
 

 

 

 

 

 

 

 

 

 

Technical Memorandum 
 

 

TO: Craig Mielke (Benesch) 

FROM: Austin Yates (Benesch) 

CC: Jim Jussel (Benesch) 

SUBJECT: Sioux Falls EA – Rail Noise and Vibration at Proposed E&E Interchange 

DATE: April 26, 2013 

 

1.0 Introduction 
This memorandum summarizes the results and procedures of a rail noise and vibration analysis for the 

proposed E&E Interchange located northeast of Sioux Falls, South Dakota, near the intersection of Rice 

Street and Lawrence Plaza.  The guiding document used in this analysis is Federal Transit 

Administration’s Transit Noise and Vibration Impact Assessment, May 2006 (FTA-VA-90-1003-06). 

 

This analysis uses previous noise analyses for this project as their basis, specifically, Railroad Noise 

Study for Railroad Relocation Environmental Assessment, October 2008.  The location of the proposed 

E&E Interchange was analyzed in the previous report (noise measurements, existing analysis) under the 

designation “Site 7”.  This site corresponds to a group of two occupied residences at 5910 Rice Street.  It 

was assumed that no changes in railroad operations have occurred that would invalidate the existing 

conditions for Site 7 in the previous report. 

2.0 Existing Conditions 
As detailed in the previous report, 24-hour noise measurements were taken at the site on June 13-14, 

2007.  The day/night noise level (DNL) at 135 feet away from the tracks was measured at 67 dBA.  The 

site is classified as Land Use Category 2 (residences), as shown in Table 1. 
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Table 1.  Land Use Categories (taken from Table 3-2 in the FTA Manual) 

 

3.0 Future Conditions 
A “detailed noise analysis” was completed using the methodologies and spreadsheets provided by the 

FTA. 

3.1 Future Train composition and Frequency 
The future composition and frequency of trains was obtained from the BNSF Sioux Falls Operations 

Plan and are summarized in Table 2 and Table 3, respectively.  The train frequency was provided as 

number of trains per week.  To split trains into number passing per day and number passing per night, it 

was assumed that 2/3 of the trains passed during the day and 1/3 at night.  This split was based on the 

night hours being classified as 10:00 pm to 7:00 am; nine hours out of the total of 24, the fraction being 

approximately 1/3. 

 

Table 2.  Train Composition from BNSF Sioux Falls Operations Plan 

Type Locomotives Cars Length
1
 

Inbound/Outbound 2 50 3100 

Local 2 25 1600 

Thru Unit 3 110 6800 

Average 2 62 3500
2 

 

1 – Length based on 70 ft long locomotives and 60 ft long cars 

2 – Average length is a weighted average based on frequency 
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Table 3.  Weekly Train Frequency from BNSF Sioux Falls Operations Plan 

Type Day Night Total 

Inbound/Outbound 7 3 10 

Local 3 2 5 

Thru Unit 3 1 4 

Total 13 6 19 

 

The number of switch trains and switch operations was estimated based on the assumption that E&E 

trains were composed of two locomotives and 20 cars, approximate length of 1,300 feet.  (Review of 

photo and video observations showed one train with two locomotives and 22 cars and second train with 

two locomotives and 17 cars.)  Using the BNSF Operations Plan values of 50 cars per inbound/outbound 

train, this would equate to three E&E switch trains per inbound/outbound train (rounding up to the 

nearest integer).  With six inbound/outbound per week stopping at the proposed E&E interchange, there 

would be approximately 18 switch trains per week.  Applying the same day/night split yields 12 daytime 

and six nighttime switch trains per week. 

3.2 Future Noise Levels 
Using the data above as inputs into the FTA detailed analysis spreadsheets yields a future noise level 

from the model of 77 dBA at 50 feet from the tracks.  The future noise level from the model was then 

corrected to 71 dBA at 135 feet from the tracks based on the distance correction methodology shown on 

Figure 1 and in Table 4. 

 

Figure 1.  Distance Correction (taken from Figure 5-2 in FTA manual) 
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Table 4.  Noise Levels (dBA) 

Location 

Existing Modeled Existing Modeled Future 

(1) 
Measured  

DNL at 135’  

(2) 
Modeled 

DNL at 50’ 

(3) 
Modeled, 
Corrected 

DNL at 135’ 

(4) 
Modeled 

DNL at 50' 

(5) 
Modeled, 
Corrected 

DNL at 135’ 

(6) 
Modeled, 
Calibrated 

DNL at 135’ 

Site 7 67 77 71 77 71 
 

67 

 

(1) = existing noise measurement 

(2) = result from existing detailed analysis, which calculates noise levels at 50’ 

(3) = distance correction of -6 dBA from Figure 1 applied to (2) 

(4) = results from future detailed analysis at 50’ 

(5) = distance correction of -6 dBA from Figure 1 applied to (4) 

(6) = (5) minus [(3) minus (1)] calibration adjustment (-4 dBA) based on model overprediction at 135’ 

 

The calibrated, modeled, future noise level of 67 dBA was compared to the impact chart, displayed in 

this document as Figure 2, to the measured, existing noise level of 67dBA.  While there is no difference 

in the noise levels, the impact for Site 7 is nonetheless classified as a “moderate impact”. 

 

Figure 2.  Noise Impact Criteria (taken from Figure 3-1 in the FTA manual) 
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4.0 Noise Mitigation 
Where the noise impact assessment shows either severe impact or moderate impact, the FTA provides 

guidance on considering and implementing noise reduction measures.  Noise mitigation measures may 

involve the treatment of three fundamental components: 

 

1. at the noise source 

2. along the source-to-receiver propagation path 

3. at the receiver 

 

In general, rail operations have authority to treat the source and some elements of the propagation path, 

but may have little to no authority to modify anything at the receiver.  For this reason, only source and 

path treatments were examined. 

4.1 Source Treatments 
4.1.1 Operational Restrictions 
Suspension of train movements during night hours (10:00 pm to 7:00 am) could reduce the overall noise 

exposure levels throughout the project area; however, this form of mitigation would be impractical 

because of operational demands. 

4.1.2 Quiet Zones 
The approving agency of this project, the US Federal Highway Administration (FHWA), is not 

considering quiet zones as part of this project. 

4.2 Path Treatments 
4.2.1 Noise Barriers 
Many factors are involved when considering the appropriateness of noise barriers: 

 

1. Barrier Effectiveness: Noise barriers can be effective if the barrier can break the line of sight 

between the source and the receiver.  This means that the height of the barrier depends on the 

source and receiver heights and the distance between the source and receiver from the barrier.  

Another important consideration in the effectiveness of a noise barrier is its length.  The barrier 

must be long enough to screen out a moving train along most of its visible path.   

 

2. Barrier Cost: The costs of noise barriers range from $25 to $35 per square foot of installed noise 

barrier at-grade, not counting design and inspection costs. 

 

3. Number of Properties: The number of residences that benefit from the barrier should also be 

taken into consideration.  For example, construction of a barrier that costs $100,000 may be 

unreasonable if it only benefits one residence ($100,000/residence), whereas construction of the 

same barrier may be more reasonable if 100 residences benefit from the barrier 

($1,000/residence).   

 

4. Increase in Noise Levels:  As the severity of project-related noise impacts increases, the 

consideration of a noise barrier should also increase. 
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5. Opinions of the Community: Opinions of noise barriers vary from one community to another.   

 

Due to the site configuration, as shown in Figure 3, with the existing property access drive and the 

proposed BNSF access road, a noise barrier would not be able to break the line of sight to the residences 

at 5910 E Rice Street.  Without breaking the line of sight, a noise barrier could not be effective.  In 

addition, a noise barrier for two receivers that would be affected by a relatively minor increase in noise 

levels would have a high cost and a low benefit, and was therefore not considered reasonable. 

 

Figure 3.  Detail from E&E Interchange Design Plan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.0 Vibration Analysis 
Ground-borne vibration is caused by the impact between the wheels of the trains and the track.  The 

vibration is propagated through the ground.  This vibration is almost never perceptible outside, however 

it may be perceptible in a building where objects may shake.  The FTA manual states that the lowest 

level of vibration perceptible by humans is 65 vibration dB (VdB); and a response doesn’t usually occur 

until around 70 VdB. 

 

In areas were residences are found, the minimum vibration level needed to have an impact depends on 

the amount of trains moving through the area.  The FTA manual recommends that freight trains be split 

into the locomotive and the railcars, as the railcars may last for several minutes, while the locomotive 

will only pass through for a few seconds.  The railcars should thus be treated as a frequent event, and the 

locomotive as an infrequent event.  As shown in Table 5, Land Use Category 2 (residential areas) is 

impacted by vibration at 72 VdB for frequent events (rail cars).   

  



 

 
 

Page 7 

Table 5.  Vibration Impact Criteria (taken from Table 8-1 in the FTA Manual) 

 
 

The FTA manual provides Adjustment Factors that modify the vibration curve to reflect the situation for 

each track.  For this track, the only adjustment factor that applied was the speed of the train.  The base 

speed for the vibration level calculations is 50 mph, while the speed of trains in the project area is 10 

mph.  According to the FTA manual, vibration levels decrease 6 VdB for every halving of the speed.  

Therefore, the vibration level for trains traveling at 10 mph in the project area would be reduced by 

approximately 14 VdB.  In other words, a train traveling at 10 mph would have to produce a vibration 

level of 86 VdB, before adjustments, to have any impact on nearby residences (72 VdB+14 VdB).   

 

To visualize this better, the FTA manual provides a graph that shows the VdB against the distance from 

the track line for various sources, as shown in   
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Figure 4.  For freight traveling at 50 mph, the distance to where vibration levels fall below 72 VdB is 

approximately 200 feet.  However, after lowering the curve by 14 VdB (i.e. to adjust to 10 mph), the 

distance needed to fall below the 72 VdB threshold is only 41 feet.  Therefore, only properties within 41 

feet of the centerline of the tracks would be impacted by vibration. 

 

The residences at 5910 E Rice Street are approximately 135 feet from the tracks; therefore, they would 

not be impacted by vibration.  No mitigation is necessary for non-impacted locations.  
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Figure 4. Vibration Curves (taken from Figure 10-1 in the FTA Manual) 

 
 

 

6.0 Conclusions 
According to FTA guidelines, the residences at 5910 Rice Street (Site 7) are expected to have 

“moderate” noise impacts following the construction of the E&E Interchange.  However, it should be 

noted that the existing measured noise levels and the future predicted noise levels are the same.  

Nonetheless, noise mitigation would not be effective because a noise barrier would not break the line of 

sight between the rail line and the residences, and it would also not be reasonable due to the high cost 

and low benefit for a relatively minor increase in noise levels.  The residences are also not expected to 

be impacted by ground-borne vibration; therefore, no vibration mitigation is necessary. 


