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Executive Summary

In 2005, Congress identified a need to account for events that result in exceedamedsational

Ambient Air Quality Standards (NAAQS) that are exceptional in naferg., not expected to reoccur or

caused by acts of nature beyond maade controls). In response, EPA promulgated the Exceptional

Events Rule (EER) to address exceptional events in 40 CFR Parts 50 and 51 on March 22, 2007 (72 FR
13560). On May 2, 2011nian attempt to clarify this rule, EPA released draft guidance documents on the
implementation of the EER to State, tribal and local air agencies for review. The EER allows for states
and tribes to Afl ago air qu a landtexcludathosé data frommusgeind at a
determinations with respect to exceedances or violations of the NAAQS, if EPA concurs with the
demonstration submitted by the flagging agency.

EPAGS June 2012, Draft Gui dance orhofRebuestskor epar ati o
Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states,

ithe EPA wil/ accept a threshold of a sustained w
agencies support this as the level atohitthey expect stable surfaces (i.e., controlled anthropogenic and
undi sturbed natural surfaces) to be overwhel medéod

wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowinyg thistblewing
dust event, it has been assumed that sustained winds of 30 mph and higher or wind gusts of 40 mph and
higher can cause blowing dust in the San Luis Valley of scenitral Colorado.

Due to the semarid nature of parts of the state, Coltwas highly susceptible to windblown dust events.
These events are often captured by various air quality monitoring equipment throughout the state,
sometimes resulting in exceedances or violations of tHeoRd PM, NAAQS. This document contains
detailed information about the large regional windblown dust event that occurred on December 1, 2011.
The Colorado Department of Public Health and Environment (CDPHE) Air Pollution Control Division
(APCD) has prepared this report for the U.S. Environmentaé&ioh Agency (EPA) to demonstrate that
the elevated PN concentrations were caused by a natural event.

On December 1 of 2011, a powerful late autumn storm system caused an exceedance of tfautwenty
hour PM, standardht both sampling stations Alamosa, Colorado. The Alamosa Municipal Building
monitor recorded a concentration of 635 pdivhile the Adams State College monitor reported a
concentration of 440 pg/ I These elevated readings and the locations of the two monitors are plotted on
a ma of the Greater Alamosa areaHigurel. The exceedances in Alamosa were the result of intense
surface winds produced by a very tight pressure gnadh the wake of a passing cold front. The surface
winds were predominantly out of an easterly direction and moved over the dry soils of the eastern San
Luis Valley producing significant blowing dust.

A summary of data from all those sites affectgdhz event is present@d Table4 of thereport. The
approximate percentile value that the December 1, 2011, sample represents for each site for their unique
historical data sets, for the month of the event (every sampig/iDecember), and for the year of the

event. All percentile calculations presented in this section were made using the entire dataset, including
known high wind events. There is no difference between the two datasets (with and without high wind
events) m regards to percentile calculations. Percentile calculations for both sites affected by the event
are 99.9 percentile and are preseimmeBable5 of the report.

! Section 319 of the Clear Air Act (CAA), as amended by section 6013 of the Safe Accountable Elféiciielat-
Transportation Equity Act: A Legacy for Users (SAFEA-LU of 2005, required EPA to propose the Federal
Exceptional Events Rule (EER) no later than March 1, 2006.



Observations of sustained wind speeds and gust speeds at or above the blowing dust thresholds and
reduced visibilities on December 1, 2011, at weather stations in the San Luis Valley afesttdh
Colorado show that a dust storm eventusged under northeast to easterly flow in the wake of a cold
front. The observations contribute to the body of evidence that shows that dust originating to the
northeast and east of Alamosa causedPtiig, exceedances at the monitoring sites in question.

EPAGOs J DrafeGulahde dn the Preparation of Demonstrations in Support of Requests to
Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Evelestates

nthe EPA will accept a threshold of a sustained w
agencies support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and
undisturbed natural surfaces) to berowgeh e |l med. . . 0 I n additi on, i n both

has been shown that wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowing
dust (see reference for the Technical Support Document for the January 19, 2009 x@eptioral

Event and Appendix AGrand 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 mph and higher can cause bigwiust in the San Luis Valley.

The Pueblo National Weather Service (NWS) forecast office issues weather information and alerts for
southcentral Colorado, including the San Luis Valley. The Area Forecast Discussion from the evening
before the blowing aist event is presented in Appen@ix The highlighted text from this product clearly
states that winds well in excess of the blowing dust criteria (established earlier in this paper) would be a
threat to the San Luis Valley on December 1, 2011. Additigrthe Colorado Department of Public

Health and Environment (CDPHE) issued a Blowing Dust Advisory for the San Luis Valley on December
1. This advisory can also be found in ApperlixText products and advisories issued by the NWS and
CDPHE show thatery strong winds and areas of blowing dust were anticipated in the San Luis Valley
on December 1.

Figurellshows the total precipitation in inches for Colorado during November 2011. Notice that south
central parts of the state, particularly the San Luis Valley where Alamosa is centrally |geat=d)]ly

received less than 0.4 inches of precipitation in the 30 days prior to December 1, 2011. Based on
previous research 0.5 to 0.6 inches of precipitation has been found to be the approximate threshold, below
which, blowing dust exceedances in Calibw are more likely to occur when combined with high winds

Furthermore, the Drought Monitor report for Colorado as of 5:00 AM MST November 29, RigLie(

12) reveals that severe drought conditions were being experienced irceotithl Coloraddefore and

during thedust eventlescribed hereThisreportincluded the San Luis Valley counties@dstilla,

Alamosa and southern parts of Saguache. According to the National Drought Mitigation Center, the
definition of a severe drought includes, ACrop or
erosion and an increase in vulnerabitiyparticulate suspension (see the following link for more

information on drought severity classification from the National Drought Mitigation Center:
http://droughtmonitor.unédu/AboutUs/ClassificationScheme.asp80-day precipitation and Drought

Monitor reports indicate that soils in the San Luis Valley of saetftral Colorado were dry enough to

produce blowing dust when winds were above the thresholds for blowing dust.

GASP and MODIS satellite imagery reveal that a dust storm was taking place in the San Luis Valley of
southcentral Colorado during the morning of Decemhe2d11 The droughstricken and largely
undeveloped eastern half of the San Luis Valley was theesoegion for the blowing dust that produced
the PMexceedance in Alamosa.


http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx

NOAA HYSPLIT backward trajectories in tandem with MODIS imagery provide clear supporting
evidence that air transported from the arid, guehe sections of the eastern San Matiey caused or
significantly contributed to the Pjylexceedances measured in Alamosa on Decemi2611

This part of the eastern San Luis Valley with enhanced frictional velocity values is also the same area
where 30day precipitation totals were las¥ 0.5 inchesKigure11) and which back trajectories from
Figurel6identify as a source region for air transted into AlamosaBlowing dust will typically only

occur where friction velocities are high and soils are dry and not protected by vegetation, forest cover,
boulders, rocks, etc. This is an accurate description of much of the terrain in the eastans Salley

as shown irFigure19. Therefore, it appears very likely that undisturbed soils in the arid eastern San Luis
Valley were a large contrittor to the blowing dust that occurred in Alamosa.

The elevated friction velocities shownkigure20 andFigure21, the data on soil moisture conditions
presented elsewhere in this report and the prevalence of winds above blowing dust thresholds prove that
this dust storm was a natural event tivas not reasonably controllable or preventable.

APCD is requesting concurrence on exclusion of the PMvalues from AlamosaAdams State
College (08003-0001), AlamosaMunicipal Building (08-003-0003) on December 1, 2011.
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1.0 Exceptional Events Rule Requiremets

In addition to the technical requirements that are contained within the EER, procedural requirements must
also be met in order for EPA to concur with the flagged air quality monitoring data. This section of the
report lays out the requirements of theREand discusses how the APCD addressed those requirements.

1.1  Procedural Criteria

This section presents a review of the procedural requirements of the EER as required by 40 CFR 50.14
(Treatment of Air Quality Monitoring Data Influenced by Exceptional Esjeand explains how APCD

fulfills them.

The Federal EER requirements include public notification that an event was occurring, the placement of
informational flags on data in EPA6s Air Quality
the dommentation that the public comment process was followed, and the submittal of a demonstration
supporting the exceptional events fl&PCD has addressed all of these procedural and documentation
requirements.

Public notification that event was occurrifg0 CFR 50.14(c)(1)(i))

APCD issued Blowig Dust Advisories for the Saruls Valley advising citizens of the potential for high
wind/dust events on December 1, 2011. The advisory that was issued on December 1, 2011, can be
viewed at http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=12%2f01%2f2011 and is
included in Appendix B.

Place informational flag on data in AQS (40 CFR 50.14(c)(2)(ii))
APCD and other applicabl e agenci eaafroombotEfitéror ado s u
based and continuous monitors operated in Colorado are submitted to AQS.

When APCD and/or another agency operating monitors in Colorado suspects that data may be influenced
by an exceptional event, APCD and/or the other operatingcggxpedites analysis of the filters

collected from the potentialgffected filterbased air monitoring instruments, quality assures the results

and submits the data into AQS. APCD and/or other operating agencies also submit data from continuous
monitorsinto AQS after quality assurance is complete.

If APCD and/or the applicable operating agency have determined a potential exists that the sample value
has been influenced by an exceptional event, a preliminary flag is submitted for the measurement when
the data is uploaded to AQS. The data are not official until they are cebfigldy 1st of the year

following the calendar year in which the data were collected (40 CFR 58.15(a)(2)). The presence of the
flag can be confirmed in AQS.

Notify EPA of intat to flag through submission of initial event description by July 1 of calendar year
following event (40 CFR 50.14(c)(2)(iii))

In early 2011, APCD and EPA Region 8 staff agreed that the notification of the intent to flag data as an
exceptional event wodlbe done by submitting data to AQS with the proper flags and the initial event
descriptions.This was deemed acceptable, since Region 8 staff routinely pull the data to review for
completeness and other analyses

On December 1, 2011 two sample values art e r  t h Awere ke at thegtworsites in Alamosa,
Colorado during the high wind event that occurred that day. These were the monitors located in Alamosa
at Adams State College (SLAMS), Alamosa at the Municipal Building (SLAMS). All of thegéar®

are operated by APCD in partnership with local operators.



Document that the public comment process was followed for event documentation (40 CFR

50.14(c)(3)(iv))

APCD posted this report on the Air WewlAPGDti on Cont
opened a 3@ay public comment period ddctober 3, 2014. A copy of the public notice certification,

along with any comments received, will be submitted to EPA, consistent with the requirements of 40 CFR
50.14(c)(3)(iv). See Appendix D for ampof the affidavit of public notice.

Submit demonstration supporting exceptional event flag (40 CFR 50.12)3)(1

At the close of the comment period, and after APCD has had the opportunity to consider any comments
submitted on this document, APCD wslibmit this document, along wigmy comments received (if
applicable), and APCDOG $ EPfeRegion XIE reeadquarters in Demvere ¢ o mme n
Colorado. The deadline for the submittal of this demonstration packBgeesnber 31, 2014

1.2  Documentation Requirements
Section 50.14(c)(3)(iv) of the EER states that in order to justify excluding air quality monitoring data,
evidence must be provided for the following elements:

a. The event satisfies the criteria set forth in 40 CFR 501(j) that
(1) the event affected air quality,
(2) the event was not reasonably controllable or preventable, and
(3) the event was caused by human activity unlikely to recur in a particular location or
was a natural event;
b. There is a clear causal relationshigween the measurement under consideration and the
event;
c. The event is associated with a measured concentration in excess of normal historical
fluctuations; and
d. There would have been no exceedance or violation but for the event.



2.0 Meteorological analysis of theDecember 1 2011 blowing
dust event and PM,exceedancé Conceptual Model and
Wind Statistics

On December 1 of 2011, a powerful late autumn storm system caused an excekttienteentyfour

hour PM, standard in Alamosa&olorado. The Alamosa Municipal Building monitor recorded a
concentration of 63fg/m’ while the Adams State College monitor reported a concentration of 440

pg/nt. These elevated readings and the locations of the two moai®ogotted on a map of the Greater
Alamosa area Figurel. The exceedances in Alamosa were the result of intense surface winds produced
by a verytight pressure gradient in the wake of a passing cold front. The surface winds were
predominantly out of an easterly direction and moved over the dry soils of the eastern San Luis Valley
producing significant blowing dust.

E P A6 s 2012, maé Guidarce on the Preparation of Demonstrations in Support of Requests to

Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Evengakagi t h e

EPA will accept a threshold of a sustained wind of 25 mph for areas in the west pitbeidegncies

support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and

undisturbed natural surfaces) to be ovhrw | me d é 0 . I n a dlbs heenshownthain Co |l or
wind speeds of 30 mph or greater and go$#0 mph or greater can cause blowing dusbr this

blowing dust event, it has been assumed that sustained wig@sngh and higher or wind gusts of 40

mph and higher can cause blowing dusthie San Luis Valley of soutientral Colorado

10
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Figure 1. 24-hour PM ;4 concentrations for December 1, 2011
(data source http://webapps.datafed.net/datafed.aspx?dataset=AQBa@&eter=pm10

The surfice weather associated with giermsystem ofDecember 1, 2011s presented ifigure2
throughFigure5; the surface analyses for 11 PM MST November 30 and 5 AM, 11 AM and 5 PM MST
December 1, respectivelysignificant surface features during this period of time included a cold front

tha swept across souttentral Colorado. Additionally, an intense area of surface low pressure was

located in western Colorado along this cold front. Simultaneously a strong high pressure system was
building into the Western High Plains of eastern Montam\Wyoming along with the western Dakotas.

This caused a surface ridge to strengthen over eastern Colorado. The interaction between the intense low
pressure in western Colorado and building high pressure in eastern Colorado produced a very tight
pressue gradient in central parts of the state. This tight pressure gradient spawned the high winds which
produced blowing dust in the San Luis Valley of sexghtral Colorado.
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http://webapps.datafed.net/datafed.aspx?dataset=AQS_D&parameter=pm10

Figure 2: Surface Analysis for 06Z December 1, 201dy 11 PM MST November 30, 2011
(source http://nomads.ncdc.noaa.gov/ncep/NGEP
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Figure 3: Surface Analysis for 12Z December 1, 2011, or 5 AM MST December 1, 2011
(source http://nomads.ncdc.noaa.gov/ncep/NGEP



http://nomads.ncdc.noaa.gov/ncep/NCEP
http://nomads.ncdc.noaa.gov/ncep/NCEP

Figure 4. Surface Analysis for 18Z December 1, 2011, or 11 AM MST December 1, 2011
(source http://nomads.ncdc.noaa.gov/ncep/NGEP
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Figure 5: Surface Analysis for 00Z December 2, 2011, or 5 PM MST December 1, 2011
(source http://nomads.ncdc.noaa.gov/ncep/NGEP
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Figure6 throughFigure9 present regional surface maps for 11 PM MST November 30 and 5 AM, 11

AM and 2 PM MST December 1, 2011, respectivlijnese maps provide a more detailed view of
synoptic weather conditions the San Luis Valley before and during the blowing dust episode. They
also display individual station observations which greatly aid in reconstructing the events that led to the
PM;, exceedances recorded in Alamosa.

On the mapn Figure®6, a cold front can be observed approaching soettiral Colorado from the north

and northeast. This cold front passes through the region by 5 AM MST as sheiguarai’. Note from

Figure7 the atmospheric pressure readings for La Junta in southeast ©amih&armington in

northeast New Mexico (both circled in red). In La Junta, the barometric pressure displays as 208. This
converts to 1020.8 millibars (mb). Meanwhile in Farmington the barometric pressure reads 085, or
1008.5 mb, producing a pressuradjent between the two stations of 12.3 mb. Wind speed is directly
proportional to the pressure gradient. Hence, a higher pressure gradient will produce stronger winds (see
the following link for additional information on pressure gradient and itdaakttip to wind speed from

the National Oceanic and Atmospheric Administration (NOAA):
http://www.srh.noaa.gov/jetstream/synoptic/wind.jitm

Six hours later at 11 AM MSTR{gure8) the pressure gradient had increased significantly to 20.4 mb
between La Junta and Farmington. This was due to high pressure strengthening over eastel; Colo
while a deep area of low pressure remained firmly entrenched across western Colorado and the Desert
Southwest. This building pressure gradient is plainly evident by the tightening of isobars located in
southcentral Colorado. Correspondingly the dérincreased across the San Luis Valley. The Alamosa
observation station (circled in red) can be observétigare8 reporting a sustained wind speed of 30
knots(w t h each barb denoting 10 knots) and the weath
infinity sign is the weather symbol for hazdaze is often reported during dust storms, and in dry and
windy conditionshaze ypically refers to blowing dust (sélee following link for the description of haze
published by the National Oceanic and Atmospheric Administration (NOAA):
http://www.crh.noaa.gov/Imk/?n=general_glossary he tight surfae pressure gradient, very gusty

winds and the observation of haze would persist for Alamosa three hours later at 2 P¥i¢l®a9]

before conditions gradually impved during the mid afternoon hours.

These regional grface weather mps show evidence dlowing dust and winds above the threshold
speeddor blowing dust in the San Luis Valley of soutbentral Colorado on December, 2011
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Figure 6: Southwest U.S. Regional Surface Analysis for 06Z December 1, 2011, or 11 PM MST

November 30, 2011
(data source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 7: Southwest U.S. Regional Surface Analysis for 12Z December 1, 20Dbr 5 AM MST

December 1, 2011
(data source:http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 8: Southwest U.S. Regional Surface Analysis for 18Z December 1, 2011, or 11 AM MST
December 1, 2011
(data source:http://nomads.ncdc.noaa.gov/ncep/NCEP

Figure 9: Southwest U.S. Regional Surface Analysis for 21Z December 1, 2011, or 2 PM MST
December 1, 2011
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(data source:http://nomads.ncdc.noaa.gov/ncep/NGEP

To expand on the data frottmese regional weather maps, hourly surface observations were gathered from
each of the reporting stations within the San Luis Vallegure10 provides a reference map containing

the location of each station utilized for this analysis along with the local topograiphie lists

weather observations fthhe PMexceedance location of Alamosa. Observations that are

climatologically consistent with blowing dust conditions are highlighted in yellbable2 andTable3

contain the surface observations from the other two weather stations in the San Luis Valley that logged
observations on December 1, 2011. These two stationgadel#ines and Hooper, respectively

The tables reveal that Alamosa experienced selietak of reduced visibility along with sustained wind
speeds and gusts at or above the thresholds for blowingstabtished earlier in this papévleanwhile

Sand Dunes reported many hours of wind gusts above the threshold for blowing dust and sustained wind
speeds slightly below the threshold. It should be noted that the complete lack of haze and reduced
visibility observations at Sand Dunes anddgder can be attributed to the fact that the Sand Dunes station

is a RAWS (Remote Automatic Weather Station) while the Hooper station is a CWOP (Citizen Weather
Observer Program). Consequently, neither station consistently reports observable weashmslitgr vi

Observations of sustained wind speeds and gust spaeoisabove the blowing dust thresholds and
reduced visibilities on December 1, 2014t weather stations ithe San Luis Valley of soutitentral
Colorado show that aust storm event oceved under northeast to easterfiow in the wake of a cold
front. The observations contribute to the body of esitte that shows that dust originating to the
northeast and east of Alamosaused théPM,, exceedances at the monitoring sites in question.
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Figure 10:

San Luis Valley weather observation stations
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Table 1: Weather observations forAlamosa, Colorado, on December 1, 2011
(data source http://www.met.utah.edu/mesowes)/

Time Wind Wind
MST Relative | Speed| Wind | Direction

December | Temperature | Humidity in Gust in Visibility

1 Degrees F in % mph | in mph | Degrees | Weather | in miles

0:52 36 38 17 24 110 10
1:52 36 40 21 27 110 10
2:52 35 43 15 110 10
3:52 33 49 13 90 10
4:52 32 54 23 32 100 10
5:52 31 58 22 35 110 10
6:52 30 55 29 37 110 9
7:52 31 53 10 20 50 9
8:08 32 51 15 25 70 haze 2
8:16 32 47 15 28 60 haze 1.25
8:33 34 44 23 32 70 haze 1.25
8:47 34 44 23 35 70 haze 3
8:52 35 41 27 36 80 haze 3
9:09 36 41 25 38 100 haze 5
9:26 34 51 10 22 280 7
9:52 35 47 12 18 290 10
10:08 37 44 10 310 10
10:47 39 33 14 35 90 haze 5
10:52 39 32 32 37 100 haze 6
11:52 38 32 33 46 100 haze 4
12:04 39 30 30 47 100 haze 4
12:24 39 30 32 46 100 haze 3
12:52 36 34 36 53 100 haze 4
13:38 34 37 31 51 100 haze 5
13:52 34 35 32 47 100 haze 6
14:52 32 37 35 44 110 8
15:52 30 41 28 36 100 10
16:52 27 48 23 35 110 10
17:52 27 46 13 70 10
18:52 24 54 8 280 10
19:52 22 60 9 320 10
20:52 22 60 8 330 10
21:52 20 67 12 330 10
22:52 16 73 6 310 10
23:52 15 73 4 310 10



http://www.met.utah.edu/mesowest/

Table 2: Weather observations for Sand DunesColorado, on December 1, 2011

(data source: http://www.met.utah.edu/mesowes)

Time Wind
MST Relative Wind wind Direction
December| Temperature | Humidity Speed | Gustin in Visibility
1 Degrees F in % in mph mph Degrees | Weather | in miles

0:44 34 31 14 25 95
1:44 33 37 16 30 95
2:44 32 35 14 34 103
3:44 28 50 17 32 89
4:44 30 51 19 37 100
5:44 29 55 22 39 103
6:44 26 59 20 45 97
7:44 25 57 22 45 105
8:44 25 58 26 45 116
9:44 25 61 24 44 119
10:44 26 59 22 47 106
11:44 27 57 23 43 111
12:44 26 54 27 46 115
13:44 26 51 22 48 111
14:44 24 53 23 48 113
15:44 23 50 22 46 106
16:44 21 52 18 46 102
17:44 21 54 18 41 99
18:44 19 57 15 40 86
19:44 18 61 18 38 90
20:44 18 57 13 31 59
21:44 18 56 10 29 87
22:44 18 55 6 26 86
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Table 3: Weather observations for Hooper, Colorado, on December 1, 2011

(data source http://www.met.utah.edu/mesowes)/

Time Wind
MST Relative Wind wind Direction
December| Temperature | Humidity Speed | Gustin in Visibility
1 Degrees F in % in mph mph Degrees | Weather | in miles
8:52 30 60 24 34 84
9:52 30 59 22 34 82
10:52 32 54 21 30 80
11:52 35 48 24 34 84
12:52 32 50 23 34 78
13:52 31 49 22 35 78
14:52 30 50 20 30 92
15:52 27 52 21 29 83
16:52 24 58 18 28 62
17:52 24 59 16 26 73
18:52 24 57 14 23 73
19:52 20 67 7 10 39
20:52 18 72 5 8 23
21:52 16 76 1 4 33
22:52 13 75 0 1 33
23:52 10 82 0 0
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ThePuebloNational Weather Servig\WS) forecast ffic e issues weather information and alerts for
southcentralColorado, including the San Luis Valley. The Area Forecast Discussion from the evening
before the blowing dust event is presented in AppeBdiXhe hghlighted text from this product clearly
states that winds well in excess of the blowing dust criteria (established earlier in this paper) would be a
threat to the San Luis Valley on December 1, 2011. Additionally, the Colorado Department of Public
Healh and Environment (CDPHE) issued a Blowing Dust Advisory for the San Luis Valley on December
1, 2011 This advisory can also be found in Appen8lix

Text productsand advisoriesssued by the NWS and CDPH&how thatverystrong winds and areas of
blowing dug were anticipated in the San Luis Valley on Decembef@11

Figure1llshowsthe totalprecipitation in inches for Coloradturing November 2011. Notice that south
central parts of the state, particularly the San Luis Valley where Alamosa is centrally located, generally
received less than Oidches of precipitation in the 30 days prior to December 1, 2011. Based on
previousresearch 0.5 to 0.6 inches of precipitation has been found to be the approximate threshold, below
which, blowing dust exceedances in Colorado are more likely to occur when combined with high winds

Furthermore, th®rought Manitor report for Colorado ad 6:00 AM MST November 29, 201Figure

12) revealghatsevere drought conditions were being experienced in sauinal Colorado two days

before the December 1 dust event. This included the San Luis Valley counties of Costiflaséklnd

southern parts of Saguache. According to the National Drought Mitigation Center, the definition of a
severe drought includes, ACrop or pasture | osses
increase in vulnerability to particuasuspension (see the following link for more information on drought
severity classification from the National Drought Mitigation Center:
http://droughtmonitor.unl.edu/AboutUdé3sificationScheme.aspx

30-day precipitation and Drought Monitor reports indicate thabits in the San Luis Valley of south
central Coloradowere dry enough to produce blowing dust when winds were above the thresholds for
blowing duston December 12011
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Figure 11. Total precipitation in inches for Colorado, November 2011

(source: http://prism.nacse.org/recent).

U.S. Drought Monitor
Colorado

November 29, 2011
(Released Thursday, Dec. 1, 2011)
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Figure 122 Drought conditions for Colorado at 5 AM MST November 29, 2011
(source http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx)
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Figurel3 andFigurel4 showthe GASP (GOES Aerosol Smoke Product) West Aerosol Optical Depth
image at 7:45 AM and 8:00 AM MST respectively on December 1,.28&f80sol Optical Depth (AOD)

is a measure of the degro which aerosols prevent the transmission of light (see the following link for
additional information on GASPhttp://www.star.nesdis.noaa.gov/smcd/emb/aerosols/prodectply). In
Figurel3, a cluster of moderate to highoderate AOD values of 0:4.7 can be observed in south
central Colorado. Fifteen minutes later these eleva@D values spread northwardkigurel14to the
approximate location of Alamosa. This corresponds in both location and time to observations of
deteriorating visibity and haze in Alamosa between 7:52 and 8:08 AM M&db(el).

Approximately four hours later at 11:50 AM MST (1850Z), the MODIS Terra satellite infager€15)

zoomed on southentral Colorado reveals plumes of dust stretching from northeast to southwest in
Costilla and Conejos counties located in the southern part of the San Luis Valley. latébytthe

northern half of the valley, including Alamosa, is obscured by cloud cover. However it should be noted
that at the approximate time of this image, Alamosa was reporting sustained winds out of an easterly
direction of 33 mph with gusts to 46 mphd visibility reduced to 4 miles due to haze (11:52 AM MST,
Tablel). This lends support to the argument that dust was being transported from eastern par@nof the S
Luis Valley westward into Alamosa on DecembgfQ11

GASP and MODIS satellite imagery reveal that a dust storm was taking place in the San Luis Valley of
southcentral Colorado during the morning of December 2011 The droughtstricken and largéy
undeveloped eastern half of the San Luis Valley vilas source regioror the blowing dust that

produced the PNyexceedance in Alamosa.
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GASP West Aerosol Optical Depth 2011 12 01 1445 UTC EPA Region 6

Figure 13: GASP West Aerosol Optical Depth image, EPA Region 6 at 7:45 AM MST Decembgr
(1445 Z December 1), 2011
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?produc} id=2

GASP West Aerosol Optical Depth 2011 12 01 1500 UTC EPA Region 6

Figure 14: GASP West Aerosol Optical pth image, EPA Region 6 at 8:00 AM MST December 1
(1500Z December 1), 2011
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?produc} id=2
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Figure 15. MODIS Terra satellite image of southcentral Colorado at approximately 11:50 AM
MST (1850Z) on December 1, 2011

(source: http://ge.ssec.wisc.edu/modizday/index.php

Figurel16 shows the NOAA HYSPLIT thourbackvard trajectories (Draxler and R, 2012) for

Alamosa for a duration of 6 hours (8 AM MST to 2 PM MST December 1,. Z@Flthe following link

for more information on HYSPLITrom the NOAA Air Resources Laboratory
http://ready.arl.noaa.gov/HYSPLIT.phpThis time period encompasses the vast majority of reduced

visibility observations in Alamosa frofrablel. The trajectory analysis cleasfiows the transport of air

nearly unidirectionalrom areas on the eastern side of the SanVYusl | ey wher e fASevereo
conditions were being experienced, accordingi¢ure12.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2100 UTC 01 Dec 11
NAM Meteorological Data
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Job |D: 170087 Job Start: Fri Feb 28 17:37:48 UTC 2014

Source 1 lat.:37.45 lon.:-105.87 height: 100 m AGL

Trajectory Direction: Backward  Duration: 1 hrs

Vertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 00002 1 Dec 2011 - NAM12

Figure 16 NOAA HYSPLIT NAM12 1 -hour back tr ajectories for Alamosa, CO for 8 AM MST (15
Z) December 1, 2011, to PM MST (21Z) December 1, 2011
(source: http://ready.arl.noaa.gov/HYSPLIT.php
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By overlaying these backward trajectories on[IM® imagery, we can get a better sense of the source
area of the air transported into Alamosa on Decembeé&idure17 shows the MODIS aqua image of
November 30, 2014&t 12:45 PM MST (one day before the dust event of December 1) with overlain
trajectories fronfFigurel6. Many of the 1hour trajectories originate near the top of Blanca Peak,
suggesting the possibility that a Bora wind may have locally enhanced the winds in the San Luis Valley
(for more information on Bora winds in Coloradbttp://www.crh.noaa.gov/bou/?n=winterwxwirds

Figurel8is the same MODIS aqua imageFagurel7, but in False Color. This image reveals several
distinct areas of a brown to reddish hue to the east and northeast of Alamosa in eastern parts of the San
Luis Valley; the same areas thagurel7 identifies as a major source of the air that was transported into
Alamosa the following day. The MODIS imageryrafjure18is also consistent with land cover
classifications of the San Luis Valley as showfrigure19 where widespread areas of bare

rock/sand/clay are found in the eastern half of the valley. Blowing dust is more likely to originate in areas
of exposed soil or sand without vegetation cover, which is clearly an accurate description of the source
area otthe air transported into Alamosa on December 1, 2011.

NOAA HYSPLIT backward trajectories in tandem with MODIS imagepyovide clear supportig
evidence that air transported from the arid, dystone sections of the eastern San Luis Valkgused
or significantly contributed tothe PM;o exceedances measured in Alamosa on December 1, 2011

W

@

Figure 17. NOAA HYSPLIT 2 -hour back trajectories for Alamosa, CO for 6 AM MST December
1, 2011, to 8 AM MST (15Z) December 1, 201a&verlain on theMODIS Aqua satellite image of

souh-central Colorado on November 302011 at aproximately 12:45 PM MST (194%)
(sources: http://ready.arl.noaa.gov/HYSPLIT.pland http://ge.ssec.wisc.edu/modisday/index.php
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Figure 18: MODIS Aqua false colorsatellite image of soth-central Colordo at approximately

12:45 PM MST (1945Z) onNovember 3Q 2011
(source: http://ge.ssec.wisc.edu/modizday/index.php
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Figure 19: San Luis Valley landcover classification map
(source: http://www.fws.gov/alamosa/SLV.htinl
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Inal997papei Fact ors controlling threshold friction vel

States (Marticorena et al.1997), the authors characterized #irodibility of both disturbed and
undisturbed desert soil types. The threshold friction velocity, which is describedilnrdtte
Marticorenapaper, is a measure for conditions necessargléaving dust. This valuis higher for
undisturbed soilsral lower for disturbed soils.

Friction velocities have been calculated 80AM and 11 AM M3 December 1, 201lsingthe 12 km

NAM (North American Mesoscale Modeljhesdriction velocities are presentéu Figure20 andFigure

21, respectively Accordng to data presented by Marticorena e{E97), even undistbed desert soils
normally resistant to wind erosion will be susceptible to emission of blowing dust when threshold friction
velocities are in thd..0 to 2.0 meters per secarathge In Figure20 a distinct section of the eastern San

Luis Valley showdriction velocitiesof 1.00 to 1.25metersper second just minutes before Alamosa

reported haze and highly obscured visibilities of 1.25 to 2.00 statute ek (). Three hours later in
Figure21 parts of the eastern San Luis Valley upwind of Alamosa saw an increase in frictional velocity to
nearly 1.50 meters per second.

This part of the eastern San Luis Valley with enhancetidrial velocity values is also the same area

where 36day precipitation totals were below 0.5 inchEg@rel11) and which back trajectories from
Figurel6identify as a source region for air transported into Alamosa. Note that blowing dust will

typically only occur where friction velocities are high and soils are dry and netcpedtby vegetation,

forest cover, boulders, rocks, etc. This is an accurate description of much of the terrain in the eastern San
Luis Valley as shown ifigurel19. Therefore, it appears very likely that undisturbed soils in the arid

eastern San Luis Valley were a large contributor to the blowing dust that occurred in Alamosa.

The elevated friction velocitieshown inFigure 20 and Figure 21, the data on soil moisture conditions
preented elsewhere ithis reportand the prevalence of winds above blowing dust thresholds prove

that this dust stornron December 1, 2011yas a natural event that was not reasonably controllable or
preventable.
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Figure 20: 12 km NAM friction v elocities in meters/second at 8M MST (15Z) December 12011.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires_weather )datasets

Figure 21: 12 km NAM friction velocities in meters/second at 11 AM MST (18Z) December 1, 2011
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires_weather )datasets
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triction velocity - Color-Filled Confour Plon View 2010-05-23 00:00:100Z
Figure 22: Friction velocities in meters/second from the NOAA NCEP North American Model with
12 kilometer grid spacing at 00Z May 23, 2010 (5 PM MST May2, 2010)

Friction velocity - Color-Filled Contour Plon View 2010-05-23 18:00:00Z
Figure 23: Friction velocities in meters/second from the NOAA NCEP North American Model with
12 kilometer grid spacing at 18Z May 23, 2010 (11 AM MST May 23, 2010)
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3.0 Evidence Ambient Air Monitoring Data and Statistics

OnDecember 1, 2014 strong cold front moveakcrossColorado. During thigvent,samples in excess
of 150ng/m® NAAQS for PMy, were recorded at Alamosaidams State Collegé\lamosa ASC, 440
my/m®) andAlamosa Municipal Alamosa Muni, 63%g/n7). The devated PM, readings in Alamosa
resulted fromblowing dust associated with strong, gustpdsbehind thepassage ahefront. The
winds transported blowing dust into Alamosa from eastern parts of the San Luis Valley.

3.1 Historical Fluctuations of PM o Concentrations in Alamosaand Lamar

This evaluation of PM monitoring data for sites affected by thecember 1, 201Event was made
using valid samples from Plylsamplers in Alamostiom 2006through 2011APCD has been
monitoring PM, concentrationgn these areas since 1985. The overall data summary fafféoted
sitesis presenteih Table4, with all data valuebeingpresented img/m®.

Table 4: December 1, 2011, Event Data Summary
Evaluation Alamosa Alamosa

ASC Muni
12/01/2011 440 635
Mean 22.3 28.6
Median 18 23.5
Mode 14 19
St. Dev. 25.2 28.4
Variance 633.1 807.7
Minimum 1 1
Maximum 473 635
Count 1904 1824

A snapshot summary of data from all those sites affected by the event is preséaigd4. The

approximate percentile value thhe December 1, 2011, sampdpresents for each site for their unique
historical data sets, for the month of the event (every sample iDexgmbey), and for the year of the

event. All percentile calculations presented in this section were made using the entire dataset, including
known high wind events. There is no difference between the two datasets (with and without high wind
events) in regards taepcentile calculationsPercentile calculations for both sites affected by the event

are presented ihable5.

Table 5: December 1, 2011, Site Percentile (All Affected Sites)

Evaluation Alamosa ASC Alamosa Muni
12/1/2011 440 635
Overall 99.9% Max Value
All December Max Value Max Value
2011 Max Value Max Value

Of those samples in excess of I’ both are the maximum value from either site for any December,
the largest sample at both sites in 2ridis the largest sample in this dataset for Alamosa Milihie
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overall magnitudef the samplesuggests that there was a common contribution to ssauble from
other than local sources.

Those data sets for sites with samples for which exclusion is being requested are further summarized by
month. As with previousxceptional eventsubmittalsfrom the statethese summarigbe datgresers

noobvb us 0 s e alsvelnad any parktular site in Colorado do not necessarily fluctuate by season.

Of greater importance affecting day-day, typical PM, concentrations are local sources, e.g. road

sanding and sweeping, local burning from agriculture residential heating, vehicle contributions via

road dust, unpaved lots or roads, etc. While the historic monthly mean values for the affected sites can be
higher during the winter and spring months there is little mtmthonth variation. Additiondf, some

of the sites exhibit monthly medians over these periods (wanigearlyspring) that are generally lower

than other months of the year. This time frame (winter and early spring) is that which is most likely to
experience the meteorological ay soil conditionsiecessary for this type of eveamdarediscussed
elsewhere in this document. Although the maximum values for these months émthtesrlyspring)
are the highest i n t he -tdday raflective of loal torditians) gre sSindlax |
or | ower than the same o6typical é data for th
Decembe(all samples in anfpecember from 2008011) and for 201 for AlamosaASC andAlamosa
Muni are presenteih Table6.

6 dat
e res

Table 6: December 1, 2011, PN} Evaluation by Month and Year

Alamosa ASC Alamosa Muni

December 2011 December 2011

Mean 25.6 255 34.9 37.9
Median 23 20 31 30
Mode 18 17 27 20

St. Dev. 13 31.6 17.3 44.1

Variance 169.3 999.7 298.9 1947.6

Minimum 3 5 1 7

Maximum 66 440 86 635

Count 153 327 140 303

Alamosa ASCi 08-0030001

The PM, sample orDecember 1, 201kt Alamosa ASC o#40ng/m’ is the largest sample recorded
among allDecembesamplesis the largest sample of @011 data, and is greater than thé"@@rcentile
value (97ng/n?) for the entire dataset. Overall, this sample isst@nd largestample in the entire data
set Thesinglesample greater than the event sanigpéssociateavith ahigh wind event.There are
1904samples in this datasethe sample obecember 12011 clearly exceeds the typical samples for
this site.

Figure24 throughFigure27 graphicallycharacterize the Alamosa ASC RMata. The firstFigure24,

is a simpé time series; every sample in this dataset§202011) greater than 15@/n? is identified.

Note the overwhelming number of samples occupying the lower end of the graph; an interested reader can
count the number of samples greater thanrifii’. Of the 1904samples in this data set less than 1%
aregreater than 100g/nv.
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Figure 24: Alamosa Adams State College PM Time Series

Figure25is a simple histogram, demonstrating the overwhelming weight of samples on the low end of
the curve.This range of data can be considered typical, representing contributions from local sources.
Over 60% of the samples in this data set are less thag/86. Even in the highly variable month of

winter and early spring ov@0% of the samples are lessrt&ny/nr. Clearly the samplefdecember
1, 2011 exceed what is typical for this site.
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Figure 25. Alamosa Adams State College PM Histogram

The monthly boxwhisker plotin Figure26 highlights the consistency of the majority of data from month

to month. Note the greater variability (wider irnggrartile range) and greater range of the data through
thewinterad early spring months thatods accompanied by
time period experiences a greater number of days with meteorological conditions similar to those
experienced oecember 1, 2011Although these high values aftabe variability and central tendency
(average) of the dataset they arené6t representat.

Figure 26: Alamosa Adams State College PM Box-whisper Plot
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