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A. Project Description 

 

Bradford Development, LLC (Bradford) is proposing the redevelopment of agricultural property near Mankato, 

Minnesota. The property is shown in the figure in Attachment A. The proposed redevelopment plan for the property 

includes a motor sports track. The purpose of this project is to evaluate the potential noise impacts of the motor 

sports events on the residences nearest the proposed facility. The analysis is based on a preliminary site and track 

layout. 

 

The property is bordered on its west by a railroad track, on the east by a County Road, and on the north and south by 

agricultural properties with residences. The Mankato Municipal Airport is just Northwest of the property. 

 

B. Noise Basics 

 

Definition of Noise 

Noise is defined as any unwanted sound.  Sound travels in a wave motion and produces a sound pressure level. This 

sound pressure level is commonly measured in decibels. Decibels (dB) represent the logarithmic measure of sound 

energy relative to a reference energy level. Typically, an adjustment, or weighting, of the high- and low-pitched 

sounds is made to approximate the way that an average person hears sounds. The adjusted sound levels are stated in 

units of "A-weighted decibels" (dBA).  

 

The following chart provides examples of noise levels from various activities and environments. 

 



 

 

 

 

 

 

How is Noise Evaluated and Described? 

In Minnesota, noise impacts are typically evaluated by measuring noise levels that are exceeded 10 percent and 50 

percent of the time during a one-hour period and comparing the noise levels to State rules for allowable impacts 

during day and night hours. These numbers are identified as the L10 and L50 levels. Table 1 is a summary of the 

Minnesota noise standards. 

 

 

 

 

 

 



Table 1  

Mankato Motorsports 

Minnesota State Noise Standards 

MPCA State Noise Standards
4 

Land Use Day (7 a.m. – 10 p.m.) dBA Night (10 p.m. – 7 a.m.) dBA 

Residential L10 of 65 L50 of 60 L10 of 55 L50 of 50 

Commercial L10 of 70 L50 of 65 L10 of 70 L50 of 65 

Industrial L10 of 80 L50 of 75 L10 of 80 L50 of 75 

 

 

Since the proposed facility does not anticipate any nighttime events, the relevant standards for the proposed 

facility’s impact on local residences are the daytime L10 of 65 dBA and L50 of 60 dBA. The bases for the daytime 

residential thresholds are speech interference levels. These are noise levels of a typical conversation between two 

people. Noise levels that exceed these thresholds would require someone to speak up in order to be understood 

during a conversation. 

 

Human Perception of Sound Level Changes 

A sound increase of three dBA is barely perceptible to the human ear, a five dBA increase is clearly noticeable, and 

a 10 dBA increase is heard as twice as loud. For example, if the sound energy is doubled (e.g. two cars going down a 

track versus one), there is a three dBA increase in noise, which is just barely noticeable to most people.  

 

Propagation of Sound  

The propagation of sound in the outdoors is dependent on a number of factors, including: 

 

• The distance from the noise source to the noise receiver, 

• Absorption by the ground between the source and receiver, 

• Absorption by the air, 

• Obstruction of the line of site between the source and receiver by such things as terrain, berms, and 

buildings, 

• And atmospheric conditions (weather). 

 

Distance 

Noise levels drop with distance away from the noise source. This is often referred to as geometric spreading. For a 

point source, the noise reduces by 6 dBA for every doubling of the distance. For a line source, such as a highway, 

noise reduces by 3 dBA for every doubling of the distance. 

 

Ground Absorption 

Ground is absorbed by the ground as it goes from source to receiver. Soft ground, such as grass or fresh snow 

absorbs more than harder surfaces such as asphalt or packed dirt. 

 

Air Absorption 

Sound is absorbed by air as it travels from source to receiver. 

 

 

 



Weather and Noise Propagation 

 

Wind 

Wind bends sound waves. Wind nearer to the ground moves more slowly than wind at higher altitudes, due to 

surface friction from hills, trees, buildings, etc. This wind gradient, with faster wind at higher elevation and slower 

wind at lower elevation causes sound waves to bend downward when they are traveling to a location downwind of 

the source and to bend upward when traveling toward a location upwind of the source. This means that a listener 

standing downwind of the source will hear louder noise levels than the listener standing upwind of the source. This 

phenomenon can significantly impact sound propagation over long distances and when wind speeds are high. 

 

Temperature Inversions 

Temperature inversions in the atmosphere. On a typical sunny afternoon, air is warmest near the ground and cooler 

at higher altitudes. This temperature gradient causes sound waves to bend upward, away from the ground and results 

in lower noise levels being heard at the listener’s position. At night, this temperature gradient will reverse, resulting 

in cooler temperatures near the ground. This condition is called a temperature inversion and will cause sound to 

bend downward toward the ground and results in louder noise levels at the listener position. As with wind gradients, 

temperature gradients can significantly influence sound propagation over long distances. Since the project does not 

anticipate nighttime events, the likelihood of inversions during events at the facility is relatively low. 

 

Humidity 

To a lesser extent, sound propagation is also impacted by humidity, with sound propagating better under high 

humidity conditions versus low humidity conditions. 

 

 

C. Project Approach 

The impacts of the proposed project are evaluated using the MINNOISEV31 traffic noise model. This computer 

model is a modified version of the FHWA noise prediction model STAMINA 2.0. The model predicts noise level 

impacts from roadways based on the number and types of vehicles, travel speed, distance and type of ground cover 

between the roadway and the receiver, and natural or manmade barriers between the roadways and the receiver. 

Noise levels were predicted based on  

 

The following assumptions were made for inputs to the model: 

• Number of vehicles per hour is 550. This is based on information from the developer that the maximum 

number of vehicles expected on the track at any one time is 20 operating up to 55 minutes per hour, and a 

time per lap of 2 minutes. 

• The noise from the track is represented in the model by noise from four relatively straight sections of the 

track where cars could be expected to be traveling near top speed at their loudest noise levels. 

• Terrain between the track and receptors is represented by modeled barriers or berms. 

 

In order to help assess the validity of this modeling approach, SBP compared the results of a MINNOISEV31 

modeling run with calculations based on the representation of vehicles as a number of point sources distributed on 

the straight sections of the proposed track.  

 

This alternate calculation method was based on the methods from the International Standards Organization standard 

ISO 9613-2;1996. This simplified comparison assumed flat ground between the track and the receivers. The results 

of this modeling comparison showed fairly good agreement(less than 3 dBA difference) between the calculations 



and the MINNOISEV31 results at the closer receptors (R1, R2, and R3). The difference between the two methods 

increased for the receptors further from the track, with differences up to 6.2 dBA at receptor R6, the furthest from 

the track.  The ISO method is more conservative with its assessment of ground absorption and air absorption over 

long distances. The worst case conditions in the summer are generally under temperature inversion conditions, 

which occur mostly at night and early morning. This facility is not expected to operate during these hours.
 

 

In addition to the modeling of project impacts, the project also includes monitoring of background noise levels at 

locations near the property that are representative of area residences. 

 

 

D. Noise Monitoring  

In order to determine existing noise levels in the project area, noise monitoring was conducted at four locations 

representing residences adjacent and nearest the proposed facility. The monitoring locations are shown in the figure 

in Attachment A. The monitoring results are as follows: 

 

Table 2 

Mankato Motorsports 

Noise Monitoring Results 

Location ID Date Time Monitored Noise Level (dBA) 

   L10 L50 

M1 11/2/2018 2:35 pm – 3:05 pm 51.0 46.0 

M2 11/2/2018 3:20 pm – 3:55 pm 56.0 48.0 

M3 11/2/2018 4:25 pm – 4:55 pm 56.5 50.5 

M4 11/2/2018 5:30 pm – 6:00 pm 48.0 45.5 

 

 

Location M1 Discussion 

This site is located near a natural gas pump station. No noise from the pump station was observed at the monitoring 

location. Ten small planes were observed approaching the airport runway from the southwest during the monitoring 

period. Traffic noise from 589the Avenue was the main noise source throughout the period. Winds were calm to 5 

mph from the east. The measured noise level at this location is assumed to be the background noise level at Receptor 

R1 for the purposes of the analysis in this report. 

 

Location M2 Discussion 

This site is located in the Noah Estates residential development south of 227
th

 Street. Traffic noise from 227
th

 Street 

was the main source of noise during the monitoring period. Winds were calm to 3 mph from the north. The 

measured noise level at this location is assumed to be the background noise level at Receptor R6 for the purposes of 

the analysis in this report. 

 

Location M3 Discussion 

This site is located along 232
nd

 Street, 300 feet east of 589
th

 Avenue. Traffic noise from 589
th

 Avenue was the main 

source of noise during the monitoring period. Winds were calm. The measured noise level at this location is 

assumed to be the background noise level at Receptors R2 and R3 for the purposes of the analysis in this report. 

 

Location M4 Discussion 

This site was located near the railroad tracks adjacent to the western edge of the proposed project property. Noise 

from traffic on 589
th

 Avenue was present throughout the monitoring period. Additional noise from farm machinery 

east of 589
th

 Avenue, from several small planes, and from chirping birds was also noted during the monitoring 



period. Winds were light and from the east. The measured noise level at this location is assumed to be the 

background noise level at Receptors R5 and R6 for the purposes of the analysis in this report. 

 

The primary sources of noise noted at each location were traffic noise from local roadways, small airplane noise 

from planes taking off and landing at the Mankato Municipal Airport, and for location M4, farm machinery 

operating near a distant farm. 

 

D. Noise Impact Modeling Results 

The following Tables 3 thru 10 provide the results of the impact modeling study compared to the State standards and 

to the measured background levels for each of the six modeled receptor locations at five different auto noise 

emission levels, and two scenarios with a mixture of vehicles with two different noise emission rates.. This model is 

based on an individual emission level of 84.4 dBA at 50 feet. The MINNOISE model output file is provided in 

Attachment A. The impacts for 75 dBA, 80 dBA, 90 dBA, 100 dBA, and 105 dBA at 50 feet emission rates  are 

determined by subtracting  9.4, 4.4, and adding 5.6, 15.6, and 20.6 dBA to the model results, respectively. 

 

The modeled results for 75 dBA and 80 dBA emission levels are representative of vehicles operating at or near street 

legal noise emission levels in Minnesota. Model results for 105 dBA emission levels are representative of vehicles 

operating near the limit set by many race tracks. These limits at race tracks are based on preventing hearing damage 

to spectators. 

 

Modeling was also conducted for two additional scenarios with a mixture of vehicles. The first scenario assumed 3 

cars operating at 100 dBA at 50 feet, and 17 cars operating at 90 dBA at 50 feet. The second assumed 1 car 

operating at 100 dBA at 50 feet, and 19 cars operating at 90 dBA at 50 feet. 

 

Table 3 

Mankato Motorsports 

MINNOISE Model Results – 20 Cars - Maximum Vehicle Emission Rate of 84.4 dBA at 50 feet (dBA) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 53.7 51.0 65.0 60.0 -11.3 -9.0 51.0 46.0 2.7 5.0 

R2 55.5 52.4 65.0 60.0 -9.5 -7.6 56.5 50.5 -1.0 1.9 

R3 52.6 49.9 65.0 60.0 -12.4 -10.1 56.5 50.5 -3.9 -0.6 

R4 50.8 48.3 65.0 60.0 -14.2 -11.7 48.0 45.5 2.8 2.8 

R5 51.0 48.5 65.0 60.0 -14.0 -11.5 48.0 45.5 3.0 3.0 

R6 44.3 42.0 65.0 60.0 -20.7 -18.0 56.0 48.0 -11.7 -6.0 

 

 

 

 

 

 

 

 

 

 

 



Table 4 

Mankato Motorsports 

20 Cars - Maximum Vehicle Emission Rate of 75 dBA at 50 feet (dBA)
(1) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 39.9 37.2 65.0 60.0 -25.1 -22.8 51.0 46.0 -11.1 -8.8 

R2 41.7 38.6 65.0 60.0 -23.3 -21.4 56.5 50.5 -14.8 -11.9 

R3 38.8 36.1 65.0 60.0 -26.2 -23.9 56.5 50.5 -17.7 -14.4 

R4 37.0 34.5 65.0 60.0 -28.0 -25.5 48.0 45.5 -11.0 -11.0 

R5 37.2 34.7 65.0 60.0 -27.8 -25.3 48.0 45.5 -10.8 -10.8 

R6 30.5 28.2 65.0 60.0 -34.5 -31.8 56.0 48.0 -25.5 -19.8 
(1)

Modeled impact estimated by subtracting 9.4 dBA from MINNOISEV31 model results for vehicles operating at an 

emission level of 84.4 dBA at 50 feet. 

 

Table 5 

Mankato Motorsports 

20 Cars - Maximum Vehicle Emission Rate of 80 dBA at 50 feet (dBA)
(1) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 49.3 46.6 65.0 60.0 -15.7 -13.4 51.0 46.0 -1.7 0.6 

R2 51.1 48.0 65.0 60.0 -13.9 -12.0 56.5 50.5 -5.4 -2.5 

R3 48.2 45.5 65.0 60.0 -16.8 -14.5 56.5 50.5 -8.3 -5.0 

R4 46.4 43.9 65.0 60.0 -18.6 -16.1 48.0 45.5 -1.6 -1.6 

R5 46.6 44.1 65.0 60.0 -18.4 -15.9 48.0 45.5 -1.4 -1.4 

R6 39.9 37.6 65.0 60.0 -25.1 -22.4 56.0 48.0 -16.1 -10.4 
(1)

Modeled impact estimated by subtracting 4.4 dBA from MINNOISEV31 model results for vehicles operating at an 

emission level of 84.4 dBA at 50 feet. 

 

Table 6 

Mankato Motorsports 

20 Cars - Maximum Vehicle Emission Rate of 90 dBA at 50 feet (dBA)
(1) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 59.3 56.6 65.0 60.0 -5.7 -3.4 51.0 46.0 8.3 10.6 

R2 61.1 58.0 65.0 60.0 -3.9 -2.0 56.5 50.5 4.6 7.5 

R3 58.2 55.5 65.0 60.0 -6.8 -4.5 56.5 50.5 1.7 5.0 

R4 56.4 53.9 65.0 60.0 -8.6 -6.1 48.0 45.5 8.4 8.4 

R5 56.6 54.1 65.0 60.0 -8.4 -5.9 48.0 45.5 8.6 8.6 

R6 49.9 47.6 65.0 60.0 -15.1 -12.4 56.0 48.0 -6.1 -0.4 
(1)

Modeled impact estimated by adding 5.6 dBA from MINNOISEV31 model results for vehicles operating at an 

emission level of 84.4 dBA at 50 feet. 

 

 

 



 

Table 7 

Mankato Motorsports 

20 Cars - Maximum Vehicle Emission Rate of 100 dBA at 50 feet (dBA)
(1) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 69.3 66.6 65.0 60.0 4.3 6.6 51.0 46.0 18.3 20.6 

R2 71.1 68.0 65.0 60.0 6.1 8.0 56.5 50.5 14.6 17.5 

R3 68.2 65.5 65.0 60.0 3.2 5.5 56.5 50.5 11.7 15.0 

R4 66.4 63.9 65.0 60.0 1.4 3.9 48.0 45.5 18.4 18.4 

R5 66.6 64.1 65.0 60.0 1.6 4.1 48.0 45.5 18.6 18.6 

R6 59.9 57.6 65.0 60.0 -5.1 -2.4 56.0 48.0 3.9 9.6 
(1)

Modeled impact estimated by adding 15.6 dBA from MINNOISEV31 model results for vehicles operating at an 

emission level of 84.4 dBA at 50 feet. 

 

Table 8 

Mankato Motorsports 

20 Cars - Maximum Vehicle Emission Rate of 105 dBA at 50 feet (dBA)
(1) 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 74.3 71.6 65.0 60.0 9.3 11.6 51.0 46.0 23.3 25.6 

R2 76.1 73.0 65.0 60.0 11.1 13.0 56.5 50.5 19.6 22.5 

R3 73.2 70.5 65.0 60.0 8.2 10.5 56.5 50.5 16.7 20.0 

R4 71.4 68.9 65.0 60.0 6.4 8.9 48.0 45.5 23.4 23.4 

R5 71.6 69.1 65.0 60.0 6.6 9.1 48.0 45.5 23.6 23.6 

R6 64.9 62.6 65.0 60.0 -0.1 2.6 56.0 48.0 8.9 14.6 
(1)

Modeled impact estimated by adding 20.6 dBA from MINNOISEV31 model results for vehicles operating at an 

emission level of 84.4 dBA at 50 feet. 

 

Table 9 

Mankato Motorsports 

Maximum Vehicle Emission Rate of 17 cars at 90 dBA at 50 feet with three cars operating at 100 dBA at 50 

feet (dBA)
 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 65.3 61.6 65.0 60.0 0.3 1.6 51.0 46.0 14.3 15.6 

R2 67.0 62.9 65.0 60.0 2.0 2.9 56.5 50.5 10.5 12.4 

R3 64.2 60.5 65.0 60.0 -0.8 0.5 56.5 50.5 7.7 10.0 

R4 62.4 58.9 65.0 60.0 -2.6 -1.1 48.0 45.5 14.4 13.4 

R5 62.5 59.1 65.0 60.0 -2.5 -0.9 48.0 45.5 14.5 13.6 

R6 55.9 52.6 65.0 60.0 -9.1 -7.4 56.0 48.0 -0.1 4.6 

 

 

 



 

Table 10 

Mankato Motorsports 

Maximum Vehicle Emission Rate of 90 dBA at 50 feet with one car operating at 100 dBA at 50 feet (dBA)
 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 63.5 60.2 65.0 60.0 -1.5 0.2 51.0 46.0 12.5 14.2 

R2 65.2 61.5 65.0 60.0 0.2 1.5 56.5 50.5 8.7 11.0 

R3 62.4 59.1 65.0 60.0 -2.6 -0.9 56.5 50.5 5.9 8.6 

R4 60.6 57.5 65.0 60.0 -4.4 -2.5 48.0 45.5 12.6 12.0 

R5 60.7 57.7 65.0 60.0 -4.3 -2.3 48.0 45.5 12.7 12.2 

R6 54.1 51.2 65.0 60.0 -10.9 -8.8 56.0 48.0 -1.9 3.2 

 

 

E. Discussion of Model Impact Results 

 

The modeled L10  noise levels are used for determination of compliance in this study. Based on a long term 

monitoring study conducted near the Brainerd International Raceway, the L10 normally is more than 5 dBA higher 

than the L50 and therefore determines compliance with the State rules. It’s likely that the L50 is somewhat over-

estimated relative to the L10 with the modeling methodology employed for this study, since it assumes vehicles 

operating at maximum emission level at all locations along the straighter sections of the track. 

 

Without any additional mitigation, the model results show that based on a preliminary track layout and site plan, the 

impact from the vehicle noise is within State Standards up to a vehicle emission rate of between 90 dBA and 95 

dBA at 50 feet. Specifically, based on the L10
 
, the State Standard starts to be exceeded at the worst case receptor at a 

vehicle emission level of  93.9 dBA at 50 feet.  

 

The background noise levels start to be exceeded at the worst case receptor at an emission level of between 80 dBA 

and 85 dBA at 50 feet. 

 

 

F. Potential Mitigation 

 

The highest predicted noise levels impacts for the proposed facility occur at receptor R2, just east of the site. 

Therefore, SBP examined the potential benefit of a berm along the southeast portion of the track. Using the 

MINNOISE model, berms of 10, 20, and 30 feet above the high ground level were examined. The resulting noise 

levels were based on  a mixture of three vehicles operating at an emission rate of 100 dBA at 50 feet, and 17 

vehicles operating at an emission rate of 90 dBA at 50 feet. The location of the potential berm is shown in the figure 

in Attachment A. Results of the mitigation modeling are summarized in Table 11. 

 

The mitigation analysis shows the L10 within compliance levels at all modeled receptor locations with a 20-foot 

berm along the southeast portion of the site. 

 

G. Siren Noise 

It is anticipated that law enforcement agencies may use this facility for training purposes. SBP was asked to conduct 

an analysis of the potential noise impact from sirens for 14 cars using this facility for 15 minutes in an hour. 

Assuming two minutes per lap, this equates to 105 pass-bys for any point in the track. Based on a siren emission rate 



of 100 dBA at 30 meters (Noise Navigator Sound Level Data Base, University of Michigan, 2015) SBP used the 

MINNOISE model to estimate the potential impact of these training events. 

 

The following table presents the results of this analysis. 

 

Table 13 

Mankato Motorsports 

Modeled Impact of Police Sirens During Training Sessions
 

 Modeled 

Impact 

Minnesota 

Rules 

Impacts vs. 

Minnesota Rules 

Measured 

Background Levels 

Impacts vs 

Background Levels 

Receptors L10 L50 L10 L50 L10 L50 L10 L50 L10 L50 

R1 69.1 63.8 65.0 60.0 4.1 3.8 51.0 46.0 18.1 17.8 

R2 70.7 65.0 65.0 60.0 5.7 5.0 56.5 50.5 14.2 14.5 

R3 67.9 62.8 65.0 60.0 2.9 2.8 56.5 50.5 11.4 12.3 

R4 66.2 61.2 65.0 60.0 1.2 1.2 48.0 45.5 18.2 15.7 

R5 66.3 61.5 65.0 60.0 1.3 1.5 48.0 45.5 18.3 16.0 

R6 59.7 55.0 65.0 60.0 -5.3 -5.0 56.0 48.0 3.7 7.0 

 

The analysis demonstrates that the police training sessions have the potential to cause noise impacts in excess of the 

State standards. Further investigation needs to be done to investigate the actual noise levels generated by these 

training sessions. 

 

 

H. Summary and Conclusions 

 

This noise modeling study indicates that the proposed facility can operate within the State noise rules given a 

combination of noise mitigation with berms or structures and/or control of the noise levels from the cars expected to 

operate on the track.  

 

The analysis demonstrates that the police training sessions have the potential to cause noise impacts in excess of the 

State standards. Further investigation needs to be done to investigate the actual noise levels generated by these 

training sessions. 

 

 

 

 

 

 



 

 

 

 

 

 

Attachment A 

Mankato Motorsports Site 
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