, so they are wary about investing in it. Reducing transponder costs
as much as possible will diminish this reluctance. Ultimately, the system should be
nationwide. This will reduce the costs to truckers the most, and so will be the most
accepted, used, and useful. The Oregon system is up and running, but at present
multiple transponders must be purchased to use systems in multiple states. Overcoming
the barriers between systems is necessary for the system in any state to fully mature

and achieve its potential.
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211 DTP #13 & #14 - Mainstreaming and Non-technic al Interoperability Issues

This part of the evaluation was weighted heavily towards interoperability issues, because
those issues proved to be significant in delaying market penetration of mainline
technologies. Mainstreaming proceeded in a steady and non-controversial way. The
literature supports this conclusion; there are many articles that report on the widespread

adoption of the technologies.

It is clear that achieving interoperability between different programs is very difficult. Even
the MAPS and Advantage CVO states (with very similar business models) took four

years from the start of Green Light to form an agreement.

Although a one-way interoperability agreement was reached between NORPASS and
PrePass, it was unsatisfactory to Oregon, and, caused them to withdraw from
NORPASS. Green Light carriers are still interoperable with NORPASS (they must pay
the $45 enroliment fee) and, NORPASS carriers operate in the Green Light system free
of charge. As yet, no satisfactory agreement has been reached between Green Light

and Prepass for one-way interoperability.

A positive outcome of Oregon’s withdrawal from NORPASS is that it transferred
ownership of transponders to the carriers, and, distributed an additional 7,500
transponders in three months. There are now 12,500 trucks equipped with Green Light
transponders. This is half their original target, but, considering the current progress, they

could reach their target before 12/31/2000.
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A satisfactory compromise needs to be reached between Oregon and PrePass before
interoperability can be achieved. Oregon should hold to its principles, which are
endorsed by other states and by many in the trucking industry. However, they will likely
need to compromise, but, only to the degree to which their customers agree. The major

principle is regarding HELP’s limitation of the use of PrePass transponders.

An issue for many Green Light carriers is the fee structure used by PrePass. However,
the market will determine if carriers are prepared to pay PrePass’s fees. PrePass may

need to introduce alternative fee schedules to attract a diverse range of customers.

A longer term issue is reaching an interoperability agreement that will enable PrePass
carriers to operate in Green Light. At this time there is an impasse with regard to
PrePass obtaining some cost recovery as well as protecting there carrier’'s data privacy.
However, there are several examples of PrePass carriers that have requested
enrollment in Green Light (and NORPASS) and have been refused by PrePass. Carriers
can enroll in each system separately and obtain a transponder for each, but, there are
problems when a truck has two transponders in the cab. Since the Green Light and

PrePass transponders are the same, this situation is unnecessary!

Oregon was very successful in the distribution of transponders after opting to withdraw
from NORPASS and deciding to act as their own transponder administrator. The two
significant changes that Oregon introduced (as the administrator) were: a) transferring
ownership of transponders to the carrier, and, b) providing new transponders at no cost.
At the time the evaluation was concluded 12,500 transponders had been distributed.
Another 12,500 will be distributed free of charge, before a carrier must purchase their

own transponder. It is strongly recommended that ODOT continue the successful
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practice of targeting those carriers that would benefit the most from mainline , i.e. those

that operate most in the Green Light corridors.

It is likely that ODOT will reach its goal of issuing a total of 25,000 transponders during
2001. The state should consider continuing free distribution of transponders. A market
survey may be appropriate to guide this decision. It is certainly likely that those enrolled
in the program would be willing to pay (if they had to do over) but enrolling new carriers
will become difficult at some point. Removing the best incentive (free transponders) may

halt the rapid progress that has been made in market penetration.
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3 DISCUSSION

This chapter provides a general discussion of issues relating to the evaluation but not

specifically addressed in any of the detailed test plans.

The Green Light Project was initiated in 1995 to fulfill Oregon’s vision of creating an
automated and intelligent truck transportation system. As the project nears completion, it
has proved successful, by improving the safety and efficiency of the commercial trucking
industry while at the same time increasing the performance of roadside facilities without

physically expanding them, and protecting the public investment in the infrastructure.

Through the Green Light weigh station modernization program, Oregon has installed
Mainline Systems at 21 weigh stations to electronically screen trucks as they approach
at highway speeds. The deployment at all 21 sites was completed and fully operational
by March 2001. Weigh-in-motion (WIM) systems check the vehicle’s weight and height,
and, automatic vehicle identification (AVI) systems check records for registration, tax
status, and safety inspection status. The driver is signaled with an in cab device to either

Report to the station or to Bypass.

During 1999 nearly 280,000 mainline bypasses occurred at completed sites, and, in
2000 this number rose to more than 640,000. All 21 sites were fully deployed by March
2001, and, the number of bypasses will continue to increase as more carriers enroll,
freeing weigh site personnel and facilities to process only those trucks that need their
attention, and, saving considerable time (and money) for trucks that bypass. Calculable

savings occurred in several ways:
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(1) The cost of physically expanding 11 of the 21 weigh stations was avoided,

(2) The cost of building five replacement weigh stations for facilities that would
otherwise be rendered obsolete was avoided,

(3) The cost of early repair to the infrastructure as a result of increased overweight
truck traffic was avoided, and

(4) The trucking industry operates more efficiently and avoids costs it would have

incurred in a strictly conventional, time-consuming stop-and-weigh process.

Each of these cost saving mechanisms is addressed in more detail below.

Truck traffic increased almost 40 percent in the I-5 corridor between Portland and Salem
from 1990-1998. The two weigh sites in this area were designed in the mid-1980’s to
weigh about 2,500 trucks a day, but today the traffic load has increased to more than
5,000 trucks a day. Truck traffic along the 1-84 corridor has increased by similar
amounts. To accommodate these increases in truck traffic 11 weigh stations would
require expansion including extension of the off-ramps and added static scales. The
total estimated cost for extending the ramps and adding a static scale at each site was
$2,262,700. Through the Green Light mainline system, Oregon avoided spending

millions on facility expansion at major weigh stations.

An additional five weigh stations would soon be rendered obsolete, and, there is no
room to physically expand them at their current location. If replacement stations could be
built, within appropriate proximity to each station, the cost of construction would be a
minimum of $14.5 million. However the biggest cost consideration would be in land

acquisition. If electronic screening were not available at these locations Oregon would
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be forced to close the stations, thus removing any visible enforcement, and, forced to

accept compromises to its size and weight enforcement effort.

By implementing Green Light systems, Oregon identified and stopped more overweight
trucks than previously. Without Green Light these trucks would proceed with the
potential to cause millions in highway pavement damage. In a model developed by
researchers in Idaho, the benefit in prevented damage can be estimated for a weigh
station in a typical highway application. The study indicated that a single weigh station,
covering an area of 160 miles, would prevent approximately $46 million in pavement
damage during an average life span of 10 years. An earlier Federally Funded study
indicated that overloaded truck axles cost up to $670 million per year (nationally) in
pavement damage. Thus with 21 improved weigh stations enhancing the ability to
minimize overloaded vehicles, Oregon could save well in excess of $200 million during
the next 10 years. Although there is no generally accepted way to calculate the actual
amount, the savings realized are related to costs associated with: (1) the effect of
deteriorating pavement conditions on fuel economy, tire wear, and other related
maintenance costs, (2) time delays suffered during pavement resurfacing,
reconstruction, rehabilitation, and maintenance, and, (3) time delays suffered due to

traffic control related to remodeling, upgrading, and/or reconstruction of weigh stations.

Finally, by utilizing Green Light the trucking industry enjoys efficiencies and avoids costs
that are built into the conventional weigh station operation. What's it worth to a truck
driver to pre-clear a weigh station at highway speeds? Operating a heavy truck has
been estimated by the American Trucking Association to cost $1.92 per mile. Assuming
an average hourly speed of 39 miles-per-hour (from departure to destination), a cost of

$1.24 per minute is realized. Truck drivers save at least three minutes per weigh station
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bypass. Therefore it is conservatively projected, based on the current rate of about
60,000 bypasses a month in Oregon, that in the next 10 years the Green Light mainline
system is expected to pre-clear 7.2 million trucks. This will save the industry more than
$25 million in operating costs as it saves 360,000 hours of travel time. However, it is
anticipated that the number of bypasses will increase substantially as more carriers

enroll, resulting in much larger savings.

In summary, the Oregon Green Light project has been immediately beneficial, yet
designed for the future; the system will continue to provide financial benefits in the form
of cost avoidance to the taxpayer and to the trucking industry. The model deployment
has clearly demonstrated the benefits of mainline . It has also demonstrated that
achieving interoperability (see sections 2.10 and 2.11) is a difficult process that may

prove more difficult to achieve than providing technically excellent systems.
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4 CONCLUSIONS AND RECOMMENDATION

The independent evaluation was initiated in August 1995 and concluded in June 2000.
Oregon State University was prime contractor, with lowa State University as a sub-
contractor, and, WHM Transportation Engineering as a consultant. Fourteen test plans
were developed to evaluate: safety, productivity, user acceptance, mainstreaming issues
and interoperability issues. At the time the evaluation was concluded, the Green Light
sites were not fully deployed; the Conclusions and Recommendations are therefore
based on tests conducted on an incomplete system. Nevertheless, they are a strong

indicator of future performance.

4.1 Conclusions

Safety: Out-of-service violations found during a series of random inspections (in 1998
and 1999) were used as an indicator of change in vehicle safety. At the time of these
inspections there were few transponders distributed and, therefore, no significant
changes were observed. However, the study established a baseline for future studies
that should show that safety compliance increases as Green Light is fully deployed and
a significant number of trucks carry transponders. Evaluation of the Road Weather
Information System (RWIS) and the Downhill Speed Information System (DSIS) could
not be completed as planned because the systems were not fully deployed. However,

the methodology for the evaluation should be applied once deployment is completed
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Productivity: A study of the auditing and collection processes for the weight—mile tax
indicated that Green Light technology significantly increases the level of auditing
possible. Ability to do this will improve productivity but not result in any changes to the
processes. A simulation model was also developed for sites. The model clearly
demonstrated that system capacity increased as transponder penetration increased,
and, provides a powerful tool (because of the animation capability) to demonstrate
impacts of electronic screening to a broad audience. A third productivity study of seven
functional sites indicated that the system will be available at least 95% of the time. This

suggests a very high productivity when all 21 sites are deployed.

User Acceptance: Before and after surveys were conducted in 1998 and 2000 to
assess motor carrier acceptance of Green Light technologies (electronic screening).
There was little difference in the results of the 2 surveys. However, in both surveys, the
majority of motor carriers were supportive of electronic screening and were satisfied with
ODOT's Motor Carrier Services. The steady increase in transponders issued is the
strongest indicator of user support; 10,000 were issued in 2000 after a slow penetration
in 1998 and 1999. The indication is that ODOT will reach its goal of issuing 25,000

transponders in 2001, largely due to growth in user acceptance.

Agency Acceptance : Interviews were conducted with ODOT leaders as well as with
personnel involved closely with the Green Light deployment. The responses showed a
high level of agency acceptance as well as an understanding of the benefits gained and
recognition of lessons learned. Interoperability was commented on as a problem,
specifically regarding the differing business models between different systems and the
competitive politics surrounding the issue. It was stated that only the federal

government has the power to enforce co-operation. However, this was not done and a
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solution has not yet been found.

Mainstreaming and Interoperability Issues: Mainstreaming proceeded in a steady and
non-controversial way. However, there have been many interoperability issues. It is clear
that ODOT and PrePass must reach a satisfactory compromise before interoperability

can be achieved. ODOT should hold to its principles, which are endorsed by other states

and by many in the trucking industry.

In summary, the Oregon Green Light project has been immediately beneficial, yet
designed for the future; the system will continue to provide financial benefits in the form
of cost avoidance to the taxpayer and to the trucking industry. The model deployment
has clearly demonstrated the benefits of mainline . It has also demonstrated that
achieving interoperability (see sections 2.10 and 2.11) is a difficult process that may

prove more difficult to achieve than providing technically excellent systems.

4.2 Recommendation

Because the evaluation contract was concluded before all elements of the Green Light
project were fully deployed, the evaluation was incomplete. Nevertheless, the evaluation
conducted demonstrated that the project was successful as indicated in the foregoing
sections of this Executive Summary. However, it is strongly recommended that ODOT
continue evaluation of Green Light using the framework established in the evaluation

contract.
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1 INTRODUCTION

1.1 BACKGROUND

This Detailed Test Report is the first of 8 reports submitted as part of the independent technical
evaluation of the Oregon Green Light CVO project. The Oregon Department of Transportation
(ODOQT) is near completion of the implementation of their Intelligent Vehicle Highway System
Strategic Plan for Commercial Vehicle Operations (now referred to as ITS/CVO). Through
Green Light, Oregon is installing twenty-one mainline preclearance systems featuring weigh-in-
motion (WIM) devices and automatic vehicle identification (AVI) at the major weigh stations and
ports-of-entry throughout the state. In addition, certain sites have been equipped with safety
enhancements that regulate road conditions and speed. Examples are the Downhill Speed
Information System at Emigrant Hill, and the installation of weather stations at three location

across the state.

This report presents the results of Detailed Test Plan (DTP) #1. There will be similar reports for
all other Detailed Test Plans developed for the Green Light Evaluation. The Detailed Test
Plans were published in 1997, Oregon “Green Light” CVO Evaluation-Detailed Test Plans [1].
Earlier documents providing essential background to the Evaluation are the Evaluation Plan [2],

and , Individual Test Plans (ITP) [3].

Each of the tests conducted by the research team for the evaluation of Green Light addressed
one of five goals of the evaluation as documented in the Evaluation Plan. These are:

* Assessment of Safety

* Assessment of Productivity

* Assessment of User Acceptance
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» Assessment of Mainstreaming Issues

* Assessment of Non-Technical Interoperability Issues
The objectives associated with each goal are given in detail in the Individual Test Plans [3]. In
addition, condensed one-page tables are contained in the appendices of the ITP, outlining the
measures to be conducted for each of the stated objectives. The detailed test plan documents
expand on the information provided in the ITP and provide in detail the activities planned for

each evaluation measure during the course of the evaluation in regards to the stated objectives.

1.2 PURPOSE AND SCOPE

This report presents the results of two test measures employed to measure what effects Green
Light has had on safety compliance of commercial motor vehicle operating in the state of

Oregon.

The evaluation measures used to determine change in safety compliance for the Oregon Green
Light are stated below:

1.1.1 Examine changes in proportion of trucks compl iant with Federal Motor Carrier
Safety Regulations (FMCSR) within Oregon.

1.1.2 Assessment of targeting procedures at sitesi  ncorporating electronic screening.

A detailed description of the hypothesis to be tested as well as the test methodology and
deliverables is described in detail in Chapter 2. Chapter 3 provides results of the test, while
conclusions and recommendations can be found in Chapter 4. The scope of this detailed test
plan within the context of the overall Green Light Evaluation is shown in Exhibit 1-1. The test

measures outlined in this document are highlighted for reference.
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Exhibit 1-1 Evaluation Goals, Objectives, and Measu res

Evaluation Goals Evglua_non Test Measure
Objectives

1.1.1 Proportion of
Compliant Trucks/Carriers
Of Total Inspected and
Total Processed Per Month

1. Safety

1.1 Determine Changes in
Safety Compliance

A 4
|

1.1.2 Proportion of Non-
Compliant Trucks/Carriers
of Total Inspected and
Total Processed Per Month

2. Productivity

1.2 Determine Change in

Truck Behavior Due to the

Road Weather Information
System

3. User Acceptance

1.3 Determine Change in

Truck Behavior Due to the

Downhill Speed Information
System

4. Mainstreaming Issues

5. Non-technical
Interoperability
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1.3 DISCUSSION

According to the Federal Highway Administration’s (FHWA's) Office of Motor Carriers (OMC),
over 150,000 trucks (including commercial and private vehicles) were involved in highway
accidents in 1994 Truck and Bus Accident Fact Book, October 1996 [4]. These accidents
caused injuries to 110,000 persons and resulted in 5,500 deaths. To combat this problem,
state and federal agencies employ various strategies such as stricter enforcement of traffic
laws, improving vehicle and highway designs, and developing and using on-board safety
systems (e.g., driver warning systems). For commercial vehicles, the strategy also includes
improved enforcement of Federal Motor Carrier Safety Regulations (FMCSR) and Hazardous
Materials Regulations (HMR). In 1996, OMC estimated that 32 percent of the vehicles traveling
the nation’s highways are out of compliance with applicable commercial vehicle regulations
[OMC National Fleet Safety Survey, 1996]. Green Lights’ use of roadside screening is
expected to have significant impacts on roadside safety enforcement practices. In particular,
Green Light will result in more efficient enforcement operations, increased compliance with

safety regulations, and, ultimately, safer highways.

The main focus of this study will be on the relationship between Green Light deployment and its
impact on enforcement practices. The relationship between enforcement practices and safety
impacts (i.e., reduced crashes and fatalities) also needs to be established to link safety benefits
to the deployment of Green Light. Results from literature, as well as new analyses, can help
determine this relationship. This two-step approach is illustrated in Exhibit 1-2. The third
relationship (indicated by the dashed line between Green Light deployment and safety impacts)
can also be studied using empirical methods. However, this approach has significant
challenges because the Green Light -related reduction in crashes and fatalities is expected to

be small compared to the impacts of other factors (e.g., weather, road construction, traffic
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changes).

Exhibit 1-2 Relationships Between Green Light Dep  loyment, Enforcement Practices,

and Safety Impacts.

Enforcement Practices

. Increased compliance

. OOS verification

®  Target high risk carriers

Green Light Deployment Safety Impacts

*  Electronic Screening »  Fewer Crashes

e Safety Information Exchange +  Fewer Fatalities

Green Light technologies are expected to help improve compliance with safety regulations in
two ways both resulting from increased effectiveness of roadside inspection operations. The
direct, but smaller, impact is the removal of unsafe drivers and vehicles from the highways. It is
anticipated that the screening and safety information exchange technologies will allow
inspectors to rapidly select commercial vehicles for inspection based on the carrier's safety
record. Also, on-line access to driver violation records and results of recent truck inspections

will help target unsafe drivers and trucks.

The indirect effect, which is expected to be much larger, is that drivers and carriers will modify
their behavior to avoid inspections. Specifically, it is assumed that carriers will expend more
resources to ensure that their vehicles stay in compliance. Carriers with good safety records
(low risk) will have a small probability of being inspected. High-risk carriers will try to improve

their safety rating to avoid increased inspections. Of course, if Green Light does not help
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inspectors target the high-risk carriers, there will not be any added incentive for a carrier to

maintain a good safety rating.

The impacts of Green Light on safety will be difficult to quantify. In fact, these impacts will
probably take effect over a long period of time. Initially, the high-risk carriers must perceive an
increase in the cost of doing business resulting from increased fines and more frequent delays
at roadside inspection sites. The hypothesis is that these operators will then adjust their safety
program in order to improve compliance rates. Of course it is possible that they will, instead,
choose to employ avoidance tactics. This impact also needs to be investigated. Assuming that
a high-risk carrier chooses to improve its safety program, the improvement in compliance rates

will eventually result in improved safety performance.

Estimating the impact of Green Light in terms of safety simply by analyzing accident data is not
feasible for a number of reasons. First, because accidents are rare events, their associated
consequences (property damage, etc.) are highly variable, and therefore may provide limited
evidence of a change from a short period of deployment and evaluation. Second, even if an

effect is measured, it may be difficult to attribute the effect to the introduction of the technology.

Using compliance rates as a surrogate for accident rates will help to address both of these
issues. Estimating compliance rates is much more feasible than estimating rates of accidents
that are attributable to safety violations. Also, the hypothesis that Green Light affects safety by

improving motor carrier compliance can be tested separately.

Exhibit 1-3 qualitatively illustrates the relationships among key data elements in this approach.
The first panel shows a decrease in the number of accidents, injuries, and fatalities that is

anticipated following the deployment of Green Light. However, in order to infer that an
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observed decrease in accidents was caused by the deployment of Green Light, a more detailed
analysis of the process is required. It is anticipated that the deployment of the electronic
clearance components of Green Light will improve compliance enforcement through better
targeting of high-risk carriers and more efficient use of inspection resources. Thus, as
illustrated in the second panel, it is expected that there will be an increase in the percentage of
vehicles inspected that belong to high-risk carriers. High-risk in this context refers to carriers
that are more likely than others to be put out of service (OOS) for failing to comply with the
FMCSR. Alternative definitions of high-risk carriers based on accident and fatality rates will
also be investigated. The third panel reflects how the percentage of vehicles that are put OOS
is expected to rise initially because of the improved targeting of high-risk carriers. Eventually,
the carriers will modify their behavior to improve compliance. Thus, assuming that enforcement
procedures do not change, the OOS rate is expected to decrease. The fourth panel shows how
the out-of-compliance rate (percent of violators on the road) is expected to change. This

decrease is then expected to result in the safety improvement.
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Exhibit 1-3 Relationships Between Key Elements in the Green Light Safety Analysis

Safety

Number of
Accidents/
Injuries/
Fatalities
Per VMT

. P Time
Green Light Deployment

Inspection

Percentage of
CV Inspected
that are
High Risk

P Time
Green Light Deployment

Inspection OOS Rate

Percentage of

CV Inspected

that are put
Out-of-
Service

P Time
Green Light Deployment

Out-of-Compliance Rate

Actual
Percentage of
CVin
Violation

_ » Time
Green Light Deployment
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2 TEST METHODOLOGY

2.1 PHYSICAL DESCRIPTION

The random inspection study was developed in conjunction with Battelle as part of their
evaluation of CVISN. The purpose of this test is to measure the rate of compliance with safety
regulations by motor carriers traveling in the northern I-5 corridor in Oregon. This study will
incorporate random selection of vehicles to ensure that the screening practices usually followed
by the inspectors do not bias the compliance rate estimates. The random sampling conducted
under this study is not intended to improve enforcement efficiency. Rather, the results will be
used to infer whether the advances introduced under Green Light result in reduced rates of
violation by average carriers, thereby addressing the evaluation objective to determine whether

Green Light has a positive impact on safety.

This test is designed to measure whether the new technologies introduced under Green Light
help to deter violations of safety regulations. To measure this, we plan to test whether if there
is a change in commercial vehicle safety violation rates. Towards this end, we would like to
estimate the compliance rate of the commercial vehicle population at large — not only those that
are targeted for inspection. This requires some degree of random inspection. The compliance

rate study was conducted along the northern I-5 corridor Oregon.

2.1.1 Survey Design

A survey design was used to select sites along the northern I-5 corridor, including dates and
times to conduct inspections, and to select vehicles at those sites for inspection. Four, month-
long random inspection campaigns were conducted six months apart. The data collected was

analyzed by standard survey methods, based on a random sample. Trends were estimated,
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and comparisons will be made across sites and over time based on linear models. Battelle’s
statistics group conducted data analysis, with findings being presented to OSU for inclusion in

this report.

2.1.2 Assumptions and Constraints

Several assumptions and constraints are necessary in the design of the random sampling plan.

* The selected sites cover a network representing same truck compliance rate as the entire
area.

 The volume counts made during the course of the inspections are representative of the
traffic that passes that site.

* An assumption is made that the compliance rate during the night shift is the same as that

during the “swing shift.”

Some of the key constraints in Oregon are:

» Due to safety, inspections can only be conducted at night at the ports of entry. It will be
necessary to assume that these locations have similar compliance properties with the other
types of sites.

» Participants in Green Light are subject to scrutiny with regard to their safety status. Those
meeting high safety standards may be enrolled as premium carriers or “Trusted Carrier
Partners”. Upon meeting these qualifications the carriers are not subject to random
selection — at the Green Light (transponder reader) sites. At the sites where all vehicles are

recorded manually, basic enrollees can be included in the random selection process.

The test will be conducted in one-month intervals. The first test was conducted during January

of 1998, with subsequent tests following in July 1998, January 1999, and July 1999.
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ODOT MCEO managers followed the same schedule in each if the four campaigns according to
the day of week and time of day an inspection occurred. This schedule of random inspections
planned for the first month is provided in Exhibit 2-1. The schedule was generated based on
past inspections conducted in Oregon. For instance, if the vast majority of inspections were
conducted at the ports-of-entry, this schedule was generated so that the same proportion of
randoms were completed at the ports-of-entry as well. Many of the selected sites had conflicts,
especially those sites that were randomly chosen for night inspections, but are not equipped.

These sites were subsequently changed to daytime inspections.

Those inspections that were selected at non-fixed sites, i.e. Multhomah Co. and Yamhill Co.,

were conducted at sites routinely chosen by the inspectors who work that area.
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Exhibit 2-1 Site Selections For January 1998
Date of Shift S”e'ﬁo()sca'e L ocation Day of Shift | Timeof Shift
02JAN98 1404 Cascade L ocks POE Friday Day
3602 Dayton. Friday Day
06JAN98 2677 Multnomah Co. Tuesday Day
07JAN98 1404 Cascade L ocks POE Wednesday Day
2409 Woodburn POE Wednesday Day
2677 Multnomah Co. Wednesday Day
08JAN98 0261 Blodgett, WB Thursday Day
1404 Cascade Locks POE Thursday Day
Thursday Day
09JAN98 2408 Woodburn POE Friday Day
Friday Day
Friday Day
1404 Cascade Locks Friday Day
2677 Multnomah Co. Friday Day
10JAN98 2004 Lombard and N. Simmons Saturday Day
11JAN98 2409 Woodburn POE Sunday Day
12JAN98 1404 Cascade L ocks POE Monday Day
13JAN98 2601 Rocky Point Tuesday Day
2408 Woodburn NB Tuesday Night
2409 Woodburn POE Tuesday Day
Tuesday Night
3677 Y amhill Co. Tuesday Day
2677 Mul t nomah Co. Tuesday Day
14JAN98 0261 Blodgett, WB Wednesday Day
2409 Woodburn POE Wednesday Day
Wednesday Night
15JAN98 2409 Woodburn POE Thursday Day
Thursday Day
0307 Brightwood, WB Thursday Day
2601 Rocky Point Thursday Day
2677 Multnomah Co. Thursday Night
16JAN98 304 Rock Creek Friday Night
2677 Multnomah Co. Friday Day
2409 Woodburn POE Friday Day
18JAN98 1404 Cascade L ocks POE Sunday Day
19JAN98 2601 Rocky Point Monday Day
2409 Woodburn POE Monday Day
Monday Day
20JAN98 2002 Walterville Tuesday Day
21JAN98 2002 Walterville Wednesday Day
2205 Foster Wednesday Day
2409 Woodburn POE Wednesday Day
22JAN98 2407 Hubbard Thursday Night
1404 Cascade L ocks POE Thursday Night
2409 Woodburn POE Thursday Day
Thursday Day
Thursday Night
23JAN98 2677 Multnomah Co. Friday Day
2701 Eola Friday Day
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Date of Shift S”e'ﬁo()sca'e L ocation Day of Shift | Timeof Shift
25JAN98 2409 Woodburn POE Sunday Day
26JAN98 2409 Woodburn NB Monday Day

2601 Rocky Point Monday Day

3677 Y amhill Co. Monday Day

27JAN98 2601 Rocky Point Tuesday Night
28JAN98 2409 Woodburn POE Wednesday Day
29JAN98 0304 Rock Creek Thursday Day
2409 Woodburn POE Thursday Day

Thursday Day

Thursday Day

Thursday Day

Exhibit 2-2 provides a list of random non-fixed locations inspected within Multhomah County
and were randomly selected from a list of six locations provided by the Multhomah Co.
inspectors. The two days assigned to non-fixed random inspections in Yamhill Co. were

chosen by the inspectors to reflect characteristics of vehicles using I-5 in the northwest corridor.

Exhibit 2-2 Specific Locations to Sample in Multno  mah County

Date Day Time Location

January 6 Tuesday Day Lombard and N. Simmons
January 7 Wednesday Day NE 223rd and NE Glisan
January 9 Friday Day NE Marine Drive and NE 223rd
January 10 Saturday Day Lombard and N. Simmons
January 13 Tuesday Day NE 223rd and NE Glisan
January 15 Thursday Night NE 223rd and NE Glisan
January 16 Friday Day NE 122nd and NE Inverness
January 23 Friday Day NE 122nd and NE Inverness

The primary supporting data used to design the study include:
» Oregon’s past inspection data, as downloaded from SafetyNet for the period October 1996

through September 1997. This was used to characterize their existing inspection program.
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* Alist of non-fixed inspection sites for Multnomah Co. that are indicative of truck travel in that
county. Ideally, these inspection sites would be mutually exclusive and selectively
exhaustive of trucks travelling in the county.

» Estimates of truck volume at the inspection locations in the northern I-5 corridor

2.1.3 Scope of Survey

Although about 30,000 inspections are conducted on trucks throughout Oregon each year, it
was decided that the desired information could probably be obtained from a corridor study,

provided that enough data could be collected there.

Using the information obtained about where most of the inspections were done and by whom,
and using judgement to identify sites that could be used to characterize compliance

characteristics of vehicles traveling in the I-5 corridor, a geographic scope was decided upon.

Determining the number of random inspections to conduct involved a tradeoff of desired
precision with the impact that a random campaign would, itself, have on compliance
characteristics.  Specifically, Green Light's mainline preclearance deployment introduces
technologies that are, among several enhancements, intended to improve the state’s vehicle
selection protocols — and supposedly, this will have a deterrence effect on violators.
Conducting too many random inspections might have its own effect on compliance rates which
may obscure the effect of Green Light on compliance rates. Therefore, it was decided that no
more than 10 percent of the inspections conducted in the region of interest during the course of
a year should be devoted to the evaluation because of the potential impact on operations. In
the targeted corridor, this means that about 600 to 700 random inspections should be
performed per year as part of the evaluation. With two campaigns per year, this reduces to 300

to 350 per campaign.
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2.1.4 Sampling Design

To enable an inference that is representative of all the sites within the geographic scope
illustrated in Exhibit 2-2, a random sample of sites must be identified for conduct of inspections.
In addition, it is necessary that all sites within that region have a positive, known probability of
being selected. However, it is neither necessary nor practical to give each location the same
probability of selection. Sites where several inspections are conducted can be emphasized,
and sites where inspections are conducted only rarely can be included with only very low

probability and still achieve an unbiased estimate of the true compliance rate.

The 48 sites in the northern I-5 corridor were divided into four strata: Ports of Entry (POES),
Green Light sites, fixed non-GL sites, and non-fixed sites. Based on the historical allocation of
inspections to these strata, Exhibit 2-3 illustrates the allocation of random inspections to these

strata for the inspection campaigns.

Exhibit 2-3 Allocation of Inspections to Strata

Stratum Inspections conducted Planned Random Inspections
10/1/96 through 9/30/97

Ports of Entry 3381 32

Green Light Sites 793 8

Fixed Sites (non-GL) 932 10

Non-Fixed Sites 954 10

For each inspection campaign, a schedule was issued to the MCEO managers and the
Multnomah Sheriff's Department for deployment of their staff conduct the inspections. There

were slight departures resulting from weather and iliness, but it was mostly adhered to. When
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dates were not met, inspections were conducted at a similar day and time.
Document GLEV0001.doc 16

Final Report: Detailed Test Plan #1
Measures 1.1.1 and 1.1.2



Oregon Green Light CVO Project 6/15/00

3 RESULTS

The compliance rate study in Oregon provided data to test the two hypotheses associated with
safety impacts. These are:
Hypothesis 1: The number of violations per inspection did not change after Green Light
technologies were introduced in the corridor.
Hypothesis 2: Changes in compliance rates between 1998 and 1999 were the same for

sites with GL technologies as for sites without GL technologies.

It was assumed that carriers and truck drivers would tend to improve compliance with safety

regulations to reap the benefits, or avoid the enforcement ramifications, of electronic screening.

About Deployment

The study was conducted with the assumption that as more carriers became equipped with
transponders and are actively participating in Green Light, that the general trucking population
would move towards compliance. In order for this to actually take place, the truck stream
entering sites equipped with mainline preclearance would have to change significantly. The key
component of Green Light that makes this assumption work is that carriers are actively
screened based on their safety records. Those trucks with “clean” bills of health remain out of
the traffic stream reporting to the scale. As more “safe” trucks are screened on the mainline
and taken out of the stream to the static scale, the truck stream changes to one that is more

likely to have an OOS violation.

As was described in the previous chapter, data was collected and examined on compliance
rates in the general trucking populations. This required conduct of random Level | inspections,

in contrast to targeted inspections conducted under standard procedures, when standard
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practices are designed to inspect the vehicles with the greatest problems. Random inspections
were conducted to allow characterization of the general trucking population, these inspections
were conducted at three different types of sites during four campaigns, over a period of two
years. Most of the inspections were conducted at weigh stations, but a good number were also
conducted at roadside or mobile locations (which in Oregon are often referred to as “non-

fixed”).

Random inspections were conducted at two sites with electronic screening systems deployed.
These were the Woodburn Southbound port of entry (POE), which was the first site established
with the “Green Light” system in Oregon, and the Woodburn Northbound (NB) weigh station.
Both of these sites are on I-5 in Northern Oregon. The Woodburn POE was equipped and
running before the start of this random inspection campaign, and Woodburn NB was equipped
halfway through. Roughly the same sampling design and inspection schedule was used for
each of the four campaigns, so the number of inspections conducted at Green Light sites
increased for the second half of the test (due to the inspections conducted at Woodburn NB

during the second half of the test).

Exhibit 3-1 displays the division of the various sites (where inspections were performed) into
three categories for presentation: Green Light sites, non-Green Light fixed sites, and non-
Green Light non-fixed sites. At the top of each column is the number of inspections conducted.

A total of 1,223 random inspections were conducted for this evaluation.
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Exhibit 3-1 Site Categories

Type of Site
Green Light Non-Green Light Fixed Non-Fixed
(408 Inspections) (591 Inspections) (224 Inspections)
Hwy 18 McKibbon Rd,
Blodgett EB — -
Unspecified location
Blodgett WB
Yamhill Co.
Brightwood ( ! )

Cascade Locks Lombard and N Simmons,

Woodburn POE Dayton Lombard and Pier Park,
Woodburn NB Eola McMinnville, Yamhill Co.
Foster N. Lombard and Bruce Ave., NE
Rocky Point 122nd and NE Inverness, NE
Rock Creek 223rd and NE Glisan, NE
Walterville Marine Dr and NE 223"

(Multnomah Co.)

Exhibit 3-2 provides estimates of the violation rates for each of the three categories, estimated
from each of the sampling campaigns. The table displays the number of shifts during which
random inspections were conducted and the total number of random inspections performed.

Three different violation rates are displayed:

* Average number of violations per vehicle (any FMCSR)
* Average number of OOS violations per vehicle

* Proportion of vehicles with at least one OOS violation

* Average number of Driver OOS violations

» Average number of Vehicle OOS violations

Each of these violation rates should be interpreted as “violations per vehicle,” and not

“violations per inspection.” The statistical design and random nature of this study allows us to
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make inferences to the general truck population.

Exhibit 3-2 Violation Rates

Average # Proportion Average # Average #
Tvoe of Samolin Number Total # Average # 00s of Vehicles Driver OOS Vehicle OOS
ygite Cam pai %] of Shifts Inspections Violations Per Violations with OOS Violations Per Violations Per
paig P Vehicle (+ 2 SD) | Per Vehicle Violations Vehicle (+ 2 Vehicle (+ 2
(+ 2 SD) (+ 2 SD) SD) SD)
Jan 98 15 93 1.74 £+ 0.44 0.52 + 0.18 | 0.34 £ 0.12 0.04 + 0.06 0.43 + 0.18
July 98 15 90 1.17 £ 0.40 0.22 + 0.12 | 0.16 = 0.08 0.02 + 0.04 0.19 + 0.10
GL

Jan 99 17 107 2.28 + 0.76 0.38 + 0.18 | 0.24 £ 0.12 0.05 + 0.04 0.34 + 0.16
July 99 17 118 1.65 + 0.66 0.46 + 0.18 | 0.31 +0.12 0.04 + 0.04 0.41 + 0.18
Jan 98 25 154 1.81 + 0.46 0.40 + 0.14 | 0.24 = 0.08 0.00 0.39+0.14
July 98 25 170 1.61 + 0.32 0.31 + 0.12 | 0.22 + 0.06 0.00 0.83 + 0.86

NGL-Fixed
Jan 99 21 131 2:52 ? 0.82 0.48 + 0.18 | 0.26 + 0.10 0.00 0.47 + 0.18
July 99 21 148 225 ? 0.38 0.40 +0.14 | 0.23 + 0.08 0.05 + 0.06 0.35+0.12
Jan 98 10 57 3.08 + 0.68 0.95+0.34 | 047 £ 0.16 0.01 + 0.02 0.87 + 0.32
July 98 10 60 3.01:0.72 0.92 + 0.36 | 0.51 +0.16 0.09 + 0.12 3.09+1.28

Non-Fixed
Jan 99 10 59 200:0621 | 0%° : 0-28 | 0.24:008 | 0.05:006 0.50 : 0.24
July 99 9 54 1.91 : 0.54 055 : 016 | 954.016 | 001002 053 : 0.16
Jan 98 50 304 193034 0.48 + 0.10 | 0.28 + 0.06 0.01 + 0.02 0.44 + 0.10
Combined July 98 50 320 1.69 + 0.26 0.36 + 0.10 | 0.24 + 0.06 0.01 + 0.02 0.98 + 0.64

Aoross 2.43 + 0.60

Site Types Jan 99 48 297 ' ? ' 0.46 + 0.14 | 0.25 + 0.06 0.02 + 0.02 0.45+0.14
July 99 47 320 2.08 = 0.30 0.43+0.10 | 0.28 + 0.08 0.05 + 0.04 0.38 + 0.10

1

The following figures show confidence intervals for each of the five responses measured, over

time, by site. Each violation rate estimate is listed with a +/- number, which can be used to

calculate an approximate 95 percent confidence interval. The intervals were constructed with

Document GLEV0001.doc

Final Report: Detailed Test Plan #1

Measures 1.1.1 and 1.1.2

20




Oregon Green Light CVO Project 6/15/00

95 percent confidence of containing the true violation rate.

Statistical tests were performed to determine if the rates observed in 1999 were significantly
different from those observed in 1998 (addressing Hypothesis 1). The results are presented in
the boxes showing the 1999 results. In Exhibit 3-2, if ‘1’ appears in the boxes showing the
1999 results, that implies that (on average) violation rates were found to be higher in 1999 than
in 1998, and the increase was statistically significant. Similarly, ‘4’ means that violation rates
decreased. Simple year-to-year comparisons were performed, in which aggregate rates from
1999 were compared with aggregate rates from 1998. So either no arrows appear (if the
difference was insignificant), or two up arrows appear (if violation rates increased), or two down

arrows appear (if violation rates decreased).

Exhibits 3-3 through 3-5 display the violation rate estimates presented in Exhibit 3-2, with 95
percent confidence bounds, by sampling campaign, separately for each stratum. Notice that no
changes in compliance rates were significant at sites where GL technology was deployed.
However, there was a significant increase in the total number of violations per inspection at
non-GL, fixed sites. The most consistent pattern observed was a decrease in violation rates at
non-fixed (or mobile) sites. The number of violations, the number of OOS violations, and the
number of vehicle OOS violations per inspection decreased. Combining data across site types,
the only significant difference was an increase in violations per inspection between 1998 and

1999.
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Exhibit 3-3 Average Number of Violations per Vehic  le Over Time
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Exhibit 3-4 Average Number of OOS Violations per V

ehicle
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Exhibit 3-5 Percentage of Vehicles With an OOS Viol ation
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Exhibit 3-6 Average Number of Vehicle OOS Violatio  ns per Vehicle
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Exhibit 3-7 Average Number of Driver OOS Orders per  Vehicle
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Exhibits 3-8 through 3-12 present subsets of the information in Exhibit 3-2 with an emphasis on

the contrasts between 1998 and 1999.

Exhibit 3-8 Number of Violations per Vehicle, by St  ratum

Type of Site | 1998 | 1999 | % GL Non-GL Non-
Increasel Fixed Fixed

GL 1.46 1.97 +35%

Non-GL 171 | 239 |+39%

Fixed

Non-Fixed 3.05 2.00 -34% O O

* denotes statistical significance across strata

Exhibit 3-8 provides for each stratum the estimated compliance rate averaged across January
and July campaigns for 1998 and 1999, and the difference, measured as a percentage of the
1998 rate. These months were averaged to account for seasonal variations. The difference is

printed in bold italics if it was statistically sig nificant . In addition, Exhibit 3-8 shows which
of the increases (or decreases) over time were statistically different from each other, when
compared across strata as identified with an asterisk. This identifies site categories for which
compliance behavior has changed to a degree different from other site categories (addressing

Hypothesis 2).

An explanation is best understood with an example. When examining Exhibit 3-8, the drop of
34 percent in violations per vehicle observed at the non-fixed sites is not statistically significant
in terms of the change in violations between the two years. The drop was significantly different
from the changes observed in both of the “fixed” types of sites. The other sites exhibited

increases in this measure, though only for non-GL sites was the increase (in its own right)

—Anegative number indicates that the rate in Jan 99 waslower than the rate in Jan 08
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significant. Exhibit 3-9 presents similar test results, simplified by combining all non-Green Light

sites into one class, called Non-Green Light.

Exhibit 3-9 Number of Violations per Vehicle, Green Light versus Non-Green Light

Type of Site 1998 1999 % Green Light | Non  Green
Increase Light

Green Light 1.46 1.97 +35%

Non Green 188 |2.34 | +24%

Light

* denotes statistical significance across strata
Exhibits 3-10 and 3-11 present similar information and test results, focusing on OOS violations
instead of all violations. Exhibit 3-10 indicates that there was a significant drop in OOS rates at
the non-fixed sites, and this drop was significantly different from the changes observed at the
two types of fixed sites (Green Light and non-Green Light). Averaged with the fixed non-Green

Light sites, there were no significant changes between 1998 and 1999.

Exhibit 3-10 Number of OOS Violations per Vehicle, by Stratum

Type of Site | 1998 | 1999 | % GL Non-GL Non-
Increase Fixed Fixed

GL-Other 0.37 0.42 +14%

Non-GL 036 | 0.44 | +24%

Fixed

Non-Fixed 0.94 0.55 -41% a H]

* denotes statistical significance across strata

Exhibit 3-11 Number of O0S Violations per Vehicle , Green Light versus Non-Green Light

Type of Site 1998 1999 | % Green Light Non Green
Increase Light
Green Light 0.37 0.42 +14%
Non-Green 043 | 045 | +5%
Light
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Exhibits 3-12 and 3-13 focus on the percentage of vehicles with at least one OOS violation.

There were no significant drops in the percentage of vehicle with an OoS violation between the

categories.

Exhibit 3-12 Percentage of Vehicles with OOS Violat ions, By Stratum

Type of Site | 1998 | 1999 | % GL Non-GL Non-
Increase Fixed Fixed
GL-Other 25% 28% +10%
E'.O”'G'- 23% | 25% | +7%
ixed
Non-Fixed 49% 39% -20%

Exhibit 3-13 Percentage of Vehicles with OOS Violat ions, GL versus Non-GL

Type of Site 1998 1999 | % Green Light Non Green
Increase Light

Green Light 25% 28% +10%

Non-Green 27% | 26% 2%

Light

Exhibit 3-14 and 3-15 display similar test results for the proportion of vehicles with at least one
OOS violation and Exhibits 11a and 11b display test results for driver OOS violations. No

changes or differences were statistically significant by either stratification for either of these

measures.
Exhibit 3-14 Number of Driver OOS Orders per Vehicl e, By Stratum
Type of Site | 1998 | 1999 | % GL Non-GL Non-
Increase Fixed Fixed
GL-Other 0.03 | 0.05 +50%
Non-GL 0.00 | 003 | NA
Fixed
Non-Fixed 0.05 | 0.03 -40%

Exhibit 3-15 Number of Driver OOS Orders per Vehicl e, Green Light versus Non-Green

Light
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Type of Site 1998 1999 | % Green Light Non Green
Increase Light

Green Light 0.03 0.05 +50%

Non Green 0.01 0.03 +200%

Light

Exhibits 3-16 and 3-17 show the number of vehicle OOS violations per vehicle. Exhibit 3-17
shows a significant drop of 74 percent in vehicle OOS orders at non-fixed sites. This drop was
not observed at the fixed sites. No changes were significant when comparing Green Light to

non-Green Light sites.

Exhibit 3-16 Number of Vehicle OOS Orders per Vehic le, By Stratum

Type of Site | 1998 | 1999 | % GL Non-GL Non-
Increase Fixed Fixed

GL-Other 0.31 0.38 +21%

Non-GL 061 | 041 | -33%

Fixed

Non-Fixed 1.98 0.52 -74% a a

* denotes statistical significance across strata

Exhibit 3-17 Number of Vehicle OOS Orders per Vehic le, Green Light versus Non-Green

Light
Type of Site 1998 1999 | % Green Light Non Green
Increase Light
Green Light 0.31 0.38 +21%
Non Green 079 | 043 | -45%
Light

As described in the study design, vehicles were selected independently at sites divided into four
different strata during three different sampling campaigns. In our analysis, we assume that
inspections conducted in different campaigns are independent (i.e., the choice of a vehicle in

any of the campaigns has no effect on the choice of vehicles in any of the other campaigns).
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Thus, we can treat the results obtained from separate campaigns as if they were from different

strata.
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4  CONCLUSIONS AND RECOMENDATIONS

Overall, the study found no significant changes in compliance rates at sites where GL
technology was deployed. However, there was a significant increase in the total number of
violations per inspection at non-GL, fixed sites. The most consistent pattern observed was a
decrease in violation rates at non-fixed (or mobile) sites. At these sites, the number of
violations, OOS violations, and vehicle OOS violations per inspection decreased. Combining
data across site types, the only significant difference was an increase in violations per vehicle

between 1998 and 1999 in non-GL fixed sites vs GL sites.

It is important to note that over the course of the evaluation period, from January 98 to July
1999, there was a low transponder penetration in relation to the total traffic bypassing the
Green Light facility at Woodburn POE. At the end of the data collection period for this study in
July of 1999, there were approximately 3000 transponders in the field, less than the amount
needed to actually show a change in compliance as a result of Green Light. This number has
since increased substantially to over 10,000 transponders in the field in July 2000. Green Light
bypasses have also increased substantially from 28,000 bypasses in July 1999 to
approximately 60,000 by July 2000. With these changes, one can expect considerable

changes in compliance at GL vs. non-GL sites.

While the results of this study were largely inconclusive in establishing the relationship between
Green Light deployment and its impact on enforcement practices, it did lay the groundwork for
establishing such a relationship in the future. With increased transponder penetration and the
continuing deployment of Green Light technology at Oregon weigh stations, random inspection
studies can establish documented change in truck safety as a result of mainline preclearence. It

is a recommendation that ODOT MCTD consider continuing random inspections as outlined in
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this study to document how this new technology is effecting truck safety. The results of this

study provide a controlled baseline from which such future studies can be contrasted.
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1 DETAILED TEST INTRODUCTION

11 BACKGROUND

This Detailed Test Report is the second of 8 reports submitted as part of the independent
technical evaluation of the Oregon Green Light CVO project. The Oregon Department of
Transportation (ODOT) is near completion of the implementation of their Intelligent Vehicle
Highway System Strategic Plan for Commercial Vehicle Operations (now referred to as
ITS/ICVO). Through Green Light, Oregon is installing twenty-one mainline preclearance
systems featuring weigh-in-motion (WIM) devices and automatic vehicle identification (AVI) at
the major weigh stations and ports-of-entry throughout the state. In addition, certain sites have
been equipped with safety enhancements that regulate road conditions and speed. Examples
are the Downhill Speed Information System at Emigrant Hill, and the installation of weather

stations at three location across the state.

This report is to present the results of Detailed Test Plan (DTP) #2. There will be similar reports
for all other Detailed Test Plans developed for the Green Light Evaluation. The Detailed Test
Plans were published in 1997, Oregon “Green Light” CVO Evaluation-Detailed Test Plans [1].
Earlier documents providing essential background to the Evaluation are the Evaluation Plan [2],

and , Individual Test Plans (ITP) [3].

Each of the tests conducted by the research team for the evaluation of Green Light addressed
one of five goals of the evaluation as documented in the Evaluation Plan. These are:

* Assessment of Safety

* Assessment of Productivity

» Assessment of User Acceptance
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» Assessment of Mainstreaming Issues

* Assessment of Non-Technical Interoperability Issues
The objectives associated with each goal are given in detail in the Individual Test Plans [3]. In
addition, condensed one-page tables are contained in the appendices of the ITP, outlining the
measures to be conducted for each of the stated objectives. The detailed test plan documents
expand on the information provided in the ITP and provide in detail the activities planned for

each evaluation measure during the course of the evaluation in regards to the stated objectives.

1.2 PURPOSE AND SCOPE

This report presents the results of two test measures employed to determine what effects
Green Light has had on commercial motor vehicle safety due to the installation of the Road

Weather Information System (RWIS).

The evaluation measures used to determine change in safety compliance due to RWIS are
stated below:
Measure 1.2.1 Ratio of mean speeds in inclement wea ther to that in “good”
weather, before and after installation of Road Weat  her Information System
Measure 1.2.2 Ratio of accidents before and after i  nstallation of the Road Weather

Information System

A detailed description of the hypothesis to be tested as well as the test methodology and
deliverables is described in detail in Chapter 2. Chapter 3 provides results of the test, while
conclusions and recommendations can be found in Chapter 4. The scope of this detailed test
plan within the context of the overall Green Light Evaluation is shown in Figure 1-1. The test

measures outlined in this document are highlighted for reference.

DocumentOregon GreenLight Final Report2 - Report on Test Plans 2 and 3.doc 2
Final Report: Detailed Test Plans #2 and #3
Measure 1.2.1 and 1.2.2



Oregon Green Light CVO Project 6/15/2000

Figure 1-1 Evaluation Goals, Objectives, and Measur es

L3 Evaluation Goals Evglughon Test Measure
Objectives

1. Safety

1.1 Determine Changes in
Safety Compliance

1.2.1 Ratio of Mean Speed
in Inclement Weather to
m—p] That In "Good" Weather,
2. Productivity Before and After
Installation
1.2 Determine Change in
Truck Behavior Due to the
Road Weather Information
System
1.2.2 Ratio of
»l Accidents Rates

Before and After

|
|
3. User Acceptance : Installation
| 1.3 Determine Change in
| Truck Behavior Due to the
| Downhill Speed Information
| System
|
|
|
|
|
|
|
|
4. Mainstreaming Issues |
|
|
|
|
|
|
|
|
|
|
I
|
5. Non-technical |
Interoperability |
|
I
|
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1.3 DISCUSSION

Currently, most highway agencies rely on regional forecasts supplied by the National Weather
Service for operation planning with regards to snow and ice control and travel advisories. In an
effort to collect more timely data with accurate shot-term predictions of snowfall or icing on a
small stretch of highway or county road, Road Weather Information Systems are currently
being used primarily by maintenance crews as an aid in reducing costs for snow and ice
control. The information has been shown to reduce the costs of winter maintenance by as
much as 10% [4]. Recently, these systems have been incorporated into intelligent

transportation systems (ITS) as a means of aiding vehicle operators.

In general, the technologies incorporated into an RWIS include a combination of pavement
sensors, subgrade sensors, meteorological sensors, roadway thermography, pavement and
weather forecasts, and communication hardware such as variable message signs (VMS) or
computer monitors for the dissemination of information. The system configuration is typically
one or more remote weather stations and/or pavement sensors each with its own on-site
computer or remote processing unit (RPU). A central processing unit (CPU) polls each of the
RPUs and creates a database for output. A description of the weather systems slated for
construction under Green Light is given in the report “The Green Light CVO Project-Phase 1,
Road Weather Information Services Scope of Work [5]. A progress report from January 1997
appends the “Scope of Work” document and provides recent changes including the proposal for

an additional RWIS at Siskiyou Summit [6].

Remote processing units will be installed in three locations under the auspices of Green Light.
These locations are identified in Figure 1-2. Several other RPU locations are being upgraded to
create a statewide weather information database that can provide information to motorists via

the Traffic Management Operations Center (TMOC) in Portland, through message signs
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located around the state. Future expansion called for disseminating the information to

motorists through information kiosks, and on the Internet.

Initially, the research team focused evaluation efforts on the Ladd Canyon installation on 1-84
east of LaGrande. The Ladd Canyon RWIS is located near the center of the canyon adjacent
to the existing rest areas at approximately milepost (MP) 270. A single remote processing unit
was installed at this location for integration with existing variable message signs at either side of
the canyon. Currently, the signs are manually activated via computer and modem to deliver
weather warnings to passing traffic. Existing signs are located at MP 263 westbound (WB) at
the North Powder exit and at MP 286 eastbound (EB) just south of LaGrande. Each of these
signs were installed because of the dangerous conditions that develop in the microclimates of
Ladd Canyon, namely high winds, drifting snow and poor visibility. The canyon is frequently

closed to mobile home use during winter months.

DocumentOregon GreenLight Final Report2 - Report on Test Plans 2 and 3.doc 5
Final Report: Detailed Test Plans #2 and #3
Measure 1.2.1 and 1.2.2



Oregon Green Light CVO Project 6/15/2000

Figure 1-2 Green Light RWIS Locations
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2 TEST METHODOLOGY

Two separate tests were developed for the evaluation of the Ladd Canyon RWIS System. One,
the RWIS Speed Study, was to examine the change in truck vehicle speeds as various
messages were transmitted to oncoming drivers through a variable message sign installed at
either end of the canyon. The second test, the RWIS Accident Study, was a cursory

examination of accident data before and after the RWIS installation in the area of Ladd Canyon.

2.1 RWIS SPEED STUDY

This section discusses in detail the work conducted in the evaluation of the Ladd Canyon RWIS
system on |-84 east of La Grande. Because of changes in the configuration of the RWIS and
how it was incorporated into ODOT'’s existing weather information system, the evaluation did
not take place as outlined in the DTP. In lieu of the original plan of networking the RPU’s and
servers with variable message signs that can give real time feedback to passing trucks, the
Green Light installations were incorporated into the development of a state-wide weather
database. The database was intended to provide the latest weather observations to all
motorists via the INTERNET as part of ODOT'’s Tripcheck, a web-based travel information site

(www.tripcheck.com).

This test was initially designed to focus on the collection and analysis of message sign logs and
vehicle speed data under a variety of climatic conditions in order to determine the effectiveness
of the RWIS system in controlling driver behavior. Of primary concern are what effects the
existing variable message signs in Ladd Canyon have on vehicle speeds, and how that impact
will change once the RWIS has been deployed. The test is a before/after study in which
comparisons will be made between similar data sets collected before and after the system is

installed.
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The following hypothesis is given in support of the test measure and will be tested according to
accepted statistical techniques:
1.2.1 Vehicle speeds will decrease after the insta llation of RWIS message boards

in inclement weather.

2.1.1 Pre-test Activities

Pre-test activities for this measure focused on the sources, quality and availability of data,
developing a time frame for establishing benchmarks, and determining site locations.
Accomplishments of the activity undertaken by OSU as part of the pre-test activities is

summarized in Figure 2-1.
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Figure 2-1 Pre-Test Activities RWISA Speed Study

Work Planned

Work Accomplished

Identification of Data Sources and

Availability

Determination of Benchmark Timeframe

Samples of speed records were
collected by existing weigh-in-motion
(WIM) loops in Ladd Canyon

WIM data samples were output using
the REPORTER software package for
input into EXCEL spreadsheets to
develop data collection procedures.
Records of displayed messages
appearing on the VMSs in Ladd
Canyon were collected from ODOT
district offices in La Grande.

Samples of activity logs of construction
activities were collected from ODOT
district offices in La Grande.

Sources for daily records of pavement
conditions in Ladd Canyon were
reviewed. These are provided via the
existing Ladd Canyon weather station,
and are available for download via the
Internet.

OSU collected a base set of data in
January 1997 by radar gun in Ladd
Canyon. The data was to be used to
supplement speed data collected by
the WIM.

WIM speed data is available from 1991
and was collected over the course of
the study period by ODOT.

VMS logs are available from 1992 and
will continue to be collected by ODOT
over the course of the study. Records
for calendar year 1994 up until the
RWIS installation in 1997 is deemed
sufficient for benchmark data.
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2.1.2 Test Conduct Activities

Test conduct activities and accomplishments are summarized below in Figure 2-2.

Figure 2-2 Test Conduct Activities RWIS Speed Study

Work Planned Work Accomplished

1. Collection and Analysis of WIM Data

1a) Collect all available WIM data for the years « Baseline data was collected from May

1994 up to the time of installation 1994 through 1996.

« A second piezo sensor was installed
on the east bound passing lane over
the summer of 1997.

1b) Process the daily binary files using « Data collected through 1996 was
REPORTER processed.
1c) Import the data into Excel Spreadsheets * not completed
2. Collection and Analysis of VMS Message Logs
2a) Collect VMS message logs * Message Logs were collected from

1994 through 1996.

2b) Correlate VMS logs with WIM data in * not completed

EXCEL
3. Collection and Analysis of Construction Activity Logs

3a) Collect construction logs * not completed

3b) Correlate construction logs with WIM data * not completed

in EXCEL

4. Collection of ODOT Road Reports

4a) Collect ODOT Road Reports * not completed

4b) Correlate road conditions with WIM data in * not completed
EXCEL

5. Collection of new speed data (spot speed surveys )

5a) Acquire vehicle and radar gun e A speed gun was acquired for ODOT
regional office in LaGrande to be used
throughout the evaluation

5b) Determine when to collect data * A schedule was developed, collecting
data three times per year beginning in
January 1997.

5c¢) Conduct the spot speed survey ¢ The first spot survey was completed in
January of 1997.

5d) Compile data using SPEEDZONE e January 97 speed survey was
compiled

5e) Import the data into EXCEL spreadsheets * not completed

6. Collection of Data after Installation

\ e not completed
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2.2 RWIS ACCIDENT STUDY

This test was initially designed to present truck crash data occurring in the vicinity of Ladd
Canyon. The test was intended to measure what effects weather patterns and road conditions
have had on truck crashes, and how that impact will change once the RWIS had been deployed
with messages to passing truck drivers about road conditions in Ladd Canyon. The test was
designed as a before/after study in which comparisons will be made between similar data sets

before and after the RWIS is installed.

The following hypothesis is given in support of the measure and will be tested according to
accepted statistical techniques:
1.2.1 Accidents in the vicinity of the RWIS system will decrease as timely

information on road conditions is provided to motor ists.

2.2.1 Pre-test Activities

Pre-test activities for this measure will focus on the sources, quality and availability of accident
data, developing a time frame for establishing benchmarks, and determining site locations.
Accomplishments of the activity undertaken by OSU as part of the pre-test activities is

summarized in Figure 2-3.
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Figure 2-3 Pre-Test Activities RWIS Accident Study

Work Planned

Work Accomplished

1) Data Sources and Availability

Potential data sources were identified as:
e Oregon DOT'’s accident records
database
* Records of displayed messages
appearing on the VMSs in Ladd
Canyon

« Activity logs of construction activities

during the study period

« Daily records of pavement conditions

Samples of the data sources were collected

2) Determination of Benchmark Timeframe

« Completed
« Available accident data for

1994

through deployment will be compared
with data collected after deployment of

RWIS.
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2.2.2 Test Conduct Activities

Below is a summary of the work planned and accomplishments achieved according to the

original DTP.

Figure 2-4 Test Conduct Activities RWIS Accident St

udy

1) Collection and Analysis of Accident Data

la) Collect all recorded accidents between
milepost 263 and 286 up to RWIS installation

e« Completed

1b) Tabulate accident data into EXCEL
spreadsheets

¢ Not completed,

results in next draft

1c) Calculate the accident rate for the section
of highway in question

¢ Not completed,

results in next draft

2) Collection and Analysis

of VMS Message Logs

2a) Collect VMS Logs

* Not completed,

no results presented

2b) Correlate VMS logs with WIM data in
EXCEL

* Not completed,

no results presented

3) Collection and Analysis of Construction Activity

Logs

3a) Collect construction logs

* Not completed,

no results presented

3b) Correlate construction logs w/ accident
data

* Not completed,

no results presented

4) Collection of ODOT Road Reports

4a) Collect ODOT Road Reports

* Not completed,

no results presented

4b) Correlate road conditions with accident
data in EXCEL

* Not completed,

no results presented
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3 RESULTS OF EVALUATION

3.1  RWIS Speed Study

The installation of the RWIS equipment provided through Green Light was completed in August
of 1997 at Ladd Canyon, Siskiyou Summit and at Celio on the Columbia Gorge. This included
RPUs, inroad sensors, and servers to collect and disseminate the data. At this time OSU had
been collecting speed and VMS data for nearly a year for the evaluation of the Ladd Canyon
installation. There was still a degree of uncertainty as to whether the new equipment would be
compatible with the software used to deliver messages to the existing VMS in Ladd Canyon,

and other technologies were being considered.

ODOT continued to test the interface of the existing signs in Ladd Canyon. The interface to the
VMS was developed by Vultron, and was the same system that provided output of the signs
display for the evaluation. The software was written using 16-bit code, and was in effect,
incompatible with the 32-bit architecture of the NT systems used to collect data fro the RPU'’s.
This made it impossible for the signs to be automatically interfaced with the sensor data coming
from the RWIS. The prices of variable message signs were prohibitive in cost ($250,000+) for

the scope of the project.

By 1998, after much testing the idea of interfacing with the existing VMS in North Powder and
La Grande, a decision was made by ODOT to move towards the idea of integrating the Green
Light RWIS technology with ODOTs plan for a travel advisory network via the Internet.
Included in this was consideration of kiosks at truck stops and/or rest areas for dissemination of
real time information to truck drivers about road conditions. Subsequently, efforts to interface

the RWIS with the VMS were not pursued. At that point the process of “pre-data” collection was
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postponed.

3.2 RWIS Accident Study

The original intent of this evaluation was to examine changes in driver behavior as a result of
the installation of the RWIS in Ladd Canyon focusing on its ability to relay real-time road
conditions to motorists approaching the canyon. ODOT had existing VMS signs on either side
of the canyon to relay the road conditions reported by the system. The intended result was to
show decreases in accident rates over time. With the decision to incorporate the RWIS into a
statewide database, the ability to pinpoint the effects of the RWIS system on crash events was
difficult to do with any real precision. Accidents are very rare events, and with the loss of
control over the messages being relayed to passing motorists, the evaluation was altered to a

presentation of cursory accident statistics in the study area.

Figure 3-1 illustrates the results of available crash data in the Ladd Canyon corridor on

Interstate 84.
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Figure 3-1 Vehicular Crashes in Ladd Canyon 1994-19 99
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This data represents all crashes in the corridor, including both automobiles and commercial

motor vehicle traffic. There has been a steady upward trend in the number of crashes over the
course of the study period, with the exception of 1997. The reasons for changes in the
numbers of crashes reported in Ladd Canyon vary for a number of reasons. One reason is that
significant changes have been made in the accident reporting procedure over the course of the
study period. Accidents are more likely to be reported now that more stringent guidelines have
been adopted by the state of Oregon.

In addition, traffic has increased significantly on

Oregon’s interstates.
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Figure 3-2 shows accident rate figures over the course of the study period.

Figure 3-2 Ladd Canyon Accident Rates 1994-1999
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Accident rates adjust crash figures to take into account the increases in average daily traffic in

the study area.

Accidents rose sharply during the course of 1999 as compared to previous

years. The majority of these accidents took place under adverse conditions as shown in Figure

3-3.
Figure 3-3 Accidents By Road Condition Ladd Canyon 1994-1999

ROAD CONDITIONS 1994 1995 1996 1997 1998 1999
DRY 5 8 15 11 13 19
ICY 19 10 14 10 14 43
SNOW 2 3 1 1 1 1
OTHER/UNKNOWN 0 0 0 2 1 0
WET 2 2 3 3 8 2
TOTAL 28 23 33 27 37 65
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4 CONCLUSIONS AND RECOMMENDATIONS

ODOT'’s travel advisory web page has undergone several upgrades in recent months. In
January of 2000, a test version of TripCheck was launched, a high powered web interface that
brings together several mediums of information for travelers. Information from the Green Light
RWIS sensors are combined with 13 other weather stations across the state to provide timely
weather and road conditions to motorists. In addition, TripCheck offers general information such
as a listing of construction projects that could pose delays, public transportation services and

schedules, rest area locations, and scenic byways.

The RWIS installations were successful in meeting the goal of adding additional realtime
weather data for public use through the Traffic Management Operations Center in Portland.
The server installations in La Grande, The Dalles and Ashland relay the information quickly and
efficiently, enhancing the existing infrastructure used to provide weather conditions in these

three areas known for their high occurrence of truck crashes.

The interface with truck traffic through the use of variable message signs was never
accomplished due to the incompatibility of the existing hardware interfacing with the signs in
Ladd Canyon. That, combined with the prohibitive costs of retrofitting signs with compatible
hardware and/or purchasing new signs led to an incomplete evaluation of the motor carriers

adjusting speed to adverse weather conditions.

Detailed test plan #11, the Motor Carrier Survey, provides additional insight into how motor
carriers feel about the RWIS system as intended by ODOT. The survey found that 60% of

carriers agree that RWIS would benefit their company (14% disagree and 26% have no
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opinion).

Recommendations for future work would be to pursue the dissemination of real time data to the
roadside, rather than solely through the Internet. With the advent of wireless data
communications, the idea of trucks equipped with palmtop computers that can query road
conditions via the Internet, is available. On the other hand, it is technology that is far from
mainstream. Providing information kiosks at rest areas truck stops, and weigh stations, is
technology that can be incorporated into ODOT’s existing infrastructure without a great deal of

capital expense, and would reach all carriers, regardless of their technological advancements.

Accident and speed data collected in the Ladd Canyon area over the course of this study is
useful in providing a baseline for determining the effects of RWIS technology as it relates to
truck safety. It is strongly recommended that ODOT continue to collect and analyze truck
crashes and their causes in relation to weather to help determine the effects RWIS is having on
truck safety. Speed data, where available , can also be useful in providing relationships in those
areas where RWIS is deployed with a feedback mechanism, such as a variable message sign.
If ever ODOT integrates real time feedback to truck drivers about road conditions, the collection
and analysis of speed data can provide insight into how the technology is altering truck

behavior.
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1 DETAILED TEST INTRODUCTION

1.1 BACKGROUND

This Detailed Test Report is the fourth of 12 reports submitted as part of the independent
technical evaluation of the Oregon Green Light CVO project. The Oregon Department of
Transportation (ODOT) is near completion of the implementation of their Intelligent Vehicle
Highway System Strategic Plan for Commercial Vehicle Operations (now referred to as
ITS/ICVO). Through Green Light, Oregon is installing twenty-one mainline preclearance
systems featuring weigh-in-motion (WIM) devices and automatic vehicle identification (AVI) at
the major weigh stations and ports-of-entry throughout the state. In addition, certain sites have
been equipped with safety enhancements that regulate road conditions and speed. Examples
are the Downhill Speed Information System at Emigrant Hill, and the installation of weather

stations at three location across the state.

The purpose of this report is to present the results of Detailed Test Plan (DTP) #4. There will be
similar reports for all other Detailed Test Plans developed for the Green Light Evaluation. The
Detailed Test Plans were published in 1997, Oregon “Green Light” CVO Evaluation-Detailed
Test Plans [1]. Earlier documents providing essential background to the Evaluation are the

Evaluation Plan [2], and , Individual Test Plans (ITP) [3].

Each of the tests conducted by the research team for the evaluation of Green Light addressed
one of five goals of the evaluation as documented in the Evaluation Plan. These are:

* Assessment of Safety

* Assessment of Productivity

* Assessment of User Acceptance
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» Assessment of Mainstreaming Issues

* Assessment of Non-Technical Interoperability Issues
The objectives associated with each goal are given in detail in the Individual Test Plans [3]. In
addition, condensed one-page tables are contained in the appendices of the ITP, outlining the
measures to be conducted for each of the stated objectives. The detailed test plan documents
expand on the information provided in the ITP and provide in detail the activities planned for

each evaluation measure during the course of the evaluation in regards to the stated objectives.

1.2 PURPOSE AND SCOPE

This report presents the results of three test measures employed to determine what effects
Green Light has had on commercial motor vehicle safety due to the installation of the Downhill
Information System (DSIS). The analysis concerns changes in speed of truck traffic
descending Emigrant Hill westbound under a variety of scenarios. An analysis of accident data
before and after the installation of the DSIS system (Measure 1.3.2) completes the evaluation

of the Emigrant Hill DSIS.

The evaluation measures for this particular test plan are stated below:
1.3.1 Comparison of the mean speed of ODOT-transponder-equipped vehicles
when the DSIS is operating with when it is not.
1.3.2 Ratio of accidents before and after installation of Downhill Speed
Information System
1.3.3 Comparison of the mean speed of ODOT-transponder-equipped vehicles
with that of trucks with no transponders when the DSIS is operating.
A detailed description of the hypothesis to be tested as well as the test methodology and
deliverables is described in detail in Chapter 2 for the Speed Study, and in Chapter Three for

the Accident Analysis. Chapter 4 provides results of the tests, while conclusions and
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recommendations can be found in Chapter 4. The scope of this detailed test within the
context of the overall Green Light Evaluation is shown in Figure 1-1. The test measures outlined

in this document are highlighted for reference.
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Figure 1-1 Evaluation Goals, Objectives, and Measures

Evaluation Goals Evalua_tmn Test Measure
Objectives

1. Safety

o| 1.1 Determine Changes in Safety
g Compliance

2. Productivity

1.2 Determine Change in Truck
Behavior Due to the Road
Weather Information System

1.3.1 Comparison of Mean
l> Speeds With Advisory Speeds

A With and Without the DSIS
3. User Acceptance
1.3 Determining Change in
Truck Behavior Due to the
Downhill Speed Information
System
[L.3.2 Ratio of accidents before
K after installation.
4. Mainstreaming Issues
[L.3.3 Comparison of the mean
Fpeed of trucks that receive
> Epecific messages to that of
rucks that do not.
5. Non-technical Interoperability
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1.3 DISCUSSION

Downhill Speed Information Systems seek to affect commercial vehicle driver behavior by
providing a safe downhill speed message for their specific vehicle via a variable message sign.
The purpose is to reduce the frequency and severity of downgrade truck accidents. Two of the
systems are being installed in Oregon, one at Emigrant Hill on 1-84 and a second atop Siskiyou
Summit on I-5 (see Figure 1-2). The Emigrant Hill system is currently operational, while the

Siskiyou Summit location is not yet under construction.

Figure 1-2 DSIS Locations in Oregon
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In the case of Oregon’s downhill system, a weigh-in-motion device, electronic transponder, and
an overhead variable message sign all combine to effectively weigh a vehicle, retrieve its OPUC

information, and relay a message to the driver. [4]

The DSIS will calculate and display a safe descent speed for each truck passing through the
system at greater than 40,000 Ib. gross vehicle weight, based on three factors:

truck configuration

gross vehicle weight

steepness of grade

A flow chart of the system operation for the DSIS is shown in Figure 1-3.
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Figure 1-3 DSIS Operation Flowchart
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An overhead variable message sign down stream of the loop detectors and weight-in-motions
strips will display the advised speed. In the case of Emigrant Hill, as shown in Figure 1-4, a
weigh station is conveniently located at the top of the pass and a variable message sign is in
place after it.

Figure 1-4 VMS From Emigrant Hill Weigh Station

. ¥ -

WIM strips and transponder scanners have been installed one mile upstream of the weigh
station directly on the freeway as part of Green Light’s integration of mainline preclearence.
Based on the weight measured by the WIM and the information gathered from the transponder
signal, a decision whether to pull the truck into the weigh station is made. Trucks that are
within the legal limit and have the proper registration and safety credentials bypass the weigh
station and continue on the freeway. Once past the weigh station, the bypassed trucks receive
an advisory message from the VMS such as “Mayflower truck #XXX, based on your weight of
70,000lbs, your recommended speed is 20 mph.” (See Figure 1-3). Trucks that are not

bypassed receive a similar message when they exit the weigh station.
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2 TEST METHODOLOGY (Speed Study)

2.1 PHYSICAL DESCRIPTION

This section discusses in detail the activities to be carried out in the evaluation of the DSIS
system at Emigrant Hill on 1-84 east of Pendleton. Because of increased delays in the
construction and deployment of the Emigrant Hill DSIS, the evaluation was postponed until the
site became operational. To date, the Emigrant Hill DSIS has not been deployed and as a

result this portion of the Detailed test plan was not completed.

The test is scheduled to take place of the course of two days in the month of June 2000.
Oregon State University has agreed to conduct the evaluation as part of a no-cost extension
using graduate students to conduct the research study. The actual schedule will be set

according to ODOT's approval of the site.

2.1.1 Purpose

These tests will focus on the collection and analysis of commercial motor vehicle (CMV) speed
data on the descent WB from Emigrant Hill on Interstate 84. For the purposes of this study, a
commercial motor vehicle is any vehicle with a gross vehicle weight greater than 60,000 Ib.

Specifically, the tests will measure:

1. How truck speeds change when the DSIS is operating compared with when it is hot

2. How the truck speeds differ from the recommended speed.

The descent from the summit is approximately nine miles, with a 6% grade and some sharp
curves. It is an area that has seen a number of truck accidents due to excessive speed and

brake failure. The DSIS system is being installed at this site to encourage drivers to descend at
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a recommended speed based on weight.

2.1.2 Hypothesis

The following hypotheses were given in support of the two measures and will be tested

according to accepted statistical techniques.

1.3.1 Mean speeds in the vicinity of the operating DSIS system will converge
towards advisory speeds.
1.3.2 Mean speeds of trucks that receive a specific message will converge toward

advisory speeds more quickly than those that do not receive a specific message.

2.2 PRETEST ACTIVITIES

Pretest activities for this measure will focus on the sources, quality, and availability of data, and

determining the appropriate sample size. These steps are discussed in detail below.

2.2.1 Data Sources and Availability

The primary data source for this test measure is speed data collected by radar gun at Emigrant
Hill (spot speed surveys). As the DSIS system is operational but many CMV carriers have not
yet installed transponders, the following four "focus groups" of trucks will be simultaneously

sampled for comparison.

1. Trucks that have transponders that are registered in the ODOT database

2. Trucks with transponders that are not registered with ODOT

3. Trucks with transponders, but received some error in reading them or in measuring the
truck's weight. This group includes trucks outside the weight range of 60 to 80klIb.

4. Trucks that have no transponders
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As shown in the DSIS flow chart, Figure 1-2, these four groups will be treated differently by the
DSIS. Trucks with ODOT transponders will receive a message specific to their truck, e.g. “Bi-
Mart Truck #XXX, your speed....” Trucks with non-ODOT transponders will also receive a
message, but it will not be specific to them, e.g. “Truck Advisory — Recommended Downbhill
Speed for your weight....” Trucks that were erroneously read will receive a generic caution or a
truck specific message depending on the error that occurred. Trucks with no transponders will
not trigger the system and so will not receive a variable message. There is still the painted sign
at the top of Emigrant Hill giving suggested speeds for weight ranges, and these trucks will read

their advised speed from that sign.

The collection of new speed data will measure changes in driver behavior and how much those
changes can be attributed to the recommended speed displayed to them. The speed data will
be collected using a calibrated radar gun at several points of the descent. Speeds will be
logged by hand into data collection sheets that ODOT will provide. Data can then be keyed

directly into EXCEL. The data will be analyzed using accepted statistical techniques.

2.2.2 Calculation of Sample Size

A basic premise of statistical analysis is that any “natural phenomenon” occurring a large
number of times will approximate the normal distribution or “bell curve.” Depending on the
degree of accuracy desired from the normal approximation, “a large number” could be
anywhere from thirty to several hundred. The composition and volume of traffic is measured by
ODOT each year at various points around the state and is reported in the transportation volume
tables [5]. From those measurements, an estimate of the population size, or the number of
trucks descending Emigrant Hill each day, can be calculated. In both 1997 and 1998 At ODOT
recorder 30-004, which is on 1-84 near Pendleton, approximately 27% of traffic volume would be

considered truck traffic. This included single-unit, 3-axle vehicles and larger. The volume of
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traffic, per day, at milepost 233.45 near Emigrant Park was 8,700 vehicles in 1997 and 8,300
vehicles in 1998. Projecting these measurements, we can expect somewhere in the vicinity of
2300 trucks to descend Emigrant Hill on any particular day in 1999, which is a sufficiently large

number to assume a normal distribution of truck behavior.

When estimating the mean of a normal population, such as the mean speed of trucks
descending Emigrant Hill, it is possible to calculate the sample size necessary to ensure a
certain degree of confidence. Standard estimation theory states that the sample size n
necessary to ensure that the error in estimating the population mean p will be less than a

specified amount e according to the following theorem [4]:

a
z—lo?

)

n=(

Where n is the sample size
Z is the value of the standard normal distribution
o is the variance, a the uncertainty, and e the acceptable error

Therefore, if the sample mean x is to be used as an estimate of & one can be (1-0)100%

confident that the error will be less than a specified amount e.

Strictly speaking, the formula above is applicable only if the population variance for the sample
is known. Lacking this information, a preliminary sample size of n>30 can be used to calculate
a standard deviation which will suffice as an estimate of g and then an estimate of the
necessary number of additional measurements can be made. However, previous studies have
given the approximate variance of traffic speeds, and so with a 95% confidence interval

(z=1.96) and a degree of uncertainty of a at .05, approximately 150 trucks for each group will
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be surveyed. A revised estimate will be made on site after 30 or more samples.

2.3 TEST CONDUCT ACTIVITIES

2.3.1 Participants

Transportation Research Institute ( Paul Montagne, staff) - will conduct the research, including
collection and analysis of data.

ODOT Motor Carrier Enforcement Officer - will operate the weigh scale during the test.

2.3.2 Equipment

» Calibrated speed gun provided by ODOT

*  WIM Mainframe computer and variable message sign provided by ODOT
* Two sets of two-way radios provided by TRI

» Clipboards, data collection sheets, paper provided by ODOT

* Van provided by OSU

2.3.3 Procedure

1) Predetermine collection period
The data will be collected during daylight hours and on days when weather is not a
factor. High visibility days are preferred to eliminate any unnecessary bias. Two
different locations will be selected on the descent for data collection. The spot surveys
will be recorded for each focus group simultaneously, so there will be a minimum of
complicating factors such as weather, road construction, etc. The weigh station must
also be closed.

2) Acquire equipment
The vehicle used for the speed study will be an inconspicuous, white mini-van, provided

by the state motor pool at Oregon State University. There are no distinct markings on
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the van other than a “state motor pool” bumper sticker and state issued license plates.
The radar gun will be provided by ODOT. The same gun will be used throughout the
study. It is regularly serviced and calibrated and is reasonably accurate. The research
team will keep a calibration history of the gun. Oregon State University will provide the
two-way radios, clipboards, and any other minor equipment.
3) Conduct the spot speed survey

Each spot survey will require two researchers, one at the top of Emigrant hill to record
vehicle types, weights, and recommended speeds, and a second researcher
downstream manning the radar gun. Data will be collected when the weigh station is not
officially operating, but the system will be on so the researcher at the top of the hill can
record weights, truck id’s and recommended speeds. Two-way radios will be used to

communicate between the researchers.

The data will be collected from inside the vehicle. The van will be parked on the right
hand shoulder in a conspicuous location away from any overpasses or exits. The gun
will be mounted on the dashboard and covered with a newspaper or other inconspicuous
camouflage. This will hopefully prevent drivers from knowing that their speeds are being
measured and encourage them to drive normally.
1d) Analysis of data

Speeds will be keyed into an EXCEL spreadsheet for analysis. The data, time, location,
recommended speed and weather and road conditions will be recorded. Mean speeds
will be calculated from the data and then compared to the advisory speeds. Data sets
for each focus group will be compared to the others so as to reveal changes in mean

speeds.

2.4 POST-TEST ACTIVITIES
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2.4.1 Reporting Procedures for Individual Test

A test report will be prepared for each of the test measures outlined in the evaluation plan and

will proceed as follows.

Preparation of a draft report for the test (this document) to be submitted to the
steering committee (SC) for their approval.

Approval of the SC at a scheduled meeting.

Preparation of a final report for each test, incorporating SC recommendations.
Submittal of 1 hardcopy original, 1 electronic original, and ten bound copies of the
report to ODOT'’s project management team.

Transmittal of the report by ODOT to FHWA.

2.4.2 Reporting Schedule

A test summary report will be prepared highlighting findings from all of the test measures. The

document will be produced as follows:

1.

Preparation of a draft report summarizing the results of all the individual test reports
for submittal to the SC.

Approval of the SC at a scheduled meeting.

Preparation of a final test summary report, incorporating SC recommendations.
Submittal of 1 hardcopy original, 1 electronic original, and ten bound copies of the
summary report to ODOT'’s project management team.

Transmittal of the test reports by ODOT to FHWA.

Reporting Schedule for Test Summary

A reporting schedule is shown below for the test summary report:

Figure 2-4 Reporting Schedule - Test Summary Reports

Document Oregon GreenLight Final Report3 - Report on Test Plans 4 and 5.doc 15
Final Report: Detailed Test Plans #4 and #5
Measures 1.3.1 and 1.3.2



Oregon Green Light CVO Project 6/15/2000

Deliverables Schedule Scheduled Due Date*
Drafts of Test Summary Report July 1 - July 15, 2000 July 15, 2000
Review of Test Summary Report by July15, 2000-July 31, 2000 July 31, 2000
Steering Committee
Test Summary Report (Final) Aug 1 - Aug 30, 2000 Aug 30, 2000
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3 TEST METHODOLOGY (ACCIDENT STUDY)

3.1 PHYSICAL DESCRIPTION

This section discusses in detail the work conducted in the evaluation of the Emigrant Hill DSIS
system on 1-84 east of La Grande. OSU has altered the original DTP to that of a cursory
analysis of available crash data for a number of reasons:

* Interstate 84 was under construction for most of the evaluation period, with traffic on
the westbound lanes rerouted to the eastbound lanes, or vice versa for
approximately 16 months.

» The DSIS is still in the process of being deployed, all “post- deployment” accident

analysis was not conducted

Accident studies require a great deal of control to eliminate noise presented by other factors
such as road construction and varying delays. With changes to the study area, and an inability
to collect any post DSIS accident data, it was determined that the a cursory examination of
accident rates be compiled lieu of the original plan. A continuation of this analysis once the

DSIS becomes operational will be recommended in this report.

3.1.1 Purpose

This test was initially designed to present truck crash data occurring in the westbound lanes of
I-84 descending from Emigrant Hill. The test was intended to measure what effects DSIS would
have on truck crash rates, and how that impact would change with the installation of the DSIS
at the summit. The test was designed as a before/after study in which comparisons will be
made between similar data sets before and after the DSIS is installed. As was mentioned
above, this approach has been altered, with the presentation of accident results only through

1999.
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The descent from the summit is approximately nine miles, with a 6% grade and some sharp
curves. It is an area that has seen a number of truck accidents due to excessive speed and
brake failure. The DSIS system is being installed at this site to encourage drivers to descend at
a recommended speed based on weight. This area is identified by ODOT as one of ten “high

truck crash corridors” due to it steep grades and frequency of crashes.

3.1.2 Hypothesis

The following hypothesis was given in support of the test measure and will be tested according

to accepted statistical techniques.

1.3.2 Accidents in the vicinity of the DSIS system will decrease as messages are

relayed to passing trucks prior to descent of Emigrant Hill

3.2 PRETEST ACTIVITIES

Work Planned Work Accomplished
1) Data Sources and Availability Potential data sources were identified as:
¢ Oregon DOT'’s accident records
database

* Records of displayed messages
appearing on the VMSs in Ladd
Canyon

« Activity logs of construction activities
during the study period

« Daily records of pavement conditions

* Escape Ramp Data, if available

e Samples of the data sources were
collected

2) Determination of Benchmark Timeframe * Completed

* Available accident data for 1997
through deployment will be compared
with data collected after deployment of
DSIS.

3.3 TEST CONDUCT ACTIVITIES
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Below is a summary of the work planned and accomplishments achieved according to the

original DTP.

1) Collection and Ana

lysis of Accident Data

la) Collect all recorded accidents between * Completed
milepost 263 and 286 up to DSIS installation

(1997-1999)

1b) Tabulate accident data into EXCEL » Completed
spreadsheets

1c) Calculate the accident rate for the section * Completed

of highway in question

2) Collection and Analys

is of VMS Message Logs

2a) Collect VMS Logs

Not completed, no results presented

2b) Correlate VMS logs with WIM data in
EXCEL

Not completed, no results presented

3) Collection and Analysis o

f Construction Activity Logs

3a) Collect construction logs

Not completed, no results presented

3b) Correlate construction logs w/ accident
data

Not completed, no results presented

4) Collection of ODOT Road Reports

4a) Collect ODOT Road Reports

Not completed, no results presented

4b) Correlate road conditions with accident
data in EXCEL

Not completed, no results presented
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4 RESULTS

4.1 RESULTS - DSIS SPEED STUDY

To date, the Emigrant Hill DSIS has not been deployed and as a result this portion of the

detailed test plan was not completed.

4.2 RESULTS - DSIS ACCIDENT STUDY

Three years of accident data was collected for the pre-deployment phase accident analyses of
Emigrant Hill. Figure 4-1 below shows the total number of reported accidents (both cars and
trucks) occurring between mileposts 216 and 218 of 1-84 for the years 1997-1999. This

includes both eastbound and westbound lanes.

Figure 4-1 Emigrant Hill Accidents 1997-1999

INJURY FATAL TOTAL
1997 17 0 21
1998 8 0 24
1999 38 2 65

Causes of all reported accidents occurring at Emigrant Hill for the years 1997-1999 are shown

below in Figure 4-2.

Figure 4-2 Accident Causes, Emigrant Hill 1997-1999

1997 1998 1999
SPEED 8 6 59
IMPROPER OVERTAKING 6 10 3
FOLLOW TOO CLOSE 1 1 1
DUl 1 2 1
OTHER 5 5 1
TOTAL 21 24 64

Accidents due to speed and improper overtaking, continue to dominate the crashes that occur

on the hill.
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Figure 4-3 Accident Conditions Emigrant Hill 1997-1999

1997 1998 1999
DRY 8 16 19
ICY 11 3 43
SNOW 1 1 1
OTHER 1 4 2
TOTAL 21 24 65

As accidents are rare events, it is useful to express the frequency of accidents in terms if the
rate in which they occur. This is based on changes in average daily traffic from year to year.

Figure 4-4 below shows the accident rates for Emigrant Hill from 1997-1999.

Figure 4-4 Accident Rates, Emigrant Hill 1997-1999

1997 0.535
1998 0.626
1999 0.652
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5 CONCLUSIONS AND RECOMMENDATIONS

Although the Emigrant Hill DSIS has not been deployed, OSU feels that the system is a
valuable tool that will truly prove beneficial to the trucking community. Emigrant Hill continues
to be listed as a high truck crash corridor in the state of Oregon, with 62 crashes occurring in
1999 due to speed and improper overtaking. The DSIS could aid in reducing these numbers
through a warning system of advised speeds and personalized signing as proposed in the

Green Light Project.

In conclusion, OSU recommends that ODOT continue to pursue deployment of this technology,

and if possible, conduct an evaluation of its effectiveness.
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7 APPENDICES

APPENDIX A

TEST PLAN FOR THE TRACKING FUNCTIONALITY OF THE GREEN LIGHT PROJECT
EMIGRANT HILL DOWNHILL SPEED INFORMATION SYSTEM (DSIS)
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APPENDIX A
TEST PLAN FOR THE TRACKING FUNCTIONALITY OF THE GREEN LIGHT
PROJECT EMIGRANT HILL DOWNHILL SPEED INFORMATION SYSTEM (DSIS)

1.0 Introduction
The purpose of this document is to outline the tests to be performed for the Emigrant Hill DSIS

tracking functionality.

2.0 Required Equipment

The configuration of the vehicles to be used for the DSIS functionality test include:

a) A vehicle with five or more axles with a weight that is > 60(kips) and <

80(kips), and is equipped with a transponder that is registered in the ODOT database;

b) A vehicle with five or more axles with a weight that is > 60(kips) and <

80(kips), and is equipped with a transponder that is not matched in the ODOT database;

c) A vehicle with a weight that is > 80(kips) or < 60(kips), and/or a vehicle that has less than

five axles, and is equipped with a transponder that is registered in the ODOT database.

3.0 Procedure

The test is broken down into 4 areas to test the operation of the DSIS system. For each of the
tests the test vehicle will proceed over the mainline Weigh-In-Motion (WIM) Location in order to:
a) Verify that the VMS is able to display all types of messages required for the operation of
the DSIS System,

b) Verify that the VMS will not display a downhill message when ODOT is displaying a
message such as “CONSTRUCTION ZONE,” and,

Verify that an ODOT message will immediately override any downhill message that is being
displayed (the downhill message will immediately cease to appear).

Verify that the DSIS System will continue to function when the Weigh Station is closed and the
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Pre-Clearance System is off.

The test vehicles may either be trucks from the mainstream traffic, or a dedicated test vehicle

such as the scale truck.

The Downhill Warning System (DWS) needs to query the Variable Message Sign (VMS)
because ODOT has the higher priority of using the VMS. When the VMS is not being used by
ODOT, the DWS can send a Downhill Warning message to the VMS and the VMS will display

the message.

The VMS will display three lines of information when providing a Downhill Warning message.
All three lines of the Downhill Warning message should be centered in capital letters on the
VMS. The company name in the second line of the Downhill Warning message will have 18
characters or less (including spaces) and will display only whole words. For example, the
company name WINDSOR ROCK PRODUCTS would be shortened to WINDSOR ROCK rather

than WINDSOR ROCK PRODU.

In accordance with the Emigrant Hill Downhill System Design, Section 2.4, Downhill Warning
System (DWS), the Downhill Message will be displayed as soon as it is received by the VMS,
and will be displayed during the user definable time. At the end of the user definable time, the

DWS software will send a command to blank the displayed message on the VMS.

If there is no Downhill Warning message displayed for the vehicle, the vehicle is expected to
follow the recommended safe speed for the respective type of vehicle as specified on the fixed

road message sign.
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3.1 DSIS Systems Messages

Verify that the VMS is able to display all types of messages required for the operation of the
DSIS System. Four functional tests, using four different conditions, are required to create the
four different DWS message options.

3.1.1 Downhill Message Displayed (Carrier/Warning Specific)

The Company name for this test will exceed 18 characters. The transponder will identify the
vehicle as it passes over the mainline WIM. The WIM scale system and the State Supervisory
Computer (SSC) display will make a sort decision and send this sort decision to the Automatic
Vehicle ldentification (AVI) writer. The AVI unit will write the sort decision to the vehicle’s
transponder and direct the driver to either bypass or enter the Weigh Station. The WIM system
will then communicate with the SSC to retrieve a company name and unit number from the
vehicle database. After the vehicle bypasses or exits the Weigh Station, it will pass the post
Weigh Station AVI Reader and approach the DWS. The SSC will communicate to the
Automatic Vehicle Classification (AVC) system which will in turn communicate a message to the
VMS, if available (not being used by ODOT), using a speed based on vehicle weight, and that is
consistent with the law. The Downhill Warning Message will not truncate the Company name

and will only display whole words for the vehicle, and will be displayed as follows:

TRUCK ADVISORY
COMPANY NAME

XX MPH DOWNHILL
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TRUCK-SPECIFIC MESSAGE DISPLAYED ON THE VMS YES NO
WHOLE-WORDS ONLY MESSAGE DISPLAYED ON THE VMS YES NO

WARNING-SPECIFIC MESSAGE DISPLAYED ON THE VMS YES NO

Downhill Message Displayed (Carrier/Warning-Generic)

The transponder will be configured in such a way so that it is not matched with the vehicle, or is
not in the ODOT database. The WIM scale system and the SSC display will make a sort
decision and send this sort decision to the AVI writer. The AVI unit will write the sort decision to
the vehicle’s transponder and direct the driver to either bypass or enter the Weigh Station. The
WIM system will then communicate with the SSC in an attempt to retrieve a company name and
unit number from the vehicle database. However, because the vehicle is unmatched, a
company name will not be available. After the vehicle bypasses or exits the Weigh Station, it will
pass the post Weigh Station AVI Reader and approach the DWS. The SSC will then
communicate to the AVC system, which will in turn communicate to display a Company- and
Warning-generic message to the VMS if available (not being used by ODOT). The Downbhill

Warning Message for the vehicle will be displayed as follows:

TRUCK ADVISORY
CAUTION

STEEP DOWNGRADE
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REPORT REASON CODE ONOTDB APPEARS YES NO
VEHICLE MATCHED (TRANSPONDER # APPEARS ON SSC) YES NO
GENERIC DWM DISPLAYED ON THE VMS YES NO

Downhill Message Displayed (Carrier Specific - Warning Generic)

The test vehicle will have less than five axles and a vehicle weight of < 60(kips). The
transponder will identify the vehicle as it passes over the mainline WIM. The WIM scale system
and the SSC display will make a sort decision and send this sort decision to the AVI writer. The
AVI unit will write the sort decision to the vehicle’s transponder and direct the driver to either
bypass or enter the Weigh Station. The WIM system will then communicate with the SSC to
retrieve a company name and unit number from the vehicle database. After the vehicle
bypasses or exits the Weigh Station, it will pass the post Weigh Station AVI Reader and
approach the DWS. The SSC will communicate to the AVC system, which will in turn
communicate to display a Company-specific, Warning-generic message to the VMS if available
(not being used by ODOT). The Downhill Warning Message for the vehicle will be displayed as

follows:

TRUCK ADVISORY
COMPANY NAME

STEEP DOWNGRADE

VEHICLE MATCHED (COMPANY NAME APPEARS ON SSC) YES NO
COMPANY NAME DISPLAYED ON THE VMS YES NO

GENERIC WARNING DISPLAYED ON THE VMS YES NO
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Message Not Created

The test vehicle, which will not be equipped with a transponder, will pass over the mainline
WIM. As a result, the DWS software will not be able to initiate the process for creating a

Downhill Warning message and the VMS will not display a message for the test vehicle.

MESSAGE DISPLAYED ON THE VMS YES NO

3.2 AVC Generated Message Unable to Override ODOT Display

ODOT will display the message “Test Message” on the VMS. The test vehicle will pass over
the mainline WIM. The transponder will identify the vehicle as it passes over the mainline WIM.
The WIM scale system and the SSC display will make a sort decision and send this sort
decision to the AVI writer. The AVI unit will write the sort decision to the AVI transponder and
direct the driver to either bypass or enter into the Weigh Station. After the vehicle bypasses or
exits the Weigh Station, it will pass the post Weigh Station AVI Reader and approach the DWS.
The WIM system will then communicate with the SSC to retrieve a company name and unit
number from the vehicle database. The SSC will communicate to the AVC which will in turn
attempt to communicate a truck-specific message to the VMS, however it will be unable to

override the ODOT message.

VEHICLE MATCHED (COMPANY NAME APPEARS ON VMS) YES NO
ODOT MESSAGE DISPLAYED ON VMS (TEST MESSAGE) YES NO
WIM SYSTEM OVERRIDE OF ODOT MESSAGE YES NO
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3.3 ODOT Overrides AVC Generated Message

The test vehicle will pass over the mainline WIM. The transponder will identify the vehicle via
the AVI Reader as it passes over the mainline WIM. The WIM scale system and the SSC
display will make a sort decision and send this sort decision to the AVI writer. The AVI unit will
write the sort decision to the transponder and direct the driver to either bypass or enter the
Weigh Station. After the vehicle bypasses or exits the Weigh Station, it will pass the post Weigh
Station AVI Reader and approach the DWS. The WIM system will then communicate with the
SSC to retrieve a company name and unit number from the vehicle database. The SSC will
communicate to the AVC, which will in turn communicate a truck-specific message to the VMS.
ODOT will then override the AVC with the message “Test Message” which will display on the

VMS. The AVC-generated message will cease to appear.

VEHICLE MATCHED (COMPANY NAME APPEARS ON VMS) YES NO
DWS MESSAGE DISPLAYED ON THE VMS YES NO
ODOT MESSAGE OVERRIDE DWS MESSAGE YES NO

Message Displayed for AVI-Equipped Carriers When Weigh Station is Closed

The test vehicle will pass over the mainline WIM. After the vehicle bypasses the Weigh Station,
it will pass the post Weigh Station AVI Reader and approach the DWS. The WIM system will
then communicate with the SSC to retrieve a company name and unit number from the vehicle
database. The SSC will communicate to the AVC system which will in turn communicate a
message to the VMS, if available (not being used by ODOT), using a speed, based on vehicle

weight and that is consistent with the law. The Downhill Warning Message for the vehicle will
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be displayed as follows:

TRUCK ADVISORY
COMPANY NAME

XX MPH DOWNHILL

VEHICLE MATCHED (COMPANY NAME APPEARS ON SSC) YES NO
TRUCK-SPECIFIC MESSAGE DISPLAYED ON THE VMS YES NO
WARNING-SPECIFIC MESSAGE DISPLAYED ON THE VMS YES NO

4.0 Repeat Test Scenarios, as Necessary

If the system fails any of the tests in 3.1 to 3.3, the failed test must be repeated three (3)
additional times. If the system does not pass the test in 3 out of 4 cases, the configuration of

the software should be checked before re-testing that portion of the functionality.
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1. INTRODUCTION

This Detailed Test Report is Number 6 submitted as part of the independent
technical evaluation of the Oregon Green Light CVO project. The Oregon
Department of Transportation (ODOT) is in the process of implementing their
Intelligent Transportation System Strategic Plan for Commercial Vehicle
Operations (referred to ITS/CVO). Through Green Light, Oregon is installing
twenty-two mainline preclearance systems featuring weigh-in-motion (WIM)
devices and automatic vehicle identification (AVI) at the major weigh stations and
ports-of-entry (P.O.E.) throughout the state. In addition, certain sites are being
equipped with further safety enhancements that regulate road conditions and

speed.

Each of the tests conducted by the research team for the evaluation of Green
Light addresses one of the five goals of the evaluation as documented in the
Evaluation Plan. These goals are:

* Assessment of Safety

* Assessment of Productivity

» Assessment of User Acceptance

» Assessment of Mainstreaming Issues

* Assessment of Non-Technical Interoperability Issues
The objectives associated with each goal are given in the Oregon Green Light
CVO Project- Individual Test Plans (ITP). In addition, condensed one-page

tables are contained in the appendices of the ITP, outlining the measures to be
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conducted for each of the stated objectives. The detailed test plan documents
expand on the information provided in the ITP and provide in detail the activities
carried out for each evaluation measure during the course of the evaluation in

regards to the stated objectives.

1.2 PURPOSE AND SCOPE

This report represents the findings employed to determine the following evaluation
objectives: Determine changes in tax administration costs, and Determine
changes in tax evasion; two of the six objectives in support of the goals of
assessing productivity . The accompanying Detailed Test Plan for this report is

DTP #6.

The evaluation measures used to determine the changes in productivity are stated

below:

+ Determine changes in the auditing process.

- Determine changes in the highway use tax revenues collected and why.

Exhibit 1-1 describes the relationship among the overall evaluation goals to the
evaluation objectives and the measures of effectiveness (MOE) for this

evaluation report.
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EXHIBIT 1-1 EVALUATION GOALS, OBJECTIVES, AND MEASURES

Evaluation Goals

1. Safety

2. Productivity

Evaluation
Objectives

Measures of
Effectiveness

2.1 Determine
changes in tax
administration costs

2.1.1 Determine the
changes required
in the
auditing process

3. User Acceptance

2.2 Determine
changes in tax
evasion

2.2.1 Determine
changes
in highway use tax
revenues collected
& why

4. Mainstreaming
Issues

2.3 Determine
changes in vehicles
processed at each site

5. Non-technical
Interoperability

2.4 Determine
productivity to motor
carriers

.| 2.5 Determine impacts

on energy

2.6 Determine the
ability of vision
technology to support
100 percent electronic
screening

I
|
i
I
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|
|
i
|
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|
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|
|
|
|
|
|
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1.3 DISCUSSION

For the 1993 — 1995 biennium, the cost of administering (including all costs of collection,
auditing, and enforcement activities) Oregon’s highway use tax collections was estimated
to be $21.1 million, or 4.8 percent of revenues collected. The evasion rate was estimated
to be five percent of total receipts, equating roughly to $22 million in lost revenue for the

same biennium.

In 1993, the Oregon Department of Transportation and the then Oregon Public Utilities
Commission drafted a strategic plan for ITS/CVO in Oregon. Included in this plan were a
list of specific goals, the second of which was to benefit government through increased
efficiency and effectiveness. The resulting Green Light initiative was designed to improve
the efficiency of the tax auditing process, as well as the effectiveness of the process in
terms of the collection rate. The evaluation report describes the impact that Green Light
has had to date on both the efficiency and effectiveness of Oregon’s highway use tax

collection.
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2. TEST METHODOLOGY

2.1 PHYSICAL DESCRIPTION
This section describes the activities that were carried out to meet the evaluation
objectives. The purpose of test was to measure any changes in the weight-mile tax

auditing process and the impact of Green Light on the process.

The test was designed to measure whether the technologies introduced under Green Light
increased the efficiency and effectiveness of the auditing process. To measure this, we
examined the auditing process prior to the deployment of Green Light, and re-examined

the processes after Green Light deployment.

2.1.1 Purpose and Scope

The first step in determining the changes in the auditing process was to establish a
baseline. That is, identify the individual transactions and activities that make up the
processes and determine the resources required to execute these activities. A process
map was developed to clearly identify these activities for tax auditing. The auditing
process was identified through interviews with the Oregon Department of Transportation

staff and reviews of budget reports and records.

The second step was to develop a process map of planned modifications to the tax
collection and auditing processes that were the result of the introduction of Green Light.
The resources required to support each planned activity were identified through interviews
with the Oregon Department of Transportation staff and review of budget reports and

estimates of future activity costs.

Document Oregon GreenLight Final Report4 - Report on Test Plan 6.doc 5
Final Report: Detailed Test Plan #6
Measures 2.1.1 and 2.2.1



Oregon Green Light CVO Project 4/13/ 2000

Finally, since it was not entirely clear how Green Light would change the auditing process
the research team revisited the process approximately one year after the beginning of
Green Light deployment. The process map reflects any changes following the deployment

of Green Light.

Any changes in the weight-mile tax collection rate were to be determined by comparing
the estimated rate for three fiscal years following implementation of Green Light with
baseline estimates. The tax evasion rates stated in the 1996 Oregon Weight-Mile Tax
Study (Cambridge Systematics, Inc. and SYDEC, Inc. February 1996) served as a

baseline measurement.

2.1.2 Hypotheses
The following hypotheses were tested:
2.1.2.1 The audit process will become more automatic.

2.1.2.2 Oregon Green Light will support changes.

The following report is based on interviews with the staff of the Oregon Motor Carrier Audit
Division and a review of ODOT documents. It begins with a review of the motor carrier
weight-mile tax audit process, and is followed by a discussion of the effect of Green Light

on the auditing process. The report concludes with options for further inquiry.

Exhibit 2-1 describes the weight-mile tax audit process.
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ExXHIBIT 2-1 OREGON WEIGHT-MILE TAX AUDIT PROCESS

Oregon Weight-Mile Tax Audit Process

P-1: ODOT Reviews
Records by Motor
Carrier Location

D-4: Are Record
Complete and

D-2: Is Audit

Accurate? Are
Payments Corre

Required?

A

P-2: Audit Manager
Reviews Carrier
Accounts, Makes

Assignments Yes

3: Field Audit

P-3: PreAudit Desk Audit?
Performed-Analyze D-5: Adjustment
Information Needed?
No
*
Field Audi Desk Audi l l
D-1: Is Information
Accurate? und Cartl
- nderpayment-Carrie
Overpayment-Carrier s is Not‘iafieyd of Balance
_ Credited Balance
P-5. Desk Audit- Due
pP-4: Field Audit- Exar_mne and Analyze
Yes L Available Records at
Conducted At Carrier's
Place of Business ODOT and/or Records
Sent to ODOT by
the Motor Carrier
C >
Review Completed -
File Closed- Sent bac
to Central Office
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2.1.3 Tax Audit Procedures

The audit procedures, as shown in the above diagram, are as follows:

Process One: The Oregon Department of Transportation’s Motor Carrier Audit Manager,

annually reviews the records of the motor carrier accounts by general geographic location.

Process Two: The motor carrier records are then arranged by zip codes, and assignments
are made by on location. Auditors are assigned to given geographic area. As most
carriers are based outside of Oregon (approximately 8,647 of the 23,859 registered
carriers are Oregon-based), auditors will travel to other areas of the country, if needed, to

conduct the audit.

Process Three: The Pre-Audit Procedure is an initial analysis of the carrier's account
information. The accounts are reviewed for errors and discrepancies in their transactions.
The pre-audit procedure is described in the Oregon Audit Manual. The pre-audit is
conducted using a weighted formula to predict the probability of a substantial recovery.
The weighted formula includes five variables; a.) The number of trucks in the fleet; b.)
Collection activity; c.) Extended weight, (i.e., operations in excess of 80,000 pounds); d.)
Non-reported operations; and e.) Previous audit activities. The formula allows the pre-
audit staff to identify those accounts that require greater scrutiny due to either the size or
complexity of the account, the history of weight-mile tax discrepancies or obvious
discrepancies in the current tax report. Discrepancies such as simple mathematical
errors, or some other minor mistakes, may be addressed and corrected via telephone

conversation with the carrier officials. The pre-audit consists of comparing the number of
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miles traveled by the carrier to the amount of weight-mile tax paid by the carrier. The pre-
audit also examines any additional permit requests made by the carrier, such as an over-
dimensional permit. The pre-audit also obtains records from the weigh stations that
indicate which units were weighed at a given weigh station. These weigh station records

are then compared to the mileage reports filed by the motor carrier.

Decision One: The pre-audit determines whether the information that is submitted by the
motor carrier is complete and accurate. If the account is found to be in order, then the file
is sent back to the central office with no further action required. If the account is found not
to be in order; if discrepancies and errors are discovered, then further action is required.
Examples of some discrepancies are failure by the motor carrier to submit monthly
mileage reports, failure to submit quarterly mileage reports, the carrier’s mileage reports
and Oregon DOT Scale Reports fail to reconcile, mileage rate errors, or overweight

operations.

Process Four: If the information in the carrier’s file is accurate and complete, the review is
complete and the file is sent back to the central office for re-filing. No further action is

required on this account.

Decision Two: If the discrepancies in the carrier's mileage reports cannot be readily
reconciled, then an audit of the carrier’s records is required. The can be one of two types,

a Field Audit or a Desk Audit.

Decision Three: A field audit is an audit in which the auditor goes to the carrier’'s place of

business and conducts the audit. A desk audit is one in which the auditor conducts the
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audit in his or her office. The carrier is requested to submit the necessary records to the

auditor.

Process Five: If a desk audit is conducted, the records are reviewed at the auditor’s
office. The audit is performed by mail, fax, and telephone. This type of audit is usually
conducted when it is determined that simple procedural errors occurred in the carrier’s
report. The audit may determine that the carrier requires some education and technical
assistance to reconcile the account. Generally, the carrier is asked to submit a number of
records to the auditor. These records may be a sample of the carrier's operations, or it
may be a full audit of all operations. Records that can be requested are: drivers’ records
of duty status (logs), carrier trip reports showing origin and destination, bills of lading, load

tickets for shippers, freight bills, and dispatch records, along with the mileage reports.

Process Six: A field audit is required when the carrier’s report is found to be complex and
requires a more in-depth investigation. The field audit is conducted at the carrier’s place
of business. The same types of records are examined, but a larger sample of the carrier’s
operations is reviewed to conduct the audit. Discrepancies that could require a field audit
are a large carrier with complex operations, or trips being omitted from the carrier's

weight-mile tax filings.

Decision Four: If, during the audit, the records are found to be complete, the review is
completed and the file is returned to the central office. If the records are not found to be
complete, then adjustments are required to the carrier’'s tax filings. The carrier may also

require assistance and education to complete the tax filing accurately in future.
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Decision Five: The adjustments to carrier’'s tax filing may be in the form of a refund due or

the carrier may have to pay the full amount of tax due, based on the auditor’s findings.

Process Seven: If it is found that the carrier has overpaid the tax, the carrier is credited the
balance. The balance may be credited to the next month’s filing, or the Motor Carrier

Transportation Division could issue a refund check.

Process Eight: If the carrier has underpaid the tax, the carrier is notified of the balance
due, and the carrier must reconcile the amount due. If the carrier disputes the auditor’s

findings, there are appeals procedures available.

After the auditor completes the audit and writes the report, the audit is sent for billing and

the file is returned to the central office.

2.1.4 Preliminary Analysis of the Tax Audit Process

The procedural objective of the Oregon Department of Transportation is to review all
motor carriers’ weight-mile tax accounts within a three-year cycle. In recent years, other
commitments such as meeting the auditing requirements for membership to the
International Fuel Tax Administration (IFTA) and the International Registration Plan (IRP)
have prevented ODOT’s Audit Division from fully meeting this objective. Nevertheless,

between 25 percent and 30 percent of accounts are reviewed.

The pre-audit staff consists of eight analysts. For the first six months of Fiscal Year 96-97,
the pre-audit staff analyzed 3.5 files per direct labor hour. The average cost per review

was $13.01. The goal of the staff is to complete a review of fifty accounts every three
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days. Between 80 percent and 90 percent of all files reviewed by the pre-audit staff
require no further action. These files are returned to records upon completion of the
review. Including supervisors, there are 31 field auditors. For the first six months of the

‘96-'97 biennium, an audit took an average of 32 direct labor hours.

The auditing process was re-examined in 1999 and it has remained essentially unchanged
since 1996. Files are arranged and assigned according to location. The auditors must
manually and carefully review, analyze, and reconcile the accounts. The average time to
audit remains 31.5 hours. It must be stated, however, that Green Light has not been fully

deployed at the time of this report.

2.2.1 Weight-Mile Tax Collection Procedures

Following the determination of the audit process, the second part of the test was to
determine any changes in tax collection. The following measure was examined, as listed
in Detailed Test Plan #6:

Determine changes in highway use tax collected and why

The weight-mile tax collection process was first examined in 1996. The following process
map describes the weight-mile tax collection process, as it was determined in 1996. The
process was re-examined in 1999, and to this point there have been no measurable

changes in the collection process
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EXHIBIT 2-2 WEIGHT-MILE TAX COLLECTION PROCESS

Oregon Weight Mile Tax Collection

P-1: Motor Carrier P-4: Motor Carrier
Determines Size and Submits Mileage
Vehcile Configuration s » Report,Payment to

ODOT/MCTD
Monthly/Quarterly

P-2: Motor Carrier

Registers Vehicles with
ODOT

P-5: Payment is
Received, Carrier's
Account is Credited

\ 4

Motor Carrier Maintains
Monthly Mileage
Reports and Other
Records*

P-6: Payment is
Credited to Oregon
P-3 Carrier Calculates ) Highway Fund
Tax
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2.2.1.1 Brief Explanation of Weight-Mile Tax Collection

The Weight-Mile Tax (WMT) in Oregon is a self-reporting tax, which means that the motor
carrier determines the amount of tax to be paid to Oregon, based on the miles operated by
that carrier, and the declared weight of the vehicles operated by the carrier. The WMT is
applicable to vehicles with a declared weight over 26,000 pounds; either solo power units
only, or in combination (e.g., tractor-trailer units). Vehicles with declared weights of under

26,000 pounds pay fuel tax at the pump.

2.2.1.2 Collection Procedures

As depicted in the process map on the previous page, the WMT process is as follows:

Process One: The motor carrier determines the size of its fleet, and the configuration of
each vehicle that is being operated in the State of Oregon. The motor carrier then makes
a declaration to the state of the vehicles’ combined weight to be operated in the state.
The combined weight is the maximum weight of the vehicle, including its load. Weights
are declared in 2,000-pound increments. The tax is then based on the declared weight,
plus the amount of miles operated by that vehicle. The carrier must maintain records of

each trip operated by that vehicle within the State of Oregon.

Process Two: The motor carrier, whether based in Oregon or outside of Oregon, must
register its vehicles that it intends to operate in Oregon with the State of Oregon’s
Department of Transportation (ODOT). This registration may be done in person, or by
mail. ODOT then issues a registration plate for each vehicle registered by the motor

carrier.
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Records that are to be maintained: The motor carrier must maintain records showing the
total miles operated by the vehicle for each month. The records are maintained for each
power unit, as well as, any trailer configuration, if the carrier has declared weights for that

configuration.

Process Three: The carrier must pay the tax rate applicable to the miles associated with
each operation and its declared weight. The tax is compiled based on the amount of

Oregon miles operated by the carrier, and each vehicle’s declared weight.

Process Four: Depending on the size and extent of the carrier’s operations in Oregon, the
carrier can submit its reports and payments either monthly or quarterly. The reports are
sent to the Motor Carrier Transportation Division of ODOT. These reports show the miles
operated by the motor carrier within the State of Oregon. Along with the Highway Use Tax

Report, the motor carrier must send the tax payment.

Process Five: Once payment is received, the motor carrier's account is credited with the

amount paid.

Process Six: The Weight-Mile Tax is a dedicated tax. All payments made by motor
carriers are dedicated to the state’s highway fund, less the agency’s operating expenses,
for improvements, safety enhancements, construction, and maintenance of the highway

system.
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2.3.1 Test Activities
To test the hypotheses that the auditing process would become more automated and the
Green Light technology would support those changes, the research team collected field

data in 1999 to compare to the baseline data collected earlier.

The field data collection process consisted of recording the plate numbers of the trucks as
they passed the Woodburn Port of Entry (P.O.E.), either at the weigh station or on the
mainline. A second group of observers recorded the trucks as they entered the Roseburg
weigh station located approximately 144 miles to the south of the Woodburn Port of Entry.
The recorded plate numbers were then compared and contrasted to determine which

trucks passed both stations within the given time frame.

The plate numbers of the trucks that were observed at both weigh stations were then
compared to the quarterly tax reports filed with ODOT. This comparison was conducted to
determine which of the observed trucks reported at least 144 miles, the distance between

the two observation points.

The cursory examination of the tax reports indicated that the trucks had reported at least

144 miles.

Document Oregon GreenLight Final Report4 - Report on Test Plan 6.doc 16
Final Report: Detailed Test Plan #6
Measures 2.1.1 and 2.2.1



Oregon Green Light CVO Project 4/13/ 2000

EXHIBIT 2-3 DAY 1 OBSERVATIONS AT WEIGH STATIONS

Day 1 Observations

900 839 744

800
700
600
500
400 -
300
200
100

Bwoodburn
B Roseburg
OBoth

#Trucks

102

Woodburn Roseburg Both

Location

The graph illustrates the observations made on Day 1 in the fall of 1999. As one can see
the graph shows that 839 trucks were observed and recorded at the Woodburn P.O.E.
during the data collection period. The next bar shows 744 trucks were observed and
recorded at the Roseburg Weigh Station. Finally, after comparing the records of
observations, it was determined that 102 trucks passed both weigh stations during the

observation period, roughly six percent of the total observations made.

The tax records of the trucks that passed both weigh stations were later examined to
determine if at least 144 miles were reported to ODOT. The examination determined that
the trucks that were observed at both data collection points had reported at least 144

miles traveled in Oregon for that time period.
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ExHIBIT 2-4 DAY 2 OBSERVATIONS AT WEIGH STATIONS

Day 2 Observations

561
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The graph illustrates the observations made on Day 2 in the fall of 1999. As one can see
the graph shows that 561 trucks were observed and recorded at the Woodburn P.O.E.
during the data collection period. The next bar shows 479 trucks were observed and
recorded at the Roseburg Weigh Station. Finally, after comparing the records of
observations, it was determined that 36 trucks passed both weigh stations during the

observation period, roughly three percent of the total observations made.

The tax records of the trucks that passed both weigh stations were later examined to
determine if at least 144 miles were reported. Following an examination of the quarterly
tax reports, it was determined that these trucks that were observed at both data collection

points had reported at least 144 miles traveled in Oregon for that time period.
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EXHIBIT 2-5 MILES REPORTED TABLE

Tax Records of Trucks At Least 144 Miles
Observed at Both Scales Reported in Quarter
Day 1 Yes
Day 2 Yes

Exhibit 2-6 indicates that the 138 trucks that were observed at both of the Woodburn and
Roseburg weigh stations had reported at least 144 miles traveled in Oregon during the

observation period.

2.3.2 Study Constraints

Granted, this is a very small sample. Generally, 138 observations are not statistically
significant within an infinite population. Time constraints prevented the research team from
more completely expanding the sample. It must be emphasized, however, that at the time
of this report, Green Light has not been fully deployed. At the time of the data collection,
in October of 1999 only approximately 3,000 transponders had been issued. Since that
time, however, Oregon DOT has issued approximately 6,500 additional transponders.
Therefore, it is recommended that the effects Green Light be analyzed again a year from
now when more transponder-equipped vehicles are in service and a larger sample can be

examined.

Based on this small sample, however, the data indicate that the observed trucks, observed

electronically or otherwise, are likely to report their miles operated in Oregon to ODOT.
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EXHIBIT 2-6 VEHICLE INCREASES AT WOODBURN

Trucks Observed at Woodburn
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2.3.3 Truck Volume Increases

The above graph illustrates the increases in the number of trucks passing through the
Woodburn P.O.E. during a ten-day observation period. The number of trucks that were
observed during the ten days in January of 2000 were then compared to the same ten-day
period in 1998. The trend shows a general increase in the number of trucks passing
through the Woodburn P.O.E. The most recent traffic data available to the Oregon
Department of Transportation's planning office indicate that truck traffic in the vicinity of
Woodburn on the south bound lane of Interstate 5 is currently growing at an annual rate of
2.6 percent. If the trend continues, the need for electronic screening will also increase in
order to screen more trucks more efficiently. As we indicated in the weigh station
simulation report, an average of 270 vehicles (trucks) per hour were observed passing
through the southbound Woodburn P.O.E. Assuming that the traffic growth rate remains
constant, 340 vph would be realized in the year 2003, 375 vph in 2010, and 410 vph in
2013.
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3. FINDINGS

The impact of Green Light increases the capacity of a weigh station to observe motor
carriers’ operations. For each truck that uses a transponder, a space is created in the
weigh station queue. Assuming that the Oregon Department of Transportation (ODOT)
maintains the volume of traffic currently processed through the static scales, the total
number of observations will increase equal to the rate of growth in transponder-equipped
trucks. For trucks that have transponders, observations will be recorded at every pass by
the weigh station. For trucks without transponders, the likelihood of having to stop at the

static scale, thus being observed will increase.

Observations or third party data are an integral part of the weight-mile tax auditing
process. Weight-mile tax reports are generated by the motor carrier on a monthly or
guarterly basis. Reported trips are compared to observations within the state.
Observations are currently made at the weigh station through vehicle weighing, safety
inspections, and traffic citations. Weigh station observations are by far the most prevalent

observations.

The use of Green Light technology will increase the number of weigh station observations.
The increase in the number of observations will allow the audit unit to more effectively
select motor carriers for audit. By having more observations, there is a greater chance of
detecting unreported trips. Additional observations will also improve the accuracy of motor
carrier audits. The additional information will allow the field auditors to more precisely and

assuredly estimate a vehicle’s pattern of operation with the boundaries of Oregon.
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Observations will also serve as a deterrent to weight-mile tax evasion. Motor carriers that
have been audited in the past, or have learned from other's experiences, are quite
conscious of the fact that weigh station observations are used by ODOT to verify weight-
mile tax reports. In reviewing drivers’ records of duty status against tax reports and weigh
station observations, it has been observed that drivers will note those trips in which their

vehicles have been weighed and report those trips.

Although Oregon Green Light will lead to an increase in the number of observations that
will, in turn, result in improved accuracy, and, allows for a better selection of files to be

audited, however, it will have little effect on the process of auditing.

The auditing process nonetheless calls for manual review of all files by the Pre-audit staff.
A few lines of additional data might add a few seconds to the pre-audit staff review.
Conversely, the additional data might allow the pre-audit staff to more quickly identify
unreported operations, flag the files for audit, and move along to the next file. If either or
both scenarios prove to be correct, the effect on the efficiency of the pre-audit process,

measured in the amount of resources that it takes to review a file, will be negligible.

Field auditors use weigh station observations to piece together a vehicle’s pattern of
operation within Oregon. Because weigh station observations are more easily accessed
than motor carrier records, the time that it takes to conduct an audit might be shortened.
However, unless a truck is observed in several locations on all trips, review of data from a
variety of sources will continue to be the norm. The effect that electronic clearance will
have on the efficiency of the desk and field audit processes, measured in the amount of

resources that it takes to conduct a desk or field audit, will be negligible.
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With regard to tax collection, the “Oregon Weight-Mile Tax Study” of 1996 concluded that
the “evasion rate of the weight miles tax is approximately five percent of the total tax
liability, or ten million dollars per year." Although the amount of revenue lost to evasion
each year is quite significant, it is only a small portion of motor carriers are actually
submitting incomplete or inaccurate tax reports. * To meet the objectives set forth in
Measure 2.2.1 “Determine the changes in highway use tax and why”, the study team
focused on the effect that Oregon Green Light technology has on the behavior of these
motor carriers and the ability of the audit branch to detect and adjust inaccurate and/or
incomplete tax reports. For example, the Woodburn Port of Entry currently allows all
vehicles that weigh less than 62,000 Ibs. on the ramp weigh in motion scale to take the
ramp bypass lane and thus avoid direct observation. Consistently, 60 percent of trucks
that pass through Port of Entry are not directly observed. Assuming that the number of
transponder-equipped vehicles increases as is expected, a substantial percentage of
trucks will be checked electronically on the mainline and the static scales will no longer be
operating at or near capacity. The weigh station will then be able to lower the threshold
weight of the ramp bypass and pull in a higher percentage of non-transponder equipped

trucks for static scale weighing and observation.

According to Motor Carrier Auditors, motor carriers are quite cognizant of the fact that the
audit branch uses weigh station observations. For those motor carriers that are tempted
to report only those trips in which they are observed, the additional observations will serve

as a direct deterrent resulting in greater tax receipts per registered motor carrier.

! Oregon Weight Mile Tax Study (Cambridge Systematics, Inc., Sydec Inc., and Pacific Rim
Resources, Inc. February 20", 1996.)
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Deterrence alone will not eliminate tax evasion. As one auditor stated during the group
interviews, “Tax evasion is more often an act of omission than an act of commission.” Poor
record keeping and/or a lack of understanding of reporting procedure results in inaccurate or
inadequate tax filings. The increase in the number of observations resulting from the
introduction of electronic clearance will allow the pre-audit team to detect and adjust
inaccurate and/or incomplete tax reports. By having more observations, there is a greater
chance of catching unreported trips in both in pre-audit and field audit. While Green Light will
provide more observations to assist auditors, this analysis did not determine significant

changes in the processes.
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PREFACE

This is the combined final report for Detailed Test #7, System Simulation and Detailed Test #9,
Fuel Test. Because the methodologies for these two test plans are closely related, it was

appropriate to describe the effort and document the findings in a single report.

This report follows the outline provided in Exhibit 3-4 on page 31 of the Oregon Green Light
Evaluation Plan (Document Gleval -96.01). Chapter I, Introduction, places the report in the
context of the overall evaluation, summarizes the role of electronic screening at weigh stations,
and briefly introduces the evaluation methodology. Chapter II, Individual Test Summary
includes a description of the field data collection at the Woodburn Port of Entry and the
development and validation of the simulation models. Chapter Ill, Overall Evaluation Results,
presents the output of the simulation model for selected scenarios. Chapter 1V, Conclusions and
Recommendations summarizes the findings and recommends additional applications of the

simulation models.

Appendix One contains the field data collection forms. Appendix Two is a narrative description
of the challenges faced in developing a weigh station model using CORSIM traffic simulation
software. Appendix Three is the user's manual for the weigh station model developed in Arena.
The User's Manual was given to the Oregon Department of Transportation along with a user's

version of the model. Appendix Four contains the findings of 12 simulation runs in table format.
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EXECUTIVE SUMMARY

The objective of this portion of the Oregon Green Light evaluation is to quantify the benefits of
electronic screening in terms of travel time and fuel consumption savings for motor carriers and
improved efficiency of the weigh station. Because the evaluation was conducted concurrently
with the deployment of the technology, it was not practical to measure the actual impact of
electronic screening. Simulation was selected as the means for meeting the evaluation

objective.

Computer simulation is a powerful technique for testing the impact of changes in systems where
the effect of such changes cannot be determined analytically. Simulation models are distinctly
different from analytical models. Simulation models are "run" where analytical models are
"solved". Where analytical models are often used to prove or disprove relationships among
variables based on empirical evidence, simulation models are used to explore and prepare for
theoretical future events based on observed system dynamics. 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. In other words, once it has been established that the model replicates the dynamics of
the actual system with an acceptable level of confidence, it can be used to analyze operating
procedures, decision rules, and changes in physical layout without disrupting ongoing

operations.

Simulation models are thus an appropriate tool for traffic analysis, such as that required in the
evaluation of electronic screening at a weigh station, in which field experiments would be
impractical. Using simulation software, it is possible to compare and contrast different
operational scenarios. The animation features of the simulation make it possible to illustrate the

functionality of the weigh station and electronic screening to a broad audience.

The Woodburn Port of Entry (Woodburn) is the focus of this evaluation. Woodburn, which is
located 20 miles south of Portland on Interstate 5, is the busiest weigh station in Oregon.
According to the 1998 Annual Summary for Motor Carrier Services, 887,780 vehicles entered
the Port of Entry. The Woodburn Port of Entry is also significant in that it is the first weigh

station in Oregon to complete installation of an electronic screening system.
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Two simulation models were used in combination to measure the effectiveness of electronic
screening at the Woodburn Port of Entry. Measures of effectiveness include the number of
unobserved bypasses, travel time-savings for electronically screened vehicles, percent of
vehicles screened both electronically and manually, and changes in fuel consumption. The first
of the two weigh station simulation models was developed using Arena simulation software.
The model calculates the number of trucks forced to bypass a weigh station due to a full queue
(unobserved bypasses), determines the percent of the overall southbound truck traffic screened
both electronically and manually, and determines the travel time saved when compliant trucks
are screened electronically at mainline speed. A second simulation model was developed using
CORSIM, a traffic simulation software. It was used in combination with Arena to predict fuel

consumption.

The simulation findings indicate that electronic screening will reduce travel time and fuel
consumption for trucks participating in the electronic screening programs, or transponder
equipped trucks. Findings also indicate that electronic screening will also decrease the
occurrence of unobserved bypasses resulting from full queues and increase the percentage of
trucks being screened for safety and compliance. The effectiveness of electronic screening will
be situational. Several variables, including truck traffic volumes at the weigh station, the
percentage of motor carriers participating in the electronic screening program, and Oregon's
commercial vehicle enforcement policies and procedures will determine the degree to which the

electronic screening program meets its objectives.

To better understand the future impact of electronic screening, the simulation models were used
to compare and contrast several scenarios, each with a different combination of truck volumes
and transponder rates (the transponder rate is defined as the percentage of truck traffic
participating in the Oregon Green Light program or, in other words, the percentage of trucks
equipped with a transponder). Once it was verified that base simulation model replicated the
actual system at an acceptable level of confidence, simulation runs were conducted for vehicle
per hour (vph) rates of 340, 375, and 410. To put this in context, the data collection crew
observed an average of 270 vehicles (trucks) per hour in May of 1997. The most recent traffic
data available to the Oregon Department of Transportation's planning office indicate that truck
traffic in the vicinity of Woodburn on the south bound lane of Interstate 5 is growing at an annual
rate of 2.6 percent. Assuming that traffic growth rate remains constant, 340 vph would be
realized in the year 2003, 375 vph in 2010 and 410 vph in 2013. The Oregon DOT's planning

office recently made projections that truck traffic may be increasing at a more rapid rate of
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seven percent annually. At a seven percent annual growth rate in truck traffic, the vehicles per
hour rate at Woodburn would be 403 vph in 2003, 644 vph in 2010 and 788 vph in 2013. The

model, however, was run using the more conservative projections.

For each truck traffic volume scenario, simulation runs were made with transponder rates of 20

percent, 35 percent, 50 percent, and 65 percent. The simulation output is included in table
format as Appendix Four.

Travel Time

The following bar chart summarizes time-savings for bypass vehicles in each scenario. For all
scenarios, time-savings for electronically screened vehicles fell within a range of 1.43 minutes at
410 vehicles per hour and a 20 percent transponder rate to 1.31 minutes at 410 vehicles per

hour and a 65 percent transponder rate.
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Reduced travel time is an incentive for trucks to participate in an electronic screening program.
There is no singularly accepted estimate for the value of travel time saved for commercial
vehicles. If one accepts the estimate put forth by Waters, Wong, and Meagle (7), the value of
time saved for motor carriers, in 1998 dollars, is $34.00 per hour. The value of one pass for an
electronically screened vehicle at the Woodburn weigh station in the scenarios examined, would
range from $.74 to $.81.
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Electronic screening improves the efficiency of the entire Port of Entry system. Even trucks that
do not participate in the screening program stand to benefit. As more vehicles are
electronically screened on the mainline, the queue and therefore the delay within the weigh
station subsides. The cumulative time savings for all commercial vehicles will be quite
significant. Using the 340 vehicles per hour scenario as an example, the cumulative time
savings for all trucks passing the weigh station within any given hour, ranges from 1 hour and
forty two minutes with the transponder rate at 20 percent, to five hours and twenty three minutes

with the transponder rate at 65 percent.

Fuel Consumption

The CORSIM simulation model is used to predict the fuel consumption at Woodburn. For the
scenarios selected, the CORSIM weigh station model indicates that electronic screening

systems reduce relative fuel consumption for the electronically screened vehicles.

The fuel consumption values drawn from the CORSIM simulation model were reported in
relative terms. The relative fuel savings for the twelve scenarios that were simulated, are

illustrated on the following bar chart.
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In the CORSIM model, the mainline and weigh station segments have common beginning and
ending points. The fuel savings are reported in terms of percentage of fuel saved from the
beginning point to the end point for a truck remaining on the mainline as compared to a truck of
equal dimensions passing through the weigh station. For example, the first bar on the chart

shows that an electronically screened truck in the scenario in which there are 340 vehicles per
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hour and 20 percent of the vehicles are equipped with transponders, uses 35% less fuel within

the segment.

Percentage of Commercial Vehicles Screened -Electronically and Manually

Currently, as trucks enter the Woodburn Port of Entry, they pass over a slow speed weigh in
motion scale. Based on a predetermined weight threshold (i.e. 75% of the legal limit), trucks are
automatically sorted and directed to, either continue along the bypass lane and return to the
mainline, or proceed to one of the two static scales. The trucks that stop at the static scales can
be visually checked for obvious safety problems. Commercial vehicle enforcement personnel

can also identify the vehicle by plate number and check compliance and safety records.

With the slow speed ramp WIM, all entering trucks are at least screened for weight. By diverting
a portion of the truck traffic away from the static scales, congestion within the Port of Entry is

minimized. However, from an enforcement perspective, a static scale weighing
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is of greater value as it allows for weight, safety and regulatory compliance checks. With the
exception of the visual inspection, mainline electronic screening is similar to the static scale or
manual screening as it allows for weight, safety, and regulatory compliance checks. The
simulation model was used to predict the percentage of overall truck traffic that would be either

electronically screened on the mainline or stopped at the static scale.

With a sufficient percentage of vehicles participating in Oregon’s electronic screening program,

the Woodburn Port of Entry will be able to process, (i.e. screen vehicles, both electronically and
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manually for safety, regulatory compliance, and weight) a substantially higher percentage of the

truck traffic. By increasing capacity, electronic screening extends the design life of the facility.

Unobserved Bypasses

Unobserved bypasses are most often the direct result of commercial vehicle traffic exceeding
the capacity of the Port of Entry. When the Port of Entry reaches capacity and the queue
begins to spill out onto the mainline, the commercial vehicle enforcement officers temporarily
close both the static scales and the ramp weigh-in-motion scale and direct additional
commercial vehicles to entirely bypass the Port of Entry. The facility remains closed until the
gueue subsides. Because electronic screening diminishes the queue within the weigh station,
as participation in the electronic screening program increases, the number of unobserved

bypasses will decrease.

Commercial vehicle enforcement personnel consider the elimination of unobserved bypasses a
major benefit of electronic screening. Because it is the objective of the Oregon Department of
Transportation to weigh all vehicles that pass by the Woodburn Port of Entry, a one percent
unobserved bypass rate is not acceptable. As the following table illustrates, with sufficient
transponder rates, the occurrence of unobserved bypasses that are the direct result of lack of
storage capacity within the Port of Entry will be eliminated. It should be noted, however, that
congestion within the Port of Entry is not always the result of lack of capacity. Electronic
screening will not resolve congestion that results from an incident within the queue or at the

scale house.
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340 Vehicles [375 Vehicles |410 Vehicles
Per Hour Per Hour Per Hour
Unobserved Bypasses %
@ 0% Transponder Rate |1 3 6
@ 20% Transponder Rate |0 0 2
@ 35% Transponder Rate |0 0 1
@ 50% Transponder Rate |0 0 0

@ 65% Transponder Rate |0

The table reflects the output of the weigh station simulation model. It is the predicted

performance of the Woodburn Port of Entry under 15 different scenarios. The third column, for

example, shows the percentage of vehicles that would bypass unobserved with the truck traffic

volume at 410 vehicles per hour. With no transponders, the model predicts that 6% of the

overall truck traffic would be allowed to bypass unobserved as a direct result of a full queue.

With 20% of the trucks equipped with transponders, the queue would be diminished to the point

where only 2% of the overall truck traffic would be allowed to bypass unobserved as a result of

a full queue. If the transponder rates were to reach 50%, the model predicts that unobserved

bypasses that could be attributed to lack of capacity would be eliminated.
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1. INTRODUCTION

The Oregon Department of Transportation (ODOT) is in the process of implementing the state's
Intelligent Transportation System for Commercial Vehicle Operations (ITS/CVO) plan. Through
the Green Light project, Oregon is installing 22 mainline preclearance systems featuring weigh-
in-motion (WIM) scales and automatic vehicle identification (AVI) at the major weigh stations
and ports-of-entry throughout the state. As part of the evaluation component of the Green Light
project, a series of detailed test plans were developed. These test plans document the

objectives as well as the procedures and methodologies of the evaluation.

This report outlines the data collection activities, methodology and findings for the Detailed Test
Plan #7, System Simulation, which includes performance measures;

Predict total vehicles processed.

Predict number and length of service interruptions

Predict average travel time savings by vehicle.

and Detailed Test Plan #9 Fuel Test, which includes performance measure;

Estimate changes in fuel use.

These are four of the nine measures of effectiveness that make up evaluation goal #2;

Assessment of Efficiency.

The objective of this portion of the evaluation was to quantify the benefits of electronic screening
realized by participating motor carriers in terms of travel time and fuel consumption savings and
by the state realized through the improved efficiency of the weigh station. Because the
evaluation was conducted concurrently with the deployment of the technology, it was not
practical to measure the actual impact of electronic screening. Simulation was selected as a

means to meet the evaluation objective.

The impact of electronic screening will be affected by several variables, including truck traffic
volumes at the weigh station, the percentage of motor carriers participating in the electronic
screening program, and Oregon’s commercial vehicle enforcement policies and procedures.

Using simulation models of the weigh station, it is possible to compare and contrast different
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operational scenarios. In addition, the animation feature of one of the two simulation software
programs used in this evaluation makes it possible to illustrate the functionality of the weigh

station and electronic screening to a broader audience.

The Woodburn Port of Entry (Woodburn), located thirty-five miles south of Portland on Interstate
5, is the focus of this evaluation. Woodburn is the busiest weigh station in Oregon, and was the

first to complete installation of an electronic screening system.

Two simulation models were used in combination to measure the impact of electronic screening
for a set of 12 scenarios. Each scenario has a different combination of assumptions regarding
transponder usage rates and overall traffic volume. The first weigh station model, developed
using Arena simulation software, was used to predict the number of trucks forced to bypass a
weigh station due to a full queue (unobserved bypasses) and determines the travel time saved

when compliant trucks are screened electronically at mainline speed.

Because Arena is not a simulation software specifically designed for traffic engineering, by itself
it was not capable of predicting fuel savings resulting from electronic screening. CORSIM,
perhaps the most widely used traffic simulation software in the United States, is capable of
measuring fuel consumption. However, CORSIM does not allow for dynamic assignment of
vehicle characteristics, which is necessary for simulating the process of electronic screening.
Both models were used in combination to take advantage of Arena’s dynamic assignment

capabilities and CORSIM'’s ability to simulate fuel usage.

This report documents the application of the simulation models at the Woodburn weigh station.
The simulation results indicate that electronic screening would substantially reduce travel time,
and fuel consumption for motor carries, increase the percentage of vehicles being screened,
and reduce the number of unobserved bypasses. One of the advantages of simulation is that it
allows for the analysis of hypothetical scenarios. Each of these performance measures can be
predicted for a variety of scenarios, assuming different growth rates in truck traffic and/or
transponder usage. This study concludes that electronic screening is a feasible option for

increasing capacity of the weigh station without expanding the physical infrastructure

Along with this written report, the Oregon Department of Transportation was furnished a copy of
the weigh station model developed in Arena, one of the two computer simulation models used in

the evaluation. With the model, the Oregon Department of Transportation staff is able to
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modify the input parameters (traffic levels, motor carrier participation levels) and observe the

effect of electronic screening on weigh station efficiency and travel time savings.
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2. INDIVIDUAL TEST SUMMARY

2.1 FIELD DATA COLLECTION

Field data were collected at the Woodburn Port of Entry in preparation for the development of
the simulation models. The models are based on the existing throughput activity and geometry
of the weigh station. Once the simulation models were developed, the field data were also used
for validation, or to ensure the functionality of the models was not significantly different than the
functionality of the weigh station. This chapter describes the data collection procedures and

functionality of the weigh station as observed by the data collection crew

2.1.2 Observed Functionality of the Weigh Station

In May of 1997, the data collection crew observed throughput truck volumes averaging 270

trucks per hour during peak periods. All approaching vehicles weighing over 20,000 pounds
must enter the weigh station. When the weigh station reaches capacity and the truck queue
begins to extend out into the mainline, a "closed" sign is illuminated upstream from the weigh

station. All trucks are then allowed to bypass the weigh station until the queue subsides.

As trucks enter the weigh station they pass over a slow speed weigh-in-motion (WIM) scale.
The truck’s weight and axle spacings are recorded. Based on a predetermined weight threshold
(i.e., 75 percent of the legal limit), trucks are automatically sorted and directed to either continue
along the bypass lane and return to the mainline or proceed to one of two static scales for a
more precise weighing and visual inspection. Overhead directional arrows are used to signal

drivers to the appropriate lane.

2.1.3 Data Collection Procedures

The traffic data collection was conducted at the Woodburn weigh station on May 5, 1997, to
determine the following parameters:

Traffic volume and truck percentage on each mainline lane

Number of unobserved bypasses, (trucks bypassing the weigh station due to a full queue)
Average travel time between designated points inside the weigh station

Truck counts at the weigh station entrance, ramp bypass lane, and static scales
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Duration of each truck’s stop on the static scale platform (i.e., service time)

The data collection crew consisted of 11 individuals. The crew was made up of students and
staff from Oregon State University and staff from the lowa State University's Center for
Transportation Research and Education. Data were collected from five points. Four of the
points were inside the weigh station and the fifth was on an overpass, approximately 200 feet
upstream of the weigh station entrance and in view of the mainline. Each data collection point
had both an observer and a recorder. The data collection points are shown in Figure 1. Points
one through four are located at the weigh station’s entrance ramp, ramp WIM sorter, static

scales, and the ramp back to the mainline, respectively.

With a ramp bypass lane and two static scales, one on each side of the scale house, trucks
follow one of three possible routes through the weigh station. The objective of the data
collection was to capture the throughput routes and point to point movements during both
morning and afternoon peak periods and a non-peak period of early afternoon. A total of six
hours of data were collected in three two-hour sessions. Data collection sessions were carefully
synchronized using stopwatches and two-way radios. Sample data collection forms are included

in Appendix One.

The similarities between traffic movements through an unsignalized intersection and truck traffic
movements at a static scale weigh station led to the use of a data collection method suggested
for delay study at an unsignalized intersection. In this method, total delay at the intersection is
defined as "...the total elapsed time from when a vehicle joins the queue until the vehicle
departs from the stopped position at the head of the queue.” (1, p.2-9) The same method was
used to measure total delay and average travel time between designated points inside the

weigh station.

Upon completion of the data collection, each truck’s plate number and arrival times at each
observation point were entered into a database back at the CTRE office. Concurrent data
collection made it possible to determine the travel time for each truck between the designated
points inside the weigh station simply by matching plate numbers in the database system. The
database also makes it possible to determine the routes of each truck. There were three routes
of interest;

Truck enters weigh station, follows directional arrow to static scale #1, exits weigh

station.
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Truck enters weigh station, follows directional arrow to static scale #2, exits weigh
station.

Truck enters weigh station, is directed to bypass static scales and exits weigh station.

By identifying the points at which each truck is observed, it is possible to trace its route.

rena - [Wood3.doe - Hun Mode]
File Edit “iew Toolz Arange Module Bun ‘window  Help

=] Slalll B¥ Microsaft Wwford - Final Flep...l Iﬂhlena - Wood3.doe - |§<B§®. 4:36 P4

Figure 1. Data Collection Points at the Woodburn P ort of Entry
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Mainline traffic counts were conducted from an overpass located directly above the deceleration
lane upstream from the weigh station entrance. Car and truck traffic volumes were collected for
each of the three mainline lanes. Using plate numbers as identifiers, truck arrival times were
recorded at each of the data collection points within the weigh station. The data collection team
members located at the two static scales recorded both arrival and departure times of each

truck. A third individual was stationed at point one to observe and record unobserved bypasses.

The time difference between the arrival and departure of trucks at the two static scales (points
3a and 3b) is referred to as static scale service time. Moreover, the time difference between the
truck arrival time at point two and its departure time at point three is referred to as total delay at
static scales. This is the total time elapsed from when the truck starts to slow down (point 2) to

join the queue leading to static scales until it departs the scale platform (point 3).

The truck traffic volume, traffic counts at designated points throughout the weigh station, and
service times are incorporated in the models to simulate traffic operations at the Woodburn
weigh station. The other parameters, such as static scale total delay (d,3) as well as travel
times between points one to two (d;), one to four (dy4) and three to four (ds4) and the percent of
unobserved bypasses, are used in validation processes. The observed travel times are

compared to the models’ results to establish a level of confidence in the models.
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2.2 METHODOLOGY: SIMULATION MODEL DEVELOPMENT FOR DETAILED TEST #7

Computer simulation is a powerful technique for testing the impact of changes in systems where
the effect of such changes cannot be determined analytically (2). It is an appropriate tool for
traffic analysis, such as that required in the evaluation of electronic screening at a weigh station,
in which field experiments would be impractical. Although field experiments could be designed
to assess the impact of electronic screening on fuel consumption, travel time, total vehicles
processed, and unobserved bypasses, the cost and complexity of such experiments make them
impractical. Furthermore, the findings of such field experiments would be valid for present traffic
conditions only. With simulation, once the field data have been duplicated, it is possible to

manipulate the model and simulate other traffic conditions.

Because weigh stations are, in essence, traffic facilities consisting of freeway segments, off and
on ramps and connecting street segments, their operations can be simulated using traffic
simulation software. A review of existing traffic simulation models, such as CORSIM (3) and
INTEGRATION (4), indicated that they are not readily applicable for evaluation of electronic
screening at weigh stations. Weigh stations that have been equipped with electronic screening
allow enforcement officers to differentiate between individual trucks as they approach the weigh
station. Routes are assigned to individual trucks based on a predetermined set of criteria. That
is, drivers are signaled to either pull into the weigh station for a static weighing or to remain on
the mainline, bypassing the weigh station entirely. These models do not allow for dynamic
change in truck characteristics, which would be necessary to simulate the Automated Vehicle

Identification (AVI) function of electronic screening

It was determined that modifying existing traffic simulation programs to simulate dynamic
change in truck characteristics would be very difficult and expensive. Instead, a weigh station
simulation model was built using Arena simulation software (5). Using the weigh station model
developed in Arena, it is possible to predict:

total vehicles processed (cleared and not cleared)

number of trucks forced to bypass a weigh station due to a full queue (unobserved bypasses)
average time savings for each vehicle by allowing compliant trucks to be screened electronically

at mainline speed

To determine the effect of electronic screening on fuel consumption, the output of the Arena

weigh station simulation model is used as input in a second model. The second model was
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developed in CORSIM, the traffic simulation software. The CORSIM model allows for the

simulation of fuel consumption.

To establish a level of confidence, both weigh station simulation models are calibrated against
the traffic data collected at the Woodburn weigh station. A summary of the model’s input
parameters, which were drawn from the traffic data, is included in Table 1. This chapter

describes the development and validation processes of these two models in detail.

2.2.1 Arena Weigh Station Model

The Arena weigh station model design is based on the existing geometry and functionality of the
Woodburn weigh station. The Arena model is specifically designed to simulate traffic operations
in and around the weigh station facility. It simulates truck movement through a weigh station,
the weighing of the trucks, and inspection. With Arena, it is also possible to simulate the
decision-making logic that is associated with the electronic screening system's assignment of
bypass or pull-in flags to the approaching trucks. Figure 2 represents the electronic screening

bypass and pull-in logic.

(Truck Arrival )

RN wo Rtk D

weue

Yes

Figure 2. Electronic Screening System Bypass/Pull-i  n Logic
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Based on exponential distribution, the model generates vehicle characteristics and assigns
these characteristics to each entity (truck) approaching the weigh station on the mainline. For
example, if the user decides to test the implication of having 10 percent of the population of
trucks equipped with transponders, the program randomly allocates transponders to 10 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.

In an electronic screening system, a decision-making engine is triggered when a transponder-
equipped truck passes the Advance AVI reader site located on the mainline. Each transponder
has a unique identification number. The state motor carrier database, which resides on the
roadside server, is automatically queried as the truck passes the AVI reader. The screening
decision is based on the information gathered from the motor carrier database and the WIM
data (e.g., axle weights and spacing). Dimensional data collected from the mainline WIM is
checked against allowable weight and size criteria and to determine the truck's compliance with

weight regulations.

If a truck successfully satisfies all 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 logic used by the simulation is the same as

that found in the electronic screening system.

The weigh station model has been verified and the results of the simulation 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 detalil

later in the section.

2.2.2 Input and Output Data

The Arena weigh station simulation model is based on both actual truck traffic patterns and
geometry data collected at the Woodburn weigh station and data obtained from the Oregon
Department of Transportation. The default data, shown in Table 1, represent the existing
conditions at Woodburn. The model, however, allows the user to modify the default parameters

to examine different scenarios.
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Table 1. Woodburn Simulation Input Parameters

Parameters Morning Noon  Afternoon
Total traffic volume (vph) 2201 1926 3705
Trucks as percentage of total traffic 12% 15% 7%
Ramp bypass rate: Percent of trucks 54% 57% 52%
directed to bypass static scales and return

to mainline)

Scale (a) utilization rate: Of the two scales, 56% 58% 58%

this is the percentage of trucks directed to

scale (a).

Safety inspection rate: Percent of trucks 3% 3% 3%

pulled over for a safety inspection.”

Average safety inspection time in minutes 20 20 20

Figure 3 presents an example of parameters that can be modified prior to a simulation run at the
Woodburn weigh station. The static scale weighing duration is not listed among the changeable
parameters in Figure 3. The weighing times are randomly generated according to a statistical

distribution which, once programmed, may not be modified by the users.

" The field data provide no good statistical distribution for the duration of a safety inspection as
less than four percent of trucks were observed being inspected. The menu screen allows the
user to estimate both the average duration of an inspection and the number of inspectors on

duty.
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Figure 3. Woodburn Simulation Model Menu

The output data can be displayed during and upon completion of a model run. It includes those
performance measures that were of direct interest in our study: the total number of unobserved
bypasses, truck travel time savings, percentage of bypass versus percentage of pull-in vehicles.
Other output parameters include the queue length, the average time in the system, and total
number of trucks processed per hour. Figure 4 shows a summary of the results during a
simulation run of the Woodburn weigh station.
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Figure 4. Woodburn Simulation Sample Output

2.2.3 Model Validation

The model will provide results that 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 (6). The simulation results are compared to the field data to validate the weigh

station simulation module.

The static scale total delay (d,;) and travel time between designated points inside the
Woodburn weigh station (d,,, d;,, and d,,) are available through the field data collection. The

collected field data represent the existing conditions at the weigh station (i.e., no transponder-
equipped truck participation). No unobserved bypasses were detected during data collection.
The simulated static scale total delay and travel times are determined by running the weigh
station simulation model, using the traffic volume and service time collected at peak and off-

peak periods.
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The simulation results are naturally subject to random fluctuations within the model. To account
for this variation, interval estimates or confidence intervals are provided along with the point
estimate of mean for each of the performance measures. Table 2 compares the field data to the
simulation results which were obtained from 10 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 with 95 percent confidence that the true noon average

total delay (d,3,), for example, is within less than four percent of the average delay (56

seconds).

Table 2. Woodburn Field and Simulation Results

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

Travel ime (d2), |49 |20 20,20 |19 |21 |21,22 |17 |18 |18, 18
secC.
Total delay (dpza), |41 |43 |41,44 |54 |56 |54,58 |50 |52 |49, 54
SecC.
Total delay (dpz), |39 |38 |37,38 |57 |55 |52,58 |45 |42 |42, 43
secC.
Travel time (daas), |52 |51 [50,51 |53 |56 |55,56 |62 |57 |57,57
SecC.
Travel ime (dsps), |56 |54 |54,54 |58 |58 |57,58 |57 |58 |57, 59
secC.
Travel time (ds), |75 |50 |50,50 |64 |61 |61,61 |62 |61 |61,61

SecC.

It is noted in Table 2 that the observed average travel time from point one to two (d;,) during the
morning session (i.e., 49 seconds) is more than twice that obtained by the model (i.e., 20
seconds). This discrepancy is due to a lack of synchronization between individuals stationed at

point one and those stationed at the other data collection points. The individuals at point one
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had a late start in recording arrival times and plate numbers of arriving trucks. The inaccuracy
of data recording at point one during the morning session also resulted in discrepancy between
the average field and model travel time from point one to four (di4). The second and third data

collection sessions were successfully synchronized.

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.

2.3 METHODOLOGY: SIMULATION MODEL DEVELOPMENT FOR DETAILED
TEST #9

2.3.1 Developing a Weigh Station Model in CORSIM

Although Arena was effective for measuring travel time savings, the occurrence of unobserved
bypasses at an electronically screened weigh station, it was sufficient for simulating fuel
consumption. Therefore, a second weigh station model was developed using CORSIM to
examine the impact of electronic screening in terms of fuel consumption savings at the
Woodburn weigh station. The functionality of the weigh station was simulated using both Arena
and CORSIM. The Arena weigh station model simulates electronic screening and determines
truck movements through the weigh station. The CORSIM model is used to simulate traffic
operations at the weigh station using the traffic flow characteristics produced by the Arena

model.

CORSIM is sponsored and supported by the Federal Highway Administration. It combines
FRESIM and NETSIM. NETSIM is a microsimulation model that represents the traffic
movements on local street networks. Its companion model, FRESIM, follows the same concept
in modeling traffic operation on freeways. CORSIM predicts operational performance of an
integrated system consisting of local streets and freeways. The integration of the two models
enables CORSIM to capture, for example, effects of a freeway ramp spill-over onto a local street
and to measure delay on adjacent streets as a result of traffic re-routing due to a freeway

incident.
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Like the Arena model, the CORSIM model is based on the existing geometry and functionality of
the Woodburn weigh station. The weigh station facility is modeled in NETSIM and interfaced
with the freeway segment that is modeled in FRESIM. The two static scales inside the weigh
station are represented by pre-timed traffic signals. The signal timings are adjusted to account
for the trucks’ stoppage time on static scale platforms. Also like the Arena model, the static
scale stoppage times and the truck traffic flow within the weigh station facility are based on
collected field data. The average fuel consumption of trucks that enter the weigh station (pull-
ins) was compared with the fuel consumption of those trucks that are electronically cleared on
the mainline (bypasses). The difference is the fuel consumption savings attributable to

electronic screening.

The CORSIM input file consists of a sequence of “record types.” Each record carries a specific
set of data that can only be modified within defined boundaries. These records enable CORSIM
to model the system’s operations and traffic network of the case study weigh station. They do
not, however, allow users to change records’ data structures or to assign new vehicle
characteristics, which would be required for modeling electronic screening systems. These
limitations were resolved by incorporating the output of the Arena weigh station simulation

model.

As more trucks become equipped with transponders, the queue within the weigh station and
thus the number of unobserved bypasses will decrease. This, in turn, changes the traffic
patterns and traffic flow within the weigh station. As described earlier, Arena weigh station
simulation model is able to determine traffic flow assuming different percentages of trucks
participating in the electronic screening program. The simulated traffic patterns from the Arena
model (shown in Table 3) are used to develop a weigh station model in CORSIM. Through this
unique process, illustrated in Figure 5, it is possible to determine fuel consumption at the

electronically screened weigh station for a variety of scenarios.
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Figure 5. Data Flow Diagram of Electronic Screening Modeling in CORSIM

2.3.2 Model Calibration

CORSIM is an accepted traffic simulation model among transportation professionals. However,
because weigh station modeling was a new application, the model was validated and the

results’ calculation process was verified.

The output of the CORSIM model was compared to both the field data and the output of the
Arena model. To determine that the model replicates the actual system at an acceptable level
of confidence, the travel times collected in the field are compared to those generated by the
CORSIM model. To ensure the fuel consumption calculation procedure is valid, the CORSIM

models travel time savings are compared to those generated by the Arena weigh station model.

The CORSIM model consists of a network of segments, nodes and links. To compare fuel
consumption, the links were grouped to form the subsegments c,, ¢,, m, and w. These
subsegments were then grouped into the weigh station segment and the mainline segment. Sub
segments c;, ¢, are common to the mainline and weigh station segment. The mainline also
includes sub segment m and the weigh station includes subsegment w. These sub segments

are labeled in Figure 7.
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Figure 7. Woodburn Weigh Station Layout in CORSIM

2.3.3 Results Validation

The CORSIM weigh station model validation is based on 10 hours of accumulated simulation
time. The input parameters were the existing conditions at the case study weigh station. The
CORSIM model's nodes within the weigh station segment are consistent with the field data
collection points. Figure 6 compares the simulation results to the collected field data. Links
within the weigh station are shown on the x-axis.. For example, d,s, is the link from data
collection point two to the inner static scale. The corresponding bars represent the observed
and simulated travel times for each of these links. This comparison establishes a level of

confidence that the model is capable of simulating the traffic operations at the weigh station.
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Figure 6. Validation Results — Field and CORSIM Mod el Data Comparison

2.3.4 Calculation Verification

The output files provide measures of fuel consumption, emission, and travel time of the
simulated system by link and for the system as a whole. Within the weigh station segment,
nodes are established at each data collection point. The total fuel consumption for both the
mainline and weigh station segments are determined by adding the amount of fuel consumed

on each of the links within the two segments.

For the common subsegment labeled c,, which is upstream of the weigh station, it is understood
that trucks that pull into the weigh station are able to coast and thus actually use less fuel than
those that are allowed to bypass. Because CORSIM provides aggregate fuel consumption by
link, a step was added to determine the difference in fuel consumption between bypass and
pull-in vehicles in subsegment c;. To determine the effect of electronic screening, the CORSIM
model was run first with a selected transponder rate greater than zero and run again assuming
a zero transponder rate, that is, all trucks entered the weigh station. Each run produced 749
vehicles. For purposes of demonstration we use a transponder rate of 20 percent. The output

of the first run indicated that total fuel consumption for subsegment c; with a 20 percent

DocumentOregon GreenLight Final Report5 - Report on Test Plans 7 and 9.doc
26

Final Report: Detailed Test Plans #7 and #9

Measures 2.3.1, 2.3.2,2.3.3,2.5.1



Oregon Green Light CVO Project 5/5/00

transponder rate was 212.2 gallons. For the second run with a zero transponder rate, the total
fuel consumption for subsegment c; was 210.78 gallons. The difference between the two runs,
(212.2-210.78=1.42 gallons) was divided by the number of vehicles that bypassed (749*.20=150
vehicles). From this we conclude that the additional fuel consumption per bypass vehicle in
segment c1 was 1.42 gal./150 vehicles, or .0095 gallons per truck. This step ensures that trucks
that bypass the weigh station are properly assigned additional fuel consumption as they remain
at freeway speeds. Link c; is unique in that it is the only link in which trucks that bypass use
more fuel than those that pull in. The fuel consumption calculation of pull-in and bypass trucks

on link ¢, is summarized in the following two equations:

PFe = fn (1)

BFc1 - frc1 - foc1 + f0c1 (2)
(r+u)n n

where:

PF.. = gallons of fuel per pull-in truck on c, link

BF.. = gallons of fuel per bypass truck on c, link

foc1 = total fuel consumption on ¢, link in all pull-in case; (gal)
n = total number of trucks on c; link

r = percent of participating transponder-equipped trucks

u = percent of unobserved bypass trucks

f.1 = total fuel consumption on cq link for (r+u) percent of trucks; (gal)

The next common link downstream of the weigh station (c,) requires that trucks reentering the
mainline traffic stream accelerate to freeway speeds. The fuel consumption for this link is
calculated in the same manner as the segment located upstream of the weigh station. In
segment c,, as in segments m and w, the pull in vehicle consumes more fuel than the bypass
vehicle. Equations 3 and 4 formulate the fuel consumption calculation of pull-in and bypass

trucks on the downstream common link.

fOC 2

Noc2

PFe. = (3)

BFcz - focz _ focz - frcz (4)
Noc.  (r +u)n

where;:

PF.. = gallons of fuel per pull-in truck on c; link
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BF.. = gallons of fuel per bypass truck on c; link
foc2 = total fuel consumption on c; link in all pull-in case; (gal)
Noc2 = total number of trucks on ¢ link in all pull-in case

f.2 = total fuel consumption on ¢, link for (r+u) percent of trucks; (gal)

Given the pull-in and bypass fuel consumption in Equations 5 and 6, the total amount of fuel
consumed for each truck type in each segment (mainline and weigh station) is determined. The

relative fuel consumption savings are calculated by using Equation 7.

PRu=— ™ (5)

@-r+u)n
fm

BFfm=—— (6)

(r +u)n
> PF- >'BF
RFS - (c1+c2+w) Z SECZer) (7)
(c1tc2+w)
where:

PF,, = gallons of fuel per pull-in truck inside the weigh station (w)

BF,, = gallons of fuel per bypass truck on m link

fy = total fuel consumption on wlinks for (1-r+u) percent of trucks; (gal)
f, = total fuel consumption on m links for (r+u) percent of trucks; (gal)

RFS = relative fuel consumption savings; (percent)

Z PF = gallons of fuel per pull-in truck on the weigh station segment

(c1+c2+w)

z BF = gallons of fuel per bypass truck on the mainline segment

(c1+c2+w)

To determine the relative fuel consumption savings (RFS) at, for example, 20 percent
transponder rate, equations 1 through 6 must be solved first. Using the following values,
obtained from a 10 hour run of the CORSIM weigh station simulation model, Equation 7

indicates that each bypass truck consumes 29.7 percent less fuel than a pull-in truck.

focr = 1576 gallons
fe1 = 1630 gallons
n= 5998 trucks
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r=0.20

u = 0.12; obtained from the Arena model output

foce = 2946 gallons
Nocz = 5994 trucks
fieo = 2870 gallons
fy = 2195 gallons

f, = 319 gallons

The calculation procedure for fuel consumption is verified by comparing travel times, which are
similarly calculated, to those determined by the Arena weigh station model. The Arena weigh
station model is programmed to automatically determine the bypass and pull-in travel times.
Figure 8 shows that the travel time savings (travel time difference between the mainline and
weigh station segments) in both models follow a similar trend. This verifies the validity of the

process in the fuel consumption determination at the Woodburn weigh station in CORSIM.
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Figure 8. Verification of Fuel Consumption Calculat  ion Procedure
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3. OVERALL EVALUATION RESULTS

Electronic screening will reduce travel time and fuel consumption for both participating and, to a
lesser degree, non-participating trucks. Electronic screening will also decrease the occurrence
of unobserved bypasses resulting from full queues. The impact of electronic screening will be
affected by several variables including truck traffic volumes at the weigh station, the percentage
of motor carriers participating in the electronic screening program, and Oregon's commercial

vehicle enforcement policies and procedures.

To better understand the future impact of electronic screening, we used the simulation models
to compare and contrast several combinations of truck volumes and transponder rates
(percentage of trucks with transponders). Simulation runs were conducted for vehicle per hour
(vph) rates of 340, 375, and 410. To put this in context, the data collection crew observed an
average of 270 vehicles (trucks) per hour in May of 1997. The most recent traffic data available
to the Oregon Department of Transportation's planning office indicate that truck traffic in the
vicinity of Woodburn on the south bound lane of Interstate 5 is currently growing at an annual
rate of 2.6 percent. Assuming that traffic growth rate remains constant, 340 vph would be
realized in the year 2003, 375 vph in 2010, and 410 vph in 2013.

For each truck traffic volume scenario, simulation runs were made with transponder rates of 20
percent, 35 percent, 50 percent, and 65 percent. The simulation output is included in table

format as Appendix Four.

3.1 DETAILED TEST #7, MEASURE 2.3.1 PREDICT TOTAL VEHICLES
PROCESSED

Currently, all trucks that enter the Woodburn Port of Entry pass over a slow speed weigh-in-
motion scale. Based on a predetermined weight threshold (i.e. 75 percent of the legal limit),
trucks are automatically sorted and directed to, either continue along the bypass lane and return
to the mainline, or proceed to one of the two static scales. The trucks that stop at the static

scales can be visually checked for obvious safety problems. Commercial vehicle enforcement
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personnel can also identify the vehicle by plate number and check compliance and safety
records.

With the slow speed ramp WIM, all entering trucks are at least screened for weight. By diverting
a portion of the truck traffic away from the static scales, congestion within the Port of Entry is
minimized. However, from an enforcement perspective, a static scale weighing is of greater
value as it allows for weight, safety and regulatory compliance checks. With the exception of
the visual inspection, mainline electronic screening is similar to the static scale or manual
screening as it allows for weight, safety, and regulatory compliance checks. The simulation
model was used to predict the percentage of overall truck traffic that would be either

electronically screened on the mainline or stopped at the static scale (Figure 9).

90
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‘ [ 340 vph W 375 vph 7410 vph

Figure 9: Percent of vehicles screened, manually an  d electronically

With a sufficient percentage of vehicles participating in Oregon’s electronic screening program,
the Woodburn Port of Entry will be able to process, (i.e. screen vehicles, both electronically and
manually for safety, regulatory compliance, and weight) a substantially higher percentage of the

truck traffic. By increasing capacity, electronic screening extends the design life of the facility.

DocumentOregon GreenLight Final Report5 - Report on Test Plans 7 and 9.doc
31

Final Report: Detailed Test Plans #7 and #9

Measures 2.3.1, 2.3.2,2.3.3,2.5.1



Oregon Green Light CVO Project 5/5/00
3.2 DETAILED TEST #7 MEASURE 2.3.2 NUMBER AND LEN GTH OF SERVICE

INTERRUPTIONS (AS MEASURED IN UNOBSERVED BYPASSES)

As participation in the electronic screening program increases, the number of unobserved
bypasses will decrease. Commercial vehicle enforcement personnel consider the elimination of
unobserved bypasses as a major benefit of electronic screening. Because it is the objective of
the Oregon Department of Transportation to screen all vehicles that pass by the Woodburn Port
of Entry, a one percent unobserved bypass rate is not acceptable. As the following table
illustrates, those unobserved bypasses that are the direct result of the weigh station operating

beyond capacity will be eliminated with sufficient transponder rates.

Table 3 Unobserved bypasses

340 Vehicles 375 Vehicles 410 Vehicles

Per Hour Per Hour Per Hour

Unobserved Bypasses %

1 3 6
@ 0% Transponder Rate
@ 20% Transponder Rate 0 0 2
@ 35% Transponder Rate 0 0 1

@ 50% Transponder Rate 0
@ 65% Transponder Rate 0

As with fuel consumption and travel time savings, the efficient design and operation of
Woodburn minimizes the number of unobserved bypasses. One would expect a traditional
weigh station, with a single static scale and without a ramp WIM bypass design, would
experience a much higher percentage of unobserved bypasses in these traffic volume

scenarios.
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3.3 DETAILED TEST #7, MEASURE 2.4.1 PREDICT TRAVEL TIME SAVINGS PER
VEHICLE

The bar chart in Figure 10 summarizes time savings for bypass vehicles in each scenario. For

all scenarios, time savings for electronically screened vehicles fell within a range of 1.43
minutes at
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Figure 10: Time savings Realized by Electronically Screened Vehicles

410 vehicles per hour and a 20 percent transponder rate to 1.31 minutes at 410 vehicles per
hour and a 65 percent transponder rate.

Reduced travel time is an incentive for trucks to participate in an electronic screening program.
There is no singularly accepted estimate for the value of time saved for commercial vehicles. If
one accepts the estimate put forth by Waters, Wong, and Meagle (7), and adjusted for inflation
using the consumer price index, the value of time saved in 1998 dollars is $34.00 per hour and

the value of one pass for an electronically screened vehicle in the scenarios examined, would
range from $.74 to $.81.

As more trucks participate in electronic screening, the overall efficiency of the weigh station
increases. As a result, time and fuel consumption savings for participating trucks in comparison

to non-participating trucks decreases. As more vehicles bypass the weigh station electronically,
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the queue and therefore the delay within the weigh station subsides. Combining the time-

savings for the pull in and bypass vehicles, estimated travel time savings per hour are quite
significant. Using the 340 vehicles per hour scenario as an example, the cumulative time
savings for all trucks passing the weigh station within any given hour, ranges from 1 hour and
42 minutes with the transponder rate at 20 percent, to five hours and 23 minutes with the

transponder rate at 65 percent.

3.4 DETAILED TEST #9, MEASURE 2.5.1 ESTIMATE CHANG ES IN FUEL USE

The CORSIM simulation model is used to predict the fuel consumption at Woodburn. For the
scenarios selected, the CORSIM weigh station model indicates that electronic screening

systems reduce relative fuel consumption for the electronically screened vehicles.

The fuel consumption values drawn from the CORSIM simulation model were reported in
relative terms. The relative fuel savings for the 12 scenarios that were simulated,are illustrated

on the following graph.
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Figure 11: Relative Fuel Savings for Electronically Screened Vehicles

CORSIM fuel consumption rates are synthesized from passenger vehicle fuel tests. Therefore,

the direct reporting of CORSIM's fuel consumption output was not recommended. Instead, the
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fuel consumption values drawn from the CORSIM simulation model were reported in relative
terms. In the CORSIM model, the mainline and weigh station segments have common
beginning and ending points, ( See Figure 7). The fuel savings are reported in terms of
percentage of fuel saved by the vehicle passing along the mainline segment (electronically
screened) with a the vehicle of equal dimensions passing along the weigh station segment. So,
looking at Figure 11, the first bar in the chart represents the percent of fuel saved by a
bypassing truck in a scenario in which there are 340 vehicles per hour and 20 percent of the

vehicles are equipped with transponders.

To assess the value of electronic screening in terms of fuel savings at Woodburn, it is more
helpful to convert savings back to volume of fuel. It was estimated that for a weigh station with
attributes like Woodburn's, a truck passing through the weigh station segment will consume, on
average, .one half gallon of fuel. The estimate is based on the motor carrier fuel consumption
tests conducted as part of the evaluation of Advantage I-75 Mainline Automated Clearance
System. The fuel test was based on guidelines set forth by the Society for Automotive

Engineers.

For the scenarios examined, fuel savings per pass ranged from .1525 gallons (30..5 percent * .5

gallons) to .171 gallons (34.2 percent * .5 gallons) for electronically screened vehicles.
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4. CONCLUSIONS AND RECOMMENDATIONS.

4.1 CONCLUSIONS

The simulation findings indicate that electronic screening will reduce travel time and fuel
consumption for trucks participating in the electronic screening programs, or transponder
equipped trucks. Findings also indicate that electronic screening will decrease the occurrence
of unobserved bypasses resulting from full queues and increase the percentage of trucks being
screened for safety and compliance. The effectiveness of electronic screening will be
situational. Several variables, including truck traffic volumes at the weigh station, the
percentage of motor carriers participating in the electronic screening program, and Oregon's
commercial vehicle enforcement policies and procedures will determine the degree to which the

electronic screening program meets its objectives.

4.1.1 Recommendations- Continued Application of the Simulation Model

One of the advantages of the weigh station simulation model developed in Arena is that the
Oregon Department of Transportation is not limited to the analysis of the scenarios selected for
this report. The Oregon Department of Transportation (ODOT) staff was given user copies of
the Woodburn model that can be run on any personal computer with the Windows 95 operating
system. (see Appendix Ill, User's Manual). With the Arena Viewer, users are able to alter input
parameters such as traffic level, transponder rate, and number and length of inspections, to
perform "what if* scenarios. ODOT can also analyze the impact that changes in operational
procedure and/or staffing levels would have on the functionality of the weigh station. For
example, using the Arena model, ODOT could examine the impact of changing the threshold
weight for the bypass lane or closing the ramp bypass lane entirely. If, for example, the Oregon
Department of Transportation were to close the ramp bypass lane, electronically screened
vehicles would realize greater time savings benefits relative to vehicles that were not

participating in the program.

To demonstrate the impact of closing the bypass lane, we simulated a closed bypass ramp for

the last scenario, 410 vehicles per hour and a 65 percent transponder rate. For this scenario,
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the average travel time savings for electronically screened vehicles was predicted to be 1.31
minutes per vehicle. With the ramp bypass lane closed, the average travel time savings is

predicteded to increase to 2.0 minutes per vehicle.

In the scenario described above, closing the ramp bypass lane would also serve the objectives
of ODOT’s motor vehicle enforcement objectives. At the time of data collection, the ramp
bypass lane allowed vehicles weighing less than 75 percent of the legal limit to bypass the static
scale and return to the mainline. By bringing all vehicles to a stop at the static scale, the
Woodburn staff would have the opportunity to visually check all vehicles not participating in the
electronic screening. The ramp bypass lane serves the purpose of reducing congestion within
the weigh station and thus minimizing unobserved bypasses, while maintaining weight
screening on all vehicles that enter the weigh station. With enough vehicles participating in the
program, electronic screening will give ODOT more flexibility in setting operational procedures.
The simulation model will assist ODOT in assessing the impact of proposed changes in

procedures.

Although closing the ramp bypass lane would result in the most dramatic changes in travel time
savings for participating vehicles and would allow for a visual check of all vehicles, it is more
likely that operational procedures would change incrementally. The simulation package gives
the end user the ability to vary the percentage of vehicles and determine the threshold weight
that would bring the greatest number of vehicles to the static scale without resulting in

unobserved bypasses.

For this evaluation of weigh station efficiency, the Arena Viewer software "packed" with the
Woodburn model is considered a deliverable equal in and of itself. Not only does the simulation
provide a robust medium for evaluation but the powerful animation capability makes it possible
to demonstrate the functionality of the weigh station and the impact of electronic screening to a

broader audience.
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APPENDIX
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Appendix One: Data Collection Forms

Truck Bypass Form

Weigh Station Name: Traffic Direction: (circle) 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
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26 56
27 57
28 58
29 59
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Mainline Bypass Speed Form

Weigh Station Name: Traffic Direction: (circle one) North South

Observer Name: Date:

Observation Time | Bypass Speed (mph) Observation Bypass Speed (mph)
Time
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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 Observation Approach Speed
(mph) Time (mph)
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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 Observation Approach Speed
(mph) Time (mph)
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Static Scale Service Time Form

Weigh Station Name: Traffic Direction: (circle one) North South

Observer Name: Date:

Observation Time | Service Time Observation Service Time
(seconds) Time (seconds)
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Static Scale Service Time Form

Weigh Station Name: Traffic Direction: (circle one) North South

Observer Name: Date:

Observation Time | Service Time Observation Service Time
(seconds) Time (seconds)
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5/5/00

Vehicle Arrival/ldentification Form Page One:

Weigh Station Name:

Traffic Direction: (circle one) North
South

Observation Point: (circleone) 1 2 Date: Session Start Time:
gbseﬁver Name: Recorder Name:
Weather Conditions: Point _ -Point
Distance:
Minute Vehicle Identification and Arrival Time (Seconds)
0 |ID.
Secs
1 iD.
Secs
2 1D,
Secs
3 1D,
Secs
4 iD.
Secs
5 iD.
Secs
6 |1D.
Secs
7 iD.
Secs
8 |ID.
Secs
9 iD.
Secs
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10 | ID.

Secs

11 | ID.

Secs

12 | ID.

Secs

13 | ID.

Secs

14 | ID.

Secs

15| ID.

Secs

16 | ID.

Secs

17 | ID.

Secs
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Appendix Two: Preliminary Weigh Station Models Built in CORSIM

Developing a traffic model for a weigh station was a new application of CORSIM. Through trial
and error, we were finally successful at developing a weigh station model that enabled us to
evaluate the impact of electronic screening in terms of fuel consumption savings at the
Woodburn weigh station. We started modeling the Woodburn weigh station in the version 4.01
of CORSIM, and ended up completing the project with the latest version of CORSIM; version
4.2. The 4.2 version, of course, eliminated some of the problems with the earlier version. It,
however, introduces a new minor problem. This section briefly describes some of our difficulties
in modeling the Woodburn weigh station in CORSIM.

CORSIM 4.01 - Incompatible Fuel Tables

In our first attempt, we used FRESIM and NETSIM, the two components of CORSIM, to model
the traffic operations at the Woodburn weigh station. The entire mainline section was modeled
in FRESIM. The off-ramp, bypass lane, scale lanes, and on-ramp were modeled in NETSIM.
Figure 1.1 shows the model. FRESIM is shown in gray and NETSIM in black. The static scale
delay was simulated by assigning pretimed traffic signals at the scales.

= TRARVU - 270_0.uf HEER
Ele iew Display Dplions Animation Window Help
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Figure 1.1 Woodburn Weigh Station Model 1
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In the 4.01 version of CORSIM, NETSIM and FRESIM obtain fuel consumption values from

different acceleration tables. It was mentioned earlier in the report that fuel savings are

obtained by comparing the fuel consumption results for the mainline segment with that of the
weigh station segment, that is, comparing fuel consumption obtained from FRESIM and
NETSIM. Therefore, incompatible source of parameters in CORSIM’s acceleration table made

it impossible to make any meaningful comparison.

The latest version of CORSIM (version 4.2) has been enhanced. Both FRESIM and NETSIM
now use the same acceleration and environmental tables. This upgraded version of CORSIM
enabled us to measure the fuel savings using this model design, shown in Figure 1.1, to

measure fuel savings at the Woodburn weigh station.

CORSIM 4.01 — Problems with Transition Nodes and Truck Classifications

Prior to obtaining the newly released version 4.2, we modeled the middle section of the mainline
in NETSIM to eliminate the incompatibility problem of acceleration source data. The mainline
sections prior to and following the weigh station were modeled in FRESIM. Figure 1.2 shows the
area modeled in NETSIM in black and the area modeled in FRESIM in gray. The static scale

delay was simulated by assigning pretimed traffic signals at the scales.
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Figure 1.2 Woodburn Weigh Station Model 2
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This model solved the problem of incompatibility. However, we detected two new problems.
FRESIM and NETSIM networks are connected by a node called transition. The transition nodes
allow a seamless movement of vehicles between the two components of CORSIM. The first
problem detected was that trucks began to disappear at the transition node located at the end of
the off ramp. We first noticed that the queue was not extending beyond the transition node to
the freeway off ramp. Trucks seemed to be stacking up on top of each other at this point.
Obviously, this is contrary to existing conditions and does not accurately simulate the weigh

station environment.

The second observed problem relates to CORSIM's inablity to keep the same truck
classification in FRESIM and NETSIM. NETSIM models all truck as single unit trucks. The
desired truck vehicle fleet generated in FRESIM is composed of medium loaded, heavy loaded,
and double-bottom trucks. The trucks entering the weigh station appear as semi trailers. Once
the trucks enter the NETSIM portion of the model these vehicles perform as single unit vehicles.
The performance of the truck fleet is essential for the correct measurement of the fuel
consumption at weigh stations, particularly, the acceleration from a stopped condition at the
static scale to freeway speed. This is at which pull-in vehicles would be expected to use a
considerably greater amount of fuel than bypass vehicles. Since the scale area was modeled in
NETSIM, the performance measurements were inconsistent with the truck vehicle fleet (i.e., a
single unit truck will not use as much fuel as a heavily loaded semi trailer to achieve freeway
speed from a stopped condition). This problem has been corrected in the 4.2 version of
CORSIM.

CORSIM 4.01 — Poor Visual Animation

The third model was built to mitigate the three stated problems. We built the entire network
(mainline and weigh station) in FRESIM. The static scale delay was simulated by giving the
scale the attributes of a ramp meter rather than an unsignalized intersection. As shown in
Figure 1.3, the discontinuity of the weigh station and mainline components presented a poor
visual animation. The latest version of CORSIM was released while we were in process of
improving the model design. Although the new version solved the current problem, it introduced

a new, albeit minor, problem.
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Figure 1.3 Woodburn Weigh Station Model 3

CORSIM 4.2 — Inability to Change Seed Numbers

We used our basic design, shown in Figure 1.1, to simulate the Woodburn weigh station in the
new version of CORSIM. We discovered that the new verision of CORSIM was unable to
change seed numbers. Instead, unable to recognize new seed numbers, CORSIM changed the
user-assigned seed number back to it's default number. Being able to change the seed
numbers in a multiple simulation run is essential for establishing confidence intervals for the
obtained results. This incapability of the new CORSIM led us to use a longer simulation run

period (10 hours) to at least achieve a more stable average result.
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Appendix Three: User's Manual

Woodburn Weigh Station Simulation Model

User's Manual

Center for Transportation Research and Education
lowa State University
Ames, lowa
October 1997
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1. Introduction

As the evaluator of the Oregon Green Light deployment, the Center for Transportation Research
and Education (CTRE) was given the task of quantifying the impact of electronic screening in
terms of travel time and fuel consumption savings for motor carriers and enhanced efficiency of
the weigh station. To conduct our evaluation, we developed simulation models that provide 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 alternatives and display the operation of the
system under each alternative 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 simulation model consists of two modules, a weigh station and a mainline module. This
user's manual describes the weigh station module which examines the number of trucks forced
to bypass a weigh station due to a full queue (unobserved bypasses) and determines the travel
time saved by allowing compliant trucks to be screened electronically at mainline speed. The
mainline module will measure the reduction in fuel consumption resulting from an increase in

the number of trucks equipped with transponders participation.

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. It allows a user to change the model's parameters to

perform "what-if" analysis.

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. Figure 1 presents an overview of the

implemented electronic screening bypass and pull-in logic.
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CTruck ArrivaD

Closed\ No ™ pjjin )
WS

Yes

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

The simulation generates each entity (a truck) in the simulation and attributes the entity with
vehicle characteristics. For example, if the user decides to test the implication of having 10
percent of the population of trucks equipped with transponders, the program randomly allocates
transponders to 10 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.

The decision making engine is triggered when a transponder-equipped truck passes the
Advanced Vehicle Identificatin (AVI) reader site, located on the mainline. The transponder data
(prior information written to the transponder) as well as weigh-in-motion (WIM) data (e.g., axle
weights and spacing), which initially were assigned to each truck, are recorded by the roadside
reader. If a truck successfully satisfies all 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.
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The allowable 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.

The logic used by the simulation has been verified and the results of the simulation 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 weigh station simulation module is a microscopic, stochastic model with a powerful
animation capability. The simulation module is built in Arena® simulation language. 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.

No prior computer programming skill is required to use this simulation model. This manual
intends to assist users to run the simulated models with a minimal amount of effort. Inquiries

and suggestions may be forwarded to:

Ali Kamyab

Center for Transportation Research and Education
ISU Research Park

2901 S. Loop Drive, Suite 3100

Ames, lowa 50010-8632

Voice: (515) 294-4303

Fax: (515) 294-0467

kmb@iastate.edu

'Systems Modeling Corporation, Arena User's Guide. Sewickley, PA, 1996.
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2. Installation

Arena Viewer software runs the weigh station simulation module on the Windows 95 platform.
Arena Viewer is provided in eight diskettes. Insert Disk 1 into the disk drive a: and, using the
Windows Start/Run command, run the a:/setup program. Follow the instructions on the screen.

To run Arena Viewer, select the Windows' Start/Programs/Arena Viewer menu command.
Figure 2 shows the first screen after the Arena Viewer is open. This is the basic Arena Viewer
window which consists of a menu bar and the toolbars at the top and a status bar along the
bottom. The icons, included in toolbars, are the shortcuts of the main menu commands.
Placing the mouse cursor over an icon highlights its function. The status bar provides a brief

description of the specific function currently being performed.

File  View Help

(=N e e o s O el R e T

For Help, press F1

Figure 2. Arena Viewer Basic Window and Toolbars
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3. Getting Started

The weigh station simulation module consists of two files: an avf file containing animation
portion of the model and the program (p) file containing data. These two files together (saved in
the same folder) enable the Arena Viewer to animate the model and calculate the output results.

To run the simulation model the following step should be taken:
1. Click on File/Open from Arena Viewer's main menu (or use the Open toolbar button).
2. Double-click on the folder containing the two simulation files.
3. Select Woodburn.avf.
4. Click the Open button.
Figure 3 shows the first screen after the model opens. The simulation title page will close after
a few seconds.
5. Explode (maximize) the opened simulation window.
6. Press the shortcut key "a" (will be explained in Table 3) to zoom the Advance
AVI/WIM Reader site in the opened window.
7. Click the Go button on the Run toolbar to start the simulation run.

Ele  View

indow  Help

b e 2 e N

Weigh Station Simulation Model

Ali Kamyab
Research Scientist

Center for Transportation Research and Education

lowa State University
Ames, lowa
April, 1998

Figure 3. Simulation Title Page
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As soon as the Go button is clicked, the users are presented with a menu, shown in Figure 4.
This menu allows users to change the default values of the model's parameters, within the
specified limits, before starting a run. Click the OK button to start the simulation run or change

any of the parameters before clicking the OK button to run a new scenario.

Help
L= =R i Y S A e I I =T R (=T s

. Advanca AVT Raador VTR
R Menu

Truck volume {100-800 voh)

Random pullin rate ([0-100

Inspection rate per scale (O-1
Inspection time (5-60 min)

Inspactor number (05 persan)

Ramp bypass rate 0-100 %)
Scale (a) utilization rate (0-100 %

For Help, press F1 Iitalzing. 8099, -738]

Figure 4. Simulation Model Menu

The status of each simulated truck is represented by its assigned color in the model. For
example, a blue colored truck indicates that it carries a transponder. As it passes the AVI/WIM
roadside reader, its color changes to green or red indicating a bypass or pull-in flag assignment.
A complete list of the assigned colors is included in Table 1.

Table 1. Colors of Animated Trucks

Color Assignment
White Non transponder-equipped truck
Blue Transponder-equipped truck
Green Bypass truck
Red Pull-in truck
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Tables 2 and 3 include shortcut keys which can be used while the simulation model is running.
The shortcut keys, listed in Table 2, can be used to interrupt the simulation run or change the
animation speed. For example, in order to interrupt the model execution before the end of the
simulation press the Esc key, or click the Pause button on the Run toolbar. To resume the

simulation, click the Go button again.

Table 2. Arena Viewer Shortcut Keys

Key Function
Esc Interrupt or pause the simulation
+or- Zoom in or out from the current
view
Arrow keys Pan from the current view
< Slow down the animation
> Speed up the animation

The keys included in Table 3 are specific to the weigh station module. These keys

automatically zoom and pan to a specific view. Note that these keys are case sensitive.

Table 3. Weigh Station Simulation Module Shortcut K eys

View
Advance AVI/WIM
Weigh station off-ramp
Inside weigh station
Weigh station on-ramp
Model overview
Results summary
Input parameters

'UOUJZETIZDE

When the model run is complete, a dialog appears asking whether a user would like to view the
results. Click No to close the dialog box since this data is unlikely to be of much use in the
presented form. A likely more useful summary of the results can be viewed by pressing the
shortcut key "o" at any time during or after the simulation run, before exiting the Run mode.
Figure 5 shows a summary of the results during a simulation run. Click the End button on the

Run toolbar to exit the Run mode.
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The average CPU time for a two-hour run is about eight minutes on a Pentium computer. The
running time can, however, be reduced to three minutes by disengaging the model's animation.
This can be done by clicking the Fast-Forward button on the Run toolbar, instead of the Go

button, and minimizing the Viewer window.

a Viewe: - [Wood3.avl - Run Mode]

Woodburn, OR - Southbound
Simulation Qutput

Number
Percentage

For Help, press F1 [1/71 (24348321 [User interrupted ({3010, -8423)

Figure 5. Simulation Sample Output

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

transponder usage.
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4. Additional Model Enhancements

With additional programming, the weigh station simulation module can be enhanced to provide
additional options and information to the users. Enhancements could potentially assist users in
the planning, design and operation of weight stations. The new output screens can be

customized to include the following information.

a. Truck travel time by type between designated points

b. Truck count by type at selected locations

c. Scale utilization rate

d. Inspection utilization rate

e. Truck count by inspection levels

f. Inspected truck count

g. Non-inspected truck count due to lack of parking space and/or inspectors
h. Total closing time due to queue overflow

i. Overweight truck count due to closed weigh station

Enhancement of the model would result in more parameters for the users to set before running
the simulation. For example, users would be able to modify the inspection level rates and their
associated times. The current version of the Woodburn model includes an option for users to
change the number of inspectors to examine the feasibility of the input inspection rate and
inspection time. This option could become more meaningful in an enhanced version when the

functionality of inspection area is defined more clearly.
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Appendix Four: Simulation Output
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1 INTRODUCTION

This result of conducting Detailed Test Plan 8 provides an assessment of the system’s
availability to both the motor carrier and the weighmasters for an established time period. The
Green Light System is very complex and extensive. Exhibit 1-1, Functional Architecture for
Oregon Green Light, illustrates the architecture of mainline electronic screening including
national interoperability. The architecture has been updated to reflect minor changes. The
availability of the system to motor carriers and weighmasters is dependent on each of the
databases and connecting links functioning correctly. System availability to motor carriers and
weighmasters begins with the roadside subsystem. Exhibit 1-2, Roadside Subsystem
Architecture, illustrates this subsystem. The roadside architecture has been updated to include
minor changes. System availability to motor carriers and weighmasters depends on each of the

elements within the subsystem and connecting links functioning correctly.

FUNCTIONAL ARCHITECTURE FOR OREGON GREEN LIGHT
Mainline Electronic Screening with National I nter oper ability
(Commercial Vehicle Information Systems Networ ks Environment)
Over Height OREGON NATIONAL
Sensors Detector CTEN
4 A . ste !
]
MAINLINE SCREENING
ENTRANCE RAMP SCREENING k. ROADSI DE POE
State Supervisory
Computer (SSC)
GE
\Y
s|plgl® RN
S|T|ERs
Al RIH /|alEOT
WIM Fli]y c
o Els|L|O|x|"talp
w LT
T| M| LmuyllL
Y c I Es
G N
HT
ROADSIDE T cVISN
DESKSIDE > Core
Oregon Sate Infrastructure
ainfra
v GE
O| RN
s E
<« P71 A ; H|S|ERs ‘
Oregon Highway Use Al Fl |1 / EO Tlc
Tax Function x| E| g L\?\/ t¢ D
y Tim| ! Lmull
Y c I Es
G N
HT
A T ‘
Motor Carri ) ) )
Opgaue:]rgrllerns Notes: ITEN Sitesarein the Oregon DOT strategic plan
Oregon Oregon
Motor Carrier Funcarch6b.vsd Working Diagram Revised 10-19-99 B. MCCALL
Safety
Database

Exhibit 1-1, Functional Architecture for Oregon Green Light
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Advance Sensors & Reader Notification Compliance Sensor
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Sensors Detector
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-

|
|
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C ter (SSC
WIM -W”vI I/ ) omputer (SSC)
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| E o | X T
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I Tim w A
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|
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Exhibit 1-2, Roadside Architecture

The scope of this evaluation will include the observation and quantification of “trouble” reports
reported motor carriers, the Oregon Department of Transportation (ODOT), and the system
integrator, International Road Dynamics (IRD). ODOT assumed the role of transponder
administrator in March 2000. The transponder administrator role includes distributing and

maintaining the Dedicated Short Range Communications (DSRC) tags.

In addition, ODOT conducts first level failure analysis, First level failure analysis includes
checking the physical condition of the tag and battery condition. If the first level failure analysis

does not identify the cause of failure, the tag is returned to the manufacture for failure analysis
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and repair or replacement. IRD is responsible for maintenance of the roadside subsystem for

the duration of the operational test.
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2 SCOPE

This evaluation will document statewide electronic screening system availability in terms of the
percent of time that the roadside system (Automated Vehicle Identification, Weigh in Motion
Scale, Automated Vehicle Classification, the connection to state supervisory computer system,
and headquarters databases) is available to the weighmasters, and; the percent of distributed
transponders functioning for motor carriers as intended. Therefore, the availability of electronic
screening to motor carriers and weighmasters is the sum of the time that the transponder is
functional and the time that roadside system is functional. In addition to the quantitative
analysis, CTRE will also attempt to document the causes for electronic screening system failure

and the corrective action taken.

For the second part of this evaluation, the research team will focus on system availability for a
specific subgroup of carriers, long combination vehicles (LCV), at a single weigh station. CTRE
will track the experience of these long combination vehicles at the Farewell Bend POE, site 2,
located on Interstate 84 near the Idaho border. See Exhibit 5-1 for the location of the Farewell
Bend POE. The Multi-Jurisdiction Automated Preclearance System (MAPS) that included the
states of ldaho, Oregon, Utah, and Washington became a part of NORPASS. Oregon has
resigned from NORPASS. However, Oregon continues to work with the states of ldaho and

Utah to provide preclearance to LCV's.

The long combination vehicle operators are of interest for two primary reasons. First, long
combination vehicles are exceptional in that they do not fit within the State’s size restrictions.
Their automated exception status will provide a test of the flexibility of the preclearance system.
This systems evaluation will allow participants to begin to measure effectiveness of Green Light

program.
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3 MEASURES OF EFFECTIVENESS AND HYPOTHESIS

The evaluation measures used to make an assessment of the Green Light system are stated

below:

 Observe Overall System Availability to Weighmasters and Motor
Carriers
* Observe System Availability to Long Combination Vehicles at Farewell

Bend Weigh Station.

The following hypothesis is given in support of the two measures and will be tested according to

accepted statistical techniques should it be necessary to utilize them:

* The overall system availability will be approximately 95%.
» The system availability for long combination vehicles at Farewell Bend

will be approximately 95%.

Document GLEV0008.doc 5
Report: Detailed Test Plan #8
Measures 2.3.3 and 2.3.4



Oregon Green Light CVO Project 6/30/00

4 DATA SOURCES AND AVAILABILITY

The evaluation was organized according to preclearance sequence primary trouble categories.
The evaluation is based on the ODOT, motor carriers, and IRD following trouble reporting
communication channels and service requests and corrective actions processes. The results
are recorded in the trouble report master log. The following paragraphs will provide discussion

on each of the elements.

The preclearance system is divided into the sub-systems shown in Exhibit 4-1, Preclearance
Sequence Sub-Systems. This evaluation includes the transponder, automated vehicle
identification (AVI) and weigh-in-motion (WIM) sub-systems. The communications, state

supervisory computer, and ODOT databases are grouped.

Service requests follow the structure shown in Exhibit 4-2, Service Request Communication
Structure. Exhibit 4-2 includes the relationship among the elements in the structure. For
example, the relationship between motor carriers and the ITS Specialist — ODOT is a service

relationship.

Solutions to service requests follow the structure shown in Exhibit 4-3, Solutions to Service
Requests Communications Structure. The ITS Specialist communicates the solution to the
Motor Carrier, System Integrator, and Field Offices Motor Carrier Enforcement Officer (MCEQ)
and registration function depending on the problem identified in the service request. For
example, the solution to service request submitted by the MCEO involving a Motor Carrier will
be reported to the MCEO, Motor Carrier, and System Integrator. The driver failing to receive

and in cab notification is an example.
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Transponder

)

AVI (2)
Reader (2a)
&
Writer (2b)

WIM (3)
Sensor s (3a)
&
Contral (3b)

Communications (4)
Wireless (4A)
&
Wire (4b)

State
Supervisory
Computer (5)

Oregon
DOT
Database (6)

Preclear ance Sequence
Primary Sub-Systems

Revised 3-27-00

Gregg Dal Ponte - Oregon DOT
Randal Thomas- Oregon DOT
David Fifer - Oregon DOT
Brian Small - Oregon DOT
Robert Mills- IRD

Bill McCall - CTRE

Exhibit 4-1, Preclearance Sequence Primary Sub-Systems
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Service Request Communications Structure

Business Oregon Department Of Transportation
! Deputy Director
i of Oregon DOT
M otor :
Carrier N I Y
I
. Manager of Safety
! & Federal Manager of Field
i Customer Service Programs Section Services Section
: Manager of Safety
! ITSPrograms
( i ontract, ‘
System ! ————— IT.S. [ Customer Service
Integrator . Specialist
I - -
4 ' M aintenance Contract Field Offices
: | 24 Hour Er_nagency — MCEO &
| . Service Registration
| .
: K—!*Cus(omer Service j
| '
! I
I . v __ Revised 3-27-00
'\ ' Informat'on Gregg Dal Ponte - Oregon DOT
—————————— ---—-——-——————» Services Randal Thomas - Oregon DOT
Unit David Fifer - Oregon DOT

Information Exchange

Brian Small - Oregon DOT
Robert Mills- IRD
Bill McCall - CTRE

Exhibit 4-2, Service Request Communication Structure
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Solution to Service Requests Communications Structure
Business : Oregon Department Of Transportation
Deputy Director
: of Oregon DOT
M otor .
Carrier . \
Manager of Safety .
’7 & Federal Programs Manz?lger of F.'dd
. Services Section
Section
' Manager of
ITSPrograms Safety
System : ITS
I ntegrator : ] Specialist
: y
\ Field Offices
. \ MCEO &
Information Registration
Services
Unit
Revised 3-27-00
Gregg Dal Ponte - Oregon DOT
Randal Thomas - Oregon DOT
David Fifer - Oregon DOT
Brian Small - Oregon DOT
Robert Mills- IRD
Bill McCall - CTRE
Exhibit 4-3, Solution to Service Requests Communications Structure
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The request for service and corrective action follows the process flow shown in Exhibit 4-4,
Service Request and Corrective Action Process Flow. Examples of records listed in cases
when the Motor Carrier Enforcement Officer (MCEO) replaces a transponder and in cases when

the Headquarters Check is conducted are in Appendix A.

The request for service and corrective action requires a log be maintained. An example of the
log is shown in Exhibit 4-5, Trouble Report Master Log. The current log is in Appendix B. A list

of the error codes used in the Log is in Appendix C.
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Green Light Administration

Trouble Report Master L og (Accepted Sites)

Report # codes. Ashland S.B. (SBA); Ashland POE (ASH); Booth Ranch (BOO); Brightwood E.B. (EBB); Brightwood W.B. (WBB); Cascade L ocks POE
(CCL); Emigrant Hill (EMH); Farewell Bend POE (FAB); Juniper Butte N.B. (NBJ); Juniper Butte S.B. (SBJ); Klamath Falls POE (KFA); Klamath Falls
S.B. (SBK); LaGrande (EBL); Lowell (LOW); OldsFerry (OFY); Rocky Point (ROK); Umatilla (UMA); Wilbur (WIL); Woodburn N.B. (NBW);

Woodburn POE (WOO); Wyeth (WBW)

Pending - On-going problem, solution still in progress

Report Reported | Report Solution |Down Time| Received
Report # | Type | Report Description By Date Date (hours) By Notes/Resolution
Sorter not working
properly - when set to
credential weight, it only IRD remotely adjusted
sends trucks > 80K. It ITS parameters of the sorter
WOO 1 Ramp |should be set at 60K. MCEO 10/25/99 10/25/99 2 Specialist |software
Motor Carrier received a
red light, however the ITS Specialist reviewed the
system indicated carrier history, and determined
"WBLOWM," a bypass ITS that this was an isolated
ASH 1 AVI code MCEO 11/2/99 11/2/99 0 Specialist |event.
ITS Specialist reviewed the
event history for this truck and
found that it was at the
Woodburn N.B. Weigh Station
Motor did not receive an ITS during the time of the report,
ASH 2 AVI in cab signal MCEO 11/4/99 11/4/99 0 Specialist |NOT at Ashland.
Exhibit 4-5, Example Trouble Report Log
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5 PRECLEARANCE SYSTEM LOCATION ACCEPTANCE
AND TRANSPONDERS ISSUED

Table 5-1, Site Acceptance and Availability Log provides a list of all the location preclearance
will be deployed, the date sites were accepted as operational, and accepted site availability.
LaGrande, Ashland SB, and Olds Ferry are open about 34 to 40 hours per week. To calculate
hours since acceptance, 37 hours per week is used. All other accepted sites are open 24 hours
per day seven days a week. Exhibit 5-1, Green Light Preclearance Sites shows the location of

sites.

The number of transponders issued by March 1, 2000 was 4800. 800 motor carriers were
participating in Green Light as of March 1, 2000. The number of transponders issued as of April

13, 2000 is 10100. 922 motor carriers are participating in Green Light as of April 13, 2000.
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GREEN LIGHT PROGRAM
Site Acceptance and Availability Log

SITE SITE ACCEPTANCE HOURSSINCE DOWNTIME HOURSOF %
NUMBER NAME DATE ACCEPTANCE HOURS AVAILABILITY AVAILABILITY
4 Ashland N.B. (POE) 8/1/99 6216 56 6160 99%

5 Ashland S.B. 8/1/99 1628 0 1628 100%

11 Booth Ranch

20 Brightwood E.B.

19 Brightwood W.B.

17 Cascade Locks (POE)

8 Emigrant Hill

2 Farewdl Bend (POE) 11/1/99 4008 3 4005 100%

12 Juniper Butte N.B.

13 Juniper Butte S.B.

14 Klamath FallsN.B. (POE)

15 Klamath Falls S.B.

7 LaGrande 10/1/99 1190 72 1118 94%
16 Lowell
3 Olds Ferry 8/1/99 1628 0 1628 100%

21 Rocky Point

6  Umatilla(POE) 10/1/99 4752 24 4728 99%

10 Wilbur

9 Woodburn N.B.

1 Woodburn S.B. (POE) 2/1/99 10560 153 10407 99%

18 Wyeth

Table 5-1, Sites Acceptance and Availability Log
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Umatilla
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Cascade Locks Entr ee
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Lincoln
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Newport

Farewell Bend
[ 9 | Port of Entry

3)
Florence .
Ontario

Pass Medford

()

Brooking Ashland @& y ]_7‘ lamath Falls Lakeview @
( Port of Entry 4 - Port of Entry @

Exhibit 5-1, Green Light Preclearance Sites
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6 DATA ANALYSIS

This section will include an assessment of the transponder availability and roadside system
availability. The basic data collection sources are the Trouble Report Master Log. Trouble
reports and corrective action reports prepared as a deliverable by the Transponder
Administrator, the system integrator, International Road Dynamics, and ODOT and recorded in
the Trouble Report Master Log. An example is shown in Exhibit 4-5. The Log includes the
Report Number, Report Type, Report Description, Reported By, Report Date, Solution Date,
Down Time, Received By, and Notes/Resolution. Down Time is defined as an event that
interferes with the preclearance process. For example, a driver not receiving the correct in-cab
notification or a motor carrier enforcement officer not receiving data enabling the officer to

support the preclearance process.

The evaluation was designed to take place for a two-year period after the roadside systems
were accepted. However, the deployment of the Green Light preclearance was delayed.
Therefore, evaluation cannot be completed as planned. However, based on the data collected
for the seven sites that are operational at the writing of this report the following evaluation of the

project can be made.

6.1 ASSESSMENT OF TRANSPONDER AVAILABILITY

The transponder availability was to be determined by subtracting downtime from total hours in
the two-year period (17520 hours) and then dividing by total hours. A summary of overall
transponder availability was to be made by aggregating individual transponder availability.
Based on the limited data available observations will be made regarding transponder

availability.
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6.2 ASSESSMENT OF ROADSIDE SUBSYSTEM AVAILABILITY

The roadside system availability was to be determined by subtracting downtime from total hours
in the two-year period (17520 hours) and then dividing by total hours. A summary of overall
roadside system availability was to be made by aggregating individual system availability. The
roadside system availability is determined by subtracting downtime from total number of hours
the site was available following site acceptance. The availability of all roadside sub-systems is
determined by aggregating individual roadside subsystem availability. Based on the limited data

available observations will be made regarding roadside system availability

6.3 ASSESS TOTAL SYSTEM AVAILABILITY FOR LONG COMBINATION VEHICLES AT
FAREWELL BEND

The roadside system availability at Farewell Bend for long combination vehicles was to be
determined by subtracting downtime from total hours in the two-year period (17520 hours) and
then dividing by total hours. A summary of overall roadside system availability was to be made
by aggregating individual system availability. The roadside system availability is determined by
subtracting downtime from total number of hours the site was available following site
acceptance. Exhibit 6-1, Farewell Bend LCV Log presents the data available regarding LCV
activity at Farewell Bend. Based on the limited data available observations will be made
regarding roadside system availability at Farewell Bend. System availability data will be

extracted from the overall system availability data, using the LCV unit tag numbers.

Farewell Bend LCV Log

Total LCV
approaching| Transponder |Enrolled in Green| GreenLight | GreenLight |Report Reason
Date FB (FAB) Equipped Light Bypass Report Code
April 30
thru May HELP, Inc
6, 2000 328 81 46 32 14 transponder
Exhibit 6-1, Farewell Bend LCV Log
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7 RESULTS

The evaluation measures used to make an assessment of the Green Light system are stated

below:

» Observe Overall System Availability to Weighmasters and Motor Carriers
* Observe System Availability to Long Combination Vehicles at Farewell

Bend Weigh Station.

The following hypothesis is given in support of the two measures. It is not possible conduct a

statistical valid analysis because the data is not available for the full two-year test period.

» The overall system availability will be approximately 95%.
* The system availability for long combination vehicles at Farewell Bend

will be approximately 95%.

Table 5-1, Site Acceptance and Availability Log contains data supporting the observations.

Regarding the hypothesis that overall system availability will be approximately 95%, the
observation can be made that based on a limited number of sites (7) being available for less

than two years the overall system availability may be approximately 99%.

Total hours since acceptance = 29982
Total down time hours = 309

Total hours of availability = 29673
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Regarding the hypothesis that the system availability for long combination vehicles at Farewell
Bend will be approximately 95%, the observation can be made that based on the site being

available for a relatively short time the system availability may be approximately 100%.
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8 CONCLUSIONS

Although the seven sites currently in operation have not been functioning for two years, the

trend certainly indicates the system will be available at least 95% of the time.
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APPENDIX A

Examples of screens and databases

supporting the Service Request and Corrective Action Process
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Real Time Application Screen

5| | 4] &) | &F|=[F|E N
arsr000 | W0 [oreron0 | | Seaen |

VG il DELC
K FALLS F'IIIE EE DEC sn
[ | 05/26/2000 121406 PM |Fri | K FALLS POE 1807|CCAMTT |wstat i o o wrrl| | DECLSO
Verifies red light signals at multiple
sites. Note the reason code
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TELNET Screens

weigh2 — Each Green Light site can be individually accessed to show
the most recent five transit events for a particular truck. Again, note

the reason code.

Connected to 5B Ash

Plate: CCAMIY Auth:
Carrier: BRITT, GARY
Level of 5Status: 4

Last & Transit Events
Press <Escr» to Exit

Date Time
[Eee8/85/31] [11:33:15]

=1 = P
[y -
P P p—

1
1
1
1

95h Transponder: 888545264752

Safeti\Rating: S

Event

[r——1 [DBCLS @]
[ 1 I ]
[ 1 I ]
[ 1 I ]
[ 1 I 1

|
|
|
|
|
Reason |
|
|
|
|
|
|

Informix— Each Green Light site computer can be individually
accessed to verify truck specific information is properly downloaded

to that respective site.

Connect Edit Terminal Help

pIsrLay:j Restart Exit
Display next page of results.

p1_file_id
p1_plate_no
p1_packet_seq
p1_char_time
p1_pak_action
p1_vehicle id
p1_make
p1_company_no
p1_model year
p1_body_type
p1_auth_no
p1_act_code
p1_saf_code
p1_owgt permit
p1_transponder
p1_saf_date

________ weigh@ncekfa

a2
CCAMTY
1
08724

TXEWDROX2PE5 0145,
KEH

22

03

1L

248054

A

E
B0A545264752
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Corrected Database (TRNS) Carrier Information screen

Fil= Edit Miew Toolz Session Options Help

0| (8] &) 215 (&1 [0 3] 3] )] Le|##| a|m[s] K2|
TRAH FILE 248954 CRED'L VIH FEE SELCT

TRAWSPOHDER EWTRY SCREEW DATE B6OABEA TIME 113340
FILE: 248954  HAME: BRITT, GARY CLS: 4 SFR: § 4CT: R

PLATE ACT FEE SOLD COM1 COMZ COM3 COM4 UNIT # TRAHSPOKDER
YADC451 (LIS ] 20 LT
YADD264 (LIS 21 HHEid
YAD 076 460 pBOO 23 HHEid
YADM173 B8e0 21 Hitititiiii
YCCA396 B468 BBOO 18 Hitititidid
B460 BBPO 22
B460 BBPO 1@ Hititiiitid
B460 BBOO 24
@53a 11 LT
@530 11 LT
HED T HELHEEE FHEEEEEEEE T
Hd it FOLLEEEEEE (iEditieiid
Hd it FOLLEEEEEE (iEditieiid
Hd it FOLLEEEEEE (iEditieiid
HdE it FOELEEEEEE Bitiititiid
HitE HEEHELEEE iHiiiiifitid

YCCA422

HEHHT
Htitid
Htitid
Htitid
Htitid
Hititid
MESSAGE

e T = s e B m I [
e el S R L B B B B

The “RED” highlighted fields indicate active plates/registration.
The “GREEN?" highlighted fields indicate inactive plates/registration.
The /11l (any color) indicate blank fields.
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Database Carrier Information (CARR) screen prior to correction

Both the CLS (Carrier Level of Service) and the SFR (Safety Fithess
Rating) are blank. Please refer to the Report & Bypass Reason
Codes chart for interpretation of these fields.

TRAH B/H FILE 248954 CRED'L CCA417 | VIM FEE SELCT
DATE B60508 TIME 151638

CLASSES: 14 44 : wrerER{{C IHAGES >>o0%susss

CARRIER: BRITT, GARY ORGAMIZATION: 3 BFORMULA: O

HAIL: 3462 GRIFFIM CR RD HEDFORD OR 97581
ATTH: LE: 541-77B-3755

ABH : CORP: C MC HC PERMIT: P HWICRD:  RATE:

RPT SVC #: IRS: IRP: 2743981

AREF  FILE IWFORMATIOW DATASMESSAGES ORG ACT DTE SSH AUTHOR
248954 BRITT, GARY LAMD DEVELOPING INC 08241998

248954 OR CORP B3-13-93 08241998 BET
248954 BRITT, GARY LYHH-PRES 04061999

248954 BRITT, KATHLEEN SUE-SEC 04061999

248954 ABH 18-14-98 12151998 BET

TRAIMNIHNG COMPLETED 61091999 AT MEDFORD
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Corrected Database (CARR) Carrier Information screen

Both fields have been properly updated.

i ] FEE SELCT
DATE B6B5OA  TIME 155019
CLASSES: 1A 4A : #ExxxR{CCC IMAGES DO yaxxxxs
CARRIER: BRITT, GARY ORGAMIZATION: 3 BFORHULA: O
HAIL: 3462 GRIFFIM CR RD OR 97501
ATTH: ] 1-770-3755

ABH - CORP: C - m— =P MWICRD: RATE:
RPT SVC #: IRS: IRP: 27439081

XREF  FILE IMFORMATION DATA/MESSAGES ORG ACT DTE SSH AUTHOR
248954 BRITT, GARY LAHD DEVELOPING INC 3 88241998
248954 OR CORP @3-13-98 08241998 BET
248954 BRITT, GARY LYHH-PRES 04061999
248954 BRITT, KATHLEEH SUE-SEC 04061999
248954 ABH 1B-14-98 12151998 BET

TRAIMING COMPLETED @1091999 AT MEDFORD

HMESSAGE
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Carrier Information Screen (TRAN) to verify that a
Transponder has been assigned/issued to that plate

FEE SELCT

DATE B60508 TIME 161233

FILE: 248954 HAME :
ADDR :
CITY: y PHOME: 541 778 3755
CLASSES: j ACTION: R

FEE: 2 BODY: 1L YEAR: 19 HMAKE: KEMHO ¥JH: 1XKHDR9X2P5591454
FUEL: 3 UMIT HO: 2 LEASED:

HEIGHTS: SOLD: p468 JOHE1: BBBA COMB2 : COMB3: COMB4 :
BASE STATE: BaASY/PLATE: ODDMTR : VALIDATIOHN/MARKER :
PLATE ACTIOM: & PLATE ACT DATE: B6 02000

PLATH: YCCA417 TRANSPONDER : BBR545264752

PFB2 VYEHI YEHICLE MEHU

MESSAGE
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55C DISPLAY |

Mainline WIM —II Setup | Frint |

Current Lane: 1137

Total: 1187 Clear EntI AVI Status: ™ Beader ™ Wriiter

MOH.

JUH. f

i
17.4 4 4.1

204

'
= [

1 LAHE
. UL S

=

LEMGTH ¢

ED I

SPEED 28. lmph
: BRITT, GARY

» LAME 1 CLASS 11 GWVW 26 LEHGTR\ 68.7ft  SPEED 3Z.2Zmph

Sorter Control: Mainline Sorter —l|

Sorter Mode:  __0ff . -legal Meight --Report - iypass <™ Credential Weight

| Al | Al

& Copyright 1998, Intemational Road Dynan, ics Inc.,

Random Sorting Factor;: 0%

Overweighy Factor; 104 7%

This is a “real time” example of trouble shooting using the SSC
Display in conjunction with the Company Summary screen. As
you can see, the SSC Display indicates that Gary Britt received
a red light signal to report to the weigh station.
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Yehicle # Feaszon Fuc Plate Unit #

WELOWH
OMOTDE
ONOTDE
WELOLF " COMTRACTING CO IMC

i ROBERT
WELOLM FREIGHT IMC
OWOTIDE TR
OHOTODE
WELOLM
WELOWM
WELOWH

The Company Summary screen displays the specific reason for the red light sort decision.
In this case the “DBCLSQ” (Database has a blank or invalid Carrier Level of Service Code)
indicates that there is a database problem. The ITS Specialist was able to recognize and
correct this problem immediately as it happened by updating the Carrier information in the
ODOT database.
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APPENDIX B

Green Light Administration

Trouble Report Master L og (Accepted Sites)

Report # codes: Ashland S.B. (SBA); Ashland POE (ASH); Booth Ranch (BOO); Brightwood E.B. (EBB); Brightwood W.B. (WBB); Cascade L ocks POE
(CCL); Emigrant Hill (EMH); Farewell Bend POE (FAB); Juniper Butte N.B. (NBJ); Juniper Butte S.B. (SBJ); Klamath Falls POE (KFA); Klamath Falls
S.B. (SBK); LaGrande (EBL); Lowell (LOW); OldsFerry (OFY); Rocky Point (ROK); Umatilla (UMA); Wilbur (WIL); Woodburn N.B. (NBW);
Woodburn POE (WOO); Wyeth (WBW)

Pending - On-going problem, solution still in progress

Report Reported Report Solution [Down Time| Received
Report # | Type | Report Description By Date Date (hours) By NotesResolution
Sorter not working
properly - when set to
credential weight, it only IRD remotely adjusted
sends trucks > 80K. It ITS parameters of the sorter
WOO 1 Ramp [should be set at 60K. MCEO 10/25/99 10/25/99 2 Specialist |software
Motor Carrier received a
red light, however the ITS Specialist reviewed the
system indicated carrier history, and determined
"WBLOWM," a bypass ITS that this was an isolated
ASH 1 AVI code MCEO 11/2/99 11/2/99 0 Specialist [event.
ITS Specialist reviewed the
event history for this truck and
found that it was at the
Woodburn N.B. Weigh Station
Motor did not receive an ITS during the time of the report,
ASH 2 AVI in cab signal MCEO 11/4/99 11/4/99 0 Specialist |NOT at Ashland.
The problem was with the axle
sensors missing axle hits.
IRD configured the sensors
out of their current set-up as a
short term fix (this will
sacrifice some accuracy, but
will remain within acceptable
threshold limits). These
sensors will get replaced
during scheduled road
Excessive number of ITS maintenance in the Spring of
EBL 1 WIM "OMANIP" error codes MCEO 12/9/99 12/12/99 72 Specialist ]2000.
ITS Specialist reviewed the
event history of this truck, and
site, and found that only 1
green light has been issued.
Motor Carrier continually This seems to be happening
receives red lights at the to this carrier only. Thus the
POE, yet receives green ITS problem may be placement of
ASH 3 AVI lights at the SB side. MCEO 12/15/99 12/15/99 0 Specialist |the transponder.
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APPENDIX C

REPORT REASON CODES CHART

Report Categories | Code Description/Meaning
MANIPULATION OMANIP WIM Manipulation Error
OSPCHG Excessive Speed change (Accel or Decel)
O2SLOW Vehicle travelling too slowly
02CLOS Vehicle too close in front or behind
ONUMAX Invalid number of axles
WEIGHT WAFRNT Overweight front axle
WAXn Overweight single axle (n = position of overweight axle)
WTAN Overweight tandem axle (n = position of overweight axle)
WTRIn Overweight tridem (n = position of overweight axle)
WSTRIn Overweight short tridem, fitting into tandem definition
(n = position of overweight axle)
WCNOP Overweight combination, without permit
WCPSTD Overweight combination, with permit, violating statute
WCPEXT Overweight combination, with permit, violating permit
OVERHEIGHT HOVER Overheight
SAFETY SFLAG Safety Flag set
STHRES Safety Inspection Threshold flag
DATABASE ONOTRN AVI does not find transponder
ONOTDB Transponder number not found within database
OCRIER Invalid carrier authority
OPLATE Invalid plate not found within database
DBCLSv Blank or Invalid Carrier Service Code (v = Carrier Level Of Status) NOTE 1
DBSFTv Blank or “U” Safety Rating Code (v = Safety Rating value) NOTE 2
DBSRCv H Report Inspection Status Code (v = Safety Risk value) NOTE 3
OTHER XVNUM Computer-to-Computer “Packet Collision” or Packet nhumbering fault
ORWIND WIM Independent Mode
NOTE 1: The value “Carrier Level Of Status” is interpreted as shown below.
0, or Blank No status within Greenlight Transponder Program.
1 Basic Partner, 50% or less of fleet is transponder-equipped.
2 Basic Partner, >50% of fleet is transponder-equipped.
3 Trusted Carrier Partner, <50% of fleet is transponder equipped.
4 Trusted Carrier Partner, >50% of fleet is transponder equipped.
NOTE 2: The value “Safety Rating” is interpreted as: S Satisfactory Safety Rating
C Conditional Safety Rating
U Unsatisfactory Safety Rating
NOTE 3: The value “Safety Risk” is interpreted as: H High Safety Risk
M Moderate Safety Risk
L Low Safety Risk
BYPASS REASON CODES CHART
Code Description/Meaning
OBWIND WIM Independent Mode
WBLOWM Vehicle is below maximum gross weight
OBYPAS Vehicle is OK to bypass
OBNTSL Vehicle is not in sort classes or sort lanes
OBEMPT Empty vehicle to bypass
Document GLEV0008.doc 31

Report: Detailed Test Plan #8
Measures 2.3.3 and 2.3.4




Oregon Green Light CVO Project 6/15/2000

Oregon Green Light

CVO Evaluation

DRAFT FINAL REPORT
DETAILED TEST PLAN 11

Evaluation of Motor Carrier Acceptance

Paul E. Montagne
Sio Meng Ng
Chris A. Bell

Transportation Research Report No. 00-18
Transportation Research Institute

Oregon State University

Corvallis, OR 97331

June 2000

DocumentOregon GreenLight Final Report7 - Report on Test Plan 11.doc
Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2




Oregon Green Light CVO Project April 14, 2000

ACKNOWLEDGEMENTS

This project was funded by the Oregon Department of Transportation (ODOT) as a
requirement for an Independent Evaluation through their ITS Partnership Agreement
with the Federal Highway Administration to deploy a mainline preclearance system in the
state of Oregon. The project was of five years duration, and, was administered by
ODOT’s Motor Carrier Transportation Division. Oregon State University (OSU)
Transportation Research Institute was the prime contractor for the independent
evaluation, with Chris Bell as the principal investigator. The Center for Transportation
Research and Education (CTRE) at lowa State University was a sub-contractor to OSU,
with Bill McCall as the principal investigator. Michael C. Walton of WHM Transportation
Engineering served as a consultant for several aspects of the evaluation.

The authors are indebted to the personnel of ODOT’s Motor Carrier Transportation
Branch, who have provided information and data to the evaluation team throughout the
project. We are particularly indebted to Ken Evert, Gregg Dal Ponte, Randal Thomas
and David Fifer. Ken’s untimely death in 1998 meant that he did not see his vision
completed. The evaluation team is forever indebted to him for his support and for the
opportunity to participate in the deployment.

DISCLAIMER

The contents of this report reflect the views of the authors who are solely responsible for
the facts and accuracy of the material presented. The contents do not necessarily reflect
the official views of the Oregon Department of Transportation or the Federal Highway
Administration. The report does not constitute a standard, specification or regulation.
The Oregon Department of Transportation does not endorse products or manufacturers.
Trademarks or manufacturer names appear herein only because they are considered
essential to the subject of this document.

DocumentGLEV0011.doc i
Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ... .ot e [
DISCLAIMER ... e [
LIST OF FIGURES........ e e v
EXECUTIVE SUMMARY ... e v
Motor Carrier Acceptance — First Survey ... 1
1 INTRODUCTION — FIRST SURVEY ... 2
I O = 7= Vo o o ¥ o PSPPI 2
L2 PUIPOSE .ttt ettt e e e e e e b e e e aeaaas 3
R T ol 0] o PSPPI 4
2 METHODOLOGY — FIRST SURVEY ... e, 5
3 RESULTS — FIRST SURVEY ... e 6
3.1 Population DemOgraphiCs .........oi oo 6
3.2 Mainline Pre-ClearancCe ... 9
4 SUMMARY - FIRST SURVEY ..o e, 14

Motor Carrier Acceptance — Second Survey 16

5 INTRODUCTION — SECOND SURVEY.....ccocoiiiiiiiiieiciceeean 17
L0 R = T Tl (o | o 11 ] o [P 17
LG oo ] L 18

6 METHODOLOGY — SECOND SURVEY....ccccoiiiiiiiiieieeean 20

7 RESULTS — SECOND SURVEY ... 21
7.1  Population DemMographiCs .........ceiiieeiiiiiiie e 21
7.2 Mainling PreClearancCe............uueiiiiieiiiieice e e e e 25

DocumentGLEV0011.doc ii

Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

8 SUMMARY — SECOND SURVEY ....coiiiiiiiii e, 30
Transponder Penetration ..., 32
9 INTRODUCTION — TRANSPONDER PENETRATION............. .33

LS I0 R = T V] (o | o 11 ] o [P 33
10 RESULTS — TRANSPONDER PENETRATION .....cccevvieienann, 34
11 SUMMARY — TRANSPONDER PENETRATION ......ccccceveenn ... 36
APPENDICES ..., 37
DocumentGLEV0011.doc iii

Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

LIST OF FIGURES

Figure 3-1 Distribution of Experience Level of ParticipantS............ccccveeeviceiiiineeeceeeeiinnnn, 7
Figure 3-2 Distribution of Fleet Size of Participants..........cccccceeeiiiiiiiiiiciie e, 7
Figure 3-3 Previous Participation in Transponder-Based Mainstreaming...........cc............ 8
Figure 3-4 Pre-screening of Vehicles Based on Compliance With FMCSR ................... 10
Figure 3-5 Will Mainline Preclearance Benefit My Company? ..........ccccceeeiieeeeeveennnnns 11
Figure 3-6 Is Mainline Preclearance An Invasion of Privacy? .........cccccccvvvieiiiiiiecevecnnnnnns 12
Figure 3-7 Will Mainline Preclearance Improve Services Provided By Carriers? .......... 13
Figure 7-1 Distribution of Experience Level of Participants............cccccevvvieiiiiiciieeeiiinnn, 23
Figure 7-2 Distribution of Fleet Size of Participants.........ccccccceevieiiiiiiiiiieieeeee, 23
Figure 7-3 Current Participation in Oregon’s Green Light Program..................cccoeeeeins 24
Figure 7-4 Pre-screening of Vehicles Based on Compliance With FMCSR ................... 26
Figure 7-5 Will Mainline Preclearance Benefit My Company? .........ccccccvvvvceeiiieeeeeeennnnnns 27
Figure 7-6 Is Mainline Preclearance An Invasion of Privacy? .........cccccccvieiiiiieeiieeennnnns 28
Figure 7-7 Will Mainline Preclearance Improve Services Provided By Carriers? ........... 29
Figure 2-1 Monthly Transponder Penetration .............cccoovveviiiiiii e, 34
Figure 2-2 Accumulated Transponder Penetration ..............cceeeiieeeeiieeeiiiiiiii e 35
DocumentGLEV0011.doc iv

Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

EXECUTIVE SUMMARY

The Oregon Department of Transportation (ODOT) has been testing several
transportation technologies since 1983 designed to improve the efficiency of commercial
vehicle operations. The Oregon Green Light Project was initiated in 1995 to fulfill
Oregon’s vision of creating an automated and intelligent truck transportation system.
Green Light consists primarily of mainline pre-clearance systems that were installed at

21 specific sites throughout Oregon.

The assessment of motor carrier acceptance of Green Light technologies was one of the
evaluation goals undertaken as part of the Green Light Evaluation. After reviewing
several alternatives, a survey was designed as a way to monitor and assess motor
carrier acceptance of new technology. Two surveys (“before” and “after”) were sent to
carriers who operate in Oregon. The first survey was conducted as part of test measure
3.1.1 of the Green Light Evaluation in 1998. The second survey was conducted in

February/March of 2000.

The main goal of the questionnaire surveys was used to determine user attitudes in two
distinct areas:
* User attitudes toward electronic screening and its perceived impacts on the
motor carrier.
* User attitudes toward new services such as Road Weather Information

System (RWIS) and Downhill Speed Information System (DSIS).
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The first survey is presented in part 1 of this report and the second in part 2. This
executive summary compares the results of the two surveys. The results of test

measure 3.1.2 — Transponder Penetration, are also summarized.

Comparison of the results of the “before” and “after” surveys presented challenges.
Some differences could not easily be measured due to differences in regard to the
guestionnaires, population size, and number of responses. In addition, there were
different carriers questioned in the surveys, though both were sampled from the same
population. As the surveys were conducted in different time period, this had a small
influence on the result. None the less, a common sampling pool, sampling methodology

and survey design allows for some comparison of the results.

The survey design was based on the design method described in the “Mail and
Telephone Surveys — Total Design Method” by Don A. Dillman. Mailing included an initial
cover letter, the survey itself with accompanying a brief description of Green Light
components, a follow-up postcard, and finally a second survey identical to the first, but

with a slightly different cover letter.

Questionnaires were mailed to a random sample of carriers registered to operate in
Oregon. The population of motor carriers was divided into three strata based on the
location of the carriers listed in ODOT's database. Twelve hundred Oregon carriers
made up the first stratum (Oregon carriers). One thousand carriers based in
Washington, California, Idaho, and Nevada comprised a second stratum (Pacific
Norwest carriers), while 1,000 of carriers of the remaining states and Canadian

provinces made up the third stratum (Other carriers).
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The percentage of respondents to the survey was about 10 % less in the “after” survey
than in the “before” survey. The experience level of the participants is evenly distributed
across strata with no significant variations in both “before” and “after” surveys. Nearly
half (50%) of the participants filling out the survey had been working in the industry for
more than 20 years. Overall, smaller carriers dominated the sample with about three-
guarters (75%) having fleet sizes of one to ten trucks. However, the medium fleet size

(11 — 99 tractors) showed significant changes in the “after” or second survey.

A summary of findings is listed below:

* About 80% said they had been working in the industry more than 10 years in

both surveys.

* 41% of carriers agree (19% disagree) that Mainline Preclearance will benefit
their company in the “before” survey while about 32% of carriers agree (25%

disagree) with this statement in the “after” survey.

*  60% of carriers agree that the Road Weather Information System (RWIS) will
benefit their company in the “before” survey and 52% of carriers agree with
this statement in the “after” survey. Approximate 15% disagree with the
statement in both surveys.

* Over 50% of carriers agree with the policy of screening trucks for possible
inspection based on recent compliance with federal safety regulations (nearly
16 % disagree) in both “before” and “after” surveys.

* Over 60% of carriers rate the overall performance of ODOT’s Motor Carrier
Services as “good” (nearly 26% rate it “Fair” and about 4% rate it “poor”) in
both “before” and “after” surveys. 9% rate it “Excellent” in the “before” survey

while 6% in the “after” survey.
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The surveys were successful in documenting that many of Oregon’s carriers are not only
adopting Oregon’s Green Light technology, but are finding it to be a useful resource in

the way they conduct business.

The results for test measure 3.1.2 — Transponder Penetration, are presented in part 3 of
this report The number of transponders issued has increased steadily since 1997 with a
substantial increase in March 2000 when ODOT decided to issue transponders at no
cost to carriers. The data show that (with nearly 11,000 transponders issued through
March 2000) the motor carrier industry is accepting mainline pre-clearance by installing
transponders. At the time this report was prepared specific data were not available for
transponders issued in April through June 2000. However, ODOT issued approximately
another 1500, and, would have issued many more if their stock had not run out. A new
order for 12,500 more transponders was delayed; once delivered it is anticipated that
they will be distributed quickly.

The following summarizes the findings:
* Nearly 12,500 transponders were in use by the motor carrier industry by June
2000..
* The number of transponders issued increased slowly until ODOT elected to
distribute them free of charge.
* Transponder issuance increased dramatically (over 1,500 %) in March 2000

when the decision was made to distribute them at no cost to carriers.
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PART ONE

Motor Carrier Acceptance — First Survey

Oregon State University

Transportation Research Institute
July 1998
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1 INTRODUCTION — FIRST SURVEY

1.1 Background

Advances in transportation technology in the next five to ten years will affect time and
costs of shipping goods on our nations highways. Satellite tracking, two-way
communications, on-board computers, weigh-in-motion (WIM) systems, automatic
vehicle identification and other electronic systems are helping to streamline the shipping

process, making both the motor carriers and the existing infrastructure more efficient.

The Oregon Department of Transportation (ODOT) has been testing several of these
technologies since 1983. With the completion and approval of the Intelligent Highway
Vehicle System Strategic Plan for Commercial Vehicle Operations (IVHS/CVO), ODOT
has begun to deploy advanced technology such as Oregon Green Light, improving the

efficiency of commercial vehicle operations within Oregon.

Green Light consists primarily of mainline preclearance systems which will be installed at
up to 22 specific sites throughout Oregon. Consisting of weigh scales embedded into
freeways and highways upstream from existing weigh stations, and vehicle identification
readers, the system allows trucks to be effectively weighed and checked for appropriate
credentials at highway speeds, enabling trucks to bypass scale houses. The resulting
network of preclearance sites will serve as a model for national deployment of such
technology. Enforcement sites are being developed and installed to monitor truck traffic
along by-pass routes around weigh stations. In addition, several safety enhancements
are being installed as part of Oregon Green Light. These include highway warning

systems for weather related hazards, and downhill truck speed informational systems.
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1.2 Purpose

As part of the appropriations grant that funded most of the project, the Federal Highway
Administration (FHWA) requested a complete independent evaluation of Green Light.
The purpose of the evaluation is to ensure how well the goals of Green Light are being
met with respect to safety, operational efficiency of motor carriers and state regulatory
authorities, productivity gains, future potential, and the identification of any legal and
institutional issues. ODOT contracted the Oregon State University Transportation
Research Institute to conduct the evaluation. This report outlines findings from a survey
distributed to motor carriers asking their opinions about the components being installed

under Oregon Green Light.

Distinct goals were recommended to guide the evaluation, one of which is the
assessment of motor carrier acceptance of Green Light technologies. Accomplishment
of these evaluation goals directly support relevant ITS National Program Plan goals (i.e.,
improve safety, increase efficiency, and enhance productivity). In addition, certain test
measures were developed in support of these goals, described in a volume of detailed
test plans. For more on the overall evaluation goals and subsequent test plans see the
compendium Oregon Green Light CVO Evaluation Detailed Test Plans 1 Through 14,

revised 3/15/98, available from Oregon State University.

The survey was conducted as a part of test measure 3.1.1 of the Green Light Evaluation.
After reviewing several alternatives of how to monitor and assess the acceptance of the
motor carrier industry, it was determined that before/after surveys be conducted of
carriers who operate in Oregon. The before survey (referred to as the “First Survey”)

was conducted between November 1997 and January 1998. The after survey (referred
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to as the “Second Survey”) was conducted in January and February 2000, as late in the
evaluation as possible. The surveys were distributed to include both interstate and

intrastate carriers from around the country who operate in Oregon.

The questionnaire surveys were used to determine user attitudes in two distinct areas:
1. User attitudes toward electronic screening and its perceived impacts on the
motor carrier
2. User attitudes towards new services such as the RWIS and DSIS technologies
and the Integrated tactical Enforcement Network (ITEN), and selecting vehicles

for inspection based on inspection and compliance status

1.3 Scope

Part One of this report provides some background into the methodology used for the first
survey and highlights some of the key findings in the form of figures and tables. Chapter
2 briefly describes the methodology used in the survey. Chapter 3 highlights results for
mainline pre-clearance, road weather information systems, downhill speed information

systems, and the integrated tactical enforcement network.

Details about the sampling methodology, sample and population demographics, and
response rates are in Appendix A. Appendix B contains figures for all of the survey
guestions in the form of bar charts. Frequency estimates in the form of data tables for
categories of response for each question are found in Appendices C-F. A brief
description of how to read the tables is found at the beginning of Appendix C. A copy of

the survey and cover letter is in Appendix G.
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2 METHODOLOGY - FIRST SURVEY

Oregon keeps records of roughly 60,000 motor carriers who have conducted business at
some time in Oregon. These carriers range from small parcel delivery companies (with
a fleet of one) to large interstate carriers with hundreds of trucks in its fleet. Any carrier
who conducts business in Oregon, even once, is required to get necessary permitting
and pay the necessary taxes. The database keeps record of the carriers activity as well
as other information such as address, fleet size, and standing within ODOT. From this
database a sample universe was defined using the methodology outlined in Appendix A.
The resulting population was roughly 20,000 carriers from all over the United States and

Canada.

In November-January of 1997 and 1998 a survey was mailed to a random sample of
3200 of these carriers from all over the United States and Canada. The target population
included both drivers and owners, taken from names and addresses from ODOT’s motor

carrier files. Of these, 1552 surveys were returned for inclusion in the study (48.5%).

The survey design incorporated a stratified sampling plan that divided the population into
three strata based on the home address of the carriers. Oregon carriers made up one
strata, Oregon’s neighboring states (California, Nevada, Idaho, and Washington)
comprised a second, with the remaining states and Canadian provinces making up the

third strata.
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3 RESULTS - FIRST SURVEY

This section will highlight some of the key findings from the “before” survey conducted by
OSU along with graphical representation of selected questions. The sample population
was subdivided into three strata based on the state of residence of the motor carrier.
The strata are:

* Oregon carriers

» Pacific Northwest carriers (PNW

* All others

A detailed description of the sampling plan may be found in Appendix A.

3.1 Population Demographics

Several questions were asked to define the makeup of the survey participants. Included
were questions about the experience of the participants in terms of how many years they
had been working in the industry (Figure 3-1), and the size of the carrier in terms of fleet

size (Figure 3-2).

The experience level of the participants is evenly distributed across strata with no
significant variations in the three subcategories. Nearly half of the participants filling out
the survey had been working in the industry in some capacity or another for more than

20 years, and approximately one-third having 11 to 20 years of experience.

Overall, the sample was dominated by smaller carriers with nearly three-quarters
(73.7%) having fleet sizes of one to ten trucks. The fleet size characteristics do show

significant effects of stratifying the sample
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Figure 3-1 Distribution of Experience Level of Part icipants
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Very few (less than 9%) medium-sized carriers participating in the survey were based in
Oregon. The vast majority were small operations with 10 or less trucks in the fleet.
Carriers who were sampled from outside of Oregon contained significantly more medium
and large carriers. This reflects the profile of the out-of-state companies who conduct

business in Oregon, many of which are larger interstate carriers.

Participants were asked if they had participated in any transponder-based mainline
prescreening such Advantage 75 or the HELP-Crescent Project. The distribution of

carrier participation is shown in Figure 3-3.

Figure 3-3 Previous Participation in Transponder-Ba  sed Mainstreaming
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While very few of the Oregon carriers had previously used transponders for pre-
clearance, nearly five percent of carriers outside of the Pacific Northwest had

participated in some sort of transponder based mainstreaming or pre-clearance.

3.2 Mainline Pre-clearance

In the evaluation, the researchers wanted to measure to what degree carriers saw Green
Light as providing benefit for their operations. In addition, it would be useful to know
what were the perceived stumbling blocks carriers had with participating in a program
such as Green Light. This section presents some of the key findings about how carriers

perceive the benefits and liabilities of transponder based mainline prescreening.

The survey asked carriers about how strongly they agreed with the pre-screening of
vehicles based on compliance with the Federal Motor Carrier Safety Regulations

(FMCSR). The distribution of the responses to this question is shown in Figure 3-4.
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Figure 3-4 Pre-screening of Vehicles Based on Compl

iance With FMCSR
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O Pacific Northwest Carriers 6.99 9.33 26.17 48.19 9.33
O Other Carriers 6 10.39 27.48 47.34 8.78
All Carriers 5.96 9.56 29.07 46.32 9.08

Again the responses were evenly distributed across the three strata. Nearly half of the
responses agreed with the idea of mainline pre-clearance based on previous inspection
result. Approximately 15% of the responses were in disagreement and 30% neither

agreed or disagreed.

Figures 3-5 through 3-7 highlight results of questions asking to what extent carriers

agree with certain statements about mainline pre-clearance.
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Figure 3-5 Will Mainline Preclearance Benefit My C

ompany?
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0.007 Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 10.78 14.37 43.82 26.87 4.17
O Pacific Northwest Carriers 7.03 10.68 37.50 38.54 6.25
O Other Carriers 4.98 9.73 36.65 41.63 7.01
N All Carriers 7.72 11.76 39.63 35.16 5.73

Overall, carries perceive that mainline pre-clearance will provide a benefit to their

commercial vehicle operations. The PNW and others strata had nearly 45% of the

responses either in agreement or strong agreement with the statement. Responses for

Oregon were slightly lower, with a 43.8% of the responses in the “Neither” category.
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Figure 3-6 illustrates responses to how much carriers feel transponder based mainline
pre-clearance invades upon their privacy by the state or federal government. Over a
third of the responses across strata selected neither, meaning that they had no opinion
one way or the other. 38% of the carriers surveyed believed that mainline pre-clearance

did not invade upon their privacy, while 22% agreed with the statement.

Figure 3-6 Is Mainline Preclearance An Invasion of  Privacy?
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Figure 3-7 shows carriers agreement with the statement that mainline pre-clearance will
improve the service the carrier is able to provide to their customer. Again the responses
were evenly distributed across strata. Nearly 27% of carriers in agreement with the

statement while about 17% disagreed with the statement.

Figure 3-7 Will Mainline Pre-clearance Improve Ser vices Provided By Carriers?

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—

15.00—

10.00—

5.00—

0.00—

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 8.30 21.32 46.64 20.31 3.43
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
O Other Carriers 7.00 12.19 41.99 31.83 7.00
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4 SUMMARY - FIRST SURVEY

The first survey was conducted from November 1997 through January 1998. It was
designed as a way to monitor and assess motor carrier acceptance of new technology.
The researchers sought to check user attitudes toward (1) electronic screening and its
perceived impact on carriers, and (2) new services such as the RWIS and DSIS, as well
as the ITEN, and selecting vehicles for inspection based on inspection and compliance
status. In a "before/after" approach, this initial survey outreach will be repeated in
another survey mailed to carriers at some point in the future when Green Light

technologies are in place and more carriers are familiar with them.

Questionnaires were mailed to a random sampling of 19,686 carriers registered to
operate in Oregon, separating them into three strata so that they reached 1,200 Oregon-
based carriers, 1,000 carriers based in Washington, California, Idaho, and Nevada (a
"Pacific Northwest" carrier group), and 1,000 carriers based throughout other states and

Canada.

Respondents to the survey included more than 700 of the Oregon-based carriers, nearly
400 of the Pacific Northwest carriers, and more than 400 of the other carriers. The

respondents described themselves as follows:

81% said they had been working in the industry more than 10 years.
74% operate small fleets (1-10 trucks)
22% operate medium fleets (11-99 trucks)

4% operate large fleets (100 or more trucks)

DocumentGLEV0011.doc 14
Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

The survey methodology included the mailing of (1) a "pre-letter" from ODOT
announcing that a survey would be arriving soon, (2) a survey form and cover letter, (3)
a small postcard reminder to non-respondents, and (4) a second survey form and cover
letter to non-respondents. Approximately 400 returned responses from each stratum
was needed to be within 10% of the truth, with a 95% confidence level. A higher degree
of confidence in the results from Oregon carriers, than from the entire population, was

achieved by the moderate oversampling of Oregon carriers.

A summary of highlights is listed below:

* 41% of carriers agree that Mainline Preclearance will benefit their company (19%
disagree and 40% have no opinion about the potential for benefit).

» 60% of carriers agree that a Road and Weather Information System (RWIS) will
benefit their company (14% disagree and 26% have no opinion).

*  47% of carriers agree that a Downhill Speed Information System (DSIS) will
benefit their company (20% disagree and 33% have no opinion).

*  32% of carriers agree that an Integrated Tactical Enforcement Network (ITEN)
will benefit their company (24% disagree and 43% have no opinion).

» 55% of carriers agree with the policy of screening trucks for possible inspection
based on recent compliance with federal safety regulations (16% disagree and
29% have no opinion).

* 61% of carriers rate the overall performance of ODOT's Motor Carrier Services

as "Good" and 9% rate it "Excellent” (26% rate it "Fair" and 4% rate it "Poor").
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PART TWO

Motor Carrier Acceptance — Second Survey

Oregon State University

Transportation Research Institute
May 2000
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5 INTRODUCTION — SECOND SURVEY

5.1 Background

The Oregon Green Light is a Federal Highway Administration funded operational test of
Intelligent Transportation Systems on Oregon’s highways. Thus, the Federal Highway
Administration (FHWA) requested a complete independent evaluation of the Oregon
Green Light. The purpose of the evaluation is to ensure how well the goals of the
Oregon Green Light are being met with respect to safety, operational efficiency of motor
carriers and state regulatory authorities, productivity gains, future potential, and the
identification of any legal and institutional issues. The Oregon State University
Transportation Research Institute was contracted to conduct the evaluation. This report
outlines findings from the “after” or “Second Survey” distributed to motor carriers around
the United States and Canada by asking their opinions about the components being

installed under Oregon Green Light.

The assessment of motor carrier acceptance of Green Light technologies is one of the
evaluation goals. The accomplishment of this goal directly supports relevant ITS
National Program Plan goals that include improving safety, increasing efficiency, and
enhancing productivity. In addition, certain test measures developed in support of these
goals were described in a volume of detailed test plans. For more on the overall
evaluation goals and subsequent test plans see the compendium Oregon Green Light
CVO Evaluation Detailed Test Plans 1 through 14, revised 3/15/98, available from

Oregon State University Transportation Research Institute.
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The survey was conducted as a part of test measure 3.1.1 of the Green Light Evaluation.
After reviewing several alternatives of how to monitor and assess the acceptance of the
motor carrier industry, an “after” or second survey was mailed to motor carriers who
operate in Oregon. The survey was to include both interstate and intrastate carriers
from around the United States and Canada. The findings of the “after” survey will be
used to compare to those of the “before” or initial survey. Questions on the “after” survey

are similar to the “before” survey, so the comparison of the findings are un-biased.

The questionnaire survey was used to determine user attitudes in two distinct areas:
1. User attitudes toward electronic screening and its perceived impacts on the
motor carrier.

2. User attitudes towards new services such as the RWIS and DSIS technologies.

5.2 Scope

This part of the report provides some background into the methodology used for the
second survey and highlights some of the key findings in the form of figures and tables
for the second survey. Chapter 6 briefly describes the methodology used in the survey.
Chapter 7 highlights results for mainline pre-clearance, road weather information

systems, and downhill speed information systems.

Details about the sampling methodology, sample and population demographics, and
response rates are in Appendix A. Appendix B contains figures for most of the survey
guestions in the form of bar charts. Frequency estimates in the form of data tables for

categories of response for each question are found in Appendices C-F. A brief
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description of how to read the tables is found at the beginning of Appendix C. A copy of

the survey and cover letter is in Appendix G.
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6 METHODOLOGY — SECOND SURVEY

Over 60,000 motor carriers have conducted business at some time in Oregon. These
carriers range from small parcel delivery companies (with a fleet of one) to large
interstate carriers with hundreds of trucks in its fleet. Any carrier who conducts business
in Oregon, even once, is required to get necessary permitting and pays the necessary
taxes. Records of the carrier’s activity as well as other information such as address, fleet
size, and standing within ODOT were kept in the ODOT’s commercial motor carriers
database. From this database a sample universe was defined using the methodology
outlined in Appendix A. The resulting population was roughly 22,000 carriers from all

over the United States and Canada.

In January-February of 2000, the second survey was mailed to a random sample of
3200 of these 22,000 carriers from all over the United States and Canada. The target
population included both drivers and owners, taken from names and addresses from
ODOT’s commercial motor carrier database files. Of these, 1213 surveys were returned

for inclusion in the study (37.9%).

The survey design incorporated a stratified sampling plan that divided the population into
three strata based on the home address of the carriers. Oregon carriers made up the
first strata (Oregon carriers). Oregon’s neighboring states (California, Nevada, Idaho,
and Washington) comprised the second strata (Pacific Northwest carriers). The

remaining states and Canadian provinces made up the third strata (Other carriers).
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7 RESULTS — SECOND SURVEY

This section will highlight some of the key findings from the “after” or second survey
conducted by OSU Transportation Research Institute along with graphical representation
of selected questions. The sample population was subdivided into three strata based on
the state of residence of the motor carrier. The strata are:

* Oregon carriers

» Pacific Northwest carriers

* Other carriers

A detailed description of the sampling plan can be found in Appendix A.

7.1 Population Demographics

Several questions were asked to define the makeup of the survey participants. Included
were questions about the experience of the participants in terms of how many years they
had been working in the industry (Figure 7-1), and the size of the carrier in terms of fleet

size (Figure 7-2).

The experience level of the participants is evenly distributed across strata with no
significant variations in the three subcategories. Nearly half of the participants filling out
the survey had been working in the industry in some capacity or another for more than
20 years, and approximately 30 % of the participants having 11 to 20 years of

experience.
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Overall, smaller carriers dominated the sample with over three-quarters (76.8%) having
fleet sizes of one to ten trucks. The fleet size characteristics do show significant effects

of stratifying the sample
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Figure 7-1 Distribution of Experience Level of Part icipants
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Oregon has the highest medium-size carriers participating in the survey (over 26.0%).

The vast majority were small operations with 10 or less trucks in the fleet. Carriers who

were sampled from outside of Oregon contained significantly less medium and large

carriers. This reflects the profile of the out-of-state companies who conduct business in

Oregon, many of which are smaller interstate carriers.

Participants were asked if they are currently participating in the Oregon Green Light

Program. The distribution of carrier participation is shown in Figure 7-3.

Figure 7-3 Current Participation in Oregon’s Green

Light Program
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Oregon carriers currently participating in the Green Light Program are less than those
from out-of-state. Carriers of the Pacific Northwest are highly participating in the

Oregon’s Green Light Program (over 6.0%).

7.2 Mainline Preclearance

In the evaluation, the researchers wanted to measure to what degree carriers saw Green
Light as providing benefit for their operations. In addition, it would be useful to know
what were the perceived stumbling blocks carriers had with participating in a program
such as Green Light. This section presents some of the key findings about how carriers

perceive the benefits and liabilities of transponder based mainline prescreening.

The survey asked carriers about how strongly they agreed with the pre-screening of
vehicles based on compliance with the Federal Motor Carrier Safety Regulations

(FMCSR). The distribution of the responses to this question is shown in Figure 7-4.
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Figure 7-4 Pre-screening of Vehicles Based on Compl
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B Oregon Carriers 6.55 12.23 27.51 43.89 8.08
0O Pacific Northwest Carriers 5.74 8.47 28.69 44.26 8.47
O Other Carriers 5.4 7.2 34.19 42.93 7.46
All Carriers 5.87 9.22 30.53 43.59 7.93

Overall, the responses were evenly distributed across the three strata. The majority
(nearly 44%) of the carriers of the responses agreed with the idea of mainline
preclearnce based on previous inspection result. Approximately 15% of the responses

were in disagreement and about 30% neither agreed nor disagreed.

Figures 7-5 through 7-7 highlights results of questions asking to what extent carriers

agree with certain statements about mainline preclearance.
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Figure 7-5 Will Mainline Preclearance Benefit My Co  mpany?
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B Oregon Carriers 9.17 14.63 40.61 30.35 4.37
O Pacific Northwest Carriers 10.11 16.67 41.53 28.42 3.01
O Other Carriers 10.54 15.17 43.70 25.71 3.60
B All Carriers 9.97 15.37 42.10 27.97 3.71

Overall, carries perceive that mainline preclearance will provide a benefit to their
commercial vehicle operations. Over 30% of the responses either agree or strong agree
that mainline preclearance will benefit their company. Responses from Oregon carriers
were higher than those from out-of-state in agreement or strong agreement with that

statement. In addition, approximately 42% of the response fell in the “neither” category.
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Figure 7-6 illustrates responses regarding to what degree carriers feel transponder
based mainline preclearance invades upon their privacy by the state or federal
government. Over 41% of the responses across strata selected neither, meaning that
they had no opinion one-way or the other. Over a third (nearly 34%) of the carriers
surveyed believed that mainline preclearance did not invade upon their privacy, while

about 24% agreed with the statement.

Figure 7-6 Is Mainline Preclearance An Invasion of  Privacy?
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Figure 7-7 illustrates carriers agreement with the statement that mainline preclearance
will improve the service carriers can provide to their customers. Again the responses
were evenly distributed across strata. Nearly 25% of carriers on agreement with the

statement while about 18% disagreed with the statement.

Figure 7-7 Will Mainline Preclearance Improve Servi  ces Provided By Carriers?
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8 SUMMARY — SECOND SURVEY

The survey described in this report was conducted from January to February 2000. It
was the “after” or “Second Survey” designed as a way to monitor and assess motor
carrier acceptance of new technology. The researchers sought to check user attitudes
toward (1) electronic screening and its perceived impact on carriers, and (2) new

services such as the RWIS and DSIS.

Questionnaires were mailed to a random sampling of 21,928 carriers registered to
operate in Oregon, separating them into three strata so that they reached 1,200 Oregon-
based carriers, 1,000 carriers based in Washington, California, Idaho, and Nevada (a
"Pacific Northwest" carrier group), and 1,000 carriers based throughout other states and

Canada.

Respondents to the second survey included more than 450 of the Oregon-based
carriers, nearly 370 of the Pacific Northwest carriers, and nearly 400 of the other

carriers. The respondents described themselves as follows:

80% said they had been working in the industry more than 10 years.
77% operate small fleets (1-10 trucks)
19% operate medium fleets (11-99 trucks)

4% operate large fleets (100 or more trucks)
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The survey methodology included the mailing of (1) a "pre-letter" from ODOT
announcing that a survey would be arriving soon, (2) a survey form and cover letter, (3)
a postcard reminder, and (4) a second survey form and cover letter.

Approximately 400 returned responses from each stratum was required to be within 10%
of the truth, with a 95% confidence level. A higher degree of confidence in the results

from Oregon carriers, was achieved by the moderate over sampling of Oregon carriers.

A summary of findings for the second survey is listed below:

*  32% of carriers agree that Mainline Pre-clearance will benefit their company
(25% disagree and 42% have no opinion about the potential for benefit).

» 52% of carriers agree that a Road Weather Information System (RWIS) will
benefit their company (15% disagree and 32% have no opinion).

» 38% of carriers agree that a Downhill Speed Information System (DSIS) will
benefit their company (20% disagree and 41% have no opinion).

» 52% of carriers agree with the policy of screening trucks for possible inspection
based on recent compliance with federal safety regulations (15% disagree and
31% have no opinion).

* 60% of carriers rate the overall performance of ODOT's Motor Carrier Services

as "Good" and 6% rate it "Excellent" (26% rate it "Fair" and 4% rate it "Poor").
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Transponder Penetration
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May 2000
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9 INTRODUCTION — TRANSPONDER PENETRATION

9.1 Background

The Transponder Penetration Measure 3.1.2 is one of the evaluation measures that
used to assess the acceptance of Green Light by the motor carrier industry. The
Measure 3.1.2 tracked the issuance of transponders to the motor carrier population over
the evaluation period, ending in March of 2000. In order to monitor motor carrier
acceptance, a database file recorded the number of transponders in use over the
evaluation period. The data requested was a monthly report of transponders being
issued or returned by carriers. In addition, certain characteristics of the carrier's
operations will be required to track differences that might occur due to fleet size and
location of the fleet. Data elements included:

» Carrier name or more other identifier

* Location of motor carrier by state

* Fleet size

* Number of transponders in service
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10 RESULTS — TRANSPONDER PENETRATION

This section presents the data for transponder issuance during the period of the
evaluation. Figure 10-1 shows the distribution by month. The substantial increase in
march 2000 reflects the decision by ODOT to distribute transponders at no cost to the
carrier. Figure 10-2 shows the cumulative penetration of transponders and indicates that

the total distributed was nearly 11,000 by March 2000.

Figure 10-1 Monthly Transponder Penetration
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Figure 10-2 Accumulated Transponder Penetration
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11 SUMMARY — TRANSPONDER PENETRATION

At the time this report was prepared specific data were not available for transponders
issued in April through June 2000. However, ODOT issued approximately another 1500,
and, would have issued many more if their stock had not run out. A new order for 12,500
more transponders was delayed; once delivered it is anticipated that they will be
distributed quickly.
The following summarizes the findings:

* Nearly 12,500 transponders were in use by the motor carrier industry by June

2000.

* The number of transponders issued increased slowly until ODOT elected to
distribute them free of charge.

* Transponder issuance increased dramatically (over 1,500 %) in March 2000

when the decision was made to distribute them at no cost to carriers.
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APPENDIX A
Sampling Methodology and Survey Design

The overall survey design was based, in part, on the design method outline in Mail and
Telephone Surveys-Total Design Method by Don A. Dillman (Wiley and Sons, 1978). In
his book, Don Dillman discusses that by using multiple mailings to the sample
population, the response rates can increase nearly 50%. Mailings include an initial
cover letter, the survey itself with accompanying a brief description of Green Light
components, a follow-up postcard, and finally a second survey identical to the first, but

with a slightly different cover letter.

Sampling

Over 60,000 motor carrier names and addresses are contained in ODOT’s commercial
motor vehicle database. A query of the database was conducted to collect carrier
names and addresses from which to draw the sample. The population was limited to
active carriers (those not currently suspended for one reason or another), diesel truck
operators, and heavy trucks over 26,000 Ibs. The initial query also eliminated certain
operation classifications and body types (no taxis, bus services, small parcel carriers,
passenger cars classified as commercial vehicles, etc.) The subset resulting from the
guery consisted of 21,928 commercial motor vehicle operators who were likely to be

affected by the various Green Light components.

OSU used a stratified sampling approach as presented in Sampling Techniques by

William Cochran (Wiley and Sons, 1953). The population of motor carriers was divided
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into three strata (subgroups), based on the locations of the carriers listed in the ODOT

database. The systematic random samples were drawn from each of these sub-strata.

The population of 21,928 addresses was broken down into three homogenous
subgroups of Oregon carriers, Pacific Northwest carriers (carriers from states, such as
Washington, California, Nevada, and Idaho, that have a common border with Oregon),

and all other carriers that include all of the Canadian provinces.

Approximately 400 returned responses from each stratum are required to be within 10%
of the truth, with a 95% confidence level. There will exist a higher degree of confidence
in the results from Oregon carriers than from the entire population if a stratified sampling

approach is used with a moderate oversample of the Oregon carriers.

To acquire 400 returned surveys, approximate 1000 — 1200 surveys have to mail out to
carriers of each stratum. Choosing participants involves rolling a 10 sided dice to obtain
the first element in sample and then selecting every population to sample proportion
length, for instant every 7™ carrier in Oregon carriers stratum. After getting the proportion

length from the three strata, a systematic random sampling list of subjects was formed.
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In all, 3200 questionnaires were mailed as shown in Table A-1 below:

Figure 0-1 Sample Sizes

STRATA CARRIER POPULATION SAMPLE
SURVEY ONE | SURVEY TWO

OREGON 7602 7394 1200

WASHINGTON 2247 2628

CALIFORNIA 1626 2026

NEVADA 116 153

IDAHO 857 1009

ALL PACIFIC 4846 5816 1000

NORTHWEST

ALL OTHERS 7238 8718 1000

Survey Mailing Process

The process for mailing was the same for both surveys. The steps were as follows:

1. Send out a “pre-letter” announcing that a survey wi Il be arriving - this will
originate from ODOT in order to give the survey credence, a week before the first
survey mailing.

2. Send out the first survey and cover letter  — the survey will contain a brief
description of Green Light components, and a return envelope.

3. Send out a postcard as a reminder - mailed out to each carrier one week after
the first survey is mailed.

4. Send out second survey and cover letter - mailed out two weeks after the initial
mailing.
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APPENDIX B

Figures and Tables of Results
First and Second Surveys

The following figures and tables show the percentages of the population who answered
the particular question with the answer shown. The frequencies are representative of the
population of carriers who conduct business in Oregon within a certain degree of error.
Complete data sets in the form of tables, including standard errors are contained in

Appendix C.

Example:

In question #1 on the following page, 21.76% of the carriers in Oregon have worked less
than ten years in the industry. Standard errors (Appendix C, page 1) show the error as
1.48%. Thatis 21.76% of the carriers in Oregon have worked less than ten years in the

industry ,+/- 1.48%.

The results of the second survey begin on page B-20.
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Q.1) How many years have you personally been working in the industry?

Oregon Green Light CVO Project

Q. 2) How large is your company in terms of fleet size?

3.1.1and 3.1.2
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Q. 5) Have you ever participated in any other transponder-based mainstreaming project
such as HELP or Advantage |-75?

100.00—

90.00—

80.00—

70.00—

60.00—

Percent

50.00—

40.00—

30.00—

20.00—

10.00—

0.00—

Oregon Carriers

Pacific Northwest Carriers

Other Carriers

All Carriers

‘E Yes

0.28

3.55

4.70

271

[=1Y

99.72

96.45

95.30

97.29

Q. 6) How strongly do you agree with the policy of screening vehicles for possible
inspection based on recent compliance with the Federal Motor Vehicle Safety

Percent

50—

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.26 8.92 32.46 44.15 9.21
O Pacific Northwest Carriers 6.99 9.33 26.17 48.19 9.33
O Other Carriers 6 10.39 27.48 47.34 8.78
All Carriers 5.96 9.56 29.07 46.32 9.08
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Regulations?

Q. 7) Would you rate the overall performance of ODOT’s current Motor Carrier Services
as poor, fair, good, or excellent?

70.00—

60.00—

50.00—

40.00—

Percent

30.00—

20.00—

10.00—

0.00—

Oregon Carriers

Pacific Northwest Carriers

Other Carriers

All Carriers

B Poor
O Fair
OGood

6.21
33.53
55.20

3.37
21.50
66.58

184
20.74
64.98

3.92
25.89
61.58

Excellent

5.06

8.55

12.44

8.62

Q. 8a) Mainline Preclearance will benefit my company.

45.00—

Percent

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 10.78 14.37 43.82 26.87 4.17
O Pacific Northwest Carriers 7.03 10.68 37.50 38.54 6.25
O Other Carriers 4.98 9.73 36.65 41.63 7.01
All Carriers 7.72 11.76 39.63 35.16 5.73
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Q. 8b) Mainline preclearance will improve safety on the road.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— = = -
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 5.16 11.75 23.50 50.57 9.03
O Pacific Northwest Carriers 4.65 11.37 19.64 55.04 9.30
O Other Carriers 3.84 7.67 23.48 53.95 11.06
S AIl Carriers 4.55 10.15 22.54 52.91 9.84

Q. 8c) Mainline preclearance will be an invasion of my driver’s privacy.

45.00—

40.00—

35.00—

30.00—

25.00

Percent

20.00—

15.00—

10.00—

5.00

0.00— - . =
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 7.76 29.45 40.09 15.66 7.04
O Pacific Northwest Carriers 8.57 32.47 38.44 12.73 7.79
OOther Carriers 8.64 28.86 37.95 17.95 6.59
All Carriers 8.28 29.97 38.90 15.79 7.06
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Q. 8d) Mainline preclearance will make my company and its drivers more independent.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—

10.00—

0.00~ Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.19 20.14 56.40 15.97 1.29
O Pacific Northwest Carriers 4.92 20.47 52.85 19.69 2.07
[0 Other Carriers 5.87 17.61 49.66 23.70 3.16
All Carriers 5.76 19.29 53.04 19.74 2.17

Q. 8e) Mainline preclearance will create more incentives for carriers to comply with

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— " " ;
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 4.03 10.36 25.04 54.68 5.90
O Pacific Northwest Carriers 4.13 9.56 24.55 55.04 6.72
[ Other Carriers 2.93 9.03 26.41 55.08 6.55
B All Carriers 3.65 9.67 25.42 54.91 6.34
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regulations.
Q. 8f) Mainline preclearance will accurately pre-screen vehicles.

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—

15.00—

10.00—

5.00—

0.00—
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 3.78 14.83 35.47 43.60 2.33
O Pacific Northwest Carriers 4.18 11.49 33.16 48.04 3.13
O Other Carriers 271 11.09 35.52 47.74 2.94
R All Carriers 3.48 12.62 34.92 46.22 2.75

Q. 8g) Mainline preclearance will reduce the amount of wear and tear on my vehicle.

45.00—

40.00—
35.00—
30.00—
25.00—
Percent
20.00—
15.00—
10.00—
5.00—
0.00— m— - -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.87 22.35 40.11 27.79 3.87
O Pacific Northwest Carriers 6.17 15.17 30.33 40.10 8.23
0O Other Carriers 4.51 11.74 36.79 38.60 8.35
‘ All Carriers 5.45 16.68 36.49 34.80 6.59
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Q. 8h) Mainline preclearance will improve the service | provides to my customers.

50.00—

45.00—

40.00—

)
i
)

35.00—

30.00—

Percent 25.00—

20.00—

15.00—

10.00—

Strongly Disagree Disagree Neither Agree Strongly Agree

H Oregon Carriers 8.30 21.32 46.64 20.31 3.43
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
0O Other Carriers 7.00 12.19 41.99 31.83 7.00
H All Carriers 7.63 16.80 43.28 26.62 5.68

Q. 9a) RWIS will benefit my company

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— " . p
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 7.46 13.63 31.71 42.18 5.02

O Pacific Northwest Carriers 3.63 777 22.80 56.48 9.33

0O Other Carriers 2.95 5.45 22.05 55.68 13.86

All Carriers 4.87 9.19 25.98 50.64 9.32

DocumentGLEV0011.doc B-8

Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

Q. 9b) RWIS will improve safety on the road.

70.00—

60.00—

50.00—

40.00—

Percent

30.00—

20.00—

10.00—

0.00— " . p
Strongly Disagree Disagree Neither Agree Strongly Agree

H Oregon Carriers 3.16 7.04 16.67 62.93 10.20
O Pacific Northwest Carriers 2.84 4.65 12.92 64.60 14.99
0O Other Carriers 2.95 3.18 16.14 60.23 17.50
3.01 5.04 15.55 62.35 14.06

Q. 9¢) RWIS will provide accurate weather information to my company and its drivers.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— . . -
Strongly Disagree Disagree Neither Agree Strongly Agree
H Oregon Carriers 3.47 7.67 33.57 49.93 5.35
O Pacific Northwest Carriers 1.04 4.17 26.82 57.81 10.16
0O Other Carriers 1.37 2.75 26.09 57.21 12.59
N All Carriers 2.10 5.00 29.17 54.54 9.19
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Q. 9d) RWIS will provide information in a timely fashion.

70.00—

60.00—

50.00—

40.00—

Percent

30.00—

20.00—

10.00—

0.00— . . ]
Strongly Disagree Disagree Neither Agree Strongly Agree

H Oregon Carriers 1.60 6.24 33.96 52.98 5.22
O Pacific Northwest Carriers 1.83 3.66 29.24 59.01 6.27
0O Other Carriers 1.37 2.28 26.26 60.27 9.82
B All Carriers 1.57 4.15 29.96 57.14 7.17

Q. 9e) RWIS information will be easy to use and understand

60.00—
50.00—
40.00—
Percent 30.00—
20.00—
10.00—
0.00— " . p
Strongly Disagree Disagree Neither Agree Strongly Agree
H Oregon Carriers 2.33 5.52 42.59 46.22 3.34
O Pacific Northwest Carriers 1.57 3.41 38.85 50.39 5.77
0O Other Carriers 1.84 4.15 33.18 51.84 8.99
E All Carriers 1.96 4.50 38.22 49.31 6.01
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Q. 9f) RWIS will improve the service | provide to my customers

Percent

50.00

45.00—

40.00—

35.00

30.00

25.00

20.00

15.00

10.00

5.00

Strongly Disagree

Disagree

Neither

Agree

Strongly Agree

B Oregon Carriers

6.76

16.83

46.19

27.19

3.02

O Other Carriers

O Pacific Northwest Carriers

4.17
3.67

12.76
9.63

34.64
36.24

42.45
40.83

5.99
9.63

4.99

13.20

39.71

35.92

6.17

Q. 10 a) The Downhill Information System (DSIS) will benefit my company

50.00

45.00—

40.00—

35.00

30.00

Percent 25.00—

20.00

15.00

10.00

5.00

0.00—

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 9.37 19.60 37.75 30.26 3.03
O Pacific Northwest Carriers 4.47 13.42 31.32 44.74 6.05
O Other Carriers 2.50 9.32 30.45 48.18 9.55
Il Carriers 5.64 14.30 33.50 40.39 6.17
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Q. 10b) DsSIS will improve safety on the road

70.00—

60.00—

50.00—

40.00—

Percent

30.00—

20.00—

10.00

0.00— " . ;
Strongly Disagree Disagree Neither Agree Strongly Agree

H Oregon Carriers 4.47 7.90 20.98 58.19 8.19
O Pacific Northwest Carriers 3.12 7.55 14.06 62.24 13.02
0O Other Carriers 2.05 5.68 19.32 57.50 15.45
S All Carriers 3.35 7.00 18.68 58.93 12.04

Q. 10c) DSIS will make it easier to comply with existing speed limits

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00
10.00
5.00—
0.00— " " ;
Strongly Disagree Disagree Neither Agree Strongly Agree
E Oregon Carriers 5.91 13.69 37.90 38.33 4.18
O Pacific Northwest Carriers 3.39 14.58 30.21 45.57 6.25
[ Other Carriers 2,51 10.48 29.61 48.97 8.43
N All Carriers 4.04 12.73 32.97 44.02 6.25
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Q. 10d) DsSIS will provide reliable and accurate information

60.00—

50.00—

40.00—

Percent 30.00—
20.00—
10.00—
0.00— = - -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.38 11.88 39.42 39.13 3.19
O Pacific Northwest Carriers 3.94 6.56 33.86 50.39 5.25
O Other Carriers 1.60 8.24 31.35 51.03 7.78
N AIl Carriers 4.02 9.24 35.09 46.26 5.38

Q. 10 e) DSIS will improve the services | provide to my customers

60.00—

50.00—

40.00—

Percent 30.00—
20.00—
10.00—
0.00— . - -
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 8.66 20.06 51.08 18.04 2.16

O Pacific Northwest Carriers 4.99 16.54 48.56 25.72 4.20

O Other Carriers 2.73 14.35 45.33 31.66 5.92

S All Carriers 5.58 17.10 48.35 24.93 4.05
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Q. 11a) The Integrated Tactical Enforcement Network (ITEN) will benefit my company

Percent

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 9.08 21.04 49.42 18.88 1.59
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
O Other Carriers 6.56 17.32 46.98 25.20 3.94
B All Carriers 7.63 16.80 43.28 26.62 5.68

Q. 11b) ITEN will improve safety on the road

50.00—
45.00—
40.00—
35.00
30.00—
Percent 25.00—
20.00—
15.00—
10.00—
5.00—
0.00— - " "
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.49 12.28 31.36 46.10 4.77
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
O Other Carriers 4.95 11.98 32.29 43.75 7.03
M Al Carriers 7.63 16.80 43.28 26.62 5.68
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Q. 11c) ITEN will be an invasion of my drivers policy

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00
10.00
5.00—
0.00— = - -
Strongly Disagree Disagree Neither Agree Strongly Agree
H Oregon Carriers 6.03 23.85 46.12 17.10 6.90
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
0 Other Carriers 7.83 19.84 47.26 18.28 6.79
N All Carriers 7.63 16.80 43.28 26.62 5.68

Q. 11d) ITEN will make my company and its drivers more dependent

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— . - -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.79 22.40 55.64 14.02 1.16
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
0O Other Carriers 5.22 22.19 54.05 15.93 2.61
N All Carriers 7.63 16.80 43.28 26.62 5.68
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Q 11le) ITEN will make it easier to comply with existing regulations

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00
0.00— = = .
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.20 17.49 45.52 29.19 2.60
O Pacific Northwest Carriers 7.51 16.58 39.90 28.76 7.25
O Other Carriers 5.24 13.87 40.58 37.70 2.62
N AIl Carriers 7.63 16.80 43.28 26.62 5.68

Q. 11f) ITEN will provide reliable and accurate data

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00
0.00— = = =
Strongly Disagree Disagree Neither Agree Strongly Agree
B Series1 4.09 10.53 46.05 35.96 3.36
O Series2 7.51 16.58 39.90 28.76 7.25
O Series3 4.71 9.42 40.84 42.41 2.62
N Series4 7.63 16.80 43.28 26.62 5.68
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Q 13) Please indicate your position within your company

50.00

45.00—

40.00—

35.00

30.00

Percent 25.00—

20.00

15.00

10.00

5.00

0.00—
President Fleet Manager Owner Dispatcher Other
B Oregon Carriers 23.84 10.30 49.37 4.09 12.41
O Pacific Northwest Carriers 20.20 14.83 39.90 5.88 19.18
O Other Carriers 25.22 14.96 30.80 8.48 20.54
EAll Carriers 23.46 13.12 40.22 6.14 17.05
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Figures and Tables of Results
Second Survey

The following figures and tables show the percentages of the population who answered
the particular question with the answer shown. The frequencies are representative of the
population of carriers who conduct business in Oregon within a certain degree of error.
Complete data sets in the form of tables, including standard errors are contained in

Appendix C.

Example:

In question #1 on the following page, 20.09% of the carriers in Oregon have worked less
than ten years in the industry. Standard errors (Appendix C, page 1) show the error as
2.09%. That is 20.09% of the carriers in Oregon have worked less than ten years in the

industry, +/- 2.09%.
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Oregon Green Light CVO Project

Q.1) How many years have you personally been working in the industry?

4
2
I

Q. 2) How large is your company in terms of fleet size?

B-19
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April 14, 2000

Q. 4) Are your operations predominantly INTERSTATE or INTRASTATE?

80.00—

70.00—

60.00—

50.00—

Percent 40.00—

30.00—

20.00—

10.00

0.00—
Interstate Intrastate
B Oregon Carriers 75.98 22.71
O Pacific Northwest Carriers 53.28 42.08
O Other Carriers 56.04 41.65
M All Carriers 62.08 35.35

Q. 6) Are you currently participating in Oregon’s Green Light program?

100.00—

90.00—

80.00—

70.00—

60.00—

Percent  50.00

40.00—

30.00—

20.00—

10.00—

0.00— -
Oregon Carriers

Pacific Northwest Carriers

Other Carriers

All Carriers

502

656

617

588

Documevﬁ@&.E.VOOll.ohmz

92.90

93.06

93.46
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Q. 7) How strongly do you agree with the interoperability of the transponder-based
mainline preclearances systems?

60
50—
40—
Percent 30—
20—
10
0 " - -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 7.86 9.39 49.13 25.55 5.24
O Pacific Northwest Carriers 7.92 8.47 47.54 26.23 5.74
O Other Carriers 7.97 9.25 51.93 1.95 6.17
N All Carriers 7.92 9.10 49.86 23.28 5.75

Q. 8) How strongly do you agree with the policy of screening vehicles for possible
inspection based on recent compliance with the Federal Motor Vehicle Safety

45—
40—
35—
30
25—
Percent
20—
15—
10—
5]
0 " - -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.55 12.23 27.51 43.89 8.08
O Pacific Northwest Carriers 5.74 8.47 28.69 44.26 8.47
O Other Carriers 5.4 7.2 34.19 42.93 7.46
N All Carriers 5.87 9.22 30.53 43.59 7.93
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Regulations?

Q. 9) Would you rate the overall performance of ODOT'’s current Motor Carrier Services
as poor, fair, good or excellent?

70.00—
60.00—
50.00—
40.00—
Percent
30.00—
|
20.00—
10.00
O_ooé
Oregon Carriers Pacific Northwest Carriers Other Carriers All Carriers
B Poor 5.02 4.10 4.37 4.52
O Fair 21.62 28.96 27.76 25.99
0 Good 62.88 57.10 59.90 60.19
‘ Excellent 7.21 7.38 4.88 6.31

Q. 10a) Mainline preclearance will benefit my company.

45.00—

40.00—

35.00

30.00—
25.00
Percent

20.00—

15.00—

10.00

5.00

0.00— = = -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 9.17 14.63 40.61 30.35 4.37
O Pacific Northwest Carriers 10.11 16.67 41.53 28.42 3.01
O Other Carriers 10.54 15.17 43.70 25.71 3.60
Al Carrier 997 1537 4210 2797 371
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Q. 10b) Mainline preclearance will improve safety on the road.

45.00

40.00—

35.00—

30.00—

25.00—

Percent

20.00—

15.00—

10.00—

5.00—

0.00— . . -
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 6.99 12.66 28.82 43.23 7.86
O Pacific Northwest Carriers 4.64 13.93 30.05 43.72 7.38
O Other Carriers 4.37 13.88 31.36 42.67 6.17
5.33 13.48 30.17 43.13 7.05

Q. 10c) Mainline preclearance will be an invasion of my driver’s privacy.

45.00—

40.00—

35.00—

30.00—

25.00—

Percent

20.00—

15.00—

10.00—

Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.77 24.45 39.96 18.78 8.73
O Pacific Northwest Carriers 7.65 29.51 41.26 14.48 6.83

O Other Carriers 7.46 25.96 42.42 13.88 9.51
7.27 26.36 41.29 15.69 8.56

DocumentGLEV0011.doc B-23
Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

Q. 10d) Mainline preclearance will make my company and its drivers more independent.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00
0.00— = . -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 7.21 22.71 51.75 15.94 1.09
O Pacific Northwest Carriers 6.56 19.67 53.83 18.31 1.09
O Other Carriers 8.23 21.59 52.96 15.42 1.29
7.46 21.48 52.77 16.33 1.17

Q. 10e) Mainline preclearance will create more incentives for carriers to comply with
regulations.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— = . -
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 5.02 12.66 30.13 45.20 6.11

O Pacific Northwest Carriers 3.55 11.48 28.42 50.27 5.74

O Other Carriers 4.63 10.80 32.13 46.53 4.88

4.49 11.60 30.51 47.03 5.52
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Q. 10f) Mainline preclearance will accurately pre-screen vehicles.

45.00
40.00
35.00
30.00 .
25.00—
Percent
20.00—
15.00—
10.00—
5.00—
0.00— . . -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.02 15.07 39.74 35.59 3.06
O Pacific Northwest Carriers 2.19 13.93 37.98 40.71 3.28
O Other Carriers 4.11 15.17 40.62 35.22 3.34
All Carriers 3.93 14.82 39.65 36.75 3.23

Q. 10g) Mainline preclearance will reduce the amount of wear and tear on my vehicle.

45.00—

40.00—

35.00—

30.00—
25.00—
Percent

20.00—

15.00—

10.00—

5.00

0.00— = . .
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 7.42 16.16 42.14 28.60 5.02
O Pacific Northwest Carriers 7.92 21.58 38.80 27.05 3.83
O Other Carriers 591 22.11 39.59 27.51 4.63
All Carriers 6.94 19.96 40.25 27.76 4.56
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Q. 10h) Mainline preclearance will improve the service | provide to my customers.

45.00
40.00—
35.00— N
30.00—
25.00—
Percent
20.00—
15.00—
10.00—
5.00—
0.00— . . ;
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 8.73 16.81 42.58 26.64 4.80
O Pacific Northwest Carriers 10.11 22.40 39.89 22.40 4.64
O Other Carriers 8.23 17.99 43.96 24.68 4.37
All Carriers 8.88 18.72 42.45 24.76 4.59

Q. 11a) The Road Weather Information System (RWIS) will benefit my company.

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00
0.00— = = .
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 4.37 7.86 29.69 47.82 8.95
O Pacific Northwest Carriers 6.83 11.20 30.87 45.90 4.37
O Other Carriers 4.88 11.57 34.45 41.90 6.43
Il Carriers 521 10.22 31.93 44.92 6.76
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Q. 11b) RWIS will provide safety on the road.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—
10.00—
0.00— . . ;
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 3.28 5.90 19.65 56.99 12.88
O Pacific Northwest Carriers 3.01 6.28 20.77 59.56 9.29
O Other Carriers 2.06 6.43 21.34 59.13 9.77
All Carriers 271 6.21 20.62 58.51 10.70

Q. 11c) RWIS will make provide accurate weather information to my company an d its
drivers.

60.00—

50.00—

40.00—

Percent 30.00—
20.00—
10.00—
0.00— = = -
Strongly Disagree Disagree Neither Agree Strongly Agree

B Oregon Carriers 1.97 6.11 29.69 51.09 9.39

O Pacific Northwest Carriers 3.55 7.10 26.78 54.37 6.83

O Other Carriers 231 6.94 32.90 48.84 6.68

All Carriers 251 6.77 30.25 51.01 7.64
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April 14, 2000

Q. 11d) RWIS will provide information in a timely fashion.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—

10.00—

0.007 Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 1.53 5.46 34.93 49.78 6.55
O Pacific Northwest Carriers 3.28 4.37 32.24 51.64 5.74
O Other Carriers 1.80 5.91 34.45 50.39 4.63
H All Carriers 2.09 5.37 34.05 50.50 5.56

Q. 11e) RWIS information will be easy to use and understand.

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00
0.00— = . -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 1.97 6.11 37.55 44.76 7.21
O Pacific Northwest Carriers 3.01 4.37 41.26 46.72 2.73
O Other Carriers 231 5.40 43.19 43.44 3.08
All Carriers 2.37 5.38 40.79 44.73 4.39
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Q. 11f) RWIS will improve the service | provide to my customers.

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00—
0.00— . . -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.24 12.01 43.45 31.00 6.55
O Pacific Northwest Carriers 6.56 15.57 45.08 27.60 3.28
O Other Carriers 6.17 11.57 48.33 27.51 4.63
All Carriers 5.95 12.74 45.85 28.71 4.93

Q. 12a) The Downhill Speed Information System (DSIS) will benefit my company.

50.00—

45.00—

40.00—

35.00—

30.00—

Percent 25.00—

20.00—
15.00—
10.00—
5.00
0.00— . . ;
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 6.55 12.01 34.06 40.39 5.68
O Pacific Northwest Carriers 6.01 16.67 40.98 31.69 3.28
O Other Carriers 7.97 12.34 46.02 28.79 3.86
6.99 13.33 40.69 33.46 4.32
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Q. 12b) DsSIS will improve safety on the road.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—

10.00—

0.007 Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 3.71 9.17 20.31 53.28 12.23
O Pacific Northwest Carriers 4.10 7.92 26.23 51.64 9.29
O Other Carriers 2.83 6.68 26.99 53.47 8.74
All Carriers 3.45 7.84 24.54 52.94 10.06

Q. 12c) DSIS will make it easier to comply with existing speed limits.

45.00—

40.00—

35.00—

30.00—

25.00—
Percent

20.00—

15.00—

10.00—

5.00

0.00— = . .
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 5.02 12.66 34.72 41.05 5.46
O Pacific Northwest Carriers 4.64 14.75 33.61 41.53 4.10
O Other Carriers 4.37 11.83 38.82 38.82 4.63
All Carriers 4.66 12.86 36.10 40.26 4.77
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Q. 12d) DsSIS will provide reliable and accurate data to my company and its drivers.

45.00—

40.00—

35.00—

30.00—

25.00—

Percent

20.00—

15.00—

10.00—

5.00—
0.00— . . -
Strongly Disagree Disagree Neither Agree Strongly Agree
B Oregon Carriers 4.15 9.39 36.03 43.67 5.02
O Pacific Northwest Carriers 4.37 10.11 39.07 41.53 3.55
O Other Carriers 4.11 6.94 43.19 42.16 2.57
All Carriers 4.19 8.58 39.71 42.51 3.65

Q. 12e) DSIS will improve the service | provide to my customers.

60.00—

50.00—

40.00—

Percent 30.00—

20.00—

10.00—

0.007 Strongly Disagree Disagree Neither Strongly Agree
B Oregon Carriers 6.99 13.32 50.44 4.59
O Pacific Northwest Carriers 7.65 17.49 51.91 2.46
O Other Carriers 7.46 16.20 55.01 2.06
All Carriers 7.35 15.55 52.67 3.01
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Q. 14) Please indicate your position within your company.

45.00

40.00—

35.00—

30.00—

25.00—

Percent

20.00—

15.00—

10.00—

5.00—

0.00— = — .
President Fleet Manager Owner Dispatcher Other
B Oregon Carriers 24.02 12.88 32.53 6.55 17.90
O Pacific Northwest Carriers 25.14 12.02 40.98 4.64 11.20
O Other Carriers 27.25 11.05 41.13 3.86 11.57
All Carriers 25.62 11.92 38.18 4.97 13.62
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APPENDIX C -1

Oregon Strata Sudaan Frequency Analysis and
Standard Errors — FIRST SURVEY

DocumentGLEV0011.doc
Deaft Final Report: Detailed Test Plan #11
Test Measures 3.1.1 and 3.1.2



Oregon Green Light CVO Project April 14, 2000

APPENDIX C - 2

Oregon Strata Sudaan Frequency Analysis and
Standard Errors — SECOND SURVEY
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APPENDIX D-1

Pacific Northwest Strata Sudaan Frequency
Analysis and Standard Errors — SURVEY ONE
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APPENDIX D-2

Pacific Northwest Strata Sudaan Frequency
Analysis and Standard Errors — SURVEY TWO
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APPENDIX E-1
All Others Sudaan Frequency Analysis and Standard
Errors - SURVEY ONE
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APPENDIX E-2
All Others Sudaan Frequency Analysis and
Standard Errors - SURVEY TWO
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APPENDIX F-1

Cumulative (All) Strata Sudaan Frequency
Analysis and Standard Errors — SURVEY ONE
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APPENDIX F-2

Cumulative (All) Strata Sudaan Frequency
Analysis and Standard Errors — SURVEY TWO
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APPENDIX G-1

SURVEY and COVER LETTER
FIRST SURVEY
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APPENDIX G-2

SURVEY and COVER LETTER
SECOND SURVEY
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