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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 nature' (e.g., not
expected to reoccur or caused by acts of nature beyond man-made 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, 2011, in 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EPA released draft guidance documents on the implementation of the EER to State, tribal and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 “flag” air quality
monitoring data as an exceptional event and exclude those data from use in determinations
with respect to exceedances or violations of the NAAQS, if EPA concurs with the
demonstration submitted by the flagging agency.

Due to the semi-arid nature of parts of the state, Colorado is 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 the 24-hour PMqg
NAAQS. This document contains detailed information about the large regional windblown dust
events that occurred on April 1st and 2nd, 2015. The Colorado Department of Public Health
and Environment (CDPHE) Air Pollution Control Division (APCD) has prepared this report for
the U.S. Environmental Protection Agency (EPA) to demonstrate that the elevated PMyo
concentrations were caused by a natural event.

EPA‘s June 2012 draft Guidance on the Preparation of Demonstrations in Support of Requests
to Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events
Rule states “the 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 they expect stable surfaces
(i.e., controlled anthropogenic and undisturbed natural surfaces) to be overwhelmed...”. In
addition, in both eastern 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 the Lamar, Colorado,
Blowing Dust Climatology at http://www.colorado.gov/airquality/tech_doc_repository.aspx).
For these blowing dust events, 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 Colorado and the surrounding
states.

The PM;, exceedance in Lamar on April 1°* and 2™, 2015, would not have occurred if not for
the following: a) dry soil conditions over source regions with 30-day precipitation totals below
the threshold identified as a precondition for blowing dust; and (b) meteorological conditions
that caused strong surface winds over the area of concern. This PM;o exceedance was due to
an exceptional event associated with regional windstorm-caused emissions from erodible soil
sources outside the monitored areas. These sources are not reasonably controllable during
significant windstorms under abnormally dry or moderate drought conditions.

APCD is requesting concurrence on exclusion of the PM,, values from the Lamar Municipal
Building (08-099-0002) monitor on April 1% and 2™, 2015.

' Section 319 of the Clear Air Act (CAA), as amended by section 6013 of the Safe Accountable Flexible
Efficient-Transportation Equity Act: A Legacy for Users (SAFE-TEA-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
http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://www.colorado.gov/airquality/tech_doc_repository.aspx
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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 and 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 Events) and
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 EPA’s Air Quality System (AQS), submission of
initial event description, the documentation that the public comment process was followed,
and the submittal of a demonstration supporting the exceptional events flag. APCD has
addressed all of these procedural and documentation requirements.

Public notification that event was occurring (40 CFR 50. 14(c)(1)(i))

APCD issued a Blowing Dust Advisory for southwestern, south-central and southeastern
Colorado advising citizens of the potential for high wind/dust on April 2" and 3rd, 2015. The
cities impacted included: Telluride, Cortez, Durango, Pagosa Springs, Alamosa, Springfield,
Ordway, La Junta, Las Animas, Lamar, Eads, Cheyenne Wells, Springfield, and Trinidad. The
advisory that was issued on April 2" and 3", 2015 can be viewed at:
http://www.colorado.gov/airquality/report.aspx and is described further in Section 2.

Place informational flag on data in AQS (40 CFR 50.14(c)(2)(ii))
APCD and other applicable agencies in Colorado submit data into EPA’s AQS. Data from both
filter-based and continuous monitors operated in Colorado are submitted to AQS.

When APCD and/or the Primary Quality Assurance Organization operating monitors in
Colorado suspects that data may be influenced by an exceptional event, APCD and/or the
other operating agency expedites analysis of the filters collected from the potentially-
affected filter-based air monitoring instruments, quality assures the results and submits the
data into AQS. APCD and/or other operating agencies also submit data 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 submitted
with the measurement when the data are uploaded to AQS. The data are not official until
they are certified by May 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 stamp can 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 that the notification 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 descriptions. This was deemed acceptable, since Region 8 staff routinely
pull the data to review for completeness and other analyses.


http://www.colorado.gov/airquality/report.aspx

On April 1%t and 2", 2015, sample values greater than 150 pg/m® were taken in Lamar,
Colorado during the high wind events that occurred on those days. These high values were
taken at the monitor located in Lamar at the Municipal Building (SLAMS). This monitor is
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 Control Division’s webpage for public review.
APCD opened a 30-day public comment period on November 2, 2015 and closed comments on
December 3, 2015. 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. 14(a)(1-2))

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 document, along with any
comments received (if applicable), and APCD’s responses to those comments to EPA Region
VIIl headquarters in Denver, Colorado.

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 relationship between 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 the April 2015, Blowing
Dust Events and PMo Exceedances - Conceptual
Model and Wind Statistics

Two powerful storm systems caused exceedances of the 24-hour PMiostandard in Lamar,
Colorado in April 2015. Exceedances were recorded in Lamar at the Lamar Municipal Building
(08-099-0002) monitor. A meteorological analysis for both events is discussed further below.

EPA’s June 2012, Draft Guidance on the Preparation of Demonstrations in Support of Requests
to Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events
Rule states, “the 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 they expect stable surfaces
(i.e., controlled anthropogenic and undisturbed natural surfaces) to be overwhelmed...”. In
addition, in 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 the Lamar Blowing Dust Climatology available at
http://www.colorado.gov/airquality/tech_doc_repository.aspx). For these blowing dust
events, 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 Colorado.

2.1 April 1, 2015 Meteorological Analysis

On April 1, 2015, a powerful spring storm system caused an exceedance of the twenty-four
hour PM;o standard in Lamar, Colorado, at the Municipal Building (08-099-0002) monitor with a
concentration of 253 pg/m?’. This elevated reading and the location of the monitor is plotted
on a map of the Greater Lamar area in Figure 1. The exceedance in Lamar was the result of
intense surface winds in the wake of a passing cold front. The surface winds in southeast
Colorado were also likely enhanced by post-frontal thunderstorms moving to the north of
Lamar. These surface features were associated with a strong upper-level trough that was
moving across the western United States. The surface winds were predominantly out of a
northerly direction which moved over dry soils in eastern Colorado, producing significant
blowing dust.


http://www.colorado.gov/airquality/tech_doc_repository.aspx
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Figure 1: 24-hour PM,, concentration for the Lamar Municipal Building monitor, April 1,
2015.

(Source: http://webapps.datafed.net/datafed.aspx?dataset=AQS_D&parameter=pm10)

The upper level trough associated with this storm system is shown on the North American 700
mb height analysis maps at 5:00 PM MST, April 1, 2015 in Figure 2. The 700 mb level is located
roughly 3 kilometers above mean sea level (MSL). This chart shows that a deep trough of low
pressure was present at the 700 mb level at the onset of the blowing dust event of April 1,
2015, and that it was moving over eastern Colorado. During the spring months, this is a
typical scenario for the development of strong thunderstorms with gusty winds in eastern

Colorado (see the Technical Support Document for the May 25, 2013 Lamar Exceptional Event
and the Lamar Blowing Dust Climatology document at

http://www.colorado.gov/airquality/tech_doc_repository.aspx)
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Figure 2: 700 mb (about 3 kilometers above mean sea level) analysis for 0Z April 2, 2015,
or 5:00 PM MST April 1, 2015.

(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

The surface weather associated with the storm system of April 1, 2015, is presented in Figure
3 and Figure 4. Significant surface features at 2:00 PM MST, April 1 (21Z, Figure 3) included a
strong cold front which was moving through eastern Colorado. In advance of this front the
wind in southeast Colorado was predominantly out of a west to southwesterly direction and
was occasionally gusty, however the wind increased significantly once the cold front passed
(Figure 4). By 8:00 PM MST, a “tightening” of isobars was occurring in southeast Colorado
behind the cold front (circled in Figure 5). This indicates that a strong pressure gradient was
developing. Wind speed is directly proportional to the pressure gradient, so a higher pressure
gradient will produce stronger winds (see the following link for additional information on
pressure gradient and its relationship to wind speed from the National Oceanic and
Atmospheric Administration (NOAA):
http://www.srh.noaa.gov/jetstream/synoptic/wind.htm). The increasing pressure gradient
was in response to a building ridge of high pressure over western parts of South Dakota and
Nebraska interacting with a strong low pressure area moving into southwest Kansas. This
chain of events consequently produced extremely gusty northerly winds across southeast
Colorado by the evening of April 1, 2015.



http://nomads.ncdc.noaa.gov/ncep/NCEP
http://www.srh.noaa.gov/jetstream/synoptic/wind.htm

Figure 3: Surface Analysis for 21Z April 1, 2015, or 2:00 PM MST April 1, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

Figure 4: Surface Analysis for 3Z April 2, 2015, or 8:00 PM MST April 1, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 5: Southwestern United States Regional Surface Analysis for 3Z April 2, 2015, or
8:00 PM MST April 1, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

The synoptic weather conditions described above impacted a region that was in the midst of a
long-term drought (Figure 6). Notice that western Kansas and southeast Colorado both show
“Severe” drought conditions. Sustained drought conditions are known to make topsoil
susceptible to high winds and produce blowing dust (see the following link from the National
Climatic Data Center for more information:
https://www.ncdc.noaa.gov/paleo/drought/drght_history.html). Figure 7 shows the total
precipitation in inches from March 2, 2015 to March 31, 2015 for Colorado. Note the entire
area surrounding Lamar received less than 0.34 inches of precipitation during the 30-day
period leading up to the April 1, 2015 dust event. Based on previous research 0.5 to 0.6 inches
of precipitation over a 30-day period has been found to be the approximate threshold, below
which, blowing dust exceedances at Lamar are more likely to occur when combined with high
winds (see the Lamar Blowing Dust Climatology available at
http://www.colorado.gov/airquality/tech_doc_repository.aspx).

The U.S. Drought Monitor and 30-day precipitation totals indicate that soils in southeast
Colorado near Lamar were dry enough on April 1, 2015, to produce blowing dust when
winds were at or above the thresholds for blowing dust.
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U.S. Drought Monitor March 31, 2015

(Released Thursday, Apr. 2, 2015)

High Plains Vald 7 am, EST

Drought Conditions (Percent Area)

Mone |DO-D4 (D1-D4

Current 27.26 | 72.74 | 35.96

Last Week

zazis 2764 | 7236 | 2830 [ 207 | 020 | 000

IMoNthS RUO | 55 44 | 4n s 1128 | 545 | 036 | 000
12802004

Start of
Calendlar Year | 59.44 | 40.56 | 1128 | 546 [ 036 | 0.00
12602014

Start of
Water Year 7899 | 21.01 [ 1214 [ 595 | 088 | 0.00
8502019

OneYearAgo | g5 55 | 4765 3061 | 1219 [ 439 | 0.30
w014

Infensity
DO bnomlly Dry B o:creme Douwht
o1 Moderate Drought I 04 Exceptionsl Drought

D2 Severs Drought

The Drought Monior Tocuses on broad-scale condions.
Local conditions rmay vary. See accompanying text summary
for forec ast staterments.

Author:

Eric Luebehusen

U.S Department of Agriculiure

USDA z
=— o g g s

http:fidroughtmonitor.unl.edu/

Figure 6: Drought conditions for High Plains region at 5:00 AM MST March 31, 2015.
(Source: http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx)
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Figure 7: Total precipitation in inches for Colorado, March 2, 2015 - March 31, 2015.
(Source: http://prism.nacse.org/recent/)
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Based on the developing weather conditions and the drought-stricken soils described above,
high winds and the potential for blowing dust were anticipated by regional National Weather
Service (NWS) offices. The 4:12 AM MDT, April 1 Forecast Discussion from the Pueblo NWS
office stated:

“Models are showing potential for isold to sct high-based convection developing this
afternoon over the SE plains. Given surface dewpoints in the 20s...there is a potential for
isold dry lighting (sic)...and erratic gusty winds from virga and convective downdrafts.”
(Source: http://mesonet.agron.iastate.edu/wx/afos/)

Additionally, the 3:08 PM MST Area Forecast Discussion from the NWS in Goodland, Kansas
(about 100 miles northeast of Lamar) includes the possibility for blowing dust from the same
cold front which would soon impact southeast Colorado:

“North winds will rapidly increase as the low level jet and rapid surface pressure rises
move through the area. Gusts approaching 40 mph are certainty (sic) likely during the
evening as a result. Due to the very dry conditions...there could be some blowing dust for
locations that have not yet received rainfall.” (Source:
http://mesonet.agron.iastate.edu/wx/afos/)

The 7:59 PM MST Forecast Discussion from the Goodland NWS also notes that convection was a
contributor to the high winds behind the cold front:

“Strong winds...sometimes aided by convection...developed west of Highway 83. Briefly
considered issuing a short fused high wind warning.” (Source:
http://mesonet.agron.iastate.edu/wx/afos/)

Observations and forecasts issued by local NWS offices confirm that high winds and
blowing dust were anticipated across the region on April 1, 2015.

In order to fully evaluate the synoptic meteorological scenario of April 1, 2015, a regional
surface weather map is provided showing individual station observations during the height of
the event in question. Figure 8 presents weather observations for eastern Colorado and
adjacent states at 9:43 PM MST on April 1. In Figure 8 the station observation for Lamar (LAA)
shows winds sustained at 25 knots (29 mph), gusts to 35 knots (40 mph), and a reduced
visibility of 2 statute miles with the weather symbol of infinity («). The infinity sign is the
weather symbol for haze. Haze is often reported during dust storms, and in dry and windy
conditions haze typically refers to blowing dust (see the following link for the description of
haze published by the National Oceanic and Atmospheric Administration (NOAA):
http://www.erh.noaa.gov/er/box/glossary.htm). Also note that a suspected blowing dust
observation can be found in western Kansas, as Hill City (HLC) was reporting sustained winds
of 30 knots (35 mph), gusts to 40 knots (46 mph), haze, and visibility reduced to 5 statute
miles. This observation suggests that the dust event of April 1 was regional in scale and not
solely confined to the Lamar area.

Hourly surface observations, in table form, from Lamar along with La Junta, Colorado and
Goodland, Kansas provide supporting evidence that there was an extended period of high
winds and haze (blowing dust) across the region on April 1, 2015. Table 1 lists observations for
the PM;q exceedance location of Lamar while observations for La Junta and Goodland can be
found in Table 2 and Table 3, respectively. Observations that are climatologically consistent
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with blowing dust conditions (see the Lamar Blowing Dust Climatology available at
http://www.colorado.gov/airquality/tech_doc_repository.aspx) are highlighted in yellow.

Each of these weather observation sites experienced many hours of reduced visibility along
with sustained wind speeds and gusts at or well above the thresholds for blowing dust.

Surface weather maps and hourly observations show

that a regional dust storm occurred

under north to northeasterly flow in the wake of a cold front. This data provides clear

evidence of blowing dust and winds well above the threshold speeds for blowing dust on

April 1, 2015.
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Figure 8: High Plains regional surface analysis for 9:43 PM MST, April 1, 2015.
(Source: http://www.mmm.ucar.edu/imagearchive/)
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Table 1: Weather observations for Lamar, Colorado, on April 1, 2015

(Source: http://mesowest.utah.edu/)

Wind Wind
Time MST Relative | Wind Gust | Direction
April 1, | Temperature | Humidity | Speed in in Visibility
2015 Degrees F in % inmph | mph | Degrees | Weather | in miles
0:53 55 55 7 300 10
1:53 51 56 7 310 10
2:53 51 52 4 40 10
3:53 41 79 0 10
4:53 39 76 0 10
5:53 36 79 6 40 8
6:53 48 56 4 300 9
7:53 56 42 4 330 9
8:53 68 25 10 290 10
9:53 74 17 12 280 10
10:53 78 15 12 290 10
11:53 82 12 16 25 300 10
12:53 83 12 13 25 270 10
13:53 84 11 10 24 240 10
14:53 81 11 13 210 10
15:53 81 11 10 220 10
16:53 78 13 7 240 10
17:34 76 15 10 36 140 9
17:53 75 15 10 300 10
18:53 70 18 9 260 10
lt rain;

19:48 68 28 48 67 350 squalls 0.5
19:53 67 29 45 67 350 lt rain 0.25
20:00 65 34 38 55 350 (t rain 0.25
20:17 62 43 25 43 360 haze 1.25
20:22 61 44 32 39 360 haze 2
20:35 60 46 31 40 10 haze 2
20:40 60 46 31 39 10 haze 3
20:53 60 44 30 41 10 haze 4
21:53 55 55 14 27 30 7
22:53 50 63 8 30 8
23:53 44 73 4 250 8
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Table 2: Weather observations for La Junta, Colorado, on April 1, 2015
(Source: http://mesowest.utah.edu/)

Wind Wind
Time MST Relative | Wind Gust | Direction
April 1, | Temperature | Humidity | Speed in in Visibility
2015 Degrees F in % inmph | mph | Degrees | Weather | in miles
0:53 54 31 4 10
1:53 56 28 14 220 10
2:53 54 30 15 220 10
3:53 48 39 8 230 10
4:53 49 37 8 210 10
5:53 42 50 7 260 10
6:53 53 33 6 250 10
7:53 60 28 9 270 10
8:53 65 24 10 260 10
9:53 76 16 16 23 290 10
10:53 79 13 18 28 280 10
11:53 81 13 14 21 250 10
12:53 82 11 18 23 220 10
13:53 83 11 12 18 280 10
14:53 81 11 6 200 10
15:53 78 12 16 28 280 10
16:53 77 13 18 32 300 10
17:53 74 15 16 260 10
18:53 70 19 32 40 300 8
19:26 67 26 haze 1.5
19:32 65 30 haze 0.75
19:45 62 38
19:53 60 42
20:01 60 42 haze 1.5
20:08 59 44 haze 3
20:35 57 51 10
20:53 56 53 10
21:53 53 59 10
22:53 50 66 10
23:53 47 68 10
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Table 3: Weather observations for Goodland, Kansas, on April 1, 2015
(Source: http://mesowest.utah.edu/)

Wind Wind
Time MST Relative | Wind Gust | Direction
April 1, | Temperature | Humidity | Speed in in Visibility
2015 Degrees F in % inmph | mph | Degrees | Weather | in miles
0:53 54 53 15 180 10
1:53 55 62 20 28 180 10
2:53 54 69 17 180 10
3:53 50 82 14 180 10
4:53 49 83 16 180 10
5:53 48 86 15 200 10
6:53 51 79 21 180 10
7:53 57 62 20 190 10
8:53 64 45 18 200 10
9:53 72 31 16 200 10
10:53 77 24 12 190 10
11:53 83 12 17 350 10
12:53 82 11 13 360 10
13:53 82 11 4 10
14:53 81 12 8 350 10
15:39 77 14 15 23 360 10
15:53 77 14 12 360 10
16:53 77 14 10 21 10 10
17:53 70 21 30 39 340 10
18:04 65 32 37 59 330 haze 5
18:53 60 47 29 40 10 10
19:53 57 57 25 31 360 10
20:53 55 55 23 36 340 10
21:53 52 63 12 350 10
22:53 51 61 13 50 10
23:53 44 79 7 360 10

Radar imagery provides strong supporting evidence that a regional dust storm was taking
place on April 1, 2015. The Goodland, KS base reflectivity radar image at 7:04 PM MST, April 1
(Figure 9) shows several suspected bands of dust (circled in red) throughout western Kansas
and also in southeast Colorado to the north of Lamar. This radar image coincides in time and
location to a local storm report of blowing dust by a NWS employee:
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487
NWUS53 KGLD 020108
LSRGLD

PRELIMINARY LOCAL STORM REPORT
NATIONAL WEATHER SERVICE GOODLAND KS
708 PM MDT WED APR 01 2015

..TIME... ...EVENT... ...CITY LOCATION...  ...LAT.LON...

..DATE... ....MAG.... ..COUNTY LOCATION..ST.. ... SOURCE....
..REMARKS..

0705 PM  TSTMWND GST 13 N EDSON 39.52N 101.54W

04/01/2015 E60 MPH SHERMAN KS NWS EMPLOYEE

NEAR ZERO VISIBILITY IN BLOWING DUST.

These bands of blowing dust were likely produced by a combination of factors; including the
cold front passage described earlier in tandem with strong outflow winds from post-frontal
thunderstorms. Also note that the circled radar returns from Figure 9 have a distinct bow
echo pattern which is often associated with strong, sometimes damaging, winds that spread
outward from the bottom of storms (for additional information on bow echoes from the Storm
Prediction Center: http://www.spc.noaa.gov/misc/AbtDerechos/bowechoprot.htm).
Considering the extent of the drought in western Kansas and southeast Colorado (Figure 6)
along with the relatively low dBZ values on the radar return of Figure 9, it is reasonable to
assume that these bow echoes are indeed lofted dust.

By 8:18 PM MST, bow echo signatures started to appear on the Pueblo radar (Figure 10) in
close vicinity to Lamar. This radar image correlates well with surface observations in Lamar at
approximately the same time. At 8:17 PM MST (Table 1, 1 minute before the radar image of
Figure 10) Lamar reported sustained winds of 25 knots (29 mph), gusts to 43 knots (50 mph)
with haze and visibility reduced to 1.25 statute miles, suggesting that blowing dust was
occurring.

Regional blowing dust was also apparent the following day (April 2, 2015) via satellite
imagery. The National Oceanic and Atmospheric Administration (NOAA) Satellite Services
Division observed blowing dust at 11:45 AM MST, April 2, 2015, in the Texas Panhandle behind
the same cold front that impacted southeast Colorado the previous evening:

“Further southwest and west, the aerosol is more likely to be blowing dust behind the
cold front that is dropping south through the Texas Panhandle.” (Source:
http://www.ssd.noaa.gov/PS/FIRE/DATA/SMOKE/2015D021754.html)

Radar imagery in conjunction with surface observations and storm reports clearly reveal
that a dust storm was taking place in southeast Colorado on April 1, 2015. This
collection of data, combined with other evidence in this report, indicates that this dust
storm was a natural, regional event and therefore not controllable or preventable.
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Figure 9: NEXRAD Base Reflectivity image, 0.50° elevation angle, from the Goodland, KS

radar at 7:04 PM MST (104Z, April 2), April 1, 2015.
(Source: http://www.ncdc.noaa.gov/nexradinv/)
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Figure 10: NEXRAD Base Reflectivity image, 0.50° elevation angle from the Pueblo, CO

radar at 8:18 PM MST (218Z, April 2), April 1, 2015.
(Source: http://www.ncdc.noaa.gov/nexradinv/)
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2.2 April 2, 2015 Meteorological analysis

On April 2, 2015, a powerful spring storm system caused an exceedance of the twenty-four
hour PMo standard in Lamar, Colorado, at the Municipal Building (08-099-0002) monitor with a
concentration of 419 ug/m?*. This highly elevated reading and the location of the monitor is
plotted on a map of the Greater Lamar area in Figure 11. The exceedance in Lamar was the
result of intense surface winds in the wake of a passing cold front. These surface features
were associated with a strong upper-level trough that was moving across the western United
States. The surface winds were predominantly out of a north to northeasterly direction which
moved over dry soils in eastern Colorado, producing significant blowing dust.

High PM10 Natural Event in Colorado (April 2, 2015)

Lamar

3
® :
- Lamar Municipal’Building
% w:St :

419 ug/m’

Text

Sources: Esri, HERE, DeLorme, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO,
INPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China
(Hong Kong), swistopo, Ma ©0] ntributors, and the GIS User

y

Figure 11: 24-hour PM,, concentration for the Lamar Municipal Building monitor, April 2,
2015.
(Source: http://webapps.datafed.net/datafed.aspx?dataset=AQS_D&parameter=pm10)

The upper-level trough associated with this storm system is shown on the 700 mb and 500 mb
height analysis maps at 5:00 PM MST, April 2, 2015 in Figure 12 and Figure 13, respectively.
The 700 mb level is located roughly 3 kilometers above mean sea level (MSL) while the 500
mb level is approximately 6 kilometers above MSL. These two charts show that a deep trough
of low pressure was present at both the 700 and 500 mb level at the onset of the blowing dust
event of April 2 and that it was moving over the southwestern United States. During the spring
months, this is a typical scenario for the development of strong thunderstorms with gusty
winds in eastern Colorado (see the Technical Support Document for the May 25, 2013 Lamar
Exceptional Event and the Lamar Blowing Dust Climatology document at
http://www.colorado.gov/airquality/tech_doc_repository.aspx)
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Figure 12: 700 mb (about 3 kilometers above mean sea level) analysis for 0Z April 3,
2015, or 5:00 PM MST April 2, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 13: 500 mb (about 6 kilometers above mean sea level) analysis for 0Z April 3,
2015, or 5:00 PM MST April 2, 2015.

(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

The surface weather associated with the storm system of April 2, 2015, is presented in

Figure 14 and Figure 15. Significant surface features at 5:00 PM MST, April 2 (0Z April 3,
Figure 14) included a warm front departing southeast Colorado with a cold front approaching
from the north. In advance of the cold front the wind in southeast Colorado was
predominantly out of a south to southeasterly direction and was quite gusty at times.
However, the wind increased significantly once the cold front passed (Figure 15). By 8:00 PM
MST, a significant amount of “bunching” of isobars was occurring in southeast Colorado
behind the cold front (Figure 16). This indicates that a strong pressure gradient was in place.
Wind speed is directly proportional to the pressure gradient, so a higher pressure gradient will
produce stronger winds (see the following link for additional information on pressure gradient
and its relationship to wind speed from the National Oceanic and Atmospheric Administration
(NOAA): http://www.srh.noaa.gov/jetstream/synoptic/wind.htm). The increasing pressure
gradient was in response to a building ridge of high pressure over the Pacific Northwest
interacting with a strong low pressure area over the Oklahoma Panhandle. This chain of
events consequently produced extremely gusty north to northeasterly winds across southeast
Colorado by the evening of April 2, 2015.
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Figure 14: Surface Analysis for 0Z April 3, 2015, or 5:00 PM MST April 2, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 15: Surface Analysis for 3Z April 3, 2015, or 8:00 PM MST April 2, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 16: Southwestern United States Regional Surface Analysis for 3Z April 3, 2015, or
8:00 PM MST April 2, 2015.
(Source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

The synoptic weather conditions described above impacted a region that was in the midst of a
severe drought (Figure 17). Sustained drought conditions are known to make topsoil
susceptible to high winds and produce blowing dust (see the following link from the National
Climatic Data Center for more information:

https: //www.ncdc.noaa.gov/paleo/drought/drght_history.html). Figure 18 shows the total
precipitation in inches from March 3, 2015 to April 1, 2015 for Colorado. Note that the entire
area surrounding Lamar received less than 0.34 inches of precipitation during the 30-day
period leading up to the April 2, 2015 dust event. Based on previous research 0.5 to 0.6
inches of precipitation over a 30-day period has been found to be the approximate threshold,
below which, blowing dust exceedances at Lamar are more likely to occur when combined
with high winds (see the Lamar Blowing Dust Climatology available at
http://www.colorado.gov/airquality/tech_doc_repository.aspx).

The U.S. Drought Monitor and 30-day precipitation totals indicate that soils in southeast
Colorado near Lamar were dry enough on April 2, 2015 to produce blowing dust when
winds were at or above the thresholds for blowing dust.
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U.S. Drought Monitor March 31, 2015

(Released Thursday, Apr. 2, 2015)
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Figure 17: Drought conditions for Colorado at 5:00 AM MST March 31, 2015.
(Source: http://droughtmonitor.unl.edu/MapsAndData/MapArchive.aspx)
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Figure 18: Total precipitation in inches for Colorado, March 3, 2015 - April 1, 2015.
(Source: http://prism.nacse.org/recent/)
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Based on the developing weather conditions and the drought-stricken soils described above,
the blowing dust of April 2, 2015 was anticipated by local agencies. The Colorado Department
of Public Health and Environment (CDPHE) along with the National Weather Service (NWS)
office in Pueblo issued forecast products and advisories pertaining to blowing dust conditions
in southeast Colorado. At 12:00 PM MST on April 2 the CDPHE issued a Blowing Dust Advisory
for southeast Colorado, including the Lamar area. Text from that advisory includes:

“Strong gusty winds will create areas of blowing dust through Thursday evening. Winds
and the threat for blowing dust will decrease after about 10 PM.” (Source:
http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=04%2f02%2f2015)

And from the Pueblo NWS Area Forecast Discussion at 7:57 PM MST:

“This front has produced very gusty north winds...much stronger than originally
anticipated...and these strong winds have kicked up an (sic) rather large area of dust and
reduced visibilities. Therefore...dust advisory has been issued for portions of the SE plains
through this evening until midnight.” (Source:
http://mesonet.agron.iastate.edu/wx/afos/)

Forecasts and analysis issued by local agencies confirm that blowing dust was both
anticipated and observed across southeast Colorado on April 2, 2015.

In order to fully evaluate the synoptic meteorological scenario of April 2, 2015, a regional
surface weather map is provided showing individual station observations during the height of
the event in question. Figure 19(a) presents weather observations for eastern Colorado and
adjacent states at 8:46 PM MST on April 2. On the map in Figure 19(a) the station observation
for Lamar (LAA) shows winds sustained at 30 knots (35 mph), gusts to 48 knots (55 mph), and
a reduced visibility of 1 statute mile with the weather symbol of infinity («). The infinity sign
is the weather symbol for haze. Haze is often reported during dust storms, and in dry and
windy conditions haze typically refers to blowing dust (see the following link for the
description of haze published by the National Oceanic and Atmospheric Administration
(NOAA): http://www.erh.noaa.gov/er/box/glossary.htm).

Nearly an hour later at 9:33 PM MST (Figure 19(b)), visibility in Lamar continued to be
obscured at 3 statute miles with haze while the wind had actually intensified somewhat
(sustained at 40 knots (46 mph) with gusts to 48 knots (55 mph). The Lamar observations at
8:46 PM and 9:33 PM MST are consistent with blowing dust conditions in southeast Colorado
(30 mph sustained winds, 40 mph gusts; see the Lamar Blowing Dust Climatology available at
http://www.colorado.gov/airquality/tech_doc_repository.aspx). Also note that 50 miles to
the west of Lamar, La Junta (LHX) was reporting sustained winds of 25 knots (29 mph), gusts
to 37 knots (43 mph), haze and visibility reduced to 3 statute miles (Figure 19(b)). This
observation indicates that the dust event of April 2 was likely regional in scale and not solely
confined to the Lamar area.

Hourly surface observations, in table form, from Lamar along with La Junta provide
supporting evidence that there was an extended period of high winds and haze (blowing dust)
in southeast Colorado on April 2. Table 4 lists observations for the PM;o exceedance location
of Lamar while observations for La Junta can be found in Table 5. Observations that are
climatologically consistent with blowing dust conditions (see the Lamar Blowing Dust
Climatology available at http://www.colorado.gov/airquality/tech_doc_repository.aspx) are
highlighted in yellow. Both of these weather observation sites experienced many hours of
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reduced visibility along with sustained wind speeds and gusts at or above the thresholds for

blowing dust.

Surface weather maps and hourly observations show that a regional dust storm occurred
under north to northeasterly flow in the wake of a cold front. This data provides clear
evidence of blowing dust and winds well above the threshold speeds for blowing dust on

April 2, 2015.
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Figure 19: High Plains regional surface analysis for (a) 8:46 PM MST and (b) 9:33 PM MST,

April 2, 2015.

(Source: http://www.mmm.ucar.edu/imagearchive/)
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Table 4: Weather observations for Lamar, Colorado, on April 2, 2015
(Source: http://mesowest.utah.edu/)

Wind Wind
Time MST Relative | Wind Gust | Direction
April 2, | Temperature | Humidity | Speed in in Visibility

2015 Degrees F in % inmph | mph | Degrees | Weather | in miles
0:53 45 74 4 330 8
1:53 40 83 5 190 8
2:53 38 85 4 240 8
4:53 36 89 7 360 8
5:53 38 85 5 50 7
6:53 43 76 0 7
7:53 48 61 0 7
8:53 53 46 7 160 7
9:53 56 43 10 160 7
10:53 61 36 16 24 140 7
11:53 65 33 18 24 150 7
12:53 68 30 21 31 150 7
13:53 70 28 20 31 170 7
14:53 72 26 28 35 170 7
15:53 72 27 28 36 160 7
16:53 71 28 21 30 140 7
17:53 70 23 22 30 170 7
18:39 64 27 29 39 340 haze 2.5
18:42 60 35 40 50 340 haze 1.25
18:45 55 43 38 50 340 haze 0.75
18:53 48 56 44 59 10 lt rain 0.5
19:05 45 63 45 61 20 haze 0.75
19:15 42 70 44 58 10 haze 1.25
19:31 41 73 37 55 10 haze 2
19:45 41 73 38 50 20 haze 2.5
19:53 40 73 33 50 20 haze 3
20:07 40 73 33 50 20 haze 2.5
20:15 39 72 45 55 30 haze 3
20:53 39 31 43 30 haze 4
21:53 39 31 38 20 haze 6
22:09 39 23 33 20 8
22:53 39 18 30 30 9
23:29 39 16 22 10 9
23:53 38 17 25 20 9
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Table 5: Weather observations for La Junta, Colorado, on April 2, 2015
(Source: http://mesowest.utah.edu/)

Wind Wind
Time MST Relative Wind Gust | Direction
April 2, | Temperature | Humidity | Speed in in Visibility
2015 Degrees F in % inmph | mph | Degrees | Weather | in miles
11:53 67 31 23 30 160 10
12:53 70 26 24 33 150 10
13:53 71 26 30 38 150 9
14:53 72 23 28 44 160 haze 4
15:24 78 8 30 39 260 haze 3
15:29 79 7 36 44 260 haze 1.75
15:32 78 6 haze 1
15:40 78 6 haze 0.75
15:47 79 6 35 41 260 haze 1.25
15:53 78 6 haze 1
16:04 78 7 haze 0.75
16:15 77 7 30 270 haze 1.25
16:21 77 7 31 39 250 haze 3
16:34 77 7 30 40 260 haze 4
16:53 74 8 27 33 260 10
17:24 62 31 lt rain
17:30 57 44 It rain 0.25
17:37 54 49 lt rain 0.25
17:53 51 52 lt rain 0.25
18:42 43 65 It rain
18:48 43 61 lt rain 0.25
18:53 42 64 50 62 10 It rain 0.25
19:03 41 65 lt rain
19:29 41 62 38 56 10 lt rain 0.75
19:48 39 65 37 55 20 lt rain 1.25
19:53 40 65 43 54 10 haze 1.75
20:06 40 62 40 51 20 haze 2
20:23 40 65 31 43 20 haze 3
20:53 40 62 21 37 10 haze 4
21:03 40 62 21 32 20 haze 5
21:39 40 65 21 10 10
21:53 39 67 22 10 10
22:11 39 67 22 10 10
22:44 38 73 17 10 10
22:53 38 73 18 10 10
23:53 38 76 15 10 10
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Radar imagery provides strong supporting evidence that a regional dust storm was taking
place on April 2, 2015. The Pueblo Base Velocity radar image at 5:43 PM MST, April 2 (Figure
20) shows suspected areas of dust (circled in red) moving in a southerly direction away from
the radar. These bands of blowing dust were likely being produced by the strong pressure
gradient in the wake of the cold front passage shown earlier in Figure 16. Also note that the
radar returns from Figure 20 have distinct bow echo patterns which are often associated with
strong, sometimes damaging, winds (see the following link for the description of a bow echo
published by the National Oceanic and Atmospheric Administration:
http://www.erh.noaa.gov/er/box/glossary.htm). Considering the extent of the drought in
southeast Colorado and the relatively low dBZ values on the radar return, it is reasonable to
assume that these bow echoes are indeed lofted dust.

By 6:03 PM MST the bow echo signatures had progressed further southward and were
impacting several small towns in southeast Colorado, including Fowler (Figure 21). By viewing
a webcam photo from Fowler at precisely the same time as this radar image, we can
reasonably ascertain that blowing dust was occurring in southeast Colorado. Figure 22 shows a
webcam image from Fowler at 6:03 PM MST which clearly shows a considerable amount of
blowing dust obscuring the horizon.

Shortly thereafter, the bow echo signatures disappeared from the Pueblo radar and never
fully appeared in close vicinity to Lamar. The likely reason for this is due to the gap in
NEXRAD coverage in southeast Colorado, with the lowest radar returns available ranging from
6,000 to 10,000 ft. above ground level (Figure 23). It is possible, if not likely, that the radar
beam was overshooting any blowing dust that was located close to the surface in Lamar.

Radar data in conjunction with webcam imagery clearly reveals that a dust storm was
taking place throughout southeast Colorado on April 2, 2015. This collection of data,
combined with other evidence in this report, indicates that this dust storm was a
natural, regional event and therefore not controllable or preventable.
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Figure 20: NEXRAD Base Velocity image, 0.50° elevation angle, from the Pueblo, CO radar
at 5:43 PM MST (2343Z, April 2), April 2, 2015.
(Source: http://www.ncdc.noaa.gov/nexradinv/)
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Figure 21: NEXRAD Base Velocity image, 0.50° elevation angle, from the Pueblo, CO radar
at 6:03 PM MST (003Z, April 3), April 2, 2015.
(Source: http://www.ncdc.noaa.gov/nexradinv/)
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webcaryxP 6:03:58 PM 4/2/2015

Figure 22: Fowler, CO webcam image at 6:03 PM MST April 2, 2015.
(Source: http://www.wunderground.com/wundermap/)
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Figure 23: NEXRAD coverage below 10,000 ft. above ground level.
(Source: http://www.roc.noaa.gov/WSR88D/Maps.aspx)
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3.0 Evidence - Ambient Air Monitoring Data and

Statistics

Multiple intense fronts moved across south eastern Colorado in 2013. Several of these
transported blowing dust into Lamar from source regions outside of the monitoring area.
Ambient air monitoring data and statistics for each event are discussed further on the
following pages.

3.1 April 1, 2015 Monitoring Data and Statistics

On April 1, 2015, a cluster of strong to severe thunderstorms in southeast Colorado with
powerful outflow winds caused an exceedance of the twenty-four hour PM, standard in
Lamar, Colorado. The thunderstorms were associated with an unstable atmosphere, the
disturbance causing strong south to southwest winds and resulting in significant blowing dust
in the Lamar area. The strong winds blowing over dry soils affected PM;, samples at the only
remaining site in Lamar, CO. During this event a sample in excess of 150 pug/m?® was recorded
at Lamar Municipal (253 pg/m’).

3.1.1 Historical Fluctuations of PM;o Concentrations in Lamar
This evaluation of PM;; monitoring data for sites affected by the April 1, 2015, event was
made using valid samples from PM;o samplers in Lamar from 2010 through June 2015 (the last
available sample at the time of analysis); APCD has been monitoring PM;y, concentrations in
Lamar since 1985. The overall data summary for the affected site is presented in Table 6,
with all data values being presented in pug/m’.

Table 6: April 1, 2015, Event Data Summary

Evaluation Lamar Municipal
04/01/2015 253
Mean 25.7
Median 19
Mode 19
St. Dev 41.3
Var 1705.5
Minimum 2
Maximum 1220
Percentile 99.5%
Count 1875

Lamar Municipal - 08-099-0002

The PMy, sample on April 1, 2015, at Lamar Municipal of 253 ug/m?® exceeds the 99*"
percentile value for all evaluation criteria and is the 11th largest sample of the dataset. The
ten samples greater than the event sample are all associated with high wind events. There
are 1,875 samples in this dataset. The sample of April 1 clearly exceeds the typical samples
for this site.

33



Figure 24 and Figure 25 graphically characterize the Lamar Municipal PM;q data. Figure 24 is a
simple time series; every sample in this dataset (2010 - 2015) greater than 150 pug/m? 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 than 100 pg/m?. Of the 1,875
samples in this data set less than 1% are greater than 100 pg/m?>.
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Figure 24: Lamar Municipal PM;, Time Series, 2010 - 2015

The monthly box-whisker plot in Figure 25 highlights the consistency of the majority of data
from month to month. Note the greater variability (wider inner-quartile range) and greater
range of the data through the winter and early spring months that’s accompanied by typically
greater monthly maxima. Recall, this time period experiences a greater number of days with
meteorological conditions similar to those experienced on April 1, 2015. Although these high
values affect the variability and central tendency (average) of the dataset they are not
representative of what is typical at the site.
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Figure 25: Lamar Municipal PM,, Box-Whisker Plot, 2010 - 2015

Note the degree to which the data in the months of fall through spring, beginning in October
and extending through May, are skewed. The April mean (41.9 pg/m?) is greater than the April
median value (20.5 pg/m?®) and is greater than 80% of all samples in any April. The skew in the
data is due to the presence of a handful of extreme values and can create the perception that
those months experiencing these high wind events are somehow ‘dirtier’ than other months of
the year. This data exposes that perception as flawed, typical data subject to local sources of
variation are similar to every other month of the year. Figure 25 suggests that typical, day to
day PM,, concentrations exposures for the months of June and September are highest among
all months. The sample of April 1, 2015, clearly exceeds the typical data at this site.

3.1.2 Wind Speed Correlations

Wind speeds in southeast Colorado increased late morning of April 1, 2015, and stayed
elevated throughout the night of April 2, 2015, gusting to speeds in excess of 40 mph with
sustained hourly averages exceeding 25 mph. The two charts in Figure 26 display wind speed
(mph) as a function of date from meteorological sites within the Lamar area for a number of
days before and after the event.

Lamar, CO (Port of Entry) Wind Speed, 3/25/15 - 4/08/15 Lamar, CO (KLAA) Wind Speed, 3/25/15 - 4/8/15
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Figure 26: Wind Speed (mph), Lamar, CO,
03/25/2015 - 04/08/2015
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Figure 27 plots PM,y concentrations from the affected sites for the period for seven days prior

to and following the sample of April 1, 2015.

PM,,Concentrations, Affected Sites, 3/25/15 - 4/8/15
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Figure 27: PM,c Concentrations, Lamar Municipal, 03/25/2015 - 04/08/2015

Figure 27 mimics the plots for wind speed, suggesting an association between the high winds
and PM;, concentrations at the affected site, even to the extent the wind continued to blow

through the early hours of April 1, 2015 contributing to that day’s high sample of 253 ug/m?’
(exceeding the 99" percentile for the entire data set). Although the samples were affected
differing degrees by the high winds (possibly reflecting the variation in contribution from
local sources) the elevated concentrations are clearly associated with the elevated wind
speeds. The relationship between the two data sets would suggest that the regional high
winds had an effect on PM;o samples in Lamar on April 1.

3.1.3 Percentiles

Monthly percentile plots in Figure 28 demonstrate a high degree of association between
monthly median values and relatively high monthly percentile values, e.g. the Pearson’s r
value between the monthly 90" percentile value at Lamar Muni and the monthly median is
0.65. As the percentile value decreases (i.e. 85%, 75%, etc) the correlation between those
values and the monthly median values increases sharply.

to
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Lamar Muni PM,, Monthly Percentile Plot
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Figure 28: Monthly PM;, Percentile Plots, 2010 - 2015

It is certainly the case that monthly median values are indicative of typical, day to day
concentrations. Additionally, there is a range of samples that are a product of normal
variation subject to typical, day to day local effects. This range may be restricted to
percentile values that are well correlated with the median. For the data set of concern, a
conservative estimate of the percentile value that is reflective of typical, day to day variation
is the 75" percentile value. Nearly all of the variation in the monthly 75 percentile values of
this data set can be explained by the variation in monthly medians; for Lamar Municipal, the
correlation between the median and monthly 75" percentile values is r* = 0.9. A reasonable
estimate of the contribution to the event from local sources for this data set may be the
monthly 85" percentile values the correlation between the median and the monthly 85%
percentile values is r? = 0.80. If these percentile values are taken as an estimate of event PM;o
due to local variation then the portion of the sample concentration remaining from these
monthly percentile values would be the sample contribution due to the event.

Table 7identifies various percentile values that are representative of the maximum
contribution due to local sources from all May data (2009 - 2014). In Table 7 the range
estimate in the ‘Est. Conc. Above Typical’ column is derived using the difference between the
actual sample value and the 85" percentile as the minimum (reasonable) event contribution
estimate and the difference between the actual sample value and the 75" percentile as the
maximum (conservative) event contribution estimate. This column represents the range of
estimated contribution to the April 1, 2015, Lamar Municipal sample due to the high wind
event.
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Table 7: Estimated Maximum Event PM;, Contribution, Lamar Municipal, 2009 - 2014

Event Day April April April April
Concentration  Median Average 75th % 85th %  Est. Conc. Above
Site (Mg/m’) (vg/m’)  (pg/m’)  (pg/m’) (pg/m’) Typical (ug/m’)
Lamar
Municipal 253 20.5 41.9 35 45 208 - 218

Clearly, there would have been no exceedance but for the additional contribution to the PMyq
sample provided by the event.

3.2 April 2, 2015 Monitoring Data and Statistics

On April 2, 2015, a powerful spring storm in southeast Colorado caused an exceedance of the
twenty-four hour PMo standard in Lamar, Colorado. The passing cold front resulted in intense
surface winds resulting in significant blowing dust in the Lamar area. The strong winds
blowing over dry soils affected PM;q samples at the only remaining site in Lamar, CO. During
this event a sample in excess of 150 pg/m?® was recorded at Lamar Municipal (Lamar Muni, 419
ug/m’).
3.2.1 Historical Fluctuations of PM;o Concentrations in Lamar
This evaluation of PM;; monitoring data for sites affected by the April 2, 2015, event was
made using valid samples from PM;, samplers in Lamar from 2010 through June 2015 (the last
available sample at the time of analysis); APCD has been monitoring PM;y, concentrations in
Lamar since 1985. The overall data summary for the affected site is presented in Table 8,
with all data values being presented in pg/m’.

Table 8: April 2, 2015, Event Data Summary

Evaluation Lamar Municipal
04/02/2015 419
Mean 25.7
Median 19
Mode 19
St. Dev 41.3
Var 1705.5
Minimum 2
Maximum 1220
Percentile 99.5%
Count 1875

Lamar Municipal - 08-099-0002

The PMy, sample on April 2, 2015, at Lamar Municipal of 419 ug/m?® exceeds the 99*"
percentile value for all evaluation criteria and is the 2nd largest sample of the dataset. The
only sample greater than the event sample is associated with a high wind event. There are
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1,875 samples in this dataset. The sample of April 2 clearly exceeds the typical samples for
this site.

Figure 29 and Figure 30 graphically characterize the Lamar Municipal PM,, data. Figure 29 is a
simple time series; every sample in this dataset (2010 - 2015) greater than 150 pug/m? 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 than 100 pg/m?. Of the 1,875
samples in this data set less than 1% are greater than 100 pg/m’.
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Figure 29: Lamar Muni PM,, Time Series, 2010 - 2015

The monthly box-whisker plot in Figure 30 highlights the consistency of the majority of data
from month to month. Note the greater variability (wider inner-quartile range) and greater
range of the data through the winter and early spring months that’s accompanied by typically
greater monthly maxima. Recall, this time period experiences a greater number of days with
meteorological conditions similar to those experienced on April 2, 2015. Although these high
values affect the variability and central tendency (average) of the dataset they are not
representative of what is typical at the site.
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Figure 30: Lamar Muni PM,, Box-Whisker Plot, 2010 - 2015

Note the degree to which the data in the months of fall through spring, beginning in October
and extending through May, are skewed. The April mean (41.9 pg/m?) is greater than the April
median value (20.5 pg/m’) and is greater than 80% of all samples in any April. The skew in the
data is due to the presence of a handful of extreme values and can create the perception that
those months experiencing these high wind events are somehow ‘dirtier’ than other months of
the year. This data exposes that perception as flawed, typical data subject to local sources of
variation are similar to every other month of the year. Figure 30 suggests that typical, day to
day PM,, concentrations exposures for the months of June and September are highest among
all months. The sample of April 2, 2015, clearly exceeds the typical data at this site.

3.2.2 Wind Speed Correlations

Wind speeds in southeast Colorado increased late morning of April 2 and stayed elevated
throughout the night of April 2, gusting to speeds in excess of 40 mph with sustained hourly
averages exceeding 25 mph. The following two charts in Figure 31 display wind speed (mph)
as a function of date from meteorological sites within the affected area for a number of days
before and after the event.
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Figure 32 plots PM;, concentrations from the affected sites for the period for seven days prior
to and following the sample of April 2, 2015.

PM,,Concentrations, Affected Sites, 3/25/15 - 4/8/15
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Figure 32: PM;o Concentrations, Lamar Municipal, 03/25/2015 - 04/08/2015

Figure 32 mimics the plots for wind speed, suggesting an association between the high winds
and PM,; concentrations at the affected site, even to the extent the wind continued to blow
through the early hours of April 2, 2015, contributing to that day’s high sample of 419 ug/m?
(exceeding the 99'" percentile for the entire data set). Although the samples were affected to
differing degrees by the high winds (possibly reflecting the variation in contribution from
local sources) the elevated concentrations are clearly associated with the elevated wind
speeds. The relationship between the two data sets would suggest that the regional high
winds had an effect on PM;gsamples in Lamar on April 2.

3.2.3 Percentiles

Monthly percentile plots in Figure 33 demonstrate a high degree of association between
monthly median values and relatively high monthly percentile values, e.g. the Pearson’s r
value between the monthly 90" percentile value at Lamar Muni and the monthly median is
0.65. As the percentile value decreases (i.e. 85%, 75%, etc) the correlation between those
values and the monthly median values increases sharply.
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Lamar Muni PM,, Monthly Percentile Plot
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Figure 33: Monthly PM,, Percentile Plots, 2010 - 2015

It is certainly the case that monthly median values are indicative of typical, day to day
concentrations. Additionally, there is a range of samples that are a product of normal
variation subject to typical, day to day local effects. This range may be restricted to
percentile values that are well correlated with the median. For the data set of concern
(Lamar Muni) a conservative estimate of the percentile value that is reflective of typical, day
to day variation is the 75" percentile value. Nearly all of the variation in the monthly 75"
percentile values of this data set can be explained by the variation in monthly medians; for
Lamar Muni these the correlation between the median and monthly 75" percentile values is r
= 0.9. A reasonable estimate of the contribution to the event from local sources for this data
set may be the monthly 85" percentile values the correlation between the median and the
monthly 85" percentile values is r* = 0.80. If these percentile values are taken as an estimate
of event PM,, due to local variation then the portion of the sample concentration remaining
from these monthly percentile values would be the sample contribution due to the event.

2

Table 9 identifies various percentile values that are representative of the maximum
contribution due to local sources from all May data (2009 - 2014). In Table 9, the range
estimate in the ‘Est. Conc. Above Typical’ column is derived using the difference between the
actual sample value and the 85" percentile as the minimum (reasonable) event contribution
estimate and the difference between the actual sample value and the 75" percentile as the
maximum (conservative) event contribution estimate. This column represents the range of
estimated contribution to the April 2, 2015, Lamar Municipal sample due to the high wind
event.
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Table 9: Estimated Maximum Event PM;, Contribution, Lamar Municipal, 2009 - 2014

Event Day April April April April
Concentration Median Average 75th% 85th % Est. Conc. Above
Site | (ug/m’)  (ug/m’) (ug/m’) (ug/m’) (ug/m’)  Typical (ug/m’)
Lamar
Municipal 419 20.5 41.9 35 45 374 - 384

Clearly, there would have been no exceedance but for the additional contribution to the PMyq

sample provided by the event.
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4.0 News and Credible Evidence
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5.0 Not Reasonably Controllable or Preventable: Local
Particulate Matter Control Measures

While it is likely that some dust was generated within the local communities by gusts from the
regional dust storms that passed through the area, the amount of dust generated locally was
easily overwhelmed by, and largely unnoticeable as compared to the dust transported in from
surrounding areas. The following sections will describe in detail the regulations and programs
in place designed to control PM,, in each affected community. These sections will
demonstrate that the events were not reasonably controllable, as laid out in Section 50.1(j)
of Title 40 CFR 50, within the context of reasonable local particulate matter control
measures. As shown from the meteorological and monitoring analyses (Sections 2 and 3), the
source regions for the associated dust that occurred during the April 2015 events in Lamar
originated outside of the monitored areas.

The APCD conducted thorough analyses and outreach with local governments to confirm that
no unusual anthropogenic PMo-producing activities occurred in these areas and that despite
reasonable control measures in place, high wind conditions overwhelmed all reasonably
available controls. The following subsections describe in detail Best Available Control
Measures (BACM), other reasonable control measures, applicable federal, state, and local
regulations, appropriate land use management, and an in-depth analysis of potential areas of
local soil disturbance for each affected community during the April 2015 events. This
information shall confirm that no unusual anthropogenic actions occurred in the local areas of
Lamar during this time.

5.1 Regulatory Measures - State
The APCDs regulations on PM;, emissions are summarized in Table 10.

Table 10: State Regulations Regulating Particulate Matter Emissions

Rule/Ordinance Description

Colorado Department of Public Health | Applicable sections include but are not limited to:
and Environment

Regulation 1- Emission Control For Everyone who manages a source or activity that is
Particulate Matter, Smoke, Carbon subject to controlling fugitive particulate emissions
Monoxide, And Sulfur Oxides must employ such control measures and operating

procedures through the use of all available practical
methods which are technologically feasible and
economically reasonable and which reduce, prevent
and control emissions so as to facilitate the
achievement of the maximum practical degree of
air purity in every portion of the State. Section
[11.D.1.a)

Anyone clearing or leveling of land greater than five
acres in attainment areas or one acre in non-
attainment areas from which fugitive particulate
emissions will be emitted are required to use all
available and practical methods which are
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technologically feasible and economically
reasonable in order to minimize fugitive particulate
emissions. (Section I11.D.2.b)

Control measures or operational procedures for
fugitive particulate emissions to be employed may
include planting vegetation cover, providing
synthetic cover, watering, chemical stabilization,
furrows, compacting, minimizing disturbed area in
the winter, wind breaks and other methods or
techniques approved by the APCD. (Section
[11.D.2.b)

Any owner or operator responsible for the
construction or maintenance of any existing or new
unpaved roadway which has vehicle traffic
exceeding 200 vehicles per day in the
attainment/maintenance area and surrounding
areas must stabilize the roadway in order to
minimize fugitive dust emissions (Section
[11.D.2.a.(i))

Colorado Department of Public Health
and Environm