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Executive Summary

This noise analysis was conducted to assess the noise impacts of the US-12/US-23 improvement project in Pittsfield
Township, MI. US-12 and US-23 experience a high volume of traffic daily, this project is intended to ease congestion,
increase safety, and eliminate turning conflicts. The project includes improvements to both US-12 and US-23.
Improvements on US-12 include new travel lanes in both directions beginning outside the Pittsfield police station and
extending across US-23 to Carpenter Road. This also includes redesigned intersections, and a new right-hand turn
lane from Eastbound US-12 to Southbound Platt Road. At the interchange of US-12 and US-23, new right turns on
ramps are being added in the North West and South East quadrants. Last, an auxiliary lane is being added in both
directions on US-23 between 1-94 and US-12, and the acceleration/de-acceleration lanes South of US-12 are also
being extended.

FHWA defines Type | projects as Federal highway projects in a new location, a physical alteration of an existing
highway that significantly changes either horizontal or vertical alignment or increases the number of through lanes.
This noise study is for a re-evaluation of the 2005 FONSI for the US-12 Improvement Study, from City of Saline to
Munger Road. The noise study is required because of the addition of the NB and SB US-23 weave merge lanes north
of the US-12 interchange added after the FONSI. 23 CFR 772 requires that the whole project is studied if the project
is defined as a Type |. FHWA requires a noise study for all Type | projects to assess potential noise impacts and
mitigation options.

This noise study included on site noise measurements in the project vicinity, conducted in November of 2020. Two
long term measurements were conducted, one along each highway, along with six short term measurements
dispersed across the project area.

A model was developed in the FHWA Traffic Noise Model (TNM) version 2.5 and validated against these field
measurements. Noise sensitive receptors were then identified and classified with existing and future levels calculated
in TNM 2.5. These predicted levels were checked against FHWA standards to determine impacts in the area.
Mitigation for these impacts were analyzed according to MDOT feasibility and reasonableness standards.

The project includes eight Common Noise Environments (CNEs), with impacts identified in six of the eight. Abatement

in the form of noise walls were considered in several locations but none were recommended. A summary of these
findings is presented in table ES-1 and discussed in more detail in the body of the report.

Table ES-1 Summary of Project Impacts and Proposed Noise Abatement

CNE Description/Location 2020 2040 Recommended
Impact Impacts Noise Abatement
CNE-1A | Single Family Homes, 5 7 Not Recommended
South of US-12, West of Platt
CNE-1B | Commercial, Vacant, Agricultural 0 0 No Impacts
North of US-12, West of Platt
CNE-2 Single and Multi-family Homes 14 29 Not Recommended
South of US-12 Between Platt
and US-23
CNE-3 Single and Multi-family Homes 15 15 Not Recommended
North of US-12 Between Platt
and US-23
CNE-4 Single Family Homes, 0 0 No Impacts
South of US-12, East of
Carpenter Rd
CNE-5 Commercial and Industrial Land 0 0 No Impacts
Use,
East of US-23, North of US-12
CNE-6 Single Family Home, 1 1 Not Recommended
West of US-23, North of US-12
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CNE-7 Single Family Homes, 3 3 Not Recommended
West of US-23, South of US-12
CNE-8 Single Family Homes, 2 2 Not Recommended
East of US-23, South of US-12

1. Introduction and Project Description

1.1 Project Description

This project includes improvements to both US-12 and US-23. Improvements on US-12 include new travel lanes in
both directions beginning outside the Pittsfield police station and extending across US-23 to Carpenter Road. This
also includes redesigned intersections, and a new right-hand turn lane from Eastbound US-12 to Southbound Platt
Road. At the interchange of US-12 and US-23, new right turns on ramps are being added in the North West and
South East quadrants. Last, an auxiliary lane is being added in both directions on US-23 between 1-94 and US-12,
and the acceleration/deacceleration lanes South of US-12 are also being extended. The general project location,
project limits and areas of project improvements are shown in Figure 1-1.

This noise study is for a re-evaluation of the 2005 FONSI for the US-12 Improvement Study, from City of Saline to
Munger Road. The noise study is required because of the addition of the NB and SB US-23 weave merge lanes north
of the US-12 interchange added after the FONSI. 23 CFR 772 requires that the whole project is studied if the project
is defined as a Type |. FHWA requires a noise study for all Type | projects to assess potential noise impacts and
mitigation options. FHWA defines a Type | project as a Federal highway project being constructed in a new location,
a significant change in horizontal or vertical alignment of an existing roadway, or an increase in the number of
through-traffic lanes. As this project includes that addition of new travel lanes along both US-12 and US-23, the
project as defined in the environmental document meets the Type 1 project criteria and requires a noise analysis.

1.2 Description of Alternatives

This project includes one future build alternative to be evaluated:

. Future build (includes all proposed improvements and projected traffic volumes for year 2045)

Prepared for: Michigan Department of Transportation AECOM
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Figure 1-1 Project Overview
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2. Traffic Noise Concepts

The following glossary of acoustical terms is intended to help frame discussion of project-generated noises and their
potential effects on neighboring communities in the project area.

2.1 Glossary of Acoustical Terms

Noise: Whether something is perceived as a noise event is influenced by the type of sound, the perceived
importance of the sound, and its appropriateness in the setting, the time of day, and the type of activity during which
the noise occurs, and the sensitivity of the listener. Local jurisdictions may have legal definitions of what constitutes
“noise” and such environmental parameters to consider.

Sound: For this analysis, sound is a physical phenomenon generated by vibrations that result in waves that travel
through a medium, such as air, and result in auditory perception by the human brain.

Frequency: Sound frequency or “pitch” is measured in hertz (Hz), which is a measure of how many times each
second the crest of a sound pressure wave passes a fixed point. For example, when a drummer beats a drum, the
skin of the drum vibrates a number of times per second. When the drum skin vibrates 100 times per second, it
generates a sound pressure wave that is oscillating at 100 Hz, and this pressure oscillation is perceived by the brain
as a tonal pitch of 100 Hz. Sound frequencies between 20 and 20,000 Hz are within the range of sensitivity of the
best human ear.

Amplitude or Level: Sound levels are measured in decibels (dB) using a logarithmic scale. A sound level of zero dB
is approximately the threshold of human hearing and is barely audible under extremely quiet listening conditions.
Normal speech has a sound level of approximately 60 dB. Sound levels above approximately 110 dB begin to be felt
inside the human ear as discomfort and eventually as pain at 120 dB and higher levels. The minimum change in the
sound level of individual events that the average human ear can detect is about 1 to 2 dB. A 3 to 5 dB change is
readily perceived. A change in sound level of about 10 dB usually is perceived by the average person as a doubling
(or if decreasing by 10 dB, halving) of the sound’s loudness. Table 2-1 shows typical indoor and outdoor sounds and
their corresponding dB levels, arranged on what often is referenced as an “acoustic thermometer” to show relative
loudness.

Sound pressure: Sound level usually is expressed by reference to a known standard. This report refers to sound
pressure level, which is expressed on a logarithmic scale with respect to a reference value of 20 micropascals. Sound
pressure level depends not only on the power of the source, but also on the distance from the source and the
acoustical characteristics of the space surrounding the source.

A-weighting: Sound from a tuning fork contains a single frequency (a pure tone), but most sounds heard in the
environment do not consist of a single frequency; instead, they are composed of a broad band of frequencies,
differing in sound levels. The method commonly used to quantify environmental sounds consists of evaluating all
frequencies of a sound according to a weighting system that reflects the typical frequency-dependent sensitivity of
average healthy human hearing. This is called “A-weighting,” and the measured decibel level is referred to as A-
weighted decibels (dBA).

Equivalent sound level: Environmental noise levels vary continuously and include a mixture of noise from near and
distant sources. A single descriptor, energy-average sound level during a measured time interval (Leq), may be used
to describe such sound that is changing in level from one moment to another. Leq is the energy-average sound level
during a measured time interval. This is the “equivalent” constant sound level that would have to be produced by a
single, steady source to equal the acoustic energy contained in the fluctuating sound level measured.

Day-night level (Lan): The Lan is the energy average of the A-weighted sound levels occurring during a 24-hour
period, with 10 dB added to A-weighted sound levels occurring between 10 p.m. and 7 a.m. (nighttime).

Sound transmission loss (TL): The TL is a value representing 10 times the base-10 logarithm of the ratio of sound
power incident on one side of a partition to the sound power transmitted through and subsequently emitting from the
other side of the partition into an adjoining space (separated from the sound in the “source” space by the partition).
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Insertion loss (IL): The IL is the reduction in noise level at a location from noise abatement means, placed in the
sound path between that location and a sound source.

2.2 Fundamentals of Traffic Noise Assessment and Control

Sound Propagation

Atmospheric conditions (e.g., wind, temperature gradients, humidity) can change how sound propagates over
distance and can affect the level of sound received at a given location. The degree to which the ground surface
absorbs acoustical energy also affects sound propagation. Sound traveling over an acoustically absorptive surface
(e.g., grass) attenuates at a greater rate than sound traveling over a hard surface (e.g., pavement, expanses of open
water). When located near either the sound source or the listener position, physical barriers (e.g., naturally occurring
ridgelines or buildings, and other topography that block the line-of-sight between a source and receiver) also increase
the attenuation of sound over distance.

Multiple Sound Sources

Because sound pressure levels in decibels are based on a logarithmic scale, they cannot be added or subtracted in
an arithmetic fashion. Therefore, sound pressure level dB are logarithmically added on an energy summation basis.
In other words, adding a new noise source to an existing noise source, both producing noise at the same level, does
not double the noise level. Instead, if the difference between two noise sources is 10 dBA or more, the louder noise
source dominates, and the resultant noise level is equal to the noise level of the louder source. In general, if the
difference between two noise sources is 0 to 1 dBA, the resultant noise level is 3 dBA higher than the louder noise
source, or both sources if they are equal. If the difference between two noise sources is 2 to 3 dBA, the resultant
noise level is 2 dBA above the louder noise source. If the difference between two noise sources is 4 to 10 dBA, the
resultant noise level is 1 dBA higher than the louder noise source.

How Noise is Measured

Sound can vary over an extremely large range of amplitudes. The decibel (dB) is a logarithmic unit that is the
accepted standard unit for measuring the amplitude of sound because it accounts for these large variations in
amplitude and reflects the way people perceive changes in sound amplitude. Different sounds may have different
frequency content. Frequency content of a sound refers to its tonal quality or pitch. When describing sound and its
effect on a human population, A-weighted (dBA) sound levels are typically used to account for the response of the
human ear. The term "A weighted" refers to a filtering of the noise signal to emphasize frequencies in the middle of
the audible spectrum and to de-emphasize low and high frequencies in a manner corresponding to the way the
human ear perceives sound. This filtering network has been established by the American National Standards Institute
(ANSI). The A-weighted noise level has been found to correlate well with peoples' judgments of the noisiness of
different sounds and has been used for many years as a measure of community noise. Table 2-1 illustrates sound
pressure levels in dBA of various sound sources between 0 dBA (threshold of hearing) and 120 dBA (threshold of
pain). An increase of 3 dBA in noise level can barely be perceived, while an increase of 5 dBA is readily noticeable
and considered a significant noise increase. A 10 dBA increase corresponds to a subjective doubling of loudness. A
relationship between changes in noise level and loudness is indicated in Table 2-2. Since noise fluctuates from
moment to moment, it is common practice to condense the noise level over a specified period of time into a single
number called the Equivalent Noise Level (Leq). Many surveys have shown that the Leq properly predicts
annoyance, and thus this metric is commonly used for noise measurements, prediction, and impact assessment.

Prepared for: Michigan Department of Transportation AECOM
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Table 2-1 Common Indoor and Outdoor Noise Levels

Common Outdoor Noise Levels Noise Noise Level Common Indoor Noise Levels
Level (A-weighted decibels)
110 Rock Band
Jet Flyover at 1000 feet 100 Inside Subway Train (NY)
Gas Lawn Mower at 3 feet
Diesel Truck at 50 feet 90 Food Blender at 3 feet
Noisy Urban Daytime 80 Garbage Disposal at 3 feet
Gas Lawn Mower at 100 feet 70 Vacuum Cleaner at 10 feet
Commercial Area Normal Speech at 3 feet
60
Large Business Office
Quiet Urban Daytime 50 Dishwasher Next Room
Quiet Urban Nighttime 40 Small Theater
Quiet Suburban Nighttime Library
30
Quiet Rural Nighttime Bedroom at Night
20
Broadcast & Recording Studio
10
0 Threshold of Hearing

Source: Adapted from Guide on Evaluation and Attenuation of Traffic Noise, AASHTO-1974

Table 2-2 Relationship between Changes in Noise Level and Perceived Loudness

Increase (or Decrease) in Noise Level Loudness Multiplied (or Divided) by
3 decibels 1.2
6 decibels 15
10 decibels
20 decibels 4

How Highway Noise is Generated

Highway noise is generated from three primary sources: tire/pavement noise, engine noise, and exhaust noise.
Tire/pavement noise is the noise generated by the rubber tires rolling over the pavement surface and may vary in
intensity and character depending on the type and condition of both the tires and the pavement. For automobiles and
light trucks traveling at typical highway speeds (over about 50 mile/hour), tire/pavement noise is generally the
dominant noise source. For medium and heavy trucks (like large commercial delivery vehicles and long-haul tractor-
trailers) engine and exhaust noise also contribute to the noise that they produce. At typical highway speeds, one large
truck can produce as much noise energy as ten automobiles. How highway noise is experienced at nearby homes is
controlled by a number of factors, including: the total number of vehicles on the highway, the percentage of large
trucks, the average speed of the vehicles, the distance to the highway, obstructions blocking the view of the highway,
and meteorological conditions. Generally speaking, the more vehicles, the higher percentage of large trucks or the
closer one is to the highway, the greater the noise will be. Intervening obstructions, either manmade (buildings, walls,
berms) or natural (such as intervening terrain) will reduce noise levels. Foliage and vegetation can reduce noise
levels, but it must be dense (completely obscuring the view of the highway) and thick (on the order of 50 to 100 feet)
in order to make a noticeable difference.

How Highway Noise Can Be Reduced

Highway noise can be reduced in several ways. Here are some of the most recognized:

Prepared for: Michigan Department of Transportation AECOM
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Traffic Controls

The faster vehicles travel, and the higher percentage of large trucks, the louder the noise. Reduced speed limits, or
more rigorously enforced existing speed limits, and heavy truck restrictions will reduce noise levels. However, the
implementation of such measures is often politically difficult for the sake of lower noise levels alone.

Land Use Controls:

Perhaps the most common sense and fiscally responsible solution to highway noise, and one favored by most
highway agencies is to restrict the development of lands near highways. Restricting development of land near new
highway corridors to non-noise sensitive land uses, such as commercial or industrial activities can eliminate most
noise problems. However, this approach is not suitable for circumstances when land near existing or future highways
has already been developed for residential land use.

Quieter Vehicle Noise Sources

Quieter vehicles mean less highway noise. For automobiles this means quieter tires (since tire/pavement noise is the
dominant noise source). For large trucks, the EPA has established standards for maximum noise levels for new and
in-use trucks. The maximum noise levels for new trucks are lower than those for some older trucks, so as old trucks
are phased out and replaced with newer ones the noise produced by the average truck may go down.

Noise Barrier Walls and Berms

Noise barriers, both structural walls and earthen berms, are often constructed specifically for the purpose of reducing
highway noise levels. Noise barriers can be very effective for reducing noise levels at nearby homes, often reducing
noise levels by as much as 10 decibels at the closest homes (a perceived halving of loudness). Noise barriers can be
expensive to build, on the order of $2 million per mile. Because of their cost, the construction of noise barriers is often
restricted to large highway improvement or construction projects. Some jurisdictions; however, are quite active in
constructing “retrofit” noise barrier on existing highways.

Quieter Pavements

It has long been recognized that some pavement types tend to be quieter than others. White concrete pavement, for
example, is typically louder than asphalt blacktop. White concrete with tining (grooves cut into the pavement surface)
is louder still. However, white concrete pavement (also known as Portland Concrete Cement, or PCC) is thought to be
more durable, and perhaps safer than blacktop pavements (due to better skid resistance and drainage). There is also
considerable concern that the low noise advantages of some blacktop pavements may diminish over time. As the tiny
“nooks and crannies” in the blacktop pavement that give it acoustical absorption may fill up with silt and sand or
become compressed over time, the acoustical benefits are reduced. The quest for quiet, safe and durable highway
pavements is currently the focus of a considerable amount of research.

How Noise Barriers Work

Noise barriers reduce noise levels by interrupting or lengthening the path that the noise takes between the source
and the receiver. In order to be effective at reducing noise, noise barriers must be able to block the “line of sight”
between the object producing the noise (like vehicles on the highway) and the person subjected to the noise (like
residents living near the highway). The amount that the noise will be reduced is related to the path length difference
between the “direct path” that the uninterrupted sound would take between the source and receiver (with no barrier)
and the “diffracted path” that the sound must take going over or around the barrier, as illustrated in Figure 2-1
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Figure 2-1 Simple Noise Barrier Geometry
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Noise barriers may work better for some homes than for others. In Figure 2-2, below, home “A” is relatively close to
the highway where the noise barrier can provide a large path length difference between the direct and diffracted
paths, resulting in a substantial noise reduction (perhaps as much as 10 to 15 decibels). Home “B” is further from the
barrier and the path length difference is not as great, resulting in less noise reduction (perhaps 7 to 10 decibels).
Home “C” is even further from the highway, and also elevated above the highway level, providing an even smaller
path length difference (resulting in a noise reduction of perhaps 3 to 5 decibels). In general, for a given barrier height
and location, the further the receiver is from the barrier or the higher the receiver is elevated, the smaller the path
length difference (or angle of diffraction) and the smaller the resulting noise reduction.

Figure 2-2 Path Length Difference for Varying Receiver Geometry
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2.3 Regulatory Overview

2.3.1 Federal Regulations

The FHWA noise policy is contained within The Code of Federal Regulations, Title 23, Part 772 (23 CFR 772) which
provides procedures for preparing operational and construction noise studies and evaluating noise abatement
considered for federal and federal-aid highway projects. The code was recently updated in July of 2010. Under the
current version of 23 CFR 772.5, projects are categorized as Type |, Type Il or Type lll projects. The FHWA defines a
Type | project as a proposed federal or federal-aid highway project for the construction of a highway on a new
location, or the physical alteration of an existing highway which significantly changes either the horizontal or vertical
alignment, or increases the number of through-traffic lanes. The proposed project is a Type | project as defined by the
FHWA.

Type | projects include those that create a completely new noise source, as well as those that increase the volume or
speed of traffic or move the traffic closer to a receptor. Type | projects include the addition of an interchange, ramp,
auxiliary lane, or truck-climbing lane to an existing highway, or the widening of an existing ramp by a full lane width for
its entire length. Projects unrelated to increased noise levels, such as lighting, signing, and landscaping, are not
normally considered Type | projects.
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Under 23 CFR 772.13, noise abatement must be considered for Type | projects if the project is predicted to result in a
traffic noise impact. In such cases, 23 CFR 772 requires that the project sponsor “consider” noise abatement before
adoption of the final NEPA document. This process involves identification of noise abatement measures that are
reasonable, feasible, and likely to be incorporated into the project, and of noise impacts for which no apparent
solution is available.

Traffic noise impacts, as defined in 23 CFR 772.5, occur when the design year condition noise levels approach or
exceed the noise abatement criteria (NAC) specified in 23 CFR 772, or design year condition noise levels create a
substantial noise increase over existing noise levels. 23 CFR 772 does not specifically define the terms “substantial
increase” or “approach”; these criteria are defined in the MDOT Noise Analysis and Abatement Handbook (July 13,
2011), as described in the following section.

Table 2-3 summarizes the FHWA NAC corresponding to various defined land use activity categories. Activity
categories and related traffic noise impacts are determined based on the actual land use in a given area.

In identifying noise impacts, primary consideration is given to exterior areas of frequent human use. Interior noise
impacts will only be addressed for land uses listed with Activity Category D.

Table 2-3 FHWA Noise Abatement Criteria

Activity Activity Evaluation Activity description
Category Criteria Location
Leq(h) | L10(h)
A 57 60 Exterior Lands on which serenity and quiet are of extraordinary significance and serve

an important public need and where the preservation of those qualities is
essential if the area is to continue to serve its intended purpose.

B 67 70 Exterior Residential

C 67 70 Exterior Active sport areas, amphitheaters, auditoriums, campgrounds, cemeteries, day
care centers, hospitals, libraries, medical facilities, parks, picnic areas, places
of worship, playgrounds public meeting rooms, public or nonprofit institutional
structures, radio studios, recording studios, recreation areas, Section 4(f) sites,
schools, television studios, trails, and trail crossings.

D 52 55 Interior Auditoriums, day care centers, hospitals, libraries, medical facilities, places of
worship, public meeting rooms, public or nonprofit institutional structures, radio
stations recording studios, schools, and television studios.

E 72 75 Exterior Hotels, motels, offices, restaurants/bars, and other developed lands, properties
or activities not included in A-D or F.

F - -- -- Agriculture, airports, bus yards, emergency services, industrial, logging,
maintenance facilities, manufacturing, mining, rail yards, retail facilities,
shipyards, utilities (water resources, water treatment, electrical), and
warehousing.

G -- -- -- Undeveloped lands that are not permitted.

1 Either Leq(h) or L10(h) (but not both) may be used on a project.
2 The Leq(h) and L10(h) Activity Criteria values are for impact determination only, and are not design standards for noise

3 Includes undeveloped lands permitted for this activity

2.3.2 State Regulations and Policies

MDOT has published the noise policy which provides guidelines in the analysis of highway traffic noise and the
evaluation of noise mitigation measures. Effective July 13, 2011, the MDOT Highway Noise Analysis and
Abatement Handbook (hereafter referred to as “the MDOT handbook”) also includes current policies, procedures,
and practices to be used by agencies that sponsor hew construction or reconstruction of federal or federal-aid
highway projects. The MDOT noise handbook defines that a noise impact occurs when the sound level
approaches or exceeds the assigned NAC level for a specific category, which is defined as an Leq(h) sound level
1 dBA less than the NAC identified in 23 CFR 772. This means that for an Activity Category B land use (residential),
a peak hour noise level of 66 dBA is considered to approach the NAC of 67 dBA and is identified as an impact. The
MDOT noise handbook defines a noise increase as substantial when the predicted traffic noise levels with project
implementation exceed existing noise levels by 10 dBA. The MDOT noise handbook provides detailed technical
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guidance for the evaluation of highway traffic noise. This includes field measurement methods, noise modeling
methods, and report preparation guidelines. In addition to the NAC criteria above, the MDOT noise handbook also
specifies the following definitions and policies:

Benefited Receptor is the recipient of an abatement measure that receives a noise reduction at or above the
minimum threshold of 5 dBA.

Feasible Noise Abatement Measure is a mitigation measure that is acoustically feasible and meets engineering
requirements for constructability. A noise abatement measure is considered feasible when it can provide at
least a 5 dBA reduction to at least 75% of impacted noise receptors, and meets constructability, safety,
access, utility, and drainage requirements.

Reasonable Noise Abatement Measure is an abatement measure that has been determined to be cost effective
if it costs at or below the allowable cost per benefited receptor unit (CPBU) of $49,301.00, and is considered
acceptable to the majority of residents and property owners who benefit from the noise abatement. The
MDOT design year attenuation requirement requires that a minimum of one benefited receptor achieve a 10
dBA noise reduction, and that 50% of benefited receptors must achieve a 7dBA reduction.

3. Methods of Noise Analysis

3.1 Defining Area or Potential Impact

The extent of the noise study analysis area should include all receptors potentially impacted by the project. The
FHWA does not establish a fixed distance to define the noise impact analysis area. Historically, absolute noise impacts
(those areas with noise levels approaching or exceeding the NAC — 66 dBA for residential land uses) rarely exist
beyond about 500 feet from the roadway. The MDOT noise handbook defines the study zone to be a minimum of 500
feet, including all noise-sensitive receptors on all sides of the highway. If an impact is identified at 500 feet, the next
closest receptor would need to be analyzed until a distance where impacts are no longer identified is reached. If
no receptors are located within the 500-foot zone, then the closest receptor(s) should be analyzed.

3.2 Field Measurement Procedures

A number of field noise measurements were conducted for this project. In general, the noise measurement procedures
in the field follow recommended standard procedures, including those outlined in the FHWA's Measurement of
Highway Related Noise, May 1996, and the MDOT noise handbook. Specifically, the following practices and
procedures were used.

The short-term noise measurements (typically 15-25 minutes) were conducted at actual or representative receptor
locations and were used primarily to validate noise models (at locations where traffic noise was dominant).

Short-term noise measurements were generally conducted at exterior areas of frequent human use and were
only conducted during periods of free-flowing traffic, dry roadways, and low to moderate wind speeds (less
than 12 mph to avoid extraneous wind noise).

Two long-term measurements (consecutive 24-hour periods) were also deployed outside the Pittsfield Police Dept
along US-12 and at 3858 Bestech Dr along US-23 in order to help determine the loudest noise hour. Based upon the
collected data, the loudest noise hour was from 7:00 AM to 8:00 AM for both US-12 and US 23. A graph of the long-
term measurement data (LT-1 and LT-2) is shown in Figure 3-1.
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Figure 3-1 Long-Term Noise Measurement Data
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Only ANSI (American National Standards Institute) Class | sound level meters were used for both short-term and
long-term measurements. The meters were subjected to a field calibration check before and after each measurement
period. Calibration certificates for each meter used in the Project can be found in Appendix A.

Concurrent traffic counts (classified in auto, medium and heavy trucks, buses, and motorcycles) for the acoustically
dominant road were conducted for each short-term measurement. Traffic was videotaped during the measurements
and counted. The traffic counts can be found in Table 3-3.

All field data was recorded on field data sheets, which included the time, name and location of the measurement,
instrumentation data, observed meteorological data, field calibration data, a measurement site diagram, GPS
coordinates, and notes as to the dominant noise sources and any other observed acoustically relevant events (such
as aircraft over-flights, emergency vehicle pass bys, etc.). Field sheets and photographs of measurement sites
developed in this project can be found in Appendix A.

3.3 Analysis Objectives

The purpose of this noise analysis report is to identify, and document potential noise impacts associated with the
proposed future Project and to identify feasible and reasonable abatement. The general analysis procedure for the
Project noise study includes the following steps:

1. Review Project Description: Review the project description and project data to be analyzed and collect
additional required data (including roadway design files, existing and future traffic data, land use data,
etc.). Consider all alternatives, design options, and construction phasing scenarios. This information is
presented in Section 1 of this report.

2. Identify Regulatory Framework: Investigate and establish the regulatory framework to be followed
for the noise analysis, including federal, state and local regulations and ordinances applicable to the
Project. This information is presented in Section 2 of this report.

3. Noise Analysis Methodology and Establish Existing Land Use and Noise Environment: Investigate
and document the existing noise environment for the Project area, including existing noise sensitive land
uses and existing noise levels in the Project area. These were accomplished with a careful review of
local zoning information, review of aerial photography and a site visit to the Project area. This information
is presented in Section 3 of this report.
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4. Predict Future Noise Levels and Assess Noise Impacts: Future noise levels at noise sensitive land
uses for the future build alternative are predicted using the FHWA Traffic Noise Model (TNM) Version
2.5. For each alternative, compare future noise levels (as well as increases in future noise levels over
existing noise levels) to appropriate identified noise impact criteria and quantify resulting noise impacts.
This information is presented in Section 4 of this report.

5. Evaluate Noise Abatement: Where noise impacts are identified, evaluate potential noise abatement
measures. Abatement measures are evaluated for feasibility and reasonableness according to FHWA
and MDOT standards. This information is presented in Section 5 of this report.

6. Construction Noise Considerations: Analyze potential construction noise impacts and discuss available
mitigation options. This information is presented in Section 6 of this report.

7. Information for Public Officials: Provide or identify appropriate information for local public officials to
help avoid future noise impacts. This information is presented in Section 7 of this report.

A more detailed accounting of the specific procedures involved in each of the above analysis steps is provided in the
indicated report section.

3.4 Selection of Noise-Sensitive Receptors

In general, noise-sensitive receptors are selected to represent potentially impacted land uses within the Project area.
A common noise environment, or CNE, is generally defined as a group of receptors within the same Activity Category
in Table 2-3 that are exposed to similar noise sources and levels; traffic volumes, traffic mix, and speed; and
topographic features. Generally, common noise environments occur between two secondary noise sources, such as
interchanges, intersections, cross-roads. The delineated CNEs for this Project are described in Section 3 of this
report. Within each CNE, representative noise measurements and noise prediction locations are identified. Typically,
each CNE would have one short-term measurement location and multiple noise prediction locations. The number and
locations of the receptors (measurement and modeling locations) within each CNE are selected to adequately
represent all of the noise-sensitive property units (dwellings) within that CNE, and these properties may include
Activity Categories A through E and G in Table 2-3 (including residential, noise sensitive commercial, parks, schools,
hotels, and undeveloped lands.). Activity Category F (agriculture, retail, industrial, transportation, and utilities), may
still be located within a CNE, but would be considered a noise compatible land use and would not require noise
analysis. For residential properties, more isolated residences would generally be modeled as individual receptors,
while residences in multi-family buildings and dense neighborhoods may be modeled with one modeled receptor
location representing multiple dwelling units or homes (receptors).

All noise prediction locations are placed to represent an exterior area of frequent human use. For residential
properties, this would normally be an exterior activity area between the structure and the proposed project roadway,
such as a pool or play area.

3.5 Loudest Hour Noise Conditions

When determining noise impacts, traffic noise predictions must be made for the loudest noise hour (generally during
level of service [LOS] C or D with high heavy truck volumes and speeds close to the posted speed limit or design
speed). The loudest hour noise is typically either the peak vehicular truck hour or the peak vehicular volume hour
(with LOS A through D conditions).

3.6 Noise Abatement Requirements

According to FHWA policy and the MDOT noise handbook, once a noise impact has been identified, feasible and
reasonable noise abatement measures must be considered. For noise abatement, primary consideration is given to
the exterior areas of frequent human use.

When traffic noise impacts are identified, noise barrier walls, at a minimum, are required to be considered. In
addition to noise walls, other abatement elements may also be considered, if appropriate and applicable, including
the following:

e  Traffic management measures.
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e  Alteration of horizontal and vertical alignments.

® Acquisition of property to serve as a buffer to preempt development that would be adversely
impacted by traffic noise; and

e Noise insulation (NAC D Only).

When noise barriers are considered, a noise barrier design analysis must show that the barrier is feasible. This
typically requires that the barrier provides a minimum required level of noise reduction. According to the MDOT
noise handbook, feasible noise barriers must provide at least 5 dBA of noise reduction to at least 75% of impacted
receptors. In addition to meeting minimum noise reduction requirements, noise barriers must also meet
engineering and constructability feasibility requirements in terms of safety, property and emergency access,
drainage control, overhead and underground utilities clearance, and other issues.

Noise barrier reasonableness is generally related to cost effectiveness and benefited receptors. The MDOT noise
handbook expresses barrier cost effectiveness by a quotient formula called the Cost Per Benefited Receptor Unit
(CPBU), which divides the total square-foot cost of the barrier (at a rate of $45.00/t?) by the number of dwelling units
that receive benefits. To maintain reasonableness, the total CPBU cannot exceed $49,301.00 (for FY 2021). Barriers
must also achieve the MDOT noise reduction design goal of 10 dBA reduction for at least one benefited receptor, and
7dBA reduction at 50% of benefitted receptors.

If noise barriers are determined to be reasonable and feasible as defined above, then the viewpoints of property
owners and residences should be taken into consideration. Approval by a simple majority (greater than 50%) of all
responding benefited owners and residences is needed to implement noise abatement. Public votes should occur
during final design and could happen during the Context Sensitive Design aesthetic public input phase..

3.7 Noise Modeling Methodology

Future build noise levels, along with existing noise levels, were predicted using the FHWA TNM Version 2.5, the most
recent version available at the time of the analysis. All conventional modeling techniques and recommendations for
TNM by both FHWA and MDOT were implemented. These included the following modeling procedures and
conventions:

. TNM roadways were generally modeled as bundled roadways with no more than three lanes per roadway.
. All roadway pavement types were modeled as “Average”.

. Traffic speeds and volumes for peak traffic hour as provided in the traffic data were modeled to predict
worst case noise levels. Traffic speeds and volumes used in this analysis were based on the predicted
traffic data included in Table 3-1.

3 Existing terrain lines (topography) and buildings were modeled where appropriate.
3 All TNM model runs were detail checked for accuracy by an independent noise analyst.

3 All TNM model runs are available upon request

3.8 Project Traffic Data

Predicted traffic data for the existing and Future Build were provided by the Michigan Department of Transportation. A
summary of the traffic data used for this analysis can be found in Table 3-1
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Table 3-1 Existing and Future Peak Hour Traffic Volumes

Existing Traffic (vehicles per hour) Future Traffic (vehicles per hour)
2020 AM Peak 2045 AM Peak
uUs-23 us-12 uUs-23 us-12
NB SB EB WB NB SB EB WB
Speed (mpg)t | 70/65/65 | 70/65/65 | 45/45/45 | 45/45/45 | 70/65/65 | 70/65/65 45/45/45 45/45/45
Total 3025 1795 1383 1149 3565 2115 1501 1354
Auto and Light |2, 1613 1298 1078 3056 1901 1408 1271
Trucks
Medium Duty 25 15 14 1 28 18 15 14
Trucks
Heavy Duty 281 167 71 59 316 197 77 70
Tucks
Notes
1. posted speeds or for Autos/Medium Trucks/ Heavy Trucks
Source: MDOT Traffic Memo

3.9 Existing Condition and Common Noise Environments

3.9.1 Existing Land Use and Zoning

Land uses within the Project study area are a mix of residential (single and multi-family), commercial, industrial and
undeveloped land. Undeveloped areas are primarily for future residential development, with some areas reserved for
future commercial development as well.

3.9.2 Common Noise Environments

To better categorize the potential noise impacts and evaluate noise abatement for the various project
alternatives, all of the potentially impacted, noise-sensitive receptors have been organized into Common Noise
Environments (CNEs). A CNE is defined as an area containing land uses which share a common highway traffic noise
influence. Descriptions of delineated CNEs, including location, primary land use and type of noise-sensitive receptors
are listed in Table 3-2. Figure 3-2 shows an overview of the Project area illustrating all the defined CNEs.

AECOM
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Table 3-2 Common Noise Environments

CNE Description Land Use Measurement ID

CNE-1A Area south of US-12, west of Platt Rd. Single Family Residential, | ST-1, LT-1
municipal, park

CNE-1B* Area north of US-12, west of Platt Rd. Commercial, None
undeveloped, agricultural

CNE-2 Area south of US-12, Platt to US-23 Single and Multi-family ST-2
Residential, Undeveloped

CNE-3 Area north of US-12, Platt to US-23 Single and Multi-family ST-3
Residential, Undeveloped

CNE-4 Area south of US-12, east of US-23 Single Family Residential | ST-4

CNE-5 Area East of US-23, north of US-12 Commercial, undeveloped | ST-5, LT-2

CNE-6 Area East of US-23, north of US-12 Single Family Residential, | ST-6
undeveloped

CNE-7* Area West of US-23, South of US-12 Single Family Residential, | None
undeveloped

CNE-8* Area East of US-23, South of US-12 Single Family Residential, | None
undeveloped

*Note: CNE-1B, CNE-7 and CNE-8 were identified and added to the project area after the noise measurement survey was completed, so no noise

measurements are available for those areas.
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Figure 3-2. Common Noise Environments and Noise Measurement Sites
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3.9.3 Existing Noise Environment

3.9.3.1 Field Noise Measurements

Multiple noise measurements were conducted for this project on November 16th and 17th, 2020. Noise
measurements were conducted to provide information for noise model validation (short-term measurements with
accompanying classified traffic counts) and to establish the loudest traffic noise hour. Noise measurements were
conducted as described in Section 2.3. Appendix A includes measurement-related materials.

A total of six short-term (ST) noise measurements were conducted as summarized in Table 3-3. Figure 3-2 contains
an aerial figure of the Project area showing each measurement location.

3.9.3.2 Noise Model Validation and Results

The FHWA TNM Version 2.5 (TNM) was used to predict noise levels for the future build alternative as well as
existing noise levels at receptor locations where noise levels are dominated by traffic noise on project
roadways. To demonstrate that the noise model is predicting noise levels within a reasonable margin of error, the
noise model runs are validated by comparing predicted noise levels to measured noise levels for similar traffic
conditions. However, since the TNM only predicts noise levels associated with traffic noise, the model runs
can only be validated at measurement locations where current noise levels are dominated by project
roadways. For this project, noise model validation was possible for all six short- term noise measurement
locations. Noise models are considered to be validated if the difference between measured and modeled noise
levels for comparable conditions is 3 dBA or less. The successful results of the noise validation effort are
presented in Table 3-3.
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Table 3-3 TNM Validation Summary

Measurement ID and Location i Measured Modeled Difference
Traffic Leq, dBA Leq, dBA
Type US-12 EB | US-12WB
o Auto 696 736
ST-1, 6227 W Michigan Ave - 73.8 71.4 -2.4
Medium Trucks 0 20
Heavy Trucks 48 28
Type US-12EB | US-12WB
) Auto 868 820
ST-2, 3350 Textile Road 64.4 65.3 0.9
Medium Trucks 36 16
Heavy Trucks 52 32
Type US-12EB | US-12WB
) Auto 740 792
ST-3, 5807 Hampshire Ln - 63.2 63.5 0.3
Medium Trucks 16 36
Heavy Trucks 32 36
Type US-12 EB | US-12WB
Auto 721 788
ST-4, 5495 W Michigan Ave - 63.5 64.4 0.9
Medium Trucks 20 24
Heavy Trucks 36 40
Type US-23 NB US-23 SB
Auto 1124 1204
ST-5, 3858 Bestech Dr. 75.0 75.6 0.6
Medium Trucks 36 36
Heavy Trucks 412 264
Type US-23 NB US-23 SB
Auto 2064 1584
ST-6, 3667 E Morgan Rd - 72.2 74.6 2.4
Medium Trucks 48 120
Heavy Trucks 288 264

As shown in Table 3-3, all calculated differences between modeled and measured noise levels are less than 3.0 dBA,
therefore the noise models for those locations are considered validated.

TNM validation runs developed for this Project are digitally archived and will be made available upon request.

Prepared for: Michigan Department of Transportation AECOM
23



MDOT US-23/US-12 Noise Report, Revised
Final Draft

4. Noise Impact Analysis

4.1 Future Noise Levels and Impacts

This section presents predicted noise levels and noise impacts (or noise impact distances for both identified CNE
areas and general undeveloped areas).

41.1 Predicted Noise Levels and Noise Impacts

Traffic noise impacts, as defined in 23 CFR 772.5, occur when the design year condition noise levels approach or
exceed the noise abatement criteria (NAC) specified in 23 CFR 772, or design year condition noise levels create a
substantial noise increase over existing noise levels. 23 CFR 772 does not specifically define the terms “substantial
increase” or “approach”; these criteria are defined in the MDOT Noise Analysis and Abatement Guidelines (July 13,
2011), as described in the following section. Table 2-3 summarizes the FHWA NAC corresponding to various defined
land use activity categories.

MDOT noise handbook defines that a noise impact occurs when the sound level approaches or exceeds the NAC
level, which is defined as an Leq(h) sound level 1 dBA less than the NAC identified in 23 CFR 772. This means that a
peak hour noise level of 66 dBA is considered to approach the NAC for Category B of 67 dBA and is identified as an
impact. The MDOT noise handbook defines a noise increase as substantial when the predicted traffic noise levels
with project implementation exceed existing noise levels by 10 dBA.

Future build alternative noise levels, along with existing noise levels, were predicted using the FHWA TNM Version
2.5. All conventional modeling techniques and recommendations for TNM by both FHWA and MDOT were
implemented, as described in Section 3.7.

Table 4-1 below contains a summary of the predicted noise levels and noise impacts at all modeled CNE locations in
the Project. Figures 5-1 (CNE-1), 5-2 (CNE-2 and CNE-3), 5-3 (CNE-3 Noise Wall Detail), 5-4 (CNE-4, CNE-5 and
CNE-6), and 5-5 (CNE-7, CNE-8) contain detailed aerial-based figures of the Project area showing all modeled
receptor locations and predicted future build impacts. Due to the large number of modeled receptors and CNEs within
the Project area, prediction information for individual receptors is presented in detail in Appendix C.

Table 4-1 Summary of Predicted Noise Levels by CNE

No. of Total Predicted Noise Level Total Number of Noise Impacted Units
CNE | Modeled | Dwelling (Range), Leq (1h) —
Receptors Units Existing Future Build Approach or | Significant fotal
Exceed NAC | Increase Impacted DU
CNE-1A 24 23 52.8 - 69.8 52.9-69.9 7 0 7
CNE-1B 0 0 NA NA 0 0 0
CNE-2 58 58 45.2-72.2 46.3-72.4 29 0 29
CNE-3 180 180 51.2-71.4 51.8-71.6 15 0 15
CNE-4 5 5 58.3 - 60.5 58.3 - 60.5 0 0 0
CNE-5 0 0 NA NA 0 0 0
CNE-6 1 1 67.9-67.9 67.9-67.9 1 0 1
CNE-7 5 5 63.8-74.6 64.3-75.1 3 0 3
CNE-8 3 2 64.1-66.9 64.7 -67.5 2 0 2

Figures showing all receiver locations along with evaluated noise abatement elements are included in section 5.
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5. Noise Abatement Evaluation

51 Noise Abatement Measures

According to FHWA and MDOT policies, when noise impacts are identified, noise barriers (at a minimum) must be
considered as noise abatement. Other potential noise abatement measures might include heavy truck or speed
restrictions, alignment changes, and depressed roadways. Of these alternatives, the Project alignment was evaluated
and compared for noise impacts (as presented in section 4), but truck restrictions and speed restrictions below
proposed speed limits would significantly reduce the value of the roadway. Noise barriers were evaluated for each
CNE with noise impacts for feasibility and reasonableness. The following section describes the results of the barrier
assessments for each evaluated CNE.

5.2 Feasible and Reasonable Criteria and Requirements

In order for mitigation to be recommended, the barrier must meet certain feasibility and reasonableness
requirements established by MDOT in the Noise Analysis and Abatement Guidelines.

When noise barriers are considered, a preliminary noise barrier design analysis must show that the barrier is
feasible. According to the MDOT noise handbook, feasible noise barriers must provide at least 5 dBA of noise
reduction to 75% of the impacted receptors. In addition to meeting minimum noise reduction requirements,
noise barriers must also meet engineering and constructability feasibility requirements in terms of safety,
property and emergency access, drainage control, overhead and underground utilities clearance, and other
issues.

Noise barrier reasonableness is generally related to cost effectiveness and benefited receptors, where a
benefited receptor receives at least 5 dBA of noise reduction (NR), and cost effectiveness is driven by a Cost per
Benefited Receptor Unit (CPBU) value. The handbook identifies a CPBU of $49,301, which is a final quotient
resulting from dividing the total cost of abatement (at a rate of $45.00 ft?) by the total number of benefited
receptors. Additionally, The MDOT design year attenuation requirement requires that a minimum of one benefited
receptor achieve a 10 dBA noise reduction, and that 50% of benefited receptors must achieve a 7dBA reduction
for noise abatement to be reasonable.

To summarize, for a barrier to be considered feasible and reasonable, it must have:
e Anoise reduction of at least 5 dBA must be achieved at 75% of impacted receptors

e Anoise reduction of 10 dBA must be achieved for at least one receptor

e Anoise reduction of 7 dBA must be achieved at 50% of benefitted receptors

For a noise barrier to be considered reasonable in addition to the requirements listed above, the viewpoints of
benefited property owners and residents must be taken into consideration. Greater than 50% in favor of all
responding benefited owners and residents is needed to construct noise abatement. Public viewpoints and
votes of benefited receptors are not part of this noise analysis but are collected during the Preliminary Engineering
Phase and are recorded in the environmental documentation.

5.3 Findings and Recommendations for Noise Abatement

Noise abatement was considered for each CNE with identified noise impacts. Initially, noise abatement was checked
for feasibility (5 dBA reduction and at least 75% of impacted receptors and access restrictions). If abatement was
determined to be feasible, the abatement was analyzed for cost effectiveness and other reasonableness factors. For
all impacted receptors meeting feasibility requirements, preliminary barrier designs were evaluated using TNM. If the
abatement was found to be both reasonable and feasible, it would be recommended for inclusion in the project
pending a polling of viewpoints from benefited receptors. A summary of the barrier’s locations and resulting sound
levels are provided in Table 5-1. The details of the barrier analysis including feasibility and reasonableness results are
included in Table 5-2. The narrative results of abatement evaluations for each impacted CNE are summarized in
subsequent sub-sections.

Table D-1 in Appendix D lists the existing and predicted future build noise levels as well as the noise levels with
barrier per modeled receptor location. The table also includes the information regarding benefited receptors and
barrier design goal achievement.
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Table 5-1 Evaluated Barrier Descriptions

Barrier
. Future Leq . L
Existing Range (dBA) Noise Descriptions
Barrier ID Location Leq 9 Reduction (feet)
dBA i dBA
( ) No With ( ) Length Ayg
Wall Wall Height
Wall 1A Directly South of the existing
sidewalk along US-12, between 53-70 | 53-70 | 52-61 5-10 650 11.00
Sauk Trail and the Police Station
Wall 1B Directly South of the existing
sidewalk along US-12, extending | 57.64 | 60-66 | 58-61 5-7 374 15.95
380 feet Southwest of Sauk Trail
Wall 2 Along Platt Rd, South of US-12,
with gaps to allow access 45 -72 46- 72 46-68 5-10 615 20.00
Wall 3A Along the ROW line North of US-
12' West Of P|um HO”OW Dr 51-68 56-68 53-61 5-9 341 20.00
Wall 3B Directly North of US-12, along the
shoulder, Extending 490 feet 53-70 | 54-70 | 52-62 5-10 666 15.53
Northeast of Plum Hollow Dr
Wall 7 Along the ROW line West of US-
23, extending South fromthe US- | 64.75 | 64-75 | 58-62 7-13 1393 | 20.00
12 interchange
Wall 8 Along the ROW line East of US-
23, extending South fromthe US- | 64-71 | 65-71 | 58-61 6-10 1637 16.00
12 Interchange
Table 5-2 Barrier Analysis Results
Number of Attenuated Locations*
. >7 dBA = 5 dBA (Benefitted ) . .
Barrier ID 2 Receptors) Cost Cost/Benefitted| Feasible [Reasonable Recommended
=10 dBA
4 % of 4 % of
Benefit Impacts
Wall 1A 1 4 57% 7 100% $321,750. $45,964 No Yes No
Wall 1B 0 2 50% 4 100% $268,439 $67,110 No No No
Wall 2 7 20 91% 22 100% $553,500 $25,173 No Yes No
Wall 3A 0 2 25% 8 100% $306,900 $38,363 Yes No No
Wall 3B 1 18 82% 22 100% $465,435 $21,156 No Yes No
Wall 7 1 4 100% 4 100% $1,253,700 $313,425 No No No
Wall 8 1 3 100% 3 100% $1,178,640 $392,880 No No No
Note:

1) MDOT policy requires that reasonable and feasible noise walls must be constructable, provide at least 10 dBA noise reduction at|
one impacted receptor, at least 7 dBA noise reduction for at-least 50% of benefited receptors, at least 5 dBA noise reduction for at least]
50% of impacted receptors, and be constructed at an estimated cost of no more than $49,301 per benefited receptor.
2) Wall costs reported here are based on wall area in square feet as calculated by TNM times MDOT unit cost of $45.00/square foot.

5.3.1 CNE-1A Noise Abatement Analysis

CNE-1A, south of US-12, contains 24 modeled receiver locations representing a total of 23 individual single-family
homes with each home representing one dwelling unit and a township office building. Seven receptors were

determined to be impacted under future build conditions. One impacted receptor (R1001) was isolated from other
receptors; thus abatement was not analyzed. Two noise walls were analyzed, Barrier 1A on the East side of Sauk
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Trail, and Wall 1B on the West side. Both wall segments were determined to be not feasible according to MDOT
policy for several reasons. These included significant constructability issues associated with interference with existing
sanitary sewer, utility conflicts (utility poles, overhead lines and gas lines), and conflict with existing sidewalks. A noise
wall at this location would also require significant private property acquisition outside of the MDOT right-of-way
specifically for the noise wall installation (not otherwise required for the proposed roadway improvements).

Therefore, a noise wall at this location is not recommended. These walls are shown in Figure 5-1, and detailed
analysis metrics can be found in Tables 5-1 and 5-2.

5.3.2 CNE-1B Noise Abatement Analysis

CNE-1B, north of US-12, contains two commercial buildings with no exterior use areas, an undeveloped wooded area
and part of an agriculture field. None of these are no noise sensitive land uses; thus, no noise abatement was
analyzed. CNE-1B is shown in Figure 5-1.

5.3.3 CNE-2 Noise Abatement Analysis

CNE-2 contains 58 modeled receiver locations representing a total of 58 individual dwelling units, 29 of which were
impacted. Receptors on the East side of the CNE are generally isolated single-family homes, with driveway access
directly onto US-12 precluding any feasible barrier designs. A noise barrier was analyzed for the community of multi-
family homes along Platt Rd, South of US-12 (Blue Heron Pointe Apartments). A continuous barrier could be placed
between the sidewalk and the roadway; however, this would pose safety issues, blocking the view of the sidewalk
from the street, or a crash hazard. For this reason, a barrier was analyzed at a location immediately behind the
sidewalk, still within the municipal right-of-way, but leaving gaps for existing access sidewalks into the residential
community. A 20-ft barrier with small gaps for pedestrian access met MDOT acoustical performance requirements,
but existing overhead utility lines and underground sewer lines along the same alignment would preclude constructing
a barrier in the area. Thus, noise abatement for CNE-2 for was determined to be not feasible due to constructability
issues and utility conflicts. This is shown in Figures 5-2, 5-3, and Table 5-2.

5.3.4 CNE-3 Noise Abatement Analysis

CNE-3 contains 180 modeled receptor locations representing a total of 180 individual dwelling units, 15 of which were
impacted. Two of the impacted receptors (3005 and 3006) are isolated single-family homes with direct driveway
access to US-12, thus noise abatement was determined to be not feasible for these receptors. A total of 13 receptors
were impacted in the multi-family developments generally located between Plum Hollow Dr. and Wellesley Blvd
(Arbor Knoll Apartments and Wellesley Garden Condominiums). Noise walls were evaluated on both sides of Plum
Hollow Dr, 3A to the West and 3B to the East. Wall 3A failed to meet the design goal of achieving 7 dBA reduction at
50% of benefiting receptors as well as 10 dB reduction at one receptor, resulting in the wall being evaluated as not
reasonable.

Wall 3B was analyzed extending NE of Plum Hollow Dr. along the shoulder of the road toward Wellesley Blvd. The
noise wall at location 3B was ultimately determined to be Not Feasible in accordance with MDOT noise policy for
several reasons. These included significant constructability issues associated with interference with existing drainage
features, utility conflicts (existing utility poles and underground water lines), and conflict with existing sidewalks. A
noise wall at this location would also require significant private property acquisition outside of the MDOT right-of-way
specifically for the noise wall installation (not otherwise required for the proposed roadway improvements.

Therefore, a noise wall at this location is not recommended..

Evaluated noise walls 3A and 3B are shown in Figures 5-2 and 5-4 and summarized in Table 5-1 and 5-2. Please
note, in Figure 5-4, overlapping receptor symbols indicate upper and lower-level dwelling units, each with an exterior
patio or balcony and separate receptor ID (with ID numbers 31XX for first level and 32XX for second level). For the
Arbor Knoll Apartments receptors were evaluated at both upper and lower units (balconies and patios) since these
are separate dwelling units. The Wellesley Garden Condos were determined to be “townhouse” style dwelling units
with a single unit having both upper and lower floors. The units that have upper-level balconies were evaluated for
noise impacts and mitigation at the balcony. The units that did not have balconies were evaluated at the outdoor area
near the front entrance to the unit.
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5.3.5 CNE-4 Noise Abatement Analysis

CNE-4 contained 5 modeled receptor locations representing 5 individual dwelling units, none of which were impacted.
As there were no impacts, no abatement was analyzed. CNE 4 is shown in Figure 5-4.

5.3.6 CNE-5 Noise Abatement Analysis

CNE-5 contains no noise sensitive land uses; thus no abatement was analyzed. CNE 5 is shown in Figure 5-4

5.3.7 CNE-6 Noise Abatement Analysis

CNE-6 contained one modeled receptor location representing one dwelling unit, as shown in Figure 5-4, which was
impacted. As an isolated receptor, and following a basic assumption that a barrier would need to extend at least 3
times the distance from the barrier to the receiver in each direction and tall enough to block the line of sight to the
highway vehicles, a barrier of at least 1100 feet in length and at least 8 feet in height would be needed to provide a
minimum of 5 dBA reduction. At $45/square foot, this barrier would cost at least $396,000 per benefited receptor, far
exceeding the CPBU. Thus, mitigation is not recommended.

5.3.8 CNE-7 Noise Abatement Analysis

CNE-7 contains 5 modeled receptor locations representing a total of 5 individual dwelling units, 3 of which were
impacted. A noise wall was designed to meet feasibility and design goals, however, the cost per benefitted unit
exceeded the MDOT cost allowance. Thus, this wall is not recommended. A summary of this barrier is shown in
Tables 5-1 and 5-2.and its location is shown in Figure 5-5

5.3.9 CNE-8 Noise Abatement Analysis

CNE-8 contains three modeled receptor locations representing a total of three individual dwelling units, two of which
were impacted. A noise wall was evaluated to meet feasibility and design goals, however, the cost per benefitted unit
exceeded the MDOT allowance. Thus, this wall is not recommended. A summary of this barrier is shown in Tables 5-1
and 5-2, and its location is shown in Figure 5-5.
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Figure 5-1 Acoustical Analysis for CNE 1A and 1B
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Figure 5-2 Acoustical Analysis for CNE 2 and CNE 3
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Figure 5-4 Wall 3A and 3B Analysis Detail
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Figure 5-5 Acoustical Analysis for CNE-4, CNE 5, and CNE 6
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6. Construction Noise Analysis

FHWA policy requires that construction noise be considered in a Type 1 highway noise analysis. This analysis
would generally include the following:

1. Identification of land uses that may be affected by construction noise,

2. Determination of the measures needed in the plans and specifications to minimize or eliminate construction
noise impacts; and,

3. Incorporate needed abatement into the plans and specifications.

Neither FHWA nor MDOT identify specific construction noise impact criteria. In addition, the detailed information
required to predict actual construction noise levels (construction schedules, phasing, equipment lists, laydown
areas, etc.) has not yet been determined. However, for this project it is anticipated that pile driving, and some
nighttime construction work will be required.

It is recognized that areas adjacent to the highway right of way and other construction areas (such as staging
areas and laydown sites) can temporarily be exposed to high levels of noise during peak construction periods. It is
reasonable to assume that the same CNEs identified for potential traffic noise impacts could also be exposed to
construction noise. The effect of the noise on the local area can be reduced if the hours and days of
construction activity are limited to less sensitive time periods. The project construction standard noise
specifications help minimize the effects of construction noise.

The following special provisions may be incorporated into the construction contract:

« Inform the local public in advance of construction activities that may generate particularly high noise
levels (such as pile drivers) or periods of nighttime construction activity.

* Noise barriers, approved for incorporation into the project, should be constructed as close to the
beginning of the project's construction timeline as practical.

* Noise created by truck movement shall not exceed 88 dBA at a distance of 50 feet.

*  When working between 7:00 P.M. and 10:00 P.M., use “smart alarms” instead of standard reverse signal
alarms or use spotters. When working between 10:00 P.M. and 7:00 A.M. use spotters.

*  Have portable noise meters on the job at all times for noise level spot checks on specific
operations. Employ an individual trained in the use of noise meters, with working knowledge of sound
measurements and their meaning and use as applied to these mitigation/abatement measures.

6.1 Typical Construction Noise Levels

Table 6-1 contains a list of commonly used construction equipment and noise levels associated with using that
equipment.
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6.2

Although MDOT does not identify any specific abatement measures related to construction noise, the following
list could be considered best practices for the avoidance of any potential problems related to construction noise
impacts:

Table 6-1 Typical Construction Equipment Noise Levels

Equivalent Type Lmax Ref dBA (50 feet) AUF %
Auger Drill 84 20
Backhoe 78 40
Boring Jack Power Unit 83 50
Chain Saw 84 20
Compactor (ground) 83 20
Compressor (air) 78 40
Concrete Mixer Truck 79 40
Concrete Pump Truck 81 20
Concrete Saw 90 20
Crane 81 16
Dozer 82 40
Drill Rig Truck 79 20
Drum Mixer 80 50
Dump Truck 76 40
Excavator 81 40
Flat Bed Truck 74 40
Front End Loader 79 40
Generator (>25KVA) 81 50
Generator (<25KVA) 73 50
Gradall 83 40
Grader 85 40
Horizontal Boring Jack 82 25
Hoe Ram 90 20
Jackhammer 89 20
Man Lift 75 20
Pavement Scarafier 90 20
Paver 77 50
Pickup Truck 75 40
Pneumatic Tools 85 50
Pumps 81 50
Roller 80 20
Scraper 84 40
Shears (on backhoe) 96 40
Tractor 84 40
Vacuum Excavator 85 40
Vacuum Street Sweeper 82 10
Ventilating Fan 79 100
Vibrating Hopper 87 50
Vibratory Concrete Mixer 80 20
Warning Horn 83 5
Welder/Torch 74 40

Source: RCNM User Guide, Table 1 (actual measured Lmax)

Construction Noise Abatement Measures

No construction shall be performed within 1,000 feet of an occupied dwelling unit on Sundays,
holidays, or between the hours of 10 p.m. and 6 a.m. on other days without the approval of the MDOT

construction project manager.

All equipment used shall have sound-control devices no less effective than those provided on the original

equipment. No equipment shall have unmuffled exhaust.

All equipment shall comply with pertinent equipment noise standards of the U.S. Environmental Protection

Agency.
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e No pile driving or blasting operations shall be performed within 3,000 feet of an occupied dwelling
unit on Sundays, legal holidays, or between the hours of 8 p.m. and 8 a.m. on other days without the
approval of the MDOT construction project manager.

e  The noise from rock crushing or screening operations performed within 3,000 feet of any occupied dwelling
shall be mitigated by strategic placement of material stockpiles between the operation and the affected
dwelling or by other means approved by the MDOT construction project manager.

If a specific noise impact complaint is received during construction of the project, the contractor may be required
to implement one or more of the following noise mitigation measures at the contractor’s expense, as directed by the
construction project manager:

® | ocate stationary construction equipment as far from nearby noise-sensitive properties as feasible.

e  Shut off idling equipment.

e Reschedule construction operations to avoid periods of noise annoyance identified in the complaint.
e Notify nearby residents whenever extremely noisy work will be occurring.

e Install temporary or portable acoustic barriers around stationary construction noise sources.

e  Operate electrically powered equipment using line voltage power or solar power.
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7. Information for Local Government Officials

FHWA and MDOT policy specify that local officials should be provided appropriate information to assist with future
compatible land use planning, especially about the future planning and development of currently undeveloped
lands near the proposed project right-of-way.

Table 7-1 shows noise impact distance for the 66 dB and 71 dB levels (NAC categories B/C and E, respectively) from
both highways in the project area. Future developments should not place applicable noise sensitive land uses within
the distances listed from Edge of Pavement.

Table 7-1 Noise Impact Distances for Undeveloped Lands

Project Roadway Distance from the Edge of Pavement
71 dB Distance 66 dB Distance
US-23 187 Feet 336 Feet
USs-12 45 Feet 114 Feet
8. Conclusions and Recommendations

The noise analysis for the proposed project included a total of eight measurement locations and 165 predicted
representative noise levels for 165 dwelling units in the project area. The project was split into eight separate CNEs
for noise impact analysis within the study area.

Six of the eight CNEs contained receptors with predicted future noise levels approaching or exceeding the NAC. Noise
abatement was considered in six locations. For each of these six locations noise abatement was evaluated but were
disqualified for failing to meet some or all feasibility and reasonableness requirement as defined by MDOT noise policy.

9. Statement of Likelihood

Based on the studies thus far accomplished, the Michigan Department of Transportation does not intend to install
highway traffic noise abatement in the form of noise walls, as presented in Table 5-1 in this document.
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Appendix A Noise Measurement Data and Documentation

Appendix A contains the following noise measurement data and documentation:
Short-term Noise Measurement Summary Table

Noise Measurement Photo Log
Noise Measurement Field Data Sheets

Noise Measurement Equipment Calibration Certificates

Short Term Measurement Summary

1D Location Average Leq Range Start Stop Duration

Leq (dBA) (dBA) (hh:mm) | (hh:mm) | (hh:mm)
ST-1 6227 W Michigan Ave 73.8 70.6-77.4 13:33 13:49 0:16
ST-2 3350 Textile Road 64.4 61.6-66.7 14:08 14:27 0:19
ST-3 5807 Hampshire Ln 63.2 60.4-68.5 14:44 15:02 0:18
ST-4 5495 W Michigan Ave 65.2 62.6-67.4 15:15 15:32 0:17
ST-5 3858 Bestech Dr 75.0 73.8-76.9 11:37 11:55 0:18
ST-6 3667 E Morgan Rd 72.2 70.9-73.9 15:53 16:12 0:19
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Noise Measurement Photo Log

LT-02 Facing West LT-02 Facing South

ST-01 6227 W Michigan Ave _
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ST-02 3350 Textile Road

ST-02 Facing Noth East

ST-03 5807 Hampshire Ln

ST-04 Facing West ST-04 Facing East
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ST-05 Facing West B ] | ST-05 Facing East

ST-06 3667 E Morgan d
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Field Data Sheets

AECOM Acoustics and Noise Control Practice

FIELD NOISE MEASUREMENT DATA FORM

ProjectName: A\ DT - U6 12./23 Project #: Date: \\-\4-22 Page of
Measurement Location: |1 — | Analyst: G L.
~ Sound Level Meter Field Calibration Meleorological Data
Model # LT | Model# (.\ Zoo Model#: [ 5 22 () Time Obs/Meas:
Seal# 6281 seral#: 370 % Serial# 2 395184 10130
Weighﬁnﬁ] C/Flat Calibration Level (dB): 94 / Precipitation: Yes (explain) / No  _
Respnns@ st/ lmpl Pre-Test (), & g dBA Wind: Steady / Gusty"{falm 3
Wmdscraerlg'ﬁ:lo (explain) Post-Test /7 dBA Avg Wind Speed/Direction: Ji W o mas ”l\’dPH/)
Tapfﬁfgpf Hilly GPS Coordinates (at SLM location)® Temp (°F): 4 <] (D RH(%): _7 2%
Terain: ml&ﬂmﬂgwnow Hze1 ‘4.0 N g2 e42' B W | BarPsr(Hg): 3 [/ Cloud Cover {%): 7.5%
Loc. ID Start Time | Stop Time Metrics Statistics Notes/Events
(hh;mm) | (hh:mm) Ly L Lo Lig Lsg Log
018 Skt Sr Mmj.@/
A 4%  en \usd S
! £
Matn  chedeep o LIM, 2berp i
i 2 L,\«t. ey 2iy AR ET ‘b‘HLl kﬂr—’/('
Bull bt gk Suawiiy .
Roadway Name/Dir. compass Site Diagmm:
Speed (post/obs®) @
Number of Lanes | ;
Width (pave/row) e \, =
1- or 2- way ‘ V.o [T e
Grade é’ 9 | Pegt
Bus Staps [ \ [
Stoplights ‘ V) L
Motorcycles ! 3 f:_f__,,‘__, o
Automobiles { '
Medium Trucks i f X
Heavy Trucks \ : R f Asee
Buses
Count duration .
F-nut.e‘cmmmsystamiiumu than NADEA * - Spsed ssimaied by Radar | Driving | Observaton ’ Photos Taken? (( Yes ,l’ No
Additional Noles/Comments: Lc;"\‘i & )wu’ wols - s -12 E B. -
Noise Sources (circle all that apply): distant aircrafroadway trafficirall aps/landscaping/rustiing leavesichildren playing/dogs barking/birds vocalizing/insectsimechanical
Additional Notes and Sketches on Reverse or Indicated Separate Sheet{s)

AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation

AECOM
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AECOM Acoustics and Noise Control Practice
FIELD NOISE MEASUREMENT DATA FORM

Project Name: _ MDotT_ U5-\2- /23 Project #: Date: W/ibfze>  Page of
IMeasurement Location: 4T -7_ Analyst: Zoh a )
I Sound Level Meter Field Calibration Meteorological Data
Modet#: _ LTV Model#: Cal 206 Model# K350 Time Obs/Meas:
Serial # iéz@ serial#: 7 /0 Serial# 2.3 £51 £ e {
Weightin C/Fiat Calibration Level (dB): Precipitation: Yes (explain)
Respons@v /Fast/ Impl Pre-Test +& @ g dBA Wind .—i@w Gusty / Calm
Windscreen : Yes / No (explain) Post-Test - ¢£2. O dBA Avg Wind Speed/Direction: "'l W mis 1(MPH/
Topflatf Hilly ‘ GPS Coordinates (at SLM location)* Temp (°F): 7 4¢ RH(%): 2 o
Terain: 'Hardfm:(eanow 42912 061" §3°%('335 W Bar Psr (Hg): 2“0, [+ Cloud Cover (%): 75
Loc. 1D Start Time | Stop Time Metrics Stalistics Noles/Evers
{hh:mm) | (hh:mm) Leg Lo e Ly Lsp Lgg )
w0 AT P
14:27 Step
Roadway Name/DIr. compass Site Diagram:
Speed (post/abs*) @ _—
Number of Lanes -
Width (pave/row) e
1-or 2- way
Grade o ~
Bus Stops = \/~ V2 pas s S
Stoplights - a A g e
Motorcycles Ltf:{ Sietes "
Automobiles B T~
Medium Trucks
Heavy Trucks C L i cele [J {—
Buses
Count duration O
E_nou coordinate system if other than NADB4 * - Speed esimated by Radar / Driving / Observation Photos Taken? @]l No
iAdditional Notes/Comments:
Noise Sources (circle all that appiy): distant aircraftiroadway trafficiall opsflandscaping/rustiing leavesichildren playing/dogs g/birds vocalizing
Additional Notes and Skelches on Reverse or Indicated Separate Sheet(s)

AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation

AECOM
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AECOM Acoustics and Noise Control Practice
FIELD NOISE MEASUREMENT DATA FORM
ProjectName: AM\DOT US~1z /23> Project #: Date: /I [Z © Page of
Measurement Location: £~{— ) Analyst: Sc b, )
| Sound Level Meter ! Field Calibration Meteoralogical Data
Model #: _L <t | Model#:_ Lo \2@e Model #_K3 500 Time Obs/Meas:
Serial# b2 & Serial#:_j7¢& T Seral#: 2385191 13:2&
Welghﬁrp@ C/Flat Calibration Level (dB): 94@ Precipitation: Yes_ ngplain]
ResponsegSlo Fast ! Impi PreTest 47 . 15  dBA Wind: Steady,) Gusty / Calm . §
Windst:reerr@No (explain) Post-Test ¢, \L dBA Avg V‘&id Speedfﬁ'!recﬁon: W' o mET MPH_-
Topo: Flat [ Hilly GPS Coordinates (al SLM location)* Temp (“F):/‘lL 5 RH (%) : Lo
Terrain: _Hard / Soft/ Mixed / Agg / Snow H220'y4 3N 83%;2" 154" "W | BarPsr(Hg): 24, | s Cloud Cover (%): 52
Start Time | Stop Time Metrics Statistics
Loc. D () | (bhimm) [ o =1 - > T - ' - Notes/Events '
3:%% Stadk cowen adjueend
wiBy A\ e Y
¥ Y4 e ;
Roadway Name/Dir. compass Site Diagram:
Speed (post/obs*) @
Number of Lanes W 2 e c} C)
Width (pave/row) il
1- or 2- way ]\_....., .
Grade ———
Bus Stops P
Stoplights e RS e o
Motorcycles
Automobiles f_”-———7*.______’
] — X .
Medium Trucks POl
R .M Folce
Heavy Trucks b medes € ,
Buses e, He
Count duration /
~"ole Coorsinale system I other han NADBA - Speed esUmaled by Radat | Drving | Observatn Photos Taken?
iAddilional Noles/Comments: rsiaeCs @)NO
Naise Sources (circle all that apply): distant aircraftroadway traffic/rail opslandscapingirusting leaves/children playing/dogs barking/birds vocalizing/Insects/mechanical
Additional Notes and Skeiches on Reverse or Indicated Separate Sheat(s)
AECCOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation

AECOM
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AECOM Acoustics and Noise Control Practice
FIELD NOISE MEASUREMENT DATA FORM

ProjectName: _A\Pet vS-12/2 3 Project #: Date; Nev |4, 2eoPage of |
Measurement Location: | | -2 e Analyst: 9 b o)
Sound Level Meter Field Calibralion Meteorological Data

IModet#: L. g[ \ Model # (,(‘_( 20 Model#: 'Y< 3 5 ¢ Time Obs/Meas:

Seda#:é@l Serial#: 37 £4 — Serial#: 2396189 jo:sv

Weigkl%ﬁal Calibration Level (d8): @fﬁ,ﬁ o Precipitation: ;(gs_.(ax lain) / No Txer

ResporsE:.Slow / Fast / Impl PreTest &/, ¢/ 0 dBA Win((Stead ! Gusty / Calm e
Post-Test — o7, [ % dBA Avg Wind Speed/Direction: 7 W~ WSG#MBH %

|Windscreen(, Ye‘ I No (explain)
T (Fg&’l Hilly = GPS Coordinates (at SLM location)® Temp (F): v % RH(%): € & Ve

Terrain: _Hard | Self/ Mixed-+Agg / Snow le,°\2‘q£,q"N 2341 oy 4 "W BarPst (Hg): ~<f .t 2 Cloud Cover (%): £ Fo%
Loc. 1D Start Time | Stop Time Metrics Stalistics Noles/Events ;

“ | atemm) | (hhemm) | Leg | Lme | Loa | L | Le | Lw
joiyd A%k o Moo
g 74 "l.\ <5 7 ﬁ TR I . ’rv- <<

[

Roadway Name/Dir. compass Site Diagram:
Speed (post/obs*)

Number of Lanes ’ Conce—
Width (pave/row)
1- or 2- way
Grade

Bus Stops
Stoplights
Motorcycles
Automobiles
Medium Trucks
Heavy Trucks
Buses
S

Count duration
[ - rote coonfinale system if olher than NADB * - Speed estimated by Radar f Driving / Observaion Photos Taken? ( Ye§ | No

Additional Notes/Comments:

S

‘uf—za

G»QC; e

Noise Sources (circle all that apply): distant aircraftiroadway trafficirail ops/landscaping/stiing leaves/children playing/dogs barking/birds vocalizing/insects/mechanical
Additional Notes and Skelches an Reverse or Indicated Separate Sheet{s)

AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation AECOM
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AECOM Acoustics and Noise Control Practice
FIELD NOISE MEASUREMENT DATA FORM
ProjectName: MDOT  V5-12/23 Project #: Date: \\[f4/2¢>  Page of
Measurement Location: <, — < 3 Analyst: Sl o
Sound Level Meter Field Calibration Meleorological Dala
Model #: L «T1 Model#_CA 200 Model #:_K3 620 Time Obs/Meas:
Serial # s@ Serial # 2 /oY Serial#: 23§ G\ - 17 .32
Weighti /C/Flat Calibration Level (dB): 94/114 Precipitation: Yes.(exprgirgﬁlo
Respons( %ﬁ) Fast/ Imp! Pre-Test 4 0. &€ dBA Wind:{Steady / Gusty / Calm
lW'ndscree Yes4 No (explain) Posk-Test - 7, ¢#71 dBA Avg Wind Speed/Direction: X W ms | O
@L}’Hrlly GPS Coordinales (at SLM locafion)* Temp (°F): gt RA): 2870
Teral HardlSoE@ﬂ_ngnow w2 12287 N P3%4o'ig otwW Bar Psr (Hg): “Z <1 .12~ Cloud Cover (%): &
Loc. ID Start Time | Stop Time Metrics Statistics Noles/Events
(hhemm) | (hhimm) | Leg | Lo | bmac | Lo | Lsg | Lep
17 9 7 0 S L
163 S -{-m“p
Roadway Name/Dir. compass Site Diagram:
Speed (post/obs®) @
Number of Lanes
Width {pave/row)
1- or 2- way
Grade
Bus Stops /
Stoplights / e ’ Cade
Matorcycles B, X
Automobiles 'g‘
Medium Trucks
Heavy Trucks i £ 5’&_‘%&‘.’:—(/
Buses o ( 9‘ u.‘?l«
Count duration 2
- nole coontinate system if ofher than NADB4 * - Speed estimated by Radar / Driving / Observation 1 Photos Taken? Yes /No
Additional Notes/Comments:
Noise Sources (circle all that apply): distant aircratiroadway traffic/ril opsft ping/rustiing layling/dogs barking/birds vocalizing/insectsimechanical
Additional Notes and Skeiches on Reverse or Indicated Separate Sheet{s)
AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Calibration certificates for each SLM used to conduct field measurements.

Prepared for: Michigan Department of Transportation

AECOM
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AECOM Acoustics and Noise Control Practice

FIELD NOISE MEASUREMENT DATA FORM

Project Name;

MDeT Us-12/23

Project #:

Measurement Location: 4 T-2

Date: N/14/20 Page of

Analyst & oL, )

r - Sound Level Meter
Model #: Lg ET\
Serial#__b2OD
Weighting?&. C 1 Flat

Response: ;@ { Fast/ Impl
\Windscree ,!’?Q / No (explain)

Field Calibration

Model#: £ AL 200
Serial#: 37 e+

Calibration Level (dB): 94
Pre-Test =2, & |\ dBA
Post-Test v, @ dBA

Topo: Flat / Hilly

Temain: Hard / Soft { Mixed IAQ | Snow

GPS Coordinates (at SLM location)”
Yz2 2 ' W7 NPz, "

Meleoralogical Data

Model# Kk = O Time Obs/Meas:
serial # 238 5184 2 ‘5D

Precipitation: Yes Lﬁxplaiw@:')

wa:‘éiéa'gﬁ Gusty / Calm i

Avg Wind Speed/Direction; 7 W omst 1ﬁF‘H

Temp (F):_Gd RH(%): 247

BarPsr{Hg): 2 4 . |2 Cloud Cover (%): C)E,é

Loc. ID Start Time | Stop Time

Matrics Statistics

{hh:mm) | (hh:mm) Ly
|44

Lo | Low [ Lo | Lo | Lw

Notes/Events

FANAY

MGy

S \‘f%":

Vi ol

41-;:{:1

Roadway Name/Dir.

Speed (post/obs®)

Number of Lanes

Width (pave/row)

1= or 2- way

Grade

Bus Stops

Stoplights

Motorcycles

Automobiles

Medium Trucks

Heavy Trucks

Buses

Count duration

Additional Notes/Comments:

[ olz coordinate system f other than NADBA * - Speed eslimated by Radar { Drving / Obsarvabon

Noise Sources (circle all that apply): distant aircraft/roadway traffic/rail opsfandscaping/rustiing leaves/children playing/dogs barking/birds vocalizingfinsectsimechanical
Additional Notes and Skeiches on Reverse or Indicated Separate Sheet{s)

e TR
Photos Tak

AECQOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation

AECOM
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AECOM Acoustics and Noise Control Practice

FIELD NOISE MEASUREMENT DATA FORM

Project Name:

NPT VS 2723

Measurement Location: 5T — 5§

Project #:

Date: \\—~\~12C Page of _

Analyst: S a0

Sound Level Meter Field Calibration Meleorological Data
|Mode| # Model#: C o\ Z@© Model #: {3500 Time Obs/Meas:
Serial # serial#__ 3704 serial#: 238 TP HeYyes
Weightin C/Flat Calibration Level (dB): 94 ‘,ﬂ Precipitation: Yes (explain) ‘@’
Response; Fast/ Impl Pre-Test ~0.02 dBA Wind: Gusty / Calm =
[Windscree ! No (explain) Post-Test 40,07 dBA Avg Wind SpeedDirection: mis |
Topo:(Elat / Hilly GPS Coordinates (at SLM location)® Temp (°F): _"}L RH (%) : 30%
Terrain: Hardﬂt@ﬂﬁmw 42 )2'w3 HN f3°%4'04.2 W BarPsr (Hg): 2 4,42 Cloud Cover (%): 50% |
Start Time | Stop Time Metrics Slatistics
i (hr'::rnm) = Fbe | Lme | Lo | 5. ] be Notes/Events
177 ST
TH Stop
Roadway Name/Dir. compass Site Diagram:
Speed (post/obs*) @
Number of Lanes
Width (pave/row) L - “"éce( w
1-or 2- way Vot é
Grade s
Bus Stops
Stoplights Nﬂ\
Motorcycles
Automabiles "é & ’QQ fe&
Medium Trucks
Heavy Trucks
Buses
Count duration

Wm coordinate system if ather than NADBA
| Additional Notes/Comments:

- Speed estimated by Radat / Driving / Observation

Noise Sources (clrcle all that apply): distant alrcraftroadway trafficirall opsflandscaping/rustiing leavesichildren payingidogs barking/birds vocalizing/insects/mechanical
Additional Notes and Skeichas on Reverse or Indicated Separate Sheet(s)

il
Photos Taken? W No

AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation

AECOM
49




MDOT US-23/US-12 Noise Report, Revised
Final Draft

AECOM Acoustics and Noise Control Practice
FIELD NOISE MEASUREMENT DATA FORM

Project Name:  MDET (s -12/22 Project #: Date: N 16 Page  of |
|Measurement Location: 57T -4 _ Analyst: §
Sound Level Meter Field Calibration eieoro Meteorological Data
|Model # L <0 Model #:_~ Al 2e0 Model#: I 7502 Time Obs/Mess:
Serial # 9 20 serial #: 77OF Serial#: Z385 191 lé.o7
Welghhn A | Flat Calibration Level (dB): 9 Precipitation: Yes{explain} / No
Respon J@ﬁ Fast/ Impl Pre-Test v . Oé dBA Wj ady / Gusty / Calm —}
Wndscree es/ No (explain) Post-Test ~ 2. dBA Avg Wind Speed/Direction: 6w mis ¢_MPH | D
TFiasf Hily GPS Coordinates (al SLM location)” Temp (°F): 5 %77 TTRAM): 27946
Terain: Haﬂ!Su@A&g!Snuw 472912'5., 40 PP Uveq 4" "W | BarPsr(Hg): LA 17 Cloud Cover (%):
Start Time | Stop Time Metrics Statistics
Lac. ID (hhemm) (mf: mm) o o - iz Fg = Notes/Events
|51 54 el ™
\p: 00 bualole Sty
ihil2 e P
I
Roadway Name/Dr. compass Site Diagram:
Speed (post/obs*) @ @Z
Number of Lanes
Width (pave/row)
1- or 2- way Feae
Grade e
Bus Stops Motgan : I~
Stoplights o
Motorcycles r\\
Automobiles =
Medium Trucks P - L\% <,
Heavy Trucks
Buses
Count duration />\
- nole coordinate system i other than NADB4 * - Speed estimated by Radar / Driving / Observation
Additional No:s:siComments: N Y - e Takenwmo
Noise Sources (circle all that apply): distant aircraftroadway trafficirail opsilandscaping/rustiing leaves/children playing/dogs barking/birds vocalizing/insects/mechanical
Additional Notes and Skeiches on Reverse or Indicated Separate Sheet(s)

AECOM ANCP, Field Noise Measurement Form, Vers. 1.4 rev010918

Prepared for: Michigan Department of Transportation AECOM
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Equipment Calibration Certificates

Calibration Certificate

Certificate Number 2020007216

Customer:
AECOM
Suite 1200
401 West A Street
San Diego, CA #2101, United States
Model Number  LxT1 Procedure Number  DDDC1.8384
Serial Number DO0G201 Technician Kyle Holm
Test Results Pass Calibration Diate 28 Jum 2020
s - Calibration Due
Initial Condition As Manufactured Temperature 2364 ¢ + 025 C
Description SoundTrack LxT Class 1 Humidity 524 w%RH +2D%RH
Class 1 Sound Level Meter Static Pressure BS77 ¥Pa :0.13kPa
Firmware Revision: 2.403
Evaluation Method Tested with: Dazfa reporfed in dB re 20 pFa.
Larson Davis PRMLxT 1L. S/N D89062
PCB 377B02. B/ 322051
Larson Davis CAL200, S/N BOTE
Larson Diavis CAL201, 5/N 0108
Compliance Standards Compliznt o Manufacturer Specifications and the following standards when combined with

Calibration Certificate from procedurs DO0G1.B378:

IEC 80651:2001 Type 1 ANSI 51.4-2014 Class 1
IEC BOS0D4:2000 Type 1 ANSI51.4 (R2006) Type 1
IEC 81252:2002 AMSI 51,11 (R2D00) Class 1
IEC 81260:2001 Class 1 ANSI 51.25 (R2007)

IEC 81672:2013 Class 1 ANSI 51.43 (R2007) Type 1

lssung lab cenifies that the instrument descnbed above meets or exceeds all specifications as siated in the referenced procedure
(unless othenwise noted). 1t has been calbrated using measwement standards traceable to the Intemational System of Units (50
throwgh the Mational Institute of Standards and Technology (NIST), or other national measurement institutes, and meets the
requirements of ISOVEC 170252005,

Test points marked with a T in the uncertainties column do not fall within this laboratory’s scope of accreditation.

Thie quality system is regstered to 150 80012015,

This calibration is a direct comparison of the unit under test to the listed reference standards and did not mvalve any sampling plans to
complete. Mo allowance has besn made for the instabity of the t2st device due to use, time, etc. Suech allowances would be made by
the customer as needed

The uncertainties wers computed in accordance with the 150 Gusde to the Expression of Uncenanty = Measurement (GUM). A
cowverage factor of approximately 2 sigma (k=2 has been sppled to the standasd uncaranty to sxpress the sxpanded uncertainty at
approximately B5% confidence level

This report may not be reproduced, escept in full, unless permassion for the publication of an approved abstract is obtained in wrting
from the crganization issuing this repori.

Comection data from Larson Davis LaT Manual for SoundTrack LxT & ScundExpert Lxf, 77001 Rev J Supporting Firmware Version
2.301, 2015-04-30

LARSON DAVIS - A PCB PIEZOTEONICS DIV.
1651 Wesr 820 Nonth

Prowo, UT B4601, United Smares

TL6-684-0001

®LARSON DAVIS

A PCB PIEZOTRONICS DIV,

J020-5-29T14:-42:51 DOO0L.B4048 Bav D

Prepared for: Michigan Department of Transportation AECOM
51



MDOT US-23/US-12 Noise Report, Revised
Final Draft

Calibration Certificate

Certificate Mumber 20200072159
Customer:

AECOM

Suite 1200

401 West A Sireet

San Dhego, CA 92101, United States

Model Number  LxT1T Procedure Number  DODD1.E3B4
Serial Number ooo&202 Technician Kyle Holm
Test Results Pass Calibration Dafe 28 Jun 2020
Calibration Due
Initial Conditi As Manufactured
TR i Temperature 2384 *C +025°C
Desecription SoundTrack LxT Class 1 Humidity 52.1 9%RH +20%RH
Class 1 Sound Level Meter Static Pressure B578 KPa +0.13kPa
Firmware Revision: 2.403
Evaluation Method Tested with: Data reported in dB re 20 pFa.
Larson Davis PRMLXT1L. S/N 088563
PCH 377B02. 5/ 322055
Larson Davis CALZ00, S/N 8078
Larson Davis CALZG1, S/N 0108
Compliance Standards Comgliant to Manufzciurer Specifications and the following standards whan combined with

Calibration Certificate from procedours D0001.8378:

JEC BOE51:2001 Type 1 ANSE51.4-2014 Class 1
IEC BOS0S:2000 Type 1 ANSI S1.4 [R2008) Type 1
[EC 812522002 ANSI51.11 (R2008) Class 1
IEC B1260:2001 Class | ANSi 51.25 (R2007)

IEC B1872:2013 Class 1 ANSI 5143 (R2007) Type 1

fssumng fab cedifies that the mstument desoribed above meets or exceeds all specificatons as stated in the referenced procedure
{unless otherwise noted). It has been calibrated usamg measwrement standards traceable to the Imemabonal System of Units (51)
threwsgh the Mational Institute of Standards and Technology (MIST). or other national measurement institites, and meets the
reguirements of ISOVIEC 17025:2005.

Test points marked with a T in the uncartainties column do not fall within this laboratorny’s scope of accreditation.

The quality system is regstered to 150 8001:2013

This calibration is 3 direct comparisen of the unit under test to the listed refersnce standards and did not mvolve any sampling plans to
complete. Mo allowance has been made for the instablity of the test device due to use, time, etc. Such allowances would be made by
the customer as needed.

The uncertainfies were computed in accordance with the 130 Guide to the Expression of Uncentainty m Measuremeant (GUM). A
cowerage factor of approwimately 2 sigma {k=2} has been applied to the standard uncedtamty to express the expanded uncertainty at
approzimatety 83% confidence level

This report may not be reproduced, except in fulf, unless pemizsion for the publication of an approved absract is obtained in writing
from the organization issuing this report.

Comrection data from Larson Davis LxT Manual for SoundTrack LaT & SoundExpert Let, F70.01 Rev J Supporting Firmware Version
2.30%, 2015-04-30

LARS0ON DAVIS - A PCE PIEZOTRONICS DIV,
1681 Wezr 820 North
Provo, UT 84601, United States

®LARSON DAVIS

A PCB PIEZOTRONICS DIV.

TI6-684-0:001
20-5-20TI4- 9646 Fagelofd DOO0L 8406 Rav D
Prepared for: Michigan Department of Transportation AECOM

52



MDOT US-23/US-12 Noise Report, Revised
Final Draft

Calibration Certificate

Certificate Number 2020007201
Customer:

AFCOM

Swite 12040

401 West A Street

San Diego, CA 92101, United States

Model Number  LxT1 Frocedure Number  DDDD1.5354
Serial Number DCOS200 Technician Kyle Halem
Test Results Pass Calibration Date 28 Jun 2020
Calibration Due
Initial Conditi As Manufactured
e o a Temperature 2382 ¢ +0.25°C
Description SoundTrack LxT Class 1 Humidity 53.3 %RH +20%RH
Class 1 Sound Level Meter Static Pressure B572 kPa +D0.13kFa
Firmware Revision: 2.403
Evaluztion Method Tested with: Data reporfed in dB re 20 pPa.
Larson Davis PRMLxTIL. 5/N DB2081
PCB 377B02. SN 322060
Larson Davis CALZ00, S/N 8078
Larson Davis CALZQY, 5/N 0108
Compliance Standards Compliant io Manufacturer Specifications and the following standards when combined with

Calibration Cerificate from procedurs DO001.B2TE:

[EC B0851:2001 Type 1 ANSI 51.4-2014 Class 1
IEC 80804:2000 Type 1 ANSI 51.4 (R2008) Type 1
[EC 81252:2002 ANSI 5111 (R2008) Class 1
IEC B1260:2001 Class 1 ANSI 51.25 (R2007)

IEC 81672:2013 Glass 1 ANSI 51.43 (R2007) Type 1

lssuing lab cenifies that the instrument described above meets or exceeds all specfications as stated in the referenced procedure
{unless otherwise noted). Ithas been cafbrated usang measurement standands traceable to the Imtematonal System of Units [51)
threwgh the Mational Institute of Standards and Technolegy (MIST), or other national measwement instibules, and mests the
requirements of ISQEC 17025:2005.

Test points marked with a T in the uncertainties column do not fall within this laboratory’s scope of accreditation.

The quality system is registersd to 130 30012015,

Thiz calizration is a direct comparsen of the unid under test to the listed reference standards and did not mvohie any sampling plans to
complete. Mo allowance has besn made for the instabdity of the 1est device due to use, time, aic. Such allowances would be made by
the customer as needed.

The uncertainties were compuied in accordance with the 1530 Guide to the Expression of Uncertanty in Measurement (GLIM). A
coverage factor of approximately 2 sigma {k=2) has been applied to the standand uncartainty fo. express the expanded uncertainty at

approximately 85% confidence level.

Thiz report may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing
from the organization ssuing this seport

Correction data from Larson Diavis LxT Manuad for SoundTrack LT & SoundExpert Luf, i770.01 Rev J Supporting Firmware Version
2.301, 2015-04-30

e e e o ST ®/ ARSON DAVIS

Zreng, LT S, el St A PCB PIEZOTRONICS DIV.

TLG-854-0001
I0-E29T1312:00 Pagelaof3 DO00L 5404 Rev D
Prepared for: Michigan Department of Transportation AECOM
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ot O S T T
Cerificate Number: 25883-3

Odin Metrology, Inc.

Calibraiion of Sound & Vibration Instruments

Certificate of Calibration for
Larson Davis Calibrator

This calibration is performed by companson with Calibrator type CALZ00
measurement reference standard microphone: Serial no, 3704
Submitted by AECOM
Type No. [ 4134 San Diego, CA 92101
g:"’t;m Li‘ Bam Purchase orderno.  Credit Card
“Cal Daie 25 AR 2030 Asset no. NIA
Cue Date 25 MAR 2021
This calibrator has been found to perform within the o
g a) Estimated uncertainty of comparisen; £ 0.05 dB specifications listed below at the normalized conditions g
b) Estimsted uncarisinty of callbration service for standand stated.
pisfonphone: + 0.08 dB
¢} Total unceramty: .J,ul +4 =1 0.08dB T ]
d) Expanded uncerainty (coverage factor k = 2 for 85% confidence E?;rl;lh;l::ut:;: IEI'.I i?;:ﬁrz 940402 dB u
o Ol volume of a ¥ microphone 11420208
This acoustic calibrator has been calibrated using _Frequency l-gg: Hz £ 1% i
standards with values traceable to the National Institute Distortion = -
of Standards and Technology. This calibration Is At 1,013 hPa, 23°C, and B5% relative humidity |
traceable o NIST Test Number 683/289533-17.
PERFORMANCE AS RECEIVED =i
- CONDITION OF TEST — | Frequency 1000.2 Hz
Ambient Pressure 988.21 hPa SPL (24 dB) 8397 dB
Temperature — 23 "c SPL (114 dB) 11397 dB8
Relative Hurnidity 42 % Distortlon (st 94 dB) 0.3 8%
' Date of Calibration 11 OCT 2020 Battery Voltage 9.4 v
Re-calibration dug on 11 OCT 2021
Was adjustment performed? No
The calibration of this acoustic calibrator was performed Were balteries replaced? Mo
using & test system conforming to the requirements of L . S
ANSINCSLZE40-1, 1994, ISO 17025,  and [ FikAL PERFORMANCE
IS0 8001:2015, Certification NOQA Mo. 11252 Fraguency ~1000.3 Hz
SPL (94 dB) 9397 dB
Calibration procedure: OMHP-1001-Acoustc Calibrator, Rev. SPL (114 dB) 11347 dB
10230522 Distartion (at 84 0B} 0.3 % ;
Mote: This calibrafor was within manufacturer's
Calibration performed by .é&,..‘“f %‘;{1 specifications as recelved.
E Haruld Lyrich, Service Manager g
ﬁ ﬁ
Obin METROLOGY, INC.
3533 OLD CONEJO ROAD, SUITE 125
THousanD Oaks, CA 81320
PHONE: (B05) 375-0830; Fax: (B05) 375-0405
s Thils eaiibmsilon repoe shad nod b raprodusad, Bxcapt In T, withoul wiliten consant of Odin Malrology, Ine. Page 1 of 2

D'ﬁ gl 13 Jun

Prepared for: Michigan Department of Transportation AECOM
54



MDOT US-23/US-12 Noise Report, Revised
Final Draft

Appendix B Sample TNM Input/Output Files

Sample TNM output tables are provided for CNE 3 Abatement analysis. Additional input and output files are available
upon request.

CNE 3 TNM Sound Level Prediction Output Table

B Sound Levels : CNE3-Wall3B:4 =n =R
:AECOM 17 September 2021 :‘
| __|Andrew Schad TNM 2.5

L Calculated with TNM 2.5

| |RESULTS: SOUND LEVELS

| |PROJECT/CONTRACT: MDOT US-12 23

| |RUN: US-12 23 CNE 3 Abatement [4)

| __|BARRIER DESIGN: 3B [balconies) Average pavement type shall be used u
L a State highway agency substantiates tl
| |ATMOSPHERICS: 68 deg F, 50% RH of a different type with approval of FHW
:Receiver

| |Name No. #DUs Existing No Barrier With Barrier

L LAeqlh LAeqlh Increase over existing Type Calculated Moise Reducti

L Calculated Crit'n Calculated  Crit'n Impact | Laeqlh Calculated Goal

Sub'l Inc

: dBA dBA dB dBA dB dB

: 310 182 1 0.0 54.4 66 54.4 10 — 52.6 1.8

| | 3102 183 1 0.0 54.8 66 54.8 10 — b2.9 1.9

| | 3103 184 1 0.0 54.8 66 54.8 10 — b2.9 1.9

| | 3104 185 1 0.0 55.3 66 55.3 10 — 53.1 2.2

|| 3105 186 1 0.0 55.6 66 55.6 10 — 53.1 2.5

|| 3106 197 1 0.0 55.2 66 55.2 10 — 53.0 2.2

|| 3107 203 1 0.0 56.3 66 56.3 10 — 53.6 2.7

| | 3108 204 1 0.0 56.3 66 56.3 10 — 52.9 3.4

| | 3109 205 1 0.0 56.7 66 56.7 10 — 52.4 4.3

|| 3110 206 1 0.0 57.8 66 57.8 10 — b2.1 5.7

| 3m 207 1 0.0 55.4 66 55.4 10 — h2.2 3.2

31z 208 1 0.0 56.2 66 56.2 10 — 53.4 2.8 -

1] o
Plan View

Ll Pl Vi ) CHESWaltii!

Prepared for: Michigan Department of Transportation

AECOM
55



MDOT US-23/US-12 Noise Report, Revised

Final Draft

Barrier Analysis Screenshot

. oo Vs 30 (haicomiest | CHED Wallig:2 =i
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I |
Barrier Description Table
B Barrier Descriptions Table : CNE3-Wall3B:5 EI@
| |aEcom 17 September 2021
| |Andrew Schad TNM 2.5
|_|RESULTS: BARRIER DESCRIFTIONS
| |PROJECT/CONTRACT: MDOT US-12 23
| _|RUN: US3-12 23 CNE 3 Abatement [4)
| _|BARRIER DESIGN: 3B [balconies)
:Barriers
| |Name Type Heights along Barrier Length IfWall If Berm Cost
Min Avg Max Area Yolume Top Run:Rise |
- Width
L ft ft ft ft sq ft cu yd ft ft:ft S
: Y¥rall 3B ¥ 14.00 16.52 17.00 G666 10343 465449
Total Cost: 465449
Prepared for: Michigan Department of Transportation AECOM
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Appendix C Predicted Noise Levels and Impacts

Table C-1 Loudest Hour Noise Levels, Leq(1h), dBA

T\leucri%tgrr Land Use (/:Aa(ig\g“cf?ly Units FHWI\'TA'\éDOT Existing Build Change
CNE 1
1001 Public Building C 1 67 65 67 +2
1002 Residential B 1 67 53 53 +0
1003 Residential B 1 67 54 54 +0
1004 Residential B 1 67 56 56 0
1005 Residential B 1 67 57 57 0
1006 Residential B 1 67 53 53 0
1007 Residential B 1 67 54 54 0
1008 Residential B 1 67 54 53 0
1009 Residential B 1 67 56 56 0
1010 Residential B 1 67 62 62 +0
1011 Residential B 1 67 67 67 +0
1012 Residential B 1 67 70 70 +0
1013 Residential B 1 67 66 66 0
1014 Residential B 1 67 60 60 0
1015 Residential B 1 67 62 61 0
1016 Residential B 1 67 64 64 0
1017 Residential B 1 67 65 66 +0
1020 Residential B 1 67 66 66 0
1021 Residential B 1 67 66 66 0
1022 Residential B 1 67 65 65 0
1023 Residential B 1 67 65 65 0
1024 Residential B 1 67 63 63 0
1025 Residential B 1 67 62 62 0
1026 Residential B 1 67 59 59 0
CNE 2
2001 Residential B 1 67 64 68 +4
2002 Residential B 1 67 64 68 +4
2003 Residential B 1 67 64 67 +3
2004 Residential B 1 67 64 68 +4
2005 Residential B 1 67 64 68 +4
2006 Residential B 1 67 64 68 +4
2007 Residential B 1 67 64 68 +4
2008 Residential B 1 67 64 68 +4
2009 Residential B 1 67 64 68 +4
2010 Residential B 1 67 64 68 +4
2011 Residential B 1 67 65 68 +3
2012 Residential B 1 67 65 68 +3
2013 Residential B 1 67 65 68 +3
2014 Residential B 1 67 65 68 +3
2015 Residential B 1 67 66 69 +3
2016 Residential B 1 67 66 69 +3
2017 Residential B 1 67 66 69 +3
2018 Residential B 1 67 66 69 +3
2019 Residential B 1 67 67 70 +3
2020 Residential B 1 67 67 70 +3
2021 Residential B 1 67 68 70 +2
2022 Residential B 1 67 69 71 +2
2023 Residential B 1 67 60 61 +1
2024 Residential B 1 67 60 61 +1
2025 Residential B 1 67 61 62 +1
2026 Residential B 1 67 61 62 +1
2027 Residential B 1 67 61 62 +1
2028 Residential B 1 67 61 62 +1
Prepared for: Michigan Department of Transportation AECOM
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Ff\leucrirl))frr Land Use (?aigggyy Units FHW,\'TA'\éDOT Existing Build Change
2029 Residential B 1 67 57 58 +1
2030 Residential B 1 67 58 59 +1
2031 Residential B 1 67 58 59 +1
2032 Residential B 1 67 59 60 +1
2033 Residential B 1 67 59 60 +1
2034 Residential B 1 67 60 62 +2
2035 Residential B 1 67 57 58 +1
2036 Residential B 1 67 56 57 +1
2037 Residential B 1 67 56 57 +1
2038 Residential B 1 67 50 50 +0
2039 Residential B 1 67 47 48 +1
2040 Residential B 1 67 51 52 +1
2041 Residential B 1 67 48 49 +1
2042 Residential B 1 67 52 54 +2
2043 Residential B 1 67 55 57 +2
2044 Residential B 1 67 49 50 +1
2045 Residential B 1 67 49 50 +1
2046 Residential B 1 67 45 46 +1
2047 Commercial E 1 71 58 58 +0
2048 Residential B 1 67 64 65 +1
2049 Residential B 1 67 72 72 +0
2050 Church C 1 67 62 63 +1
2051 Residential B 1 67 68 68 +0
2052 Residential B 1 67 68 69 +1
2053 Residential B 1 67 67 68 +1
2054 Residential B 1 67 59 59 +0
2055 Residential B 1 67 58 59 +1
2056 Residential B 1 67 72 72 +0
2057 Residential B 1 67 72 72 +0
2058 Residential B 1 67 65 66 +1
CNE 3
3001 Residential B 1 67 60 61 +1
3002 Residential B 1 67 61 62 +1
3003 Residential B 1 67 60 60 +0
3004 Residential B 1 67 61 62 +1
3005 Residential B 1 67 70 71 +1
3006 Residential B 1 67 71 72 +1
3007 Residential B 1 67 54 54 +0
3008 Residential B 1 67 55 55 +0
3009 Residential B 1 67 55 55 +0
3101 Residential B 1 67 54 55 +1
3102 Residential B 1 67 55 55 +0
3103 Residential B 1 67 55 55 +0
3104 Residential B 1 67 55 55 +0
3105 Residential B 1 67 55 56 +1
3106 Residential B 1 67 55 55 +0
3107 Residential B 1 67 56 56 +0
3108 Residential B 1 67 56 56 +0
3109 Residential B 1 67 57 57 +0
3110 Residential B 1 67 58 58 +0
3111 Residential B 1 67 55 56 +1
3112 Residential B 1 67 56 56 +0
3113 Residential B 1 67 69 69 +0
3114 Residential B 1 67 66 66 +0
3115 Residential B 1 67 65 65 +0
3116 Residential B 1 67 63 63 +0
3117 Residential B 1 67 62 62 +0
3118 Residential B 1 67 60 61 +1
3119 Residential B 1 67 53 54 +1
3120 Residential B 1 67 54 54 +0
Prepared for: Michigan Department of Transportation AECOM
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Ff\leucrirl))frr Land Use (?aigggyy Units FHW,\'TA'\éDOT Existing Build Change
3121 Residential B 1 67 54 54 +0
3122 Residential B 1 67 55 55 +0
3123 Residential B 1 67 57 57 +0
3124 Residential B 1 67 60 60 +0
3125 Residential B 1 67 58 58 +0
3126 Residential B 1 67 56 56 +0
3127 Residential B 1 67 55 56 +1
3128 Residential B 1 67 55 55 +0
3129 Residential B 1 67 54 55 +1
3130 Residential B 1 67 54 54 +0
3131 Residential B 1 67 54 54 +0
3132 Residential B 1 67 54 55 +1
3133 Residential B 1 67 55 55 +0
3134 Residential B 1 67 55 55 +0
3135 Residential B 1 67 56 56 +0
3136 Residential B 1 67 57 57 +0
3137 Residential B 1 67 54 54 +0
3138 Residential B 1 67 55 55 +0
3139 Residential B 1 67 56 56 +0
3140 Residential B 1 67 56 56 +0
3141 Residential B 1 67 56 56 +0
3142 Residential B 1 67 57 57 +0
3143 Residential B 1 67 57 57 +0
3144 Residential B 1 67 57 57 +0
3145 Residential B 1 67 56 56 +0
3146 Residential B 1 67 62 62 +0
3147 Residential B 1 67 65 65 +0
3148 Residential B 1 67 54 54 +0
3149 Residential B 1 67 54 55 +1
3150 Residential B 1 67 55 55 +0
3151 Residential B 1 67 56 56 +0
3152 Residential B 1 67 56 56 +0
3153 Residential B 1 67 55 56 +1
3154 Residential B 1 67 57 57 +0
3155 Residential B 1 67 58 58 +0
3156 Residential B 1 67 60 60 +0
3157 Residential B 1 67 62 62 +0
3158 Residential B 1 67 66 66 +0
3201 Residential B 1 67 57 58 +1
3202 Residential B 1 67 58 58 +0
3203 Residential B 1 67 58 58 +0
3204 Residential B 1 67 59 59 +0
3205 Residential B 1 67 59 59 +0
3206 Residential B 1 67 58 59 +1
3207 Residential B 1 67 60 60 +0
3208 Residential B 1 67 60 60 +0
3209 Residential B 1 67 61 61 +0
3210 Residential B 1 67 62 62 +0
3211 Residential B 1 67 59 60 +1
3212 Residential B 1 67 60 61 +1
3213 Residential B 1 67 70 70 +0
3214 Residential B 1 67 68 68 +0
3215 Residential B 1 67 67 67 +0
3216 Residential B 1 67 66 66 +0
3217 Residential B 1 67 66 66 +0
3218 Residential B 1 67 65 65 +0
3219 Residential B 1 67 57 57 +0
3220 Residential B 1 67 58 58 +0
3221 Residential B 1 67 58 58 +0
3222 Residential B 1 67 59 59 +0

Prepared for: Michigan Department of Transportation AECOM
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Ff\leucrirl))frr Land Use (?aigggyy Units FHW,\'TA'\éDOT Existing Build Change
3223 Residential B 1 67 61 61 +0
3224 Residential B 1 67 63 63 +0
3225 Residential B 1 67 62 62 +0
3226 Residential B 1 67 61 61 +0
3227 Residential B 1 67 59 59 +0
3228 Residential B 1 67 58 58 +0
3229 Residential B 1 67 58 58 +0
3230 Residential B 1 67 58 58 +0
3231 Residential B 1 67 57 57 +0
3232 Residential B 1 67 58 58 +0
3233 Residential B 1 67 58 58 +0
3234 Residential B 1 67 59 59 +0
3235 Residential B 1 67 60 60 +0
3236 Residential B 1 67 62 62 +0
3237 Residential B 1 67 56 57 +1
3238 Residential B 1 67 57 58 +1
3239 Residential B 1 67 58 58 +0
3240 Residential B 1 67 59 59 +0
3241 Residential B 1 67 59 59 +0
3242 Residential B 1 67 60 61 +1
3243 Residential B 1 67 61 61 +0
3244 Residential B 1 67 61 61 +0
3245 Residential B 1 67 59 59 +0
3246 Residential B 1 67 65 65 +0
3247 Residential B 1 67 67 67 +0
3248 Residential B 1 67 57 57 +0
3249 Residential B 1 67 57 57 +0
3250 Residential B 1 67 58 58 +0
3251 Residential B 1 67 59 59 +0
3252 Residential B 1 67 59 60 +1
3253 Residential B 1 67 61 61 +0
3254 Residential B 1 67 62 62 +0
3255 Residential B 1 67 62 63 +1
3256 Residential B 1 67 64 64 +0
3257 Residential B 1 67 65 65 +0
3258 Residential B 1 67 67 68 +1
3259 Residential B 1 67 55 56 +1
3301 Residential B 1 67 56 56 +0
3302 Residential B 1 67 56 56 +0
3303 Residential B 1 67 57 57 +0
3304 Residential B 1 67 57 58 +1
3305 Residential B 1 67 59 59 +0
3306 Residential B 1 67 58 58 +0
3307 Residential B 1 67 58 58 +0
3308 Residential B 1 67 57 58 +1
3309 Residential B 1 67 57 58 +1
3310 Residential B 1 67 57 57 +0
3311 Residential B 1 67 57 57 +0
3312 Residential B 1 67 60 60 +0
3313 Residential B 1 67 59 59 +0
3314 Residential B 1 67 59 59 +0
3315 Residential B 1 67 59 59 +0
3316 Residential B 1 67 57 58 +1
3317 Residential B 1 67 56 57 +1
3318 Residential B 1 67 53 53 +0
3319 Residential B 1 67 51 52 +1
3320 Residential B 1 67 51 52 +1
3321 Residential B 1 67 51 52 +1
3322 Residential B 1 67 51 52 +1
3323 Residential B 1 67 55 55 +0
Prepared for: Michigan Department of Transportation AECOM
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Ff\leucrirl))frr Land Use (?aigggyy Units FHW,\'TA'\éDOT Existing Build Change
3324 Residential B 1 67 55 55 +0
3325 Residential B 1 67 55 55 +0
3326 Residential B 1 67 55 55 +0
3327 Residential B 1 67 54 55 +1
3328 Residential B 1 67 54 54 +0
3329 Residential B 1 67 54 54 +0
3330 Residential B 1 67 54 54 +0
3331 Residential B 1 67 54 54 +0
3332 Residential B 1 67 54 54 +0
3333 Residential B 1 67 54 55 +1
3334 Residential B 1 67 55 55 +0
3335 Residential B 1 67 55 55 +0
3336 Residential B 1 67 55 55 +0
3337 Residential B 1 67 55 56 +1
3338 Residential B 1 67 56 56 +0
3339 Residential B 1 67 55 55 +0
3340 Residential B 1 67 55 55 +0
3341 Residential B 1 67 55 55 +0
3342 Residential B 1 67 55 56 +1
3343 Residential B 1 67 69 69 +0
3344 Residential B 1 67 66 66 +0
3345 Residential B 1 67 65 65 +0
3346 Residential B 1 67 63 63 +0
3347 Residential B 1 67 64 64 +0
3348 Residential B 1 67 66 66 +0
3349 Residential B 1 67 63 64 +1
3350 Residential B 1 67 63 63 +0
3351 Residential B 1 67 62 63 +1
3352 Residential B 1 67 62 63 +1
3353 Residential B 1 67 62 62 +0
3354 Residential B 1 67 62 62 +0
CNE 4
4001 Residential B 1 67 58 58 0
4002 Residential B 1 67 58 58 0
4003 Residential B 1 67 59 59 0
4004 Residential B 1 67 60 60 0
4005 Residential B 1 67 61 61 0
Prepared for: Michigan Department of Transportation AECOM
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Receptor Land Use Activity Units FHWA/MDOT Existing Build Change
Number Category NAC
CNE 6
6001 | Residential | B | 1 \ 67 \ 68 \ 68 | 0
CNE 7
7001 Residential B 1 67 67 68 0
7002 Residential B 1 67 64 65 0
7003 Residential B 1 67 64 64 0
7004 Residential B 1 67 68 69 0
7005 Residential B 1 67 75 75 0
CNE 8
8001 Residential B 1 67 67 68 0
8002 Residential B 1 67 64 65 0
8003 Residential B 1 67 71 71 0
Note: Bolded values represent noise impacts.
Prepared for: Michigan Department of Transportation AECOM
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Appendix D Noise Barrier Analysis Detail

Table D-1 Noise Barrier Analysis, Receiver Level Detail

Noise

F:\leucrizfrr Land Use | Category Units FHW’\TA%DOT Build Level Reﬁzlcst?on Benefit?
w/Barr

Wall 1A
1006 Residential B 1 67 53 52 1
1007 Residential B 1 67 54 52 2
1008 Residential B 1 67 53 52 2
1009 Residential B 1 67 56 55 1
1010 Residential B 1 67 62 60 2
1011 Residential B 1 67 67 61 7 Y
1012 Residential B 1 67 70 60 10 Y
1013 Residential B 1 67 66 57 9 Y
1014 Residential B 1 67 60 55 6 Y
1015 Residential B 1 67 61 55 7 Y
1016 Residential B 1 67 64 58 6 Y
1017 Residential B 1 67 66 61 5 Y

Wall 1B
1020 Residential B 1 67 66 61 5 Y
1021 Residential B 1 67 66 59 7 Y
1022 Residential B 1 67 65 58 7 Y
1023 Residential B 1 67 65 60 5 Y
1024 Residential B 1 67 63 61 2
1025 Residential B 1 67 62 61 1
1026 Residential B 1 67 60 59 1

Wall 2
2001 Residential B 1 67 68 63 5 Y
2002 Residential B 1 67 68 62 5 Y
2003 Residential B 1 67 67 61 7 Y
2004 Residential B 1 67 68 60 7 Y
2005 Residential B 1 67 68 60 8 Y
2006 Residential B 1 67 68 60 8 Y
2007 Residential B 1 67 68 59 9 Y
2008 Residential B 1 67 68 59 9 Y
2009 Residential B 1 67 68 58 10 Y
2010 Residential B 1 67 68 58 10 Y
2011 Residential B 1 67 68 58 10 Y
2012 Residential B 1 67 68 59 10 Y
2013 Residential B 1 67 68 60 9 Y
2014 Residential B 1 67 68 60 8 Y
2015 Residential B 1 67 69 60 8 Y
2016 Residential B 1 67 69 60 9 Y
2017 Residential B 1 67 69 59 10 Y
2018 Residential B 1 67 69 59 10 Y
2019 Residential B 1 67 70 60 10 Y
2020 Residential B 1 67 70 61 9 Y
2021 Residential B 1 67 70 62 8 Y
2022 Residential B 1 67 71 63 8 Y
2023 Residential B 1 67 61 59 2
2024 Residential B 1 67 61 59 3

Prepared for: Michigan Department of Transportation
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Noise .
F:\leucrizt(;)rr Land Use | Category Units FHW’\TA%DOT Build Level Reﬁifﬁon Benefit?

w/Barr
2025 Residential B 1 67 62 59 3
2026 Residential B 1 67 62 59 3
2027 Residential B 1 67 62 58 4
2028 Residential B 1 67 62 58 4
2029 Residential B 1 67 58 57 1
2030 Residential B 1 67 59 58 1
2031 Residential B 1 67 59 58 1
2032 Residential B 1 67 60 59 1
2033 Residential B 1 67 60 60 0
2034 Residential B 1 67 62 61 1
2035 Residential B 1 67 58 58 0
2036 Residential B 1 67 57 57 1
2037 Residential B 1 67 57 59 0
2038 Residential B 1 67 50 56 0
2039 Residential B 1 67 48 51 0
2040 Residential B 1 67 52 54 0
2041 Residential B 1 67 49 48 1
2042 Residential B 1 67 54 52 1
2043 Residential B 1 67 57 54 3
2044 Residential B 1 67 50 52 0
2045 Residential B 1 67 50 54 0
2046 Residential B 1 67 46 52 0

Wall 3A
3142 Residential B 1 67 57 55 2
3143 Residential B 1 67 57 55 2
3144 Residential B 1 67 57 56 2
3145 Residential B 1 67 56 55 1
3146 Residential B 1 67 62 58 5 Y
3147 Residential B 1 67 65 59 6 Y
3153 Residential B 1 67 56 53 2
3154 Residential B 1 67 57 54 3
3155 Residential B 1 67 58 55 4
3156 Residential B 1 67 60 56 5 Y
3157 Residential B 1 67 62 56 6 Y
3158 Residential B 1 67 66 57 9 Y
3242 Residential B 1 67 61 58 2
3243 Residential B 1 67 61 59 2
3244 Residential B 1 67 61 59 2
3245 Residential B 1 67 59 59 1
3246 Residential B 1 67 65 61 4
3247 Residential B 1 67 67 61 6 Y
3253 Residential B 1 67 61 59 2
3254 Residential B 1 67 62 59 3
3255 Residential B 1 67 63 60 3
3256 Residential B 1 67 64 60 4
3257 Residential B 1 67 65 60 5 Y
3258 Residential B 1 67 68 60 8 Y
Wall 3B
3101 Residential B 1 67 55 53 2
3102 Residential B 1 67 55 53 2
Prepared for: Michigan Department of Transportation AECOM
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Noise .
F:\leucrizt(;)rr Land Use | Category Units FHW’\TA%DOT Build Level Reﬁifﬁon Benefit?
w/Barr
3103 Residential B 1 67 55 53 2
3104 Residential B 1 67 55 53 2
3105 Residential B 1 67 56 53 3
3106 Residential B 1 67 55 53 2
3107 Residential B 1 67 56 54 3
3108 Residential B 1 67 56 53 3
3109 Residential B 1 67 57 52 4
3110 Residential B 1 67 58 52 6 Y
3111 Residential B 1 67 56 52 3
3112 Residential B 1 67 56 53 3
3113 Residential B 1 67 69 60 9 Y
3114 Residential B 1 67 66 56 10 Y
3115 Residential B 1 67 65 55 9 Y
3116 Residential B 1 67 63 55 8 Y
3117 Residential B 1 67 62 54 8 Y
3118 Residential B 1 67 61 54 7 Y
3119 Residential B 1 67 54 52 2
3120 Residential B 1 67 54 53 2
3121 Residential B 1 67 54 53 2
3122 Residential B 1 67 55 53 2
3123 Residential B 1 67 57 56 1
3124 Residential B 1 67 60 59 1
3125 Residential B 1 67 58 56 2
3126 Residential B 1 67 56 55 2
3127 Residential B 1 67 56 54 2
3128 Residential B 1 67 55 53 2
3129 Residential B 1 67 55 53 2
3130 Residential B 1 67 54 53 2
3131 Residential B 1 67 54 52 2
3132 Residential B 1 67 55 53 2
3133 Residential B 1 67 55 53 1
3134 Residential B 1 67 55 54 2
3135 Residential B 1 67 56 55 2
3136 Residential B 1 67 57 56 2
3201 Residential B 1 67 58 55 3
3202 Residential B 1 67 58 56 3
3203 Residential B 1 67 58 55 3
3204 Residential B 1 67 59 56 3
3205 Residential B 1 67 59 56 4
3206 Residential B 1 67 59 55 3
3207 Residential B 1 67 60 56 4
3208 Residential B 1 67 60 56 5 Y
3209 Residential B 1 67 61 56 6 Y
3210 Residential B 1 67 62 55 8 Y
3211 Residential B 1 67 60 55 4
3212 Residential B 1 67 61 57 4
3213 Residential B 1 67 70 62 8 Y
3214 Residential B 1 67 68 59 9 Y
3215 Residential B 1 67 67 59 9 Y
3216 Residential B 1 67 66 58 9 Y
Prepared for: Michigan Department of Transportation AECOM
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Noise .
F:\leucrizt(;)rr Land Use | Category Units FHW’\TA%DOT Build Level Reﬁifﬁon Benefit?

w/Barr
3217 Residential B 1 67 66 57 8 Y
3218 Residential B 1 67 65 56 8 Y
3219 Residential B 1 67 57 56 1
3220 Residential B 1 67 58 57 1
3221 Residential B 1 67 58 57 1
3222 Residential B 1 67 59 58 1
3223 Residential B 1 67 61 60 1
3224 Residential B 1 67 63 62 1
3225 Residential B 1 67 62 60 2
3226 Residential B 1 67 61 59 2
3227 Residential B 1 67 59 58 2
3228 Residential B 1 67 58 57 1
3229 Residential B 1 67 58 56 2
3230 Residential B 1 67 58 56 2
3231 Residential B 1 67 57 56 2
3232 Residential B 1 67 58 56 2
3233 Residential B 1 67 58 57 1
3234 Residential B 1 67 59 57 2
3235 Residential B 1 67 60 59 2
3236 Residential B 1 67 62 60 2
3259 Residential B 1 67 56 55 0
3301 Residential B 1 67 56 56 0
3302 Residential B 1 67 56 56 0
3303 Residential B 1 67 57 56 0
3304 Residential B 1 67 58 57 0
3305 Residential B 1 67 59 59 0
3306 Residential B 1 67 58 58 0
3307 Residential B 1 67 58 58 0
3308 Residential B 1 67 58 58 0
3309 Residential B 1 67 58 57 0
3310 Residential B 1 67 57 57 0
3311 Residential B 1 67 57 57 0
3312 Residential B 1 67 60 60 0
3313 Residential B 1 67 59 59 0
3314 Residential B 1 67 59 59 0
3315 Residential B 1 67 59 59 0
3316 Residential B 1 67 58 58 0
3317 Residential B 1 67 57 57 0
3318 Residential B 1 67 53 53 0
3319 Residential B 1 67 52 52 0
3320 Residential B 1 67 52 52 0
3321 Residential B 1 67 52 52 0
3322 Residential B 1 67 52 52 0
3323 Residential B 1 67 55 55 0
3324 Residential B 1 67 55 55 0
3325 Residential B 1 67 55 55 1
3326 Residential B 1 67 55 54 1
3327 Residential B 1 67 55 54 1
3328 Residential B 1 67 54 54 1
3329 Residential B 1 67 54 53 1

Prepared for: Michigan Department of Transportation AECOM
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Noise .
F:\leucrizt(;)rr Land Use | Category Units FHW’\TA%DOT Build Level Reﬁifﬁon Benefit?

w/Barr
3330 Residential B 1 67 54 54 1
3331 Residential B 1 67 54 54 1
3332 Residential B 1 67 54 54 1
3333 Residential B 1 67 55 53 1
3334 Residential B 1 67 55 53 2
3335 Residential B 1 67 55 54 2
3336 Residential B 1 67 55 54 2
3337 Residential B 1 67 56 54 2
3338 Residential B 1 67 56 54 2
3339 Residential B 1 67 55 53 2
3340 Residential B 1 67 55 53 2
3341 Residential B 1 67 55 53 2
3342 Residential B 1 67 56 53 3
3343 Residential B 1 67 69 64 5 Y
3344 Residential B 1 67 66 60 7 Y
3345 Residential B 1 67 65 58 7 Y
3346 Residential B 1 67 63 56 7 Y
3347 Residential B 1 67 64 57 7 Y
3348 Residential B 1 67 66 59 7 Y
3349 Residential B 1 67 64 63 0
3350 Residential B 1 67 63 63 0
3351 Residential B 1 67 63 62 0
3352 Residential B 1 67 63 62 1
3353 Residential B 1 67 62 62 1
3354 Residential B 1 67 62 62 1

Wall 7
7001 Residential B 1 67 68 61 7 Y
7002 Residential B 1 67 65 58 7 Y
7003 Residential B 1 67 64 60 4
7004 Residential B 1 67 69 62 7 Y
7005 Residential B 1 67 75 62 13 Y
Wall 8
8001 Residential B 1 67 68 60 8 Y
8002 Residential B 1 67 65 58 7 Y
8003 Residential B 1 67 71 61 10 Y
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