James Feenan

From: shari sharifisher.com <shari@sharifisher.com>
Sent: Thursday, June 8, 2023 12:40 PM
To: pbscommissions
Subject: U_2022-0001 - SHAWN SIMPSON  Shamrock Ranch shooting range
Mendocino County
U_2022-0001 — SHAWN SIMPSON JUN 08 2023

Shamrock Ranch shooting range bt
e el Planning & Building Services

I think shooting ranges are a good training tool to help with gun safety. Do | want to live next to a shooting
range? No.

My north property boundary is on Shamrock Ranch’s south border. At times it already sounds like they have a
shooting ranging judging from the number and frequency of shots fired.

My main objection is noise. The noise impacts everyone and everything. The animals that live around me are
stressed by gun shots and my own horses are very nervous and upset by the noise that they do not
understand and that sounds threatening.

The permit is unclear on the frequency of use of the gun range. It states that will be used once a month and
in another part of the permit states it will be used once or twice a week. So, it is 12 or 100 days that the range
will be used?

Also, the hours seem excessive (Activities on the firing range shall be limited to the hours of 8:00 a.m. through
9:00 p.m. (see attached Code of Federal Regulations (Title 27 Section 478.97)). The permit claims they will not

be adding any lights but the operating hours are past day light hours so a second concern is about lights during
the operation of the shooting range.

Could Shamrock Ranch alert the community when they will be using the range? Will it be random or fixed
schedule?

The permit states they have 22 head of cattle and their website states that have over 300 head of cattle. Since
the numbers are very different, | am concerned about the number of times they will be using the shooting
range will be much higher than any data listed in the permit. Since it is intended for Shamrock Ranch’s
guests, there will be very little to no oversite on the frequency of use of the shooting range. What are the
actual numbers on several details of the permit? Apparently, no one at the County Building Department read
the permit to verify anything that is listed.

What is the County’s role in the permit beside collecting payment? Has there been an onsite view of the
project? All the drawings and plans have been provided by Shamrock Ranch. No architectural/structural/plot
plan drawings from an outside source? | needed a drawing with a structural engineer stamp for solar panels
two poles installed on private property. The County would not accept my drawings and calculations. The
County is only collecting a fee and does not require any professional drawings on a project like this?

Shari



Shooting Ranges and Sound

e el Cma vE e =
;@; e e o3 &IM



Table of Contents

Table of Contents

LIST OF TABLES .......oo oo e v
LIST OF FIGURES . ... oottt ettt et Y
ABOUT THIS DOCUMENT ..ot ettt e ettt e \
EXECUTIVE SUMMARY ...ttt s Vil
1 INTRODUGCTION ..ottt ettt et ae et sba e ean e saae e e eens 8
1.1 PHYSICS OF SOUND ...ttt s 8
1.11 SOUNA WAVES ...ttt v e e e e e e e e e aaeeaea s 8
U B o =Yo 11112 Uo3 YR PP PSP PRSP 8
1.1.3  SOUNA PrESSUIE......uuueeeeieeeiieie ettt e ettt et e e e rreees e s ae e e e e 9
1.1.4  Sound Pressure Levels, Decibels.............cooiiiiiiiii 9
115 DIFECHVILY ...t 9

1.2  MECHANISMS OF NOISE GENERATION AND SHOOTING NOISE
GENERATION . ...ttt ettt ettt e e e e e e e s s st s s e ne e e etbe e s asaseae e snanas 9
1.21 SROCK WAVE .....oveiiiiiee ettt 9
1.2.2  Vibrating SUMaCeS .........ooiiiiieiiiie et e 10
1.3 SOUND CHARACTERISTICS OF FIREARMS .......cccoiiiiiiiie s 10
1.4  SOUND PROPAGATION ...ttt 12
1.4.1 [ ]15] =12 1ot SO O SO P PP 12
142  Ground Effect ..o e 12
1.4.3  AIr ADSOIPLON ... ..o 12
1.4.4  Weather, Wind and Temperature INnVersion...............ccccccccoiimnniiniienninn, 13
1.5 HUMAN SENSITIVITY ..ottt sre e e 13
1.6  SOUND MEASUREMENT .....oooiiiii ettt 13
1.6.1 Constant SOUNGS ........ovviiiiiiiieiee e e 13
1.6.2  Time-Varying SOUNAS .........cceeiiiiiiiiiiiiiiiin e 16
1.6.3  IMpUISIVE SOUNS ........ooiiiiiiiiiiiiciic e 17
1.6.4  Measuring Sound Levels From Firearms ... 18
2  SOUND LEVEL ASSESSMENT ...ttt 19
2.1 PHILOSOPHY OF CRITERION SOUND LEVEL DEVELOPMENT ................ 19
211 Fixed Criterion Sound LeVelS ............cccooviiiiiiiiiiic e 19
2.1.2  Background Sound Levels as Criteria..............ccccoeeiieiiniii 20
2.1.3  Hybrid Sound Level Criteria..............coooiiiiiiii 20
2.2  POINT OF RECEPTION SELECTION ......ccociiiiiiiiiiiiiiiiiie e, 22

Shooting Ranges and Sound ii



Table of Contents

3  SOUND LEVEL MEASUREMENTS ......ooiiiiiii e 23

3.1 SOUND LEVEL METER REQUIREMENTS .......ccooiiiiiiieioeoe e 23

3.1.1 Sound Level Meter TYPes..........cocooiiiiiiieceecee e 23

3.1.2  Sound Level Meter Calibration .......................cc..oooioveieeocei e 23

3.1.3  Accessories Required for Sound Level Meters ..............cccocvvoveoeecrii. 23

3.2 SOUND LEVEL MEASUREMENT PROCEDURES .......cccoovioiiieeeeeeeee . 24

3.2.1 Calibration ............oooiii e 24

322  Weather ConditionS .............coooiiiiiii e 24

323 RECOMAING ...t e, 24

3.3 SOUND LEVEL MEASUREMENT PERSONNEL ..........cooooiiiieecieeee e, 25

4 RANGE CONSTRUCTION PLANNING ADVICE ........coovioiieiieeeeeeeeeeeeeeeeee 26

4.1 DESIGN CONSIDERATIONS FOR OUTDOOR AND INDOOR RANGES ...... 26

4.1.1 Design Considerations — Outdoor Ranges.................cc.ococevvveveoeiiiee 26

4.1.2  Design Considerations — INndoor Ranges..................cccoooveeeeceeeeeeeeeen . 29

42 PLANNING FOR SHOOTING RANGES .........c.oooviiiiiioieeeeeeeeeeeee 30

421 OUtdOOr RANGES ..ot e, 30

422  INdOOr RANGES .......ooiiiiiiiieeeee e, 32

5 ABATEMENT TECHNIQUES ........oooiiiieeeeeee e, 33
5.1 gl:?ISE ABATEMENT TECHNIQUES FOR OUTDOOR SHOOTING RANGES

5.1.1 Natural Hill ... e 33

5.1.2  Barmiers at Sides.........ccooiiiiiiiiioe e 34

5.1.3  Barrier Behind ShOOter...........ccoooiuiiiiiiiieccc e 35

5.2 NOISE ABATEMENT TECHNIQUES FOR INDOOR SHOOTING RANGES... 36

D.2.1  WaMIS ..o e 36

5.3 PRACTICAL MEASURES OF NOISE CONTROL ........cooviiiieieeeieee e 36

5.3.1 Outdoor Shooting RANGES ........c..ooiiviiiiiiececeee e, 36

5.3.2  Indoor Shooting RANGES..........ccooiiiiiiicieice e 37

B GLOSSARY ..o 38

7 REFERENCES ... 41

Shooting Ranges and Sound iii



OBLIST OF TABLES

L/IST OF TABLES
Table 1: Sound Pressure Levels of Firearms Being Measured at 10 m from the Muzzle
(BN 1= TaTe =) PP PPPP PP 11
Table 2: Typical Sound Pressure Level Encountered in Daily Life ......................o. 15
Table 3: Sound Levels, dBAI, 100m from Indoor Range (Sound Pressure of the Handgun
Being Measured is 160 dBAl at 600 MM)..........c.oooiiiiiiiiii 36

Shooting Ranges and Sound iv



1BList of Figures

L/IST OF FIGURES
Figure 1: Directivity of a Typical Rifle at 10 m.................c.ccoooiiii e 11
Figure 2: Directivity of a Typical Shotgunat 10 m....................oooiiiiiii e, 12
Figure 3: Frequency Characteristics of A-Weighting and C-Weighting........................... 14
Figure 4: Attenuation Over Distance — No Ground Effect ..................c..cocooovniviini 26
Figure 5: Attenuation over Distance with Ground Effect ....................c..oocoooiviieiiean 27
Figure 6: Attenuation Over Distance With and Without Berm .................cccoooveiiii. 28
Figure 7: Noise Reduction Acrossthe Wall...................ccoooiiiiiiiiie e 29
Figure 8: Attenuation Over Distance With and Without Hill...............cccccoooveiei 33
Figure 9: Attenuation Over Distance With and Without Side Barriers...........c...cocvooo...... 34
Figure 10: Attenuation Over Distance With and Without Barrier Behind Shooter........... 35

Shooting Ranges and Sound



About this Document

ABOUT THIS DOCUMENT

“Shooting Ranges and Sound” was written in March 1999 by the following Subject Matter
Experts:

» John C. Swallow, M.A.Sc., P.Eng.

> John Hemingway, M.Phil., P.Eng.

> Pearlie Yung, M.Sc.

“Shooting Ranges and Sound” was edited by:

Technical Documentation and Graphics Section
Information Management Branch

IM/IT Business Solutions

CIO Sector

RCMP Headquarters

3000 Merivale Road. M-8

Ottawa, Ontario, Canada

K1A OR2

Fax: (613) 825-9617

© (2007) HER MAJESTY THE QUEEN IN RIGHT OF CANADA
as represented by the Royal Canadian Mounted Police (RCMP)

PDF Version Navigation

To view a specific page, enter the page number in the Navigation toolbar located at the
bottom of the page and press the Enter key.

Text in blue font indicates a hyperlink; click the link to view related information. To
return to the original page, click Previous View on the Navigation toolbar.

Enter page

Previ View
number il

,

i4 4 ae® b | O ©

Shooting Ranges and Sound Vi



Executive Summary

EXECUTIVE SUMMARY

“Shooting Ranges and Sound” is a document intended for those people not trained in
acoustics, who would like to gain an understanding of the propagation and control of
sound and firearm noise. Such persons might be involved in the planning, construction
or regulation of a shooting range in development or re-development.

The introductory section of this document provides the background information needed
to understand the mechanisms involved in the generation, propagation and control of
shooting noise. It describes the physics of sound, mechanisms of noise generation,
sound characteristics of firearms, characteristics of sound wave propagation and sound
measurement techniques.

Subsequent sections in the document describe existing noise guidelines or noise
regulations and limits that are found in literature and/or law. With respect to these limits
and measurements of shooting noise, an assessment can be made.

The concluding sections identify basic noise control principles and noise reduction
techniques, and consider the construction of a new shooting range. Typical principles,
such as shooting noise levels, noise reduction with distance and sound barriers, provide
real-life examples and realistic expectations for noise control.

Shooting Ranges and Sound
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Introduction

1 INTRODUCTION

This document is a precursor to “Range Design and Construction Guidelines” and was
prepared for the Government of Canada. It is intended for use by a lay person who might
be involved in the planning, construction or regulation of a shooting range in
development or re-development.

“Shooting Ranges and Sound” solely reviews various guidelines, regulations and limits
for shooting noise; it does not set nor recommend limits. The examples included in the
document are intended to provide realistic interpretations of sound level. This document
should not be used for design purposes, as the sound levels of shooting noise are
dependent on many factors, all of which must be considered in a particular application.

1.1 PHYSICS OF SOUND

This section presents background information that is essential to the understanding of
shooting range noise generation, propagation and control. Sound, as we hear it,
consists of a pressure wave with frequency (or pitch), travelling in a direction.
Subsections 1.1.1 through 1.1.5 describe the components of sound in more detail.

1.1.1 Sound Waves

Sound is a disturbance that propagates through an elastic material, at the speed
characteristic of that material. In general, such a disturbance reaches the human ear by
travelling through air.

In more technical terms, let us consider a body vibrating in air. As it moves in an outward
direction, it pushes a “layer” of air along with it. Since the pressure in this layer is higher
than that in the undisturbed surrounding atmosphere, the air particles in the body tend to
move in an outward direction and transmit their motion to the next layer. This layer then
transmits its motion to the next, and so on.

As the vibrating body moves inward, the layer of air adjacent to it is rarefied to the point
where its pressure is lower than that of the undisturbed atmosphere. This layer of
rarefaction follows the layer of compression in the outward direction, at the same speed.
The pressure at the layer of compression is higher than that of the undisturbed
atmosphere. The succession of outwardly travelling layers of compression and
rarefaction is called wave motion.

The individual vibrating particles that transmit a sound wave do not change their average
positions if the transmitting medium itself is not in motion. They merely vibrate about
their equilibrium positions.

1.1.2 Frequency

The subjective pitch of a simple sound is determined by the number of times per second
at which the sound pressure disturbance oscillates between positive and negative
values. The physical measure of this oscillation rate is called frequency. The unit of
frequency is the cycle per second (cps), which by international standards is called hertz
(Hz). The range of normal adult hearing extends approximately from 20 to 16,000 Hz.
The human ear is most sensitive — that is, the threshold of audibility is lowest — for
sounds around 3,000 Hz. For reference purposes, the frequency of the middle “C” key
on a piano is 256 Hz, most vowels in speech are in the 250 to 500 Hz range, and
consonants like the letter “S” are in the 2000 to 3000 Hz range.

Shooting Ranges and Sound 8
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1.1.3 Sound Pressure

Sound can be sensed by the measurement of some physical quantity in the medium
that is disturbed from its equilibrium value. The physical quantity that is generally of
interest is the incremental variation in sound pressure above and below atmospheric
pressure, which is normally about 100,000 Pa (1 Pa = 1 pascal = 1 newton/metre?
N/m?). Sound pressures are extremely small. For normal speech, they average about
0.1 Pa above and below atmospheric pressure, at a distance of one metre from the
talker.

1.1.4 Sound Pressure Levels, Decibels

The human ear is remarkably sensitive and responds to sound pressures ranging from
0.00002 Pa to 60 Pa, which is a one-million-to-one ratio. The tripling of the sound
pressure is sensed as a doubling of the loudness; therefore, the threshold of audibility
to pain is about twelve doublings of the loudness. This implies that a compressed scale
will correlate better to loudness.

Taking the ratio of a given sound pressure to the threshold of hearing (technically, it is
the ratio of the squares of the pressures), and then the logarithm of that ratio, results in a
scale of 0 to about 12 representing the range from threshold of hearing to painful. These
scale numbers are called bels, which is a measurement unit named after Alexander
Graham Bell.

Multiplying the scale by 10 results in a range of 0 to 120 dB (decibels — tenths of bels),
which is a much easier range to use. Each set of 10 dB represents a doubling of the
subjective impression of the loudness of the sound.

1.1.5 Directivity

Directivity is a measure of the difference in sound intensity, with respect to direction, and
is usually stated as a function of angular position around the acoustical centre of the
source and of frequency. Some sources of sound radiate nearly uniformly in all
directions. These are called nondirective sources. In general, such sources are small in
size as compared to the wavelength of the sound that they are radiating. Most practical
sources are somewhat directive; in other words, they radiate more sound in some
directions than in others. However, it is natural for sources of noise to be nondirective or
nearly so at low frequencies. As the frequency increases, directivity generally also
increases.

1.2 MECHANISMS OF NOISE GENERATION AND SHOOTING NOISE
GENERATION

In this section, two mechanisms of noise generation and shooting noise generation are
discussed.

1.21 SHOCK WAVE

Impulse noise is a transient noise that arises as a result of a sudden release of energy
into the atmosphere. The physical characteristics of these impulses are largely
dependent upon the geometry and scale of the source. The resulting waveform is further
dependent upon the environment in which it propagates.

Shooting Ranges and Sound
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More specifically, impulses fall within the domain of shock wave physics. Given a sound
source and receiver, gradually increase the sound pressure level of the source and
measure the signal transmitted to the receiver. At the lower range of the sound pressure
level, there is a linear relation between the source and the received sound pressure
level. As the sound pressure level increases, the source-receiver function deviates from
linearity and the wave distorts. This wave distortion is due to the wave speed that
changes from one point to another. The original high-level sinusoid gradually distorts into
a “saw tooth’-like wave, referred to as a shock sound wave, or a repeated series of
shock waves. Across a shock front, the properties of the system change discontinuously.
There are very high gradients of property change and viscous stresses become large.
The thickness of the shock front is related to the rise time of the ideally-measured
pressure “jump” across the shock.

1.2.2 VIBRATING SURFACES

Sound can also be generated by a vibrating surface. A layer of air adjacent to the
surface is moved and sound is subsequently radiated, as previously explained in
Section 1.1.1. A loudspeaker mounted to a wall is an example. In a more complicated
case, knocking on a door causes the surface of the door to vibrate and generate sound
both inside and out. Larger surfaces generate more sound energy than smaller ones,
which is the reason the tympani in an orchestra is large. Furthermore, sound can strike a
surface causing it to vibrate and radiate sound from the other side. This is how sound
gets through a glass window.

1.3 SOUND CHARACTERISTICS OF FIREARMS

The muzzle report can be regarded as a point source with a directional characteristic.
The ballistic wave can be treated as a coherent line source, radiating a conical shock
wave. The propagation of the ballistic wave is extremely directional and is limited to a
well-defined geometrical area. It is radiated mainly at an angle of 60° from the bullet
path. The sound of a firearm usually concentrates on high frequency (i.e. above 1000
Hz).

Some examples of sound pressure levels of firearms, measured at 10 m from the
muzzle (downrange), using the A-weighted impulse setting, are listed in Table 1 below
[8]. This type of measurement is discussed further in Section 1.6. It should be noted that
the sound pressure levels are mostly between 100 dBA(I) and 130 dBA(l). These are
given in dBA(I) since it is the correlation between the maximum sound leve! and the
subjective impression of loudness that is important. Directivity diagrams of a typical rifle
and a typical shotgun are shown in Fiqure 1 and Figure 2 respectively .

' Falch, Edvard, “Noise from Shooting Ranges, a Nordic Prediction Method for Noise Emitted by Small-Bore
Weapons,” Nordic Council of Ministers’ Noise Group, NBG, May 1984.
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Table 1: Sound Pressure Levels of Firearms Being Measured at 10 m from the Muzzle (Downrange)

Name, Calibre and Ammunition of Weapon

Sound Pressure Level in dBA(l)

Rifle M/96, 6.5 mm, SK PTR M/94 PRJ M/41 126
Rifle M/96, 6.5 mm, KPTR M/14 120
Hunting rifle, 7.62 mm, 30-60 Norma Jaktmatch 127
Hunting rifle I, 5.7 mm, 222 Remington N. Jaktmatch 124
AK 4, 7.62 mm, KPTR 10 120
AK 4, 7.62 mm, SK PTR 10 PRJ 128
AK 5 125
CC 63 Junior, Cal. 22, NORMA 22 LR (pistol) 103
Pistol m/40, 9 mm, SK PTR M/39 B 126
Shotgun, Cal. 12, NIKE Skeet, 70 mm, 32 g, 2 mm 127

Figure 1: Directivity of a Typical Rifle at 10 m
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Figure 2: Directivity of a Typical Shotgun at 10 m

1.4 SOUND PROPAGATION
This section describes the environmental factors affecting the propagation of sound.

1.4.1 Distance

Sound spreads spherically at propagating distances that are large, as compared to the
size of the source (point source approximation). Therefore, the sound level at the
receiver decreases at a rate of 6 dB per doubling of distance from the source. From a
line source, the propagation is more nearly cylindrical and the sound level decreases at
3 dB per doubling of distance. Although other factors can come into play, actual sound
measurements often show this characteristic decay of 6 dB per doubling of distance.

1.4.2 Ground Effect

The “ground effect” occurs over soft surfaces, such as a ploughed field or grass-covered
field. A reflection from the soft surface becomes out of phase and then interferes with
sound going in a straight line from source to receiver. The interference almost cancels
the straight line sound resulting in as much as a 25 dB reduction in sound level.

1.4.3 Air Absorption

Sound absorption occurs due to the vibration relaxation of oxygen molecules. Collisions
with water vapour molecules is an important part of the energy transfer process and the
frequency of maximum absorption is strongly dependent on the concentration of water
vapour. At normal temperature and humidity, the oxygen relaxation results in strong
absorption of sound at frequencies above approximately 2 kHz, which is significant for
shooting range noise.

Shooting Ranges and Sound 12





























































































