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1.0 Introduction

1.1 PM 4, Standards

In July 1987the U.S. Environmental Protection Agen&PA) promulgated National Ambient

Air Quality Standards for Particulates with an aerodynamic diameter of 10 microns or less

(PM1o). This is a size range that can affect the upper airways and can be inhaled into the alveolar

regions of the lungs. The standaaktone form,a2h our st andasrTheaaorfual 150 &g/ m
arithmetic me answastrexaketl arr Gttoberfl7, 3006. Ehenddinstandard is

attained when the expected number of exceedances for each calendar year, averaged over three

years, is les than or equal to one. The estimated number of exceedances is computed quarterly

using available data and adjusting for missing sample days. A data recovery of 75 percent is

needed for each calendar quarter to be considered a valid quarter of dastaridasd was

modified in by EPA in July 1997, but was subsequently nullified back to this form in May 1999.

1.2 Event Overview

On Wednesday April 8, 2009, Alamosa, Colorado, recorded an exceedance of thedwenty
hour PMy, standard with a concentration of 157 ug/m3 at the Alamosa Municipal Building
monitor. The Colorado Department of Public Health and Environment (CDPHE), Air Pollution
Control Division (APCD), has prepared this report for the U.S. Environmental Protagimty
(EPA) to demonstrate that the elevated:Bddncentrations in Alamosa and other areas of
Colorado and the exceedance of the National Ambient Air Quality Standard (NAAQS) for PM
at Alamosa were caused by a natural event, specifically a dust Btaithbe shown that this
exceedance and the high Risadings are the consequence of a dust storm in the Four Corners
area. This event meets the criteria outlined by
Exceptional EventsRule (72 FR 13560). Thigport and the analysis and data contained within

it show that this exceptional event passed the four required tests (a) through (d) under 40 CFR
50.14 (3)(iv). These tests are:

(a) The event satisfies the criteria set forth in 40 CFR 50.1(j) whiclresgbat an exceptional

event fnaffects air quality, is not reasonably cc
A...natuvral event] s]

(b) There is a clear causal relationship between the measurement under consideration and the

event thats claimed to have affected the air quality in the area.

(c) The event is associated with a measured concentration in excess of normal historical

fluctuations, including background; and

(d) There would have been no exceedance or violation but for the eve

Elevated 24hour PMoconcentrations were recorded across Colorado on April 8, 2009. All of the
noted April 8 2009twenty-four-hour PMoconcentrations were above th@"®ercentile

concentrations for their locatioriBhe Alamosa concentration igarly equal to the @"

percentile, and a conservative estimate of the dust storm contribution to the total concentration is
1167 123¢ g 4. This is evidence that the event was associated with a measured concentration in
excess of normal historical fluations including background. But for the dust storm to be
described in detail in this report, there would have been no exceedance on this day in Alamosa.



This exceedance was thensequence of strong gusty winds ahead of a deep low pressure with a
trailing cold front, in combination with dry conditions, which caused significant blowing dust
across parts of Arizona, New Mexico, and Coloraldzese winds were partly the result of a
developing low pressure centered over southwestern Idaho with aamatidréiling to the south

as well as a second low pressure system over east central Colorado. Strong winds aloft which
mixed down to the surface in the deeplixed surface boundary layer also contributed to this
exceedance. Surface weather analyses simoavea of low pressure affecting the Four Corners
region. The pressure gradient around the low contributed to strong gusty surface winds across
much of Arizonanorthwest New Mexico, and southwest Colorddpper winds in the area

bounded by Flagstaff,rkona, Grand Junction, Colorado, and Albuquerque, New Mexico were
461 63 mph on April 82009 Gusts of 23 to 49 mph were recorded across almost all of western
Colorado, northern New Mexico, and northeast Arizona on March 8. These speeds are above the
thresholds for blowing dust identified in EPA draft guidance and in detailed analyses completed
by the State of Colorado.

EPA6s May 2, 2011 draft Guidance on the Preparat

to Exclude Ambient Air Quality Data Afféed by High Winds under the Exceptional Events Rule

states AEmMpirical evidence shows that a sustai

wind speed needed to entrain particles from many stable surfadesddition, in both eastern

and westm Colorado it has been shown that wind speeds of 30 mph or greater and gusts of 40
mph or greater can cause blowing dust (see references fdathel Events Action Plan for

High Wind Event$ Lamar, Coloradaand theTechnical Support Document for theniiary 19,

2009 Lamar Exceptional Eveahd Attachment A Grand Junction, Colorado, Blowing Dust
Climatology at the end of this document). For this blowing dust event, it has been assumed that
sustained winds of 25 mph and higher or wind gusts of 40 mghnigher can cause blowing dust

in northeast Arizona, northwest New Mexico, and southwest Colorado.

Climatological data for Marctand Aprilshows that most of the Four Corners area had received
less than normal precipitation for theeriod of interest.Soils in many areas of the Four Corners
region had below normal moisture, andrtheast Arizona was abnormally drinslowin
northeastern Arizona received onlYBinches of precipitation during the 30 days priorApril

8. This total is well belowhe approximate threshold for blowing dust conditions at Hopi
identified in the analysis contained in Attachment A. Both wind speeds and soil moisture in the
Four Corners area and northeastern Arizona were conducive to the generation of significant
blowingdust

Friction velocities calculated for the region also help to explain why blowing dust originated in
the Four Corners region. Even undisturbed desert soils normally resistant to wind erosion will be
susceptible to blowing dust when friction velogdtiare greater than about 1.0 to 2.0 meters per
secondHigh values were present within the Little Colorado River Valley and Painted Desert
region of northeast Arizona where satellite imagery shows the eruption of large plumes of
blowing dust. Note that bWing dust will typically only occur where these values are high and

the soils are dry and not protected by vegetation, forest cover, boulders, rocks, etc. This is why
blowing dust occurred in the desert and more arid areas of northeast Arizona, scartiolvest
southcentralColorado, and northwest New Mexico on April 8, 2089iction velocities were

high enough for dust from undisturbed soils in many areas of-seuathal and southwestern
Colorado, including the western sections of the arid San LuieWapwind of AlamosaThe
highfriction velocities and the data on soil moisture conditions presented elsewhere in this report
prove that this dust storm was a natural event that was not reasonably controllable or
preventable.

n e



Satellite imagery shows large plumes of southwest to northeast trending blowing dust in the
Painted Desert and Little Colorado River Valley region of northeastern Arizona and in northwest
New Mexico on April 8, 2009. Backward trajectories, wind streandimayses, and surface and
upperlevel wind patterns show that this dust would have been transported into Colorado on April
8, 2009. Northeastern Arizona and the Four Corners area is an area shown in Attachment A to be
a significant source region for blavg dust transported into Coloraddultiple sources of data

and analyses of past dust storms in this area prove that this was a natural event and, more
specifically, a significant natural dust storm originating in northeastern Arizona and

northwestern Newlexico and spreading into southwestern and saetttral Colorado. But for

the dust storm on April 8, 2009, this exceedance would not have occurred.

The Center for Snow and Avalanche Studrespf//www.snowstudies.org/index.htjrthas been

studying the effects of desert dust deposition on snowpack albedo and snowmelt in the San Juan

Mount ains of Colorado. The centerds | om of event
Snow events for the 2008@9 water year. Web cam photos from Alamosa and the Shamrock site

in southwestern Colorado support the conclusion that widespread blowing dust was present on

April 8, 2009. NOAAOGs Satellite Service Divisioc
Arizona into southwest Colorado dviultiple reports substantiate the conclusion that this was a

natural event. But for the dust storm April 8, 2009, this exceedance would not have occurred.



http://www.snowstudies.org/index.html

2.0 Meteorological Analysis of the April 8, 2009
Blowing Dust Evert

On Wednesday April 8, 2009, Alamosa, Colorado, recorded an exceedance of thddwenty
hour PM, standard with a concentration of 157 ug/m3 at the Alamosa Municipal Building
monitor. Elevated readings were recorded at the Alamosa Adams State Qableitor with a
twenty-four-hour PM;, concentration of 135 ug/m3, the Breckenridge monitor with a twenty
four-hourPMy concentration of 101 ug/m3, and the Mount Crested Butte monitor with a twenty
four-hourPM;, concentration of 56 ug/m3 as seen in Figlir The twentyfour-hour PMg
concentrations athe Alamosa Municipal Building, Alamosa Adams State College, and
Breckenridge, are above the'®percentile concentrations for their location§he Mount

Crested Butte twerdfpur-hour PM,, concentration is above normal fluctuations. This is
evidence that the event is associated with a measured concentration in excess of normal historical
fluctuations including background.

This exceedance and the elevated readings were the consequanaegfusty winds ahead of

a deep low pressure with a trailing cold front, in combination with dry conditions which caused
significant blowing dust across parts of Arizona, New Mexico, and Colorado. The prefrontal
winds were partly the result of a 106%llibar surface low pressure centered over southwestern
Idaho with a cold front trailing to the south as shown in the 12Z Ap8iDB89(5 AM MST April

8, 2009) surface analysis in Figure 2. This low pressure moved to the northeast into Montana,
and a seond 995millibar low pressure formed over east central Colorado as shown in Figure 3
the 0Z April 9 2009(5 PM MST April 8, 2009) surface analysis.

These surface features were associated with a strong upper level low moving into the Great Basin
whichis shown in Figure 4, the 5@4illibar analysis for 12Z April 82009(5 AM MST April 8).

There was a localized wind maximum of 60 to 80 knots over Arizona. Once the morning

inversion broke, the momentum associated with these winds would have mixetbdben

surface and enhance the prefrontal winds associated with the strong low pressure systems and
cold fronts in Figures 2 and 3. Figure 5 is the-Billibar analysis for 0Z April 92009(5 PM

MST April 8) which shows that the upper level low had Inbee@n open wave and lifted to the

east northeast. The upper level winds in the area bounded by Flagstaff, Arizona, Grand Junction,
Colorado, and Albuquerque, New Mexico, were 40 to 55 knots.

Figures 6 through 8 show the afternoon soundings at Flaghtedbna, Grand Junction,

Colorado, and Albuquerque, New Mexico. Flagstaff had mixing to about 7,000 feet above
ground level (AGL), while Grand Junction and Albuguerque had mixing of 15,000 to 18,000 ft
AGL. Winds in this mixed layer ranged from 30 @ nots. These winds and the associated
momentum were mixed down to surface enhancing the surface winds caused by the pressure
gradient associated with the cold fronts and low pressure systems in Figures 2 and 3. Figure 9 is
the UCAR surface map for thgenver area at 23:10Z April 8, 2009 (4:10 PM MST April 8). It
shows almost all of western Colorado, northern New Mexico, and northeast Arizona with winds
gusting between 23 and 49 mph. There is reduced visibility at several stations with Farmington
repoting 6 miles and haze, Cortez has reduced visibility of 9 miles, and Alamosa has reduced
visibility of 7 miles.

EPAG6s May 2 Guidarzeoh the Rtepaatian of Demonstrations in Support of
Requests to Exclude Ambient Air Quality Data AffectedHigh Winds under the Exceptional

EventsRulé i ndi cates that a 25 mph minimum threshol

d



particles from stable surfaces. In Eastern Colorado it has been shown thgusigdf 40 mph

or greater also cause blowing d(ste reference for tigatural Events Action Plan for High

Wind Event§ Lamar, Coloradcandthe Technical Support Document for the January 19, 2009
Lamar Exceptional Evenand Attachmen# - Grand Junction, Colorado, Blowing Dust
Climatologyat the enaf this document It is assumed that sustained winds of 25 mph and wind
gusts to 40 mph can cause blowing dust in Colorado, New Mexico, and Arizona. It will be shown
that these wind conditions were met at many of the weather stations in the affaetedrstapril

8, 2009.

In a 1997 paper fiFactors controlling threshold
United Stateso (Marticorena et al ., 1997), t he
disturbed and undisturbed desert sgpes. The threshold friction velocity, which is described in

detail in this paper, is a measure for conditions necessary for blowing dust and is higher for
undisturbed soils and lower for disturbed soils.

-
C

Friction velocities have been calculated f8Z1April 8 (LLAM MST April 8) and 0Z April 9(5

PM MST April 8) using the NARR NAM12 model (data source:
http://nomads.ncdc.noaa.gov/data.php?name=access#hiresiwdatasets These friction
velocities are shown in Figur&® and11, respectively. According to Marticorena and coauthors
(1997), even undisturbed desert soils normally resistant to wind erosion will be susceptible to
blowing dust when threshold ¢tion velocities are greater than about 1.0 to 2.0 meters per
second. These figures show that a wide area of Arizona, New Mexico, and southwest Colorado
had friction velocities above 1.0 meters per second. High values were present within the Little
Colorado River Valley and Painted Desert region of northeast Arizona where satellite imagery
shows the eruption of large plumes of blowing dust. Note that blowing dust will typically only
occur where these values are high and the soils are dry and not prbtegegetation, forest

cover, boulders, rocks, etc. This is why blowing dust occurred in the desert and more arid areas
of northeast Arizona, southwestd soutkcentralColorado, and northwest New Mexico on April

8, 2009. Friction velocities were highnough for dust from undisturbed soils in many areas of
southcentral and southwestern Colorado, including the western sections of the arid San Luis
Valley upwind of Alamosa.The friction velocities shown in Figuré® and11 and the data on

soil moistureconditions presented elsewhere in this report prove that this dust storm was a
natural event that was not reasonably controllable or preventable.

Figure 12 is a portion of thE8:45Z April 8, 2009,11:45 AMMST April 8)MODIS AERONET
Sevilleta SubsetTerra 250m True Color satellite imagergtreaks of blowing dust across
portions of northeast Arizona and northwest New Mexico are outlined in black. A forest fire is
visible on the Mogollon Rim in Arizona. The smokerfr this fire is outlined in grey. Figure 13

is a portion of thd.8:00Z April 7, 200911:00 AMMST April 7)MODIS AERONET Sevilleta
Subset Terra 250m True Color satellite imagery on a clear day with light wirittés imagery

is presented to show thenteast between a day with blowing dust, April 8, and a day with no
blowing dust, April 72T he Smoke Text Product from NOAAG6Gs Sa
(Descriptive Text Narrative for Smoke/Dust Observed in Satellite Imagery through 0102 Z April
9, 2009, 6:02 PM MST April 8)
(http://www.ssd.noaa.gov/PS/FIRE/DATA/SMOKE/2009/2009D090102)hpneisented in

Figure 14 describes blowing dust in northeast Arizona and northwest New Mexico stretching
across Colorado and into northeast Colorado. The tirtteedExt narrative was wen hours after

the observation time for the satellite imagery in Figure 12


http://nomads.ncdc.noaa.gov/data.php?name=access#hires_weather_datasets
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Figure 2. Surface analysis for 12Z April 8, 2009 (6 AM MST April 8) (from NCDC, SRRS
Analysisand Forecast Chartstp://nomads.ncdc.noaa.gov/ncep/NOEP

Figure 3. Surfacanalysis for 00Z April 9, 200 PM MST April 9, 2009) (from NCDC, SRRS
Analysis and Forecast Chattisp://nomads.ncdc.noaa.gov/ncep/NOEP
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Figure 4. 500 mb analysis for 12Z April 8, 2009 (5 AM MST April 3, 208@®m NCDC, SRRS
Analysis and Forecast Chattip://archive.atmos.colostate.eglu/

Figure 5. 500 mhanalysis for 00Z April 9, 2006 PM MST April 8, 2009 (from NCDC, SRRS
Analysis and Forecast Chatisp://archive.atmos.colostate.edu/
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