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Results from Yellowstone National Park

Winter Air Quality Study:
2005-2006

Executive Summary

The air quality in Yellowstone National Park was monitored at two locations as part of the adaptive
management program on the use of over-snow winter motor vehicles. The leading indicators used were
ambient concentrations of carbon monoxide (CO) and particulate matter of 2.5 micrometers or less
(PM2.5). Emission measurements'®*! in the last two years have indicated that snowmobiles and snow
coaches may have approximately equal contributions to the concentrations of CO.** %% Detailed entry

counts of each type of vehicle at the west entrance were used in the analysis.?

The West Entrance near the town of West Yellowstone, MT is the primary indicator for overall air
quality and the relationship to traffic, because detailed entry counts could be obtained at that site. Old
Faithful is a destination for most of the winter use vehicles; they are present mid-day and that area
represents the highest density of winter vehicles.

This report is an update to prior air quality and emission studies. The notable findings this year are:

® Air quality at both locations is good during the winter and is now well below the national
ambient air quality standards

® The CO concentrations were about the same as last year despite an increase in the total number
of winter vehicle entries (over last year’s shorter season) at the west entrance.

® Even though summer traffic volumes’ are nearly 60 times higher than winter traffic volumes, the
highest hourly CO concentrations at both locations occur during the winter. However, the mean
CO concentrations in winter have decreased over the last several years to be less than a factor of
2 higher than the summer concentrations.

® PM concentrations now correlate only weakly to traffic counts at the West Entrance and not at
all at Old Faithful. This reflects lower emissions by winter vehicle although other local sources
remain.

® The combination of reduced winter vehicle entries to the park and reduced emissions by the
snowmobiles, using Best Available Technology (BAT), have greatly reduced the CO
concentrations. Air quality has been stable or improving over the last three winters when the
BAT requirement has been in affect.



Results from Yellowstone National Park
Winter Air Quality Study:
2005-2006

Recommendations

® Monitoring could be reduced. The particulate monitoring measures more PM2.5 from summer
wildfires than from motor vehicles. The PM2.5 and meteorological measurements at Old
Faithful could be reduced to just winter-time CO without compromising the adaptive
management metrics.

® The question of how much CO concentrations will increase if snowmobile traffic is allowed to
increase up to the winter use plan limit is unresolved. It is recommended that the monitoring at
the West Entrance continue and better vehicle counting and identification methods be used.

® Efforts should continue to keep the amount of vehicle queuing at the West Entrance to a
minimum and to spread out the entry of vehicles. The direct emissions testing indicates that
older snowcoaches are now more polluting than BAT snowmobiles.*> Some effort should be
made to equalize the snowcoach emissions (such as a snowcoach BAT) and to take advantage of
the lower emissions that are possible as observed with newer snowcoaches or those retrofitted
with new engines.



Air quality monitoring shelter
at Old Faithful located next to
the warming hut. Photo: John Faust
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Background

The effects of winter vehicle
exhaust, primarily
snowmobiles, on air quality
became an issue in the later
1990’s at Yellowstone
National Park. For the last
three years, ambient air
quality monitoring has been
conducted at two locations in
the Park as part of the
adaptive management plan to
determine the impact on air
quality of implementing the
Yellowstone Winter Use
Plan.® Several changes were
expected to reduce the
emissions from the
snowmobiles,
primarily the
reduction in
allowed daily
entries and the
cleaner engines
using best available
technology (BAT).
Pre-sales of entry
passes and guided
groups for rental

A guided snowmobile
group meets bison on the

road, Feb. 2006.
Photo: John Ray

snowmobiles were also
required which also
influenced air quality. These
actions appear to have greatly
decreased measured
concentrations of carbon
monoxide (CO) and
particulate matter less than
2.5 micrometers in size
(PM2.5) at congested vehicle
traffic points last winter
season.!

The US Environmental
Protection Agency (EPA) has
set National Ambient Air
Quality Standards® (NAAQS)
for CO and PM2.5 based

human health effects.? This
report summarizes the CO and
PM2.5 monitoring data from
winter 2005-2006 and gives a
historical perspective of
monitoring data at the park. The
primary interest is trends in air
quality that might reflect winter
use policy and comparison to the
national standards set by the
Environmental Protection
Agency (EPA).



Methods

In-park monitoring

Two ambient monitoring
locations were used, one at
Old Faithful and another at
the West Entrance. The Old
Faithful monitoring shelter
was located to the east of the
main parking lot for the
Visitor Center and south of
the Old Faithful geyser (see
Figure 1 for location).
Instrumentation at the site
included a PM2.5 monitor
(specifically a Beta
Attenuation Monitor), a
carbon monoxide (CO)
analyzer, wind speed/wind
direction sensors, ambient
temperature, and
arelative
humidity sensor.
A digital camera
was installed on
the weather
tower that
overlooked a
portion of the
main vehicle
parking lot at
the visitor
center. Images

Webcam view of Old
Faithful parking lot, Feb.
2006.

and current data
are available from a web site.
(http://www2.nature.nps.gov/
air/WebCams/parks/yellcam/

yellcam.htm ). The NPS
field support contractor, Air

Resource Specialists, operated
the station, processed and
validated the data, and provided a
data transmittal report. For full
details on the monitoring, maps
of locations, winds roses, data
plots, and data tables, please
consult the contractor data
report.**

The Old Faithful shelter was
located within 50 feet of one of
the warming huts in the Old
Faithful visitor area. The
warming huts were heated by
wood-burning stoves from about
6:30 am until mid-afternoon. The
digital camera image (to the left)
was taken from the Old Faithful
monitoring site showing
snowmobiles in the close-in
parking lot. In previous years
this view would have captured a
large number of snowmobiles
parked in the main lot, however,
usage was down and few
vehicles parked there.

The State of Montana collected
carbon monoxide, PM;s, and
meteorological data at the West
Entrance of the park in a
cooperative effort. Their shelter
is located near the out-bound
lane on the northeast side of the
west entrance canopy (Figure 2).



Data were retrieved from All data collection,

EPA database and directly validation, and quality
from the State of Montana, assurance steps were
Department of Environmental performed by the State of
Quality (DEQ) Montana, DEQ.

(http://www.deq.state.mt.us/
AirMonitoring/index.asp ).
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Figure 1.  Aerial view of Old Faithful area showing the location of the winter vehicle parking and the
air quality monitoring station. Old Faithful geyser is in the upper background.
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Figure 2. Aerial view of the West Entrance area near the town of West Yellowstone. The air quality
monitoring station is on the north side of the road near the roofed entrance structure. Winter vehicles
queue up on the west side of the gate.



Results

Summary statistics

In past reports, the statistics
in have been presented for
the winter period of mid-
December to mid-March.!
The last four winters are
compared in the tables for
carbon monoxide (CO) and
for particulate matter of 2.5
um or less (PM2.5) in Tables
1 and 2. Both CO and PM2.5
are emitted from
snowmobiles and snow
coaches; details on emissions

are available in a separate
report.®*%*2 Table 3 presents
the concentrations for the
national and state standards
for these pollutants.’

Although CO concentrations
in the late 1990’s had
approached the 8-hour
standard, the current CO
concentrations are only about
10% of the 8-hour standard

Table 1. Statistical comparison of CO between Yellowstone NP winter monitoring stations.

Location >  Old Faithful West Entrance
Winter season — 2005-  2004-  2003- 2002- | 2005- 2004- 2003- 2002-
Statistic CO 2006 2005 2004 2003 2006 2005 2004 2003 Units
Max 1-hr 1.6 1.6 2.2 2.9 21 2.8 6.4 8.6 ppm
% of Std 4% 4% 6% 8% 6% 8% 18% 25% %
Max 8-hr 0.5 0.8 0.9 1.2 0.9 1.0 13 3.3 ppm
% of Std 6% 7% 10% 13% 10% 11% 14% 37% %
Average 0.18 0.12 0.26 0.24 0.23 0.24 0.26 0.57  ppm
90th percentile 0.26 0.29 0.5 0.5 0.40 0.43 0.5 1.3 ppm

Table 2. Statistical comparison of PM2.5 between Yellowstone NP winter monitoring stations.

Location > Old Faithful West Entrance

Winter season — 2005- 2004- 2003- 2002- | 2005- 2004- 2003- 2002-

Statistic PM2.5_ 2006 2005 2004 2003 | 2006 2005 2004 2003  Units
Max 1-hr 151 200 44 29 81  pg/m®
Max Daily ( 24-hr) 16 37 7 8 15  pg/m®
98th percentile® 9 21 6 7 17 ng/m®
% of Std 13%  14%  14%  33% | 10% 9% 11%  26% %
Average 4.9 6.9 1.9 2.9 4.0 8.2  ug/m’

Based on NAAQS standard at the time of the measurement (65 ug/m3)



Table 3.  Ambient Air Quality Standards (AAQS) for carbon monoxide (CO) and
particulate matter less than 2.5 micrometers (PM2.5).

Standard Pollutant 1-hr CO (ppm) ' 8-hr CO (ppm)’
National AAQS co 35 9
Montana AAQS CcOo 23 9
Wyoming AAQS CO 35 9
Standard Pollutant 24-hr PM2.5 98" percentile (ug/m®) 2
National AAQS PM 25 65
New NAAQS 3 PM 2.5 35
Montana AAQS PM 2.5 65
Wyoming AAQS  PM 2.5 65

1 Not to be exceeded more than once per year.
Link to EPA NAAQS standards: http://www.epa.gov/air/criteria.html ; WY DEQ http://deq.state.wy.us/agd/standards.asp ;
MT DEQ http://www.deq.state.mt.us/AirMonitoring/citguide/appendixb.html

2. The 3-year average of the 98th percentile of 24-hour concentrations at each monitor within an area must not exceed 65 ug/m®. The
winter 98" percentile in the associated tables is given only to demonstrate the improvement between winter seasons. Comparison with

the annual standard is not shown. For consistency, the 24-hour day is used to average the hourly PM2.5.
3. Revised by EPA Oct. 2006.

while the PM2.5 is about
13% of the old standard (26%
of the new standard of
35ug/m®). These
concentrations are above the
background concentrations
for the region, but are less
than the NAAQS for human
health. CO concentrations
have remained about the
same while PM2.5
concentrations are up slightly
at the two monitoring
locations from previous
winter. At the present
concentrations, these
pollutants are not thought to
represent a health hazard to
park staff or visitors.
Concentrations may be
briefly higher next to or
behind operating vehicles,
however.

The West Entrance used to be
much higher for CO that Old
Faithful, however, now the

concentrations are nearly the
same. For PM2.5 the Old
Faithful site continues to have
higher concentrations. However,
the highest PM occurs in early
morning or at night at Old
Faithful when snowmobiles
aren’t present; local sources are
believed to contribute.

Seasonal Variations

The Old Faithful monitoring
station operated throughout 2005
so that a complete winter-to-
winter cycle could be
determined. The winter and
other seasons are broken out in
Tables 4 and 5 for the Old
Faithful station. The seasons are
partly defined by the park’s

road opening and closing dates.



For CO, the winter periods
have the highest
concentrations, summer
maximums are about half the
winter maximums, and the
period in the Fall, when park
roads are closed has the
lowest concentrations. The
seasonal average and the 90"
percentile CO, a robust
statistical metric for the
higher concentrations, are
closer in summer and winter
than the maximum values.
These seasonal
concentrations are consistent
with observations reported in
the winter 2004-2005 report
that winter CO
concentrations are now in the
approximate range of the
summer CO concentrations.

The Yellowstone PM2.5
concentrations follow a very
different pattern than the CO for
the seasonal values. The summer
period has some extended PM2.5
high concentrations compared to
the winter. A review of regional
wildfires and the transport of
smoke plumes based on satellite
aerosol images leads to the
conclusion that the high PM
during summer comes not from
automobile traffic, but from
wildfire smoke plumes. The air
quality for PM2.5 is actually
worse during the summer than at
other times of the year at
Yellowstone.

Table 4. Statistical comparison of CO (ppm) for different seasons in Yellowstone NP.

Location 2 Old Faithful

Season & Winter 04-05 Spring Summer Fall Dec. Winter 05-06
Statistic CO 2005 2005 2005 2005
Max. 1-hr 1.57 0.79 0.78 0.28 1.02 1.6
Max. 8-hr 0.80 0.28 0.37 0.17 0.50 0.50
Season average 0.24 0.18 0.20 0.11 0.19 0.18
90th percentile 0.39 0.22 0.27 0.15 0.32 0.26

Mar 16 Apr 20 — Nov 1 - Dec 1 -

Period Dec 15— Mar 15  —Apr19 Oct 31 Nov 30 Dec14  Dec 15— Mar 15

Table 5. Statistical comparison of PM2.5 (ug/m®) for different seasons in Yellowstone NP.

Location 2 Old Faithful
Season & Winter 04-05 Spring Summer Fall Dec. Winter 05-06
Statistic PM2.5 2005 2005 2005 2005
Max. 1-hr 38.0 28.0 39.0 36.0 27.0 56.0
Max. Daily( 24-hr) 6.0 6.6 14.0 11.0 11.0 8.9
98th percentile 9.0 6.6 11.1 11.0 11.0 8.5
Season average 4.0 4.2 5.7 3.7 3.9 3.5




Table 6. Number of vehicles entering park for
different seasons based on monthly use

statistics’.

Period  Vehicles”~ Months
Winter 04-05 11,314 Dec-Mar
Spring 05 5,271 Apr
Summer 05 661,114 May-Oct
Fall 05 24,121 Nov
Winter 05-06 14,475 Dec-Mar

** These vehicle counts correspond roughly to the season labels in
tables 4&5. The monthly public use statistics don’t provided for finer
resolution. The assumption is that much of the traffic ends up at Old
Faithful.

The bison on the Yellowstone
roads in winter get very close

to the visitor vehicles. Photo:
J. Ray

Summer particulate matter
concentrations were
higher than winter
because of Western
wildfire smoke.

The second point to
recognize is that the PM2.5
concentrations are well below
the national standard for both
the 24-hour average and the
annual average.

The air quality in the winter
periods can be compared to
other seasons for both the
West Entrance and Old
Faithful. In Figure 3, CO
concentrations for four winter
periods are compared to
summer when there is
wheeled-vehicle traffic and to
periods between summer and
winter when the park is
closed (no traffic). Table 6
gives the reported traffic
counts for each period. The
winter background CO
concentration is roughly 0.1
to 0.2 ppm for the
Yellowstone area. During
the Fall period, when the park
is closed, both locations have
8-hour maximum CO
concentrations that are lower
than either the summer or
winter periods. There is still
contractor and park staff
activity in the park that may

account for the above
background values plus some
mobile source activity from
the town of West
Yellowstone. Summertime
CO concentrations are well
above the concentrations
during the park-closed
periods. The Old Faithful
area concentrates summer
traffic, which is reflected in
its higher measured CO than
the West Entrance. All of the
winter periods have higher
CO concentrations than
summer.

A comparison of CO and PM
over the different seasonal
periods at Old Faithful
(Figure 4) illustrates how
PM2.5 concentrations are
unexpectedly high during
summer. The Spring period,
when the park was closed,
had almost as high of PM2.5
daily maximum as the winter
period which supports the
conclusion that much of the
PM2.5 at Old Faithful is
unrelated to winter vehicle
use.



Alr Quallty In Yellowstone Natlonal Park
at Two Locatlons
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Figure 3.  CO concentrations at two locations are compared to the seasonal periods at Yellowstone.
Lowest CO concentrations are when the park is closed in the Fall. Winter CO peak concentrations are
still higher than in the Summer when traffic volume is much higher.
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Figure 4. Old Faithful is a high traffic area both summer and winter. Summer concentrations of CO are
low, but the PM2.5 goes high in July and into the Fall from wildfire smoke that is transported to the

park.




Winter air quality has
improved in recent years
and is now approaching
the concentrations seen in
summer.

Traffic effects on air quality

The effects of winter traffic
on air quality are best
characterized at the West
Entrance where both air
quality data and detailed
traffic counts are available.
There is a general trend in the
second highest 8-hour CO
and the 98™ percentile of
daily maximum PM2.5 that
follows the changes in winter
traffic and the vehicle
emissions (Figure 5). For the
west entrance, the winter of
2000-2001 was a high point
for snowmobile use and CO
concentrations have
decreased since then. Over
the last three winters the CO
concentrations at the West
Entrance have been flat. The
PM2.5 follows a similar
pattern at both the West
Entrance and Old Faithful
locations. The changes that
have driven the decreases in
CO and PM2.5
concentrations are smaller
numbers of snowmobiles
entering the park and a
switch to cleaner-emitting
snowmobiles that meet the
BAT, mostly by using 4-
stroke engines in the
snowmobiles. The reduction
in aerosol emissions
(unburned oil and fuel) from
the snowmobiles has been
especially noticeable as
reduced odor and reduced
PM2.5.

Tables A-1to A-5in
appendix A provide the detail
used in the figures on the
numbers of vehicles and the

air quality indicator
concentrations from 1998 to
2006. The West Entrance is
broken out from the totals,
because there is a monitoring
station at that entrance and
none at the other entrances.

The daily pattern of air
pollutants at the West
Entrance (Figure 6) follows
the times for entrance and
exit of the winter vehicles.!®
The peak in the CO
concentration is centered on
the same 9 am hour as the
peak in snowmobile counts.
The secondary CO peak at 5
pm corresponds to the rush of
snowmobiles exiting the
park. The delay in the PM2.5
peak (10 am) and the long tail
in the afternoon and evening
suggests another PM source
besides snowmobiles is
contributing.

The entrance counts®
illustrate a difference in when
the snowmobiles enter the
park compared to the snow
coaches (Figures 7 & 8).
Snowmobiles come in groups
lead by guides; the period
between 8-11 am is when
most of the traffic enters.
Snow coaches are more
spread out during the day,
although the West, North,
and East gates tend to get
most entries during the
morning. The snowcoach
traffic starts a little earlier
and has a second peak
midday.
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Peak snowmobile entry is 9-
10 am; arrival at Old Faithful
is about 2 hours later. Counts
are for entry only, no exit
counts are recorded. The CO
hourly data has peaks for
entry and exit. The exit peak
is smaller, because
snowmobile traffic does not
stop, is more spread out, and
traveling at higher speed.

PM also has a double peak,
but with a 1-hour lag. The
afternoon peaks are much
more spread out and continue
well after dark when there is
no traffic exiting the park.
This is most likely from
wood smoke from nearby
West Yellowstone beginning

to overlap with the vehicle
emissions.

Incremental Pollutant
Changes with Traffic
Volume

The change in CO with the
change in traffic volume over
the last eight years is plotted
in Figure 9. This plot
suggests a high sensitivity to
the number of snowmobiles®
that enter the west entrance
each day. The dashed lines
show a possible relationship,
excluding the three years
with full BAT requirements.
More than just the volume of
traffic

100
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Figure 7. Average entrance counts for snowmobiles. Red-brown bars are the west entrance daily mean
counts by hour. (Hourly traffic counts are not available for the North; all traffic in early morning).
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Figure 8. Average entrance counts for snowcoaches. Dark red are the west entrance daily mean counts
by hour. (No hourly counts are available for the North.)

changed over the period in
the chart. Only the three
open circle points labeled
“last 3 winters, 4 stroke”
represent BAT snowmobiles.
The CO concentrations in the
last three years appear to be
relatively insensitive to the
variability of the daily mean
number of snowmobiles. The
dashed lines in Figure 9 are a
non-linear fit to the number
of snowmobiles when 2-
stroke engines predominated.

Monthly maximum CO
concentrations were
compared to the monthly

traffic totals for the last two
winters (Figure 10) for only
BAT snowmobiles.

Although reasonable
regressions were obtained,
the slopes were very different
for the last two winters. The
2005-2006 winter CO
concentrations were much
less sensitive to changes in
the amount of traffic through
the entrance gate. The mean
CO had a dual daily peak that
corresponded to peak traffic
through the entrance. PM2.5
did not show such a pattern.
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Relations hip Between CO and West Entrance Daily Traffic
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Figure 9. Relationship between winter peak 1-hour CO concentrations and average daily snowmaobile
entrance counts at West Yellowstone for two CO statistics. Based on data’ from 1998 to 2006. Note
the switch-over in snowmobile engine types from 2-stroke to 4-stroke. The regression model (dashed
lines) only use the years with 2-stroke engine snowmobiles. Dotted line is current daily limit.
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Figure 10. Relationship of monthly CO concentrations to monthly average winter vehicle counts’ at
the West Entrance for BAT snowmobiles and uncontrolled snowcoaches is a more realistic estimation
approach. Winter 2004-2005 data are the sold lines in red; winter 2005-2006 data are the dotted lines

in blue.
14



Unlike in the winter of 2004-
2005, the variation in
snowmobile traffic over a

few busy weekends

Snowmobiles parked at Old
Faithful visitor center.

for winter 2005-2006
did not have a linear
relationship with CO
concentrations based
on the limited daily
totals of vehicle entry
that were available
for the busiest
weekend, so no
relationship could be
investigated. If the
range from 1-hour
regression models for both
winters in Figure 10 is used
to estimate by extrapolation
the expected maximum
hourly CO concentration for
the allowable number of
snowmobiles per day through
the entrance, the CO might
range between 2.5 and 7

ppm.

It seems unlikely that all the
meteorology, traffic patterns,
and alternate emissions
sources can be accounted for
from the observational data.
Computer modeling takes
many of these factors into
account and is likely to be a
better approach for
estimating the affect of traffic
volume on CO
concentrations. In Appendix
C, results from the computer
model of the various Winter
Use Plan alternatives are used
to construct a CO
concentration relationship
with the equivalent number
of BAT snowmobiles.
Clearly, the emissions from
the snowcoaches must be

taken into account to estimate
the CO concentrations. EIS
alternatives current, 1, and 4
(see appendix C) yielded
estimated seasonal high CO
concentrations of 1.9, 6.4,
and 8 ppm based on analysis
of the model output. Thus,
increasing numbers of winter
vehicles are expected to
increase the CO and PM2.5
concentrations above the
present values.

The pollutant and entrance
count data for the West
Entrance have been examined
carefully for the winter 2005-
2006 to determine
relationships. As before, it
was difficult to get good
linear relationships between
the traffic counts and daily
pollutant measurements with
the limited breakout by time
and vehicle of the entrance
records. There does seem to
be some relationship between
the observed maximum CO
concentrations for a winter
season and the mean daily
traffic (Figure 9). During
the period plotted in Figure 5
there was a change from 2-
stroke to 4-stroke BAT
snowmobile engines (labeled
in Figure 9) and the entrance
procedures changed. It
seems very likely also that
the build up of pollutants
near the gate is related to the
length of the queue and the
relationship is non-linear. At
lower traffic volume, when
there is no queue; pollutant
build-up would be expected
to be less.
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Seasonal Traffic and Air
Quality

The monthly and seasonal
changes in amount of traffic
and the peak monthly air
pollutants can be see in
Figures 11 and 12. Note the
log scale for the number of
vehicles on the y-axis;
summer traffic is 60 times the
amount of winter traffic.’
The peak CO concentrations
are 2-3 times larger in winter
than summer for the last two
winters despite the much
larger number of vehicles in
summer (Figure 11).

The winter to summer
difference in PM2.5 is even
more dramatic (Figure 12),
but it has little to do with
vehicle traffic. Western
wildfires bring smoke into
Yellowstone, sometimes
from distances of hundreds of
miles. This has a bigger
effect on summer air quality
than the motor vehicle traffic
at the locations we measured.

Traffic Counts and Air Quality At West Entrance
Yellowstone National Park

1,000,000

Winter 04-05

Winter 05-06

100,000

10,000

Log (Traffic Counts)

1,000 +

100 -

Dec, Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec, Jan Feb Mar

Max. Hourly CO Concentration
(ppm)

2004 2005

Month

‘—Total vehicles == =Max hourly CO ‘

| 2006

Figure 11. Comparison of vehicle traffic in the West Entrance compared to CO concentrations by
month. CO concentrations are highest during the winter periods when total number of vehicle counts is
small (note the logarithmic scale on the y-axis). Lowest CO periods correspond to the lowest traffic

periods in late March and November.
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Figure 12. Comparison of vehicle counts at the West Entrance with maximum hourly PM2.5 by month.
The PM concentration seems to have little to do with the traffic counts. The highest PM is during the
summer months when wildfire smoke is thought to be the major contribution.

Air pollutant concentration
visualizations

Color coding concentrations
for every hour and day during
the winter is a good way see
the time-of-day relationships.
The differences between the
two monitoring sites and the
relationship, or lack of
relationship, between
pollutants and winter vehicles
are easily seen with the color
coded plots in Figures 13 and
14. The shaded areas
bounded by dashed lines are
approximate nighttime
periods or low traffic periods.
Labels mark when the highest
traffic periods are for the two
monitoring sites.

West entrance traffic enters
the park mostly between 7-10
am, arrive at Old Faithful
between 11am and 3pm, and
exit the west gate between 4
and 6 pm. Peak PM2.5
concentrations (Figure 13)
seem to have little to do with
the peak traffic periods at
either site. Old Faithful has a
local source that shows up
most evenings (see the 2004-
2005 report for details®). The
magnitude of the evening PM
concentrations and length of
time gets larger as the season
progresses. CO is much
more directly related to
traffic at the west entrance as
seen in Figures 6 and 7 and
illustrated by the red and
yellow areas in Figure 14.
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counts start on Dec. 15 and end Mar. 15 of the next year.
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The peak CO concentration
periods are primarily during
the peak traffic periods. At
both sites the CO goes down
to low values
overnight. Old
Faithful has a CO
local source that
starts in the morning
near daybreak. The
timing of this source
corresponds to the
normal time when
the maintenance
staff light up the
wood-burning

Winter vehicle traffic stoves in the warming hut.
along the road to Old Snow Lodge also has early
Faithful. Photo: J. Ray morning emissions and more

prominent emissions of PM that
start around diner time and go
into the evening that correspond
to observed and photographed
smoke emissions from the
kitchen vents. Local sources to
Old Faithful were examined in
more detail in the 2004-2005
winter air quality report.!
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Discussion

Old Faithful is the
destination for most of the

winter vehicle traffic.
The geyser display is
magical in the winter.
Photo: J. Ray

Direct measurements at two
locations within Yellowstone
National Park, the West
Entrance and Old Faithful,
show that air
quality has
improved over the
last several years.
The magnitude of
peak CO events
and the overall
concentration and
number of events
have decreased.
Although the
West Entrance
continues to have higher CO
concentrations than those at
Old Faithful, the difference is
becoming smaller. At Old
Faithful, the total number of
winter vehicles present
during mid-day is greater
than at the peak hours at the
West Entrance, however,
arrival and departures are
spread out temporally and the
vehicles do not usually idle
for long. Along the roads
leading to Old Faithful, the
vehicles are spread out and at
lower density. The
exceptions are when the
vehicles stop in clumps to
view or let wildlife pass and
the stops made at the
warming huts and thermal-
feature parking lots.

The enhancement in CO
concentrations by the
snowmobile and snowcoach
traffic is clearly seen in the
dual daily peaks at the West
Entrance, the high spikes that
occur only during the winter,
and the overall increase in

CO when low traffic periods are
compared to the winter open
season. The PM2.5 is less
clearly related to the winter
vehicle traffic in the last few
seasons. Although there is some
enhancement and dual daily
peaks at about the same time as
the CO peaks at the West
Entrance, there are also peaks in
early morning and in the evening
when there is no traffic through
the gate. At Old Faithful, the
PM2.5 does not relate closely to
traffic and has high
concentrations when winter
vehicle traffic is not present. The
fact that other PM2.5 sources
than snowmobiles have become
dominate is mainly because of
the lower PM2.5 emissions by
the BAT snowmobiles.

The analysis of the monitoring
data has been unable to estimate
with any great certainty the
incremental level of air pollution
with traffic volume of the BAT
snowmobiles. A 32% increase in
winter vehicle traffic through the
West Entrance this winter (2005-
2006) had a very small influence
on the air quality, however, much
of that was because of more use
days rather than larger daily
traffic. Itis likely that
meteorological differences
between the winters are playing a
part in determining the changes
in CO concentrations near the
entrance so that small changes in
daily traffic volume are
obscured.
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Snowmobiles park in long
lines at the warming huts
at Madison Junction.
Photo: J. Ray

The air quality monitoring
data shows that the plan to
reduce both the number of
snowmobiles and their
emissions has been a
successful strategy towards
improving the air quality in
Yellowstone. If it can be
assumed that the amount of
air pollution from wheeled
mobile sources in the park
during the summer is an
acceptable level, then winter
use vehicles will need to have
lower emissions or fewer

: vehicles be admitted.
It would be better to
have either a
pollutant
concentration limit or
a total emissions limit
for mobile sources
that would be
protective of the
clean air in the
Yellowstone natural
area. The number of
snowmobiles currently
entering the park during the
winter is below the allowable
limits set in the winter use
plan.® The snowmobile BAT
has reduced emissions, but
snowmobiles are still much
dirtier than light-duty cars
and trucks.*"*? The
emissions tests on winter
vehicles entering

Yellowstone by the University of
Denver researchers® clearly
shows that both the snowmobiles
and the snowcoaches are high
pollutant emitters compared to
summer vehicles. The small
amount of change in air quality
over the last three winters
suggests that additional measures
will have to be taken or the
present air pollutant
concentrations are likely to be
the continuing condition.
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Appendix A - Statistical Data Tables

These tables contain the detail that is in the graphics of the main report.

Table A-1. Traffic counts’ and air quality values for the West Entrance of Yellowstone for the winter
seasons ending in the year listed.

Average

traffic CO 1-hr | CO 8-hr
Year | Snowmobiles | Snowcoaches | Total perday’ | 1max | 2" max.
1998 40,869 706 41,575 467 - - - -
1999 44,213 767 44,980 505 18.2 4.3
2000 42,620 777 43,397 488 135 4.7
2001 45,689 816 46,505 523 17.9 6.0
2002 50,888 889 51,777 582 16.0 4.9
2003 33,458 998 34,456 387 8.6 2.1
2004 14,704 1,142 15,846 176" 6.4 0.8
2005 10,229 970 11,199 150" 2.8 0.9
2006 13,455 1,401 14,856 165" 2.1 0.9

Source: NPS Public Use Statistics web site

T Assumes a season of Dec. 15 to Mar. 15 to get the average daily traffic. Actual open days for West Entrance may differ by year.
#  Uses actual days and hourly records to calculate totals.



Table A-2. Additional detail for West Entrance CO statistics.

Winter
Period 1-hr CO (ppm) 8-hr CO (ppm)
Location | Years 1st Max | 2nd Max | 1st Max | 2nd Max
West 1998-
Entrance 1999 18.2 111 8.9 4.3
1999-
2000 135 11.3 5.4 4.7
2000-
2001 17.9 17.4 6.1 6
2001-
2002 16 125 5.4 4.9
2002-
2003 8.6 8.4 3.3 2.1
2003-
2004 6.4 3.1 1.3 0.8
2004-
2005 2.8 2.6 1 0.9
2005-
2006 2.1 2.1 0.91 0.86

Table A-3. Total traffic’ for all entrances to Yellowstone for the winter seasons ending in the year
listed.

Year Snowmobile | Snowcoach
totals totals Total

1998 60,110 1,326 64,204
1999 62,878 1,396 63,927
2000 62,531 1,535 69,188
2001 67,653 1,591 70,787
2002 69,196 1,605 49,404
2003 47,799 1,653 24,076
2004 22,423 2,058 17,753
2005 15,695 1,926 23,819
2006 21,893 1,965 23,858

Source: NPS Public Use Statistics web site



Table A-4. PM2.5 statistics at monitoring stations.

Winter 24-hr PM, 5
Period | (ug/m®?
1st 98th%
Location Years Max Conc.
West 2002-
Entrance 2003 15 16.9
2003-
2004 8 7.0
2004-
2005 6 6.0
2005-
2006 7 6.3
Old 2002-
Faithful 2003 37 21.3
2003-
2004 16 9.0
2004-
2005 6 9.0
2005-
2006 9 8.5
Flagg 2002-
Ranch * 2003 16 10.7




Appendix B - Comparison of Hourly Data to Short-term Minute Data

Some very useful information was collected by researchers at the West Entrance kiosks as part of a
winter personal exposure monitoring study.™® Although only Feb. 18-21 is covered by the
measurements, there is detailed data from right at the kiosk rather than at the side of the exit lane where
the air quality monitoring station is located. Tables VII and VIII are directly from the personal
monitoring study® and a reproduced here only for convenience. Short statements on the methods used
are also directly from the Spear et al.** report

Table VII. Real Time Carbon Monoxide Concentrations

Date Location Start Stop CO Avg (ppm) | CO 8 Hour TWA | CO Peak (STEL)
2/18/2006 | Kiosk A | 8:19 AM | 11:38 AM 0.36 0.29 26 ppm @ 10:26 AM
2/19/2006 | Kiosk A | 7:39 AM | 12:57 PM 2.10 0.94 49 ppm @ 9:12 AM
2/20/2006 | Kiosk A | 8:20 AM | 11:24 AM 1.11 0.61 91.0 ppm @ 9:04 AM

Source: Spear et al., 2006.

Table VIII. Respirable Dust (PI\/IA) Results for February 18, 19, and 20, 2006

Date Monitoring Parameters

Location | Start Time | Stop Time | Avg. 8-hr TWA
(mg/mg) (mg/m3) Max (mg/mg) Min (mg/mz)
2-18-06 A 07:59:05 11:42:25 0.018 0.008 0.188 0.002
2-18-06 B 08:00:20 11:43:42 0.018 0.008 0.154 0.002
2-19-06 A 07:19:32 11:02:42 0.016 0.008 0.081 0.001
2-19-06 B 07:19:18 11:02:28 0.009 0.004 0.026 0.002
2-20-06 A 07:46:45 11:17:45 0.013 0.006 0.135 0.004
2-20-06 B 07:46:30 11:17:30 0.007 0.003 0.014 0.002

Source: Spear et al., 2006.

®
Method: A TSI DustTrak model 2080 was used in conjunction with a 9mm nylon cyclone to
fractionate particulate aerosols and allow for the collection of 4 micron sized particles at 50% efficiency
(PMy).



Table IX. Real Time Particle Mass Concentration Data PM25

Date Location | Cut Point | Start Time | Stop Time | Ayq conc (ug/ms) Max (ug/m3) Time of Max
2/18/2006 | Kiosk A F’M25 7:52 AM 12:05 PM 5.3 60.0 7:59 AM
2/19/2006 | Kiosk A F’M2 5 7:49 AM 11:09 AM 4.4 32.1 8:53 AM
2/20/2006 | Kiosk A PM2 5 7:54 AM 12:20 PM 4.3 13.9 8:06 AM

Source: Spear et al., 2006.

®
Method: A Thermo-Electron (MIE) DataRAM™ was used to obtain real time particle mass
concentration data. Previous studies have shown that PM2.5s measurements from real time instruments are

well correlated and highly predictive of measurements from the gravimetric sampling method for
aerosols in workplace environments.
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Figure B-1. Detailed particulate matter data from the West Entrance kiosk (top left) are compared to the hourly air quality
monitoring station (right two plots) for Feb. 18, 2006. The yellow shaded areas are the overlap periods.
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Figure B-2. Detailed particulate matter data from the West Entrance kiosk (top left) are compared to the hourly air quality
monitoring station (right two plots) for Feb. 19, 2006. The yellow shaded areas are the overlap periods.
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Discussion

In Figures B1 to B-3 the data from one weekend during the winter 2005-2006 are presented from the
personal exposure monitoring (Spear et al., 2006) at a high time resolution and the hourly air quality
monitoring station data provided for comparison along side. At the higher time resolution individual
vehicles or groups of vehicles can be seen as short-term spikes in the PM data record, usually at much
higher concentrations than observed at the monitoring station that is 50+ feet away. The inside kiosk
PM concentrations are lower than outside, but not as dramatically as one might expect from the kiosk’s
positive-pressure clean-air ventilation system.

The hourly PM and CO data generally follow the more detailed record measured directly at the kiosk.
In the detailed record, there are some very large PM emitters and a buildup on some days when traffic
through the gate is heavy.

Date | Snowmobiles | Snowcoaches
2-18 249 25
2-19 239 23
2-20 186 15

If the 1-minute or 5-minute CO data were recorded at the West Entrance monitoring station and vehicle
entrance records had a similar time interval, then high emitter vehicles could probably be identified and
the relationship between traffic counts and pollutant levels understood better.

Appendix C - Estimating Change in Pollutant Concentrations with Traffic Volume

The sensitivity of the CO concentrations to the number of vehicles is a desireable factor to know for
planning purposes. Direct measurements of the air quality and counts of traffic on an hourly basis are
inadequate to estimate this factor, however. A modeling exercise was conducted by a contractor for the
different alternatives proposed in the Environmental Impact Statement that may be able to estimate a
factor (http://www.nps.gov/yell/parkmgmt/winterusetechnicaldocuments.htm ). For each alternative
with different numbers of snowmobiles and snowcoaches allowed to enter at the West Entrance there
were estimated CO concentrations. A simple plot of number of allowed snowmobiles versus expected
CO concentration suggested a roughly linear
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Figure C-1. Calculated equivalent snowmobile numbers are plotted against the predicted CO concentrations from the
alternatives used in the diffusion modeling exercise for Yellowstone National Park. Emission factors, number of vehicles,
and expected CO concentrations are from the report™.

relationship. The percent of contributing emissions by vehicle type can be found in Table 6-2 of the
modeling report, which points out the need to consider both snowmobile ands snowcoaches when
estimating CO concentrations. Using the emission factors for BAT snowmobiles and BAT snowcoaches
(model report Tables 4-2 and 4-3), an equivalence was calculated for how many snowmobiles would be
allowed for each alternative. Figure C-1 shows this relationship for hourly and 8-hour CO
concentrations and 24-hour PM2.5. The model predicted concentrations are from model report Table 5-
1. Three linear relationships are obtained for expected pollutant concentrations by the number of
snowmobile equivalents entering the West Entrance per day.

For the current average number of daily snowmobile and snowcoaches ( 155, 15) entering the West gate
the model estimates about 1.9 ppm CO (238 equivalent snowmobiles per day). This compares well
with the measured value during the winter of 2005-2006 of 2.0 ppm. Under the temporary winter use
plan, the West entrance could have 400 BAT snowmobiles per day and the present number of
snowcoaches or an equivalent to 678 snowmobiles, for which the estimated peak CO concentration is
approximately 6.4 ppm. For the 8-hour CO average the concentration works out to 2.1 ppm or roughly
23% of the NAAQS standard. The factor for increased CO per 100 snowmobiles is 0.9 ppm CO. For
PM2.5 at the current usage, the 678 equivalent snowmobiles works out to about 10 ug/m3 which is
about 28% of the new PM2.5 24-hour NAAQS standard. Although the air quality remains sensitive to



the number of winter vehicles, having a BAT requirement, that reduces the pollution emissions, does
keep the concentrations to levels that might reasonably be found in a rural environment. Remote, cleaner
areas of the United States would be expected to have CO concentrations 2 to 4 times lower and more
isolated locations in the Northern Hemisphere can be a factor of 10 times lower®®. The concentration of
pollutants drops with dilution and distance from a source, so at a distance of 1 mile the CO
concentrations might be closer to area background levels of 0.1 to 0.2 ppm. This kind of drop off in
concerétgations was observed by other researchers in Yellowstone and Grand Teton for CO® and for
VOCs™.

Table C-1. Change in carbon monoxide with distance from the road (Sive et al, 2003)

Distance from road 500m |[50m

CO (ppm) 0.138 | 0.286

In conclusion, the modeling exercise for the winter use alternatives provides an estimate of the CO and
PM2.5 ambient concentrations near the West Entrance as a function of the traffic volume. A
relationship was developed using the relative emissions of snowmobiles and snowcoaches and expressed
as an “equivalent snowmobile” for the estimates. The estimated peak winter concentrations of CO for
the current conditions, alternative 1, and alternative 4 are 1.9 ppm, 6.4, and 8 ppm. There is quite of bit
of difference between these alternatives for the air quality. This approach could be used to develop air
quality estimates for various combinations of snowmobiles, snowcoaches, and BAT requires, including
a year by year estimate to account for a BAT phase-in.



Modeling report™ Table 3-1

Summary of Preliminary Alternatives

Alternative 1: Alternative 2: Alternative 3: Alternative 4: Alternative 5: Alternative 6:
Current Plan Snowcoaches | Eliminate Most Enhanced Provide for Mixed Use
Ounly Road Recreational Unguided Access
Grooming Use
Highlights Allorars for nearly Emphasizes Prohibits road Allows for Balances snowmobile Emphasizes
historic levels of snoweoach Zrooming or mereased and snowcecach access plowing
snowmobile use but access; prohibits | packing on moest snowmebils use, and accommodates Yellowstona's
raquites commercial recraational road segments in relative to listorie | some visitors whe wish | lower aelevation,
guides. This snowmobiling. Tellowstons numbers. to have an unguided wast-side roads
Alternative mimics F.oad grocning Mational Park. Commeercial snowmobile to allowad
the temporary wmter | would continme. | The road from the | guidas would be experience, Featuras a whealad
use plan cwrently in South Entrance to | requred for most | seasomal limit as well commercial
place, with three 014 Faithful snowmobilers; as a flexable daily limit | vehicle access.
primary changes: 1) would be the cnly | some could also Continue te
Snowcoaches mmst OVETSNOW visit the park after allew oversnow
mesat BAT standards; motorized accass completing a non- vehicle access
23 Doaily Lt on route commercial or through the
snoweoaches; and 3) Teallowstona. unguided gmde South Entrance
Svlvan Pass 1s closed traiming coursa, and on the east
to through fraval sida of the park.
under 3 of 4 options
for this Alternative
(see Table 3-2).
Diailyv 720 snowmebiles per | Snowmobiles South: 250 1,025 540 spowmobiles per 330
Snuv.‘mugubile day prolubited. snowmobilas per snowmobiles per dav snowmobiles
Limits in YNP | West: 400 dav. day West: 280 per day
South: 220 Cave Falls Foad Jest: GO0 South: 145 South: 250
Worth: 30 closed to Cave Falls Foad South: 250 East: 40 0ld
East- 40 snowmohilas closed to Worth: 25 Morth- 40 Faithful Worris:
(0ld Faithful: 30 snowmebiles East: 100 01d Faithful: 25 100
(0ld Faithful: 50
Cave Falls Road: 50 Cave Fallz Eoad- 50 100 whealed
snowmobilas (no Cave Falls Foad: snowmebiles (no BAT | veldeles
BAT or gmding) 75 snowmohbilas or guiding)
(mo BAT or Cave Falls
guiding) Seasonal entrv limit Foad: 30
would ke put in place: snowmobiles
no more than 27 540 {no BAT or
snowmobiles and zuding)
5,291 snoweoachas par
zeason m YHP.
Daily commercizal
snowmobils and
snowcoach entries
could exceed above
limits by 20% on busy
days (up to 513
commercial
snowmobdles and 100
snoweoaches) per dav,
but such entries would
count against seasonal
limit abaowe.
Wotas:
BAT = Best Availabla Technelogy; CDST = Continental Divida Snowmoebile Trail, YINP = Yellowstone MNational Park;
GTIP = Grand Teton Mational Park; Targhee MF = Targhee Wational Forest
Eefer to Appendix J, Altermatives Diseussion for detzils on snowmebile and snoweoach limits and techneolegy, guiding requirements, side roads, efe.




Summary

of Preliminary Alternatives

Alternative 1: Alternative 2: Alternative 3: Alternative 4: Alternative 5: Alternative 6:
Current Plan Snowcoaches | Eliminate Most Enhanced Provide for Mixed Tse
Only Road Recreational Unguided Access
Grooming Use
Dails 140 snowmobiles per | Snowmobiles Grassy Lake Rd: 250 snowmobiles | 140 snowmobiles per 20 snowmobiles
Snowmohile | 43y prohubited 30 par day. day per day.
Limits in Grasszy Lake Bd- 50 CD5ET: Closed Grassy Lake Bd: Grassy I:.alce Ed: 50 Grassy Lake
GTNP and CDST: 50 Jacksen Lake: 15 CDST:- 50 Foad: 50
c Tackson Lake: 40 Clozed CDST: 73 Jackson Lake: 40 Jackson Lake:
Parkway Tackson Lake: 100 | All would be improved | 40
BAT. CDET: Clozed.
Smowmohile | YNP: 100% NiA THP: 100% YNP: 75% TNE: B0%% THE: 100%
Guide Commercially Commercially commercially commercially gpuidad commercially
. guided. guided. gutdaed; 25% 20% wmguided, with zmded, both
Requirements GTHP and Parkway: GTHP and etther unguided or | bunef traming. oversnow and
Guides not raquired. Parkway: Guidas | non-commercially whealad
not required. gurdad. Ungmded vehiclas,
GTIP and snowmobiles would be
Parkway: required to enter YINP GTWP and
CDST: 50 prior to 10:30AM. Parkway:
commercially Commercial
gurdad; 25 GTHP and Parkwav: guides may be
unguidad. Commercizl guides allowed, but mot
Jackson Lake and | may be allowed, but requirad.
Grassy Lake not required.
Foad: unguided
Best Availabhle | YIWNE: All BAT. WA YHEP: All BAT. YNP: all BAT. Improved BAT for YTHE: Al BAT.
Technology GTINP and Parkway: GTHP and GTINP and snowmohiles ($5% GTHP and
Requil'eme;lts All BAT,_Except Parkway: All Parkway: IFe_ductiml m HC and Parkway: All
for su!:n.a.'mx.}bﬂ.es BAT, except Jacksen Lake: All | 75% reduction in CO; BAT, except
i origimating on snowmobiles BAT. NTE 72dBA), excapt snowmobiles
Snowmobiles Targhse MF using originating on Grassy Lake snowmobiles originating cn
Grassy Lake Eoad. Targhee NFusmg | Eoad: All Non- criginating on Targhee | Targhee NF
Grassv Lake BAT. WF using Grassy Lake | wusing Grassy
Road. CDST: 50 Foad. Lake Foad.
commercially
guided BAT; 25
unguided 2006
model vear or
newer.
Mazimum 8 with one guida; 17 WA 11 with ome gmde. | 11 with one guide | 11 with one gmde £ with one
Spowmohile | with 2 zuides guide; 17 with 2
Group Size guides

Wotas:

BAT = Best Available Techuology; CD5T = Contmmental Divide Snowmebile Trail; YNP = Yellowstone National Park;
GTINP = Grand Teton Mational Park; Targhee NF = Targhee Mational Forest
Fefer to Appendix J, Altermatives Discussion for details on snowmobile and snoweoach limits and technolegy, gmding raquiremsnts, side reads, efe.




Summary of Preliminary Alternatives

Alternative 1:

Alternative 2:

Alternative 3:

Alternative 4:

Alternative 5:

Alternative 6:

Current Plan Snowcoaches | Eliminate Most Enhanced Provide for Mixed Use
Only Road Recreational Unguided Access
Grooming Use
Use of YNP Washbum Overleok Virginia All closed (thers All side roads Washbum Ovrerlock Canyon North
%ide Roads by | and Freight Road: Cascades: ski are none on the opan to and Freight Road: and South Fim
Snnwmnbi]eé sn_.l:lwcaach only. only. read from South snowmobiles, 51._1{:-1:.'1.:{:-3':]1 only. Drtvvas, Lake
Firehole Canyon Entrance to Old Firshole Canvon Butte: Open te
Dirrve, Canvon Merth | All other side Faithful). Virginia Drnive, Canyon Marth snowmobiles.
Eim Dhive and roads: Cascades: sk Fam Dirive and
Eiversids Diive: snowcoach only only. FEorverside Drve open Firehole
open m afternoon to in afternoon to Canvon,
snowmobilas, snovwmabiles. FEorverside Diive,
Lake Butte and Lzke Butte and Fountain Freight
Canvon South Fim: Canyen South Fim Foad, Washbum
open to snowmobiles. open to snowmobilas, Hot Springs:
Virgima Cascades: Virgmia Cascadas skt Snoweoach
ski only. only. only.
Virginia
Cascades: zki
only.
Diaily 78 snowcoaches per 120 South: 20 115 smowcoaches | 83 snoweoaches per 40 snowecaches
Snowe l::at]] day smowepaches per dav dav per day
Limits in YNP West: 34 per day All meat West: 44 West: 34 South: 10
and Sonth: 13 West: 55 snoweoach BAT South: 15 South: 10 0ld
Snowcoach Worth: 13 South: 25 Worth: 5 North: 3 Faithful T oaxis:
East- 0 North- 17 East- 4 East: 2 30
BAT Old Faithful East: 0 Old Faithful Old Faithul
Parkwide: 18 014 Faithful Parkwide: 35 Parkwide: 34 All meat
Parkwide: 23 Privata: 10 All meet snoweoach snoweoach
All meat snoweoach All meat All meet BAT. BAT.
BAT snoweoach BAT snowcoach BAT Seasonzl entrv limit
would be put in place.
Road Continue road Continue road Only groom South | Contmue road Continue road Plow Mammoth
Grooming grocming, except Zrocming, to Old Faithful. grooming Zrooming to West to Old
Sylvan Pass would be | except Svlvan All other Faithful Groom
closad. Pass would be segments (01d Faithful to
closed. umgrocmed and South to Lake to
closed te Canvon to
oversnow travel. Momis. Svlvan
Paszs would be
closed.
Motas:

BAT = Best Available Technology: CDST = Continental Divide Snowmebile Trail, ¥INP = Yellowstone Mational Park;
GTINP = Grand Taton Wational Park; Targhee NF = Targhee INational Forest
Flefer to Appendix J, Alternatives Diseussion for details on snowmoebile and snoweoach limits and technology, guiding requirements, side reads, ete.




Appendix D - Winter Boundary Layer Heights from Vertical Soundings

A boundary layer inversion is quite likely during the winter months that would tend to limit the mixing
of pollutants emitted at the surface. While the summer-time mixing height would be expected to be in
the 1-2 km range during the day, the winter mixing height might only be from 500 to 1000m. A limited
number of vertical soundings are available for Yellowstone. Some sample soundings from the Lake
Range Station (Figure B-1) from Feb. 2003 illustrate this point. In Figure B-1a, the mixing height can
be estimated from the potential temperature profile to be at about 250m at 1 pm. Three days later the
development of the mixing layer can be seen. In B-1b a strong boundary layer is found at 6 am, just
before sunrise, that is only about 80m high. By 1pm (B-1c) the mixing height has risen to 700 plus
meters. By 4pm the mixing height is about 950m. Similar patterns to this are expected at other located
in Yellowstone during the winter.

Pollutant concentrations are strongly affected by the mixing height. Early morning in the winter,
especially on calm, cold days, are more likely to have high pollutant concentrations that are trapped in a
shallow mixing layer. The data from the nearby air quality monitoring station demonstrates the shallow
boundary layer development based on the difference in temperature at 3m and 10m (delta-T). Figure D-
2 and D-3 show the changes in the boundary layer and the solar radiation. Just after sunrise the
overnight boundary layer (as seen in Figure D-1b) begins to lift. By about 9am the layer is above 10m
and develops as seen in Figures D-1c&d. During Feb. 2003 this type of boundary layer developed at
least 90% of the days. It is likely that similar patterns occur throughout the park. The lower winter
mixing layer puts a cap on the volume of air into which the surface pollutants can dilute.
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Atmospheric soundings, Lake R.5. (WED2003 & SAT2003).

Figure D-1. Upper air soundings from the Lake Ranger Station 2-12-2003 to 2-15-03 using potential temperature.
Values are plotted as height above ground level (AGL) in meters. (Ref: Sive et al, 2003)
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Figure D-2. Delta-temperature plots against hour ot day tor Feb 15, 2003, Delta-T Is the difference in
temperature between 10m and 3m on the air quality monitoring tower at the station near Lake (40m
higher than the ranger station location). Vertical lines correspond to D-1 plots. The right plot is the
average for Feb. 2003.
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Figure D-3. Solar radiation by hour of day at the air quality monitoring station near Lake. Sunrise is

about 6:30am and sunset about 5:30pm. Vertical lines correspond to D-1 plots.



The U.S. Department of the Interior (DOI) is the nation's principal conservation agency, charged with the mission "to protect and provide
access to our Nation's natural and cultural heritage and honor our trust responsibilities to Indian tribes and our commitments to island
communities." More specifically, Interior protects America’s treasures for future generations, provides access to our nation’s natural and
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sound use of land and water resources, and conserves and protects fish and wildlife. The work that we do affects the lives of millions of
people; from the family taking a vacation in one of our national parks to the children studying in one of our Indian schools.
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