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Memo
Subject: UHT Acoustics Feasibility Study Results

This memo summarizes the preliminary acoustical evaluation of the proposed Upper Harbor Terminal site in
Minneapolis, MN, for an outdoor amphitheater. Preliminary plans show the amphitheater site on the vacant lot
between 1st Street North and the Mississippi River near the end of North Dowling Avenue, with the stage facing
to the north. The facility is planned to have roughly a 10,000-person capacity, including 6,785 fixed seats and a
lawn seating/standing area. The land use surrounding the site is shown in Figure 1, with residential communities
roughly 1,500 feet to the west and 2,500 feet to the southeast of the facility. Parcel 1B in Figure 1 is the planned
location of the amphitheater. The amphitheater is part of a larger development which is shown as the numbered
parcels in the figure, although this evaluation is not considering the other proposed buildings in the development.
Relevant Noise Criteria
Acoustics criteria relevant to this site are the noise regulations associated with the State of Minnesota and the
City of Minneapolis. The State of Minnesota noise standards are published in Minnesota Rule 7030.0040 (latest
version published December 12, 2003), which lists noise limits by noise area classification (NAC) in terms of
daytime (between 7 AM and 10 PM) and nighttime (between 10 PM and 7 AM) L10 and L50 sound pressure level
values. There are four NAC values defined, denoted NAC 1 through NAC 4, for which residential and typical
noise-sensitive uses fall under the NAC 1 category; commercial land uses fall under the NAC 2 category;
manufacturing, amusement parks, and agricultural uses fall under the NAC 3 category; and undeveloped and
unused lands fall under the NAC 4 category. There are no limits associated with NAC 4 properties.
L10 and L50 are statistical sound pressure levels representing the levels exceeded 10% and 50% of the time-ofinterest, respectively. Table 1 lists the limits in this statute in terms of A-weighted sound pressure levels, in
decibels. A-weighted decibels (dBA) are adjusted to model the mid-level frequency sensitivity associated with
human hearing, and are therefore used in most published environmental noise criteria. The dBA scale
emphasizes the mid-frequency (500 to 4,000 Hz) range and has reduced emphasis on frequencies below and
above that range. Table 2 lists common noise sources and environments as they relate to A-weighted sound
pressure levels for reference. Note that a 3 dBA change is just noticeable to most people while a 10 dBA
increase is commonly perceived as a doubling of loudness and a 10 dBA reduction is perceived as a halving of
loudness. As this is the case for each change of 10 dBA, an increase of 20 dBA would be perceived as four
times the loudness and a decrease of 20 dBA would be perceived as being ¼ as loud as the original sound.
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Figure 1. Land use map of the project site (numbered parcels) and surrounding area
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Table 1. Minnesota noise criteria (in dBA)
Noise Area
Classification

Daytime

Nighttime

L50

L10

L50

L10

1

60

65

50

55

2

65

70

65

70

3

75

80

75

80

Table 2. Sound pressure levels (in dBA) associated with common sources and environments

Noise Source
(at a Given Distance)
Military Jet Take-off with
After-burner (50 ft)
Civil Defense Siren (100 ft)
Commercial Jet Take-off (200
ft)
Pile Driver (50 ft)
Ambulance Siren (100 ft)
Newspaper Press (5 ft)
Power Lawn Mower (3 ft)
Motorcycle (25 ft)
Propeller Plane Flyover (1,000
ft)
Diesel Truck, 40 mph (50 ft)
Garbage Disposal (3 ft)
Passenger Car, 65 mph (25 ft)
Vacuum Cleaner (10 ft)
Normal Conversation (5 ft)
Air Conditioning Unit (100 ft)
Light Traffic (100 ft)

Sound
Pressure Level
(dBA)
140
130

Aircraft Carrier Flight
Deck

120
110

Rock Music Concert

90

80

Boiler Room
Printing Press Plant

High Urban Ambient
Sound

50
40

Soft Whisper (5 ft)

30
20
10
0

*4 times as loud

*2 times as loud
Moderately Loud
*70 decibels
(Reference Loudness)

70
60

Threshold of Pain
*32 times as loud
*16 times as loud
Very Loud
*8 times as loud

100

Bird Calls (distant)

AECOM

Noise Environment

Human Judgment of
Noise Loudness
(Relative to a
Reference Level of 70
Decibels*)

Data Processing Center
Department Store
Private Business Office
Lower Limit of Urban
Ambient Sound
Quiet Bedroom
Recording Studio

*1/2 as loud
*1/4 as loud
Quiet
*1/8 as loud
Very Quiet
Threshold of Hearing
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The Minneapolis noise ordinance, as of October 23, 2017, is published in Title 15, Chapter 389 of the City Code.
Although Section 389.60 provides sound pressure limits for non-exempted sources, Section 389.105 deals
specifically with sound amplifying equipment, making it the most relevant stipulation for this facility. Under this
stipulation, amplified sound can exceed the limits in Section 389.60 if an event has a permit and amplification is
limited to:
•

12 hours to any single day,

•

24 hours in any week, and

•

36 hours in any four week period.

In addition to that limitation, sound levels from the facility cannot exceed 15 dBA over the background levels off
the property. Although background sound levels may vary depending on sources in the area, background sound
levels were monitored around the project site to be used as a basis for this evaluation, assuming the levels
recorded were typical of those occurring in the area each day.
Background Noise Monitoring
Noise monitoring was performed at seven locations on and around the project site by Kimley-Horn and
Associates on October 23 and 24, 2017, to characterize the background noise levels on the site and in the
closest noise-sensitive areas closest to the site. The monitoring locations are shown in Figure 2. One
continuous 24-hour reading was taken near the amphitheater site to document the variation of background noise
levels over the course of a typical day and six short-term (15- to 20-minute duration) readings were taken at the
locations representative of the closest residences to the facility. Short-term readings were taken between 6 PM
and 8 PM to document the background levels at the times when events would be taking place at the facility.
The readings were taken with two Larson Davis Model LxT Type 1 (re ANSI S1.4) sound level meters (serial
numbers 0003364 for the short-term readings and 0004201 for the 24-hour reading), with each being fieldcalibrated before and after the monitoring sessions with a Larson Davis Model CAL200 calibrator (serial
numbers 10332 for the short-term readings and 12209 for the 24-hour reading) and factory-calibrated within 12
months of its usage per customary procedures. Factory-calibration certificates for the meters and calibrators are
in the project files and are available upon request. Weather conditions during the monitoring sessions were clear
to cloudy with no precipitation or winds in excess of 11 miles per hour and temperatures in the 40s and 50s on
the Fahrenheit scale. Field data sheets with more details of the conditions for the short-term readings are
included as an attachment to this memo. Since the short-term measurements were performed after sunset, it
was not practical to take photographs of those areas but a photograph of the 24-hour meter area is included as
Figure 3. As the photo shows, the microphone (covered by a windscreen) was mounted on a tripod roughly 5
feet above ground level and the meter was secured for safety to a concrete block already on the site. The
dominant background noise source during all of the readings was traffic on local roadways, especially I-94
(which is located between the project site and the residential community to the west).
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Figure 2. Background noise monitoring locations
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Figure 3. Photograph of the 24-hour on-site monitoring setup and location
Table 3 lists the levels recorded at the six short-term locations. Leq is the equivalent level, which is the energyaverage level recorded for each monitoring session. L90 is the level exceeded 90% of the monitoring period,
which is typically considered to represent the true background level without the influence of intermittent sources.
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Table 3. Short-term Monitored Background Levels (in dBA)
Monitoring
Location

Start Date/Time

Duration
(minutes:seconds)

Leq

L10

L50

L90

1

10-23-17/7:27 PM

17:32

56.2

58.5

53.7

51.9

2

10-23-17/6:20 PM

18:18

66.0

68.0

65.0

62.1

3

10-23-17/7:02 PM

15:03

54.9

56.4

54.6

52.8

4

10-24-17/5:57 PM

16:10

65.6

69.3

63.1

55.0

5

10-24-17/6:23 PM

15:06

64.9

68.7

60.7

53.0

6

10-24-17/6:46 PM

15:23

54.6

56.4

54.2

52.5

Figure 4 shows the variation of sound levels on the site over the course of the 24-hour monitoring period and
Figure 5 shows the average levels with frequency for the entire period. Table 3 and Figure 4 show that
background levels in the area are generally in the low 50s to mid-60s range on the dBA scale, while the Lmin (the
minimum levels recorded each minute) and Lmax (the maximum levels recorded each minute) shown in Figure 4
offer an indication of the extent of the variation of levels on the site. Figure 5 shows a typical characteristic of
highway traffic noise, in that on-average sound pressure levels are highest in the low frequency range and they
generally decrease with increasing frequency.

Figure 4. 24-hour noise levels at the amphitheater site location

AECOM

DRAFT

7/11

1019178

Memo
Upper Harbor Terminal Amphitheater Acoustics Feasibility Study

DRAFT

Figure 5. Average frequency content of background noise at the amphitheater site location
Outdoor Sound Propagation
Sound pressure levels outdoors generally dissipate at a rate of 3 to 6 decibels with each doubling of distance
from a source due to the spreading of sound energy over a constantly increasing area as it travels away from the
source. In addition to this effect, sound energy travelling more than 500 feet from a source can be significantly
affected by atmospheric absorption, ground cover, physical barriers, and atmospheric conditions such as
changes in temperature and wind currents. Atmospheric absorption generally adds roughly 3 dBA of sound
reduction with each 1,600 feet of sound travel. Ground cover can impede or enhance sound travel, depending
on whether it is acoustically absorptive or reflective. Soft ground cover, such as loose soil or fresh snow, can
provide extra absorption in the sound travel path, thereby increasing the sound reduction with distance; whereas
hard ground cover is acoustically reflective and minimizes sound reduction with distance. Included in the
reflective ground cover category are still bodies of water and hard snow or ice. The Mississippi River to the east
of the project site provides such an environment to enhance sound propagation in that direction. Physical
barriers that block the line-of-sight between a sound source and listener can provide between 5 and 15 dBA of
sound reduction, depending on the distances between the source, barrier, and listener. The highest reductions
occur close to the barrier, as long as the barrier is less than 100 feet from the source. Minimum sound reduction
results from barriers that are more than 200 feet from listeners and sources, even if the line-of-sight is broken,
due to the physical phenomenon of diffraction.
The least consistent conditions that affect sound travel at significant distances from sources are temperature and
wind gradients, which can change continually over the course of a 24-hour period. Without wind current
involvement, air temperatures typically decrease with increasing elevation during a clear day. The opposite tends
to occur late at night since the ground tends to take longer to change temperature than does the air above it,
causing what is known as a temperature inversion, for which air temperatures can be cooler closer to the ground
than they are at higher elevations.
The physical phenomenon known as refraction generally causes sound waves to bend toward regions with
cooler temperatures. This results in shadow zones during clear afternoons, where sound waves bend upward
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through the atmosphere, yielding lower than expected sound levels more than 500 feet from sources.
Temperature inversions generate the opposite results, with sound waves bending down toward the ground,
enhancing sound travel over acoustically reflective ground cover (especially still bodies of water). This is why
conversations can sometimes clearly be heard from opposite sides of a still lake.
The audibility of a distant sound source depends on its intensity, its directional characteristics, the background
sound level in the listening area, and the factors mentioned above. Since this project will involve a powered
loudspeaker system intended to deliver high levels of sound to a 10,000-person audience, the sound clearly has
the potential to be audible outside of the site; however, the elevated background sound levels caused by the
nearby highway will reduce the potential audibility in the nearby residential communities. Audibility does not
imply annoyance and that is why this evaluation will rely more on the regulatory limits than mere audibility.
Audibility is also very complicated and subjective, highly dependent on frequency in comparison with that of the
background sound.
Amphitheater Characteristics and Potential Effects on the Closest Residential Communities
Figure 6 shows the preliminary layout of the amphitheater, with the stage facing to the north, away from the
existing residential communities to the west and southeast.

Figure 6. Preliminary amphitheater layout
Forty major events are anticipated per year at the facility within a 20-week window, assuming two events per
week at 3 ½ hours each (7:30 PM to 11 PM). This schedule would result in a total of 7 hours per week or 28
hours per 4-week period, which complies with the City of Minneapolis limit of 24 hours in any week and 36 hours
in any 4-week period for sound amplifying equipment. Although the sound levels generated by the facility’s
loudspeaker system are adjustable and the sound from the loudspeakers can be focused to the audience area
according to the loudspeaker selection and layout, the developer is proposing a limit of 102 dBA at the sound
mixing board at the back of the lower seating section near the center of the facility. The front of the sound mixing
board location is planned to be 173 feet from the front of the stage. Although the sound system has not been
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designed at this point, the assumed area where the loudspeakers will be mounted is near the front of the stage.
The type and layout of the loudspeaker system will significantly affect the sound levels in the surrounding
residential communities.
Typical outdoor concert loudspeakers are arranged in arrays that can focus sound in specific areas while
reducing sound exposure outside of these zones. This focusing can be frequency-dependent since low
frequency sounds are more difficult to focus than mid- and higher frequency sounds. Using the broadest
assumption of omnidirectional (equal sound energy in all directions) sound emission from the loudspeaker
system in a central location at the front of the stage, along with an assumption of minimal ground absorption and
no barrier shielding between the loudspeakers and the surrounding residential communities, an assumption of a
maximum of 102 dBA at the planned sound mixing board location translates to 80 dBA at the closest residences
to the west and 74 dBA at the closest residences to the southeast. Considering the City’s limit of 15 dBA above
the background, these levels would exceed the limit for background levels less than 65 dBA to the west and 59
dBA to the east. Background sound levels measured in the closest residential communities were in these ranges
on-average, but background sounds and those from concerts vary continuously, thus causing the potential for
the local limits to be exceeded at any instant in time during concert events. However, this is assuming the
coarsest of conditions and practical design options are available to significantly reduce the concert-related levels
in the communities. Since the minimum recorded levels near the facility are in the 50 dBA range during the time
of planned concerts (according to the data in Figure 4), a reduction of 10 to 15 dBA for the communities from the
baseline sound system emission values would ensure compliance with the City’s limits.
Potential Effects of the Site Environment on the Facility
As is mentioned above, the primary background noise source in the area is traffic on I-94, generating a fairly
steady background level from the mid-50s to the mid-60s on the dBA scale on-average on the project site and in
the surrounding residential communities during the planned concert times. Considering that sound levels in
excess of 90 dBA would be generated in the seating areas of the facility from rock concerts, the elevated
background levels would not interfere with these kinds of performances. That would not be the case, however,
for classical music, drama, or lecture performances, for which a quieter background environment would be more
desirable. The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) publishes
widely-accepted guidelines for background sound limits in various facilities in Chapter 48 of their HVAC
Applications Handbook, last published in 2015. In terms of overall sound pressure level, background level
recommendations range from the following:
•

25 dBA for drama, recital, and concert facilities;

•

30 dBA for general assembly critical music programs;

•

35 dBA for large lecture halls with amplification; and

•

55 dBA in gymnasiums with speech amplification.

Background levels on the site are at least in the upper reaches of this range, which can make this site less than
desirable for performances other than rock concerts.
Design Concepts for Compatibility with Neighboring Communities
The principal design features that can be used to reduce sound emissions by 10 to 15 dBA outside of the facility
are barriers and sound system design. The current facility design includes barriers to the southeast in the form of
seating suites, concessions, and office facilities on that side of the theater. Adding similar features or a wall on
the west side of the theater would provide similar acoustical shielding for the community in that direction. The
key feature is blocking the line-of-sight between the loudspeakers and the residential community. This measure
can reduce sound levels by 5 to 10 dBA, but the distance between the facility and the closest residences may
limit the effectiveness of the barriers due to atmospheric effects.
A more reliable feature to reduce sound levels emitted to the communities is designing the sound system to
focus the amplified sound to the audience areas and away from the communities to the east and west. This can
be accomplished using a focused central loudspeaker cluster or a distributed system of loudspeakers around the
perimeter of the theater facing the audience. The latter option would need to have delays incorporated into the
system to account for the distributed speaker locations with respect to each other (to eliminate the potential for
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distortion caused by sound arrivals from different loudspeakers). A 10 to 15 dBA reduction outside of the facility
can be achieved by this kind of system. A combination of a barrier with added potential loudspeaker mounting for
an effective distributed system would be through the addition of a roof over the seating area. Many outdoor
concert facilities around the country use this design feature to control sound emissions to nearby communities
and provide more flexibility with loudspeaker mounting for even sound coverage throughout the audience areas.
An example of this is the Freedom Hill Amphitheater in Sterling Heights, MI, shown in Figure 7.

Figure 7. Freedom Hill Amphitheater, for which a roof and barriers were added to minimize community
noise exposures
These concepts will be evaluated during the design process for the facility. After a sound system design has
been proposed for the facility, sound mapping can be performed to show the anticipated sound levels in the
seating areas of the facility as well as the closest communities to illustrate the effectiveness of the designs in
meeting the goals of the facility to serve its patrons and of the City for the coexistence of this facility with the
communities.
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