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Executive Summary

Sounds associated with Oversnow Vehicles (OSVs), such as snowmobiles and
snowcoaches, are an important management concern at Yellowstone and Grand Teton
National Parks. The John A. Volpe National Transportation Systems Center’s
Environmental Measurement and Modeling Division (Volpe Center) is supporting the
National Park Service (NPS) with implementation of the Winter Use Planning program
(Ref. 1, 2, 3, 4) and supporting National Environmental Policy Act (NEPA) documents,
including the 2007 Winter Use Planning / Environmental Impact Statement. As part of
this support, the Volpe Center, in cooperation with the NPS, performed acoustic
measurements of ten snowcoaches and six snowmobiles at the southern entrance of
Yellowstone National Park from the 26™ through the 28™ of February 2008. The
measurement site location is indicated in Figure 2.

These measurements were made with three primary objectives in mind:

1) Help determine what sound testing protocols should be used to determine if
snowcoaches meet the Best Available Technology (BAT) with respect to noise
emissions.

2) Determine which snowcoaches meet BAT standards with respect to noise
emissions.

3) Determine if there was a significant difference between snowmobile sound levels
when tested using two different methodologies.

The measurement site was an open section of snow packed road at the south entrance of
Yellowstone National Park, at the same location as was used in October 2002 for
snowcoach measurements. There was a 2 to 3 foot buildup of snow in the measurement
area adjacent to the road which was not ideal, however, analysis of the data indicated that
this snow berm did not substantially influence the measurements.

Three microphones were setup along a line perpendicular to the road. Two were set 50
feet from the center of the over-snow vehicle travel path, one 4 feet above the snow and a
second 15 feet above the snow. One microphone was set 200 feet from the center of the
travel path, 4 feet above the snow. Sound levels were measured as the over-snow vehicle
traveled along the roadway.

The snowcoaches tested are indicated in Table 1. Testing of the snowcoaches was guided
by specifications given in SAE J1161 (Ref. 11). On the first day of testing, vehicles were
measured at idle, 15 mph and 30 mph, however, due to degraded road conditions, only
idle and 15 mph measurements were made on the second day. Results from these
measurements are shown in Figure 1.

VI
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Table 1. Snowcoach Vehicle Description

Engine Engine Fuel
Snowcoaches Manufacturer Model Track Type* Year Size Type
Alpen Guide Bombardier B-12 Skis/Tracks 2002 53LV8 Gas
Goosewing Diesel Van 2006 Full Size Van, 4x4 Mattracks 2006 6.0L V8 | Diesel
6.8L
Rocky Mt. SC Tour Ford Econoline, 4x4 Mattracks 1999 V10 Gas
Yellowstone Expeditions Dodge B350 Van, 2x4 Snowbuster 1994 318 V8 Gas
Yellowstone SC Tours Ford 4x4 Mattracks 2002 V10 Gas
Goosewing Excursion Ford Excursion, 4x4 Mattracks 2002 6.0L V8 Gas
57LV8
Xanterra 165 Chevy Passenger Van Showbuster 2001 GMC Gas
Xanterra 431 Chevy Express Van Mattracks 2004 6.0L V8 Gas
57LV8
Xanterra 707 Bombardier B-12 Skis/Tracks 1990 GMC Gas
NPS Snowcoach International New Yellow Bus Grip Trax 2003 6.0L V8 | Diesel

* Track types for the snowcoaches are as follows: Skis / Tracks — the rear wheels have been replaced with
tracks while the front wheels have been replaced with skis; Mattracks — both the front and rear wheels

have been replaced with triangular tracks manufactured by Mattracks; Snowbuster — are a specific

manufacturer of Skis / Tracks, and Grip Trax — another specific type of triangular tracks to replace the

front and rear wheels.

September 2008
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Figure 1: Sound Level vs. Speed
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Snowmobiles tested are shown in Table 2. These vehicles were evaluated in order to
determine if two different revisions of SAE J192 (Ref. 12) would produce different sound
level results. The 1985 revision required snowmobiles to start from rest and then travel
along the road at full throttle while measuring the sound level using a fast time response.
The 2003 revision required snowmobiles to approach the measurement zone at 15 mph
and then travel along the road at full throttle while measuring the sound level using a
slow time response. On average, the 1985 revision produced results about 2 dB greater
than the 2003 revision.

Table 2. Snowmobile Vehicle Description

Track* Engine Engine Fuel
Snowmobiles Manufacturer Model Type Year Size Type
Arctic Cat TZ1 Arctic Cat TZ1 standard prototype 3 Gas
Arctic Cat T660 (1) Arctic Cat T660 standard 2004 3 Gas
Arctic Cat T660 (2) Axrctic Cat T660 standard 2004 3 Gas
Arctic Cat T660 (3) Acrctic Cat T660 standard 2004 3 Gas
Arctic Cat T660 (4) Acrctic Cat T660 standard 2008 3 Gas
Arctic Cat T660 (5) Axrctic Cat T660 standard 2006 3 Gas
Arctic Bearcat Arctic Cat Bearcat wide N/A 3 Gas

* Track types for the snowmobiles are as follows: Standard — indicates a standard width belt track with skis
in the front for steering; Wide — indicates a wide belt track with skis in the front for steering.

Based on experiences during this study, the following recommendations are suggested for
future measurement of snowcoach sound levels for the purpose of testing BAT
conformance. The measurements should adhere to SAE J1161 with the following
modifications and considerations:

e Because of the altitude, barometric pressure specifications should be expanded to
include typical pressures in the parks during the winter season. The sound level
variation due to the lower barometric pressure could be corrected in a manner
similar to the methods described in References 5 and 6.

e If asnow berm is present, all practical efforts to remove it should be
implemented.

e [If a snow berm greater than 3 feet tall cannot be removed, another site should be
sought.

e Testing should be conducted for three conditions

o ldle

o 15 mph

0 A high speed to be determined by the park based on local speed limits,
e.g., 30 mph, road speed limit, or a typical cruising speed.

e Aroad groomer should be kept on hand in order to ensure that the road conditions
do not deteriorate over the course of the testing.

e If vehicles fail to meet BAT requirements at the high speed, consideration should
be given to restrictions which would still allow the snowcoach to operate in the
parks, but at a reduced speed.

Vil
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1. Introduction

Sounds associated with Oversnow Vehicles (OSVs), such as snowmobiles and
snowcoaches, are an important management concern at Yellowstone and Grand Teton
National Parks. The John A. Volpe National Transportation Systems Center’s
Environmental Measurement and Modeling Division (Volpe Center) is supporting the
National Park Service (NPS) with implementation of the Winter Use Planning program
(Ref. 7, 8, 9, 10) and supporting National Environmental Policy Act (NEPA) documents,
including the 2007 Winter Use Planning / Environmental Impact Statement. As part of
this support, the Volpe Center, in cooperation with the NPS, performed acoustic
measurements of ten snowcoaches and six snowmobiles at the southern entrance of
Yellowstone National Park from the 26™ through the 28" of February 2008. The
measurement site location is indicated in Figure 2.

y/ NATIONAL

L.
1_

G rassy Lake
Reservoir ?

Measurement e
Site -
Yellowstone
South
Entrance \

Z

Huckleberry Mounta in"
9615ft
2930m

Ve
g 4
o m /
A\
; 3 Y (>
Grand Teton |« % g )
National Park |/ ,
| i
}»1\ \ \ i & /

Figure 2. Location of Measurements in the John D. Rockefeller Jr. Memorlal Parkway
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These measurements were made with three primary objectives: 1) Help determine what
sound testing protocols should be used to determine if snowcoaches meet the Best
Available Technology (BAT) with respect to noise emissions, 2) Determine which
snowcoaches currently operating in the parks met BAT standards with respect to noise
emissions, and 3) Determine if there was a significant difference between snowmobile
sound levels when tested using two different methodologies.

The use of BAT OSVs is one management approach to reducing the sound levels in the
parks due to OSVs. The NPS wishes to determine the procedures to evaluate compliance
with the snowcoach BAT requirements . The winter use regulations (Federal Register,
Vol. 72, No. 239, December 13, 2007, pages 70781-70804) states that, “Beginning in the
2011-2012 season, all snowcoaches must meet a sound emission requirement of no
greater than 73 dBA. The Superintendent will establish procedures for determining
compliance.” (36 CFR 7.131(4)(v)). In order to determine which snowcoaches are BAT
compliant, idle measurements and passby measurements at constant speeds of 15 and 30
mph were made for ten snowcoaches. The procedure used was based largely on the
Society of Automotive Engineers J1161 standard (SAE J1161) (Ref. 11).

The NPS is also interested in evaluating the difference in snowmobile sound level when
tested according to two different methodologies. The basic testing approach is provided
in the Society of Automotive Engineers J192 standard (SAE J192) (Ref. 12). This
standard is used for measuring the maximum exterior sound level from snowmobile
passby events. Two versions of this standard specify different starting speeds for the
passby event as well as different time responses. Specifically, the 1985 revision requires
that snowmobiles start from rest (0 mph) and the use of a fast time response for the sound
level meter while the 2003 revision requires that snowmobiles start with an initial speed
of 15 mph and the use of a slow time response for the sound level meter.

In addition to the NPS’s three primary objectives, the agency wanted to obtain additional
data that could be used for the modeling of OSVs in the Parks using a purpose-built
version of the FAA’s Integrated Noise Model (INM) (Ref. 13). This requires that the
measurements be comparable with previous and potential future measurements. Previous
measurements also involved significant conformance to SAE J192 and SAE J1161 (Ref.
7, 8). Conformance to these standards would allow the data collected in the current study
to be included in the purpose-built version of INM. Specifically, NPS desires to obtain
additional OSV noise-speed-distance and spectral data in the current study.

Section 2 provides a description of the measurement site, the vehicles measured, and
cover details of the measurement setup. Section 3 covers the measurement methodology,
including a description of the SAE J1161 and J192 standards. Section 4 presents data
analysis and discussion. A summary with conclusions and proposed next steps is included
in Section 5.

“ BAT classification also includes considerations for reduced / cleaner exhaust emissions.
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2. Measurement Setup and Data Collection

This section presents information on the layout and conditions of the measurement site,
the vehicles measured, and the measurement equipment used.

2.1. Measurement Site Layout

The site chosen by the NPS is at the southern boundary of Yellowstone National Park.
An aerial photo of the site is shown in Figure 3. The ground during the measurements
was covered by at least four feet of snow. The river, shown in Figure 3, was in a ravine
with a depth of approximately 25 feet. Flowing water could be faintly heard during the
quietest times, however, it could not be heard during measurements. To the east of the
road, there was a pull-off where tourists would stop to take photographs. The western
pull-off was not present during the measurements due to snow cover. To the north there
were several park buildings which did not interfere with the measurements.

Microphones were setup to the west of the road in the region free of trees. A sketch of
the site showing the aerial view and profile is provided in Figure 4. Two microphones
were located 50 feet from the center of the travel lane, one at 4 feet above the snow cover
and one at 15 feet above the snow cover. One microphone was located 200 feet from the
center of the travel lane, 4 feet above the snow cover. A meteorological system was set
up 100 feet from the center of the travel lane in line with the microphones, 4 feet above
the snow cover. A single measurement table was positioned 65 feet off to the side of the
microphone line and all data recording equipment was setup at this location. The location
of equipment is indicated in Figure 4A.
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Figure 3. Aerial Photo of Measurement Site (44.133, -110.66503) . White dots indicate approximate
location of microphones.

Over the course of the winter, snow on the road was groomed and packed while snow off
the road was not managed; thus, the snow at the microphone locations was approximately
2 to 3 feet higher than the snow along the travel lane at the measurement site. This
resulted in portions of the OSV noise sources being at least partially occluded along a
line of sight (LOS) to the microphone. An example of this LOS blockage can be seen in
Figure 5 where the OSV tracks are occluded by the snow cover'. This occlusion deviates
from the guidance in the SAE standards. Unfortunately, this could not be remedied.
Because of this deviation, data from this study may not be directly comparable with data
from other measurements, however, analysis concluded that the barrier effect was small.
The barrier effect is discussed further in Section 4.

“ Google Maps, 25 March 08. (http://maps.google.com/maps?f=gq&hl=en&geocode=&q=44.133,+-
110.66503&ie=UTF8&I1=44.132942,-110.665069&spn=0.002861,0.004989&t=h&z=18)

" The LOS is slightly different at the microphone because it is closer but also lower than the camera
location, however, this photograph does illustrate the issue.
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Figure 4. Measurement Site Sketch — (A) Aerial View, (B) Profile
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Aside from the difference in snow height between the road and the microphone locations,
the only other obstructions were the presence of some evergreen trees on the north end of
the measurement area. These trees were lightly distributed and when listening to passby

events, they were not observed to affect the levels at the 50 foot microphone. Itis

possible that they did affect portions of the data measured at the 200 foot microphone

location. For this reason, only maximum levels, which were not affected by the trees, are

examined for the 200 foot microphone.
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Figure 5. Measurement of Yellowstone Snow Coach Tours OSV Showing Line-of-Sight Blockage of
Tracks due to Accumulated Snow

2.2. Measurement Conditions

The road was not closed during the measurements so extraneous road traffic did occur,
primarily during a two-hour morning interval and a two-hour afternoon interval.
Extraneous traffic predominantly consisted of guided tour groups, either on snowmaobile
or in snowcoaches that entered Yellowstone in the morning and departed in the afternoon.
In most cases, the tours stopped at the pull-off east of the measurements to take
photographs. This necessitated a pause during the measurements whenever a group came
through. Temperatures during the measurements ranged from 16 to 38 degrees
Fahrenheit. Relative humidity ranged from 51 to 89 percent. Wind speeds ranged from
0.0 to 13.4 mph, although acoustic measurements made during wind speeds greater than
12 mph were discarded.
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2.3. Vehicle Description

Over the course of the three-day study, the team measured ten snowcoaches at two
speeds” and at idle for both sides of each vehicle. In addition, the team measured six
snowmobiles at full throttle for two different starting conditions for both sides of each
vehicle and three snowmobiles were measured at two constant (cruise) speeds for both
sides of each vehicle. A summary of the vehicles’” manufacturer / model type, track type,
and engine characteristics is provided in Table 3 for snowcoaches and in Table 4 for
snowmobiles. These tables also indicate which test types were conducted for each
vehicle. Snowmobiles were from the NPS administrative fleet, with the exception of the
TZ1, which was a prototype on loan to the park. Photos of the vehicles are shown in
Figure 6 through Figure 15.

Table 3. Snowcoach Vehicle Description

Engine Engine Fuel
Snowcoaches Manufacturer Model Track Type* Year Size Type Test Type
Alpen Guide Bombardier B-12 Skis/Tracks 2002 53LV8 Gas cruise, idle
Goosewing Diesel Van 2006 Full Size Van, 4x4 Mattracks 2006 6.0L V8 | Diesel cruise, idle
6.8L
Rocky Mt. SC Tour Ford Econoline, 4x4 Mattracks 1999 V10 Gas cruise, idle
Yellowstone Expeditions Dodge B350 Van, 2x4 Snowbuster 1994 318 V8 Gas cruise, idle
Yellowstone SC Tours Ford 4x4 Mattracks 2002 V10 Gas cruise, idle
Goosewing Excursion Ford Excursion, 4x4 Mattracks 2002 6.0LV8 Gas cruise, idle
57LV8
Xanterra 165 Chevy Passenger Van Showbuster 2001 GMC Gas cruise, idle
Xanterra 431 Chevy Express Van Mattracks 2004 6.0LV8 Gas cruise, idle
57LV8
Xanterra 707 Bombardier B-12 Skis/Tracks 1990 GMC Gas cruise, idle
NPS Snowcoach International New Yellow Bus Grip Trax 2003 6.0L V8 | Diesel cruise, idle

* Track types for the snowcoaches are as follows: Skis / Tracks — the rear wheels have been replaced with
tracks while the front wheels have been replaced with skis; Mattracks — both the front and rear wheels
have been replaced with triangular tracks manufactured by Mattracks; Snowbuster — are a specific
manufacturer of Skis / Tracks, and Grip Trax — another specific type of triangular tracks to replace the
front and rear wheels.

Table 4. Snowmobile Vehicle Description

Track Engine Engine Fuel
Snowmobiles Manufacturer Model Type” Year Size Type Test Type
Arctic Cat TZ1 Arctic Cat TZ1 standard prototype 3 Gas | full throttle, cruise
Arctic Cat T660 (1) Arctic Cat T660 standard 2004 3 Gas full throttle
Arctic Cat T660 (2) Arctic Cat T660 standard 2004 3 Gas | full throttle, cruise
Arctic Cat T660 (3) Arctic Cat T660 standard 2004 3 Gas full throttle
Arctic Cat T660 (4) Arctic Cat T660 standard 2008 3 Gas | full throttle, cruise
Arctic Cat T660 (5) Arctic Cat T660 standard 2006 3 Gas full throttle
Arctic Bearcat Arctic Cat Bearcat wide N/A 3 Gas full throttle

* Track types for the snowmobiles are as follows: Standard — indicates a standard width belt track with skis
in the front for steering; Wide — indicates a wide belt track with skis in the front for steering.

“ Two speeds were measured when road conditions permitted, only low speeds were measured when the
road conditions did not permit higher speeds.
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In general, increasing the load of an OSV will increase its sound level. Two loading
factors affected the test conditions, 1) the number of passengers and 2) snow conditions
on the road. The snowcoaches tested had carrying capacities which ranged from eight to
twenty passengers. It was not practical to test all snowcoaches at full capacity. For
consistency, no passengers were used for the measurement runs. Thus, the sound levels
measured represent the lowest levels that these vehicles would produce with respect to
passenger load. Although the absolute sound levels during loaded operations will be
higher, unloaded comparisons are reasonable to use to evaluate best available technology
since they do allow for valid relative comparisons between vehicles.

Softer packed snow provides less traction and more drag, requiring OSVs to operate at
higher engine speeds to obtain the same vehicle speed. It was originally planned to have
a road groomer available to groom the road at least every night if not more periodically,
however, it was not possible to get the groomer to maintain the road as required.
Therefore, the snow pack got progressively softer with each successive day. With
increasing use, the softer packed snow also developed dips and ruts which made
operation of the OSVs at high speeds unsafe. Thus some snowcoaches were not tested at
high speed (as represented by N/A on Table 7).

Figure 6. Purpose Built Bombardier B-12 with Skis and Tracks (Alpen Guide)
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Figure 7. Customized Dodge B350 Van with “Snowbuster” Skis and Tracks (YYellowstone
Expeditions)

Figure 8. Customized Econoline 4 x 4 with “Mattracks” Tracks (Rocky Mountain SC Tours)
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Figure 9. Customized Van with “Mattracks” Tracks (Yellowstone SC Tours)

—

Figure 10. Customized Van with “Mattracks” Tracks (Xanterra 431)

September 2008

10



7z, USDOT Research & Innovative Technology Administration September 2008

11 susics) Environmental Meas