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1. OVERVIEW
1.1 Introduction

Early inthe day @ May 23", 2016,an unusual area of elevated ozone concentrations over the
upper MidwestindNew York State moedinto New England.Widespreadhighly elevated
ozone level®arly in the season occur infrequently. Rarely do ozone events oc®irthe
meteorological conditiongbserved.

It becamequickly evidentjnitially through discrepancies with the forecast modslls, and

later through analyses of satellite and other,dhtd the elevated ozone was likely due to the
Fort McMurray widfire smoke plume that had been moving toward New England for several
days. The National Oceanic and Atmospheric Administration (NOAA) operational ozone
mode| which was not configured to include effects from wildfitesgd been predicting good to
modeate ozone concentrations throughout the;aregerthelessir quality reached unhealthy
levels in many areas of the Staienoon on May 25,

. s T T T WS, R .

_ a) NOAA Model Prediction for May 25, 2016 |- b) Observed Ozone AQl for May 25, 2016
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Flgure 1. Model Forecased Air Quality versus Observed NOAA model forecasted AQI values for M&th,
2016 (a) and the observed ozone AQI values (b). Figure 1a shows the early morning forecast (isopleths) f
of May 25" including wind fields and actual observed ozone AQI levels at monitoring sites (circles) in the n
Figure 1b shas the extent of the observed ozone levels. Note that Figure 1a color scheme for monitors mi
color scheme in figure 1b.

The unusual air quality continued @ennecticut air quality monitoend those in nearby states
reportel daily maximum &our average ozone levels over the 70 ppb National Ambient Air
Quality Standard (NAAQSyom May 25" through the28".

In August of 2016having conducted a preliminary review of the eventQbanecticut
Department of Energy and Envinmental Protection (DEERJaced an informational flag on all



the monitored ozone data for that enfoar-dayevent indicating that the datad been

influenced by the Canadian wildfirs required by th&xceptionalEventsRule (Title 40 of the

Code @ Federal Regulations Part 50.14) DEEP notifteel Environmental Protection Agency

(EPA) by letter datedseptember 28 2016,thatwe intendel 0 submit an excepti c
data exclusion demonstration foetavent

The lettercitedthe factorsindicatingthat the Fort McMurray wildfe influenced the flagged data
as follows

1 Weather patterns were initially not favorable for ozone formation over Connecticut. High
pressure trapped pollutants from the wildfire over the upper Great Lakes for several days
before normally clean northwest winds transported 'unhealthy' levels of ozone to the east
and southeast across New Y@&tate and then to Connecticut;

1 Visible satellite plumes and back trajectory anedyer the time periodefore the event
showed wildfre smoke transpati southeast into the Midwestern States before arriving
over Connecticut on May 25th, 2016; and

1 The NOAA operational ozone forecast model uratedicted ozone by more than 20 ppb
during the period. The under prediction is likely dueh®inability of the model to
account for the effect of retime gasphase smoke emissions from the fire.

Although all four days of theegionalozone evenivere likelyinfluenced by the smoke plume
chemistry, Connecticut believes that the days of Mag&52016 unequivocally qualify for an
exceptional event data exclusion and request this exclusion for the four monitors that would have
the most regulatory impac@his document, in accordance with the exceptional events rule,
provides the evidence ftine exclusion of ozone data for the entire 48 hour period of Ma3&25

2016 for the following four monitors: Cornwall, East Hartford, Westport, and Abington.

1.2 EPA Exceptional Event Guidance

The Exceptional Events Ryleontained irTitle 40 of theCodeof Federal Regulations Part
50.14 (40CFR50.14yvas revised by EP# October 0f2016. The revised ruldescribs the
procedures for treating data which has been influenced by an exceptional Acentdingly,
an exceptional events demonstration misiude the following elements:

1) A narrative conceptual model that describes the event(s) causing the exceedaragoor
and a discussion of how emissions from the event(s) led to the exceedaintation at the
affected monitor(s);

2) A demongtation that the event affected air quality in such a way that there exists a clear
causal relationship between the specific event and the monitored exceedance or violation;

! Federal RegisterVol. 81, No. 191 / Monday, October 3, 20T6eatment of Data Influenced I@xceptional Events



3) Analyses comparing the claimed everiluenced concentration(s) to concentrai@tthe
same monitoring site at other times. The Administrator shall not require a Stabeeca
specific percentile point in the distribution of data;

4) A demonstration that the event was both not reasonably controllable aedswiably
preventale;

5) A demonstration that the event was caused by human activity that is unlikely tatracur
particular location or was a natural event; and

6) Documentation that the submitting air agency followed the public comment process

Wildfires aredefinedat4 0 CFR 50. 1(n) as fAnéany fire startect
by lightning; volcanoes; other acts of nature; unauthorized activity; or accidental,-camsed

actions, or a prescribed fire that has developed into a wildfire. A wildfire that preglottyi

occurs on wi l dl aBPA has preparedyaidansgedficto amalyeingthe. 0

influence of wildfires on ozone evehts

Furthermore, 40CFR50.14(b)(4) statet at t B eAdntinisthatorfishall exclude data from

use in determinatits of exceedances and violations where a State demonstrates to the
Administrator's satisfaction that emissions from wildfires caused a specific air pollution
concentration in excess of one or more national ambient air quality standard at a particular air
guality monitoring location and otherwise satisfies the requirements of this section. Provided the
Administrator determines that there is no compelling evidence to the contrary in the record, the
Administrator will determine every wildfire occurring predomintly on wildland to have met

the requirements identified in paragraph (c)(3)(iv)([@@m (4) aboveDf this section regarding

the not reasonably controllable or preventable criteion.

We address each of thecessarglementsabovein the subsequengstions of thislocument
generallyrelying on the EPA guidance for wildfire&€PA guidance offers suggestions for
appropriate analyses to demonstrate the clear causal relationship between the wildfire and
excessive ozone levels and recognizes that apptepevels of analysis will vary for particular
locations and conditions. EPA does not intend for the guidance to constrain the analysis and we
include some of the suggested analytr®l variations on those methods to support our

conclusion that theazmne exceedances throughout the State were caused or worsened by the
wildfire plume from the Fort McMurray in May of 2016

1.3 Regulatory Significance

Theexceptional events rubpplies to data showing an exceedance of a stamdacth may

affect reguléory determinations regarding attainment designation status or other action by the
Administrator. While the wildfire plume was regional in nature and was observable over the
State during the four day eveiitdid not cause all monitors to exceed the ddad throughout

2 Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that Menyckflzone
Concentrations, Final, US EPA OAQPS, Research Triangle Park, North Carolina, September 2016.
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the event. Nor were all the exceedances such that they would likely affect attainment
designation statusr other EPA actions

Attainment designation status is determined by design vdkreged from monitored values
For ozone the dam value is determined by taking ttieeeyear averagef the fourthhighest
8-hour maximum daily averageonitored ozone level

Tablel shows the maximum-Bour ozone averages observed at the Connecizautemonitors

during tre eventfrom May 28" through May28". There were monitored exceedances of the 70

ppb ozone NAAQS on all 4 day$iowever, the more severe exceedances occurred on the firs

two days of the event and those values are most significant with respect to computation of design
values.

Table 1. Event Maximum 8-hour Ozone Concentrations. The maximum &our average ozone concentration in
parts per billion (ppb) for each ozone monitoring site in Connecticut during the four day May 2016 ozone event.

DataforConneci cut 6 s Greenwich monitor has been invalidated.
Site Name 5/25/2016 | 5/26/2016 |5/27/2016 | 5/28/2016
Abington 76 83 68 67
Cornwall 81 91 78 65
Danbury 82 99 81 81
East Hartford 75 93 70 81
Groton 87 80 54 60
Madison 89 86 56 63
Middletown 80 91 67 79
New Haven 63 84 65 73
Stafford 74 82 70 73
Stratford 89 76 59 70
Westport 87 90 61 81

The levels which occurred on May-28 are consistenwith values which occur later in the
ozone season and are less likely to affect current or future desigs.valu



Table2 comparesurrent2016 design values (based 20142016data), calculated with and
withoutthe inclusion of all data from the first two days of the evdifite table also shows the

2017 critical4™-high value, which is the fourth higistannual8-hour average value that would
produce a 2017 design value thatlatesthe NAAQSindicated beside it in parenthesibhe
difference in critical values is shown in the final column. Where there is no difference in critical
valug there can bearegulatory significance to excluding data from the evBaised on the
severity of the difference in critical value, and the expectation that those sites with the largest
differences will be controlling in any assessment of attainment status, DEEEcidesddo focus

this demonstration on the four sites with the greatest difference in critical value. If future
assessments of attainment status based on inclusion of sites with lower critical differences prove
to be controlling, then DEEP will revisit thanalysis.

Table 2. Comparison of 2016 Design Values with and without May 25 and May 26, 2016 Data, and

Corresponding 2017 Critical 4th High Values.

Excluding May 25-26,

Current Values 5016 cg

2017 2017 3 ;s

Critical Critical S =

4" High 4High | & 8

4th 4th 4th 2014 value 2014 | vae | EE

high high high 2016 (NAAQS | 4th high | 2016 | (NAAQS 0G

Site Name 2014 2015 2016 DV Standard) 2016 DV Standard)

Abington 67 70 74 70 69 (70) 67 68 | 76(70)| 7
Westport 81 87 87 85 81 (84) 81 83 | 87(84)| 6
Cornwall 68 76 78 74 74 (75) 74 72 | 78(75)| 4
East Hartford | 77 75 75 75 78 (75) 72 74 | 81(75)| 3
Madison 69 81 80 76 94 (84) 78 76 | 96(84)| 2
Stafford 77 72 72 73 84 (75) 70 73 | 86(75)| 2
Danbury 74 79 81 78 95 (84) 80 77 | 96(@84)| 1
Middletown 80 78 80 79 97 (84) 79 79 | 98(84)| 1
Stratford 74 86 83 81 86 (84) 82 80 | 87(84)| 1
New Haven 72 81 75 76 99 (84) 75 76 | 99(84)| O
Groton 65 77 75 72 76 (75) 75 72 | 76(75)| O

Table 3 shows the four sites that DEEP has concluded are affected byrthim esggnificant
regulatory way and to which this data exclusion request is limEedluding the two days
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significantly lowers the fourth highest value for 2016 at each of these sites, which then results in
a lower design value.

Table 3.Comparison of 2016 Design Values with and without May 25 and 26, 2016 Data, and Corresponding
2017 Critical 4th High Values at the Four Sites Proposed for Exclusion.

Current Values Revised Valuesxcluding
May 25-26, 2016
2017 Critical 2017Critical
4th 4th | 4th | 2014 | 4" High Valuel] 4th | 2014 | 4" High Value

high | high | high | 2016 (NAAQS high | 2016 (NAAQS

Site Name 2014 | 2015 | 2016 DV Standard) 2016 DV Standard)
Abington 67 70 74 70 69 (70) | 67 68 76 (70)
Westport 81 87 87 85 81 (84) I 81 83 87 (84)
Cornwall 68 76 78 74 74 (75) I 74 72 78 (75)
East Hartford| 77 75 75 75 78 (75) 72 74 81 (75)

The Abington site, which currentiyeasuresattainment for all the ozone NAAQS, could easily
measure norwompliancen future years if this data is not exclud@dble 3 showsghat

(including the May 25th and $&lata)a4"-high valuein 2017 of 69 ppb or high@ould push
Abington intomeasuredonattainment for the 2015 NAAQS of 70 ppb. Also,4Hdighvalue
in 2016for Abington is clearly aberrant when taeent data is includedrhis site is &Clean Air
Status and Trends Network (CASTNET) site run by EPA. Thereforiglanch 23,2017, in
cooperation with EPADEEP requestethe CASTNET administratoto apply data flags for May
25-26, 201610 Abington

The Westport monitords 2016 design value decre
decrease is sufficient to bring the site, and the Southwest Connecticut portion of-M&CllY
nonattainment area, back into attainment with the 1997 ozone NAAQ&b.

Both theCornwall and East Hartfonshonitorscurrentlymeasurenonattainment for the 2015
NAAQS of 70 ppb. While there is concern that the event data could impede attainment of the
2015 NAAQS, the more immediate concern for thesesites is tlat the wildfire influenced

data couldproduce 2017 (or 2018) design values that vidlaee2008 NAAQS of 75 ppb. This
would jeopardizehe determination of timelgttainmenfor the Greater Connecticut
nonattainmenarea



2. CONCEPTUAL MODEL

2.1 Typical Exceedance Daeteorological Scenarios

Although Connecticut experiences frequent ozone exceedance days during the summer, these

vary from year to year, due to the prevailing meteorology. While ongoing reductions in

emissions of ozone forming polarits havéowered the absolute number of exceedance,days
meteorological variation is stiéin important factor. Figureshows the historical trends for
Connecticutds ozone exceedance-hodraozose NWAQSh sepa
establishd since 1997 Vertical lines indicate the year the standard was established.

60

Number of Days Exceeding the Ozone NAAQS in Connecticut
75 ppb NAAQS

84 ppb NAAQS
70 ppb NAAQS

50

40

Number of Days
w
o

20

10

——70ppb NAAQS ——75 ppb NAAQS 84 ppb NAAQS

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 2. Number of Ozone Exceedance Days. The number of days exceeding the respective ozone st@s(
in Connecticut since 1997. Dashed vertical lines indicate the respective dates the standards were establi:

Typically, the bulk of the ozone exceedance days occur during theAlgst timeframe, with
fewer exceedances during May and September. Exceedances have occurred duribgt April,
only rarely.

Ozone exceedances in Connecticut can be classified into four categories based on spatial patterns
of measured ozone and the contributing meteorological conditions. Typically, most exceedances
occur on sunny summer days with inland maxamsurface temperatures approaching or above

90°F, surface winds from the south amlittwest (favorable for transport of pollutants from the

[-95 corridor) and aloft winds from the weststouthwest (favorable for transport of pollutants

from Midwest pover plants).



Inland -only Exceedances:Ozone is transported aloft from the west and mixed down to the

surface as daytime heating occurs. At times, transport from the southwest can also occur

overnight at lower levels aloft due to the formation of a noelyet. Strong southerly surface

winds during the day bring in clean maritime air from the Atlantic Ocean, resulting in relatively

low ozone levels along the coast. The maritime front may not penetrate very far inland, and
therefore does not mitigatetrasa por t ed and | ocal poll utantsod co

Coastatonly Exceedances Strong westerly surface winds transport dirtyasrosd.ong Island
Sound from source regions to the west (e.g., New York and New Jersey). The relatively cool
waters of Long Island Sound confine the pollutants in the shallow marine boundary layer.
Afternoon heating over coastal land creatéscalizedsea breeze with a southerly component,
resulting in ozone exceedances along the coast. Inland winds froresteawy cleaner air to
inland areas and algwevent sea breeze penetratismmetimes contribirtg to the formation of

a convergence zone that can further concentrate ozone along the coast.

Western Boundary-only Exceedances Southerly maritime surfadéow invades the eastern

two-thirds of Connecticut, keeping ozone levels in that portion of the state low. The south

sout hwest wurban winds out of New York City re
boundary. Winds aloft are often weak forstscenario.

Statewide Exceedances: This is the classical worstase pattern, with flow at the surface in
the Northeast up the Interst€@® corridor, transport at mivels also from the southwest via

Figure 3. Statewide Ozone Exceedance Scenario

the low level jet and flow at upper levels frone tlvest. All of these flows are from emission

rich upwind areas, sengrto transport ozone precursairsd previously formed ozone into
Connecticut.A weak sea breeze may also develop, which would transport ozone pooling over
Long Island Sound into the &é.



The magnitude of the May 2%, 2016 ozone event over Connecticut wdyjically be caused

by the Statewide Exceedances scenaftogure 3); however the necessaryneteorological

conditions were not presenin fact, the event started with windsginating from the northwest

which would typically result in low ozone levels in Connecticlibherefore, the event did not fit

any of the scenarios which cause widespread multiday ozone exceedance events in Connecticut.

2.2 Regional Emissions

The scearios described above occur because winds transport ozone precursors, nitrogen oxides
(NOx) and volatile organic compounds (VOC), from regional emission sources into Connecticut
on sunny days which are conducive to ozone formation. When there is iestiffienlight or
insufficient emissions, ozone episodes do not occur.

The maps below show the location of regional NOx and VOC emissions. Note that winds from
the northwest, as occurred as the event initiated, would travel over the cleanest areas of the
region and could not typically have transported sufficient precufisorsregional sourcet®

instigate such a widespread multiday ozone event of the magnitude that occurred.

Total NOX Emissions (tons/sq mile) Total VOC Emissions (tons/sq mile)

N X <
Percentile Rank & o & S Percentile Rank = &% R S

2011 NOX Total Emissions/Sq Mile by County 2011 VOC Total Emissions/Sq Mile by County

Figure 4. 2011 NEI County Percentile Mapof (a) Total NOx Emissions per square mile and (b) Total VOC
Emissions per square Mile



2.3 CSAPR NOx Source Emissions

Power facilities, or electric generating tnEGUS9, have traditionally played a major role
during ozone events on the East Cod8EUs are capable of producing a large amount of
emissions over a short duration and generally emit at elevations conducive to transport.
Thereforeduringhot daysmany of the less frequently used high emittiB@Uscome online to
supply thehigh electric demandf air conditioning and refrigeration along with base load units
operating at full capacity.

Recognizing the ability of these sources to affect cross staielltion, EPA monitors the real
time emissions from tisefacilities andregulates them as under the Cr8sate Air Pollution
Rule (CSAPR). Te following figuresshow theactual totadaily NOx emissiongrom these
CSAPR sourcebor our closest upwith States- New York New Jerseyand Pennsylvania for
the 2016 ozone seasorrlotted on the right hand axias yellow barsare the number of
Connecticut monitors that exceeded the 70 ppb NA&GSday. Clearly,the May 2526™"
ozone event had theast monitored daily exceedances of the summbile peak NOXx
emissions from these facilities did not occur until later in the season.

Therefore, the exceedances of May-26" cannot be attributed to EGUs operating on high
electric demand days as is moypically the case later in the ozone season.
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Figure 5. New York CSAPR Source 2016 Daily NOx Emissions
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NJ CSAPR Source Daily NOx Mass Tons May-Sept 2016
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PA CSAPR Source Daily NOx Mass Tons May-Sept 2016
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2.4 The Fort McMurray Fire

On May 1, 2016, a wildfire began southwest of Fort McMurray, Alberta, Caétian days,it

swept through the community, destroying approximately 2,400 homes and builcthfgs@ng

the largest wildfire evacuation in Albertan histoBy May 11, The Guardian Newspaper was
reporting on the wildfire that was now nickna
extremely intense fireésotriend erncscet st hbeursmoa d é i [se
l i kely smoul der and have hotspots for months

Figure 8. Wildfire as it approaches Fort McMurray. This photo taken, Wednesday, May 4, 2016
shows the plume rising into the atmosphere fornpipig-cumulus clouds. (photo by Jeff Mclntosh/CP).

Similarly,theEd mont on Journal was reporting that dafir
destructive nature of the Fort McMurray wildfirdh@an they saw aspen poplar trees
instantaneously and | oudl vy ethkefircwad@intensetito f i r e.

was generating its own weath@opducing pyro cumulonimbus cloudsdthunder ad lightning
storms?

3 Leahy, StepherGanada Wildfirei whatare the environmental impacfEhe Guardian, May 11, 2016
4 Staples, DavidAlberta battles The Beast, a fitieat creates its own weather and causes green trees to explode
Edmonton Journal, May 7, 2016.
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Additional news article describe a massive plume of global proportressilting from the Fort
McMurray fire:

Wildfires in western Canada send haze to New England
PORTLAND, Maine (May 12, 20169

Al'f you thought the sky didn't seem quite as
can blame wildfires in western Canada.

Smoke continues to billow from fires in western Canada, fanned eastward by winds in the middle
and upper atmosphere.

The smoke is just potent enough to cause the sky over much of New England to appear a bit hazy
or "milky" in appearance.

Fort McMurray wildfire ash reaches all the way to Spain

By Wallis Snowdon, CB@Qlews PostedVay 25, 2016 2:02 PM MT|

fiThe massive plume of particulates from the fire would have travelled more than 12,000 metres
into the atmosphere, before the haze was caeast along the jet stream.

When that column started to build over a couple of those really key days, it got the smoke way,
way up into the atmosphere and it basically gets stuck in the jet stream, Gray said.

The jet stream will grab it, and like a rivarwill carry it down and take it as far as the volume
goes. It could circumnavigate the globe if there's enough of it.

éeBefore the plume travelled east across the A
hitting large swaths of the southern UrdtStates.

The fire, most likely the result of human activitgpread across approximately 590,000 hectares
(1,500,000 acresgind became the costliest natural disaster in Canadian Ristdoye it was
declared to be undepntrol on Ju} 5, 2016.

5 Canadian Broadcasting Corporati@ameone likely sparked the Fort McMurray wildfire, but was it a crime?
RCMP askJune 14, 2016

8 Insurance Bureau of Canaddgrthern Alberta Wildfire Costliest Insured Natural Disaster in Canadian History
Estimate of inswed losses:$3.58 billiarduly 7, 2016.
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2.5 Long Range Transportof Ozone and Precursors from Biomass Burning

Winds during the ozone event of May 2016 originated from the direction of the Fort McMurray
fire. Wildfire smoke pumes contain gaseéscluding nonmethane hydrocarbons (NMHCs),
cabon monoxidgCO), nitrogen oxides (NX), and aerosolsyhich areall important precursors

to photochemical productiasf tropospheric ozone ¢ and can travel thousands of kilometers.
This may cause urban areas where forest fires seldom occur teeats gnrichment of ozone,

as much as 25 ppb in the northeastern United Sthwsareas where wildfires more frequently
occur!

40

30

20 4

AO, (ppb)

10

'1 0 - ' T ’
24 48 72 96 120

Emission age (hours)

Figure 9. Ozone Enrichment by Age of Plume.This figure, taken from Putero e ashows the esults of their
study on the influence of biomass burning on ozone concentrations. Ozone enhancement increases as the plume
ages. Here we see increases on the order of 20 ppb from a five day old plume.

Many variables, such as type of fuel or forest burn@dme path and distance burneffieet the
intensity of the fire andbility of a plume teenhancalownwind ozone production. Emissions
from boreal forests such asthearea of thd-ort McMurray firecan be much higher than from
typical forests in th&.S. due to the highvailable biomass (on the order of 100 tons per acre)
thatmay be stored in the forest floor as lichens, moss, peat antitheéfFort McMurray fire
occurred following an unusually hot dspring seasanUnder these conditions thiesfcan burn
and smolder deeper into the forest floor to add considerable emissions to the plume.

" Brey, Steven J. and Emily V. Fischer, Smoke in the City: How Often and Where Does Smoke Impact Summertime
Ozone in the United States?, Environmental Science and Technology, vol. 50,{129282016.

8 Putero, Det. al., Influence of open vegetation fires on black carbon and ozone variability in the southern
Himilayas, Environmental Pollution, vol 184, pp 56@4, 2014.

9 Ottmar, Roger D. and Stephen P. Baker, Forest Floor Consumption and Smoke CharacterRatieal iforested
Fuelbed Types of Alaska, Final Report JFSP Projecti#8®8, May 25, 2007.

14



Typically, NOx emissions react within a few days and are no longer available to participate in
ozone reactions. However, at high latitudes cooler ambielpetattures are conducive to the
sajuestering of NOx emissions as peroxyaceityhtes (PAN), aerosols which can decompose
back to NOx far downwind. Study of boreal wildfires indicate that as much as 40% of the NOx
emitted from the fire can be converted®aN and transported downwind for six to fifteen days
before returning to NOX°

Jaffeand Wigdet! andothers have confirmetthat themaximumozoneproduction is often
observed substantialjownwind of the fire, after the smoke plumes haged forseveraldays.
Dreesen et al (2016) have noted in their analysis of a June 2015 wildfire pleakasmoke
concentrations in Marylanavildfire-attributable Volatile Organic Compounds (VOCs) more
than doubled, while neNOx oxides of nitrogen (NOz) tripled, suggeng long range transport
of NOx within the smok@lume They also noted that ozone peaks a few days after the
maximumsmokeplumedueto ultra violet (UV) light attenuation, lower temperatures, and non
optimal surface layezomposition

2.6 Fort McMurra y Wildfire Emissions Impact on Connecticut using &Q/d
Analysis

EPA guidanc& recommends conductingfige emissions transport distance ratio®(d)

analysis as a rough assessment of the ability of a wildfire to cause increased ozone
concentrations. TQ/d analysis is simply a comparison of the ratio of Q, the daily tons of VOC
and NOx emitted from the fire, to d, the distance in kilometers from the fire to the point of
concern. If the Q/d value compares favorably to analytical data from othetHgaghe fire can

be presumed to have had a causal effect on ozone concentrations at the point of concern.

EPA guidance indicates that a fire should have a Q/d in excess of 100 tons per day per kilometer
(tpd/km) in order to be considered to have a claasal impact on ozond his method is

intended to be a simple and conservative approach to establishing clear causality. Failure to
meet the 100 ton per day per kilometer threshold does not preclude a finding clear causality.
EPA developed this value $&d onlimited analyses of four fires which occurred in 2011.

Estimate of Q

The emissions from the fire can b2Comglatonmat ed
of Air Emission Factors Section 13.1 Wildfires and Prescribed Burning. The equatiense
as follows:

10 Jaffe, Daniel A. and Nicole L. Wigder, Ozone production from wildfires: A critical review, Atmospheric
Environment, 2012, vol 51, pgll0.

11 Jaffe, D.; Wigder, NOzone production from wildfires: A criticaéview. Atmos. Environ. 2012, 51410

12 Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that May Influence Ozone
Concentrations, Final, EPA, September 2016
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Fi=PRi* L (Equation 1)
Ei =Fi* A (Equation 2)

Fi = emission factor (mass of pollutant/unit area of forest consumed)

Pi = yield for pollutant "i" (mass of pollutant/unit mass of forest fuel consumed)
=12 kg/Mg (24 Ib/ton) fototal hydrocarbon (as C#i

= 2 kg/Mg (4 Ib/ton) for nitrogen oxides (ND

L = fuel loading consumed (mass of forest fuel/unit land area burned)

A = land area burned

Ei = total emissions of pollutant "i" (mass pollutant)

Combining equations 1 and 2, we have

Ei= R*L*A

Pi is given above for total hydrocarbons and for nitrogen oxides. The fuel loading is given in
AP-42 for different regions of the United States and ranges from 9 to 60 tons per acre.
Conservatively, we will estimate a low end envssiate using 10 tons per acre which is

associated with North Central US conifer forests. Note that our results could increase by a factor
of 6 were we to expect the high end of emissions.

The Alberta government reported that by June 10, 2016 the fineatddly covered 589,995
hectares,457,909 acrgswith a perimeter of 996 kilometers (618 miles). For reference, the
total land area of Rhode Island is approximately 270,000 heégar€ke chart belowFigure

10) indicates the total area covered by fine as reported by the Alberta governnméntDuring

the week prior to the exceptional event in Connecticut the fire grew by approximately 60,000
hectares (148,263 acres).

Therefore, ignoring the smoldering of approximately 500,000 hectares we estintatalthe
hydrocarbon emissions from the week to be:

Ehc = 24 Ibs of HC / ton of forest fuel consumed * 10 tons fuel / acre * 148,263 acres
Ehc = 35,583,120 pounds of HC
Ehc = 17,791 tons of HC emitted during the period from May 19 to May 24

Similarly for NOx:
Enox = 4 Ibs of NOx / ton of forest fuel consumed * 10 tons fuel / acre * 148,263 acres

Enox = 5,930,520 pounds of NOx

13 Any large areastimate can only be considered comprehensible if compared to the State of Rhode Island.
1 https://www.alberta.ca/release.cfm?xID=41701E7ECBEB®B8-5793 1642CG199FFODE4CHFinal Update 39:
2016 Wildfires (June 10 at 4:30 p.m.), Alberta Government]
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Enox = 2,965 tons of NOx emitted during the period from May 19 to May 24

Hectares Reported by Alberta Government to be Covered by the Ft
McMurray Wildfires by Date
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Figure 10. Chart of Hectares Burned. Reported by the Alberta Goverment from Mayuhe 10, 2016

Q isthe total daily emission rate in tons per day of reactive hydrocarbons and nitrogen oxides.
EPA recommends, in the exceptional events guidance, that only 60% of the hydrocarbons should
be considered reactive. Therefore the reactive hydrocarbon emissions become rHC = 0.6 * Ehc
or 0.6*17,991 = 10,794 tons of reactive HC emitted during the period of interest. No
adjustments are suggested for the NOx emissions. Therefore the toahdHNDX emissions

over the period are 10794 + 2965, or 13,759 tons over the six days. On average this results in a

daily emission rate, or Q, of 2293 tons per day.

Estimate of d

Based on the large distance, we will not present individual analysesfomeaitor in
Connecticut but estimate the distance from the Fort McMurray fire to the most distant point in
Connecticut. We will therefore use a value of d of 3286 kilometers, the flight distance from Fort

McMurray to Stonington, CT.
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Q/d Estimate

Using the values determined above, Q/d then becomes 2293 tpd divided by 3286 km or 0.69
tpd/km. This value is well below the EPA recommended level of 100 tpd/km indicating clear
causality.

Taking a less conservative approach and using the maximum extbeattnfrn area over the life

of the fire, the result would be a Q/d of 40.8 tpd/Kinis is gill sufficiently below the EPA
recommended threshold for establishing clear causality. Recalling that a worst case fuel loading
would increase our results by afiar of six, Q/d would in this case result in 240 tpd/km and

would indicate clear causality. While this approach might be justified by the ongoing

smoldering of the peat, the intensity of the Fort McMurray fire, variability in the burn rate and
other facbrs, it is difficult to justify without further details that may only be obtained through
estimates which introduce their own error.

Taking a slightly different approach we consider the basis for the EPA guidance and look at
emissions from one of the fofires EPA relied on in developing their guidance. Appendix A2

of the EPA guidance indicates that EPA based their conclusions on 12 km grid CMAQ modeling
of four 2011 multiday fires: Wallow, Waterhole, Big Hill and Flint Hills. Emissions from the

fires wae based on a program called SMARTFIRE. Using information available on the Wallow
Fire, wecanapproximate the emissions that might be calculated for the Fort McMurray fire.

The Wallow Fire burned in eastern Arizona and western New Mexico from May29, 2

through July 8, 2011 and burned 841 square miles (538,240 acres) by Yurféh@énaximum

daily emissions from that fire were reported as approximately 15,000 tons of rYOC and 1,000
tons of NOx!® If we scale this fire up by a factor of three to apgimate the acreage burned in

the Fort McMurray fire, then we have daily emissions as high as 45,000 tons for rvOC and 3,000
tons for NOx These emissions produce a Q of 48,000 tpd and Q/d becomeésstil.@ell

below EPA expectation for causality.

Noting the wide variability in emissions estimates from different approaches, and as the Q/d
method does not generally satisfy the expectation of a clear causal impact, we present other
evidence demonstrating that the plume from the Fort McMurray fire caleested ozone

levels in Connecticut.

15 Simulating Fire Event Impacts on Regional O3 and PM2.5 and Looking Forward Toward Evaluation, Kirk Baker,
EPA October 5, 2015 and Using SOAS and related field/stath for scientific and regulatory modeling, Kirk
Baker, EPA, undated; both are slide presentations
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3. SATELLITE PHOTOS, PLUME ANALYSIS AND W EBCAMS
3.1 Satellite Images

During the month of May, a large smoke plume, fed by the Fort McMurray wildfire, meandered
through southern Canada and the Upper Great LakéswoEngland. From about May -18lay

24th, surface high pressure settles over the uppeiVi¥gtern United States, trapping residual
pollutants from the wildfire in the lower boundary layer of the atmosphere. Coincident with this,
wildfire plumes from ex@nsive agricultural fires in the Yucatan Peninsula in Mexico were also
observed on the satellite images, but we do not believe that these had a major influence on the
ozone observed by the Connecticut monitors.

Figure 11shows the presence of the smokenpduover the Upper Midwest statms May 18"
andMay 19". A satellite animation of this plunteat showsghe movement of the plume across
the upper Midwest into upstate New York and then southeast into New Englahe viewed
on ourweb sité®. The presence of a surfacghipressure center allowpdllutants to become
trapped near the surface while conditions became conducive for ozonddaromelay 23

24" Figure12shows the 3km aerosol optical depth (AOD) image overlaid witNigible
Infrared Imaging Radiometer Suit¢lIRS) satellite image on May 225", 2016. The AOD is
indicative of particulate matter transported with the snpime over the Northeast States.

Figure 13shows the progression of the smoke plumes over North Ameasamnalyzed by the
Hazard Mapping System (HMS) staf NOAA, using the satellite images. This series of maps
showsthe movemenof the Fort McMurrg smoke plumaes it tracksover the Connecticut

region on May 286, 2016.Figure 13d shows the plume over Michigan, where every monitor
in Lower Michigan exceeded thel®ur ozone NAAQS of 70 ppb.

16 http://www.ct.gov/deep/lib/deep/air/ozef2016 exceptional _event request/fort_ mcmurray 2016.wmv
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Flgure 11 Sate ite P otos S owmg V|sr e Plume over Northern Great Lakes a May 18 and (b
May 19", 2016
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(a) VllRS Satelllte,lmage Wlth AOD foriMay I25;€E)1’6 &
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Figure 12. VIIRS Satellite Images (a)May 258" and (b) May 28, 2016 showing the Analyzed Aerosol
Optical Depth (AOD) Associated with the Smoke Plume.
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(e) May 25, 2016 ¥2 7 (f) May 26, 2016

1448 QT

Figure 13. HMS Smoke Analysis from May 2126(a-f), 2016
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3.2 SatelliteObservedCarbon Monoxide Plumes

Further evidence of smoke plumesvelling in to Connecticutan be found in the satellite
detection of carbon monoxide (CO), which is apgpgduct of combustion. The Fort McMurray
plume can be seen very distinatlyFigure 14 as darker red pixels, @sneanders acrogastern
North America The plumalisperses over the Great Lakes by May20%nd a visible smoke
plume was seen over Connecticut on May,2ut did not reach the ground

Figure 15shows theCO plume dispersing over the Midwestetat8s and then moving east into
Connecticut. The May 20satellite image in Figure 1i6 consistent with the CO plume location
over ConnecticutFigure17 shows a plot of ozone at Westport vs. PM2.5 from our Bridgeport
monitor. These sites are aboutkibmeters from each other and one can distinctly observe
when the PM2.5 levels rose dramatically on May),2ith the onset of the ozone episode. Prior
to this on May 20, both PM2.5 and ozone levels remained relatively low, despite the presence
of the smoke plume alaftClick link to viewananimatiort’ of the mapped twice/day CO
concentrations for May 2016 that shows the Fort McMurray fuiptérg on May 4 and a dense
plume crossing Connecticut on May2énd the plume settling over the Great Lakes On May
23-24"N,

17 http://www.ct.gov/deep/lib/deep/air/ozone/2016 exceptional event request/may co_andgifatio
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Figure 16. May 20, 2016 VIIRS Satellite Images: Visible on left; AOD on right
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Figure 17. May 20-30, 2016 plots of (a) Bridgeport CT PM2.5 and (b) Westpt Ozone Hourly
Concentrations. The ozone peaks at Westport on May2ZBbcoincide with the PM2.5 peaks at the Bridgeport
monitor.

3.3 Webcams

Figure 1&a-d) shows webcam images from our Cornwall CT monitoring site. These show that
haze from themoke is not visible on May 24figure 18) but can be seen increasing on May
25" (18b,c) and continues on May 26th ()3

Figure 19a-d) shows images from our Talcott Mountain webcam pointing east toward Hartford.
Showing a similar sequence of smakegression as CornwalMay 24" (Figure 1%) shows a

clean air mass with good visibility while the smoke obscures the sky on M2§"AFigure

19%,c,d).

Figure 20showsimages from the Newark New Jersey Haze&ahowing the progression of
smoke over te May 2427 period. An animation dheseimages is available fromur web
site'.

The visible satellite photographs over Connecticubary 25" (Figure21a) and May 28
(Figure21b) confirm evidence of a smoke plume.

18 http://www.hazecam.net/camsite.aspx?site=newark
19 http://www.ctgov/deepl/lib/deep/air/ozone/2016_exceptional_event_request/newark _hazecam_animation.gif
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- Cornwall CAM (a)

May 24,2016 6:00 PM

Cornwall CAM (b)

May 25, 2016 6:00 AM

Cornwall CAM (¢)

May 25, 2016 3:30 PM

Cornwall CAM (d)

May 26,2016 11:00 AM

Figure 18. Cornwall Connecticut Webcam (a)May 246:00pm, (b)May 25
6:00am), (c)May 253:30pm ad (d)May 2611:00am, 2016.
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May 24, 2016 7:00 PM

Talcott Mountain CAM (b)

May 25, 2016 8:00 AM

Talcott Mountain CAM (¢)

May 25, 2016 2:00 PM

Talcott Mountain CAM (d)

May 26, 2016 10.00 AM

Figure 19. Talcott Mountain Connecticut Webcam (a)May 247:00pm, (b)May 25
8:00am), (c)May 252:00pm and (d)May 280:00am, 2016.
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Figure 20. Haze Cam image looking from Newark, NJ to New York City. Images from May 227, 2016 with
inset of hourly PM2.5 concentration plotsf each dayrom the Newark Firehouse monitor.
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(b) May 26, 2016 AQUA MODIS

Flgure 21 V|5|ble Satellite Photograph over Connecticut(a) May 25th and (b) flely 26th,
2016, showing visible smoke plume.
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4. MONITORING DATA
4.1 Monitoring Network

There arecurrentlyfourteenair monitoring staionsoperatingn C o n n e c dtatewidet 0 s
network including two National Core (NCore) muHpollutant sites: Criscuolo Park in New

Haven, and Mohawk Mountain in Cornwalh addition, EPA operates an ozone site in

Abington, in the town of Pomfret, as part of the Clean Air Status and Trends Network
(CASTNET) Table 4provides a summary of pollutant and meteorological parameters currently
monitored in the network.

The DEEP air monitoring network meets the minimum monitoring requirements for criteria
pollutants as put forth in Title 40 Part 58 of the Code of Federal RenddICFR), Appendix
D. More detailed descriptions of the monitoring network are provided iG@dm@ecticut 2016
Annual Air Monitoring Network Plaand theConnecticut 2015 Air Monitoring Network
Assessment
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Table 4. List of Connecticut Ambient Air Monitoring Sites and Parameters.Shadedowsindicatethe monitors
being requested for exclusias a result of the Fort McMurray wildfire

State Park
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[ad [ad o © Q = > [} [S] > — o = =
Ll (o225 |38 91181812 |B|E|5|R |2
S|l Sz la|la | | Z|I3I9|15|68|5|8 |8 |
- 2|3 as|g|g|s |22 e sl12lglelz|2|2|55 )8
N = =
Town Site SISISS|S|S|= |=|S|R|8|o|f|c|E|E|E|5|3|5 s |2
a|la |[ajlajaja|a aja|olo|Cla|z|F|Z2 (2 |F|a|la|n S
Bridgeport  |RoosevelSchool 1/6"|X |1/6 X X X
Cornwall Mohawk 1/3 X X U3|IX X X X X X (X (X |X |X
Mountain *
Western
Danbury Connecticut State /6 X X (X X XX X
University
East Hartford|McAuliffe Park |1/6 X |1/6 X X (X |X X (X [ X [X
Greenwich |Point Park X |X [X
Groton Fort Griswold 1/6 X
Hartford Huntley Place |1/3 X X X X X X X
Madison Hammonasset X X Ix |x
State Park
) Connecticut
Middletown Valley X X [X |X
Hospital
New Haven |Criscuolo Park |1/3 |1/6 [X |1/3|1/6(X |1/3 X (X X [X [X |X X (X X [X [X |[X |X
Pomfret Abington (EPA) X
Stafford Shenipsit State X Ix |X
Forest
Stratford Stratford X X
Lighthouse
Waterbury |Meadow & Bank |1/6 X X X [X
Street
Westport Sherwood Island X X IX Ix

"1in3 day sampling schedule "in6 day sampling schedule

Ozone is monitorethroughout the ozone seasarConnectiat atthetwelve sitesshown in
Figure22. As of 2017, the ozone monitoring season is March 1 through September 30;
previously it was April 1 through September 3Dornwall has historically measured ozone

throughout the year, and as of late 2016 two msies,East Hartford and New Havealso

began monitoring throughottie year.
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"C Greenwich @® Ozone Monitors Selected for Data Exclusion

Figure 22. Connecticut Ozone Monitors. Ozone Monitors Selected for Data Exclusion are Highligiidged

Site Descriptions

This exceptional event demonstration is focused ofotlmanonitoring siteslescribed below
that were selected for data exclusidrhese are: WestpofBherwood Island State Park),
Cornwall (Mohawk Mountain), East Hartford (McAuliffe Park) and Pomfret (Abington).

To help characterize the sitegone wind roses were constructed for the period of April 1, 2012
through September 30, 2Q16he Cornwallmeasuredzone yearound, while the other three

sites were operating from Aprit Beptember 30consistentlyduring the five year period.

These ozone wind roses are constructed from matching hourly averaged wind vector direction
vectors and the hourly maored ozone concentrations (ppb). Hours with average winds speeds
less tharD.25 m/s or with missing ozone data were not plotted. Since the Abington monitoring
site is not operated by CT DEEP and does not have wind data, we used wind data from our
Mandield site, which is located about 14 miles to the southwest of Abington. These ozone wind
roses show the prevailing wind directions divided into 16 sectors atbendmpass with due
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north at the top. The | on glkerethépireddigedtiends of t
more prominent. Overlaid on these petals are color bars representing specific ranges of ozone
concentrations for each wind direction sectohe wnique surrounding geograpby each site

will be reflected irthesurfacewind pdterns Therefore, the five year wind rosssl appear

much differenfor each sitendonly limited conclusions can be obtained in relation to ozone
concentrations.

Pomfret (Abington): AQS ID 09-0159991; Lat: 41.84046°, Lon=72.010368°.

The Abingtonsite is a regionascale site located in a rural/agricultural area in northeast
Connecticut in the town of Pomfret. This site is operated by the National Park Service under the
direction of EPA as part of their Clean Air Status and Trends Network (CAS) MEs located

on a hilltop approximately 2.3 km south of State Route (SR) 44 and 0.6 km east of SR 97. The
site includes a portable shed located in the center of an agricultural field that is surrounded by
forestand sits at an elevation of 683 fertlayenerally has the lowest monitored ozone of all the
sites. The wind data was obtained from our nearby Mansfield site (250 feet elevation), which is
situated in a shallow valley that is oriented west to east. Because of this, the dominant wind
directionis from the wesnhorthwest to northwesk(gure23). The highest ozone concentrations
originate from the soutBouthwest wind direction.

Cornwall (Mohawk Mountain): AQS ID: 09 -005-0005; Lat: 41.82140°, Lon=73.29733?

The Mohawk Mountain site is ag®nalscale site located in northwestern Connecticut in the
town of Cornwall. The site is located at the summit of Mohawk Mountain with an elevation of
505 m (1656 ft), and is approximately 17 km to the east of the New York border and 25 km to
the soutlof the Massachusetts bordErgure24 shows the dominant wind direction from the
north-northwest, which includes the winter months. The highest ozone concentratior@%f 70
ppb (magenta color bar) are shown to occur when the wind is blowing from theasolusouth
southwest, which is to be expected when there is transport fror®8hedrridor and New York
City area. Moderate levels of ozone {B% ppb) are also shown to occur in the northwest
guadrant, but are most prevalent from the southwest quadfae dominant direction for good
air quality (<55 ppb) occurs when the wind blows from the Rodtthwest.

East Hartford (McAuliffe Park): AQS ID: 09 -003-1003; Lat: 42.78471°; Lon:-72.63158°.

The McAuliffe Park site is neighborhoatale site locad in central Connecticut in the town of

East Hartford. The site is located approximately 120 m to the east of Rte 5, 2.0 km to the east of
[-91 and 2.5 km to the south e291. This site is located 3.7 km to the northeast of the city of
Hartford. Reddential neighborhoods are located in all directifivom this site. Since the East

Hartford site is located in the Connecticut River Valley and the valley is orientedsourttn, the
dominant vind direction reflects this iniure25. Since this ozoneiwd rose does not cover the
winter months, winds from the south become more dominant. The highest ozone concentrations
represented in the magenta and brown color bars are plainly visible in the south ahd south
southwest wind directions. The lowest ozonagentrations occur when the wind blows from the
north.
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Westport (Sherwood Island State Park). AQS ID: 09001-9003; Lat: 41.11822°; Lon:-
73.33681°.

The Westport Sherwood Island State Park site is a regsoade site located in southwestern
Connecticut.This is a coastal site that is approximately 0.5 km to the soutB®bh the Long
Island SoundThis site is ideally situated to measure impacts from transported pollution from
New York City and the-B5 corridor.Because Westport is coastal sitewtads are often subject
to a daily sea breeze that develops during the summer. A prominent spike of high ozone can be
seen from the soutbouthwest wind directionRigure 26), which is indicative of transport from

the 195 corridor and New York CityEven when the dominant wind is from the northwest over
inland areas of the State, tharfacewind will turn southwest along the coast. This fact makes it
more difficult to correlate surface winds with ozone transport as it is also observed that the
highestproportion of good air quality winds (<55 ppb) also camten surface winds originate
from the suthwest for this site

Generally, the worst ozone at each site is monitored when the surface winds are from the south
southwest while thevinds from the nohiwest, the dominant wind direction during the May 2016
Fort McMurray wildfire event, are cleaner.
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Figure 23. Ozone Wind Rose from Abington Connecticut
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Cornwall-Mohawk Mountain Poll.: Cornwall-Mohawk Mountain-O3[ppb] 04/01/2012 00:00 - 09/30/2016 23:59 Calm:

0.52% Calm Poll Avg: 40.93[ppb]
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Figure 24. Ozone Wind Rose from Cornwall Connecticut.
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East Hartford-McAuliffe Park Poll.: East Hartford-McAuliffe Park-O3[ppb] 04/01/2012 00:00 - 09/30/2016 23:00 Calm:

13.74% Calm Poll Avg: 13.93[ppb]
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Figure 25. Ozone Wind Rose fromEast Hartford Connecticut
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Westport-Sherwood Island Poll.: Westport-Sherwood Island-O3[ppb] 04/01/2012 00:00 - 09/30/2016 23:00 Calm: 5.02%
Calm Poll Avg: 21.23[ppb]
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Figure 26. Ozone Wind Rose from Westport Connecticut.

4.2 OzoneMonitored Data

Figure27 shows the hourly ozone concentrations for the four morfitons May 2430, 2016
Ozone évels on th@4" are typical of Maywith a northerly wind direction Levels spike on the
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25" and remain high with a slight decrease on tHe&@¥cleaner maritime air pushes the ozone
northward to Cornwall. Ozone levétereaseagain on the 28at Westport and East Hartford
befare decreasing agaby the30" with a brisk influx of clean maritime aifThe decrease at
Abington, from the 2% through the 28 was likely due to the persesitmixing with the cleaner
maritime air The increaseatthe East Hartfod and Westport sites on May®2@&ere likelydue

to the maritime having less impact on western Connectib@nsport from the-85 corridorwas
occurring during May 228", however it was not a typical setup for a major ozone event

Hourly Ozone Observations ppb
May 24-30, 2016
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Figure 27. Hourly Ozone Concentrations for May 24

w
o

Data Exclusion Sites

Figure28 shows the hourly ozone plots for the remairsegenmonitors in Connecticut
(Greenwich ozone data was invalidatedhese sites show similaourly ozone trendsvhich
maywarrant data exclusiamequesin the future. Danbury showed the highesbre values
overall likely experiencinghe highest impact from the plunigeeFigure 42) while Madison
and Groton were similar to Abingtpwhich would have had more mixing with maritime air
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Hourly Ozone Observations ppb
May 24-30, 2016
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Figure 28. Hourly Ozone Concentrations for May 2430, 2016 for remaining seven Connecticut Ozone

Monitors.

4.3 Site SpecificOutlier Analyses

EPA guidance suggedtsat for each monitor requested for data exclusiory@a percentile of

the data on a per monitor basis be determirkthe flagged data is above the"d8r higher

percentile of the fyear distribution of 0zone monitoring data, or is one of the ligghest ozone
concentrations within 1 year, these data can be considered outliers and provide strong evidence
for the event.

The following table shows the maximursh8ur daily ozone levels observedfa four sites on
May 25" and26™ comparedvith the 99" percentile ranked-8our ozone levels observed during
the last five yearsThe ozone levels at Abington and Cornwall exceeded tHig@&&entile on
both days and East Hartford and Westport approached theed€entile on the 25and met or
exceeded it on 26,
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Table 5. Five Year 99th Percentile Rankings for May 25 and 26", 2016

Maximum Daily 8hour Ozondppb) as measured by the monitor
on the two days of interest and compared to tiep@@centile daily
ozone vale from the most recent five years of data.

99th Percentile
of data from
May 25, May 26 2012 through
Site 2016 2016 2016
Abington CT 76 83 74
Cornwall CT 81 91 79
East Hartford CT | 75 93 78
Westport CT 87 90 90

To further illustrate the outlieratus of the evenEigures29 through32 plot the ranked
percentile 8hour ozone observations at each.site
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Figure 29. Ranked 8hour Ozone Distribution for Abington CT 2012-2016
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Figure 30. Ranked 8&hour Ozone Distribution for Cornwall CT 2012-2016
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E Hartford Maximum 8-hour Ozone Distribution 2012-2016
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Figure 32. Ranked 8hour Ozone Distribution for E Hartford CT 2012-2016

Westport Maximum 8-hour Ozone Distribution 2012-2016
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Figure 31. Ranked 8hour Ozone Distribution for Westport CT 20122016

Figures33 through 3@replots of daily maximum ozone values for eachhaf four monitors of

interest in Connecticutsing five yearsfodata The 8hour ozone concentrations for the May
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25-26, 2016 event have been circled and the percentile rankings have been labeled next to those
data points.To illustrate the frequency of high ozone days (i.e. > 70 ppb) with a northwest wind
flow, we obtained sounding wind data from the nearest upwind site, AlbanfANY) , for the
20102016 MaySeptember time period. The National Weather Service (NWS) dispatches
weather balloons with sounding instrumentation &giacay from numerous sites across th

Uni ted States. There are specific 6mandatory
weather models as well as for plotting the pressure height nidggsmandatory sounding height

of 925mb (~800m) was chosen, because it represents windsnmddle of the boundary layer

and should be relatively free of surface drag effects. On May 25th, 2016, the 925 mb wind
direction at ALY was from 305° at 32 knots. We selected a wind direction (WD) compass range
between 295335° to filter the daysvith similar wind patterns, which also includibthy 26th.

This range was broad enough to ensure that an ample number of days would be selected.

It is observed that most of the over 70 ppb days disappear over our Greater Connecticut monitors
(figures33-36) when the filter is applied, but the percentile rankings do not always increase since
there are generally 75%werdata points. At our Cornwall monitor, nearly all of the high ozone
days are eliminated on days when the 925 mb wind is from this northwexgtatic Not

surprisingly, our coastal Westport monitor still displays numerous days above 70 ppb when
applying this filterbecause ozone was likely transported from Long Island sound by the surface
sea breezeThe sea breeze effect plays an importarg nolozone transport to our coastal

monitors, and this effect is frequently observed when the ozone levels are far below 70 ppb at
our inland monitors. These charts also show an abundance of high ozone days during 2012.
This is not sufficiently explaineldy the emission reductions that may have occurred since then,
but it is more likely due to multiple smoke events for that summer that likely had an influence on
ozone concentrations in Connecticut. Transport from the northwest generally travels over a
region with reduced NOXx sources, @seady presented figure4. Back trajectories over New

York State would pass over a region with NOx emissions generally belowfpeatentile of

the total.
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Cornwall Connecticut

Cornwall CT 8-Hour Daily Ozone Season Maximums,
Apr-Sep, 2012-2016
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Figure 33. Cornwall CT Daily Ozone Season Maximums 2012016
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East Hartford Connecticut

East Hartford CT 8-Hour Daily Ozone Season Maximumes,

Apr-Sep, 2012-2016
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Figure 34. East Hartford CT Daily Ozone Season Maximums 2012016
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Abington Connecticut

Abington CT 8-Hour Daily Ozone Season Maximums,

Apr-Sep, 2012-2016
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Figure 35. Abington CT Daily Ozone Season Maximums 2012016
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Westport Connecticut

Figure 36. Westport CT Daily Ozone Season Maximums 2012016
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