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ABSTRACT
The paper describes a successful case study of noise assessment and abatement for a new
racetrack in the Shenandoah Valley of Virginia. The first races at the new facility generated
widespread concern about noise. In the absence of applicable noise regulations, the county
administration contracted for a noise study to evaluate the impact of racing noise in the adjacent
rural community, and to examine appropriate noise abatement strategies. The owner desired a
permit to increase the number of race days over what had been approved, and agreed to limit
vehicle noise emissions and enforce the use of mufflers. The noise study evaluated expected
community reaction based on Normalized DNL for existing conditions and future conditions
with appropriate noise abatement. The study’s abatement recommendations were developed in
coordination with the county and the owner, and included noise limits on individual vehicles and
noise shielding around the track. The study projected significant average reduction in
Normalized DNL in the surrounding community for the future conditions. The owner
implemented noise abatement inexpensively, and the county employed noise monitors at two
locations. Monitoring results indicate that measured DNL is below the desired maximum, and
the model predicted DNL from racing activity accurately. Community complaints about racing
noise have dropped.
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1. INTRODUCTION
In 2006, Harris Miller Miller & Hanson Inc. (HMMH) was retained by Page County, Virginia to
conduct an acoustical study of the newly-opened Shenandoah Speedway, an oval track in the
town of Shenandoah. The town is rural and picturesque in the Shenandoah Valley of the
Appalachian Mountains. The study was prompted by numerous complaints about noise during
the Speedway’s first season of operation in 2005. The County desired a neutral noise evaluation
that would balance the desires of the area residents with the economic interests of the track
owner and the region. Also, the County required that the initial study be conducted during the
racing off-season, hence, no noise measurements in the community of racing activities at the
Speedway were possible, initially. However, the study employed existing noise emissions data
from racing vehicles, a detailed digital terrain model of the entire study area, and a widely-
accepted noise prediction computer model to project noise from existing and planned future
operations at the Speedway into the surrounding community.



2. NOISE ASSESSMENT CRITERIA
Since there were no applicable noise regulations in Page County or in the Commonwealth of
Virginia, other criteria were used to evaluate the effect that track operations noise would have on
the residents. The primary metric used was the Normalized Day-Night Sound Level from the
1974 U.S. EPA “Levels Document” as an approach to predict community reaction to the noise
[1]. Secondary metrics included the potential for interference with speech and sleep, and the
estimated regularity that racing activity would be audible.

The EPA’s Normalized Day-Night Sound Level or “Normalized DNL” has proven to be an
effective method to predict community reaction to new noise sources over the years. It represents
the only published study that includes a large database of community reaction to noise to which a
proposed noise source can be compared. The noise sources within the EPA database include
transportation, industrial, and residential sources, along with two auto racetracks. The approach
involves the computation of a Normalized DNL of the “intruding source,” which is compared
with a chart of likely community reactions.

In 2002, Paul Schomer published an article suggesting updates to the EPA Normalized
DNL approach for correlating community reaction to noise exposure, based on much research
and experience that has occurred since the EPA document was originally published [2]. While
these updates did not suggest changes to the standard EPA approach or normalization factors
used in this community reaction noise analysis, Schomer’s discussions and evidence support the
approach.

In the Shenandoah study and studies of other comparable facilities [3,4], HMMH used the
criterion of a Normalized DNL of 55 decibels (A-weighted) as the threshold for noise impact for
residential property. At this level, all noise studies in the database with “Sporadic Complaints” as
the community reaction are higher than 55 dB, as shown in Table D-7 in the Levels document.
Also, 55 dB falls in the middle of the reaction category labeled “No Reaction although noise is
generally noticeable.” Note also in the chart that a Normalized DNL of 60 dB falls at the top of
the “No reaction” range and at the bottom of the range of “Widespread complaints or single
threat of legal action” response. Where noise from racing operations can be kept below a
normalized DNL of 55 to 60 dB, the noise from racing activity was expected to be acceptable to
most community members, although it would be audible for much of the time at many locations
during races with atmospheric conditions favorable to sound propagation (downwind or
temperature inversion).

To compute the Normalized DNL, first the DNL of the intruding noise is computed, then
normalization factors (“corrections”) are applied. Table 1 lists the corrections applicable in the
Shenandoah Speedway situation, from Table D-7 in the EPA Levels Document.

Table 1: Normalizing corrections to obtain Normalized DNL

Description of Correction Correction to be added to
computed racetrack DNL (dB)

Quiet suburban or rural community 10

No prior experience with the intruding noise 5



3. EXISTING AMBIENT NOISE ENVIRONMENT
Existing ambient noise levels were measured at several community locations. Existing A-
weighted Leqs were generally in the 40s, with L90 values ranging from about 35 to 40 dBA. The
background sound environment in this part of Shenandoah is consistent with the EPA
characterization for rural areas, however, Schomer [2] argues “the EPA normalization factor of
+10 dB for quiet rural settings is justified and needed not on the basis of the background sound
but on the basis of the community expectations for a quiet environment.”

4. MODELING APPROACH AND ASSUMPTIONS
The computerized noise prediction model SoundPLAN® was employed to compute the expected
daily average Leq and DNL sound levels from racetrack operations and also from traffic on the
nearby highway. The model incorporates four elements, including a geometric model, the noise
emissions from individual vehicles, a track layout and utilization assumptions, and a sound
propagation model.

A. Geometric Model
A detailed geometric model of the study area with land use information was developed with
information obtained through Page County, and included detailed digital terrain with elevation,
aerial photography and land use. All of this information was incorporated into the SoundPLAN
sound propagation model. Shenandoah Speedway provided a CAD file of the facility layout,
which was integrated into the local area terrain model and also incorporated into SoundPLAN.

B. Vehicle Noise Emissions
Data on individual vehicle pass-by noise emissions was obtained from HMMH files of racing
vehicles. Most of the data came from vehicles racing at a BMW club event held at New
Hampshire International Speedway in 2003. The vehicle measurements were carefully conducted
by trained HMMH staff and constitute a good database of reference vehicle pass-by noise
emissions. Such careful reference pass-by measurements are the most appropriate for
incorporation into a noise prediction model, which adds up the contributions of many vehicles
over space and time. However, the types of vehicles measured in the database are not identical to
the types that race regularly at Shenandoah Speedway.

Shenandoah Speedway had also conducted noise measurements of individual pass-bys of
different types of racing vehicles at its property-line position, 40 m (130 ft) from the edge of the
racetrack. HMMH adjusted these measurements to the reference distance and condition for
comparison with the reference database. The comparisons were used to inform the assumptions
of vehicle noise emissions taken from the database for the different vehicle types (classes) racing
at Shenandoah Speedway. Five classes of cars race at Shenandoah Speedway, these include Mini
cars, U cars, Legends, Super Stocks and Touring cars. The assumed average maximum pass-by
noise levels at 15 m (50 ft) from these vehicles ranged from 80 dBA for Mini cars to 99 dBA for
Touring cars.

C. Track Utilization Assumptions
Typical weekly and season-long activity at the Shenandoah Speedway were accounted for. All
activity was modeled, including practice days, practice sessions prior to the weekly races, weekly
races, and special event practice sessions and races. The activity and schedule information was
provided by Shenandoah Speedway.



Practice Days. Thirty percent of the time during open hours on practice days, vehicles
were assumed to be practicing. An average of one to two vehicles practice at a time, but two
were assumed in the model. Vehicles are assumed to be running at speed on the track for half of
the total practice time; the other half of the time is spent with vehicles off or at idle. Each of the
five vehicle types was assumed to participate in practice sessions in approximately equal
numbers, except that Mini Cars were slightly lower than 1/5 at 15%, and U Cars were slightly
higher, at 25%.

Weekly race events and practice sessions prior to races. The assumptions used in
practice sessions prior to the weekly races and during the weekly race events themselves are
given in the following table. The minutes-per-session and minutes-per-race times shown in
Table 2 represent actual racing time with vehicles running at speed, and do not include breaks
between races.

Table 2: Track Utilization Assumptions for Weekly Race Events and Associated Practice Sessions

Practice Sessions prior to Races Weekly Race Event
Vehicle
Type/Class Vehicles

per Session
Minutes per

Session*
Races per
Session

Vehicles
per Race

Minutes per
Race

Races per
Day

Mini Car 11 16 2 22 25 1

U Car 12 16 2 24 35 1

Legend 15 16 2 30 30 1

Super Stock 16 16 2 32 60 1

* Assumed 15 minutes of practice plus one minute qualifying lap.

Special event races and associated practice sessions. Special event races were modeled
with only U Cars and Touring vehicles. The U Cars were assumed to run in practice sessions and
in the races at the same level (number of vehicles and durations) as during the typical weekly
race event, as shown in Table 2. The Touring vehicles, however were assumed to have four 16-
minute practice sessions with 16 cars each prior to each race. The Touring vehicle races were
assumed to operate with 32 cars for a total 120 minutes of racing time.

D. Existing and Future Scenarios Modeled
Two scenarios were modeled in this study. An Existing Scenario represented the activities at
Shenandoah Speedway during the 2005 season. The Future Scenario represents the racing
activity level that Shenandoah Speedway planned to operate during the 2006 season and going
forward. The two scenarios differ primarily by the number of races that would be conducted.

The assumptions for the Existing Scenario were as follows: five practice days per week,
one race day per week, and seven special event races per season. The assumptions for the Future
Scenario were: four practice days per week, two “weekly” race days per week, and eight special
event races per season.

E. Sound Propagation Model
The SoundPLAN® computer noise model was used for computing sound levels from the
Shenandoah Speedway operations throughout the surrounding community. SoundPLAN
computes sound levels accounting for effects of terrain features including relative elevations of







C. Noise Monitoring Results
Page County purchased two portable noise monitoring systems so that it could monitor
compliance with the property-line noise limits, and also measure noise levels in the community
as needed. The county also contracted for training of its staff in the use of the monitors.

The County conducted noise monitoring at the property-line location for nearly all of the
races in 2007. Also, they conducted supplementary monitoring at one community location for
several race days and several non-race days. Most of the property-line monitoring was
unattended, so it was not possible to determine compliance with vehicle pass-by limits with most
of the data. But, the several attended observations that were made suggested that compliance was
generally good. HMMH reviewed the data from the noise measurements conducted at the
community position, and found that the Normalized DNL based on the measurements, at 57.5
dBA, compared very favorably to the 56 dBA Normalized DNL projected near that location in
the modeling update. These results were consistent with community response, which has been
modest – the County has received sporadic complaints.

7. REFERENCES
1. “Information on Levels of Environmental Noise Requisite to Protect Public Health and Welfare with an

Adequate Margin of Safety,” U.S. Environmental Protection Agency, Report No. 550/9-74-004, March 1974.
2. Schomer, Paul D., “On Normalizing DNL to Provide Better Correlation with Response,” Sound and Vibration,

December 2002.
3. Menge, C.W., “Residential impact criteria and abatement strategies for roller coaster noise,” paper no. 598,

proceedings of Inter-Noise 2002, International Congress and Exposition on Noise Control Engineering,
Dearborn, MI, USA, August 19-21, 2002.

4. Menge, C.W., “Assessment of Community Reaction to Proposed Club Racetrack,” paper no. 3PNCa3,
Proceedings of Noise-con 2005, Congress on Noise Control Engineering, Minneapolis, MN, October 17-21,
2005.



Figure 1: Shenandoah Speedway Noise Study Area and Receiver Locations


