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Executive Summary

Study Objectives

Truck freight bottlenecks on the Nation’s highway network are problematic not only due to
economic impacts, wasted fuel, and delayed freight shipments, but also because they pose air
quality and noise concerns due to the high emission rates and noise levels associated with
medium and heavy-duty trucks. Despite making up only 10 percent of vehicle-miles of travel
(VMT) nationwide, trucks are responsible for over half of fine particulate emissions from on-road
sources. Congested conditions lead to trucks traveling at low speeds in stop-and-go conditions
where emissions per mile are higher than at cruise speeds. Idling truck traffic is also louder than
idling automobile traffic and truck noise levels are higher at full throttle, such as when trucks are
entering or exiting from bottleneck locations. Air quality and noise impacts are often compounded
by the fact that many of the largest truck bottlenecks are in densely populated areas.

This report provides information on hypothetical strategies that could be adopted to address
truck emissions and noise at truck freight bottlenecks, including significant highway bottlenecks
and truck access to intermodal connectors. The report includes case studies to demonstrate the
potential benefits of various mitigation strategies at three highway freight bottleneck and
intermodal connector locations. The report considers the extent to which emissions reduction
and noise reduction strategies may be mutually supportive or work at cross purposes. The
report also considers implementation challenges of these strategies and potential solutions to
overcome them.

Case Studies and Mitigation Strategies

Three case studies are evaluated to examine the potential emissions and noise benefits of a
variety of mitigation strategies at truck bottlenecks:

e Chicago, lllinois—Vicinity of the Circle (Jane Byrne) Interchange (1-90/94 and 1-290)
adjacent to downtown Chicago.

e Houston, Texas—Access to the Barbours Cut Terminal of the Port of Houston from State
Highway (SH) 146.

e Tacoma, Washington—Interstate 5 and local streets in the vicinity of the Port of Tacoma.

The Interstate 90/94 segment running north-south through Chicago and the I-5 segment
between Seattle and Tacoma are among the top 25 truck bottlenecks in the United States
based on total truck hours of delay per mile. The Port of Houston and the Port of Tacoma also
are major seaports generating high volumes of truck traffic.

For each case study location, a set of representative roadway segments was identified for which
to model emissions and noise. For each case study location, baseline traffic speeds and
volumes for these roadway segments were first developed to represent conditions without
mitigation strategies Out of the 19 potential air quality and noise mitigation strategies
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considered, 15 were tested in at least one case study location, two were generally characterized
based on the literature, one was combined with another strategy, and one was not evaluated.
The strategies tested fall into four groups:

e Capacity and operations improvements—Strategies such as new roads, lane additions,
lane management, geometric changes, or traffic operations that may affect spatial and
temporal travel patterns and vehicle activity characteristics.

e Clean vehicles and fuels—Strategies to retrofit or replace older, more polluting or noisier
trucks with newer, cleaner or quieter technology.

e Truck operational efficiencies and mode shift—Strategies to move the same volume of
goods with less pollution, for example, by reducing empty truck trips, consolidating loads, or
shifting goods from truck to rail.

e Other noise mitigation strategies—Strategies to mitigate the noise emitted from truck
activity, such as noise barriers, quiet pavements, and building insulation.

Baseline Emissions and Noise Estimates

Emissions were modeled for the morning and afternoon peak periods, 7:00-8:00 a.m. and 4:00-
5:00 p.m. respectively. These hours have the highest traffic volumes and congestion levels and
therefore would be expected to have the highest emissions of any hour of the day, since
emissions increase at lower speeds, especially below 30—-35 miles per hour (mph). Heavy trucks
were responsible for most emissions of particulates and oxides of nitrogen, with their
contribution ranging from 75 to 98 percent depending upon the pollutant, location, and hour.
Heavy trucks also contributed 50 to 80 percent of volatile organic compound emissions, while
light-duty vehicles contributed the majority of carbon monoxide. In the Houston case study, truck
idle outside and operation inside the port contributed to 60-80 percent of pollutants.

Noise was modeled for four hours—including midnight and midday hours in addition to the
morning and evening peak hours. In most settings, noise levels were highest during the midday
hour (12:00-1:00 p.m.), when both traffic volumes and speeds were relatively high. Because
aerodynamic and road noise dominate at highway speeds, increasing traffic speeds tends to
increase rather than reduce noise levels. However, noise levels generally did not differ by a
perceptible amount across the three daytime hours—only at night when both truck and general
traffic volumes were much lower.

Benefits of Hypothetical Mitigation Strategies

Table 1 illustrates the relative benefits of the tested mitigation strategies. While it is tempting to
seek strategies that effectively reduce both emissions and noise, the findings of this study
suggest that the most effective noise mitigation strategies will be different than the most
effective emissions mitigation strategies:

e Strategies that reduce truck emissions by improving traffic flow and reducing congestion
at bottlenecks are likely to have little if any noise benefit, and in fact, may increase noise as
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a result of higher vehicle speeds, especially during peak periods. The emissions benefits
also will primarily be realized during peak periods.

- Strategies that affect the truck travel route, such as constructing a new road or restricting
truck traffic in certain areas, are likely to have effects that are location specific. Rerouting
trucks may decrease noise and emissions in certain areas while increasing noise and
emissions in the vicinity of the new road or route.

e Truck replacement and clean truck technology strategies to replace older, more
polluting trucks with newer, cleaner trucks can have very significant emissions benefits at all
times of day if the size of the affected truck market is significant, but little if any effect on
noise. The exception is for electric trucks, which reduce engine noise, particularly at lower
speeds, although benefits at highway speeds are minimal.

e Strategies to reduce truck volumes by improving the efficiency of drayage operations or
shifting freight from truck to rail or water can have on-road emissions benefits at all
times of day, if a substantially sized market exists for such efficiency improvements or modal
shifts. However, truck traffic reductions are unlikely to be large enough to perceptibly reduce
noise. In the two port case studies, freight movement by rail was currently in use and the
potential for additional mode-shift from trucks to rail or water beyond current levels was
found to be relatively small.

¢ Noise-specific mitigation stratgies are generally the most effective means of reducing
noise levels. Some noise measures also can have benefits for local air pollutant
concentrations at near-road receptor locations. Of the measures that have air pollution
benefits, noise barriers appear to be the only practical and effective strategy in most
bottleneck locations. Quiet pavements on higher-speed roads show a perceptible benefit for
noise reduction, but do not affect air quality.

Overall, there may not be a single “one-size-fits-all” emissions and noise reduction strategy in
the vicinity of a bottleneck, but rather the best solution may be a combination of strategies
tailored to local needs and opportunities on specific types of roads and locations.

Implementation Challenges and Solutions

Implementation challenges and solutions associated with emissions and noise mitigation
strategies at truck bottleneck locations were also considered. The nature of the challenges and
potential solutions varies somewhat depending upon whether the strategy is focused on
infrastructure and operations implemented by the transportation system owner (e.g., State or
local transportation agency, port authority, railroad), or on vehicle, fuels, or information
technology adopted by the transportation system user (e.g., vehicle and fleet owners, operators,
shippers). Still, there are many common lessons that can be identified based on a review of
agencies’ experience with these strategies:

e Listen and understand—Hear what the needs and concerns of stakeholders are and work
collaboratively on project and program designs that address these needs and concerns.
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e Educate and inform—Help stakeholders understand and weigh the tradeoffs among the
different solutions or alternatives considered.

e Test—Especially for innovative or unproven technologies, find controlled locations or
limited-scale applications where the effectiveness of the measure can be demonstrated.

e Leverage—Coordinate with other public or private initiatives that may create synergies and
show multiple benefits.

e Coordinate—Work across jurisdictions on strategies that affect interregional, interstate, or
long-distance goods movement.

e Support financing—Especially for public or private entities with limited resources for whom
up-front costs may be a barrier even if there are lifetime benefits or cost savings.

¢ Increase funding—Some challenges can be overcome by designing more expensive
solutions, when the added cost is worth the benefits that are provided.

¢ Mitigate other impacts—For negative impacts that cannot be avoided, work with
stakeholders, the surrounding community, and concerned parties to identify and implement
appropriate measures to mitigate or offset these impacts.
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Table 1. Emissions and noise benefits of mitigation strategies.

Mitigation Strategy

Air Quality Effects

Noise Effects

Additional lanes to increase capacity

++

.4 )

Truck-only lanes

+++

L4}

New roadway

Not evaluated

Geometric design changes

1 4 )

Transportation systems management and
operations strategies

"
4
+

"

Speed limit/speed management

L 2}

. 4 )

Restricting or rerouting trucks

Not evaluated

++

Accelerated retirement, retrofits, engine and
powertrain, alternative fuels

+++

Not evaluated

Clean truck corridor; electric charging
infrastructure

+++

+

Intermodal facility capacity and efficiency

++

Not evaluated

Truck to rail mode shift

+

+

Noise barriers

+++

Low-noise pavement

O

+++

Helmholtz resonators

O

Buffer zones

+++

Vegetation

+++

Building insulation

++++
++++

a4 ]

+++

Legend: +

++
+++

noise reduction.

‘f = mixed effects (increase or decrease).

o = no effect.

typically <5 percent emissions or <3 A-weighted decibels (dB(A))

typically 5-15 percent emissions or 3—-5 dB(A) noise reduction.

typically >15 percent emissions or >5 dB(A) noise reduction.

Notes: 1. The table illustrates representative ranges of benefits based on case study findings
and literature. The effectiveness of a mitigation strategy can vary widely depending
upon how the strategy is defined and implemented in any particular situation.

2. For noise-specific strategies (starting with noise barriers), the air quality metric is
change in air pollutant concentration rather than emissions reduction.

3. Achange of 1 dB(A) is considered barely perceptible to some individuals, while a
change of at least 5 dB(A) is considered perceptible to most individuals.
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1.0 Introduction

Objectives

This report provides information on strategies to address truck emissions and noise at truck
freight bottlenecks, including significant highway bottlenecks and truck access to intermodal
connectors. The report includes case studies to demonstrate the potential benefits of various
mitigation strategies at three highway freight bottleneck and intermodal connector locations. The
report considers the extent to which emissions reduction and noise reduction strategies may be
mutually supportive or work at cross purposes. The report also considers challenges to
implementation of these strategies and potential solutions to overcome them.

According to the American Transportation Research Institute (ATRI), 89 percent of the trucking
industry’s congestion costs are generated from just 12 percent of Interstate highway miles." Truck
freight bottlenecks on the Nation’s highway network are problematic not only due to economic
impacts, wasted fuel, and delayed freight shipments, but also because they pose air quality and
noise concerns due to the high emission rates and noise levels associated with trucks, especially
heavy trucks. Despite making up only 10 percent of vehicle-miles of travel (VMT) nationwide,
trucks are responsible for over half of fine particulate emissions from on-road sources.?*
Congested conditions lead to trucks traveling at low speeds in stop-and-go conditions where
emissions per mile are higher than at cruise speeds. Idling truck traffic is also louder than idling
automobile traffic and truck noise levels are higher at full throttle, such as when trucks are entering
or exiting from bottleneck locations. Air quality and noise impacts are often compounded by the fact
that many of the largest truck bottlenecks are in densely populated areas.

A variety of potential strategies are identified to reduce emissions and noise at truck bottlenecks
and in other locations with substantial truck traffic, such as roads accessing ports and intermodal
facilities. The hypothetical mitigation strategies tested in this report fall into four groups, depending
upon their implementation responsibility and general mechanism for affecting emissions:

e Capacity and operations improvements—Strategies such as new roads, lane additions,
lane management, geometric changes, or traffic operations that may affect spatial and
temporal travel patterns and vehicle activity characteristics. These are typically implemented
by the infrastructure owner, such as a State Department of Transportation (DOT),
municipality, or port authority.

¢ Clean vehicles and fuels—Strategies to retrofit or replace older, more polluting or noisier
trucks with newer, cleaner or quieter technology. These may be implemented through
regulatory or incentive-based measures applied by entities such as port operators or the
State Government.

ATRI. Fixing the 12% Case Study: Atlanta, Georgia Fuel Consumption and Emissions Impacts.
Available at: https://truckingresearch.org/wp-content/uploads/2019/04/ATRI-Fixing-the-12-Bottleneck-
Case-Study-FINAL.pdf.

2 FHWA, Highway Statistics Series.

FHWA Analysis of EPA 2014 National Emissions Inventory (NEI) Data, available at:
https://edap.epa.gov/public/extensions/nei_report 2014/dashboard.html#sector-db.
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e Truck operational efficiencies and mode shift—Strategies to move the same volume of goods
with less pollution, for example, by reducing empty truck trips, consolidating loads, or shifting
goods from truck to rail. These may be implemented in a variety of ways, including infrastructure-
based strategies such as intermodal terminal improvements, or information or incentive-based
strategies such as real-time routing, load-matching applications, or price incentives.

e Other noise mitigation strategies—Strategies to mitigate the noise emitted from truck
activity, such as noise barriers, quiet pavements, and building insulation. These are typically
infrastructure-based and implemented by the DOT, municipality, or port authority.

Research Process

The research process involved the following steps:

e Assembling a list of major truck bottlenecks in the U.S. as well as major intermodal
connectors.

e Flagging a subset of these locations for further investigation based on various screening criteria.

e Researching and recommending a short list of case study candidates based on a review of
documents and outreach to local agency staff.

e |dentifying potential mitigation strategies to test in each location.

e Finalizing the list of case study locations and mitigation strategies.

e Gathering traffic and other data to support emissions and noise modeling.

e Developing baseline estimates of emissions and noise considering existing traffic conditions.
o Estimating changes in emissions and noise as a result of various mitigation strategies.

e Comparing results across case study locations.

e Considering the extent to which each bottleneck mitigation strategy might have benefits just
for emissions, just for noise, or for both effects.

e Considering challenges to implementing mitigation strategies and opportunities to overcome
those challenges.

Contents of This Report

Section 2.0 of this report describes the case study locations, hypothetical mitigation strategies
tested, and development of data on baseline traffic conditions as well as predicted mitigation
measure effects. Section 3.0 describes the approaches used to model baseline emissions and
noise conditions and mitigation measure effects. Sections 4.0-6.0 describe the specific
conditions and findings for each of three case study locations, Section 7.0 discusses
implementation challenges and solutions, and Section 8.0 provides overall conclusions about
the estimated emissions and noise benefits of the various mitigation strategies. Appendix A
includes a list of references and implementation resources. Appendix B provides additional
information on the effects of traffic and other noise abatement strategies on noise levels.
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2.0 Case Study Methodology

Case Study Locations

The initial list of candidate case study locations included the top 25 truck bottlenecks in the U.S.,
based on 2018 truck hours of delay per mile from the National Performance Management
Research Data Set (NPMRDS) as calculated by the Federal Highway Administration (FHWA);
as well as 18 intermodal facilities identified in a 2017 FHWA study on freight intermodal
connectors.*® The project team screened these locations for more in-depth evaluation
considering the following criteria, based on a review of public documents and data:

e Potential data availability (e.g., existence of published studies on the location).

¢ Range of mitigation strategies that might be considered.

e Community size diversity.

e Geographic diversity.

The initial screening led to the selection of locations in 14 metropolitan areas for a second round
of screening. The project team researched these areas more thoroughly by reviewing published
documentation and by holding conversations with local agency staff to better understand the

case study context, assess local interest in supporting the case study, and review screening
criteria. The three final selected case study locations include:

e Chicago, lllinois—Vicinity of the Circle (Jane Byrne) Interchange (1-90/94 and 1-290)
adjacent to downtown Chicago.

e Houston, Texas—Access to the Barbours Cut Terminal of the Port of Houston from State
Highway (SH) 146.

e Tacoma, Washington—Interstate 5 and local streets in the vicinity of the Port of Tacoma.

The Interstate 90/94 segment running north-south through Chicago and the I-5 segment
between Seattle and Tacoma are among the top 25 truck bottlenecks in the United States
based on annual truck hours of delay per mile. The Port of Houston and the Port of Tacoma
also are major seaports generating high volumes of truck traffic.

Roadways Modeled and Baseline Traffic Data

For each case study location, the project team identified a set of roadway segments for which to
model emissions and noise. These segments were identified as representative segments that
are likely to be affected by the various traffic shifts resulting from mitigation strategies. The

The most recently developed list is available from FHWA at
https://ops.fhwa.dot.gov/freight/freight _analysis/mobility trends/national list 2019.htm.

FHWA (2017). Freight Intermodal Connectors Study. FHWA-HOP-16-057, available at:
https://ops.fhwa.dot.gov/publications/fhwahop16057/sec1.htm.
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representative segments also were selected based on their location near receptor areas,
including residential areas, schools, and hospitals. The case studies did not attempt to quantify
all emissions in the study area or all sources that would be affected by the hypothetical
mitigation strategies.

For each case study location, baseline traffic speeds and volumes for these roadway segments
represent conditions without mitigation strategies. To ensure consistency the FHWA Database
for Analysis of Noise and Air Quality (DANA) tool was the primary source for speeds and
volumes. DANA is a database that combines information from the NPMRDS and the Travel
Monitoring Analysis System (TMAS). The project team extracted data for case study area
roadways that included speeds for two vehicle types (light-duty vehicles and trucks) for every
hour of the year 2019, and estimates of average annual hourly and daily traffic volumes for five
vehicle types (motorcycles, light-duty autos and trucks, single-unit trucks, and combination
trucks). The traffic volume data are based on 2017 reporting by States for the Highway
Performance Monitoring System (HPMS). Data is included for all segments of the National
Highway System (NHS). These years were the latest available at the time of data collection.

In a few cases, the project team modified or supplemented data from DANA with State or local
sources such as State DOT traffic or classification counts or data from project studies. In most
cases, however, State and local data were neither as consistent nor as comprehensive as the
DANA tool data. Data limitations meant that the representative roadway segment analysis was
for the most part limited to segments of the NHS.

The data extracted from the DANA tool included annual average daily volumes as well as
speeds for four representative hours of the day. A morning peak hour of 7:00 to 8:00 a.m. and
an evening peak hour of 4:00 to 5:00 p.m. were used to represent peak-period conditions when
volumes, delay, and emissions are likely to be highest. These time periods were the focus of the
air pollutant emissions modeling and were selected based on inspection of Motor Vehicle
Emissions Simulator (MOVES) inputs provided with the DANA tool showing that these hours
typically had the largest fraction of hourly volumes in the case study counties.® The project team
also extracted additional traffic data to support the noise analysis, including the midnight to 1:00
a.m. time period to represent free flow speeds, and the noon to 1:00 p.m. time period to
represent a period of high traffic volumes but higher speeds which may show higher noise levels
then peak congested periods.

The project team processed the speed data from the DANA tool to develop average annual
weekday speeds for each time period and vehicle type based on the speeds reported by hour
and day in the DANA tool database. The speed data in DANA represents actual, observed
speeds based on anonymous tracking of mobile devices such as cell phones and global
positioning system (GPS) units.

Hourly volume fractions vary by road type and vehicle type. The peak periods were selected based
on highest total vehicle volume. in some cases an adjacent time period, such as 5:00 to 6:00 p.m.,
showed a higher hourly fraction for some vehicle and/or road types, but in general the selected time
periods were close to if not the highest hourly fractions of total volume. In some cases truck volumes
peak during mid-day hours, but it was desired to keep the same analysis period for all vehicle types.
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Daily volumes were assigned to the analysis hours based on an hourly distribution of volumes
for each roadway segment. Segments were identified as traffic message channel (TMC) links as
developed for the MOVES inputs in the DANA tool. The DANA tool uses data from TMAS to
assign hourly volume percentage distributions for each vehicle type on each day measured.
These hourly fractions were applied to the annual average daily traffic (AADT) to produce hourly
volume estimates for each vehicle type (light-duty vehicles, single-unit trucks, and combination
trucks).

Volume data in the DANA tool is taken from HPMS reporting which is based on traffic volume
counts at continuous or temporary counters nearest the segment. The split of volumes by
vehicle type is based on classification counts, which may represent the actual mix on the
segment itself, an average mix for the same road type in the same county or State (if segment
data is not available), or (if no regional mix can be identified) a national average for that
roadway type.

Hypothetical Mitigation Strategies

The mitigation strategies tested for each case study, and the approach and data sources for
modeling vehicle activity and emissions changes from these strategies, are described in the
respective case study sections of this report. Each strategy is labeled with a strategy number
(S#) that is consistent for the same strategy across all case studies. However, not every
strategy was modeled in each case study. The following mitigation strategies were considered
for testing in some or all case studies, numbered with their S#: Strategies that were not tested
have an explanatory note in parentheses. Strategies also are referred to as “scenarios” when
modeled in the context of a specific case study (e.g., “Tacoma Scenario 4” refers to modeling
strategy 4 for Tacoma):

e S2: Additional lanes to increase capacity.

e S3: Truck-only lanes.

e S4: New roadway.

e S5: Geometric design changes.

e S6: Transportation system management and operations (TSMO) strategies such as signal
coordination, traveler information, incident management, and other strategies to improve
traffic flow.

e S7: Speed limit reduction/speed management.

e S8: Restricting or rerouting trucks.

e S9: Accelerated retirement/clean truck replacement.

e $10: Engine and powertrain retrofits and alternative fuels (combined with S9).

e S$11: Clean truck corridors, including electric trucks and charging infrastructure.

7 S# starts at 2 since S1 is used to denote the base case.
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e 812: Intermodal facility capacity and efficiency.

e S813: Truck to rail mode shift.

e S14: Truck to water mode shift (not evaluated due to lack of data).
e S15: Noise barriers.

e S$16: Low-noise pavement.

e S$17: Helmholtz resonators (characterized based on literature).

e S18: Buffer zones.

o S$19: Vegetation.

e S$20: Building insulation (characterized based on literature).

Emissions results are reported based on 2025 emission factors to represent a possible near-
term year by which strategies could be implemented. The traffic data inputs may reflect
conditions from different years, including baseline traffic data from 2017 and 2019 (DANA), and
changes in traffic volumes and speeds based on local project studies that modeled future years
as far out as 2045. For consistency, rather than attempting to reconcile different values of
absolute speeds and volumes from project studies as compared to the DANA tool, the project
team applied percent changes in volumes and speeds from these studies, for the project vs. no-
project alternative in the study’s evaluation year, to the baseline volumes and speeds from the
DANA tool.

Lacking mitigation strategy data specific to medium versus heavy trucks, in most cases the
same assumptions for volume or speed changes were applied to medium trucks as to heavy
trucks. The exception is for electric trucks, where different market shares were used for medium
and heavy trucks. Also, idle reduction strategies and strategies to increase drayage efficiency
were assumed to affect only heavy truck emissions.

The traffic data (volumes and speeds by vehicle type and link) used for each scenario in each
case study is contained in a set of spreadsheet files, one for each case study. These files are
available upon request from the FHWA Transportation and Air Quality Conformity Team at
tagc@dot.gov. The “Scenarios” tab in those files describes each strategy modeled. Strategy 1
(S1 tab) is the baseline data.

It is important to note that the mitigation strategies are hypothetical and are evaluated simply to
test their potential effects on emissions and noise. The strategies tested in this report were not
validated for implementation feasibility or local support in the case study locations.
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3.0 Modeling Approach

Emissions Modeling

The emissions modeling approach uses the U.S. Environmental Protection Agency (EPA)
MOVES model version 3.0.1, the latest version available when modeling was conducted, for
baseline emissions estimation and evaluation of strategies that can be directly evaluated using
MOVES. MOVES was run at the project level. The focus of the case studies was on emissions
generated on the public road network. However, the mitigation strategies also included idle
reduction strategies, and some of that idling may take place within the port off the public road
network.

For each case study location, application of MOVES at the project scale had three elements:

1) a baseline run specification file (“runspec”) which defines the basic parameters of each
modeling run; 2) a baseline project-level database (PDB) that supplies vehicle fleet and traffic
data specific to the case study location, in the format required for MOVES; and 3) for mitigation
strategies, alternate runspec and/or PDB tables that affect the required change in traffic volume,
vehicle technologies, etc. Table 2 shows MOVES run spec inputs for the case studies, for the
baseline scenario.

Table 2. Motor Vehicle Emissions Simulator runspec template for case studies.

Run Spec Input Approach Comments

Pollutants Volatile organic compounds (VOC) MSATSs are presented as sum of five
Carbon monoxide (CO) FHWA priority toxics: 1,3-butadiene,
Oxides of nitrogen (NOy) acrolein, acetaldehyde, benzene,
Particulate matter, smaller than formaldehyde.

10 or 2.5 microns (PM1g, PM25)
Mobile source air toxics (MSAT)
Carbon dioxide equivalent (CO.¢)

Geographic area County of case study location. MOVES runspec only goes to
« Chicago: Cook County, IL county level, which defines default
« Houston: Harris County, TX meteorology, fuel and I/M program
« Tacoma: Pierce County, WA information. Definition of specific

study area will take place in project
database, via definition of links.
Vehicles Passenger cars, light-duty trucks, Most mitigations only affect a subset
single unit trucks (short and long of these classes.
haul) and combination trucks (short
and long haul).
Road Type Urban restricted, urban Generally urban restricted for urban
unrestricted. bottlenecks, urban unrestricted for
ports. Within this road type,
individual road links were defined in
the PDB.
Analysis year 2025. -
Time periods AM and PM peak hours (7:00— -
8:00 a.m., 4:00-5:00 p.m.).

13
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Each case study had a custom project database created, composed of individual MySQL tables in
the input format required by MOVES. Within the context of the MOVES run spec, the PDB defines
the details of the case study setup (e.g., specific roadway links, lanes, or port terminals) and
supplies the volume of trucks and their activity. The PDB can accommodate multiple links for a
given scenario—defined as individual roadways, lanes and/or directions—with different traffic
volume, vehicle mix and speeds as applicable. For each roadway segment listed, six individual
links were defined, corresponding to two directions and three vehicle types (light-duty vehicle,
single-unit truck, combination truck). Links were added for the Tacoma and Houston case studies
to capture truck idle outside the port terminals, and operation within the terminal (Houston only).
These provided the detail necessary to account for different volumes and speeds by vehicle class,
and mitigation strategies aimed at specific truck types (e.g., port drayage trucks, predominantly
combination trucks). The PDB also provides other attributes important for estimating emissions in
a specific location such as fuel properties, meteorology, and inspection/maintenance program
details. Separate PDBs were developed for the AM and PM peak hours, using the same project
setup for each and differentiated only by traffic volume and speeds. Table 3 includes a list of PDB
tables and data sources common to each case study.

Table 3. Motor Vehicle Emissions Simulator project-level inputs and data sources.

MOVES Project-Level Input (PDB Table) General Sources: Baseline
Age Distribution (sourceTypeAgeDistribution) 2017 National Emissions Inventory (NEI).

Traffic Volume (Link) 6 links per road segment—2 directions x
3 vehicle types. See section 2.0 on traffic
data. Additional port-related links in Tacoma
and Houston for combination trucks only,
using the port driving schedule referenced in
National Cooperative Highway Research
Program (NCHRP) Report 909."

Vehicle Mix (Source Type Hour Fraction) 2017 NEI.

Operating Mode Distribution, Drive Schedule, Average speeds—See section 2.0 on traffic

or Average Speed data.

Link Length (Link) Measurement from Google Earth based on
links defined for traffic data.

Grade (Link) Grade assumed zero for all cases.

Off-Network This feature of MOVES was not used. Idle

and port terminal links were modeled as on-
network links with speed of 0 and 2.5 miles
per hour (mph), respectively.

Meteorology (Zone Month Hour) 2017 NEI.

Fuels (Fuel Supply, Fuel Formulation, MOVES3 default database.
Alternative Vehicle and Fuel Technologies)

I/M Program (I/M coverage) 2017 NEI.

' Porter, C., et al (2019). Guide to Truck Activity Data for Emissions Modeling. National
Cooperative Highway Research Program Report 909, Section 5.4.4, “Drive Cycle and OMD
Library.”
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Mitigation strategies that affect truck volume and speeds, including reduced idle at ports, were
modeled by modifying average speed and traffic volume in the Link table. In the case of
Tacoma, mitigation Scenario 4 (new roadway) required the addition of new links that were not
present in the baseline. The same approach was required for Scenario 3 in Houston, where a
new connector between a state highway and local street was modeled.

Modeling clean truck replacement programs (Scenario 9) for Houston and Tacoma required
modifying the sourceTypeAgeDistribution table. The age distribution for combination trucks
(short and long haul) was modified to remove trucks from model years 2007 and older, since the
EPA adopted new emissions control standards that began to take effect in model year 2007
(U.S. EPA, 2001). Since the age distribution across all age bins needs to add up to 1, the
fraction representing older trucks was assumed to be replaced for new trucks and added to the
age bin representing the newest vehicles (age=0). An illustration of the differences between age
distributions for the baseline and the mitigation scenario is shown in figure 1 for combination
short-haul trucks in Pierce County.
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Figure 1. Chart. Age distribution for combination short-haul trucks in Pierce County in
baseline and Scenario 9.

(Source: FHWA.)
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For the case of Tacoma, two versions of Scenario 9 were evaluated, one in which only pre-2007
trucks serving the report were replaced, and one in which all pre-2007 trucks in the study area
were replaced. For the port truck-only replacement scenario, the emissions modeled with MOVES
for Scenario 9 were further postprocessed and weighted according to daily port-originating truck
volumes by link estimated by the Port of Tacoma (2016) as a fraction of total truck trips. Note that
the Port of Tacoma’s clean truck programs (Northwest Seaport Alliance, et al, 2018) have already
led to the vast maijority of the fleet serving the port meeting post-2007 emissions standards, so
this variation of the strategy has essentially been implemented already.®

8 Correspondence with Christina Wolf and Graham VanderSchelden, Port of Tacoma, March 15, 2022.
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Noise Modeling

For each case study location, the project team used the Traffic Noise Model (TNM) versions 3.0
and 3.1 to establish baseline noise levels and mitigation effectiveness (noise reduction) for
strategies that could be modeled using TNM. Other information, including from literature
sources and basic relationships between traffic and noise embedded in TNM, was used to
generally characterize the effects of mitigation strategies that could not be directly modeled
using TNM. These relationships are described in appendix B.

TNM 3.0 was initially used to model the base case for each location as well as the strategies
listed in table 2 that affected traffic volumes and/or speeds. TNM 3.1 became available during
the course of the study (January 2022) and was used to complete the modeling of other
(nontraffic) noise mitigation strategies and additional receptor locations. Nontraffic noise
mitigation strategies were modeled in TNM 3.1 using general characterizations of these
strategies (e.g., noise barrier geometry and materials) rather than site-specific characterizations
reflecting the constraints of each location. While TNM 3.1 included enhancements supporting
ease of use, it did not contain changes to the underlying acoustics or other items that would
affect modeled noise outcomes.

The following generic process was used for the TNM analysis:

e Sources:

- Roadway: Representative roadway links in the bottleneck area (the same set selected
for the emissions analysis) were defined using a coordinate system and endpoints for
each modeled link.

- Vehicles: Cars, medium trucks, and heavy trucks were the only vehicle types included in
the analysis.

- Other: Background noise was not included as this was a relative analysis of changes
and not an absolute analysis of area noise levels.

- Pavement: Average pavement was used in all analyses except for the quiet pavement
mitigation measure.

e Propagation Path:

- Diffraction: Large items were defined such as noise barriers, retaining walls, berms,
terrain, vegetation, crash barriers, major buildings, smaller building rows, and other large
permanent objects.

- Ground effects: Major areas were defined including pavement, grass, soil type, water,
and/or custom for any unusual surfaces. Coordinates, either endpoints or zones, were
determined for each modeled object or ground surface.

- Other: Atmospheric refraction was not considered.
e Receivers: Receivers were placed in three primary areas:

- Real locations: These included sensitive receptors such as residential areas, schools,
churches, historic locations, hospitals, libraries, and care facilities at key locations. In the
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Chicago case study, receiver locations were taken from a previous noise analysis that
was conducted in the study area.

- Other locations: Areas of interest were based on local parameters, such as near the
roadways and unshielded as well as away from the roadway with diffraction objects in
the path. Exact placement of other receivers varied depending on area characteristics.
For example, receivers were not placed in the middle of a building or at other
unreasonable locations.

- Grid location: To test the effects of buffer areas, receivers were placed in open areas at
doublings of distance from the roadway, starting at 50 feet.

Table 4 indicates the sources of information used for the TNM modeling. Data was collected
remotely, without field data collection.

Table 4. Information sources for noise analysis.

Information
Category Information Detail Comments
Traffic Hourly volume by vehicle  Vehicle types in this analysis include passenger

type, vehicle speeds,
expected free flow or
interrupted flow.

cars, medium trucks, and heavy trucks. Traffic
data sources are described in section 2.0.

Cross section
and plan view
of roadway

Cross section and plan
view of roadway at a
minimum. Other mapping
or details include large
objects nearby (e.g.,
buildings), terrain profiles,
land use characteristics,
pavement type, and
ground cover.

Information was taken from United States
Geological Survey (USGS) maps, project plans
if available, Google Street View, satellite
imagery, other data available through State and
local contacts, and literature. Needed roadway
details included number of lanes, shoulder
width, and grade.

General area

Google Earth was used

Google provided the basis for much of the

mapping as the primary mapping modeling. However, in some cases detail was
tool. dated or lacking. Other measures were used in
this case, including the use of street view.
Detail USGS mapping. In some cases, USGS maps were obtained and
mapping used for local topography needs.
TNM 2.5 Previous TNM modeling The TNM 2.5 files from the Chicago project

files.

noise analysis were obtained and converted into
a TNM 3.0 run.
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Table 4. Information sources for noise analysis (continuation).

Information

Category Information Detail Comments

AutoCAD Geometric detail. In some cases, AutoCAD files were generated
and used for precision when digitizing data from
maps did not provide the detail needed.

Time scales Hourly data on volumes Equivalent continuous sound pressure level

and speeds. (Leq) was estimated based on hourly traffic

data. The analysis year was the same as the air
quality analysis (2025).

Noise Locations and General characteristics were used, rather than

mitigation characteristics of other developing site-specific characteristics for

strategies mitigation strategies. strategies such as noise barriers and vegetated

zZones.

Other inputs

etc.

Meteorology, TNM setup,

Default values were used.

Summary of Emissions and Noise Analysis Methods

Table 5 identifies the basic methodology used to model or otherwise evaluate emissions and
noise effects for the base case and for each mitigation strategy.

Table 5. Emissions and noise mitigation strategy evaluation methods.

S# Mitigation Strategy Emissions Noise

1 Base case MOVES model. TNM 3.0.

2 Additional lanes to MOVES model, with changes = TNM 3.0, with changes in

increase capacity in volumes and speeds based volumes and speeds based on
on source studies for project.  source studies for project.

3 Truck-only lanes MOVES model, with changes  TNM 3.0; evaluated by placing
in truck speeds to represent lanes on inside of roadway and
free flow conditions. changing truck speeds to

represent free flow conditions.

4 New roadway MOVES model, with changes  Not evaluated.
in volumes and speeds based
on source studies for project.

5 Geometric design MOVES model, with changes  TNM 3.0; evaluated by

changes in volumes and speeds based changing volumes and speeds
on source studies for project. based on source studies for
project(s) in the case study
areas.
6 TSMO strategies MOVES model, with changes  TNM 3.0; evaluated using

in speeds based on estimates
of strategy effects.

speed and volume changes.
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Table 5. Emissions and noise mitigation strategy evaluation methods (continuation).

S# Mitigation Strategy

Emissions

Noise

7 Speed limit/speed MOVES model, with changes  TNM 3.0; evaluated by
management in speeds. changing free flow speed

inputs.

8 Restricting or Not evaluated for emissions. TNM 3.0/3.1; evaluated with
rerouting trucks volume changes only on the

bottleneck roadway.

9  Accelerated MOVES model, with changes  Not evaluated.
retirement/clean in truck age distributions.
truck replacement

10 Retrofits, engine and MOVES model, with changes  Not evaluated.
powertrain, in truck age distributions
alternative fuels for (note—the same approach
combustion engines  was used to model both

Strategies 9 and 10 so only
one set of results is reported.)

11 Clean truck corridor; MOVES model, with TNM 3.0; electric trucks were
electric charging reductions in truck traffic removed from the traffic stream
infrastructure volumes corresponding to as a “best-case” assessment of

electric truck share. reduced noise levels.

12 Intermodal facility MOVES model, with changes  TNM 3.0; evaluated by
capacity and in truck volumes. reducing truck volumes on
efficiency study area roads to account for

reduced truck drayage traffic,
keeping other parameters
constant.

13 Truck to rail mode MOVES model, with changes  TNM 3.0; evaluated by
shift in truck volumes. reducing truck volumes on

study area roads to account for
diverted truck to rail traffic,
keeping other parameters
constant.

14  Truck to water mode  Not evaluated in any case Not evaluated.
shift study.

15 Noise barriers Emissions effects generally TNM 3.1; evaluated by
characterized based on introducing a barrier with
literature. varying characteristics.

16 Low-noise pavement Not evaluated for emissions. TNM 3.1; evaluated via
literature review and by
comparing average to open-
grade pavement.

17 Helmholtz resonators Not evaluated for emissions. Effects were generally

characterized based on the
literature.
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Table 5. Emissions and noise mitigation strategy evaluation methods (continuation).

S# Mitigation Strategy Emissions Noise

18 Buffer zones Emissions effects generally TNM 3.1; evaluated by
characterized based on examining noise levels and
literature. varying distances from the

roadway in an unshielded
location. Effects also reviewed
based on literature.

19 Vegetation Emissions effects generally TNM 3.1; evaluated by
characterized based on introducing a tree zone. Effects
literature. also reviewed based on

literature.

20 Noise insulation Emissions effects generally Effects were generally
characterized based on characterized based on the
literature. literature.

Presentation and Interpretation of Emissions and Noise Results

The project team modeled baseline emissions at each location for the 7:00—8:00 a.m. and 4:00-
5:00 p.m. time periods. Emissions are expressed as total mass of pollutant (in kilograms) by
hour emitted on the selected study area roadways. Total emissions include all vehicles in the
case study: light-duty vehicles as well as medium and heavy trucks. Particulate emissions
include brake and tire wear as well as exhaust emissions.

The baseline emission results are primarily useful as context for understanding the relative
benefit of different mitigation strategies, which are influenced by the relative contributions of
single-unit and combination trucks to total emissions, differences in AM and PM peak-hour
traffic, and the relative contribution of each link to the total case study. The inclusion of port-
related activity in Tacoma and Houston also sheds light on the importance of “off-network” truck
activity (such as idling at gates and on port property) on emissions near goods movement hubs.

Emissions for mitigation scenarios are shown as the percent change in total emissions for the
modeled facilities in each case study relative to the baseline. Although most mitigations only
affect trucks, presenting emissions from all on-road vehicles illustrates the degree to which a
specific mitigation could affect overall air quality in the case study area.

Noise effects were modeled at a variety of locations near the selected roadway segments.
These positions include residential areas, schools, and hospitals. Baseline sound levels were
modeled for the 12:00-1:00 a.m., 7:00-8:00 a.m.,12:00—-1:00 p.m., and 4:00-5:00 p.m. time
periods. Sound levels for mitigation strategies were modeled for one or more selected time
periods where baseline noise levels were highest. Relatively modest changes in speeds and/or
volumes led to very small noise effects, so only strategies with larger traffic impacts were
modeled for noise effects. Summary results are presented, including average, median,
minimum, and maximum noise values across receivers as well as changes in these statistics for
the mitigation strategies. Cumulative distributions of noise levels across all receivers are also
shown. Detailed results by receiver are available upon request from the FHWA Transportation
and Air Quality Conformity Team at tagc@dot.gov.
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4.0 Chicago Case Study

The Chicago case study focused on Interstate 90/94 at its interchange with Interstate 290,
adjacent to downtown Chicago. The 1-90/94 segment running north-south through Chicago is
among the top 25 truck bottlenecks in the United States based on total truck hours of delay
per mile.

Roadways and Traffic Data

Table 6 lists the roadway segments modeled for the Chicago case study. “TMC” is the traffic
message channel link identification that can be used to identify the link in the DANA tool.

Table 6. Chicago case study roadway segments.

Map Key Description TMC 1 Direction 1 TMC 2 Direction 2

1 [-90/1-94—Through 107P04244 NB 107N04244 SB
Byrne Interchange

2 [-290—Through Byrne  107N04184 EB 107P04184 WB
Interchange

3 [-290—West of 107N04185 EB 107+04185 WB
Interchange

4 [-290—East of 107N04183 EB 107P04183 WB
Interchange

5 [-90/1-94—North of 107+05323 NB 107-04244 SB
Interchange

6 [-90/1-94—South of 107P04243 NB 107N04243 SB
Interchange/Taylor St

Figure 2 shows the location of these segments (dashed lines) as well as nearby receptor areas
(solid polygons). In general, the study area is densely developed with multiple uses. The
northwest quadrant of the study area includes dense residential, commercial, and mixed-use
development while the southwest quadrant area mainly includes a postsecondary educational
institution, the campus of the University of lllinois at Chicago.
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Figure 2. Map. Chicago case study roadway segments and receptor areas.

(Source: FHWA, Aerial image source: Google Earth.)

Baseline speed and volume data for the Chicago case study were taken straight from the DANA
tool with no adjustments.

Mitigation Strategies

Table 7 shows the mitigation strategies considered and key data sources and assumptions used

in the Chicago case study. Shaded rows labeled “N/A” are strategies that were considered but
not modeled, for reasons explained in the table.
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Table 7. Mitigation strategies and evaluation approaches: Chicago case study.

DANA data shows that
maximum speeds even during
off-peak hours are typically no
greater than that. Therefore,
further speed management is
not expected to be effective at
reducing emissions and was
not modeled.

Mitigation
S# Strategy Specific Project Concept Data Sources and Assumptions
2 Additional Circle Interchange study Traffic simulation output speeds by
lanes to (1-90/94 at 1-290): the Preferred segment taken from Circle Interchange
increase Alternative will include four Combined Design Report. To the DANA
capacity lanes per direction along speed baseline, the percent change in
[-90/94, widening (to 2 lanes)  speeds was applied based on modeling
and geometric realignment of 2040 no-build versus 2040 build
north-west and east-north conditions from table C (page 229) of
ramps; and new northbound the Circle Interchange Combined
and southbound collector/ Design Report Vol. 1. To the DANA
distributor roads. volume baseline, percent changes in
annual average daily traffic (AADT)
were applied based on 2040 no-build
versus 2040 build from Circle
Interchange Noise Analysis Study
figure B.1.
3 Truck-only One truck-only lane in each Increase truck speeds on 1-90 and [-290
lanes direction on 1-90/94 and I-290  segments to 45 mph (DANA data from
(outside lanes), in addition to 12:00-1:00 a.m. shows speeds of 36—
existing general-purpose lanes. 44 mph through the interchange area;
speed limit is 45 mph). In selected
subscenarios, move trucks close to
centerline of highway (inside lanes).
4 New roadway No viable new roadway N/A
concepts were identified for this
heavily built-up area.
5 Geometric Modeled as part of Strategy #2 N/A
design (Circle Interchange
changes improvements), which include
both capacity and geometry
changes.
6 TSMO Managed lanes, pricing, and Increase all vehicle speeds on 1-90 and
strategies connected vehicle operations to 1-290 segments to 45 mph (noted by the
achieve free flow conditions Circle Interchange study as the speed
within existing geometry." limit within the project limits).
7 Speed limit/  The speed limit within the N/A
speed project limits already is a low
management maximum of 45 mph, and
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Table 7. Mitigation strategies and evaluation approaches: Chicago case study

(continuation).

Mitigation
S# Strategy Specific Project Concept Data Sources and Assumptions
8 Restricting or  Priority truck routes have been N/A
rerouting generally proposed as a strategy
trucks in the region, with the objective
of directing trucks to certain
arterials. However, local agency
staff did not expect that any
significant changes to truck
volumes on the study area
segments would be expected as
a result of truck route
designation. The analyzed
segments are Interstates and
while congested, are still higher
speeds (and more removed from
emission/noise receptors) than
local streets. Rerouting trucks
would simply shift emissions and
noise elsewhere.
9 Accelerated Require trucks serving local Freight Analysis Framework 4
and retirement/ origins/destinations to meet (FAF4) shows 57 percent of trucks
10  clean truck post-2007 emissions standards. on |-90/94 and 85 percent of trucks
replacement; on [-290 to have at least one trip
engine and end within the Chicago region. Age
powertrain distribution adjustments to simulate
retrofits, a post-2007 fleet were applied to
alternative these percentages of combination
fuels truck volume. Pre-2007 “local’
trucks represented 6% of study area
trucks on 1-90/94 and 9% on [-290.
11 Clean truck Regional and multistate corridor  Based on National Renewable
corridor; policies and investments Energy Laboratory (NREL)
electric (including truck charging Electrification Futures Study?
charging infrastructure) to encourage the  “medium” case projections of truck
infrastructure  use of electric trucks. 1-90/94 is  electrification, exclude 5.2% of

a Federally designated
Alternative Fuels Corridor.

medium duty trucks (MDT) (type 50)
and 3.0% of heavy duty trucks
(HDT) (type 60) for 2030 case
(S11.1) from emissions and noise
calculations (including for idle links),
and exclude 45.4% of MDTs (type
50) and 20.1% of HDTs (type 60) for
2045 case (S11.2).
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Table 7. Mitigation strategies and evaluation approaches: Chicago case study

(continuation).

S# Mitigation Specific Project Concept Data Sources and Assumptions
Strategy
12  Intermodal No maijor intermodal facilities N/A
facility were located in the study
capacity and corridor, so improvements to
efficiency local intermodal facility
operations were not evaluated.
13  Truck to rail Freight rail and intermodal FAF4 freight flow data were
mode shift facility improvements, such as evaluated to consider truck and rail
those proposed as part of the freight flows in the Detroit—
Chicago Region Environmental  Milwaukee market as an example of
and Transportation Efficiency where truck trips might be converted
study, to support movement of to rail. It is assumed that 50% of the
goods through the region tonnage between these market
directly on rail rather than truck  areas currently moving by truck
or truck-rail combinations. could be moved by rail and the
associated truck traffic (93 trucks
per day) removed from 1-90/94.
14  Truckto No market was identified to shift N/A
water mode  truck traffic from this corridor to
shift water.
15 Noise Not modeled—tested in the N/A
barriers Tacoma case study.
16 Quiet Not modeled—tested in the N/A
pavement Tacoma case study.
17 Helmholtz Not modeled—no methodology N/A
resonators in TNM.
18 Buffer zones Hypothetical undeveloped buffer Receivers at regular distances from
zone adjacent to highway. the roadway were evaluated in an
unobstructed location.
19  Vegetation Not modeled—tested in the N/A
Houston case study.
20 Noise Not modeled—no methodology N/A
insulation in TNM.

The timeframe to achieve market penetration of a large enough share of connected and/or
automated vehicles to make it possible to achieve free flow speeds with existing volumes
within the existing roadway footprint is highly uncertain and may be many years in the
future. However, this scenario serves to illustrate the potential benefits of such conditions
should they be achieved.

Mai, T., et al (2018). NREL describes the “medium” scenario as: a future with widespread
electrification among the “low-hanging fruit” opportunities in electric vehicles ... but one that
does not result in transformational change.
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Emissions

Baseline Emissions

The Chicago case study shows that modeled emissions for all pollutants are higher during the
PM hour than the AM hour (table 8). Emissions for VOC and PM.s double during the afternoon
while the increase in other pollutants ranges from 31 percent (CO2e) to 67 percent (NOx). The
increase in emissions is consistent with the overall lower average speed observed during the
afternoon hour. While the total traffic volume is slightly lower during the afternoon (8 percent
reduction relative to morning traffic volume), the volume of trucks increases slightly (7 percent)
and the overall average speed is reduced from 32 mph to 23 mph, which represents a decrease
of almost 30 percent relative to the overall average speed observed during the morning.

Table 8. Total emissions for Chicago baseline case.

Pollutant Emissions in AM peak hour (kg) Emissions in PM peak hour (kg)
CO 59 92

NOx 18 29

VOC 1.3 21

Total PM25 1.2 2.4

CO2e 12,659 16,639

MSATs' 0.1 0.2

' Sum of 1,3-butadiene, acrolein, acetaldehyde, benzene, formaldehyde.

The baseline emissions modeled for the Chicago case study indicate that heavy-duty trucks
dominate most pollutant emissions, contributing over 60 percent of VOC and 85 to 93 percent of
NOx and PM, while CO is contributed mainly by light-duty vehicles. There are no significant
changes in the light- versus heavy-duty share between morning and afternoon rush hours, only
a small increase (~5—6 percent) in the contribution of heavy-duty to PM..sand VOC emissions
during the afternoon peak hour.

In terms of the contribution from specific roadway segments modeled, the major contributor to
the Chicago case study is the 1-90/1-94 section, particularly the north link (segment 5). For all
criteria pollutants, 1-90/1-94 contributes close to 70-80 percent of the emissions depending on
pollutant and hour of the day, with the north link consistently contributing 35-39 percent of the
emissions. No significant changes are observed in the link contribution to emissions of criteria
pollutants between morning and afternoon peak hours.

Emissions Effects of Mitigation Strategies

Percent reductions in total emissions for specific mitigations are shown in table 9 for the AM and
PM peak hours. On a relative basis, PM2sand NOy reductions are largest since heavy trucks
contribute the maijority of these emissions. The Circle Interchange capacity and geometry
improvements (S2) showed benefits of 7 to 21 percent in the PM peak depending on the

26



Addressing Truck Emissions and Noise at Truck Freight Bottlenecks

pollutant, and up to 7 percent in the AM peak. Truck-only lanes and TSMO (in this case study,
managing traffic through automated vehicle strategies to maintain free flow speeds on highways
while accommodating the same volume) show the largest overall reductions—in the range of
25 to 50 percent for NOy and up to 64 to 70 percent lower PM2s_as they directly address the
high emissions from severe freeway congestion observed in baseline traffic data, especially for
the afternoon peak. Replacement of pre-2007 trucks with post-2007 trucks (or engines) also
provides significant benefits for NOy, VOC, PM.s, and MSATSs (12 to 18 percent for replacement
of local trucks, or 15 to 30 percent for all trucks), although it has little benefit for CO or carbon
dioxide (CO.). Truck electrification benefits depend on the penetration rates of advanced
technologies, which are limited in 2030 but more significant by 2045, with benefits of 11 to 22
percent (for all pollutants except CO) at the projected 2045 market share levels. For truck
electrification, though exhaust PMa is reduced, brake and tire PM.s were assumed unchanged
from the baseline, resulting in a lower overall PM; s benefit compared to NOx and VOC. Of all
strategies, shifting to rail was estimated to have less than 1 percent benefit due to the relatively
low volume of truck traffic that could be shifted.

Table 9. Percent change in emissions from Chicago baseline case.

S9a— S9%b— S11.1— S11.2—

S2— S3— All Post- Clean Clean
Add Truck- Post- 2007 Trucks Trucks S13—
Peak New Only S6— 2007 Local (2030 (2045 Rail
Hour Pollutant Lanes Lane TSMO Trucks Trucks Share) Share) Shift
AM CO 1 -5 -16 -1 -0.7 -1 -6 -0.1
NOx -2 -25 -25 -19 -12 -3 -22 -0.6
VOC -2 -15 -23 -18 -12 -2 -18 -0.3
Total -7 -37 -42 -26 -17 -1 -1 -0.5
PM2s
COze 3 -6 -9 -1 -0.7 -2 -1 -0.3
MSATs -2 -18 -24 -25 -16 -3 -21 -0.4
PM  CO -8 -1 -33 -1 -0.6 -1 -6 -0.1
NOx -15 -49 -51 -15 -10 -3 -21 -0.7
VOC -14 -37 -51 -23 -14 -2 -18 -0.4
Total -21 -64 -70 -21 -13 -1 -7 -0.7
PM2s
COze -7 -13 -29 -1 -0.7 -2 -1 -0.3
MSATs -15 -44 -54 -30 -18 -3 -21 -0.5
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Noise

Baseline Noise

For the Chicago location, considerable detail was available from project team staff that
completed the original analysis in TNM version 2.5 (lllinois DOT, 2013). Figure 3 shows the
modeled TNM receivers as blue squares. Receivers were selected for sensitive areas, typical
areas, and to determine falloff rates near the Interstate highways.
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Figure 3. Map. Chicago noise modeling receiver locations.
(Source: FHWA.)
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Table 10 shows summary statistics for baseline sound levels in Chicago for each evaluated
hour. Figure 4 shows a cumulative plot of the number of receivers exceeding a given noise level
for each hour. The hour with the highest noise level at the most receivers and the highest
average level was 4:00-5:00 p.m., with 12:00-1:00 p.m. being second. However, 12:00-

1:00 p.m. included the location with the highest noise level for any time period. The FHWA
Noise Abatement Criteria (NAC) of 67 dB(A) for residential and recreational receptors also is
shown as a reference.® Based on this reference, noise levels near the roadway can be quite
high, with noise levels at many locations exceeding the NAC at any hour evaluated.

The greatest sound level was 77.7 dB(A) which is at a parking lot near the Interstate highway at
noon. The lowest sound level, 39.2 dB(A), occurs at midnight in a heavily shielded area of the
UIC Pavilion. Considering all locations, the three daytime time periods are only separated by
0.9 dB(A) for average and maximum levels, showing the small effects of the changing traffic
conditions. At night, even when the traffic volumes are significantly lower than daytime volumes,
only a 3 to 4 dB(A) average reduction occurs compared to the daytime hours. Speeds tended to
be close to free flow at night, compared to congested daytime speeds; and heavy truck volumes
were still one-third to one-half of peak-period volumes even while overall traffic volumes were
reduced by over 80 percent. Volume fractions by hour and vehicle type were based on regional
averages by road type, per data in the DANA tool, rather than facility-specific counts. The
comparison of noise levels by hour suggests that any traffic-only mitigation strategies that are
implemented to help reduce the extent and intensity of the bottleneck in Chicago are unlikely to
significantly change the noise levels in this case study location.

Table 10. Baseline sound levels, Chicago.

Statistic 12:00-1:00 a.m. 7:00-8:00 a.m. 12:00-1:00 p.m. 4:00-5:00 p.m.
Average sound level 59.7 63.3 63.9 64.2
Median sound level 59.7 63.3 63.8 64.4
Minimum sound level 39.2 42.9 44.2 45.0
Maximum sound level 73.3 76.9 77.7 77.2

Note:  Sound levels and changes expressed in dB(A). N = 112 receivers.

FHWA has seven defined activity categories in the NAC as listed in 23CR772 ranging from 57 Leq(h)
to 72 Leq(h). Very sensitive areas are included Activity Category A with the 57 Leq(h) while less
sensitive areas such as hotels are at 72 Leq(h). Areas such as airports have no activity criteria level.
In urban areas, Activity Category B and C are most likely to be the sensitive receivers of concern as
they include residences, day care centers, hospitals, etc.
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Figure 4. Chart. Baseline sound levels for Chicago.
(Source: FHWA.)

Noise Mitigation Strategies

In Chicago, noise mitigation strategies were evaluated for the 4:00-5:00 p.m. hour, since that
hour saw the greatest number of maximum noise levels across the modeled receivers. For the
traffic evaluations using TNM 3.0, Strategies 2 (additional lanes), 3 (truck-only lanes), and 11.2
(electric trucks) were modeled, to show the effects of representative scenarios with the largest
speed and/or volume changes.

Additional Lanes and Electric Trucks

The results of the TNM noise modeling for Scenarios 2 and 11.2 are shown in table 11.
Scenario 3 was modeled using a more limited set of unshielded receptors and is therefore
discussed separately below since the absolute noise values from the different sets of receivers
will not be directly comparable. In the first column, the previous noise level results from the
baseline modeling for 4:00-5:00 p.m. are shown. In the next two columns, the results of the
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modeling done with the altered traffic for each scenario are shown. The last two columns show
the difference (alternate scenario—baseline) comparing the values for all receiver locations. A
positive value indicates the measure increased noise levels compared to the baseline, while a
negative value indicates a decrease in noise levels compared to the baseline.

The changes in sound levels from the scenarios with some of the greatest traffic impacts are
minimal. For Scenario 2, additional lanes to increase capacity, the average noise level
increased by 0.4 dB(A), primarily due to speed increases. In the worst case a 5.4 dB(A)
increase occurred, although a few receivers saw noise decreases of up to 0.9 dB(A).

Scenario 11.2, clean truck corridor/electric charging infrastructure with the 2045 market share,
showed an average decrease of 0.9 dB(A), a best decrease at any receiver of 1.0 dB(A), and no
receivers showing an increase in noise levels. This also shows a “best case” analysis of electric
truck benefits, as it was assumed that all noise from electric trucks was eliminated. Accounting
for pavement/tire noise would reduce the benefits.

Overall, traffic changes of the magnitude considered for the mitigation strategies did not offer
any perceivable noise benefits, and in some cases they cause a small disbenefit as higher
speeds lead to increased noise.

Table 11. Traffic change abatement scenarios, Chicago, 4:00-5:00 p.m.

Indicator S1 S2 S11.2  S2 versus S1 S11.2 versus S1
Average sound level 64.2 64.6 63.4 0.4 -0.9
Median sound level 64.4 64.4 63.5 -0.1 -0.9
Minimum sound level 45.0 45.2 44 1 0.2 -0.9
Maximum sound level 77.0 79.7 76.1 2.7 -0.9
Largest increase - - - 54 N/A
Largest decrease - - - -0.9 -1.0

Note:  Sound levels and changes expressed in dB(A). N = 112 receivers. For the scenario
versus base case comparisons, “average,” “median,” “minimum,” and “maximum” refer
to the change in the indicated statistic across all receivers. “Largest increase” and
“largest decrease” show the largest changes at any individual receiver. An “N/A” value
for “largest increase” means that no individual receivers saw an increase in noise
levels for the mitigation versus base case scenario.

Truck-Only Lanes

The scenario of truck-only lanes (S3) was evaluated using TNM 3.1. Truck-only lanes change
two key noise parameters. If heavy trucks are moved into a separate lane, the trucks are farther
from receiver locations, which reduces noise due to distance. Truck-only lanes could also
change truck speeds and/or general traffic speeds. In this case study, new truck-only lanes
would operate at free flow speeds, but general traffic speeds would stay the same.
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Two separate TNM 3.1 runs were performed to capture the effects of speed versus lane
position. In the first (“S3”), truck speeds were increased but their position remained the same. In
the second (“S3 moved”), truck speeds were increased, and all heavy trucks were moved to the
centermost lanes (one in each direction). This was done for the northbound and southbound
lanes in the northern segment of Interstate 90, away from the interchange. Select receivers that
were unshielded were used for the evaluation since these would most fully capture the effects of
the change. Results are shown in table 12 for both absolute levels and differences from the
base. As expected, the increased speeds resulted in a general increase in noise levels. For the
change in speeds only, noise levels increased by 0.4 dB(A) on average and as much as

1.5 dB(A) at one receiver. Moving the trucks towards the centerline mitigated the increase
slightly, with an average increase of 0.3 dB(A) and a maximum of 1.2 dB(A).

To further test the effects of lane position, two scenarios were combined and evaluated using
TNM 3.1. In this evaluation, the clean truck corridor scenario (S11.2) was combined with moving
all heavy trucks to the inner lanes as before (S3). The effect of S11.2 alone was an average
reduction of 0.9 dB(A) as was shown for all receivers previously. Again, a very small additional
benefit occurred from the change in lane position, as the average decrease was 1.0 dB(A) with
electric trucks plus moving the truck lanes towards the centerline. Repositioning the truck lanes
therefore appears to result in slightly beneficial, but not perceptible, changes in noise levels.

Table 12. Evaluation of truck-only lanes in Chicago, 4:00-5:00 p.m.

S3 S11.2
S3 moved S11.2 moved
S3 S11.2 versus versus versus versus
Indicator S1 S3 moved S11.2 moved S1 S1 S1 S1

Avg. sound level, dB(A) 695 70.0 69.8 68.7 685 04 0.3 -09 1.0
Med. sound level, dB(A) 71.0 713 712 701 70.0 04 0.2 -0.8 -1.0
Min. sound level, dB(A) 60.5 60.7 606 596 59.6 0.2 0.1 -0.9 -0.9
Max. sound level, dB(A) 75.7 764 761 749 748 0.7 0.4 -0.8 -0.9
Largest increase, dB(A) - - - - - 1.5 1.2 N/A  N/A
Largest decrease, dB(A) - - - - - -04 -05 -10 -14

Note:  Sound levels and changes expressed in dB(A). N = 14 receivers.

Figure 5 shows the distribution of the change in sound level at every modeled receiver for the
various scenarios 02 (capacity), 03 (truck-only lanes), 03 moved (truck-only lanes moved), and
11.2 (electric trucks). The figure shows that the majority of receivers experienced an increase in
sound level for S2 and S3 (both variations), with an increase of at least 3 dB(A) at 9 locations
for S2. Sound levels for S11.2 showed a consistent but small decrease. The decrease in sound
level was never greater than 1 dB(A) for any receiver location or mitigation strategy.
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Figure 5. Chart. Change in sound level for strategy versus base condition, Chicago.
(Source: FHWA.)

Buffer Zones

Buffer zones were evaluated by placing receivers at known distances from the edge of the main
lanes to multiple positions along 1-290 and I-90 to evaluate what the front row receiver would be
if a buffer zone was used.'® These receivers are shown as squares in figure 6. Two cases are
shown in table 13 to illustrate results both with and without a noise barrier. If buffer zones of the
indicated distance from centerline was used, a corresponding noise decrease would be
expected. Near Adams Street, west of 1-90 with no obstructions to the roadway, a buffer zone of
100 feet would reduce the noise by 4.8 dB(A) as distance from the roadway is doubled. This is
very much in agreement with the general equation presented in appendix B. If the buffer zone is
increased to 200 feet, only 3.3 dB(A) more reduction is achieved since this is less than a
doubling of the distance. At the Harrison Field location south of 1-290, very different results
occur due to the barrier. In this case, a barrier changes the impact of the roadway since there is
no direct path, and the creation of a shadow zone results in reductions from a 100-foot buffer
zone of only 1.1 dB(A).

% This is intended to be a hypothetical evaluation illustrating what benefits might be possible from buffer

zones if they were feasible. Given the densely built up nature of this particular case study
environment, buffer zones are most likely not feasible to implement in this location.
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These scenarios from Chicago show that 1) noise abatements from traffic changes in bottleneck
locations are unlikely to be substantial; 2) multiple abatement strategies may increase
abatement effectiveness; and that 3) buffer zones, if affordable, could be effective for

unshielded receiver locations.
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Figure 6. Diagram. Evaluation of buffer zones in Chicago.

Table 13. Buffer zone benefits without and with noise barrier (4:00-5:00 p.m.)

Receiver Location Distance from Centerline (feet) LAeq, dB(A)

Harrison Field (barrier) 50 64.9
100 64.7
200 63.6

N of Adams (no barrier) 100 70.1
200 65.3
300 62.0
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5.0 Houston Case Study

The Houston case study focused on access to the Barbours Cut Terminal of the Port of Houston
from SH 146. The Port of Houston is a major seaport generating high volumes of truck traffic.

Roadways and Traffic Data

Table 14 lists the roadway segments modeled for the Houston case study. The roads include
SH 146—the freeway providing access to the Barbours Cut Terminal; Barbours Cut Boulevard,
which provides access from 146; and the frontage roads along SH 146 south of Barbours Cut
Boulevard. The frontage roads were not included in the DANA tool data but were included for
the purpose of modeling additional mitigation strategies.

Table 14. Houston case study roadway segments.

Map Key Description TMC 1 Direction 1 TMC 2 Direction 2

1 SH 146 South of Barbours Cut  112+04429 NB 112-04428 SB

2 SH 146, North of Barbours 112P04429 NB 112N04429 SB
Cut—SH 225

3 9 St./10™ St. (SH 146 N/A - N/A -
Frontage Road) S of Barbours
Cut

4 Barbours Cut Boulevard, N. 9" 112-51047 WB 112+51048 EB
to N. Broadway

5 Barbours Cut Boulevard, N. 112-51048 WB 112451049 EB
Broadway to Lobit

6 Barbours Cut Boulevard, Lobit 112-51051 WB 112+51052 EB
to Vinsonia

7 Truck idle outside of port - - - -
terminal

8 Operation within Barbour’s Cut - - - -

terminal (1 hour per truck @
2.5 mph average speed)

Figure 7 shows the location of these segments on a map (dashed lines) as well as receptor
areas (solid polygons).
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Figure 7. Map. Houston case study roadway segments and receptor areas.

(Source: FHWA, Base map source: Google Earth.)

For the Houston case study, baseline speed and volume data from the DANA tool were
supplemented with 2018 traffic count data from the Texas DOT (TXDOT). The TXDOT data was
used to provide volumes on the frontage roads and also to split the volumes on Barbours Cut
Boulevard by vehicle type. The default vehicle type splits in the DANA tool did not appear to
reflect the high numbers of trucks using this road as a port access, and the TXDOT data
included classification counts at one location. The same percentage of trucks was applied to
total volumes on other segments on the street.

Mitigation Strategies
Table 15 shows the mitigation strategies considered and key data sources and assumptions

used in the Houston case study. Shaded rows labeled “N/A” are strategies that were considered
but not modeled, for reasons explained in the table.
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Table 15. Mitigation strategies and evaluation approaches: Houston case study.

Mitigation Data Sources and

S# Strategy Specific Project Concept Assumptions

2 Additional lanes Roadway capacity does not appear to N/A
to increase be a limiting factor on truck movement in
capacity the study area. Speed data suggests

that there is very little congestion on 146
even during peak periods.

3 Truck-only New truck-only direct connector between Shift trucks on frontage roads
lanes Barbours Cut Boulevard (BCB) and south of BCB onto SH 146.

SH 146. Based on truck volumes on
BCB (average of 3 segments
from TXDOT counts), assume
40% are headed SB on 146,
and subtract from frontage road
truck volume from TXDOT
counts. The shifted trucks are
assumed to operate at mainline
speeds rather than frontage
road speeds.

4 New roadway None—New roadways would not help to N/A

mitigate emissions or noise in this area.

5 Geometric Evaluated as part of Strategy 3 (new N/A
design changes truck-only direct connector).

6 TSMO None—There is only one signalized N/A
strategies intersection on BCB between 146 and

the terminal. Speed data suggests that

there is very little congestion on 146

even during peak periods. Therefore, it
does not appear that TSMO strategies
hold much promise for reducing
emissions or noise in this location.

7 Speed limit/ Lowering speed limit on SH 146 to Reduce speeds greater than
speed 55 mph with enforcement. 55 mph on SH 146 to 55 mph.
management

8 Restricting or  None. No feasible alternate routes in N/A
rerouting trucks area.

9 Accelerated Assume the Port of Houston and/or Run MOVES separately for

and retirement/ other regional agencies implement default (county) age distribution

10 clean truck effective incentives or requirements for and 2007+ age distribution.
replacement;  migration to post-2007 trucks for all Apply post-2007 emissions
engine and trucks serving local/regional destinations results to truck volumes on
powertrain (assumed to be all trucks in study area).” study area links. Pre-2007
retrofits, trucks represented 17% of

alternative fuels

study area trucks.
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Table 15. Mitigation strategies and evaluation approaches: Houston case study

(continuation).

Mitigation
S# Strategy Specific Project Concept Data Sources and Assumptions
11 Clean truck Port, regional and multistate corridor Based on NREL Electrification
corridor; policies and investments (including Futures Study “medium” case
electric truck charging infrastructure) to projections of truck electrification,?
charging encourage the use of electric trucks. exclude 5.2% of MDTs (type 50)
infrastructure and 3.0% of HDTs (type 60) for
2030 case (S11.1) from emissions
calculations (including for idle
links), and exclude 45.4% of MDTs
(type 50) and 20.1% of HDTs (type
60) for 2045 case (S11.2).
12  Intermodal 12.1: Process improvements from 12.1: Reduce idling time by 10%
facility capacity switching to electronic forms; gate  based on data from Port of
and efficiency expansion and security Houston on benefits of process
improvements. improvements.
12.2: Optimize drayage trips through 12.2: Remove 13% of combination
improved and coordinated dispatch truck trips from BCB, based on trip
algorithms. reduction estimated from modeling
of prototype Freight Advanced
Traveler Information System
(FRATIS) implementation in
Memphis.® Remove 40% of these
trucks (based on maximum BCB
volume segment) from frontage
roads (south of BCB) and 40%
from SH146 north of BCB.*
13  Truck to rail Implement container rail drayage Remove 400 combination truck
mode shift service between Bayport and trips per day from SH 146 frontage
Barbours Cut. roads and BCB.® Apply daily %
change in combo truck volume to
each hour. Apply same % change
for Vinsonia-Lobit section as for
Lobit-9™" (fewer than 400 trucks,
since some entrances to port are
west of that segment).
14  Truck to water No market was identified to shift N/A
mode shift truck traffic from this corridor to
water.
15 Noise barriers Not modeled—tested in the Tacoma N/A
case study.
16  Quiet pavement Not modeled—tested in the Tacoma N/A

case study.
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Table 15. Mitigation strategies and evaluation approaches: Houston case study
(continuation).

Mitigation Data Sources and
S# Strategy Specific Project Concept Assumptions
17 Helmholtz Not modeled—no methodology in TNM. N/A
resonators
18 Buffer zones  Hypothetical undeveloped buffer zone to Receivers at regular distances
SH 146. from the roadway were
evaluated in an unobstructed
location.
19  Vegetation Hypothetical tree zone adjacent to Receivers were placed in and
SH 146. behind a tree zone in TNM 3.1.
19  Vegetation Hypothetical tree zone adjacent to Receivers were placed in and
SH 146. behind a tree zone in TNM 3.1.

Nearly all of the trucks using SH 146 that do not stop at Barbours Cut should also have at
least one destination within the region, since 146 leads to Galveston Island and is not on the
shortest path for any through traffic. Data from the FHWA Freight Analysis Framework 4
(FAF4) database confirms this, showing an estimated 91 percent of truck traffic north of
Barbours Cut Boulevard and 98 percent of truck traffic south of Barbours Cut Boulevard is
not in the FAF4 database and can therefore be considered local.

NREL describes the “medium” scenario as: a future with widespread electrification among
the “low-hanging fruit” opportunities in electric vehicles ... but one that does not result in
transformational change (Mai et al, 2018).

FHWA (2018).

Assumes split of traffic accessing terminal to be 40 percent northbound—highway,
40 percent southbound—highway, and 20 percent local. Actual origin/destination data was
not available.

In July 2021, 297,610 loaded and empty containers moved through the Port of Houston'’s
container terminals, or an average of around 6,860 loaded plus 2,740 empty containers per
day. In the absence of available data, and broadly assuming throughput is distributed by
terminal capacity, daily throughput at Barbours Cut and Bayport terminals is potentially
around 4,800 ton-equivalent units. Commodity Waybill Public Use Sample data from the
Bureau of Transportation Statistics (https://prod.stb.gov/reports-data/waybill/#Public-Use)
show that trains are generally around 40 carloads in the Houston region. The rail
connections around Bayport have a total capacity of 850 cars and so we compare 10 trains
moving 40 carloads (approximately 47 percent of nearby rail capacity and 8.3 percent of
daily throughput) to 400 combination trucks moving one container.
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Emissions

Baseline Emissions

Total study area emissions for the Houston baseline case are shown in table 16. Baseline
results show that modeled emissions for all pollutants are higher during the PM peak hour than
the AM peak hour. The largest difference in emissions is observed for CO, which is 33 percent
higher during the afternoon. The other pollutants show modest differences between the

2 periods, ranging from of 8—13 percent. Traffic data shows an overall increase of 19 percent
during the afternoon hour, a reduction in average speed from 41 mph to 38 mph and an
increase of 20 percent in the truck traffic volume.

Table 16. Total emissions for Houston baseline case.

Pollutant Emissions in AM peak hour (kg) Emissions in PM peak hour (kg)
CO 18 21

NOx 23 25

VOC 1.6 1.7

Total PM2s 1.2 1.3

CO2e 5,651 6,335

MSATs 0.20 0.22

Emissions on the study links are dominated by heavy trucks coming to and from the port,
especially for NO4, PM.s, and VOC, with heavy trucks generating over 90 percent of VOCs and
about 98 percent of NOx and PM emissions. The inclusion of truck idle outside the port and
operation within the Barbours Cut terminal was very consequential, contributing 60—-80 percent
of case study NO,, VOC and PMsdepending on the hour and pollutant. In-terminal operation
for this analysis was estimated based on a prior study of Port of Houston turn times, indicating
that trucks spend roughly 1 hour on average within Barbours Cut terminal, mostly idling. "'

Emissions Effects of Mitigation Strategies

Percent changes in emissions for all study links in the Houston case study are shown in

table 17. In this case study, Scenario 3 (adding a truck-only exit) showed very little benefit due
to a small difference between emissions at speeds on frontage roads versus the mainline
(table 17). For speed management the shift from 55 mph was relatively small, and actually
resulted in an increase in light-duty vehicle emissions due to the speed effects estimated by
MOVES in that speed range. Replacement of old trucks (or engines) serving the port showed
the largest reduction in emissions, cutting total VOC and PM. s roughly in half and NOy by

20 percent, though greenhouse gas benefits are much smaller. Similar to Chicago, reductions
from truck electrification scenarios depend on the penetration rate of clean trucks. For this port-

" Stanard et al, “Measurement and Analysis of the Operations of Drayage Trucks in the Houston Area

in Terms of Activities and Exhaust Emissions,” SAE Int J Commer Veh. 2018; 11(2): 77-92.
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focused scenario, shifting local drayage to rail and reducing bobtail trips reduced emissions of
all pollutants 13—19 percent, and 8—13 percent respectively. Although the idle reduction
scenario was modest (assuming a 10 percent reduction in idle as proxy for efficiency
improvements at port gates and in-terminal), the subsequent impact on total emissions was
meaningful, in the range of 6 to 9 percent.

Table 17. Percent change in emissions from Houston baseline case.

S11.1— S11.2—
S3— S9— Clean Clean S12— S12.2—
Truck- S7— Replace Trucks Trucks Idle Drayage $S13—
Peak Only Speed Oid 2030 2045 Reduc- Optimi- Rail
Hour Pollutant Lane Mgmt. Trucks Share Share tion zation Shift
AM  CO -0.1 0 -8 -2 -14 -6 -9 -13
NOx -0.1 0 -21 -3 -20 -8 -13 -19
VOC -0.1 1 -56 -3 -20 -9 -13 -19
Total PM2s  -0.2 0 -47 -2 -1 -8 -13 -19
CO2e -0.1 0 -4 -3 -18 -7 -10 -15
MSATSs -0.1 0 -60 -3 -20 -9 -13 -19
PM  CO -0.1 0 -7 -2 -13 -5 -8 -11
NOx -0.1 0 -21 -3 -20 -8 -13 -19
VOC -0.1 0 -55 -3 -20 -8 -12 -18
Total PM2s  -0.2 0 -46 -2 -1 -7 -13 -19
COze -0.1 0 -4 -3 -18 -6 -10 -15
MSATSs -0.1 0 -59 -3 -20 -8 -13 -19
Noise

Baseline Noise

Figure 8 shows the TNM 3.0 receivers set up to be modeled for the Houston location. Receivers
are shown as blue squares. Receiver locations were selected along the freeway and Barbours
Cut Boulevard for sensitive receptors, typical areas, and for determining fall-off rates where
objects were not present.
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Figure 8. Map. Houston noise modeling receiver locations.

(Source: FHWA.)

Summary statistics for the baseline noise levels are shown in table 18, and a cumulative plot of
receivers by noise level is shown in figure 9. The midday hour, 12:00-1:00 p.m., was the hour
with the greatest number of receivers with the loudest noise level, with 7:00-8:00 a.m. being
very close. The noon time period also included the greatest noise level predicted. Many near-

road receiver locations are experiencing high noise levels, as indicated by a comparison to the
FHWA NAC for residential and other sensitive receptors.
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A total of 29 receiver locations were successfully modeled for baseline conditions to provide a
representative range of the changes expected from various mitigation strategies. The greatest
sound level was 73.1 dB(A) near SH 146 during the noon time period. This receptor is near
residential housing. The lowest sound level, 50.6 dB(A), occurred at midnight at a local area
shopping area, 500 feet away from the roadway and shielded by other buildings. Location is the
most important parameter. Traffic volumes, speeds, and vehicle mix only have measurable effects
for very large changes.

Considering all locations, the daytime time periods are only separated by about 1 dB(A) for both
average and maximum noise levels, showing the small effects of the changing daytime traffic
conditions. At night, however, when the traffic volumes are much lower, noise levels are on
average 8 dB(A) lower than in the daytime. This shows that very large reductions in relative traffic
volumes can have a noticeable noise benefit in some circumstances.

Heavy truck volumes in the 12:00-1:00 a.m. hour were less than one-quarter of daytime volumes
on SH 146 and zero or near zero on Barbours Cut Boulevard; volumes of all traffic were 80-90
percent lower at night than during the day at most locations. Speeds were generally similar across
time periods, except for some reductions during the afternoon peak (from 60 to 45-50 mph) on
SH 146 and some variations in the 15—-30 mph range along Barbours Cut Boulevard. The
residential NAC are exceeded at over 40 percent of locations during the daytime, but are not
exceeded in the midnight hour.

Table 18. Baseline sound levels, Houston.

Statistic 12:00-1:00 a.m. 7:00-8:00 a.m. 12:00-1:00 p.m. 4:00-5:00 p.m.
Average sound level 58.2 66.2 66.4 65.4
Median sound level 58.1 65.9 66.3 65.0
Minimum sound level 50.6 58.4 59.2 58.1
Maximum sound level 65.2 72.9 73.1 72.2

Note:  Sound levels and changes expressed in dB(A). N = 29 receivers.
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Figure 9. Chart. Cumulative baseline sound levels for Houston.
(Source: FHWA.)

Noise Mitigation Strategies

For noise mitigation, Scenarios 3 (truck-only lanes) and 7 (speed management) were modeled
to illustrate changes in noise levels that might occur from changes in traffic conditions. Buffer
zones (Scenario 18) and vegetation (Scenario 19) also were modeled. The 12:00-1:00 p.m.
hour was modeled for this case study since that hour showed the highest overall noise levels in
the base case.

Summary statistics for the traffic strategies are shown in table 19. The greatest reduction is
0.8 dB(A) in both scenarios. The average reductions were 0.3 and 0.6 dB(A) for S3 and S7,
respectively. Overall, the traffic changes produce modest reductions in noise levels but the
changes are not perceptible.
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Table 19. Traffic change abatement scenarios, Houston, 12:00-1:00 p.m.

Indicator S1 S3 S7 S3 versus S1 S7 versus S1
Average sound level 66.4 66.1 65.9 -0.3 -0.6
Median sound level 66.3 65.8 65.8 -0.5 -0.5
Minimum sound level 59.2 58.8 58.9 -04 -0.3
Maximum sound level 731 73.3 72.8 0.2 0.3
Largest increase - - - 0.2 N/A
Largest decrease - - - -0.8 -0.8

Note:  Sound levels and changes expressed in dB(A). N = 29 receivers. For the scenario
versus base case comparisons, “average,” “median,” “minimum,” and “maximum” refer
to the change in the indicated statistic across all receivers. “Largest increase” and
“largest decrease” show the largest changes at any individual receiver. A “N/A” value
for “largest increase” means that no individual receivers saw an increase in noise
levels for the mitigation versus base case scenario.

Buffer zones (Scenario 18) were evaluated using the same approach used in the Chicago
example. In table 20, the numbers for the receiver names indicate distance from the edge of
roadway. Compared to a location 50 feet from the roadway, an additional 50-foot buffer (100-
foot position) provided a 2.5 dB(A) reduction, and an additional 350 foot-buffer (400-foot
position) provided nearly 10 dB(A) reduction. This is in somewhat general agreement with the
general equation presented in the literature review.

Table 20. Results of buffer zone and vegetation scenarios, Houston.

Receiver Distance from Base Case— With Tree Zone Noise Change from
Name Roadway (feet) 12:00 p.m., dB(A) dB(A) Tree Zone, dB(A)
50'TZ 50 72.5 71.2 -1.3

100' TZ 100 70.0 66.6 -3.4

400' TZ 400 62.7 53.5 -9.2

800’ TZ 800 57.9 50.3 -7.6

Note:  The 200-foot location results did not compute and therefore results are not shown.

Vegetation (Scenario 19) also was evaluated for the Houston example by modeling a tree zone
near the roadway, within TNM 3.1. The tree zone modeled is substantial in area (see figure 10)
and uses an average height of 15 feet on loose soil (flow resistivity of 500 cgs Rayls'?). A
comparison was made using the base case S1 for the worst hour modeled, 12:00-1:00 p.m.
Receivers (shown in the figure as labeled squares) were added at doublings of distance from

2 This is a unit of measure for specific acoustic impedance (energy of sound wave entering the surface.

1 Rayl equals 1 barye-second per centimeter or 1 dyne-second per cubic centimeter; the cgs
indicates the metric system (centimeter-gram-second) is used.
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the roadway (50, 100, 200, 400 and 800 feet from the edge of roadway). The last receiver was
behind the tree zone to show overall benefit. Table 20 shows the results. Example figures in
FHWA guidance show that a 61-meter (200 feet) width of dense vegetation can reduce noise by
10 decibels. In this analysis, TNM 3.1 showed about one-half of this benefit, with a reduction of

3.4 decibels for a 100-foot tree zone or 9.2 decibels for a 400-foot tree zone, compared to
receivers at the same distance with no trees.
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Figure 10. Map. Receivers and tree zone added for vegetation analysis.

(Source: FHWA.)

Results from Houston show that again the traffic changes are not sufficient to produce
perceivable changes in the traffic noise. The use of buffer zones and tree zones (vegetation) did

prove to be effective, but would require substantial area which may be cost prohibitive in
bottleneck locations.
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6.0 Tacoma Case Study

The Tacoma case study focused on Interstate 5 and local streets in the vicinity of the Port of
Tacoma. The I-5 segment between Seattle and Tacoma is among the top 25 truck bottlenecks
in the United States based on annual truck hours of delay per mile. The Port of Tacoma also is
a major seaport generating high volumes of truck traffic.

Roadways and Traffic Data

Table 21 lists the roadway segments modeled for the Tacoma case study. Segments 3 and 4
are future planned roadways that have not yet been built. They were included to test an
alternative that included a new roadway segment, specifically, extension of a new limited-
access State Route (SR) 167 northwest from its current intersection with SR 161 to I-5,
continuing to a new limited-access extension of SR 509 that would connect with existing SR 509
just east of the Port of Tacoma. Traffic volumes and speeds for the baseline analysis for these
unbuilt segments were set to zero.

Table 21. Tacoma case study roadway segments.

Map Key Description TMC 1 Direction 1 TMC 2 Direction 2

1 I-5 East of 54" Avenue E 114P04176 EBI[NB] 114N04176 WB [SB]

2 [-5 54™ Avenue E to Port of 114P04175 EBI[NB] 114-04175 WB [SB]
Tacoma Road

3 SR 509 ext SR 509 to I-5 N/A EB N/A WB
(future roadway)

4 SR 167 ext SR 512 to SR 161 N/A EB N/A WB

(future roadway)
54 Avenue E I-5 to E 4" St. 114P08032 NB 114N08032 SB

Valley Avenue E 54" Avenue E  114-11520 EB 114+11521 WB
to 70" Avenue

8 Port of Tacoma Gate Queue N/A N/A N/A N/A
Idling (aggregate reflecting
multiple gates)

Figure 11 shows the location of these segments on a map (dashed lines). Receptor areas also
are outlined in the figure (solid polygons). Pockets of residential development are found
scattered throughout the study area, as well as a high school adjacent to 20" Street and 54
Ave E. Roadway segments in addition to I-5 were selected for being proximate to these receptor
areas and also being on the NHS and therefore having data in the DANA tool.
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Figure 11. Map. Tacoma case study roadway segments and receptor areas.

(Source: FHWA, Base map source: Google Earth.)

For the Tacoma case study, baseline speed and volume data were taken directly from the
DANA tool with one exception. For the I-5 segment east of 54" Avenue E, the hourly volume
fractions for Pierce County seemed highly unusual and inconsistent with the fractions for the
adjacent I-5 segment. Upon closer inspection the data associated with the month of November
appeared reasonable, but all of the other months did not appear reasonable. Therefore, the
hourly distribution associated with November was used.

Mitigation Strategies

Table 22 shows the mitigation strategies considered and key data sources and assumptions
used in the Tacoma case study. Shaded rows labeled “N/A” are strategies that were considered
but not modeled, for reasons explained in the table.
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Table 22. Mitigation strategies and evaluation approaches: Tacoma case study.

Mitigation

Strategy Specific Project Concept Data Sources and Assumptions
Additional lanes None—lane addition has not N/A
to increase been evaluated in this
capacity corridor.

Truck-only lanes One truck-only lane in each  Increase truck speeds on I-5 links to
direction on I-5, in addition to 60 mph (approximate free flow speed
existing general-purpose based on 12:00-1:00 a.m. DANA tool
lanes. data) and place truck lanes on inside of

highway. This scenario also was
combined with electric trucks for the
noise analysis in the Tacoma case study.

New roadway  New proposed extension of Modeling for SR 167 completion project.

SR 167 and SR 509, Use projected 2045 AM and PM peak
providing direct highway hour volumes for SR 167 extension and
access from existing SR 167 SR 509 spur from SR 167 Reevaluation
highway to the Port of Transportation Discipline Report
Tacoma. (Washington State DOT [WSDOT],

2018), at a speed of 55 mph.
Estimate truck volumes based on county
truck percentages by road type.

Geometric I-5/Port of Tacoma Based on modeling for this proposed
design changes interchange redesign and C/D project. Increase midday and PM peak-
roads. period speeds on I-5 SB by 15% based

on project analysis that improvements
will increase PM peak-period area
speeds by 15-20%. Reduce traffic
volumes on |-5 SB (54" Avenue to Port
of Tacoma Road) by 2% based on
project estimate of overall 2% VMT
reduction from geometric changes.’

TSMO Signal retiming and Increase speeds on 54" Avenue
strategies coordination on 54" Avenue, between I-5 and E. 4" Street by 20%,
as proposed in the Tideflats  representing a proposed project to
and Port of Tacoma retime and coordinate five signals on
Intelligent Transportation 54" Avenue Effectiveness based on
System (ITS) Strategic Plan  references in the ITS Strategic Plan that
(2015). (in general) signal retiming may reduce

total corridor travel time between 7 and
25% and coordinated signal timing
reduces delay between 5 and 20%.

Speed limit/ Lowering speed limit on I-5 to Reduce speeds greater than 55 mph to
speed 55 mph with enforcement. 55 mph.
management
Restricting or ~ Evaluated for noise only— Evaluated using hypothetical volume
rerouting trucks restricting trucks on 20% changes on a local street.

Avenue.
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Table 22. Mitigation strategies and evaluation approaches: Tacoma case study

(continuation).

S#

Mitigation
Strategy

Specific Project Concept

Data Sources and Assumptions

9 and Accelerated

Port of Tacoma Drayage Truck

Assume 100% compliance with

10 retirement/ Emission Reduction Program— program.?2 Run MOVES separately for
clean truck requires 2007 or newer engine; default (county) age distribution and
replacement; offers scrappage bonuses. 2007+ age distribution. Do this for all
engine and trucks as sensitivity case (S9a), and
powertrain then for port trucks only (S9b, 39% of
retrofits, all combination trucks) by weighting
alternative emissions totals for each link by daily
fuels port-originating truck volumes by link

estimated by Port of Tacoma (2016) as
a fraction of total truck trips on the link

(DANA tool). Pre-2007 trucks represent
13% of all trucks in S9a and 5% in S9b.

11.1  Clean truck Regional and multistate corridor Based on NREL Electrification Futures

11.2 corridor; policies and investments Study “medium” case projections of
electric (including truck charging truck electrification,® exclude 5.2% of
charging infrastructure) to encourage the MDTs (type 50) and 3.0% of HDTs
infrastructure use of electric trucks. I-5 is a (type 60) for 2030 case (S11.1) from

Federally designated Alternative emissions calculations (including for
Fuels Corridor as well as the idle links), and exclude 45.4% of MDTs
multistate designated I-5 Clean (type 50) and 20.1% of HDTs (type 60)
Energy Corridor. for 2045 case (S11.2).

12 Intermodal 12.1 The Port of Tacoma’s 12.1 Assume 10% of arriving trucks
facility vehicle wait time awareness shift their arrival times to avoid 30
capacity and program (posting turn times) is minutes of idling (one-half of average
efficiency intended to reduce emissions.  turn time), applied to 1,740 daily trips at

12.2 Optimize drayage trips the Pierce County Terminal per 2016

through improved and cordon study.*

coordinated dispatch algorithms. 12.2 Assume 13% reduction in
combination truck bobtail/deadhead
trips, based on trip reduction estimated
from modeling of prototype FRATIS
implementation in Memphis. Apply this
to 49% “dual transaction” trips.® Further
apply to trips with local destinations on
54™ Avenue and Valley Avenue, as
estimated from Port of Tacoma (2016).

13 Truck torail The Washington Grain Train Estimate based on trucks displaced by
mode shift serves over 2,500 cooperative ~ the Grain Train. The Washington State

members carrying grain from
regions along the Columbia River
to the deepwater ports on the
Puget Sound with a goal of using
rail cars to remove trucks from
the local roads and highways.

Grain Train Program Strategic Plan
2017-2027 (WSDOT, 2017) notes
1,350 carloads per year carried in 2016.
This is estimated to correspond to
4,875 trucks per year or about 19 trucks
per day removed from |-5.7
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Table 22. Mitigation strategies and evaluation approaches: Tacoma case study
(continuation).

Mitigation
S# Strategy Specific Project Concept Data Sources and Assumptions
14 Truck to water None. While there is a small N/A
mode shift short-sea-shipping operation for
Boeing cargo at the port, no data
was identified to do a quantitative
analysis of this strategy.
15 Noise barriers Noise barrier along I-5. Varying heights modeled using TNM.
16 Quiet Use of open-graded instead of = Modeled using TNM.
pavement average pavement.
17 Helmholtz Not modeled—no methodology in N/A
resonators TNM.
18 Buffer zones Not modeled—tested in the N/A
Chicago and Houston case
studies.
19  Vegetation Not modeled—tested in the N/A
Houston case study.
20 Noise Not modeled—no methodology in N/A

insulation TNM.

See: Fife BUILD grant 2020 CBA.xIsb.

As of early 2022, the Port of Tacoma reports that this strategy has effectively been
implemented, with nearly 100 percent of trucks in compliance (email from Graham
VanderSchelden, Environmental Project Manager Port of Tacoma, March 15, 2022).

NREL describes the “medium” scenario as: a future with widespread electrification among
the “low-hanging fruit” opportunities in electric vehicles ... but one that does not result in
transformational change (Mai et al, 2018).

Pierce County Terminal selected as the analysis terminal because it is closest to residential
areas. Queuing areas at other terminals are not located near residential areas. Average turn
time of about 60 minutes is for the Pierce County Terminal for last 30 days posted as of
July 1, 2021—see: https://www.nwseaportalliance.com/cargo-operations/cameras-truck-
turn-times/historical-terminal-data.

FHWA (2018).

Email from Zachary Thomas, Director, Operations Service Center, Port of Tacoma,
September 16™, 2021.

Based on the density of wheat and capacity of a standard grain semitruck, one train with 72
cars is estimated to carry as much grain as 260 trucks. Therefore, one rail car is ~3.6 trucks,
for around 4,875 annual displaced truck trips.
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Emissions

Baseline Emissions

The Tacoma case study shows that modeled emissions for all criteria pollutants are higher
during the PM hour than the AM peak hour (table 23). The largest difference in emissions is
observed for CO and PM. s, which are 66 percent and 48 percent higher during the afternoon,
while other pollutants are 18 to 37 percent higher in the afternoon than in the morning. The
increase in emissions is consistent with the increase in congestion levels. During the PM peak
hour, traffic data shows an increase in total traffic volume of 20 percent, particularly due to light-
duty vehicles. The overall average speed is reduced from 34 mph to 28 mph, representing a
reduction of 19 percent from the mean average speed observed during the morning.

Table 23. Emissions of criteria pollutants for Tacoma baseline case.

Pollutant Emissions in AM peak hour (kg) Emissions in PM peak hour (kg)
CO 88 146

NOx 26 31

VOC 2.2 3.0

Total PM25 0.9 1.3

CO2e 14,579 18,959

MSATs 0.22 0.29

The baseline emissions modeled for the Tacoma case study indicate that heavy-duty trucks
dominate emissions of NOx and PM.s. CO is dominated by light-duty vehicles and VOC
emissions are shared more evenly between the light-duty and heavy-duty fleet, with the major
contribution shifting from heavy-duty in the morning to light-duty in the afternoon, consistent with
the volume increase of the light-duty fleet. For NOx and PMzs, the share from heavy-duty trucks
ranges between 74—78 percent, for VOC ranges between 43-52 percent and for CO is only 10—
14 percent. Other than the VOC changes mentioned, there are no other significant shifts
between morning and afternoon hours.

In terms of the contribution from specific roadway segments modeled, the distribution of
emissions between links changes depending on the pollutant because of the existence of an
idle link. For CO, VOC and PM. s emissions, the major contributor is I-5 between 54" Ave and
Port of Tacoma Road. In the case of NOy, the idle link is the major contributor to emissions
during the AM hour (38 percent) while during the afternoon its contribution is slightly lower
(32 percent) compared to that of the I-5 segment (34 percent).

Emissions Effects of Mitigation Strategies

Results from mitigation scenarios modeled in Tacoma are shown in table 24 and table 25, and
reflect some features of the scenarios unique to Tacoma. Similar to Chicago, truck-only lanes
show a significant benefit, as they address the congestion on the highest volume and emissions
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roadway link in the study, I-5; and clean truck strategies show similar relative reductions to
Chicago and Houston. Unlike Chicago, however, TSMO strategies show little impact because
they were limited to one surface street, 54" Avenue, which contributed relatively little to overall
case study emissions. When emissions changes were examined only for the street with the
improvements, they were more significant, in the range of 4 to 10 percent of total emissions
generated on that link. Another anomaly in Tacoma’s case study results is Scenario 4 (new
roadway)—while the additional road capacity is meant to spread truck traffic and alleviate
congestion over the broader geographic area, the effect on the smaller case study area is a
significant increase in emissions from the additional truck volume diverted to the new study area
roadway, which is not offset by decreases in volumes on other study area roads. When the new
roadways are excluded, total emissions generally decreased by a small amount (0.1 to 4
percent), although there were modest increases in NOy (0.3 percent) and PM.s (4 percent) in
the morning peak.'® Results from Scenario 5, geometric roadway changes, mirror modest
changes in speed and VMT for the scenario. Similar to Houston, speed management has
minimal impact, and in fact shows an increase in PM..s due to the effect of speed changes on
light vehicles.

Port truck idle reduction and drayage optimization (Scenarios 12.1 and 12.2) both show small
overall improvements, since port trucks are a smaller contributor to the Tacoma case study total
emissions compared to Houston. Localized benefits may be larger, as the drayage optimization
was estimated to reduce truck traffic on 54" Avenue by about 7 percent, reducing both link and
idle emissions in the vicinity of the port entrance. Scenario 9, removing pre-2007 trucks, is
presented for the case where the strategy is applied to all trucks (9a), and port trucks only (9b),
to show the sensitivity of emissions to this strategy at different levels. On |-5 the estimated port
truck fraction ranged from 14—24 percent depending on direction, while for the surface streets
near the port the fraction was much higher, ranging from 47—77 percent. With port idle
emissions attributed 100 percent to port trucks, the overall reductions for Scenario 9b are still
significant, showing how targeted strategies at goods movement hubs can be an effective
means for reducing hot spot emissions near those hubs.

¥ The proposed new roadway does result in a significant decrease in truck volume and emissions on

some local streets, including Valley Avenue and 54" Avenue modeled in this case study, as well as
other streets not modeled here. A comprehensive assessment of the net change in emissions would
require modeling all of the roadways in a broad geographic area affected by traffic volume changes,
which was beyond the scope of this analysis.
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Table 24. Percent change in emissions from Tacoma baseline case (S3-S6).

S4—Add
New S6—TSMO
S4—Add Roads strategies
S3— New (Existing S5— S6—TSMO (54"
Truck- Roads (All  Links Geometric strategies Avenue
Time Pollutant Only Lane Links) Only) Changes (All Links) Only)
AM CO -1 59 -1 -1 -1 -4
NOx -5 36 0.3 0 -1 -7
VOC -3 42 -0.1 0 -1 -7
Total PM25 -15 37 4 0 -2 -10
CO2e -1 56 -1 -1 -1 -6
MSATs -4 38 -0.1 0 -1 -8
PM CO -2 40 -2 -3 -1 -4
NO« -15 26 -2 -3 0 -6
VOC -8 25 -4 -5 -1 -6
Total PM2s -33 15 -4 -7 -1 -9
COze -4 40 -2 -3 -1 -7
MSATs -10 23 -0.1 -5 -1 -7

Table 25. Percent change in emissions from Tacoma baseline case (S7-S12.2).

9a— 9b— S$11.1— $S11.2—

S7— Replace Replace Clean Clean S$12.1— S$12.2—

Speed All Pre- Pre-2007 Trucks Trucks Idle Drayage

manage- 2007 Port 2030 2045 Reduc- Optimi-

Time Pollutant ment Trucks Trucks Share Share tion zation
AM CO 0 -1 -0.6 -1 -4 0 -0.3
NOx 0 -16 -8 -3 -19 -4 -3
VOC 0 -21 -16 -2 -14 -3 -2
Total PM2s 0 -37 -23 -2 -14 -2 -2
CO2e 0 -1 0 -1 -10 -1 -0.8
MSATSs 0 -28 -21 -2 -17 -3 -0.8
PM  CO 0 -0.6 -0.3 0 -3 0 -0.2
NOx 0 -14 -6 -3 -18 -3 -2
VOC 1 -17 -11 -2 -12 -2 -1
Total PM2s 1 -29 -16 -2 -1 -2 -1
CO2e 0 -1 0 -1 -8 -1 -0.5
MSATSs 1 -23 -15 -2 -15 -2 -0.5
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Noise

Baseline Noise

Figure 12 shows the modeled links, nodes, and noise receptor locations (blue squares) as seen
in the plan view of TNM 3.0. Receiver locations were selected with sensitive receptors in mind.
A total of 73 receivers were evaluated for baseline conditions near both I-5 and the local roads
in the study area, with additional receivers modeled to test specific noise mitigation strategies.
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Figure 12. Map. Noise modeling links and receptors, Tacoma.

(Source: FHWA.)

Statistics for the modeled values for the baseline case are reported in table 26 and a plot of
receivers rank-ordered by noise level is shown in figure 13. The solid horizontal line shows the
FHWA NAC as a reference. In the Tacoma case study, the 12:00-1:00 p.m. hour had the
greatest number receivers with higher noise levels. However, the 4:00-5:00 p.m. hour had the
greatest noise level modeled at 77.2 dB(A). The loudest value was very close to the bottleneck
roadway (Interstate 5) while the quieter value was away from the main roadway and shielded.
The difference in the overall averages at the receiver locations for the daylight hours was only
0.5 dB(A) on average and for the maximum values.
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However, at night a much larger reduction of over 7 dB(A) occurs compared to daytime levels.
On I-5, overall traffic volumes were reduced by 85-90 percent in the 12:00-1:00 a.m. hour
compared to the peak hours, although truck traffic was only reduced by just over half. On local
streets, both truck traffic and total traffic were around 90-95 percent lower in the 12:00-1:00
a.m. hour compared to the peak hours. The differences in truck traffic changes for I-5 versus
local streets are reflected in the figure which shows that the receptors with the highest noise
levels—generally those closest to I-5—also showed the least reduction for the nighttime versus
daytime hours.

Average truck speeds on I-5 varied from 16 to 55 mph during the peak hours, depending on the
segment and time period, compared to 12:00-1:00 a.m. speeds of 48 to 61 mph. The limited
variation in noise levels, compared to the high variation in speeds, across the daytime hours
suggests that traffic and truck volumes, not speeds, are the main factor driving changes in noise
levels in the observed ranges. The results also suggest that very large relative changes in truck
traffic volumes must occur to create meaningful noise reductions.

Table 26. Baseline sound levels, Tacoma.

Statistic 12:00-1:00 a.m. 7:00-8:00 a.m. 12:00-1:00 p.m. 4:00-5:00 p.m.
Average sound level 54.9 62.2 62.6 62.1
Median sound level 52.0 61.7 62.2 61.1
Minimum sound level 39.1 44.7 44.6 44.5
Maximum sound level 71.4 771 76.7 77.2

Note:  Sound levels and changes expressed in dB(A). N = 72 receivers.
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Figure 13. Chart. Cumulative baseline sound levels for Tacoma.

(Source: FHWA.)
Noise Mitigation Strategies

Nine strategies were modeled for noise abatement effects using TNM in Tacoma, including two
electric truck market penetration scenarios and a scenario in which electric trucks and truck
lanes were combined. Since the Tacoma case study included the broadest set of potential air
and noise mitigation strategies, more noise strategies were modeled in Tacoma than for other
case studies in order to show the range of results that might be expected from the various
strategies and to show the extent to which results might vary by hour of the day.

Traffic and Clean Vehicle Strategies

Traffic strategies included Scenario 3 + 11.2 (truck-only lanes on I-5 with high market penetration
of electric trucks), 5 (geometric design at an interchange), 6 (TSMO, specifically signal timing and
coordination on one arterial street), 7 (speed limit management on 1-5), 8 (restricting trucks from a
local street), and 13 (truck to rail mode shift). The electric truck strategies (11.1 and 11.2) also are
shown here since they are modeled by removing trucks. The results of the noise modeling using
TNM 3.0 are shown in table 27 and table 28, with the rank order of receivers by decibel change
shown in figure 14. Table 27 shows the relevant TNM 3.0 modeled values for the relevant
baseline case and the evaluated scenarios as described in table 26. Table 28 shows the
comparative difference between the baseline value and the abatement scenario value (baseline—
abatement scenario) for the 12:00-1:00 p.m. hour. Figure 15 shows the change in sound levels
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for the 7:00-8:00 a.m., 12:00-1:00 p.m., and 4:00-5:00 p.m. hours for Scenario 3 + 11.2. This is
the only scenario for which changes differed appreciably by hour of the day.

Overall, the changes in noise from the modeled traffic scenarios are minimal (never more than
1.5 dB(A), with the exception of Scenario 3 in the AM peak hour), and in many cases there is an
increase in noise levels, often due to increased speed. The best scenario, with the greatest
average decrease in sound levels, is Scenario 11.2 (clean truck corridor/electric changing
infrastructure).This scenario is represented by significant volume reductions for medium and
heavy-duty trucks (45.4 and 20.1 percent, respectively), with speeds remaining the same. For
this case an average noise reduction of 0.8 dB(A) and a maximum noise reduction of 1.3 dB(A)
occur. This is not a perceptible change. The scenario offering the greatest reduction for any
receiver [2.8 dB(A)] is Scenario 3+11.2, truck-only lanes with electric trucks. However, some
noise increases also occur. Scenario 6, TSMO strategies, provided a reduction of up to 2.6
dB(A) at a receiver but had increases elsewhere. These scenarios had changes at the edge of
perception for the best-case receivers.

Table 27. Traffic and clean vehicle abatement scenarios, Tacoma, 12:00-1:00 p.m.

Statistic S1 S$3+11.2 S5 S6 S$11.1 S$11.2 S$13
Average sound level 62.5 62.3 62.6 62.4 62.3 61.6 62.5
Median sound level 62.1 61.6 62.2 62.0 62.0 61.3 62.1

Minimum sound level 44.6 44.5 44.7 44.6 44.2 43.8 44.6

Maximum sound level 76.7 76.6 76.8 76.7 75.9 76.2 76.7

Note:  Sound levels and changes expressed in dB(A). N = 71 receivers.
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Table 28. Differences between baseline and mitigation scenarios, Tacoma, 12:00-

1:00 p.m.
S3+11.2 S5 S6 S11.1 S$11.2 S13

S3+11.2 12- S3+11.2 12— 12— 12— 12— 12—
Statistic 7-8a.m. 1p.m. 4-5p.m. 1p.m. 1p.m. 1p.m. 1p.m. 1p.m.
Average -04 -0.2 -0.4 0.1 -0.1 -0.2 -0.8 0.0
sound level
Median -0.5 -0.1 -0.3 0.1 0.0 -0.1 -0.8 0.0
sound level
Minimum -0.6 -0.1 -04 0.1 0.0 -04 -0.8 0.0
sound level
Maximum 0.1 -0.1 0.0 0.1 0.0 -0.8 -0.5 0.0
sound level
Largest 2.2 1.5 1.1 04 0.1 0.0 N/A 0.0
increase
Largest -2.8 -1.3 -1.5 0.0 -0.8 -0.8 -1.3 0.0
decrease

Note:  Sound levels and changes expressed in dB(A), all differences compared to S1
(baseline). N = 71 receivers. For the scenario versus base case comparisons, “average,”
“median,” “minimum,” and “maximum” refer to the change in the indicated statistic across
all receivers. “Largest increase” and “largest decrease” show the largest changes at any
individual receiver. A “N/A” value for “largest increase” means that no individual receivers
saw an increase in noise levels for the mitigation versus base case scenario.
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Figure 14. Chart. Change in sound levels for traffic mitigation strategies, Tacoma, 12:00-
1:00 p.m.

(Source: FHWA.)
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Figure 15. Chart. Change in sound levels by hour for truck lanes and electric trucks,
Tacoma.

(Source: FHWA.)

If the same volume changes were applied to local streets as were applied to main roads, there
could be perceptible noise abatement since the lower total volumes on these roadways would
make the relative volume changes much more significant. Local roadways also are likely to be
closer to sensitive noise receivers. A simple example is shown for the Tacoma case study. Most
of the side roads are in industrial areas where noise reductions may not be necessary.
However, one scenario was evaluated for Valley Avenue East where it passes multifamily
housing. The heavy truck volume change from Scenario 11.2, high market penetration electric
trucks, was applied to total truck volumes on this street. In this case the noise was reduced by
about 1 dB(A) at the nearby receivers, 7, 8 and 9. Next, a hypothetical situation was reviewed
where 80 percent of heavy trucks were either converted to electric drive or rerouted or
rescheduled away from the evaluation hour. In this case, a meaningful noise reduction of
approximately 6 dB(A) occurred as shown in table 29.
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Table 29. Local road analysis traffic, Valley Avenue East (7:00-8:00 a.m.)

Heavy Truck Speed
Vehicle Type S1 Volume S$12.2 Volume Reroute Volume (mph)
Cars 501 501 501 15.1
Medium Truck 75 41 41 16.4
Heavy Truck 22 17 3 16.4

Table 30. Local road analysis sound levels [dB(A)], Valley Avenue East (7:00-8:00 a.m.)

Receiver S1 S$12.2 Heavy Truck Reroute
7 63.8 62.7 56.7
8 60.9 59.8 53.8
9 58.0 571 51.1

Noise Barriers

A simple noise barrier scenario was modeled along a section of Interstate 5 (see figure 16) by
evaluating barriers of two heights (10 and 20 feet) along the edge of the right-of-way (the center
median barrier shown in the figure is an existing, short Jersey-type barrier). Receivers along the
Interstate were compared for 12:00 p.m. traffic with and without the noise barriers of different
heights. Table 31 shows the results for the receivers in the immediate area.

For receivers 13, 14, 15, 65 and 72, which are in the front row of receivers but not located close
to large buildings, a 10-foot barrier reduces noise by 4 to 11 dB(A), while a 20-foot barrier
reduces noise by 11 to 13 dB(A). In some cases, the presence of large buildings magnifies the
benefits of the noise barrier. For the 10-foot barrier, attenuations of up to 17 dB(A) occur in
some locations where large buildings are present. A 20-foot barrier provides a noise abatement
of up to 21 dB(A) at receiver 67, which is also shielded by large buildings. The results are in the
range of the expected benefits of noise barriers. The results also suggest that additional
attenuation could be obtained during project and site planning by jointly considering the
placement of buildings and noise barriers.
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Figure 16. Map. Noise barrier inserted along I-5 right-of-way.
(Source: FHWA.)
Table 31. Noise reduction due to barrier on Interstate 5.
With 20’ Noise With 10' Noise

No Barrier, Barrier, Change from Barrier, Change from
Statistic LAeq LAeq 20' Barrier LAeq 10" Barrier
Average sound level 68.6 55.1 -13.5 58.2 -10.4
Median sound level 68.1 54 .4 -13.7 56.1 -12.0
Minimum sound level 60.7 47.3 -13.4 49.5 -11.2
Maximum sound level 76.9 64.4 -12.5 69.6 -7.3
Largest increase - - N/A - N/A
Largest decrease - - -21.2 - -17.4

Note:  Sound levels and changes expressed in dB(A), all differences compared to S1
(baseline). N = 35 receivers, which are in the immediate vicinity of the mitigation
measure and are therefore most affected; the average change across all study area
receivers will be smaller. For the scenario versus base case comparisons, “average,”
‘median,” “minimum,” and “maximum” refer to the change in the indicated statistic
across all receivers in the modeled subset. “Largest increase” and “largest decrease”
show the largest changes at any individual receiver. A “N/A” value for “largest increase”
means that no individual receivers saw an increase in noise levels for the mitigation
versus base case scenario.
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Low-Noise Pavement

Using TNM 3.1, quieter pavement in the form of open graded asphalt was compared to the base
case which used average pavement, with summary results shown in table 32. Looking at results
by receiver, receivers near the higher speed roadways typically had 0.5 dB(A) or greater of
reduction and those near lower speed roadways had reductions of less than 0.5 dB(A). These
results show smaller differences than reported in the literature for low-noise pavements. This is
likely at least in part because the comparison being made is to an “average” pavement value
rather than to higher-noise pavements, and because of limitations on the range of pavement
types modeled in TNM.

Table 32. Comparison of average and open graded pavement.

S1, Base Case, S$1, Open Graded, Difference Open
Statistic Hour 12 Hour 12 Graded—Base
Average sound level 63.2 62.6 -0.6
Median sound level 62.3 61.9 -0.4
Minimum sound level 49.7 49.6 -0.1
Maximum sound level 76.7 75.7 -1.0
Largest increase - - 1.6
Largest decrease - - -1.3

Note:  Sound levels and changes expressed in dB(A). N = 68 receivers. For the scenario
versus base case comparisons, “average,” “median,” “minimum,” and “maximum” refer
to the change in the indicated statistic across all receivers. “Largest increase” and
“largest decrease” show the largest changes at any individual receiver.

Combination of Strategies

In some cases it may be possible to combine abatement strategies, including both traffic and
nontraffic strategies. Figure 17 shows an analysis area located between Interstate 5 and

20" Street East. A noise barrier could be used to abate the Interstate highway noise since the
bottleneck traffic solution scenarios do not appear to provide sufficient noise reductions. On 20t
Street, however, a truck traffic change could have more effect.

To review this type of combination, a barrier was placed along I-5 and two scenarios were
tested on the local street (20" Street) using TNM 3.0. Passenger car volumes of 250 per hour
were left unchanged. However, in a separate run this road was assumed to be a secondary port
road and medium trucks were reduced from 50 to 25 and heavy trucks from 25 to 3 per hour.

As shown in table 33, noise levels were reduced by approximately 2 to 5 dB(A) for the first-row
receivers. Note that some receivers with building shielding (e.g., receiver 81) show less of an
effect but the unshielded receivers (e.g., receiver 84) show reductions that would be readily
noticeable to residents. These reductions were not possible without first mitigating the noise
from Interstate 5.
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Table 33. Comparison of removing truck traffic from a local road.

With Truck With Reduced Change From Reduced
Receiver Name Traffic Truck Traffic Truck Traffic
Receiver-76 56.0 52.2 -3.8
Receiver-77 54.4 50.7 -3.7
Receiver-81 48.1 46.2 -1.9
Receiver-82 53.0 50.4 -2.6
Receiver-83 54.7 50.8 -3.9
Receiver-84 59.7 54.7 -5.0

$oincos

> 4_ %Dint—1z?—

F}intJBT * IDintJBE

Figure 17. Map. Front row of noise receivers near 20'" Street.
(Source: FHWA.)
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7.0 Implementation Challenges and Solutions

This section provides information on the implementation challenges associated with emissions
and noise mitigation strategies at truck bottleneck locations, as well as potential solutions to
those challenges.

To identify implementation challenges and solutions, the project team:

e Consulted internal experts who have worked with State, regional, and local agencies to
consider and evaluate these strategies, to identify their lessons learned.

e Reviewed existing U.S. and (to the extent relevant) international literature.

e Conducted interviews with staff at five State and metropolitan transportation planning
agencies to identify additional, general lessons learned with respect to implementation of
truck emissions and noise mitigation strategies. Agencies represented in the interviews
included the New Mexico and Wisconsin DOTSs; the Greater Nashville Regional Commission
and the Capital Region Planning Commission of Louisiana, the Metropolitan Planning
Organizations (MPO) for Nashville, TN and Baton Rouge, LA, respectively; and the Port of
Los Angeles.

Some challenges will affect whether the strategy can be implemented in a specific location (e.g.,
can the roadway be widened or not); while others will affect the degree to which the strategy
can be implemented (e.g., how much truck-rail mode shifting will occur?) Some challenges are
highly context/situation specific, while others are universal.

Assessment of Implementation Challenges

To begin this assessment, table 34 identifies for each strategy, two indicators of how
challenging and feasible the mitigation strategy appears to be:
e The degree of implementation in practice—how much has the strategy been attempted?

e How effective have these implementation efforts been at achieving their objectives, including
effects (such as improved traffic flow) that may reduce truck noise and emissions?
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Table 34. Mitigation strategy implementation and effectiveness.

S# Mitigation Strategy

Degree of
Implementation
in Practice/[Examples

How Effective Have
Implementation Efforts Been?

2 Additional lanes to
increase capacity

Done in many locations;
feasibility varies by
context.

Effective at short-term traffic flow
improvements; long-term effects
less certain due to induced
demand.

3 Truck-only lanes

A number of proposals but
very few examples in
practice—two existing and
one proposed location in
Southern California, one
being evaluated in
Georgia.

Modeling studies have shown
proposed lanes to be effective at
improving flow and reducing
emissions (Kim et al, 2018).

4 New roadway

Done in many locations;
feasibility varies by
context.

Effective at improving traffic flow or
redirecting traffic, but often only
shifts location of emissions or noise
impact rather than overall impact.
May provide benefit where traffic
can be diverted away from more
sensitive receptors.

5 Geometric design
changes

Done in many locations;
feasibility varies by
context.

Effective at improving traffic flow.

6 TSMO strategies

Done in many locations.

Effective at improving traffic flow.

7 Speed limit/speed
management

Implemented in a few
locations for traffic
management purposes
(and broadly in the case of
the National 55-mph speed
limit).

Has generally been very difficult to
enforce, with observed speed
reductions much less than change
in speed limit.

8 Restricting or
rerouting trucks

A number of cities have
designated truck routes
with restrictions on other
roads.

Effective at redirecting traffic and
may improve traffic flow, but often
only shifts location of emissions or
noise away from more sensitive
receptors.

9 Accelerated
retirement/clean
truck replacement

Implemented mainly at a
few major port facilities.

Effective at turning over older truck
engine technology.

10 Engine and
powertrain retrofits,
alternative fuels

Implemented in many
areas through funding/
incentive programs.

Effective on a per-vehicle basis but
market penetration/fleet size is
generally limited.

11 Clean truck corridor;
electric charging
infrastructure

Increasing number of
corridors designated and
serviced in many States.

Emerging strategy—currently
effects are small but likely to
increase significantly in the future
as technology is developed.
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Table 34. Mitigation strategy implementation and effectiveness (continuation).

S#

Mitigation Strategy

Degree of
Implementation
in Practice/[Examples

How Effective Have
Implementation Efforts Been?

12

Intermodal facility
capacity and
efficiency

Improvements (capacity
and/or operational)
implemented in a number
of port and intermodal
facility locations.

There have been some
demonstrated reductions in wait
times and idling, although for other
specific strategies, benefits have
not been documented.

13

Truck to rail mode
shift

A substantial volume of
freight already moves by
rail. Many States and
regions have considered
mode shift strategies as
part of freight plans.

There have been some successes
in achieving additional mode shift,
but generally small fractions of
additional tonnage have been
shifted compared to the overall
scale of freight movement.

14

Truck to water mode
shift

A substantial volume of

freight already moves by
water. Some States and
regions have considered
mode shift strategies as

part of freight plans.

There have been some successes
in achieving additional mode shift,
but generally very small fractions of
additional tonnage have been
shifted compared to the overall
scale of freight movement.

15

Noise barriers

Widely implemented.

Generally effective across all time
periods although in some cases
barriers may have unintended
consequences (e.g., reflected noise
elsewhere).

16

Low-noise pavement

Implemented in a few
cases, primarily on higher
speed roadways.

Proven initial effectiveness, but
long-term effectiveness (~7 years)
may degrade and be affected by
maintenance practices.

17 Helmholtz Very limited Proven effectiveness but limited
resonators implementation. use due to other considerations
such as maintenance.
18 Buffer zones Implemented in limited Effectiveness in proportion to buffer

cases where sufficient
right-of-way (ROW) is
available.

distance but is not linear and rate
reduces with distance requiring
large buffers that may be
impractical from a land use or cost
perspective.

19 Vegetation Implemented in limited Only effective with a wide and
cases where sufficient dense belt of vegetation but thinner
ROW is available. stands can still provide
psychological benefit.
20 Building insulation Implemented in a few Effective for indoor noise exposure

cases.

in targeted buildings.
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Table 35 continues by listing implementation challenges for each strategy. The table identifies
how much the challenge might be a barrier (high, medium, low); the extent to which the
challenge is universal versus context specific; factors that influence the degree of challenge;
and potential solutions.

Implementation costs to the public sector are a universal implementation challenge and are
considered separately in table 36, which discusses the relative cost of the strategy and potential
funding sources.
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Table 35. Mitigation strategy challenges and potential solutions.

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
2 Additional lanes ROW constraint; Varies, low to  Number of lanes added; extent Early public involvement to build
to increase need for takings.' high. of property takings required; understanding of project need and
capacity degree of community support  support for project.
for j[he project; extent to which Offering fair and appropriate
project encroaches on compensation or mitigation.
environmentally sensitive Project design/alignment to minimize
areas. takings.
Additional lanes Opposition to Varies, low to Local politics/public opinion Careful evaluation of all benefits and
to increase highway capacity high. may have a strong effect in impacts of project, including modeling
capacity expansion due to addition to physical context of induced demand, economic benefits,
environmental or the expansion project. emissions effects, etc.
community impact Environmental mitigation measures
concerns. (e.g., emissions offsets, wetlands
mitigation, community benefits).
3 Truck-only ROW constraint, Usually Number of lanes added (if any), See Strategy #2.
lanes especially if lanes are moderate to  directionality, and type of
added; need for high. separation; other factors per
ROW acquisition. Strategy 2. (Often a larger
ROW requirement than for lane
addition since additional space
required for lane separation
and transition areas.)
Truck-only Opposition from truck Varies. Whether use of lanes is If lanes are tolled, price in proportion
lanes drivers if lanes are required, whether use is tolled, to congestion on main lines and
tolled. and travel time benefits relative associated travel time savings for
to toll paid. trucks, so that truck drivers always
receive a net benefit.
4 New roadway See Strategy #2—  See Strategy = See Strategy #2—similar See Strategy #2—similar challenges
similar challenges #2—similar challenges and solutions. and solutions.
and solutions. challenges and
solutions.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
5  Geometric ROW constraint; Usually low Depends on nature of changes, See Strategy #2.
design changes need for ROW to moderate. but generally smaller footprint
acquisition. than additional lanes.
6 TSMO Institutional Low to Not a problem for traffic Regional or multi-jurisdictional
strategies coordination for traffic moderate. operations on roads under a initiatives to coordinate TSMO
controls operated by single jurisdiction, but implementation.
different agencies/ coordination may be a challenge Funding for under-resourced agencies
jurisdictions. when multiple facility operators, to implement strategies/technologies
law enforcement, etc. are (e.g., signal coordination support for
involved. smaller municipalities).
TSMO For information- Moderate to Depends on the specific strategy. Qutreach to information recipients to
strategies based strategies, the high. In many cases there may be understand opportunities and barriers
degree to which the other reasons why a driver is not for behavior change.
information is gble to ”.“ake use of_the . Outreach to information recipients to
accessed and used information (e.g., shift arrival to a understand the best methods for
by drivers to change less congested time). communicating relevant information.
behavior in a way
that reduces
emissions or noise.
7 Speed limit/ Enforcement to High This challenge is universally Information campaigns to raise
speed ensure driver observed, especially for locations awareness of lowered speeds and
management  compliance with where the proposed speed limit  penalties for noncompliance.

speed limits.

is atypically low for the facility
type or appears to drivers to be
lower than the roadway would
safely support.

Automated enforcement methods to
reduce personnel costs and increase
enforcement coverage.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
8 Restricting or ~ Finding suitable Moderate to Local/regional street network and Analysis to identify lowest-impact
rerouting trucks routes that allow high. existing land use affect viability of routes considering both user costs and
truck drivers to alternative routing. impacts on receptor populations.
access their
destinations without
undue inconvenience
while rerouting from
sensitive areas.
Restricting or ~ Providing information Low to Less of an issue where most Provide clear signage and online
rerouting trucks regarding designated moderate. trucks are repeating the same maps/information identifying
and restricted routes routes and learn the best routes designated and restricted routes.
to truck drivers. over time. Make information available through
open-source interfaces and traffic
information providers.
Restricting or  Enforcing compliance Low to Most truck drivers will comply if ~ State or municipal leadership needs to
rerouting trucks with truck route moderate. they are aware of requirements  set the expectation that law
restrictions. and have reasonable enforcement agencies will understand
alternatives. and enforce requirements.
9  Accelerated Limited regulatory Moderate to Port authorities have been able  If regulatory authority cannot be

retirement/clean
truck
replacement

authority to
implement or enforce
a requirement on
truck age or turnover.

high.

to require post-2007 engines for obtained or is politically not feasible,
trucks operating on port property, use a voluntary or incentive-based
but no municipality or State has approach such as cash incentives or

yet implemented a broader loans for new vehicle purchase, or
mandate. A State might be able graduated vehicle registration or
to do so through registration facility access fees.

requirements, but a municipality
would be less likely to have any
legal authority.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
9  Accelerated Opposition or lack of High Generally universal Provide information about available
retirement/clean interest from truck (requirements). concerns. technology options and their performance
truck owners/operators due Moderate and cost impacts, including any benefits
replacement to concerns regarding (voluntary of the technology to the vehicle owner or
costs, downtime, programs). operator.
and/or performance. Make vehicle or engine replacement as
easy as possible (minimal downtime).
Provide financing or fully subsidize cost
differential.
When designing the program make sure
truck owners and operators are included
in discussions so that provisions do not
create an undue burden.
Focus on large fleets that have the most
vehicles and that are likely to have more
capacity for absorbing costs and/or
vehicle downtime as well as interests in
demonstrating sustainability.
Accelerated Lack of any ability to High. Depends on degree to which Partner with neighboring jurisdictions on
retirement/clean influence “through” traffic in bottleneck areais  multiregion/multistate policies and
truck traffic that does not local versus through trips.  programs.
replacement serve local
destinations.
10 Engine and See Strategy #9—  See Strategy See Strategy #9—similar See Strategy #9—similar challenges and
powertrain similar challenges #9—similar challenges and solutions. solutions.
retrofits, and solutions. challenges and
alternative fuels solutions.

72



Addressing Truck Emissions and Noise at Truck Freight Bottlenecks

Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
11 Clean truck Finding suitable Low. Generally, should be able to Partner with private infrastructure and
corridor; electric locations and integrate with extensive network service providers to build out
charging operators for of existing gas/diesel refueling  infrastructure.
infrastructure  refueling/charging stations. Look for opportunities to use public
infrastructure. . )
property and piggyback on public fleet
clean fuels (e.g., maintenance yards).
Provide funding guarantees/gap
finance if short-term market is too
uncertain to support private
investment.
Clean truck Availability of vehicle Moderate to Depends on specific Initiate demonstration projects using
corridor; electric technology that high. technology—compressed natural public-sector applications to test
charging meets cost and gas technology is proven, but technology.
infrastructure  performance hydrogen and electric truck Work with larger locally based fleets
requirements for the technologies are nascent.

that have the capacity to absorb risks
and finance technology development/
testing.

Conduct outreach to vehicle and fleet
owners/operators to understand
performance requirements and
educate on available technologies and

specific application.

incentives.
12  Intermodal Physical land Varies. Context-specific depending upon Design/engineering to minimize
facility capacity constraints on available property and adjacent footprint or repurpose underutilized
and efficiency terminal or gate area land use. areas.

capacity expansion.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
12  Intermodal Ability to adjust High. Scheduling, and hours of Conduct outreach to shippers/
facility capacity - arrival to off-peak operation. operators to understand opportunities
and efficiency  times may be limited and challenges for time shifting.
by d(_allvery fc?edule Implement pricing strategies (e.qg.,
rehguwemenj or time-dependent fees) to provide an
SNIPPers an incentive to shift to off-peak times.
receivers.
Intermodal Ability to reduce Moderate to Nature and origins of local haul  Conduct outreach to shippers and
facility .ce'lpacity bobtails or empty high. movements. operators to understand opportunities
and efficiency ~ backhauls may be and challenges for reducing empty
limited by balance of trips.
flows or requirements En
) courage use of drayage
for matching loads to optimization tools.
vehicles.
Intermodal ~ Hours of operations  Low to Local labor requirements. Financial incentives negotiated with
fac(;llt)]/crcgpamty requirements. moderate. | creased truck operations during Union contracts.
and efriciency evening hours may increase
impact on residential receptors.
13 Truck to rail Requirements for Varies. Product- and route-specific. Conduct outreach to shippers and
mode shift timeliness of product Often a barrier for goods that are third-party logistics providers to
delivery. time sensitive, especially for understand potential for mode shift in
markets with limited rail service. particular markets.
Truck to rail Additional handling  Varies. Product- and route-specific. Develop marketing material for Short
mode shift costs by shippers. Modal transfers incur additional Line railroads and work with American

costs even if per-mile cost is
lower by truck than rail.

Association of Railroads to identify and
market to potential customers.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
13  Truck to rail Complexity, funding, High. Depends on the needs for Multistate/corridor-wide freight plans.
mode shift and time improved service in a particular Partnerships with railways, ports, and
requirements for a corridor/market, but typically long- 4o owners/operators’to pric;ritize
comprehensive set of distance routes served by rail will improvements and identify funding
rail infrastructure require capital improvements SOUrCesS.
improvements. across multiple locations managed
by multiple entities.
14  Truck to water Requirements for High. Similar to #13; water-specific See Strategy #13.
mode shift timeliness of product factors may include seasonal
delivery and closures (e.g., freezing) and
additional handling congestion at locks.
costs by shippers.
15 Noise barriers ROW requirements. Low to May be a problem (or require See Strategy #2 re: ROW constraint.
moderate. higher costs) in constrained
locations.
Noise barriers  Visual/aesthetic and Low to May depend on how visible the Context-sensitive barrier designs.
access concerns. moderate. barr_ier is to nearby residents and Barrier aesthetic design, vegetation as
businesses. screening or green barrier.
16 Low-noise Safety issues (e.g., Moderate Depends on material/surface type. Use pavement materials/surface
pavement reduction in surface  to high. treatments demonstrated to have good
friction). surface friction performance.
Low-noise Maintenance needs; Low to Depends on material/surface type Use pavement materials/surface
pavement loss of noise moderate. and amount of noise reduction treatments selected for acoustic

reduction over time.

needed.

durability.

Build maintenance requirements
and/or shorter resurfacing times into
lifecycle cost assessment of strategy.
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Table 35. Mitigation strategy challenges and potential solutions (continuation).

Mitigation Degree of
S# Strategy Challenge Barrier Influencing Factors Potential Solutions
16 Low-noise Lack of familiarity Low to Depends on contractor familiarity Research and seek approval for
pavement among contractors or high. with method, local area appropriate treatments meeting safety
inclusion in standard characteristics, and agency and maintenance criteria, develop
specifications. endorsement/specification. standard specifications, and educate
contractors.
17 Helmholtz Unfamiliar technique Moderate Depending on application, may Build maintenance requirements into
resonators with limited data on  to High. require periodic cleaning or soil lifecycle cost assessment strategy.
effectiveness and removal.
appropriate uses, and
potential maintenance
concerns.
18 Buffer zones Right-of-way cost and High. Density of development, property  Obtaining and reserving the necessary
availability. values. ROW is likely to be impractical in most
if not all major bottleneck locations.
19 Vegetation Right-of-way cost and High. Density of development, property  Obtaining and reserving the necessary
availability. values, local climate. ROW is likely to be impractical in most
major bottleneck locations.
20 Building Need to coordinate  Moderate Number and type of properties, Favorable and easy-to-use incentives;
insulation with numerous private to High. tenancy status, any language or  one-stop contracting.
property owners. cultural barriers.
Building Ownership turnover Moderate. Rate of turnover of property Program maintenance/continuity
insulation (future purchase of ownership. (make incentives/assistance available
uninsulated property to future buyers).
by someone more
sensitive to noise
impacts).
Building Decision of which Moderate. Type of receiver location, lack of  Use of criteria for determination.
insulation locations will receive other mitigation strategies.

the benefit.

' This is partly a cost issue but can also delay the project due to legal challenges or restrictions (e.g., wetlands takings).
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Table 36. Mitigation strategy costs and funding sources.

S#

Mitigation Strategy

Relative Cost’

Potential Funding Sources

Additional lanes to
increase capacity

High.

Federal-Aid Highway Program funds, State
highway program funds, tolling.

3  Truck-only lanes High. Federal-Aid Highway Program funds, State

highway program funds, tolling.

4  New roadway High. Federal-Aid Highway Program funds, State

highway program funds, tolling.

5  Geometric design Moderate. Federal-Aid Highway Program funds, State
changes highway program funds, tolling.

6  TSMO strategies Low to Moderate.  Federal-Aid Highway Program funds, State

highway program funds, tolling.

7  Speed limit/speed Low—mainly for ~ Federal and State highway funding
management enforcement. programs for signage and information,

potentially for law enforcement costs.

8  Restricting or rerouting Low. Federal and State highway funding
trucks programs for signage and information,

potentially for law enforcement costs.

9  Accelerated retirement/ High. FHWA Congestion Mitigation and Air Quality
clean truck replacement Improvement (CMAQ) Program, EPA

emission reduction programs, State
emission reduction programs (some States).

10 Retrofits, engine and High. FHWA CMAQ Program, EPA emission
powertrain, alternative reduction programs, State emission
fuels reduction programs (some States).

11 Clean truck corridor; Moderate FHWA CMAQ program (nonattainment
electric charging (infrastructure). areas), other Federal grant programs, State
infrastructure High (including electrification/alternative fuel programs

vehicle costs— (some States), public-private partnerships
potentially offset by (finance via operating cost savings/revenue
fuel savings). generation).

12 Intermodal facility Low (information or Port fees, United States DOT (USDOT)
capacity and efficiency operations), grant programs.

Moderate to High
(capacity/
infrastructure).

13 Truck to rail mode shift High. USDOT grant programs, State funding,

public-private partnerships.

14  Truck to water mode High. USDOT grant programs, State funding,
shift public-private partnerships.

15 Noise barriers Moderate. Federal-Aid Highway Program funds, State

highway program funds, port authorities,
developers/property owners.
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Table 36. Mitigation strategy costs and funding sources (continuation).

S# Mitigation Strategy Relative Cost' Potential Funding Sources

16 Low-noise pavement Low to Moderate. Federal-Aid Highway Program funds, State
highway program funds, municipal funds.

17 Helmholtz resonators Low to Moderate.  State highway program funds.

18 Buffer zones High. Federal-Aid Highway Program funds, State
highway program funds.

19 Vegetation Low to Moderate. Federal-Aid Highway Program funds, State
highway program funds.

20 Building insulation Moderate. Federal-Aid Highway Program funds, State

highway program funds, developers/
property owners.

' Relative cost for a typical application affecting a significant fraction of truck traffic at a
corridor/bottleneck: Low—=<$1 million; Moderate—~$1-low $10s of millions; High—$10s to
$100s of millions of dollars.

Summary of Challenges and Potential Solutions

The challenges and solutions discussed in the previous section point to multiple common
themes. The nature of the challenges and potential solutions varies somewhat depending upon
whether the strategy is focused on infrastructure and operations implemented by the
transportation system owner (e.g., State or local transportation agency, port authority, railroad),
or on vehicle, fuels, or information technology adopted by the fransportation system user (e.g.,
vehicle and fleet owners, operators, shippers). Still, there are many commonalities:

e Listen and understand.

- For infrastructure and operations projects, various stakeholders may need to play a role
in implementing the solution (e.g., State and municipal transportation agencies, port
authorities) or will be affected by the solution (e.g., nearby residents and business
owners, landowners). Hear what their needs and concerns are and work collaboratively
on project designs that address these needs and concerns.

- For vehicle, fuels, and information technology projects, entities (e.g., vehicle owners,
vehicle operators, shippers) will need to change behavior to implement the solution.
Understand opportunities (how the solution would benefit them), challenges, and what it
might take to implement the solution. Partner on developing and testing solutions where
appropriate, making it as easy as possible for people to participate.

- For all projects, involve the State or regional freight advisory committee or council(s) to
ensure that the strategy to address the bottleneck is fully understood and supported.™
No single agency is responsible for implementing most of the strategies analyzed, and
the champion of a strategy may not have authority for implementing that strategy.

" States are strongly encouraged to establish freight advisory committees under U.S. code (49 U.S.C.

Sec. 70201), and MPOs may also establish such committees.
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Freight advisory committees can be an effective vehicle for coordinating the activities
of State DOTSs, municipalities, port authorities, motor vehicle departments, private fleet
operators, law enforcement agencies, and others to implement bottleneck solutions.
Identify problems that are held in common and ways in which all responsible parties
could benefit.

Educate and inform.

For infrastructure and operations projects, affected stakeholders will need to support the
project. Demonstrate the benefits and importance of the proposed project. Help
stakeholders understand and weigh the tradeoffs among the different solutions or
alternatives considered.

For venhicle, fuels, and information technology projects, vehicle owners and operators
may not be aware of the solution (e.g., availability of funds for clean truck replacement)
or may not understand how the program will benefit them. Some large fleets may take
actions with social responsibility goals, but for the most part truck owners and operators
will need to understand how the solution can benefit them directly (e.g., better fuel
economy, lower maintenance cost). Outreach should target the audience, e.g., including
translations to reach drivers for whom English is not the native language.

For all projects, involve the State or regional freight advisory committee or council(s) to
ensure that the strategy to address the bottleneck is fully understood and supported.
Consider social benefits, not just benefits to the implementing agency. Ensure that public
communication accurately describe the project and its potential benefits and impacts
from the start — there is often not a second chance to make a first impression.

Test.

For infrastructure and operations projects using innovative or unproven technologies
(such as pavements or traffic controls), find controlled locations where the improvement
can be proven safe and effective.

For vehicle, fuels, and information technology projects, implement demonstration
projects, with public and/or willing private entities, to test new technologies, refine, and
demonstrate benefits.

Leverage.

For infrastructure and operations projects, coordinate with and piggyback on other
efforts that may create synergies, such as including freight information systems in a
regional ITS plan or constructing buildings in such a way to create noise abatement.

For vehicle, fuels, and information technology projects, start with low-hanging fruit, e.g.,
large fleets or lower-cost applications, before trying to influence smaller operators or
markets or implementing higher-cost technologies.

For all projects, make sure the strategy is listed in the State Freight Plan so that if funds
become available those will be justified.

Present solutions that show multiple benefits and that benefit all parties involved.

Coordinate. A large fraction of truck traffic provides interstate or long-distance goods
movement services—meaning that strategies to make trucks cleaner or reduce truck traffic
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volumes may require coordination across multiple jurisdictions. Multistate partnerships may
be needed to implement strategies such as clean fuels corridors and rail infrastructure
improvements. Rail, port, and intermodal terminal operators need to be included in
developing infrastructure and operations strategies to support truck-rail or truck-water mode
shift. Again, the freight advisory committee can serve as a forum for coordination.

e Support financing.

- For infrastructure and operations projects, some entities (such as small municipalities
having jurisdiction over port access roads) may not have the technical or financial
resources to implement solutions. State or regional funding can assist with local projects
creating regional benefits.

- For vehicle, fuels, and information technology projects, some strategies will result in
operating cost savings over time (e.g., to vehicle or facility owners and operators) but
require higher up-front costs. Programs such as grants, loans, and public-private
partnerships can help overcome initial challenges of finding initial capital, especially for
undercapitalized entities such as individual owners/operators.

¢ Increase funding. Some challenges can be overcome by designing more expensive
solutions. However, a determination needs to be made that the added cost is worth the
benefits that are provided—and that scarce resources should be allocated from other
actions that also have benefits.

e Mitigate other impacts. For negative impacts that cannot be avoided, work with stakeholders
and concerned parties to identify and implement appropriate measures to mitigate or offset
these impacts. “Do no harm”—do not create one problem by solving another.

80



Addressing Truck Emissions and Noise at Truck Freight Bottlenecks

8.0 Conclusions on Emissions and Noise Benefits

Estimates of emissions and noise associated with traffic at truck bottleneck locations in
Chicago, Houston, and Tacoma illustrate how heavy-duty trucks contribute to emissions and
noise at and around these bottlenecks. Analysis of potential mitigation strategies in each
location shows how emissions and noise might be affected by various strategies. Findings are
shown for an urban freeway setting (Chicago), a goods movement hub (Houston), and an
environment combining these two elements (Tacoma).

A total of 15 potential air quality and/or noise mitigation strategies were modeled in at least one
case study location. For two additional noise abatement strategies, general effects were
characterized based on literature findings. While many of the strategies were implemented
differently in each location, and in many cases were based on hypothetical assumptions rather
than specific local proposals, some common conclusions can still be drawn from the modeling.

Summary Comparison

The results for the three case studies show that truck volumes coupled with congested
conditions and/or excessive idle drive total emissions. Correspondingly, mitigation strategies
that substantially reduce truck volumes, replace more polluting trucks with cleaner trucks,
significantly increase peak-period speeds, or reduce idling activity were found to have the
largest emissions benefit.

Most of the strategies that reduced peak-period emissions showed little or no benefit for noise
reduction. This is for two reasons: 1) a very large relative (percentage) volume change is needed
to noticeably reduce noise—a level unachievable by most strategies in most locations; and

2) strategies that reduced peak-period emissions by reducing congestion sometimes increase
noise levels, as they increase traffic speeds. Instead, the most effective noise mitigation strategies
were those specifically targeted at noise reduction, particularly noise barriers.

Noise-specific mitigation strategies do not reduce emissions. However, some noise mitigation
strategies—including noise barriers, buffer zones, and vegetation—can lower air pollutant
concentrations at near-road receptor locations.'® Therefore, these measures can provide a
potential air quality benefit for pollutants of local concern, such as fine particulates, NOx, and air
toxics. These benefits are not provided for pollutants that operate at a regional or global scale,
including ozone precursors and greenhouse gases.

Table 37 illustrates the overall range of emissions and noise benefits achieved by each mitigation
strategy and discusses how these might vary by the specific strategy application and context. Note
that the effectiveness of any particular mitigation strategy can vary widely depending upon how that
strategy is defined and implemented in any particular situation, as well as other details related to
the context of implementation. This table generally characterizes the range of expected beneficial
or negative impacts, but some applications could lead to effects outside of the range shown.

18 Dispersion modeling was outside the scope of this research; however, literature cited in section 2.2.4

supports this statement.
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Table 37. Emissions and noise benefits of mitigation strategies.

Mitigation Air Quality
Category S#' Strategy Effects? Noise Effects Comments

Capacity and 2 Additional lanes to Reductions of most pollutants in the 5-15% range for

Operations increase capacity + + ‘f one case study example. Very modest noise increases
Improvements or decreases (<1 dB(A)) at most receptor locations.?

3 Truck-only lanes Emission reductions of 5-64% for a project that
+ + + ‘f substantially increased speeds; <15% for a project with
smaller speed effects. Very modest noise increases or

decreases (<1 dB(A)) at most receptor locations.

4 New roadway ‘f Not evaluated Increased noise and emissions near new roadway,
possible modest decreases on existing roadways.

5 Geometric design Modest emissions decreases (<5%) and very modest

changes + ‘t noise increases or decreases (<1 dB(A)) in one case

study example.

6  TSMO strategies Modest emissions decreases (<5%) and very modest

I ‘ ' noise increases or decreases (<1 dB(A)) in one case

study location. Some TSMO strategies such as
automated vehicles could achieve significant emissions

benefits.
7  Speed limit/speed ‘t ‘t Small emissions (+/-1%) and noise (<1 dB(A)) effects
management within typical speed change ranges.
Capacityand 8 Restricting or Emissions effects not tested. Up to 6 dB(A) reduction
Operations rerouting trucks  Not evaluated + + identified on one local street, but highly location-
Improvements specific and much less on high-volume streets.
Clean Vehicles 9  Accelerated Emissions benefits proportional to market penetration,
and Fuels and retirement, with PM reductions of 13-60% and NOx reductions of
10 retrofits, engine + + + Not evaluated 8-21% in case studies for replacement of pre-2007
and powertrain, heavy trucks with post-2007 trucks (representing 6-
alternative fuels 39% of study area trucks).
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Table 37. Emissions and noise benefits of mitigation strategies (continuation).

Mitigation Air Quality

Category S#' Strategy Effects? Noise Effects Comments
Clean Vehicles 11 Clean truck Emissions benefits in the range of 10—-20% for most
and Fuels corridor; electric + + + + pollutants at potential 2045 levels of market

charging penetration. Very modest noise benefits (<1 dB(A)) in

infrastructure most locations.
Truck 12 Intermodal facility Emissions benefits of up to 9% for idle reduction and
Operational capacity and + + Not evaluated up to 13% for drayage optimization in one case study.
Efficiencies efficiency
and Mode Shift 13 Truck to rail mode Small emissions (<1%) and noise (<1 dB(A)) benefits

shift

+ +

from long-distance mode shift due to limited additional
mode shift in case studies, but up to 19% truck
emissions reduction in Houston for local rail drayage.

14

Truck to water

Not evaluated Not evaluated

Not evaluated in case studies, but benefits likely similar

Other Noise
Mitigation
Strategies

mode shift to S13 when they can be achieved.
15 Noise barriers Does not reduce emissions, but can reduce pollutant
+ + + + + + concentrations behind barrier. Noise benefits of 10
dB(A) or more observed in case study locations.
16 Low-noise Noise benefits mainly at higher speeds. Modeled
pavement o + + effects of <1 dB(A) for average versus low-noise
pavement differed from effects in literature of 4—
7 dB(A) for higher versus lower-noise pavements.
17 Helmholtz o + + Effects of about 3 dB(A) for Helmholtz resonators
resonators based on literature.
18 Buffer zones Effects of 3-5 dB(A) in case studies for 100’ buffer, but

+++ ++

adequate buffers may not be feasible in bottleneck
locations.
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Table 37. Emissions and noise benefits of mitigation strategies (continuation).

Mitigation Air Quality
Category S#' Strategy Effects? Noise Effects Comments
Other Noise 19 Vegetation Over 3 dB(A) reduction in case studies for a 100’ zone
Mitigation + + + + + of properly designed vegetation, but adequate width
Strategies may not be feasible in bottleneck locations.
20 Building insulation Can reduce noise by about 7 dB(A) based on literature,

‘f + + + but only inside treated structures. Filtration is needed
to ensure that insulation does not trap indoor pollutants

and degrade air quality.

'8 = Strategy number. Strategy (or scenario) 1 is the base case (no mitigation).
2 The air quality metric is change in emissions for strategies 2—14 and change in air pollutant concentration for strategies 15-20.

3 Achange of 1dB(A) is considered barely perceptible to some individuals, while a change of at least 5 dB(A) is considered
perceptible to most individuals.

Legend:

+
++
T

.’f = mixed effects, may reduce or increase.

o = no effect.

typically <5 percent emissions or <3 dB(A) noise reduction.

typically 5—-15 percent emissions or 3—5 dB(A) noise reduction.

typically >15 percent emissions or >5 dB(A) noise reduction.
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Discussion of Mitigation Strategies

Capacity and Operations Improvements

Strategies that increase capacity (S2) were tested in the form of a project to increase
capacity and improve geometry at a major freeway interchange in Chicago. In this instance,
the project (which currently is being implemented) was found to have modest emissions
benefits (up to 7 percent) in the morning peak and larger benefits (up to 22 percent) in the
afternoon peak. The Chicago interchange project reduced PM peak-period noise by a
modest, imperceptible amount (typically no more than 1 dB(A)) in many receptor locations,
but also increased noise in some locations.

Truck-only lanes (S3), tested in Chicago and Tacoma as additions to the Interstate mainline,
resulted in significant overall emission reductions in the project area, especially for NOx and
PM. s, by virtue of eliminating congestion for trucks. PM.s emissions were reduced by up to 33
percent in Tacoma and 64 percent in Chicago in the most congested conditions of the
afternoon peak hour. A different definition of this strategy—an exclusive on/off ramp in
Houston to reduce frontage road travel—had little effect on emissions. Truck-only lanes
increased noise by a very small amount for the PM peak hour at most receptor locations in
Chicago as a result of speed increases. In Tacoma this strategy showed mixed noise effects
(modest reductions in most locations, but modest increases in others). In the Chicago case
study, placing the truck lanes at the center of the road somewhat mitigated the noise impacts
of higher speeds. With increased truck speeds and revised lane placement, noise levels at all
receivers showed an average decrease of 0.9 dB(A), compared with an average increase of
0.4 dB(A) when speeds are increased but the truck lanes are in the same location as the
previous general travel lanes. Still, these changes are generally imperceptible.

Addition of new roads (S4) was tested in only one case study, Tacoma, where existing
modeling results for an extension of State Route 167 (starting construction in 2022) were
used. Total emissions on study area links were found to increase since emissions from
traffic on the new roadway more than outweighed any offsetting effects of traffic reductions
or speed increases on other study area roads. Noise also would be generated near the new
roadways, although effects were not modeled. However, the effects of this type of strategy
are likely to be very localized and the limited study area evaluated here paints a very
incomplete picture of the overall effects. Looking only at existing roads, total emissions
generally decreased by a small amount and noise is not expected to show a meaningful
change, based on the small percentage changes in traffic volumes.

Geometric changes (S5) were tested as a stand-alone strategy with an interchange
improvement in Tacoma, as well as being part of the capacity strategy in Chicago. The
Tacoma project (based on traffic analysis of a real proposed project) showed emissions
benefits at the scale of the entire study area of up to 7 percent for PM. s in the afternoon
peak, although minimal in the morning peak. This project showed minimal noise effects, with
either no change or an increase in noise by up to 0.2 dB(A) in most receptor locations.
Again, the benefits of this type of strategy are likely to be localized and project specific.

TSMO strategies (S6) had a wide range of definitions with a correspondingly wide range of
results. Signal coordination improvements along an arterial in Tacoma showed very modest
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(1-2 percent) emissions benefits on the scale of the entire study area, although benefits on
the affected arterial were greater (4—10 percent). Noise increased slightly near the affected
roadway, by no more than 1 dB(A). However, implementation of a hypothetical program of
connected vehicles in managed lanes to maintain free flow conditions on Chicago
expressways showed substantial emissions benefits for all pollutants, up to 51 percent for
NOy and 70 percent for PM. s during the afternoon peak. This case study application was not
tested for noise, but noise would be expected to increase due to higher traffic speeds.

Speed management (S7), specifically, reducing speed limits to 55 mph with strict
enforcement in Houston and Tacoma, showed no benefits, and in fact, very small emissions
increases in some cases. This is partly because observed speeds were not much higher
than the target speed limit overall, but also because changing speeds in the affected ranges
had very little effect on reducing emission rates. It is possible that locations with higher
average speeds (e.g., 65 to 70 mph) might show more of a benefit from speed management
strategies. Evaluation of speed management in Houston showed a small (less than 1 dB(A))
reduction in noise levels.

Restricting/rerouting trucks (S8) was evaluated for noise impacts in one location
(Tacoma) by removing a majority of heavy trucks from a local street. The noise benefit was
significant (6 dB(A)) when noise from the nearby Interstate highway also was mitigated, but
minimal if it was not. In general, there were no truck rerouting options identified in the case
study locations that would have significantly reduced emissions and/or noise without simply
shifting those impacts to a new location. However, the noise analysis does suggest that if
trucks could be rerouted from a low-volume road onto a high-volume road, overall noise
impacts could be reduced since noise in the vicinity of the low-volume road could be
reduced significantly, whereas it would only increase minimally on the high-volume road.

Clean Vehicles and Fuels

Replacing older pre-2007 model-year trucks with newer, cleaner trucks (S9 and S10)—
those serving the port in Tacoma, or for all local traffic in Chicago and Houston—showed
significant reductions, over 50 percent in some cases for the Houston case study area. The
impact in Tacoma was less because port trucks contribute a smaller share to the study
project area, but reductions in total case study NOx and PM. s were still in the range of 10—
20 percent. The benefit of this strategy will depend upon the market size of trucks that can
be replaced. This strategy is not expected to meaningfully affect noise.

Adoption of clean truck technology and specifically, electrification (S11) showed modest
to moderate benefit depending on penetration scenarios. It is difficult to achieve significant
reductions in fleet emissions in the short term without addressing the oldest, dirtiest trucks.
In the longer term (e.g., 2045 time horizon), the benefits will increase. PM. s benefits are
lower than for other pollutants because brake and tire wear is not reduced by electrification.
The same market penetration was assumed across all case studies, and therefore similar
results were observed. This strategy reduced noise in the PM peak hour by a modest
amount, no more than 1 dB(A) in most locations. The noise benefits of electric trucks are
greatest at low speeds (local streets and/or highly congested highway conditions); at higher
speeds, including the most common conditions on the case study bottleneck highways, road
noise dominates.
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Truck Operational Efficiencies and Mode Shift

Port truck idle reductions (S12.1) in Houston and Tacoma showed modest to moderate
emissions benefits (up to 9 percent in Houston and up to 4 percent in Tacoma), based on a
10 percent reduction in idle time. The benefits of idle reduction strategies will depend heavily
on the extent to which excess idling can be reduced. Benefits may be very significant on a
localized basis, for receptors located near queuing or parking areas. The noise reduction
effects of this strategy were not measured.

Drayage optimization (S12.2)—optimizing drayage operations to reduce bobtail or
deadhead trips—was found to have moderate benefits in the Houston case study (9 to

13 percent across all pollutants) and smaller overall benefits in Tacoma (up to 3 percent
reduction) where port trucks made a smaller contribution to total study area truck traffic.
While reducing truck trips will reduce emissions correspondingly, the ability to actually
achieve these trip reductions may vary widely depending on local truck trip patterns; the
benefits estimated here are based on very limited results from modeling of one test case in
a different city. This strategy is not expected to significantly affect noise, with the possible
exception of local streets where a high percentage of truck traffic can be removed (see
discussion for S8).

Truck to rail mode shift (S13) was found to result in very small emissions benefits in
Chicago and Tacoma, where sample intercity markets were evaluated. A substantial volume
of freight in the U.S. already moves by rail, avoiding the need for numerous trucks to move
high-volume, lower-value goods and reducing carbon emissions up to two-thirds per
ton-mile of goods moved.'® However, the additional volume of trucks that might be removed
from the study area roads through intermodal shifts was found to be very small relative to
the total volume of trucks already operating in each case study area. A much more
significant benefit (11 to 19 percent) was found in Houston, where local drayage movements
were evaluated, but these results come with caveats. First, they are based on rough
estimates of the total volume of freight that might be moving between two terminals; and
second, modeling rail emissions was outside of the scope of the analysis so any offsetting
emissions from additional locomotive operations were not considered. The ability to achieve
localized truck-to-rail drayage mode shifts is likely to be unique to a given location. This
strategy is not expected to significantly affect noise, with the possible exception of local
streets where a high percentage of truck traffic might be shifted from local truck to rail
drayage (see discussion for S8).

Truck to water mode shift (S14) was not evaluated, as there was no data to support any
assumptions about opportunities in the case study locations to divert truck traffic on the
bottleneck roads to water. Similar to rail, water already moves a substantial volume of freight
in the U.S., but mainly along specific corridors (large rivers and intercity waterways) where
the infrastructure exists, and mainly for bulk goods that are not time sensitive.

Average CO: emissions are about 65 g/ton-mile for truck vs. 22 g/ton-mile for rail (EPA (2019),
“‘Intermodal for Shippers: A Glance at Clean Freight Strategies,” http://www.epa.gov/smartway).
Movement by rail may involve some additional emissions from handling at intermodal terminals and
truck drayage between the terminal and destination.
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Other Noise Mitigation Strategies

e Noise barriers (S15) along limited-access highways were found to be very effective,
decreasing noise levels in the Tacoma case study by an average of 10 to 14 dB(A)
depending on the barrier height. While barriers do not reduce emissions, they have been
found to reduce pollutant concentrations behind the barrier by approximately 20 to 80
percent within the first 100 meters (330 feet) (Eisinger, et al, 2019).

e Low-noise pavements (S16) were found to have very small benefits, less than 1 dB(A),
when open-grade pavement was compared to average pavement using TNM 3.1. The
literature, in contrast, suggests that quiet pavements can reduce noise by typically 4 to
7 dB(A), depending upon the pavement types that are being compared.

¢« Helmholtz resonators (S17) were generally characterized for their effects, based on the
literature, with an estimated reduction of about 3 dB(A) on the other side of the resonator.

e Buffer zones (S18) of 100-foot width were estimated to provide a noise benefit of between
about 3 and 5 dB(A), based on modeling in two case study locations. Shifting an alignment
horizontally so that the highways are about twice as far from the receiver location (or
providing a corresponding buffer area) can provide approximately 3—4 dB(A) in noise
reduction. However, providing a buffer of sufficient width to meaningfully attenuate noise
impacts is probably impractical in most bottleneck locations, including the case study
locations, which traverse built-up urban environments.

Buffer zones do not reduce emissions, but they can reduce local pollutant concentrations.
Primary pollutant concentrations fall off sharply within 100 to 150 m (330 to 480 feet) of a
roadway and most reach background concentrations within 300 to 400 m (1,000-1,300 feet)
(Karner, Eisinger, and Niemeier, 2011).

e Vegetation (S19) also was evaluated using TNM in one case study location, where a
100-foot vegetated buffer showed a noise reduction of 3.4 dB(A) compared to the same
buffer area without vegetation. The noise reduction effect depends upon the type, density,
height, and width of vegetation. When breaking the line-of-sight, especially for solid
vegetation belt depths of more than 15 meters, the level of attenuation is comparable to that
of noise walls, but in most cases it provides less. However, similar to buffer zones, wide
vegetation belts are probably impractical to implement in most bottleneck locations.

Vegetation belts also can affect air pollutant concentrations, although effects are complex
and depend on the design of the vegetation; in some cases, pollutant concentrations can
increase."” The additional buffer area needed for a vegetative buffer is likely to reduce air

For example, Janhall (2015) noted that low vegetation can filter pollutants (reducing concentrations),
while high vegetation such as tall trees can trap them and reduce mixing with clean air (increasing
concentrations). Deshmukh et al (2018) found that vegetation can enhance mixing by reducing
turbulence, with some types of densely planted vegetation resulting in decreased air pollution
concentrations by as much as 50 percent, although with large gaps concentrations might not be
reduced at all or might even increase. Generally, a vegetation barrier along a high-volume highway
should be tall, thick, and dense to achieve greater reductions in downwind pollutant concentrations
(Baldauf, 2017).
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pollution levels at receptors on the far side of the buffer, for the same reasons as noted
under buffer zones.

e Building insulation (S20) was generally characterized for its effects, based on the
literature. In-practice reductions in the range of 7-10 dB(A) may be achieved with measures
such as from wall insulation, upgraded windows, and upgraded ventilation systems;
windows must be closed to achieve maximum noise reductions. The combination of better
insulation and closed windows may trap indoor pollutants, meaning that air filtration systems
also may be needed to ensure that indoor air quality is not degraded as a result of the noise
mitigation strategies (Vijayan et al, 2015).

Benefits of Combining Strategies

The findings of this study suggest that if both emissions and noise are of concern at a particular
bottleneck location, multiple strategies may be needed to fully address these concerns,
including effective noise mitigation strategies as well as effective emission reduction strategies.

The combination of emissions and noise abatement strategies may be tailored to achieve
benefits throughout the study area and to leverage specific situations in which a strategy may
be most effective and/or have multiple benefits. For example, bottleneck traffic relief strategies
could be combined with noise barriers to reduce air quality and noise impacts from mainline
highways, but these strategies might have little if any effect on local streets. Instead, strategies
targeting truck fleets serving local destinations (such as electric trucks, drayage efficiency,
rerouting, and TSMO) could have relatively larger effects on traffic on local streets, leading to
potentially meaningful reductions in emissions and noise near these streets.

Overall, these findings suggest that there may not be a “one-size-fits-all” strategy, but rather the
best solution may be a combination of strategies tailored to local needs and opportunities.
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Appendix B. Understanding the Effects of Traffic and
Other Noise Abatement Strategies on Noise Levels

This section presents a general understanding of how traffic volumes, speeds, and composition,
as well as nontraffic noise mitigation strategies, affect noise levels. This understanding is based
on studies from the literature and also reflected in the algorithms within the Traffic Noise Model.
Each roadway and abatement measure evaluated in the case studies represents a unique case.
The information provided in this section helps to inform a more general understanding of the
expected effects of noise mitigation strategies, as well as to provide context for the results
obtained using TNM for the individual case studies. It also provides information on strategies
that cannot be directly represented in TNM.

Changes to Traffic Volumes and Speed

A large change in vehicle speed or volumes is required to have a significant effect on traffic
noise levels. Figure 18 shows the noise reduction theoretically expected for a given percent
reduction in traffic volume, all else remaining constant. Heavy truck volume was assumed to be
15 percent of the total volume in this example. The figure shows that to achieve barely
perceptible noise reductions to some individuals of 1 dB(A), truck volume reductions of over 30
percent are needed. To get a perceptible reduction for most individuals, considered to be 5
dB(A), would require a total volume reduction of nearly 70 percent. On main roadways with
large volumes of through traffic, the only way to get these types of reductions would be by
rerouting traffic (e.g., construction of a bypass or setting time limits on truck traffic) or through
incentives such as congestion/peak-period pricing to change the times of usage. For smaller
facilities the impact would be more pronounced for the same amount of traffic change and more
easily achieved through local control measures.
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Noise Reduction (dB)
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Figure 18. Chart. Noise reduction by changing volume.

(Source: FHWA.)

Figure 19 illustrates the theoretical noise benefits of reducing speeds, compared to a base speed
of 60 mph, again for a traffic mix that includes 15 percent heavy trucks. Reducing speed from 60
to 55 mph shows only a minor benefit of around 1 dB(A). To achieve a perceptible change for
traffic operating at highway speeds, a reduction from 60 to 45 mph or less would be needed.

Noise Reduction from 60 mph, dB
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Figure 19. Chart. Noise reduction by changing speed
(all values compared to 60 miles per hour).

(Source: FHWA.)
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The figure also shows that reducing speeds below a base speed of 3540 mph is unlikely to
show a perceptible noise benefit. At higher speeds the tire/pavement noise dominates, but at
low speeds engine noise becomes the dominant noise source. In stop-and-go conditions,
speeds of less than 20 mph would occur, and the engine noise from combustion vehicles would
dominate as a result of acceleration and deceleration. Note that many of the traffic mitigation
strategies applied at bottleneck locations would likely have the effect of increasing traffic
speeds, and therefore could result in increased noise levels, even if they reduce air pollutant
emissions.

Stop-and-go traffic, a condition often caused by bottleneck traffic, is not a normal function in
TNM. Instead, the reference energy mean emission curves within TNM 3.0 were evaluated
outside of the model." Noise emissions are relatively flat at speeds less than 25 mph and are
not pavement specific, since there is less effect of pavement at low speeds. At higher speeds,
noise emissions increase, at a rate depending on the vehicle type and pavement type. For
heavy trucks at full throttle, noise emissions start at around 80 dB(A) at low speeds and
increase to over 85 dB(A) at highway speeds. Passenger cars, at approximately 68 dB(A), are
12 dB(A) below heavy trucks at low-speed full throttle, and medium trucks are approximately
73 dB(A). In the traffic stream each heavy truck is equivalent to about 16 light-duty vehicles or
5 medium trucks in terms of noise energy. To put this into perspective, for a traffic scenario with
85 percent light-duty vehicles, 5 percent medium trucks, and 10 percent heavy trucks, the heavy
trucks represent approximately 79 percent of the total energy while medium truck and light-duty
vehicles represent 16 and 5 percent, respectively. This clearly points out that the noise levels
due to stop-and-go traffic would be dominated by the heavy trucks, assuming that heavy trucks
make up a significant fraction of traffic.

Relationships for the three vehicle types were compared at full throttle, which would be
equivalent to acceleration in stop-and-go traffic as compared to the curves for cruise as used in
free flow traffic conditions. As tire/pavement noise begins to lessen at lower speeds, the engine/
drivetrain noise takes over. The curves are all relatively flat at speeds less than 25 mph and are
not pavement specific, since there is less effect of pavement at low speeds. Heavy trucks, as
expected, have the greatest reference levels of approximately 80 dB(A). Passenger cars, at
approximately 68 dB(A), are 12 dB(A) below heavy trucks, and medium trucks are
approximately 73 dB(A).

For cruise conditions, at low speeds light-duty vehicle noise emissions drop to 50 dB(A),
medium trucks to 68 dB(A), and heavy trucks to 74 dB(A). Heavy trucks dominate and light-duty
vehicles can essentially be ignored, with medium trucks also having smaller effects. Using the
dominant heavy truck noise, it can be predicted that the reference levels will drop by about

3 dB(A) for cruise compared to stop-and-go conditions. Replacing combustion engine trucks
with electric trucks would therefore have a noise benefit under low-speed conditions by
eliminating engine noise, especially the revving due to acceleration.

18 Hastings, Traffic Noise Model 3.0—Technical Manual, FHWA-HEP-20-012, 2019.
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Noise Barriers

Each barrier is unique and each application is different. Attenuation is determined by barrier
placement, height, length, and local conditions. A common design consideration among States
is that a barrier should achieve at least 5 dB(A) of attenuation in order to provide perceptible
benefits. A very good barrier will provide over 10 dB(A) and in some conditions 20 dB(A) of
attenuation for the first-row receivers. This general range provides the limits of what might be
expected from noise barrier attenuation.

Low-Noise Pavement

Low-noise pavement has been shown to be an effective abatement measure for higher traffic
speeds. There are many different pavement types with different noise effects, such as open-
graded asphalt, stone-mastic, and diamond grind concrete surfaces. The benefits of low-noise
pavement are very much speed dependent. While findings vary, it is generally agreed that the
pavement/tire noise dominates for speeds above 25 mph for light vehicles (passenger cars) and
above approximately 35 to 40 mph for heavy trucks.'® Low-noise pavement will have minimal
effect on the overall noise levels at speeds below these thresholds.

Two comprehensive sets of onboard sound intensity measurements at the tire/pavement
interface were reviewed to establish an effectiveness with speed for various surfaces.?>?' In
these studies, the pavement type was found to change noise levels by approximately 8 to

14 dB(A) for a speed range of 55 to 60 mph. When comparing average pavement to low-noise
pavement it would be expected that noise reductions would be about one-half the range of all
pavements, or about 4 to 7 dB(A).

Vegetation

Example figures in FHWA guidance show that a 61-meter (200 feet) width of dense vegetation
can reduce noise by 10 decibels.?? In most situations where bottlenecks occur, it would be
difficult to obtain sufficient land area for vegetation to achieve anywhere close to this width of a
vegetative buffer. FHWA notes, “the planting of trees and shrubs provides psychological
benefits by providing visual screening, privacy, or aesthetic treatment, but not highway traffic
noise abatement.” Accordingly, use of vegetation is considered to be ineffective for most
bottleneck cases, unless a large area is available along an extended length of roadway. It is

Tire-Pavement Noise—References—Sustainable Pavement Program—Sustainability—Pavements—
Federal Highway Administration (dot.gov).
https://www.fhwa.dot.gov/pavement/sustainability/articles/tire_noise.cfm.

20 Wayson, R.L., J.M. MacDonald, A. Martin, Onboard Sound Intensity (OBSI) Study, Phase 2, FDOT
Project #BDTO06, June 23, 2014.

" Rasmussen, R. O, R. J. Bernhard, U. Sandberg, and E. P. Mun. 2008. The Little Book of Quieter
Pavements. FHWA-IF-08-004. Federal Highway Administration, Washington, DC.

2 FHWA, Highway Traffic Noise: Analysis and Abatement Guidance, FHWA-HEP-10-025.
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possible, however, that smaller areas along roadways could provide effective noise abatement
for small clusters of receivers.

Buffer Zones

The same challenges exist for buffer zones as for vegetation. Large areas are needed along the
roadway to produce meaningful results. Noise decreases with distance are not linear and also
are affected by diffraction objects in the path. For a highway situation, with ground cover such
as lawn grass, noise decreases by about 4.5 dB(A) for each doubling of distance. A general
equation for computing the effect is:

new distance 15

Ch in dB(4) = 10logis
ange in dB(A) Ogloriginal distance

Figure 20. Equation. Change in sound level as a function of distance from source.

As an example, if the receiver was 50 feet from the center of the traffic lanes, 100 additional feet
would be needed to reduce the noise levels found at the right-of-way by 4.5 dB(A). To achieve
another 4.5 dB(A) of reduction, 200 feet of additional right-of-way would be needed, and the
trend continues. This is generally not practical in situations near bottlenecks.

Helmholtz Resonators

The use of roadside attenuation such as Helmholtz resonators has been shown to provide noise
reduction. It has been reported that the effectiveness ranges from 2 to 4 dB(A).%® As such,

3 dB(A) was selected as a representative effect for this abatement measure. Helmholtz
resonators cannot be directly modeled using TNM.

Noise Insulation

Noise insulation can be applied to individual structures to reduce interior noise. Table 38 suggests
that significant reduction of interior noise can be obtained from insulation. In practice, noise
reduction from insulation has been reported to be about 7-10 dB(A), although more reduction is
possible from total insulation of a structure which includes not only exterior surfaces but also attics
and controlling of any openings such as vents or fireplaces.? In TNM, adjustment factors can be
applied to account for the reduction when predicting interior noise, but a true analysis must include
a sound transmission class evaluation based on areas of walls, windows, etc.

2 Forssén J., Van der Aa, B., Initial results for traffic noise mitigation with Helmholtz resonators in the

ground surface beside a road, Internoise 2013.

24 Wayson, R.L., J. Cowans, P. Berge, C. Porter, M Marks, State of the Practice—Evaluating and

Quantifying the Benefits of Noise Abatement Measures: Literature Review and Synthesis, FHWA
Report, January, 2020.
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Table 38. Noise reduction from insulation.

Noise Reduction Due to

Building Type Window Condition’ Exterior of the Structure
All Open 10 dB
Light Frame Ordinary Sash (closed) 20 dB
Light Frame Storm Windows 25dB
Masonry Single Glazed 25dB
Masonry Double Glaze 35dB

' The windows shall be considered open unless there is firm knowledge that the windows are
in fact kept closed almost every day of the year.

(Source: FHWA Highway Traffic Noise: Analysis and Abatement Guidance. August 11, 2010.)

Electric Vehicles

Electric vehicles could be an effective noise mitigation measure in low-speed conditions. If
speeds are below 25 mph the tire/pavement noise no longer dominates, and the engine
becomes the dominant source. In these cases, the engine noise for trucks could drop from 80
dB(A) at 50 feet to almost zero during idle. However, it has been reported from testing that
reductions of only 0.6 dB(A) occurred for speeds of 12 mph for buses.? For cars, this reduction
also may be less due to National Highway Traffic Safety Administration requirements to emit
noise below 18.6 mph to warn individuals with visual impairments. The vehicle must make a
continuous noise level of at least 56 dB(A) within 2 meters, which still provides some reduction
from the current noise levels.

% Laib, F., A. Braun, W. Rid, Modeling noise reductions using electric buses in urban traffic. A case

study from Stuttgart, Germany, Transportation Research Procedia, 37, Pp. 377-384.
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