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FOR:
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SUBJECT:

Summit County Shooting Range Sound Study.

BACKGROUND
Summit County’s only public shooting range is located on property owned by Summit County
Government near the Summit. County Resource Allocation Park (SCRAP). The SCRAP property
encompasses 466 acres, in the Snake River basin proximate to Keystone Ski resort and a number of
residential neighborhoods. In addition to landfill, recycling, and composting operations, the property
hosts a number of recreation activities. These recreational uses include hiking and mountain biking
trails, a motocross track, disc golf, and archery and firearms shooting ranges.
Over time, the use of these recreational amenities has grown tremendously, and that has been especially
true during the summer of 2020 as many other activities and events have been curtailed by the ongoing
COVID-19 pandemic. As folks endeavored to recreate while being constrained by gathering
regulations, the shooting range became a very attractive alternative. The result is a marked increase in
the use of the Summit County Shooting Range. Although the shooting range is located on County
owned property, it is managed by a local non-profit, the Summit Range Association (SRA)
(www.summitrange.org). While providing very effective and active oversight, the SRA simply doesn’t
have the manpower necessary to provide unlimited oversight of the range.
The Summit County Shooting Range is comprised of 4 distinct shooting areas. One for law
enforcement, a handgun specific range, a rifle range, and a trap range. Each of these types of firearm
specific areas carries with it its own noise generation and propagation challenges.
DISCUSSION
Over the course of the past 18 to 24 months, noise complaints as a result of activities at the range have
increased significantly. The complaints have included general noise complaints, timing of activity
complaints, and specific generation (multiple, repeated firings from a single firearm). In response to
those complaints, the Board of County Commissioners directed staff to initiate the steps necessary to
evaluate options for mitigation of the noises generated at the site. Mitigation options were effectively
broken down into two parts. Those being, what can be done by the County at limited or no cost, and
what steps need to be taken that will provide meaningful long term mitigation. Initial steps that were

taken were based on internal discussions between County Staff, the SRA, and the BoCC. In July 2020,
the Board of County Commissioners reduced the shooting range operating hours to 8:00 a.m. to 5:00
p.m. on weekends in order to reduce noise during the early morning and evening hours. Weekday
operating hours remain 7:00 a.m. to 7:00 p.m. In addition, the Commissioners authorized funding for
County staff to engage the services of an acoustical consultant to study the range noise and identify
noise mitigation measures that could further mitigate noise. Staff developed a Request for Proposals
(RFP) that attempted to identify consultants that could assist the County in those long term measures.
The result of that RFP was the selection of Siebein Associates a nationally recognized expert in the field,
with direct Colorado experience that includes work with Colorado Parks and Wildlife. The County
contracted Siebein Associates in the early fall of 2020 to perform sound/noise testing, noise propagation
modeling, and mitigation suggestions with cost modeling.
ANALYSIS
In order to fully understand the order of magnitude of the problem, Siebein designed a Summit County
specific program developed to understand direct neighborhood impacts. The basis of the evaluation
included a comprehensive and detailed sound study with the following components:
• A summary of baseline ambient sound level measurements made in the area surrounding the
range site.
• A summary of sound levels measured during shooting exercises at the site which included:
o Recreational users firing at the range in sequence measured at critical location.
o Shooting activities at the Law Enforcement, rifle, and pistol ranges.
o Shooting occurred at various times of day and varying weather conditions.
Upon completion of the active shooter testing, computer models were developed that demonstrated how
the noise was generated, how it traveled, and how topography impacted the noise propagation. Next, the
consulting team prepared and evaluated various alternatives for possible mitigation options. Finally, the
consultant provided some rough cost estimates for the mitigation options that were identified.
SUMMARY
Attached is the final report generated by Siebein Associates, Inc., which contains an executive summary
of the results, background/baseline information relevant to the acoustical analysis, a description of the
methods used to conduct the measurements and analysis, a summary of the sound level limit criteria, and
aerial maps showing the measurement locations and the results of the measurements. Also included are
alternatives for the noise mitigation features that could be considered for the range. These mitigation
measures were evaluated in three dimensional computer models. A summary of the computer model
studies is also included in the report based on the existing features of the ranges.
County Staff has worked with Siebein Associates, Inc., and Summit Range Association including
discussion with local residents in neighboring communities and discussed the different models identified
throughout the sound study. Based on the sound study results, several of these models including a
hybrid of other options discussed throughout this process could be options going forward.

ALTERNATIVES FOR EVALUATION
To date, we have engaged in discussions with representatives of the neighboring residential
communities, and on two different occasion with SRA, and Summit County Sheriff. As is noted in the
report the consulting team evaluated a significant number of mitigation options that ranged from an
almost full enclosure to the construction of an earthen berm. Pricing for each one of these options is
included. Not included in the final report is a hybrid berm and fence mitigation alternative that Siebein
evaluated after our last meeting at the request of an SRA Board member.
It is important to note, and will become evident in the presentation, that decibel reduction numbers can
be somewhat misleading and need to be understood in context relative to the baseline. One thing that
becomes evident is that certain locations might see a 2 decibel reduction (based on a given type of
mitigation) where another location might realize a 6 decibel reduction based on the same condition. The
key point here is that topography plays a significant role in the propagation of sound and a 2 decibel
reduction might actually represent a 50% drop because the location in question only had a 4 decibel
impact to begin with.
Upon completion of the presentation staff is prepared to engage with the BoCC discussions regarding
cost alternatives for any mitigation options that the Board of County Commissioners would like to
evaluate. Funding for mitigation measures have been appropriated in the 2021 Capital Budget.
Attachments:
Siebein Associates, Inc. Sound Study
Siebein Associates, Inc. Presentation
Mitigation Options Cost Models

Siebein Associates, Inc.
Consultants in Architectural and Environmental Acoustics
625 NW 60th Street, Suite C Gainesville, Florida 32607
Telephone - (352) 331-5111 Facsimile: (352) 331-0009

March 22, 2021

Mr. Bentley Henderson
Assistant Manager
Community Development, Public Works and Transportation
Summit County Government
P.O. Box 68
Breckenridge, Colorado 80424

Dear Bentley:
Enclosed please find one electronic copy of the Noise Study for the Summit County Public Shooting
Range for the existing ranges in Dillon, Colorado. The report contains a summary of baseline ambient
sound level measurements made in the area surrounding the range site; a summary of sound levels
measured during shooting exercises at the site and in the surrounding area with law enforcement
officers and recreational users firing at the range in sequence measured at critical locations selected by
the County within two miles of the range proposed site; and computer model studies of possible
mitigation options for the ranges. The shooting exercises were held at the existing range with the noise
mitigation features as they currently exist around the firing lines of the ranges.
The report contains an executive summary of the results; background information relevant to the
acoustical analysis; a description of the methods used to conduct the measurements and analysis; a
summary of the sound level limit criteria; aerial maps showing the measurement locations and the
results of the measurements. Alternatives for noise mitigation features that could be considered for the
range were evaluated in three-dimensional computer models. A summary of the computer model
studies is also included in the report based on the existing features of the ranges.
Please do not hesitate to contact us if you have any questions regarding the findings of our analysis or
if we can be of additional assistance in this regard.
Sincerely,
SIEBEIN ASSOCIATES, INC.

Gary W. Siebein, FAIA, FASA
Senior Principal Consultant

Members of the Acoustical Society of America, American Institute of Architects, National Council of Acoustical Consultants,
Institute for Noise Control Engineers, American Society for Testing and Materials, and the American Society for Heating,
Refrigerating, and Air-Conditioning Engineers.
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SUMMIT COUNTY PUBLIC SHOOTING RANGE
SITE NOISE STUDY
for the

EXISTING OUTDOOR GUN RANGES
Dillon, Colorado
for the

Department of Community Development, Public Works and
Transportation
Summit County Government
P.O. Box 68
Breckinridge, Colorado 80424
by

SIEBEIN ASSOCIATES, INC.
Consultants in Architectural Acoustics
625 NW 60th Street, Suite C
Telephone: (352)-331-5111
Electronic mail:

Gainesville, Florida 32607
Facsimile: (352)-331-0009
office@siebeinacoustic.com

March 22, 2021

INTRODUCTION
This report contains the results of site noise measurements and computer model studies conducted as
part of the site noise study for the outdoor public shooting ranges located at 639 County Road 66 in
Dillon, Colorado. The report includes a summary of baseline acoustical measurements taken at 4
locations near the existing range site; a summary of acoustical measurements of firearms discharges
from weapons conducted during a simulated live fire exercise at the site on October 5, 2020 at selected
locations within 1.8 miles of the ranges; and comparisons of the maximum sound level of firearms
discharges at each of the measurement locations to the sound level criteria for the project. A summary
of computer model studies of alternate potential noise mitigation systems for the ranges based on the
current facility is also included in the report.
The report contains an executive summary and sections on sound levels and decibels; acoustical
measurement methods; the measurement results; the acoustical criteria for the project; and computer
model studies of alternate noise mitigation systems for the range based on the current site plan.

Summit County Government
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EXECUTIVE SUMMARY
Siebein Associates, Inc. was engaged to assist Summit County Government in determining existing
sound levels from shooting activities at the ranges and proposing options for potential noise mitigation
systems for the Summit County Public Shooting Range located at 639 County Road 66 in Dillon,
Colorado. A live fire exercise was conducted on October 5, 2020 so that acoustical measurements of
gun fire at the ranges could be made at locations in the surrounding community. Acoustical
measurements of the gun shots were made at locations within 1.8 miles of the range. One sequence of
fire was for law enforcement use of the range. Six to eight law enforcement officers served as shooters
firing fast and slow sequences of fire of 5 rounds each with 9 mm handguns, 12 gauge shotguns and
0.223 Bushmaster rifles on the law enforcement range. One fast sequence was done with the rounds
being discharged within 5 seconds and one slow sequence was done with the 5 rounds being discharged
in 25 seconds. The complete sequence was repeated 2 times. The number of officers, firearms,
ammunition and rate of fire was selected by County Law Enforcement personnel to represent typical
sequences that occur during training and qualification of officers.
The law enforcement sequences were followed by slow and heavy sequences for recreational users.
Both recreational sequences included 13 shooters with 6 handguns fired on the pistol range; 5 rifles
fired at the rifle range and 2 shotguns fired at the shotgun/trap range. The specific firearm mix used
was selected by County staff to represent the typical mix of firearms used at the range on typical and
busy days. The slow sequence 10 to 13 ranges each were discharged in approximately 20 to 25 seconds.
The busy or heavy recreational use sequence involved all shooters emptying their clips in a very short
period of time. The law enforcement and recreational sequences of fire were repeated a second time so
that data could be recorded at other locations off site. The data were used to calibrate a computer
models of the ranges that was used to investigate possible options for noise mitigation systems that
could be considered to reduce sounds propagating from the ranges.
Acoustical measurements were taken at locations selected by Summit County staff at distances up to
1.8 miles away from the ranges at potential noise sensitive receiver locations in Dillon, Colorado. The
locations included the firing line of the proposed range; behind (to the north of) Antlers Gulch in
Keystone approximately 0.5 miles southeast of the range; on the road behind the tennis courts in
Keystone approximately 1.0 miles east of the range; a residence at 1648 Soda Ridge Road
approximately 0.9 miles southeast of the range; a residence at 304 Cartier Court approximately 1.2
miles southwest of the range; a residence at 422 Idlewild Drive approximately 1.4 miles south of the
range; a residence at 48 Coachman Court approximately 1.5 miles southwest of the range; a residence
at 177 Summerwood Drive approximately 1.5 miles west of the range; and a residence at 34 Legend
Circle approximately 1.8 miles southwest of the range.
Acoustical measurements of base line ambient sound levels were also taken at 4 locations in the vicinity
of the site for two-24 hour periods of time (2 days) from the afternoon of October 4, 2020 through the
afternoon of October 6, 2020. Existing ambient sound levels were measured at 4 locations near
potential noise sensitive receivers located near the proposed range site from October 4 until October 6,
2020. The Average Day-Night Sound Level (LDN’s) at R1 on the hill behind the apartments on
Wayback Drive approximately 0.4 miles southeast of the range was 53 dBA on both the day that
included the live fire exercise and the day after the live fire exercise. Average sound levels (1 minute
LAeq’s) varied between 24 and 74 dBA. The sounds of the live fire exercise were nested within the
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ambient sounds that varied between 52 and 61 dBA during that period of time. The LDN at R5 that
was located at the residence at 522 Vail Circle approximately 1.5 miles southeast of the range were 46
dBA on both days. Average sound levels (1 second LAeq’s) varied between 36 and 59 dBA. The
sounds of the live fire exercise were nested within the ambient sounds that varied between 38 and 57
dBA during that period of time. The LDN at R6 that was located at the residence at 107 Tally Ho Court
approximately 0.5 miles southeast of the range were 51 dBA on the day that included the live fire
exercise and 56 dBA on the day after the live fire exercise. Average sound levels (1 second LAeq’s)
varied between 34 and 66 dBA. The sounds of the live fire exercise were nested within the ambient
sounds that varied between 45 and 60 dBA during that period of time. The LDN at location R7 at the
residence at 110 Lone Wolf Court approximately 1.5 miles southwest of the range 56 dBA on the day
that included the live fire exercise and 59 dBA on the day after the live fire exercise. Average sound
levels (1 second LAeq’s) varied between 27 and 65 dBA. The sounds of the live fire exercise were
nested within the ambient sounds that varied between 43 and 64 dBA during that period of time.
The existing ambient sound levels at these locations were dominated by light traffic on the roads near
the locations, wind blowing through the vegetation including the fluttering sounds of the aspen leaves
as the wind blew, insects, birds and other sounds typical of suburban neighborhoods. Construction at
homes in the neighborhoods, lawn maintenance, delivery trucks and garbage trucks traveling on the
roads were also present during the measurement periods. Sounds of traffic on U.S. Route 6 were in the
background at all locations.
A live fire exercise was conducted at the proposed range site on October 5, 2020. First, law
enforcement officers fired the weapons and sequence of fire described above. Then recreational users
fired the weapons and sequence of fire described above. Acoustical measurements were made at
distances of approximately 10 feet from each side of the firing line as well as at 8 locations around the
proposed range at potential noise sensitive receiver locations selected by Summit County staff up to
1.8 miles from the firing location at the range.
The LA peak sound levels measured with a special high pressure microphone and preamplifier at 10
feet downrange from the firing line and approximately 10 degrees off-axis in the direction of fire were
153 dBA for the 9 mm. handgun single shots for the law enforcement use; 152 to 154 dBA for the 12
gauge shotgun single shots for the law enforcement use; 152 to 155 dBA for the 0.223 Bushmaster
rifle single shots for the law enforcement use; 142 to 162 dBA for the bursts of a mix of handguns,
shotguns and rifles for the “typical” recreational use; and 141 to 161 dBA for the bursts of a mix of
handguns, shotguns and rifles the “busy” recreational use.
Average LAeq, LAF max and LA peak sound levels were measured at the 8 locations around the
proposed range site. Sounds of gunshots during the live fire exercise were audible at 5 of the short term
measurement locations, barely audible at 1 location and not audible at 2 locations. The sounds of the
live fire exercise were generally within the range of other ambient sounds measured during the
exercise. A summary of the sound levels of gunshots and other ambient sounds is shown in Table 4. In
flat areas sounds usually decrease approximately 5 to 6 dB with every doubling of distance from the
sound source. This is not the case in this area due to the propagation of sounds from the range
backwards, out of the rear of the current range structures combined with sounds reflecting off the face
of the hill to the north and propagating over the range structures and bending or diffracting back down
to grade level at locations to the south and southwest of the range. For example, the sound of the gunfire
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at 1.2 miles southwest of the range is actually louder than at 1.5 miles southwest and about the same
as 1.8 miles southwest of the range. The sounds of gunfire were quieter at 0.5 miles to the east than at
greater distances to the south and southwest of the ranges. The sounds of gunfire were not audible at
the location 0.9 miles to the east largely due to the shielding of this area by the topography. The sounds
of gunfire were not audible at the location 1.0 mile to the southeast due to shielding by the topography
and the levels of ambient sound. The short duration and intermittency of the gunfire sounds result in
their standing out from other ambient sounds and perhaps being more noticeable than another type of
sound would be at similar measured sound levels.
Section 25-12-109 of the State of Colorado Revised Statutes provides an exemption to shooting ranges
from compliance with noise regulations in the state so long as the range was established before the
person complaining about the noise bought their property, the range is operating in compliance with
laws and laws regulating the noise from the range were not in effect when the range was opened. An
additional exemption is provided if a person complaining about noise from the range established their
residence after January 1, 1985.
Summit County and Dillon both have noise ordinances that are based on the state noise ordinance. The
City of Dillon specifically states that sounds from sport shooting ranges are exempt from the
requirements to the extent that the ranges meet the requirements of Colorado CRS 25-12-109.
Alternate mitigation systems were evaluated in computer model studies for the current design of the
range.
A. Computer model study was conducted to study the propagation of sounds from the proposed
base range design at distances away from the range during a “busy day” scenario with 5
shooters firing .223 caliber rifles on the law enforcement firing range, 4 shooters firing 0.40
caliber handguns on the firing line of the 50-yard pistol range; 5 shooters firing .223 caliber
rifles on the 100-yard rifle range; and 2 shooters firing 12 gauge Remington shotguns on the
shotgun/trap range within a 1 second time period.
B. Additional computer model studies were conducted to determine optional design strategies to
reduce noise propagating off site to the south as well as to confine sound propagation to the
east and west of the site during a typical day.
C. Sound levels at noise sensitive receiver locations can be reduced by 1 to 13 dB for various
combinations of the mitigation strategies explored.
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SOUND LEVELS AND DECIBELS
Sound is defined as a pressure disturbance in the air caused by a vibrating body that is capable of being
heard or detected by the human ear. In the case of gun shots, the muzzle blast of the weapon creates a
pressure disturbance in the air as an impulsive type of sound. There is a high amplitude peak pressure
from the shot followed by an under pressure that propagates away from the gun. The peak sound
pressure level or LA peak, is measured at the highest instantaneous point of the impulsive sound usually
with a peak detector that has a response time of 50 micro seconds or less. According to ANSI S 1.4
1971 (R1976), the LA peak sound pressure level is equal to 20 times the logarithm to the base 10 of
the greatest instantaneous sound pressure divided by the reference sound pressure of 20 micro-Pascals
when it is A-weighted. ANSI S 1.4 defines the maximum A-weighted sound level or LAF max as the
greatest sound level measured on a sound level meter using the fast, exponential response during a
designated time duration with an A-weighted filter applied. The LAF max was approximately 3 to 4
dB higher than a 1 second LA eq or average sound level.
The average sound pressure level or equivalent continuous sound level (LAeq) of a time-varying sound
is defined as the level of an equivalent steady sound at a specific location for the same measurement
duration that has the same A-weighted sound energy as the time-varying sound. The LAeq is usually
15 to 20 dB less than the peak pressure level for a gun shot. The Sound Exposure Level (SEL or LAE)
over a stated time period or event is equal to 10 times the logarithm to the base 10 of the ratio of the
time integral of the squared A-weighted sound pressure to the product of the reference sound pressure
and the reference duration of 1 second.

Figure 1. Amplitude or loudness plotted vs time for a typical gunshot.

Sounds are typically measured in decibels. A decibel is 20 times the logarithm to the base 10 of the
pressure disturbance in the air compared to the pressure at the threshold of human hearing. Decibels
cannot be added directly because they are logarithmic ratios. For example, 2 sounds of 50 decibels
added together result in a sound of 53 dB, not 100 dB. A summary of the way that sounds of different
levels are added together is shown in Table 1.
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Table 1. Examples of the addition of different sound levels (dBA).
Sound level 1

Sound level 2

Combined sound level

50 dBA

50 dBA

53 dBA

50 dBA

52 dBA

54 dBA

50 dBA

55 dBA

56 dBA

50 dBA

60 dBA

60 dBA

Explanation
When two sounds of equal level are combined,
the result is a 3 dB increase in sound level
When one sound is combined with another sound
that is 2-3 dB louder than first sound, the
combined sound level is 2 dB louder than the
louder sound
When one sound is combined with another sound
that is 4-7 dB louder than the first sound, the
combined sound level is 1 dB louder than the
louder sound
When one sound is 10 dB louder than another,
the combined sound level is approximately equal
to the louder sound level

The differences in sound levels are not perceived by people linearly either. One sound must be 10 dB
louder than another sound for it to be heard as approximately twice as loud as the first sound. A sound
that is 0 to 1 dB louder than another sound is heard as approximately the same loudness as the first
sound. A sound that is 2 to 3 dB louder than another sound is heard as barely louder than the first
sound. A sound that is 5 to 6 dB louder than another sound is heard as noticeably louder, but not twice
as loud as the first sound. A summary of the perception of the relative loudness of two sounds is shown
in Table 2. An acoustic thermometer showing the sound levels associated with different sounds is
shown in Figure 1. The sound levels are measured in A-weighted decibels or dBA. An A-weighted
decibel is one that has been adjusted so it corresponds to the relative loudness of middle level sounds
as they are heard by human listeners. The low frequency or bass sounds are reduced by the A-weighting
process and the higher pitch sounds that human ears are more sensitive to are increased slightly by the
A-weighting process.
Table 2. Perception of the relative loudness of 2 sounds.
Difference in sound level between two sounds

The louder sound is perceived as ____ the quieter sound

0 to 1 dB

Not noticeably louder than

2-3 dB

Barely noticeably louder than

5-6 dB

Noticeably louder than, but not twice as loud as

10-12 dB

Approximately twice as loud as

15 dB

Approximately three times as loud as

20 dB

Approximately four times as loud as

In general terms, sound levels of 30 to 40 dBA are usually perceived by people as being relatively
quiet. Normal conversation measured at approximately 3 feet from the person speaking is 60 to 65
dBA. Cars passing on a street or a residential air-conditioning unit are approximately 65 to 75 dBA.
Loud night clubs and amplified music at concerts are often played at levels of 100 to 110 dBA. Peak
sound levels from gunshots measured at 10 feet from the source in the direction of fire will be 150 to
165 dBA depending upon the weapon type and ammunition used.
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Figure 2. Acoustical thermometer showing the relative loudness in dBA of various sounds.

ACOUSTICAL CRITERIA
The State of Colorado, Summit County and City of Dillon have regulations that pertain to noise
propagating from the range.
Section 25-12-109 of the State of Colorado Revised Statutes provides an exemption to shooting ranges
from compliance with noise regulations in the state so long as the range was established before the
person complaining about the noise bought their property, the range is operating in compliance with
laws and laws regulating the noise from the range were not in effect when the range was opened. An
additional exemption is provided if a person complaining about noise from the range established their
residence after January 1, 1985.
Summit County and Dillon both have noise ordinances that are based on the state noise ordinance.
Sound level are limited to a maximum of 55 dBA to residential properties and 60 dBA to commercial
properties during daytime hours. Sound levels for impulsive sounds are limited to 50 dBA to residential
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and 55 dBA to commercial during daytime hours. Uses such as athletic, recreational, etc., by the State
of Colorado or political subdivisions of the state are exempt from the requirements of the noise
ordinances.
The City of Dillon specifically states that sounds from sport shooting ranges are exempt from the
requirements to the extent that the ranges meet the requirements of Colorado CRS 25-12-109. The
sound level limits in the City are 55 dBA for residential properties and 65 dBA for commercial
properties between 11:00 p.m. and 6:00 a.m.

ACOUSTICAL MEASUREMENTS
Two types of acoustical measurements were taken. Short term measurements of the sounds produced
by firearms at the location of the shooter and at 8 locations at distances away from the shooter were
conducted at the nearest noise sensitive receiver locations to the range. Long term measurements of
base line ambient sounds were also made at 4 locations near site for approximately 1 day.
Long Term Measurements of Base Line Ambient Sound Levels
Long term measurements of existing ambient sound levels were
made for 2 – 24 hour periods of time (2 days) at 4 locations near
the range with 1 Rion NL-32 and 3 Rion NL-52 integrating sound
level meters. The Rion equipment meets ANSI requirements for
type 1 sound level meters. The meters were set to the fast, Aweighted mode to acquire data. The Rion NL-32 and NL-52
meters were calibrated with a Larson Davis Cal 200 calibrator
prior to and after testing.
The calibration levels were within ±0.1 dB from the beginning
of the measurement period to the end. The microphones were
covered with wind screens and positioned atop an extension rod
approximately 5 ft. 6 inches (the height of a standing person)
above ground level attached to secure, weather resistant
environmental cases. The environmental cases were strapped to
a tree at each measurement location. The meters logged
acoustical measurement data for approximately 2 days recording
sound levels every 1/8 second.
The 1/8 second levels were averaged over a 1 minute time period to yield a 1 minute A-weighted
Continuous Equivalent Sound Level (LAeq). Graphs illustrating the 1 minute average A-weighted
sound level (LAeq) plotted vs. time for the day are shown in Appendix C. A tabular summary of the
data is provided in Appendix C along with an aerial photograph of the proposed range site showing the
measurement locations and the range of average sound levels and the LDN’s during the measurement
period. Data were downloaded from the meters to a laptop computer after the measurement time for
subsequent analysis.
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The Day-Night Average Sound Level (LDN) was calculated from the LAeq data for the day during the
measurement period. The LDN is the average of the measurements taken during day time hours from
7:00 a.m. until 10:00 p.m. and the measurements taken during night time hours from 10:00 p.m. until
7:00 a.m. with a 10 dB “penalty” added to sound levels recorded during the night time hours to reflect
a greater sensitivity to sounds made during this time period as potentially interfering with people
sleeping.
The long term sound level meters also recorded A-weighted maximum and minimum sound levels, as
well as other statistical acoustical data (L05, L10, L50, L90 L95 and SEL). These data are available
for review if desired. The L05 is the sound level exceeded for 5% of the measurement time. The L10
is the sound level exceeded for 10% of the measurement time. The L50, L90 and L95 are defined
similarly for 50%, 90% and 95% of the measurement time respectively. The SEL is the sound exposure
level.
Short Term Measurements
Short term acoustical measurements of overall-A-weighted (LA peak) and Z-weighted (LZ Peak) peak
sound levels as well as overall A-weighted average sound levels (dBA) produced by firearms
discharges were recorded at a distance of approximately 10 feet in the direction of fire and 10 degrees
off-axis of the shooters and 10 feet from each end of the firing line and behind the firing line using a
special high pressure microphone and preamplifier and the Cesva SC 310 sound level meter.
Measurements were also made at 8 receiver
locations at potential noise sensitive receiver
sites within 1.8 miles of the range. These
locations are shown in Appendix A. GPS
coordinates of the measurement locations are
shown in Appendix I. Sound levels measured
at each of the receiving locations away from
the range are shown on aerial photographs of
the site in Appendix A and in graph form in
Appendix D.
The measurements were recorded at the location of the shooter and at
8 locations at increasing distances and varying directions from the site.
A summary of sound levels measured at 10 feet from the firing line on
the range in the direction of fire, to the sides of the firing line and
behind the firing line using Cesva SC 310 sound level meter with the
high pressure microphone and preamplifier is contained in Appendix
B. Table summaries and aerial photographs of the proposed site and its
surroundings showing the sound levels measured at distances away
from the range site are contained in Appendix A. Graphs showing
average and maximum sound levels for each of the measurements are
contained in Appendix D. Four Larson Davis Model 831 and one Cesva
SC 310 sound level meters were used as the basic instrumentation for
the acoustical measurements. The meters meet ANSI Standard S1.4
requirements for Type 1 sound level meters.
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The 4 Larson Davis 831 meters were set to measure LAeq, LAF max and flat-weighted octave band
sound level data averaged every 1 second (1 second LA eq) during the measurements in addition to
LA peak and other metrics. The Cesva SC 310 recorded data every 1 second and every 125
milliseconds. The Larson Davis meters were equipped with standard ½" diameter measurement
microphones and preamplifiers. The Cesva SC 310 was equipped with a Gras 40 BH 1/4" high pressure
microphone with Gras 26 AK preamplifier. Windscreens were used on all microphones.
The Larson Davis meters were calibrated with a Larson Davis CAL 200 calibrator prior to testing and
tested to within 0.1 dB of calibration after the measurements were complete. The Cesva SC 310 was
calibrated with a Norsonic 1251 calibrator prior to testing and tested to within 0.1 dB of calibration
after the measurements were complete. The meters were mounted on tripods at approximately 5 ft. 6
in. above the ground at each measurement location. A windscreen was attached to the microphones for
all measurements. The data were stored on the hard drives of the meters and downloaded to computers
in our office and analyzed.
Weather data including dry bulb temperature (o F), Dew Point (o F), relative humidity (%), wind speed
(m.p.h.), wind direction (m.p.h.) wind gust speed (m.p.h.) barometric pressure (inches of mercury, Hg),
and precipitation rate (inches) were collected from local weather station KCODILLO47 using Davis
Vantage Pro2 hardware available through Weather Underground. These readings are included in
Appendix E of this report.
A live fire experiment was conducted on site on October 5, 2020 with law enforcement and recreational
shooters at the range. Acoustical measurements were made at 8 locations off site at distances up to 1.8
miles away from the range. One sequence of fire was for law enforcement use of the range. Six to eight
law enforcement officers served as shooters firing fast and slow sequences of fire of 5 rounds each
with 9 mm handguns, 12 gauge shotguns and 0.223 Bushmaster rifles on the law enforcement range.
One fast sequence was done with the rounds being discharged within 5 seconds and one slow sequence
was done with the 5 rounds being discharged in 25 seconds. The complete sequence was repeated 2
times. The number of officers, firearms, ammunition and rate of fire was selected by County Law
Enforcement personnel to represent typical sequences that occur during training and qualification of
officers.
The law enforcement sequences were followed by slow and heavy sequences for recreational users.
Both recreational sequences included 13 shooters with 6 handguns fired on the pistol range; 5 rifles
fired at the rifle range and 2 shotguns fired at the shotgun/trap range. The specific firearm mix used
was selected by County staff to represent the typical mix of firearms used at the range on typical and
busy days. The slow sequence 10 to 13 ranges each were discharged in approximately 20 to 25 seconds.
The busy or heavy recreational use sequence involved all shooters emptying their clips in a very short
period of time. The law enforcement and recreational sequences of fire were repeated a second time so
that data could be recorded at other locations off site.
The data were used to calibrate a computer model of the range that was used to determine if the
proposed range will meet the sound level criteria for the project once the range is in operation and to
assist in determining what type of noise mitigation strategies could be included in the design of the
range so the sound level limits can be met.
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MEASUREMENT RESULTS
Existing Ambient Sound Levels
Existing ambient sound levels were measured at 4 locations near the proposed range site near potential
noise sensitive receivers from October 4, 2020 to October 6, 2020. An aerial photograph of the area
around the proposed range site with the ambient sound level measurement locations indicated on the
site plan is included in Appendix C. The sound level meters were left unattended during the
measurement time period. A summary of the measured data is presented Appendix C. The data are
presented as a range of average sound levels or Equivalent Continuous Sound Levels (LA eq’s) and
Day Night Average Sound Levels (LDN’s). LDN’s are usually used as metrics to classify lands for
planning purposes. Graphs of sound pressure level in dBA plotted vs. time for each day during the
measurement period at each site are shown in Appendix C.
R1 was located on the hill behind the apartments on Wayback Drive approximately 0.4 miles southeast
of the range. R5 was located at the residence at 522 Vail Circle approximately 1.5 miles southeast of
the range. R6 was located at the residence at 107 Tally Ho Court approximately 0.8 miles southeast of
the range. R7 was located at the residence at 110 Lone Wolf Court approximately 1.5 miles southwest
of the range.
The Average Day-Night Sound Level (LDN’s) at R1 was 53 dBA on both
the day that included the live fire exercise and the day after the live fire
exercise. Average sound levels (1 minute LAeq’s) varied between 24 and
74 dBA. The sounds of the live fire exercise were nested within the
ambient sounds that varied between 52 and 61 dBA during that period of
time. The LDN’s at R5 were 46 dBA on both days. Average sound levels
(1 second LAeq’s) varied between 36 and 59 dBA. The sounds of the live
fire exercise were nested within the ambient sounds that varied between
38 and 57 dBA during that period of time. The LDN’s at R6 were 51 dBA
on the day that included the live fire exercise and 56 dBA on the day after
the live fire exercise. Average sound levels (1 second LAeq’s) varied
between 34 and 66 dBA. The sounds of the live fire exercise were nested
within the ambient sounds that varied between 45 and 60 dBA during that
period of time. The LDN’s at location R7 were 56 dBA on the day that
included the live fire exercise and 59 dBA on the day after the live fire exercise. Average sound levels
(1 second LAeq’s) varied between 27 and 65 dBA. The sounds of the live fire exercise were nested
within the ambient sounds that varied between 43 and 64 dBA during that period of time. The LDN’s
did not increase at any of the measurement locations on the day of the live fire exercise.
The existing ambient sound levels at these locations were dominated by light traffic on the roads near
the locations, wind blowing through the vegetation including the fluttering sounds of the aspen leaves
as the wind blew, insects, birds and other sounds typical of suburban neighborhoods. Construction at
homes in the neighborhoods, lawn maintenance, delivery trucks and garbage trucks traveling on the
roads were also present during the measurement periods. Sounds of traffic on U.S. Route 6 were in the
background at all locations.
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Measured Sound Levels of Firearms
A live fire exercise was were conducted at the range on October 5, 2020. There were 2 basic sequences
of fire used in the live fire exercise at the range. First was a sequence for the law enforcement officers
on the law enforcement range. Second was a sequence of fire for recreational users in the recreational
ranges. A combined sequence with both law enforcement and recreational users was done at the end.
The sequence of fire for the law enforcement officers started with 8 officers firing 5 shots each from
the 3 yard line using 9 mm. handguns in approximately 5 seconds. There was a pause of approximately
5 to 10 seconds and the sequence was repeated. Then the 8 officers moved to the 25 yard line and fired
5 shots each with the 9 mm. handguns in approximately 25 seconds. There was a pause of
approximately 5 to 10 seconds and the sequence was repeated. Next 4 officers fired 4 shots with 12
gauge shotguns and 2 officers fired 4 shots with 9 mm. handguns from the 25 yard line in approximately
25 seconds (slow). There was pause of approximately 5 to 10 seconds and the sequence was repeated.
Next 4 officers fired 4 shots with 12 gauge shotguns and 2 officers fired 4 shots with 9 mm. handguns
from the 5 yard line in approximately 5 seconds (fast). There was pause of approximately 5 to 10
seconds and the sequence was repeated. Then 7 officers fired 5 shots with 0.223 Bushmaster rifles in
5 seconds (fast) from the 3 yard line. There was pause of approximately 5 to 10 seconds and the
sequence was repeated. Next 7 officers fired 5 shots with 0.223 Bushmaster rifles in 5 seconds (fast)
from the 25 yard line. There was pause of approximately 5-10 seconds and the sequence was repeated.
This completed the law enforcement sequence.
The sequence of fire for the recreational shooters started with 13 shooters firing 10 to 13 shots each in
approximately 25 seconds (slow). One 12 gauge and one 20 gauge shotgun were fired at the
shotgun/trap range. Four 9 mm. handguns, 1 – 0.45 caliber and 1- 0.357 magnum handguns were fired
at the recreational pistol range. Five rifles including 1- 7.62, 1- 5.56, 1-30.06, 1- .308 and 1- 6.5
Creedmore were fired at the recreational rifle range. The number and types of weapons were selected
by range staff to represent typical usage of the range on a busy day. The firearms were discharged
approximately once every 5 to 10 seconds for the slow recreational use.
Then the same numbers of shooters and same weapons were fired again in as fast as each person could
fire with multiple magazines used to represent periods of time when heavy recreational use occurred.
Table 3. Summary of sequence of fire for the live fire exercises. The sequence was repeated two times.

Law Enforcement Use
Sequence

Firearm(s)

Locations
Law 3 yard line

No. of
Officers
8

No. of
Shots
5

No. of
Sequences
2

Law 1

9 mm handguns

Law 2

9 mm handguns

Law 25 yard line

8

5

2

Law 3

Law 25 yard line

Law 3 yard line

4
2
4
2
7

4
4
4
4
5

2

Law 5

12 gas shotguns
9 mm handgun
12 gas shotguns
9 mm handgun
.223 Bushmaster

Law 6

.223 Bushmaster

Law 25 yard line

7

5

2

Law 4

Law 3 yard line

2
2

Time
5 seconds
Fast
20 seconds
Slow
20 seconds
Slow
5 seconds
Fast
5 seconds
Fast
20 seconds
Slow
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Recreational Use
Sequence

Firearm(s)

Locations

Rec 1
Slow

1- 12 ga. shotgun
1- 20 ga. shotgun

Rec Shotgun Range

4- 9mm hg
1 – 0.45 cal hg
1- 0.357 hg

Rec Handgun Range

1- 7.62
1- 5.56
1-30.06
1 – 0.308
1- 6.5 Creedmore

Rec Rifle Range

1- 12 ga. shotgun
1- 20 ga. shotgun

Rec Shotgun Range

4- 9mm hg
1 – 0.45 cal hg
1- 0.357 hg

Rec Handgun Range

1- 7.62
1- 5.56
1-30.06
1 – 0.308
1- 6.5 Creedmore

Rec Rifle Range

Rec 2
Heavy

No. of
Shooters
13

No. of
Shots
10—13

No. of
Sequences
1

Time

13

10—13

1

Heavy

Slow

A summary of sound levels of gun shots measured at the locations close to the firing lines from during
the experiments at the proposed range site is presented in tabular and diagrammatic formats in
Appendix B.
Acoustical measurements were also made at 8 locations around the proposed range site using the 4
Larson Davis 831 sound level meters. The measurement locations, M1 through M8, were located at
distances of approximately 0.5, 0.9 and 1.0 miles east and southeast of the range; 1.2, 1.5, and 1.8 miles
to the southwest of the range; 1.4 miles to the south of the range; and 1.5 miles to the west of the range.
A summary of LA peak, LAF max and average or LA eq sound levels of gun shots measured at
distances away from the proposed range site is presented in tabular and graphic formats in Appendix
A. Graphs of the average LA eq and LA peak sound levels recorded for each measurement are
presented in Appendix D.
Summary of Measurements Made Near the Firing Line
1. The LA peak sound levels measured with a special high pressure microphone and preamplifier at
10 feet downrange from the firing line and approximately 10 degrees off-axis in the direction of
fire were 153 dBA for the 9 mm. handgun single shots for the law enforcement use; 152 to 154
dBA for the 12 gauge shotgun single shots for the law enforcement use; 152 to 155 dBA for the
0.223 Bushmaster rifle single shots for the law enforcement use; 142 to 162 dBA for the bursts of
a mix of handguns, shotguns and rifles for the “typical” recreational use; and 141 to 161 dBA for
the bursts of a mix of handguns, shotguns and rifles the “busy” recreational use; 162 dBA for the
Page 14

Summit County Government
Department of Community Deveopment, Public Works and Transportation
Summit County Public Shooting Range | Site Noise Study
Summit County, Colorado
March 22, 2021

pistol single shot at the recreational Pistol Range; and158 dBA for the rifle single shot at the
recreational Rifle Range.
2. The LA peak sound levels measured with a special high pressure microphone and preamplifier at
7’ feet to the side of end shooter along the firing lines were 127 to 150 dBA for the 9 mm. handgun
burst for the law enforcement use; 128 to 148 dBA for the bursts of a combination of 9 mm.
handguns and 12 gauge shotguns for the law enforcement use; and 126 to 154 dBA for the 0.223
Bushmaster rifle bursts for the law enforcement use.
3. The LA peak sound levels measured with a special high pressure microphone and preamplifier at
10’ feet to the sides of all three recreational ranges (left of the Pistol Range and right of the
Shotgun/Trap range) were 107 to 150 dBA for the mix of handguns, shotguns and rifles the “busy”
recreational use.
4. The LA peak sound levels measured with a special high pressure microphone and preamplifier at
10’ feet to the side of the firing lines and under the canopies were 161 dBA for the pistol single
shot at the recreational Pistol Range; and 155 dBA for the rifle single shot at the recreational Rifle
Range.
5. The LA peak sound levels measured with a special high pressure microphone and preamplifier at
10’ feet to the rear the firing lines were 135 to 145 dBA for the 9 mm. handgun burst for the law
enforcement use; 137 to 148 dBA for the bursts of a combination of 9 mm. handguns and 12 gauge
shotguns for the law enforcement use; 138 to 147 dBA for the 0.223 Bushmaster rifle bursts for
the law enforcement use; and 102 to 147 dBA for the bursts of a mix of handguns, shotguns and
rifles for the “typical” recreational use; 143 dBA for the pistol single shot at the recreational Pistol
Range; and 145 dBA for the rifle single shot at the recreational Rifle Range.
6. The global average of all LA peak sound levels was 25 dB higher than the 0.125 second average
or LA eq sound level for all measurement locations near the sound source.

Summary of Measurements Made at Selected Locations Away from the Range Site
1. Sound level measurements were taken at a location north of the
fire hydrant at Antlers Gulch in Keystone approximately 0.5
miles southeast of the range. This location is behind and to the
side of the firing lines. There was a relatively constant
background sound from the traffic on U.S. 6 measured between
30 and 50 dBA with excursions to 55 to 60 dBA. Other ambient
sounds consisted of planes and ATV’s in the distance, people
talking in the distance, chipmunks scampering about, birds
chirping, trucks on nearby roads and power tools being used
near by. The sounds of the live fire exercise were somewhat
audible and were measured at levels between 31 and 44 dBA.
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2. Sound level measurements were taken at a private residence
located at 1648 Soda Ridge Road approximately 0.9 miles
southeast of the range. This location is behind and to the side
of the firing lines of the ranges. The LAeq sound levels of the
gunshots were approximately 40 to 48 dBA. The sounds of the
gunshots from the range were audible but mixed in with the
ambient sounds at this location. The ambient sounds observed
during short term measurements varied between 38 to over 70
dBA and included cars and truck passing on nearby streets,
people talking as they walked in the neighborhood, wind
blowing through the vegetation and squirrels “barking”.
3. Sound level measurements were taken at a private residence
located at Keystone residence behind the tennis courts
approximately 1.0 miles to the southeast of the range. This
location is behind and to the side of the firing lines of the
ranges. LAeq sound levels were approximately 30 to 50 dBA
with excursions to 65 to 70 dBA when cars passed the
measurement location on the street. The sounds of the gunshots
from the range were not generally audible at this location. They
were “masked” by the ambient sounds at this location. The
ambient sounds observed during short term measurements
included cars passing on the nearby street, birds calling, people
talking and a baby crying as they walked nearby and planes
flying in the distance.
4. A sound level meter was located at a private residence at 177
Summerwood Drive approximately 1.5 miles west of the range.
This location is behind and to the side of the firing lines of the
ranges. LAeq sound levels were approximately 40 to 63 dBA
with excursions to almost 70 dBA when cars passed near the
measurement location. The sounds of the gunshots from the
range varied between 38 and 58 dBA and were “barely” audible
at this location. They were generally within the range of
measured ambient sounds at this location. The ambient sounds
observed during short term measurements included cars and
trucks driving on US 6 and neighborhood streets, breezes
blowing through the vegetation and dry leaves on the ground,
birds calling, people talking and a baby crying as they walked
nearby, children playing nearby and planes flying in the
distance.
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5. A sound level meter was located in the backyard of a private
residence at 304 Cartier Court approximately 1.2 miles
southwest of the range. This location is behind the firing lines
of the ranges. LAeq sound levels were approximately 32 to 53
dBA with excursions to over 60 dBA when cars passed the
measurement location on the street. The sounds of the gunshots
from the range varied between 33 and 49 dBA and were
generally audible at this location. They were generally within
the range of measured ambient sounds at this location and
difficult to identify as individual acoustic events in the
measured data. The ambient sounds observed during short term
measurements included a truck idling in a neighbor’s yard,
continuous “cawing” of a large number of crows, lawn
equipment operating at a home down the street, voices and
people talking on cell phones in a near by yard, cars and trucks
driving on US 6 and neighborhood streets, breezes blowing
through the vegetation, distant traffic on U.S. 6, insects and
planes flying in the distance.
6. A sound level meter was located in the backyard of a private
residence at 48 Coachman Court approximately 1.5 miles
southwest of the range. This location is behind the firing lines
of the ranges. LAeq sound levels were approximately 38 to 57
dBA with excursions to over 60 dBA when a plane flew
overhead and people were speaking on cell phones in
neighboring properties. The sounds of the gunshots from the
range varied between 42 and 54 dBA and were generally
audible at this location especially when the other ambient
sounds quieted down for a few minutes every now and then.
The ambient sounds observed during short term measurements
included car and truck traffic on U. S. 6, construction activities
including hammering and nail guns and the operation of a crane
at residences across a wide field to the northeast and breezes
blowing through the vegetation.
7. A sound level meter was located at a private residence at 422
Idlewild Drive approximately 1.3 miles south of the range. This
location is behind the firing lines of the ranges. LAeq sound
levels were approximately 28 to 57 dBA with excursions to
over 60 dBA when leaves rustled and papers blew. The sounds
of the gunshots from the range varied between 31 and 53 dBA
and were generally audible at this location. The ambient sounds
observed during short term measurements included car and
truck traffic on neighborhood streets, birds calling, planes
flying in the distance, and dogs barking intermittently.
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8. A sound level meter was located at a private residence at 34
Legend Circle approximately 1.8 miles southwest of the range.
This location is behind the firing lines of the ranges. LAeq
sound levels varied between 32 to 55 dBA with excursions to
over 60 dBA when cars passed on the nearby street. The sounds
of the gunshots from the range varied between 38 and 48 dBA
and were generally audible at this location. The ambient sounds
observed during short term measurements included car and
truck traffic on neighborhood streets and on U.S. 6 in the
distance, a motorcycle passing, birds calling, planes flying in
the distance, people speaking in their yards and on the street
and dogs barking intermittently.

THE COMPUTER MODEL STUDIES
Introduction
A computer model study was conducted to study the propagation of sounds from the existing range at
distances away from the range. The model was constructed in the CadnaA software package using
topographic information from USGS maps, the GIS data base, as provided by the County on September
22, 2020. The existing range consists of a 50-yard law enforcement range; a 50-yard pistol range; a
100-yard rifle range; and a shotgun/trap range. The firing ranges have side berms that increase in height
as one moves away from the firing line toward the target end of the range. The height of the downrange
berm at the law-enforcement range is approximately 30 ft above grade; and 20 to 25 ft. above grade at
the public recreational firing ranges. There are structures partially covering the firing lines at the 50yard pistol range and the 100-yard rifle range.
Method
1. The analysis assumed a “busy day” scenario with 5 shooters firing .223 caliber rifles on the law
enforcement firing range, 4 shooters firing 0.40 caliber handguns on the firing line of the 50-yard
pistol range; 5 shooters firing .223 caliber rifles on the 100-yard rifle range; and 2 shooters firing
12 gauge Remington shotguns on the shotgun/trap range within a 1 second time period for the base
range design.
2. Three-dimensional computer models of the proposed site were constructed using AutoCAD
software by drawing topographical elevations of the site extending approximately 2 miles from the
center of the firing range. The AutoCAD model was imported into CadnaA software which is a
state-of-the-art noise propagation modeling software.
3. Octave band sound pressure level data for the firearms were obtained from a report entitled "Field
Measurement of Sound Pressure Levels of Various Firearms," published by the Architectural
Acoustics Research Group at the University of Florida in 1993 for the National Rifle Association,
which includes data for an M-16 rifle with .223 Remington 55 grain power-locked hollow point
ammunition; a Remington 12-gauge shotgun; and a 0.40 caliber handgun. A summary of the octave
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band sound exposure level data for the firearms used in the models is included in Appendix H.
4. The octave band sound pressure level data for the .223 rifles described above were used as the
sound source for shooters on the 50-yard law-enforcement range and on the 100-yard public
recreational rifle range. The octave band sound pressure level data for the 0.40 caliber handguns
were used as the sound source for shooters on the 50-yard pistol range. The octave band sound
pressure level data for the Remington 12-gauge shotguns were used as the sound source for
shooters on the shotgun/trap range.
5. The computer sound propagation model was used to estimate the average or LAeq sound levels
from the gunfire in all directions from the range with the following conditions considered.
A. Number of shooters: 5 shooters firing .223 caliber rifles on the law enforcement firing
range; 4 shooters firing 0.40 caliber handguns on the firing line of the 50-yard pistol range;
5 shooters firing .223 caliber rifles on the 100-yard rifle range; and 2 shooters firing 12
gauge Remington shotguns on the shotgun/trap range within a 1 second time period for the
base range design.
B. Direction of fire as per the existing firing range is to the north.
C. The base range design, Model A, has side berms that increase in height as one moves from
the firing line to the end of the range. The height of the downrange berm at the lawenforcement range is approximately 30 ft above grade. The height of the downrange berms
are 20 to 25 ft. above grade at the public recreational firing ranges. There is a structure
partially covering the firing lines at the 50-yard pistol range and the 100-yard rifle range.
The resulting noise contour plot for this model is shown in Figure 2 in Appendix F.
D. Molecular sound absorption for a worst case scenario day (50° F, 50%R.H.) was used in
the base model study. Separate experiments were conducted with computer model runs
using 70° F and 50% R.H.; 32°F and 50% R.H.; and 0°F and 50% R.H. values to document
the range of sound levels that would occur during different seasons of the year. The 50o F
and 50% Relative Humidity condition resulted in the worst-case scenario at distances away
from the range when compared to the other day conditions meaning that higher sound
levels were reached at off-site locations for these temperature and humidity conditions. The
resulting noise contour plots for the alternate weather conditions studied are shown in
Figures 2 through 5 in Appendix G.
E. Anomalous excess attenuation (from small scale differences in wind, temperature, and
humidity in the air).
F. The topographic features of the site were developed using contour maps obtained from the
client and from the United States Geological Survey.
G. CadnaA assumes a downwind condition with wind velocity of 1 to 11 mph. An experiment
was also conducted with a maximum wind speed of 17 mph and north direction for the site
obtained from the forecast provided for the Summit Cove/ Dillon. The resulting noise
contour plots for a model including the maximum wind speed is shown on Figure 6 in
Appendix G.
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H. Ground cover was modeled as pavement for paved roads and grass for terrain covered with
vegetation.
I. Deciduous trees were not included in the models because the loss of leaves during the Fall
and Winter months significantly reduces the insertion loss of stands of deciduous trees.
Model A

Existing range, as shown in Figure 3.

Model B

The side berms of the existing firing ranges were increased in height to be 20 ft. tall
above grade from the firing line to the end of the range. A concept plan for this
experiment is shown in Figure 4.

Model C

A 20 ft. tall rear wall was added behind the existing firing ranges to reduce noise
propagating to noise sensitive receivers toward the south of the site. A concept plan for
this experiment is shown in Figure 5.

Models
D+E

Studies were conducted for the existing firing ranges including a canopy (Model D) and
an extended canopy (Model E) above the bullet trap to determine if a sound absorbing
structure at the end of the range helps mitigate sound that strikes the foot of the
mountain and reflects back to the noise sensitive receivers to the south of the site. A
concept plan for this experiment is shown in Figures 6 and 7.

Model F

An enclosure of the firing lines consisting of sound absorbing side walls, rear wall, and
ceiling over the firing lines was added in addition to the existing range discussed in
Model A. The ceiling was extended 40 ft. in front of the firing lines. A concept plan for
this experiment is shown in Figure 8.

Model G

The features of Models B and C were combined to create a hybrid model consisting of
20 ft. tall side and rear walls. A concept plan for this experiment is shown in Figure 9.

Model H

The side and rear walls discussed in Model G were increased from 20 ft. to 40 ft. above
grade. A concept plan for this experiment is shown in Figure 10.

Model I

The features of Model F and E were combined to create a hybrid model consisting of a
shed enclosure with the 40 ft. deep canopy above the firing lines and a canopy above
the bullet trap of each firing range. A concept plan for this experiment is shown in
Figure 11.

Model J

The features of Model H and I were combined to create a hybrid model consisting of a
shed enclosure with the 40 ft. deep canopy above the firing lines, a canopy above the
bullet trap of each firing range, and 40 ft. tall side and rear walls. A concept plan for
this experiment is shown in Figure 12.

Model K

The side and rear wall shed enclosure discussed in Model F was added to the existing
ranges. The canopy was extended to cover the entire length of each range. A concept
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plan for this experiment is shown in Figure 13.
Models
L and M

The features of Model K and Model G were combined to create a hybrid model
consisting of sound absorbing side and rear walls enclosing the firing lines; a canopy
that was extended to cover the entire length of each range; and 20 ft. tall side and rear
walls (Model L) 40 ft. tall side and rear walls (Model M). A concept plan for this
experiment is shown in Figure 14.

Approx. 30 ft.
tall back-stop
berm

Approx. 30 ft.
tall back-stop
berm
Approx. 20 ft.
tall back-stop
berm

Side berms increasing
in height from the firing
line to the end of range
75-yard
shotgun/trap
firing range

50-yard lawenforcement range
50-yard pistol range
with canopy partially
covering firing lines

100-yard rifle range
with canopy partially
covering firing lines

Figure 3. Concept plan diagram of the base range design | Model A
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Approx. 30 ft.
tall back-stop
berm

Noise barrier wall
20 ft. tall above
grade from firing
line to end-of-range
Approx. 30 ft.
tall back-stop
berm
Approx. 20 ft.
tall back-stop
berm

Noise barrier wall 20 ft.
tall above grade from
firing line to end-of-range

Noise barrier wall
20 ft. tall above
grade from firing
line to end-of-range

Figure 4. Concept plan diagram of the base range design | Model B

Approx. 30 ft.
tall back-stop
berm

Approx. 30 ft.
tall back-stop
berm
Approx. 20 ft.
tall back-stop
berm

20 ft. tall rear wall

Figure 5. Concept plan diagram of the base range design | Model C
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Canopy above
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Canopy above
bullet-trap

Canopy above
bullet-trap

Figure 6. Concept plan diagram of the base range design | Model D

Extended
canopy above
bullet-trap

Extended
canopy above
bullet-trap
Extended
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bullet-trap

50-yard pistol range
with canopy partially
covering firing lines

100-yard rifle range
with canopy partially
covering firing lines

Figure 7. Concept plan diagram of the base range design | Model E
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Trap station enclosure
with sound absorbing
side and rear walls and
ceiling above each
shooting station
Range enclosure with
sound absorbing side
and rear walls. Canopy
extending 40 ft. in front
of the firing line

Figure 8. Concept plan diagram of the base range design | Model F
Noise barrier wall
20 ft. tall above
grade from firing
line to end-of-range

Noise barrier wall 20 ft.
tall above grade from
firing line to end-of-range

Noise barrier wall
20 ft. tall above
grade from firing
line to end-of-range

20 ft. tall rear wall
Figure 9. Concept plan diagram of the base range design | Model G
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line to end-of-range
Extended
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bullet-trap

Extended
canopy above
bullet-trap

Extended
canopy above
bullet-trap
Noise barrier wall 20 ft.
tall above grade from
firing line to end-of-range

Noise barrier wall
20 ft. tall above
grade from firing
line to end-of-range

20 ft. tall rear wall
Figure 10. Concept plan diagram of the base range design | Model H
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Extended
canopy above
bullet-trap
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extending 40 ft. in front
of the firing line

Figure 11. Concept plan diagram of the base range design | Model I
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line to end-of-range
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bullet-trap
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bullet-trap

Extended
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bullet-trap
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firing line to end-of-range
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end-of-range

Range enclosure with
sound absorbing side
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extending 40 ft. in front
of the firing line

Range enclosure with
sound absorbing side
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ceiling above each
shooting station
20 ft. tall rear wall

Figure 12. Concept plan diagram of the base range design | Model J
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Figure 13. Concept plan diagram of the base range design | Model K
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Canopy above
entire length of
firing range
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(Model L)
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20 ft. tall side wall
(Model L)
40 ft. tall side wall
(Model M)

Range enclosure with
sound absorbing side
and rear walls
Range enclosure with
sound absorbing side
and rear walls.
20 ft. tall rear wall
(Model L)
40 ft. tall rear wall
(Model M)

Figure 14. Concept plan diagram of the base range design | Model L and M

Results of the Computer Model Studies
Figures 2 through 14, in Appendix F, contain scaled maps/aerials of the existing site and surrounding
areas with calculated sound levels at specific locations included for each of the experiments described
above.
The sound levels shown on the noise contours in the figures represent the sound exposure level (SEL)
or 1 second equivalent continuous sound pressure level (LAeq) at receiver locations around the existing
range site for each scenario when 5 shooters are firing .223 caliber rifles on the law enforcement firing
range, 4 shooters are firing 0.40 caliber handguns on the firing line of the 50-yard pistol range; 5
shooters are firing .223 caliber rifles on the 100-yard rifle range; and 2 are shooters firing 12 gauge
Remington shotguns on the shotgun/trap range within a 1 second time period for the base range design.
Model A: The noise contour plots shown in Figure 2, in Appendix F, indicate the resulting noise
contours for the proposed base range design. The sound levels toward the south of the firing range are
estimated to be 54 dBA at receiver R1 located ½ mile to the southeast of the range; 61 dBA at the
Johnson residence, receiver R2, which is approximately 1 mile toward the southeast of the range; and
51 dBA at receiver R3 which is approximately 1 mile toward the east of the range. The higher sound
level at receiver R2 compared to receivers R1 and R3 is due to the topography in the vicinity of
receivers R1 and R3. The foot of the mountain shields, or blocks some of the sound from the firing
range propagating toward receiver R1. Receiver R2 has a direct line-of sight to the firing range and is
exposed to higher sound levels.
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Sound levels are estimated to be 52 dBA at the residence at 304 Cartier Court, receiver R4, located 1.2
miles to the southwest of the range; 48 dBA at the residence at 422 Idlewild Drive, receiver R5, which
is approximately 1.3 miles toward the south of the range; 51 dBA at the residence at 48 Coachman
Court, receiver R6, which is approximately 1.5 miles toward the southwest of the range; 56 dBA at the
residence at 177 Summerwood Drive, receiver R7, which is approximately 1.5 miles toward the west
of the range; and 45 dBA at the residence at 34 Legend Circle, receiver R8, which is approximately
1.8 miles toward the southwest of the range. The higher sound level at receiver R7 compared to receiver
R6 is due to the topography toward the southwest of the firing range which reduces some of the sounds
that propagate toward receiver R6. The higher sound levels at receivers R7 and R6, which are located
at 1.5 miles to the south/southwest of the firing range, compared to receiver R5, which is located 1.3
miles to the south of the firing range, is due to the topography to the north of receiver R5 that shields
sound propagating from the firing range to this location.
Model B: The addition of 20ft. tall walls along the sides of each of the existing firing ranges extending
from the firing line to the target line, resulted in an off-site noise propagation reductions toward the
east and west. Sound propagating toward the south of the firing range remained unobstructed. Noise
sensitive receivers R1 and R3 are located within the acoustical shadow of the added 20 ft. tall noise
barriers. However, no reduction in sound level is observed at receiver R3 due its location relative to
natural existing topography. All other noise receivers are located to the south of the barriers and thus
result in no reduction in noise levels when compared to Scenario A, as shown in Figure 3 in Appendix
F.
Model C: The addition of a 20 ft. tall rear walls resulted in a reduction of -1 to -6 dB toward the SW,
SE and S directions. Sounds from the firearms propagate unobstructed toward the noise sensitive
receivers R1 and R3, as shown in Figure 4 in Appendix F, and result in no reduction of sound level
when compared to the base model in these directions.
Models D and E: A computer model with the features of Model A was built with the addition of a
canopy above the bullet-trap at each range to determine if a sound absorbing structure at the end of the
range helps mitigate sound that strikes the foot of the mountain and reflects back to the noise sensitive
receivers to the south of the site. The computer models showed that off-site noise from the use of the
firing range remained unchanged relative to the existing range facility. The addition of side and rear
walls (or berms) would be needed to reduce noise from propagating to noise sensitive receivers. as
shown in Figure 5, in Appendix F, for Model D and Figure 5 for Model E.
Model F: Model F included the features of Model A with the addition of sound absorbing side walls,
rear wall and a canopy extending 40 ft. in front of the firing line of each of the firing ranges to reduce
sound levels propagating behind the firing lines. The resulting noise level reduction varied between -1
dB to -9 dB toward all noise sensitive receivers located toward the sides and rear of the existing firing
range site as shown in Figure 7 in Appendix F. The sound absorbing facing of the interior (range) side
of the walls and the underside (range side) of the ceiling of the shed around the firing line should have
a Noise Reduction Coefficient of ≥ 0.90 and a Sound Transmission Class (STC) rating ≥ 30. The
interior sound absorbing liner panels can be any material having this property that is weather resistant
and ideally will not fragment when struck by stray rounds. The walls and roof of the shed structure can
be concrete, masonry, metal panels, wood frame or other assemblies that meet the acoustical
requirements.
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Model G: Computer Model G combined the features of Models B and C, providing 20 ft. tall side and
rear walls to the existing range facility. This computer model study showed that providing side and
rear wall enclosure of the range facility would result in a reduction of -1 to -7 dB. Relative to Model
F, this design allows for sounds that propagate in the direction of fire to reflect behind the range toward
noise sensitive receivers located to the south of the range. The resulting noise contour plot for this
model are presented in Figure 8 of Appendix F.
Model H: Computer Model H combined the features of Model B and C, providing 40 ft. tall side and
rear walls to the existing range facility. This computer model study showed that providing side and
rear wall enclosure of the range facility would result in a reduction of -1 to -10 dB. The increased
height of the side and rear walls helps contain sounds from propagating off-site and increased noise
reduction when compared to Model F. The resulting noise contour plot for this model is presented in
Figure 9 of Appendix F.
Model I: Computer Model I combined the features of Models E and F, installing sound absorbing side
and rear walls on the sheds at the firing lines of each range, a canopy that extends 40 ft. in front of the
firing line of each of the firing ranges, and an extended canopy above the bullet-trap. This computer
model study resulted in similar sounds propagating off-site when compared to Model F. The resulting
noise contour plot for this model is presented in Figure 10 of Appendix F.
Model J: Further analysis was conducted combining the features of computer models B, C, E and F.
The computer model included 40 ft. tall side and rear walls, sound absorbing side and rear walls, a
canopy that extends 40 ft. in front of the firing line of each of the firing ranges, and an extended canopy
above the bullet-trap. Relative to Model F, this computer model study showed additional reductions of
-3 to -7 dB at noise sensitive receivers R4 through R8 located to the southwest of the range. The
resulting noise contour plot for this model is presented in Figure 11 of Appendix F.
Model K: An additional computer model was conducted with features similar to Model F which
includes sound absorbing side and rear walls. However, the canopy was extended to cover the entire
length of the firing ranges to further reduce sound that propagates behind the range toward the south.
Enclosing the firing lines with side and rear walls and providing a canopy extending above the entire
length of the firing range results in a reduction of -2 to -7 dB at residential properties R4 through R8
to the south/southwest side of the range, as shown in Figure 12 in Appendix F. These sound levels are
similar to those from Model F. The reduction of sound level due to the extended canopy is seen toward
the direction of fire, where there are no noise sensitive receivers.
Model L: The results from Model K showed that in order to reduce off-site noise propagating toward
the residential properties located to the south of the range, a combination of the features in Model K
plus those in Models B and C should be studied. The computer model including sound absorbing side
and rear walls enclosing the firing range lines, a canopy that extends to cover the entire length of the
firing ranges, and 20 ft. tall side and rear walls enclosing the firing range facility resulted in a reduction
of -3 to -7 dB at residential properties R4 through R8 to the south/southwest sides of the ranges, as
shown in Figure 13 in Appendix F.
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Model M: A final computer model was conducted including the sound absorbing side and rear walls
enclosing the firing range lines, a canopy that extends to cover the entire length of the firing ranges,
and 40 ft. tall side and rear walls enclosing the firing range facility. This computer model resulted in a
-5 dB to -10 dB reduction of sound at residential properties R4 through R8 to the south/southwest side
of the range, and -13 at the residential property located at 1648 Soda Ridge Road, receiver R2, as
shown in Figure 13 in Appendix F.
Studies with alternate wind conditions and alternate air temperatures and relative humidities (Appendix
G) on the site showed that the assumptions made in the model of a day with an air temperature of 50°F,
50% relative humidity, and 1-11 mph downwind; represented the worst-case scenario for the noise
contour mapping for the existing range. For days in which the air temperature is 0°F with 50% relative
humidity, one could expect a reduction of -3 to -13 dB in all directions. For days in which the air
temperature is 32°F with 50% relative humidity, one could expect a reduction of -1 to -5 dB toward all
directions. A day having air temperature of 70°F with 50% relative humidity resulted in a reduction of
-1 dB toward the southwest. Lastly, a computer model with maximum wind speed of 16.9 mph; with
a north direction, resulted in sound levels that are -4 to -11 dB less than the standard day with 1 to 11
mph downwind. This means that the mapped noise contours represent a worst-case condition in terms
of the effects of temperature, humidity, wind and vegetation on the modeled noise contours.
Any of the walls shown in the noise mitigation options could be replaced with a berm of equal height
above the firing line and the resulting noise contours would remain essentially the same. The noise
mitigating barrier walls can be made of any material or assembly that can reach the required height
above the firing line and have a STC rating ≥ 30. This can include PVC assemblies, metal noise
mitigation walls, concrete masonry units, precast concrete panels or other suitable materials.

CONCLUSIONS
The site noise study documented existing ambient sound levels at locations around the range; measured
sound levels at locations away from the range during a live fire exercise at the range; and evaluated
potential noise mitigation options using a computer model of the range and the surrounding area.
1. Existing ambient sound levels were measured at 4 locations near the range for 2 days or
approximately a 48 hour period of time. Sound levels of gunshots were made at locations on the
range site and at 8 locations around the range sites at distances up to 1.8 miles away from the range.
2. Existing ambient sound levels were measured at 4 locations near potential noise sensitive receivers
located near the proposed range site from October 4, until October 6, 2020. Acoustical
measurements of base line ambient sound levels were also taken at 4 locations in the vicinity of
the site for two-24 hour periods of time (2 days) from the afternoon of October 4, 2020 through the
afternoon of October 6, 2020. Existing ambient sound levels were measured at 4 locations near
potential noise sensitive receivers located near the proposed range site from October 4 until
October 6, 2020. The Average Day-Night Sound Level (LDN’s) at R1 on the hill behind the
apartments on Wayback Drive approximately 0.4 miles southeast of the range was 53 dBA on both
the day that included the live fire exercise and the day after the live fire exercise. Average sound
levels (1 minute LAeq’s) varied between 24 and 74 dBA. The sounds of the live fire exercise were
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nested within the ambient sounds that varied between 52 and 61 dBA during that period of time.
The LDN at R5 that was located at the residence at 522 Vail Circle approximately 1.5 miles
southeast of the range were 46 dBA on both days. Average sound levels (1 second LAeq’s) varied
between 36 and 59 dBA. The sounds of the live fire exercise were nested within the ambient sounds
that varied between 38 and 57 dBA during that period of time. The LDN at R6 that was located at
the residence at 107 Tally Ho Court approximately 0.5 miles southeast of the range were 51 dBA
on the day that included the live fire exercise and 56 dBA on the day after the live fire exercise.
Average sound levels (1 second LAeq’s) varied between 34 and 66 dBA. The sounds of the live
fire exercise were nested within the ambient sounds that varied between 45 and 60 dBA during that
period of time. The LDN at location R7 at the residence at 110 Lone Wolf Court approximately
1.5 miles southwest of the range 56 dBA on the day that included the live fire exercise and 59 dBA
on the day after the live fire exercise. Average sound levels (1 second LAeq’s) varied between 27
and 65 dBA. The sounds of the live fire exercise were nested within the ambient sounds that varied
between 43 and 64 dBA during that period of time.
3. The existing ambient sound levels at these locations were dominated by light traffic on the roads
near the locations, wind blowing through the vegetation including the fluttering sounds of the aspen
leaves as the wind blew, insects, birds and other sounds typical of suburban neighborhoods.
Construction at homes in the neighborhoods, lawn maintenance, delivery trucks and garbage trucks
traveling on the roads were also present during the measurement periods. Sounds of traffic on U.S.
Route 6 were in the background at all locations.
4. A live fire exercise was conducted on October 5, 2020 so that acoustical measurements of gun fire
at the proposed range location could be made at locations in the surrounding community.
Acoustical measurements of the gun shots were made at locations within 1.8 miles of the range.
One sequence of fire was for law enforcement use of the range. Six to eight law enforcement
officers served as shooters firing fast and slow sequences of fire of 5 rounds each with 9 mm
handguns, 12 gauge shotguns and 0.223 Bushmaster rifles on the law enforcement range. One fast
sequence was done with the rounds being discharged within 5 seconds and one slow sequence was
done with the 5 rounds being discharged in 25 seconds. The complete sequence was repeated 2
times. The number of officers, firearms, ammunition and rate of fire was selected by County Law
Enforcement personnel to represent typical sequences that occur during training and qualification
of officers.
5. The law enforcement sequences were followed by slow and heavy sequences for recreational users.
Both recreational sequences included 13 shooters with 6 handguns fired on the pistol range; 5 rifles
fired at the rifle range and 2 shotguns fired at the shotgun/trap range. The specific firearm mix used
was selected by County staff to represent the typical mix of firearms used at the range on typical
and busy days. The slow sequence 10 to 13 ranges each were discharged in approximately 20 to
25 seconds. The busy or heavy recreational use sequence involved all shooters emptying their clips
in a very short period of time. The law enforcement and recreational sequences of fire were
repeated a second time so that data could be recorded at other locations off site.
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6. The data were used to calibrate a computer model of the range that was used to determine if the
proposed range will meet the sound level criteria for the project once the range is in operation and
to assist in determining what type of noise mitigation strategies could be included in the design of
the range so the sound level limits can be met.
7.

Acoustical measurements were taken at selected locations selected by Summit County staff away
from the range at potential noise sensitive receiver locations at distances up to 1.8 miles from the
range so that sound levels from the sequence of fire could be measured at distances away from the
range.

8. Average LAeq, maximum LA max and peak LA peak sound levels were measured at the 8 locations
around the range. The LA peak levels were 17 dB louder than the LAeq levels for all locations and
all weapon types.
9. Sounds of gunshots during the live fire exercise were audible at 5 of the short term measurement
locations, barely audible at 1 location and not audible at 2 locations. The sounds of the live fire
exercise were generally within the range of other ambient sounds measured during the exercise. A
summary of the sound levels of gunshots and other ambient sounds is shown in Table 4. In flat
areas sounds usually decrease approximately 5 to 6 dB with every doubling of distance from the
sound source. This is not the case in this area due to the propagation of sounds from the range
backwards, out of the rear of the current range structures combined with sounds reflecting off the
face of the hill to the north and propagating over the range structures and bending or diffracting
back down to grade level at locations to the south and southwest of the range. For example, the
sounds of the gunfire at 1.2 miles southwest of the range is actually louder than at 1.5 miles
southwest and about the same level as 1.8 miles southwest of the range. The sounds of gunfire
were quieter at 0.5 miles to the east than at greater distances to the south and southwest. Sounds of
gunfire were not audible at the location 0.9 miles to the east largely due to the shielding of this area
by the topography. The sounds of gunfire were not audible at the location 1.0 mile to the southeast
due to shielding by the topography and the levels of ambient sound. The short duration and
intermittency of the gunfire sounds result in their standing out from other ambient sounds and
perhaps being more noticeable than another type of sound would be at similar measured sound
levels.
Table 4. Summary of sounds of gunfire and ambient sound levels measured during the live fire
exercise.
No.

Location

Distance and
Direction to Range

Sound Level of Gun
Shots (dBA)

Ambient Sound Levels
(dBA)

1
2
3
4
5
6
7
8

North of Antlers Gulch
1648 Soda Ridge Road
Along Tennis Club Road
177 Summerwood Drive
304 Cartier Court
48 Coachman Court
422 Idlewild Drive
34 Legend Circle

0.5 miles Southeast
0.9 miles Southeast
1.0 miles East
1.5 miles West
1.2 miles Southwest
1.5 miles Southwest
1.3 miles South
1.8 miles Southwest

31-44
40-48
Not Audible
38-58
33-49
42-54
31-53
38-48

30-50 up to 60
38-60 up to 90
30-50 up to 70
40-63 up to 70
32-53 up to 60
38-57 up to 60
28-57 up to 60
32-55 up to 60
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10. Computer models of noise mitigation options for the range were constructed in CadnaA software
including topography, roads, ground cover, coniferous vegetation, side and downrange berms, and
partial canopy structures over the 50-yard pistol range and over the 100-yard rifle range for a
standard day with 50°F and 50% relative humidity with wind conditions modeled as downwind
with 1 to 11 mph wind.
11. A series of experiments were conducted to determine additional noise mitigating strategies that
could provide increased sound reduction at noise sensitive receivers. The noise mitigation options
studied included the following:
A. Model A: Existing range, as shown in Figure 3.
B. Model B: Existing range design and 20 ft. tall side walls, as shown in Figure 4.
C. Model C: Existing range design and 20 ft. tall rear walls, as shown in Figure 5.
D. Model D: Existing range design and a canopy above the bullet-traps lined with sound
absorbing material, as shown in Figure 6.
E. Model E: Existing range design and an extended canopy above the bullet-traps lined with
sound absorbing material, as shown in Figure 7.
F. Model F: Enclosing the firing lines with sound absorbing side walls, rear wall, and canopy
in addition to the features included in Model A, shown in Figure 8.
G. Models G: Existing range with 20 ft. tall side and rear walls enclosing the range facility,
as shown in Figure 9.
H. Model H: Existing range with 40 ft. tall side and rear walls enclosing the range facility, as
shown in Figure 10.
I. Model I: Enclosing the firing lines with sound absorbing side walls, rear wall, and canopy,
and an extended sound absorbing canopy above the bullet-trap, as shown in Figure 11.
J. Model J: Models H and I combined to consist of40 ft. tall side and rear walls enclosing
the range facility, enclosing the firing lines with sound absorbing side walls, rear wall, and
canopy, and an extended sound absorbing canopy above the bullet-trap, as shown in Figure
12.
K. Model K: Enclosing the firing lines with sound absorbing side and rear walls, with a canopy
that extends the full length of each firing range, as shown in Figure 13.
L. Model L: Consists of Model K with 20 ft. tall side and rear walls enclosing the firing range
facility, as shown in Figure 14.
M. Model M: Consists of Model K with 40 ft. tall side and rear walls enclosing the firing range
facility, as shown in Figure 14.
12. Studies with alternate wind conditions and alternate air temperatures and relative humidities
(Appendix G) on the site were conducted to verify that the assumptions made in the model studies
represented a conservative approach to the noise contour mapping for the proposed range. This
means that the mapped noise contours represent the worst case in terms of the effects of
temperature, humidity, wind and vegetation on the modeled noise contours.
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13. The noise contour plots shown in Figure 1 in Appendix F indicate the resulting noise contours from
the existing range during times when 5 shooters are firing .223 caliber rifles on the law enforcement
firing range, 4 shooters are firing 0.40 caliber handguns on the firing line of the 50-yard pistol
range; 5 shooters are firing .223 caliber rifles on the 100-yard rifle range; and 2 are shooters firing
12 gauge Remington shotguns on the shotgun/trap range within a 1 second time period for the base
range design. A summary of the reductions at each measurement location for the mitigation options
studied is presented in Table 5. Sound reductions of -1 to -13 dB were achieved for combinations
of mitigation options at different locations.
14. The topography of the site and its surroundings have a significant influence on the sound levels at
noise sensitive receiving locations and the effectiveness of the mitigation options. For example,
there is a large hill between the range and residences to the east where reduced sound levels were
measured. Sounds reflect off the face of the hill to the north and reflect back to locations to the
south and southwest of the range.
15. Many of the mitigation options such as extending the height of berms surrounding the ranges and
building a shed with sound absorbent finishes around the firing lines reduced sound levels
effectively to the south and west.
16. A table summarizing the resulting sound reduction provided by each of the computer model studied
is presented in Table 5. The table shows that the following model configurations resulted in more
sound reduction compared to other configurations studied:
A. Model C: 20 ft. tall rear wall. This model resulting in approximately -1 to -4 dB reduction
in off-site sound propagation toward the south and west sides of the firing range facility;
and 0 to -6 dB toward the east and southeast sides of the firing range facility.
B. Model F: Shed enclosure with a 40 ft. deep canopy. This model resulting in approximately
-2 to -7 dB reduction in off-site sound propagation toward the south and west sides of the
firing range facility; and -1 to -9 dB toward the east and southeast sides of the firing range
facility.
C. Model M: Shed enclosure with a canopy covering the entire range; and 40 ft. tall side and
rear walls. Providing these noise mitigation strategies results in approximately -5 to -10 dB
reduction in off-site sound propagation toward the south and west sides of the firing range
facility; and -1 to -13 dB toward the east and southeast sides of the firing range facility.
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Table 5. Summary of estimated reduction of sound levels from the existing firing range for various noise mitigation
schemes.
Estimated Sound Level Reduction per Computer Model Scenarios
Model
A
Model B
Model C
Model D+E
Model F
Model G
Receiver ID.
Existing
Model A +
Model A +
Model A +
Model A +
20 ft. tall
Distance from existing
Range
20 ft. side
20 ft. rear
canopy
shed
side+rear
range | approximate
walls
walls
above bullet
enclosure
walls
receiver location
traps
with 40 ft.
R1. 0.5 mi SE | North of fire
hydrant at Antlers Gulch
R2. 0.9 mi SE | Residence
at 1648 Soda Ridge Road
R3. 1.0 mi E | along Tennis
Club Road
R4. 1.2 mi SW | Residence
at 304 Cartier Court
R5. 1.3 mi S | Residence at
422 Idlewild Drive
R6. 1.5 mi SW | Residence
at 48 Coachman Court
R7. 1.5 mi W | Residence
at 177 Summerwood Drive
R8. 1.8 mi SW| Residence
at 34 Legend Circle

R1. 0.5 mi SE | North of fire
hydrant at Antlers Gulch
R2. 0.9 mi SE | Residence
at 1648 Soda Ridge Road
R3. 1.0 mi E | along Tennis
Club Road
R4. 1.2 mi SW | Residence
at 304 Cartier Court
R5. 1.3 mi S | Residence at
422 Idlewild Drive
R6. 1.5 mi SW | Residence
at 48 Coachman Court
R7. 1.5 mi W | Residence
at 177 Summerwood Drive
R8. 1.8 mi SW| Residence
at 34 Legend Circle

deep canopy

0

0

0

0

-1

-1

0

-1

-6

0

-9

-7

0

0

0

0

-1

-1

0

0

-1

0

-4

-2

0

0

-4

0

-7

-5

0

-2

-1

0

-2

-3

0

0

-2

0

-3

-2

0

0

-1

0

-3

-2

Model H

Model I

Model J

Model K

Model L

Model M

40 ft. tall
side+rear
walls

Shed
enclosure
and canopy
above bullet
trap

40 ft. tall
side+rear
walls; shed
enclosure;
bullet
trap canopy

Shed
enclosure
w/canopy
covering
entire
range

Model K and
20 ft. tall
side+rear
walls

Model K and
40 ft. tall
side+rear
walls

-1

-1

-1

-1

-1

-1

-10

-9

-9

-9

-9

-13

-1

-1

-1

-1

-1

-1

-4

-4

-5

-4

-5

-8

-9

-7

-7

-7

-7

-10

-5

-2

-4

-2

-4

-6

-3

-3

-4

-3

-4

-7

-2

-3

-3

-3

-3

-5
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MEASUREMENT LOCATIONS
1 Mile East
NA

1.5 Miles West
LAeq 38-53 dBA

0.5 Miles Southeast LAeq 31-44 dBA

0.9 Miles Southeast
LAeq 40-48 dBA
1.5 Miles Southwest
LAeq 42-54 dBA

1.2 Miles Southwest
LAeq 33-49 dBA
1.3 Miles South
LAeq 31-53 dBA

1.8 Miles Southwest
LAeq 38-48 dBA

Figure A-1. Area photograph of the areas surrounding the Range indicating the short term measurement
locations and measured sound levels.

Table 2. Summary of sounds of gunfire and ambient sound levels measured at selected locations away from
the range during the live fire exercise.
No.
Location
Distance and
Sound Level of Gun Ambient Sound Levels
Direction to Range
Shots (dBA)
(dBA)
1
2
3
4
5
6
7
8

North of Antlers Gulch
1648 Soda Ridge Road
Along Tennis Club Road
177 Summerwood Drive
304 Cartier Court
48 Coachman Court
422 Idlewild Drive
34 Legend Circle

0.5 miles Southeast
0.9 miles Southeast
1.0 miles East
1.5 miles West
1.2 miles Southwest
1.5 miles Southwest
1.3 miles South
1.8 miles Southwest

SA  Siebein Associates, Inc.

31-44
40-48
Not Audible
38-58
33-49
42-54
31-53
38-48

30-50 up to 60
38-60 up to 90
30-50 up to 70
40-63 up to 70
32-53 up to 60
38-57 up to 60
28-57 up to 60
32-55 up to 60
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APPENDIX B
SUMMARY AND GRAPHS OF SOUND
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LAW ENFORCEMENT FIRING RANGE
TWO 20 SECOND BURSTS
3-yard + 25-yard Firing Lines | 6-8 Pistols

3

3-YARD | SIDE
LAeq LApeak
110-125 136-148
1

33-YARD
3-YAR
LAeq LApeak
116-123 137-145
3

2525-YARD
25-Y
LAeq LApeak
104-123 127-150

2

25-YARD | REAR
LAeq LApeak
111-120 135-144

NOTES:
1. Sound level measurements indicated are for 6 Pistols
2. Sound level measurements indicated are for 7 Pistols
3. Sound level measurements indicated are for 8 Pistols

Figure B-1. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during the Law 1 and Law 2 sequences of fire.
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LAW ENFORCEMENT FIRING RANGE
TWO 20 SECOND BURSTS
3-yard + 25-yard Firing Lines | 4 Shotguns + 2 Pistols

3-YARD | SIDE
LAeq LApeak
109-122 132-147
3-YAR
3-YARD
3LAeq LApeak
115-123 140-144
2525-YARD
25-Y
LAeq LApeak
109-123 128-148
25-YARD | REAR
LAeq LApeak
111-122 137-148

Figure B-2. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during the Law 3 and Law 4 sequences of fire.
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LAW ENFORCEMENT FIRING RANGE
TWO 20 BURSTS
3-yard + 25-yard Firing Lines | 6-8 Rifles

2

3-YARD | SIDE
LAeq LApeak
113-129 126-152
3

3-YAR
3-YARD
3LAeq LApeak
116-125 139-147
1

2525-YARD
25-Y
LAeq LApeak
103-127 132-154

3

25-YARD | REAR
LAeq LApeak
115-123 139-146

NOTES:
1. Sound level measurements indicated are for 6 Rifles
2. Sound level measurements indicated are for 7 Rifles
3. Sound level measurements indicated are for 8 Rifles

Figure B-3. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during the Law 5 and Law 6 sequences of fire.
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LAW ENFORCEMENT FIRING RANGE
SINGLE SHOTS
25-yard Firing Line | 1 Pistol, 1 Shotgun, 1 Rifle

2525-YAR
LAeq LApeak
1
126-127
153
2
126-127 152-154
3
126-129 152-155

NOTES:
1. Sound level measurements indicated are for 1 Pistol
2. Sound level measurements indicated are for 1 Shotgun
3. Sound level measurements indicated are for 1 Rifle

Figure B-4. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during the Law Enforcement Single Shot sequences of fire.
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RECREATION FIRING RANGES
SINGLE TO TWO 20 SECOND BURSTS
Firing Lines | 5-6 Pistols + 6 Rifles + 2 Shotguns

RIFLES | FRONT
LAeq LApeak
3
107-136 142-168
4
106-135 142-161
5
116-135 141-159

PISTOLS | SIDE
LAeq LApeak
1
103-129 122-155

RIFLES | REAR
LAeq LApeak
2
73-119 102-147

SHOTGUN | SIDE
LAeq LApeak
1
87-117 107-143

NOTES:
1. Sound level measurements indicated are for a single burst of fire; 6 Pistols, 6 Rifles,
2 Shotguns.
2. Sound level measurements indicated are two 20 second bursts; 6 Pistols, 6 Rifles,
2 Shotguns.
3. Sound level measurements indicated are for a slow, single burst of fire; 5 Pistols, 6
Rifles and 1 Shotgun
4. Sound level measurements indicated are for two 20 second bursts of heavy fire
including 5 Pistols, 6 Rifles and 1 Shotgun
5. Sound level measurements indicated are for two 20 second bursts of heavy fire
including 5 Pistols, 6 Rifles and 2 Shotguns
Figure B-5. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during the Rec 1 Slow and Rec 2 Heavy sequences of fire.
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RECREATION FIRING RANGES
SINGLE SHOTS

RIFLES | SIDE
LAeq LApeak
130
155
RIFLES | FRONT
LAeq LApeak
132
158
PISTOLS | FRONT
LAeq LApeak
136
162
PISTOLS | SIDE
LAeq LApeak
138
161
PISTOLS | REAR
LAeq LApeak
125
143

RIFLES | REAR
LAeq LApeak
121
145

Figure B-6. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured for the Recreational Range Single Shot sequences of fire.
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Appendix B7

Summit County Government
Department of Community Deveopment, Public Works and Transportation
Summit County Public Shooting Range | Site Noise Study
Summit County, Colorado
March 22, 2021

LAW ENFORCEMENT AND RECREATION FIRING RANGES
SINGLE 20 SECOND BURSTS
Firing Lines | 18 Persons Firing

ALL RANGES
LAeq LApeak
103-129 122-155

Figure B-7. Diagram indicating the placement and number of shooters, measurement locations and the sound
levels measured during during the sequence of fire with shooters on all 3 Recreational Ranges and the Law
Enforcement Range.
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Distance away from
the nearest shooter

LApeak

LAeq

Rear

10'

137-145

116-123

Law 1
24 (B-1)

3 Yard Line

8 Pistols

3 Yard
5 Shot
1 Bursts
Line
Bursts

Left

7'

136-148

110-125

Law 2
15 (B-1)

25 Yard Line

7 Pistols

25 Yard
5 Shot
2 Bursts
Line
Bursts

Rear

10'

135-144

111-120

Law 2
25 (B-1)

25 Yard Line

8 Pistols

5 Shot
25 Yard
2 Bursts
Bursts
Line

Left

7'

127-150

104-123

Law 3
17 (B-2)

25 Yard Line

4 Shotguns 4 Shot
25 Yard
2 Bursts
+ 3 Pistols Bursts
Line

Rear

10'

137-148

111-122

Law 3
26 (B-2)

25 Yard Line

4 Shotguns 4 Shot
25 Yard
2 Bursts
+ 2 Pistols Bursts
Line

Left

7'

128-148

109-123

Law 4
16 (B-2)

3 Yard Line

4 Shotguns 4 Shot
3 Yard
2 Bursts
+ 3 Pistols Bursts
Line

Rear

10'

140-144

115-123

Law 4
27 (B-2)

3 Yard Line

4 Shotguns 4 Shot
3 Yard
2 Bursts
+ 2 Pistols Bursts
Line

Left

7'

132-147

109-122

Law 5
18 (B-3)

3 Yard Line

8 Rifles

3 Yard
5 Shot
2 Bursts
Line
Bursts

Rear

10'

139-147

116-125

Law 5
28 (B-3)

3 Yard Line

7 Rifles

5 Shot
3 Yard
2 Bursts
Bursts
Line

Left

7'

126-152

113-129

Law 6
19 (B-3)

25 Yard Line

8 Rifles

25 Yard
5 Shot
2 Bursts
Line
Bursts

Rear

10'

138-146

115-123

Law 6
29 (B-3)

25 Yard Line

6 Rifles

25 Yard
5 Shot
2 Bursts
Line
Bursts

Left

7'

132-154

103-127

Law Single:
11 Pistol
25 Yard Line

1 Pistol

25 Yard
Single
4 Shots
Line
Shots

Front

10'

153

126-127

1 Rifle

Single
25 Yard
3 Shots
Shots
Line

Front

10'

152-155

126-129

1 Shotgun
(12 gauge
w/ slug)

25 Yard
Single
3 Shots
Line
Shots

Front

10'

152-154

126-127

Sequence Name

Location

3 Yard
5 Shot
2. Bursts
Line
Bursts

Number of
Sequences/ Bursts

6 Pistols

Range(s)
3 Yard Line

(Associated Figure #)

Law 1
15 (B-1)

File

Position relative
to the line of fire

Number of Shots per
Sequence/ Bursts

Number of Shooters
+ Type of Guns

Table B-1. Summary of sounds of gunfire sound levels measured at locations near from the ranges during the
live fire exercise.
Sound Levels
Sound Source
Measurement Location
Measured (dBA)

LAW ENFORCEMENT RANGE

(B-4)

Law Single:
13 Rifle
25 Yard Line
(B-4)

Law Single:
12 Shotgun
25 Yard Line
(B-4)
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Sound Levels
Measured (dBA)

Measurement Location
Number of
Sequences/ Bursts

Location

Position relative
to the line of fire

Distance away from
the nearest shooter

LApeak

LAeq

Number of Shots per
Sequence/ Bursts

Number of Shooters
+ Type of Guns

Range(s)

(Associated Figure #)

Sequence Name

File

Sound Source

Typical
1 Burst
Day

Rifle
Range

Front

10'

142-162

107-136

Typical
Rifle
2 Bursts
Day
Range

Rear

10'

102-147

73-119

Heavy/
Rapid 1 Burst
Firing

Rifle
Range

Front

10'

142-161

106-135

Heavy/
Rapid 1 Burst
Firing

Rifle
Range

Front

10'

141-159

116-135

Heavy/
Rapid 1 Burst
Firing

Shotgun/
Trap
Range

Right

10'

107-143

87-117

Heavy/
Rapid 1 Burst
Firing

Pistol
Range

Left

10'

121-150

100-124

RECREATIONAL RANGES
Rec 1
10 Slow
(B-5)

Rec 1
20 Slow
(B-5)

Rec 2
10 Heavy
(B-5)

Rec 2
14 Heavy
(B-5)

Rec 2
21 Heavy
(B-5)

Rec 2
22 Heavy
(B-5)

Pistol Range
Rifle Range
Shotgun/ Trap Range
Pistol Range
Rifle Range
Shotgun/ Trap Range
Pistol Range
Rifle Range
Shotgun/ Trap Range
Pistol Range
Rifle Range
Shotgun/ Trap Range
Pistol Range
Rifle Range
Shotgun/ Trap Range
Pistol Range
Rifle Range
Shotgun/ Trap Range

Rec Single:
34 Pistol
Pistol Range

5 Pistols
6 Rifles
2 Shotguns
6 Pistols
6 Rifles
2 Shotguns
5 Pistols
6 Rifles
2 Shotguns
5 Pistols
6 Rifles
3 Shotguns
6 Pistols
6 Rifles
2 Shotguns
6 Pistols
6 Rifles
2 Shotguns
1 Pistol

Single Shot

Pistol
Range

Front

10'

162

136

1 Pistol

Single Shot

Pistol
Range

Side

10'

161

138

1 Pistol

Single Shot

Pistol
Range

Rear

10'

143

125

1 Rifle

Single Shot

Rifle
Range

Front

10'

158

132

1 Rifle

Single Shot

Rifle
Range

Side

10'

155

130

1 Rifle

Single Shot

Rifle
Range

Rear

10'

145

121

(B-6)

Rec Single:
35 Pistol
Pistol Range
(B-6)

Rec Single:
36 Pistol
Pistol Range
(B-6)

Rec Single:
31 Rifle
Rifle Range
(B-6)

Rec Single:
32 Rifle
Rifle Range
(B-6)

Rec Single:
33 Rifle
Rifle Range
(B-6)

ALL RANGES
30

ALL
(B-7)

18 guns
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Heavy/
Rapid 1 Burst
Firing

Between Pistol
Range and Rifle
Range

122-155 103-129
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Summary of Long Term Sound Level Measurements

SA  Siebein Associates, Inc.

Appendix C-1

Summit County Government
Department of Community Deveopment, Public Works and Transportation
Summit County Public Shooting Range | Site Noise Study
Summit County, Colorado
March 22, 2021

MEASUREMENT LOCATIONS
RION 1
LDN= 53 dBA
LAeq= 24-74 dBA
RION 6
LDN= 51-56 dBA
LAeq= 34-70 dBA

RION 7
LDN= 56-59 dBA
LAeq= 26-72 dBA
RION 5
LDN= 51-56 dBA
LAeq= 34-70 dBA

Figure C-1. Aerial photograph of the areas surrounding the Range with the long term measurement locations
and measurements.

Location
Rion 1
Rion 5
Rion 6
Rion 7

Range of LDN’s
53
42-46
51-56
56-59

Range of Sound Levels
24-74 dBA
36-55
34-70 dBA
26-72 dBA

Table C-1. Summary of Day-Night Average Sound Levels (LDN’s) and range of measured sound levels at the
long term measurement locations.
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APPENDIX D
Graphs of Measured Sound Levels During the Live Fire Exercise

SA  S iebe in A ssoc iate s, In c.

Appe ndix D1

Plane

Approximate LAeq Range of Gunshots: 31‐44 dBA
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APPENDIX E: SUMMARY OF WEATHER CONDITIONS DURING THE FIELD
MESAUREMENTS

Table E-1. Summary table of weather conditions during the field measurements collected from Weather
Underground weather station KCODILL047.
Time
Temp.
Dew
Relative
Wind
Wind
Wind Gust Pressure Precipitation
Point
Humidity
Direction
Speed
Speed
Rate
(inches of
(A.M.)
(°F)
(°F)
(%)
(mph)
(mph)
mercury)
(in)
8:14
37.9 F
16.7 F
42 %
East
7.0 mph
9.0 mph
29.99 in
0.00 in
8:19
38.2 F
16.9 F
41 %
East
5.8 mph
9.4 mph
29.99 in
0.00 in
8:24
38.5 F
16.9 F
41 %
East
4.8 mph
7.4 mph
29.99 in
0.00 in
8:29
38.8 F
16.6 F
40 %
East
3.0 mph
6.4 mph
29.99 in
0.00 in
8:34
39.1 F
16.8 F
40 %
East
3.3 mph
6.6 mph
29.99 in
0.00 in
8:39
39.6 F
17.1 F
40 %
East
1.4 mph
2.5 mph
29.99 in
0.00 in
8:44
39.8 F
17.5 F
40 %
East
2.0 mph
3.4 mph
30.00 in
0.00 in
8:49
40.0 F
17.7 F
40 %
East
0.5 mph
2.0 mph
30.00 in
0.00 in
8:54
40.3 F
17.6 F
39 %
East
0.4 mph
1.4 mph
30.00 in
0.00 in
8:59
40.6 F
17.5 F
39 %
East
0.2 mph
1.0 mph
30.00 in
0.00 in
9:04
41.1 F
18.0 F
39 %
East
0.6 mph
1.6 mph
30.00 in
0.00 in
9:09
41.5 F
18.4 F
39 %
East
0.5 mph
1.8 mph
30.00 in
0.00 in
9:14
42.3 F
18.9 F
39 %
East
1.8 mph
2.4 mph
30.00 in
0.00 in
9:19
43.2 F
18.4 F
37 %
East
1.6 mph
2.6 mph
30.00 in
0.00 in
9:24
44.0 F
18.2 F
35 %
East
0.9 mph
2.4 mph
30.00 in
0.00 in
9:29
44.8 F
18.6 F
35 %
East
1.4 mph
2.8 mph
30.00 in
0.00 in
9:34
45.8 F
18.6 F
33 %
East
1.6 mph
3.4 mph
30.00 in
0.00 in
9:39
46.9 F
18.6 F
32 %
East
2.5 mph
3.0 mph
30.00 in
0.00 in
9:44
48.0 F
18.3 F
30 %
East
1.6 mph
3.0 mph
29.99 in
0.00 in
9:49
48.8 F
18.5 F
30 %
East
1.0 mph
2.6 mph
30.00 in
0.00 in
9:54
49.4 F
18.0 F
28 %
East
1.0 mph
2.6 mph
30.00 in
0.00 in
9:59
50.0 F
19.3 F
29 %
SE
2.6 mph
3.6 mph
30.00 in
0.00 in
10:04
50.6 F
19.5 F
29 %
SSE
3.4 mph
5.4 mph
30.00 in
0.00 in
10:09
51.2 F
20.0 F
29 %
SW
5.0 mph
7.6 mph
30.00 in
0.00 in
10:14
51.6 F
20.2 F
29 %
WSW
4.4 mph
10.2 mph
30.00 in
0.00 in
10:19
52.2 F
20.5 F
29 %
West
6.0 mph
9.6 mph
30.00 in
0.00 in
10:24
52.9 F
18.6 F
26 %
WNW
3.5 mph
11.3 mph
30.00 in
0.00 in
10:27
53.2 F
19.2 F
26 %
NW
9.3 mph
11.0 mph
29.99 in
0.00 in
10:34
54.1 F
19.2 F
25 %
WNW
8.1 mph
13.0 mph
29.99 in
0.00 in
10:39
54.9 F
19.3 F
25 %
WNW
5.4 mph
15.2 mph
29.99 in
0.00 in
10:44
55.4 F
18.9 F
24 %
NW
16.6 mph
20.0 mph
29.98 in
0.00 in
10:49
55.9 F
19.6 F
24 %
NW
10.8 mph
21.8 mph
29.98 in
0.00 in
10:54
56.7 F
19.6 F
23 %
NW
17.2 mph
20.8 mph
29.98 in
0.00 in
10:59
57.0 F
18.8 F
22 %
NW
16.4 mph
24.2 mph
29.98 in
0.00 in
11:04
57.4 F
19.1 F
22 %
NW
15.4 mph
23.2 mph
29.98 in
0.00 in
11:09
57.7 F
18.7 F
22 %
NNW
13.0 mph
20.2 mph
29.98 in
0.00 in
11:14
57.7 F
18.1 F
21 %
NW
11.9 mph
18.4 mph
29.97 in
0.00 in
SA
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NOISE MITIGATION OPTIONS
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R5
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at 304 Cartier Ct.
422 Idlewild Dr.
R6

1.50 mi SW | Residence
at 48 Coachman Ct.

R7

1.50 mi W | Residence at
177 Summerwood Dr.

R8

1.80 mi SW | Residence
at 34 Legend Cr.
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Figure 1. Summary of computer model studies conducted for the existing firing range
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Figure 2. Aerial map showing the resulting noise contours from the existing firing range | Model A
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Figure 3. Aerial map showing the resulting noise contours from the existing firing range | Model B
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Figure 4. Aerial map showing the resulting noise contours from the existing firing range | Model C
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Model D: Base + Canopy above bullet
trap
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 5. Aerial map showing the resulting noise contours from the existing firing range | Model D
SA  Siebein Associates, Inc.
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Model E: Base + Extended canopy
above bullet trap
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 6. Aerial map showing the resulting noise contours from the existing firing range | Model E
SA  Siebein Associates, Inc.
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Model F: Base + Shed enclosure with 40
ft. deep canopy
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Figure 7. Aerial map showing the resulting noise contours from the existing firing range | Model F
SA  Siebein Associates, Inc.
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Model G: 20 ft. tall side and rear walls
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 8. Aerial map showing the resulting noise contours from the existing firing range | Model G
SA  Siebein Associates, Inc.
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Model H: 40 ft. tall side and rear walls
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 9. Aerial map showing the resulting noise contours from the existing firing range | Model H
SA  Siebein Associates, Inc.
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Model I: Shed enclosure and canopy
above bullet trap
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 10. Aerial map showing the resulting noise contours from the existing firing range | Model I
SA  Siebein Associates, Inc.
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Model J: 40 ft. tall side + rear walls; shed
enclosure; bullet trap canopy
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-5
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-4
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 11. Aerial map showing the resulting noise contours from the existing firing range | Model J
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Model K: Shed enclosure with canopy
covering entire length of range
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R4

-2
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 12. Aerial map showing the resulting noise contours from the existing firing range | Model K
SA  Siebein Associates, Inc.
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Model L: Shed enclosure with canopy
covering entire length of range; and 20 ft.
tall side + rear walls
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 13. Aerial map showing the resulting noise contours from the existing firing range | Model L
SA  Siebein Associates, Inc.
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Model M: Shed enclosure with canopy
covering entire length of range; and 40 ft.
tall side + rear walls
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 14. Aerial map showing the resulting noise contours from the existing firing range | Model M
SA  Siebein Associates, Inc.
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VARYING WEATHER CONDITIONS SCENARIOS
RESULTING COMPUTER MODEL RELATIVE INSERTION LOSS
Model A:
Model A1:
Model A2:
Model A3:
Model A4:
Base
Max wind speed
50°F; 50% R.H. 0°F; 50% R.H. 32°F; 50% R.H. 70°F; 50% R.H. and direction:
16.9 mph N
R1

0.50 mi SE | north of fire

0 dB
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(0)
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(0)
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(-8)
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(0)

(-6)
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(-13)

(-5)

(-1)

(-11)

0 dB

(-11)

(-4)

(-1)

(-10)

0 dB

(-10)

(-4)

(-1)

(-7)

hydrant at Antlers Gulch
R2

0.90 mi SE | Residence
at 1648 Soda Ridge Rd.

R3

1.00 mi E | along Tennis
Club Road, Keystone

R4

1.20 mi SW | Residence
at 304 Cartier Ct.

R5

1.30 mi S | Residence at
422 Idlewild Dr.

R6

1.50 mi SW | Residence

R7

1.50 mi W | Residence at

at 48 Coachman Ct.
177 Summerwood Dr.

R3
R7

R8

at 34 Legend Cr.

R1

R2
R4

R6

R5
R8

0'

Figure 1. Summary of computer model studies conducted for the existing firing range
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Varying weather conditions:
50°F; 50% R.H.
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0
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 2. Aerial map showing the resulting noise contours from the existing firing range | Model A
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Model A1
Varying weather conditions:
0°F; 50% R.H.

-11
R7

-6
R3

-3
R1
-8
R2

-7
R4

-13
R6

NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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-10
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Figure 3. Aerial map showing the resulting noise contours from the existing firing range | Model A1
SA  Siebein Associates, Inc.
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Model A2
Varying weather conditions:
32°F; 50% R.H.
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 4. Aerial map showing the resulting noise contours from the existing firing range | Model A2
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Model A3
Varying weather conditions:
70°F; 50% R.H.
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R3

0
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0
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0
R4
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 5. Aerial map showing the resulting noise contours from the existing firing range | Model A3
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Model A4
Varying weather conditions:
50°F; 50% R.H.
Max wind speed and direction: 16.9 mph N
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NOISE SENSITIVE RECEIVERS
R1. 0.5 mi SE | Antlers Gulch
R2. 0.9 mi SE | 1648 Soda Ridge Rd.
R3. 1.0 mi E | Keystone
R4. 1.2 mi SW | 304 Cartier Rd.
R5. 1.3 mi S | 422 Idlewild Dr.
R6. 1.5 mi SW | 48 Coachman Ct.
R7. 1.5 mi W | 177 Summerwood Dr.
R8. 1.8 mi SW | 34 Legend Cr.
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Figure 6. Aerial map showing the resulting noise contours from the existing firing range | Model A4
SA  Siebein Associates, Inc.
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APPENDIX H: SUMMARY OF WEAPONS DATA USED IN THE COMPUTER MODEL
STUDIES

Weapons used on the existing 50-yard law enforcement range, 50-yard pistol range,
shotgun/trap range, and 100-yard rifle range.
.223 Rifle
12-gauge Shotgun
.44 Handgun
Octave Band Sound Exposure Level Data for M-16 with .223 Rem. 55gr. power-locked hollow point
rounds at a distance of 13 ft (4 meters)
Receiver
Direction Relative to
Direction of Gunfire

Octave Band Sound Exposure Level in dB
125 Hz

250 Hz

500 Hz

1000 Hz

2000 Hz

4000 Hz

Front

109

118

121

121

118

115

Front/Side1

106

114

117

117

115

112

Side

103

109

112

113

112

109

Rear/Side2

100

106

109

110

110

107

Rear 4

96

102

105

107

108

104

Octave Band Sound Exposure Level Data for a 12-gauge shotgun at a distance of 13 ft (4 meters)
Receiver
Direction Relative to
Direction of Gunfire

Octave Band Sound Exposure Level in dB
125 Hz

250 Hz

500 Hz

1000 Hz

2000 Hz

4000 Hz

Front

111

118

119

119

116

112

Front/Side2

106

113

114

114

112

110

Side

101

108

109

109

109

107

Octave Band Sound Exposure Level Data for a .44 Remington Magnum with a 200 gr. hollow point
hunting load ammunition at a distance of 13 ft (4 meters)
Receiver
Direction Relative to
Direction of Gunfire

Octave Band Sound Exposure Level in dB
125 Hz

250 Hz

500 Hz

1000 Hz

2000 Hz

4000 Hz

Front

111

118

118

119

117

114

Front/Side1

108

114

116

117

115

112

Side

104

111

114

115

113

109

Rear/Side2

104

109

112

113

112

109

Rear 4

104

107

110

111

111

108

Notes:
1. Sound levels were interpolated between the Front and Side conditions.
2. Sound levels were interpolated between the Rear and Side conditions.
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APPENDIX I: LIST OF GPS LOCATIONS FOR THE MEASUREMENT LOCATIONS
Table I-1. List of GPS coordinates for the locations where measurements of the existing ambient sound levels
were measured during the field study.
Meter

Distance
from
Source

Direction
from
Source

Receiver Location

Latitude

Longitude

Elevation

RION 1

0.4 miles

SE

Up Trail off of Landfill Road

N39º 36.279’

W105º 59.255’

9,276 ft

RION 6

0.8 miles

SW

Residence at
107 Tally Ho Court

N39º 36.084’

W106º 00.193’

9,119 ft

RION 7

1.5 miles

SW

Residence at
110 Lone Wolf Court

N39º 35.594’

W106º 00.658’

9,140 ft

RION 5

1.5 miles

S

Residence at
522 Vale Circle

N39º 35.324’

W105º 59.935’

9,141 ft

Table I-2. List of GPS coordinates for the locations where measurements of the sounds of firearms were
measured during the field study.
Meter

Distance
from
Source

Direction
from
Source

Receiver Location

Latitude

Longitude

Elevation

LD4

0.5 miles

SE

North of Antlers Gulch

N39º 36.356’

W105º 59.031’

9,289 ft

LD3

0.9 miles

SE

Residence at
1648 Soda Ridge Road

N39º 36.032’

W105º 58.792’

9,228 ft

LD3

1 miles

E

Along Tennis Club Road

N39º 36.553’

W105º 58.425’

9,326 ft

LD1

1.2 miles

SW

Residence at
304 Cartier Court

N39º 35.782’

W106º 00.288’

9,113 ft

LD2

1.3 miles

S

Residence at
422 Idlewild Drive

N39º 35.551’

W105º 59.862’

9,206 ft

LD1

1.5 miles

SW

Residence at
48 Coachman Court

N39º 35.821’

W106º 00.835’

9,069 ft

LD4

1.5 miles

W

Residence at
177 Summerwood Drive

N39º 36.453’

W106º 01.226’

9,167 ft

LD2

1.8 miles

SW

Residence at
34 Legend Circle

N39º 35.293’

W106º 00.536’

9,201 ft

SA
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FIRM QUALIFICATIONS
Siebein Associates, Inc. established in 1981 in Gainesville, Florida is a leading acoustical consulting firm
that specializes in sound assessment and analysis for shooting ranges and noise mitigation design for
facilities using a variety of small arms, heavy weapons, field measurement; research; development of
computer programs; and design of state, federal, public, and military and police training facilities. This has
included work for firing ranges around the world for the US military, federal agencies such as the FBI,
Capitol Police and FLETC as well as police training and privately owned ranges. We have also conducted
research on firearms noise measurement and mitigation for the National Rifle Association and the National
Science Foundation.
The firm has worked on over 2,200 projects worldwide and is very experienced with work on police and
recreational shooting facilities in the vicinity of residential neighborhoods. We have also worked with a
number of municipalities to develop noise ordinances, participated in public hearings for noise impact
related work, and worked on ANSI and ASTM committees to draft acoustical standards. Measurement,
modeling and prediction of noise levels from impulsive sounds like gun fire in complex environments using
field measures, computer models, and auralizations is a particular strength of the firm.

Gary W. Siebein
Principal in Charge

Jennifer Miller
Consultant

Keely Siebein
Senior Consultant

Gary Siebein, Jr.
Consultant

Marylin Roa
Senior Consultant

Ian Jones
Intern Consultant

Figure 1. Organizational Chart
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Table 1. Staff Role and Responsibilities

Name

Role

Responsibility

Gary W. Siebein, FASA, FAIA Principal-in-Charge

Experimental Design
Field Measurements
Noise Mitigation System Design and Analysis
Quality Control Review of Work

Keely Siebein, ASA, INCE

Senior Consultant

Qualification and Report Preparation, Data
Review

Gary Siebein, Jr., CTS

Environmental Noise
Measurement, Consultant

Project Data Analysis and Field Measurements

Jennifer Miller, Assoc. AIA,
ASA

Environmental Noise
Measurement,
Consultant

Project Data Analysis and Field Measurements

Marylin Roa, Assoc. AIA,
ASA

Computer Modeling, Consultant

Computer Modeling, Noise Mitigation Design
and Analysis

Ian Jones

Intern Consultant

Technical Assistance with Report Preparation
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SELECTED PROJECT EXPERIENCE
Michigan Department of Natural Resources Statewide Outdoor Firing Ranges
State of Michigan

The Michigan Department of Natural Resources proposed to develop several primitive ranges or open sites throughout
the state into outdoor shooting ranges. We worked closely with the Department to conduct acoustical studies to select
sites compatible with surroundings.
Our consultants conducted live fire acoustical measurements with multiple shooters using several types of firearms and
ammunition. We recorded data up to two miles from the proposed range sites. We performed data analysis using our
proprietary software and developed 3D models including noise contour mapping of firearms discharge for each
proposed range.
Siebein Associates provided noise mitigation recommendations and acoustical design strategies for each range with
alternate configurations, noise mitigation features and weather conditions to optimize the acoustical design of each
range and to meet noise ordinance sound limits.
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City of Omaha Firing Range
Omaha, Nebraska

The City of Omaha was considering building an outdoor gun range at the Omaha Public Safety Training Center site.
Siebein Associates conducted live fire acoustical measurements at the proposed range location and recorded the data
at 16 receiver locations in the surrounding community within 2 miles of the proposed range site. Twenty law enforcement
personnel served as shooters. We also conducted acoustical measurements of ambient sound levels of the
surrounding environment including traffic, wind, and insects.
A three dimensional computer model of the proposed firing range design was constructed using state-of-the-art noise
propagation modeling software to assess the effects of the possible range scenarios and to make acoustical design
recommendations as pertaining to the construction and modifications of the proposed range design for layout, shooting
direction(s), berm heights, enclosures, use of acoustical construction materials, vegetation, and other aspects to
mitigate sound propagating from the range in order to minimize the affected outlying residential, recreational, business
and school areas.
Our consultants conducted acoustical model studies of alternative designs and acoustical features added to the range
to mitigate potential noise impacts and provided schematic design recommendations for orientation of the ranges,
partial enclosures, barrier walls, berms and other noise mitigation strategies that may be required to meet the acoustical
design criteria for the project.
Siebein Associates also provided the City of Omaha with noise contours for one or more scenarios that are not site
specific that can be used as a preliminary range site selection tool to begin the site selection process. This could be
adapted for other firearms or use scenarios for the upcoming projects. This would allow local staff to make intelligent,
data based decisions on potential locations and sites for ranges before the measurements and more detailed studies
were conducted.
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Dubuque County Sheriff’s Range
Dubuque County, Iowa

The Dubuque County Sheriff’s Office Drug Task Force was considering building an outdoor gun range.
Siebein Associates conducted live fire acoustical measurements at the proposed range location and at locations within
2 miles of the proposed range site. The data were used to determine if the proposed range would meet the sound level
criterion specified in the approved Special Use Permit for the range issued by the County
The data were also evaluated in computer model studies for the proposed design of the range. A computer model was
constructed to analyze the propagation of sounds from the proposed base range design. Additional computer model
studies were analyzed to determine optional acoustical design strategies to reduce noise propagating off site as well
as to confine sound propagation.
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Camp Lejeune USMC Firing Range
Camp Lejeune, North Carolina

Siebein Associates conducted post construction acoustical measurements of firearms activity at the B-12 Baffled Pistol
Range on the Marine Corps Base Camp Lejeune after the installation of acoustical treatment on the side walls and
ceiling of the range. Short term acoustical measurements of overall-A-weighted and Z-weighted sound levels produced
by firearms operations were made at 8 different locations at the source and up to 25 yards away from source with 1 to
3 shooters.
Reverberation times were measured using impulse response measurements; the peak sound levels of the gunshots
were measured within the range using the High-Energy Firearms Noise Recording and Analysis System with high
pressure microphones; and sound levels outside the range were measured with 2 conventional sound level meters.
The impulse responses measured after the installation of the acoustical treatment revealed relatively uniform, steady
decay and a reduction of approximately 1 to 1.5 seconds in reverberation time was achieved with mid frequency
reverberation times measured at 0.44 to 0.60 seconds.
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Department of Defense Firing Range
Virginia

Siebein Associates conducted an acoustical study of outdoor firing ranges at Range 29 at the Department of Defense
Firing Range in Virginia. Range 29 consists of four identical ranges, constructed in two pairs separated by
approximately 20 feet. The ranges are used for training of military and non-military personnel in the use of standard
small arms. Since all of the ranges are typically occupied at the same time it means that all lanes are firing concurrently
and repeatedly. This results in a buildup of sound that creates difficulty in the ability of students to hear the commands
of their instructors, and the ability of the instructors on the firing line to hear the commands of the range master.
The firm was engaged to provide an analysis of the range acoustics and recommendations for noise mitigation that will
resolve the poor acoustic conditions at the four ranges.
Field measurements were conducted of simulated firearms training activities on the existing ranges and of ambient
sound levels. A 1:16 scale acoustical model was constructed to determine the amount of noise reduction that could be
achieved in adjoining ranges during simultaneous firearms training events on multiple ranges.
A computer model was used to estimate the resulting Speech Intelligibility Index (SII) and the percentage of the actual
words heard correctly when instructors speak to students wearing double hearing protection while firearms training
occurred on adjacent ranges.
Mitigation strategies were developed to reduce the noise propagated from range to range during firearms training and
to increase the percentage of words heard correctly by students.
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Island Lake Recreational Shooting Range Noise Impact Analysis
Brighton, Michigan

Island Lake Recreational Shooting Range, located in Livingston
County, Michigan is operated by the State of Michigan,
Department of Natural Resources and a private concessionaire.
Activities at the range include rifle and pistol, and shotgun
shooting on four skeet/ trap ranges, a 25 station sporting clays
course and a five stand clays station.
Sounds propagating from the range into nearby residential
neighborhoods prompted residents to file complaints which
resulted in extended litigation. Although the Livingston County
Circuit Court ruled that “the activities of the clay target
concessionaire do not constitute a nuisance under Michigan
law,” the Michigan Department of Natural resources engaged
Siebein Associates to conduct a comprehensive sound
assessment and analysis to identify the level and intensity of
sounds propagating from the shooting range, the impact the
sounds were having on local residents, and whether or not
measures could be taken to mitigate the sounds.
Siebein Associates conducted extensive acoustical measurements of actual shooting range events on the Sporting
Clay Range, Trap and Skeet Range, and Rifle and Pistol Ranges as part of a series of controlled studies to isolate the
acoustical impact of specific shooting positions and events at each range on residential receivers to the north and south
of the facility; to quantify the gunfire sound levels at surrounding residential receivers; and to quantify the performance
of existing sound reduction features such as the partial shed enclosures around the Sporting Clay Range stations. Long
term measurements of sound levels in the community and short term measurements of specific acoustical events during
an actual competition day were also made. The data collected during the studies were used in sophisticated computer
models to assess various sound reduction schemes for each of the ranges. A series of alternative noise mitigation
strategies were presented.
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United States Army Training Complex Range 8
Okinawa, Japan

Siebein Associates conducted a sound assessment and analysis for expansion of range activities and construction for
new ranges. Design criteria for off-site noise propagation were established by the military. The ranges were to be used
for Special Forces firearms training activities. A combination of acoustical measurements at similar training facilities,
computer model studies of proposed activities, and model calibration studies conducted in the field were used to
evaluate proposed designs. Acoustical measurements of typical busy day training activities were recorded at for Army
Special Forces operations at an existing facility. The acoustical data from the actual training activities were used in 4
different computer models to estimate sound levels at various locations around the proposed facility as affected by
distance, topography and vegetation. Sophisticated military noise prediction programs were also used to independently
estimate noise contours based on the projected number of personnel, rounds per day and weapons used in the training
exercises. Methods to reduce sound levels were evaluated as well in a series of optimization studies.
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FBI Proposed 500 Yard Precision Rifle Deck Environmental Acoustic Assessment
Quantico, Virginia

Siebein Associates conducted an environmental acoustic assessment to determine the impact of the FBI Academy’s
proposed 500 yard Precision Rifle Deck on a nearby campsite and recreational area as well as at classrooms, offices
and dormitory buildings at the National FBI Academy at the U.S. Marine Corps base in Quantico, Virginia. Short term
acoustical measurements were conducted of simulated training events at the site of the future rifle deck at locations
near the shooters, and at multiple campground sites within range of the gunfire sounds. Long term acoustical
measurements of ambient sound levels were also made at three campground sites and a building on the FBI Academy
campus for a period of one week. Three computer models were then constructed to estimate existing and future noise
levels from training activities at the locations of interest.
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Albemarle County, Virginia Firing Range Site Noise Assessment
Albemarle County, Virginia

Siebein Associates was engaged to work on 4 distinct phases of this project:
Phase 1: Acoustical review of work by another consultant using point-source
calculations of gunfire sounds for a proposed outdoor range.
Phase 2: 3-dimensional computer modeling of 2 proposed outdoor range sites with
various noise mitigation options. The decision was made to investigate the feasibility
of indoor ranges due to the cost of noise mitigations systems for outdoor ranges
required to meet the concerns of the community.
Phase 3: Acoustical evaluation of 3 alternative sites for indoor ranges and evaluation
of basic sound isolation systems for ranges.
Phase 4: 3-dimensional computer evaluation of selected range site and building
systems. Design of noise mitigation system for range to meet requirements.
The project began by conducting an acoustical review of a noise study completed by
another consultant for outdoor ranges located on existing property owned by the
County. Point source acoustical calculations were made at specific receiver locations
around the perimeter of the range property. Extensive modeling of the highly varied
topography had a significant influence on the sounds reaching the perimeter of the
property in different directions. This analysis showed that several noise sensitive
receiver locations would have difficulty meeting regulatory sound level limits even with
noise mitigation systems designed and reorienting the ranges.
Baseline measurements of existing ambient sound levels were made at noise sensitive
receiver locations near the proposed range site. Computer models of firearms training
activities were constructed and noise contour plots for sound levels from multiple
shooting scenarios were used to evaluate the potential of each site and to evaluate
the performance of the noise mitigation systems employed for the outdoor and indoor
ranges.
A final site selection was made for an indoor firing range after it was determined that
sound levels at the proposed outdoor firing range locations would not meet regulatory
thresholds even with extensive noise mitigation systems employed in the ranges.
Noise mitigation systems were designed for the indoor ranges so firearms training
activities inside the range would meet regulatory sound level limits at nearby noise
sensitive receivers. The noise mitigation system employed in the range included
specially designed roof/ceiling, wall and door system to reduce sounds propagating
out of the range, interior sound absorbing finishes on the walls, roof/ceiling, doors and
windows of the 2 ranges; noise mitigating silencers and louvers for the louvers, air
ducts, fresh air intakes and exhaust air openings for the range ventilation systems; the
location and design of the air-conditioning units and lead recovery systems for the
ranges.
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FBI Firing Range Acoustical Study
Quantico, Virginia

Siebein Associates conducted a comprehensive evaluation of acoustic issues in large indoor/outdoor firing ranges;
monitoring of OSHA noise exposure for instructors and students; development of software systems to evaluate hearing
conservation issues from high-energy impulse noise from firearms; and integrated acoustical mitigation design for
ranges with architectural, air-flow and lead abatement consultants.
A three-dimensional acoustic computer model was constructed to study sound propagation in the 25 meter Baffled
Range as shown in the figure below. The computer model was developed using EASE (Enhanced Acoustic Simulator
for Engineers) software by importing a model of the Baffled Range created in AutoCAD. Fifty six sound sources were
located along the 25 meter firing line in the model. The EASE model investigations included ray tracing, area mapping
of direct + reflected sound levels, direct to reverberant energy ratios, impulse responses, and other acoustical measures
as well as animated sound propagation studies where the sound waves were visually observed moving through the
range.
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Duncan Farms Firing Range
Beaufort County, South Carolina

Siebein Associates, Inc. consultants performed short term acoustical measurements of overall-A-weighted and Zweighted sound levels produced by firearms operations at the site of the proposed Duncan Farms Firing Range.
Measurements were made at locations on the Duncan Farms property ¼ mile, 1/2mile, 1 mile and 2 miles from the
range in each cardinal direction and at 9 receiver locations around the site where the gunshots were audible above the
background noise levels. A Larson Davis Model 831, a Bruel and Kjar (B&K) model 2270, and a Cesva SC 310 Sound
Level Meters were used as the basic instrumentation for the acoustical measurements.
The measurement methodology consisted of shooters firing three rounds in succession from a Beretta 9 mm handgun,
a 12 gauge shotgun, a M4 Colt 5.56 rifle, and a MK 11 Mod 0 7.62 rifle at the proposed range shooting location while
sound levels were recorded at the nine receiver locations around the proposed range site. The sequence of firing was
repeated at each of the receiver locations so the consultants were able to effectively compare, analyze, and discuss
the data with the client.

Everglades Youth Ranch Firing Range
Palm Beach, Florida

The study provided by Siebein Associates included conducting acoustical measurements of sounds produced by
different firearms at 2 proposed firing locations on the Firing Range property as well as measuring sound levels
produced by the firearms at locations around the proposed site at distances of approximately 1/4 mile; ½ mile; 1 mile;
and 2 miles from the site where locations were accessible and background noise allowed measurements of the sounds
produced by the firearms to be recorded.
Three rounds in succession were fired from a 9 mm handgun, a 5.56 rifle, a 7.62 rifle at the 1st location and from a 12
gauge shotgun at the 2nd location while sound levels were simultaneously recorded at various receiver locations around
the proposed range site. The sequence of firing was repeated at each of the receiver locations. The data were
presented to assist in determining which location would be more suitable to have the proposed firing range located and
to determine if regulatory noise limits could be met at the facility property lines.
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City of Virginia Beach Firing Range
Virginia Beach, Virginia

Siebein Associates worked with city and police personnel, and residents to conduct a sound assessment and analysis
of existing firing range noise on nearby communities. A computer model study was constructed using the SA
Environmental Analysis program of design alternatives to provide recommendations for mitigation.

Maumee Police and Fire Training Facility
Maumee, Ohio

Siebein Associates, Inc. conducted a sound assessment and analysis for the
proposed Maumee Fire and Police Training Facility to determine the noise impact
of firearms training activities on the surrounding communities. Acoustic
measurements were made at the proposed site and in the surrounding community
of police officers firing shotguns and pistols at the site of the proposed Firing Range.
Noise mitigation strategies were presented to the Client.
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CASEYVILLE RIFLE AND PISTOL CLUB, Masacoutah, Illinois
Siebein Associates constructed a computer model for proposed shooting range to produce noise contours for the
projected number and types of weapons to be used at the new range.

RHINO OUTDOOR OPEN GUN RANGE, Williston, Florida
Siebein Associates conducted sound assessment and analysis of shotgun blast noise from the Rhino Outdoors open
gun range at the property line of adjacent and nearby residences and businesses to determine the extent to which the
noise exceeds the noise level limit described in the Levy County Code of Ordinances.

MARINE RECRUIT TRAINING FACILITY, Parris Island, South Carolina
Siebein Associates provided acoustical design of a U.S. Marine Corps Large Group Training Facility at Parris Island,
South Carolina including room acoustic design, sound isolation for large public restrooms and mechanical equipment
and interface with Marine audio-visual systems.

BLALOCK LAKES CLAY PIGEON RANGE NOISE STUDY, Blalock, Georgia
Siebein Associates conducted a sound assessment and analysis to determine noise mitigation strategies to reduce
noise associated with clay pigeon shooting events at an adjoining residential property.

Significant acoustical consideration should be given when designing and renovating firing ranges
and training facilities to protect employees and users from hearing loss due to hazardous noise
levels created by discharging weapons and to mitigate noise impacts to nearby residential areas.
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Relevant Selected Publications
Field Measurement of the Insertion Loss of Earth Berms
Field measurements of the insertion loss of earth berms surrounding outdoor firing
ranges were compared with estimates of insertion loss calculated by a variety of
methods in the literature. Advantages and disadvantages of various computational
methods and field measurement techniques were evaluated. Presented to the
National Rifle Association.

Preliminary Acoustical Analysis of Existing Indoor Firing Ranges
Research presented to the National Rifle Association (NRA) to document methods
to accurately measure impulsive sounds produced by firearms; develop acoustical
design guidelines for indoor firing ranges including transmission loss of wall, floor
and ceiling assemblies and interior finish materials; and present case studies of the
acoustical design of ranges.

Field Measurements of Sound Pressure levels of Various Firearms
Research to document methods and a digital data acquisition system to record peak
pressure levels, sound exposure levels and other metrics of interest produced by a
variety of firearms. A catalog of peak pressure levels and octave band sound
exposure levels for various firearms was produced to aid the NRA in assessing noise
impacts of range facilities.

“Project Design Phase Analysis Techniques to Evaluate the Acoustical
Environment of Buildings and Listening to Buildings”
Developed a multi-channel digital data acquisition system to compute acoustical
metrics based on impulse response theory to assess interior and exterior situations
as part of 10 years of work. The system was used successfully in full size
environments as diverse as concert halls, construction sites and firing ranges. It was
also used in scale model studies of interior acoustical qualities in concert halls and
exterior sound propagation in police training facilities. Impulse responses acquired in
the field were also convolved or mixed with recorded sounds to present aural
simulations of sounds as they were heard in complex environments. Case studies
comparing full size and scale model measurements in actual design situations were
presented. Presented to the National Science Foundation.
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SI E B EI N

ARCHITECTURAL AND ENVIRONMENTAL ACOUSTICS

ACOUSTIC

Intelligently designing architectural, urbane and natural
soundscapes for creative and healthy living.

ARCHITECTURAL | ENVIRONMENTAL

Gary W. Siebein, founder of Siebein Associates, has over 40 years’ extensive experience in soundscape
planning and design of communities and urban areas, acoustical design of performance spaces,
environmental noise and assessment, human and community response to noise, and developing
instrumentation for the measurement, monitoring and analysis of sounds in communities in the ways
in which they are heard by people. He has completed work on over 2,200 projects worldwide for many
clients including the NSF and other governmental agencies as well as clients in the private and public
sectors. He is also a Professor Emeritus of the School of Architecture at the University of Florida where he
directed a graduate program in building and environmental acoustics for 35 years. He is an international
leader in acoustic and soundscape research. He has written five books, 16 book chapters, and over 200
technical papers and monographs in architectural and environmental acoustics that have been presented
at regional, national and international professional society meetings.

Gary W. Siebein, FASA, FAIA, NCARB
Senior Principal Consultant

AREAS OF EXPERTISE
Soundscape Planning and Design,
Environmental Noise; Architectural Acoustic
Design of Indoor and Outdoor Performance
Spaces; Mechanical System Noise & Vibration
Control

EDUCATION
M.A. (Architecture), 1980
University of Florida
Bachelor of Architecture, 1978
Rensselaer Polytechnic Institute
B.S. (Building Science), 1972
Rensselaer Polytechnic Institute

REGISTRATION
Registered Architect Florida # 8846
Registered Architect Georgia #RA014816
NCARB # 86214

AFFILIATIONS
Fellow, American Institute of Architects
Fellow, Acoustical Society of America
Member, NCAC
Member, ASTM
Member, ASHRAE

PROFESSIONAL EXPERIENCE
40 Years

CONTACT INFORMATION
625 NW 60th Street, Suite C
Gainesville, Florida 32607
352-331-5111 x 16
gsiebein@siebeinacoustic.com

Gary W. Siebein has consulted for military and law enforcement training facilities for over 40 years. He
has designed methods to accurately measure, model and predict the effects of impulsive sounds such
as gunfire and demolition blasts associated with military and police training activities on adjoining
properties as part of environmental assessment and ICUZ processes. He has worked with the military,
federal, state and local law enforcement agencies to develop comprehensive cost effective noise
management plans for training facilities. This work has included design of baffled ranges, fully enclosed
ranges, conducting community workshops and large scale experiments on sites to demonstrate acoustic
effects of noise mitigation, computer modeling of noise contours, and auralization of sounds as they are
heard at neighboring properties. He consults with communities to develop practical noise ordinances and
is currently serving on an ANSI working group to develop a model community noise ordinance. He also
serves on ASTM Committee E33 on Environmental Acoustics which develops testing standards for building
and environmental acoustics.
EXPERIENCE
Principal Consultant, Siebein Associates (1981-present)
•
◊ Acoustical consulting commissions in private practice, including space shaping of theaters,
interior and exterior noise control, mechanical system noise control, and sound system design.
Faculty Member (Professor), University of Florida (1980-2015)
•
◊ University Research Foundation Professor (1999-2002)
◊ Director, Architecture Technology Research Center (1985-2015)
•
Architectural design work in several small firms in southwestern Connecticut (1972-1980)
RELEVANT PROJECT EXPERIENCE (partial list)
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Albemarle Public Safety Training Facility Indoor and Outdoor Firearms Ranges, Roanoke, VA
Blalock Lakes Clay Pigeon Range Noise Study, Blalock, GA
Camp Lejeune USMC Firing Ranges, Camp Lejeune, NC
Caseyville Outdoor Rifle and Pistol Club, Masacoutah, IL
City of Omaha Outdoor Public Safety Training Center, Omaha, NE
City of Phoenix Police Indoor and Outdoor Firing Ranges, Phoenix, AZ
City of Virginia Beach Outdoor Firing Range, Virginia Beach, VA
Clearwater Police Department Partially Enclosed Firing Range, Clearwater, FL
Department of Defense Outdoor Firing Ranges, VA
Dubuque County Sheriff’s Outdoor Range, Dubuque, IA
Duncan Farms Outdoor Firing Range, Beaufort County, SC
Duval County Sheriff’s Office Indoor and Outdoor Firing Ranges Noise Impact Study, Jacksonville, FL
Everglades Youth Ranch Outdoor Firing Range, Palm Beach, FL
FBI Indoor and Outdoor Firing Ranges Acoustical Study, Quantico, VA
FBI Proposed 500 Yard Precision Rifle Deck Environmental Acoustic Assessment, Quantico, VA
Federal Law Enforcement Indoor and Outdoor Training Center Firing Ranges, GA, MD, SC
Island Lake Outdoor Recreational Shooting Range Noise Impact Analysis, Brighton, MI
Maxwell Air Force Base Partially Enclosed Firing Range, Montgomery, AL
Maumee Proposed Fire and Police Training Facility, Maumee, OH
McConnell AFB Combat Arms Training Facility, Wichita, KS
Michigan Department of Natural Resources Statewide Outdoor Firing Ranges, MI
Pedlar Mountain Wildlife Management Area Shooting Range, Monongalia, WV
Rhino Outdoor Open Gun Range, Williston, FL
Tampa Police Department Partially Enclosed Firing Range, Tampa, FL
United States Army Training Complex Outdoor Firing Range, Okinawa, Japan
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ARCHITECTURAL AND ENVIRONMENTAL ACOUSTICS
Intelligently designing architectural, urbane and natural
soundscapes for creative and healthy living.

Keely has 21 years’ experience in acoustical research, technical field data collection and analysis, room
acoustic design, sound isolation and environmental acoustics. She has completed work on more than
345 projects for clients on a wide range of projects. She has completed research on natural, historic, and
urban soundscapes, classroom acoustics, performance space acoustics, and performed critical analysis
of acoustical standards.
Keely has worked on many building types including themed entertainment attractions, worship spaces,
performance spaces, educational facilities, condominiums, restaurants and dining facilities performing
acoustical measurements, analysis, and design of the spaces. She has also worked on a number of
environmental impact projects and traffic noise studies and has proficiency with acoustical modeling
software such as CATT-Acoustic, Ecotect, TMN, and CadnaA.

Keely Siebein, ASA, INCE, LEED AP BD+C
Senior Consultant

AREAS OF EXPERTISE
Architectural Acoustic Design,
Environmental Noise

EDUCATION
Master of Architectural Acoustics (2012)
University of Florida, cum laude
Bachelor of Arts in Theater (2007) University
of Florida, cum laude

AFFILIATIONS
Member:
Acoustical Society of America (ASA);
Florida Chapter ASA (FL-ASA);
Institute of Noise Control Engineers (INCE);
American Society of Safety Professionals (ASSP);
ASTM E33 Committee Member;
Florida Healthcare Engineering Association
(FHEA);
Florida Chapter American Institute of Industrial
Hygiene (FL-AIHA);
European Cooperation in Science & Technology
(COST)

PUBLICATIONS
Ms. Siebein has coauthored and edited books,
papers and scientific journal articles on natural
soundscapes and architectural acoustics. She
has presented her published papers at ASA
conventions and conducts acoustics courses as
a guest lecturer at UF. Ms. Siebein develops and
presents continuing education courses.

PROFESSIONAL EXPERIENCE
21 Years

CONTACT INFORMATION
625 NW 60th Street, Suite C
Gainesville, Florida 32607
352-331-5111 x 25
ksiebein@siebeinacoustic.com

Keely’s technical expertise is complimented by her sensitivity to design aesthetics and client needs, and
she ensures there is open communication and collaboration among all parties involved with every project.
Keely is a member of the Acoustical Society of America and a member of the Florida chapter of the ASA.
She received the Robert Bradford Newman award for excellence in architectural acoustical research in
2012. She was an Alternate Voting Representative for the Accredited Standards Committee on Noise –
TAG TC 43/SC1 from 2009-2011.
EXPERIENCE
Senior Consultant, Siebein Associates, Inc. 2016-present
•
•
Consultant, Siebein Associates, Inc. 2009-2016
•
Junior Consultant, Siebein Associates, Inc. 2002-2007
•
Research Assistant, Siebein Associates, Inc. 1999-2002
SERVICE TO PROFESSIONAL SOCIETIES
•
President: Florida Chapter of the Acoustical Society of America: 2019 - present
•
Chair: Council for the Model Aquatic Health Code Acoustical Design Ad Hoc Committee: 2016 -2018
•
Secretary: Florida Chapter of the Acoustical Society of America: 2015 - 2019
•
ASC Noise – TAG TC 43/SC1: Alternate Voting Representative - 2009 - 2011
AWARDS
•
Robert Bradford Newman Award for Excellence in Architectural Acoustics: 2012
RELEVANT PROJECT EXPERIENCE (partial list)
•
82nd Airborne Headquarters Building, Fort Bragg, NC
•
Albemarle Public Safety Training Facility Indoor and Outdoor Firing Ranges, Roanoke, VA
•
Camp Lejeune USMC Firing Range, Camp Lejeune, NC
•
City of Omaha Outdoor Public Safety Training Center, Omaha, NE
•
Dubuque County Sheriff’s Outdoor Firing Range, Dubuque, IA
•
Everglades Youth Camp Outdoor Firing Range, Palm Beach, FL
•
FBI Proposed 500 Yard Precision Rifle Deck Environmental Acoustic Assessment, Quantico, VA
•
Federal Air Marshals Firing Range Facility, Chicago, IL
•
Homestead Air Reserve Base CATM, Homestead, FL
•
JPATS Naval Training Operations Facility, Milton, FL
•
McConnell AFB Combat Arms Training Facility, Wichita, KS
•
Michigan Department of Natural Resources Outdoor Shooting Ranges:
◊ Grand Traverse Shooting Range, Grand Traverse County, MI
◊ Allegan & Barry State, Allegan & Barry Game Areas, MI
◊ Lapeer Range, Grand Traverse County, MI
◊ Marquette Range, Grand Traverse County, MI
•
Orlando Police Department Gun Range Noise Study, Orlando, FL
Patrick Air Force Base Firing Range, Patrick AFB, FL
•
•
Tampa Police Department Partially Enclosed Firing Range, Tampa, FL
•
Zenith Quest Indoor Firing Range, Afton, VA
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ARCHITECTURAL AND ENVIRONMENTAL ACOUSTICS
Intelligently designing architectural, urbane and natural
soundscapes for creative and healthy living.

Gary has 12 years’ experience consulting with Siebein Associates and has worked on more than 295
projects. He is a member of Siebein Associates’ A/V Design Team where his expertise and certifications
in sound system and A/V design allows him to design functional and practical sound, audio and video
systems in performing arts centers, religious facilities, educational facilities, theme parks and many other
building types.
Gary is also a key member of our environmental noise team, leading many environmental noise impact
studies in the field. His technical dexterity and extensive experience allow him to operate specialized
equipment and advanced digital software under any conditions to gain insight into custom sound
mitigation techniques and design solutions.

Gary Siebein Jr., CTS, AVT

He is fluent on many sound level meters including meters by Larson Davis, B+K, Cesva, Rion and Ivie. He
is proficient in architectural/acoustic software programs including AutoCAD, TNM, SARNAM, WinMLS,
and EASE.

Consultant

PROFESSIONAL EXPERIENCE
12 Years

AREAS OF EXPERTISE
Acoustical Measurements
Environmental Noise
Sound System Design

CERTIFICATIONS
Certified Technology Specialist
Infocomm Audio Visual Technologist
Audinate Dante Certification Level 1
Cambridge Qt Pro Certified Masking Expert
Dynasound Pro Certified Masking Expert

AFFILIATIONS
Member, Florida Chapter of the Acoustical
Society of America

PUBLICATIONS
Gary has co-authored many papers on the
subject of environmental acoustics and has
presented published papers at regional and
national acoustics meetings.

PROFESSIONAL EXPERIENCE
12 Years

CONTACT INFORMATION
625 NW 60th Street, Suite C
Gainesville, Florida 32607
352-331-5111 x 19
gary@siebeinacoustic.com

He has worked on various building types including worship spaces, performance halls, firing ranges,
educational facilities, amusement park attractions, condominiums, and hospitals, as well as been involved
on environmental impact projects and traffic noise studies.
EXPERIENCE
•
Siebein Associates, Inc. - Consultant (2016 - present)
•
Siebein Associates, Inc. - Technical Acoustic Specialist (2010 - 2016)
•
Siebein Associates, Inc. – Junior Consultant (2008 - 2010)
RELEVANT PROJECT EXPERIENCE (partial list)
•
Albemarle Public Safety Training Facility Indoor and Outdoor Firing Ranges, Roanoke, VA
•
Camp Lejeune USMC Firing Ranges, Camp Lejeune, NC
•
City of Omaha Outdoor Public Safety Training Center, Omaha, NE
•
Clearwater Police Department Partially Enclosed Firing Range, Clearwater, FL
•
Dubuque County Sheriff’s Outdoor Firing Range, Dubuque, IA
Duncan Farms Outdoor Firing Range, Tampa, FL
•
•
Eglin Air Force Base Security Renovation Building, Eglin Air Force Base, FL
•
Everglades Youth Camp Outdoor Firing Range, Palm Beach, FL
•
Fort AP Hill Indoor Firing Range, Fort AP Hill, VA
•
JPATS Naval Training Operations Facility, Milton, FL
•
Little Creek Navy Seal Firing Range, Norfolk, VA
•
Loudon County Indoor Firing Range, Ashburn, VA
Michigan Department of Natural Resources Outdoor Firing Ranges:
•
◊ Grand Traverse Shooting Range, Grand Traverse County, MI
◊ Allegan & Barry State, Allegan & Barry Game Areas, MI
◊ Lapeer Range, Grand Traverse County, MI
◊ Marquette Range, Grand Traverse County, MI
Norfolk Naval Station Veterinary Replacement Facility, Norfolk, VA
•
•
Palmetto Bluff Outdoor Shooting Range, Bluffton, SC
•
Patrick Air Force Base Firing Range, Patrick AFB, FL
•
Troy Acoustics General Instrumentation, Gainesville, FL
US Army Rowe Training Facility, Fort Bragg, NC
•
Zenith Quest Indoor Firing Range, Afton, VA
•
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ARCHITECTURAL AND ENVIRONMENTAL ACOUSTICS
Intelligently designing architectural, urbane and natural
soundscapes for creative and healthy living.

Marylin designs creative solutions to acoustical challenges faced in more than 30 building types. The
acoustical assessment of multiple project types allows her to be involved in the acoustical design of sensitive
performance venues for music and theater, quiet background noise levels for recording studios, and
creating graphic acoustical 3-D modeling of loud noise generating sources to determine their noise impact
on buildings and the environment. By being able to determine applicable regulations and ordinances for
each project type, Marylin can interpret the acoustical measurements made on site as well as virtually
in computer models and provide recommendations that meet design criteria and provide comfortable
acoustic environments.

Marylin Roa, AIA, ASA, INCE
Senior Consultant

AREAS OF EXPERTISE
Architectural Acoustic Design
Mechanical System Design
Environmental Noise

EDUCATION
Master of Architecture (2014) University of
Florida
Bachelor of Architecture (2012) Florida
International University

REGISTRATION
Registered Architect Florida # AR100453

AFFILIATIONS
Member, American Institute of Architects
Member, Acoustical Society of America
Member, Institute of Noise Control Engineering

PUBLICATIONS
Marylin has co-authored papers on the subject
of architectural acoustics and computer
modeling systems and has presented published
papers at regional and national acoustics
meetings.

PROFESSIONAL EXPERIENCE
6 Years

CONTACT INFORMATION
625 NW 60th Street, Suite C
Gainesville, Florida 32607
352-331-5111 x 14
mroa@siebeinacoustic.com

Marylin’s ability to visualize space and sound three-dimensionally helps her have clear conversations with
owners, architects, engineers, and contractors. Marylin has been immersed in more than 325 projects
during her time with Siebein Associates and is experienced in all phases of project management, from
schematic design through construction. She actively participates in project meetings, clearly communicating
acoustical design goals and acoustical recommendations to designers, owners, user groups and project
stakeholders. Marylin consistently applies her skills and experience to find creative acoustic solutions for
her projects and excels in providing acoustic design and analysis for critical acoustic spaces.
She is proficient in many architectural/acoustic software programs including EASE, INSUL, AutoCAD, Revit,
Trane, VA Select, Ibana Calc, Cope Calc, TNM, CadnaA, CATT Acoustic, and Photoshop.
EXPERIENCE
•
Consultant, Siebein Associates Inc. (2014 – present)
•
Intern Consultant, Siebein Associates Inc. (2014)
•
Graduate Teacher Assistant, University of Florida (2013 – 2014)
•
Freelance Designer, NV Capital Partners LLC (2012 – 2014)
Photographer and Web Designer, Frost Art Museum, Florida Atlantic University (2011)
•
Digital Lab Supervisor, School of Architecture, Florida International University (2009-2011)
•
•
Professional Photography, Darimar Inc. (2006 – 2007)
SPECIAL ACHIEVEMENTS
Robert Bradford Newman Award for Excellence in Architectural Acoustics (2014)
•
•
Architecture MRP Design Honor Award, University of Florida(2014)
•
Architecture Academic Excellence Award, University of Florida (2014)
•
Architecture Academic Achievement, University of Florida (2013)
RELEVANT PROJECT EXPERIENCE (partial list)
•
Albemarle Public Safety Training Facility Firearms Ranges, Roanoke, VA
•
Allegan Echo Point Shooting Range, Allegan Game Area, MI
•
City of Omaha Outdoor Public Safety Training Center, Omaha, NE
•
Clearwater Police Partially Enclosed Firing Range, Clearwater, FL
•
Dubuque County Sheriff’s Outdoor Firing Range, Dubuque, IA
•
Everglades Youth Camp Outdoor Firing Range, Palm Beach, FL
•
Fort AP Hill Indoor Firing Range, Fort AP Hill, VA
•
JPATS Naval Training Operations Facility, Milton, FL
Loudon County Indoor Firing Range, Ashburn, VA
•
•
McConnell AFB Combat Arms Training Facility, Wichita, KS
•
Michigan Department of Natural Resources:
◊ Grand Traverse Shooting Range, Grand Traverse County, MI
◊ Allegan & Barry State, Allegan & Barry Game Areas, MI
◊ Lapeer Range, Grand Traverse County, MI
◊ Marquette Range, Grand Traverse County, MI
•
Palmetto Bluff Shooting Range, Bluffton, SC
•
Patrick Air Force Base Firing Range, Patrick AFB, FL
•
Pedlar Mountain Wildlife Management Area Shooting Range, Monongalia, WV
•
Tampa Police Department Partially Enclosed Firing Range, Tampa, FL
•
USAF CATM Firing Range, Homestead, FL
•
Zenith Quest Firing Range, Afton, VA
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ARCHITECTURAL AND ENVIRONMENTAL ACOUSTICS
Intelligently designing architectural, urbane and natural
soundscapes for creative and healthy living.

Jennifer excels in architectural acoustic design and analysis. Having worked on more than 300 projects
with Siebein Associates, Jennifer is proficient in full-cycle project management from schematic design
through construction and has considerable experience in taking field measurements, analyzing data, and
performing specialized acoustical analysis in many types of buildings.
Jennifer is fluent in many architectural/acoustic software programs including TAP, INSUL, Adobe Suite
Programs, AutoCAD, Rhinoceros, VRay Rendering Software, Brazil Rendering Software, Grasshopper
Software, Microsoft Office Programs, Ecotect, and V-A Select and is proficient in taking acoustic
measurements using sound level meters by Rion, Cesva, B+K and Larson Davis.

Jennifer Miller, Assoc. AIA, ASA, INCE
Consultant

AREAS OF EXPERTISE
Acoustical Measurements
Architectural Acoustic Design
HVAC Design

EDUCATION
Master of Architecture (2015)
University of Florida
Bachelor of Design in Architecture
cum laude (2013), University of Florida

AFFILIATIONS
Associate, American Institute of Architects
Member, Acoustical Society of America

PUBLICATIONS
Jennifer has co-authored papers on the
subject of architectural acoustics and natural
soundscapes and has presented published
papers at regional and national acoustics
meetings.

PROFESSIONAL EXPERIENCE
5 Years

CONTACT INFORMATION
625 NW 60th Street, Suite C
Gainesville, Florida 32607
352-331-5111 x 12
jmiller@siebeinacoustic.com

She collaborates very well with architects, design teams and project stakeholders, carefully analyzing
design criteria, and consistently creating functional and aesthetically pleasing acoustical systems in a
wide variety of building acoustic and environmental noise projects.
EXPERIENCE
•
Consultant, Siebein Associates, Inc. (2015-present)
•
Intern Consultant, Siebein Associates, Inc. (2014-2015)
•
Lunz Prebor Fowler Architects, Intern (May-August 2011, May-August 2012)
•
SCMH Architects, Intern (May-August 2010)
SPECIAL ACHIEVEMENTS
Selected as participant in the Acoustical Society of America School in Salt Lake City (2016)
•
•
Robert Bradford Newman Award for Excellence in Architectural Acoustics (2015)
RELEVANT PROJECT EXPERIENCE (partial list)
•
Aberdeen Indoor Firing Range, Aberdeen, MD
•
Camp Lejeune USMC Firing Ranges, Camp Lejeune, NC
•
City of Omaha Outdoor Firing Range, Omaha, NE
•
Clearwater Police Department Partially Enclosed Firing Range, Clearwater, FL
Dubuque County Sheriff’s Outdoor Firing Range, Dubuque, IA
•
Eglin Air Force Base Security Renovation Building, Eglin Air Force Base, FL
•
Fridley Police Department Indoor Firing Range, Fridley, MN
•
•
Grand Traverse Outdoor Firing Range, Traverse City, Michigan
Homestead Air Reserve Base CATM, Homestead, FL
•
JIATFS Command Center, Key West, FL
•
JPATS Naval Training Operations Facility, Milton, FL
•
•
McConnell Air Force Base Indoor Firing Range, Wichita, KS
•
Michigan Department of Natural Resources Outdoor Shooting Ranges:
◊ Grand Traverse Shooting Range, Grand Traverse County, MI
◊ Allegan & Barry State, Allegan & Barry Game Areas, MI
◊ Lapeer Range, Grand Traverse County, MI
◊ Marquette Range, Grand Traverse County, MI
•
Norfolk Naval Station Veterinary Replacement Facility, Norfolk, VA
Palmetto Bluff Outdoor Firing Range, Bluffton, SC
•
•
Patrick Air Force Base Firing Range, Patrick AFB, FL
•
Pedlar Mountain Wildlife Management Area Outdoor Shooting Range, Monongalia County, WV
•
Tampa Police Department Partially Enclosed Firing Range, Tampa, FL
Zenith Quest Indoor Firing Range, Afton, VA
•

Summit County Public Shooting Range
Sound Protection Study Pricing

Model Number

Price Per
Unit 1

Price Per
Unit 2

Units 1

Price Per
Unit 3

Units 2

Units 3

Price Per
Unit 4

Units 4

Total

Description of Modeled Construction

Source of Pricing

No change from current conditions.
Model A

$0.00

20' Tall Precast Concrete Walls from the firing line to the end of the range.
Model B

$475.92

1,780

LF

$847,137.60

SQFT

$1,119,976.00

RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

20' Concrete Walls
20' Tall Absorptive Noise Barrier Walls from the firing line to the end of the range. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)
This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.
Model B‐1

$31.46

35,600

20' Noise Barrier Walls

Model B‐2

$2.76

37,762 LCYDS

$0.52

20' Earthen Berm

Model C

$475.92

680

2,578 SQYD

20' Tall 2:1 Earthen Berm built along both sides of the firing range. This pricing includes the cost of placing and compacting the structural fill material as well as seeding the
berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)

20' Tall Precast Concrete Walls on the entire rear side of the range.

RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

20' Tall Absorptive Noise Barrier Walls on the entire rear side of the range. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This
pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)

20' Tall 2:1 Earthen Berm built along the rear of the firing range. This pricing includes the cost of placing and compacting the structural fill material as well as seeding the
berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)

Aluminum Canopy Structure above the bullet trap.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)

Extended Aluminum Canopy Structure above the bullet trap.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)

Extended Aluminum Canopy Structure over the firing line. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)

$105,563.68

Seeding

LF

$323,625.60

SQFT

$427,856.00

20' Concrete Walls

Model C‐1

$31.46

13,600

20' Noise Barrier Walls

Model C‐2

$2.76

36,683 LCYDS

$0.52

20' Earthen Berm

Model D

$36.13

6,900

2,502 SQYD

$102,546.12

Seeding

SQFT

$249,297.00

SQFT

$498,594.00

Canopy Structure

Model E

$36.13

13,800

Canopy Structure

Model F

$36.13

14,800

SQFT

Canopy Structure

$284.59

480

LF

$671,327.20

12' Concrete Walls
Extended Aluminum Canopy Structure over the firing line. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was calculated by USDOT RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending. USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)

Model F‐1

$36.13

14,800

SQFT

Canopy Structure

Model G

$475.92

2,460

$32.67

5,760

SQFT

$722,903.20

12' Noise Barrier Walls

LF

20' Tall Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range.

RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

20' Tall Absorptive Noise Barrier Walls from the firing line to the end of the range as well as on the entire rear side of the range. Pricing was calculated by USDOT FHA
Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)

20' Tall 2:1 Earthen Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the structural fill material as well as
seeding the berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)

$1,170,763.20

20' Concrete Walls

Model G‐1

$31.46

49,200

SQFT

$1,547,832.00

20' Noise Barrier Walls

Model G‐2

$2.76

74,446 LCYDS

20' Earthen Berm

$0.52

5,078 SQYD

$208,111.52

Seeding

1

Summit County Public Shooting Range
Sound Protection Study Pricing

Model Number

Model H

Price Per
Unit 1

$475.92

Price Per
Unit 2

Units 1

2,460

LF

20' Concrete Walls

Model H‐1

$31.46

49,200

$2.76

SQFT

74,446 LCYDS

$36.13

$36.13

28,600

$36.13

28,600

SQFT

$475.92

2,460

SQFT

$31.46

49,200

LF

$2.76

SQFT

74,446 LCYDS

20' Earthen Berm

Model J‐3

$475.92

2,460

$31.46

49,200

LF

$0.52

$2.76

SQFT

74,446 LCYDS

20' Earthen Berm

Model K

$36.13

83,800

$36.13

83,800

SQFT

$475.92

2,460

20' Concrete Walls

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)

$2,046,426.00

$284.59

480

$36.13

13,800 SQFT

$706,705.52

20' Tall 2:1 Earthen Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the structural fill material as well as RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
seeding the berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm. Extended RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)
Aluminum Canopy Structure above the bullet trap.
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)

SQFT

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Precast Concrete Walls enclosing the firing line and trap stations.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing
was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall
Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall
Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This
pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)

$1,169,921.20

$32.67

5,760

SQFT

$1,221,497.20

$36.13

28,600

SQFT

$36.13

28,600

28,600

$36.13

28,600

$36.13

28,600

SQFT

28,600

$284.59

480

$2,340,684.40

$284.59

480 SQFT

$2,717,753.20

12' Concrete Walls

SQFT

$284.59

480 SQFT

$0.52

12' Concrete Walls

SQFT

$32.67

5,078 SQYD

$1,378,032.72

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall 2:1 RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
Earthen Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the structural fill material as well as seeding the RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)
berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm.
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)

Seeding

5,760 SQFT

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)

$2,392,260.40

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing
was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending. 20' Tall Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range

$2,769,329.20

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. 20' Tall RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. Pricing was calculated by USDOT FHA Average Constructed RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT) ‐ ($32.67/SQFT)
Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

12' Noise Barrier Walls

SQFT

Canopy Structure

$36.13

480 SQFT

12' Concrete Walls

Canopy Structure

$36.13

$284.59

$32.67

5,760 SQFT

12' Noise Barrier Walls

SQFT

$32.67

5,760 SQFT

12' Noise Barrier Walls

SQFT

$0.52

5,078 SQYD

$1,429,608.72

Extended Aluminum Canopy Structure above the bullet trap and over the firing line. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing
was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending. 20' Tall 2:1 Earthen Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the
structural fill material as well as seeding the berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil
needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was
calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
USDOT FHA Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall Precast
Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

Seeding

$3,164,297.20

12' Concrete Walls

SQFT

Canopy Structure

Model L

20' Tall Absorptive Noise Barrier Walls from the firing line to the end of the range as well as on the entire rear side of the range. Pricing was calculated by USDOT FHA
Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.
Extended Aluminum Canopy Structure above the bullet trap.

Canopy Structure

Canopy Structure

Canopy Structure

Model K‐1

5,078 SQYD

Canopy Structure

20' Noise Barrier Walls

Model J‐5

Source of Pricing
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

$1,669,357.20

SQFT

Canopy Structure

20' Concrete Walls

Model J‐4

13,800

Canopy Structure

20' Noise Barrier Walls

Model J‐2

Description of Modeled Construction
20' Tall Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. Extended Aluminum Canopy Structure above the
bullet trap.

12' Noise Barrier Walls

20' Concrete Walls

Model J‐1

Total

12' Concrete Walls

Canopy Structure

Model J

Units 4

SQFT

Seeding

Canopy Structure

Model I‐1

Price Per
Unit 4

Canopy Structure

20' Earthen Berm

Model I

13,800

Units 3

Canopy Structure

20' Noise Barrier Walls

Model H‐2

$36.13

Price Per
Unit 3

Units 2

$32.67

5,760

SQFT

$3,215,873.20

12' Noise Barrier Walls

LF

$36.13

83,800

Canopy Structure

SQFT

$284.59

480 SQFT

$4,335,060.40

12' Concrete Walls

2

Summit County Public Shooting Range
Sound Protection Study Pricing

Model Number

Model L‐1

Price Per
Unit 1

$31.46

Price Per
Unit 2

Units 1

49,200

SQFT

20' Noise Barrier Walls

Model L‐2

$2.76

74,446 LCYDS

20' Earthen Berm

Model L‐3

$475.92

2,460

$31.46

49,200

LF

$2.76

SQFT

74,446 LCYDS

20' Earthen Berm

Model M

$594.90

2,460

$39.33

98,400

LF

$594.90

2,460

SQFT

LF

40' Concrete Walls

Model M‐3

Notes:

$39.33

98,400

$36.13

83,800

$36.13

83,800

$36.13

83,800

SQFT

83,800

$36.13

83,800

$36.13

83,800

SQFT

83,800

SQFT

$36.13

83,800

480 SQFT

Total

Description of Modeled Construction

Source of Pricing

$4,712,129.20

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall Absorptive
Noise Barrier Walls enclosing the firing line and trap stations. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)
adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

$3,372,408.72

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 20' Tall 2:1 Earthen
Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the structural fill material as well as seeding the berm
after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)

$284.59

480 SQFT

$0.52

$32.67

5,078 SQYD

$4,386,636.40

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was
calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending. 20' Tall Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)

$4,763,705.20

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. 20' Tall Precast
Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. Pricing was calculated by USDOT FHA Average Constructed Cost of
Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from manufacturers still pending.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT) ‐ ($32.67/SQFT)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was
calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending. 20' Tall 2:1 Earthen Berm built along both sides of the firing range and the rear. This pricing includes the cost of placing and compacting the
structural fill material as well as seeding the berm after construction finishes. The compaction factor used was 1.458 (Damp Earthy Loam) to calculate the amount of loose soil
needed for the berm.

RSMeans (312323170020) ‐ General Fill, Spread Dumped Material ‐ ($2.12/LCYD)
RSMeans (312323235040) ‐ Vibrating Roller Compaction, 6" Lifts, 4 Passes ‐ ($0.64/LCYD)
RSMeans (329219130100) ‐ Mechanical Seeding ‐ ($0.52/SQYD)
RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 40' Tall Precast
Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. The price after 20' was increased by 50% to accommodate for the
increased difficulty of a wall that high.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Precast Concrete Walls on the rear and sides of each of the firing lines. 40' Tall Absorptive
Noise Barrier Walls enclosing the firing line and trap stations. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. The price after 20'
was increased by 50% to accommodate for the increased difficulty of a wall that high. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending.

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT)

Seeding

5,760 SQFT

$32.67

5,760 SQFT

12' Noise Barrier Walls

SQFT

$32.67

5,760 SQFT

12' Noise Barrier Walls

SQFT

$284.59

480 SQFT

$0.52

5,078 SQYD

$3,423,984.72

Seeding

$4,627,751.20

12' Concrete Walls

SQFT

$284.59

480 SQFT

$7,034,369.20

12' Concrete Walls

SQFT

Canopy Structure

SQFT

Units 4

12' Noise Barrier Walls

Canopy Structure

$36.13

Price Per
Unit 4

12' Concrete Walls

Canopy Structure

$36.13

$284.59

Units 3

12' Concrete Walls

Canopy Structure

40' Noise Barrier Walls

Model M‐2

Canopy Structure

Canopy Structure

40' Concrete Walls

Model M‐1

SQFT

Canopy Structure

20' Noise Barrier Walls

Model L‐5

83,800

Canopy Structure

20' Concrete Walls

Model L‐4

$36.13

Price Per
Unit 3

Units 2

$32.67

5,760 SQFT

$4,679,327.20

RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. Pricing was
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($32.67/SQFT)
calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation for years 2010 to 2020. Cost estimate from
manufacturers still pending. 40' Tall Precast Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. The price after 20' was RSMeans (323516100130) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($475.92/LF)
increased by 50% to accommodate for the increased difficulty of a wall that high.

12' Noise Barrier Walls

SQFT

$32.67

5,760 SQFT

$7,085,945.20

Aluminum Canopy Structure above the entire length of the firing range. 12' Tall Absorptive Noise Barrier Walls enclosing the firing line and trap stations. 40' Tall Precast
Concrete Walls from the Firing Line to the end of the range as well as on the entire rear side of the range. The price after 20' was increased by 50% to accommodate for the
increased difficulty of a wall that high. Pricing was calculated by USDOT FHA Average Constructed Cost of Noise Barriers for 2010. This pricing was then adjusted for inflation
for years 2010 to 2020. Cost estimate from manufacturers still pending.

40' Noise Barrier Walls
Canopy Structure
12' Noise Barrier Walls
(1)Dimensions and volumes were estimated using google earth and should be considered approximate.
(2)Pricing for walls does not consider foundation design or foundation construction costs.
(3)Pricing for walls greater than 20‐feet in height were estimated by scaling up price per square foot rates for shorter walls and therefore may underestimate the price of taller walls.
(4)Models idenfified are from "Summit County Public Shooting Range Site Noise Study" prepared by Siebein Associates, Inc. dated March 22, 2021.
(5)Models were cost estimated based upon written descriptions. In some instances "Noise Barriers" were replaced with earthen berms.
(6)LCYDS = Loose Cubic Yards
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RSMeans (107316201700) ‐ 0.032" Thick Free Standing Aluminum Canopy Structure ‐ ($36.13/SQFT)
RSMeans (323516100110) ‐ Concrete Sound Barriers, 8" Thick with Columns at 30' OC ‐ ($284.59/LF)
Average Constructed Cost of Noise Barriers for 2010 (adjusted for inflation) ‐ ($31.46/SQFT) ‐ ($32.67/SQFT)

Summit County, Colorado
Shooting Range
Executive Summary of the
Site Noise Study:

Investigate options to reduce sound levels in
residential areas to the west, south and east of the
range.
for

Summit County
June 1, 2021

by

Siebein Associates, Inc.

Consultants in Architectural and Environmental
Acoustics
625 NW 60th Street, Suite C
Gainesville, Florida 32607
(352)-331-5111
www.siebeinacoustic.com

Review some acoustical concepts related to the range

SOUND PRESSURE LEVEL
(dBA)

Peak vs Average Sound levels

Firearm peak sound levels
Average sound level
Background sound level between shots fired

TIME 

Average sound levels are averaged over a 1
second period of time

Basics of Sound Propagation
Control,

3rd

according to Harris (1998). Harris, Cyril M.

Handbook of Acoustical Measurements and Noise

Edition. Acoustical Society of America. Woodbury, New York: 1998.

1. GEOMETRIC DIVERGENCE or SOUND DECAY WITH DISTANCE
In general, sound from a point source of sound will decrease by approximately 6 dB with every doubling of distance or 20 dB with every 10 x
increase of distance from the sound source

There is a 6 dB decrease in sound level as the
sound travels from 60 ft to 120 ft from the
source
The sound level decreases by another 6 dB as
it travels from 120 ft to 240 ft from the source
The sound level decreases by another 6 dB as
it travels from 240 ft to 480 ft from3 the source

According to the technical literature, there are a number of excess attenuations in addition to distance.
2. Air Absorption
At air temperatures from 30o to 40o F and 30% to 50% Relative Humidity
To 90o to 95o F and 95% Relative Humidity
There is no significant change in sound propagation in air

4

3. Wind Direction

DOWNWIND PROPAGATION - sound waves are bent or refracted back to the earth
resulting in higher sound levels near the ground
UPWIND SOUND PROPAGATION – sound waves are bent or refracted upwards away from
the earth resulting in lower sound levels near the ground

5

4. Barriers

A barrier is a long, linear element such as a wall, berm or hill that
blocks the direct line of sight between a sound source and a receiver
The sound reduction provided by a barrier is related to the
1. distance of the source and receiver from the barrier
2. the height of the top of the barrier above the direct sound path
3. The length of the barrier – must block 180 degrees line of sight
between source and receiver for optimal effectiveness
6

5. Buildings

Buildings – either individual buildings or rows of buildings as in a town act as barriers
7

Method
1. Evaluate options to reduce sound levels propagating from the existing ranges to residential areas
2.
3.

4.
5.
6.
7.

to the east, south and west of the ranges
Take acoustical measurements of base line ambient sound levels at 4locations in the neighborhood near the range
for 2 days including the day of the live fire exercise
Take acoustical measurements at 8 locations in the neighborhood of a live fire exercise at the ranges for law
enforcement and recreational use of the ranges
Law Enforcement Range:
9 mm handguns (8 shooters)
12 gauge shotguns (4 shooters) + 9 mm handguns (2 shooters)
0.223 Bushmaster rifle (7 shooters)
Recreational Use Ranges:
Shotguns (2 shooters on the Rec. Shotgun Range) +
Handguns (6 shooters on the Rec. Handgun Range) +
Rifles (5 shooters on the Rec. Rifle Range)
Directions in relation to the range – east, south and west
Distances away from the range – 0.5 miles to 1.8 miles
Construct a computer model of the existing ranges using a busy day scenario and plot noise contours for each
Explore 14 possible noise mitigation options for the ranges
Review budget costs for the noise mitigation options developed by others
Rank order the range configurations relative to the sound reduction achieved and the relative cost of the
improvements

Acoustical Measurement Locations

Existing Base Line Ambient Sound Levels

RION 6
LDN = 51-56 dBA
LAeq = 34-70 dBA
RION 7
LDN = 56-59 dBA
LAeq = 26-72 dBA

RION 1
LDN = 53 dBA
LAeq = 24-74 dBA

RION 5
LDN = 51-56 dBA
LAeq = 34-70 dBA

Live Gunfire Experiments – Sequence of Fire
LAW ENFORCEMENT USE
Sequence

Firearm(s)

Locations

No. of
Officers

No. of
Shots

Law 1

9 mm
handguns

Law 3
yard line

8

5

2

5 seconds
Fast

Law 2

9 mm
handguns

Law 25
yard line

8

5

2

20 seconds
Slow

Law 3

12 ga.
shotguns

Law 25
yard line

9 mm
handgun
Law 4

12 ga.
shotguns

Law 3
yard line

9 mm
handgun
Law 5

Law 6

.223
Bushmaster

.223
Bushmaster

Law 3
yard line

Law 25
yard line

4

4

2

4

4

4

2

4

7

5

7

5

No. of
Time
Sequences

2

20 seconds
Slow

2

5 seconds
Fast

2

2

5 seconds
Fast

20 seconds
Slow

RECREATIONAL USE
Sequence

Firearm(s)

Locations

No. of
Shooters

Rec 1
Slow

1- 12 ga. shotgun
1- 20 ga. shotgun

Rec
Shotgun
Range

13

10—13

1

Slow

4- 9mm hg
1- 0.45 cal hg
1- 0.357 hg

Rec
Handgun
Range

1- 7.62
1- 5.56
1- 30.06
1- 0.308
1- 6.5 Creedmore

Rec Rifle
Range

1- 12 ga. shotgun
1- 20 ga. shotgun

Rec
Shotgun
Range

13

10—13

1

Heavy

4- 9mm hg
1- 0.45 cal hg
1- 0.357 hg

Rec
Handgun
Range

1- 7.62
1- 5.56
1- 30.06
1- 0.308
1- 6.5 Creedmore

Rec Rifle
Range

Rec 2
Heavy

No. of
Shots

No. of
Time
Sequences

Heavy Fire| Measured to the Right (Shotgun Range)
Measured to the Front
Typical Day
Heavy Fire

Heavy Fire | Measured to the Left (Pistol Range)

Heavy Fire| Measured to the Front
Heavy Fire| Measured to the Front

Typical Day | Measured to the Rear

Live Gunfire Experiments
1 mile E
Not Audible

1.5 miles W
LAeq 38-53 dBA

1.5 miles SW
LAeq 42-54 dBA

0.5 mile SE
LAeq 31-44 dBA

1.2 miles SW
LAeq 33-49 dBA
1.3 miles S
LAeq 31-53 dBA

1.8 miles SW
LAeq 38-48 dBA

0.9 mile SE
LAeq 40-48 dBA

Concept sound paths from range

ON-AXIS WITH FIRING RANGE

NORTHEAST TO SOUTHWEST

NORTHWEST TO SOUTHEAST

1.00 mi.

0.50 mi.

Direction of Fire

0.25 mi.

1.00 mi.

0.50 mi.

Direction of Fire

0.25 mi.

1.00 mi.

0.50 mi.

Direction of Fire

0.25 mi.

1. Sound from direction of fire strikes hill and reflects back to noise sensitive receivers behind the range
2. Sound from the rear of firearms moves unobstructed toward noise sensitive receivers behind the range

Computer Model Studies
1. Build AutoCAD model of the existing range and 14 mitigation options
2. Import model into CADNA-A acoustical analysis software with:
1. Range configuration
2. Topography
3. Ground cover – grass in woods, pavement on paved roads, water on lakes
4. Structures
5. Shooters with specific weapons on ranges
6. Worst-case Scenario Weather
1. 50oF, 50% Relative Humidity
2. Wind speed 1-11 m.p.h.
3. Deciduous trees not included in model
4. Other temperatures modeled
1. 70oF, 50%R.H.
2. 32oF, 50%R.H.
3. 0oF, 50%R.H.
5. Other wind speed modeled
1. 16.9 mph from the north which is the average wind speed and direction for this
area

Range Configurations Tested
“Busy day” scenario
5 shooters firing .223 caliber rifles on the law enforcement firing range
4 shooters firing 0.40 caliber handguns on the firing line of the 50-yard pistol range
5 shooters firing .223 caliber rifles on the 100-yard rifle range
2 shooters firing 12 gauge Remington shotguns on the shotgun/trap range
All shooters firing within a 1 second time period

DIAGRAM OF INDIVIDUAL NOISE MITIGATION STRATEGIES STUDIED

Model A:
Base model

Model B:
20ft tall side walls

Model C:
20ft tall rear walls

Model D:
Canopy above bullet trap

Model E:
Extended canopy above bullet trap

Model F:
Shed enclosure with 40 ft. deep
canopy, side and rear walls

DIAGRAM OF COMBINED NOISE MITIGATION STRATEGIES STUDIED

Model G:
Model B + C. 20 ft. tall side and
rear walls

Model K:
Side and rear wall shed enclosure and
canopy covering entire length of range

Model H:
40 ft. tall side and rear walls

Model L: Model K and 20 ft. side
and rear walls
Model M: Model K and 40 ft. side
and rear walls

Model I:
Model F + E. Shed enclosure and
extended canopy above bullet trap

Model N: 20 ft. tall side/rear berms
with a 10 ft. tall noise barrier above
the berm
Model O: Model N and shed
enclosure

Model J:
Model H + I

Summary of Range Configurations and Options
RECEIVERS

ESTIMATED RELATIVE INSERTION LOSS PER SCENARIO
A

B

C

D

E

F

G

INDIVIDUAL NOISE MITIGATION PARTS

Table shows estimated sound levels at noise
sensitive receivers.
Box value indicates a noise level reduction
between -1 to -4 dB
Box value indicates a noise level reduction
between -5 to -9 dB
Box value indicates a noise level reduction
greater than -10 dB
Noise sensitive receivers A and C show a
reduction of up to 1 dB for most noise mitigation
strategies studied because these receivers are
located at a lower elevation than the range and
are naturally shielded by the topography of the
site

H

I

J

K

L

M

N

O

HYBRID, OR COMBINED, NOISE MITIGATION

R1. 0.50 mi SE | north of fire
hydrant at Antlers Gulch

0

0

0

0

0

-1

0

-1

-1

-1

-1

-1

-1

-1

-1

R2. 0.90 mi SE | Residence
at 1648 Soda Ridge Rd.

0

-1

-6

0

0

-9

-7

-10

-9

-9

-9

-9

-13

-10

-10

R3. 1.00 mi E | along Tennis
Club Road, Keystone

0

0

0

0

0

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

R4. 1.20 mi SW | Residence
at 304 Cartier Ct.

0

0

-1

0

0

-4

-2

-4

-4

-5

-4

-5

-8

-3

-8

R5. 1.30 mi S | Residence at
422 Idlewild Dr.

0

0

-4

0

0

-7

-5

-9

-7

-7

-7

-7

-10

-7

-10

R6. 1.50 mi SW | Residence
at 48 Coachman Ct.

0

0

-2

0

0

-3

-2

-3

-3

-4

-3

-4

-7

-2

-6

R7. 1.50 mi W | Residence at
177 Summerwood Dr.

0

-2

-1

0

0

-2

-3

-5

-2

-4

-2

-4

-6

-1

-5

R8.1.80 mi SW | Residence
at 34 Legend Cr.

0

0

-1

0

0

-2

-2

-2

-2

-3

-2

-3

-5

-2

-5

Relative Insertion Loss Concept Diagram

Receiver R1
protected due to
natural topography

Receiver R2 directly
exposed to noise off
the rear of the range

0

No additional noise
reduction; receiver
within acoustical
shadow of natural
topography

(0 to -1)

0
Increased sound
path distance due to
shed enclosure

Direct sound path
from rear of range

Receiver within acoustical shadow of
natural topography relative to range

Existing firing range facility
Existing firing range with a shed enclosure
Receiver R1. 0.5 mi SE | Antlers Gulch
Receiver R2. R1. 0.5 mi SE | Antlers Gulch

Noise reduction
greater at receiver
with direct line-ofsight to range

(-9 to -10)

CONCLUSIONS
1. Base line ambient sound levels were measured at 4 locations for 2 days each.
2. Live fire exercises with law enforcement and recreational users were used to
calibrate the computer models.
3. Computer models were constructed of the existing range and 14 mitigation
options investigated.
4. The primary sound paths from the range to the residential areas to the west,
south and east are sounds that reflect off the face of the mountain and
sounds that propagate out the rear of the existing range sheds.
5. Sites closest to the range are sheltered by topography
6. Sites farther away from the range are exposed to more direct lines of sight
both from sound reflections off the face of the mountain and sounds
propagating out the rear of the existing range sheds.
7. The greatest mitigation comes with mitigation options that include enclosing
the sides and rear of the range with sound absorbent shooting sheds, side
berms and large berms or berm and wall combinations on the sides and rear
of the ranges.

Thank you!
Questions
and
Discussion?

HOUSING DEPARTMENT
970.668.4200

0037 Peak One Dr. PO Box 5660

www.SummitCountyCO.gov

Frisco, CO 80443

STAFF REPORT
TO:

Board of County Commissioners

FROM:

Jason Dietz, Housing Director
Brandon Howes, Housing Planner
Jim Curnutte, Community Development Director

FOR:

June 15, 2021 Housing Retreat Work Session

SUBJECT:

Summit County Workforce Housing Plan Update

Background and Purpose:
At the May 4th Housing Retreat the BOCC reviewed the County’s previous housing accomplishments,
current programs, projects and discussed other ideas, strategies and programs to be considered. During
the meeting the Board proposed an aspirational goal of creating/securing an additional 1,000 workforce
units within the next 12 -18 months. Those 1,000 additional units would be in collaboration with the
other jurisdictions in Summit County. The purpose of this work session is to provide the BOCC with an
update on the County’s housing plan, strategies, programs and priorities to move forward and mitigate
the impacts of the housing crisis and bring on additional housing. The outline of the housing plan is
broken into (1). Short Term, 12-18 months, (2). Mid Term, 18 – 36 month and (3). Long Term +36
month timeframes and Staffing. Where possible Staff will review the strategies, projects, and programs
and breakdown the anticipated process, timeframe and cost. Finally, most importantly, Staff would like to
confirm the Board’s housing priorities, expectations and direction for moving forward.
BOCC Priorities and Expectations Moving Forward:
Staff requests Board feedback on the following on the various components of the Housing Plan.
Attachments:
Housing Plan-June 15, 2021
Attachment A: Short Term Rental to Long Term Rental Program Research
Attachment B: Denver Water Properties
Attachment C: Proposed USFS Land Trades with Summit County
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Housing Plan-June 15, 2021
Short Term Strategies, Projects, Programs
A. - Short Term Rental “STR” to Long Term Rental “LTR” Incentives:
A high priority directive taken away from the Housing Retreat was the desire for the County to create
incentives to convert STR’s into LTR’s. The County has a limited ability to increase fees above our cost
to process permits, or add additional taxes to STR’s that subsidize housing, but has broad authority in
the regulation of STRs. The current $150 STR license fee does not cover the County’s costs and should
be adjusted. In 2021, it is estimated that the STR program will only recoup about 2/3 of its costs in
license fees collected.
Staff utilized the APA database and researched incentive programs that have been used by others across
the Country (Attachment A), to see what’s out there, what works and how we might incorporate those
strategies in the County. It was surprising that given the thousands of articles about STR management,
regulation and enforcement that there were only a handful of programs found that used incentives to
encourage the transition LTR.
Below is the outline of the strategies and programs Staff is currently moving toward to incentivize STR’s
into LTR’s:
1) Creating neighborhood STR mapping and metrics to be tracked and measured over time within the
local neighborhoods to gauge the effectiveness of the County’s efforts in preserving local housing.
The local neighborhoods would include: Dillon Valley, Wildernest, French Creek, Summit Cove, and
the Woodmoor area above Breckenridge. The metrics to be tracked would include the following
and most have already been completed.
a)
b)
c)
d)
e)

# of total units within the neighborhood (Complete)
# of STR units (Complete)
Type of STR units, single family, condo, etc. (Complete)
Rate structure of the STR units (Additional work required)
# of units by HOA – with annual or biannual reporting to HOA’s (Additional work requiredestimated 2-4 weeks)

Currently the County has 4,334 active STR permits, most of which are in the resort areas of
Keystone and Copper Mountain, ideal areas for STR’s. Of the 4,334 permits, staff has identified 870
that are located in neighborhoods that currently and/or historically provided significant housing to
the County’s local workforce. Out of 4,334 permits, 335 are owned by locals and of those, 142 are
within the identified local neighborhoods. In addition, out of the 335 units owned by locals, 127 of
those have owners living in the unit and only renting a portion of the home. This was determined by
reviewing the data associated with the listings of the local owners.
2) Use the STR mapping and metrics in step one to target opportunity zones (primarily traditional
locals neighborhoods) to convert from STR to LTR. As part of this strategy, staff would develop a
targeted survey to send to STR owners in the opportunity zones and develop a marketing campaign
to incentive owners to switch to LTR’s. The survey feedback could then guide the design and type
of program, marketing and the scale of the conversion grants or security guarantee. The scale of the
grants should also relate to the unit type and size.
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Potential incentives for conversions could include:
a) Conversion Grants to give to owners that convert STR’s to LTR’s. ½ at lease signing and ½ at
6 or 12 months, depending on lease term.
In Truckee, California, they have an STR conversion grant program with a private
company, Landing Locals, that offers a $3000 grant to owners that convert from STR to
LTR. To date they’ve gotten 10 conversions and they have an overall goal of 25
conversions within 3 years. Unlike the Truckee program it is anticipated we would need
to adjust the STR conversion grant to the targeted opportunity zone metrics and
establish conversion goals for each zone. For example, it may require a $3000 average
grant to convert certain type of units in a certain zone, because they are smaller 1-2
bedroom condo units; but it may require a $7000 average grant in another opportunity
zone to convert the units because they are larger 2-4 bedroom single family homes.
b) A security guarantee (rent and security deposit) up to a certain amount to properties that
convert from a STR to a LTR. The security guarantee would continue as long as the long term
lease continues.
c) Establish a Property Manager finder’s fee (or an offset for money lost from a property
conversion from a STR to LTR) for STR’s that convert to LTR’s within their portfolio. This
finders fee or offset could either be for a fixed number of properties in a portfolio that convert
or on individual basis for the smaller STR property managers.
d) Expand the existing Housing Works Initiative managed by Omni Real Estate for owner’s
property management services. Housing Works currently has 45 units and provides an incentive
to property owners of ½ price property management fees (6%). However, the existing Housing
Works Initiative is not scalable for growth because Omni Real Estate, or another company,
cannot profitably offer such a service for many years into the future. Therefore, staff
recommends that either SCHA, the County, Towns or a third party expand the Housing Works
Initiative to provide these property management services or contract with a company to
provide them. Another option would be to master lease a portion of the STR’s willing to
convert to a LTR.
A full list potential incentive programs to convert from STR to LTR that are being used around
the country are identified in Attachment A.
3) The majority of the County’s housing stock sits vacant much of the year. We should work with the
other Towns to bring on/create a regional platform that brings vetted applicants looking to rent
together with the vacation or second home owners who are willing to rent their homes during the
“off-season” when the home would normally sit vacant. In the Tahoe/Truckee area, Landing Locals
is such a platform that has successfully brought the two together.
4)

The largest home property managers are Wildernest and Furtunato Properties. There are also a
large number of small ones that only manage a handful of units. Staff has begun initial conversations
with property management companies and will continue to progress those conversations as the STR
to LTR program is developed and finalized. Staff is also working with Corum on a hotel deal which is
a master leasing program but they specialize in complexes rather than units scattered all over the
County. If we get this to work then staff wants to test Corum’s appetite for dispersed units.
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Due to the wide variety in STR housing types, sizes and locations throughout the County Staff doesn’t
feel that a one size fits all approach will be effective and that the incentives should be tailored to the STR
specific characteristics by opportunity zone. It’s difficult to estimate a cost to convert STR’s to LTRs
without a better understanding of the data or the number of units that will be converted. Generally the
more successful the program and the more units that are converted, the more it will cost. The first 1%
of the low performing STR’s could require a minimal cost to convert on a per unit basis but the number
converted would be low and not significantly move the needle. To significantly move the needle we will
likely need significant incentives for owners.
B. - Hotel to Condo Hotel Master Leasing:
The County is currently working on a master lease with a local hotel to lease the hotel for 1-2 years.
At this time the contract has not been finalized but it’s expected to be soon with the County taking
possession on June 15, 2021. Staff is currently working on setting up a leasing agent and property
manager to start leasing and occupancy starting July 1st.
The estimated annual cost to lease and operate the hotel is summarized below:
Rent:
Utilities:
Leasing:
Property Management:
Total:

$550,000
$ 50,268
$ 36,000
$ 25,000
$661,268

Income:
Rent: $800/room

-$374,400

Estimated Annual Subsidy:

$286,868

C. - Master Leasing of Seasonal Resort Housing for the Off-Season:
Staff has initiated conversations with Vail Resorts to lease any available seasonal housing units for the
summer off-season. In initial conversations there are very few available units, however, three, 3
bedroom units in Tenderfoot are available only through August. Staff will also reach out to Copper
Mountain regarding any available units they may have that could be master leased.
D. – Use of Empty Outlet Parking Lots and Stores in the Town of Silverthorne
At the Housing Retreat the Board asked Staff to inquire with the Town of Silverthorne about the
possibility of utilizing some of the empty outlet parking lots and stores as temporary RV/Van parking and
Housing. The conversations with the town indicated that the Green Village is currently under contract
to be sold and redeveloped for a commercial endeavor and the Red Village is currently owned by
private owners that are looking at other commercial redevelopment opportunities.
E. - Using Vacant Land as Temporary Tiny Home on Wheels (“THOW”), RV/Van Life or Tiny Homes
with Foundations
Staff also was asked to look into utilizing vacant County owned parcels for THOW/RV parking.
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THOW’s are technically considered RV’s by ANSI and in order to be legal under federal rules they must
be ANSI certified, which many are not. The parcels that were being considered for this use included
Lake Hill, Soda Creek, the archery range, the South Parcel, and the Snake River wastewater treatment
parcel. Most of the parcels don’t have the ability, due to grade and size, to hold a significant number of
parking spots (only 2-15 spaces), with the South Parcel likely having the ability to park the most units. In
order to allow temporary RV parking, THOW, or tiny homes on any of the County owned parcels it
will require a change in the current zoning, and in some cases a Basin Master plan amendment. Staff
would point out that there may be pushback from the adjacent property owners if we were to re-zone
parcels to allow RV parking/THOW. It’s anticipated that re-zoning the parcels to allow RV’s/THOW
would take approximately 4-5 months. Staff needs to investigate whether an emergency ordinance of
some kind could be used to expedite the land use change.
On top of the re-zoning and without even running utilities to these sites, additional requirements will be
needed, such as grading permits, site clearing / grubbing, site grading and surface improvements for the
roads and parking areas. Engineered plans will need to be drawn and in some cases wetland delineations
will need to be completed. Other temporary services that will need to be contracted include portapotty rental and upkeep along with trash, plowing and temporary road maintenance. If the County
decides to allow THOW/van life for an extended period of time (beyond a year) the County’s
Environmental Health Code would require the County to build a more permanent bathroom facility
such as a vault toilet. A rough estimate of the cost to build a vault toilet is $5,000-10,000 each.
It will likely take 5-6 months to have sites available for Van Life/THOW if staffing was available to start
design and rezoning in July and a WAG estimate of cost is $5,000 -$7,000 per site. This assumes that
porta-pottys and snow plowing would be provided. If water and sewer was desired for each individual
site, this would increase the price substantially.
Separately, if the Board desires tiny homes on a permanent or temporary foundations this would take a
more significant design, land planning and engineering effort. Staff estimates it would take a minimum of
8-12 months for the entitlement, land planning, and design efforts for tiny homes on foundations absent
an emergency ordinance of some kind.
F. - Use of USFS Campgrounds in the off-season:
At the BOCC/USFS/CPW/BLM joint meeting on May 13, Scott Vargo posed the question of potential
use of the USFS campgrounds during the winter months as a temporary opportunity for Housing. Adam
Bianchi, the District Ranger for the Dillon Ranger District stated that “this would be something he
would be happy to discuss with his supervisors, to determine if that could be allowed.” He said he
would get back to the group as soon as he knows more. On June 8, 2021, Adam responded that he had
spoken to the Forest Supervisor about this potential program but has not received an official response.
He hopes to receive a response soon and staff will update the Board with any updates we receive from
Adam between the time the staff report was submitted and the meeting. The County would need to
provide porta-potty services, plow the roads and deal with the trash during these winter months.

G. – Countywide Housing Summit:
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Currently the Towns and County are in the early process of organizing a housing summit to
collaboratively discuss solutions and mitigation strategies to the current housing crisis. An estimated
timeframe for the summit is late June to mid July.
H. - Wintergreen II:
The original Wintergreen development created 196 workforce housing rentals ranging in price point
from 30% - 100% AMI. The project was actually approved for a total of 243 units, or 47 more than
what were built. Staff reached out to Gorman and Company to find out if they would be interested in
developing the remaining 47 units, which they were. Staff also asked that they look to see how many
total units, above the 47, could actually fit on the site. Gorman’s site analysis came back with 70
additional units that could be constructed on the remaining land. Gorman was programing for a LIHTC
project with a County partnership to develop 56 units at 50%-60% AMI and 14 units at 100% AMI. The
LIHTC protocol required a letter of intent to CHFA due June 1st in order to be eligible for the next
round of funding.
In subsequent conversations between Gorman and CHFA is was determined that we could only apply
for the actual number of units currently allowed by zoning, 47 units. Staff did look at the possibility of
what it would take to change the zoning by mid-July; but the additional traffic impacts associated with
the 33 extra units combined with tight timeline and the submittal, referral, and noticing requirements did
not seem feasible. It was determined that the best course of action now is to move with a 47 unit
LIHTC project with County participation of $15,000 per unit, matching the DOH subsidy of $705,000.
Staff will continue to work with Gorman to organize a work session with the Board to get deeper into
the details and solicit Board feedback. Additionally, staff will work with Gorman to negotiate a
development agreement, which will be brought to the Board for review, and a site plan amendment
which will go before the Snake River Planning Commission. The project will require an ownership stake
from the Housing Authority of .01% in order to be tax exempt and make the financing work.
I. - Increase SCHA Down Payment Assistance Programs:
In today’s low interest rate red hot housing market the SCHA’s Summit Revolving Loan Program “SRLF”
is no longer a very competitive or sought after loan product. This is because borrowers are only
allowed to borrow at a 1 to 1 match of the borrowers down payment up to a maximum of $15,000 at a
3% interest rate over a 20 year term. In the past when housing prices were much lower and mortgage
rates were much higher the SRLF was a more attractive loan product. Staff recommends working with
the SCHA to increase the maximum loan amount someone can borrow, lower the interest rate and
possibility decrease the borrowers down payment match from 1:1 to 2:1. For reference, the County
offers downpayment assistance to County Employees of up to $30,000.
By making the SRLF more attractive to locals looking to purchase homes, Increasing the loan caps and
lowering interest rate, it will require that the County and other SCHA members increase the funding of
the SRLF program.
J. - Housing and Development Code Audit:
At the Housing Retreat there were several suggestions that were received positively by the Board about
modifications to the greater County Development Code as it relates to housing, that could shorten the
entitlement process, modify zoning requirements, reduce the cost of construction and potentially
increase the number of units. After the Housing Retreat there were several conversations about
5

conducting a code audit in relation to housing and that the County has never performed a code audit.
Staff reached out to Community Builders, an organization that performs code audits and also has a code
assessment toolkit for DIY code analysis called Breaking the Code. Community Builders is currently
too busy to take on a code audit but they did recommend 3 options:
1. We do it ourselves using the Breaking the Code, code assessment toolkit.
2. Hire another consultant, they recommended a consultant called Cascadia. An estimated cost
for this is $80,000 - $100,000.
3. A hybrid option, we do a facilitated webinar (perhaps in person) where they introduce the
Breaking the Code tool, we talk about some of our specific issues and potential solutions with
reps from Community Builders and Cascadia. This would be attended by Planning/Housing staff,
and also with elected official (or at least a portion with elected). The Estimated cost for this is
$3,000 - $8,000 depending on how involved we want it to be.
An audit of the whole code as it relates to housing would likely take 3 - 6 months. If we didn’t want to
look at the code in whole, Staff has been working on updates to the Housing Code and that specific
code section, 3802, is nearly ready to move forward with a BOCC work session. However if we do
the whole code audit it may make sense to wait on a Housing Code work session and look at the whole
code in its totality.
K. – Waive or Reduce all County Fees on Workforce Housing Projects for the Next 12 months:
Given the acute housing crisis and the rapid rise in the cost of construction the Board could waive or
reduce all County fees associated with workforce housing projects that aren’t requirements of other
development conditions. Housing staff will work with Building, Planning, and Engineering Department
staff on the best way to implement this effort if desired by the Board. For reference:
o
o
o
o

Average deed restricted multi-family combined Building/Planning/Engineering fees $1,520/unit*
Average deed restricted townhome combined Building/Planning/Engineering fees $5,375/unit*
Average deed restricted single family combined Building/Planning/Engineering fees $6,784/unit*
Average ADU combined Building/Planning/Engineering fees - $4,958/unit

*These permit cost numbers were calculated by analyzing the Lake Hill Development proposed units
and what it would cost to waive the permit fees associated with that development.
L. – New ADU Grant program:
At the Housing Retreat the Board supported the idea of developing a grant program to incentivize
owners to develop ADU’s on their property. Given the high cost of building an ADU the grants will
likely need to range from $30,000 - $60,000 each. A new deed restriction will need to be created to
ensure the intent of the public investment is being met and if it is not, than the County can recoup the
grant proceeds. Staff would like feedback from the Board if they are interested in pursuing this type of
program at that price range.
M. – Non-compliant ADU Amnesty Program:
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If desired, this program should closely mirror the new ADU Grant Program (With grants potentially up
to $40,000 to bring the units into compliance) and likely would have the same or similar deed restriction
that has yet to be developed. The benefit of getting these ADU’s legalized is that under our current
ADU deed restriction owners are required to rent out their ADU’s instead of leaving them empty.
Therefore, if the County offered amnesty and possibly some type of grant program to bring the units in
compliance, then the County could require these units to rented out to a local and be enforced annually.
However, many units may not be able to be brought into compliance because it is too expensive or a
portion of an existing dwelling may have to be knocked down. It is unlikely that many of these illegal
ADU’s are being short term rented because they would be discovered during the STR permit
application review.
N. - Stand Alone ADU Stock Plans program:
Staff intends to look into stock standalone ADU plans that could be used by the public in conjunction
with Code amendments that would be needed to allow standalone ADUs. It is unlikely stock ADU
plans could be used for attached ADU’s because most homes are custom built with the ADU
incorporated into the design.
O. - Workforce Housing 101 and Updated Housing Brochure:
Staff will be working with the County Communications department to develop an updated Housing
Brochure. Separately, staff will also be reaching out to the Building, Planning, and Engineering
Departments to develop a “Workforce Housing 101.”
P. - Habitat for Humanity Partnership:
Staff has met with Habitat to discuss the possibility of Habitat building homes on some of the County
owned parcels, starting with the Soda Creek parcel identified at the Housing Retreat. Habitat is very
interested but currently lacks the capacity to do so until 2022-2023. This timing probably works well
since none of the County parcels are currently zoned for housing and will need to be rezoned and
entitled for development. The County will need to partner with Habitat on the rezoning, plan
development and site plan to get the parcels in a condition that they could be deeded over to Habitat to
start construction. The whole entitlement process will take at least 8 - 12 months from the time it is
able to be started.
Q. - Increase the project pipeline to take advantage of grant funding opportunities that come along:
In addition to the Soda Creek parcel other County owned parcels the Board indicated Staff should start
working on included:
Silverthorne Elementary Parcel:
The 0.8 developable acres on this parcel are owned 50/50 with the Town of Silverthorne and
will require the Town’s approval and involvement for any development plan. Staff has met with
the Town to discuss potential development and those discussions have led to other potential
uses for the property that could generate far more housing than the parcel itself could.
Including this parcel, the Town owns approximately 10 acres adjacent to the existing elementary
school and would like to use the parcel as a part of a land trade with the school district. The
land that may be acquired is the old elementary school site, near the Town core and it would
provide the opportunity for substantially more workforce housing that the 0.8 acres the County
currently owns.
7

Justice Center Parcel:
Despite ongoing Master Planning efforts for the Justice Center Master Plan, if the Board desires
this parcel to be developed as workforce housing prior to the Justice Center Master Plan being
complete, Housing staff will begin the entitlement and coordination process with Breckenridge.
Breckenridge has indicated they are open to partnering with the County to develop apartments
on the parcel. The Town indicated they may be able to reuse COTO flats plans to save time
and money in getting the parcel developed.
R. – Denver Water Properties:
Denver Water has a number of properties in Summit County that are not needed for their water
operations (See Attachment B). Over the years, County staff has made several attempts to acquire
some of these parcels as potential housing sites, or to assure their long term protection as open space.
In the past, Denver Water has indicated that they do not want to entertain requests to dispose of their
surplus properties until they develop a consistent state-wide policy to guide their decisions on the
numerous requests they receive from public and private entities.
Recently, Ned West, Dillon Town Planner, sent an e-mail to each of the Town and County planners
indicating that Denver Water would like to set up a meeting to discuss the land acquisition goals of each
of the jurisdictions in Summit County and was inquiring about are availability for a joint meeting. Based
on the responses from the jurisdiction representatives it appears that meeting will likely occur within
the next month or two.
S. – Buy Downs and Housing Helps:
These two programs will continue to operate and create additional workforce housing wherever
possible as there continues to be strong interest in Housing Helps. The buy down program, while not a
priority, will continue to be utilized on select properties for County and/or local housing. Since the
Housing Retreat the Town of Breckenridge has offered to split the cost of buy downs located within the
Upper Blue Basin which will allow both the County’s and Town’s money to go further in preserving
local housing. The Town of Frisco is also looking to revamp their Housing Helps program to be more
consistent with the County’s and Town of Breckenridge. The County will look to partner the Town of
Frisco on their Housing Helps program once it is revamped.
T. – Mid-Term and Long Term Project Pre-Development Work, Planning and Due Diligence:
The following mid and long term projects, programs and strategies will in most all cases still require that
work be done now in the short term. Otherwise, without this work, the projects will get pushed out
further in time.
Mid-Term Projects, Programs and Strategies:
Other County owned land next steps:
1. Lake Hill
Staff continues to work on the Lake Hill project and will hold a work session with the
BOCC/TOF in the near future on the Lake Hill parcel to provide an overview of the impact
analysis which includes fiscal and infrastructure analysis (including traffic, water and wastewater
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improvements needed. This report was completed by EPS and Tetra-tech. Additionally staff will
seek to get more direction on housing types, uses and other questions the Town and Board may
have. The primary concerns with this parcel are access to water and costly off-site
infrastructure improvements (sewer and roadway improvements). County staff held a meeting
with the Frisco Sanitation District on June 10, 2021 to discuss proportional financing of the
improvements required by the Sanitation District to accommodate Lake Hill. County staff will
continue to seek funding opportunities for this project.
2. Bills Ranch Parcels
When directed by the Board, Staff will engage with a land planner and architect to come up with
a conceptual site plan and fit test for a workforce housing project on these parcels. There has
been a recent discussion with the Bills Ranch Housing representative to discuss housing in
general and how these two parcels could help add much needed workforce housing in the Ten
Mile Basin.
3. County Commons Parcels
The Board indicated they would like to meet with community groups before making any
decisions on these parcels. As mentioned in the short-term strategies, the South Parcel, has the
potential ability to be temporarily used for RV parking. This parcel actually would have the
capacity to park the most RV’s with some clearing and grading in the short term. In the long
term, this parcel also has the potential to accommodate tiny homes with foundations.
4. USFS Land Trade
Over the last several years, staff has been working with the USFS to initiate a land exchange for
both open space and housing parcels. There are three, possibly four parcels that make up 10 12 acres that have workforce housing potential that are currently owned by the USFS, (See
Attachment C). USFS land exchanges often take many years to process and this exchange is only
it the very initial stages. Because of the time and effort to complete Land Exchanges and the lack
of USFS staff, if the County hired someone to help with these exchanges, it may speed the
process significantly. Staff plans to have additional discussions with USFS staff on this issue in
the near future.
Long-Term Projects, Programs and Strategies:
The projects with a longer term time horizon for work force housing include the following:
Parcel 12-Frisco Transit Center:
Legal staff has reviewed the parcel, and determined that the parcel is likely not usable as workforce
housing at this time. Additional conversations with County staff have also indicated that placing
workforce housing next to a Transit Center is not the most compatible of uses. The county is currently
receiving complaints from the owners of Basecamp about the noise associated with the Transit Center.
However, Staff has initiated conversations with the Town of Frisco regarding developing this parcel into
workforce rentals. The Town is receptive to rezoning to allow workforce housing rentals. The rough
timeline for the entitlement process to develop workforce housing is approximately 6 – 8 months.
Analysis, Acquisition and Development of privately held parcels for workforce housing:
9

As a part of the 2010 Comprehensive Plan and Basin Master Plan updates, staff used established criteria
and analyzed all parcels within the County that had the potential to be used for workforce housing.
During the next Comprehensive plan update the original analysis criteria should be updated and all
parcels analyzed again, using the new workforce housing criteria.
Joshua Tree Transitional Housing Program:
More research needs done on this and it’s likely that this would be best operated in partnership with
non-profits or the faith based community. Staff is interested in exploring the acquisition of private
property that could be converted into transitional or another type of housing.
Staffing:
Currently the Housing Department has a staff of 2 and is extremely busy implementing numerous
current housing priorities. The Housing Department estimates that an additional 2 FTE’s are needed to
make significant headway on the short term priorities identified by the Board. It is anticipated that as
the short term projects are completed the FTE’s associated with the two new positions would redirect
their efforts to mid and long term projects. In addition, Housing staff would need to engage consulting
help for many of these projects, even with the addition of 2 FTE’s. It is estimated that a budget for
consulting help could range from $500,000-$1,00,000 or more depending on how many projects are
pursued concurrently. Below is a list of potential Housing Priorities, and the associated consulting help
needed to get these projects through the planning and design phase in the short term. Consultants
would be needed to perform a variety of tasks but particularly for the land entitlement and design
process.
Short TermLeasing, Property Management and Incentive Programs
• STR/Property Management Conversion Grant setup and management,
• STR neighborhood research,
• Hotel master leasing and property management set up and oversite,
• STR/other master leasing and property management set up and oversite,
• Coordination with other towns on a regional program, and
• Program marketing, social media and community outreach
(A majority of the work can be done in-house but it is estimated some consulting and
marketing will be needed-$25,000)
Land re-zoning and entitlement
• Short Term
o RV/Van Life parcel approvals (Land Planning & Engineering Consultants-$75,000 per
parcel (4 Parcels still under consideration-$300,000- Soda Creek, Archery range, South
Parcel, and Snake River WWTP) (Lake Hill was eliminated to due to topography, and
access issues)
o Wintergreen II (None-Gorman to Fund)
o Silverthorne Elementary parcel / land swap(Land Planning, Architect, & Engineering
Consultants-$200,000+)
o USFS compound and roundabout (Land Planning, Architect, & Engineering Consultants$200,000+)
o Lake Hill (Rezoning Effort-$50,000)
o Justice Center parcel (Land Planning, Architect, & Engineering Consultants-$200,000)
10

o

Old DNR Kennels site (Land Planning, Architect, & Engineering Consultants-$200,000)

Zoning / Housing Code updates, fee waiver, ADU incentive, ADU stock plans (Majority in House-ADU
Stock Plans may require the hiring of an architect -$10,000)
Housing Helps, buy downs, real estate and resale management (In House)
• Realtor/buyer/owner Q&A, coordination and correspondence
• Contract management
• Due diligence, title and property inspections
Existing deed restriction inventory management (In House)
• Resale calculation approval
• Deed restriction Q&A
• Compliance and enforcement
• Subordination agreement processing
• Promissory Note and Deed of Trust release and replacement
• Updated deed restriction opt in development, Q&A, and processing
Mid Term & Long Term
•

Mid / Long Term
o Lake Hill (In House-Issue RFP for Consultant to Complete Entitlements and Develop
Property)
o County Commons parcels (Land Planning, Architect, & Engineering Consultants$50,000)
o Bills Ranch parcels (Land Planning, Architect, & Engineering Consultants-$15,000)
o Snake River WWT Site (Land Planning, Architect, & Engineering Consultants-$10,000)

Land Development, project/HOA setup and vertical construction
• USFS Site (In-House-Issue RFP)
• Lake Hill (In-House-Issue RFP)
• Bills Ranch parcels (In-House-Issue RFP)
• Frisco Transit (More Analysis needed to determine if developable)
• Snake River WWT Site (In-House-Issue RFP)
Land acquisitions
Grants, finance and non-profit collaboration and outreach (In House)
Transitional housing program creation, set up, operation and management (More Research Needed)
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Attachment A
Incentive Programs for the Conversion of Short Term Rentals into Long Term Rentals
Financial Incentive Programs to Encourage Long Term Rentals/Deed Restrictions:
Town of Truckee: Long-Term Rental Grant Program
• The Town of Truckee launched a three year pilot program called the Long-Term Rental Grant
Program on October 14, 2020 with the goal of unlocking existing housing stock for the local
workforce. The program includes a set of incentives for homeowners that shift from renting
their home short-term — or not renting at all — to 12-month-plus lease arrangements with
locally employed tenants. Participating and qualifying homeowners will receive a $3,000 grant
and free tenant-matching services.
• Tenant qualification in this program is based on annual income. Related or unrelated
households must make no more than 150% of the area median income. The Town is partnering
with Truckee-based local housing business, Landing Locals to market and administer the new
program.
• To qualify for the incentive package homeowners must have a property in Truckee and agree to
rent their home for at least 12-months to an employee working for an employer based in the
Tahoe Truckee Unified School District boundaries. Landing Locals will work with homeowners
to guide them through the process of qualifying for the grant, listing the property on the Landing
Locals site, screening tenants, and secure a qualifying tenant. The lease agreement is between
the homeowner and the tenant. Landing Locals also works with tenants to help guide them
through the process of qualify homes in the Program. The Town provides the grants once leases
are signed and Landing Locals handles all of the qualifying of tenants and landlords into the
Program. The goal of this Program is to unlock 25 new long-term rentals in Truckee per year.
Applications on accepted on an on-going and rolling basis.
• Since it started in December 2020, it has converted 10 residences to long term rentals
• One time cash grant at the moment
• Tenants and homeowners can learn more about the Program and fill out online applications by
going to: www.landinglocals.com/truckeegrant.
• https://www.townoftruckee.com/government/housing/long-term-rental-grant-program
Landing Locals: nonprofit working to connect renters and rental properties
• Landing locals works in Truckee-Lake Tahoe area, Telluride, and Big Sky, MT
• They vet potential renters, do pre-background and credit checks, and otherwise reviews
potential renters ahead of time to reduce the number of things a property owner would have to
do during the process
• Truckee uses this to help rental owners easily find renters and combines it with a $3000
incentive to join the program and long-term rent
• https://landinglocals.com/
Lisbon, Portugal: Secure Income Program
• Landlords afraid of their apartments lying empty can apply to rent them to the municipality, for
a minimum term of five years. The municipality then finds renters and charges them rent.
• The city in turn takes on the burden of finding tenants, through an affordable housing program
targeted at young people and lower income families. This could be changed to any locals who
work 30+ hours weekly in Summit County.

•
•
•

Rents are capped at levels between 450 euros ($509) per month for a one-bedroom to 1,000
euros ($1,130) for a generously sized house. Would want it to be a certain AMI for Summit
County, based on statistics.
For landlords, the income from these fixed rents might be lower than they could have earned
from renting to tourists, but it is at least risk and hassle-free, and exempts them from both
property and capital gains taxes.
https://www.bloomberg.com/news/articles/2020-07-08/lisbon-s-plan-to-reclaim-vacationrentals-for-housing

Maui County, HI: Long Term Rental Tax Incentives
• Bill 129 enables owners of real property to apply for a long-term rental exemption, and if
qualified, will receive a $200,000 reduction to the property’s tax assessment and be moved
from the non-owner occupied classification to the new long-term rental classification.
• Real property owners that qualify for both a homeowner exemption and a long-term rental
exemption on the same property will receive a $300,000 reduction to their tax assessment and
remain in the owner-occupied class.
• Owners of multiple real property may apply for a long-term rental exemption on each
property that contains a long-term rental.
• It does not appear that this is allowed in Colorado, but there may be ways to do something
similar?
• http://mauicounty.us/press-release/long-term-rental-housing-tax-incentive-bill-passes-secondand-final-reading-at-council/
• https://www.mauicounty.gov/DocumentCenter/View/125099/Ord-5159
Portland, OR:
• Portland City Council in 2020 offered owners of non-owner occupied, short-term rental units a
one-time $1,000 payment if they make the units available for at least a year to people
receiving Section 8 or general assistance. The owners would be able to convert back to shortterm rentals after a year if the city’s cap of 400 non-owner occupied units has not been
exceeded.
• Of the 872 short-term rental units in the city, 400 are in buildings that are not occupied by the
unit’s owner, according to a 2019 Housing Report. City council is trying to limit the number of
STRs that are not owner-occupied to 400 maximum.
• For Summit County, we could offer some monetary incentive to any non-owner occupied unit,
no cap needed
• Offer was only open to the first 25 STR operators who applied, so it was not available in
perpetuity
Programs that provide services (property management, tenant vetting, etc.) to owners who long term
rent, but no money:
Telluride, CO: Trust for Community Housing and Landing Locals
• Telluride has a nonprofit called the Trust for Community Housing, which uses Landing Locals to
match second home owners with vetted local tenants who go through background and
reference checks to pre-select candidates who may be good long-term renters
o This eases the burden of vetting potential renters and eliminates one hurdle that may
cause a homeowner to short term rent instead

o
o
o

No monetary incentives, only incentive is to make the process easier to find qualified
renters
They are also doing this in other resort towns, including the Truckee-Lake Tahoe area
and Big Sky, MT
https://landinglocals.com/telluride/

Big Sky, MT: RENT LOCAL program from the Big Sky Housing Trust
• Similar to Landing Locals, the program works to screen potential tenants to make things easier
on potential long term rental properties
• They charge property owners $300, though we could provide grants to set something similar up
at no cost to property owners?
• Requires a maximum rental cost of $1000 per bedroom
• https://bigskyhousingtrust.com/rent-local-program/
Marin County, CA: Landlord Partnership Program
• With its Landlord Partnership Program, the Marin Housing Authority in California has been
working to expand housing options for HCV tenants by providing landlords with security
deposits, damage loss mitigation, vacancy loss protection, and a 24-hour customer service
hotline, among other services.
• This program is specifically to promote affordable housing for renters with housing vouchers,
but could be modified for programs that want to just encourage long term rentals, period
• The Landlord Partnership Program aims to expand rental opportunities for families holding
housing choice vouchers by making landlord participation in the program more attractive and
feasible, and by making the entire program more streamlined.
• Provides up to $2500 in security deposits, provides up to $3500 in damage mitigation once the
family moves out, provides up to $3500 in tenancy loss while they are looking for a new longterm renter, allows waivers of building and planning department fees for projects needed to put
the rental into the long-term rental pool, and provides a dedicated landlord liaison 24-hour
hotline to address issues
• https://www.marinhousing.org/landlord-partnership-program
Whistler, Canada: Whistler Housing Authority HomeRun Program
• HomeRun program matches property owners and business owners for workforce housing for
businesses’ employees
• Administered by the Whistler Housing Authority, managed by licensed property managers
• Business enters into an agreement with the homeowner and takes full responsibility for the
lease, rent, and maintenance of the property
• Property management fees are directly deducted from the rents received after the lease is
signed; no work on the part of the property owner, since the property management
company/housing authority does all the work
• https://whistlerhousing.ca/pages/homerun
Santa Barbara, CA: Coastal Housing Partnership
• Offers housing assistance for employees of member companies, including home buying
education, home buying savings, mortgage refinancing options, and rental savings
• Local employers become members, which enables their employees to benefit from the Coastal
Housing Partnership’s services (at different fee rates depending on employer size)

•

•

•

The partnership has connected with local landlords that have agreed to reduce their monthly
market rent on new leases for employees that are part of the program, which provides
employees with better housing options and landlords/property owners with more certainty
that a renter will pay, since they are backed by the CHP
Benefit of this program would be that if a landlord agreed to join the program, they would
immediately be matched with a number of employees working at member employers that
would allow for more certainty about monthly rent and reduce potential vacancy in the unit
since there are already employees ready to move in
o Could work in concert with something like the Landing Locals nonprofit
https://coastalhousing.org/

Cape Code, MA: Rent 365
• The Housing Assistance Corporation in Cape Code created the Rent 365 program to provide
homeowners access to free professional expertise to help develop budgets, estimate rent prices
specific to neighborhoods, do tenant screening, etc. to promote long term rentals
• No monetary incentives, just professional advice
• Has enrolled 18 homeowners in the year round program, of a goal of 25
• https://haconcapecod.org/programs/available-housing/housing-development/rent-365/
More Information/Other Programs:
Vancouver, Canada: Empty Homes Tax
• Vancouver properties that are not owner or long-term occupied at least 6 months annually are
subject to a tax of 1.25% of the property’s 2020 assessed taxable value
o It only applies to properties that are left vacant over 6 months of the year, and requires
that those 6 months either be owner occupied or long-term rented (30+ days at a time)
 You could still short term rent in the winter if you had a six month summer lease
o This is a tax/regulation on short term rentals, not an incentive to do a long term rental
o https://vancouver.ca/home-property-development/empty-homes-tax.aspx
Placer County, CA:
• Placer county officials surveyed 510 households in their county who were second homeowners
to see what would motivate/incentivize them to rent their units long term instead of short term
• Results showed that 42.2% stated that extra cash compensation (i.e. a rent subsidy, a property
tax reduction, or a straight grant) would be the largest incentive to switch to long-term rental;
33.7% stated that free property management services would help; ~25% said that rental
payment guarantees by the town/county in case their tenant failed to pay rent; but 34% said
that no incentives would provoke them to rent long term:

•

https://www.flashvote.com/placer-ca/surveys/second-home-rental-program-ideas-04-18

Attachment B
Denver Water Owned Properties for Potential County Acquisition
Prepared By: Summit County Planning Department
November 20, 2013
Background: In an effort to address several long-standing community goals, Summit County is submitting this proposal
to acquire six properties currently owned by the Denver Water Board. Summit County’s Snake River Master Plan
identifies three properties owned by Denver Water as potentially suitable sites to be developed for affordable workforce
housing. The County’s Housing Strategy states that the County should work cooperatively with appropriate entities to
acquire these properties and pursue public/private partnerships to develop affordable housing on these sites. The Snake
River Master Plan and Ten Mile Master Plan also identify several Denver Water owned properties as desirable locations
to be preserved for open space and recreation. Accordingly, the County is interested in potentially acquiring these sites
for open space purposes.
The parcels designated as “Potential Open Space Properties” on the enclosed maps have been selected based on the
County Open Space Program’s selection criteria. The Program focuses on lands that contribute most to the County’s
character and quality of life including: prominent view corridors, buffers between communities, significant agricultural
lands, undeveloped shorelines and riparian corridors, trail and recreation access points, backcountry mining claims, and
lands of unique ecological value.
Since 1995, the Open Space Program has protected close to 15,000 acres of land and has been supported strongly by the
community in four general elections. The County has protected land as open space via fee simple purchase, bargain sale,
donation and conservation easement. Protecting open space in Summit County is a cooperative effort with willing
landowners. In all open space transactions, the County’s Open Space Program works with landowners to determine fair
market value for the property. The potential to protect Denver Water properties with open space values has been discussed
for over a decade. However, these particular properties have not been formally discussed with the Open Space Advisory
Council or Board of County Commissioners, which would be imperative following additional feedback from DWB.
Summary of Information Provided: The attached document has been prepared by the Planning Department to identify
the Denver-Water owned properties that the County is interested in acquiring for both affordable housing and open space
purposes. A comprehensive map is provided showing all identified sites, along with an individual information sheet for
each site. For each site, we have provided information on the property’s basic characteristics (i.e. property location, size,
existing conditions, etc.), the existing zoning and permitted uses, and relevant master plan policies identifying
appropriate/desirable future uses for the property.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire for Affordable Housing

Property #1 – East Extension to Dillon Valley Condominiums
Basin: Snake River
Property Name & General Location: East Extension to Dillon Valley Condos - adjacent to Highway 6 and Town of
Dillon
Legal Description: T5S, R77W, Section 8, Quarter 2
Schedule #: 4008978
Property Size / Approximate Acreage: 3.07 acres
Ownership: City and County of Denver
Existing Conditions: Currently vacant
Zoning: A-1 (Agricultural) – The intent of the A-1 zoning district is to preserve agricultural and ranching uses. The
permitted uses, densities and standards for the A-1 zoning district are intended to protect existing agricultural character,
while providing for low intensity use of natural resources, limited residential and recreational development and other
compatible uses. Residential densities are limited to no more than 1 single family residence / 20 acres.
Snake River Master Plan Land Use Designation: Residential
The Snake River Master Plan provides the following guidance for appropriate future land uses on properties with a
‘Residential’ land use designation:
Related Goal B., Policy/Action 2: Land development or redevelopment in designated Residential Neighborhoods (as
identified on the Land Use Map) should be compatible with surrounding residential densities, uses and associated
activities. – page 27
Snake River Master Plan Identification as a Potential Affordable Workforce Housing Sites/Location:
The Snake River Master Plan identifies this property as a potentially appropriate location for affordable workforce
housing, and provides the following guidelines for any future affordable housing development on this site:
Affordable workforce housing on this property should be compatible with the surrounding neighborhood (i.e. similar unit
types and densities as those in the surrounding neighborhood). When evaluating any future development of this property
for affordable workforce housing, the County should consider the adequacy of the Highway 6 / CR 51 intersection and
work with appropriate entities to address any necessary improvements to the intersection. – Table 6, page 35
Town of Dillon Three Mile Plan: The Town’s Three Mile Plan identifies appropriate land uses for this property as low
to medium density residential development or expansion of town or county facilities. The Three Mile Plan states that,
residential uses could provide housing for either citizens of the community and/or employees of the Town and other
public entities.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire for County Open Space & Recreation

Property #2 – Corinthian North and South
Basin: Snake River
Property Name & General Location: Corinthian North and South- Located within the Town of Dillon, adjacent to
Highway 6.
Legal Description: North Parcel – T5S, R77W, Section 8, Quarter 4, South Parcel - T5S, R77W, Section 17, Quarter 1
Schedule #: North Parcel - 4008982, South Parcel - 4008731
Property Size / Approximate Acreage: The north and south parcels are each approximately 40 acres in size.
Ownership: Denver Municipal Water Works
Existing Conditions: The front (west) half of the north parcel contains Denver Water Board facilities and the back (east)
half is currently vacant. The south parcel is vacant, with Hwy 6 and the County Recpath running through the southern
property.
Jurisdiction: These properties are located within the Town of Dillon. Please contact the Town for information on the
properties’ zoning and relevant master planning considerations.
Potential Open Space Acquisition Details: The County would be interested in potentially subdividing and acquiring the
eastern half of the north parcel (i.e., the approximately 20 acre portion of the site that is vacant and does not contain
Denver Water facilities). The entire southern parcel is considered for potential open space acquisition. These two parcels
back up to National Forest System Lands, providing an extension of open space. They are also highly visible from
Highway 6, and part of the scenic view corridor and community separator between Dillon and Summit Cove. Lastly,
portions of the paved Recpath cross through the property, and it is part of severe winter range for deer and elk.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire for County Open Space & Recreation

Property #3 – Straight Creek Trail East
Basin: Snake River
Property Name & General Location: Straight Creek Trail East – Parcels 1, 2, & 3. The parcels are located to the east of
Dillon Valley and south of Interstate 70. Parcel #1 is farthest to the west, and Parcel #3 is located farthest to the east. All
three parcels are considered for potential open space acquisition.
Legal Description:
Parcel #1 – T5S, R77W, Section 5, Quarter 4
Parcel #2 - T5S, R77W, Section 4, Quarter 3
Parcel #3 – T5S, R77W, Section 3, Quarter 3
Schedule #s: Parcel #1 - 4008949, Parcel #2 – 4008846, Parcel #3 - 4008847
Property Size / Approximate Acreage:
Straight Creek Trail East, Parcel #1: 27.5 acres (approximately)
Straight Creek Trail East, Parcel #2: 80 acres (approximately)
Straight Creek Trail East, Parcel #3: 80 acres (approximately)
Total: 187.5 acres (approximately)
Ownership: Denver Municipal Water Works
Existing Conditions: Currently vacant, the primary access to the Straight Creek Trail (CR 51) crosses through Parcels 1
and 2, and a spur to Straight Creek crosses through all three parcels.
Zoning:
Straight Creek Trail East, Parcels #1 & #2: A-1 (Agricultural) – allows 1 single-family residence / 20 acres
Straight Creek Trail East, Parcel #3: Backcountry – allows 1 residence of limited size / 20 acres
Snake River Master Plan Land Use Designation:
Straight Creek Trail East, Parcels #1 & #2: Rural
Straight Creek Trail East, Parcel #3: Backcountry
Potential Open Space Acquisition Details: The two 80 acre parcels are mostly surrounded by National Forest lands, and
contain riparian habitat associated with Straight Creek. They provide access to the Straight Creek Trailhead and trail,
which is popular for motorized and non-motorized recreation. This area may become more important for recreation due to
its proximity and access to the planned development of the Tenderfoot Mountain motorized trail system.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire for County Open Space & Recreation

Property #4 – North Ten Mile Creek
Basin: Ten Mile
Property Name & General Location: North Ten Mile Creek Property- Located west of Interstate 70 and the Town of
Frisco, adjacent to the North Ten Mile Trail.
Legal Description: T5S, R78W, Section 34, Quarter 2
Schedule #: 4008061
Property Size / Approximate Acreage: 32 acres
Ownership: City and County of Denver
Zoning: A-1 (Agricultural) – allows 1 single family residence / 20 acres
Ten Mile Master Plan Land Use Designation: Open Space\Dispersed Recreation\Water Plant Operations
Potential Open Space Acquisition Details: The North Ten Mile Trail runs along the center of this property. The trail is
highly popular for both winter and summer recreation and is a valuable public amenity. In addition, the property contains
riparian areas associated with North Ten Mile Creek and is surrounded on two sides by National Forest System Lands.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire Jointly for Affordable Housing and Open Space

Property #5 – City and County of Denver Property
(adjacent to USFS Compound)
Basin: Snake River
Property Name & General Location: City and County of Denver Property adjacent to USFS Compound – Located
adjacent to Highway 6 and the Town of Dillon.
Legal Description: T5S, R77W, Section 8, Quarter 2
Schedule #: 4008977
Property Size / Approximate Acreage: 70 acres (Approximately 8.5 acres identified as a potential affordable housing site,
with the remainder of the property preserved as open space)
Ownership: City and County of Denver
Existing Conditions: Currently vacant
Zoning: A-1 (Agricultural) – The intent of the A-1 zoning district is to preserve agricultural and ranching uses. The
permitted uses, densities and standards for the A-1 zoning district are intended to protect existing agricultural character,
while providing for low intensity use of natural resources, limited residential and recreational development and other
compatible uses. Residential densities are limited to no more than 1 single family residence / 20 acres.
Snake River Master Plan Land Use Designation: Residential, Community Facility and Open Space and Recreation
The Snake River Master Plan identifies a portion of the property (approximately 8.5 acres in size) for Residential and
Community Facility uses, and the remainder of the property (approximately 61.5 acres) for Open Space and Recreation.
The Master Plan provides the following guidance for appropriate future land uses within each land use designation:
Residential Land Use Designation - Related Goal B., Policy/Action 2: Land development or redevelopment in designated
Residential Neighborhoods (as identified on the Land Use Map) should be compatible with surrounding residential
densities, uses and associated activities. – page 27
Community Facility Land Use Designation – General guidelines for appropriate land uses include facilities used by the
community as a whole that provide an essential service to the community, such as water and sewer treatment plants,
libraries, schools, police and fire stations. Additionally, affordable workforce house or employee housing can be integrated
into a community facility.- Table 4, page 21
Open Space and Recreation Land Use Designation – Protect and preserve lands in a predominantly undeveloped state
while providing for one or more of the following community benefits: buffers, view corridors, access to trails, trailheads,
water bodies, or national forest areas, and dispersed or developed recreation facilities or passive recreational activities. –
Table 4, page 23
Snake River Master Plan Identification as a Potential Affordable Workforce Housing Sites/Location:
The Snake River Master Plan identifies this property as a potentially appropriate location for affordable workforce housing,
and provides the following guidelines for any future affordable housing development on this site:

To ensure livability, affordable workforce housing on this site should be buffered/visually screened from adjacent Town of
Dillon community facility uses. Development should also occur in a manner that maintains access to area trails and buffers
development from adjacent recreational uses. Any future development on this property should be compatible with the
surrounding neighborhood (i.e. similar unit types and densities as those in the surrounding neighborhood). When
evaluating any future development of this area for affordable workforce housing, the County should consider the adequacy
of the Highway 6 / CR 51 intersection and work with appropriate entities to address any necessary improvements to the
intersection. – Table 6, page 35
Town of Dillon Three Mile Plan: The Town’s Three Mile Plan identifies appropriate land uses for this property as low to
medium density residential development or expansion of town or county facilities. The Three Mile Plan states that,
residential uses could provide housing for either citizens of the community and/or employees of the Town and other public
entities.
County Open Space Criteria: This property is an extension of open space (backs to National Forest System lands) and
contains a segment of the Oro Grande Trail. It may also contain portions of the Tenderfoot Trailhead (the access point to
Oro Grande Trail) and provide severe winter range for deer and elk. It also functions as a buffer for the Town of Dillon.
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Denver Water Owned Properties for Potential County Acquisition
Potential Properties to Acquire Jointly for Affordable Housing and Open Space

Property #6 – Snake River Inlet / Glen Cove West
Basin: Snake River
Property Name & General Location: Snake River Inlet / Glen Cove West – Property located at the Snake River Inlet to
Dillon Reservoir, west of Glen Cove Subdivision
Legal Description: T5S, R77W, Section 21, Quarter 2
Schedule #: 4009081
Property Size / Approximate Acreage: 84 acres (Approximately 1.5 acres identified as a potential affordable housing site,
with the remainder of the property preserved as open space)
Ownership: Denver Municipal Water Works
Existing Conditions: Currently vacant with segments of the County Recpath running through the property.
Zoning: A-1 (Agricultural) – The intent of the A-1 zoning district is to preserve agricultural and ranching uses. The
permitted uses, densities and standards for the A-1 zoning district are intended to protect existing agricultural character,
while providing for low intensity use of natural resources, limited residential and recreational development and other
compatible uses. Residential densities are limited to no more than 1 single family residence / 20 acres.
Snake River Master Plan Land Use Designation: The property has an Open Space and Recreation Land Use Designation,
with an Affordable Workforce Housing Overlay Designation on a 1.5-acre portion of the property. The Master Plan provides
the following guidance for appropriate future land uses:
Open Space and Recreation Land Use Designation – Protect and preserve lands in a predominantly undeveloped state
while providing for one or more of the following community benefits: buffers, view corridors, access to trails, trailheads,
water bodies, or national forest areas, and dispersed or developed recreation facilities or passive recreational activities. –
Table 4, page 23
Affordable Workforce Housing Overlay Designation – Related Goal B., Policy/Action 26. Deed-restricted affordable
workforce housing may be appropriate on…the Denver Water Board Property west of Glen Cove Subdivision…More details
on the potential for affordable workforce housing to be located on these properties is contained in the affordable workforce
housing section of the Plan. – page 30
Snake River Master Plan Identification as a Potential Affordable Workforce Housing Sites/Location:
The Snake River Master Plan identifies a 1.5-acre portion of this property as a potentially appropriate location for affordable
workforce housing, and provides the following guidelines for any future affordable housing development on this site:
Affordable workforce housing on this property should ensure continued public access for recreational uses, and should be
buffered from Highway 6 and the adjacent recreational uses. Development on this property should also be compatible with
adjacent properties (i.e. similar unit types and densities as those of the surrounding properties).
County Open Space Criteria: Situated between two existing open space parcels, this property would expand the
community separator between Dillon and Keystone. The property also provides river access for fisherman and protects
riparian habitat; and a segment of the paved Recpath passes through it.
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Summit County
Housing Plan

June 15, 2021

Housing Plan
Background & Purpose
• During the May 4th Housing Retreat meeting the Board proposed an aspirational goal of
creating/securing an additional 1,000 workforce units within the next 12 -18 months. Those
1,000 additional units would be in collaboration with the other jurisdictions in Summit
County.
•

Housing Plan is broken into:
o
o
o

•

Short Term, 12-18 months
Mid Term, 18-36 months
Long Term +36 month

Staff will review the strategies, projects, and programs and breakdown the anticipated
process, timeframe and cost.

Short Term Strategies, Projects, & Programs
STR to LTR Conversion Incentive Program
• Current STR license fees only cover approximately 2/3 of current STR program costs. Staff
recommends adjusting fee to cover costs.
•

Create neighborhood STR mapping and metrics for 4,334 active STR permits.

•

Use STR mapping and metrics to target Opportunity Zones to convert from STR to LTR.

•

Develop and send out targeted survey to STR owners in the Opportunity Zones.

•

Develop a Marketing Campaign to send to STR owners in the Opportunity Zones to convert
to LTR.

Short Term Strategies, Projects, & Programs
STR to LTR Conversion Potential Incentives
• Conversion Grants: ½ at Lease Signing-1/2 at 6 or 12 months.
•

Security Guarantee: Rent and Security Deposit up to a certain amount guaranteed by the
County up to a certain amount.

•

Property Managers Finders Fee: Property managers would get finders fee for STR’s that
convert from STR to LTR. Alternatively, provide an Offset to Property Managers for money
lost from a STR to LTR conversion.

•

Expand Housing Works Initiative: Currently there’s no marketing or security guarantee’s,
Omni Real Estate continues to manage the original HWI units at 6.5%, Market LTR
management fee’s are 12% - 18%.

•

Locals Landing Type Program: Match vetted tenants with Home Owners

Short Term Strategies, Projects, & Programs
Hotel to Condo Master Leasing
• Contract expected to be finalized June 15, 2021.
• Currently working on setting up a leasing agent and property manger to start occupancy
July 1, 2021.
• Estimated Annual Subsidy: $286,868

Short Term Strategies, Projects, & Programs
Master Leasing of Seasonal Resort Housing for the Off-Season
• Very few units available at Keystone.
• 3-3 Bedroom units in Tenderfoot available only thru August.
• Staff will also reach out to Copper Mountain to see if they have any availability.

Use of Empty Outlet Parking Lots & Stores in the Town of Silverthorne
• No desire from Private Property owner to allow this.
• Green Village under contract to be sold and redeveloped as commercial entity.
• Red Village looking to redevelop as commercial enterprise.

Short Term Strategies, Projects, & Programs
Use Vacant County Land as Tiny Homes on Wheels (or foundations)/Van Life
• Parcels considered for this use include: Soda Creek, Archery Range, WWTP, South Parcel,
and Lake Hill. (Lake Hill eliminated)
• Limited number of potential spaces (only 2-15) on these parcels.
• Would require a change to current zoning and in some cases Basin Master Plan amendment.
• Re-zonings would take 4-5 months unless some type of emergency ordinance can be used to
expedite the land use change.
• Need grading permits, site clearing, site grading, engineering plans and in some cases wetland
delineations.
• Need to contract for temporary porta-pottys, trash, plowing & temporary road maintenance.
• Estimated to take 5-6 months at a cost of $5,000-$7,000 per individual space.
• If Tiny Homes on permanent foundations are desired minimum of 8-12 months for
entitlement, land planning and design efforts.

Short Term Strategies, Projects, & Programs
Use of USFS Campground in the Off-Season
• District Ranger stated this request was something he would discuss with the Forest
Supervisor.
• On June 8th, District Ranger stated he had spoken to the Forest Supervisor but did not
receive an official response yet.
• County would need to provide porta-pottys, plow the roads, and deal with the trash during
the winter months.
Countywide Housing Summit
• Planning a Housing Summit with local governments & major employers to discuss housing
emergency.
• Estimated timeline for the summit is late June to mid July.

Short Term Strategies, Projects, & Programs
Wintergreen II
• Project was actually approved for a total of 243 units, 47 more than the 196 that were built.
• Gorman and Company told staff they would be interested in developing the remaining 47
units as LIHTC units.
• County would have participate with a $15,000 per unit subsidy, matching the DOH subsidy.
• Staff will continue to work with Gorman to schedule a work session to provide more details.
Increase in SCHA Down Payment Assistance Programs
• SCHA revolving loan fund is no longer a very competitive product because borrows are only
allowed to borrow at a 1 to 1 match with a down payment max of up to $15,000 at a 3%
interest rate over 20 years.
• Staff recommends working with the SCHA to increase the max amount and lower interest
rate.

Short Term Strategies, Projects, & Programs
Housing & Development Code Audit
• After Housing Retreat, BOCC expressed interest in auditing/modifying development code as
it relates to Housing to shorten the entitlement process and reduce cost of construction.
•

Community Builders-Organization that provides code audits recommended the County
pursue one the below options:
o
o
o

•
•

County does it In-House using the Community Builders-Breaking the Code toolkit
Hire consultant at a cost of $80,000-$100,000.
Hybrid Option- Meet with Community Builders where they introduce Breaking the Code and discuss
some of our specific issues and potential solutions. $3,000-$8,000

Timeline 3-6 months
If no desire to look at entire code, staff has been reviewing Housing Section 3802 and is
nearly ready to move forward with amendments.

Short Term Strategies, Projects, & Programs
Waive or Reduce all County Fees on Workforce Housing Projects for Next 12
Months
• If desired by the Board, Housing staff will work with Building, Planning, and Engineering on
best way to implement this effort.
o
o
o
o

Average deed restricted multi-family combined Building/Planning/Engineering fees - $1,520/unit
Average deed restricted townhome combined Building/Planning/Engineering fees - $5,375/unit
Average deed restricted single family combined Building/Planning/Engineering fees - $6,784/unit
Average ADU combined Building/Planning/Engineering fees - $4,958/unit

New ADU Grant Program
•
•

Grants will likely need to be $30,000-$60,000 each due to high cost to build an ADU.
A new deed restriction will be needed to allow the County recoup grant moneys if the intent of the public
investment is not being met.

Short Term Strategies, Projects, & Programs
Non-Compliant ADU Amnesty Program:
• Grants potentially up to $40,000 to bring the units in compliance and a new deed restriction
needed.
• Benefit-New deed restriction requires long term rental instead of leaving vacant
• Many units may not be able to be brought into compliance due to expense or site challenges.
Stand Alone ADU Stock Plans Program:
• Staff intends to look into creating standalone ADU plans that could be used if Code
Amendments are passed to allow stand alone ADUs.
• Unlikely ADU stock plans could be used for attached ADU’s because most homes are custom
built with the ADU incorporated into the design.
Workforce Housing 101 and Updated Housing Brochure
• Staff will be working the Communications Department to develop an updated Housing
Brochure
• Staff will be working the Building, Planning & Engineering Departments to develop a
Workforce Housing 101.

Short Term Strategies, Projects, & Programs
Partnership with Habitat for
Humanity
•

Soda Creek Parcel .2 acres
o

Habitat is very interested in a partnership but
lacks capacity to so until 2022-2023.

o

None of County Parcels are currently zoned
for housing and will need to be rezoned and
entitled so the timing may work well.

o

Entitlement process will take 8-12 months.

Short Term Strategies, Projects, & Programs
Denver Water Owned Properties
• Denver Water has a number of properties that are not needed for their water operations.
• Staff has made several attempts to acquire some of these parcels as potential housing sites, or to assure
their long term protection as open space.
• Previously, Denver Water has indicated that they do not want to entertain requests to dispose of their
surplus properties.
• Recently, Dillon Town Planner, sent an e-mail indicating that Denver Water would like to set up a
meeting to discuss the land acquisition goals of each of the jurisdictions in Summit County and was
inquiring about are availability for a joint meeting. Based on the responses from the jurisdiction
representatives it appears that meeting will likely occur within the next month or two.

Short Term Strategies, Projects, & Programs
Buy Downs and Housing Helps:
• Programs will continue to operate and create additional workforce housing wherever
possible as there continues to be strong interest in Housing Helps.
•

Buy down program, while not a priority, will continue to be utilized on select properties
for County and/or local housing.

•

Since the Housing Retreat the Town of Breckenridge has offered to split the cost of buy
downs located within the Upper Blue Basin which will allow both the County’s and
Town’s money to go further in preserving local housing.

•

The Town of Frisco is also looking to revamp their Housing Helps program to be more
consistent with the County’s and Town of Breckenridge.

Short Term Strategies, Projects, & Programs
County Owned Land Development
•

Silverthorne Elementary Parcel .8 acres
o County met with Silverthorne staff to discuss
potential development.
o

Including jointly owned parcel, the Town owns
approximately 10 acres adjacent to the existing
elementary school and would like to use the
parcel as a part of a land trade with the school
district.

o

The land that may be acquired could provide
the opportunity for substantially more
workforce housing that the 0.8 acres the
County currently owns.

Short Term Strategies, Projects, & Programs
County Owned Land Development
Justice Center Parcel 1.56 acres
•
Despite ongoing Master Planning efforts for the
Justice Center Master Plan, if the Board desires this
parcel to be developed as workforce housing prior to
the Justice Center Master Plan being complete,
Housing staff will begin the entitlement and
coordination process with Breckenridge.
•

Breckenridge has indicated they are open to
partnering with the County to develop apartments
on the parcel. The Town indicated they may be able
to reuse COTO flats plans to save time and money in
getting the parcel developed.

Short Term Strategies, Projects, & Programs
County Owned Land Development
Snake River WWTP Parcel 2.18 acres
•
A wetland delineation will be conducted on this
parcel as a broader OS&T wetland delineation
project. This should help determine the amount of
developable acreage we have to work with.
•

The land will need re-zoned from it’s current PUD
designation as a part to the waste water treatment
plant.

•

The buildable land sits lower that the adjacent
WWTP and with additional dirt berms and
landscaping the neighboring WWTP could be greatly
obscured from the site.

Short Term Strategies, Projects, & Programs
County Owned Land Development
DNR Kennel Parcel 5.5 acres

•

Breckenridge owns 75%, the County 25%

•

In the near future start conversations with the Town
about the parcels potential for workforce housing and
get an understanding of the obstacles potentially
faced if developing this parcel.

Mid Term Strategies, Projects, & Programs
County Owned Land Development
Lake Hill
• Staff continues to work on the Lake Hill project and will
hold a joint work session in the near future on the Lake
Hill parcel to provide an overview of the Impact Analysis,
which includes fiscal and infrastructure analysis (traffic,
water and wastewater improvements needed.
•

At work session, staff will seek to get more direction on
housing types, uses and other questions the Town and
Board may have. The primary concerns with this parcel
are access to water and costly off-site infrastructure
improvements (sewer and roadway improvements).

•

County staff held a meeting with the Frisco Sanitation
District on June 10, 2021 to discuss proportional
financing of the improvements required by the Sanitation
District to accommodate Lake Hill.

Mid Term Strategies, Projects, & Programs
County Owned Land Development
Bill Ranch Parcels 1.15 & .85 Acres:
• When directed by the Board, Staff will engage with
a land planner and architect to come up with a
conceptual site plan and fit test for a workforce
housing project on these parcels.
•

There has been a recent discussion with the Bills
Ranch Housing representative to discuss housing in
general and how these two parcels could help add
much needed workforce housing in the Ten Mile
Basin.

Mid Term Strategies, Projects, & Programs
County Owned Land Development
County Commons Parcels 19.18 acres:
• South Parcel, has the potential ability to be
temporarily used for RV parking.
•

Parcel has the capacity to park the most RV’s
with some clearing and grading in the short
term.

•

In the long term, this parcel also has the
potential to accommodate tiny homes with
foundations.

Mid Term Strategies, Projects, & Programs
USFS Land Trade
•

Staff has been working with the USFS to initiate a land exchange for both open space and housing
parcels.

•

Three or possibly four parcels that make up 10 -12 acres that have workforce housing potential that are
currently owned by the USFS

•

USFS land exchanges often take many years to process and this exchange is only in the very initial
stages.

•

Because of the time and effort to complete Land Exchanges and the lack of USFS staff, if the County
hired someone to help with these exchanges, it may speed the process significantly.

•

Staff plans to have additional discussions with USFS staff on this issue in the near future.

Long Term Strategies, Projects, & Programs
County Owned Land Development
Frisco Transit Center:
• Legal staff has reviewed the parcel, and determined that
the parcel is likely not usable as workforce housing at
this time.
•

Placing workforce housing next to a Transit Center is
not the most compatible of uses.

•

Frisco is receptive to rezoning to allow workforce
housing rentals. The rough timeline for the entitlement
process to develop workforce housing is approximately
6 – 8 months.

Long Term Strategies, Projects, & Programs
Analysis, Acquisition & Development of privately held parcels for workforce housing
• As a part of the 2010 Comprehensive Plan and Basin Master Plan updates, staff analyzed all parcels
within the County that had the potential to be used for workforce housing. During the next
Comprehensive plan update all parcels analyzed again, using the new workforce housing criteria.
Joshua Tree Transitional Housing Program:
• Likely that this would be best operated in partnership with non-profits or the faith based
community.
• Staff is interested in exploring the acquisition of private property that could be converted into
transitional or another type of housing.

Staffing
•

Currently the Housing Department has a staff of 2.

•

Department estimates that an additional 2 FTE’s are needed to make significant headway on the
short term priorities identified by the Board.

•

Anticipated that as the short term projects are completed the FTE’s associated with the two new
positions would redirect their efforts to mid and long term projects.

•

Also need to engage consulting help for many of these projects, even with the addition of 2 FTE’s.

•

Estimated that a budget for consulting help could range from $500,000-$1,00,000 or more
depending on how many projects are pursued concurrently.

Staffing-Short Term
Leasing, Property Management and Incentive Programs
• STR/Property Management Conversion Grant setup and management,
• STR neighborhood research,
• Hotel master leasing and property management set up and oversite,
• STR/other master leasing and property management set up and oversite,
• Coordination with other towns on a regional program, and
• Program marketing, social media and community outreach
• (A majority of the work can be done in-house but it is estimated some consulting and marketing
will be needed-$25,000)

Staffing-Short Term
Land re-zoning and entitlement (Short Term)
• RV/Van Life parcel approvals (Land Planning & Engineering Consultants-$75,000 per parcel (4
Parcels still under consideration-$300,000- Soda Creek, Archery range, South Parcel, and Snake
River WWTP)
• Wintergreen II (None-Gorman to Fund)
• Silverthorne Elementary parcel / land swap ($200,000+)
• USFS compound and roundabout ($200,000+)
• Lake Hill ($50,000)
• Justice Center parcel ($200,000)
• Old DNR Kennels site ($200,000)
Zoning / Housing Code updates, fee waiver, ADU incentive, ADU stock plans
(Majority in House-ADU-Stock Plans may require the hiring of an architect -$10,000)

Staffing-Short Term
Housing Helps, buy downs, real estate and resale management (In House)
• Realtor/buyer/owner Q&A, coordination and correspondence
• Contract management
• Due diligence, title and property inspections
Existing deed restriction inventory management (In House)
• Resale calculation approval
• Deed restriction Q&A
• Compliance and enforcement
• Subordination agreement processing
• Promissory Note and Deed of Trust release and replacement
• Updated deed restriction opt in development, Q&A, and processing

Staffing-Mid Term & Long Term
County Owned Land Development
• Lake Hill (In-House-Issue RFP for Consultant to Complete Entitlements and Develop Property)
• County Commons parcels ($50,000)
• Bills Ranch parcels ($15,000)
• Snake River WWT Site ($10,000)
Land Development, Project/HOA Setup and Vertical Construction
•
USFS Site (In-House-Issue RFP)
•
Lake Hill (In-House-Issue RFP)
•
Bills Ranch parcels (In-House-Issue RFP)
•
Frisco Transit (More Analysis needed to determine if developable)
•
Snake River WWT Site (In-House-Issue RFP)
Land Acquisitions
• Grants, finance and non-profit collaboration and outreach (In-House)
Transitional housing program creation, set up, operation and management
(More Research Needed)

BOCC Feedback
Staff requests BOCC feedback on the following:
•
•
•

Short, Mid, and Long Term Strategies
Proposed additional 2 FTEs
Proposed consulting Budget

