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"Calling noise a nuisance is like calling smog an inconvenience. Noise must be 
considered a hazard to the health of people everywhere. " 

Dr. William H. Stewart, former U.S. Surgeon General 



Abstract 

Due to the large amount ofrailway traffic in the Holland area and the ownership 

of several residential buildings by Hope College near the railroad tracks, noise pollution 

due to trains in the Hope College area is of interest. Noise pollution is problematic for 

city residents and can cause health problems including sleep disturbance, interruption of 

the teaching and learning process, and can induce antisocial behavior. Using the Amtrak 

train #370, the intensity of sound emitted was measured in the Hope College area and a 

sound level profile was created. It was found that train sound level decreases with 

distance from the tracks, but that there is no difference in the sound heard on different 

streets at the same distance from the tracks, that all 15 collection sites had sound 

intensities above the EPA recommendation of 55 decibels for outdoor noise level, and 

) that sections of College Avenue adjacent to central campus did not experience 

significantly lower sound levels due to ground absorption and attenuation caused by the 

college campus. 

Introduction 
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The Holland area is a major thoroughfare for railway transportation, with 25 to 30 

trains passing through on average per day. Because of this, and the fact that Hope 

College owns several residential housing buildings near the railroad tracks, there was 

great interest in the amount of noise pollution emitted in the Hope College area due to the 

train whistles, which emit the most sound from the train. 

Sound is created when pressur~ changes within a medium as a result of vibration 

or turbulence. Measurement and perception of sound involves two basic physical 
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characteristics: frequency and amplitude. Frequency, generally perceived as pitch, is the 

number of times per second the sound causes air molecules to oscillate and is measured 

in units of cycles per second, or Hertz (Hz). The type of horn used on Amtrak trains is a 

K-SLA, which is a series of 5 bells that produce frequencies between 31 lHz and 622Hz. 

The amplitude of pressure change is stated in terms of sound level, which is measured in 

decibels (dB). A minor increase in decibels can correspond to a major increase in sound 

energy. Technically, an increase of3dB represents a doubling of sound energy, while an 

increase of lOdB represents a tenfold increase. However, the human ear perceives a 

IOdB increase as a doubling ofloudness (Suter 1991). Decibels are weighted in several 

ways, most commonly "A" and "C" weighting networks. The "A" weighting 

discriminates against low frequency and ~gh frequency sounds. This filtering 

) approximates the equal-loudness response of the human ear at moderate sound levels, and 

correlates well with both hearing damage and annoyance from noise. The "C" weighting 

system does not filter out the high and low frequency sounds as accurately thus does not 

reflect the acuity of the human ear. 

Noise pollution, or unwanted sound, can be problematic for city residents for a 

variety ofreasons. Sleep disturbance, incapability of hearing speech of television, or the 

inability to enjoys one's leisure time diminishes the quality of life. Furthermore, noise 

can disrupt the teaching and learning processes, disturb the performance of certain tasks, 

and increase the occurrence of antisocial behavior (Suter 1991). It is not surprising then 

that surveys taken in communities significantly affected by noise indicated that the 

interruption of rest, relaxation, and sleep was the underlying cause of many people's 

complaints (EPA 1978). 



To combat these problems, the Environmental Protection Agency recognized an 

indoor night average sound level of 35dBA to protect against sleep disturbance (EPA 

1972). Assuming a very conservative structural noise insulation of20dBA for typical 

dwelling units, this corresponds to an outdoor night average sound level of 55dBA as 

minimizing sleep interference (USACHPM Environmental Noise Program 2001). 

The goal of this project was to create a sound level profile of the Hope College 

vicinity. Several other hypotheses were also made to be tested. First, it was 

hypothesized that sound level would decrease with distance away form the railroad 

tracks. Secondly, that all avenues that were tested would experience sound levels above 

the EPA noise recommendation of 55 dBA outdoor sound level. And, thirdly, that 

sections of College Avenue adjacent to campus (11 1
h and 121

h Streets) would experience 
I 

) significantly lower sound levels due to ground absorption and attenuation caused by the 

college campus. 

Materials and Methods 

In undertaking the task of measuring the decibels given off by passing trains at 

night, the Amtrak train #370 running daily from Chicago to Holland was used as a 

representative of the night trains. 

To measure passing train noise, two Tenma 72-860 sound meters and one Radio 
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Shack sound meter were used, all preset to collect in "A" weighed decibels. On nights of 

data collection, group members were spaced at 1-block intervals beginning at the railroad 

tracks and continuing through Columbia and College A venues. Measurements were 

taken four nights a week from the months of October through November 2001 with a 



different street being surveyed each week. In this manner, data was collected from 14th 

street to 1 oth street throµgh the duration of the research project. Using stopwatches and 

two-way radios, data was collected at 5-second intervals and stopped when the sound 

levels had dropped below 55 decibels at the railroad tracks. Each night, in addition to 

taking measurements on train noise, background ambient noise and weather conditions 

were also taken. The ambient noise was taken at 5-second intervals for a total of 50 

seconds and was used solely in comparison of actual train noise on each avenue. 

A theoretical contour map was created to predict how sound would travel under 

perfect conditions, assuming that there were no buildings, weather conditions, or other 

interference with the sound waves. To accomplish this, theoretical values were 

calculated assuming that at each point along the railroad tracks a constant sound of 
I 

) 90dBA was heard and using the following set of equations: 

dBA2 = 10 log (!i) 

Where dBA1 is the decibels of sound heard at the tracks, 11 is the decibels of sound 

converted into watts/m2
, Iz is the intensity heard at a specified distance away, r1 is the 

distance away from the sound source in meters, r2 is the distance in meters away from r1, 

and dBA2 is the sound in decibels heard at distance r2. Contours were created by hand, 

based on the sound level of each data point and mapped out using Geographical 

Information System. 

When data collection was complete, the data was arranged in a spreadsheet and 

statistics were run to determine significance and to test our hypotheses. More 
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specifically, the statistical measurements used to test the data were ANOVA and the 

Tukey test. A contour map for expected values was produced in the same manner as the 

theoreticai but replacing the 90d.BA estimate with the actual values heard at the tracks. 

Finally, using all of the data collected an actual contour map showing the noise level 

profile for the Hope College vicinity was produced. 

Results 

Average maximum sound level decreased as one moved away from the tracks 

(Fig. 1 ), because avenues further from the tracks experienced lower sound levels. Values 

were significant overall as determined by ANOVA (p< .05). Sound values were also 

significant from each other as determined by the Tukey test (Table 1) where values less 
I 

than .05 indicate significance. All avenues (p < .05) were significantly different from 

each other. 

Fig. I. A comparison of the maximum average values of sound heard to distance 
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Table 1: Tukey Test - Numbers greater than 0.05 represent insignificance. Numbers less than 0.05 
represent significance 

railroad tracks Columbia Ave. College Ave. 
railroad tracks 1 0 0 
Columbia Ave 0 1 0 
College Ave 0 0 1 

Average maximum sound levels on street locations at equal distances from the tracks are 
illustrated in Fig. 2. Values were not significantly different as determined by ANOVA 
(p< .05). Sections of College Avenue adjacent to central campus did not experience 
significantly lower sound levels than section of College A venue not adjacent to campus 
(Fig. 3) as determined by ANOV A (p> .05). 

Fig. 2. Sound level by street comparing the decibels of sound heard at each street. 
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Fig. 3: Comparison of the decibels of sound heard on campus (11th and 12th Streets) versus off campus 
(10th, 13th and 14th Streets) 
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Figure 4 compares the average sound of 10th through 14th streets to the average 

ambient sound at the railroad tracks. In the figure the average sound between 10th 

through 14th streets are in excess of20 dBA louder than the average ambient sound. 
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Fig.4: Average sound level of the streets 10th through 14th at the Railroad Tracks compared to the average 

ambient sound. 
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Figure 5 compares the I 0th through 14th streets to the average ambient sound at Columbia 

Avenue. Due to the increased amount of traffic at Columbia Avenue the ambient sound 

has elevated when compared to the railroad tracks. Still the average sound between the 

streets 10th through 14th are higher than that of the ambient. 
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Fig.5: Average sound level of the streets 10th through 14th at Columbia Avenue compared to the average 
ambient sound. 
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Figure 6 shows the results of the furthest collection site away from the railroad tracks, 

College Avenue. Again, the ambient sound has been elevated due to the high traffic flow 

of the area, but all the streets 10th through 14th are still higher than that of the ambient 

sound. 
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Fig.6: Average sound level of the streets 10th through 14th at College Avenue compared to the average 
ambient sound. 
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Figure 7 shows the contour map of the Hope College vicinity using theoretical values. It 
was estimated that there would be an average maximum values of90dBA heard at the 
track. Assuming that there were no influences on the sound waves, this how the sound 
should travel theoretically. Because a constant sound was assumed at the railroad tracks, 
the sound dissipates evenly through the area. 

Fig. 7: Theoretical contour map showing sound propagation without any influences on the sound waves 
assuming 90 dBA at the tracks. 
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Using the actual data collected at the railroad tracks and calculating out expected sound 
propagation, Figure 8 shows an expected sound level profile of the Hope College area. 
The contours of I 00 and 90 d.BA represent two distinct blast of the train whistle and their 
sound propagation can be seen through the college campus. 

Fig. 8: Contour map of expected sound propagation using actual data at the railroad tracks. 
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Taking the actual data that was collected and placing it into a contour map yielded Figure 
9. The sound intensities were much greater than had been predicted in both the 
theoretical and expected sound contour maps. 



Fig. 9: Contour map of actual sound propagation using data collected from all 15 points 
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Figure 10 compares the theoretical, expected, and actual values. It is shown that the 
expected values were higher than the theoretical values, and that the actual sound heard 
was the louder than both the expected and actual. 

Fig. 10: Comparison of Expected, Theoretical, and Actual sound levels. 
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Conclusions 
This study on the effect of the Amtrak on the noise profile in the Hope College 

vicinity addressed three hypotheses. The first, train sound level will decrease with 

distance away from the railroad tracks, was found to be significant (p< .05). Intuitively, 

this makes sense because as one moves away from a sound source it becomes quieter. 

Also, sound levels at street locations (14th-10th) same distances from tracks were 

compared to verify that there were no significant differences, and there was not (p> .05). 

The second hypothesis, all avenues will experience sound levels above the EPA noise 

recommendation of a 55 dBA for outdoor noise level (EPA, 1974; NPC Library, 2001 ), 

was also upheld. All 15 test locations experienced sound levels above 55 dBA. The third 

hypothesis, sections of College Avenue adjacent to central campus will experience 

significantly lower sound levels due to ground absorption and attenuation caused by the 

college campus, was not significant (p > .05). 

The reasoning for the third hypothesis requires explanation. It was believed that 

ground absorption by the ground cover of central campus would absorb significant 

) amounts of sound energy according to the illustration in Fig. 11. According to Wiener, 

when sound is propagated over ground, attenuation, weakening of sound, will occur due 

to acoustic energy losses on reflection. In addition, thick grass may result in sound levels 

being reduced by up to about 10 dB per 100 meters at 2000 Hz (Wiener et. al., 1976). 

Fig. 11: 
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Furthermore, it was believed that attenuation by buildings and trees would lower sound 

level (Fig. 12). It is known that significant attenuation is achieved by solid barriers 

(Aylor, 1971). Thus, it was believed that trees and buildings would lower sound level. 

However, it was found that a band of trees would need to be several hundreds of feet 

deep in order to achieve significant attenuation (Aylor, 1971), but buildings would yield 

significant wealcening of sound. Nonetheless, as stated, the sound levels at sections of 
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) College A venue adjacent to campus did not experience significantly lower sound levels 

than portions of College A venue not adjacent to campus. Therefore the effects of ground 

absorption and attenuation proved to have insignificant effects. 

) 

Figure 12: 

~- _.. ..,_Original 
..._ -~------- ....- Waves .... _ --...___ -----~ 
"""'-.... .__ .___ ___. ~.,,,,.· 

~....... __ _. 

-"" -------------......... 

....... . -~--:~-~~ ~Cllty ......__ ·~c~t~ 

--....._ -- ... -.... ..... _ -- ------....... -::----

Barrier 

'""-- __ _,,., ----
As shown in the contour maps and bar graph for actual, expected, and theoretical, 

actual maximum sound levels exceeded maximum expected sound levels, which in turn 

exceeded maximum theoretical sound levels. Because actual maximum sound levels 

included the property of refraction, deflection of sound from a straight path, one could 

see how this added sound could increase sound level. Furthermore, expected maximum 

values took into account actual maximum sound levels at the tracks instead of assuming 

an average maximum sound level of90 dBA as in the theoretical prediction, and higher 

soun<;l levels are shown. Clearly, average expected maximum sound exceeded the 

theoretical maximum average of 90 dBA. 

Our data on sound level did not include effects of various sound phenomena for 

the reason that, "The propagation of any type of noise is a complicated process because 

of the large number of phenomena that can affect the A-weighted sound pressure level 

(Markarewicz, 1992). Although these phenomena were not accounted for in the results, 

they will be addressed here and hopefully future studies will focus on their effects 

further. 

Geometric spreading refers to the dispersal of sound energy as a result of the 

expansion of the wavefronts. There are two common kinds of geometric spreading: 

spherical and cylindrical spreading. In the case of spherical spreading (Fig. 13), sound 
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radiates in all directions from the point source. However, in cylindrical spreading (Fig. 

14), sound spreads from a line source in a cylindrical fashion and will result in a sound 

level reduction of 3 dB per doubling of distance. 

Fig. 13 Spherical Spreading Fig.14 Cylindrical Spreading 
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Temperature inversions are another phenomena that account for direction of 

sound propagation. Under conditions of a temperature inversion (increasing temperature 

with increasing height), the sound waves are refracted downwards, and therefore may be 

heard over larger distances as illustrated in Fig. 15. This :frequently occurs in winter and 

at sundown. 

Fig. 15: Refraction of sound waves by two layers of air at different temperatures as a result of the 

change of speed of the sound. (fngard, 1978) 
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When wind is blowing there will always be a wind gradient due to the stationary 

layer of air next to the ground. A wind gradient results in soun.d waves propagating 

upwind being 'bent' upwards and those propagating downwind being 'bent' downwards 

as shown in Fig.16 (Ingard, 1978). 

Fig. 16 
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Weakening of noise levels by sound absorption is yet another phenomena that 

effects sound. The amount of sound absorption depends on the temperature and humidity 

of the atmosphere. Figure 17 shows the variation of sound absorption with temperature 

and relative humidity. From the diagra,ms it can be seen that for the middle of the speech 

frequency range (2 kHz), the absorption is typically .25 dB/100 m for 30% relative 

humidity and 20°C (68°F). It should be noted, however, it can be as high as 5 dB/100 m 

at 8 kHz when the temperature is 20°C and the humidity is 10%. To note, high 

frequencies are absorbed more than low. 

Fig. 17: The Effects of Humidity and Temperature on Attenuation (Harris, 1966). 

s 
...... 3 ,... 
E E 

Cll Cl 
c 

(\4kH• 
~ 4 .... 

i55 iii 
~ 2 ~ 
z Z3 
0 0 

~ 2kH~ ~ 
::li 1 ::I z 
!i !z 
UI II.I 

~ ~-, ~1 
10 20 30 10 20 30 "10 50 

RELATIVE HUMIDITY Ct.l TEMPERATURE (°C) 

Sound travels faster with increasing temperature, increasing relative humidity, the 

presence of an inversion, and a complementary wind direction (Aron, 1997). Air 

temperature, relative humidity, ~d wind direction values were recorded each night of 

data collection and hopefully future studies can incorporate these effects into our data. 
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) Although these above-mentioned phenomena were not taken into account, the 

results are believed to be good due to the controls exposed and significance found. Thus, 

four conclusions can be made. First, actual measurements rather then calculated 

predictions are needed to find an accurate noise profile. Second, locations farther from 

the railroad tracks experience lower sound levels. Third, sound levels do not vary on 

different streets when the same distance from tracks. Fourth, central campus does not 

significantly affect sound level. 

Literature pertinent to our study also has some recommendation for avoiding 

higher sound levels near train tracks. Studies have indicated that higher building floors 

will experience higher sound levels (Chew, 1998) and noise barriers can reduce sound 

levels by 15-20 decibels (dBA), with a 24 dBA maximum reduction at high :frequencies. 

Furthermore, inclining parallel blocks to the railroad tracks can result in a 5 dBA 

reduction due to the diffraction effect (Heng, 1997). 

It is recommended that future studies on this data attempt to take into account the 

effects of various sound phenomena on predicted and actual sound level. Furthermore, if 

additional sound recordings are taken that the sound level meter be held at the side of the 

body rather then in front and that it be at least 1.5 meters off the ground (Powitz, 1997). 

In addition, looking into implications for train related sleep disturbance and stress are 

recommended. 
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