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Acronyms and Abbreviations 
Ambient Noise Level: The composite of noise from all sources near and far. The normal or existing level of 
environmental noise at a given location. 

A-Scale: A weighting system which best approximates the frequency response of the average human ear. 

A-Weighted Sound Level [dBA]: The sound-pressure level in decibels as measured on a sound-level meter 
using the A weighted filter network. The A-weighted filter deemphasizes very low- and very high-
frequency components of sound, in a manner similar to the frequency response of the human ear, and 
correlates well with subjective reactions to noise. All sound levels in this report are A-weighted. 

Approach: Means one (1) decibel less than the levels in the Noise Level Criteria for Considering Barriers. 

Benefited Receptor: A receptor or common use area receiving a minimum eight (8) decibels reduction in 
sound level as a result of the proposed abatement measure. 

CFR:  Code of Federal Regulation 

Common Noise Environment: A group of receptors within the same Land Use Category listed in the Noise 
Level Criteria For Considering Barriers, 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 and cross-roads. 

Common Use Area: An outdoor place in a multi-unit residential complex where frequent human use by all 
complex residents occurs and a lowered noise level would be of benefit. 

Decibel (dB): The unit of measure of sound intensity. The decibel scale audible to humans spans 
approximately 140 dB. 

Design Year: Means 20 years after the completion of construction of the highway facility. 2050 for the 
Project. 

Equivalent Noise Level (Leq): The average A-weighted noise level during the measurement period. 

Existing Noise Level: The highest hourly traffic noise level caused by existing conditions in a particular 
area. 

Feasibility: The combination of acoustical and engineering factors considered in the evaluation of a noise 
abatement measure. 

FHWA: Federal Highway Administration 

Future Noise Level: The highest hourly traffic noise level based on estimated design year (2050) traffic 
volumes. 

Impacted Receptor: The recipient that has a traffic noise impact. 

Intrusive: Noise that intrudes over and above the ambient noise at a given location. The relative 
intrusiveness of a sound depends upon its amplitude, duration, frequency, and time of occurrence and 
tonal or informational content, as well as the prevailing ambient noise level. 
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Leq: The equivalent steady-state noise level, as measured in decibels on the A-weighted scale (dBA), 
which in a stated period of time contains the same acoustic energy as the time-varying noise level during 
the same period. 

Leq(h): The hourly value of Leq 

Mph: Miles per hour 

NAC: FHWA Noise Abatement Criteria  

NLC: WisDOT Noise Level Criteria  

Noise: Unwanted sound 

Noise Barrier: A physical obstruction that is constructed between the highway noise source and the noise 
sensitive receptor(s) that lowers the noise level, including stand-alone noise walls, noise berms (earth or 
other materials), and combination berm/wall systems. 

Noise Level: The sound level obtained through use of A-weighting characteristics. The unit of measure is 
the decibel (dB), commonly referred to as dBA when A-weighting is used. 

Noise Reduction Design Goal: The department’s criteria of a nine (9) decibel sound level reduction 
required at one (1) receptor or common use area as a result of the proposed abatement measure before a 
reasonableness determination can be made. 

Permitted: A definite commitment to develop land with an approved specific design of land use activities 
as evidenced by the issuance of a building permit. 

Property Owner: An individual or group of individuals that holds a title, deed or other legal documentation 
of ownership of a property or residence. 

Reasonableness: The combination of social, economic, and environmental factors considered in the 
evaluation of a noise abatement measure. 

Residence: The official location of a household. 

Substantial Noise Increase: An increase of 15 dB(A) or more in the design year over the existing noise 
level. 

TNM: Traffic Noise Model 

Traffic Noise Impacts: Design year build conditions that approach or exceed the Noise Level Criteria for 
Considering Barriers for the applicable Land Use Category or a substantial noise increase in the design 
year over the existing noise level. 

WisDOT: Wisconsin Department of Transportation 

23 CFR 772: Title 23, Section 772 of the Code of Federal Regulations 
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1. Introduction 

1.1 Purpose of this Report 

This technical report evaluates the potential noise impacts and analyzes potential abatement for the GV-
16 section of the South Bridge Connector based on existing and proposed traffic data and conceptual 
engineering designs for the study. 

The determination of noise abatement measures and locations is within the framework of the WisDOT 
Facilities Development Manual, Chapter 23, Noise (FDM 23). FDM 23 is WisDOT’s FHWA-approved noise 
policy consistent with Code of Federal Regulations, Title 23 Part 772 (23 CFR 772). 

1.2 Project Description 

The South Bridge Connector GV-16 would begin at Lost Dauphin Road and end at Destiny Drive in De 
Pere. It crosses the Fox River and follows along Rockland Road. The noise analysis evaluated the preferred 
alternative. The noise study area is shown on Figure 1-1 and includes an approximate 500-foot boundary 
around the project.  

Figure 1-1. Project Location 
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2. Noise Background and Regulations 

2.1 Noise Background 

Sound is a form of vibration that causes pressure variations in elastic media such as air and water. Noise is 
unwanted and disruptive sound. The ear is sensitive to pressure variation and perceives it as sound. The 
intensity of these pressure variations causes the ear to detect different levels of loudness. These pressure 
differences are most commonly measured in decibels. 

The decibel (dB) is the unit of measurement for sound. The decibel scale audible to humans spans 
approximately 140 dB. A level of zero dB corresponds to the lower limit of audibility, while 140 dB 
produces a sensation more like pain than sound. The decibel scale is a logarithmic representation of the 
actual sound pressure variations. Therefore, a 26 percent change in the energy level only changes the 
sound level 1 dB. The human ear would not detect this change except in a controlled environment. 
Doubling the energy level would result in a 3-dB increase, which would be barely perceptible in the natural 
environment. Tripling the energy sound level would result in a clearly noticeable change of 5 dB in the 
sound level. 

A change of 10 times the energy level would result in a 10 dB change in the sound level. This would be 
perceived as a doubling (or halving) of the apparent loudness. 

The human ear has a non‐linear sensitivity to noise. To account for this in noise measurements, 
electronic weighting scales are used to define the relative loudness of different frequencies. The “A” 
weighting scale is widely used in environmental work because it closely resembles the non‐linearity of 
human hearing. Therefore, the unit of measurement for a decibel A‐weighted noise level is dBA. 

Traffic noise is not constant. It varies as each vehicle passes a point. The time‐varying characteristics of 
environmental noise are analyzed statistically to determine the duration and intensity of noise exposure. 
In an urban environment, noise is made up of two distinct parts. One is ambient, or background noise. 
Wind noise and distant traffic noise make up the acoustical environment surrounding the project. These 
sounds are not readily recognized but combine to produce a non‐irritating ambient sound level. This 
background sound level varies throughout the day, being lowest at night and highest during the day. The 
other component of urban noise is intermittent and louder than the background noise. Transportation 
noise and local industrial noise are examples of this type of noise. It is for these reasons that 
environmental noise is analyzed statistically. 

The statistical descriptor used for traffic noise is Leq. Leq is the constant, average sound level that, over a 
period of time, contains the same amount of sound energy as the varying levels of the traffic noise. The 
Leq correlates reasonably well the effects of noise on people. It is also easily measurable with integrating 
sound level meters. The time period for traffic noise is 1 hour. Therefore, the unit of measure for traffic 
noise is Leq(1h) dBA. 

Highway noise sources have been divided into the three types: 

 Automobiles—All vehicles with two axles and four tires, includes passenger vehicles and light trucks, 
less than 10,000 pounds. 

 Medium trucks—All vehicles having two axles and six tires, vehicle weight between 10,000 and 
26,000 pounds. 

 Heavy trucks—All vehicles having three or more axles, vehicle weight greater than 26,000 pounds. 
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Noise levels produced by highway vehicles can be attributed to three major categories: 

 Running gear and accessories (tires, drive train, fan, and other auxiliary equipment) 
 Engine (intake and exhaust noise, radiation from engine casing) 
 Aerodynamic and body noise 

Tires are the dominant noise source at speeds greater than 20 to 30 mph for cars and 50 mph for trucks 
(https://www.fhwa.dot.gov/pavement/sustainability/articles/tire_noise.cfm). Tire sound levels increase 
with vehicle speed but also depend upon road surface, vehicle weight, tread design and wear. Change in 
any of these can vary noise levels. At lower speeds, especially in trucks and buses, the dominant noise 
source is the engine and related accessories. 

The effects of noise on people can be listed in three general categories: 

 Subjective effects of annoyance, nuisance, and dissatisfaction 
 Interference with activities such as speech, sleep, and learning 
 Physiological effects such as startling and hearing loss 

In most cases, environmental noise produces effects in the subjective and interference categories only. 
Workers in industrial plants, however, typically experience noise effects in the physiological category. No 
completely satisfactory way exists to measure the subjective effects of noise, or to measure the 
corresponding reactions of annoyance and dissatisfaction. This lack of a standard is primarily because of 
the wide variation in individual thresholds of annoyance and habituation to noise. Thus, an important way 
of determining a person’s subjective reaction to a new noise is to compare it to the existing or “ambient” 
environment to which that person has adapted. In general, the more a new noise exceeds the previously 
ambient noise level, the less acceptable the new noise will be judged by listeners. Figure 2-1 shows typical 
noise levels of transportation sources and general subjective responses.  

Figure 2-1. Sound Levels of Typical Noise Sources 
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Regarding increases in A-weighted noise level, consider the following relationships: 

 Except in carefully controlled laboratory experiments, a change of 1 to 2 dB cannot be perceived by 
humans. 

 Outside the laboratory, a 3-dB change is just perceivable. 

 A change in level of at least 5 dB is required before any noticeable change in community response 
would be expected. 

 A 10-dB increase is heard subjectively as an approximate doubling in loudness and may cause an 
adverse community response. 

2.2 Federal Regulations and Guidance 

The criteria used in this technical memorandum to evaluate traffic noise impacts were derived from the 
following regulatory sources: 

 FHWA highway traffic noise standard codified in Title 23 of the Code of Federal Regulations (CFR), 
Part 772, Procedures for Abatement of Highway Traffic Noise and Construction Noise 

 Highway Traffic Noise: Analysis and Abatement Guidance (FHWA 2011) 

The traffic noise analysis documented in this memorandum evaluates existing noise levels and the change 
in traffic noise that would result from the Preferred Alternative. To comply with 23 CFR 772, FHWA must 
make every feasible and reasonable effort to provide substantial noise reduction when highway traffic 
noise impacts occur. Compliance with the regulation is required before FHWA grants federal-aid highway 
funds for the construction or reconstruction of a highway.  

According to 23 CFR 772.3, all highway projects that are developed in conformance with this regulation 
are deemed to be in conformance with the FHWA traffic noise standard. WisDOT’s traffic noise policy is 
consistent with 23 CFR 772 and FHWA guidance. FHWA has approved the WisDOT traffic noise policy for 
use on federal-aid projects in Wisconsin.  

2.2.1 Methods 

The highway traffic noise analysis comprised the following tasks: 

 Identify noise-sensitive areas and associated receptors (discrete or representative locations in a noise 
study area [NSA] for the land uses listed in 23 CFR 772) within 500 feet of the Project. 

 Determine existing traffic noise levels at selected receptors to characterize the existing noise 
environment in the NSA. 

 Determine future traffic noise levels at the receptors. 

 Determine impacted receptors. 

 Evaluate highway traffic noise abatement for impacted areas. 

 Discuss construction noise. 

2.2.2 Fundamentals of Traffic Noise 

Sound from highway traffic is generated primarily from a vehicle’s tires, engine, and exhaust. It is 
commonly measured in decibels. 
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Sound occurs over a wide range of frequencies. However, not all frequencies are detectable by the human 
ear; therefore, an adjustment is made to the high and low frequencies to approximate the way an average 
person hears traffic sounds. This adjustment is called A weighting and is expressed as A weighted decibels 
(dBA). On the dBA scale, changes in noise levels are perceived as follows:  

 A 3-dBA change is barely perceptible.  
 A 5-dBA change is readily perceptible. 
 A 10-dBA change is perceived as a doubling or halving of noise. 

Because traffic sound levels are never constant due to the changing number, type, and speed of vehicles, 
time of day, and duration, a single value is used to represent the average or equivalent sound level and is 
expressed as Leq. 

2.3 State Regulatory Requirements 

FHWA policy also requires each state Department of Transportation to adopt a state-specific noise policy, 
approved by FHWA, which defines specific terms and describes how the state implements the noise 
standard. WisDOT developed FDM 23 as the state’s written noise policy approved by FHWA. FDM 23 
expands on 23 CFR 772 by defining the state’s impact criteria, discussed in the following section, and 
feasibility and reasonableness criteria for abatement analysis (see Section 4.3.1). 

FDM 23 is applicable to Type I federal-aid highway projects which involve the construction of a highway on 
a new location or the physical alteration of an existing highway that significantly changes either its 
horizontal or vertical alignment or increases the number of through traffic lanes. The policy focuses on 
identifying noise-sensitive land uses, predicting future noise levels, identifying potential traffic noise 
impacts and considering noise abatement.  

A traffic noise impact occurs for a Type I project when the predicted equivalent sound levels at a receptor 
or common use area approach or exceed the Noise Level Criteria (NLC) for Considering Barriers for any of 
the land uses in the study area listed in Table 2-1, or, when predicted future sound levels exceed existing 
levels by 15 dB or more. “Approach” is defined as 1 dB less than the NLC for the applicable Land Use 
Category. A noise receptor is a discrete or representative location placed at a noise-sensitive area, 
generally in an area of active human use, to determine traffic-generated noise levels. According to 
FDM 23, Section 23-35-5, “Land Use Category D is only used as the basis for noise impact determination 
in situations where no exterior activities are to be affected by the traffic noise, or where the exterior 
activities are far from or physically shielded from the roadway in a manner that prevents an impact on 
exterior activities. 

The NLC sound levels are only to be used to determine a roadway noise impact. These are the absolute 
values where abatement must be considered. 
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Table 2-1. Noise Level Criteria for Considering Barriers 

Land Use 
Category 

Leq(h)
1 (dBA) 

(Evaluation Location) 

Description of Land Use Category 

A 57 (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. 

B2 67 (Exterior) Residential 

C2 67 (Exterior) Active sport areas, amphitheaters, auditoriums, campgrounds, cemeteries, 
daycare centers, hospitals, libraries, medical facilities, parks, picnic areas, 
places of worship, playgrounds, public meeting rooms, public or non-
profit institutional structures, radio studios, recording studios, recreation 
areas, Section 4(f) sites, schools, television studios, trails and trail 
crossings. 

D3 52 (Interior) Auditoriums, daycare centers, hospitals, libraries, medical facilities, places 
of worship, public meeting rooms, public or non-profit institutional 
structures, radio studios, recording studios, schools and television studios. 

E2 72 (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. 

Source: 23 CFR Part 772, Procedures for Abatement of Highway Traffic Noise and Construction Noise (2010)  
1 WisDOT has substituted the term “Noise Abatement Criteria” used in 23 CFR 772 with “Noise Level Criteria” throughout 
Chapter 23 (Noise) of the Facilities Development Manual (November 15, 2021) and in supporting documents. Further, Table 1 in 
23 CFR 772 is the Noise Abatement Criteria for various land uses. WisDOT has adopted the land use categories, impact levels and 
evaluation locations in 23 CFR 772, Table 1, but refers to this table as “Noise Level Criteria for Considering Barriers” in this 
Section. The word “Level” is used instead of “Abatement” because the department believes the use of the term “Noise Abatement 
Criteria” means that the noise impact levels indicated in the table require that abatement be provided. The term “Noise Level 
Criteria” accurately reflects the intent of the table which is to identify a sound level at which a noise impact occurs, thus requiring 
a determination of whether or not abatement is feasible, reasonable, and likely to be incorporated into the project. 

* Includes undeveloped lands permitted for this activity category or publicly-owned recreation lands formally designated in a 
public agency’s Master Plan. 
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3. Affected Environment 

3.1 Identification of Land Use 

Noise-sensitive land use in the study area is described by geographic location below. In addition to review 
of aerial photography and performing site reconnaissance, information requests were initiated to 
municipalities along the study corridor to determine plans for future permitted or platted development. 
Noise-sensitive receptor locations were modeled for noise level prediction with TNM2.5 representative 
receivers. Each receiver represents a single point in the noise model.  

3.2 Traffic Noise Validation – Measured Noise Levels Model 

A validation study was performed to verify that the existing model accurately predicts existing traffic noise 
based on current conditions and to ensure that traffic noise is the main source of noise. Model validation 
compares field-collected sound level measurements to traffic noise levels calculated in an existing 
condition model that used field-collected traffic parameters.  

One validation site was selected along the project right-of-way (ROW) after consultation with WisDOT 
district staff and WisDOT’s noise subject matter experts. Field measurements were collected on May 16, 
2024. The weather was overcast and dry during the validation collection, with calm to light winds. During 
the measurements, traffic was free-flowing and traveling at a relatively constant speed. A Quest SoundPro 
DL sound level meter was used to measure sound levels in dB(A) Leq. The sound level meter was 
positioned on a tripod with the microphone facing the roadway and set at a height of five feet. 
Measurements data is included in Attachment A.  

Concurrently with the sound level measurement, a video camera was used to record traffic conditions for 
all existing travel lanes adjacent to the noise meter. Team members drove the project corridor and found 
that while some drivers were travelling at speeds greater than the posted traffic limits, overall traffic was 
moving at posted speeds. Weather conditions, including temperature and wind speed/direction, were also 
recorded during the measurement period. Field data sheets are included in Attachment A. Upon return 
from the field, traffic video recordings were reviewed to obtain traffic counts by vehicle classification (car, 
medium truck, and heavy truck). Because the noise modeling software uses a vehicle per hour input, 
vehicle counts for the 15-minute measurement interval were multiplied by four to convert the values to 
the hourly condition. Traffic counts and model inputs are included in the field data sheets.  

The Federal Highway Administration (FHWA) traffic noise modeling software (TNM 2.5) was used to 
calculate existing traffic noise levels at the validation location, based on the field-observed conditions. The 
validation model run used the existing roadway parameters, observed hourly traffic counts, and observed 
speeds.  

The traffic noise model validation result is shown in Table 3-1. Differences between the measured and 
model-calculated sound levels were within the +/- 3 dB(A) tolerance allowed by FHWA. Therefore, the 
existing noise model is considered validated for this project. 

Table 3-1. Field-recorded and TNM-predicted Noise Levels 

Validation Location Site Measured Leq (dBA) TNM-Predicted Leq (dBA) Difference (dBA) 

Site 1 (VS-2) 51.2 50.9 -0.3 

Source: Project Team, 2024 
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4. Environmental Consequences 

4.1 Noise Study Methodology 

The 2050 traffic volumes used for the noise analysis assume the entire South Bridge Connector corridor 
from I-41 to County X is built. 

TNM2.5 was used to calculate existing and future peak hour noise levels at the representative noise 
receivers identified for the study. Each receiver represents a single point in the noise model and is 
representative of the noise receptors being analyzed. The modeled receivers are shown on the figures in 
Attachment B.  

Analysis of peak hour traffic volumes provided for the noise analysis was completed to compare overall 
traffic volumes, vehicular fleet mixes, speeds and Level of Service (LOS) data. When predicting traffic noise 
levels and assessing noise impact, traffic characteristics that would yield the loudest hour conditions 
should be used, which generally would be when traffic is moving at the highest speeds and highest 
volumes possible, also known as LOS C. FHWA’s Recommended Best Practices for the Use of the FHWA 
Traffic Noise Model (TNM2.5) states, “The loudest hour of the day is dependent upon traffic conditions – 
vehicle volume, operating speed and number of trucks – that combine to produce the highest hourly noise 
levels adjacent to the highway corridor. According to FHWA guidance, the ‘worst hourly traffic noise 
impact’ usually occurs at a time when truck volumes and vehicle speeds are the greatest, typically when 
traffic is free flowing and at or near LOS C conditions.” 

The traffic data analysis from SRF Consulting Group, Inc. October 1, 2024, Phase I ICE Memorandum 
determined that the peak hour representing the worst (noisiest) traffic hour varied throughout the study 
corridor. In general, the peak hours with the highest volumes, number of trucks and speeds, while 
operating at LOS C or better conditions on the roadways, were utilized for the noise analysis. The highest 
volume hour entering the WIS 32/57/Rockland Road intersection during the November 2023 traffic count 
were 4:15-5:15pm. 

Posted speed limits were used in the noise model for both the existing and future conditions across most 
roadways. However, the posted speed limit on Rockland Road will increase from 35 mph to 40 mph in 
future conditions. 

The model used existing year (2023) and design year (2050) PM traffic data see Attachment C. 

4.2 Traffic Noise Levels and Noise Impact Analysis 

A traffic noise impact is defined as a future noise level that approaches or exceeds the WisDOT NLC, or a 
future noise level that creates a substantial noise increase over existing noise levels. WisDOT identifies a 
noise impact when predicted future noise levels exceed existing levels by 15 dB or more, or when future 
noise levels “approach” (defined as 1 dB less than the NLC) or exceed the NLC level for the applicable 
Land Use Category. 

The existing and future year noise levels and analysis results by receiver are presented in Attachment D, 
along with a distance to centerline of the nearest future roadway lane, a receptor description, the number 
of receptor units represented by each receiver and the NLC. 
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4.3 Noise Abatement Measures 

Based on the requirements of 23 CFR 772 and within the framework of the FDM 23, various methods were 
reviewed to mitigate the noise impact of the preferred alternative. Among the mitigation options 
considered were those listed below.  

 Restricting truck traffic to specific times of the day. 
 Prohibiting truck traffic. 
 Altering horizontal and vertical alignments. 
 Soundproofing for land use Activity Category D only. 
 Constructing berms (linear earthen mounds). 
 Installing noise barriers (a wall located between the highway and receptors). 

Restricting or prohibiting trucks is beyond the scope of this study and would require changes in legislation. 
Design criteria and recommended termini do not allow for sufficient changes in alignment to provide a 
noticeable change in the traffic noise levels at the abutting properties. A 15-foot-tall earthen noise berm 
would have a footprint ranging in width from 35 to 95 feet. Therefore, it is not the most feasible or 
reasonable abatement alternative to construct noise berms within the study area due to the cost of 
materials and potential need to acquire substantial amounts of ROW. Soundproofing of buildings is not 
necessary as noise impact is not predicted at Land Use Category D land uses. The construction of noise 
barriers appears to be the most feasible and reasonable method to mitigate noise impacts for this study. 
Abatement is recommended for consideration where it is feasible and reasonable to construct a noise 
barrier.  

A noise analysis identifies “where noise abatement is feasible and reasonable and locations with impacts 
that have no feasible or reasonable noise abatement alternatives.” The most efficient location for a noise 
barrier is as close to the source or the receiver as possible. Therefore, in the areas of the predicted noise 
impacts where a noise barrier was feasible to analyze, noise barriers were generally modeled following the 
highest future elevation either as close to the edge of pavement or ROW as possible. Noise barriers were 
modeled to remain at least seven feet away from the proposed edge of the pavement or 10 feet away 
from the proposed ROW to allow sufficient clearance for concrete safety barriers and maintenance work.  

Note that noise barriers were not modeled on WisDOT bridges due to a policy item in the WisDOT Bridge 
Manual, Chapter 30.3. Noise barriers are analyzed where impacts are identified and generally start with a 
length that is four times the perpendicular distance to the last impact in an area. If this results in a barrier 
that crosses intersecting roadways or roadway bridges, the barrier is gapped at that location and 
considered as a barrier system with separate segments. 

4.3.1 Federal and State Abatement Guidance 

FDM 23 has established criteria for determining noise barrier feasibility and reasonableness and 
summarized as follows: 

 The barrier must meet engineering considerations, such as safety, height, drainage, utilities, and 
property and maintenance access to be considered feasible. 

 The barrier must provide a minimum 5-decibel noise reduction at one impacted receptor or common 
use area to be considered feasible. 

 One receptor or common use area must meet the 9-decibel noise reduction design goal for the noise 
barrier to be considered for reasonableness. 

 A noise barrier must reduce noise levels by a minimum of 8 decibels for a receptor or common use area 
to be considered as benefited for the purposes of determining reasonableness. The total cost of the 
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barrier may not exceed $50,000 per benefited receptor based on a noise barrier cost of $30.00 per 
square foot. A benefited receptor can be either an impacted or a non-impacted receptor. 

 If a common noise environment exists within the study termini, cost averaging of multiple barriers 
within the common noise environment may occur as part of the reasonableness determination. Noise 
barriers exceeding $100,000 per benefited receptor cannot be included in the cost averaging. The 
order of cost averaging of eligible multiple barriers will start with the most cost-effective noise barrier 
increasing to the second most cost-effective barrier to the third, etc., until the average cost approaches 
or equals but does not exceed $50,000 per benefited receptor. The noise barriers included in the cost 
averaging may be carried forward for a determination of whether they will be incorporated into the 
project.  

 Noise barriers that are determined to be feasible and reasonable must receive a vote of support from a 
simple majority of all votes cast by adjacent landowners and residents of the benefited areas in order 
to be considered for construction. 

4.3.2 Abatement Analysis 

Noise barriers in the form of noise walls are the most commonly used noise abatement measures and were 
considered for this project. Noise barriers were evaluated for each of the impacted receptor locations. 
These noise barriers are identified on the figures in Attachment B and are further described in the 
following sections and Attachment F.  

The results of the noise barrier analysis completed with TNM2.5, including barrier location, future Leq(h) 
noise levels without and with a barrier, barrier length and height, estimated cost based on $30.00 per 
square foot, the number of benefited receptors, the noise reduction provided by the barrier and the cost 
per benefited receptor are presented in Table 4-1.  

The maximum noise barrier height that was analyzed for this study in TNM2.5 was 24 feet because noise 
barriers above this height generally require structural design considerations that result in greater costs to 
construct and may affect engineering feasibility. Note that shorter length noise barriers were also 
evaluated in several areas to confirm if any barrier designs for areas where receptors are denser or 
receiving higher noise reduction from abatement could reach a cost per benefited receptor that would 
allow for eligibility for cost averaging; however, none of the shorter length noise barriers achieved the 
threshold of $100,000 per benefited receptor. 

4.3.2.1 Noise Barrier Results 

 Barrier 1 – Receiver R1 represents a single residence. A continuous noise barrier was modeled along 
the proposed right-of-way 24 feet high and 315 feet long. A second continuous noise barrier was 
modeled along the proposed sidewalk 24 feet high and 303 feet long. Neither noise barrier would be 
sufficient to achieve the minimum feasible reduction of 8 dB(A).  

 Barrier 2 – Receivers R2, R17 and R18 receivers represent 3 single residences. A continuous noise 
barrier was modeled along the proposed right-of-way 24 feet high and 387 feet long. A second 
continuous noise barrier was modeled along the proposed sidewalk 24 feet high and 276 feet long. 
The total cost of the noise barrier would be $477,360. The noise barrier would benefit (achieve 8 dB 
insertion loss) 1 receiver representing 1 receptor unit, and the resulting cost per benefited receptor 
would be $477,360. Therefore, this barrier is feasible, but not reasonable.  

 Barrier 3 – Receivers R3 to R16 and R19 to 32 receivers represent 28 single residences. A continuous 
noise barrier was modeled along the proposed sidewalk 12 feet high and 1,011 feet long. The cost of 
the noise barrier would be $363,960. The noise barrier would benefit (achieve 8 dB insertion loss) 
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6 receivers representing 6 receptor units, and the resulting cost per benefited receptor would be 
$60,660. Therefore, this barrier is feasible, but not reasonable. 
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Table 4-1. Acoustical Mitigation – Noise Barrier Locations Analyzed 

Barrier 
Number 

Locations Existing Leq(h) 
Noise Levels, 
dBA 

Range of Future Leq(h) 
Noise Levels, dBA 

Noise 
Reduction 
(dB) 

Barrier  
Characteristics 

Costa Number of 
Benefited 
Receptors 

Cost per 
Benefited 
Receptor 

Feasible and 
Reasonable 

w/o Barrier Barrier Length 
(ft) 

Height 
(ft) 

Barrier 1 Along Rockland Road proposed 
sidewalk and right-of-way from 
end bridge to Old Plank Road 

35 61 54 7 618 24 $422,800 0 N/A No 

Barrier 2 Along Rockland Road proposed 
sidewalk and right-of-way from 
end bridge to Old Plank Road 

35-36 54-62 53-55 1-8 663 24 $477,360 1 $477,360 No 

Barrier 3 Along Rockland Road proposed 
right-of-way from Old Plank 
Road to WIS 32/57 

37-61 54-67 51-65 0-11 1,011 12 $363,960 6 $60,660 No 

a Based on $30.00 per square foot. 
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4.4 Information for Local Officials 

To promote compatibility between future development and anticipated highway sound levels and to avoid 
future noise impacts, WisDOT notifies local officials of future traffic noise impacts on undeveloped lands 
not currently permitted. The distances to 66 dBA Leq(h) and 71 dBA Leq(h), which vary along the study 
corridor, were developed to assist local planning authorities in developing land use control over the 
remaining undeveloped lands along the study corridor to prevent further development of incompatible 
land use. The distances given in Table 4-2 are measured from the centerline of the nearest lane on the 
future roadway. Within these setback distances, noise levels would be at the Leq(h) specified or greater. 
These distances are given along the study corridor in order to cover any areas that may be undeveloped. 

Note that the distances to each noise level described below are approximations for each area as the 
topography adjacent to the future roadways vary considerably in the study area. In addition, these 
distances are given for ground level (5 feet above ground) receptors without potential building shielding 
taken into account; therefore, they may vary from noise impact results for developed areas in the study 
corridor. 

Table 4-2. Noise Level Setback Distances 

Section Distance from Near Lane Centerline (ft) 

Activity Category B/C – 
66 dBA 

Activity Category E – 
71 dBA 

Old Plank Rd to WIS 32/57 (Eastbound Rockland Rd) 95 30 

WIS 32/57 to Destiny Dr (Eastbound Rockland Rd) 63 14 
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5. Conclusions and Recommendations 
Brown County and WisDOT have identified noise receptors that would be exposed to future year (2050) 
noise levels approaching or exceeding the WisDOT NLC. Predicted future year (2050) exterior traffic noise 
levels for modeled receivers range from 54 to 67 dBA Leq(h). Changes in Leq(h) noise levels in the future 
year will range from 4 to 27 dBA compared to existing conditions. The future noise levels predicted with 
TNM2.5 indicate that 20 noise receivers representing 20 units would be exposed to Leq(h) noise levels 
that would exceed the existing sound level by 15 dB or more is an impact. None of the above noise 
abatement measures detailed in Section 4.3.2.1 would be both feasible and reasonable; therefore, no 
abatement measures are proposed for this project.  

5.1 Construction Noise 

Adjacent noise-sensitive areas may be affected by construction noise. Noise would be generated by 
construction equipment used to construct the bridge and roadways within the project limits. Typical 
construction equipment includes dump trucks, graders, cranes, bulldozers, pile-driving equipment and 
pavement construction equipment. The noise generated by the construction equipment will vary greatly 
depending on the equipment type and model, mode and duration of operation and specific type of work 
effort; however, typical noise levels may occur in the 75 to 95 dBA range at a distance of 50 feet. 
Table 5-1 shows other distance-typical noise level ranges related to construction. Variations in building 
setbacks and land use, local intensity of specific construction activities and sequencing and timing of 
construction will result in varying degrees of exposure to construction noise and, hence, varying levels of  
construction noise impacts. Adverse effects related to construction noise are anticipated to be localized, 
temporary and transient. WisDOT and Brown County will conduct a public involvement process to inform 
noise-sensitive receptors about construction activities. Construction noise would be controlled in 
accordance with FDM 23, Section 23-40-1. WisDOT Standard Specifications 107.8(6) and 108.7.1 will 
apply. This includes checking for and complying with local ordinances governing the hours for operation 
of construction equipment and obtaining the engineer’s written approval for operations between the hours 
of 10:00 p.m. to 6:00 a.m. Pursuant to WisDOT Standard Specification 108.7.1(3), motorized construction 
equipment will be required to have mufflers constructed in accordance with the equipment manufacturer’s 
specifications or a system of equivalent noise-reducing capacity. WisDOT and Brown County will also 
require that mufflers and exhaust systems are maintained in good operating condition, free of leaks and 
holes. 

Table 5-1. Construction Noise/Distance Relationships 

Distance from Construction Site (feet) Ranges of Typical Noise Levels (dBA)1 

25 82 – 102 

50 75 – 95 

100 69 – 89 

200 63 – 83 

300 59 – 79 

400 57 – 77 

500 55 – 75 

1000 49 – 69 
1 Point Sources = 6 dBA reduction per doubling of distance (Source: EPA and WisDOT) 

Table Source: FDM 23-40-1.2, Attachment 1.1 
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Noise Measurement Data Sheet
Site: 1 Date: 5/16/24

Project Team                                  CSJs:
Patrick Joseph                                                        Noise Meter
Cameron Muth                                                       Model: SoundPro DL 1-1/3 Octave

Response
Fast
Slow

Weighting
A
C

Battery*
100%
*replace if
below 50%

Calibrator Calibrator @ 114 dBA
Start End

Weather Data
Temperature: 58 Humidity: 60% Wind Speed: 7mph Notes: Cloudy

Measurement Data
Event Begin Time End Time Leq (dBA) Lmin (dBA) Lmax (dBA)

1 9:28 9:43 51.2 39.6 61.7
2
3

Traffic Data and Average Speeds
Event Direction Autos Medium

Trucks
Heavy
Trucks

Motorcycle Buses

Total Average
Hourly Count WB Rockland Rd 12 4 0 0 0
Total Average
Hourly Count EB Rockland Rd 12 4 0 0 0
Total Average
Hourly Count

SB 32nd Division
Memorial Hwy 160 4 12 0 0

Total Average
Hourly Count

NB 32nd Division
Memorial Hwy 160 28 28 0 0

Site Sketch

Notes
(Major sources, background noise, unusual events, etc.)



Session	Report	
7/11/2024

Information	Panel

Name Site 1

Start Time 5/16/2024 9:28:20 AM

Stop Time 5/16/2024 9:43:21 AM

Device Name BIX080007

Model Type SoundPro DL

Device Firmware Rev R.13J

Comments

Summary	Data	Panel

Description Meter Value Description Meter Value

Leq 1 51.2 dB Lmax 1 61.7 dB

Lmin 1 39.6 dB

Exchange Rate 1 3 dB WeighƟng 1 A

Response 1 SLOW Bandwidth 1 OFF

Exchange Rate 2 5 dB WeighƟng 2 A

Response 2 FAST

Statistics	Table

dB: 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 %

39: 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.02 0.01 0.05

40: 0.01 0.02 0.02 0.02 0.04 0.02 0.03 0.03 0.13 0.12 0.42

41: 0.05 0.03 0.03 0.03 0.05 0.06 0.04 0.07 0.06 0.10 0.52

42: 0.09 0.10 0.14 0.16 0.16 0.16 0.15 0.16 0.16 0.13 1.41

43: 0.11 0.11 0.13 0.18 0.24 0.17 0.19 0.20 0.24 0.23 1.79

44: 0.27 0.31 0.27 0.33 0.32 0.33 0.40 0.41 0.41 0.48 3.55

45: 0.57 0.60 0.57 0.61 0.58 0.70 0.76 0.75 0.78 0.71 6.61

46: 0.83 0.93 0.73 0.82 0.75 0.90 1.02 1.00 1.01 1.12 9.10

47: 1.02 1.01 1.03 0.94 0.98 1.00 1.15 1.15 1.40 1.53 11.23

48: 1.45 1.25 0.70 0.77 0.84 1.02 0.97 0.88 0.82 0.78 9.49

49: 0.87 0.99 1.24 1.13 1.18 1.07 0.99 1.00 1.03 1.05 10.56

50: 1.14 0.87 0.90 1.07 0.96 1.10 1.07 1.05 1.15 0.98 10.28

51: 1.30 1.35 0.62 0.91 0.94 0.82 0.78 0.78 0.79 0.76 9.04

Page 1



52: 0.57 0.61 0.72 0.90 0.78 0.63 0.61 0.48 0.61 0.68 6.58

53: 0.62 0.59 0.56 0.56 0.48 0.43 0.39 0.40 0.51 0.54 5.09

54: 0.50 0.59 0.36 0.50 0.49 0.41 0.48 0.57 0.57 0.47 4.94

55: 0.44 0.47 0.54 0.55 0.33 0.30 0.27 0.33 0.42 0.31 3.95

56: 0.35 0.30 0.33 0.35 0.38 0.40 0.33 0.30 0.26 0.20 3.19

57: 0.15 0.16 0.11 0.17 0.12 0.11 0.10 0.13 0.06 0.05 1.15

58: 0.01 0.01 0.01 0.02 0.04 0.03 0.03 0.03 0.03 0.09 0.31

59: 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.26

60: 0.06 0.11 0.03 0.03 0.03 0.03 0.03 0.06 0.05 0.01 0.42

61: 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.06

Statistics	Chart

S004: StaƟsƟcs Chart

Exceedance	Table

. 0% 1% 2% 3% 4% 5% 6% %7 %8 %9

0%: 58.2 57.0 56.5 56.3 56.0 55.7 55.4 55.1 54.9

10%: 54.7 54.5 54.3 54.1 53.9 53.7 53.5 53.3 53.1 52.9

20%: 52.8 52.6 52.4 52.3 52.2 52.0 51.8 51.7 51.6 51.5

30%: 51.3 51.2 51.1 51.0 50.9 50.8 50.7 50.7 50.6 50.5

40%: 50.4 50.3 50.2 50.1 50.0 49.9 49.8 49.7 49.6 49.5
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50%: 49.4 49.3 49.2 49.1 49.0 48.9 48.8 48.7 48.6 48.5

60%: 48.4 48.3 48.1 48.0 47.9 47.9 47.8 47.7 47.7 47.6

70%: 47.5 47.4 47.3 47.2 47.1 47.0 46.9 46.8 46.7 46.6

80%: 46.5 46.4 46.3 46.2 46.0 45.9 45.8 45.7 45.5 45.4

90%: 45.2 45.1 44.9 44.7 44.4 44.1 43.8 43.3 42.6 41.9

100%: 39.5

Exceedance	Chart

S004: Exceedance Chart

Logged	Data	Chart

S004: Logged Data Chart
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Summary of Receptor Data
Sound Level Leq (dBA)1 Impact Evaluation

A. Receptor
Location or

Site
Identification

(See map
attached here:
Attachment B)

B. Distance
from C/L of
Near Lane

to
Receptor

in feet (ft.)

C. Number
of Families
or People
Typical of

this
Receptor

Site

D. Noise
Level

Criteria2

(NLC)
(dBA)

E. Future
Sound
Level
(dBA)

F. Existing
Sound Level

(dBA)

G. Difference
in Future and

Existing Sound
Levels

(E minus F)
(dBA)

H. Difference
in Future

Sound Levels
and Noise

Level
Criteria (E

minus D) (dBA)

I. Impact (I)
or No

Impact3 (N)

R1 183 1 67 61 35 26 -6 I
R2 160 1 67 62 35 27 -5 I
R3 104 1 67 66 39 27 -1 I
R4 109 1 67 66 40 26 -1 I
R5 114 1 67 66 40 26 -1 I
R6 117 1 67 65 41 24 -2 I
R7 128 1 67 64 41 23 -3 I
R8 117 1 67 65 42 23 -2 I
R9 100 1 67 67 43 24 0 I
R10 177 1 67 60 44 16 -7 I
R11 356 1 67 56 42 14 -11 N
R12 377 1 67 56 40 16 -11 I
R13 365 1 67 57 39 18 -10 I
R14 364 1 67 57 39 18 -10 I
R15 355 1 67 57 38 19 -10 I
R16 370 1 67 56 37 19 -11 I
R17 266 1 67 58 36 22 -9 I
R18 420 1 67 54 35 19 -13 I
R19 463 1 67 54 37 17 -13 I
R20 451 1 67 55 38 17 -12 I
R21 449 1 67 55 39 16 -12 I
R22 463 1 67 54 40 14 -13 N
R23 176 1 67 61 51 10 -6 N
R24 116 1 67 65 61 4 -2 N
R25 316 1 67 58 50 8 -9 N
R26 190 1 67 62 58 4 -5 N
R27 459 1 67 54 43 11 -13 N
R28 325 1 67 57 46 11 -10 N
R29 376 1 67 56 46 10 -11 N
R30 408 1 67 56 48 8 -11 N
R31 420 1 67 56 49 7 -11 N
R32 253 1 67 60 55 5 -7 N
R33 108 1 72 63 50 13 -9 N
R34 337 1 67 55 43 12 -12 N

1 Use whole numbers only.
2 Insert the actual Noise Level Criteria from WisDOT Facilities Development Manual, Section 23-30, Table 2.1.



Page 2 of 2

3 An impact occurs when future sound levels exceed existing sound levels by 15 dB or more, or, future sound levels
approach or exceed the Noise Level Criteria (“approach” is defined as 1 dB less than the Noise Level Criteria,
therefore an impact occurs when Column (h) is –1 dB or greater).  I = Impact, N = No Impact.



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment E. FHWA Noise Certificates 
  





Patrick Joseph
has participated in

How to Measure Highway Traffic Noise

NHI Course No. FHWA-NHI-142088

Hosted by: National Highway Institute

Location:

Date:

2 hoursWeb-Based Course

11/3/2023

Hours of Instruction:



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment F. Barrier Analyses 
 

  



 

 
 

Barrier 1 

Receiver R1 represents a single residence. A continuous noise barrier was modeled along the proposed 
right-of-way 24 feet high and 315 feet long. A second continuous noise barrier was modeled along the 
proposed sidewalk 24 feet high and 303 feet long. Neither noise barrier would be sufficient to achieve the 
minimum feasible reduction of 8 dB(A). Table 1 summarizes Barrier 1 analysis and Table 2 presents the 
receiver studied for Barrier 1. See Barrier 1 Map for barrier and receiver location. 

Table 1. Barrier 1 Analysis Summary 

Locations Representative 
Receivers 

Total Receivers 
in Study 

Receivers 
Impacted 

Total 
Benefited 
Receivers 

Barrier Cost Cost per 
Benefited 
Receiver 

Along Rockland Road proposed 
sidewalk and right-of-way from 
end bridge to Old Plank Road 

1 1 1 0 $444,960 N/A 

 

Table 2. Barrier 1 Analysis for Receivers Studied 

Receiver No Barrier 
Calculated 
LAeq1h dBA 

With Barrier Calculated 
LAeq1h dBA 

Difference in Sound (dBA) 
Between No Barrier and Barrier 
Condition 

Noise Impact 

(I) Impact 

(N) Non-impact 

Benefited 

(Y) Yes 

(N) No 

R1 61 54 7 I N 

 



 

 
 

Barrier 2 

Receivers R2, R17 and R18 receivers represent 3 single residences. A continuous noise barrier was 
modeled along the proposed right-of-way 24 feet high and 387 feet long. A second continuous noise 
barrier was modeled along the proposed sidewalk 24 feet high and 276 feet long. The total cost of the 
noise barrier would be $477,360. The noise barrier would benefit (achieve 8 dB insertion loss) 1 receiver 
representing 1 receptor unit, and the resulting cost per benefited receptor would be $477,360. Therefore, 
this barrier is feasible, but not reasonable. Table 3 summarizes Barrier 2 analysis and Table 4 presents the 
receiver studied for Barrier 2. See Barrier 2 Map for barrier and receiver location. 

Table 3. Barrier 2 Analysis Summary 

Locations Representative 
Receivers 

Total 
Receivers in 
Study 

Receivers 
Impacted 

Total 
Benefited 
Receivers 

Barrier Cost Cost per 
Benefited 
Receiver 

Along Rockland Road 
proposed sidewalk and 
right-of-way from end 
bridge to Old Plank Road 

1 1 1 1 $477,360 $477,360

 

Table 4. Barrier 2 Analysis for Receivers Studied 

Receiver No Barrier 
Calculated 
LAeq1h dBA 

With Barrier Calculated 
LAeq1h dBA 

Difference in Sound (dBA) 
Between No Barrier and Barrier 
Condition 

Noise Impact 

(I) Impact 

(N) Non-impact 

Benefited 

(Y) Yes 

(N) No 

R2 62 54 8 I Y 

R17 58 55 3 I N 

R18 54 53 1 I N 



 

 
 

 

 

   

 

 

 

 

 

  

 

  



 

 
 

Barrier 3 

Receivers R3 to R16 and R19 to 32 receivers represent 28 single residences. A continuous noise barrier 
was modeled along the proposed sidewalk 12 feet high and 1,011 feet long. The cost of the noise barrier 
would be $363,960. The noise barrier would benefit (achieve 8 dB insertion loss) 6 receivers representing 
6 receptor units, and the resulting cost per benefited receptor would be $60,660. Therefore, this barrier is 
feasible, but not reasonable. Table 5 summarizes Barrier 3 analysis and Table 6 presents the receivers 
studied for Barrier 3. See Barrier 3 Map for barrier and receiver locations. 

Table 5. Barrier 3 Analysis Summary 

Locations Representative 
Receivers 

Total Receivers 
in Study 

Receivers 
Impacted 

Total 
Benefited 
Receivers 

Barrier Cost Cost per 
Benefited 
Receiver 

Along Rockland Road 
proposed right-of-way from 
Old Plank Road to WIS 
32/57 

30 30 18 6 $363,960 $60,660 

 

Table 6. Barrier 3 Analysis for Receivers Studied 

Receiver No Barrier 
Calculated 
LAeq1h dBA 

With Barrier Calculated 
LAeq1h dBA 

Difference in Sound (dBA) 
Between No Barrier and Barrier 
Condition 

Noise Impact 

(I) Impact 

(N) Non-impact 

Benefited 

(Y) Yes 

(N) No 

R3 66 60 6 I N 

R4 66 58 8 I Y 

R5 66 57 9 I Y 

R6 65 57 8 I Y 

R7 64 56 8 I Y 

R8 65 56 9 I Y 

R9 67 56 11 I Y 

R10 60 56 4 I N 

R11 56 53 3 N N 

R12 56 52 4 I N 

R13 57 52 5 I N 

R14 57 53 4 I N 

R15 57 53 4 I N 

R16 56 54 2 I N 

R19 54 51 3 I N 

R20 55 51 4 I N 

R21 55 51 4 I N 

R22 54 51 3 N N 

R23 61 61 0 N N 

R24 65 65 0 N N 

R25 58 57 1 N N 

R26 62 62 0 N N 

R27 54 53 1 N N 



 

 
 

Receiver No Barrier 
Calculated 
LAeq1h dBA 

With Barrier Calculated 
LAeq1h dBA 

Difference in Sound (dBA) 
Between No Barrier and Barrier 
Condition 

Noise Impact 

(I) Impact 

(N) Non-impact 

Benefited 

(Y) Yes 

(N) No 

R28 57 56 1 N N 

R29 56 55 1 N N 

R30 56 55 1 N N 

R31 56 56 0 N N 

R32 60 59 1 N N 
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