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Abstract:

Sounds associated with oversnow vehicles (snowmobiles and snowcoaches) are an
important management concern at Yellowstone National Park. Acoustical standards
and thresholds have been defined in park planning documents for the winter use season.
The primary purpose of this study was to monitor the impact of oversnow vehicles on
the natural soundscape. Acoustical data were collected at two winter-long sites and two
shorter-term sites in Yellowstone National Park during the winter use season, 15
December 2010-15 March 2011.

Oversnow vehicles were audible in the most heavily used developed area, Old Faithful,
an average of 61% of the day between 8 am and 4 pm. At Old Faithful, oversnow
vehicles were audible over 75% for 0 (0%) of 31 days analyzed. Oversnow vehicles were
audible for an average of 51% of the day near Madison Junction along the corridor
between Old Faithful and the West Entrance. At Madison Junction oversnow vehicles
were audible over 50% for 13 (46%) of 28 days analyzed. The average noise-free interval
between 8 am and 4 pm at Madison Junction was three minutes and 42 seconds.
Oversnow vehicles were audible 24% of the day at Pumice Point Roadside along the
Lake to West Thumb corridor and 44% of the day at Caldera Rim Picnic Area between
Madison Junction and Norris. The average noise-free interval at Caldera Rim Picnic
Area was 2 minutes and 27 seconds and four minutes and seventeen seconds at Pumice
Point Roadside. The maximum sound levels of oversnow vehicles sometimes exceeded
70 A-weighted decibels (dBA) along the groomed travel corridors at the Madison
Junction 2.3, Pumice Point Roadside and Caldera Rim Picnic Area monitoring sites. The
majority of these higher sound levels were caused by old technology snowcoaches.
Sounds from both visitor and administrative oversnow vehicles were included in this
study.

Although snowmobiles were audible more than snowcoaches, snowcoaches often had
higher sound levels, especially at higher speeds. Consistent with acoustic data collected
during the previous eight winter seasons, the sound level and the percent time oversnow
vehicles were audible remained substantially lower than during the 2002-2003 winter
use season. The reduced sound and audibility levels were largely explained by fewer
snowmobiles, the change from two to four-stroke engine technology, and the guided
group requirements. The value of this monitoring study increases with each additional
year as trends emerge with the addition of detailed information about specific winters
and locations.
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Introduction:

Natural soundscapes are a valued resource at national parks including Yellowstone
National Park. The 2006 National Park Service (NPS) Management Policies state that
natural soundscapes (the unimpaired sounds of nature) are to be preserved or restored
as is practicable. Natural soundscapes are intrinsic elements of the environment and are
necessary for natural ecological functioning and therefore associated with park
purposes. The existing winter soundscape at Yellowstone consists of both natural and
non-natural sounds. Common natural sounds include bird calls, mammal vocalizations,
flowing water, wind, and thermal activity. Non-natural sounds include motorized
sounds of snowmobiles, snowcoaches, snow-grooming, wheeled vehicles, aircraft, and
the sounds associated with facility utilities and other human activity in destination and
support areas.

The 2000, 2003, and 2007 Winter Use Plans Environmental Impact Statement of
Yellowstone (YNP) and Grand Teton National Parks and the John D. Rockefeller, Jr.,
Memorial Parkway (NPS 2000, 2003, and 2007) and the 2004 and 2009 Temporary
Winter Use Plans (WUP) Environmental Assessment (NPS 2004 and 2009) concluded
that historical oversnow vehicle use created unacceptable adverse impacts on natural
soundscapes (and other resources). To minimize the impact of sounds from oversnow
vehicles (OSVs) on the natural soundscape and other resources, the NPS established
limits on the number and group sizes of OSVs and a commercial guiding requirement.
The 2009 impact definitions describing the acoustical thresholds (Table 1) can be
compared to the acoustic field measurements collected in Yellowstone during the 2010-
2011 winter use season. The primary purpose of this acoustical monitoring was to
measure the impact of snowmobile and snowcoach sound on the park’s natural
soundscape. Data collected by automated sound monitors included sounds from both
guided visitor and unguided administrative oversnow vehicles (but see Appendix E). See
Burson (2004-2010) for additional information on park soundscapes during the
previous winters, and the Winter Use Plans (NPS 2000, 2003, 2004, 2007, and 2009) for
additional details of oversnow vehicle management.



Table 1. Impact definitions for the natural soundscape in the 2009 Winter Use Plan
(WUP) Environmental Assessment. Also see Appendix C.

Impact Category Definition’ Management | Audibility”’ Maximum
Area Sound Level>*
No Effect Na Na Na

An action that does not affect the
natural soundscape or the potential
for its enjoyment.

Adverse Negligible Effect Developed Sound created Maximum
An action that may affect the natural by action is sound level
soundscape or potential for its audible created by
enjoyment, but with infrequent <25% action is
occurrence and only for short <45 dBA
duration at low sound levels. At this Travel <5% <40dBA
impact level, unique soundscape Corridor

characteristics (such as bubbling hot
springs or geysers are rarely affected).

Backcountry <5% <40 dBA

Adverse Minor Effect Developed >25% <45% <60 dBA
An action that may affect the natural
soundscape or potential for its
enjoyment. Travel >15% <25% <60 dBA

Corridor
Backcountry >5% <40 dBA
<10%

Adverse Moderate Effect Developed >45% <70 dBA
An action that may affect the natural <75%
soundscape or potential for its Travel >25% <70 dBA
enjoyment. Corridor <50%

Backcountry >10% <45 dBA
<20%

Adverse Major Effect Developed >75% >70 dBA
An action with an easily recognizable Travel >50% >70 dBA
adverse effect on the natural Corridor
soundscape and potential for its Backcountry >20% >45 dBA

enjoyment.

"Thresholds are calculated using the period 8 am-4 pm. Measurements are at 100 feet (30 m) from
sound source in developed areas and travel corridors.

? Audibility is the ability of humans with normal hearing to hear a certain sound.

*To remain within impact category listed audibility and maximum sound level thresholds shall not be
violated more than 15% of the measurement days.

*“Typical natural soundscape sound levels on a calm winter day can range from 0-30 dBA. Snowmobile
best available technology (BAT) sound level requirements of 73 dBA measured at 50 feet (15 m) is
roughly equivalent to 67 dBA at 100 feet. The maximum sound level for all non- natural sounds in
national parks other than OSVs and motorboats is 60 dBA [36 CFR (2.12) (a)(1)(i)].




Study Area:

Yellowstone National Park occupies the northwest corner of Wyoming and extends a
short distance into Montana and Idaho. The park is at high elevation and has extensive
stands of lodgepole pine forests, grasslands, and open thermal areas. Large areas of
Yellowstone are in early stages of lodgepole pine regrowth after the 1988 and
subsequent fires. The two million acre park was divided into two acoustic zone
categories (open and forested) in a previous winter acoustical study (HMMH 2001) for
the purpose of describing areas with similar natural acoustic properties. This
categorization is generally maintained for habitat descriptions in this present study. The
major roads within YNP that are open to vehicles during the summer are groomed for
oversnow vehicle travel during the winter use season (December to March) with the
exception of the road between Canyon and Tower and the plowed road between
Mammoth and Cooke City along YNP’s northern boundary. During the winter use
season, between 15 December 2010 and 15 March 2011, 16,788 snowmobiles and 2,713
snow-coaches, totaling 19,501 oversnow vehicles, entered YNP (NPS unpublished
data). The majority (18,838; 96.6%) of snowmobiles entered through the West and the
South entrances. Most of these winter visitors traveled to Old Faithful. Both
snowmobiles (average of 8/day) and snowcoaches (average 9/day) originated from Old
Faithful and were not included in the number of OSVs given above and, unless
otherwise indicated, elsewhere in this report.

Instrumentation and Methods:

Automated acoustic monitors (developed by Skip Ambrose, Sandhill Company, Castle
Valley, UT and Mike Donaldson, Far North Aquatics, Fairbanks, AK) collected
continuous one-second sound levels and digital recordings at one monitoring station
(Old Faithful Weather Station). Calibrated Type 1 Larson Davis (Provo, Utah) 824
sound level meters, PRM902 microphone preamplifiers, and G.R.A.S. (North Olmsted,
Ohio) 40AE microphones with windscreens were used to collect A-weighted wideband
and 33 unweighted one-third octave band frequency (12.5-20,000 Hz) sound pressure
levels each second during the sampling period. SoundMonitor051210 ™ (Far North
Aquatics, Fairbanks, Alaska) software running on a Windows ™-based Panasonic™
laptop computer controlled and stored the acoustical data. Sound levels were collected
at the Madison Junction 2.3, Pumice Point Roadside, and Caldera Rim Picnic Area
monitoring sites using a calibrated Type 1 Larson Davis (Provo, Utah) 831 sound level
meter, PCB PRM831 preamplifier, PCB 377B02 microphone (Provo, UT) with
windscreen. Digital recordings were made at these sites with an Edirol R-09HR
(Bellingham, WA) mp3 digital recorder. Each system collected high quality digital
recordings (44.1 KHz, 16-bit). B&K (Naerum, Demark) Model 4231 and Larson Davis
LD200 calibrators were used for field calibration. The sound level meters, microphone
preamplifiers, microphones, and calibrators were tested and calibrated at a laboratory
that conforms to and operates under the requirements of ANSI/NCSL Z540-1. During



the initial deployment, the sound level meter noise floor was measured using a Larson
Davis ADP005 dummy microphone. The actual system noise floor (3-7 dBA above the
level measured with a dummy microphone) is the lowest sound level that the system can
measure. During quiet periods the actual ambient sound level was sometimes lower than
the noise floor (Burson 2006). Hobo'™ wind speed sensors (Onset Computer Co.,
Pocasset, MA) or Davis Instruments anemometers(Hayward, CA) collected wind
speeds.

After the initial deployment, each monitor was visited at least biweekly. A field data
sheet was completed during each visit. Basic site information, time arrive/time depart,
latitude and longitude, habitat/vegetation types, equipment type and serial numbers, and
software settings were documented. During each visit, time offsets were noted (global
positioning system (GPS) time versus instrument time), and clocks were reset to GPS
time. Data were downloaded to a portable hard drive, or system USB thumb drives and
Secure Digital cards were swapped, and calibration levels were checked (differences
from 94.0 dBA at 1000 Hz were noted and the system was recalibrated if >0.1 dBA).

The acoustic monitors, contained within weatherproof containers, were either plugged
into electrical outlets (Old Faithful) or powered by 12 or 14.4 volt batteries with or
without photovoltaic charging systems. The monitors could operate continuously for
weeks between site visits.

Specific methodologies (protocols) for equipment type, microphone placement, height,
and other factors are summarized in Appendix A. These protocols followed guidance of
Ambrose and Burson (2004) and were based on American National Standards Institute
(ANSI) S12.9-1992, Part 2 (ANSI 1992), Federal Aviation Administration’s “Draft
Guidelines for the Measurement and Assessment of Low-level Ambient Noise”
(Fleming et al. 1998), and “Methodology for the Measurement and Analysis of Aircraft
Sound Levels within National Parks” (Dunholter et al. 1989). Appendix B contains a
glossary of acoustical terms.

Acoustic Measurement Locations:

The 2010-2011 sound monitoring locations (Fig. 1) were chosen to include high and low
OSV use and represented two soundscape management zones (Developed and Travel
Corridor). Habitat cover percentages listed below were measured in a 500 meter radius
of the sound monitor.

The Caldera Rim Picnic Area site was located on the new road alignment between
Madison Junction and Norris. The Pumice Point Roadside site was between West
Thumb and Lake adjacent to Yellowstone Lake. These were the first monitoring sites
along those road segments.



Label Site Name FYO03|FY04|FY05 [FY06|FY 07|FY08|FY 09| FY10[FY11

1 |Delacy Creck Y Y

2 [Lone Star Geyser ¥ b

3 di Junction 2.3 Y Y Y ¥ Y Y Y Y. 2

4 [West Yellowstone Y

5 |w.Y 3.1 Y [ Y

6 |West Thumb ¥ | ¥

7  |Old Faithful Upper Basin Y | Y

8 |OId Faithful WeatherStation | Y | Y | Y | Y [ Y [ Y | Y | Y | Y

9 Mary Mountain Trail Y

10 [Mary Mountain 4X Y

11 |Mary M in 8K ¥ Y ¥

12 |Avalanche Creck N

13 |Sylvan Lake Y

14 [Spring Creck Y

15 |SpringCreck 2 Y

16 [Mud Volcano Y

17 |Fern Lake o

18 |Grant Village Lewis Lake Y

19 |Shoshone Geyser Basin Y

20 |Blacktail Backcountry Y

21 |Blacktail Roadside Y

22 [NorthTwin Lake Y

23 |Lamar Valley Willow Y
Pumice Point
Galdera Rim Picnic Area_

Figure 1. Locations of sound monitoring sites (red circles- ||| | | GGG
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