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1. Introduction

The City of Sedona hasretained Kimley-Horn to develop an Environmental Impact Assessment
forfive locationsin and around Sedona, Arizona that serve off-highway vehicles (OHV). This
assessment buildson the Sedona Off-Highway Vehicle Report (Completed May 2019, 2017
Data), which researched the statusof OHV use in Sedona, identified potential concernsrelated
to OHVs, and recommended potential strategies.

The purpose of thisassessment isto collect additional environmental data to support the City’s
decison-making processfor potential actionsappropriate to addressthese concerns.

The five locations studied in thisassessment include the following:

o Forest Road (FR) 152C —Unpaved Roadway

e Dry Creek Road and Trailhead —Trailhead Parking, Paved Roadway, Unpaved OHV Tralil,
Parking Lot and the adjacentintersection of Dry Creek Road and Boynton PassRoad

o Soldier Pass Trailhead —Gated Trailhead Parking, Gated accessto OHV Trail and adjacent
paved roadway

e Schnebly Hill Trailhead —Trailhead Parking, Unpaved OHV Roadway
e Broken Arrow Trail - Trailhead Parking and Unpaved OHV Tralil
The study locationsare shown in Fgure 1.

FHGURE 1. STUDY LOCATIONS
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1.a. Resources Evaluated

The Environmental Impact Assessment wasenvisoned to be completed in three phases, with
some resources studied during one season and otherresourcesstudied during multiple seasons,
assummarized in Table 1-1.

TABLE 1-1. RESOURCE STUDY TIMEFRAMES

Quantity Speed of Noise OHV Soil
Season and Type OHVs Noise Level Reference Air Quality Compaction
of OHVs Level and Erosion
Sbring v v v
SYmmer v v v v v
Fall v v v v v

OHV = off-highway vehicle

1.b. Spring 2023 Data Collection Schedule

Kimley-Horn staff initiated the data collection effort at 10:30 a.m. on Fiday, March 17, 2023, and
concluded at approximately 12 p.m. on Sunday, March 19, 2023. Saff set up the appropriate
equipment for continuousvehicle data collection and visited each site throughout the data
collection daysto ensure equipment wasworking properly, that equipment wasintact and
undisturbed, to obtain manual traffic data, and to note general observations. Equipment was
eitherremoved in the eveningsand replaced in the momingsor secured in place ovemnight.
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2. Analysis Results

2.a. Quantity and Type of Off-Highway Vehicles

Video data wascontinuously collected from 10 a.m. on Fiday, March 17, 2023, to approximately
12p.m.on Sunday, March 19, 2023 at the five locations. Cameraswere stationed at each of the
locationsto properly capture OHV entering off-road trailsand/or trailhead parking lots. The
traffic count data wasprocessed to determine the total number of vehiclesentering and exiting
the locations, which include vehiclesparking in the designated lot, entering the OHV trails, or
circulating the site.

Total Vehicle Trips
Hgure 2 providesthe total numberof vehiclestripsat each location for the data collection

period.

FGURE2. TOTALNUMBER OF VEHICLE TRIPS
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The numberof vistorsat each location vary depending on popularity of the trail, proximity to the
City, parking, and accessbility. On the weekend of data collection, the most visted trail was Dry
Creek Road/ Trailhead with approximately 3,335 vehicle tripsentering the designated parking lot
and off-road accessto the trail. The second most visted trail was Schnebly Hill with approximately
1,778 vehicle trips entering the designated trailhead area. Parking at the two most visited
trailheads is limited, therefore parking demand exceed the existing parking available, and
vehicles are observed to circulate through the parking area and/or park along undesignated
areasalong both sidesof the roadwaysnearthe trailhead vicinity.

Additionally, although Soldier Pass Trailhead parking is restricted on Thursday-Sunday and OHV
accessislimited to 12vehiclesperday by permit, there were 943 vehicle tripscounted on Canyon
Shadows Drive which leadsto thistrailhead. During the data collection period, 525 vehicleswere
recorded as continuing eastbound. Canyon Shadows Drive provides access to SR-89A and
digpersed caping areas.
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Based on field observationsand data collections, over 100 vehiclesmade an eastbound U-tum at
the trail entrance over the entire data collection weekend. These were vehiclesthat drove to the
site and turmed around after realizing the trailhead wasgated off. Video data and observations
also highlighted many vehiclesmaking drop-offsand pick-upsforpassengersat the trailentrance.

Off-Highway Vehicle Quantities
The daily weighted averagesof OHV vehicles entering and exiting the location on the weekend
were calculated using the 3-day data. Fgure 3 providesthe average numberof OHVsat each

location.
FIGURE3. AVERAGENUMBER OF OFFHIGHWAY VEHICLEPER DAY
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According to data collected during this3-day period, Schnebly Hill isthe most used trailhead by
OHVs. R 152C isthe second most used, though it isimportant to note that thisisa service road
the providesaccessto SR-89A and digpersed camping areas.

The average number of OHVsusng Soldier Pass Trail issmall compared to the other trailsdue to
limited public access. Soldier PassTrail hasrestricted accesswhere OHVsmay only accessthe trail
if they have a permit from the Forest Service. According to the Forest Service, only 12 permitsare
issued per day, with one vehicle per permit. Video data collection for Saturday, March 18 was
manually reviewed and determined that 19 OHV vehicles (which includes 5 tours) entered the
gated trail. Fom video observations, it seemed that in 3 instances of OHVsaccessng the gated
entrance, a vehicle closely followed behind. In these instances, it can be presumed that the
vehicle wasusing one permit fora pairof cars.

The data collected for this study wascompared to data collected in the City of Sedona’s 2019
Off-Highway Vehicle Report to determine any trends in trail and OHV use. The 2019 report only
collected data at Broken Arrow and Dry Creek Road/Trail location. Data in the study was also
collected over 4 months. Figure 4 providesthe comparison of OHV trail usersin 2017 and 2023 at
these two locations. Recognizing that the data collected for this study wasover a busy March
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weekend when compared to a four-month average from the 2019 study, it can neither be
confirmed ordenied that there hasbeen an increase in OHVs at the trailheads. It can be stated
that the data isequitable and there hasnot been a decrease since 2017.

FGURE4. COMPARSON OF OFF-HIGHWAY VEHICLESATLOCATIONS
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Off-Highway Vehicle Types

To supplement the video data, vehicle type data was manually collected at each location
exceptforForest Road (FR152C) forone-hourperiodstwice a day ateach location on Fiday and
Saturday. Manual data recorded included documenting the following typesof vehiclesentering
and exiting trailheads:

e ATV (All-Terrain Vehicle) — A vehicle that travels on low-pressure tires, has a seat that is
straddled by the operatorand hashandlebars.

e UTVs(Utility Terrain Vehicles) — A vehicle that operatesby foot controlsand a steering wheel
with a minimum of two seats positioned side-by-side and enclosed within a roll cage
structure.

o SUVs(Soorts Utility Vehicles) — A roadway passenger vehicle with off-roading capabilities,
such asa Jeep or4X4 truck.

Although manual data wasnot collected for R 152C, video data was manually reviewed post
data collection to determine the peak period overthe weekend at thislocation.

Fgure 5 providesthe percentage of vehicle typesat each location based on the sample size of
the manualdata collected.
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AGURES5. OFF-HIGHWAY VEHICLETYPESATEACH LOCATION
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Based on data collected, SUVswere the most used vehiclesat these locations. It'simportant to
note that there was a negligent number of ATVsobserved at all the locations. Based on further
online research of variouslocal ATV rental company websites, most companiesdo not currently
offer ATV rentalsand instead only offer UTV rentalswhich are “buggy style” vehicles. The number
of ATVson trailshasdrastically decreased compared to data collected in the 2019 report; ATVs
accounted fornearly half of OHVsin the 2019 data collection period.

OHV Users
The manualdata collected also recorded the usergroupsof OHV vehiclesusing the trailsdivided

into the following categories:

e Personal-vehiclesprivately owned
e Rental—vehicleslent to usersby companiesforday use
e Tour-vehiclesthat provide guided tours (e.g., Pink Jeep Tours)

Personal OHVs made up most vehiclesusing Broken Arrow Trail, Dry Creek Road/Trailhead, and
Schnebly Hill Trail. Figure 6 providesthe percentage of vehicle usergroupsat eachlocation based
on the sample size of the manualdata collected.
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HGURE6. OFF-HIGHWAY VEHICLE USER GROUPS ATEACH LOCATION
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2.b. Noise Level

The decibel system of measuring sound givesa rough connection between the physical intensity
of sound and itsperceived loudnessto the human ear. Human perception of noise occursin two
separate ways. The steady state noise levelisperceived by a person asthe ambient continuous
noise overa certain time period (measured asleq). The second perception of noise isthe
maximum sound pressure value with no time constant applied (measured asLpeak). Thisunit of
noise exposure isperceived by a person asthe highest instantaneousimpulse level generated
by a noise source.

Ambient noise includesall soundspresent in an environment. The ambient noise level may be
measured at any moment, but it will vary widely with time, e.g., with the coming and going of
trucksand aircraft. Ambient soundsgenerally range from 30 dBA (very quiet) to 100 dBA (very
loud). Unlike linear unitssuch asinchesorpounds, decibelsare measured on a logarithmic scale,
representing pointson a sharmply risng curve. On a logarithmic scale, an increase of 10 dBA is10
timesmore intense than 1 dBA, while 20 dBA is 100 times more intense, and 30 dBA is 1,000 times
more intense. A sound assoft ashuman breathing isabout 10 timesgreaterthan 0 dBA. If the Leq
(orambient) value isgreaterthan 85 dBA, the noise would have the potentialto cause a human
health impact.

Sound monitoring equipment wasestablished nearthe roadwaysat each of the five trailheads.
Data wascollected from approximately 10 a.m. on Fiday, March 17, 2023, to approximately 12
p.m.on Qunday, March 19, 2023. The measured ambient noise levelswere low, in the range of 30
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to 40 decibels A-weighted (dBA).! Thisambient noise level range issmilar to the noise levelin a
quiet library. The highest ambient noise level observed was 62.8 dBA Leq2 collected at the
Schnebly Hill Trailhead while the lowest ambient noise level observed was48.6 dBA Leq collected
at the Soldier PassTrailhead. These measurements support the perception that entrances of the
trailheads are generally quiet, except for the passing of motorized vehicles onto the trails.

Physical damage to human hearing beginsat prolonged exposure to noise levelshigherthan 85
dBA. Exposure to high noise levels affectsour entire system, with prolonged noise exposure over
75 dBA increasing body tensions, thereby affecting blood pressure, functionsof the heart and
nervoussystem. In comparison, extended periodsof noise exposure above 90 dBA could result in
permanent hearing damage. When the noise level reaches 120 dBA, a tickling sensation occurs
in the human ear even with short-term exposure. Thislevel of noise iscalled the threshold of
feeling. Asthe sound reaches 140 dBA, the tickling sensation isreplaced by the feeling of pain in
the ear. The perception of pain isdifferent dependent on the type of noise generated (ambient
orimpulse). If the Lpeak (impulse) value isgreater than 120 d BA, the noise impulse noise would
have the potentialto cause a human health impact. The Department of Arizona Sate Parks &
Trailslimitsthe production of high levelsof noise with the requirement that OHVsmust include a
noise disspative device.

Impulse noise wascollected at each location to determine potential human health effects. The
recorded Lpeak NOise levelscould be attributed to variousvehicle types, pedestrian walk-bys, and
vehicle idling snce the traffic camera and the noise meterwere placed adjacent to the
trailhead. The Broken Arrow Trailhead produced the highest quality impulse data due to various
sources vehicle use.

Based on in-person observationsand the collected data, the UTVsgenerated the loudest
impulse noise levelsof any vehicle type that frequented the trail. Thiselevated noise level was
generated from the vehicle’sengine noise, exhaust/ muffler noise, and/oramplified voice or
music through the vehicle’sspeakers. See Table 2-1 for noise levelsobserved.

TABLE 2-1. HIGHESTOFF-HIGHWAY VEHICLE NOISE LEVEL

Highest Short-  Average Leqover

Vehicle Type Range of Noise Generated (Lpeak) Term Noise vehicle activity
(Lpeak, dBA) time (dBA)

UTV/ATV 72.9 dBA to 98.7 dBA over 28 seconds 98.7 dBA 87.0dBA

Multiple

UTVs/ ATVs 79.1 dBA to 96.3 dBA over 32 seconds 96.3 dBA 87.1 dBA

Individual UTVswere observed generating an average impulse noise levelranging between 75
dBA Lpeak and 90 dBA Lpeak which would be perceived by the earasvolumesbetween a loud
conversation to a kitchen blender. Typically, thislevel of noise wasgenerated by UTVsthat
accelerated to drive overthe bouldersat the entrancesof the trailheads. In some cases,

" The A-weighted measure cormrectsforthe relative frequency response of the human ear, whereby it de-
emphasizeslow and very high frequenciesof sound

2leqisa convenient way to expressthe energy level of a varying noise source
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impulse noise levelsproduced wasabove 96 dBA Lpeak when the vehiclestraveled in groupsor
when passengersof the UTVswould play loud music through speakers. The highest noise level
observed by a multiple UTV passby was98.7 dBA Lyeak Which would be smilarto standing next to
a gaspowered lawnmower. Noise generate by the UTVsisapproximately 20 to 40decibels
higherthan average Lyeak value at the trailhead which isbetween 100 and 10,000 times

louder.

2.c. Air Quality

Kimley-Horm wastasked with recording observationswith respectto OHV generation of particulate
matter (PM) and itscontribution to potentially elevated levelsof PM. Vehicle activity on unpaved
roads contributes to PM through various mechanisms. When vehicles traverse these roads, the
mechanicaldisturbance caused by tiresand vehicle movement didodgesand fragmentssurface
materials, generating airborne PM. Additionally, the friction between tires and the road surface
leads to abradon, releasing fine particles into the air. Vehicle emissions, egpecially from diesel-
powered vehicles, like OHVs, also contribute to PM through combustion byproducts that can
adhere to the road surface and be resuspended by subsequent vehicle activity.

Human Health Effectsof Particulate Matter

For air quality regulatory purposes, particle matter is defined by its size, namely the diameter.
Respirable particles, or particulate matter 10 (PM10) are inhalable into the lungsand can induce
adverse health effectsand refersto tiny particlesordropletsin the airthat are ten microns(um) or
less in width. The term fine particles, or particulate matter 2.5 (PM2.5), refers to tiny particles or
dropletsin the airthat are two- and one-half microns (um) orlessin width. Like inches, metersand
miles, a micron isa unit of measurement for distance. There are about 25,000 micronsin an inch.
The widthsof the larger particlesin the PM2.5 size range would be about thirty timessmaller than
that of a human hair. Fine particulate matterisdefined asparticlesthat are 2.5 micronsorlessin
diameter (PM2.5); thus, PM2.5 comprisesa portion of PM10.

Respirable PM may lead to a variety of health effects. Long-term exposures, such as those
experienced by people living for many yearsin areaswith high PM levels, have been associated
with problems such asreduced lung function and the development of chronic bronchitis—and
even premature death. Short-term exposures to particles (hours or days) can aggravate lung
disease, causng asthma attacks and acute bronchitis, and may also increase susceptibility to
respiratory infections. In people with heart disease, short-term exposureshave been linked to heart
attacksand arrhythmias.

The source and amount of particulate mattervariesdepending on the setting. Concentrationsof
larger sized particulate mattertend to be higherin urban areasand tend to be generated more
frequently by various urban sources including vehicles, industrial facilities, and construction
activities. This constant urban particulate matter is the type of particulate matter the National
Ambient Air Quality Sandards (NAAQS) wasderived from. Rural particulate matter tendsto be
smallerand not generated consstently like urban areas. Therefore, when rural particulate matter
is averaged over a 24-hour period, concentrations tend to be significantly lower than urban
environments.

Dust emissionsgenerated on roadsdepend on the presence of “sit loading” which refersto the
silt-sze material (lessthan 75 micrometersin diameter) per unit area of travel surface. Thisfactor
and the weight of the vehiclestraveling on the road determinesthe PM emissions from a road
surface. Slt loading can vary depending on the weather/climate of the region. Heavy sit loading
tendsto deposit onto roadwaysduring winter and early spring. This heavy silt loading driesup in
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the summer months and isreleased in greater quantities. The road type also influences the sit
loading with poorly paved and unpaved roadshaving highersilt loading than newly paved roads.
Therefore, dust digpersaland PM emissionstend to be highest on unpaved surfacesin the summer
months.

The NAAQS for particulate matter are measured and enforced across a 24-hour average
concentration level. PM10 hasa threshold of 150 microgramspermetercubed (ug /m3) and PM2.5
hasa threshold of 35 ug /ms3.

Methodology and Human Health Effectsof Particulate Matter

The peak PM levels at the five locationsvary based on multiple factors. PM at each of the sites
was mainly generated by mobile sources; however, wind and pedestrians were observed to
contribute to visble dust generation and, presumably, to monitored levelsaswell. Mobile sources
at the stesincluded the passbysof passengervehiclesand shuttle busesaccessing parking lots,
OHVs accessing the trails, and, in the case of the FR 152C, on-road vehicles accessing the
adjacent unpaved roads. To determine a correlation between vehicle activity and PM ambient
levels, minute air quality data waslinked to video taken at each location.

The Broken Arrow Trailhead experiences substantial vehicle and pedestrian traffic at times, and
meters were placed to allow for a comparison between upwind and downwind PM
measurements. By taking measurements upwind (before the pollution source) and downwind
(after the pollution source), it becomes possible to identify and characterize the source of
pollution. Comparing PM concentrations between these two locations helps determine the
contribution of a specific source to the overall PM levels.

Results

The results show a strong correlation between general vehicle activity at the locations and
increasesin PM levels. Periodsof elevated PM levels, with peaksabove 795 microgramsper cubic
meter (ug/m3), were recorded contemporaneously with vehicle activity. However, health-based
standardsfor PM exposure, such asthe federal National Ambient Air Quality Sandard (NAAQSs)
standards, set average concentrations over longer time periods, such as 24-hours and annual.
Table 2-2 summarizesthe maximum PM levelstime-averaged overeach collection period at the
five locations.

TABLE2-2. MAXIMUM COLLECTION PEROD FORAVERAGE PARTICULATE MATIER LEVES

Trail Location Maximum Collection Period Maximum Collection Period
Average PM2.5 (ug /m3) Average PM10 (pg/m3)
FR 152C 30 66
Broken Arrow Trailhead — UW 11 21
Broken Arrow Trailhead - DW 11 41
Dry Creek Road/Trailhead 13 16
Schnebly Hill Trailhead 9 18
Soldier Pass Trailhead 13 21

Recent scientific literature finds exposure to PM levels above the federal guidelines, even for
exposure periods of less than 24 hours can trigger acute health conditions in highly sensitive
individuals. One-hourrolling averageswere found to exceed the federal NAAQsstandardsat two
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locations, with the FR 152C experiencing elevated PM levelsabout NAAQsstandards for multiple
hours. Table 2-3 summarizesthe maximum one-hourrolling average measured at each location.

TABLE 2-3. MAXIMUM ONEHOURAVERAGEPM LEVELS

Trail Location Maximum 1-Hour Average Maximum 1-Hour Average
PM2.5 (ug/m3) PM10 (ug/m3)
FR 152C 75 178
Broken Arrow Trailhead — UW 31 72
Broken Arrow Trailhead — DW 40 154
Dry Creek Road/Trailhead 16 20
Schnebly Hill Trailhead 15 37
Soldier Pass Trailhead 15 37

Day-by-Day Comparison

The ground waswell saturated from rain immediately prior to the data collection effort.
However, with dry weather and vehicle use, the trailslooked visbly drier each day throughout
the weekend. By Saturday afternoon and Sunday, track out of soil onto paved surfaceswas
observed, including trailhead parking lotsand public streetssurrounding alllocationsexcept
Soldier Pass (likely due to the controlled volume of vehiclesaccessing that trail).

Based on the discussion above, a comparison amongst the locationsforeach day highlightsthe
variousenvironmental factorsthat contribute to rural PM concentrations. S ecifically, it islikely
that the dampnessof the unpaved roadsand amount of paved road leading to each trailhead
influenced how vehicle activity contributed to PM concentration trends. Forthe day-by-day
comparison and analyss, only PM2.5 concentrationsare used due to their established human
health impactsat lowerconcentrationsand because PM2.5isa percentage of PM10.

Hgure 7 and Fgure 8 show the total concentration averagesfor PM 2.5 and total vehicle
activity, respectively, overeach testing day.
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AGURE7. TOTALAVERAGE PM2.5 CONCENTRATION
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Hgure 9 and Fgure 10 show the maximum rolling one-hour averagesfor PM 2.5 average vehicle
activity per hour, respectively, over each testing day.
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HGURE9. MAXIMUM ROLLING 1-HOURAVERAGE PM2.5 CONCENTRATION
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Comparing the data sde-by-sde createstwo distinct conclusionsbased on two environmental
factors:

e FR152C and Broken Arrow Trailhead show a strong correlation between PM
concentrationsand the drying of the road dirt between Fiday and Sunday.

14
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e Dry Creek Road/Trailhead and Shnebly Hill Trailhead show a stronger correlation
between vehicle activity and PM concentrationswhen compared to the otherlocations.
Thisislikely due to the amount of paved road leading up to each trailhead. FR152C and
Broken Arrow have at least 200 feet of unpaved road leading up to the trailhead,
whereasDry Creekand Schnebly Hillhave paved roadsleading up to the trailheads. This
may allude that the reduced amount of unpaved road at the trailheadsinfluences
whetherthe slt loading orvehicle activity dominatesthe PM concentrations.

From an air quality perspective, thisdata establishes that vehicle activity is correlated to
increased PM levels. However, external environmental factorsplay a role in PM concentrations
and these concentrationsexceeding levelsknown to negatively affect human health is

inconclusive.
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3. Conclusion

The findingsof thisstudy support the previously documented concernsat the five locations
related to traffic, noise, and air quality. However, although the findingsindicated that OHVs
could be conddered a nuisance, none of the measurementsduring the 3-day data collection
period exceed allowable state orfederal thresholdsfora human health impact. The noise and
airquality data were only evaluated at the trailheadsand did not measure conditionsat nearby
residential areas. The data issummarized below and detailed in the appendices.

3.a. Findingsofthe Sudy
3.A.1. QUANTITY & TYPEOF OHV VEHICLES

An average of 1,500 vehicle tripswere observed at the five locationsincluded in this study. Dry
Creek Road/Trailhead wasthe most visited location with approximately 3,335 vehicle tripsentering
and existing the designated trailhead to accessparking and the off-road trail. The second most
visited trailisSchnebly Hill with approximately 1,778 vehicle tripsentering the desgnated trailhead
area. Parking demand exceedsthe existing parking capacity at these trails causing continuous
circulation of vehiclesat trailhead entrancesthroughout the day. Vehiclesthat were unsuccessful
in finding parking in the dedsgnated lots often choose to park in undesgnated areas along
Boynton PassRoad (forDry Creek) and along Schnebly Road (forSchnebly Hill). Itisrecommended
to consider installing “No Parking” signs or boulders along both sides of the roadway and to
enforce unlawful parking (similarto Dry Creek Road and Boynton Pass Road).

The average numberof OHVsat the five locationsrangesfrom 25 to 197 vehiclesperday. Based
on 2017 data from the City of Sedona’s2019 Off-Highway Vehicle Report. Due to the smallsample
size it can only be assumed the OHV traffic has not decreased since 2017. Additional data
collection is needed to confirm a true increase in traffic. This comparison provides a general
assumption that OHV activity hasnot decreased at the studied trails.

OHVs at Soldier pass averages at 25 vehiclesper day; thisis a restricted access trail where the
Forest Service only issues12 permitsperday.

The most common typesof OHV vehiclesat the five locationsare SUVs. A very minimal number of
ATVs were observed at the trailheads. The number of ATVs on trails has drastically changed
compared to data collected in the 2019 report. ATVsaccounted fornearly half of OHV in the 2019
data collection period.

Although there are variousrental companiesand tourcompaniesin the City of Sedona that offer
day use or excursionsto off-road trails,data observed determined that most OHVsusng the trails
are personal, private owned vehicles. All trails, except for Soldier Pass, are open to the public and
free of charge. Therefore, it can be assumed that a large portion of visitorstravel to Sedona for
recreational use of off-road trails in their personal vehicles. It is recommended to consider
restricting access to trailheads by issuing a limited number of permits or construct booths at trail
entrances to control access onto trails. This will ultimately be dependent on the Sedona Shuttle
system increasing routes throughout the city.
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3.A.2. NOISE FINDING S

Based on in-person observations, ambient noise levels at each of the trailheads are generally
quiet. The primary cause of noise is vehicle traffic arriving and departing from the trails. In
particular, noise generated by the OHVswas substantially louder than that generated by other
types of vehicles. The loudest noises generated by all vehiclestypically occurred during vehicle
accelerationsat the entrancesof each trailhead. On occasion, OHVswould produce loud noise
through speakersand music. In general, these loud noise eventswould only last a few seconds.

Ambient noise at all five of the trailsisbelow the recognized human health impact threshold of 85
dBA Leq. However, UTVs produced instantaneous noise levels above 96 dBA (the Arizona Sate
Parks Threshold for OHV noise) up to a maximum of 98.7 dBA. Thisnoise level is significantly louder
than the average Lpeak noise levels at the trail, and the presence of the UlVs causes an
environmental disturbance that could affect people using the trail. The highest noise level
produced by the UTVs is still below the human health impact threshold for impulse noise of 120
dBA. The noise produced by allvehiclescould be consdered a nuisance to trail users, considering
the surrounding area isa natural space that typically experienceslow ambient noise levels. It is
recommended to consider studying noise impacts directly at sensitive receptors as OHVs drive
between neighborhoodsto the trailheads.

3.A.3. AIRQUALITY FINDINGS

Based on in-person observations and recorded data, vehicles traveling at the trailheads
entrances can substantially elevate dust and digperse it to surrounding areas like parking lots,
paved roadways, and nearby hiking trails. On multiple occasions, it wasobserved that vehicles
exiting unpaved surface trailswould carry dust onto the paved roadway surfaces. Thisled to a
buildup of dust at the paved entrancesof the trailheadsand the generation of re-entrained PM
atlocationssuch aspublic roads. The rain event which occurred prior to the study issuspected to
have greatly suppressed the generation of PM. As the unpaved trail surface began to lose
moisture overthe weekend, the dust generated by vehiclesincreased.

Recorded PM10 levels show maximum 1-hour concentrations of greater than 178 ug/m3 and
greater than 75 ug/m3 PM2.5. While 24-hour averagesforboth PM10 and PM2.5 were below the
federal guidelinesfor human health impacts, exposure to elevated PM levels hasthe potential to
trigger acute health conditionsin highly sensitive and sensitive individuals, even over exposure
periodsof lessthan 24 hours. Hevated levels of PM above the federal guidelines were measured
at the FR152C and Broken Arrow trails. However, only the FR152C Trail, on Sunday, had PM10 and
PM2.5 exposure above the federal guidelines for more than one single hour. All other trailheads
only exceeded federal guidelines for PM10 and PM2.5 human health impacts for less than the
established 24-houraveraging period.

3.b. Data Resources

In addition to collecting data in the field, data wasalso gathered from the following sources:

e Health and Environmental Effectsof Particle Pollution (Health and Environmental Effects of
Particulate Matter (PM) | USEPA)

e Federal Interagency Committee on Noise, Federal Agency Review of Slected Airport Noise
AnalysisiIssues, August 1992.

e Coconino National Forest Recreation (hitps//www.recreation.gov/permits/4251901)
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e OHV Rental Websites
o Sedona ATV (https//www.atvsedona.com/)

o Red Rock Rentals (hitps//atvrentalssedona.com/)

o Vortex ATV Rental (https//www.vortexatvrental.com/)




SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSVENT JUNE 2023

Appendix A. Methodology and
Detailed Data —Quantity and Type
of Off-Highway Vehicles

1 Methodology

The following section summarizesthe data collected at the five locations. Video data was

continuously collected from approximately 10 a.m. on Fiday, March 17, 2023 to approximately
12 p.m.on Sunday, March 19, 2023. Miovison cameraswere stationed at each of the locations
to capture OHV entering, paved roads, off-road trails and/ortrailhed parking lots. See Fgures
A-1through A-5forthe locationsof the traffic camerasused fordata collection at each of the

sites.

FGURE A-1. TRAFFIC CAMERA LOCATION —FR152C

Legend

0 Traffic Data Collection Camera Location

w %



SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSVIENT JUNE 2023

FGURE A-2. TRAFFIC CAMERA LOCATIONS - DRY CREEK ROAD/ TRAILHEAD
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FGUREA-3. TRAFFIC CAMERA LOCATION —SOLDIER PASSTRAILHEAD
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FAGUREA-4. TRAFFIC CAMERA LOCTION — SCHNEBLY HILL TRAILHEAD
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FGURE A-5. TRAFFIC CAMERA LOCATION — BROKEN ARROW TRAILHEAD
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Video data was processed through Miovison’'s software and provided to Kimley-Horn in table
format in 15-minute bin intervals.
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1 Total Numberof Vehiclesat Trails

The traffic count data wasprocessed to determine the total number of vehicle tripsentering

and exiting the locations, which include vehiclesparking in the designated lot, entering the OHV
trails, or circulating the site. Figure A-6 providesthe total number of vehicle tripsat each location
forthe data collection period. It should be noted, one vehicle entering and exiting the location
would be considered two vehicle trips.

FGURE A-6. TOTALNUMBER OF VEHICLE TRIPS
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0 500 1000 1500 2000 2500 3000 3500 4000
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The numberof vistorsat each location variesdepending on popularity of the trail, proximity to the
City, parking, and accessbility. On the weekend of data collection, the most visited location was
Dry Creek Road/Trailhead with approximately 3,335 vehicle trips accessing the designated
parking lot and off-road access. Parking at the trailhead is limited, with 37 marked gpaces
available. Therefore, a significant numberofthe vehiclesentering the trailhead area were vehicles
circulating to find parking and exiting when unsuccessful. The vehicles that do not find parking
often exit Dry Creek Road and park along Boynton Pass Road. Vehiclespark along both sdesof
Boynton Road north of Dry Creek Doad, starting approximately 2 mile north of the intersection.

The second most visited location wasSchnebly Hill Trailhead with approximately 1,778 vehicle trips
entering the dedgnated trailhead area. Smilar to Dry Creek, demand for parking exceedsthe
existing parking availabilty and vehicles were observed to be parking along both sdes of
S hnebly Hill Road.

Although Soldier PassTrailhead parking isrestricted on Thursday-Sunday and OHV accessislimited
to 12vehiclesperdayby permit, there were 943 vehicle tripsalong Canyon ShadowsDrive. Based
on field observationsand data collections, there 103 vehiclesmade an eastbound U-turn at the
trail entrance. These were vehicles that drove to the site and turned around after realizing the
trailhead wasgated off. Additionally, there were a high numberof vehiclesmaking drop-offsand
pick-upsforpassengersat the trail entrance.
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2 Quantity of Off-Highway Vehicles

The data wasprocessed by Kimley-Horn to calculate daily averagesof OHV vehiclesentering and
exiting the locationson a busy weekend. Figure A-7 providesthe average number of OHVs at
each location.

FGUREA-7. AVERAGE OFFHIGHWAY VEHICLES PERDAY
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Schnebly Hill wasthe most used trailhead amongst OHV usersduring the 3-day counts. FR 152C
was the second most used, though it isimportant to note that thisis a service road that also
providesaccessto SR-89A. During field observations, many non-off-road vehicles(such assedans)
were observed using thisroad. Navigation appssuch asGoogle MapsorApple Mapsdirect users
to use FR 152C to access SR 189A when in the vicinity of that area. Forest Service rangers also
commented that FR 152C is frequently used to accessdispersed camping areas along FR 9559
(Coconino National Forest Digpersed Camping Area at FR9559).

The average number of OHVsusing Soldier Pass Trail was small compared to the other trailsdue
to limited public access. Soldier Pass Trail hasrestricted accesswhere OHVsmay only accessthe
trail if they have a permit from the Forest Service. According to the Forest Service, only 12 permits
are issued per day, with one vehicle per permit, in addition to approved tours. Video data
collection for Saturday, March 18 wasmanually reviewed and 19 OHV vehicles(which includes5
tours) entered the gated trail. Fom video observations, in three instancesof OHVsaccessing the
gated entrance, a vehicle closely followed behind. In these instances, it can be presumed that
the vehicle wasusing one permit fora pairof cars.

The data collected for this study wascompared to data collected in the City of Sedona’s 2019
Off-Highway Vehicle Report to determine any trends in trail and OHV use. The 2019 report only
collected data at Broken Arrow Trailhead and Dry Creek Road/Trailhead) and wascollected over
a 4-month period. Figure A-8 providesthe comparison of OHV trail usersin 2017 and 2023.

23




SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSVIENT JUNE 2023

FGURE A-8. COMPARISON OF DATA
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Figure A-9 showsthe numberof OHVsentering and exiting at each location throughout
Saturday, March 18. Although traffic wasfairly steady, there were ebbsand flowsthroughout the
day. There isno real “peak” of trailhead accessduring thisdate except for FR152C which
experienced a peakat 2:15p.m.

FGUREA-9. OFF-HIGHWAY VEHICLES PERTIME INTERVAL — SATURDAY
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3 OHV Types
Manual data collection wasobtained at all trailheads except for FR 152C, for one-hour periods
twice a day on Fiday and Saturday. Manualdata recorded included documenting the following

typesof vehiclesentering and exiting trailheads:

e ATV (All-Terrain Vehicle) — A vehicle that travels on low-pressure tires, has a seat that is
straddled by the operatorand hashandlebars.
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o UTVs(Utility Terrain Vehicles) —A vehicle that operatesby footcontrolsand a steering wheel
with a minimum of two seats positioned side-by-side and enclosed within a roll cage

structure.
o SUVs(Forts Utility Vehicles) — A roadway passenger vehicle with off-roading capabilities,

such asa Jeep or4X4 truck.

Fgure A-10 providesthe percentage of vehicle typesat each location based on the sample size
of the manualdata collected.

HGURE A-10. OFF-HIGHWAY VEHICLE TYPES
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Based on data collected, SUVswere the most used vehicles at trailheads. It’simportant to note
that there wasa negligent numberof ATVsobserved at all the trails. Based on online research of
various ATV rental company webstes, most companies do not currently offer ATV rentals and
instead only offer UTV rentalswhich are “buggy style” vehicles. The numberof ATVsand UTVsusng
the trailheads has changed since the data collected for the 2019 Off-Highway Vehicle Report.
FHgure A-11 and A-12 provide a visual comparison of the percentage of vehicle typesusng Dry
Creek Road/Trailhead and Broken Arrow Trailhead between 2017 and 2023. The number of UTVs
at the Broken Arrow Trailhead and Dry Creek Road/Trailhead have nearly doubled, but ATVshave

decreased dramatically.
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FGUREA-11. COMPARISON OFUTVSON TRAILS
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The manualdata collected also recorded the usergroupsof OHV vehiclesusing the trailsdivided
into the following categories:

e Personal-vehiclesprivately owned
e Rental—vehicleslent to usersby companiesforday use
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e Tour-vehiclesthat provide guided tours(e.g., Pink Jeep Tours)

Fgure A-13 providesthe percentage of vehicle usergroupsateach locationbased on the sample
size of the manual data collected.

FGURE A-13. OF-HIGHWAY VEHICLE USERGROUPS
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Personal OHVs made up the majority of vehicles at the Broken Arow Trailhead, Dry Creek
Road/Trailhead, and Schnebly Hill Trailhead. Due to the public accessrestriction on weekendsat
Soldier Pass, toursaccount fora majorportion of off-road use at thistrail. Alltrailsexcept for Soldier
Passare open to the public and free of charge.

5 Dry Creek Road & Boynton PassRoad Intersection

Turning movement countsusing Miovison cameraswere collected at the Dry Creek
Road/Trailhead entrance on Boynton Pass Road and Dry Creek Road during the same time
period OHV data wascollected. Data wasprocessed to identify the peak hour of the data
collection and determine operationsat the stop-controlled intersection.

Boynton PassRoad and Dry Creek Road isa Tintersection with stop controlin the westbound
approach and a marked crosswalk on the north leg. During the three-day collection period, the
peak hour at the intersection was Hiday, March 17th at 12:45 p.m.to 1:45 p.m. Fgure A-14
providesthe lane configurationsand the peak hourvolumesforthe study Intersection
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FGURE A-14. DRY CREEK ROAD & BOYNTON PASS ROAD INTERSECTION VOLUMES

The intersection wasanalyzed using Highway Capacity Manual 6t Edition (HCM 6) methodology
to determine the intersection level of service (LOS). According to the HMC 6t Edition results, the
intersection movementsoperate at acceptable LOSBorbetter. The LOSresultsand average
delay foreach movement are provided in Table A-1.

TABLEA-1. BOYNTON ROAD & DRY CREEK ROAD INTERSECTION OPERATIONS

Movement LOS Delay (sec/veh)

Northbound Through - -
Northbound Right -

Southbound Through A 0.0
Southbound Left A 8.0
Westbound Through/Right B 13.5

2 Held Observations

1 General Feld Conditions

The weekend of March 17,2023 to March 19, 2023 waschosen because it coincideswith local
“gpring break” sessions, a time of yearwhen the City of Sedona historically seesa high number of
vistors. That weekend, asanticipated, staff noticed a high number of vistors, especially during
the mid-day hours (12 p.m.to 4 p.m.). Asstaff were traveling from site to site, they noted traffic
that queued along SR89A and SR 179 heading into Uptown Sedona, especially during the mid-

day peak.
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The weatherwassdlightly colderthan historic average temperatures. Ssdona experienced
substantial snowfall earlier in the month, and rainfall the two daysimmediately prior to the data
collection visit, with scattered cloudsgenerally present into the weekend. Table A-2 providesthe
weather conditionsforthe weekend of data collection based on historic data from KAZSEON105
weather station.

TABLE A-2. WEATHERDATA

Date Temperature Temperature Temperature  Average Wind
Average (°F High (°F) Low (°F) (mph) Condition
3/17/2023 47.6 62.1 36.3 22 Cloudy
3/18/2023 49.1 61.3 38.5 2.9 Fair
3/19/2023 47.6 55.8 39.7 2.6 Fair
2 Quantity and Type of Off-Highway Vehicles

Saff visted the locationsthroughout the day to record manual OHV classification counts.
Miovision cameraswere set up at all five trailhead locationsto collect count data. Continuous
data wascollected from approximately 10 a.m. on Fiday, March 17 to approximately 12 p.m.
on Sunday, March 19. The following observationswere noted:

1 General
*  More private OHVswere observed on the trailhead than toursor rental vehicles.
« Few tono ATVswere seen on the trails.
*  Pink Jeep Tourswere the most populartourcompany vehiclesseen on trail paths.

* Private SUVs(such asJeeps) and 4x4 truck (such asToyota Tacoma) were popular at all
trailheads, but especially at Broken Arrow and Schnebly Hill.

« Therentalcompany lotsalong SR89A were fullof OHVsin the evening and empty during
the day.

«  There wasa high numberof UTVsdriving along SR89A and SR 179 within city limits.

*  Vehicleswere observed to approach the 4x4 trailand park while one person got out to
insgpect the beginning of the trail and evaluate if their vehicle wassuitable for the trail.

2 Forest Road 152C

*  On Fiday and Saturday there waslittle to no OHV activity.

«  On Sunday, staff noted more private tours.
3 Dry Creek Road/Trailhead

« High numberof Pink Jeep Tours.
« Variousprivate OHVswould entertrailhead and then backup up to enter parking lot.

+  Many vehicleswere observed to circulate through the parking lot, looking for parking
while the lot wasfull. Many vehiclesdiverted and parked on Boynton PassRoad.

4 Soldier Pass Trailhead

«  Very little private OHV activity.
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*  More Red Rock Western Jeep Toursthan Pink Jeep Tours.
* Very quiet activity.
*  No UlVsor ATVs.

+ Bikeswere observed entering and exiting the trail.
5 Shnebly Hill Trailhead

Vehicleswere observed to park outsde the parking lot along the road, but before the
4x4 road started.

« Some tourcompaniesapproached the trailhead but did not proceed into the trail and
instead tured around. It ssemed that it waspart of the tour.

6 Broken Arrow Trailhead

+  Many private OHVswere observed such asJeeps, trucks, and other 4x4 vehicleslike
Subaru.

« High numberof Pink Jeep Tours.
«  Private OHV vehiclesvery dowly entered the trail path due to uneven terrain.

+ Tractoractivity wasobserved on Fiday and Saturday. The tractor wasmoving dirt and
rocksto/from the trail. It appeared that the tractor wasmaintaining the trail path.

According to a local Sedona resdent, rental companieswere not renting out ATVsor UTVsdue
to weather conditions. However, during manual traffic count collection, KH staff observed
variousrental company UTVsusng trailheads. These were distinguishable based on their colored
flagsand a few with had theirlogo company on the vehicle.

Additionally, there were very few ATV rentalsobserved on trailheads. ATVstravel on low-pressure
tireswith a straddle-style seat and handlebars. Saff conducted quick online research and noted
that according to variousOHV rental company websites, most companiesdo not offer ATV
rentalsand instead only offer UTV rentals which are “buggy style” vehicles.

3 Traffic

Asprevioudy mentioned, traffic peaked during the mid-day at around 12p.m.to 4 p.m. When
staff traveled from ste to site, they noticed traffic congestion along SR89A and SR179 heading
toward Uptown Sedona. On Saturday, vehicle congestion waspast Dry Creek Road/Amoyo
Pinon Drive on SR89A heading eastbound and past Morgan Road on SR179 heading
northbound.

Most trailhead parking lotswere fullby around 1 p.m. and vehicleswere circling in and out
attempting to find a parking space. At Dry Creek Road/Trailhead, vehicleswere parking
roadsde on Boynton PassRoad due to overflow. At Schnebly Hill Trailhead, vehicleswere
parking along roadside along Schnebly Hill Road due to overflow.

Soldier Pass Trailhead parking isgated and closed off to the public Thursday-Sunday. During
manual traffic data collection, staff noticed that a lot of vehiclesdrove in an attempt to enter
the parking lot without knowing it wasclosed. Vehicleswould make a U-turn or continue west on
Canyon Shadow Drive when realizing the gate to the parking lot wasclosed. Additionally, staff
also noticed variouspersonal vehicle drop-off and pick-upsat the trailhead.
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Appendix B. Methodology and

Detailed Data —Noise Levels
3 Background and Methodology

Noise isdefined asunwanted sound and isknown to have several adverse effectson people,
including hearing loss speech and deep interference, physiological responses, and annoyance.
Based on these known adverse effectsof noise, the federal government, the Sate of Arizona,
and many local governmentshave established criteria to protect public health and safety and
to prevent disruption of certain human activities.

1 Human Health Impacts

Sound pressure ismeasured through the A-weighted measure to correct for the relative
frequency response of the human ear. That is,an A-weighted noise levelde-emphaszeslow and
very high frequenciesof sound similarto the human earsde-emphasisof these frequencies.

Unlike linear unitssuch asinchesorpounds, decibelsare measured on a logarithmic scale,
representing pointson a sharmply risng curve. On a logarithmic scale, an increase of 10dBA is10
timesmore intense than 1 dBA, while 20 dBA is 100 timesmore intense, and 30 dBA is 1,000 times
more intense. A sound assoft ashuman breathing isabout 10 timesgreaterthan 0 dBA. The
decibel system of measuring sound givesa rough connection between the physical intensty of
sound and itsperceived loudnessto the human ear. Ambient soundsgenerally range from 30
dBA (very quiet) to 100 dBA (very loud).

Time variation in noise exposure istypically expressed in termsof a steady-state energy level
equal to the energy content of the time varying period (called Leqg), or alternately, asa statistical
description of the sound level that isexceeded over some fraction of a given observation
period. Thisreport analyzesthe maximum sound pressure value with no time constant applied
(called Lyeak). Thisunit of noise exposure givesthe instantaneousimpulse level generated by a
noise source.

Physical damage to human hearing beginsat prolonged exposure to noise levelshigherthan 85
dBA. Exposure to high noise levels affectsour entire system, with prolonged noise exposure in
excessof 75 dBA increasing body tensions, and thereby affecting blood pressure, functionsof
the heart and the nervoussystem. In comparison, extended periodsof noise exposure above 90
dBA could result in permanent hearing damage. When the noise levelreaches 120 dBA, a
tickling sensation occursin the human ear even with short-term exposure. Thislevel of noise is
called the threshold of feeling. Asthe sound reaches 140 dBA, the tickling sensation isreplaced
by the feeling of pain in the ear. Thisiscalled the threshold of pain.

2 Regulatory

1 Sate Regulations

The Arizona Sate Parksregulatesthe noise produced by OHVsthat utilize the Sate’strails. The
maximum allowable noise level for OHVsis96 decibels. The Sate’sParksalso require OHVsto
install a muffler ornoise disspative device to ensure noise reduction below the allowable level.
The Arizona Sate Parksdoesnot specify whetherthe 96 decibelsthreshold isan instantaneous
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noise levelora time dependent noise level. Thisreport assumesthe Arizona State Parksthreshold
isan instantaneousnoise threshold of 96 dBA Lpeak.

2 LlocalRegulations

A noise ordinance isintended to control unnecessary, excessve, and annoying soundsfrom
stationary, non-trangportation noise sources. Noise ordinance requirementsare not applicable to
mobile noise sourcessuch astraffic traveling on public roadways. Federal and Sate laws
preempt control of mobile noise sourceson public roads. Noise ordinance standardsgenerally
apply to industrial and commercial noise sources, aswellasparksand schoolsaffecting
resdential areas.

The City of Sedona code setsan exterior noise standard for specific areasin the City. Table B-1
liststhe multiple areasand their exterior noise standards.

TABLE B-1. EXTERIORNOISE STANDARDS

Noise Sandard

Zone fime Maximum (dBA)
10p.m.—-7a.m. 50
Resdential
7a.m.—10p.m. 60
10p.m.—-7a.m. 65
Commercial
7a.m.—10p.m. 65
10p.m.—-7a.m. 65
Industrial
7a.m.—10p.m. 70
Source: City of Sedona, 2022.

The City code regulatesmotor vehicle noise separate to exterior noise. Section 8.25.040 Part C
statesthat motorvehiclesmust be equipped with a muffler that isin constant operation to
prevent excessive noise. Furthermore, motorvehiclesmust not exceed the noise limitslisted in
Table B-2. The noise limitslisted in the table are based off the distance of 50 feet from the center
of the lane and the specified speed limits.
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TABLE B-2. VEHICLENOISE STANDARDS

Speed Limits of 35 Speed Limits of More

Vehicle Type

mph or Less Than 35 mph
Any motor vehicle with a manufacturer's
grossvehicle weight rating of 6,000 poundsor
more, orany combination of vehiclestowed 88 dBA 92 dBA
by such motorvehicle, and any motorcycle
otherthan a motor-driven cycle (moped).
Any other motor vehicle and any
combination of vehiclestowed by such motor | 82 dBA 86 dBA
vehicles.

Source: City of Sedona Code, 2022.

3 Methodology

Noise measurementswere conducted at five locationsaround the City of Sedona. These
locationsprovide accessto trailheadsthat are accessble to the passengervehiclesand OHVs.
The noise meterswere set up within 50 feet of the entrancesto the trailheads. These locations
were selected asareasthat would capture noise generated through vehicular traffic entering
and exiting the trail. See Fgure B-1 through B-5 forthe exact locationsof the noise
measurementsat each of the stes. Allthe noise measurementswere conducted during the
daytime and were set in position early in the morning to capture peak traffic noise. The noise
meterswere set to manual stop to obtain the largest amount of data at each of the stes.

FGUREB-1. NOISEAND AIRQUALITY MEASUREMENTLOCATON —FR 152C

Legend
. Noise Measurement Location

. Particulate Matter Measurement Location
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FGUREB-2. NOISEAND AIRQUALITY MEASURBMENTLOCATION —DRY CREEK ROAD/TRAILHEAD
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Noise Measurement Location
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FIGURE B-3. NOISEAND AIR QUALITY MEASUREMENTLOCATION — SOLDIER PASS TRAILHEAD

Noise Measurement Location

Particulate Matter Measurement Location
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34




SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSVIENT JUNE 2023

FGUREB-4. NOISEAND AIRQUALITY MEASUREMENTLOCATION — SCHNEBLY HILL TRAILHEAD
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Legend

Noise Measurement Location

Particulate Matter Measurement Location

FGUREB-5. NOISEAND AIRQUALITY MEASUREMENTLOCATION —BROKEN ARROW TRAILHEAD
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4 Feld Observations

1 Noise Level
Noise at each of the steswasprimarily generated by mobile vehicle sources, parking lot noise,
and visitor pass-bys:

*  Mobile sourcesat the stesincluded the passbysofregularpassengervehicles OHVs,
and shuttle busestraveling between stes.

« Parking lot noise ismainly associated with cardoor slamming, engine start up, and
vehicle idling. Parking lot noise also includesconversationsin parking areas.

* Noise from vistor passbysincludesnoise generated from tourists hiking and conversing
on the trailheads.

Each of the stesvaried in the numberoftimeseach noise source wasobserved. Forinstance,
Dry Creek Road/Trailhead, Schnebly Hill Trailhead, and Broken Arrow Trailhead experienced
noise through mobile sources, vistor pass-bys, and their parking lotsdue to theirease of access
and popularity. The Soldier Pass Trailhead produced mainly visitor pass-by noise with little mobile
source noise and parking lot noise due to the restricted accessof the parking lot. The FR152C
wasprimarily mobile source noise due to the remote location of the trailhead and the lack of
any parking in the trailhead’svicinity.

5 Results

The peakvehicle noise at the five trailheadsvariesbased on multiple factors. However, the two
main factorsthat influenced noise generated by vehiclesat the trailheadswasaccessbility and
popularity of the trailhead and vehicle type.

1 Accessbility

Vehicle tripsto each of location vary greatly due to theiraccessbility and their popularity to
resdentsand vistors. Forexample, Dry Creek Road/Trailhead and Schnebly Hill Trailhead resulted
in substantially more vehicle tripsperday than the otherlocations, likely due to theirparking lot
access, their close proximity to the City, and the availability of paved surface roadsup to the
trailhead. Overthe course of the weekend, Dry Creek Road/Trailhead produced the most
vehicle tripswith 3,335 vehiclesand Schnebly Hill Trailhead produced the second highest vehicle
tripswith 1,778 vehicles. Dry Creek Road and Schnebly Hill Road also experienced the highest
ambient noise level of 55.5 dBA Leq and 52.3 dBA Leq at 50 feet which are both below the
daytime exterior resdential noise standardsestablished by the City (see Table B-1). Therefore,
roadwaysthat lead to trailsclose to the City with accessible parking lotswould experience more
vehicle noise, and senstive receptorsalong those roadwayswould be subject to heightened
vehicle noise.

2 Vehicle Type

There are a wide range of vehicle typesthat travel to the trailheadsforrecreation. These
vehiclesinclude typical on-road passenger vehiclesand off-road vehicles (ATVs/ UTVsand “Pink”
4x4 Jeeps).

1 On-Road Vehicles
On-road vehiclesthat travel to the ste are generally common passenger vehiclesthat produce
basic roadway noise smilarto noise levelsobserved within the streetsof a city. Thisnoise level
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would typically range from 70 to 80 dBA at a distance of 50 feet from the roadway centerline.3
Based on the noise measurementscollected at each ste, smilarlevelsof noise are produced by
passengervehicles The peaknoise generated by passenger vehiclesoccursduring off-road
drive bysorwhen accelerating overthe bouldersat the entrancesof the off-road sectionsof the
trailheads. Examplesof the peaklevelsobserved for passengervehiclesare shown in Table B-3.

TABLE B-3. PASSENGER VEHICLE NOISE

Location Tme Vehicle Noise Level at 15 feet
Type (LApeak)
Broken Arrow! | Fiday, 1:27:02 P.M. to 1:27:17 P.M. Sedan 80.2 dBA
Broken Arrow2 | Saturday, 9:54:52 A.M. to 9:55:02 A.M. Sedan 83.4 dBA
Broken Arrow3 | Friday, 11:55:40 A.M. to 11:55:52 A.M. Truck/SUV 82.1 dBA
Broken Arrow#4 | Saturday, 11:08:40 A.M. to 11:08:59 A.M. | Truck/SUV 84.4 dBA

1.Se Fgure B-6 forimage of vehicle.
2.5ee Fgure B-7 forimage of vehicle.
3.See Fgure B-8 forimage of vehicle.
4.Se Fgure B9 forimage of vehicle.

8 FHWA, Living with Noise, July 2003
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FGUREB-6. SEDAN, FRDAY 1:27:13 P.M. — BROKEN ARROW TRAILHEAD
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FGUREB-8. TRUCK, FRIDAY 11:55:46 A.M. — BROKEN ARROW TRAILHEAD
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Typically, on-road vehicle passby noise would cause noise levelsto peak at around 83 dBA for
on-road passengervehiclesat the noise meterlocated about 15 feet away from the roadway
centerline. When accounting fordistance, the noise level produced isapproximately 72.5 dBA
at 50 feet from the roadway centerline. However, there were occasionsin which common
vehiclesmay produce more noise than levelsdiscussed above. Forinstance, when multiple
vehiclesare accelerating overthe bouldersat the trail entrances, the noise generated by the
multiple vehiclescompoundsto a higher peak noise level. Some vehiclesalso have altered
mufflersthat produce more sound. However, these spikesin noise are uncommon and only
occurforshort periodsof time at the entrance of each trailhead.

2 Off-Road Vehicles

Off-road vehiclesare a frequent occurrence at each of the trailheadsand vary in theirnoise
levelsbased on the type of vehicle. There are two main off-road vehiclesthat utilize the trails:
ATV¢UTVsand the “Pink” 4x4 Jeeps. Asmentioned previoudy, noise levelstend to peak when
these vehiclesare accelerating overthe bouldersat the entrancesof the trailheads. Examples
of thispeak noise generated through the acceleration isshown in Table B-4.

TABLE B-4. OFF-ROAD VEHICLENOISE

Vehicle Noise Level at 15 feet

Location
I Type (LApeak)
Broken Arrow! | Saturday, 11:17:40 A.M. to 11:17:49 A.M. Pink Jeep 79.8 dBA
Broken Arrow?2 | Saturday, 1:48:25 P.M. to 1:48:46 P.M. Pink Jeep 82.4 dBA
Broken Arrow? | Fiday, 2:59:32 P.M. to 3:00:11 P.M. UTV/ ATV 98.7 dBA
Broken Arrow* | Saturday, 2:45:13 P.M.to 2:45:59 P.M Multiple 96.3 dBA
y, 2:45: .M. 45: .M. UTVS ATVs .

1.Se Fgure B-10forimage of vehicle.
2.5ee Fgure B-11 forimage of vehicle.
3.See Fgure B-12 forimage of vehicle.
4.See Fgure B-13 forimage of vehicle.

40




SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSMIENT JUNE 2023

FGUREB-10. PINK JEEP, SATURDAY 11:17:45 A.M. —BROKEN ARROW TRAILHEAD

2023-03-18

-03-18 1:48:33 PM
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FGUREB-11. UTV, SATURDAY 2:59:40 P.M. — BROKEN ARROW TRAILHEAD
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The Pink Jeepsare used by tour group companiesand provide private off-road toursof the
City’strails. These Jeepsproduce peaklevelsof noise similarto typical on-road vehiclesof about
83 dBA, which at a distance of 50 feet isapproximately 72.5 dBA. Additional noise may be
generated on the Pink Jeepsdue to speakerson the vehicleswhich are used by tour guidesto
play music ortalk to tourists. Smilar to passengervehicles, noise levelsmay resault in higher peaks
if multiple Pink Jeepsare using the trailhead at the same time.

Based on the in-person observationsat all five of the trailheads, the ATVg UTVsproduce the
highest level of noise of all the vehiclesthat frequent the trails. The noise measurement data
showsthat these vehiclesproduce instantaneouspeak noise levelsabove 96 dBA occasonally
during acceleration orwhen traveling in a group. Therefore, noise levelsproduced by ATVs UTVs
exceed the noise threshold established by the Arizona Sate Parksin certain cicumstances.
Individual ATV/UTVsproduce a noise level of 87 dBA. At 50 feet from the roadway centerline,
individual vehicleswould produce a noise level of 76.5 dBA. During the peaksabove 96 dBA,
vehicleswould produce a noise level greaterthan 82 d BA.

6 Discussion

Asmentioned previously, noise generated by ATVg UTVswould exceed both the Arizona Sate
Parksnoise standardsand produce noise that could be considered a nuisance. During quick
accelerationsorwhen traveling in groups, ATVs/ UTVswould create significant volumesof noise.
Regarding human health impacts, noise generated by any of the vehicle typestendsto remain
below 100 decibelsand would not create constant noise at high levelsnearpeople using the
trails. Therefore, the vehicles, including OHVs, would not pose a human health impact forpeople
using the trails.

However, based on the collected data, analyzing the impactsof OHVson the nearby residential
receptorsthat lead up to the trailheadswould not appropriately reflect existing conditions
based on the data collected during this3-day period. Vehicle noise impactson surrounding
receptorsdependson variousfactorsincluded the road surface type, vehicle speed, distance
to receptors, the presence of noise attenuating structures, etc. The noise measurementstaken
on thisinitial trip were conducted at the trailheadsand not at locationsclose to sensitive
receptorsthat are impacted by traffic noise. Therefore, noise collected on thisfirst trip would not
be indicative of the traffic noise impactson the sensitive receptorsthat lead up to the
trailheads. In the subsequent data collection trips, noise measurementswillbe taken along
roadwaysthat lead up to the trailsin areasnearto sensitive receptors. Furthermore, a reference
noise level of the rentable UTVswillbe taken during idling and at the allowable street speed to
gauge theirimpactsasthey drive within public roadsin the City.

7 References

Arizona Sate Parks OHV Lawsand Regulations, Accessible at: https://azstateparks.com/ohv-
lawsregulations

City of Sedona, Chapter 8.25 Noise Regulations, Sedona Municipal Code, Accessble at:
https://sedona.municipal.codes/SCC/8.25

Federal Highway Administration, Living with Noise, Accessible at:
https://highways.dot.gov/public-road¢julyaugust-2003/living-noise
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Appendix C. Methodology and
Detailed Data — Air Quality Levels

8 Background and Methodology

1 Regulatory Setting

1 FederalClean AirAct

Airquality isfederally protected by the Federal Clean Air Act (FCAA) and itsamendments.
Underthe FCAA, the United SatesEnvironmental Protection Agency (EPA) developed the
primary and secondary NAAQSfor the criteria air pollutantsincluding ozone (O3), nitrousoxide
(NO2), carbon monoxide (CO), sulfurdioxide (SO2), particulate matterof 10 and 2.5 microns
(PM10 and PM2.5 respectfully) and lead. Proposed projectsin or nearnonattainment areas
could be subject to more stringent air-permitting requirements. The FCAA requireseach state to
prepare a Sate Implementation Plan to demonstrate how it will attain the NAAQSwithin the
federally imposed deadlines.

The EPA can withhold certain transportation fundsfrom statesthat failto comply with the
planning requirementsof the FCAA. If a state failsto correct these planning deficiencieswithin
two yearsof Federal notification, the EPA isrequired to develop a federal implementation plan
forthe identified nonattainment area orareas. The provisionsof 40 Code of Federal Regulations
Parts51 and 93 apply in all nonattainment and maintenance areasfortransportation-related
criteria pollutantsfor which the area isdesgnated nonattainment orhasa maintenance plan.
The EPA hasdesignated enforcement of air pollution control regulationsto the individual states.

Applicable NAAQSare summarized in Table C-1.

TABLE C-1. FEDERALAMBIENTAIR QUALITY STANDARDS

44

Averagin .
Pollutant 9is National Standards2
Time
Ozone (03) 2 8 Hour 0.070 ppm
Z 5
? 1 Hour NA
. 8 Hour 9ppm (10 mg/m3)
Carbon Monoxide (CO) 1 Hour 35 ppm (40 mg/m?)
. o 1 Hour 0.100 ppm ™
Nitrogen Dioxide (NO2) Annual Arithmetic Mean 0.053 ppm (100 pg/ms3)
24 Hour 0.14 ppm (365 ug/m3)
Sulfur Dioxide (032) 5 1 Hour 0.075 ppm (196 pug/m3)
Annual Arithmetic Mean 0.03 ppm (80 pg/m3)
. 24-Hour 150 pg/ms3
1,3
Particulatnaagsstane Matter (PM10) Annual Arithmetic Mean NA
. 24-Hour 35 ug/ms3
3,4,6
Fine Particulate Matter (PM2.5) Annual Arithmetic Mean 12 pg/m?
Qulfates (a42) 24 Hour NA
30-Day Average NA
Lead (Pb)” CalendarQuarter 1.5 pyg/m3
Rolling 3-Month Average 0.15 pg/m3
Notes:
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ppm = partsper milion; pg/m3= microgramsper cubic meter; mg/m3= miligramsper cubic meter; —= no information
available.

1 Nationalstandardsshown are the "primary standards' designed to protect public health. National standardsother
than for Os, particulatesand those based on annualaveragesare notto be exceeded more thanonce a year. The
1-hour O3 standard is attained if, during the most recent three-year period, the average number of daysperyear
with maximum hourly concentrations above the standard is equal to or less than one. The 8-hour O3 standard is
attained when the 3-year average of the 4th highest daily concentrations is 0.070 ppm or less. The 24-hour PM10
standard is attained when the 3-year average of the 99t percentile of monitored concentrationsis less than 150
pg/ms3. The 24-hour PM2.5 standard isattained when the 3-yearaverage of 98t percentilesislessthan 35 ug/ms3.

2 Except for the national particulate standards, annual standards are met if the annual average fallsbelow the
standard at every site. The nationalannualparticulate standard for PM10ismet if the 3-yearaverage fallsbelow the
standard at every site. The annual PM2.5 standard is met if the 3-year average of annual averages spatially-
averaged acrossofficially designed clustersof sitesfallsbelow the standard.

NAAQSare set by the EPA at levelsdetermined to be protective of public health with anadequate margin of safety.

3 OnOctober1,2015, the national8-hourOszprimary and secondary standardswere lowered from 0.075to 0.070 ppm.
An area will meet the standard if the fourth-highest maximum daily 8-hour O3 concentration per year, averaged
overthree years,isequalto orlessthan 0.070 ppm. EPA willmake recommendationson attainment designationsby
October 11,2016, and issue finaldesignationsOctober 1,2017. Nonattainment areaswillhave until 2020 to late 2037
to meet the health standard, with attainment datesvarying based on the Ozlevelin the area.

4 The national 1-hour Oz standard wasrevoked by the EPA on June 15, 2005.

5 OnJune 2, 2010, the EPA established a new 1-hour SO, standard, effective August 23, 2010, which isbased on the
3-yearaverage ofthe annual 99t percentile of 1-hourdaily maximum concentrations. The existing 0.030 ppm annual
and 0.14ppm 24-hour SO2 NAAQShowevermust continue to be used untilone yearfollowing EPA initial designations
of the new 1-hour 02 NAAQS

6 In December2012, EPA strengthened the annual PM2.5 NAAQSfrom 15.0 to 12.0 ug/m3. In December 2014, the EPA
issued final area designations for the 2012 primary annual PM2.5 NAAQS Areas designated
“unclassifiable/attainment” must continue to take stepsto prevent their air quality from deteriorating to unhealthy
levels. The effective date of thisstandard is April 15, 2015.

7 National lead standard, roling 3-month average: final rule signed October 15, 2008. Final designations effective
December 31, 2011.

Source: South Coast Air Quality Management District, Air Quality Management Plan, 2016;

2 Human Health Impacts

Particulate matter (PM) isa significant concern due to itsdetrimental effectson human health.
Composed of tiny particles, PM can penetrate deep into the respiratory system, causng
respiratory symptoms reduced lung function, and the development of respiratory diseases. It is
also associated with anincreased risk of cardiovasculardisesasesand can aggravate existing
cardiovascular conditions. Furthermore, PM'sdiverse sourcesand compostion make it
challenging to control and mitigate its pecific health risks. Vulnerable populations, including
children, the elderly, and individualswith pre-existing respiratory or cardiovascular conditions,
are particularly susceptible to the health impactsof PM. Therefore, effective pollution control
measuresand public awarenessare essential for safeguarding human health from the
widespread presence and adverse effectsof particulate matter.

Ambient air quality standardsare desgned to prevent impactson health and the environment
by defining the maximum amount of pollutant that can be present without harming human
health. The United Sates Environmental Protection Agency (U.S EPA) setsNational Ambient Air
Quality Sandard (NAAQS) for PM10 nationwide. The Clean Air Act requires EPA to set two types
of outdoorairquality ssandards: primary standards, to protect public health, and secondary
standards, to protect the public against adverse environmental effects. The law requiresthat
primary ssandardsbe “requiste to protect public health with an adequate margin of safety,”
including the health of people most at risk from PM exposure. These include people with heart or
lung disease, children, older adulisand people of lower socioeconomic status. Secondary
standards must be “requiste to protect the public welfare” from both known and anticipated
adverse effects.
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3 Vehicle Activity and Particulate Matter

Vehicle activity on unpaved roadscontributesto PM through various mechanisms. When
vehiclestraverse these roads, the mechanical disturbance caused by tiresand vehicle
movement didodgesand fragmentssurface materials, generating airboorne PM. Additionally, the
friction between tiresand the road surface leadsto abrason, releasing fine particlesinto the air.
Vehicle emissions, especially from diesel-powered vehicles, like off-highway vehicles (OHVs), also
contribute to PM through combustion byproductsthat can adhere to the road surface and be
resuspended by subsequent vehicle activity. Furthermore, vehicle-induced turbulence and wind
dispersal play rolesin lifting and dispersing the loose particleswould increase the concentration
of PM in the surrounding areas. These combined mechanismsresult in elevated levelsof PM on
and nearunpaved roads posng potential health risksto nearby populations.

4 Methodology

An assessment of background data, upwind data vs. downwind data, spatial analysis, etc. helps
to determine the extent of contribution from a specific source to air quality and informshealth-
protective recommendations. Asmentioned previoudy, air quality measurementswere
conducted at five trailheadsaround the City of Sedona. The trailheadschosen are accessble to
passengervehiclesand OHVs. The air quality meterswere set up within 50 feet of the entrances
to the trailheads. These locationswere selected asareasthat would capture particulate matter
generated through vehicular traffic entering and exiting the trail. All the air quality
measurementswere conducted during the daytime in accordance with Forest Service usability
hoursand were set in postion early in the morming to capture peak traffic activity. The air quality
meterswere set to manual stop to obtain the most amount of data at each of the stes. To verify
the sourcesof potential PM disturbancesand to determine the contribution of PM impactson
the surrounding environment, Broken Arrow trail consisted of both upwind (UW) and downwind
(DW) measurements.

9 Feld Observations

The ground waswell saturated from rain immediately prior to the data collection effort.
However, with dry weather and vehicle use, the trailslooked visbly drier each day throughout
the weekend. By Saturday afternoon and Sunday, the KHteam noted obvioustrack out of soil
onto paved surfacesincluding trailhead parking lotsand public streetssurrounding all locations
except Soldier Pass (likely due to the controlled volume of vehiclesaccessing that trail).

The Dustrack™ equipment generally performed asexpected and PM data were successfully
collected at all five locations. PM measurementswere conducted at each of the five trailheads
from early moming to approximately sun set. The monitorswere located in proximity to high
traffic areasat the entrancesto each of the trailheads. Meteorological data monitoring (wind
speed, direction, and precipitation) wasconducted at two of the trailheads, and specific
locationswere selected in accordance with manufacturers recommendations. See Figure B-1
through B-5 forthe exactlocationsof the air quality and weather measurementsat each of the
sites.

Particlesoriginate from a variety of stationary and mobile sourcesand may be directly emitted
(primary emissions) or formed in the atmosphere (secondary emissons) by transformation of
gaseousemissons. Primary PM sourcesare derived from both human and natural activitiesand,
forcontext of the trailheads, can originate from entrainment of road dust into the airand
windblown dust. Secondary PM sourcesdirectly emit air contaminantsinto the atmosphere that
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form or help form PM. Hence, these pollutantsare consdered precursorsto PM formation. These
secondary pollutantsinclude 802, NO2, volatile organic compounds (VOCs), and ammonia.

10 Results

The resultsshow a strong correlation between general vehicle activity at the trailhead entrances
and increasesin PM levels. Periodsof elevated PM levels, with peaksabove 795 microgramsper
cubic meter (ug/m3), were recorded contemporaneousdy with vehicle activity. However, health-
based standards for PM exposure, such asthe federal National Ambient Air Quality Sandard
(NAAQSs) standards, set average concentrationsoverlonger time periods, such as 24-hoursand
annual. Table C-2 summarizesthe maximum PM levelstime-averaged overeach collection period
at the trailheads.

TABLE C-2. MAXIMUM COLLECTION PERIOD AVERAGEPM LEVES

Trail Location Maximum Collection Period Maximum Collection Period
Average PM2.5 (ug/m3) Average PM10 (ug/m3)
FR 152C 30 66
Broken Arrow Trailhead — UW 11 21
Broken Arrow Trailhead - DW 11 41
Dry Creek Road/Trailhead 13 16
Schnebly Hill Trailhead 9 18
Soldier Pass Trailhead 13 21

Recent scientific literature findsthat exposure to PM levelsabove the federal guidelines, even over
exposure periodsof lessthan 24 hours, hasthe potentialto triggeracute health conditionsin highly
sensitive and sensitive individuals. One-hour rolling averageswere found to exceed the federal;
NAAQs standards at two trailheads (in bold below), with the FR 152C experiences elevated PM
levels about NAAQs standards for multiple hours. Table C-3 summarizesthe maximum one-hour
roling average measured at each location.

TABLEC-3. MAXIMUM ONEHOURAVERAGEPM LEVELS

Trail Location Maximum 1-Hour Average Maximum 1-Hour Average
PM2.5 (ug/m3) PM10 (ug/m3)
FR 152C 75 178
Broken Arrow Trailhead — UW 31 72
Broken Arrow Trailhead — DW 40 154
Dry Creek Road/Trailhead 16 20
Schnebly Hill Trailhead 15 37
Soldier Pass Trailhead 15 37

1 Forest Road 152C

The FR152C experienced the highest recorded levelsof PM aswellasa strong correlation
between vehicle activity and elevated levelsof PM. Below are two examplesshowing PM levels
before, during, and after vehicle activity at the trailhead entrance.
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TABLEC-4. PM 2.5

Peak PM 2.5

Total Average PM 2.5

Maximum Rolling 1-

Hour Average
Friday 13 29 170
Saturday 20 53 382
Sunday 30 75 323

TABLEC-5. PM 10
Day Total Average PM 10 Maximum Rolling 1- Peak PM 10

Hour Average
Friday 21 60 425
Saturday 37 103 792
Sunday 66 178 795

1 Fiday —03/17/2023

At 12:32 PM, PM measurements spiked when three different vehiclescrossed through the
intersection. Secifically, PM2.5levelsincreased seven timesambient measurementsand PM10
levelsincreased more than 12 timesambient measurements. See Figures C-1 through C-3 for
video vehicle activity. Table C-6 summarizesthe measured PM due to vehicle activity at the R
152C on Fiday.

TABLE C-6. MEASURED PM DUETO VEHICLEACTIVITY, FRIDAY —FR 152C

Bapsed Time [s] PM2.5 [ug/m3] PM10 [ug/m3]
12:27 PM 9 10
12:28 PM 9 10
12:29 PM 12 19
12:30 PM 10 13
12:31 PM 20 38
12:32 PM 72 170
12:33 PM 9 9
12:34 PM 10 10
12:35 PM 9 9
12:36 PM 9 9
12:37 PM 9 9
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FGUREC-1. NO VEHICLEACTIVITY, FRDAY 12:31:11 P.M. -FR152C

Standard_SCUAKG_2023-03-17_0900.004

0:31:08

) =

49




SEDONA OFF-HIGHWAY VEHICLE ENVIRONMENTAL IMPACTASSESSVIENT

FGUREC-3. NO VEHICLEACTIVITY, FRIDAY 12:33:08 P.M. -FR152C

JUNE 2023

2 Sunday —03/19/2023

At 10:16 AM PM, PM measurementsagain spiked when a single OHV crossed through the trail
intersection. Secifically, PM2.5 levelsincreased 12timesambient measurementsand PM10
levelsincreased more than 40 timesambient measurementsbefore the vehicle activity. In this
incident, there isa smalldelay between the OHV activity and the PM sensor measuring ambient
levels. Thisisexpected because PM disturbancesfrom unpaved roadstake time to disperse
through the surrounding environment. See Fgures C-4 through C-6 for video of vehicle activity.
Table C-7 summarizesthe measured PM due to vehicle activity at the FR152C on Sunday.

TABLE C-7. MEASURED PM DUETO VEHICLE ACTIVITY, SUNDAY —FR 152C

Bapsed Time [s] PM2.5 [ug/m3] PM10 [ug/m3]
10:14 AM 4 8
10:15 AM 2 3
10:16 AM 4 6
10:17 AM 70 148
10:18 AM 145 323
10:19 AM 5 11
10:20 AM 11 22
10:21 AM 27 58
10:22 AM 27 59
10:23 AM 3 5
10:24 AM 10 21
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FGUREC-4. NO VEHICLEACTIVITY, SUNDAY 10:15:32 A.M. —-FR152C

FGUREC-5. PINK JEEP ACTIVITY, SUNDAY 10:16:52 A.M.-FR152C

T S
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FGUREC-6. NO VEHICLEACTIVITY, SUNDAY 10:19:22 A.M. —-FR152C

Thistrend of a low ambient baseline PM level followed by a spike in PM measurementsdue to
vehicle activity followed for much of the data.

2 Broken Arrow Trailhead

The Broken Arrow Trail consisted of significant vehicle and pedestrian traffic, and the beginning
of the trailhead had a design that allowed fora comparison between upwind and downwind
PM measurements. By taking measurementsupwind (before the pollution source) and
downwind (afterthe pollution source), it becomespossble to identify and characterize the
source of pollution. Comparing PM concentrationsbetween these two locationshelps
determine the contribution of a specific source to the overall PM levels.

Ascan be senin Table C-8 and Table C-9, asPink Jeepsenterthe trailhead, the PM monitor
upwind makesa measurement and one minute later, the downwind monitor spikessimilary to
the upwind monitor. See Figures C-7 through C-10 for video of vehicle activity.

TABLE C-8. MEASURED PM DUETO VEHICLE ACTIVITY, SUNDAY — BROKEN ARROW TRAILHEAD

UPWIND
Bapsed Time [s] PM2.5 [ug/m3] PM10 [ug/m3]
10:04 AM 3 4
10:05 AM 6 10
10:06 AM 7 14
10:07 AM 40 94
10:08 AM 16 34
10:09 AM 14 32
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10:10 AM 8 16
10:11 AM 8 15
10:12 AM 23 51
10:13 AM 5 7
10:14 AM 4 4
TABLE C-9. MEASURED PM DUETO VEHICLE ACTIVITY, SUNDAY — BROKEN ARROW TRAILHEAD
DOWNWIND
Bapsed Time [s] PM2.5 [ug/m3] PM10 [ug/m3]
10:04 AM 1 2
10:05 AM 10 44
10:06 AM 2 4
10:07 AM 27 117
10:08 AM 57 242
10:09 AM 18 97
10:10 AM 3 11
10:11 AM 49 215
10:12 AM 20 87
10:13 AM 1 4
10:14 AM 1 2

FGUREC-7. NO VEHICLEACTIVITY, SUNDAY 10:07:08 A.M. — BROKEN ARROW TRAILHEAD

2456532 _raw_2
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FIGUREC-8. PINK JEEP ACTIVITY, SUNDAY 10:08:08 A.M. — BROKEN ARROW TRAILHEAD
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FGUREC-10. PINK JEEP ACTIVITY, SUNDAY 10:09:06 A.M. — BROKEN ARROW TRAILHEAD

3 Day-to-Day Comparison

Based on the discussion above, a comparison amongst the trailheadsforeach day highlights
the variousenvironmental factorsthat contribute to rural PM concentrations. Soecifically, it is
likely that the dampnessof the unpaved roadsand amount of paved road leading to each
trailhead influenced how vehicle activity contributed to PM concentration trends. For the day-
by-day comparison and analyss, only PM2.5 concentrationsare used due to their established
human health impactsat lowerconcentrationsand because PM2.5isa percentage of PM10.

Fgure C-11 and Fgure C-12 show the total concentration averagesfor PM 2.5 and total vehicle
activity, respectively, overeach testing day.
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FGUREC-11. TOTALAVERAGE PM2.5 CONCENTRATION
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FGUREC-12. TOTAL VEHICLEACTIVITY
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Fgure C-13 and Figure C-14 show the maximum rolling one-houraveragesfor PM 2.5 average
vehicle activity per hour, respectively, overeach testing day.
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FGUREC-13. MAXIMUM ROLLING 1-HOURAVERAGE PM2.5 CONCENTRATION
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HGUREC-14. AVERAGE VEHICLEACTIVITY PERHOUR
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Comparing the data sde-by-sde createstwo distinct conclusionsbased on two environmental
factors. The first conclusion isFR152C and Broken Arrow show a strong correlation between PM
concentrationsand the drying of the road dirt between Fiday and Sunday. The second isthat
Dry Creek and Schnebly Hill show a stronger correlation between vehicle activity and PM
concentrations. Thisislikely due to the amount of paved road leading up to each trailhead. FR
152C and Broken Arrow have at least 200 feet of unpaved road leading up to the trailhead,
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whereasDry Creekand Schnebly Hillhave paved roadsleading up to the trailheads. Thismay
allude that the reduced amount of unpaved road at the trailheadsinfluenceswhetherthe silt
loading orvehicle activity dominatesthe PM concentrations.

11 Discussion

PM10 levels had maximum 1-hour concentrations of over 75 ug/m3 and PM2.5 levels had
maximum 1-hour concentrations of over 178 ug/m3. While 24-hour averagesforboth PM10 and
PM2.5were below the federal guidelinesfor human health impacts, exposure to PM levelsabove
the federal guidelineshasthe potential to trigger acute health conditionsin highly senstive and
sensitive individuals, even over exposure periodsof lessthan 24 hours. Hevated levelsof PM were
measured at the FR 152C and Broken Arrow trails. However, only FR 152C Trail, on Sunday, had
PM10 and PM2.5 exposure above the federal guidelinesfor more than one single hour. All other
trailheads only exceeded federal guidelines for human health impacts for significantly less than
the established 24-hour average.

There are two important caveatsto the correlation between PM pollution and vehicle activity, as
well asthe severity of PM pollution asa result of vehicle disturbances.

Frstly, a recent rain event can effectively reduce particulate matter (PM) levelsfrom vehicleson
unpaved roads. Rainwater wetsthe road surface, suppressing PM generation and sugpenson. It
actsasa binding agent, making particlescohesve and lesslikely to become airborne. Raindrops
capture and settle airboorne PM through increased gravitational force. Additionally, rainwater
infiltrates and stabilizes the road surface, reducing loose materials and minimizing PM emissons.
Snce there wasa rain eventin the City of Sedona the day before measurementswere taken, the
combined effects significantly lowered PM levels, improving air quality and reducing human
exposure to harmful particulate matter. The data showsan increase in both average and peak
particulate levels as the unpaved roads began to lose moisture between Fiday and Sunday
acrossall trails. A follow-up field visit in the summerwhen ground moisture would be extremely low
may show increased levelsof PM asvehiclescreate ground disturbances.

Secondly, all PM concentrationswere also measured only at the trailheads, where person
activity only lastsa few minutesin any single geographic area. Snce PM pollution dilutesasit
travels, itisinconclusive to say if there isa health impact of PM on resdentsnearthe trailsor for
personsusing the trails. Further study should include PM monitorsat property linesnear the five
different trailsto achieve an understanding on how OHV and on-road vehicle activity isdirectly
affecting resdents, where personsare likely to be stationary and experience one-hourand 24-
hour PM exposure.
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