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levels expected for all angles surrounding the standard Air Force small arms
range design as built at Grand Forks AFB. These data are available as a
reference for siting other small arms ranges where community noise ordinances
use Lmax noise levels.
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I. INTRODUCTION

A. Purpose: This study examined the potential community noise impact of
building a standard Air Force semi-enclosed firing range at the Willow Grove
Air Reserve Facility (ARF), Willow Grove PA. The study was performed at the
request of HQ Air Force Reserve/DEP and SGP.

B. Problem: A November 1987 Navy contract study assessed the noise
impact of the proposed small arms range and predicted the proposed site will
exceed the established surrounding community noise ordinances. However, the
study made several assumptions which led to questionable results. Noise
measurements from weapons firing had been measured at Fort Dix, an open firing
range, although the proposed Air Force design was semi-enclosed and would
provide noise reduction. The study also converted the community noise
ordinance to Day-Night Average Noise Levels (DNL) by assuming weapons firing
noise had a frequency spectrum identical to A-Weighted white noise. Further,
the study assumed noise emissions were of equal intensity in all directions
(omnidirectional). HQ Air Force Reserve/DEP and SGP requested this noise
study to reevalute the noise impact of the proposed small arms firing range.

C. Scope: This study reports the community noise levels to be expected
from constructing the proposed small arms range facility at Willow Grove ARF,
and compares those levels to the local community noise ordinances. Because of
the opportunity to collect noise data of the standard Air Force design for a
semi-enclosed firing range, additional noise data was collected to provide a
reference for siting of firing ranges of this design at any Air Force base.
Weapons fired at this range included the M-9 (9 mm pistol), the M-16 rifle,
and the M-60 machine gun. Two sites were considered for this study, an
initial and a revised site (Phase I and Phase II). Recommendations are made
regarding compliance of noise emissions with Willow Grove community noise
ordinances.

II. DISCUSSION

A. Standards: Willow Grove ARF is bounded by Horsham Township, and is in
close proximity to Warrington Township. Each township has published its own
noise ordinance (Appendix A) for community noise. While there are differences
between the ordinances, both give maximum sound pressure levels (SPLs) not to
be exceeded within specified frequency ranges. This approach of using maximum
SPLs (Lmax) is very different from the Day-Night Average Noise Level (DNL)
recommended by the Environmental Protection Agency (EPA). The DNL is used by
the Office of Housing and Urban Development (HUD) and most community noise
ordinances (Appendix A). Also, the frequency ranges specified in the Willow
Grove ordinances are typical of frequency ranges used by sound level meters
used in the 1950s and 1960s. Sound level meters currently used in the United
States conform with the frequency ranges of American National Standards
Institute (ANSI) Standard S1.6-1984 "American National Standard Preferred
Frequencies, Frequency Levels, and Band Numbers for Acoustical Measurements,"
1984, and ANSI Standard S1.11-1966 "American Standard for Octave, Half-Octave,
and Third-Octave Band Filter Sets," 1966. For this survey, noise levels were
measured using the frequency ranges (frequency bands) specified in ANSI S1.6
and S1.11, and were compared to the noise ordinance frequency bands where
possible.(Table I).
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B. Methodology

1. Measurement Locations: Appendix B shows the Study Area,
Measurement Locations and Range Design. Sound survey locations at Willow
Grove were selected to determine existing "background" SPLs at political
boundaries and at the most sensitive residential and recreational areas
(Figures B-1, B-2 and B-3). Noise samples were collected over a five day
period covering Tuesday through Saturday. Sound measurements of weapons
firing were then performed at the Grand Forks AFB ND, Combat Arms Range, a
recently constructed small arms range of the standard Air Force design
proposed for Willow Grove ARF (Figures B-4, B-5). Measurement locations at
the Grand Forks small arms range were selected as being physically equivalent
to the initial proposed site locations previously measured at Willow Grove
(Figure B-6, Phase I Proposed Site). SPLs from weapons firing were then
compared directly to their equivalent Willow Grove background levels. In
addition to the Willow Grove equivalent positions, sound was measured on a
1500 foot radius at 20 degree intervals surrounding the firing range. These
radial measurements were used to characterize the noise emissions from the
range, and allow predictions of SPLs at virtually any distance or angle from a
firing range of the same design to include any alternate site (Phase II
Proposed Site, Figure 6). Radial measurement locations at 80, 100 and 160
from the direction of firing were 'not used because physical obstacles between
the firing range and those locations would have reduced the measured noise
levels. Radial measurement locations at 180 for the M-60 and 200 for the M-16
were dominated by aircraft noise. Measurements dominated by aircraft noise
were not used.

2. Measurement Procedures: Sound data were collected on portable
tape recorders for later analysis at AFOEHL (Appendix C). A microphone with
wind screen was held at a height of 1.6 meters above the ground by a hand held
pole. At Willow Grove ARF, the microphone was pointed toward the proposed
firing range site, and the sound levels were recorded for approximately 30
seconds. At the Grand Forks AFB firing range, the microphone was pointed
toward the center of the firing range. One complete volley of weapons fire
and 30 seconds of background noise were collected sequentially at each Grand
Forks location by two survey teams. The background noise was used to account
for any interferences such as wind or aircraft noise occurring during weapons
firing.

3. Data Analysis: Recorded data were played back through an
oscilloscope and a loudspeaker to make sure the recorded signals were free of
interfering signals. Selected signals were fed to a 1/3 octave band frequency
analyzer configured to measure SPLs in the same way as a sound level meter
complying with ANSI Standard S1.6 set to 'SLOW' meter response (one second
exponential averaging time) and 'MAX HOLD' (maximum encountered noise level,
Lmax). Values for each 1/3 octave band were stored in an HP9000 microcomputer
and combined mathematically into full octave band SPLs.

C. Results:

1. A total of 52 background noise measurements at Willow Grove
community locations were analyzed and compared to the noise ordinances
(Appendix D). Comparisons of background noise, ordinance levels and A-16
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weapons noise for two key Willow Grove locations are graphed (Figures 1 &
2). These graphs demonstrate maximum background noise levels exceeded the
noise ordinance levels for all octave bands, and, median background levels
exceeded the noise ordinances for frequency bands of 125 Hertz (Hz) or
greater.

2. Grand Forks AFB weapons firing noise was masked at frequencies
below 250 Hz by wind noise. For octave bands at and above 500 Hz, noise
levels from M-16 and M-60 weapons firing exceeded the Warrington and Horsham
noise ordinances at all locations. As examples, M-16 weapons firing noise
levels were above Willow Grove background levels and noise ordinance levels
for most frequency bands at Location L8 (Figure 1) and at Location L9
(Figure 2).

3. Radial noise measurements for the Grand Forks AFB firing range
(Appendix E) were used to generate equal sound level contours that show where
the Horsham township noise ordinance levels would be exceeded (Appendix F).
These contours were used as an overlay for the Willow Grove base map to look
at the alternate firing range site. These contours show that weapons firing
at the alternate site will also generate noise in excess of the Horsham noise
ordinance.

D. Observations:

1. Willow Grove background noise levels on the Warrington Township
line and in Horsham Township exceeded the noise ordinance in the frequency
range of 1.6 to 250 Hz due to noise generated by the wind blowing across the
microphone (low frequency "wind noise"). This occurred in spite of using a
standard foam wind screen over the microphone. This makes enforcement of the
noise ordinances in this frequency range possible only if noise sources exceed
wind noise during a noise survey, or if specially designed wind screens are
used.

2. M-9, M-16 and M-60 weapons firing generated noise levels primarily
in. the frequency range of 500 to 10,000 Hz.

3. While background noise levels at locations L7 and L8 along County
Line Road appear to exceed the Warrington Township noise ordinance because of
road traffic, the ordinance excludes noise produced by "transportation
sources." Horsham Township has no exclusion for transportation sources.

4. The Grand Forks small arms range could be modified in several ways
to reduce noise emissions fronm weapons firing.

a. Earthen berms could be placed behind the firing range
buildings to form a complete circle of noise attenuating barriers. Existing
berms could be built higher to provide increased attenuation.

b. The M-60 firing "tubes" could be lined with sound absorbing
spray-on foam.

c. The M-16 and M-60 firing range buildings could be lined with
sound absorbing material to reduce reverberant buildup within the buildings.

4



J. Overhead bullat traps on the M-16 range could be covered with
sound absoroing material to reduce the reflection of sound to the rear of the
shooters.

III. CONCLUSIONS

A. Measuring noise levels for compliance with Horsham and Warrington
Township noise ordinances is very difficult due to the high noise levels
generated at low frequencies from wind on the microphone with a standard wind
screen.

B. Existing sound levels in the vicinity of Willow Grove exceeded
allowable levels for Horsham and Warrington noise ordinances at all
frequencies.

C. Noise generated from weapons firing at the originally proposed small
arms range site and the alternate site would exceed the Warrington and Horsham
township noise ordinances.

0. The standard small arm,, range design used at Grand Forks could be
modified to reduce the noise dmissions. However, the ability of the modified
range to meet the Willow Grove noise ordinances is unknown.

IV. RECOMMENDATIONS

A. Request exemptions to the Horsham and/or Warrington township noise
ordinances as required for the firing range site chosen.

B. Contact AFOEHL if assistance or coordination is needed in planning
modifications to the small arms range to reduce noise emissions.
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WARRINGTON TOWNSHIP ORDINANCE

3. Slopes in excess of 25% - a minimum of
85% of this area shall be considered
restricted.

E. Forest - In areas designated as forest, a
minimum of 80% will be considered restric-
ted resource protection area and shall not
be cleared for development.

D. ARTICLE XXI

I. (ADD] "Section 2118 - Environmental Performance Standards"
as follows:

A. Erosion and Sediment Control

All construction shall protect streams and waterbodles
Including lakes, ponds, and wetlands from sedimentation,
and shall control erosion in accordance with the Clean
Streams Law (P.L. Chapter 102).

B. All construction shall limit stormwater runoff to off-
site areas to an amount not greater than that which was
generated by the site In the undeveloped state. All
applicants proposing construction in the Township should
review their proposals with the Township to assess the
Impacts on and potential for development of regional
stormwater controls. All Stormwater Management Plans
must comply with a Stormwater Management Act (Act 166)
and the Pennsylvania Dam Safety Act (Act 325). Proce-
dures and requirements for stormwater management shall
be in accordance with standards set forth In the
Warrington Township Subdivision and Land Development
Regulations.

C. Noise

The sound level of any operation (other than the opera-
tior, o rtu& velit;as ur other transportation facil.L-
ties, the construction or demolition of structures.
emergency alarm signals or time signals) shall not
exceed the decibel levels In the designated octave
bands as stated below. The sound-pressure level shall
be measured with a Sound Level Meter and an Octave Band
Analyzer that conform to specifications published by the
American Standards Association. (American National
Standard Specifications for Sound Level Meters, S1.4-
1971, American National Standards Institute, Inc., New
York, New York, and the .American Standard Specification
for an Octave, Half Octave and Third Octave Band Filter
Sets, S1.11-1966 (R 1971, American Standards Associa-
tion, Inc., New York, New York shall be used).

(KRL.228)
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Sound-pressure levels shall be measured at the property
line upon which the emission occurs. The maximum per-
mlssible sound-pressure levels for smooth and continuous
noise shall be as follows:

Frequency Band Maximum Permitted
(Cycles Per Second) Sound-Pressure Level(Decibels)

0-150 67
150-300 59
300-600 52
600-1200 48
1200-2400 40
2400-4800 .34

Above 4800 32

If the noise is not smooth and continuous or is radiated
during sleep hours, one or more of the corrections below
shall be added to or subtracted from each of the decibel
levels given above.

Corrections
Type of Operation or Character of Noise in Decibels

1. Noise occurs between the hours of 10 P.M.
and 7 A.M. -3

2. Noise occurs less than five (5) percent
of any one-hour period. +5

3. Noise is of periodic character (hum, scream,
etc.), or Is of Impulsive character (hammering,
etc.). (In the case of impulsive noise, the
correction shall apply only to the average
pressure during an impulse; impulse peaks
shall not exceed the basic standards
given above.) -5

D. Smoke

No smoke shall be emitted from any chimney, or other source
of visible gray opacity greater than No. 1 on the Ringleman
Smoke Chart as published by the U.S. Bureau of Mines, except
smoke of a shade not darker than No. 2 on the Ringleman
Chart may be emitted for not more than four (4) minutes in
any thirty (30) minute period. Smoke from residential fire-
places and wood stoves shall be exempt from this limitation.

E. Dust, Fumes. Vapors, and Gases

1. The emission of dust, dirt, fly ash, fumes, vapors, or
gases which can cause damage to human health, animals,

(RRL.228)
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HORSHAM TOWNSHIP ORDINANCE

3. These provisions, applicable to visible gray smoke, shall also apply to
visible smoke of a different color, but with an equivalent apparent capacity.

Section 509: Dust and Dirt, Fly Ash, and Fumes, Vapors & Gases

1. No emission shall be made which can cause any damage to health, to
animals or vegetation or other forms of property or which can cause any ex-
cessive soiling at any point.

2. No emission of liquid or solid particles from any chimney or otherwise
shall exceed 0.3 grains per cubic foot of the covering gas at any point.

3. For measurement of the amount of particles in gases resulting from com-
bustion, standard correction shall be applied to a stack tem-perature of five
hundred (300) degrees F. and fifth (50) percent excess air.

Section 510: Noise

At no point on the boundary of a Residential, Industrial or Commercial District
sound pressure level of any operation exceed the decibel levels in the
designated octave bands shown below for the districts indicated.

Along Residential
District Boundaries At any other Point-
Maximum permitted on the Lot Boundary

Octave Band in Sound Level in Maximum Permitted
Cycles per second Decibels Sound in Decibels

0 to 75 72 79
75 to 1"50 67 74
150 to 300 59 66
300 to 600 52 59
600 to 1200 46 53
1200 to 2400 40 47
2400 to 4800 34 41
Abcve 4800 32 39



Average Day-night Sound Level [Ldn] Community Noise Criteria

The Department of Housing and Urban Development (HUD) uses a standard of 65 dB
for a Ldn criterion around airports using a noise assessment guideline
prepared for HUD by Bolt Beranek and Newman, Inc. (BBN). HUD does not
typically approve HUD funding for housing in areas with noise levels exceeding
65 dB Ldn. Ldn is a 24 hour A-weighted equivalent sound level, with a 10 dB
penalty applied to the nighttime sound levels occurring from 2200 to 0700.
The abbreviations LDN and DNL are also used by various authors for Ldn. Ldns
are calculated by the equation:

(Ld/10) (Ln+10/10)
Ldn = 10 log 1/24 E 15X10 + 9X10 ]

Ld = Daytime equivalent A-weighted sound level between the hours of
0700 and 2200.

Ln = Nighttime equivalent A-weighted sound level between the hours of
2200 and 0700.

A-Weighted Sound Level [dB(A)]: The ear does not respond equally to sounds of
all frequencies. The ear is less efficient at detecting low and high
frequency sounds than it is at mid-range or speech range frequencies. In
order to obtain a single number representing the sound pressure level of a
noise containing a wide range of frequencies in a manner approximating the
response of the ear, it- is necessary to reduce or weight, the effects of the
low and high frequencies relative to the mid-range frequencies. Therefore,
the low and high frequencies are de-emphasized with A-weighting.
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Appendix B

Study Area, Measurement Locations and Range Design
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B&K 7006 RECORDING SYSTEM CONFIGURATION LIST

Equipment/Instrument Model/Type Serial Number(s)

2 B&K Tape Recorders 7006 130750 & 130751
2 B&K Power Supplies 2808 1338121 & 1338144
3 B&K Microphone Preamplifiers 2639 1334751, 1334752 & 594027
2 B&K FM Units (Channel 1) ZM0053 N/A
2 B&K FM Units (Channel 2) ZM0053 N/A
2 B&K FM Units (Channel 3) ZM0053 N/A
2 R&K FM Units (Channel 4) ZM0053 N/A
2 LARSON/DAVIS Microphone 2541 1069 & 1070

B&K 7006 RECORDING SYSTEM CALIBRATION INSTRUMENT LIST

Equipment/Instrument Model/Type Serial Number(s)

B&K Calibrator 4230 1275078
B&K Piston Phone Calibrator 4220 1048870
H.P. Distortion Analyzer 334A 1140A11082
H.P. Synthesizer/Function Generator 3325A 2512A22219

DATA ANALYSIS INSTRUMENT LIST

Instrument Model/Type Serial Number

B&K Digital Frequency Analyzer 2131 1123172
H.P. Desktop Computer 9000/226 2406A28155
Nicolet Digital Oscilloscope 4094B 88B02987
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Appendix F

Noise Contours for Horsham Noise Ordinance
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DISTRIBUTION LIST

Copies

913th CES/CC
Willow Grove ARF PA 19090-5130 

6

913th TAG/SGPB
Willow Grove ARF PA 19090-5130 

2

HQ AAC/SGPB
Elmendorf AFB AK 99506-5001 

2

HQ AAC/DEV
Elmendorf AFB AK 99506-5001 

1

HQ AU/SGPB
Maxwell AFB AL 36112-5304 

1

HQ USAF Acadenmy/SGPB
USAF Academy CO 8o840-5470 1

HQ AFLC/SGPE
Wright-Patterson AFB OH 45433-5001 

1

HQ AFLC/DEV
Wright-Patterson AFB OH 45433-5001 

1

HQ AFSC/SGPB .
Andrews AFB DC 20334-5000 

1

HQ AFSC/DEV
Andrews AFB DC 20334-5000 

1

HQ USAF/SGPA
Bolling AFB DC 20332-6188 

1

HQ USAF/DEV
Bolling AFB DC 20332-6188 

1

AAMRL/BBE
Wright-Patterson AFB OH 45433-6573 

1

HQ AFSPACECOM/SGPB
Peterson AFB CO 80914-5001 

1

HQ AFSPACECOM/DEV
Peterson AFB CO 80914-5001

HQ ATC/SGPB
Randolph AFB TX 78150-5001
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Distribution List, Continued

HQ ATC/DEV
Randolph AFB TX 78150-5001 1

HQ MAC/SGPB
Scott AFB IL 62225-5001 1

HQ MAC/DEV
Scott AFB IL 62225-5001 1

HQ TAC/SGPB
Langley AFB VA 23665-5001 1

HQ TAC/DEV
Langley AFB VA 23665-5001 1

HQ SAC/SGPB
Offutt AFB NE 68113-5001 1

HQ SAC/DEV
Offutt AFB NE 68113-5001 1

HQ PACAF/SGPB
Hickam AFB HI 96853-5001 1

HQ PACAF/DEV
Hickam AFB HI 96853-5001 1

HQ USAFE/SGPA
APO New York 09012-5001 1

HQ USAFE/DEV
APO New York 09012-5001 1

HQ AFRES/SGPB
Robins AFB GA 31098-6001 2

HQ AFRES/DEPR
Robins AFB GA 31098-6001 2

HQ ANGSC/SGB
Andrews AFB DC 20331-6008 1

HQ ANGSC/DEV
Andrews AFB DC 20331-6008 1

NORTHNAVFACENGCOM Code 09A223
Bldg. 77L, US Naval Base
Philadelphia PA 19112 1

68



Distribution List, Continued

USAF Regional Medical Center Wiesbaden/SGB
APO New York 09220-5300 1

OL AD, AFOEHL
APO San Francisco 96274-5000 1

USAFSAM/TSK
Brooks AFB TX 78235-5301 1

USAFSAM/EDH
Brooks AFB TX 78235-5301 1

Defense Technical Information Center (DTIC)
Cameron Station
Alexandria VA 22304-6145 2

HQ HSD/XAE
Brooks AFB TX 78235-5000 1
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