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Executive Summary

B ES.1 Background

On May 16t%, 2005, the Minnesota Department of Transportation (Mn/DOT) started
operation of the State’s first application of High-Occupancy Toll (HOT) lanes on a seg-
ment of the Interstate 394 (I-394) corridor in the Minneapolis/St. Paul region. This system,
known locally as MnPASS, represents the first deployment of HOT lane strategies in
Minnesota and one of the first in the United States that dynamically adjusts pricing levels
in response to varying traffic conditions.

1-394 serves as the primary east/west corridor for travel between downtown Minneapolis
and the 1-494 beltway, and the western suburbs. Unique within the Twin Cities region,
the facility also has two reversible, barrier-separated high-occupancy vehicle (HOV) lanes
located in the center median between I-94 and Trunk Highway 100 (TH 100). Historically,
these lanes were open only to bus and carpools with two or more passengers in the
inbound (eastbound) direction from 6:00 a.m. to 1:00 p.m., and open in the outbound
(westbound) direction from 2:00 p.m. to midnight on weekdays. These lanes were also
opened to buses and HOV traffic on a limited basis on weekends, usually in support of
special event traffic. The lanes were closed at all other times. This portion of the 1-394
HOV corridor is referenced as the reversible lane section.

West of TH 100, the facility was built with a single, non-barrier-separated HOV lane in
each direction. Prior to the introduction of MnPASS, the HOV lanes were designated for
use by carpools and transit vehicles during the morning commute period (6:00 a.m. to
9:00 a.m.) for the inbound direction, and during the afternoon commute period (3:00 p.m.
to 6:00 p.m.) for the outbound direction. The HOV restrictions on this section of the corri-
dor were only applied on weekdays and the lane was available for use by all traffic for the
remaining hours of the day. This portion of the I-394 HOV corridor is referenced as the
diamond lane section.

The 1-394 freeway has historically been well utilized and often experiences congestion,
particularly during the commute hours. While HOV demand in the corridor has been
robust, it was often less than the available capacity resulting in the perception among
some residents that the HOV lanes were underutilized. As a result of this perception,
Mn/DOT was directed by the Legislature in 2000 to evaluate various options for
increasing the utilization of the HOV facilities, including opening the HOV lane to use by
all vehicles and the conversion to a high-occupancy toll (HOT) lane operation.

Cambridge Systematics, Inc. ES-1
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B ES.2 MnPASS Overview

The MnPASS system made operational on May 16th, 2005, allowed single-occupancy
vehicles (SOV) to use the HOV (MnPASS) lanes by electing to pay a toll. The actual price
of the toll (ranging from $0.25 to $8.00 U.S.) varies with the current congestion levels and
with the distance traveled - a different toll is paid whether the MnPASS subscriber
chooses to travel on the reversible section, the diamond lane section, or both. The price of
the toll is advertised through the use of Dynamic Message Signs (DMS) placed at strategic
locations throughout the corridor, and the toll is paid electronically through a user-
obtained transponder positioned within the vehicle.

All vehicles previously eligible to use the HOV lanes, including public transit vehicles,
carpools, and motorcycles, are still able to use the MnPASS lanes free of charge; however,
access and egress to/from the MnPASS lane in the diamond lane section are now limited
to specific entry and exit merge areas. As originally developed and implemented, the
MnPASS system was intended to operate 24 hours a day, 7 days a week (24/7); however,
due to some residents’ concerns regarding new restrictions on SOV use of the lanes
during non-peak hours and in the non-peak direction, operational hours were modified to
a slightly expanded approximation of the previous operational hours and direction of
HOV lane restrictions. The current operational hours for the MnPASS lane in the dia-
mond section are 6:00 a.m. to 10:00 a.m. for the inbound direction (an addition of 1 hour of
morning commute period HOV restrictions compared with historical hours), and
2:00 p.m. to 7:00 p.m. for the outbound direction (an addition of 2 hours of afternoon
commute period HOV restrictions compared with historical hours). These operational
hour modifications were implemented approximately 1 month after the opening of the
MnPASS system.

B ES.3 Evaluation Background

Recognizing the use of the -394 MnPASS deployment as a test bed for evaluating the
viability of the HOT lane concept and the broad interest in the application, Mn/DOT
implemented a comprehensive evaluation effort to assess the system. Two different teams
were subsequently contracted by Mn/DOT to evaluate different aspects of the 1-394
MnPASS deployment. The Attitudinal Evaluation Team, headed by the University of
Minnesota’s Humphrey Institute State and Local Policy Program supported by NuStats,
Inc., was charged with collecting and analyzing the public’s perceptions regarding the
MnPASS system. The Technical Evaluation Team was managed by Cambridge Systematics,
Inc., and supported by Short-Elliott-Hendrickson and LJR, Inc. This team was tasked with
collecting and analyzing data regarding the ability of the MnPASS system to achieve the
stated project goals, and to evaluate other performance impacts observed in the corridor.
This Evaluation Report only focuses on the details of the Technical Evaluation of the I-394
MnPASS deployment, and does not typically include findings from the attitudinal
evaluation, except where there are notable overlaps between the two evaluations. More

ES-2 Cambridge Systematics, Inc.
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information specifically related to the attitudinal evaluation can be located on the
MnPASS web site: http://www.mnpass.org/.

B ES.4 Evaluation Findings

The technical evaluation of the 1-394 MnPASS deployment was conducted according to
guidelines originally specified in the Technical Evaluation Test Plan (March 2003). This
plan included the identification of multiple evaluation objectives to be assessed in the
course of the evaluation. While some of these issues required the simple documentation
of issues, other identified objectives specified hypotheses to be tested during the course of
the evaluation. Table ES.1 presents a listing of the many key hypotheses and summarizes
the outcomes of the evaluation against each impact.

In addition to the assessment of before and after conditions to assess the ability of the
MnPASS system to achieve the intended objectives, the evaluation also documented addi-
tional issues surrounding the deployment. Some of the key findings include:

e MnPASS has been popular with users as evidenced by the demand for transponders
and continued use of the MnPASS lane. Over 10,000 transponders have been leased
by users and the average user chooses to pay the MnPASS lane toll about twice a week
on average.

e The toll schedule modifications implemented in January 2005 have resulted in an
increase in revenue being collected and less volatility in rate changes at lower traffic
levels. After an initial decrease in usage following the modification, usage has steadily
increased to surpass levels prior to the modification.

e The increased enforcement activities funded through the MnPASS program have had
great success in curtailing illegal SOV use of the MnPASS lane in the 1-394 corridor by
giving single drivers a legal option to use to underutilized HOV lane. Violation rates
in the non-MnPASS-equipped [-35W corridor are more than three times as high.

e Most transit providers have reported negligible impacts on operations as a direct
result of MnPASS deployment. The limited number of issues reported generally
focused on the ability of transit vehicles to merge at one specific access point in the
corridor.

Cambridge Systematics, Inc. ES-3
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Table ES.1 Evaluation Hypotheses and Outcomes

Evaluation Hypothesis

Outcome

MnPASS deployment will result
in an increase in vehicle
throughput in the corridor

MnPASS deployment will result
in an increase in vehicle speeds
in the general purpose lanes

MnPASS deployment will result
in a decrease in average person
travel time in the corridor

MnPASS deployment will not
result in a decrease in vehicle
speeds in the HOV/HOT lanes

MnPASS deployment will not
result in a change in mode share
in the corridor

MnPASS deployment will not
result in an increase in illegal

SOV usage of the HOV/HOT
lanes

MnPASS deployment will not
result in an increase in the
number of crashes occurring in
the corridor

MnPASS deployment will result
in a decrease in the speed
differential between HOV /HOT
lanes and general purpose lanes

True. Based on an analysis of before and after volumes,
corridor throughput increased during the peak hour by up to
5 percent. This increase occurred while regional volumes in
other non-MnPASS corridors observed a decrease.

True. General purpose lane travel speeds were observed to
increase at all study locations by an average of approximately
6 percent.

True. Travel speeds increased in the general purpose lanes, as
well as the MnPASS lane for many locations providing a
reduction in travel times.

True. Travel times were observed to hold constant or increase
slightly at all study locations, with the exception of a portion of
the morning operational period at Xenia.

Inconclusive. Significant deceases in the numbers and mode
shares of carpools were observed on I-394; however, a
significant (yet tempered) decrease in carpool usage was
similarly observed on I-35W, which is not equipped with
MnPASS during the same time period, suggesting a regional
shift in carpool usage. The snapshot nature of the available
auto occupancy data, significant variations in the day-to-day
usage of the lane by HOV users, and the change in operating
hours between the pre-MnPASS and post-deployment periods
all served to complicate the precise identification of carpool
impacts. Therefore, it can neither be confidently proven or
refuted that the decrease on carpool usage on -394 is directly
attributable to the deployment of MnPASS as the observed
decrease is within the margin of error of the analysis.
Additionally, user survey results from the separately
conducted -394 MnPASS Attitudinal Evaluation did not reveal
any changes in mode choice reported by corridor carpoolers.

True. Violation rates on -394 were observed to decrease
dramatically following the implementation of MnPASS.
Meanwhile, the violation rates on the non-MnPASS-equipped
I-35W HOV section have significantly increased.

True. In the year following MnPASS deployment,
approximately 14 percent fewer crashes were observed when
compared with previous years.

True. The speed differential was observed to decrease at all
diamond lane study locations.

ES-4
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Table ES.1 Evaluation Hypotheses and Outcomes (continued)

Evaluation Hypothesis Outcome

MnPASS deployment will not True. Monitoring conducted by Mn/DOT revealed no
result in an increase in corridor ~ significant increases in corridor noise levels.
noise levels

MnPASS deployment will not True. Monitoring conducted by Mn/DOT revealed no
result in an increase in corridor ~ negative CO emissions impacts.

emissions (carbon monoxide

(CO)) levels

B ES.5 Conclusions

The MnPASS deployment on I-394 has enjoyed success in achieving many of the identified
goals and objectives for the project. While successful in its current configuration, the ini-
tial deployment operating on a 24/7 basis did face some public criticism due to unfore-
seen congestion that occurred in the off-peak direction. The flexibility of Mn/DOT in
adapting to these challenges was key to overcoming these barriers resulting in the current
successful deployment. The success and benefits provided by the MnPASS system on
1-394 warrants that the MnPASS concept be carefully considered for application to other
corridors facing similar challenges to 1-394. While not a panacea for all system deficien-
cies, the MnPASS concept can be a success if applied under the correct circumstances.

Based on lessons learned from the initial application of HOT lane strategies in Minnesota,
the following recommendations are provided to stakeholders considering the broader
application of MnPASS to other corridors:

e The clear provision of a benefit for potential users is key to attracting and sustaining
subscribers. The consistent maintenance of near free-flow conditions on 1-394 has pro-
vided users with a clear benefit and motivation for opening an account and using the
system.

e It is critical that free-flow speeds in the MnPASS lanes must be maintained to sustain
the benefit provided to carpoolers and transit riders. Valuable regional benefits are
gained by support of these trip reducing travel modes. The I-394 MnPASS deploy-
ment maintained the travel time savings for these users, while simultaneously serving
to increase the number of hours that travel on the lane was reserved for HOV travel
compared with previous conditions.

e Addressing the concerns of the transit providers is critical to maintaining support of
the deployment. Continuing issues of the transit community should be studied and
addressed as they arise.

Cambridge Systematics, Inc. ES-5
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e The I-394 corridor is unique among regional corridors as it maintains the only reversi-
ble segment in the Twin Cities. The benefits of MnPASS in the reversible section were
overwhelmingly apparent in the evaluation. The benefits in the diamond lane section,
while still positive, were more mixed, particularly during the initial 24/7 operation.
This was often particularly true on the fringes of the new operational period, where
HOV restrictions were expanded to hours that had previously been available for
general-use travel. Stakeholders should carefully consider any possible impacts of
future MnPASS expansion, especially in situations that may serve to alter the hours of
availability of a previous open general purpose lane.

e The funding and provision of additional enforcement had a direct impact on the suc-
cess of the -394 MnPASS deployment. An increased enforcement presence should be
a key ingredient of any future expansion plans.

e The continuous and sustained monitoring and evaluation of corridor conditions fol-
lowing deployment of 1-394 were key to identifying minor problems in the system
before they had the opportunity to balloon into more serious issues. The immediate
and decisive action of Mn/DOT in addressing some of these challenges provided final
mitigation of many issues in a timely manner.

e Although it was not one of Mn/DOT’s stated goals for implementing MnPASS, some
pre-deployment promotions implied an increase in carpool usage - an impact
observed in an evaluation of the I-15 HOT lane project in California - as a possible
outcome of the MnPASS deployment. These statements may have inadvertently set
unrealistic expectations on the possible benefits of the eventual deployment among
some stakeholders. Caution should be used in making similar claims not directly tied
to the stated project goals.

e Inherent difficulty in collecting data on personal auto occupancies, combined with a
lack of historical data and a change in the daily time periods in which HOV restric-
tions were enforced, served to limit the preciseness in which impacts to carpool vol-
umes could be evaluated in this study. It is recommended that any future expansion
of the MnPASS system carefully consider and monitor these potential impacts. Auto
occupancy data collected in this evaluation should provide valuable input to any
future assessment.

e The involvement of a diverse set of stakeholders, including local transportation system
operators, transit operators, lawmakers, and particularly the public, was a critical
component to success of the 1-394 MnPASS deployment. Similar outreach and
involvement are recommended for any future involvement.

These lessons learned and recommendations are provided to Minnesota stakeholders con-
sidering the expansion of MnPASS to other state corridors, as well as other regions
looking to the 1-394 MnPASS deployment for advice on the applicability of HOT lane
strategies in the their own regions.

Additional information on the MnPASS 1-394 deployment and the associated evaluation
effort is available on Mn/DOT’s MnPASS web site at: http://www.mnpass.org/.

ES-6 Cambridge Systematics, Inc.



1.0 Introduction



______________________________________________________________________
1-394 MnPASS Technical Evaluation Final Report

1.0 Introduction

B 1.1 Overview

On May 16t, 2005, Mn/DOT started operation of the State’s first application of HOT lanes
on a segment of the Interstate 394 (I-394) corridor in the Minneapolis/St. Paul region. This
system, known locally as MnPASS, represents the first deployment of HOT lane strategies
in Minnesota and one of the first in the United States that dynamically adjusts pricing lev-
els in response to varying traffic conditions.

Recognizing the use of the -394 MnPASS deployment as a test bed for evaluating the
viability of the HOT lane concept and the broad interest in the application, Mn/DOT
implemented a comprehensive evaluation effort to assess the system. Two different teams
were subsequently contracted by Mn/DOT to evaluate different aspects of the -394
MnPASS deployment. The Attitudinal Evaluation Team, headed by the University of
Minnesota’s Humphrey Institute State and Local Policy Program supported by NuStats,
Inc., was charged with collecting and analyzing the public’s perceptions regarding the
MnPASS system. The Technical Evaluation Team was managed by Cambridge Systematics,
Inc. and supported by Short-Elliott-Hendrickson and LJR, Inc. This team was tasked with
collecting and analyzing data regarding the ability of the MnPASS system to achieve the
stated project goals, and to evaluate other performance impacts observed in the corridor.

This Evaluation Report focuses specifically on the technical evaluation effort and summa-
rizes the methodology and findings of this particular effort.

B 1.2 Evaluation Report Structure

This Evaluation Report summarizes the technical evaluation approach, as first developed
and presented in the Technical Evaluation Test Plan (March 2005) and presents the find-
ings resulting from the implementation of the approach. This document is structured as
follows:

e Section 2.0 - Project Background - Provides an overview and history of the 1-394
MnPASS deployment, as well as the various associated evaluation efforts;

e Section 3.0 - Evaluation Goals and Objectives - Contains the identified goals of the
evaluation effort and presents specific the hypotheses to be tested for each of the
evaluation objectives;

Cambridge Systematics, Inc. 1-1
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Section 4.0 - Evaluation Approach - Provides an overview of the evaluation
approach, as well as detail on the collection and analysis of data related to the various
performance measures;

Section 5.0 - Corridor Impact Findings - Details the findings from the assessment of
various corridor impacts, including vehicle and person volumes, travel speeds, mode
split, violations, and safety;

Section 6.0 - System Performance Findings - Summarizes the assessment of system
performance issues, including revenue, system reliability, enforcement, and transit
operations; and

Section 7.0 - Summary and Conclusions - Summarizes the significant findings from
the evaluation effort and provides a high-level assessment of the applicability of
MnPASS strategies to other regional corridors.

1-2
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2.0 Project Background

B 21 I-394 MnPASS Project Background

Interstate 394 (I-394) serves as the primary east/west corridor for travel between down-
town Minneapolis and the 1-494 beltway, and the western suburbs. Figure 2.1 shows the
location of the corridor and its environs. The roadway in its current six-lane configuration
opened to traffic in October 1992. Unique within the Twin Cities region, the facility also
has two reversible, barrier-separated HOV lanes located in the center median between 1-94
and TH 100. Historically, these lanes were open only to bus and carpools with two or
more passengers in the inbound (eastbound) direction from 6:00 a.m. to 1:00 p.m., and
open in the outbound (westbound) direction from 2:00 p.m. to midnight on weekdays.
These lanes were also opened to buses and HOV traffic on a limited basis on weekends,
usually in support of special event traffic. The lanes were closed at all other times. This
portion of the -394 HOV corridor is referenced as the reversible lane section in the remain-
der of this document.

West of TH 100, the facility was built with a single, non-barrier-separated HOV lane in
each direction. Prior to the introduction of MnPASS, the HOV lanes were designated for
use by carpools and transit vehicles during the morning commute period (6:00 a.m. to
9:00 a.m.) for the inbound direction, and during the afternoon commute period (3:00 p.m.
to 6:00 p.m.) for the outbound direction. The HOV restrictions on this section of the corri-
dor were only applied on weekdays, and the lane was available for use by all traffic for
the remaining hours of the day. This portion of the I-394 HOV corridor is referenced as
the diamond lane section in the remainder of this document.

The 1-394 HOV corridor is supported by an active regional HOV program, including park-
and-ride parking lots along 1-394, preferential access to downtown parking garages for
HOV vehicles, and parking subsidies.

The 1-394 freeway has historically been well utilized and often experiences congestion,
particularly during the commute hours. While HOV demand in the corridor has been
robust, it was often less than the available capacity resulting in the perception among
some residents that the HOV lanes were underutilized. As a result of this perception,
Mn/DOT was directed by the Legislature in 2000 to evaluate various options for
increasing the utilization of the HOV facilities, including opening the HOV lane to use by
all vehicles and the conversion to a HOT lane operation.

Cambridge Systematics, Inc. 2-1
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Figure 2.1 1-394 Corridor and Environs
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Based on the results of this study, the Minnesota Legislature enacted High-Occupancy
Toll Lane Legislation (160.93, Sec. 7) in 2003, authorizing Mn/DOT to implement user fees
on HOV lanes in Minnesota. Highlights of the legislation were as follows:

e The goal of the legislation is to improve the operating efficiency in trunk highway cor-
ridors and provide more options to travelers;

e Fees will be collected electronically or by other methods, which may vary in amount
by time of day and may vary with congestion;

e Fees collected will be used to repay the trunk highway fund or other fund sources for
cost of equipment and modification in the corridor and to pay for the costs of imple-
menting and administering the fee collection system;

e Excess revenues shall be spent as follows: one-half for capital improvements in the
corridor and one-half transferred to the Metropolitan Council for expansion and
improvement of bus transit services in the corridor in which the funds are collected;
and

e Violators will be guilty of a petty misdemeanor.

An Implementation Team, headed by Wilbur Smith Associates, Inc.,, was selected by
Mn/DOT to design and deploy HOT lane strategies and technologies, known locally as
MnPASS, in the I-394 corridor. In addition to improving travel conditions in the 1-394 cor-
ridor, the implementation of the HOT lane strategies was also intended to serve as a test

2-2 Cambridge Systematics, Inc.
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bed for evaluating the expanded use of the HOT land concept in additional corridors.
Mn/DOT directed the Implementation Team to design and deploy a HOT lane system
that met five project objectives:

1. Improve the efficiency of 1-394 by increasing the number of people and vehicles using
the HOV lanes;

2. Maintain free-flow speeds for transit and carpools in the express (HOV) lanes;

3. Use excess revenues, if available, to make transit and highway improvements in the
1-394 corridor;

4. Use electronic toll collection (i.e., tags/transponders and readers) which do not require
toll booths; and

5. Employ new Intelligent Transportation System (ITS) technologies, such as dynamic
pricing and in-vehicle electronic enforcement.

Summary of the -394 MnPASS Concept

The MnPASS system made operational on May 16th, 2005, allowed single-occupancy
vehicles to use the HOV (MnPASS) lanes by electing to pay a toll. The actual price of the
toll (ranging from $0.25 to $8.00 U.S.) varies with the current congestion levels and with
the distance traveled - a different toll is paid, whether the MnPASS subscriber chooses to
travel on the reversible section, the diamond lane section, or both. The price of the toll is
advertised through the use of DMS placed at strategic locations throughout the corridor,
and the toll is paid electronically through a user-obtained transponder positioned within
the vehicle.

All vehicles previously eligible to use the HOV lanes, including public transit vehicles,
carpools, and motorcycles, are still able to use the MnPASS lanes free of charge; however,
access and egress to/from the MnPASS lane in the diamond lane section are now limited
to specific entry and exit merge areas. As originally developed and implemented, the
MnPASS system was intended to operate 24/7; however, due to some residents’ concerns
regarding new restrictions on SOV use of the lanes during non-peak hours and in the non-
peak direction, operational hours were modified to a slightly expanded approximation of
the previous operational hours and direction of HOV lane restrictions. The current
operational hours for the MnPASS lane in the diamond section are 6:00 a.m. to 10:00 a.m.
for the inbound direction (an addition of 1hour of morning commute period HOV
restrictions compared with historical hours), and 2:00 p.m. to 7:00 p.m. for the outbound
direction (an addition of 2 hours of afternoon commute period HOV restrictions compared
with historical hours). These operational hour modifications were implemented approxi-
mately 1 month after the opening of the MnPASS system.

The unexpected congestion that was observed in the off-peak direction during the initial
month of MnPASS operations also prompted Mn/DOT to fast-track the planned con-
struction of an auxiliary lane on a segment of the westbound direction of 1-394. Although
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not directly related to the MnPASS deployment, this addition did have the effect of
impacting traffic patterns in the corridor, both on a short-term basis during the construc-
tion of the lane, as well as on a longer-term basis due to the additional capacity provided
by the lane once it was opened. This auxiliary lane was opened to traffic in November
2005.

Another significant MnPASS operational change implemented by Mn/DOT was a modifi-
cation to the toll rate scale that was applied for different congestion levels. Although the
range of possible tolls remained unchanged, this modification typically resulted in higher
average tolls being applied as the increases in toll levels were triggered by lower conges-
tion levels. This change to the pricing algorithm was implemented in January, 2006.

More information on the actual deployment concept can be found on Mn/DOT’s MnPASS
web site: http://www.mnpass.org/.

B 22 Evaluation Background

Recognizing the use of the 1-394 MnPASS deployment as a test bed for evaluating the
viability of the HOT lane concept and the broad interest in the application, Mn/DOT
implemented a comprehensive evaluation effort to assess the system. The evaluation
effort was initiated in April 2004, when representatives from a broad range of stakeholder
agencies and organizations were invited to participate in an evaluation workshop. The
purpose of this meeting was to identify the preliminary goals and objectives for the
evaluation effort. Agencies and organizations represented at this initial evaluation sum-
mit included:

e Mn/DOT;

e Federal Highway Administration (FHWA);

e Metro Transit;

¢ University of Minnesota’s Humphrey Institute State and Local Policy Program;

e Center for Transportation Studies;

e Department of Public Safety;

e Members of the MnPASS Implementation Team, including Wilbur Smith and SRF; and

e Additional researchers involved with previous HOT lane evaluations, including
California Polytechnic State University and San Diego State University.

Two different teams were subsequently contracted by Mn/DOT to evaluate different
aspects of the MnPASS 1-394 deployment. The Attitudinal Evaluation Team, headed by the
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University of Minnesota’s Humphrey Institute State and Local Policy Program supported
by NusStats, Inc.,, was charged with collecting and analyzing the public’s perceptions
regarding the MnPASS system. These perceptions were compiled through several waves
of telephone surveys with residents, both before and after the MnPASS implementation.

The Technical Evaluation Team was managed by Cambridge Systematics, Inc., and sup-
ported by Short-Elliott-Hendrickson, Inc. and LJR, Inc. This team was tasked with col-
lecting and analyzing data regarding the ability of the MnPASS system to achieve the
stated project goals, and evaluating other performance impacts observed in the corridor.

The two teams coordinated their evaluation activities, with the assistance of Mn/DOT and
a Steering Committee comprised of local agency representatives, to ensure the consistent
and comprehensive assessment of the I-394 deployment. The two evaluation teams par-
ticipated in numerous strategy meetings and teleconferences in the conduct of their
respective efforts, and jointly presented updates and preliminary findings to the public as
part of several I-394 MnPASS workshops conducted on the University of Minnesota campus.

This document, however, only focuses on the details of the Technical Evaluation of the
I-394 MnPASS deployment, and does not include typically include findings from the
Attitudinal Evaluation, except where there are notable overlaps between the two evalua-
tions. More information specifically related to the Attitudinal Evaluation can be located
on the MnPASS web site when finalized: http://www.mnpass.org/.
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3.0 Evaluation Goals and

Objectives

B 3.1 Evaluation Goals

Several broad evaluation goals were identified to help provide a framework for struc-
turing the evaluation. These goals include:

Provide Mn/DOT with an assessment of the success of the MnPASS 1-394 HOT lane
implementation in relation to the stated project goals, including;:

— Improve the efficiency of 1-394 by increasing the number of people and vehicles
using the HOV lanes;
— Maintain free-flow speeds for transit and carpools in the express lanes;

— Use excess revenues, if available, to make transit and highway improvements in
the 1-394 corridor;

— Use electronic toll collection (i.e., tags/transponders and readers), which do not
require toll booths; and

— Employ new ITS technologies such as dynamic pricing and in-vehicle electronic
enforcement.

Provide the public and decision-makers with valuable information on the observed
impacts of the system.

Provide Mn/DOT and the MnPASS Implementation Team with feedback on the per-
formance of the system.

Help to support the evaluation of public perceptions through coordination with the
Attitudinal Evaluation Team.

Provide a solid foundation for any future decisions regarding potential expansion of
the system.

Provide a reproducible evaluation framework that can be used by Mn/DOT or
researchers in the future to continue to monitor and evaluate the 1-394 MnPASS
deployment.
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3.2 Evaluation Objectives and Hypotheses

A preliminary set of evaluation objectives that help support and provide a valid assess-
ment of the MnPASS project goals were identified during the initial MnPASS Evaluation
Workshop conducted in April 2004. Subsequent input and comments received from vari-
ous stakeholders were used by the Evaluation Team to identify a set of primary and sec-
ondary evaluation objectives that were summarized in a Draft Technical Memorandum in
December 2004. Comments were received on the objectives presented in the Draft
Technical Memorandum from the 1-394 MnPASS Steering Committee and other stake-
holders. These comments were used to develop the final set of evaluation objectives pre-
sented in the Evaluation Test Plan (March 2005).

These identified evaluation objectives were designed to provide Mn/DOT with an
assessment of the success of the I-394 MnPASS HOT lane implementation in relation to the
stated MnPASS project goals. Additionally, several specific evaluation objectives were
identified that provide the opportunity to assess broader potential impacts (both positive
and negative) of the MnPASS implementation. For example, an improvement of safety on
1-394 is not a stated goal of the MnPASS project as the implementation is presumed to
have a neutral impact on safety.

For each of the identified objectives, one or more hypotheses were formulated to test the
success of the project in achieving the objective. These hypotheses may predict an impact
positive direction, such as “vehicle throughput will be increased in the corridor,” or may
be neutral in predicting an impact, such as “the number of crashes in the corridor will not
increase.” Other goals typically assessed by documenting observed occurrences of an
event (e.g., the number of HOV violations issued by law enforcement) did not have spe-
cific hypotheses developed. Table 3.1 presents the evaluation hypotheses, mapped to the
relevant MnPASS project goals.

The subsequent section describes the evaluation approach used to collect and analyze the
necessary data to assess the ability of the MnPASS system to achieve the identified goals.
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I-394 MnPASS Project Goals and Evaluation Hypotheses

Evaluation Hypotheses

MnPASS Goals

o Improve efficiency of 1-394

MnPASS deployment will result in an increase in vehicle
throughput in the corridor

MnPASS deployment will result in an increase in person
throughput in the corridor

MnPASS deployment will result in an increase in vehicle
speeds in the general purpose lanes

MnPASS deployment will result in a decrease in average
person travel time in the corridor

¢ Maintain free-flow speeds for
transit and carpools

MnPASS deployment will not result in a decrease in vehicle
speeds in the HOV/HOT lanes

MnPASS deployment will not result in an increase in travel
time for transit vehicles

MnPASS deployment will not result in an increase in vehicle
speed variability in the HOV/HOT lanes

MnPASS deployment will not result in a change in mode
share in the corridor

MnPASS deployment will not result in an increase in illegal
SOV usage of the HOV/HOT lanes

¢ Improve highway and transit
in corridor with revenue
generated

Documented planned improvements

Documented MnPASS revenues

e Use electronic toll collection
(i.e., tags/transponders and
readers) that do not require
toll booths

e Employ new ITS
technologies, such as
dynamic pricing and in-
vehicle electronic
enforcement

¢ Employ new electronic toll
collection and ITS
technologies

Documented system downtime
Documented system error rates

Documented MnPASS revenues

Cambridge Systematics, Inc.
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Table 3.1 1-394 MnPASS Project Goals and Evaluation Hypotheses
(continued)

Evaluation Hypotheses

Additional Evaluation Areas

o Assess safety impacts e MnPASS deployment will not result in an increase in the
number of crashes occurring in the corridor

e MnPASS deployment will not result in an increase in crash
rate in the corridor

e MnPASS deployment will result in a decrease in the speed
differential between HOV/HOT lanes and general purpose
lanes

o Assess enforcement issues e MnPASS deployment will not result in an increase in illegal
SOV usage of the HOV/HOT lanes

¢ Documented number of issued HOV lane violations

¢ Documented number of issued double-line crossing

violations
¢ Assess impacts to adjacent e MnPASS deployment will not result in an increase in vehicle
bottleneck locations (Lowry throughput at the bottleneck locations
Tunnel, ramps to TAD
garages)
e Assess environmental e MnPASS deployment will not result in an increase in
impacts corridor noise levels

e MnPASS deployment will not result in an increase in
corridor emissions (CO) levels
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4.0 Evaluation Approach

B 4.1 Overview of the Evaluation Approach

Given the dynamic nature of the traffic conditions on I-394, observed traffic patterns in the
before and after periods were not anticipated to be identical even in the absence of the
MnPASS deployment. Therefore, the evaluation approach was specifically designed to
anticipate and control for these influencing factors, to the degree possible, in order to iso-
late the change in conditions directly resulting from the MnPASS strategy.

In order to isolate the impact of the MnPASS deployment, the evaluation approach was
designed to analyze data collected over broad time periods both before and after the
implementation to provide a wide sampling of travel conditions under a variety of influ-
encing factors. This provides the opportunity to group and compare conditions on similar
travel days both before and after the implementation, and minimizes the erroneous identi-
fication of MnPASS impacts based on averages from a limited sampling on diverse travel
days. This also provides the opportunity to assess how the impacts of the MnPASS sys-
tem vary based on different conditions (e.g., good weather days vs. bad weather days,
Tuesdays versus Fridays, etc.) in order to provide Mn/DOT with valuable feedback on
when and under which conditions the system is more or less effective.

To accomplish this, the evaluation approach was designed to make maximum use of
automated data sources. The use of these automated archived data sources also provided
the opportunity to obtain historical data in many cases that was further used to under-
stand and control for cyclical variations and trends. Field data collection was used to
supplement the automated data by collecting particular parameters that were unavailable
through automated sources (e.g., vehicle occupancies), and was used to provide validation
data for the automated sources. The reliance on these automated data sources allowed for
a broader set of evaluation objectives, and provided the opportunity analyze the variabil-
ity of impacts occurring over a longer time period and for a greater variety of days. This
also increases the opportunity for Mn/DOT and other researchers to recreate the evalua-
tion framework for future monitoring and evaluation efforts.

To further help control for regional changes in travel patterns, the evaluation compiled
and analyzed both before and after data from a similar HOV lane equipped section of the
I-35W corridor to provide control data. Figure 4.1 shows the location of the I-35W HOV
control section in relation with I-394. Any changes observed on the I-35W HOV section
between the before and after periods were used to represent and control for regional
changes to travel patterns when analyzing the 1-394 data. A by-product of this analysis
was the identification of several performance measures on the I-35W HOV section.
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Figure 4.1 Location of I-35W HOV Control Section in Relation to 1-394

1-694

e

1-494

B 4.2 Evaluation Challenges

The implementation of MnPASS resulted in the addition of new procedures and influ-
encing variables (e.g., toll price) to what was already a dynamic operational environment.
Travel conditions on 1-394 prior to MnPASS were observed to vary significantly due to
cyclical patterns, including;:

e Time of day;

e Day of week; and

e Month of year.
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Travel conditions on 1-394 were also often impacted by other less predictable factors, such as:

e Vehicle crashes and breakdowns;
e Inclement weather conditions;
e Special events; and

e Enforcement activities.

In addition to these existing factors, the evaluation team was also challenged by the
dynamic nature of the MnPASS deployment itself. The tolls charged are constantly
changing in response to traffic levels, complicating the comparison of traveler responses
on different days. Further, the number of MnPASS subscribers has increased over time,
meaning that more individuals were eligible to use the MnPASS lanes near the end of the
evaluation period than during the initial months following MnPASS implementation.

One of the most significant challenges encountered by the evaluation team was the modi-
fication of the MnPASS operational hours implemented approximately one month fol-
lowing the implementation of the strategy. As originally envisioned and implemented,
the MnPASS system was intended to operate 24/7; however, due to some residents’ con-
cerns regarding new restrictions on SOV use of the lanes during non-peak hours and in
the non-peak direction, operational hours were modified to a slightly expanded approxi-
mation of the previous operational hours and direction of HOV lane restrictions. Fol-
lowing the modification, the operational hours for the MnPASS lane in the diamond
section were 6:00 a.m. to 10:00 a.m. for the inbound direction (an addition of 1 hour of
morning commute period HOV restrictions compared with historical hours), and
2:00 p.m. to 7:00 p.m. for the outbound direction (an addition of 2 hours of afternoon
commute period HOV restrictions compared with historical hours). These operational
hour modifications were implemented following the development of the Evaluation Plan,
which was developed under the assumption that the system would be operated on a 24/7
basis. This modification impacted the relevancy of some of the previously collected before
data, particularly some vehicle occupancy data, as discussed in Section 5.0.

An additional challenge resulting from changes to the operating parameters was a modifi-
cation to the toll rate scale that was applied for different congestion levels. Although the
range of possible tolls remained unchanged, this modification typically resulted in higher
average tolls being at lower congestion levels. This change to the pricing algorithm was
implemented in January 2006.

During the course of the evaluation period, several changes external to the MnPASS
implementation were observed in the corridor that potentially impacted travel patterns.
Although unrelated to the MnPASS deployment, these external factors presented chal-
lenges to the evaluation team since they needed to be controlled in the analysis of data in
order to isolate the specific impacts of the MnPASS system. Some of the significant exter-
nal challenges faced in the evaluation included the following:

e Unexpected congestion levels were observed in the off-peak direction, prompting
Mn/DOT to fast-track the construction of an auxiliary lane on a segment of the
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westbound direction of 1-394 from TH 100 to TH 169. This addition impacted traffic
patterns, both from the construction of the lane as well as through the additional
capacity represented by the lane once it was opened. Construction of this auxiliary
lane occurred between July and November 2005.

e Construction-related activities closed several freeway ramps connecting 1-494 with
1-394, temporarily diverting traffic patterns. This closure impacted traffic during
September and October 2005.

e Changes in transit service and a fare increase were implemented in the corridor and
regionwide.

e Gasoline prices reached all time highs in the region during the evaluation period,
increasing from approximately $1.95 a gallon at the time of MnPASS opening (May
2005) to over $3.00 a gallon by July 2006.

The Evaluation Test Plan developed in March 2005 was designed to be flexible to allow
the evaluation approach to adapt to unforeseen changes in the MnPASS deployment and
the corridor environment. Modifications to the approach were implemented to adjust to
these changes as they were observed. Strategies in the Evaluation Test Plan that specified
the long-term collection of data from automated sources and the collection and analysis of
data on the I-35W control corridor were both key to controlling for unforeseen changes
and overcoming many of these challenges.

B 4.3 Data Collection and Analysis Approach

The following sections describe the methods employed to collect and analyze the required
data in order to support the assessment of key evaluation objectives and hypotheses iden-
tified in Section 3.0. In addition to the data collection efforts discussed below, Mn/DOT
had compiled significant data sets on the baseline performance of 1-394 prior to the selec-
tion of the Evaluation Team in October 2004. These data were collected in anticipation of
the evaluation effort and includes vehicle and occupancy counts, travel time data, and
transit ridership data. The data was collected during May and June 2004 and includes
data for both the 1-394 and I-35W control corridors. Discussions of how this initial data set
was used are incorporated into the discussions below.

Vehicle Volumes

Vehicle volumes were collected from Mn/DOT’s Regional Transportation Management
Center (RTMC) detector data. The 1-394 roadway is well saturated with detector stations
located throughout the length of the study section. These were used to provide a nearly
continuous source of data on vehicle volumes for a period stretching from January 1, 2003
to July 15, 2006. Data were collected from all detectors located within the 1-394 MnPASS
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section, as well as the I-35W HOV section. Data from selected detector stations upstream
and downstream of 1-394 were also collected to monitor vehicle volumes at adjacent bot-
tleneck locations. Baseline detector data were compiled and cleaned for all available days
and time periods from July 15, 2003 though the MnPASS opening date. Similar data were
compiled from the opening date until approximately July 15, 2006 to represent the after
conditions.! The data were grouped and statistically analyzed to assess any meaningful
changes in the lane volumes occurring during hours of MnPASS operation.

Data from each detector station is recorded every 30 seconds, but was compiled to five-
minute increments for analysis. In order to provide the ability to analyze variations in the
traffic volumes in relation to various influencing factors, data flags were added to the
data (in addition to the time/date stamp) to indicate:

e Day-of-week (Monday, Tuesday/Wednesday/ Thursday, Friday, Weekend /Holiday)?
e Days with inclement weather (e.g., snow/ice); and

e DPresence of incidents on the roadway during the time period.

The collected data were segregated into different datasets based on the influencing factors.
These various datasets were then statistically analyzed to identify the impacts of the vari-
ous influencing factors on vehicle volumes. Datasets representing travel periods from
identical months of year and with similar influencing factors from the baseline (before)
period were compared with similar datasets from the post-implementation (after) period
to identify any observed changes in vehicle volume in the 1-394 corridor in excess of rela-
tive changes in volume observed on the control I-35W HOV section.

Vehicle Speeds

Vehicle speed data for the MnPASS lanes and the general purpose lanes were obtained
from the RTMC detector stations following a similar collection and analysis approach to
that presented for vehicle volumes. Vehicle speed data, as derived from detector density
data, was analyzed separately for the general purpose and MnPASS lanes based on the
recorded influencing factors.

Vehicle speeds obtained from corridor detectors are routinely used for making operational
decisions and has proved to be reliable in several previous evaluation efforts. Mn/DOT
maintains an aggressive maintenance and testing effort to ensure that the detectors are

! New detector stations were added to [-394 due to the MnPASS deployment. These new detectors
are better positioned to collect data in the HOV lanes following the reconfiguration of the lanes.
The data analysis was structured to account for these changes.

2 Data from Tuesdays, Wednesdays, and Thursdays were grouped together since these days exhibit
similar traffic patterns. These patterns are different than those typically observed on Mondays
and Fridays.
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calibrated and continually tested against free-flow speed data collected from either laser
gun measurement or an actual vehicle speedometer. On a weekly basis, this field value is
compared to calculated speeds from each loop detector. Data for this is taken during the
midday (10:00 a.m. to 2:00 p.m.), and the median speed from each day (in five-minute
increments) is calculated. The calculation for speed (see below) from loop detectors
includes the average effective vehicle length (average vehicle length plus loop detector
field length). If the comparison of field speed to calculated loop detector speed for a par-
ticular detector location results in a value with a difference greater than 10 percent of the
field value, the detector is recalibrated by adjusting the average effective vehicle length
value that is stored for that detector until the speed values more closely match. This cali-
bration procedure allows the detector data to be continually adjusted to changing vari-
ables, such as the truck mixture traveling the roadway. This calibration was originally
begun in order to calculate traffic densities for ramp metering, but has since further
allowed the estimation of travel times, which are displayed on variable message signs for
the public on various corridors in the region. The formula for calculating speed from the
detector data is:

Speed = (Hourly Traffic Flow * Average Effective Vehicle Length)/
(5,280 feet/mile * Occupancy)

The analysis of speed data also included a focused analysis of the speed difference
observed between the general purpose and MnPASS lanes.

Vehicle Occupancy

There is currently no valid approach to collect and analyze data on vehicle occupancies
using continuous, automated sources. Therefore, manual field data collection was used to
collect data on auto occupancies and person throughput in the baseline data collection
effort conducted by Mn/DOT in May and June 2004. This data was collected by either
videotaping or direct manual observation of the traffic lanes at three overpass locations:
Penn Avenue, Louisiana Avenue, and Shelard Parkway. The videotaped data was later
watched by personnel who tallied the occupancies. Auto occupancy data was collected
for the HOV lane, as well as for one representative general purpose lane at each location.
Data was collected during each of the a.m. (6:00 to 9:00 a.m.), p.m. (3:00 to 6:00 p.m.), and
off-peak periods (11:00 a.m. to 1:00 p.m.) over a two-day period. These data collection
periods were selected based on previous studies and on the assumption that the MnPASS
system would be operated on a 24/7 basis. Similar data was collected during a one-day
period on the I-35W HOV section at TH 13 and 96t Street. This baseline data was sup-
plemented with throughput data collected in an April 2001 Mn/DOT study of HOV
operations.?

3 Minnesota DOT, Twin Cities HOV Study - Final Report, February 2002.
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Data on auto occupancies was collected using direct manual observation in the post-
deployment period at the same observation locations. Data was collected during two dif-
ferent efforts - the first during October 6 to 11, 2005; and the second during May 9 to 10,
2006. The data collection was structured to collect data during the revised hours of
MnPASS lane operation (6:00 a.m. to 10:00 a.m. for the inbound direction, and 2:00 p.m. to
7:00 p.m. for the outbound direction), plus hours on the shoulders of the operational
period when possible.*

Occupancy data from the before period were compared with data from the after period to
identify any changes in mode shares for SOVs or carpoolers. This occupancy data was
also used to evaluate changes in SOV violation rates in the MnPASS lane, in comparison
with violation rates before implementation and with those observed on the I-35W HOV
section. Violation rates in the post-deployment period were estimated by subtracting the
valid number of transponder reads (representing paying MnPASS users) from the total
number of SOV users observed in the MnPASS lane during the manual occupancy count
period. Data was collected directly from the MnPASS system covering the number of
valid MnPASS users for selected periods to help support this analysis.

Crash Occurrence

The number of crashes by severity was obtained from the State of Minnesota’s Department
of Public Safety’s accident database representing all recorded crashes on 1-394 for the
period from January 1, 2003 to July 15, 2006. This database contains records of all crash
reports occurring on State highways compiled from Minnesota Highway Patrol and other
local jurisdictions.

The crash data was filtered to only include those crashes occurring during the time period
of 5:00 a.m. to 8:00 p.m. on weekdays in recognition that the deployment of MnPASS
would be unlikely to impact the number of crashes occurring at night or on weekends.
The number of crashes occurring in identical calendar periods before and after MnPASS
deployment was analyzed to identify any changes in the number or severity of crashes
occurring on 1-394 that differ from those experienced on the I-35W HOV section.

Incident Occurrence

The occurrence of incidents in the corridor was obtained from the RTMC’s incident log.
This information was incorporated with the data provided by the corridor detectors to
provide the ability to aggregate and analyze separately those periods effected by incident
occurrence.

* The reduced hours of available daylight during the October 2005 data collection prohibited the
accurate collection of vehicle occupancy data prior to 7:30 a.m. or after 6:30 p.m.
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Noise Impacts

Noise data were collected and analyzed by the Mn/DOT Office of Environmental
Services. Data on roadway noise levels were collected from field sensors temporarily
deployed at several strategic locations adjacent to the roadway. This noise data was
collected in close coordination with several detailed vehicle counts, documenting the
number and type of vehicles using the roadway. This data was collected prior to the
opening of the MnPASS lanes to provide an assessment of pre-implementation noise lev-
els. Field noise data collection was again collected after the implementation.

Emissions Impacts

Emissions data were also collected and analyzed by the Mn/DOT Office of Environmental
Services. Data on emissions (CO) levels were collected from both existing and newly
deployed emissions sensing stations deployed at several strategic locations near the
roadway. This data was collected prior to the opening of the MnPASS lanes to provide an
assessment of pre-implementation emissions levels. This pre-implementation data was
supplemented by historical emissions data from existing sensor stations located in the cor-
ridor. Field monitoring of emissions levels was again collected after the implementation
of MnPASS.

Enforcement Data

A data collection form was developed and included with the MnPASS Enforcement Plan to
collect enforcement related data for the evaluation. This form was routinely filled out by
enforcement officers detailing the number and type of violation tickets issued during an
enforcement shift. Enforcement activities which were documented include HOV viola-
tions (solo drivers traveling in the MnPASS lane without a valid transponder) and viola-
tions for crossing the double-white line serving as the barrier for the MnPASS lane in the
diamond lane section. These enforcement measures were quantified and documented in
for inclusion in this report; however, no statistical comparisons of the before and after
conditions were conducted due to the absence of comparable data representing the pre-
MnPASS period.

MnPASS System Performance

Data regarding the performance of the MnPASS system components (e.g., system down-
time, error rates, etc.) was provided to the evaluation team by Cofiroute, the Mn/DOT
contracted administrator of MnPASS operations. Data obtained from Cofiroute included:

e Number of transponders (accounts) issued;

e Usage statistics;
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e Prices charged; and

e Number of valid transponder reads.

MnPASS System Revenues

Documentation of daily, weekly, and quarterly revenue was compiled by Cofiroute and
supplied to the evaluation team. This data was used to track and document revenue
trends.

Transit Operational Impacts

Transit providers represented a valuable source of information for this analysis. Transit
operations occur on a nearly continuous basis in the corridor, and transit vehicle drivers
have a first-hand, windshield view of corridor operations. With the coordination of the
transit agencies, interviews were conducted with the supervisors who are responsible for
overseeing the operation of transit routes utilizing [-394. These supervisors were asked to
identify any noted impacts to transit operations resulting from MnPASS implementation.
Although subjective, this information provided valuable insight into the perceptions of
transit operators on the impacts of the MnPASS implementation on transit operations.
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5.0 Corridor Impact Findings

The evaluation of the MnPASS system was designed to monitor the performance of the
deployed system over a period of time sufficiently long enough following deployment to
allow travelers to adjust their travel patterns in response to the introduction of the strat-
egy. Automated data sources were archived and were supplemented with several phases
of field data collection. The first field data collection following the deployment was com-
pleted in fall 2005, with a second phase conducted in Spring 2006. This automated and
manually collected data was used to assess the impacts of the MnPASS deployment on
corridor performance related to several key hypotheses, as presented in Section 3.0.

The following sections detail the findings from the assessment of before and after condi-
tions identifying the specific impacts of the MnPASS deployment on the I-394 corridor.

B 5.1 Observed Impacts to Volume/Throughput

Two primary hypotheses were developed and tested to gauge the potential impacts of
MnPASS on corridor throughput. These hypotheses include the following:

e MnPASS deployment will result in an increase in vehicle throughput in the corridor; and

o  MnPASS deployment will result in an increase in person throughput in the corridor.

The assessment of throughput impacts was largely based on corridor volume detector
data assembled to represent one year of continuous volume data collected before the
MnPASS deployment compared with one year of conditions compiled following the
deployment. The analyzed data represents conditions observed for non-holiday week-
days during the periods of MnPASS peak period operations. The operational hours for
the MnPASS lane in the diamond section at the time of the evaluation were 6:00 a.m. to
10:00 a.m. for the inbound direction (an addition of 1 hour of morning commute period
HOV restrictions compared with historical hours), and 2:00 p.m. to 7:00 p.m. for the out-
bound direction (an addition of 2 hours of afternoon commute period HOV restrictions
compared with historical hours). An accurate assessment of corridor volume impacts,
particularly in the MnPASS lanes in the diamond lane sections, was made more difficult
by the expansion of hours of HOV restrictions implemented following the change from
the initial 24/7 operating hours. Comparing volumes on the diamond lane sections of
MnPASS lanes during the current peak operational hours with the identical period from
before MnPASS was implemented was difficult due to the fact that the lanes were open to
general purpose traffic during one extra hour in the eastbound direction in the morning
peak, and an extra two hours in the westbound direction during the afternoon peak.
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Further, an assessment of regional conditions revealed that peak hour volumes have
decreased slightly (2 percent) regionwide when compared with previous years, likely due
to increased fuel prices and other factors. Transit ridership has reportedly increased sig-
nificantly during this same period. This regionwide impact was obtained by collecting
and analyzing traffic data from a similarly HOV segment of the I-35W corridor that was
not equipped with MnPASS.

Against this backdrop of regionally decreasing travel demand, the analysis showed that
traffic volumes on the newly implemented 1-394 MnPASS lanes increased substantially,
varying from 9 to 13 percent during the peak hours. Overall traffic volumes (MnPASS
lane plus general purpose lanes) were observed to increase more modestly by up to
5 percent in the peak hour. The increase in throughput during the most congested hour of
the peak verifies that MnPASS is providing a more effective utilization of the corridor
capacity. The overall traffic increases observed suggest that drivers that were previously
squeezed out of the peak commute hour by congestion may now be returning.

When all of the hours of MnPASS operation were considered, locations in the reversible
section showed large volume increases. The number of vehicles using the MnPASS lane at
Penn Avenue was observed to increase by over 30 percent in the eastbound direction
during the morning peak period (6:00 a.m. to 10:00 a.m.) and over 14 percent in the west-
bound direction during the afternoon peak period (2:00 p.m. to 7:00 p.m.).

The findings from the throughput analysis of diamond lane locations during the entire
MnPASS operational periods were more mixed. Those locations immediately upstream or
downstream from the reversible section showed significant positive volume gains in the
MnPASS lane. For example, MnPASS lane volumes recorded at Xenia averaged over
27 percent higher in the morning inbound direction and over 15 percent higher in the
afternoon outbound direction. Meanwhile, the general purpose lanes observed a slight
decrease in volumes (less than 3 percent). Total roadway volumes (MnPASS lane plus
general purpose lanes) were observed to increase slightly during those periods.

Other locations on 1-394 diamond lane sections observed slight decreases in the MnPASS
lane volumes when evaluated over the entire operational period. This is due to the expan-
sion of HOV requirements into additional hours under the after conditions. This means
that the analysis of volumes on the MnPASS lane during the fringe hours of the current
operational period results in a comparison of the lane volumes with HOV restrictions
under the current period with the before period conditions without HOV restrictions
when the lane was open to all traffic during the same hour of the day. Under these pre-
MnPASS conditions, the diamond lane sections would typically experience a large spike
in volumes on the shoulders of the HOV restriction periods as SOV drivers would move
to the HOV lane to take advantage of available capacity. Under the current operating
periods, SOV drivers are not able to legally use these MnPASS lanes during these fringe
periods unless they are MnPASS subscribers. This has resulted in reduced volumes in the
MnPASS lanes during these fringe periods which have resulted in less positive or
decreased MnPASS lane volumes when the entire operational period is included. These
decreased volumes during the fringes of the operational period serve to offset the volume
gains observed in the peak hour.
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Overall roadway volumes (MnPASS lane plus general purpose lanes) for locations in the
diamond lane section were observed to experience small changes in overall volume levels,
both positive and negative, but many of these changes were not statistically significant
when considered alongside the observed regional reduction in travel demand.

5.2 Observed Impacts on Speed and Travel Time

Five separate hypotheses were formulated to test the impact of MnPASS on travel speed
and travel time. These hypotheses included:

o  MnPASS deployment will result in an increase in vehicle speeds in the general purpose lanes;
e MnPASS deployment will result in a decrease in average person travel time in the corridor;

e MnPASS deployment will not result in a decrease in vehicle speeds in the HOV/HOT lanes;
e  MnPASS deployment will not result in an increase in travel time for transit vehicles; and

o  MnPASS deployment will not result in an increase in vehicle speed variability in the HOV/
HOT lanes.

Despite the observed increases in traffic volume in the MnPASS lanes, travel speeds in the
lane(s) have not been negatively impacted as most locations experienced no change or a
slight increase in travel speed. Table 5.1 presents the comparison of MnPASS lane speeds
for the pre-MnPASS and with MnPASS periods. Only one study location, Xenia in the
eastbound morning direction, observed any decrease in speed; however, this speed
change was only statistically significant during a portion of the total operational period
(approximately 6:30 a.m. to 7:45 a.m.). Based on this information, the pricing algorithm
has been successful in maintaining speeds in the HOV/HOT lane with this minor exception.

Speeds in the general purpose lanes were observed to experience a slight increase fol-
lowing the implementation of MnPASS for all locations tested when compared with simi-
lar periods from previous years. Table 5.2 summarizes the speed changes observed in the
general purpose lanes at selected locations along the 1-394 corridor. Although statistically
significant, caution should be applied in attributing all of the speed increase to the
MnPASS implementation. In many locations, the speed increase in the general purpose
lane was accompanied by a slight decrease in volumes (discussed in the previous section)
that may also partially be responsible for the speed increase.
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Table 5.1 Comparison of Pre- and Post-MnPASS 1-394 Speeds in the

MnPASS Lanes
Location/Direction Pre-MnPASS With MnPASS Difference
Eastbound (AM Peak Period)
[-494 71.1 71.2 0.1%
Ridgedale 66.7 69.4 4.0%
General Mills 63.1 65.2 3.4%
Xenia 62.3 60.8 -2.6%
Penn 66.8 67.1 0.6%
Westbound (PM Peak Period)
Penn 67.7 67.9 0.2%
Xenia 57.2 57.2 0.0%
General Mills 62.3 64.3 3.1%
Ridgedale 66.3 68.6 3.4%
1-494* N/A N/A N/A

* Speed data collected from the westbound detectors in the MnPASS lane at 1-494 was deemed
unreliable for analysis purposes.

Table 5.2 Comparison of Pre- and Post-MnPASS Average Speeds in the
I-394 General Purpose Lanes

Location/Direction Pre-MnPASS With MnPASS Difference
Eastbound (AM Peak Period)

[-494 67.2 68.1 1.2%
Ridgedale 63.8 66.5 4.2%
General Mills 57.5 65.9 14.6%
Xenia 51.0 57.1 12.0%
Penn 55.1 57.1 3.7%
Westbound (PM Peak Period)

Penn 53.8 59.6 10.7%
Xenia 43.8 47.6 8.6%
General Mills 70.9 72.2 1.8%
Ridgedale 60.6 63.1 4.0%
[-494 64.7 65.0 0.4%

5-4 Cambridge Systematics, Inc.



______________________________________________________________________
1-394 MnPASS Technical Evaluation Final Report

Further analysis of the speed changes observed in the general purpose lanes on 1-394
revealed that the relative increase in travel speed in the general purpose lanes (compared
with speeds in previous years) is even greater on days with higher volumes (e.g., the rela-
tive speed change is greater on Tuesday through Thursdays when 1-394 carries higher
volumes than on Mondays and Fridays), or days when there were incidents occurring in
the corridor (compared with similar incident days from the before period. This observed
impact suggests that MnPASS is helping to mitigate the negative impacts on the worst
travel days, and is effectively reducing speed and travel time variability in the corridor.

B 5.3 Observed Impacts on Occupancy and Violation Rates

Two key hypotheses were formulated to evaluate the impact of MnPASS on mode share
and violation rates. These hypotheses included the following:

o  MnPASS deployment will not result in a change in mode share in the corridor; and

o MnPASS deployment will not result in an increase in illegal SOV usage of the HOV/HOT lanes.

Vehicle Occupancy

The analysis on mode share, which particularly focused on potential impacts to the car-
poolers who use the MnPASS lane free of charge, was conducted using a combination of
automatic and manually collected data. Automated data included Mn/DOT detector data
which provided vehicle volumes and MnPASS system data which included the tallies of
valid MnPASS subscribers utilizing the MnPASS lane. Manually collected data included
vehicle occupancy counts which were collected in October 2005 and May 2006. These
snapshot occupancy counts were conducted by stationing observers on freeway over-
passes where they observed and recorded the number of occupants in each vehicle. These
occupancy counts were then compared with similar counts collected in both 2002 and 2004
prior to the implementation of MnPASS.

In conducting the evaluation of vehicle occupancy, one severe limitation was encountered
by the evaluation team. Previous data collection efforts studying vehicle occupancies
prior to the implementation of MnPASS had only been collected during the then current
hours of operation of the HOV lanes (6:00 a.m. to 9:00 a.m. in the eastbound direction and
3:00 p.m. to 6:00 p.m. in the westbound direction). Various off-peak and non-peak direc-
tion counts were also collected in anticipation of 24/7 operation of MnPASS; however, no
counts were taken in any previous studies that specifically captured the vehicle occupan-
cies on the shoulders of the peak (i.e., the hours immediately preceding and following the
previous hours of HOV restrictions in the corridor).

MnPASS was initially envisioned and implemented to operate on a 24/7 basis, but unfore-
seen congestion occurring in the off-peak direction resulted in scaled back operational
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hours, which approximated the previous hours and directionality of the previous HOV
only restrictions, but added one additional hour of HOV restrictions in the morning peak
period and an additional two hours in the afternoon peak period. This modification pro-
vided carpoolers with an extra 3 hours a day (compared with pre-MnPASS conditions)
which they could enjoy the benefits of lane restrictions.

In analyzing vehicle occupancies and violation rates in this evaluation, data representing
post-MnPASS conditions was compared with pre-MnPASS conditions to identify any
changes that occurred between the periods. Additionally, similar occupancy data col-
lected on the non-MnPASS equipped I-35W corridor was also compared and analyzed to
identify any regional trends that might be occurring independent of MnPASS. This
before-and-after analysis was limited in the case of vehicle occupancy, however, due to
the lack of occupancy data representing the pre-MnPASS shoulder periods of the previous
HOV restriction periods. Therefore, the before and after occupancy analysis was limited
to evaluating only those hours consistent with the previous HOV restrictions and does not
take into account any occupancy impacts occurring on the newly expanded hours of HOV
restrictions resulting from MnPASS deployment. It is suspected that some carpools have
been able to adjust the timing of their trips to take advantage of this expanded window of
travel opportunity on I-394, resulting in the spreading of trips out of the peak periods into
the shoulders. The limitations in the data from the pre-MnPASS period does not allow for
a direct quantification of this benefit, however.

Further complicating the assessment of any MnPASS related impacts on vehicle occupan-
cies is an observed regional decrease in the number of carpoolers. This trend was identi-
fied by evaluating the volume and mode share of SOV, carpool, motorcycles, and transit
vehicles utilizing the I-35W HOV facilities, which are unaffected by the MnPASS deploy-
ment. The analysis of I-35W conditions revealed that while motorcycle and transit vehicle
volumes have remained steady, carpool volumes have decreased by 14 percent in the
northbound direction and by 20 percent in the southbound direction. This analysis
reveals that carpool usage appears to be trending downward on a regional basis, inde-
pendent of any influence resulting from MnPASS.

Against the backdrop of the regionally observed decrease in carpool volumes, carpool
usage on [-394 also appears to have decreased as compared with pre-MnPASS levels.
Table 5.3 summarizes a comparison of SOV and HOV volumes observed on 1-394 during
data collection efforts conducted prior to and following MnPASS implementation. This
table shows the number and percent of vehicles for both the MnPASS lane as well as in the
general purpose lanes. Table 5.3 provides a comparison of conditions only for the hours
of HOV lane operation prior to the deployment of MnPASS. The lack of comparable vehi-
cle occupancy data during the fringe hours in the pre-MnPASS scenario prohibits any
comparison of data in these newly expanded operating hours.
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The observed decreases in HOV volumes on 1-394 appear to be related to a decrease in
carpool usage - an analysis of the data shows that motorcycle and transit vehicle volumes
remained relatively constant between 2004 and 2006. As discussed above, some of the
decrease in carpool usage in the peak hours may be a result of carpoolers switching the
time of their travel to one of the shoulder periods created by the expansion of the time
window of HOV only restrictions; however, these impacts cannot be quantified due to the
lack of data on carpool usage in these periods prior to MnPASS implementation.

These observed decreases in carpool volumes on 1-394 appear to be more substantial than
the decrease observed on I-35W; however, due to variability of HOV demand, the rela-
tively small number of HOV volumes in both the pre- and post-MnPASS periods, and the
snapshot nature of the manually collected occupancy counts, it cannot be statistically con-
cluded that the 1-394 carpool decreases are greater than those observed on I-35W. There-
fore, the technical evaluation of this impact was inconclusive.

The impact of mode shift was also addressed in the Attitudinal Evaluation. In that effort,
the analysis did not support the finding that there had been any significant mode shifts
among survey respondents. More information on the Attitudinal Evaluation findings can
be accessed at: http://www.mnpass.org/.

Violation Rates

Violation rates in the MnPASS lanes were determined by identifying those SOV vehicles
that were illegally using the lane. This analysis was performed using the manually
obtained occupancy counts as well as automated records of the number of vehicles with
valid transponders for the same time/date for the occupancy data collection. Any SOV
vehicle observed using the HOV lane in the pre-MnPASS data collection was identified as
a violator. In the post-MnPASS analysis, the number of valid transponder reads recorded
by the MnPASS was subtracted from the total number of SOV vehicles observed in the
MnPASS lane to identify the number of violators.

The analysis revealed that violation rates on 1-394 decreased following MnPASS imple-
mentation. This was particularly evident in the diamond lane sections of the corridor
where violation rates fell from 20 percent to 9 percent. During the same period, violation
rates on [-35W, where MnPASS was not implemented, increased dramatically from
22 percent to 33 percent. Table 5.4 summarizes corridor violation rates observed prior to
and after MnPASS implementation using an average of rates obtained from data collected
during periods pre-MnPASS (2002 and 2004) and with MnPASS (2005 and 2006).
Tables 5.5 to 5.10 provide more detail on the violation rates observed for specific locations
and years.
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Table 54 Summary Comparison of Pre- and Post-MnPASS HOV Lane
Violation Rates

Location Pre-MnPASS With MnPASS
1-394 Reversible Section 7% 4%

1-394 Diamond Lane Section 20% 9%
[-35W HOV Control Section 23% 33%*

*[-35W control corridor not equipped with MnPASS.

Table 5.5 Vehicles Observed in EB HOV/MnPASS Lane - Observed at
Louisiana Avenue During the AM Peak Period

MnPASS
Period Observed HOV SOV Violator User
Pre-MnPASS (2002) 81% 19% 19% N/A
Pre-MnPASS (2004) 89% 11% 11% N/A
With MnPASS (2005) 62% 38% 8% 30%
With MnPASS (2006) 58% 42% 8% 34%

Table 5.6 Vehicles Observed in WB HOV/MnPASS Lane - Observed at
Louisiana Avenue During the PM Peak Period

MnPASS
Period Observed HOV SOV Violator User
Pre-MnPASS (2002) 76% 24% 24% N/A
Pre-MnPASS (2004) 76% 24% 24% N/A
With MnPASS (2005) 61% 39% 9% 30%
With MnPASS (2006) 60% 40% 11% 29%
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Table 5.7 Vehicles Observed in EB HOV/MnPASS Lane - Observed at
Penn Avenue During the AM Peak Period

MnPASS
Period Observed HOV SOV Violator User
Pre-MnPASS (2002) 94% 6% 6% N/A
Pre-MnPASS (2004) 96 % 4% 4% N/A
With MnPASS (2005) 63% 37% 6% 31%
With MnPASS (2006) 62% 38% 3% 34%

Table 5.8 Vehicles Observed in WB HOV/MnPASS Lane - Observed at
Penn Avenue During the PM Peak Period

MnPASS
Period Observed HOV SOV Violator User
Pre-MnPASS (2002) 88% 12% 12% N/A
Pre-MnPASS (2004) 94% 6% 6% N/A
With MnPASS (2005) 67% 33% 4% 29%
With MnPASS (2006) 63% 37% 5% 32%

Table 5.9 Vehicles Observed in NB I-35W HOV Lane - Observed
During the AM Peak Period

MnPASS
Period Observed HOV SOV Violator User
2002 67% 33% 33% N/A
2004 78% 22% 22% N/A
2005 85% 15% 15% N/A
2006 69% 31% 31% N/A
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Table 5.10 Vehicles Observed in SB I-35W HOV Lane - Observed During

the PM Peak Period
MnPASS
Period Observed HOV SOV Violator User
2004 77 % 23% 23% N/A
2006 65% 35% 35% N/A

B 54 Observed Impacts on Safety

In order to test the impact of MnPASS on corridor safety, three separate hypotheses were
formulated and tested. These hypotheses included:

e MnPASS deployment will not result in an increase in the number of crashes occurring in the
corridor;

e MnPASS deployment will not result in an increase in the crash rate in the corridor; and

o  MnPASS deployment will result in a decrease in the speed differential between HOV/HOT
lanes and general purpose lanes.

Crash Occurrence

To assess the possible impact of the MnPASS deployment on safety, crash statistics were
obtained from the State of Minnesota’s Department of Public Safety’s crash database. The
number of crashes occurring in the 1-394 corridor was tallied for two years representing
the pre-MnPASS period, and one year following the deployment of MnPASS. For con-
sistency, each analyzed year started and ended on May 16t (the opening date of the
MnPASS system). Also, the analyzed crashes only included those occurring between the
hours of 5:00a.m. to 8:00 p.m. to avoid including crashes occurring well outside of
MnPASS operational hours.

The analysis of crash data during the before period revealed that an average of 414 crashes
were observed on -394 in the 2years preceding the implementation of MnPASS -
409 crashes in 2003 to 2004 and 419 crashes in 2004 to 2005. During the year following
MnPASS deployment, the number of observed crashes fell to 357 in 2005 to 2006, a
decrease of nearly 14 percent, as shown in Figure 5.1.
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Figure 5.1 Annual Crashes Recorded on I-394 - During the Weekday
Hours of 5:00 a.m. to 8:00 p.m.*

Annual Crashes on 1-394

430 +
420
410 +
400 +
390 +
380 +
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360 +
350 -
340 +
330 -
320 +
310 +
300 ~

2003-2004 2004-2005 2005-2006

*Annual years measured as May 16" to May 15" the following year.

This decrease in crashes cannot be directly attributed to the implementation of MnPASS,
however. The annual number of crashes is typically a highly variable statistic, and evi-
dence of a regional decrease in travel demand has been observed and would contribute to
any decrease in accidents. The percent reduction in crashes, however, exceeds any
observed percentage decrease in travel demand, suggesting that it may be minimally con-
cluded that the deployment of MnPASS has not resulted in any increase in the crash risk
on the I-394 corridor.

Speed Differential

Supplementing the analysis of actual crash occurrences in the corridor, a separate evalua-
tion of the change in speed differential between the general purpose lanes and the
MnPASS lane was performed. The speed differential metric is an often used as a proxy
measurement of safety as situations where there is a great disparity between speeds
observed in adjacent lanes are more likely to observe more total crashes and more crashes
of a greater severity.

Speed differential between the general purpose lane and the MnPASS lane in the diamond
lane section was analyzed using speed data collected from the automated detectors in the
corridor. The speed differential observed in the before period was compared with the
same measure in the after period and tested for statistical significance. This analysis
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revealed that the speed differential decreased at nearly all tested locations, and in no loca-
tion did the speed differential increase by more than a trivial amount. Table 5.11 shows
the results of this analysis.

Table 5.11 Comparison of Average Pre- and Post-MnPASS Speed
Differential on 1-394

Location Pre-MnPASS With MnPASS
Eastbound (AM Peak)

1-494 3.9 3.1
Ridgedale 29 29
General Mills 5.6 0.6
Xenia 12.6 1.7
Westbound (PM Peak)

Xenia 134 9.7
General Mills 8.6 7.9
Ridgedale 5.7 55
1-494 6.7 49

B 5.5 Observed Impacts on Environmental Factors
In order to test the environmental impact of MnPASS, two separate hypotheses were for-
mulated and tested. These hypotheses included:
e MnPASS deployment will not result in an increase in corridor noise levels; and
e MnPASS deployment will not result in an increase in corridor emissions (CO) levels.

Assessment of these hypotheses was performed by Mn/DOT’s Office of Environmental
Services. A copy of the initial analysis report (October 2005) is presented as Appendix A.°
Additional monitoring and analysis of noise and emissions data were subsequently con-

> Additional monitoring and analysis of noise and emissions data was conducted in May 2006. The
findings of this additional analysis confirmed the earlier results.
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ducted in May 2006. Highlights of the analysis findings are presented in the sections
below.

Noise Levels

Analysis of noise data collected after MnPASS deployment (in September/October 2005)
revealed that there were no significant changes in noise levels noted for 23 out of the
26 separate monitoring observations (a.m. and p.m. peak periods at 13 sites) when com-
pared with pre-deployment (April/May 2005) levels. For the three observances where a
change in noise levels were noted, none exceeded a change of greater than 5 decibels;
therefore, the analysis concluded that there was no substantial impact on noise levels
attributable to the MnPASS deployment.

Emissions

The analysis of emissions monitoring data in the corridor concluded that the impacts on
CO levels of MnPASS are considered minimal, and the CO concentrations remain well
below the 30 ppm 1 hour CO air quality standard for Minnesota. Therefore, it can be con-
cluded that the operation of the MnPASS lane did not result in a substantial impact on the
air quality due to any changes in traffic patterns in the project area.
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6.0 System Performance Findings

This section documents several issues related to the performance of the MnPASS system
including use and revenue, and enforcement. The evaluation of these issues differs from
those impacts discussed in the previous section in that no before and after analysis was
performed. Instead, key findings and lessons learned regarding these issues are simply
documented in the sections below.

6.1 Use and Revenue

The number of MnPASS transponders requested by users increased at a rapid pace
throughout 2005, increasing from 5,650 transponders on opening day (May 2005) to over
9,000 transponders issued by January 2006. Since January, the growth in the number of
transponders has continued to grow, but at a slower pace resulting in approximately
10,000 transponders currently in use. Figure 6.1 shows the growth in the number of
transponders as well as the total number of transponders over time. The average sub-
scriber uses the MnPASS lane approximately two times per week.

Figure 6.1 Active Accounts and Transponders

@ Transponders

B Active Accounts
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MnPASS lane usage increased steadily from under 10,000 weekly tolled trips during the
initial weeks of operation to over 20,000 weekly tolled trips by November and December
2005. From the opening until January 2006, the increase in MnPASS lane usage tracked
consistently with the growth in the number of transponders, meaning that the increased
number of tolls paid was likely due to more MnPASS subscribers who were eligible to use
the lane, rather than an increase in usage among individual users. The average trans-
ponder owner uses the MnPASS lane approximately two times per week. This statistic
has been relatively constant over time. Usage is also typically highest on Tuesdays,
Wednesdays, and Thursdays.

A modified toll rate structure was implemented in January 2006 that adjusted the toll rate
scale that was applied for different congestion levels. Although the range of possible tolls
remained unchanged, this modification typically resulted in higher average tolls being
applied as increases in toll levels were triggered by lower congestion levels. Following
this change, the number of tolled trips immediately decreased by 3,000 to 4,000 weekly
trips; however, the number of tolled trips has been steadily increasing since that time and
is currently tracking at a level higher than usage before the rate change, as shown in
Table 6.1.

Table 6.1 Example Comparison of Usage and Revenue Before and After
Rate Change (Implemented January 2006)

September 2005 September 2006
(Before Rate Change) (After Rate Change) % Change
Average Toll $0.55 $1.10 100%
Average Daily Trips 3,500 4,000 14%
Average Daily Revenue $2,400 $5,700 138%

As a result of the increased rate structure, the average toll paid increased from $0.67 prior
to the rate change to a value slightly above $1.00 following the change. Toll revenues
likewise increased and are currently averaging more than $4,000 per weekday. The aver-
age toll level for the eastbound (morning inbound) direction tends to be higher than the
westbound (outbound afternoon) direction and revenues from the eastbound direction
likewise track typically higher than the westbound direction.

Total system revenue is generated from the application of the tolls, but also from trans-
ponder leases and other fees that are applied to subscribers to pay for the administrative
costs related to their account. These other miscellaneous fees include charges for opening
an account, replacing lost transponders, and late fees, among others. Currently, these fees
account for about 16 percent of the total MnPASS revenue stream. The MnPASS accounts
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require users to pre-pay their accounts and replenish the accounts through automatic
credit charges as necessary to keep adequate funds available to use the system. Therefore,
revenue is accrued as subscribers initially fund their accounts and subsequently replenish
their accounts as the funds are depleted through toll lane use rather than recorded as
individual tolls are paid. These revenues are presented as toll revenue in Figure 6.2 and
make up the remaining majority (84 percent) of the total revenue stream.

Figure 6.2 Comparison of Revenue Sources

Fee Revenue
16%

Toll Revenue
84%

B 6.2 Enforcement

In conjunction with the implementation of MnPASS, enforcement activities were increased
in the corridor and were funded through the operational budget for MnPASS. Additional
enforcement is being provided on the corridor with the assistance of the Minnesota
Highway Patrol, and the Minneapolis and Golden Valley Police Departments.

To collect enforcement related data for the evaluation, a data collection form was devel-
oped and included with the MnPASS Enforcement Plan. This form was routinely filled out
by enforcement officers detailing the number and type of violation tickets issued during
an enforcement shift. Enforcement activities which were documented include HOV vio-
lations (solo drivers traveling in the MnPASS lane without a valid transponder) and vio-
lations for crossing the double-white line serving as the barrier for the MnPASS lane in the
diamond lane section.

Based on this information, public safety officers made nearly 5,000 stops on the 1-394 cor-
ridor between May and December 2005. Approximately 50 percent of these stops
involved HOV violations or motorists illegally crossing the double white lines. The
stepped-up enforcement activities supported with MnPASS funding also included stops
for speeding, seatbelt, and DWI violations, as well as accident and stalled vehicle assists.
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These stepped up enforcement activities have accounted for over 2,500 corridor traffic
stops for violations involving improper HOV lane use or illegal crossing of the double
white line. This increased enforcement effort and visibility appears to be having a positive
impact on compliance as HOV violation rates have decreased compared with conditions
in the years prior to MnPASS, and the violation rates in the 1-394 corridor are significantly
lower than on non-MnPASS equipped HOV facilities on I-35W. Section 5.3 provides an
expanded discussion on the impact the MnPASS program has had on corridor HOV vio-
lation rates.

B 6.3 Transit Performance

To evaluate impacts on transit operational performance associated with the -394 MnPASS
deployment, the Evaluation Team contacted local and regional transit providers and asso-
ciated agencies to inquire what impacts, if any, were observed or noted as deployment of
the MnPASS project progressed. The local transit systems, regional agencies, and provid-
ers that operated public transit services within the 1-394 corridor during the deployment
of the I-394 MnPASS project included the following;:

Metro Transit;

Plymouth Metrolink (service operated by Metro Transit and Laidlaw);

Prior Lake Laker Lines (service operated by Schmitty & Sons); and

Southwest Metro Transit Commission (SWMTC).

Each of the transit systems or providers listed above were contacted by the consultant to
determine what impacts, if any, occurred in the course of deployment of the I1-394
MnPASS project. Each representative was asked the same open-ended questions and
prompted for additional details or comments during the course of the interviews. The
basic questions used to interview each of the transit service providers included:

e Has your agency observed any negative operational impacts (e.g., merge difficulties,
increased travel times, reduced ridership, etc.) resulting from the deployment of
MnPASS on 1-394? (If any negative impacts were listed, respondents were asked to
describe the impacts and were prompted for additional details, including whether or
not they had data supporting the impacts, or suggestions that could help mitigate the
impacts they described).

e Has your agency observed any positive operational impacts (e.g., decreased travel
times during fringe peak periods, etc.) resulting from the deployment of MnPASS on
1-394? (If any positive impacts were listed, respondents were asked to describe the
impacts and were prompted for additional details, including whether or not they had
data supporting the impacts).
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¢ Do you have any additional comments you would like to share regarding the deploy-
ment of the MnPASS program on 1-394 as they relate to your transit system’s operations?

The comments received from these local transit providers and transit agency staff are
anecdotal in nature and are intended to provide a qualitative assessment of impacts. This
qualified assessment was selected as the preferred evaluation approach of these impacts
due to difficulties in conducting a meaningful quantitative analysis, particularly due to
problems in isolating the incremental impacts of the MnPASS deployment on transit
travel times and ridership from larger regional changes.

During the period of time covered by this evaluation, ridership in the Twin Cities regional
transit system, including Opt-Out communities, rose by approximately 10 percent sys-
temwide. This increase in ridership occurred predominantly in peak period express, line-
haul routes from suburban and exurban park and ride facilities to and from the two
downtowns of Minneapolis and St. Paul. At the same time, gas prices fluctuated between
$2.20 and $3.00 or more per gallon, and demand for transit service increased, especially in
markets where a longer commute by car, plus the cost of parking in downtown areas,
greatly impacted consumers. The 1-394 corridor was one of several transit corridors
within the metro area that has historically provided established express commuter transit
services.

Findings

Supervisors representing three of the four transit providers interviewed (Metro Transit,
Plymouth Metrolink, and Prior Lake Laker Lines) indicated that the deployment of
MnPASS on 1-394 has generally had a negligible impact on their operations in the 1-394
corridor. There were comments from these transit providers that the agencies did have
some early (prior to MnPASS implementation) concerns regarding transit operations
being negatively impacted, particularly the possibility of added difficulty in merging into
the MnPASS lanes given the more limited access points and potential travel time impacts
caused by added traffic in the MnPASS lane. Following MnPASS deployment, however,
these agencies reported that these issues have not materialized and they have not
observed any negative impacts from the deployment.

These providers were also unable to identify any positive impacts directly attributable to
MnPASS. While there was support voiced for the added hours of HOV restrictions on the
diamond lane section, the agencies did not report any quantifiable impacts resulting from
this operational hours expansion.

Southwest Metro Transit was the only agency contacted that voiced serious concerns
regarding operational impacts related to the deployment of MnPASS on 1-394. Specifi-
cally, the agency cited added difficulty in merging from northbound TH 169 to eastbound
-394, reporting that the limited merge area, combined with added traffic in MnPASS lane
and aggressive behavior by drivers in the MnPASS lane resulted in difficulty for transit
vehicle drivers in finding appropriate gaps in which to merge the vehicle into the
MnPASS lane at this location. Transit vehicle drivers have reported that drivers in the
MnPASS lane will often attempt to close any gaps ahead of their vehicles when they see a
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transit vehicle attempting to merge ahead of them, making it more difficult for the transit
vehicle to successfully merge into the lane. Other transit providers did not report similar
merge issues; however, Southwest Metro Transit does operate a greater number of buses
though the TH 169 to 1-394 interchange than the other providers and may have more
opportunity to experience these particular impacts. The agency reported that concerns on
the merge difficulties have been voiced by their drivers and passengers alike.

Southwest Metro Transit is currently investigating operational changes to help minimize
this issue, including the permanent re-routing of their vehicles to other northbound corri-
dors (TH 100 or 1-494) to avoid the I-169 to I-394 merge area, or providing additional dis-
cretion to drivers to temporarily alter the route if they encounter congestion. Neither of
these solutions is perceived as ideal by the agency. The agency suggested the study of a
policy change to allow transit vehicles to cross the double-white line and merge at their
convenience would be their preferred short-term solution (this suggested operational
change was also mirrored by Metro Transit in their interview). In the longer-term,
Southwest Transit suggested the planning of transit “slip ramps” to provide increased
access to the MnPASS lane and the study of improvements to TH 100 and 1-494 to make
them more attractive travel corridors for transit.

Southwest Metro Transit also reported several instances of aggressive, illegal driver
behavior noted in the MnPASS lane. Specifically, transit vehicles have passed while in the
MnPASS lane by vehicles that cross the double-white lines back into the general purpose
lanes, and then re-cross the double-white line to re-enter the MnPASS lane ahead of the
slower-moving bus. The agency suggested vigilant enforcement to curtail these illegal
activities.
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7.0 Summary and Conclusions

This evaluation report summarizes the results related to a comprehensive evaluation of
the -394 MnPASS deployment in the Twin Cities. This section summarizes some of the
major findings in relation to the identified evaluation objectives. Further, this section also
provides a high-level assessment of the MnPASS concept based on this test bed deploy-
ment on [-394 and discusses the applicability for expansion of the system.

7.1 Evaluation Summary

The technical evaluation of the I-394 MnPASS deployment was conducted according to
guidelines originally specified in the Technical Evaluation Test Plan (March 2003). This
plan included the identification of multiple evaluation objectives to be assessed in the
course of the evaluation. While some of these issues required the simple documentation
of issues, other identified objectives specified hypotheses to be tested during the course of
the evaluation. Table 7.1 presents a listing of the many key hypotheses and summarizes
the outcomes of the evaluation against each impact.

In addition to the assessment of before and after conditions to assess the ability of the
MnPASS system to achieve the intended objectives, the evaluation also documented addi-
tional issues surrounding the deployment. Some of the key findings include:

e MnPASS has been popular with users as evidenced by the demand for transponders
and continued use of the MnPASS lane. Over 10,000 transponders have been leased
by users and the average user chooses to pay the MnPASS lane toll about twice a week
on average.

e The toll schedule modifications implemented in January 2006 have resulted in an
increase in revenue being collected and less volatility in rate changes at lower traffic
levels. After an initial decrease in usage following the modification, usage has steadily
increased to surpass levels prior to the modification.

e The increased enforcement activities funded through the MnPASS program have had
great success in curtailing illegal SOV use of the MnPASS lane in the 1-394 corridor by
giving single drivers a legal option to use to underutilized HOV lane. Violation rates
in the non-MnPASS equipped I-35W corridor are more than three times as high.
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Table 7.1 Evaluation Hypotheses and Outcomes

Evaluation Hypothesis

Outcome

MnPASS deployment will result
in an increase in vehicle
throughput in the corridor

MnPASS deployment will result
in an increase in vehicle speeds
in the general purpose lanes

MnPASS deployment will result
in a decrease in average person
travel time in the corridor

MnPASS deployment will not
result in a decrease in vehicle
speeds in the HOV/HOT lanes

MnPASS deployment will not
result in a change in mode share
in the corridor

MnPASS deployment will not
result in an increase in illegal

SOV usage of the HOV/HOT
lanes

MnPASS deployment will not
result in an increase in the
number of crashes occurring in
the corridor

MnPASS deployment will result
in a decrease in the speed
differential between HOV/HOT
lanes and general purpose lanes

True. Based on an analysis of before and after volumes,
corridor throughput increased during the peak hour by up to
5 percent. This increase occurred while regional volumes in
other non-MnPASS corridors observed a decrease.

True. General purpose lane travel speeds were observed to
increase at all study locations by an average of approximately
6 percent.

True. Travel speeds increased in the general purpose lanes as
well as the MnPASS lane for many locations providing a
reduction in travel times.

True. Travel times were observed to hold constant or increase
slightly at all study locations, with the exception of a portion of
the morning operational period at Xenia.

Inconclusive. Significant deceases in the numbers and mode
shares of carpools were observed on I-394; however, a
significant (yet tempered) decrease in carpool usage was
similarly observed on I-35W, which is not equipped with
MnPASS during the same time period, suggesting a regional
shift in carpool usage. The snapshot nature of the available
auto occupancy data, significant variations in the day-to-day
usage of the lane by HOV users, and the change in operating
hours between the pre-MnPASS and post-deployment periods
all served to complicate the precise identification of carpool
impacts. Therefore, it can neither be confidently proven or
refuted that the decrease on carpool usage on -394 is directly
attributable to the deployment of MnPASS as the observed
decrease is within the margin of error of the analysis.
Additionally, user survey results from the separately
conducted -394 MnPASS Attitudinal Evaluation did not reveal
any changes in mode choice reported by corridor carpoolers.

True. Violation rates on -394 were observed to decrease
dramatically following the implementation of MnPASS.
Meanwhile, the violation rates on the non-MnPASS equipped
I-35W HOV section have significantly increased.

True. In the year following MnPASS deployment,
approximately 14 percent fewer crashes were observed when
compared with previous years.

True. The speed differential was observed to decrease at all
diamond lane study locations.
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Table 7.1 Evaluation Hypotheses and Outcomes (continued)

Evaluation Hypothesis Outcome

MnPASS deployment will not True. Monitoring conducted by Mn/DOT revealed no
result in an increase in corridor ~ significant increases in corridor noise levels.
noise levels

MnPASS deployment will not True. Monitoring conducted by Mn/DOT revealed no
result in an increase in corridor ~ negative CO emissions impacts.
emissions (CO) levels

e Most transit providers have reported negligible impacts on operations as a direct
result of MnPASS deployment. The limited number of issues reported generally
focused on the ability of transit vehicles to merge at one specific access point in the
corridor.

B 7.2 Conclusions

The MnPASS deployment on I-394 has enjoyed success in achieving many of the identified
goals and objectives for the project. While successful in its current configuration, the ini-
tial deployment operating on a 24/7 basis did face some public criticism due to unfore-
seen congestion that occurred in the off-peak direction. The flexibility of Mn/DOT in
adapting to these challenges was key to overcoming these barriers resulting in the current
successful deployment. The success and benefits provided by the MnPASS system on
1-394 warrants that the MnPASS concept be carefully considered for application to other
corridors facing similar challenges to 1-394. While not a panacea for all system deficien-
cies, the MnPASS concept can be a success if applied under the correct circumstances.

Based on lessons learned from the initial application of HOT lane strategies in Minnesota,
the following recommendations are provided to stakeholders considering the broader
application of MnPASS to other corridors:

e The clear provision of a benefit for potential users is key to attracting and sustaining
subscribers. The consistent maintenance of near free-flow conditions on 1-394 has pro-
vided users with a clear benefit and motivation for opening an account and using the
system.

e It is critical that free-flow speeds in the MnPASS lanes must be maintained to sustain
the benefit provided to carpoolers and transit riders. Valuable regional benefits are
gained by support of these trip reducing travel modes. The 1-394 MnPASS deploy-
ment maintained the travel time savings for these users while simultaneously serving
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to increase the number of hours that travel on the lane was reserved for HOV travel
compared with previous conditions.

e Addressing the concerns of the transit providers is critical to maintaining support of
the deployment. Continuing issues of the transit community should be studied and
addressed as they arise.

e The I-394 corridor is unique among regional corridors as it maintains the only reversi-
ble segment in the Twin Cities. The benefits of MnPASS in the reversible section were
overwhelmingly apparent in the evaluation. The benefits in the diamond lane section,
while still positive, were more mixed, particularly during the initial 24/7 operation.
This was often particularly true on the fringes of the new operational period where
HOV restrictions were expanded to hours that had previously been available for
general-use travel. Stakeholders should carefully consider any possible impacts of
future MnPASS expansion, especially in situations that may serve to alter the hours of
availability of a previous open general purpose lane.

e The funding and provision of additional enforcement had a direct impact on the suc-
cess of the -394 MnPASS deployment. An increased enforcement presence should be
a key ingredient of any future expansion plans.

e The continuous and sustained monitoring and evaluation of corridor conditions fol-
lowing deployment of 1-394 was key to identifying minor problems in the system
before they had the opportunity to balloon into more serious issues. The immediate
and decisive action of Mn/DOT in addressing some of these challenges provided final
mitigation of many issues in a timely manner.

e Although it was not one of Mn/DOT’s stated goals for implementing MnPASS, some
pre-deployment promotions implied an increase in carpool usage- an impact
observed in an evaluation of the I-15 HOT lane project in California - as a possible
outcome of the MnPASS deployment. These statements may have inadvertently set
unrealistic expectations on the possible benefits of the eventual deployment among
some stakeholders. Caution should be used in making similar claims not directly tied
to the stated project goals.

e Inherent difficulty in collecting data on personal auto occupancies, combined with a
lack of historical data and a change in the daily time periods in which HOV restric-
tions were enforced, served to limit the preciseness in which impacts to carpool vol-
umes could be evaluated in this study. It is recommended that any future expansion
of the MnPASS system carefully consider and monitor these potential impacts. Auto
occupancy data collected in this evaluation should provide valuable input to any
future assessment.

e The involvement of a diverse set of stakeholders including local transportation system
operators, transit operators, lawmakers, and particularly the public was a critical com-
ponent to success of the 1-394 MnPASS deployment. Similar outreach and involve-
ment is recommended for any future involvement.
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These lessons learned and recommendations are provided to Minnesota stakeholders consid-
ering the expansion of MnPASS to other state corridors, as well as other regions looking to
the 1-394 MnPASS deployment for advice on the applicability of HOT lane strategies in the
their own regions.
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I. MnPASS Noise Analysis
A. Background

This study was conducted to evaluate pre and post MnPASS noise measurements in the
Bryn Mawr neighborhood located on I-394 in Minneapolis, Minnesota. The goal of the
study was to determine if a significant difference in noise levels occurred during A.M.
and P.M. peak hours due to the allowance of single occupant vehicles (SOVs) in the
directional high occupancy vehicle (HOV) lane on 1-394. Pre MnPASS noise monitoring
was conducted at thirteen receptors in April and May, 2005 prior to the opening of the
MnPASS lane on May 16, 2005. Post MnPASS noise monitoring was conducted at the
same thirteen receptors in September and October, 2005. All noise monitoring was
conducted on mid-week days, (Tuesday, Wednesday or Thursday). The receptors were
located in the yards of residences and varied in distances from the sound wall up to
approximately 1100 feet. The receptor locations were selected in cooperation with Mr.
Greg Lecker, President of the Bryn Mawr Neighborhood Association. The noise receptor
locations are noted below in Table 1. Noise Receptor Locations, and portrayed on the
following page in Figure 1. Noise Receptor Locations.

Table 1. Noise Receptor Locations

Noise Receptor Locations

North of 1-394 South of 1-394
602 Upton Avenue South 1228 Cedar Lake Road South
636 Upton Avenue South 1007 Cedar Lake Road South
604 Cedar Lake Road South 1012 Thomas Avenue South
621 Thomas Avenue South 1728 Kenwood Parkway
2436 Mount View Avenue 1200 Kenwood Parkway
2436 Mount View at noise wall 1013 Kenwood Parkway
432 Morgan Avenue South

B. Methods

Noise level measurements were conducted using Bruel and Kjaer sound level meters. All
sound level meters used in this study were certified by the Minnesota Pollution Control
Agency (MPCA) for accurate calibration. A minimum of five noise level measurements
were taken for ten minute durations at each receptor location during A.M. peak (6:00
a.m.-9:00 a.m.), and P.M. peak (3:00 p.m.-6:00 p.m.) for a total of at least ten
measurements per receptor. Manual traffic counts were made of the eastbound (EB),
westbound (WB), and MnPASS directional lane, concurrent with the noise level
measurements. Speed data for each lane was collected and recorded immediately
following each noise level measurement. The same procedure was used for conducting
both the pre and post MnPASS noise level measurements.



Figure 1. Noise Receptor Locations

o I I ¥ T
Gubden Valiny Neswen Cogel Fark Cibrag S, W
e %
Chuslmat S W - 2
CRIT & o i
[.__._... ! L =| &
Bk Cpcir |k Proiia] 5 &
e iy ) :"E- E - ,{ |
rorn ot Hahaeng Jden, W =
Figerd 4 ArE i
LU el "'.'L m | E E RN v
W ll'\[ - Laaids Aaa W

e Ill;r\.nﬁw"'.
| S | w‘\:”“ Ay

—a = - L . -
— - — 12 ;
g ﬂl.'i't" v fid If -—-—.-_'——_"--__a_-_- Koty 4 [
4 \ c * Mo
;k IIE 10313 & e ies -|' (X |:.';h'm Aﬂl 1057 Kerwod Pl |
— i w .'. - - - .. -
‘EF. -] IIII 1T 5 ol Lo 2] ] ""-F' lll:"l'hﬂlw:-:'d-:.ldll"-l"i.lr:- ]
& |:|:.‘E|5E¢Gh'ld-:=:-:| | j *;F“# Lvaglam A :Er o
& . Cahe o B
& 5‘ 10 Kt Pariwiry _I.'-" i E
EF ,E Hmisarsrss] Fan L5 c-E : 1
L Urcaln & }
5 9 eproed 3
=
=
' 1 aki'rd ]
i .~ TS s WY o
o gt BT M tnan N L ko 1 pasdern A aghin rramre el w— [

The analysis of the effects of the MnPASS lane on traffic noise was done in two steps.
The basis for the two step approach is based on the fact that the noise model does an
excellent job tracking changes in noise levels due to changes in traffic patterns and flow
characteristics. This is true only when the traffic noise from the system being modeled is
the dominate noise at the measurement site. If noise sources external to the system being
modeled are dominant, no determination about the effects of the MnPASS lane can be
made.

Step one was carried out on the corrected “before” and “after” averages of the sets of
noise measurements. By corrected measurements we mean that the average of a set of
predicted levels was subtracted from the average of its complementary set of measured
levels. If the difference between the averages of the corrected measurements equated to
zero then step two of the analysis was carried out. If the difference in step 1 did not
equate to zero then nothing could be concluded about noise changes due to the MnPASS
lane, as the noise at that particular measurement site was dominated by external noise
sources. To reiterate, if the difference in step 1 was equal to zero then we proceeded to



step two. Step two was a comparison of the difference between uncorrected “before” and
“after” average measurements. If a statistically significant difference, different from zero
was found, we can be confident that the difference is due to the traffic variations
associated with the MnPASS lane.

It should be noted that the above procedure must address the random nature of the
variations in measurements, and the relationship between measurements and modeling
results. This was done by using the appropriate statistical analysis and testing of the data,
and the results of operations on the data involved.

The mathematical approach described above is as follows:
Ln=Ly+(Acte€)+(Acte)

Where:

L= a measured level

L, = the predicted (modeled) level corresponding with Ly,

€ = a variant term such that € ~N(0 , 6” ) and describes random errors and/or variations
in the measured levels.

(Ac + €) = a corrective component, a true correction plus a small error that is internal to
the modeling and adjusts for differences between “measured” and “predicted”
levels due to variations that are not traffic related (meteorology, geometric,
vehicle reference energies, etc). When traffic patterns, volume and speed
changes are the only variants this term can be considered constant except for
small random fluctuations.

( Ae + €) = a component that accounts for all noise sources other than those on [-394
(local traffic, neighborhood sounds, etc.).

Lm,corr=Lm_Lp=(Ac+€)+(Ae+€)

The difference between corrected “after” and “before” measured levels will equate to a
difference between the model correction terms and the external sources terms.
Lm,corr,A_Lm,corr,B=(Ac+€)A_(Ac+€)B +(Ae+€)A_(Ae+€)B

If the modeling and measurements are done with proper care the modeling correction
terms should cancel, except for a random variant, leaving only the difference between the
external sources terms.

Lm,corr,A - Lm,corr,B = ( Ae te€ )A - ( Ae +€ )B

As can be seen by the above equation the difference between corrected measured levels
will depend on the difference between external sources terms alone except for a random
variant. By requiring the difference between corrected measurements to equate to zero



before considering the uncorrected differences we have allowed for only two cases. One
case is where the I-394 noise sources dominate and have been eliminated by the
corrections to the measurements. The other case occurs where the external sources
dominated but were equal in both the “after” and “before” measurements and won’t be
cause for a false conclusion about the effects of the MnPASS lane. If the corrected
measurements cannot be shown to equate to zero the procedure is stopped as no
information about the effects of MNPASS can be confidently ascertained.

Where the corrected differences equate to zero we can go to step two which addresses the
uncorrected differences between “after” and “before” measurements. The difference can
be written as follows:

Lina—Lmp=Lpa- Lo+ (Act€)sa—(Act+€)p

The result is dependent on the difference between modeled results which gives the
difference due to changes in traffic characteristics caused by the MnPASS lane. The
result also depends on the difference between the external sources terms. Step one
guarantees that the difference between the external sources terms will equate to zero, 1.e.,
Lma — Lmp=Lpa - Lps + €, which leaves a difference due to traffic changes on 1-394.
All terms and results are subject to random errors and variations and therefore all the
above analysis needs to be carried out using statistical analysis and its subsequent results.

C. Results

In general the total volumes and speeds remained essentially the same pre to post,
however the distribution changed somewhat. The MnPASS lanes increased in volume
while the EB and WB lanes decreased. All detailed noise data can be found in Appendix
A. Noise Monitoring Data.

Taking all sites into account and averaging the sites A.M. and P.M. noise level
measurements, it was found that there was not a statistically significant change in the
average neighborhood sound pressure level (SPL), during the hours of concern. To
evaluate and explain specific noise level changes in the A.M. and P.M. peak hours, the
MINNOISE model was used. The MINNOISE model uses geography, traffic, and
vehicle speeds as input parameters for the program. Sound level differences between
measured after and before, and modeled sound level differences between after and before
were compared and tested for statistically significant changes in noise level.

Each site was statistically evaluated separately for the A.M. and P.M. peak hours by
comparing to the modeled before and after. Student’s T test was used to determine if
there were statistically significant differences before and after noise level measurements
for both uncorrected and corrected noise levels. There were only three sites and times
where noise level changes can be confidently attributed to changes in traffic patterns due
to the MnPASS lane. Statistically significant changes with 95% confidence limits are
noted in Table 2.



Table 2. Noise Level Statistical Results

Location Time Noise Level Increase
621 Thomas Avenue South AM. 1.3 +£0.9 dBA*
1007 Cedar Lake Road South P.M. 2.0+ 0.9 dBA*
636 Upton Avenue South P.M. 3.3+0.6 dBA*

* The decibel level obtained using the “A” weighting characteristic of a sound meter. The
“A” weighting approximates the ear’s sensitivity to sounds of various frequencies.

D. Conclusions

Three out of twenty-six measurement sets evaluated (A.M. and P.M. at thirteen sites)
showed statistically significant noise level changes that are attributable, with confidence,
to the MnPASS lane. However, as these statistically significant increases are not
considered substantial (< 5dBA), it is concluded that the MnPASS lane had no substantial
effects on noise levels in the Bryn Mawr neighborhood. Further study or a study of other
external noise sources could show that other sources (i.e., local street traffic, commercial
processing, etc.) may produce substantial differences in neighborhood noise levels.




II. MnPASS Air Quality Analysis

A. Background

Carbon monoxide (CO) is the traffic related pollutant of most concern in Minnesota. In
Minnesota, air quality standards have been set by the MPCA to protect human health and
the environment, and are more stringent than the USEPA standards for CO. The
standards for CO are noted in Table 3. Carbon Monoxide Standards. The MnPASS
project area is located within the Twin Cities seven county Metro area that has been
designated by the United States Environmental Protection Agency (USEPA) as a
maintenance area for CO.

Table 3. Carbon Monoxide Standards

Carbon Monoxide Standards

MPCA CO Standards USEPA CO Standards
(ppm)* (ppm)

1 hour average: 30 ppm 1 hour average: 35 ppm

8 hour average: 9 ppm 8 hour average: 9 ppm

*parts per million

To adequately evaluate the pre and post air quality in the -394 MnPASS project area,
two air quality monitoring stations were established to provide CO levels.

Monitoring stations were located on the north and south sides of the 1-394 MnPASS
project area in Minneapolis, Minnesota. The south side CO monitoring site was located
at the top of the ramp near the EB [-394 Penn Avenue exit. There is a large open area
with railroad tracks located to the south of the monitoring site and several businesses to
the west. Air samples were taken at the Minnesota Department of Transportation
(Mn/DOT) right of way fence, approximately eight feet above the ground level. The
monitoring equipment was located in a secured 8’ X 12’ environmentally controlled
shelter. A heater/air conditioner system maintained the shelter’s temperature between 68-
72 °F.

The north side CO monitoring site was located at the Qwest Communications Building,
2800 Wayzata Boulevard, Minneapolis, Minnesota. Theodore Wirth Park is located to
the west of this monitoring site, with a school located north of the site. The east side of
this monitoring location is occupied by single family dwellings. Air samples were
collected in front of the Qwest building, approximately five feet above the ground level.
The monitoring equipment was housed in a secured interior utility room on the lower
level of the Qwest building. This equipment location was maintained at room
temperature.

The CO monitoring locations are depicted in Figure 2. Air Quality Monitoring Locations
on the following page.




Figure 2. Air Quality Monitoring Locations
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B. Methods

CO values were measured and recorded by Thermo Environmental Instruments Model
48C monitors. The monitors were placed inside at each location. Poly sampling tubes
(3/8” diameter) were put in place to draw in the air samples from the outside sampling
points. The monitor’s internal pump pulled in air samples continuously and determined
the CO values every ten seconds. The ten second CO values were stored internally in the
monitor and used to generate one hour CO averages. A paper strip chart recorder was
also used at each site as a backup data collection method.

A five point calibration was performed on the monitors at the beginning of the data
collection period, and repeated quarterly. USEPA certified test gasses, traceable to the
National Bureau of Standards, were used for the calibration. The monitors’ accuracy was
checked every seven to twelve days. An Air Quality Auditor from the MPCA verified
proper operation of the equipment. Test gasses of known concentrations were introduced
to the monitors by the Auditor to determine the accuracy of the calibrations. Reports
were produced by the Auditor stating results of the site audits. The reports confirm the



accuracy of the CO data collected from the -394 MnPASS sites. The monitoring sites
passed all MPCA audits. A copy of the Auditor’s reports are located in Appendix B.

The one hour CO readings from the monitors were collected via phone/modem or direct
connection to a laptop computer by using software provided by the monitor
manufacturer. The one hour CO averages were recorded for the A.M. and P.M. peak
hours of the [-394 MnPASS lane at the north and south CO monitoring sites for the pre
and post MnPASS lane operation.

The CO readings were also exported to a spreadsheet where the eight hour CO values
were determined. Each hour of data collected, plus the previous seven hours collected,
were averaged to calculate the eight hour CO average. A monthly report was generated
from the data noting the top ten one hour and eight hour CO averages for each month of
operation. Copies of the monthly CO reports can be found in Appendix B.

C. Results

The one hour CO averages were compared for A.M. and P.M. peak hours, for pre and
post MnPASS lane operation for the same dates that the noise monitoring was conducted
and traffic counts were taken. The average results are documented in Table 4. North Site
CO Monitoring Results, and Table 5. South Site CO Monitoring Results. A detailed
summary of the date specific CO monitoring is located in Appendix B.

Table 4. North Site CO Monitoring Results

North Site CO Monitoring Results

A.M. Peak P.M. Peak
Pre MnPASS Post MnPASS Pre MnPASS Post MnPASS
1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)*
0.39 0.59 0.23 0.20
*parts per million
Table 5. South Site CO Monitoring Results
South Site CO Monitoring Results
A.M. Peak P.M. Peak
Pre MnPASS Post MnPASS Pre MnPASS Post MnPASS
1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)* 1 hr. avg. CO (ppm)*
0.38 0.67 0.26 0.27

*parts per million




D. Conclusions

When evaluating the pre and post CO monitoring results, a 0.20 ppm CO one hour
average increase was found in the A.M. peak hours at the north monitoring site, with a
0.03 ppm CO decrease in the P.M. peak hours. At the south monitoring site a one hour
average increase of 0.29 ppm CO was found during A.M. peak hours, and a 0.01 ppm
increase for the P.M. peak hours. The increases in the one hour average CO levels are
considered minimal, and the CO concentrations remain well below the 30 ppm one hour
CO air quality standard for Minnesota, as set by the MPCA. Therefore, it can be
concluded that the operation of the MnPASS lane did not result in a substantial impact on
the air quality due to any changes in traffic patterns in the project area.



Appendix A

Noise Monitoring Data



JA4 801 9¢ 8¢ly [4°] 0 cel 0891 A vl 081 0ccs G'/9 |S69 | 0¢'8 | SO/LL/OL | ®AY sewoyl S Lok
i 96 e 8¢0v 29 0 vl 8l 96 el 41 0499 0'89 [§'69 | 00:8 | SO/LL/OL | ®AY sewoyl S Lok
[44 8. 8l 0L¥y 69 0 43 08¢¢ 6v il 891 0009 0'89 [0°04 | O¥:Z | SO/LL/OL | ®AVY sewoyl S ¢Zlok
[44 [44 e cl8Yy 19 0 891 2961 ¥S 99 vl 9EYS G'89 |0°LL | 0L |SO/LL/OL | ®AY sewoyl S clok
6€ 99 9€ 0€LS 8g 0 981 00§l 8G c0l Vil 1424 0'89 [0°04 | 00:Z |SO/LL/OL | ®AY sewoyl S cZlok
cs 96 8. (VA4 Ss 0 8cl 8601 0s 78 8. 8899 G'/9 [S'69 | 029l | S0/90/0) | ®AY sewoyl S Zlok
SS 06 8. 816€ ¥S 0 801 .01 €9 1] vil [43314 G'89 |G°04 | 00:91 | S0/90/0L | ®AY sewoyl S ¢l0L
19 78 96 1da4 1S 0 96 996 0s 99 ¥8 9¢cs G'/910°04 | O¥:Gl | S0/90/0L | ®AY sewoyl S ¢l0L
3] il 06 89V 69 0 99 918 [4°] c0l [\ [44%°] G'89 [0°04 | 0¢:Gl | S0/90/0L | ®©AyY sewoyl S Lok
96 0G1 ¢l ceoy 9¢ 0 0¢ [44] ¥S [44 [\ 8605 G'89 [G°04 | 00:Gl | S0/90/0) | ®©AyY sewoyl S¢ZlokL
9G 78 12 8cly 8g 0 09 29, €S 78 514 9EYS 0'99 [§'89 | 00:91 | SO/€0/S0 | ®AY sewoyl S ¢lokL
1S 09 96 98€Y 1S 0 96 273 9G S 8. 86GS G'69 |0'69 | O1:Gl | SO/€0/S0 | ®AY sewoyl S ¢l0okL
AS] 801 il 008 €9 0 06 0€9 09 ¢l 96 9048 G'G9 [G'89 | 0C:Gl | SO/€0/S0 | ®AY sewoyl S Zlok
1S 96 1434 0801 1S 9 9¢ 9.9 8G 514 il vZls 0'G9 [ 0'89 | 00:Gl | SO/€0/S0 | ®AY sewoyl S Zlok
29 9€ 9€ 8.6€ 09 9 961 6Ll 9G 9l 29l ¢LYS G'89 [G'04 | 00’8 | SO/€0/S0 | ®AY sewoyl S clokb
89 1 S 8G€ES 95 ¢l 801 oLl 19 8. 98l 8199 0'89 |G'0L | Ov:Z | S0/€0/SO | ®AY sewoyl S ¢l0L
oy v 8. cses ¥S 0 0s1t 08€l 1S 801 c6l 968§ 029|969 | 0¢:Z |S0/€0/S0 | ®AY sewoyl s ¢lokL
[4°] 514 S v.2S 6S ¢l vl 048 09 0s1 0S1 | 2594 G99 [§'69 | 00:Z | S0/€0/S0 | ®©AY sewoyl S ¢ZlokL
PA4 801 9¢ 8¢Ly [4°] 0 el 0891 A vl 081 0ccs G'v¥9 |G'99 | 0¢:8 |SO/LL/0L | PY exeTJepad 00}
i 96 e 8¢0v 29 0 vl 8l 9G el 41 0499 0'69 [0'89 | 00:8 | SO/LL/OL | Pd =xeTJepad L00)
[44 8. 8l 0¥y 69 0 cel 08¢¢ 6¥ il 891 0009 G'69 [0°/9 | OF:Z |SO/LL/OL | Pd =xeTJepad L00)
[44 [44 144 cl8y 19 0 891 2961 S 99 Ll 9EYS G'69 [G§'/9 | 0¢:L |SO/LL/OL | Pd =xeTJepad L00)
6€ 99 9€ 0€ls 8G 0 981 00G1 8G c0l il 1434 069 [0°/9 | 00:Z |SO/LL/OL | Pd =xeTJepad L00)
cs 96 8. 0Lvy SS 0 8¢cl 8601 0s 78 8. 8899 G'99 |16'89 | 02:91 | S0/90/0L | PY ®3e7Jepa) /00l
L 06 8. 8¥6€ ¥S 0 801 .01 €§ S il [4394 G'99 | 0'69 | 00:91 | G0/90/0L | PY @3e7Jepad 00l
19 8 96 51424 AS] 0 96 996 0S 99 ¥8 9¢es 0°99 | 0'89 | O¥:GL | G0/90/0L | PY @3e7Jepad /00l
LG 1422 06 8€9¥ 6S 0 99 918 [4°] col col [443°] 0729 0'69 | 02:Gl | S0/90/0L | PY @xe7Jepad 00l
96 0st [ ceoy 9¢ 0 0e [44] ¥S [44 [\ 8605 G'/9 | 5§69 | 00:Gl | S0/90/0} | Pd =xeTJepad 00}
24 9€ 96 ovly Sg 0 29l 8.2l 9¢ S v v.GS 0'69 |S§'/9 | 01:91 | S0/0Z/¥0 | Pd @3eTJepad 00}
6¢ 8L 0sl 9651 €9 0 Vil 2901 1€ 144 78 0889 0’19 | G99 | 0¢:91 | S0/0¢/¥0 | Pd @3eTJepad L00)
1S 99 96 06y 9 0 09 759 S 09 S 9/€S 0’9 | G99 | 00:91 | S0/0¢/¥0 | Pd @3eTJepad L00)
09 99 cel [44°14 29 0 il 96/ oy 9€ 78 9289 0'69 |0°29 | 01:Gl | S0/0¢/¥0 | Pd @eTJepad L00)
8G ¥8 891 908 19 0 il 288 [4°] S il 9048 0'69 |0°£9 | 02'Sl | S0/0¢/¥0 | Pd @eTJepad L00)
cs 801 0S| 36€ ¥9 0 ¥8 14" SS 09 96 v.6¥% S'¥9 1999 | 00:Gl | S0/0¢/¥0 | PY e Jepad /00l
8g 96 96 091§ 19 0 96 906 09 ¢l 88¢ 90¥S G99 |6'89 | 0v:8 | G0/0¢/¥0 | PY @3e7Jepad 00l
514 801 8. [44%°] 6S 0 801 86 yA4 0cl 981 144514 G'G9 |0'89 | 0¢:8 | S0/02/¥0 | Pd &3eTJepad 00}
12 8 8. [474°] 1] 0 891 88vl S¢ 96 vl 982§ G'99 [0'89 | 00:8 | S0/0¢/¥0 | Pd e Jepad 00}
e S 12 9l€S 29 9 8¢l [444) 6¢ 96 ¥0¢ 7095 099 [§'/9 | 0¥, |S0/0C/¥0 | Pd =3eTJepad L00)
144 8. 514 8659 1S 9 vl <41 09 99 8v€ 8689 G'99 [§'89 | 0¢:, |S0/0¢/¥0 | Pd =3eTJepad L00)
3] ¢l 8. 0ocy 09 9 961 969 6S ¢l 981 2eve 0'99 [0'89 | 00:Z |S0/0¢/¥0 | Pd @3eTJepad L00)
a33dS |'AAH 83 |'3IN 93 | 01NV 93 |d33dS | "AAH AOH | 'A3IN AOH | OLNV AOH |d33dS|'AAH gM |'A3IN 9M | OLNV 9M | 051 | 011 | JINIL | 3lvd alls




3] 06 80} 88.¥ 8G 0 Ll 2991 0S 8/ 861 [4%54 004[G 12| 02:8 |S0/90/0L | Awmdid poomuay 00ZL
12°] 09 v 8Gvy 8G 0 1743 8l Sg 142 081 8069 G'0L|02L| 008 | 50/90/0L | Awmvid poomuay 00Z)
19 8/ e 88y 1S 0 0ch 134 0s 9cl 8¢l 029 004 |01 | O¥:L | S0/90/0L | Amdid poomuay 00ZL
8y ¢l v 040G 8G 0 891 4 o 06 44 ¥2LS 069 |G'0L| 022 | 50/90/0L | Awmvid poomuay 00Z)
[4°] 0g 9€ [4°1%°] 9S 0 433 89¢€1 ¥S [23 ove [ ¥A4 00 |G L | 00:2 |S0/90/0L | Awmdid poomuay 00ZL
99 0chk ¥8 09G¥y 1S 0 ¥0¢ 0cel 89 [44 801 vels 0°/9 (589 | 02:9) | SO/E0/0L | Amdid poomuay 00ZL
99 433 78 8icy 09 0 s 2s8 SS ¥8 14 oy G'99 [ 589 | 00:9) | SO/E0/0L | Amdid poomuay 00ZL
69 8/ a4l Yovy 1S 0 Ll 8¢8 19 09 801 45 G'99 [ 089 | 0%'G) | SO/E0/0L | Amdid poomuay 00ZL
19 0ch ¥8 cley 8G 0 09 ¢0. 8G il [443 [44%°] 029|689 | 02:G} | S0/€0/0L | Awmvid poomuay 00Z)
69 9l ¢l [44%3 69 0 99 89 89 ¥S cel 8¢9Y 029 (589 | 00:G) | SO/€0/0L | Amdid poomuay 00ZL
8¢ 12°] [\ 0coy 9G 0 443 288 19 09 ve 7995 G'G9 [ 029 | 02:9) | S0/€0/S0 | Amdid poomuay 00ZL
99 78 s 8cly 8g 0 09 29/ €9 78 14 9EYS 029 [ 589 | 00:9) | S0/€0/S0 | Amdid poomuay 00ZL
19 09 96 98¢y 1S 0 96 |27 99 12°] 8. 8655 G'99 | 089 | 0¥'S) | SO/E0/S0 | Amdid poomuay 00ZL
Ae] 80} il 008y €9 0 06 0€9 09 ¢l 96 9048 029|689 | 02:G} | S0/£0/50 | Awmvid poomuay 00Z)
19 96 1434 080% 1S 9 9€ 9/G 89 14 42 45 G'89 | 0°0Z | 00:G) | S0/€0/S0 | Awmdid poomuay 00ZL
YA 4 433 8. 9¢¢s 09 0 0s1 2991 09 14 29t 7905 G'89 |0°0 | 028 | 50/£0/50 | Awmvid poomuay 00Z)
29 9¢ 9€ 8.16€ 09 9 951 6Ll 99 9l 413 (244" G'89 |0°0Z | 00:8 |S0/€0/S0 | Amdid poomuay 00ZL
89 12°] 12°] 8G€S 9S ¢l 801 9Ll 19 8. 981 8299 G'/9 (589 | O¥:iL |S0/€0/S0 | Amdid poomuay 00ZL
oy [44 8. [4°1%¢] ¥S 0 0s) 08¢l 3] 801 43 9689 089 | 069 | 022 |S0/€0/S0 | Awmdid poomuay 00ZL
[4°] (14 12°] | 2X4°] 6S ¢l 1743 048 09 0sl 0s1 2594 069 |00 | 00:2 |S0/€0/S0 | Amdid poomuay 00ZL
[4°] 96 8. 0Lvy 1] 0 8€l 8601 0s ¥8 8. 8899 099 [ G'69 | 02:9) | G0/90/0L | Amdid poomuay €101
SS 06 8. 8V6€ ¥S 0 80} .01 €9 ¥S il [4354 G'G9 [ 569 | 00:9) | S0/90/0L | Amsid poomuay €101
19 ¥8 96 iy A 0 96 996 0s 99 ¥8 9¢¢s 099 | 569 | O¥'SL | G0/90/0L | Amdid poomuay €101
1S 142 06 8€9¥ 6S 0 99 9l8 [4°] <0l 43 445 G'99 [ G569 | 02:G) | S0/90/0L | Amdid poomuay €101
99 0s1L ¢l ceoy 9G 0 0¢ [44] 12°] [44 43 8605 089 |01 | 00:G) | S0/90/0L | Amid poomuay €101
3] 09 801 098Yy 8G 0 80} 6.1 ¥S 0s1 43 [4\si4 0'G9 | 069 | 028 |S0/62/60 | Amid poomudy €101
19 2] 09 viey 65 0 891 8¢61 89 0cl 801 78S G'¥9 (569 | 00:8 | S0/62/60 | Awid poomudy €101
9€ v cL [43%°] 1] 0 443 0see o 9G1 142 9G¥9 G'€9 |00 | O¥:L |S0/62/60 | Amdid poomuay €101
14 2] ¢l 14554 1S 0 80} 0e8l 8Y 981 96 9668 G'¥9 (969 | 024 |S0/62/60 | Awid poomuay €101
8y 99 99 00LS 4] 0 1] 34 (4443 99 ¥0¢ 43 14494 G'¥9 (589 | 00:L |S0/62/60 | Amid poomuay €101
34 9¢ 96 Ly gs 0 291 8.¢l 9 ¥S [44 A G'19 (089 | 091 | S0/0Z/¥0 | Awmdid poomudy €101
6¢ 8l 0s1L 9651 €9 0 1243 2901 L€ e ¥8 0885 0'%9 [ 069 | 02:9) | S0/0Z/¥0 | Amdid poomuay €101
19 99 96 44 9 0 09 39 2] 09 ¥S 9.€S 0°€9 [ 589 | 00:9) | S0/0Z/¥0 | Amdid poomudy €101
09 99 el [44°14 c9 0 1413 96/ oy 9€ ¥8 9288 G'79 [ G569 | 0:GL | S0/0Z/¥0 | Amdid poomuay €101
8G ¥8 891 90G¥ 19 0 il [43°] [4°] 12°] (44 9048 G'¥9 [ 069 | 02:G) | SO/0Z/¥0 | Amdid poomuay €101
[4°] 80} 0sl yS6€ 9 0 78 IS SS 09 96 .6V 099 [ S04 | 00:G) | S0/0Z/¥0 | Amdid poomuay €101
89 96 96 091§ 19 0 96 906 09 ¢l 88¢ 90¥S G'99 [G'69 | OV8 | S0/0Z/¥0 | Amid poomuay €101
8y 80} 8. [44%°] 6S 0 80} 86 YA 4 0cl 981 vZ8y G'99 |00 | 028 | 50/02/¥0 | Amvsid poomusy €101
12°] 78 8. [44°] ol 0 891 88yl S€ 96 Vil 98¢S 099 [G0/ | 00:8 |S0/0Z/¥0 | Amid poomuay €101
123 12°] 12°] 9l€S 29 9 8€l [4443 6¢ 96 ¥0¢ 099 G'¥9|G'69 | O | S0/0Z/¥0 | Amvsid poomusy €101
e 8/ 14 8655 1S 9 v/l 141 09 99 8ve 8689 099 |00 | 024 |S0/0Z/¥0 | Awid poomuay €101
3] ¢l 8. 00¢y 09 9 961 969 69 [43 981 ceve 029 (069 | 00:Z | S0/0Z/¥0 | Awid poomuay €101
d33dS |'AAH 83 ['d3N 93 | 0LNV 93 |d33dS | "AAH AOH | ‘3N AOH | OLNVY AOH |d33dS | 'AAH GM |'A3IN gM [ OLNV gM | 051 | 01T | JINIL | 31vda alIs




3] 06 80} 88.¥ 8G 0 Ll 2991 0S 8/ 861 [4%54 G'09 (529 | 028 |S0/90/0L | Awmdid poomudy 8z/L
12°] 09 v 8Gvy 8G 0 1743 8l Sg 142 081 8069 019|629 | 008 | 50/90/0L | Awmvid poomuay gz/L
19 8/ e 88y 1S 0 0ch 134 0s 9cl 8¢l 029 G'19(0€9 | Ov:L | S0/90/0L | Amid poomuay gZ/L
8y ¢l v 040G 8G 0 891 4 o 06 44 ¥2LS 019 /0°€9 | 022 | 50/90/0L | Awmvid poomuay gz/L
[4°] 0g 9€ [4°1%°] 9S 0 433 89¢€1 ¥S [23 ove [ ¥A4 009|019 | 00:Z |S0/90/0L | Awmdid poomudy 8Z/L
99 0chk ¥8 09G¥y 1S 0 ¥0¢ 0cel 89 [44 801 vels G'0S | G'2S | 02:9) | S0/E0/0L | Amid poomuay 8Z/L
99 433 78 8icy 09 0 s 2s8 SS ¥8 14 oy 0°0S | 0°€S | 00:9) | SO/E0/0L | Amdid poomuay 8Z/L
69 8/ a4l Yovy 1S 0 Ll 8¢8 19 09 801 45 0°0S | 0°2S | 0%'G) | SO/E0/0L | Amdid poomuay 8Z/L
19 0ch ¥8 cley 8G 0 09 ¢0. 8G il [443 [44%°] G'0G | G525 | 02:G) | S0/€0/0L | Awmvid poomuay 8z/L
69 9l ¢l [44%3 69 0 99 89 89 ¥S cel 8¢9Y G'0S [0°€S | 00:G) | SO/E0/0L | Amdid poomuay 8Z/L
69 80} vl 962y <9 9 29l 56 yA4 9€ 99 998 G'/S |0°6S | 02:9) | S0/LZ/¥0 | Awdid poomudy 8Z/L
99 ¥S 99 [4334 65 0 8Y 89§ 89 0€ [44 052s GGG |GG | 00:9) | G0/LZ/¥0 | Awmdid poomudy) 8Z/L
oy [\ 78 t1344 8G 0 06 98 |44 09 12°] 9.€S 085|019 | 0¥'S) | G0/LZ/¥0 | Amdid poomudy 8Z/L
Sg 80} 1422 0s9v €9 0 96 804 Sg ¢l ocl 8655 G'95 | 0°09 | 02:G} | §0/22/¥0 | Awvid poomusy gz/L
3] 0ch el 950 09 0 [44 |27 €9 ¥S 43 280§ 0°G | 0°6S | 90:G) | S0/L2/¥0 | Amdid poomuay 8Z/L
[43 09 96 1212 SG 9 8. 4% Ae] c0l 891 [49A4 G'95 685 | 0€'8 | 50/L2/¥0 | Awvid poomuay gz/)
L€ 4\ 99 280§ 65 9 jad3 el 69 891 VLl 9645 G'/G|06S | 018 |S0/LZ/¥0 | Awsid poomud) 8Z/L
x4 99 9€ 0681y 19 9 1423 vevl 6v el 9l 9129 085|019 | OV:L | S0/LZ/¥0 | Awid poomudy 8Z/L
8¢ 9¢ s 0¥95 8G 9 0ch 06cl [4%] ¥8 0.2 9les 065|019 | 02:L |S0/LZ/¥0 | Awsid poomudy) 8Z/L
12°] (14 v 9.€S 14 0 413 768 12°] 0ocl 9le 51424 G'JS |0°6S | 20:L | S0/LZ/¥0 | Awid poomudy 8Z/L
12°] ¢l ¥8 9EGY 9g 0 291 144 12°] 12°] 12°] vEES G'99 089 | 02:9) | SO/LL/0L | PYH ®%eTJepa) gzel
1S e 96 9Ly 09 0 961 ¢601 1] 2] 1443 ¢s0§ G'99 | G'89 | 00:9) | SO/LL/OL | PYH ®XeTJepa) geel
69 ¥8 0chk 89¢Y 29 0 0ch 868 69 06 06 ¥G1l8 0'99 | 689 | 01:GL | GO/LL/O0L | PYH ®%eTJepad gzel
69 06 96 8€ey 9 0 20l 084 14 2] 43 008¥y G'99 1069 | 02:G) | SO/LL/0L | PYH 8XeTJepa) gezel
19 96 29l 0s.€ L] 0 [44 98/ 12°] 99 0ch 8G.¥ 0'99 | G'69 | 00:GL | SO/LL/0L | PYH 8XeTJtepad gzel
JA4 801 9€ 8¢y [4%] 0 433 0891 19 a4 08l 0¢cs G'/9|0°69 | 0C'8 |S0/LL/OL | PYH ®%eTJepa) gZel
14 96 e 8€0¥ 29 0 1243 8l 99 [43) 413 049G 0'89 G0/ | 00:8 |SO/LL/OL | PYH 8%eTJepad geel
[44 8. 8l 0Lvy 69 0 443 08¢¢ 6v il 891 0009 G'89 004 | OF:L |SO/LL/OL | PYH ®%eTJepad gzel
[44 [44 144 cl8Yy 19 0 891 c961 2] 99 1743 9EYS G'89|0°LL | 0C:L |SO/LL/OL | PYH ®XeTtepa)d geel
6€ 99 9€ 0€LS 86 0 981 00G1 8G <0l v.iL 51424 0’89 |G'69 | 00:L |SO/LL/OL | PYH ®%eTJtepa) gzel
14 9¢ 96 Ly L 0 291 8/¢l 9 2] [44 y.GS G'/9|0°04 | 0¥'9) | S0/02/¥0 | PYH 8%eT Jepa) 8Zel
6¢ 8l 0s1L 9651 €9 0 . 2901 L€ e ¥8 0885 G'/9|0°04 | 0¢:9) | S0/0¢/¥0 | PYH o%eTJepa)d geel
19 99 96 44 9 0 09 59 2] 09 2] 9/.€S G'/9|G'69 | 00:9) | S0/02/¥0 | PYH 8%eT Jepa) geZel
09 99 el [44°14 29 0 Ll 96/ oy 9¢€ 78 9288 G'89 | 0°04 | O1'G) | S0/02/¥0 | PYH 8%eTJepa)d gzel
8g ¥8 891 920Gy 19 0 1423 [43°] [4°] 12°] (243 904§ 0'89 | 0°04 | 0¢:G) | S0/0¢/¥0 | PYH o%eTJepad gzel
[4°] 80} 0s1 yS6€ 9 0 78 IS SS 09 96 V.6V G'/99'69 | 00:G) | S0/02/¥0 | PYH 8%eTJepa)d gezel
89 96 96 091§ 19 0 96 906 09 ¢l 88¢ 90¥S G'69 |G'LL | OF8 | S0/0C/¥0 | PYH S%eTJepa)d geel
8y 80} 8. [44%°] 6S 0 80} 86 Ly 0cl 981 4414 069 |S°0L | 028 | S0/02/¥0 | PYH o%eTJepa) 8z¢l
2] 78 8. [44°] qs 0 891 88v1 Se 96 v/ 98¢S G'69 | 0L | 00:8 | S0/0¢/¥0 | PYH oXeTJepa)d geel
123 12°] 12 9l€g 29 9 8El [4443 6¢ 96 ¥0c 709G G669 |0°LL | OF:L | S0/0C/¥0 | PYH SXeTJepa) 8zel
e 8/ 514 869G 1S 9 vl 141 09 99 8veE 8685 0°04|S'LL | 0C:L | S0/02/¥0 | PYH 8XeTJepa)d geel
1S ¢l 8. 00¢y 09 9 961 969 69 ¢l 981 ceve 069 |0°LL | 00:L | S0/0C/¥0 | PYH o%eT.Jepad gzel
d33dS |'AAH 83 ['d3N 93 | 0LNV 93 |d33dS | "AAH AOH | ‘3N AOH | OLNVY AOH |d33dS | 'AAH GM |'A3IN gM [ OLNV gM | 051 | 01T | JINIL | 31vda alIs




69 1] 961 956Y 1S 0 891 08¢l 6% e [44 |24 G'GL |02 ]02:9) | 50/62/60 | (llem je) maIAIN 9Eve
€9 9€ 99 ey LS 0 ¥8 oecl Sg 12°] 8l [4°7A4 G'v.|G'9|00:9L | 50/62/60 | (llem je) MaIAIN 9Ebe
6¢ [ 25 0S1 89¢y 65 0 99 8601 9€ 09 43 [P 3] G'LL|Gv. | OtiSL | 50/62/60 | (llem Je) MaIAIN 9Eve
34 14 96 [4444 €9 0 80} oLLL 34 99 99 800¥% 012 |0¥.|02:G) | 50/62/60 | (llem je) maIAIN 9Eve
yA4 8. 981 1344 9§ 0 09 ol 22 96 99 | ZA%4 0°€. |06 |00:GL | 50/62/60 | (llem Je) MaIAIN 9Ebe
1S 09 801 098Yy 8S 0 801} 6.1 2] 0sl 43 c06y 0'92[08L| 028 |50/62/60 | (llem Je) maIAIN 9Eve
19 1] 09 14534 69 0 891 8¢61 89 ocl 801 y¥8S G'92 (08| 00:8 |S0/62/60 | (llem je) maIAIN 9Eve
9€ v ¢l [43%°] GG 0 433 0sece o 9G1 1443 9G¥9 092 |GLL | O¥:L | S0/62/60 | (llem 1e) MaININ 9Ebe
14 2] ¢l 14514 1S 0 801 0e8l 14 981 96 994G 092 |G 22| 022 |S0/62/60 | (llem je) maIAIN 9Eve
14 99 99 00Ls 4%} 0 olLe 444 99 ¥0¢ 43 14434 00:L | 50/62/60 | (lIEm J8) MBIAIN 9+
8¢ 0¢ 96 95eY 19 0 8¢cl 88l 9l [44 ve 9€8Y 069 | gL | 0vi9L | S0/L2/P0 | (llem Je) MaIAIN 9Eve
e c0l 44 [44%15 1] 0 081 8Ll cs e 99 8209 G'2L |G, |02:9L | S0/L2/v0 | (llem Je) MaIAIN 9Eve
0g 8El 96 cley €9 0 06 9ect e 0e ¢l 8205 069 |02/ | 00:9) | S0/12/70 | (llem Je) MaIAIN 9Eve
o 80} 801} 12114 65 0 9l 868 L€ 9€ 8. 019G 0'LL|0¥.|0biSL | S0/L2/P0 | (llem Je) MaININ 9Eve
Sg 142 0clk 8€9¥ €9 9 0ch 8¢l 09 14 0ck Y0€S G'€L|G'GL|02:GL | S0/Le/v0 | (llem Je) maIAIN 9Eve
9G il 0S1 [42154 74 0 14 98 6S il 9¢ 961§ G'€L |GG |00:GL | S0/Le/v0 | (llem1e) MaIAIN 9Eve
69 12°] 961 9S6Y 1S 0 891 08¢l 6v e [44 v.12S G'G9 | 0°29 | 029} | S0/62/60 AY M3IIA JN 9EVC
€9 9€ 99 4434 1S 0 78 oecl SS ¥S 8l [47A4 S'¥90°99 | 00:9} | S0/6¢/60 AV M3IA IN 9€vC
6¢ cL 0s1 89¢y 6S 0 99 8601 9¢ 09 43 243 0'€9 | 0'G9 | 01'S) | S0/62/60 AV M3IA JN 9€¥C
24 14 96 [4444 €5 0 80} OoLLL 24 99 99 800¥ 0°¢9 | S'v9 | 0¢:G) | S0/62/60 AY M3IIA JN 9EVS
Ly 8. 981 1344 9S 0 09 142 2 96 99 25594 G'€9|6'99 | 00:G) | S0/6¢/60 AV M3IA JN 9€ve
1S 09 801 098% 8G 0 80} 6.1 ¥S 0S1 2ol 484 G'¥9 099 | 028 | S0/62/60 AV M3IA JN 9E¥C
19 12°] 09 viey 6S 0 891 8¢61 86 0cl 801 88 0'69 | 0'99 | 00:8 | S0/6¢/60 AV M3IIAJN 9EVS
9¢ [44 ¢l 435 L] 0 cel 0sce 14 961 42 95¥9 0'¥9|9'99 | 0¥, | S0/62/60 AV M3IA JN 9€vC
14 ¥s 44 14554 1S 0 80} 0e8l 8y 981 96 9868 0'%9|6'99 | 0¢'L | S0/62/60 AV M3IA JN 9€¥C
14 99 99 00LS cs 0 1] 24 (4443 9§ ¥0¢ col 14494 0'¥90°G9 | 00:L | S0/62/60 AY M3IIAJN 9EvS
8¢ 0e 96 9sey 19 0 8¢l 88L1 9l [44 ve 9e8Y G'/G|9'6G |09} | S0/L2/v0 AV M3IA JN 9€VC
123 20l 44 [4413 L 0 08} 8Ll [4%] ¥e 99 8209 G'6G | 0°L9 | 029} | S0/L2/¥0 AV M3IA JN 9E¥C
0¢ 8cl 96 cley €S 0 06 9ect 143 0€ ¢l 8208 0'8G | 0°09 | 00:9} | S0/L¢/¥0 AV M3IA IN 9€vC
o 801 801 12114 6S 0 9l 898 1€ 9€ 8/ 019S 0'6G | 0°L9 | O1:S) | S0/Le/v0 AV M3IA JN 9€VC
Ss 42 0cl 8€9¥ €9 9 0ch 8¢l 09 8y ozl 0€S 6’65 | 0°L9 |02} | S0/L2/v0 AV M3IA JN 9€¥C
99 142 0s1 4134 L. 0 e 98 69 il 9¢ 9618 G'09 | 929 | 00:G) | S0/Le/v0 AV M3IA IN 9€ve
19 20l 99 9s6Y €9 0 06 006 €9 ocl 891 719y 0'¢9|9°€9 | 0V'8 | S0/Le/v0 AV M3IA JN 9€vC
0s 99 8y 019G ¥9 9 443 9201 86 oSl 042 90¥S 0°¢9|G'¢9 | 028 |S0/Le/v0 AY M3IA JN 9EVS
19 cl 8y veLs 8G 0 vee 1£44) SS 8. 861 ¥2lS 0'19]0°€9 | 00:8 |S0/Le/v0 AV M3IA IN 9Eve
0S [44 09 ves 09 e 1413 9291 ¥S 8. 00€ 75€9 G'19|9°€9 | O¥FL | S0/Le/v0 AV M3IA JN 9€VC
1Z 12°] 99 968G 6S 0 891 [4443 1S 96 [4°14 9268 G'19|6¢9 | 0¢:L |S0/Le/v0 AV M3IIA JN 9EVC
0s 0e 14 oreS 8G 0 981 768 61 8cl ole 08€y G'19|6°€9 | 00:L |S0/Le/v0 AV M3IA JN 9Eve
d33dS |'’AAH 93 |'d3N 93 [0LNV 93 |d33dS | "AAH AOH | 'd3IN AOH | 01NV AOH |d33dS | 'AAH 8M |'A3IN M | OLNV 9M | 06T | 0L | JINIL | 31vdad LIS




2% ¢l 78 9€GY 9s 0 29l 144 ¥S ¥S 12°] EES S'¥G|G'9G | 02:9) | SO/LL/0L sewoyl ¢09
Ae] e 96 9Ll¥ 09 0 961 2601 ¥S ¥S 142 ¢s0§ S'¥G | 0°2G | 00:9) | SO/LL/OL Sewoyl ¢09
69 78 0chk 89¢Y 29 0 0ch 898 69 06 06 G186 S'9G |G'9G | 0¥'GL | SO/LL/OL sewoyl 09
69 06 96 8ceY 9 0 [4\3 084 14 ¥S col 008¥ 096 | 6'8G | 0¢:Gl | SO/LL/OL Sewoyl ¢09
19 96 291 0S¢ Sg 0 [44 981 ¥S 99 ocl 8G.¥ 0'€G | 0'9G | 00:G} | S0/LL/oL sewoyl 209
Ly 80} 9€ 8¢Lly cs 0 cel 0891 1S (44 081 0ccs 0'6G | 0°2G | 0¢8 | S0/LL/OL sewoyl ¢09
14 96 14 80y 29 0 1743 4 9S8 [43) c6l 0495 096 | G'/G | 00:8 | S0/LL/0L sewoyl 09
[44 8. 8l (V44 6S 0 cel 08c¢¢ 14 il 891 0009 0'8G | 0'6G | O¥:L | SO/LL/OL Sewoyl ¢09
[44 [44 14 7414 19 0 891 2961 ¥S 99 VLl 9E¥S 0'6G |S'09 | 0C:L |S0/LL/0L sewoyl 209
6€ 99 9€ 0€lLs 8g 0 981 00S1 89 4] VLl 1434 0'6G |S°09 | 00:2 |SO/LL/OL sewoy] ¢09

0°0G | 0°¢G | 0€:9) | S0/9¢/¥0 Sewoyl ¢09

0'1G|0°€S | 0L:9) | S0/9¢/+0 sewoy] ¢09

S'1G|0°2G | S¥:G) | S0/9¢/¥0 Sewoyl ¢09

0'¥G | 0°9G | 00:8 | S0/9¢/¥0 sewoy] ¢09

G'€G 109G | 6L | G0/9¢/¥0 Sewoyl ¢09

0'¥G|0°9G | 0€:L | S0/9¢/¥0 sewoyl ¢09

0'€G | 065 | GL:L | S0/9¢/¥0 Sewoyl ¢09

0'¥G | G'GS | 00:L | S0/9¢2/+0 sewoyl 09
6S ¥S 9G1L 966¥ pAe] 0 891 08¢l 61 144 [44 v.12S 0'6G | 0°09 | 0¢9l} | S0/62/60 ueBiol zey
€9 9€ 99 ey 1S 0 78 oech Sg S 8l [4°7A4 G'8G 019 | 00:91 | S0/62/60 uebio zev
6¢ 44 0s1 89¢Y 69 0 99 8601 9€ 09 4\ ¢LlS G'9G | 0'8G | 01:G) | G0/6¢/60 ueBiol zey
34 8Y 96 [4444 €9 0 801 OoLLL 34 99 99 800¥% 0SS | S°09 | 02'S) | S0/62/60 uebio zev
Ly 8. 981 51344 9¢ 0 09 Ll L 96 99 v.iey 096 | 6'8G | 00:G} | S0/6¢/60 uebiol zey
3] 09 801 098¥y 8g 0 801 6.1 S 0s1 20l 206¥ G'/G | 065 | 0’8 | S50/62/60 uebiol zev
1S ¥S 09 viey 69 0 891 8€61 8g 0cl 801 89 065 | 0°¢9 | 00:8 | S0/6¢/60 uebiol zev
9€ [44 cL [425°1 SG 0 [443 0see o 961 142 9G¥9 0'8G | 0'6G | OF'L | S0/62/60 ueBiop gev
8y ¥S ¢l 4214 1S 0 801 0e8l 514 981 96 9968 G'8G |G'65 | 0¢:L | S0/62/60 uebiol Zev
214 99 99 0019 [4°] 0 124 (4443 9G ¥0¢ 4\ 444 0'8G | 0'6G | 00:L | S0/62/60 ueBiop gev
8¢ ¥S col 020y 9g 0 cel 288 1S 09 144 7999 S/ |S°0G | 09} | S0/€0/S0 uebiol Zev
9§ ¥8 12°] 8¢y 8G 0 09 9. €S ¥8 514 9EYs G'/v |G'1S | 00:91 | GO/€0/S0 ueBiop gev
1S 09 96 98¢eY A 0 96 V.. 9g S 8. 8659 G617 | 0°€G | 01:GL | S0/€0/S0 uebiol Zev
LS 80} il 008y €9 0 06 0€9 09 ¢l 96 9048 08y |G'LG | 0¢:S) | S0/€0/S0 ueBiop gev
1S 96 yee 080¥% 1S 9 9¢ 9/G 8G 8y 142 45 G'/¥ |G'¢S | 00:Gl | S0/€0/S0 uebio zev
Ly cel 8. 9¢cs 09 0 oSl 2991 09 14 291 7908 G'0G |0°¢S | 0¢:8 | S0/€0/S0 ueBiol zey
29 9€ 9¢ 8.6€ 09 9 9G1 6Ll 9g 9l 291 ¢LYS 0'6% | S'€G | 008 | S0/€0/S0 ueBio zev
8G 2% 12°] 8G€S 9¢ cl 801 oLl A 8. 981 8199 G'8y |0°LS | Ov:L | GO/€0/S0 ueBiol zey
oy [44 8/ [4135°) s 0 0sk 08€l 3] 801 6l 9489 G'6v |0°€S | 0¢'L | S0/€0/S0 ueBio zev
4] 8y 12°] v.12S 6S cl v.iL 048 09 0s1 0S1 2594 G'1G | 0€S | 00:2 | GO/€0/S0 ueBiol zey

d33dS |'AAH 93 '3 93 | 01NV 93 |d33dS | "AAH AOH | ‘3N AOH | OLNVY AOH |@33dS | 'AAH GM |'A3IN gM [ OLNV gM | 051 | 01T | JINIL | 31vda LIS




9g v el 029y 19 9 8¢l 90c1 0s 99 06 8625 0'6G | 0°€9 | 02:9) | G0/.¢/60 | PY 8%eT Jepa) 09
19 9l 09 [22°14 09 0 cel 8901 [44 99 99 068Yy G'6G |S'¥9 | 00:9) | S0//¢/60 | PY 8%eT Jepa)d 09
Sg ¥8 801 8Ly €5 9 06 786 €9 801 1493 9l€eg 0.6 |0°19 | O¥:G) | G0//¢/60 | PY 8%eT Jepa) 09
19 20l 801 oviy 1S 9 col ¢6. 2] 23 06 991§ 0°/G|0°€9 | 02:G) | S0//¢/60 | PY 8%eT Jepa)d 09
69 142 96 ¢6.€ 65 0 99 768 99 06 43 986¥ 0'8G | 0°€9 | 00:G} | S0//¢/60 | PY 8%eT Jepa) 709
0s ¢l 8Y 14414 [4%] 0 vl 8161 [4°] 9l ¥0c cely 0'GG | 0'C9 | 0€'8 | S0//¢/60 | PY 8%eT Jepa)d 09
YA 4 99 9€ v.9% 2% 9 vl 0s61 Sg 8. 29l 9e8y G'GG | 0°€9 | 018 |S0//¢/60 | PYH 8%eT Jepa) 09
94 14 0€ 806% ¥S 0 80} 9661 [4°] 8¢cl 981 [475°] 0'GG | G'¢9 | 05, |S0//¢2/60 | PY 8%eT Jepa)d 09
2 [44 e [4:744 09 0 081 8061 19 8¢l 08l [4%35°] G'GG | G'€9 | 0g:L | G0//¢/60 | PY 8%eT Jepa) 09
33 e o€ 9Ly €9 0 1423 ci8l 3] 06 9le 0veS G'9G 029 | 0L, |S0//2/60 | PY 8xeT Jepa)d 09
8¢ 12°] 4\ 0coy 9§ 0 443 288 Ae] 09 ve 799G G'0G | G'69 | 02:9) | S0/€0/S0 | PY 8%eT Jepa) 09
99 78 S 8¢y 8S 0 09 29/ €9 ¥8 14 9EVS 0°1G|0°G9 | 00:9} | S0/€0/S0 | PY 8%eT Jepad 09
Ae] 09 96 98¢y LS 0 96 |27 99 12°] 8. 8655 G'1G|G°29 | Ov:Gl | GO/€0/S0 | PY 8%eT Jepa) 09
19 801 |42 008¥ €9 0 06 0€9 09 [23 96 904§ G'0G | 0°€9 | 0¢:G) | S0/€0/S0 | PY 8%eT Jepad 09
Ae] 96 vee 080¥ LS 9 9€ 9.G 8G 8y 1493 [£4%°] G'8 | 085 | 00:G) | G0/€0/S0 | PY 8%eT Jepa) 09
Y4 433 8. 9¢cs 09 0 0s1 2991 09 14 413 908 0°0G | 0°09 | 0¢'8 | S0/€0/90 | PY 8%eT Jepa)d 09
29 9€ 9€ 8.6€ 09 9 961 6Ll 9g 9l 29l [2A4°] G'1G|G'€9 | 00:8 | S0/€0/S0 | PY 8%eT Jepa) 09
89 S S 8G€G 9S ¢l 801 7oLl 19 8/ 981 8299 G'0G|S'L9 | 0L | S0/€0/S0 | PY 8%eT Jepad 09
ov v 8. [4°1%°] 2% 0 0s1 08¢l 3] 801 413 9685 0°¢G | 029 | 0¢:L |S0/€0/S0 | PY 8%eT Jepa) 09
[4°] 14 S [ 2X4°] 6S ¢l 1243 048 09 0s1 0sk | 2354 0'¢G | 0°€9 | 00:/ | S0/€0/S0 | PY 8%eT Jepa)d 09
12°] e 96 8€Eey ¥9 0 443 86¢€1 8¢ 8. 12°] 144 G'GG | 6'8G | 0¢:9) | S0/8¢/60 uoydn zo9
9 [44 06 YELY ¥S 0 1423 200l 89 09 ¥S 0¥08 0'GG | 0°G9 | 00:9} | 50/8¢/60 uoydn 209
€9 v 891 Yovy 9§ 0 06 [448) [43 9€ 8. [43%°] G'GG | 6'8G | O¥:Gl | G0/8¢/60 uoydn zo9
09 09 a4l [4°134 9S 0 96 999 89 99 09 8L1S 0°9G | §'6S | 0¢:S) | S0/8¢/60 uoydn 209
Ae] ¥8 081 080% 1] 0 9€ 0S. €9 09 06 299y 0°9G | 0°09 | 00:G} | S0/8¢/60 uoydn zo9
0s [23 14 14414 cs 0 1243 8161 cs 9cl ¥0c [4944 0'9G | 6'8G | 0€:8 | S0//¢/60 uoydn 209
JA4 99 9€ v.9% ¥S 9 vl 0s61 Ss 8/ 413 9e8Y G'9G 6’85 | 0L'8 | S0/2¢2/60 uoydn zo9
94 14 0¢ 806% ¥S 0 801 9661 cs 8cl 981 [475°] 096 | 609 | 052 | S0//¢/60 uoydn z09
L [44 14 [4:744 09 0 08} 8061 19 8cl 08l [435] G'9G|0°19 | 0g:L | S0/L2/60 uoydn zo9
1€ e 0¢ Y9Ly €S 0 1423 ci8l 3] 06 9le 0ves G696 609 | 0L:L |S0/2¢/60 uoydn z09
69 801 ad 962 99 9 291 56 YA4 9¢ 99 9918 G'GG | G'09 | 029} | S0/L2/¥0 uoydn zo9
99 1] 99 [4%34 65 0 14 866 89 0¢ [44 05¢s 0'€G | 0°€9 | 00:9} | S0/2¢/¥0 uoydn z09
oy 20l 78 1344 8G 0 06 98 v 09 2] 9/€S 0'9G | 6'8S | 0¥} | S0/22/¥0 uoydn zo9
Sg 801 142 059y €9 0 96 804 Sg ¢l 0ch 8655 G'€G | G'9G | 0¢:G) | S0/L¢/v0 uoydn Z09
3] 0clk 4% 950% 09 0 [44 VL. €9 2] 43 ¢808 S'¥G | G698 | 00:G) | S0/22/¥0 uoydn zo9
ce 09 96 ¥SLS 1] 9 8. cl6 19 c0l 891 cely 0°€G | 6'GS | 0€:8 | S0/L¢/¥0 uoydn 209
1€ 20l 99 280§ 6S 9 vl 44 69 891 1213 9645 0'¥5|0'6S | 0L'8 | S0/22/¥0 uoydn zo9
yx4 99 9€ 068y 19 9 1422 vevl 6V el 9l 9129 0'€G | 096 | 0¥, | S0/L¢/¥0 uoydn z09
8¢ 9¢ s 0¥95 89 9 0zl 06cl Zs 78 0/¢ 9les 0G| G'9G | 0¢'L | S0/L2/¥0 uoydn zo9
12°] (14 [44 9.€G ¥S 0 291 768 12°] 0ocl 9l¢ 51424 G'€G 096 | 00:L | S0/L¢/v0 uoydn zo9
d33dS |'AAH 83 ['d3N 93 | 01NV 93 |d33dS | "AAH AOH | ‘A3IN AOH | OLNVY AOH |d33dS | 'AAH GM |'A3IN gM [ OLNV gM | 051 | 01T | JINIL | 31vda alIs




99 [44 el 029y 19 9 8¢l 90¢ct 0s 99 06 86¢S G'99 |6'69 | 029} | S0/2¢/60 uoydn 9¢9
19 9l 09 [2214 09 0 433 8901 [44 99 99 068y G'/9 669 | 00:9} | S0/2¢2/60 uoydn 9e9
Sg 78 801 8¢y €9 9 06 86 €9 801 1493 9l€s G99 | 069 | O¥:G) | S0//¢/60 uoydn 9e9
19 20l 801 oviy 19 9 20l [4A ¥s cL 06 991§ G'99 |§'69 | 02:S) | S0/.¢2/60 uoydn 9e9
69 il 96 C6.€ 69 0 99 768 99 06 col 986¥ 049 |0°04 | 00:G} | S0/2¢2/60 uoydn 9€9
0s ¢l 214 ve8y cs 0 VL 816Gl [4°] 9l ¥0c [49A4 0/9 669 | 0€:8 | G0/.¢/60 uoydn 9e9
JA4 99 9€ v.9¥% ¥S 9 adl 0s61 SS 8. 413 9e8Yy 049|069 | 0L'8 | S0/.¢/60 uoydn 9€9
94 14 0€ 806¥ ¥S 0 80} 9661 [4°] 8¢l 981 [475°] 049|069 | 05, | S0//¢/60 uoydn 9e9
22 [44 144 [4: 744 09 0 081 8061 19 8cl 08l [4%5] 0'/9 669 | 0g'L | S0/.2/60 uoydn 9e9
1€ e 0€ Y9Ly €9 0 142 cl8l 1S 06 9lc 0ves G6'/9|6'69 | 0L, |S0//¢/60 uoydn 9e9
8¢ 0¢ 96 96eY 19 0 8¢l 88L1 9l v ve 9€8Y G'19|6°99 | 0¥:9) | GO/L2/v0 uoydn 9e9
e <0l 23 [4413 SS 0 081 8Ll [4°] e 99 8209 G'¢9|0'99 | 029} | S0/L2/v0 uoydn 9e9
0oe 8¢l 96 cley €9 0 06 9ect 123 0¢ ¢l 820G G'¢9 099 | 00:9} | S0/L¢/v0 uoydn 9e9
o 801 801 [2°114 69 0 9l 868 2% 9€ 8. 019G 0°€9 | G99 | O¥:G) | GO/L2/¥0 uoydn 9e9
] 42 0cl 8€9¥ €9 9 0ch 8¢/ 09 14 0ch Y0€S 0°€9 | G'G9 | 0¢:S) | S0/L¢/0 uoydn 9e9
9¢ 42 0S1 [4c14 24 0 e 98 69 142 9€ 961G G'€9 699 | 00:G} | GO/L¢/¥0 uoydn 9e9
1S ¢0l 99 956¥ €9 0 06 006 €9 ocl 891 14554 099|689 | 0¥'8 | S0/L¢/¥0 uoydn 9e9
0s 99 214 019G ¥9 9 433 9201 8g 0S1 0/¢ 901§ 0'69 1689 | 028 | S0/L¢/v0 uoydn 9e9
19 cl 8y yels 89 0 1434 44 Ss 8. 861 ¥2lS S'¥9 629 | 00'8 | S0/Le/v0 uoydn 9g9
0s v 09 444" 09 e 1423 9291 12°] 8. 0og ¥5€9 069|629 | 0¥, | S0/Le/v0 uoydn 9e9
Jx4 12°] 99 968G 69 0 891 [4443 Ae] 96 [4°14 9¢G§ 0'69 1089 | 0¢:L | S0/12/v0 uoydn 9e9
0s 0e 214 oveS 89 0 981 768 61 8¢l (134 08eYy S'¥9 629 | 00:L | S0/Le/0 uoydn 9e9
12°] e 96 8€eYy ¥9 0 443 86€1 8G 8. 12°] 8vvG G'€9 | G'v9 | 02:9) | G0/8¢/60 Sewoyl 1¢9
79 [44 06 YELY ¥S 0 142 c00} 89 09 12 0%08 0°€9 | 0'¥9 | 00:9) | S0/8¢/60 sewoyl g9
€9 [44 891 Yovy 99 0 06 [448) ce 9€ 8. 435" G'¢9 |09 | O¥:GL | G0/8¢/60 Sewoyl ¢9
09 09 4 [4°134 99 0 96 999 89 99 09 8LLS G'¢9 |09 | 02:G) | S0/8¢2/60 sewoyl g9
A 78 081 080% SS 0 9€ 0S. €9 09 06 299y 0'€9 | S'¥9 | 00:G} | S0/8¢/60 Sewoyl 1¢9
0s ¢l 214 14414 cs 0 .l 816Gl [4°] 9l ¥0c [49A4 0'¥9|0°G9 | 0€:8 | G0/.¢/60 Sewoyl 1¢9
Ly 99 9¢ /9% ¥S 9 jad3 0561 gg 8. 413 9€8Y G'€9 /669 | 018 | S0//¢/60 sewoyl g9
%4 14 0€ 806¥ 12°] 0 80} 9661 [4°] 8¢l 981 [472°] G'€9|G'v9 | 05, | S0/.2/60 Sewoyl g9
L [44 ¥e [4: 744 09 0 081 8061 19 8cl 081 [435°] G'€9|0'G9 | 0g:L | S0/L2/60 sewoyl g9
L€ e 0¢ Y9Ly €S 0 1493 cl8l ] 06 124 oves G6'€9|0'69 | 0L:L |S0/L¢/60 sewoyl ¢9
69 801 ad 962 99 9 291 56 YA4 9¢ 99 99/§ 0'€9 | 0°G9 | 029} | S0/22/¥0 sewoyl }¢9
99 S 99 [4334 69 0 14 89§ 89 0e [44 0s¢s G'19|6°€9 | 00:9} | S0/2¢/¥0 sewoyl }¢9
ov 4\ 78 olvy 86 0 06 98 |44 09 12°] 9.€G 69 |Sv9 | Ov:Gl | G0/L2/v0 Sewoyl g9
] 801 42 059 €9 0 96 804 Sg ¢l 0ck 86GG 0'¢9 | G9'€9 | 02:S) | S0/2¢/v0 sewoyl g9
1S 0cl el 950¥ 09 0 [44 |27 €9 1] [4\3 280§ 0'€9 | S'¥9 | 00:G} | S0/2¢/¥0 Ssewoyl ¢9
[43 09 96 PSLS L] 9 8. Zl6 19 43 891 [4944 0°19|0°€9 | 0£'8 | S0/L2/¥0 sewoyl }¢9
A c0l 99 280G 6S 9 443 [444) 69 891 Vil 965 0¢9|9°€9 | 018 | S0/2¢/¥0 sewoyl ¢9
yx4 99 9€ 068¥ 19 9 Ll vevl 6% 443 143 9/29 0'¢9|G'€9 | 0L | S0/L2/¥0 sewoyl 1¢9
8¢ 9¢ S 0¥95 8G 9 0ch 06¢l 4%} ¥8 0.2 9lEes 0'€9 |S'Vv9 | 0¢:L | S0/L2/v0 sewoyl g9
12°] (14 v 9.€G ¥S 0 29l 768 12°] 0cl 9le 51424 G'¢9|0%9 | 00:L |S0/L2/v0 Sewoyl g9
d33dS |'AAH 83 ['d3N 93 | 01NV 93 |d33dS | "AAH AOH | ‘A3IN AOH | OLNVY AOH |d33dS | 'AAH GM |'A3IN gM [ OLNV gM | 051 | 01T | JINIL | 31vda alIs




Appendix B

MPCA Air Quality Auditor’s Report
Monthly Carbon Monoxide Reports
Air Quality Monitoring Data
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
April 2005

Site: 0000 (Qwest Building)

CoO

PPM

1 hour

Average
14-Apr 8:00 1.26
14-Apr 9:00 1.23
17-Apr 0:00 1.11
16-Apr 15:00 1.05
17-Apr 1:00 1.03

8-Apr 0:00 0.99

16-Apr 22:00 0.96
14-Apr 7:00 0.94
16-Apr 14:00 0.94
15-Apr 8:00 0.94

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
April 2005

Site: 0000 (Qwest Building)

CO

PPM

8 hour

Average
14-Apr  3:00:00 0.88
14-Apr  4:00:00 0.88
14-Apr  2:00:00 0.87
14-Apr  5:00:00 0.87
14-Apr 10:00:00 0.85
14-Apr 11:00:00 0.85
14-Apr  1:00:00 0.85
14-Apr 16:00:00 0.84
14-Apr 12:00:00 0.83
14-Apr 15:00:00 0.83
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
April 2005

Site: 0000 (1394 & Penn Avenue)

CcO

PPM

1 hour

Average
2-Apr  7:00:00 1.15
2-Apr  8:00:00 1.14
2-Apr  5:00:00 1.10
3-Apr  7:00:00 1.09
3-Apr  3:00:00 1.06
3-Apr  5:00:00 1.06
3-Apr  4:00:00 1.05
2-Apr  1:00:00 1.02
2-Apr  6:00:00 1.02
2-Apr  2:00:00 1.02

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
April 2005

Site: 0000 (1394 & Penn Avenue)

60)

PPM

8 hour

Average
2-Apr  8:00:00 1.05
2-Apr  7:00:00 1.03
2-Apr  9:00:00 1.03
2-Apr  8:00:00 1.00
3-Apr  8:00:00 1.00
2-Apr  6:00:00 0.99
2-Apr 10:00:00 0.99
3-Apr  8:00:00 0.99
3-Apr  9:00:00 0.99
3-Apr  7:00:00 0.99
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
May 2005

Site: 0000 (Qwest Building)

CcO
PPM
1 hour
Average
16-May 7:00 0.77
13-May 10:00 0.71
16-May 0:00 0.70
16-May 8:00 0.69
4-May 0:00 0.69
3-May 23:00 0.67
4-May 7:00 0.67
4-May 1:00 0.67
3-May 22:00 0.66
16-May 6:00 0.66

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
May 2005

Site: 0000 (Qwest Building)

CcoO

PPM

8 hour

Average
16-May  7:00:00 0.57
16-May  8:00:00 0.57
16-May  6:00:00 0.55
16-May  9:00:00 0.54
16-May  5:00:00 0.53
16-May 10:00:00 0.52
20-May 15:00:00 0.52
20-May 18:00:00 0.51
16-May  4:00:00 0.50
16-May 11:00:00 0.50
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
May 2005

Site: 0000 (1394 & Penn Avenue)

CoO

PPM

1 hour

Average
31-May  0:00:00 1.39
30-May 23:00:00 1.08
31-May  1:00:00 0.94
25-May 10:00:00 0.75
11-May  0:00:00 0.73
30-May 22:00:00 0.70
10-May 23:00:00 0.67
31-May  8:00:00 0.65
25-May  9:00:00 0.65
10-May 22:00:00 0.65

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
May 2005

Site: 0000 (1394 & Penn Avenue)

CcoO

PPM

8 hour

Average
31-May  5:00:00 0.65
31-May  3:00:00 0.64
31-May  4:00:00 0.64
31-May  2:00:00 0.63
31-May  1:00:00 0.62
31-May  6:00:00 0.62
31-May  0:00:00 0.59
31-May  1:00:00 0.59
31-May  2:00:00 0.58
31-May  3:00:00 0.58
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
June 2005

Site: 0000 (Qwest Building)

Cco

PPM

1 hour

Average
16-Jun 9:00 1.26
18-Jun 0:00 0.92
11-Jun 1:00 0.88
17-Jun 9:00 0.80
22-Jun 3:00 0.77
22-Jun 2:00 0.77

5-Jun 1:00 0.76

22-Jun 8:00 0.74
22-Jun 7:00 0.73
10-Jun 10:00 0.72

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
June 2005

Site: 0000 (Qwest Building)

co
PPM
8 hour
Average
22-Jun  8:00:00 0.57
22-Jun  9:00:00 0.57
22-Jun 7:00:00 0.55
22-Jun  6:00:00 0.54
22-Jun 10:00:00 0.53
22-Jun 5:00:00 0.52
5-Jun 4:00:00 0.52
5-Jun 5:00:00 0.51
22-Jun 11:00:00 0.50
22-Jun 4:00:00 0.50



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
June 2005

Site: 0000 (1394 & Penn Avenue)

CO

PPM

1 hour

Average
22-Jun 1:00 0.89
10-Jun 23:00 0.87
11-Jun 1:00 0.84
11-Jun 0:00 0.83
24-Jun 9:00 0.82
17-Jun 8:00 0.81
22-Jun 2:00 0.80
18-Jun 0:00 0.79
22-Jun 3:00 0.78

1-Jun 20:00 0.77

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
June 2005

Site: 0000 (1394 & Penn Avenue)

co

PPM

8 hour

Average
22-Jun  6:00:00 0.71
22-Jun  7:00:00 0.70
22-Jun  5:00:00 0.68
22-Jun  8:00:00 0.68
11-Jun  3:00:00 0.66
17-Jun  9:00:00 0.66
11-Jun 2:00:00 0.65
17-Jun 8:00:00 0.65
22-Jun  4:00:00 0.65
11-Jun 1:00:00 0.64
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MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
July 2005

Site: 0000 (Qwest Building)

CO

PPM

1 hour

Average
14-Jul 9:00 0.85
16-Jul 0:00 0.82
25-Jul 4:00 0.80
25-Jul 5:00 0.79
25-Jul 1:00 0.76
25-Jul 3:00 0.76
25-Jul 2:00 0.75
16-Jul 1:00 0.72
24-Jul 22:00 0.71
25-Jul 0:00 0.70

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
July 2005

Site: 0000 (Qwest Building)

CcoO

PPM

8 hour

Average
25-Jul  5:00:00 0.75
25-Jul  6:00:00 0.74
25-Jul  7:00:00 0.73
25-Jul  8:00:00 0.71
25-Jul  4:00:00 0.69
25-Jul 9:00:00 0.69
25-Jul 10:00:00 0.64
25-Jul  3:00:00 0.62
25-Jul 11:00:00 0.59
25-Jul  2:00:00 0.56



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
July 2005

Site: 0000 (1394 & Penn Avenue)

CO

PPM

1 hour

Average
25-Jul 3:00 0.97
25-Jul 0:00 0.85
25-Jul 4:00 0.85
25-Jul 2:00 0.82
25-Jul 5:00 0.75
25-Jul 1:00 0.72
14-Jul 7:00 0.56
22-Jul 0:00 0.52
14-Jul 8:00 0.52
12-Jul 19:00 0.49

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
July 2005

Site: 0000 (1394 & Penn Avenue)

CcoO

PPM

8 hour

Average
25-Jul  6:00:00 0.71
25-Jul  7:00:00 0.70
25-Jul  5:00:00 0.68
25-Jul  4:00:00 0.68
25-Jul  8:00:00 0.66
25-Jul 9:00:00 0.66
25-Jul  3:00:00 0.65
25-Jul  10:00:00 0.65
25-Jul  2:00:00 0.65
25-Jul 11:00:00 0.64



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
August 2005

Site: 0000 (Qwest Building)

CoO

PPM

1 hour

Average
17-Aug 9:00 0.94
23-Aug 8:00 0.75
11-Aug 9:00 0.67
23-Aug 9:00 0.63
10-Aug 0:00 0.60
11-Aug 15:00 0.59
17-Aug 8:00 0.58
31-Aug 7:00 0.58
26-Aug 23:00 0.58
27-Aug 0:00 0.58

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
August 2005

Site: 0000 (Qwest Building)

CcoO
PPM
8 hour
Average
11-Aug 16:00:00 0.54
11-Aug 15:00:00 0.53
11-Aug 17:00:00 0.51
11-Aug 14:00:00 0.49
11-Aug 18:00:00 0.49
11-Aug 19:00:00 0.49
11-Aug 20:00:00 0.49
11-Aug 22:00:00 0.49
11-Aug 21:00:00 0.48
11-Aug 23:00:00 0.48



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
August 2005

Site: 0000 (1394 & Penn Avenue)

CO

PPM

1 hour

Average
23-Aug 7:00 1.02
31-Aug 2:00 0.80
23-Aug 8:00 0.78
29-Aug 9:00 0.69
23-Aug 9:00 0.66
31-Aug 5:00 0.65
31-Aug 3:00 0.64
31-Aug 1:00 0.64
30-Aug 8:00 0.64
31-Aug 0:00 0.63

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
August 2005

Site: 0000 (1394 & Penn Avenue)

0[0)

PPM

8 hour

Average
23-Aug  9:00:00 0.64
31-Aug  6:00:00 0.64
23-Aug 10:00:00 0.63
31-Aug 7:00:00 0.63
31-Aug  5:00:00 0.62
31-Aug  8:00:00 0.62
23-Aug  8:00:00 0.60
31-Aug  9:00:00 0.60
23-Aug 11:00:00 0.59
31-Aug  4:00:00 0.59



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
September 2005

Site: 0000 (Qwest Building)

CcO
PPM
1 hour
Average
21-Sep 0:00 1.42
20-Sep 23:00 1.17
20-Sep 22:00 1.06
9-Sep 9:00 0.90
3-Sep 4:00 0.87
21-Sep 1:00 0.86
3-Sep 3:00 0.85
8-Sep 0:00 0.78
20-Sep 21:00 0.75
20-Sep 20:00 0.72

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
September 2005

Site: 0000 (Qwest Building)

60)
PPM
8 hour
Average
21-Sep  3:00:00 0.90
21-Sep  2:00:00 0.88
21-Sep  4:00:00 0.86
21-Sep  1:00:00 0.84
21-Sep  5:00:00 0.80
21-Sep  0:00:00 0.75
21-Sep  6:00:00 0.71
21-Sep  7:00:00 0.63
3-Sep  7:00:00 0.62
3-Sep  6:00:00 0.61



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
September 2005

Site: 0000 (1394 & Penn Avenue)

CcO
PPM
1 hour
Average
3-Sep 3:00 1.25
21-Sep 0:00 1.22
3-Sep 4:00 1.12
20-Sep 23:00 1.04
3-Sep 2:00 0.90
21-Sep 1:00 0.89
23-Sep 0:00 0.88
22-Sep 9:00 0.85
3-Sep 5:00 0.84
23-Sep 9:00 0.79

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
September 2005

Site: 0000 (1394 & Penn Avenue)

60)
PPM
8 hour
Average
3-Sep  7:00:00 0.81
3-Sep  6:00:00 0.80
21-Sep  5:00:00 0.80
3-Sep  8:00:00 0.79
21-Sep  4:00:00 0.79
3-Sep  5:00:00 0.77
21-Sep  6:00:00 0.76
3-Sep  9:00:00 0.75
21-Sep  3:00:00 0.75
3-Sep  4:00:00 0.71



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
October 2005

Site: 0000 (Qwest Building)

CO

PPM

1 hour

Average
24-Oct 11:00 2.04
20-Oct 9:00 1.91
24-Oct 9:00 1.88
20-Oct 8:00 1.67
20-Oct 10:00 1.45
20-Oct 0:00 1.26
13-Oct 22:00 1.24
12-Oct 19:00 1.23
11-Oct 9:00 1.18
16-Oct 8:00 1.13

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
October 2005

Site: 0000 (Qwest Building)

CcoO
PPM
8 hour
Average
20-Oct 10:00:00 1.14
20-Oct 11:00:00 1.11
20-Oct  9:00:00 1.06
20-Oct 12:00:00 1.05
20-Oct  8:00:00 0.95
20-Oct 13:00:00 0.94
20-Oct  5:00:00 0.92
20-Oct  6:00:00 0.92
14-Oct  3:00:00 0.91
14-Oct  2:00:00 0.90



MN/DOT Air Quality Report
Carbon Monoxide 1 Hour Average High Values For
October 2005

Site: 0000 (1394 & Penn Avenue)

CO

PPM

1 hour

Average
16-Oct 4:00 1.64
20-Oct 1:00 1.42
16-Oct 5:00 1.41
20-Oct 7:00 1.36
16-Oct 7:00 1.35
20-Oct 2:00 1.32
16-Oct 6:00 1.23
20-Oct 4:00 1.21
20-Oct 9:00 1.20
16-Oct 3:00 1.19

MN/DOT Air Quality Report
Carbon Monoxide 8 Hour Average High Values for
October 2005

Site: 0000 (1394 & Penn Avenue)

CcoO

PPM

8 hour

Average
16-Oct  8:00:00 1.26
16-Oct  7:00:00 1.24
16-Oct  9:00:00 1.22
20-Oct  7:00:00 1.21
20-Oct  8:00:00 1.21
20-Oct  9:00:00 1.18
16-Oct  6:00:00 1.17
20-Oct  6:00:00 1.17
20-Oct  5:00:00 1.15
20-Oct 10:00:00 1.14



Date Time CO Value PPM| CO Value PPM|CO AM Avg |COAMAvg |[COPMAvg [COPMAvg |
North Side South Side North Side | South Side | North Side | South Side
04/19/05 7:00 0.70 0.42 0.70 0.42
04/20/05 7:00 0.27 0.37 0.28 0.38
04/20/05 8:00 0.28 0.38
04/20/05 3:00 0.22 0.29 0.22 0.33
04/20/05 4:00 0.22 0.37
04/21/05 7:00 0.42 0.49 0.51 0.48
04/21/05 8:00 0.59 0.47
04/21/05 3:00 0.35 0.27 0.37 0.24
04/21/05 4:00 0.39 0.21
04/26/05 7:00 0.35 0.29 0.35 0.31
04/26/05 8:00 0.34 0.32
04/26/05 3:00 0.17 0.24 0.19 0.25
04/26/05 4:00 0.20 0.25
04/27/05 7:00 0.23 0.27 0.23 0.27
04/27/05 8:00 0.23 0.26
04/27/05 3:00 0.24 0.22 0.24 0.23
04/27/05 4:00 0.24 0.23
05/03/05 7:00 0.28 0.44 0.27 0.43
05/03/05 8:00 0.25 0.41
05/03/05 3:00 0.13 0.24 0.12 0.24
05/03/05 4:00 0.11 0.24
Average 0.39 0.38 0.23 0.26
Date Time CO Value PPM| CO Value PPM|CO AM Avg |[CO AM Avg [COPM Avg |COPM Avg
North Side South Side North Side | South Side | North Side | South Side
09/27/05 7:10 0.73 0.64 0.63 0.67
09/27/05 8:10 0.53 0.70
09/27/05 15:00 0.17 0.30 0.16 0.31
09/27/05 16:00 0.15 0.31
09/28/05 15:00 0.04 0.43 0.03 0.43
09/28/05 16:00 0.02 0.42
09/29/05 7:00 0.50 0.56 0.48 0.56
09/29/05 8:00 0.46 0.56
09/29/05 15:00 0.15 0.28 0.14 0.29
09/29/05 16:00 0.13 0.29
10/03/05 15:00 0.39 0.46 0.38 0.47
10/03/05 16:00 0.36 0.48
10/06/05 7:00 0.16 0.53 0.16 0.54
10/06/05 8:00 0.16 0.55
10/06/05 15:00 0.14 0.07 0.16 0.07
10/06/05 16:00 0.17 0.06
10/11/05 7:00 0.98 0.91 1.08 0.93
10/11/05 8:00 1.18 0.94
10/11/05 15:00 0.32 0.07 0.32 0.08
10/11/05 16:00 0.32 0.08
Average 0.59 0.67 0.20 0.27

B-20



