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Executive Summary

In 2005, Congress identified a need to account for events that result in exceedances of the National
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 On May 2, 2011n an attempt to clarify this rule, EPA released draft guidance documents on the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 atandteycludathose 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.

Due to the serrmarid nature of parts of the state, Colorado is highlsceptible 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 tHeRd4 PM, NAAQS. This document contains
detailed information about the large regional windblown dust event that occurfgutib®, 2011 The
Colorado Department of Public Health and Environment (CDPHE) Air Pollution Control Division
(APCD) has prepared this report foeth.S. Environmental Protection Agency (EPA) to demonstrate that
the elevated PN concentrations were caused by a natural event.

On April 3 of 2011 a powerful sprig storm system caused multigeceedances of the twerfgur hour
PMyq standard in sotiern ColoradoExceedances were recordadhe Alamosa Municipal Building
moritor with a concentration of 372y/nT, the Adams State Colleg@ow Adams State University)
monitor in Alanosa with a concentration of 2@§/nt, and theLamar Power Planhoritor with a
concentration of 16Qg/nT. These high readings and other Bkbncentrations acro€olorado are
plotted on the map for April 3, 201ih Figurel.

On April 3, 2011, théwenty-four-hour PM,, sample at Lamar Powef169 ng/n?), Alamosa Muni372
ng/m’), and Alamosa ASC (28%g/n7) all exceeedthe 99" percentile value for any evaluation criteria
andarethe maximum valugforall of April 2011data The datistical and meteorological data clearly
shows that but for this high nil blowing dust event, Alamosad Lamamwould not have exceeded the
24-hourNAAQS onApril 3, 2011 Since at least 2005, there has not been an exceedance that was not
associated with high winds carrying RMust from distant sources in these argégss is evidence that

the event was associated with a measured concentragswoess of normal historical fluctuations
including background.

The exceedances wedlte consequence of high winds from an intensifying surface low pressure system
and vigorous cold fronThese surface features were associated with a strongleppktrough that was
moving across the western United Stalédee prefrontal surface windsere out of a west to

southwesterly direction and moveder dry soildn Arizona, northwest New Mexico, southeast Utah and
southern Colorado producing significant blowihgst.Behind the cold front the winds were northerly
which moved over dry soils in eastern Colorado, consequently also producing significant amounts of
blowing dust.This storm systertransported PMdust into the soutirnand southeasteportions of
Colorado.

EPAGOs J dafeGuidadck @8n the Preparation of Demonstrations in Support of Requests to Exclude
Ambient Air Quality Data Affected by High Winds under the Exaamal Events Ruls t a theEPA i

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


http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf

will accept a threshold of a sustained wind of 25 mph for areas in the west provided the agencies support
this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and undisturbed
naturalsudic es) t o b e Inadditiom inbddthreastré and western 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
Appendix AT Grand Junction, Colorado, Blowing Dust Climatolamd Appendix B Lamar, Colorado,

Blowing Dust Climatology at the end of this documeR9r this blowing 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
northeast Arizoa, northwest New Mexico, southeast Utah and southern and eastern Colorado.

The Albuquerque, Flagstaff and Pueblational Weather Service (NWS) forecafitaes issue weather
warnings and advisories for northeast Arizona, most of New Mexico andcetthl and southeast
Colorado.The weather warnings and advisories issuethbgeoffices for April 3, 2011pertaining to
strong winds and blowing duate presented in Append Additionally, theCDPHEissued a Blowing
Dust Advisory on the morning of April 3 for southwestern, saxghtral and southeastern parts of
Colorado, including both Alamosa and Lanitis advisory can also be found in AppendiXarnings
and advisories issued by the NWS and EBRshow that strong winds and areas of blowing dust were
expected and experienced across this region on April 3.

The blowing dust climatology fagrand Junction (Appendix A) and Lamar (Appendix B) indis#tat

the area can be susceptible to blowing efstn winds are highLandform imagery shows that
northeastern Arizona and southeastern Utah in particular have experiencedearfopgttern of wind
erosion and blowing dust when winds have been southwesterly and blowing into Cdfaradast
productsfrom the Navy Aerosol Analysis and Prediction System model provide evidence for a
widespread blowing dust event, suggesting that significant source regions for dust in Colorado were
located in arid regions of Arizona, New Mexico and Colorado. NOAA HYSPhifWward and backward
trajectories provide clear supporting evidence that dust from arid regions of Arizona, northwest New
Mexico and eastern Colorado caused thed&ceedances measured across portions of sowthdrn
southeaster@olorado on April 32011.

The Drought Monitor report for the western United States as of March 29, Fijure37) reveals that
drought conditions in the Painted Desert of north
iModer ate Drought 0 | us (2014 dusteventSdvargy dsoudhtecdnditiorscanh e  Apr
also be observed in much of eastern Colorado, the likely source region for the dust transported into Lamar
after the cold front passadgoils in the Four Corners area of northeast Arizona, northwest New Mexico

and southeast Wtaalong with the plains of eastern Colorado were dry enough to produce blowing dust

when winds were above the thresholds for blowing dust.

The surfice weather associated with #termsystem ofApril 3, 2011,is presented ifrigure 2 through

Figure5; the surface analyses for IMRMST April 2, and 5 AM, 11 AM and 5 PM MST April 3,
respectivelyThe most significansurfae feature in the western United States over this time period was a
cold front that initially stretched from South Dakota to cer®aifornia (Figure2). This front drifted to

the south and southeast across Colorado and was associated with a strong surface low pressure system.
(Figure3 throughFigure5). The synoptic weather conditions on April 3 (illustraiedrigure3 through

Figure18) show that the conditions necessary for widespread strong gusty and transport of blowing

dust were in place over the area of concern.

GASP satellite imagery shows that the desert regions of northeast Arizona and northwest New Mexico
along with the arid plains of eastern Colorado were source regions for the bbtwsingn April 32011

This is consistent with the climatology for many dust storms in Colorado as described in the Grand
Junction, Colorado, Blowing Dust Climatology report contained in Appendix A and the Lamar, Colorado,
Blowing Dust Climatology in Appedix B, both found at the end of this documd8iite observations of



winds above blowing dust thresholds and restricted visibilities in the areas of concern demonstrate that
this is a natural event that cannot be reasonably controlled or prevented.

Friction velocities provide a measure of the reanface meteorological conditions necessary to cause
blowing dustFrictional velocity values were at or above the blowing dust threshold across much of east
central and southeaSbloradoon April 3, 2011 The elevated friction velocities shownkigure38and
Figure39, the data on soil moisture conditions presented elsewhere in this report and the prevalence of
winds above blowing dust thresholds (all occurring in traditional source regions in northeast Arizona,
northwest New Mexico, southeast Utand southern and eastern Coloragienonstrat¢hat this dust

storm was a natural event that was not reasonably controllable or preventable.

The PMgexceedances in AlamosadLamaron April 3, 2011 would not have occurred if not for the
following: (a) dry soil conditions overortheast Arizona, northwest New MexisoutheastUtah, and
easterrColorado with30-day precipitation totals below the threshold identified as a precondition for
blowing dust in northeastern Arizona; @¥urface low presse system andigorouscold front that were
associated with a strong upgevel trough that caused strong prefrontal surface winds over the area of
concern; and (c) friction velocities over regionsioftheast Arizona, northwest New Mexico, southeast
Utah, and southern and eastern Colotthad werehigh enough to allow entrainment of dust from natural
sources with subsequent transport of the dusbtthernColorado in strong winds.

These PMpexceedances were due to an exceptional event associdtedgional windstorntaused

emissions from erodible soil soura@ger Arizona, northwest New Mexico, southeast Utah and southern
Colorado These sources are not reasonably controllable during a significant windstorm under abnormally
dry or moderate droung conditions.

APCD is requesting concurrence on exclusion of the PMvalues from AlamosaAdams State
College (08003-0001), AlamosaMunicipal Building (08-003-0003), andLamar Power Plant (08
099-0001)on April 3, 2011.



Table of Contents

1.0

2.0

3.0

4.0
5.0

6.0
7.0

Exceptional Events RUIe REQUITEMENTS ... ....uuuuiiiiiiiieiieeeiiirierieereeeeresseeeseeeeressreeereereeaaaeeeeessssmanreeeeees 9
A o o Tot Yo (U] = B (=T 4 = VAP UUTUU T TTTUPRTITI 9
1.2 Documentation REGUITEIMENTS.......cciiiiiiiiiie e ieeeitt et e ettt e e e s s e e et e e e e s sbb e e e e e s s s eeesasbrreeeaeeaa 10

Meteorological analysis of the April 3, 2011, blowing dust event ang, Bkteedance Conceptual Model

=TT T o BS] = LA 1S3 £ o PO RRP PR 11

EvidenceAmbient Air Monitoring Data and StatiStiCS...........c.ouiiiiiriiiieeeeieee e 63
3.1 Historical Fluctuations of P\ Concentrations in Alamosa and Lamar..............cceeeeeevieeeeevinieeeennnd | 64
3.2 WiINd SPEEA COITEIALIONS ... ..uuuiiiiiiiiiii et i e e ceeeiie e e e e e e e e e e e et ramr e e et eetaaeaaaaesessassasrmnneaaeeeeseeseesanannnns 74
R B o= (o= o1 1] o OSSR 76

NeWs and Creible EVIAENCE ... it ieeere et e e e e e eeeete s e e e et e e eaeaeeessasmsereeeeaeaaaaeaaeeens 79

Not Reasonably Controllable or Preventable: Local Particulate Matter Control Measures.............. 38
L0 R =T o [0 7= T T PP PP T TP T UROPPPPPTPPT 90
T IR 1 0T | o TP 107

SUMMATY AN CONCHIDINS......eeiiiitiiiie ettt eeeet e e e ettt e e e e s st b e erees e e e e e e s aabbeeeeeessbbesenenseeeeeesanbbneeeaesin 123

LS (=T =T o = USSR 125



Figures

Figure 1: 24hour PMg concentrations for APril 3, 2011 .......oiiiiiiiiiiiiee ettt 12
Figure 2: Surface Analysis for 06Z April 3, 2011, or 11 PM MST April 2, 2011.......cccciiiiiiiiiiiiieeeiiiieeeennn 13
Figure 3: Surface Analysis for 12Z April 3, 2011, or 5 AM MST April 3, 2011.......ccvviiviiiiiiieenieeeee e, 13
Figure4: Surface Analysis for 18Z April 3, 2011, or 11 AM MST April 3, 2011.....cccoiiiiiiieiiiiieeniiieeee e 14
Figure 5: Surface Analysis for 00Z April 4, 2011, dPBl MST April 3, 2011 .......coceiiiiiiiiiieiiieeeee e 14
Figure 6: 700 mb (about 3 kilometers ab®8L) analysis for 00Z April 3, 2011.......ccovvvvveeeeiiiiiiiiccceeeeeeeee, 15
Figure 7: 700 mb (about 3 kilometers ab®8L) analysis for 12Z April 3, 2011......cccovvvvveeeiiiiiiiiiccceeeeeeeee, 15
Figure 8: 500 mb (about 6 kilometers ab®8L) analysis for 00Z April 3, 2011......ccceevvvveeeeiiiiiiiicccrceeeeeee, 16
Figure 9: 500 mb (about 6 kilometers ab®8L) analysis for 12Z April 3, 2011......cccevvveveeeiiiiiiiiiccceeeeeeeee, 16
Figure 10: NARR 700 mb analysis for 06Z April 3, 208howing wind speeds in knois.............cccccccvvvvvieennnnn. 17
Figure 11: NARR 700 mb analysis for 12Z April 3, 2084owing wind speeds in knois.............cccccccvvvvvieennnnn. 18
Figure 12: NARR 700 mb analysis for 18Z April 3, 2011, showing wind speeds in KNots...............c.ccceeennes 18
Figure 13: NARR 500 mb analysis for 12Z April 3, 2011, showing wind speeds in Knots...............c.cccceenne. 19
Figure 14: NARR 500 mb analysis for 18Z April 3, 2011, showing wind speeds in Knots...............c.cccceenne. 19

Figure 15: Height of the mixed layer kilometers above mean sea level from the NARR at 06Z April 3, 20141
Figure 16: Height of the mixed layer in kilometers abowamsea level from the NARR at 12Z April 3, 201121
Figure 17: Height of the mixed layer in kilometers above mean sea levelfeoWARR at 18Z April 3, 2011...22

Figure 18: Sea level pressure analysis at 21Z April 3, 2011, or 2 PM MST April 3,2011..............coovvieeee.. 22
Figure 19: NCAR RAP website DEN sector surface analysis for 1143Z April 3,.2Q1L.........ccccoiiiveccnnnnnnn. 24
Figure 20: NCAR RAP website DEN sector surface analysis for 1743Z April 3,.2Q1L1.........ccccoiiivecnnnnnnn. 25
Figure 21: NCAR RAP website DEN sector surface analysis for 2043Z April 3,.2Q1L1.........ccccociiiveccnnnnnnn. 26
Figure 22: NCAR RAP website DEN sector surface analysis for 2143Z April 3,.2Q11.........ccccoiiiieccnnnnnnn. 27
Figure 23: NCAR RAP website DEN sector analysis2243 April 3, 201 1.........ccceveeiiiiiiiieiie e 28
Figure 24: Weather observation stations for April 3, 2011, meteorological analysis............cccceeveeceeeerinnnen. 30
Figure 25: NOAA HYSPLIT 1&our forward trajectories for northeast Arizona and northwest New Mexico for 11
PM MST April 2 (06Z April 3), 2011, to M MST April 3, 2011......cooveiiiiiiiiiieeeieeereee e 46
Figure 26: NOAA HYSPLIT 14our back trajectories for Alamosa, CO for each hour from 11 PM MST April 2,
2011, to 1 PM MST April 3 (20Z APFil 3), 2011 .cuceeeeeeieeieeeeeee ettt en et 47
Figure 27: NOAA HYSPLIT 14our back trajectories for Lamar, CO for each hour fidniPM MST April 2,
2011, to 1 PM MST April 3 (20Z APl 3), 20LLu..iciiiiiiiieieeeiiitiieeeieee e e e eveenraee e e e 48
Figure 28: NOAA HYSPLIT 4hour back trajectories for Lamar, Gar each hour from 1 PM MST April 3, 2011,
to 5 PM MST April 3 (00Z APFil 4), 2011 .ciii i eeitieeeti et eente e e e e e sntbae e e e e e ennees 49
Figure 29: NAAPS forecasted dust concentragifor 5 PM MST April 3 (00Z April 4), 2011.........ccovvvvvvnnnnnnn. 51
Figure 30: GASP West Aerosol Optical Depth image, EPA Region 8 at 1530Z APBL3................ccovvvvrvnnnnne 53
Figure 31: GASP West Aerosol Optical Depth image, EPA Region 8 at 17157 April 3,,2011..................... 54
Figure 32: GASP West Aerosol Optical Depth image, EPA Region 7 at 21157 April 3,,2011..................... 55
Figure 33: GASP West Aerosol Optical Depth image, EPA Region 7 at 21457 April 3,,2011..................... 56
Figure 34: GASP West Aerosol Optical Depth image, EPA Region 7 at 22457 April 3,,2011..................... 57
Figure 35: Dtal precipitation in iNChes for March 201L...........coooiiiiiiiiieer e 59
Figure 36: Total precipitation in inches for March-2Bril 5, 2011.........ccuviiiiiiiiiiiiii e 59
Figure 37: Drought conditions for the western United States at 5:00 AM MST March 29,.2011................. 60
Figure 38: 12km NAM friction velocities in meters/second at 11 AM MST April 3 (18Z April 3), 2011......... 61
Figure 39: 12km NAM friction velocities in meters/second at 5 PM MST April 3 (00Z April 4), 2011.......... 62
Figure 40: Alamosa Adams State College 1 RTMIME SEIES.......uiiiiiii e i e ieeieeee e eerees e e e e e aaaaaens 66
Figure41: Alamosa Adams State College RMISIOQram...........oouviiiiiiiiii e e 66
Figure 42: Alamosa Adams State College PBOX-WHhisKer PIOt..........ccovveeeiiiiiiiiiie e 67
Figure 43: Alamosa Adams State College pBbx-Whisker Plot, Reduced Scale.............ccccoevvvivirrnineeeeennnd 68
Figure 44: Alamosa Munipal PMig TIME SEIHES ......ciiiiiiiieeiiiiiiieeeee ettt e e e eeeeesd 69
Figure 45: Alamosa Municipal PIHISIOGIAM..........uuiiiiiiiiiiiiii ettt 70
Figure 46: Alamosa Municipal PIMIBOX-WHISKEr PIOL..........coiiiiiiiiiiiiiieic e 70
Figure 47: Alamosa Municipal PyiBox-Whisker Plot, Reduced Scale.............cccoouiiiiiveniiiiiiiee e 71
Figure 48: Lamar Power PIITIME SEIES......coui ittt e e ettt e e e e e e eeaannnnnbnbbenes 72
Figure 49: Lamar POWer PIHISIOGIAIM ... .....uuuiiiiiiiiiiiieii ettt e ettt e e e e e e e e e e e e e e s e e e rmmmeaaaaaaaaa e 73
Figure 50: Lamar Power PIBOX-WHISKEI PIOL..........ccoiiiiiiiiiiiieee e eeesib bbb e e e e e e e e e e e aeeeees 73



Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68:

Figure ®:

Figure 70:
Figure 71:
Figure 72:
Figure 73:
Figure 74
Figure 75:
Figure 76:
Figure 77:
Figure 78:
Figure 79:
Figure 80:
Figure 81:
Figure 82:
Figure 83:
Figure 84:
Figure 85:

Lamar Power PlyIBox-Whisker Plot,RedUCEd SCaAlB........c.coiveveiiiiiiiiie e eeeee e 74
Wind Speed (mph) Various Stations, 03/26/2@MUI11/2011L........cccccvvvirmiireeeieeereeenererrnerreeeeeeeees 75
PM, Concentrations, Affected Sites, 03/26/20TH/11/2011.......cuoviiiiiiiiiiiiiieiee e 75
Monthly PNp Percentile PIOLS............ooiiiiiiiiii et 177
Relative positions of Adam's State ColleggfMNbnitor and potential disturbed sail....................... 95
2011 City of Alamosa Zoning Map (Provided by the Public Works Department)....................c... 95
Site A facing NOrth (AUGUSE 2013)........eeiiiiiiiiiiiie ettt e et e e e e s bbb e e enamee e e e aaes 96
Site C Natural vegetation; Crust on sdindisturbed land. (August 2013)..........ccccvvveeeiiiieennnnnnn. 96
Site D facing NOrth. (AUQUSE 20L3) .....ccciiiiiiiieei i ieeeri ittt e e e e et e e e beeeneeneas 97
S U o [0y 2 01 3 T PRSP 97
Site G South end, looking north. Spanish Cemetery (August 2013).........ccceeeviiiiiccceeieeieeeeeeeen, a8
Site GNorth end looking to the south. (AUQUSt 2013)......cccovviiiiiiiiiiicceeecceee e 98
Sites B, E, and H with natural vegetation (Google Earth 2007).............cooiiiiceee e eeciiiies Q9
SIte B (AUGUSE 20L3) ... eeieiieeiiiiiieeeeeeee e sttt et e e s e bt e e sammee e s e bbbt e e e e s s nbb e e e e e sammeeesansbbeeeeesannreeeeeean 99
Site E facingorth (AUQUSTE 2013)......uuuuiiiiieiiiieieeeecceetieeee e e e et e e e e e e e s e e s s rmmmr e e e e e e e e e e s s e s e s s nnnrneenee e e e s 100
West end of site E is a gravel elementary school overflow parking lot (August.2Q13).............. 100
Site H with natural vegetation (AUQUSE 2013).......ccoiuuiiiiiiiieeniiee et rmeee b e 101
Relative positions of Municipal Building PjMonitor and potential disturbed sail........................ 102
2011 City of Alamosa Zoning Map (Provided by the Public Works Department)....................... 102
Site J aS Of AUGUSE 2003t ettt e e e e et bt e e ermme e e et e e e e e nnnee 103
Site K @S Of AUGUST 2013 ... . ittt ieeie ettt ettt e e s s bbbt e e e s sabbsenanss e e e e e s annnnneeeens 103
Site L= Friends Park as of AUQUSE 2013.... ..o iiieieeeeeeee e e erreas e e e e e e e e e e e eeaneaneane 104
Site M AS Of AUGUSTE 2003...... i eree e e e e sreer s s e s e e e e e e e e e e e aae b e e e et e e e aeeeeas 104
Site N S Of AUGQUSE 20L3.....eeiiii et e e errer s e e e e e e e e e e e e ea et e e e e e e e eeeeas 105
Wind Direction relative to the Lamar Power Plantfhbnitor for the April 3, 2011 event............ 112
North of the Lamar Power Monitor (Google Earth imag@XB).............coovvvviiviiiiiccenicine e, 112
Site A Ranches Supply CO INC (Google Image August 2012).........ccccuveiieiiecceeeniiiieeeee e 113
FurtheNorth and west of the Lamar Power Monitor (Google Earth ima@@1B)..............c....ccueee. 114
West of the Lamar Power PlantgMonitor (Google Earth image-8013).........ccoccvvvreeriiiiiinnnnnn. 115
Cowboy Corral Storage (Google IMage 2012).........ccoeeiiiiiieeeiiieee it reeee e 116
Feed Storage Company (Google IMage 2012)........ccoiiiiiiiiieaneeiiiiiiee et 116
Heath & Son & Turpin Trucking Storage LGDOgle Image 2012)........cccuvveieeeiiiiiieeniiieee e, 117
Railroad tracks with gravel on each side (Google Image.2Q12).........ccccoeiiiiiceciiiiiieieeeeeeeeeeeeinns 118
5 miles West of Lamafi Ca r d e 32625 @oanby Rd 3.75 Lamar, CO (Google Earth 2012)..119
Southeast ColOrado COUNLIES ........uuuuiiiiiiiietieaeiiitii bttt e e e eeerr e e e et e e e e e e e e e e e s e s ammeeaaaaaaaeaens 120

Tables

Table 1: Weather observations for AlamoSalorado on April 3, 201 1........coovviiiiiiiii e 31
Table 2: Weather observations for Lamar, Colorado on April 3, 2011.......oooomiiiiiiceciccie e 32
Table 3: Weather observations for Akron, Colorado on April 3, 2011.........ouuiiiiiiiiicceiieie e 33
Table 4: Weather observations for Burlington, Colorado on April 3, 2011.........cccoiiiiiimeriieeee e 34
Table 5: Weather observations for La Junta, Colorado on April 3, 201 1..........coeiiiiiiimemiiiiee e 35
Table 6: Weatherlservations for Limon, Colorado on April 3, 2011 .......ccooiiiiiiiiieeer s eeennes 36
Table 7: Weather observations for Pueblo, Colorado on April 3, 2011.........cccoiiiiiimimiiiee e 37
Table 8: Weather observations for Springfield, Colorado on April 3, 2011.......cuuviiiiiiiiiiecciiiiieeeieeee e 38
Table 9: Weather observations for Trinidad, Colorado on April 3, 2011........ccccccvvviirimmmnn e e 39
Table 10: Weather observations for Kykotsmovi (Hopi), Arizona on April 3, 2011.......ccoiiiiiiiiiiiiiiiiiiieeeene 40
Table 11: Weather observatiofus Window Rock, Arizona on April 3, 2010........coooiiiiiiiiiiiieee e 41
Table 12: Weather observations for Winslow, Arizona on April 3, 201 1..........eiiiiiiiiiiiiceciiiiieeeeeeeeae e 42
Table 13: Weather observations for Farmington, New Mexico on April 3, 2011.........cccuuuviiiiireeniiiiiiiiienns 43
Table 14: Weather observations for Gallup, New Mexico on April 3, 2011.......ccccceiiiiiiiiiicinnnn 44
Table 15: April 3 2011, EVENt Data SUMIMEBLY........coiiiiiiiiiiieeee e e et e e e s eeebbabbesbeeeeeeeeeaaaasnnrenes 64
Table 16: April 3 2011 Site Percentile (All AFECIEAER).........oouviiiiei e 64
Table 17: April 3, 2011 PM Evaluation by Month and Year...........occuviiiiiiiiemiie e 65



Table 18: Estimated Maximum Event RMContribution- Alamosa ASC, Alamosa Muni, Lamar Power.......... 78

Table 19: State Regulations Regulating Particulate Matter EMISSIQNS.......ccvviiviiiicceciiiiieiieeeeeeeeee e 38
Table 20: Rules and Ordinances Regulating Particulate Matter Emissions in Alamosa.............cccccceeeeeennn. 91
Table 21: Number 0BeedlingsSold in AlaMOSA PEN @A ..........cuuiiiiieiiiiiie ettt eeere e e 94



List of Appendices

Appendix A- GrandJunction, Colorado, Blowing Dust Climatology

Appendix B- Lamar, Colorado, Blowing Dust Climatology

AppendixC - Weather Warnings and Blowing Dust Advisories Agqril 3, 2011
AppendixD - Final Natural Events Action Plan For High Wind Events, Alamosagi@db
AppendixE - Final Natural Events Action Plan For High Wind Evehismnar, Colorado



1.0 Exceptional Events Rule Requirements

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 the EER 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 Evemtd)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 documetation 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 occurring (40 CFR 50.14(c)(1)(i))

APCD issued Blowing Dust Advisories feouthwestern, souttentral and southeastern
Coloradoadvisingcitizens of the potential for high wind/dust eveotsApril 3, 2011 This area inlcides:
Cortez, Durango, Pagosa Springs, Alamosa, Pueblo, Lamar, La Junta, and Sprifigfieldvisories that
were issued oApril 3, 2011can be viewed at:
http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=04%2f03%2i2@ hte included
in AppendixC.

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

WhenAPCD and/otthe Primary Quality Assurance Organizatioperating monitors in Colorado

suspects that data may be influenced by an exceptional event, ARIZID the other operating agency
expedites analysis of the filters collected from the potentéflycted filterbased air monitoring
instruments, quality assures the results and submits the data into AQS. APCD and/or other operating
agencies also subndata from continuous monitors into 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 sedbwittt the measurement when

the dataareuploaded to AQS. The data are not official until they are certifielllay 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 with a date/time stamgan be confirmed in AQS.

Notify EPA of intent 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 thatdki&cation of the intent to flag data as an
exceptional event would be done by submitting data to AQS with the proper flags and the initial event
descriptionsThis was deemed acceptable, since Region 8 staff routinely pull the data to review for
compleeness and other analyses

OnApril 3,201 threes amp | e val ues g’weratakerrat mulipdersited a6ross segii m
Colorado during the high wind event that occurred that @lagse were the monitors located in Alamosa


http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=04%2f03%2f2011

at Adams State Collee (SLAMS), Alamosa ahe Municipal Building(SLAMS), andLamar Power Plant
montor (SLAMS). All of these monitors 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 Pollution Cont
opened a 3@ay public comment period dviovember20, 2013 A copy of the public notice certification

(in cover letter) along with any comments received, will be submitted to EPA, consistent with the

requirements of 40 CFR 50.14(c)(3)(iv).

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

At the close of the comment period, and after APCD has had the opportunity to consider any comments
submitted on this document, APCD will submit this documaliotag withany canments received (if
applicable), and APCDOG $ EPfeRegion XIE reeadquarters in Demvere ¢ o mme n
Colorado.

1.2 Documentation Requirements
Section 50.14(c)(3)(iv) of the EER states that in order to justify excluding air quality monitoting da
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 wasaused by human activity unlikely to recur in a particular location or
was a natural event;
b. There is a clear causal relationship between the measurement under consideration and the
event;
c. The event is associated with a measured concentration gsefagormal historical
fluctuations; and
d. There would have been no exceedance or violation but for the event.

10



2.0 Meteorological analysis of theApril 3, 2011, blowing dust
event and PM,yexceedancé Conceptual Model and
Wind Statistics

On April 3, 2011, a powerful spng storm system caused multigeceedances of the twerfgur hour
PM,q standard in southern Coloradéxceedances were recordgdhe Alamosa Municipal Building
moritor with a concentration of 372g/n?’, the Adams State College monitior Alamosa with a
concentration of 29fg/nT, and theLamar Power Plarrhoritor with a concentration of 169g/n.

These high readings and other BRbncentrations acro$3lorado are plotted on the map for April 3,
2011, in Figurel. The exceedances wetee consequence of high winds from an intensifying surface low
pressure system and vigorous cold frditese surface features were associated with a stronglegpker
trough that was moving across the western United StEtesrefrontal surface windsere out of a west
to southwesterly direction and moveder dry soilsn Arizona, northwest New Mexico, southeast Utah
and southern Colorado producing significamwihg dustBehind the cold front the winds were
northerly which moved over dry soils in eastern Colorado, consequently also producing significant
amounts of blowing dust.

E P A6 s 2012, maf Guidance on the Preparation of Demonstrations in Suppdriegfuests to

Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional EvensstRale e s it ho
EPA will accept a threshold of a sustained wind of 25 mph for areas in the west provided the agencies
support this as the level at which yhexpect stable surfaces (i.e., controlled anthropogenic and

undi sturbed natur al s ulnddditoreia hoth easteriand westeznrColbraedd me d € 0
it has been shown that wind speeds of 30 mph or greater and gusts of 40 mph or greatesean cau

blowing dust (seAppendixAi Grand Junction, Colorado, Blowing Dust Climatologyyd Appendix B

Lamar, Colorado, Blowing Dust Climatology the end of this documenEor this blowing dust event, it

has been assumed that sustained wind@®afph am higher or wind gusts of 40 mph and higher can

cause blowing dust in northeast Arizona, northwest New Mexico, southehsandtaouthern and

easternColorado.
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High PM10 Natural Event in Colorado
April 3, 2011
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Figure 1: 24-hour PM 3, concentrations for April 3, 2011

The surfice weather associated with #termsystem ofApril 3, 2011,is presented ifrigure 2 through

Figure5; the surface analyses for IMRMST April 2, and 5 AM, 11 AM and 5 PM MST April 2011,
respectivelyThe most significansurfae feature in the western United States over this time period was a
cold front that initially stretched from South Dakota to cer@aifornia (Figure 2). This front drifted to

the south and southeast across Colorado and was associated with a strong surface low pressure system.

(Figure3throughFigureb).

The upper level troughith this stormsystemis shown in Figure6 throughFigure9. Figure6 andFigure

7 show the B0-mb height analysis maps for BIFMST April 2, and 5 AM MST April 32011,

respectively whild=igure8 andFigure9 display the 500 mb height analysis maps for the same time
period.The 700 mb level is roughly 3 kilometers above mean sea level (MSL) and the 500 mb level is
generally located approximatelykBometers above MSLThese four charts show that a deep trough of
low pressure was present in the upper levels of the atmosphere preceding and during the blowing dust
event of April 3 2011,and that it was moving over the western United States.
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Figure 2: Surface Analysis for 06Z April 3, 2011, or 11 PM MST April 2, 2011
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP

Figure 3: Surface Analysisfor 12Z April 3, 2011, or 5 AM MST April 3, 2011
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 4: Surface Analysis for 18Z April 3, 2011, or 11 AM MST April 3, 2011
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 5: Surface Analysis for 00Z April 4, 2011, or 5PM MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 6: 700 mb (about 3 kilometers above mean sea level) analysis for 00Z April 3, 2011, or 5 PM
MST April 2, 2011.

(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure 7: 700 mb (about 3 kilometers above mean sea level) analysis for 12Z April 3, 2011, or 5 AM
MST April 3, 2011.

(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Flgure 8: 500 mb (about 6 kilometers above mean sea level) analysis for 00Z April 3, 2011, or 5 PM

MST April 2, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP

Y ANRREE A { wcifatal

Ty =1

DIBS . v » 5/ A % 0% APR 2011 o oD

Figure 9: 500 mb (about 6 kilometers above mean sea level) analysis for 12Z April 3, 2011, or 5 AM

MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP
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Figure10, Figurel1 andFigure12 showthe NARR (North American Regional Reanalysisi) stream
maximumwindsrotatingaround the base ofetv00 mb trough at 11 PM MST April 2, and 5 AM and 11
AM MST April 3, 2011 respectivelyAt the 700 mb level, peak winds stretched from southern Utah and
northern Arizona eastward into Kansas, Oklahoma and the Terbharile This jet streak included an
area of intense 3B0 knot winds located over the arid Four Corners region of Arizona, New Mexico,
Colorado and Utah.

Figurel3andFigure14 show the 500 mb trough and corresponding wind speeds at 5 AM MST and 11
AM MST on April 3,2011,respectivelylt is evident that the 500 mb wind speed intensified dramatically
during the maming hours in southern Colorado and northern New MexBstween 5 AM and 11 AM

MST, the 500 mb wind along the Colorado/New Mexico state line increased from the 50 to 70 knot range
(Figurel3) to the 70 to 90 knot rangEigurel14).
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Figure 10: NARR 700-m5 (abon 3' kiIorhéters abovenéanée level) éhélysis for 06Z April 3, 2011,
or 11 PM MST April 2, 2011, showing wind speeds in knots. Only speeds above 30 knots are

plotted.
(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datgsets
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Figure 11: NARR 700 mb (about 3 kilometers aboveneansea level) anajsis for 12Z April 3, 2011,

or 5 AM MST April 3, 2011, showing wind speeds in knotsOnly speeds above 30 knots are plotted.

(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datgsets
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Figure 122 NARR 700 mb (aboijt 3‘ kllometers abovenean sea level) analysis for 18Z April 3, 2011,
or 11 AM MST April 3, 2011, showing wind speeds in knotsOnly speeds above 30 knots are
plotted.

(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather_ datasets
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Figure 13 NARR 500 mb (about 6 kilometers aboveneansea Ievel) anbysis for 12Z April 3, 2011,
or 5 AM MST April 3, 2011, showing wind speeds in knotOnly speeds above 40 knots are plotted.
(data source:http://nomads.ncdc.noaa.gowata.php?name=access#hires weather_datasets

Figure 14: NARR 500 mb (about 6 kllometers abovmean sea Ievel) anaIyS|s for 182 April 3, 2011,
or 11 AM MST April 3, 2011, showing wind speeds in knotOnly speeds above 40 knotsre

plotted.
(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datgsets
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The upper level trougfobserved at 700 and 500 nafjected wind near the stace in two wayskFirst,
momentum associated with the strong winds aloft at the base of the trough was transferred to the surface
because of deep vertical mixing in the area of the strong windsHidgtappears to have been the
mechanismdr high surface windprior to the passage of the cold front showirigure 2 throughFigure

5.

Figure15throughFigure17 showthe height of the top of the mixed layerkilometers above MSL at 11

PM MSTon April 2, and 5 AM and 11 AM MST on April 3, 201respectivelyln Figurel5andFigure

16, mixing of 3 to 6 kilometers above MSEk located over the Four CorndRegion.Mixing to this
degreewould have been sufficient to transfer momentum to the surface from the zonengfigitnds at

700mb over the Four Gaers region during the same time frarRay(re10andFigurell). By 11 AM

MST (Figurel7), mixing heights of 5 to 7 kilometers above MSL are located just to the south of Alamosa
in southcentral Colorado and nortentral New MexicoWith this magnitude of mixing, it is

conceivable that the very intense 500 mb winds located over the region shéigurail4 were

transported dowrotthe surfaceWinds of this strength are not apparent at the 700 mb level at this time,
and this may reflect a weakness in the model analysis for this level at this place and time.

The second mechanism that aided in producing high surface winds o3 Aard the surface low
pressure systenfrigure 2 throughFigure5) with tight pressure gradientBhis was likely the key factor

in dust production for eastern Coloraafterthe passage of the cold frofhe tight pressure gradients are
easily identified inFigure18 where a bunching of isobars can be found in eastern Colorado just to the
north of Lamar.

Strong winds aloft and deep mixing in advance of the cold front,tigih pressure gradientehind the
cold front caused regional surface winds ovengh withgusts exceeding S@ph for several hours.
Winds of this strength can easdgiuse blowing dust if soils are diecall that wind speeds of 30 mph or
greater and/or gusts of 40 mph or highave been shown to cause blowing dust in Coloraele (
AppendixA i Grand Junction, Colorado, Blowing Dust Climatolagyd Appendix B Lamar, Colorado,
Blowing Dust Climatologgt the end of this documéniVhen blowing dust occurs with strong waat

the surface and aloft combinadth deep mixingas was observed during the April2011,event dust

can be suspended for many hours and transported long distBiness.conditionarethe hallmarks of a
regional dust transport event.

The synoptic weathreconditions on April 3 2011 (illustrated in Figure 3 through Figure 18) show

that the conditions necessary for widespread strong gustyd&iand transport of blowing dust were in
place over the area of concern.
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Figure 15: Height of the mixed layer in kilometers abovaneansea level from the NARR a06Z
April 3, 2011, or 11 PM MST April 2, 2011.0nly heightsabove 3 kilometers are plotted.
(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires _weather datasets

0

Figure 16: Height of the mixed layer in kilometers abovaneansea level from the NARR at 12Z
April 3, 2011, or 5 AM MST April 3, 2011. Only heights above 3 kilometers are plotted.
(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datgsets
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Figure 17: Height of the mixed layer in kilometers abovaneansea level from the NARR at 18Z
April 3, 2011, or 11 AM MST April 3, 2011.0nly heights above 3 kilometers are plotted.
(data source:http://nomads.ncdc.noaa.gov/data.php?name=access#hires _weather datasets
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Figure 18: Sea level pressure analysis at 21Z April 3, 2011, or 2 PM MST April 3, 2011.
(source: http://vortex.plymouth.edu/surface-u.html)

22


http://nomads.ncdc.noaa.gov/data.php?name=access%23hires_weather_datasets
http://vortex.plymouth.edu/surface-u.html

Figurel19throughFigure23 present synoptiscale weather maps centered over Denver, Colorado, which
include individual surface weather observations for 4:43 AM, 10:43 AM, 1:43 PM, 2:43 PM and 3:43 PM
MST April 3, 2011 respectivelyThese maps cover Colorado and the areas of AaizZdtah, and New

Mexico that were upwind of the portions of Colorado that experienced exceedances of tbifriad.

These surface analyses illustrate that winds above@0with gusts above 40 mph occurredriany

areas both to the south and to tloeth of the coldront and surface low pssure complex shown in
Figure 2 throughFigure5. On the mapn Figurel9, the station plot for Alamosa, Colorado (ALS) at 4:43
AM MST shows a reduced vislity of 3 statute miles anid accompaniedy t he i nfThai ty si g
infinity sign isthe weather symbol for hazdaze is often reported during dust storms, and in dry and
windy conditions hazeypically refers to blowing dust (see the followilirgk for the description of haze
published by the National Oceanic and Atmospheric Administration (NOAA):
http://www.crh.noaa.gov/Imk/?n=general_glossary

A second period of dust oceed later that morning and continued into the afternoon as a cold front
approached the regioAt 10:43 AM MST Figure20), the station observation for Farmington, NM

(FMN) approximately 20niles south of the Colorado state linenorthwestern New Mexicshows a

dollar sign ($).The dollar sign is the weather symbol for dust or sand raised by wind at the time of the
observationThree hours later at 1:43 PM MSHigure21) directly downwind from Farmington, haze

was again reported at Alamosa (ALS) with visibility significantly reduced to just 0.75 statute miles.
Additionally, blowing dust and haze were beginning to shift further east into southeast Colorado with La
Junta (LHX) reporting haze and visibility of 5 statute miles with winds from the seeghwest.

By 2:43 PM MST Figure22), the cold front was moving through southeast Coloraddhe wind

shifted to the north with the frontal passage, La Junta (LHX) recorded an observation of haze and
visibility of 4 statute miles. Meanwhile just the east of La Junta in Lamar (LAA), haze with a visibility
of only 1 statute mile was observed at 3:43 PM ME{ure23). Additional surface weather maps not
included here show that haze and blowing dust were reported in otteeopArizona, New Mexicand
Colorado on April 3

Surface weather rapsshow evidence of widespread blowing dust and winds above the threshold speeds
for blowing dust on April 32011
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Figure 19: NCAR RAP RealTime Weather Data website DEN sector surface analysis for 1143Z
April 3, 2011, or 4:43 AM MST April 3, 2011
(source: http://www.rap.ucar.edu/weather/)
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