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Executive Summary

The Ozone Transport Region (OTR) of the eastertedribtates covers a large
area that is home to over 62 million people livingConnecticut, Delaware, the District
of Columbia, Maine, Maryland, Massachusetts, Newnpishire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, and northérgiMa. Each summer, the people
who live within the OTR are subject to episodepadr air quality resulting from
ground-level ozone pollution that affects muchra tegion. During severe ozone events,
the scale of the problem can extend beyond the ©BbBrders and include over
200,000 square miles across the eastern UnitedsStabntributing to the problem are
local sources of air pollution as well as air pttin transported hundreds of miles from
distant sources outside the OTR.

To address the ozone problem, the Clean Air Act Adneents require states to
develop State Implementation Plans (SIPs) detaihieg approaches for reducing ozone
pollution. As part of this process, states are dilgeethe U.S. Environmental Protection
Agency (USEPA) to include in their SIPs a concepdigascription of the pollution
problem in their nonattainment areas. This documpentides the conceptual description
of the ozone problem in the OTR states, consistghtthe USEPA’s guidance.

Since the late 1970s, a wealth of information heenlcollected concerning the
regional nature of the OTR’s ground-level ozoneqaility problem. Scientific studies
have uncovered a rich complexity in the interactbmeteorology and topography with
ozone formation and transport. The evolution okesewzone episodes in the eastern U.S.
often begins with the passage of a large high presszrea from the Midwest to the
middle or southern Atlantic states, where it adsites into and becomes an extension of
the Atlantic (Bermuda) high pressure system. Dutisgassage east, the air mass
accumulates air pollutants emitted by large caadfipower plants and other sources
located outside the OTR. Later, sources withinQiA& make their own contributions to
the air pollution burden. These expansive weatstiesns favor the formation of ozone
by creating a vast area of clear skies and higlp¢eatures. These two prerequisites for
abundant ozone formation are further compoundeal ciyculation pattern favorable for
pollution transport over large distances. In thestvoases, the high pressure systems stall
over the eastern United States for days, creattog®episodes of strong intensity and
long duration.

One transport mechanism that has fairly recentigecto light and can play a key
role in moving pollution long distances is the nwotl low level jet. The jet is a regional
scale phenomenon of higher wind speeds that oftensf during ozone events a few
hundred meters above the ground just above theestabturnal boundary layer. It can
convey air pollution several hundreds of miles oigint from the southwest to the
northeast, directly in line with the major poputetticenters of the Northeast Corridor
stretching from Washington, DC to Boston, MassaetissThe nocturnal low level jet
can extend the entire length of the corridor fromgWia to Maine, and has been
observed as far south as Georgia. It can thusttamsport mechanism for bringing ozone
and other air pollutants into the OTR from outdige region, as well as move locally
formed air pollution from one part of the OTR to#rer.
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Other transport mechanisms occur over smaller sc@leese include land, sea,
mountain, and valley breezes that can selectividgtarelatively local areas. They play a
vital role in drawing ozone-laden air into someaaesuch as coastal Maine, that are far
removed from major source regions.

With the knowledge of the different transport ssateéo and within the OTR, a
conceptual picture of bad ozone days emerges. Afteset, the ground cools faster than
the air above it, creating a nocturnal temperatuwrersion. This stable boundary layer
extends from the ground to only a few hundred n3atealtitude. Above this layer, a
nocturnal low level jet can form with higher veltycwinds relative to the surrounding
air. It forms from the fairly abrupt removal ofdtional forces induced by the ground that
would otherwise slow the wind. Absent this frictieavinds at this height are free to
accelerate, forming the nocturnal low level jeto@®& above the stable nocturnal
inversion layer is likewise cut off from the groyraohd thus it is not subject to removal
on surfaces or chemical destruction from low learaissions. Ozone in high
concentrations can be entrained in the nocturmaldéwel jet and transported several
hundred kilometers downwind overnight. The nextmmy as the sun heats the Earth’s
surface, the nocturnal boundary layer begins takbtg, and the ozone transported
overnight mixes down to the surface where conceatrarise rapidly, partly from
mixing and partly from ozone generated locally.tBg afternoon, abundant sunshine
combined with warm temperatures promotes additiphatochemical production of
ozone from local emissions. As a result, ozone eotrations reach their maximum
levels through the combined effects of local aadsported pollution.

Ozone moving over water is, like ozone aloft, isedefrom destructive forces.
When ozone gets transported into coastal regionmpylake, and sea breezes arising
from afternoon temperature contrasts between tickdad water, it can arrive highly
concentrated.

During severe ozone episodes associated with higgspre systems, these
multiple transport features are embedded withisrgd ozone reservoir arriving from
source regions to the south and west of the OTRRs Bhsevere ozone episode can
contain elements of long range air pollution tramsfrom outside the OTR, regional
scale transport within the OTR from channeled flamveocturnal low level jets, and
local transport along coastal shores due to b&g, and sea breezes.

From this conceptual description of ozone formatad transport into and within
the OTR, air quality planners need to develop atetwstanding of what it will take to
clean the air in the OTR. Weather is always chango every ozone episode is unique
in its specific details. The relative influencegtod transport pathways and local
emissions vary by hour and day during the courssaizone episode and between
episodes. The smaller scale weather patternsfiieat aollution accumulation and its
transport underscore the importance of local (@e3tcontrols for emissions of nitrogen
oxides (NQ) and volatile organic compounds (VOCSs), the maactprsors of ozone
formation in the atmosphere. Larger synoptic seadather patterns, and pollution
patterns associated with them, support the need@yrcontrols across the broader
eastern United States. Studies and characterizatiomocturnal low level jets also
support the need for local and regional control®@yx and VOC sources as locally
generated and transported pollution can both baieetd in nocturnal low level jets
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formed during nighttime hours. The presence of |aed, mountain, and valley breezes
indicate that there are unique aspects of polluimrumulation and transport that are
area-specific and will warrant policy responsethatlocal and regional levels beyond a
one-size-fits-all approach.

The mix of emission controls is also important. Ragl ozone formation is
primarily due to NQ, but VOCs are also important because they infladrmwv
efficiently ozone is produced by NQOparticularly within urban centers. While reduato
in anthropogenic VOCs will typically have less ofienpact on the long-range transport
of ozone, they can be effective in reducing ozonerban areas where ozone production
may be limited by the availability of VOCs. Therefpa combination of localized VOC
reductions in urban centers with additional N@ductions across a larger region will
help to reduce ozone and precursors in nonattainareas as well as downwind
transport across the entire region.

The recognition that ground-level ozone in the@asUnited States is a regional
problem requiring a regional solution marks on¢hefgreatest advances in air quality
management in the United States. During the 190guality planners began
developing and implementing coordinated regiondl lacal control strategies for NO
and VOC emissions that went beyond the previoushesip on urban-only measures.
These measures have resulted in significant impnewés in air quality across the OTR.
Measured N@ emissions and ambient concentrations have dropgedeen 1997 and
2005, and the frequency and magnitude of ozoneeelecees have declined within the
OTR. To maintain the current momentum for improvamgquality so that the OTR states
can meet their attainment deadlines, there corditube a need for more regional NO
reductions coupled with appropriate local Né&hd VOC controls.
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1. INTRODUCTION

1.1. Background

Ground-level ozone is a persistent public healdblgm in the Ozone Transport
Region (OTR), a large geographical area that isehtmover 62 million people living in
Connecticut, Delaware, the District of Columbia,iiMg Maryland, Massachusetts, New
Hampshire, New Jersey, New York, Pennsylvania, RHsldnd, Vermont, and northern
Virginia. Breathing ozone in the air harms lungtis, and creates the risk of permanently
damaging the lungs. It reduces lung function, mgkireathing more difficult and
causing shortness of breath. It aggravates exiastignatic conditions, thus potentially
triggering asthma attacks that send children ahdretsuffering from the disease to
hospital emergency rooms. Ozone places at partiaskathose with preexisting
respiratory illnesses, such as emphysema and btsnemd it may reduce the body’s
ability to fight off bacterial infections in thesgpiratory system. Ground-level ozone also
affects otherwise healthy children and adults witgovary active, either at work or at
play, during times of high ozone levels (USEPA, 99% addition, recent evidence
suggests that short-term ozone exposure has pateatdiovascular effects that may
increase the risk of heart attack, stroke, or eleath (USEPA, 2006).

The Clean Air Act requires states that have areagydated “nonattainment” of
the ozone National Ambient Air Quality Standard (N@S) to submit State
Implementation Plans (SIPs) demonstrating how filag to attain the ozone NAAQS.
The SIPs must also include regulations that wélgithe necessary emission reductions
to attain the national ozone health standard. Alsgfahe SIP process, the U.S.
Environmental Protection Agency (USEPA) urges statanclude a conceptual
description of the pollution problem in their naia&iment areas. The USEPA has
provided guidance on developing a conceptual dasmni, which is contained in
Chapter 8 of the document “Guidance on the Use @diédls and Other Analyses in
Attainment Demonstrations for the 8-hour Ozone NASXQEPA-454/R-05-002,
October 2005) (Appendix A of this report reproduCémpter 8 of the USEPA guidance
document). This document provides the conceptual descrigifthe ozone problem in
the OTR states, consistent with the USEPA'’s guidahtthe guidance, the USEPA
recommends addressing three questions to helpediiénozone problem in a
nonattainment area: (1) Is regional transport grontant factor? (2) What types of
meteorological episodes lead to high ozone? (8xdme limited by availability of
volatile organic compounds, nitrogen oxides, or borations of the two, and therefore
which source categories may be most important tiorol® This report addresses these

2 At the time of this writing, the USEPA was incorpangtiSection 8 of the 8-hour ozone guidance into a
new USEPA guidance document covering ozone; £&hd regional haze. The new guidance is in
Section 11 of Draft 3.2 “Guidance on the Use of Modelsahdr Analyses for Demonstrating Attainment
of Air Quality Goals for Ozone, Pp, and Regional Haze,” U.S. EPA, (Draft 3.2 — Septembe8200
available ahttp://www.epa.gov/ttn/scram/guidance_sip.htm#pnfacgessed Oct. 5, 2006). The newer
guidance, when finalized, may differ in some respects frmext given in Section 8 of the earlier ozone
guidance.
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guestions, as well as provides some in-depth datanalyses that can assist states in
developing conceptual descriptions tailored tortBpecific areas, where appropriate.

1.2. Ozone formation

Ground-level ozone is formed in the atmosphereuthinaa series of complex
chemical reactions involving sunlight, warm temperas, nitrogen oxides (N and
volatile organic compounds (VOCSs). Figure 1-1 oaceptual picture of the emission
sources and conditions contributing to ozone fornah the atmosphere. There are
natural (biogenic) sources of NQOsuch as formation by soil microbes, lighteningj a
forest fires, but the dominant NGources in the eastern United States arise framahu
activities, particularly the burning of fossil fgah cars, trucks, power plants, and other
combustion sources (MARAMA, 2005).

In contrast to N@ sources, there are significant biogenic sourcaédQ€s in the
eastern United States that can play an importanttibating role in ozone formation.
Isoprene, a highly reactive natural VOC emitteddgjty by deciduous trees such as oak,
IS an important ozone precursor across large patte East. Isoprene emissions
typically increase with temperature up to a pogfolbe high temperatures tend to shut off
emissions as leaf stomata (pores) close to redater Wss. The tendency for increasing
isoprene emissions with increasing temperatures$o(@ppoint) coincides with the
temperature and sunlight conditions favorable ieareased ozone production
(MARAMA, 2005).

Human-caused (anthropogenic) VOC emissions arertiaapoand may dominate
the VOC emissions by mass (weight) in an urban, @&een though natural sources
dominate in the overall region. Some anthropog®¥®@€s, such as benzene, are toxic,
and may increase risks of cancer or lead to otiiegrae health effects in addition to
helping form ozone (MARAMA, 2005).
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Figure 1-1. Conceptual picture of ozone formationn the atmosphere

Volatile Organic Nitrogen
Compounds’ '

b
Biogenic  Area Mobile Off-Ro thqa

Picture provided by the Maryland Department of the Emvirent.

The relationship between the relative importancB©% and VOC emissions in
producing ozone is complex. The relative ratio @Mand VOC levels in the local
atmosphere can affect the efficiency of local urbaone production, and this can vary
by time (hour or day) at the same urban locatisnyell as across locations within the
same urban area. High N@oncentrations relative to VOC levels may hindssree
production through the destruction of ozone byxN&bmetimes called “NQ
scavenging”). The same NOhowever, when diluted relative to VOCs througé th
downwind transport and dispersal of a pollutiomnpdy will promote ozone formation
elsewhere.

1.3. Spatial pattern of ozone episodes in the OTR

The day-to-day pattern of ground-level ozone vasieording to meteorological
variables that include, but are not limited to, gy, air temperature, wind speed, and
wind direction. Generally within the OTR, one wowelxpect elevated ozone to occur
more frequently in southernmost areas, where stdaation angles are greater and cold
frontal passages are fewer. A glance at monthlypasme maps (for example, July-
August 2002) at the USEPA AIRNOW website seemstdian this
(http://www.epa.gov/airnow/nemapselect.hindn some days, however, one notes that
the highest ozone levels shift northward to maaffgct the northern part of the OTR.
Other shifts are apparent between coastal andantemeas.

This variability of the daily ozone pattern is tidvariations in the atmosphere’s
circulations over a range of scales, and how getaedeatures influence these
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circulations. These features can include boundbdeéseen land and sea, and the
influence of the Appalachian Mountains on windshieir east over the Atlantic Coastal
Plain.

For the OTR, Stoeckenius and Kemball-Cook (2005¢hdentified five general
ozone patterns: (1) high ozone throughout the QZRhigh ozone confined to the
extreme southeastern OTR; (3) high ozone alondgr8#ecorridor and northern New
England; (4) high ozone in the western OTR; andyéjerally low ozone throughout the
OTR. However, not all ozone episodes necessardyiynét into one of the five general
patterns as daily conditions will vary and a giwvzone episode may have characteristics
that fall across several class types. These fineige patterns, however, are a useful
classification scheme for characterizing how regméstive an historical ozone episode is
for possible use in air quality planning effortpp®endix B presents the descriptions of
the five general ozone patterns and their metegicdd attributes as developed by
Stoeckenius and Kemball-Cook (2005).

1.4. The regional extent of the ozone problem in the OTR

Air monitoring demonstrates that areas with ozomdlems in the OTR do not
exist in isolation. The map of Figure 1-2 showseatensive pattern of closely adjacent
0zone nonattainment in areas throughout the OTR.8Fhour ozone baseline design
values (defined in the figure caption) at the maniity sites shown in the figure indicate
extensive areas throughout the OTR with many manhaving values above the 8-hour
ozone NAAQS of 0.08 ppm. In practice, this corresfmto levels equal to or greater
than 0.085 ppm (equivalent to 85 ppb). The map stieovs that many monitors outside
the designated nonattainment areas of the OTRetewd elevated ozone concentrations
approaching the 8-hour ozone NAAQS (i.e., 75-848)peven if not violating it. The
many monitoring locations across that OTR measuwglagated ozone levels that
approach or exceed the 8-hour ozone NAAQS giveoagtindication of the regional
nature of the OTR’s ozone problem.
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Figure 1-2. Map of 8-hour ozone baseline design vads in the OTR

24
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Note: A monitor's baseline design value is the agerof the three design values (3-year averagt®eofth maximum 8-hour ozone level) for the seyexrs 2000-2002, 2001-
2003, and 2002-2004. The figure shows the regipaalre of ozone levels in the OTR, with a numbeclo$ely adjacent nonattainment areas (baselingridealues> 85 ppb)
along with a broader region of elevated regionahez(e.qg., baseline design valaes5 ppb) (figure by Michael Geigert, Connecticup@ement of Environmental Protection).
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1.5. Ozone trends in the OTR

The number of 8-hour ozone exceedance days vantggeear in the OTR,
which is largely driven by variations in meteorojo@®uring warmer summers conducive
for ozone formation, the number of exceedance daywlividual monitors in
nonattainment areas of the OTR has been frequgmtatly with 10 or more days above
the 8-hour ozone NAAQS during the course of thersem Figure 1-3 displays the
variation in exceedance days when collectively margg all monitoring sites across the

OTR since 1997. The figure also includes a linécatihg the trend in the maximum 8-
hour ozone concentrations observed in the OTR gaah The variation in exceedance

days from year-to-year makes it difficult to digterclear trend, although there is some
hint that the number of exceedance days may béndegin recent years. There appears

to be a stronger indication of a declining maxim8xinour ozone concentration in the
OTR since 1997, although the maximum concentragomains well above the 8-hour

ozone NAAQS. This reflects the impact of numeromstiol strategies implemented

locally, regionally, and nationally to reduce enoss of the precursor pollutants that

contribute to ozone formation in the atmosphere.

Figure 1-3. Trends in 8-hour ozone in the OTR 1992005
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Dept. of Environmental Protection.)

The tables in Appendix C contain the frequencyzufree exceedance days for

individual monitors in the OTR states from 19926805. Appendix D contains tables for

the 8-hour ozone design values recorded at ozomgon® in the OTR during 1997-



The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description Page 1-7

2005. These tables give an indication of the nurobemonitors in the OTR since 1997
that have exceeded the 8-hour NAAQS of 85 ppb (equz085 ppm in the tables of
Appendix D) at some point in time.

1.6. History of ozone transport science

1.6.1.From the 1970s to the National Research Council rept, 1991

Research studies conducted in the 1970s gave sitine earliest indications that
pollution transport plays an important role in gdniting to air pollution problems in the
OTR. An aircraft study in the summer of 1979 tratkemass of ozone-laden air and its
precursors leaving central Ohio, crossing the kenftPennsylvania, and entering the
Northeast Corridor where it contributed upward9@fppb to early morning ozone
concentrations in the OTR prior to local ozone fation from local emissions (Clarke &
Ching, 1983). Wolff and Lioy (1980) described as&i of ozone” extending from the
Gulf Coast through the Midwest and into New Englalhdiumber of early studies also
documented the role of large coal-fired power @antforming significant amounts of
ozone pollution that traveled far downwind from ffmver plant source and contributed
to a large elevated background of regional ozoraid®et al, 1974; Milleret al, 1978;
Gillani & Wilson, 1980; Gillaniet al, 1981; Whiteet al, 1983). Section 2 below
describes in more depth the observed meteorologroaksses identified as the ozone
transport mechanisms important for the OTR.

On a regional scale, NGemissions within areas of high VOC emissions, agh
forested regions rich in isoprene, will producevated levels of ozone. A number of
studies have now established that regional ozamedimon over the eastern United States
is limited primarily by the supply of anthropogeMN©x, with anthropogenic VOCs
having less regional influence compared to theteptal urban influence. This is due to
the presence of significant amounts of natural Va@&sss broad areas of the eastern
United States (Traineaat al, 1987; Chameidest al, 1988; Sillmaret al, 1990; McKeen
et al, 1991; Chameidest al, 1992; Traineet al, 1993; Jacolket al, 1993).

The presence of dispersed Né@missions sources, such as coal-fired power
plants, in rural regions rich in isoprene and otteural VOC emissions from trees and
other vegetation often leads to elevated regionahe during the summer months. This
ozone can then be transported into urban areasevith@yntributes to high background
concentrations during the early morning hours leefocal production of ozone occurs
from local precursor emissions (both Nénd VOCSs).

In 1991, a National Research Council (NRC) commajtgynthesizing the best
available information at the time on ozone formatmd transport in the eastern United
States, reported (NRC, 1991):

High ozone episodes last from 3-4 days on average, occluargsas 7-10 times a year,
and are of large spatial scale: >600,006.Kfaximum values of non-urban ozone
commonly exceed 90 ppb during these episodes, compared wrtdgawdaily maximum
values of 60 ppb in summer. An urban area need contributermiant of only 30 ppb
over the regional background during a high ozone episodause a violation of the
National Ambient Air Quality Standard (NAAQS) in a downdiiarea. ... Given the
regional nature of the ozone problem in the eastern UnitgdsS a regional model is
needed to develop control strategies for individual udraas.
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[Note: The NRC discussion was in the context of the odR&QS at the time of the
NRC report, which was 0.12 ppm (120 ppb) averaged aweihour.]

The observed ozone spatial scale of >600,000(k200,000 square miles) is
comparable to the combined size of Kentucky, OWest Virginia, Pennsylvania,
Maryland, New York, and New Jersey. Additional distudies and modeling efforts
since the NRC report (described below) have reg&dits basic findings and provide a
consistent and coherent body of evidence for t@msproughout the eastern United
States.

1.6.2.0zone Transport Assessment Group (OTAG) 1995-1997

The increasing regulatory focus on broader regiapaloaches to ozone control
beyond the OTR began with the Ozone Transport Assest Group (OTAG) in 1995.
OTAG was a partnership between the USEPA, the Bnmental Council of the States
(ECOS), state and federal government officialsugtds organizations, and
environmental groups. OTAG’s goal was “to developasessment of and consensus
agreement for strategies to reduce ground-levet®zamd its precursors in the eastern
United States” (OTAG, 1997a). The effort assessmusport of ground-level ozone
across state boundaries in the 37-state OTAG regidrdeveloped a set of
recommendations to the USEPA. OTAG completed itkwp1997.

OTAG supported a significant modeling effort of faagional ozone episodes
across the eastern United States. OTAG's Regiorhlaban Scale Modeling
Workgroup found that on a regional scale, model& keductions produced widespread
ozone decreases across the eastern United Staitdgmiied ozone increases generally
confined to some urban areas. Also on a regioradé s¥OC reductions resulted in
limited ozone decreases generally confined to udraas (OTAG, 1997b).

The OTAG Air Quality Analysis Workgroup providedditional observational
and other analytical results to inform model intetation and the development of OTAG
recommendations. Among its many finding, this Waodkg observed:

Low wind speeds (< 3 m/sec) enable the accumulation of ozardatal source areas. High
winds (> 6 m/sec) reduce the concentrations but contributeetlong-range transport of ozone.
The average range of ozone transport implied from ay afrdiverse methods is between 150
miles and 500 miles. However, the perceived range dependseaihexr one considers the average
concentrations (300-500 miles) or peak concentrations ¢emiles at 120 ppb). The relative
importance of ozone transport for the attainment of the8teppb 8-hour standard is likely to be
higher due to the closer proximity of nonattainment areaBA(® 1997c¢)

Based on the variety of technical work performedvinjtiple stakeholders during
the process, OTAG reached a number of major colciafOTAG, 1997d), including:

« Regional NQ reductions are effective in producing ozone benefits; the i@ reduced, the
greater the benefit.

» Ozone benefits are greatest in the subregions where emissiliitsions are made; the benefits
decrease with distance.

» Both elevated (from tall stacks) and low-level N@ductions are effective.

» VOC controls are effective in reducing ozone locally and ar¢ athentageous to urban
nonattainment areas.
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» Air quality data indicate that ozone is pervasive, that ozotramnsported, and that ozone aloft is
carried over and transported from one day to the next.

The technical findings of OTAG workgroups were detent with the modeling
and observational studies of regional ozone iretistern United States already appearing
in the scientific literature at that time.

Through its work, OTAG engaged a broad group oatsitthe scientific
community in the discussion of ozone transportsTiought a greater understanding of
the role of ozone transport across the easterretddtates that was then translated into
air quality policy with the creation of a regiordone control strategy focusing on the
reduction of NQ emissions from power plants.

1.6.3.Northeast Oxidant and Particle Study (NE-OPS) 1992002

The Northeast Oxidant and Particle Study (NE-ORg)aD in 1998 as a USEPA
sponsored project to study air quality issues énNlortheast. The study undertook four
major field programs at a field site in northeast@hiladelphia during the summers of
1998, 1999, 2001, and 2002. It involved a collatveeaeffort among research groups
from a number of universities, government laboiagrand representatives of the
electric power industry in an investigation of theerplay between the meteorological
and chemical processes that lead to air polluti@mts in the Northeast. A suite of
measurement techniques at and above the eartlfé€swgave a three-dimensional
regional scale picture of the atmosphere. The stuldiund that horizontal transport aloft
and vertical mixing to the surface are key factorsontrolling the evolution and severity
of air pollution episodes in the Northeast (Phdket al, 2003a).

At the conclusion of the 2002 summer field stuthg, NE-OPS researchers were
able to draw several conclusions about air polfugpisodes in Philadelphia and draw
inferences from this to the conditions in the beraggion. These include (Philbrick
et al, 2003b):

» Transported air pollution from distant sources was a ntajotributor to all of the major summer
air pollution episodes observed in the Philadelphia area.

* Regional scale meteorology is the major factor controlling thgmitude and timing of air
pollution episodes.

« Knowledge of how the planetary boundary layer evolves overdtnese of a day is a critical input
for modeling air pollutant concentrations because it esteddithe mixing volume.

* Remote sensing and vertical profiling techniques are criticalnderstanding the processes
governing air pollution episodes.

* Ground-based sensors do not detect high levels of ozoreréhfrequently trapped and
transported in layers above the surface.

» Horizontal and vertical nighttime transport processes, sutifeasocturnal low level jets and
“dynamical bursting® events, are frequent contributors of pollutants duifiegmajor episodes.

» Specific meteorological conditions are important in catalyziegegion for development of
major air pollution episodes.

e Tethered balloon and lidar measurements suggest a vendmpidmixing of species from the
residual boundary layer during the early morning hoursishtab large to be accounted for on the
basis of NQ reactions alone.

® “Dynamical bursting” events occur in the early morningrsalue to instabilities in the lower atmosphere
caused by differences in wind speeds at different altituelesvithe layer of maximum winds. Bursting
events can vertically mix air downwards to the surface (sebrkkikt al.,2003b at p. 36).
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*  Summer organic aerosols in Philadelphia consist of a relptionstant level of primary organic
particulate matter, punctuated by extreme episodes with higls lef/secondary organic aerosol
during ozone events. Primary organic particulate mattestts biogenic and anthropogenic in
nature, with the relative importance fluctuating from dayap, @nd possibly associated more
strongly with northwest winds. Secondary aerosol foionatvents may be responsible for
dramatic increases in particulate organic carbon, while the dlatienstant contribution of
primary sources could make a greater contribution to annaedge particulate levels. More
research is needed to sort out the relative contributioastbfopogenic and biogenic sources.

The findings on nocturnal low level jets occurringconcert with ozone pollution
episodes are particularly salient for air qualitgnming for the OTR. In 19 of 21 cases
where researchers observed nocturnal low levetjetisig the NE-OPS 2002 summer
campaign in the Philadelphia area, they also sak fiehour ozone levels exceeding
100 ppbv. The nocturnal low level jets were capableansporting pollutants in air
parcels over distances of 200 to 400 km. The fieddsurements indicating that these jets
often occur during periods of large scale stagnathdhe region demonstrate the
important role nocturnal low level jets can playefifectively transporting air pollutants
during air pollution episodes (Philbriek al, 2003b).

The upper air observations using tethered ballamaslidar indicated the
presence of high pollutant concentrations trappetiresidual layer above the surface,
thus preserving the pollutants from destructiorseido the surface. Ozone, for example,
when trapped in an upper layer during nighttimerbasi not subject to destruction by
NOx scavenging from low-level emission sources (cars and trucks) or deposition to
surfaces like vegetation, hence it is availablehanizontal transport by nocturnal low
level jets. The following day, it can verticallyatrsport back down to the surface through
“bursting events” and daytime convection. When Iairng an upper layer of ozone-laden
air horizontally transported overnight by a nocaldow level jet, downward mixing can
increase surface ozone concentrations in the mgthet is not the result of local ozone
production (Philbriclet al, 2003b).

1.6.4.NARSTO 2000

NARSTO (formerly known as the North American Resbdtrategy for
Tropospheric Ozone) produced “An Assessment of @spperic Ozone Pollution — A
North American Perspective” in 2000 to provide éiqyerelevant research assessment of
ozone issues in North America (NARSTO, 2000). Wik NARSTO Assessment is
continental in scope, it encompasses issues ralavéime OTR, including results from a
NARSTO-Northeast (NARSTO-NE) field campaign.

Several policy-relevant findings from the NARSTOsAssment are of relevance to the
OTR (NARSTO, 2000):

» Available information indicates that ozone accumulation is gtyonfluenced by extended
periods of limited mixing, recirculation of polluted agtlveen the ground and aloft, and the long-
range transport of ozone and its precursors. As a rasulfiiality management strategies require
accounting for emissions from distant as well as local seurce

» Local VOC emission reductions may be effective in reducing®@ao urban centers, while NO
emission reductions become more effective at distances rerfronedrban centers and other
major precursor emissions.

» The presence of biogenic emissions complicates the managencentroflable precursor
emissions and influences the relative importance of VOQ\EDdcontrols.
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» The effectiveness of VOC and N@ontrol strategies is not uniquely defined by the location
nature of emissions. It is now recognized that the relative wfeetss of VOC and NQcontrols
may change from one location to another and even from epieagpisode at the same location.

The NARSTO Assessment identified the stagnatiosyabptic scale
(>1000 knf) high pressure systems as a commonly occurringheeavent leading to
ozone pollution episodes. These systems are warmaaises associated with weak
winds, subsiding air from above, and strong inw@rsicapping the planetary boundary
level in the central region of the high. The warmnaass can settle into place for days to
more than a week, and in the eastern U.S. tenldwdystrack from west to east during
the summer. These conditions result in the buildfupollution from local sources with
reduced dispersion out of the region. In termsirofaality, the overall appearance of
such systems is the presence of numerous locabantscale ozone pollution episodes
embedded within a broader regional backgroundexfated ozone concentrations
(NARSTO, 2000 at p. 3-34).

While stagnation implies little movement, the NAR®Assessment found that a
variety of processes can lead to long-range trahspair pollutants that initially
accumulated in these large-scale stagnation ev@wts.time, pollution plumes meander,
merge, and circulate within the high pressure sysi&ecause of the difference in
pressures, pollutant plumes that eventually migiatee edges of a high pressure system
get caught in increasing winds at the edge regimesiting more homogeneous regional
pollution patterns. Stronger winds aloft capture tégional pollutant load, and can
transport it for hundreds of kilometers downwindlod stagnated air mass’s center
(NARSTO, 2000 at p. 3-34). For example, air floanr west to east over the
Appalachian Mountains can move air pollution oraging within the Ohio River Valley
into the OTR.

Studies undertaken by the NARSTO-NE field progrdso abserved several
regional scale meteorological features arising fgmagraphical features in the eastern
U.S. that affect pollutant transport. One import@ature is the channeled flow of a
nocturnal low level jet moving air pollution frorhé southwest to the northeast along the
Northeast Corridor during overnight hours. The NARBNE field program observed
nocturnal low level jets on most nights precediegional ozone episodes in the OTR,
consistent with the observations of the NE-OPS @agm

Another important smaller scale transport mechaisstine coastal sea breeze
that can sweep ashore pollutants originally trarteploover the ocean parallel to the
coastline. An example of this is the high ozonelsgeen at times along coastal Maine
that move in from the Gulf of Maine after havingeberansported in pollution plumes
from Boston, New York City, and other Northeast @wor locations (NARSTO, 2000 at
pp. 3-34 through 3-37).

As a result of the NARSTO-NE field program, a cgsto@l picture of pollution
transport into and within the OTR is possible.dhsists of a combination of large-scale
synoptic flow from the Midwest interacting with vaus regional and smaller-scale
transport and meteorological features within théRQds illustrated in Figure 1-4.
Synoptic-scale transport from west to east actosg\ppalachian Mountains occurs with
the slow-moving stagnant high pressure systemddaktr large regional ozone episodes
across eastern U.S. Regional-scale channeled fepesifically nocturnal low level jets
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from the southwest to the northeast along the AtaDoastal Plain, can occur within the
synoptic system. In addition, daytime sea breeaassnificantly affect bay and coast
line air pollution levels within the OTR (NARSTOQQO at 3-36 and 3-37, citing
Blumenthalet al, 1997).

Figure 1-4. Conceptual picture of different transpat regimes contributing to ozone
episodes in the OTR
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Long-range (synoptic scale) transport occurs fraestvio east across the Appalachian Mountains.
Regional scale transport in channeled flows alsmecfrom west to east through gaps in the
Appalachian Mountains and in nocturnal low levés jieom southwest to northeast over the Northeast
Corridor. Daytime sea breezes can affect localtebaseas by bringing in air pollution originally
transported near the surface across water pataliee coast (e.g., along the Maine coastlinejuié
from NARSTO, 2000, citing Blumenthat al, 1997.

1.6.5.New England Air Quality Study (NEAQS) 2002-2004

The New England Air Quality Study (NEAQS) has teedeonducted field
campaigns during the summers of 2002 and 2004v&stigate air quality on the Eastern
Seaboard and transport of North American emissitinsthe North Atlantic (NEAQS,
2002). Transport of air pollution into the Gulfdfine and subsequently into coastal
areas of northern New England received extensteatain.

High ozone levels in northern New England occuhwight to moderate winds
from source regions in the Northeast urban corridather than under locally stagnant
conditions. The most important transport pathwagsling to high ozone in coastal New
Hampshire and Maine are over water rather than lewer. Transport over water is
particularly important in this northern region betOTR for several reasons. First, there
is a persistent pool of cooler water in the nombieand eastern Gulf of Maine and Bay of
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Fundy. This creates a smoother transport surfacaf@ollutants relative to land
transport, with a decrease in convective (vertioaking. Second, deposition of
pollutants to the water surface is very small coragdo the more rapid deposition
occurring on land. Third, the lack of convectivexmg allows pollution to be transported
in different directions in layers at different hieig in the atmosphere (Angevieeal,
2004).

During the summer of 2002, researchers observedramgport events into
coastal northern New England. The first occurringlaly 22 through July 23 involved
large-scale synoptic transport in a 400-600 m layer the Gulf of Maine that was in
contact with the water’s surface. The southwestiéwly brought ozone pollution up from
the New York City, Boston and other northeastebaarlocations into coastal northern
New England. Ozone monitors on Maine’s coast extgnfilom the New Hampshire
border to Acadia National Park recorded elevatéour- average ozone levels between
88 and 120 ppb during this period. In a later egesduring August 11-14, ozone and
wind observations indicated the role of local-s¢ed@sport via a sea breeze
(southeasterly flow) bringing higher ozone leval®icoastal New Hampshire from a
polluted layer originally transported off shoretlve Gulf of Maine in a southwesterly
flow arising out of the Northeast urban corridorafisport in an elevated layer also
occurred with higher ozone recorded at a monito€adillac Mountain in Acadia
National Park relative to two monitors locatedaatér elevations in the park (Angevine
et al, 2004).

The results of NEAQS indicate the important comaisi contributing to ozone
transport along the northern New England coast.cbo¢ waters of the Gulf of Maine
allow for transport of air pollutants over distasa@é 20-200 km in stable layers at the
water’s surface with little pollutant depositiondilution. Sea breezes can modify large-
scale synoptic transport over the ocean and biigiig dzone levels into particular sites
located on the coast. Transport within higher laysyove the Gulf of Maine can carry
pollutants over much greater distances, 200-200QAmgevineet al, 2004).

1.6.6.Regional Atmospheric Measurement, Modeling, and Piction
Program (RAMMPP) 2003

The Regional Atmospheric Measurement, Modeling, Rratliction Program
(RAMMPRP) is a program led by researchers at thevéisity of Maryland. Its focus is
developing a state-of-the-art scientific reseaodt to improve understanding of air
guality in the mid-Atlantic region of the Uniteda®s. It has a number of facets,
including ozone and PM pollutant level forecasting, aircraft, and surface
measurements, real-time weather forecasting, aachicial transport modeling.

During the August 2003 electrical blackout in tlastern United States, one of the
largest in North American history, scientists WRAMMPP were able to obtain airborne
measurements that directly recorded changes podution due to the virtual shutdown
of numerous coal-fired power plants across a lpageof this region (Marufet al,

2004). Initially, aircraft measurements were cdkelcearly in the day on August 15, 2003
above western Maryland, which was outside the latkegion. These measurements
were compared with aircraft measurements takentlaé¢ day over central Pennsylvania,
about 24 hours into the blackout. The comparisdicated a decrease in ozone
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concentrations of ~50 percent within the blackogtae (as well as >90 percent decrease
in SG; and ~70 percent reduction in light scattered byiglas). These reductions were
also consistent with comparisons to measuremerésnaal over central Pennsylvania the
previous year during a period of similar synop@tterns as occurred during the
blackout. Forward trajectories indicated that teerdase in air pollution during the
blackout benefited much of the eastern United Stdike decrease in ozone was greater
than expected based on estimates of the relatieilootion of power plant NQ

emissions to ozone formation in the region. Theaeshers suggested that this could be
due to underestimation of power plant emissioney pepresentation of power plant
plumes in emission models, or an incomplete satrabspheric chemical reactions in
photochemical models. This accidental “real woedperiment indicates that ozone
formation across a large part of the eastern UrStatkes is sensitive to power plant NO
emissions, and may be even more sensitive tg idQuctions from these sources than
currently predicted by air quality modeling.

1.7. Summary

The chemistry of ozone formation in the atmosplvrelves reactions of NQ
and VOC emissions from numerous sources during@eof warm temperatures and
abundant sunshine. The day-to-day pattern of gréewel ozone in the OTR varies
according to a number of meteorological variabdesh as sunlight, temperature, wind
speed, and wind direction. High levels of ozonéimithe OTR do not occur in isolation,
indicating a broad regional air quality problemefids in 8-hour ozone levels since 1997
indicate improvement in air quality, a reflectiohnmmerous control strategies
implemented locally, regionally, and nationallyrémluce emissions of the pollutants that
contribute to ozone formation.

The scientific literature prior to 1985 containswanber of peer reviewed papers
describing observed episodes of ozone and precpadlotant transport. In 1991, a
National Research Council report summarized thie-sththe-science, which further
highlighted the broad regional nature of the ozamdlem in the eastern U.S. Since then,
multiple collaborative efforts and field campaidresre further investigated specific
aspects of the regional ozone problem affectingdf®, and these provide a significant
foundational basis for informed policy decisionsrtprove air quality.
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2. METEOROLOGY AND EVOLUTION OF OZONE
EPISODES IN THE OZONE TRANSPORT REGION

The following sections describe current knowledfthe factors contributing to
ozone episodes in the OTR. The general descripfizreather patterns comes mainly
from the work of Ryan and Dickerson (2000) donetlier Maryland Department of the
Environment. Further information is drawn from wdmnk Hudson (2005) done for the
Ozone Transport Commission and from a mid-Atlarggional air quality guide by
MARAMA (2005). The regional nature of the obsenambne episodes in the OTR is
reinforced in modeling studies by the USEPA for @lean Air Interstate Rule.

2.1. Large-scale weather patterns

Ryan and Dickerson (2000) have described the gemext@orological features
conducive to ozone formation and transport thaparénent to the OTR. On the local
scale, meteorological factors on which ozone cotmagans depend are the amount of
available sunlight (ultraviolet range), temperatuaned the amount of space (volume) in
which precursor emissions mix. Sunlight driveskbg photochemical reactions for
ozone and its key precursors and the emissions cat@any precursors (isoprene for
example) are temperature dependent. Emissionsnaahiithin a smaller volume result
in higher concentrations of ozone. Winds in thedst\2 km of the atmosphere cause
horizontal mixing while vertical temperature andistare profiles drive vertical mixing.
High ozone is typically associated with weatherditons of few clouds, strong
temperature inversions, and light winds.

The large-scale weather pattern that combines matggcal factors conducive
to high ozone is the presence of a region of uppédrigh pressure (an upper air ridge)
with its central axis located west of the OTR. THER east of the axis of the high-
pressure ridge is characterized by subsiding (dawdwnoving) air. This reduces
upward motion necessary for cloud formation, insesatemperature, and supports a
stronger lower level inversion. While the upperraige is located west of the OTR,
surface high pressure is typically quite diffuseoas the region. This pattern occurs
throughout the year but is most common and longedlin the summer months (Ryan
and Dickerson, 2000).

The large, or synoptic, scale, weather patterrchleet above has important
implications for transport into and within the OTIRrst, the persistence of an upper air
ridge west of the OTR drives generally west to Iwest winds that can carry ozone
generated outside the OTR into the OTR. A key piborh this wind-driven transport
mode is that stagnant air is not always a factohigh ozone episodes in the OTR.
Second, the region in the vicinity of the ridgesaieing generally cloud free, will
experience significant radiational cooling aftenset and therefore a strong nocturnal
inversion will form. This inversion, typically onlg few hundred meters deep, prevents
ozone and its precursors from mixing downward oiggn Above the inversion layer,
there is no opportunity for destruction of the ptahts by surface deposition, thus
increasing the pollutants’ lifetimes aloft and ceqgently their transport distances. Third,
with diffuse surface high pressure, smaller scibkrts can become dominant in the
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lowest layers of the atmosphere. These includeabayland breezes, the Appalachian lee
side trough, and the development of the noctuowallével jet. Nocturnal low-level jets
are commonly observed during high ozone eventsarQTR (Ryan and Dickerson,
2000).

As previously mentioned in Section 1, Stoeckenng lkemball-Cook (2005)
have identified five ozone patterns in the OTR gsiide to an historical ozone episode’s
representativeness for air quality planning purpo$éey also described the
meteorological conditions that are generally asgediwith each of these patterns.
Appendix B presents the five types with the addgilometeorological detail.

2.2. Meteorological mixing processes

An important element in the production of severenezevents is the ability of the
atmosphere through temperature inversions to intiibimixing processes that under
normal conditions would lead to dilution of the &eul pollutants. For the purposes of
this discussion, we focus on two major classesmpierature inversions, (1) nocturnal
(radiative) and (2) subsidence.

Figure 2-1 shows an example of nocturnal and sebsklinversions in a
temperature profile taken over Albany, NY, on Sapgier 1, 2006 at 7 a.m. eastern
standard time. The figure shows two distinct terapee inversions- the ground-based
nocturnal inversion and an inversion at about Ii®@@ers caused by the sinking motion
(subsidence) of the atmosphere in a high presgster.

Figure 2-1. Temperature profile taken over AlbanyNY, on September 1, 2006 at
7 a.m. eastern standard time
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2.2.1.Nocturnal inversions

Land surfaces are far more efficient at radiatiegttthan the atmosphere above,
hence at night, the Earth’s surface cools moralhapinan the air. That temperature drop
is then conveyed to the lowest hundred meterseohtimosphere. The air above this layer
cools more slowly, and a temperature inversion forfime inversion divides the
atmosphere into two layers that do not mix. Belbe/nocturnal surface inversion, the
surface winds are weak and any pollutants emitedroght accumulate. Above the
inversion, winds continue through the night and eaen become stronger as the
inversion isolates the winds from the friction bétrough surface.

In the morning, the sun warms the Earth’s surfanée,conduction and convection
transfer heat upward to warm the air near the sarf@y about 10:00 — 11:00 a.m., the
temperature of the surface has risen sufficiewtlgetmove the inversion. Air from above
and below the inversion can then mix freely. Depegp@n whether the air above the
inversion is cleaner or more polluted than theadithe surface, this mixing can either
lower or increase air pollution levels.

2.2.2.Subsidence inversions

Severe ozone events are usually associated withpgnessure systems. In the
upper atmosphere, the winds around a high presgstem move in a clockwise
direction. At the ground, friction between the grdwand the winds turns the winds away
from the center of the system and “divergence” ogameaning that air at the surface
moves away from the center. With the movementiiaiizontally away from the center
of the high at the surface, air aloft moves veligodownward (or “subsides”) to replace
the air that left. Thus, the divergence away frbmhigh pressure system gives rise to
subsidence of the atmosphere above the high. Td®ding motion causes the air to
warm as it moves downward and is compressed. Aw#nmer air meets the colder air
below, it forms an inversion. A subsidence invansgparticularly strong because it is
associated with this large scale downward motiothefatmosphere. The subsidence
inversion caps pollution at a higher altitude ia #imosphere (typically from 1200 to
2000 meters), and it is far more difficult to bresdwvn than the nocturnal inversion.
Hence the subsidence inversion limits vertical mgxin the middle of the day during an
air pollution episode, keeping pollutants trappleser to the ground.

2.3. Meteorological transport processes

2.3.1.Introduction

Figure 2-2 shows the classic synoptic weather pattethe Earth’s surface
associated with severe ozone episodes within tHe.@Tquasi-stationary high pressure
system (the Bermuda high) extends from the Atla@tean westward into interior
southeastern U.S., where a second weaker highasad. Surface winds, circulating
clockwise around the high, are especially lighthi& vicinity of the secondary high.
Farther north, a southwesterly flow strengthensaroMNew York and southern New
England. This situation illustrates two circulati@gimes often existing in OTR ozone
episodes: more stagnant conditions in southerrsaned a moderate transport flow in the
OTR from southwest to northeast. In addition, aswaksed previously, high pressure
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systems exhibit subsidence, which results in teatpes inversions aloft, and cloud free
skies.

Closer to the surface, the Appalachian Mountaidsi@e changes in the wind
field that also play important roles in the forneatiand transport of ozone in the OTR.
The mountains act as a physical barrier confiningome degree, pollution to the coastal
plain. They also induce local effects such as maiardnd valley breezes, which, in the
case of down-slope winds, can raise surface tempesthereby increasing chemical
reactivity. In addition, mountains create a leegiugh, which helps to channel a more
concentrated ozone plume, and contribute to thredton of nocturnal low level jets, the
engine of rapid nighttime transport.

The Atlantic Ocean also plays a strong role dudngne episodes where sea
breezes can draw either heavily ozone-laden onctearine air into coastal areas.

Figure 2-2. Schematic of a typical weather patterassociated with severe ozone
episodes in the OTR
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Meteorological processes that transport ozonetanarécursors into and within
the OTR can roughly be broken down into three Evglound, mid and upper. The
following sections discuss the three wind levesoagted with meteorological transport
processes in more detail.
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2.3.2.Ground level winds

Land, sea, mountain, and valley breezes

In the OTR, land and sea breezes, and mountainalley breezes can have an
important influence on local air quality. Thesedbwinds are driven by a difference in
temperature that produces a difference in presbigare 2-3 shows a schematic of the
formation of a sea breeze. The sea breeze forthe iafternoon when the land is
considerably hotter than the ocean or bay. Air fimms from the high pressure over the
ocean toward the low pressure over land. At nidjiet,opposite may happen as the land
cools to below the ocean’s temperature, and abaeelze blows out to sea. Because the
nighttime land and water temperature differencesuaually much smaller than in the
day, the land breeze is weaker than the sea br8eadbreezes typically only penetrate a
few kilometers inland because they are driven byperature contrasts that disappear
inland.

Figure 2-3. lllustration of a sea breeze and a landreeze
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Along coastlines, such as coastal New Englandbssszes bring in air pollution
transported near the surface over water from uldeations located to the southwest.
Figure 2-4 shows the average 2000-2002 wind doedtequency for elevated 1-hour
ozone in the vicinity of the Kennebec and PenobRbatrs in Maine. There is a clear
maximum of pollution in the direction of the seaére. These sites are located many
miles upriver from the coast, and receive ozonesparted over water from the sea up
through the coastal bays and rivers.

In other cases, sea breezes can affect air qualityastal cities because, under
stagnant synoptic-scale winds, a city’s emissionyg bre recirculated or pushed back
over land after having drifted out over the sedieraBefore sea breeze circulation
begins, air pollution from a coastal city can mow over the water. In the absence of a
shift in winds due to a sea breeze, the city’allution will be blown away. When a sea
breeze circulation sets up, however, the pollutet gpushed back toward the city. The
sea breeze only pushes a few miles inland, whialhere the barrier to mixing lies.
Later in the day, the air may be quite clean oroitesn side of the city, but the air is
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usually quite dirty on the inland side. The cityfets from its own recirculated pollution,
and also from the sea breeze that does not alléiutipo from the city to flow away

from it. Appendix E presents more detailed inforiorabn sea breezes and flow over the
ocean that contribute to ozone transport in pdrtseoOTR.

Figure 2-4. Average 2000 — 2002 wind direction fregency associated with elevated
one-hour ozone levels in coastal Maine

d Fi_gure C-5: 2000-2002 Elevated 1-hr. Ozone ‘Wind Direction Frequency

Legend
MNOx Waiver Request
8-hr Ozone Nonattainment

= 1-hr Concentration > 64 ppb
—— 1-hr Concentration > 84 ppb

05 ®m 20 Miles

Created by Marth @ Wk bk rand Tom Dowss, WEDEP-BAD [31105

The bay breeze is a shallow circulation over lanignd bays, and may only
extend a couple hundred meters above the surfacexample, bay breezes from the
Chesapeake Bay often make Baltimore’s summertimguaility particularly poor. Air
from the city cannot escape directly across the Baythe other hand, a few miles closer
to the Bay, conditions are often considerably aéeasince no fresh emissions have
gotten into the air there since earlier that maynfPolluted air from the west side of the
Bay can still mix upward, where it meets the stemginds aloft, pass over the Bay
breeze circulation and come back down on the &desio$ the Bay.

Mountain and valley breezes are also driven byrgé&ature contrast. In the
daytime, the side of the mountain will heat up mgqueckly than the valley, and hence a
flow from the valley to the mountain results. Aght this flow is reversed as the
mountain side cools more quickly than the valleg.aresult of these differences in
cooling and heating, during the day, warm windswblg toward the peaks from the
valley below, while at night, cool air sinks andvils down the valley, settling in the
lowest points. Local topography is very importangenerating this phenomenon,
making the breeze unique to a particular area.
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Mountains and valleys also serve to isolate aih@avalleys, while air at the
mountaintops may be coming from very far away. Maimwinds, inversions, and
mixing are quite complex. On a quiet night, the mtaintop may be in the free
troposphere, open to long-range transport, whievtlley below is usually capped by a
nocturnal inversion, isolating pollution in the egl. Air quality measurements taken
during plane flights in the Shenandoah River Valieaye shown that the air pollutants in
the valley may be rather different from the aittegt nearby peaks. Cities on the western
side of the mountains will find that the Appalactsare capable of damming pollution
up against them (MARAMA, 2005 at pp. 42-43).

Appalachian lee side trough

The Appalachian lee side trough forms on the ledydownwind) side of the
Appalachian Mountains. In a sense, it is the dag/ttmmpanion to the nocturnal low
level jet, discussed below, because it forms usaeilar stagnant conditions; however,
the mechanism for its formation is different. It TR, a lee side trough forms when
winds blow over the Appalachian Mountains and dokenlee side of the mountain range
to the coastal plain. As the column descends dbwerete side, it stretches vertically and
spins faster, pulling up air and creating low poessthus rotating the winds to the
southwest. Because the air is typically rather dngl the trough itself is rather weak, it
does not usually lead to showers and thunderstthrenway a trough associated with
other weather systems would. It does cause windkifbtheir direction, so a wind that
comes over the mountains from the west will turd Blow from the southwest along the
coastal plain. Therefore, when surface winds orctdastal plain are from the southwest,
if the Appalachian lee side trough is in placen@ty be that the air actually came from
the west, descended, and turned. The implicatioaifaquality policy is straightforward.
Pollution making its way over the mountains frora thest will turn once it reaches the
coastal plain and come from the southwest. Becswidace winds are then from the
southwest, when the Appalachian lee side troughpéace, the limits of a nonattainment
area’s airshed will be expanded farther south amst ¥han they might otherwise be
(MARAMA, 2005 at pp. 41-42). Studies have obserkggh ozone levels in the OTR
associated with a lee side trough east of the Agbédn Mountains and aligned with the
Northeast Corridor (Gaza, 1998; Kleinmanal,, 2004).

2.3.3.Mid-level winds: Nocturnal low level jets

The nocturnal low lev€jet is a localized region of rapid winds in thevéy
atmosphere (typically 500-1500 m above the groerdl) that form at night under the
same calm conditions often present in a pollutipis@de. Forming just above the
nighttime temperature inversion mentioned previpusle nocturnal low level jet
depends on the isolation from the surface proviaethe inversion. It is primarily a
nocturnal phenomenon that occurs more frequentiypnguhe spring and summer
seasons.

““Low level” in this instance is relative to upper level jetgurring in the upper troposphere to lower
stratosphere at heights of 10-15 km above the ground l&vsInot a “ground level” phenomenon of the
types described in the previous section.
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A nocturnal low level jet is generally found whereange of mountains meets a
flat plain. There is a particularly strong nocturioav level jet in the Great Plains of the
central United States on the eastern side of tlekyRblountains. On the Eastern
Seaboard, nocturnal low level jets develop alomgAtiantic Coastal Plain located to the
east of the Appalachian Mountains and to the witeoAtlantic Ocean. While the
typical wind speed minimum of a nocturnal low lejetlis often defined as more than
12 meters per second (iM)sRyan (2004) has proposed a weaker minimum speed
criterion of 8 m & in the East because of the expected weaker tdérdirced forcing in
this region. The mid-Atlantic nocturnal low level jhas a width of 300-400 km (to its
half peak value) and a length scale of more th&® Xsn, following closely the
orientation of the Appalachian Mountains.

The nocturnal low level jet forms when fronts atmhs systems are far away.
Surface winds are parallel to the terrain, whickhi case of the OTR is southwest
running over the Atlantic Coastal Plain in fronttbé Appalachian Mountains. The
nocturnal low level jet forms because land coolskpr than the air above it at night.
The quickly cooling land results in the air clostesthe surface cooling quicker than the
air higher above. This creates a temperature irrethat separates the atmosphere into
layers. The warmer air above the inversion layef(~200 m above ground) loses the
frictional effect of the surface and increasespeesl. In the eastern United States, the
nocturnal low level jet has been observed in Geptilpie Carolinas and Virginia
(Weisman, 1990; Sjostedt al, 1990) in addition to the OTR (NARSTO, 2000).
Appendix F describes a specific example of an elesbnocturnal low level jet occurring
over the length of the OTR during a period of higione in July 2002.

Upper air studies have observed ozone being traregspovernight in nocturnal
low level jets in the OTR (Woodmaet al, 2006). The Maryland Department of the
Environment (MDE) operates an upper air profiletha Howard University (HU) site
located in Beltsville, Maryland. On August 5, 20080 helium-filled balloons carrying
ozone sensors (called “ozonesondes”) were launahtte HU — Beltsville site in the
early morning hours. Using the upper air profienocturnal low level jet of 15 m's
was observed between approximately midnight and &:81. One ozonesonde was
launched at 3:30 a.m. and measured an ozone coattemtof approximately 95 ppb at
about 600 meters, which is within the nocturnal lewel jet. Another ozonesonde was
launched at 7:30 a.m. and measured an ozone coattemtof approximately 90 ppb at
about 1,000 meters (Figure 2-5). Each of the opomeentrations was observed at
approximately the same height as the nocturnal ¢éeatpre inversion as indicated by the
kink in the temperature profile. The observatiandicated that elevated ozone
concentrations are within the nocturnal low lee] |
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Figure 2-5. Ozonesonde measurements on August 50800f elevated ozone
concentrations in a nocturnal low level jet above 8ltsville, MD
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2.3.4.Upper level winds: Ozone and precursors aloft

Theoretical and numerical model simulations hayggesated for some time that
there is a strong regional component to urbanuatity in the northeastern United States
(Liu et al, 1987; Sillmaret al, 1990; McKeeret al, 1990). Since 1992, over 300
aircraft flights have been made to measure ventiaailes of ozone, the nitrogen oxides,
carbon dioxide, sulfur dioxide, and more recendyosgol particles during high ozone
episoded.Figure 2-6 shows the results of profiles takerr @eatral Virginia on July 15,
1995, at about 9:00 am on the last day of a foyrsg@&ere ozone episode. During this
episode, winds measured at Sterling, Virginia (IAD)he 500-3000 m layer, where
0zone was at a maximum, were consistently fromwibst to the north. This was
particularly true on July 15. There were no periofistagnation or reversal of wind
direction during this period. Figure 2-6 shows titet 0zone mixing ratio above the
boundary layer is much larger than that at the appeaking at about 1200 meters.

An examination of the various pollutant data inUf&y2-6 helps to identify
possible sources of the elevated ozone. It shauldobed that while both automobiles
and power plants emit NQautomobiles emit carbon monoxide (CO) but nofusul
dioxide (SQ), while power plants emit Sut not CO. The CO profile is not correlated
well with the ozone data, indicating that the seuwtthe ozone is not from local sources,
i.e., automobiles. The peak in the N@rofile at around 800 meters is an indication of
“aged air” (hence transport) as a number of stuldige® found a strong relationship
between increasing ozone and W@ photochemically aged air masses (Tragteal,,

4 These measurements were made as part of the Universitgrgfavd’s RAMMPP (Regional
Atmospheric Measurement, Modeling, and Prediction Progradgrithe sponsorship of ARMA,
MARAMA (Mid-Atlantic Regional Air Management Association) ADEQ (Virginia Department of
Environmental Quality), and NCDEQ (North Carolina Departinaércnvironmental Quality).

®NOy = NO + NQ + all other oxidized nitrogen products of N@xcluding NO.
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1993; Kleinmaret al, 1994; Olszynat al, 1994). Finally, the peak in the $@rofile,
which occurs above the nocturnal inversion, iskatjyi to come from local sources.

Indeed the presence of the S€ads to the conclusion that the air is comingnffmower

plants west of the Appalachian Mountains.

Figure 2-6. Altitude profiles for ozone, carbon mooxide, NOy, and SG taken on
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During the same July 1995 period, measurementsialother parts of the OTR
also recorded high ozone overnight in layers 50ff tmgher above the surface. Ozone
aloft concentrations above Poughkeepsie, NY and Nawen, CT approached levels of
120 ppb or greater on the night of July 14 (ZhanBd&b, 1999). Figure 2-7 displays the
aircraft measurements above Poughkeepsie, NY arbanch. EST.
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Figure 2-7. Observed vertical ozone profile measudeabove Poughkeepsie, NY at
about 4 a.m. EST on July 14, 1995

1600 |
1200 8-hour standard
~ \
0
L [
g i Observed ozone
< 800
o
=]
o
=
<
400 |

0 20 40 60 80 100 120 140
Ozone (ppb)

Note: The figure includes a vertical line at 85 fpbcomparing aloft measurements with the
8-hour ozone NAAQS (observed ozone data from Zt&aRao, 1999).

The aircraft measurements since 1992 reinforc@téeously mentioned
observations by Clarke and Ching (1983) duringstimmer of 1979, in which aircraft
measurements recorded aloft ozone concentratioalsaft 90 ppb transported overnight
from eastern Ohio and entering into the Northeasti@or over a region stretching from
the lower Hudson River Valley north of New York down across eastern
Pennsylvania and into Maryland just west of Baltiemd'he measurements also observed
NOx aloft during the overnight hours that could cdnite to additional ozone formation
in the OTR as it mixed down to the surface in trerming.

The presence of high levels of 0zone and precuedofsacross a large spatial
region gives rise to the concept of an “ozone raBgrexisting at night just above the
nocturnal inversion boundary. The pollutants irs tl@servoir are not subject to
destruction at the surface, and can be transplmteddistances in the wind flows created
by the synoptic scale weather patterns conduciezéme formation and transport.

2.4. Atmospheric modeling of regional ozone transport

Modeling results by the USEPA for the Clean Aireistate Rule (CAIR) further
underscore the regional nature of ozone transptwrtand within the OTR through the
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various pathways described in the above sectioase®on ozone air quality modeling
results, the USEPA tabulated the percent contobuit 8-hour ozone nonattainment in a
number of OTR counties. The USEPA modeled the dmrttons for the base year 2010,
which included implementation of the N@IP Call and other existing and promulgated
control programs. Table 2-1 shows the CAIR redoltshe OTR counties (USEPA,
2005, from Table VI-2).

Table 2-1. USEPA CAIR modeling results of percentantribution to 8-hour ozone
nonattainment in OTR counties in 2010 due to transprt from upwind states

2010 Base Percent of 8-Hour
Nonattainment 2010 Base Ozone due to

Counties 8-Hour Ozone (pph) Transport
Fairfield CT 92 80 %
Middlesex CT 90 93 %
New Haven CT 91 95 %
Washington DC 85 38 %
Newcastle DE 85 37 %
Anne Arundel MD 88 45 %
Cecil MD 89 35 %
Harford MD 93 31 %
Kent MD 86 47 %
Bergen NJ 86 38 %
Camden NJ 91 57 %
Gloucester NJ 91 62 %
Hunterdon NJ 89 26 %
Mercer NJ 95 36 %
Middlesex NJ 92 62 %
Monmouth NJ 86 65 %
Morris NJ 86 63 %
Ocean NJ 100 82 %
Erie NY 87 37 %
Richmond NY 87 55 %
Suffolk NY 91 52 %
Westchester NY 85 56 %
Bucks PA 94 35 %
Chester PA 85 39 %
Montgomery PA 88 47 %
Philadelphia PA 90 55 %
Kent RI 86 88 %
Arlington VA 86 39 %
Fairfax VA 85 33 %

From USEPA, 2005 (Table VI-2)

The CAIR modeling by the USEPA also provides infation on the upwind
areas (by state) contributing to downwind nonaitent in the OTR counties. Table 2-2
presents the upwind states significantly contrifitio 8-hour ozone nonattainment in
counties within the OTR, according to significacieria used by the USEPA (USEPA,
2005, from Table VI-5). The states listed in thaéaas significantly contributing to
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downwind ozone nonattainment in the OTR countielutte states outside of the OTR,
indicating the broad regional scale of the ozoargport problem.

Table 2-2. USEPA CAIR modeling results of upwind sttes that make a significant
contribution to 8-hour ozone in downwind OTR nonatainment counties

Downwind

State/County Upwind States
CT | Middlesex MA NJ NY OH| PA| VA
CT | New Haven MD/DC NJ NY OH PA VA W\
CT | Fairfield MD/DC NJ NY OH| PA| VA| WV
District of Columbia | MD/DC OH PA VA
DE | New Castle MD/DC Ml NC OH PA VA W\
MD | Harford NC OH PA VA| WV
MD | Kent Ml NC OH PA| VA| WV
MD | Cecil Mi OH PA VA | WV
MD | Anne Arundel Ml NC OH PA| VA| WV
NJ | Ocean DE MD/D(C Ml NY| OH PA VA WV
NJ | Bergen MD/DC Ml OH PA| VAl WV
NJ | Gloucester DE MD/D( Ml OH PA VA W\
NJ | Morris DE MD/DC Ml NY | OH| PA| VA| WV
NJ | Middlesex DE MD/DC Ml NY| OH| PA| VA WV
NJ | Hunterdon DE MD/D(C OH PA VA W\
NJ | Camden DE MD/DQ Ml OH PA VA W\
NJ | Mercer DE MD/DC Ml NY| OH| PA| VA| WV
NJ | Monmouth DE MD/DC Ml NY| OH| PA| VA WV
NY | Erie MD/DC Ml NJ PA| VA| WI
NY | Westchester MD/DC NJ OH PA VA W
NY | Richmond MD/DC Ml NJ PA| VA| WV
NY | Suffolk CT DE MD/DC| MI | NC| NJ| OH| PA| VA WV
PA | Montgomery DE MD/DC NJ OH W\
PA | Philadelphia DE MD/D(C Ml NJ] OH VA WV
PA | Chester DE MD/D(C Ml NJ] OH VA WV
PA | Bucks DE MD/DC Ml NJ| OH| VAl WV
RI Kent CT MA NJ NY| OH| PA| VA
VA | Arlington MD/DC OH PA
VA | Fairfax MD/DC OH PA WV

From USEPA, 2005 (Table VI-5). States are listed alphablgtizatl not according to order of influence.

While the USEPA modeled 40 eastern U.S. countiés asnattainment of the 8-
hour ozone NAAQS in the 2010 base year (includimgnties not in the OTR), it
projected that only three of those 40 counties @aoime into attainment by 2010 with
the additional N@ reductions of CAIR (USEPA, 2005, p. 58). The USERAdeling
does predict that ozone will be lower in the renm@monattainment counties by 2010
due to CAIR, with additional counties coming intteenment by 2015. The CAIR
reductions, therefore, will bring the OTR nonattaént counties closer to attainment by
2010, but will not result in attainment for a lamgajority of OTR counties predicted to
be in nonattainment in 2010 prior to implementatdCAIR.
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2.5. Summary

This section has summarized current knowledgeehibteorological processes
that affect local ozone levels within the OTR. Aceptual description of transport
within the OTR can be divided into three principmponents: ground level transport at
the surface, transport by the nocturnal low leggland transport aloft. All three modes
of transport depend on the location of the higlsguee system. Ground level transport is
the result of interaction between the synoptic fiovd local effects, such as the sea
breeze and the Appalachian lee side trough. Trahgghin the OTR can occur by the
nocturnal low level jet that forms late at nightiothe very early morning hours. This
phenomenon is a result of the differential heatihthe air between the Appalachian
Mountains and the Atlantic Ocean. It has been ofesethroughout the Eastern Seaboard
from Georgia to Maine. The nocturnal low levelgan transport ozone that formed
within the OTR or was transported into the OTR froatside the region. Transport aloft
is dominated by the anti-cyclonic flow around athgyessure system, which can lead to
transport of an ozone reservoir into the OTR cikieemissions in areas that lie outside
the OTR. Local emissions within the OTR add togb#uted air mixing down from
above that arrived from more distant locations.

Atmospheric modeling by the USEPA underscores bsekvations that the
OTR’s ozone problem has contributions from outsidd upwind of the region. Pollution
sources in the Ohio River Valley and the Southsigstificantly contribute to ozone
nonattainment problems in various portions of tAHdRO
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3. OZONE-FORMING POLLUTANT EMISSIONS

The pollutants that affect ozone formation are ti@@rganic compounds
(VOCs) and nitrogen oxides (N The emissions dataset presented for the OTRein t
first section below is from the 2002 MANE-VU (Midtlantic/Northeast Visibility
Union) Version 2 regional haze emissions inventttaNE-VU is the regional planning
organization (RPO) for the mid-Atlantic and Norteestates coordinating regional haze
planning activities for the region. While the cortitef the MANE-VU inventory is
regional haze, it includes inventories of fNé@nd VOCs that also inform air quality
planners on sources important to ozone formdtitm provide a fuller context of
precursor emissions contributing to regional ozaifiecting the OTR, the section
following the MANE-VU information presents NCand VOC emissions information
from the 2002 National Emissions Inventory (NEI) &tates in adjacent RPOs.

3.1. Emissions inventory characteristics in the OTR

3.1.1.Volatile organic compounds (VOCSs)

Existing emission inventories generally refer toG&as hydrocarbons whose
volatility in the atmosphere makes them particylariportant in enhancing ozone
formation in the presence of NO

As shown in Figure 3-1, the VOC inventory for th&Ris dominated by mobile
and area sources. Most VOC emissions in the OT®Rewer, come from natural sources,
which are not shown in the figure. Among the hummansed VOC emissions, on-road
mobile sources of VOCs include exhaust emissiam® fgasoline passenger vehicles and
diesel-powered heavy-duty vehicles as well as enedpye emissions from transportation
fuels. VOC emissions may also originate from aetgrof area sources (including
solvents, architectural coatings, and dry clearessyell as from some point sources
(e.g., industrial facilities and petroleum refires).

Naturally occurring (biogenic) VOC emissions aresed by the release of
natural organic compounds from plants in warm weatMany natural VOCs that
contribute to ozone formation are highly reactigeprene, for example, is a highly
reactive five-carbon natural VOC emitted from mpskkciduous trees (e.g., oaks) that
plays an important role in enhancing regional oZonation across the eastern U.S.
(Traineret al, 1987; Chameidest al, 1988). Because biogenic VOC emissions are large
and reactive, they are the most important pateMOC inventory for understanding
and predicting ozone formation. Biogenic VOCs astincluded in Figure 3-1, but
nationally, they represent roughly two-thirds dfainual VOC emissions (USEPA,
2006a). Modeling biogenic emissions can be diffiaglit requires simulating biological
responses to a range of environmental conditiared) as leaf temperature and the
amount of sunlight reaching a leaf surface.

" The description of OTR state inventories discussekldrfitst section does not include the portion of
Virginia in the Washington, DC metropolitan area. Infaiiovafor Virginia is in the following section and
comes from the 2002 National Emissions Inventory.
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Figure 3-1. 2002 MANE-VU state VOC inventories inhle OTR
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Figure key: Bars = Percentage fractions of four source categ@itekes = Annual
emissions amount in $@ns per year. The Virginia portion of the Washingto@, D
metropolitan area is not shown in the figure.

3.1.2.0xides of nitrogen (NQ&)

NOx emissions are a fundamental necessity for thesgheyic formation of
ozone. Without NQ, ozone formation during warm summer days woultuelty cease,
regardless of the amount of reactive VOCs pre&antontrast, without VOCs, NO
would still produce ozone in the presence of sim)iglbeit at a much diminished
efficiency.

Figure 3-2 shows NQemissions in the OTR at the state level. Sincé;198
nationwide emissions of NOfrom all sources have shown little change. In,fact
emissions increased by 2 percent between 1989%8®I(USEPA, 2000). This increase
is most likely due to industrial sources and tla@sportation sector, as power plant
combustion sources have implemented modest emsseeoluictions during the same time
period. Most states in the OTR experienced dedihN@x emissions from 1996 through
2002, except Massachusetts, Maryland, New York,Rimade Island, which show an
increase in N@ emissions in 1999 before declining to levels bel®96 emissions in
2002.
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Figure 3-2. State level nitrogen oxides emissions
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Monitored ambient N@trends during the summer from 1997 to 2005 comatieo
the downward trend in NiOemissions seen in the emissions inventories MR, As
seen in Figure 3-3, the 24-hour (lower trend lireeg) 6 a.m.-8 a.m. (upper trend lines)
NOx concentrations indicate decreases inkN®er this time period in the OTR. The
NOx reductions likely come from decreasing vehiclex\#nissions due to more
stringent motor vehicle standards as well asX&luctions from the OTR NCBudget
Program and the NOSIP Call (mainly power plants).
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Figure 3-3. Plot of monitored NG trends in OTR during 1997-2005
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Environmental Protection).

Power plants and mobile sources generally domistate and national NO
emissions inventories. Nationally, power plantsoact for more than one-quarter of all
NOx emissions, amounting to over six million tons. Ehectric sector plays an even
larger role, however, in parts of the industriabMest where high NQemissions have a
particularly significant power plant contributidBy contrast, mobile sources dominate
the NQ inventories for more urbanized mid-Atlantic andANEngland states to a far
greater extent, as shown in Figure 3-4. In thesest on-road mobile sources — a
category that mainly includes highway vehicles present the most significant NO
source category. Emissions from non-road (i.e-hafhway) mobile sources, primarily
diesel-fired engines, also represent a substdrdietion of the inventory.
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Figure 3-4. 2002 MANE-VU state NQ inventories in the OTR
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Figure key: Bars = Percentage fractions of four source categGiiees = Annual
emissions amount in $@ns per year. The Virginia portion of the Washingto@, D
metropolitan area is not shown in the figure.

3.2. Emissions inventory characteristics outside the OTR

NOx and VOC emissions in the OTR are only one compooietihe emissions
contributing to ozone affecting the OTR. As regiomadeling for the NQ SIP Call and
CAIR have shown, emission sources, primarily ofiNf@cated outside the OTR can
significantly contribute to ozone transported itite OTR. Here we present regional
emissions information grouped by the three eaf®€®s — MANE-VU, VISTAS
(Visibility Improvement State and Tribal Associatiof the Southeast), and the MWRPO
(Midwest RPO). Table 3-1 lists the states in eaPIOR

The inventory information is extracted from the UBEfinal 2002 National
Emissions Inventory (NEI). For consistency, the MANU information here also comes
from the 2002 NEI rather than from the MANE-VU Viexs 2 regional haze emissions
inventory described above. The differences betvieernventories are not great, as the
NEI and the MANE-VU Version 2 inventory are bothsbd on the same inventory
information provided by the states.
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Table 3-1. Eastern U.S. RPOs and their state member

RPO State
MWRPO Illinois
MWRPO Indiana
MWRPO Michigan
MWRPO Ohio

MWRPO Wisconsin
MANE-VU Connecticut
MANE-VU Delaware
MANE-VU District of Columbia
MANE-VU Maine
MANE-VU Maryland
MANE-VU Massachusetts
MANE-VU New Hampshire
MANE-VU New Jersey
MANE-VU New York
MANE-VU Pennsylvania
MANE-VU Rhode Island
MANE-VU Vermont
VISTAS Alabama
VISTAS Florida
VISTAS Georgia
VISTAS Kentucky
VISTAS Mississippi
VISTAS North Carolina
VISTAS South Carolina
VISTAS Tennessee
VISTAS Virginia
VISTAS West Virginia

Table 3-2 presents VOC emissions by source sentbR&0 for the eastern
United States. The NQemissions by source sector and RPO are preseniabie 3-3.
Regionally, NQ: emissions are more important with respect to regjiozone formation
and transport. NQemissions in combination with abundant naturatigusring VOC
emissions from oaks and other vegetation have Sieenwn to be important sources of
regional ozone in the eastern U.S. (Trainer €138.7; Chameides et al. 1988).

Table 3-2. VOC emissions in eastern RPOs

RPO Point Area On-road Non-road Total
MWRPO 234,938 1,182,186 660,010, 492,027 2,569,160
MANE-VU 93,691| 1,798,158/ 793,541| 494,11% 3,179,504
VISTAS 458,740 2,047,359 1,314,979 609,539 4,430,617
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Table 3-3. NG emissions in eastern RPOs

RPO Point Area On-road Non-road Total
MWRPO 1,437,284 184,790| 1,290,178 723,844 3,636,096
MANE-VU 680,975| 268,997| 1,297,357| 534,454 2,781,783
VISTAS 2,094,228 266,848| 2,160,601 812,615 5,334,293

3.3. Are NOx or VOC control strategies most effective at reducig
ozone?

The effectiveness of a NE&ocused or VOC-focused control strategy to reduce
0zone is not constant by location or emissionsienmait is a changing chemical
characteristic of an air parcel affecting a patticlocation. As a result, the effectiveness
of a NO; or VOC-focused control strategy can vary withina@mparcel as it dynamically
evolves over time with transport, dispersion, ahdtpchemical aging (NARSTO, 2000).

On a regional basis, OTAG, CAIR and other mode$inglies have consistently
shown that NQ reductions have the greatest impact on regior@@®zoncentrations,
while VOC reductions have more local impacts. Thikrgely a result of significant
naturally occurring VOC emissions (especially isom®) in large forested regions of the
eastern U.S. Real-world results from regionalkN€ductions at power plants (i.e., the
NOx SIP Call) are now indicating that significant oeaeductions are occurring on a
regional basis as a result of regional \&Irategies. A recent USEPA report finds a
strong association between areas with the greldt@gstemission reductions due to the
NOx SIP Call and downwind sites exhibiting the greait@provement in ozone in 2005
(USEPA, 2006b).

As a general rule, VOC reductions may be effectivieeducing urban-scale ozone
pollution in lieu of or in combination with local®k reductions, while regional NO
controls are most effective at reducing regionainez While a general rule can be
outlined in evaluating the potential effectivenegdlOx and VOC-focused control
strategies, the optimal strategy for a specifiatmn will depend on the particular
circumstances of that location. Exceptions to a M@y strategy for an urban area can
occur when the urban area has large natural VOGséonis, ozone is transported from
upwind, or there is recirculation of aged locallptbn (e.g., sea breeze effect).
Furthermore, because the conditions causing indalidzone episodes can vary, a given
urban area may change in sensitivity between g &l VOC-focused strategy
depending on a particular episode’s conditions (ISAR, 2000). Therefore, the
appropriate combination of VOC and N©ontrols at the local level depends on local
circumstances with the realization that a singlerapach focusing on NQor VOC-only
controls is not necessarily effective for all epgisdypes. It is clear, however, that
regional NQ reductions provide regional ozone reductions,targdwill influence ozone
levels being transported into local urban areas.
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3.4. Summary

There are large emissions of VOCs andxN@xhin and outside the OTR that
contribute to local and regional ozone problemguNdly occurring VOC emissions play
an important role in combination with human-cauli€d; emissions in forming regional
ozone across large sections of the eastern U.SoRdNOy control strategies are
demonstrating success in reducing regional ozonea @ore local scale, some
combination of VOC and N©controls may be needed, with the specific comimnat
dependent upon local circumstances.
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4. WHAT WILL IT TAKE TO CLEAN THE AIR? -
LINKING THE SCIENCE TO POLICY

4.1. The three phases of a bad ozone day and the ozomservoir

With the atmospheric chemistry, meteorology, ameaiission inventory
elements presented in the previous sections, aptual description emerges of ozone
problem in the OTR. Consider a typical “day,” defihas starting at sunset, for a severe
ozone event associated with a high pressure sy§tenteptually, a bad ozone day can
be considered as occurring in three phases. Dphage one, a nocturnal inversion forms
as the temperature of the earth drops followingstjnsolating the surface from stronger
winds only a few hundred feet overhead. Ozone theasurface cannot mix with ozone
above and is destroyed as it reacts with the Easiirface. In a city, fresh NO
emissions react with ozone, further reducing itscemtration, so that by morning, very
little ozone is left below the nocturnal inversidt.this time, the nocturnal inversion is at
its strongest, and winds at the surface are tylgicalm.

Above the nocturnal inversion, the situation istguiifferent. Ozone and its
precursors, both from the previous day’s local smiss and from transport, remain
largely intact. There are no surfaces to react thiéhozone and a large reservoir of ozone
remains above the inversion. During phase twoliHGozone day, the nocturnal
inversion breaks down at mid-morning, with the tethat the ozone and precursors
above the inversion can now mix with the air ndardurface. The result of this mixing is
a sudden change in ozone. Figure 4-1 shows medreqrofiles for morning and
afternoon aircraft flights from 1996 — 2003. One ciarly see the breakdown of the
nocturnal inversion throughout the day (Hudson, 5300

Figure 4-1. Median ozone profiles for morning and #iernoon flights
from 1996 — 2003
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In phase three of a bad ozone day, ozone condengatach their highest levels
in the afternoon through the combined accumuladidincal pollution produced that day
mixed with the transported regional pollution Idadught in overnight from the ozone
reservoir. Figure 4-2 shows this graphically fa #outhern OTR. The ozone monitor at
Methodist Hill, PA is a high elevation site loca@d1900 ft in altitude in south central
Pennsylvania, and is above the nocturnal inversiothe early morning hours of August
12, 2002 (e.g., 5 a.m.), it recorded ozone conagatrs above 80 ppb, which was much
higher than what other lower elevation monitorthi& region were recording (e.g., Little
Buffalo State Park, PA, South Carroll County, MDederick, MD, Ashburn, VA, Long
Park, VA). Due to the lack of sunlight necessarproduce ozone photochemically
during nighttime hours, the high ozone levels sevethodist Hill, PA indicate the
presence of a significant ozone reservoir abovetoturnal inversion layer produced
during daylight hours at some earlier point in tiamel transported into the region. With
the break up of the nocturnal inversion after senfe.g., starting about 7 a.m.), ozone
concentrations at the lower elevation monitors shawapid increase. This reflects the
mixing down of the ozone reservoir from highertatle to the surface in combination
with local ozone production near the surface naat the sun has begun inducing its
photochemical production.

Figure 4-2. Hourly ozone profiles in the southern OR, August 12, 2002
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The ozone reservoir extends across the OTR, asosetie same night in high
elevation ozone monitoring sites in the northerrROFigure 4-3 shows the hourly ozone
concentrations measured on August 12, 2002 at Meiheuntain, CT, Cadillac
Mountain, ME, Mt. Greylock, MA, Mt. Monadanock, NiMt. Washington, NH, and
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Whiteface Mountain, NY. As with Methodist Hill, Pén this day, these sites show
elevated ozone concentrations during nighttime $icas compared to lower elevation
sites below the nocturnal inversion (e.g., Danb@). By mid-day, however, the
nocturnal boundary layer has broken down, mixirggttnsported ozone from the
reservoir above into the locally produced ozonewelAppendix G provides more detalil
on contributions to the ozone reservoir within antside the OTR.

Figure 4-3. Hourly ozone profiles in the northern OR, August 12, 2002
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Data provided by Tom Downs, Maine Department ofiEmmental Protection.

4.2. Chronology of an ozone episode — August 2002

The chronology of an historical ozone episode awegrin the OTR from August
8 to August 16, 2002 provides a real-world exantipée pieces together the elements of
the ozone conceptual description given in this doent. Surface maps from the period
provide a synoptic overview of major weather systiénat were influencing air quality
across the OTR during that time. Meteorologicaights combined with ozone
concentration information provide a picture of dwlving ozone episode on a day-by-
day basis. Figure 4-4, Figure 4-5, and Figure fegpectively, show eight-panel displays
of surface weather maps, back trajectories, andu8-fmaximum ozone concentrations
from each day. The daily progression shows the d&ion of high ozone that shifts from
west to east, and ultimately northward, during sget/e days of the episode according
to local ozone formation and transport shaped mdwiatterns within and outside of the
OTR.

The August 2002 episode began with a slow-movigh Ipressure system
centered over the Great Lakes initiating a noryhigolw over the OTR on August 8. Over
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the next several days, the high drifted southeast&ad became extended across a large
part of the eastern U.S., bringing high temperattwehe region. Calm conditions west
of the OTR on August 10 were pivotal for the forioatof ozone, which first began
building in the Ohio River Valley. Over the nexufadays, 8-hour ozone concentrations
climbed well above the 85 ppb (0.08 ppm) NAAQS awavide area of the OTR. Large
parts of the heavily populated Northeast Corridgregienced 8-hour ozone levels above
100 ppb during the height of the episode, whiclefareeded the 85 ppb NAAQS.

The following chronology provides a day-by-day emmin of the August 2002
ozone episode. Parts of this description are taikan Ryan (2003).

August 8: A high pressure system over the Great Lakes pradNvé-N
prevailing surface winds (~4-8 mph) throughout thgion. Maximum daily temperatures
approach or exceed 80° F.

August 9: Wind speeds fall off but the direction remains NNA&s the high
moves into the Pennsylvania-New York region. Terapees rise as cloud cover
declines. Background ozone levels begin to builthexOhio River Valley with 8-hour
maximum concentrations reaching the 60-80 ppb range

August 10: High pressure is directly over the mid-AtlanticitiMdew points still
in the mid-50°'s F, the skies are extraordinarigac throughout the day. Temperatures
(except in northern-most areas) approact90hile surface-level winds turn to more
southerly directions. With high pressure overhdiagl back trajectories suggest very light
winds and recirculation. Calm conditions througé thorning hours in the lower Ohio
River Valley promote increasingly higher levelsoabne noted in surface observations —
now reaching above the 85 ppb 8-hour ozone NAAQS owch of Indiana, Ohio, and
other states along the Ohio River, as well as st@teund Lake Michigan and large
portions of the southeastern U.S. Ozone levelsabimae 8-hour NAAQS now begin
appearing for the first time in the western andlisexn parts of the OTR.

August 11: Surface high pressure drops slowly southeastwanka the mid-
Atlantic with the center in western North Carolufrdting to coastal South Carolina
during the day. The upper level ridge has also mi@ast and is located over the mid-
Atlantic. Circulation around the high becomes vesliablished. A surface-level trough
descends from north of the Great Lakes during #ye passes eastward through the Ohio
River Valley and stalls over the Allegheny Mountaand southward. Peak temperatures
are in the low to mid-90°’s F. Morning winds argv/lo-calm in the area east of the
Mississippi — the area of ozone now reaches frosteea Wisconsin to Tennessee and
eastward to Georgia up through the Carolinas moQTR, covering most of
Pennsylvania, New York, New Jersey, Connecticugdehsland and Massachusetts.
Winds are generally south to southwest as is refteim the boundary layer back
trajectories. The key factor driving local ozoneguction appears to be a very stable
boundary layer. The 8 a.m. sounding at the Wasbm@tulles airport shows a very
strong low-level inversion from 950-900 mb with e residual layer beneath a
continuing strong subsidence inversion — now bas&®0 mb.

August 12: The upper level ridge remains quasi-stationar vt axis over the
mid-Atlantic. The center of high pressure at 850ismbver North Carolina and Georgia.
At the surface, the characteristic Appalachiarside trough forms. Temperatures exceed
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90° F throughout the OTR except in coastal Mained&/are fairly strong from the
northwest. This is reflected in the back traje@sthat show a shift to westerly transport.
Elevated upwind ozone concentrations at 11 a.mAugust 11 occur in the vicinity of

the origin of the back trajectories, on the order&86 ppb. Ozone concentrations fall
this day west of the Appalachians but increase agykacross the mid-Atlantic. The
area of highest ozone has pushed eastward andxtemds from southern Maine across
central Pennsylvania down through Maryland into@aeolinas, Georgia, and eastern
Tennessee. Ozone builds throughout the day adatimu forces it to channel northeast
between the stalled trough and a cold front apgriogcfrom the Midwest. Some of the
highest 8-hour concentrations occur through thérakto southern OTR on this day.

August 13: Calm conditions prevail as the trough reachestabBew Jersey by
8 a.m. Generally clear skies allow temperaturgsach the mid-90°'s F everywhere
except in coastal Maine. Dew points, which had lrésng since August 8, reach the
upper 60°s F. A morning sounding at the Washinddaifies airport showed a
continuing strong low level inversion with a resitlmixed layer to 850 mb ending just
beneath a weak secondary inversion. The cap asftifted to ~ 630 mb and the
sounding is more unstable compared to previoussdagtween the two inversion layers.
The Appalachian lee side trough continues in pfem® late on August 12. As is
typically the case, the highest ozone concentratawa found in proximity to this
boundary. The highest 8-hour ozone concentratiomalang the eastern portions of the
OTR from northeastern Virginia through New Jerdeyng Island, Connecticut, and into
eastern Massachusetts. By 8 p.m., showers assbeidtethe approaching cold front
have reached into Ohio.

August 14: By 8 a.m., the trough has dissipated and the isighoving offshore,
resulting in an increasing southerly wind componeshiich pushes maritime air
northward. Dew points remain in the upper 60°$1& peak temperatures reach into the
90°’s F everywhere and top 100° F in several looatiOzone concentrations build again,
with the highest levels concentrated in the ce@BR from eastern Pennsylvania across
to Massachusetts. A “hotspot” of ozone appearpgiaie New York at the eastern end of
Lake Ontario, and may be the result of transpornfthe west across the lake. Ozone
concentrations decrease south and west of Baltiarmdealong coastal New Jersey as
cleaner maritime air pushes in from the south.

August 15: This episode ends in a very different manner tharstandard high
ozone episode. Instead of the passage of a shiarfrant, this episode ends gradually as
cleaner air sweeps north, winds increase, andtthesphere steadily destabilizes. Ozone
concentrations fall across the middle and lower @ERow level flow becomes more
southeast and the Bermuda high fills in westwalt fiighest levels, still exceeding the
8-hour ozone NAAQS, now occur in the northern reaabf the OTR in upstate New
York, Vermont, New Hampshire, and Maine.

August 16: Cloud cover spreads over the region with ozonenfafurther. The
new high building into the upper Midwest pushesrégraains of the showers out of the
Northeast. A spot of high ozone persists in ceMiak Jersey. This is the last
exceedance day in a string of seven exceedancenddys the OTR during this
extended episode.
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Figure 4-4. Surface weather maps for August 9-160P2

Eoy I . 15T e

August 11, 8:00 ‘ " August 12, 8:00 AM ED

L e
AT 63 109‘5/19

AMEDT 5t 14, 8:00 AM EDT

Fag
é“mo 44 nas By
st} B
o i

fa_gaft

54 7
Ao7s 7

“ a o g « ] o :%g e WS T — 13,

August 15, 8:00 AM EDT August 16, 8:00 AM EDT

. b ; o | UH&?’QQD ey - A - 34;2 Ve 5458 =AY i
X 0y % igglae o T Em‘mﬁk 7 7 i

¢ 2y ?. N

oy
o if@fhm I
o E ge

-‘l gy
" s s el

357

»l
i

. 75,245 §

. 2 243 7951
] : 7y
T

41



The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description Page 4-7

Figure 4-5. HYSPLIT 72-hour back trajectories for August 9-16, 2002
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Figure 4-6. Spatially interpolated maps of maximunB-hour surface ozone concentrations August 9 — 18002
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4.3. Clean Air Act provisions

As is evident from the myriad source regions aaddport pathways affecting the
OTR, the regional ozone nonattainment problem pitese significant challenge to air
guality planners. To improve air quality, emissreductions of the appropriate pollutants
must occur at the appropriate levels (i.e., stmegeof controls) and over the appropriate
geographic extent. States have primary respongilbai achieving the goals of the Clean
Air Act, as they are responsible for developing&tenplementation Plans and
implementing and enforcing emission reduction paogs to meet the health-protective
National Ambient Air Quality Standards (NAAQS).

When Congress passed the Clean Air Act Amendmérit83D, it recognized that
air pollution transcends political boundaries amat tools for addressing transport must
be made available to state and federal governmeatardingly, several Clean Air Act
provisions deal with transported pollution, inchugli (1) prohibiting the USEPA from
approving State Implementation Plans that interfgtk another state’s ability to attain
or maintain a NAAQS; (2) requiring the USEPA to wavith states to prevent emissions
that contribute to air pollution in a foreign copnt(3) allowing states to form ozone
transport regions; (4) requiring states in ozoaadport regions to adopt a prescribed set
of controls in order to achieve a minimum levet@gional emission reductions; and (5)
allowing states to petition the USEPA for timelNiekfrom stationary source emissions
that interfere with attainment or maintenance BffAQS, and requiring the USEPA to
act on such petitions within a very short, prestiimeframe. Taken together, these
provisions provide a framework for air quality phamg. Its inherent principles are:

* Timely action is critical in order to protect pubhealth;

» States must act locally to address air pollution;

* While acting locally, states must also consideirtimepacts downwind in addition
to in-state impacts when developing state impleatent plans (SIPs), and
ameliorate such impacts through SIPs;

* Regional actions have been and can continue téféeiee;

* To be effective on a regional level, states workogether must work off of a
level playing field.

What the science tells us of the nature of the ezooblem in the OTR supports
this framework. The smaller scale weather pattdrasaffect pollution accumulation and
transport underscore the importance of local (@egtcontrols for N@ and VOC
emissions. Larger synoptic scale weather pattams pollution patterns associated with
them, support the need for N@ontrols across the eastern United States. Stadis
characterizations of nocturnal low level jets (idhanneled transport) also support the
need for local and regional controls on \Né&hd VOC sources as local and transported
pollution from outside the OTR can be entrainedanturnal low level jets formed
during nighttime hours within the OTR. Land, seaumtain, and valley breezes indicate
that there are unique aspects of pollution accutimmand transport that are area-specific
and will warrant policy responses at the local eegional levels beyond a one-size-fits-
all approach.
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The mix of emission controls is also important$tates to consider. While long-
range transport of ozone is primarily due to,)N\®OCs are important because they
contribute to ozone formation by influencing howi@éntly ozone is produced by NO
particularly within urban centers. While reduction@anthropogenic VOCs will typically
have less of an impact on the long-range tranggazone, they can be effective in
reducing ozone in those urban areas where ozowmeigiion may be limited by the
availability of VOCs. Therefore, a combination otélized VOC reductions in urban
centers with additional NQreductions (from both mobile and point sourcesdss a
larger region will help to reduce ozone and preatg & nonattainment areas as well as
their downwind transport across the entire regdBSCAUM, 1997).

4.4. Past regional efforts

While states are somewhat limited in their abildydirectly affect emissions
reductions beyond their own geo-political boundgararer the past 15-20 years, the
Northeast states have acted regionally with tremesduccess. Such efforts have
included:

* In 1989, regional low volatility gasoline (i.e., Bé&/apor Pressure pf 9.0 psi) was
introduced into the NESCAUM region, resulting igrsficant VOC reductions;

* In 1994, the California Low Emission Vehicle (LEpflogram commenced in the
Northeast Corridor as regulations were adopted bin®] Massachusetts, New
York, and Vermont. To date, four additional statase joined the program,
which continues to yield reductions in NO/OC, CO, and air toxics.

* In 1994, the states of the Ozone Transport Comarnisagreed to promulgate
regional NG RACT controls and a Nocap-and-trade program. The adopted
regional RACT deadline was 1995. By 1999, thexNBDdget Program was
implemented over the 12-state region from Main&/ashington, DC. In 2002,
the USEPA reported that the N@udget sources “emitted at a level
approximately 12 percent below 2001 allocationsSBPA, 2002). Progress
continues with a more stringent cap taking effac003.

* In 1997, eight OTR states petitioned the USEPA usdetion 126 of the Clean
Air Act, requesting NQ emissions reductions on certain stationary sourctse
Eastern U.S. In 1999, four more OTR members fiktisn 126 petitions. The
USEPA granted four of the initial eight state petis in 2000°

* In 2001, the states of the Ozone Transport Comansagreed to support a suite
of model rules for inclusion in SIPs as approprtataddress 1-hour ozone
problems. The model rules included controls foy:achitectural and industrial
maintenance coatings; (2) portable fuel contain@)s¢onsumer products; (4)
solvent cleaning; (5) mobile equipment repair agfthishing; and (5) additional

9 The initial eight section 126 OTR states were Connecticain®) Massachusetts, New Hampshire, New
York, Pennsylvania, Rhode Island, and Vermont. Théiaddl four OTR members filing section 126
petitions were Delaware, the District of Columbia, Marylamd, ew Jersey. The four granted petitions
were from Connecticut, Massachusetts, New York, and Pennsylva
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NOy controls for industrial boilers, cement kilns,tgiaary reciprocating engines,
and stationary combustion engines.

These regional efforts have led the way for simliarader regional and national
programs. For mobile sources, the USEPA promulgi&tddderal Reformulated
Gasoline Program in 1995 and the National LEV paogin 1998. For stationary
sources, the USEPA announced in 1997 that it wexihnd the OTR NQBudget
Program through the NOSIP Call, which included 22 states and;\N€ps in place by
2003. The NQ SIP Call also served as a response to the stagetion 126 petitions
under the Clean Air Act.

In 2005, the USEPA took a further step to addressegional ozone problem by
issuing the Clean Air Interstate Rule (CAIR), whrelguires additional NQreductions
in 25 eastern states and the District of Columbiee USEPA projects that CAIR will
achieve NQ reductions of 2 million tons in 2015, a 61% dess2tom 2003 levels. This
will be a significant step forward in improving @uality, but the time allowed to achieve
these reductions is later than the deadline masterastates are facing to meet the
current 8-hour ozone NAAQS. This, therefore, oraytially provides the OTR with a
regional measure that helps achieve the Clean étisAgyoal of attaining the ozone air
quality health standard within the Act's mandatdeadlines.

4.5. Summary: Building upon success

A conceptual understanding of ozone as a regiamdliem in the OTR and
throughout the eastern U.S. is now well establisk¢ith this evolution in understanding,
regional approaches to the ozone problem are nalerway, starting with the 1990
Clean Air Act Amendments that created the Ozon@dpart Region. This initial
regional approach, however, did not include lam#& e regions outside of the OTR
containing many large coal-fired power plants atieeopollution sources contributing to
the long-range transport of ozone into the OTR.

In 1998, the USEPA took another step in addregfieagegional problem by
finalizing the NQ SIP Call, which covered emissions of jN@he main precursor of
regional ozone, in additional parts of the EaserEwith these reductions, air quality
modeling has projected continuing significant cimittions from upwind sources in out-
of-state regions. As a result, the USEPA promuldyatéurther round of regional NO
reductions in the East with the adoption of CAIRG05. With the modeling foundation
for CAIR, the USEPA has presented a compellingriexzh case on the need for
additional regional N@reductions in the eastern U.S. to reduce ozoreldeand protect
public health. While states in the Northeast disagrith the extent of NOreductions
and the timeline for those reductions to occur,piugram is an excellent next step
toward reducing ozone in the OTR.

There is a tendency to characterize the nonattaihpreblems persisting after
implementation of the USEPA’s Clean Air InterstRigle and other federal programs as
“residual,” but care must be taken in assessinggtitentinuing nonattainment problems.
A “residual’ ozone problem is better characteriasdh persistent nonattainment problem
that still requires broad regional responses cabi¢h local controls. As this conceptual
description points out, one of the great lessonssaigcesses seen in the history of air
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quality policy was the shift from urban-only airllpdion control strategies to broader
regional approaches in the East at the end of388sl(e.g., NQ SIP Call). The danger
exists, however, that the perception of a “resitlaabne problem as being only a local
issue will ignore the lessons learned from effectiegional approaches.

The current suite of local and regional controlgeha proven track record of
success, and have helped to significantly loweg N@C, and ozone levels across the
eastern U.S. As described earlier in this repoohitored NQ emissions and ambient
concentrations have dropped between 1997 and 2005he frequency and magnitude
of ozone exceedances have declined within the @®Rnaintain the current momentum
for improving air quality so that the OTR states oaeet their attainment deadlines, there
continues to be a need for more regionakNe€ductions coupled with appropriate local
NOx controls and regional and local VOC controls.
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Appendix A: USEPA Guidance on Ozone
Conceptual Description

From “Guidance on the Use of Models and Other Asegdyin Attainment
Demonstrations for the 8-hour Ozone NAAQS,” U.SviEsnmental Protection Agency,
EPA-454/R-05-002, Section 8, October 2005.

Note: At the time of this writing, the USEPA wasamporating Section 8 of the 8-hour
ozone guidance into a new USEPA guidance docunuestring ozone, PW, and
regional haze. The new draft guidance is in Sectibof Draft 3.2 “Guidance on the Use
of Models and other Analyses for Demonstrating iAtteent of Air Quality Goals for
Ozone, PM;s, and Regional Haze,” U.S. EPA, (Draft 3.2 — Sejten?2006), available at
http://www.epa.gov/ttn/scram/quidance_sip.htm#pnfaceessed Oct. 5, 2006). The
newer guidance, when finalized, may differ in saegpects from the text given in
Section 8 of the earlier ozone guidance.

Excerpt of Section 8 from EPA 8-hour ozone NAAQ%Jguce document:

8.0 How Do | Get Started? — A “Conceptual Desaript
8.1  What s A “Conceptual Description”?
8.2 What Types Of Analyses Might Be Useful For Bleping And Refining
A Conceptual Description?
8.2.1. Is regional transport an important factécing the
nonattainment area?
8.2.2. What types of meteorological episodes teddgh ozone?
8.2.3. Is ozone limited by availability of VOC, N@r combinations of
the two? Which source categories may be most iraptitt
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Appendix A: USEPA Guidance on Ozone Conceptual
Description

8.0 How Do | Get Started? - A “Conceptual Descriptn”

A State/Tribe should start developing informatiorstipport a modeled attainment
demonstration by assembling and reviewing availalllguality, emissions and
meteorological data. Baseline design values shoeilchlculated at each ozone
monitoring site, as described in Section 3. If pastleling has been performed, the
emission scenarios examined and air quality priegistmay also be useful. Readily
available information should be used by a StatbAltdo develop an initial conceptual
description of the nonattainment problem in theaavich is the focus of a modeled
attainment demonstration. A conceptual descrigganstrumental for identifying
potential stakeholders and for developing a modé&imalysis protocol. It may also
influence a State’s choice of air quality model,deling domain, grid cell size, priorities
for quality assuring and refining emissions estesatnd the choice of initial diagnostic
tests to identify potentially effective controlategies. In general, a conceptual
description is useful for helping a State/Tribenitly priorities and allocate resources in
performing a modeled attainment demonstration.

In this Section, we identify key parts of a concepdescription. We then present
examples of analyses which could be used to desedbh of these parts. We note that
initial analyses may be complemented later by auftht efforts performed by those
implementing the protocol.

8.1  What s A “Conceptual Description”?

A “conceptual description” is a qualitative wayatfaracterizing the nature of an
area’s nonattainment problem. It is best descriyedlentifying key components of a
description. Examples are listed below. The examate not necessarily comprehensive.
There could be other features of an area’s prolinh are important in particular
cases. For purposes of illustration later in tleewd$sion, we have answered each of the
guestions posed below. Our responses appear inthases.

1. Is the nonattainment problem primarily a locaé por are regional factors
important?

(Surface measurements suggest transport of ozose t 84 ppb is likely. There
are some other nonattainment areas not too fardiyt

2. Are ozone and/or precursor concentrations alsfi high?

(There are no such measurements.)
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3. Do violations of the NAAQS occur at several monng sites throughout the
nonattainment area, or are they confined to oreessnall number of sites in
proximity to one another?

(Violations occur at a limited number of sites,dtexd throughout the area.)

4. Do observed 8-hour daily maximum ozone concéaotra exceed 84 ppb
frequently or just on a few occasions?

(This varies among the monitors from 4 times ufi2dimes per year.)

5. When 8-hour daily maxima in excess of 84 pplhugds there an
accompanying characteristic spatial pattern, tnase a variety of spatial
patterns?

(A variety of patterns is seen.)

6. Do monitored violations occur at locations sabje mesoscale wind patterns
(e.g., at a coastline) which may differ from thegel wind flow?

(No.)

7. Have there been any recent major changes irsemssof VOC or NQ in or
near the nonattainment area? If so, what changesdwurred?

(Yes, several local measures [include a list] lvelieto result in major reductions
in VOC [quantify in tons per summer day] have baeplemented in the last five
years. Additionally, the area is expected to berfiefm the regional NQ
reductions from the NQSIP call.)

8. Are there discernible trends in design valuestier air quality indicators
which have accompanied a change in emissions?

(Yes, design values have decreased by about 1@8aragites over the past [X]
years. Smaller or no reductions are seen at thies sites.)

9. Is there any apparent spatial pattern to thedén design values?
(No.)

10. Have ambient precursor concentrations or medsv®©C species profiles
changed?

(There are no measurements.)
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11. What past modeling has been performed and edhtte results suggest?

(A regional modeling analysis has been performee €mission scenarios were
modeled: current emissions and a substantial restuict NOx emissions
throughout the regional domain. ReducedxNgmissions led to substantial
predicted reductions in 8-hour daily maximum ozonmost locations, but
changes near the most populated area in the nmma#at area in question were
small or nonexistent.)

12. Are there any distinctive meteorological meaments at the surface or aloft
which appear to coincide with occasions with 8-hdaity maxima greater than
84 ppb?

(Other than routine soundings taken twice per tlere are no measurements
aloft. There is no obvious correspondence with orelegical measurements
other than daily maximum temperatures are alwa$s B on these days.)

Using responses to the preceding questions iregample, it is possible to
construct an initial conceptual description of tlemattainment area’s ozone problem.
First, responses to questions 1 and 11 suggest itharsignificant regional component to
the area’s nonattainment problem. Second, respoospgestions 3, 4, 7, 8, and 11
indicate there is an important local componenhtodrea’s nonattainment problem. The
responses to questions 4, 5 and 12 indicate tghtdaone concentrations may be
observed under several sets of meteorological tondi The responses to questions 7, 8,
and 11 suggest that ozone in and near the nonattairarea may be responsive to both
VOC and NQ controls and that the extent of this response vaay spatially. The
response to question 6 suggests that it may be@ppate to develop a strategy using a
model with 12 km grid cells.

The preceding conceptual description implies thatState/Tribe containing the
nonattainment area in this example will need tmive stakeholders from other, nearby
States/Tribes to develop and implement a modeliradyais protocol. It also suggests
that a nested regional modeling analysis will bedegl to address the problem. Further, it
may be necessary to model at least several disentytpes of episodes and additional
analyses will be needed to select episodes. Firsdlysitivity (i.e., diagnostic) tests, or
other modeling probing tools, will be needed toceasghe effects of reducing VOC and
NOx emissions separately and at the same time.

It should be clear from the preceding example tiiatnitial conceptual
description of an area’s nonattainment problem dray on readily available
information and need not be detailed. It is intehttehelp launch development and
implementation of a modeling/analysis protocol jpraductive direction. It will likely be
supplemented by subsequent, more extensive modalith@mbient analyses performed
by or for those implementing the modeling/analysistocol discussed in Section 9.
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8.2 What Types Of Analyses Might Be Useful For D&loping And
Refining A Conceptual Description?

Questions like those posed in Section 8.1 can deeaded using a variety of
analyses ranging in complexity from an inspectibaioquality data to sophisticated
mathematical analyses. We anticipate the simplalyaas will often be used to develop
the initial conceptual description. These will lbddwed by more complex approaches or
by approaches requiring more extensive data basteaeed later becomes apparent. In
the following paragraphs, we revisit key partsha tonceptual description identified in
Section 8.1. We note analyses which may help teldpva description of each part. The
list serves as an illustration. It is not nece$gahaustive.

8.2.1. Is regional transport an important factor dfecting the nonattainment
area?

- Are there other nonattainment areas within asl&gnsport of the nonattainment area?

- Do “upwind” 8-hour daily maximum ozone concenitrvas approach or exceed 84 ppb
on some or all of the days with observed 8-houlydaaxima > 84 ppb in the
nonattainment area?

- Are there major sources of emissions upwind?

- What is the size of the downwind/upwind gradien8-hour daily maximum ozone
concentrations compared to the upwind values?

- Do ozone concentrations aloft but within the pkamy boundary layer approach or
exceed 84 ppb at night or in the morning hoursrgddoreakup of the nocturnal surface
inversion?

- Is there a significant positive correlation betweabserved 8-hour daily maximum
0zone concentrations at most monitoring sites witltinear the nonattainment area?

- Is the timing of high observed ozone consisteith wnpacts estimated from upwind
areas using trajectory models?

- Do available regional modeling simulations sudgdiest 8-hour daily maximum ozone
concentrations within the nonattainment area regpomegional control measures?

- Does source apportionment modeling indicate 8t contributions to local ozone
from upwind emissions?

8.2.2. What types of meteorological episodes letmlhigh ozone?

- Examine the spatial patterns of 8-hour daily mebccurring on days where the ozone
is > 84 ppb and try to identify a limited numberdigtinctive patterns.

- Review synoptic weather charts for days havingeoled concentrations > 84 ppb to
identify classes of synoptic scale features coordmg to high observed ozone.

- Perform statistical analyses between 8-hour dadximum ozone and meteorological
measurements at the surface and aloft to idenstyndtive classes of days
corresponding with observed daily maxima > 84 ppb.
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8.2.3. Is ozone limited by availability of VOC, NQ or combinations of the
two? Which source categories may be most important?

- What are the major source categories of VOC a@¢g &hd what is their relative
importance in the most recent inventory?

- Review results from past modeling analyses tesssthe likelihood that ozone in the
nonattainment area will be more responsive to VO ®©x controls. Do conclusions
vary for different locations?

- Apply modeling probing tools (e.g., source apponnent modeling) to determine
which source sectors appear to contribute mostdal lozone formation.

- Apply indicator species methods such as thoseritbes! by Sillman (1998, 2002) and
Blanchard (1999, 2000, 2001) at sites with appetprmeasurements on days with 8-
hour daily maximum ozone exceedances. Identifyselea®f days where further ozone
formation appears limited by available N@ersus classes of days where further ozone
formation appears limited by available VOC. Do tioeclusions differ for different
days? Do the results differ on weekdays versus areds

- Apply receptor modeling approaches such as tteseribed by Watson (1997, 2001),
Henry (1994) and Henry (1997a, 1997b, 1997c) tatilesource categories contributing
to ambient VOC on days with high observed ozonetHaoconclusions differ on days
when measured ozone is not high?

Additional analyses may be identified as issuesedn implementing a
modeling/analysis protocol. These analyses aradie to channel resources available to
support modeled attainment demonstrations ontonibst productive paths possible.
They will also provide other pieces of informatihich can be used to reinforce
conclusions reached with an air quality model,aurse a reassessment of assumptions
made previously in applying the model. As note&éattion 4, corroboratory analyses
should be used to help assess whether a simulatdibtstrategy is sufficient to meet
the NAAQS.
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Appendix B: Ozone pattern classifications
In the OTR
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Appendix B: Ozone pattern classifications in the OTR

The following five types of ozone patterns in th€RDare taken from: Stoeckenius, T.
and Kemball-Cook, S. “Determination of representaiess of 2002 ozone season for
ozone transport region SIP modeling.” Final Repoepared for the Ozone Transport
Commission, 2005. Figure B-1 shows the 850 mb heigd wind fields and Figure B-2
shows the surface temperatures and 10 meter wetas$fior the five patterns (reproduced
from Figures 3-2 and 3-5 of Stoeckenius & Kembaib&, 2005).

“Type A” — High ozone throughout the OTRhis pattern is characterized by strong high
pressure over the southeastern states extendimgtifi® surface to 500 mb with high
temperatures extending into New England and sowghswgface winds throughout the
OTR. The 850 mb temperatures and heights, andcsutéanperatures are above average
at all locations except Washington DC; winds angtlsewest to west throughout the OTR
except more variable at LaGuardia and magnitudessoiitant wind vectors are higher
than average (indicative of a fairly steady, welfided flow regime), east-west surface
pressure gradients are near neutral but southveegtaast gradients along the 1-95
corridor and in the west (Pittsburgh to Buffalog @ositive, which is consistent with the
southwest flow. The stable air mass and high teatpers promote ozone formation
throughout the OTR under these conditions.

“Type B” — High ozone confined to the extreme southeasteiR. Ofiis pattern is
characterized by an upper-level trough offshorthefOTR and a surface high centered
over Kentucky. This results in cooler air advectomer nearly all of the OTR with
northwest flow aloft and a more westerly flow a& gurface. The 850 mb heights are
lower than average (especially in New England) surthce winds are more frequently
from the northwest along the 1-95 corridor thanem@ype A. Temperatures at 850 mb
along the 1-95 corridor are only slightly cooleathunder Type A but inland
temperatures, especially in the north, are muclecde.g., at Buffalo); similarly, surface
temperatures along the 1-95 corridor are abouséme as under Type A but
temperatures are cooler in Buffalo and Albany. TBpevents have the strongest positive
west-east surface pressure gradients of any cgtegmisistent with the northwest winds
but gradients from Washington to New York and Bosice positive. The cooler air over
the western OTR and westerly to northwesterly ftegult in the higher ozone levels
being confined to just the extreme southern porbibiine OTR under this pattern.

“Type C” — High ozone along the 1-95 corridor and northernviNEngland.This pattern

is characterized by an extension of the semi-peemiaiBermuda high into the
southeastern U.S. and an area of high surface 2hdh® temperatures extending from
Maryland to Maine; the 500 mb pattern is nearlyatqeast-west flow) while flow at the
surface is generally from the southwest. The 85Meights are intermediate between
Type A and Type B but 850 mb temperatures are kigly along the 1-95 corridor and
slightly cooler further inland. Winds are more dastently south - southwest at all sites
than under other episode types and almost no neshmorth-northeast winds are seen at
LaGuardia in contrast to other types. Resultantwiector magnitudes are much higher
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than average, consistent with the steady southfeest Southwest — northeast pressure
gradients along the 1-95 corridor and from Pittgfbuto Buffalo are positive, consistent
with the southwest flow. Average east-west presguadients are near zero. These
conditions result in above average ozone levelalaiig the 1-95 corridor with advection
north into coastal and interior New England. Ozlawels are slightly below average in
the extreme southeastern and western OTR.

“Type D” — High ozone in the western OTRhis pattern is characterized by an area of
mean upper level divergence with associated cubweifat 850 mb off the Outer Banks
of North Carolina. A relatively vigorous mean lonepsure center can be seen at the
surface. An east-west temperature gradient aches©TR is evident at 850 mb. Surface
temperatures along the 1-95 corridor and in Albarg/below average but surface
temperature is above average at Buffalo. The 850 enghts are the highest of any
episode type due to a strong ridge over New Engl8adace winds are mostly east-
northeast along the 1-95 corridor from DC to Newk but more variable further north.
In contrast to episode types A, B, or C, the soestwmortheast pressure gradients along
the 1-95 corridor are negative, consistent withribetheast surface winds. West-east
pressure gradients are flat. These conditionstresbelow average ozone in the eastern
OTR due to the on-shore flow in the north and ayda@onditions in the south but above
average ozone levels in the western OTR due téestalarm conditions with light winds.

“Type E” — Generally low ozone throughout the QTIRis category includes days with
moderately low to lowest average ozone readingdl @ TR exceedance days used in the
characterization scheme. The Bermuda high is shésst relative to the other types and
flow over the southeastern U.S. is only weakly-agtlonic with a nearly zonal flow
pattern at the 850 and 500 mb levels over the OBRiperatures at the surface and aloft
are the coolest of any episode type. While wind# alre nearly westerly, surface winds
are generally south-southeast over most of the OhR.southwest-northeast pressure
gradients are negative along the 1-95 corridor eet-west gradients are positive,
consistent with the southeast flow. These conditi@sult in below average ozone
throughout the OTR due to the relatively low tengpares and southeasterly onshore
flow at coastal locations.
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Figure B-1. Average 850 mb height and wind fields for esggikode (pattern) type identified by
Stoeckenius and Kemball-Cook (pattern numbers refer topikede types listed in text): Pattern 1 =
Episode Type E, 2 =B, 3=A, 4 =D, 5 = C) (Figur2 8f Stoeckenius & Kemball-Cook (2005)).
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Figure B-2. Average surface temperature and 10 m windsfier each episode (pattern) type identified by
Stoeckenius and Kemball-Cook (pattern numbers refer tapibede types listed in text): Pattern 1 =
Episode Type E,2=B, 3=A, 4=D, 5 = C) (Figurd 8f Stoeckenius & Kemball-Cook (2005)).
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Appendix C: Exceedance days by monitor
In the OTR
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Appendix C: Exceedance days by monitor in the OTR

Tables of the number of 8-hour ozone NAAQS exceeglaays recorded at individual monitors in the QibRattainment/attainment
areas for the 1997-2005 ozone seasons. Hourlywaaadownloaded in January 2006 from the USEPAQality System (AQS)
database. The number of 8-hour 0zone exceedansendag calculated using procedures specified inR/S&“Guideline on Data
Handling Conventions for the 8-hour Ozone NAAQSA@PS, EPA-454/R-98-017, Dec. 1998) with flaggedddue to a regional
forest fire smoke event) eliminated from the analy@/hile these tables are derived from the pupksiailable data in the USEPA
AQS database, states may have monitoring datalififert from these. For example, the tables constare-specific data provided by
the Maryland Department of the Environment andNber Jersey Department of Environmental Protectian differ from the
USEPA AQS database at the time the data were dadatbin January 2006. “***” indicates years durimgich a monitor was not

in operation or had less than 75 percent dataatmle during the ozone season.

Philadelphia-Wilmington-Atlantic City, PA-NJ-MD-DE (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005

100010002 Kent Killens Pond DE 14 17 13 5 8 10 3 0 2
100031003 New Castle Bellefonte DE 6 8 10 5 5 11 ok ik ik
100031007 New Castle Lums Pond DE 15 12 12 5 9 9 4 0 6
100031010 New Castle Brandywine Creek DE 17 17 16 7 15 18 3 3 3
100031013 New Castle Wilmington (Bellefonte2) DE Fkk Fokk rkk rkk Fkk 8 3 1 4
100051002 Sussex Seaford DE 14 16 17 5 4 10 4 0 3
100051003 Sussex Lewes DE rkk 17 17 6 10 14 4 2 7
240150003 Cecil Fairhill MD 19 20 20 18 16 17 6 3 9
340010005 Atlantic Nacote Creek NJ 18 24 14 4 9 11 4 0 3
340070003 Camden Camden Lab NJ 12 15 16 6 19 19 4 3 5
340071001 Camden Ancora NJ 23 29 25 10 17 27 9 6 12
340110007 Cumberland Millville NJ 14 17 17 6 14 20 6 2 4
340150002 Gloucester Clarksboro NJ 19 22 21 8 17 24 6 4 6
340210005 Mercer Rider Univ. NJ 16 17 24 11 15 26 7 1
340290006 Ocean Colliers Mills NJ 21 28 23 11 21 30 9 8 14
420170012 Bucks Bristol PA 14 17 24 14 16 17 9 2 7
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Philadelphia-Wilmington-Atlantic City, PA-NJ-MD-DE (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420290050 Chester West Chester PA ok ok ok ik 20 19 4 ik ok
420290100 Chester New Garden PA ok ok ik ok 17 23 4 5 8
420450002 Delaware Chester PA 19 17 19 7 12 16 3 2 4
420910013 Montgomery Norristown PA 19 17 20 11 18 12 4 1 8
421010004 Philadelphia Philadelphia - Downtown PA 0 2 1 0 0 2 0 0
421010014 Philadelphia Philadelphia - Roxborough PA 10 7 okk 4 10 13 2 0 3
421010024 Philadelphia Philadelphia - NE Airport PA 17 15 rkk 5 13 22 4 6 8
421010136 Philadelphia Philadelphia - EImwood PA 0 4 12 3 5 13 2 0 okk

Baltimore, MD (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
240030014 Anne Arundel Davidsonville MD 20 42 31 7 14 25 5 4 9
240030019 Anne Arundel Fort Meade MD 24 25 27 10 19 20 3 5 ok
240051007 Baltimore Padonia MD 10 7 14 3 9 19 2 1
240053001 Baltimore Essex MD 10 11 11 3 10 14 3 2
240130001 Carroll South Carroll MD 9 18 16 5 10 10 2 1
240251001 Harford Edgewood MD 18 17 17 11 20 25 7 6 11
240259001 Harford Aldino MD 20 12 17 8 18 22 4 3 10
245100053 Baltimore (City) Baltimore-Ponca St MD rkk rkk rkk rkk Fkk 8 rkk rkk rkk
245100050 Baltimore (City) Baltimore-0050 MD 16 roxk o rohk rrx Frx ok rork rork
245100051 Baltimore (City) Baltimore-0051 MD 9 5 7 e e e e il bl

New York-N. New Jersey-Long Island, NY-NJ-CT (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
90010017 Fairfield Greenwich CT 13 8 14 3 13 18 7 1 8
90011123 Fairfield Danbury CT 14 9 17 7 9 17 4 4 11
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New York-N. New Jersey-Long Island, NY-NJ-CT (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
90013007 Fairfield Stratford CT 17 11 9 4 10 20 8 2 8
90019003 Fairfield Westport CT 15 13 13 3 15 19 6 2 10
90010113 Fairfield Bridgeport CT 6 ik ok el bl el ok ok ok
90070007 Middlesex Middletown CT 12 5 15 6 11 16 7 1 7
ggggéég? & New Haven New Haven CT 7 3 5 rkk wrk wkk rkk 1 2
90093002 New Haven Madison CT 19 9 16 11 19 2 8
90099005 New Haven Hamden CT rkk rkk 11 9 14 rkk rkk
340030005 Bergen Teaneck NJ Fokk okk okk 10 18 2 8
340030001 Bergen Cliffside Park NJ 5 ik ik el el ok il ik ik
340130011 & Essex Newark Lab ol 6 |5 |6 [ e | e | e | e
340170006 Hudson Bayonne NJ 9 7 17 6 6 1 6
340190001 Hunterdon Flemington NJ 18 21 23 12 19 6 13
340230011 Middlesex Rutgers Univ. NJ 16 15 23 10 17 26 2 10
340250005 Monmouth Monmouth Univ. NJ 12 20 12 8 17 10 2
340273001 Morris Chester NJ 13 22 21 15 27 5 0
340315001 Passaic Ramapo NJ i 8 16 9 13 2 2
340390008 Union Plainfield NJ bl ok ok bl bl bl ok ook
360050080 Bronx NYC-Morrisania Center NY 1 5 rohk il Fkk ok rork rohk
360050083 Bronx N g-zoo‘h St&Southem |y | g o | s 1 1 6 2 1 0
360050110 Bronx NYC-IS52 NY ok ok ok 1 Fkk 6 2 0 1
360610010 New York NYC-Mabel Dean HS NY ok 2 3 0 ok ok ik ik ik
360610063 New York NYC-Roof WTC NY 16 22 18 5 12 el bl ik ik
360810004 Queens NYC-Queens College NY 10 rkk rkk Fkk wkk Fkk rkk rkk rkk
360810097 Queens NYC-QBORO NY ok ok 10 3 3 el bl ok ok
360810098 Queens NYC-College Pt NY rxk ok ok 1 1 1
360810124 Queens NYC-Queens NY Fokk rokk rokk okk ok 7
360850067 Richmond NYC-Susan Wagner HS NY 21 12 17 11 10 19 5 8
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New York-N. New Jersey-Long Island, NY-NJ-CT (Classification:

MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
361030002 Suffolk Babylon NY 8 10 11 4 2 9 2 6
361030004 Suffolk Riverhead NY 11 9 16 4 3 6 3 ok 6
361030009 Suffolk Holtsville NY ok i i 4 8 18 6 2 ik
361192004 Westchester White Plains NY 11 6 12 2 8 15 4 0 9
Washington, DC-MD-VA (Classification: MODERATE)
AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005

110010025 District of Columbia (all) | Takoma DC 11 18 15 5 7 13 3 2 1
110010041 District of Columbia (all) | River Terrace DC 12 11 16 2 7 12 2 0 1
110010043 District of Columbia (all) | McMillian Reservoir DC 18 20 22 2 12 21 3 3 5
238838812 & Calvert Calvert MD 4 10 10 5 5 ik ok ik 2
240170010 Charles S. Maryland MD 17 30 31 5 9 15 6

240210037 Frederick Frederick Municipal Airport MD rrk rorx 19 4 14 13 3

240313001 Montgomery Rockville MD 13 22 16 2 11 11 3

240330002 Prince George's Greenbelt MD 24 24 23 7 19 15 3 rkk rkk
240338001 Prince George's Suitland MD 14 25 18 3 14 Fkk rkk rkk rkk
240338003 Prince George's Equestrian Center MD rorx i o rohk Frx 15 4 5 5
510130020 Arlington Co Aurora Hills VA 17 10 21 3 12 18 4 4 5
510590005 Fairfax Chantilly (Cub Run) VA 2 16 6 2 9 12 2 3 0
510590018 Fairfax Mount Vernon VA ok 17 16 4 10 16 5 6 8
510590030 Fairfax Franconia VA ok i 19 0 14 18 5 5 6
gigggiggg & Fairfax i‘;‘r’s\:d(;‘l’é”ers & vaA |l 10 | 17 9 2 wx |20 3 4 4
510595001 Fairfax McLean — Lewinsville VA 3 7 6 2 8 7 3 3 2
511071005 Loudoun Ashburn VA ok 17 1 9 23 3 2 ok
511530009 Prince William James S. Long Park VA 4 13 2 6 7 4 1 0
515100009 Alexandria (City) Alexandria VA 5 10 10 2 6 10 3 3 2
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Jefferson Co., NY (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360450002 Jefferson Perch River NY 8 4 6 1 17 13 9 2 3

Greater Connecticut, CT (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
90031003 Hartford East Hartford CT 7 2 11 2 8 10 0 1 5
90050005 Litchfield Cornwall (Mohawk Mt) CT rxx okk okk okk bl 13 4 2 8
90050006 Litchfield Torrington CT 9 10 12 el el el ik ik
90110008 New London Groton CT 17 11 3 7 7 5 1 4
90131001 Tolland Stafford CT 10 12 1 10 13 1 2 8

Boston-Lawrence-Worcester (E. MA), MA (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
250010002 Barnstable Truro MA 17 2 12 3 13 9 8 3 7
250051002 Bristol Fairhaven MA 12 2 3 8 5 8 1 1
250051005 Bristol Easton MA 7 7 0 14 el ok ok ok
250070001 Dukes Wampanoe_tg Laboratory — MA ok ok ok - ok ok ok 0 4

Martha’s Vineyard

250095005 Essex Lawrence-Haverhill MA 0 6 Fkk Fokk 0
250092006 Essex Lynn MA 6 11 13 3 2 6
250094004 Essex Newbury MA 8 9 2 1 0
250170009 Middlesex USEPA Region 1 Lab - WA | o | o | e | e | owe | owe | e | e | o
250171102 Middlesex Stow MA ok 5 8 1 12 8 0 1 2
250171801 Middlesex Sudbury MA 6 ik ok ok ok ok ik ik
250174003 Middlesex Waltham MA 6 5 el el el ok ik ik
250213003 Norfolk E Milton (Blue Hill) MA ok bl ok ok el 17 5 2 4
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Boston-Lawrence-Worcester (E. MA), MA (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
250250041 Suffolk Boston-Long Island MA rxx okk 4 0 9 10 1 1 5
250250042 Suffolk Boston-Roxbury MA rokk rkk 0 0 2 2 1 1 1
250251003 Suffolk Chelsea MA 2 4 3 rohk rrx rrx rorx i ok
250270015 Worcester Worcester MA 5 6 8 1 6 bl 1 0 5

Providence (All RI), RI (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
440030002 Kent W Greenwich RI 10 4 7 5 13 12 1 2 5
440071010 Providence E Providence RI 3 2 2 2 10 4 2 4
440090007 Washington Narragansett RI rxx 1 11 4 11 8 8 4 5

Springfield (Western MA), MA (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
250034002 Berkshire Adams MA ok ik 1 ik 16 4 2 1 6
230130003 Hampden Agawam MA 9 1 1 1 6 ok i ik
250130008 Hampden Chicopee MA 7 5 7 1 10
250150103 Hampshire South Hadley (Amherst) MA 2 2 3 1 4
250154002 Hampshire Ware MA 9 6 9 2 12 10

Poughkeepsie, NY (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360270007 Dutchess Millbrook NY 7 8 8 2 8 8 0 1 3
360715001 Orange Valley Central NY 6 6 8 1 12 4 4 2 7
360790005 Putnam Mt Ninham NY 7 8 15 1 10 19 2 1 7
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Boston-Manchester-Portsmouth (SE), NH (Classification: MODERATE)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
330110016 &
330110019 & Hillsborough Manchester NH 3 0 rkk 0 e 4 0 1 0
330110020
gggiﬁgﬁ) & Hillsborough Nashua NH 4 3 8 1 7 5 1 2 1
330150009 &
330150015 & Rockingham Portsmouth NH 5 3 5 0 Frk 8 0 1 0
330150014
330150013 Rockingham Brentwood NH rxx 0 1 0 4 10 rxk xxx xxx
228128812 & Rockingham Rye NH 9 4 3 0 7 7 0 1 0
330173002 Strafford Rochester NH 1 0 2 0 1 6 0 o ok

Kent and Queen Anne’s Cos., MD (Classification: MARGINAL)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
240290002 Kent Millington MD 19 16 22 6 13 17 4 1 3

Lancaster, PA (Classification: MARGINAL)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420710007 Lancaster Lancaster PA 21 27 18 5 15 18 3 1 6
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Portland, ME (Classification: MARGINAL)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
230050027 Cumberland Portland ME ok ik ik ok el ok ok 0 0
230052003 Cumberland Cape Elizabeth ME 6 5 2 0 8 5 0 0 0
230230003 & Phippsburg/Georgetown .
230230004 Sagadahoc (Reid State Park) ME 7 4 4 1 5 1 0 0
230313002 York Kittery ME 4 12 1 0
230312002 York Kennebunkport ME 5 5 8 10
230310037 & ; ok
230310038 York Hollis ME 2 0 1 0 3 0 0 0

Buffalo-Niagara Falls, NY (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360290002 Erie Ambherst NY 0 13 6 4 10 21 7 0 5
360631006 Niagara Middleport NY 1 6 7 3 10 16 6 0 4

Youngstown-Warren-Sharon, OH-PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
390990009 & . .
390990013 Mahoning Youngstown - Oakhill OH 3 15 7 1 5 14 4 1 2
391550008 &
391550011 Trumbull Warren-Trumbull County OH 8 19 10 2 12 24 5 2 5
391550009 Trumbull Kinsman OH 15 10 2 5 16 4 0
420850100 Mercer Farrell PA 24 8 15 20 4
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Pittsburgh-Beaver Valley, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420030008 Allegheny Lawrenceville PA 7 14 10 3 4 16 5 0 1
420030010 Allegheny Pittsburg PA ok 6 16 4 9 25 5 0 4
420030067 Allegheny South Fayette PA 8 24 15 4 7 17 4 1 4
420030088 Allegheny Penn Hills PA 5 16 11 4 ok ok ok ik ok
420031005 Allegheny Harrison Township PA 12 18 14 4 8 14 2 0 6
420050001 Armstrong Kittanning PA rkk 21 18 2 16 15 5 1 4
420070002 Beaver Hookstown PA 4 11 9 1 9 19 6 0 5
420070005 Beaver Brighton Township PA 3 15 11 1 8 23 3 0 4
420070014 Beaver Beaver Falls PA 5 10 6 3 4 9 3 0 2
421250005 Washington Charleroi PA 14 34 11 3 7 14 4 0 2
421250200 Washington Washington PA 6 15 11 3 6 9 5 0 4
421255001 Washington Florence PA 4 11 2 7 17 3 0 4
421290006 Westmoreland Murrysville PA 4 3 2 1 9 2 0 4
421290008 Westmoreland Greensburg PA Fkk rkk 16 3 3 10 4 0 2
Jamestown, NY (Classification: SUBPART 1)
AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005

360130006 Chautauqua Dunkirk NY b rork 12 5 11 23 7 4 6
360130011 Chautauqua Westfield NY 4 11 8 3 4 18 4 0 2
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Hancock, Knox, Lincoln & Waldo Cos., ME (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
230130004 Knox Port Clyde ME 6 3 2 0 6 5 3 0 1
230090401 Hancock Schoodic Point ME ok ok ok ik ok ok 1 0 ok
230090001 Hancock Seawalll ME | **= bl bl 0 4 il b bl bl
oot | ook pedataonarar— Tl [ a [ s [0 [0 |6 | 2] 0o
230090102 Hancock poacia National Park - ME| 5 | 8 | 4 | 3| 9| 8 | 3| 0o 3

Franklin Co., PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420550001 Franklin Methodist Hill PA 7 22 20 4 15 27 3 0 0

Erie, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420490003 Erie Erie PA 6 12 13 2 4 17 4 0 4

Essex Co. (Whiteface Mtn.), NY (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360310002 Essex (Whiteface Whiteface Mountain NY 5 1 3 5 5 12 7 0 ok

Mountain above 1,900 | Summit

360310003 foot elevation ) Whiteface Mtn. Base NY | 2 2 3 0 3 11 5 0 1
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Allentown-Bethlehem-Easton, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420770004 Lehigh Allentown PA 12 18 19 5 9 16 4 3 6
420950025 Northampton Freemansburg PA 0 5 22 6 14 12 4 6 5
420950100 &
420958000 Northampton Easton PA 11 8 12 2 11 13 3 1 1

Reading, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420110001 Berks Kutztown PA 6 14 12 2 7 11 1 ik ik
420110009 & ;
420110010 Berks Reading PA 10 16 14 3 8 13 3 1 4

Clearfield and Indiana Cos., PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420630004 Indiana Strongstown PA ok ok ok ok el ok ok ok 5
420334000 Clearfield Moshannon PA 12 16 1 2 8 13 4 0 4

Greene Co., PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420590002 Greene Holbrook PA ok ik 21 6 12 9 3 0 5
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York, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420010002 Adams Biglerville PA i rohk rork rohk rorx 7 2 0 1
421330008 York York PA 13 18 10 6 8 12 3 1 6

Rochester, NY (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360551004 & -
360551007 Monroe Rochester NY 4 1 1 3 12 3 0 0
361173001 Wayne Williamson NY 4 4 7 1 5 10 2 0 0

Albany-Schenectady-Troy, NY (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360010012 Albany Albany — Loudonville NY 2 1 3 1 6 6 2 2 3
360830004 Rensselaer Grafton State Park NY ok ok ik ik ik 16 2 2 2
360910004 Saratoga Stillwater NY 3 2 6 1 7 6 5 2 3
ggggggggg & Schenectady Schenectady NY 1 0 2 1 1 3 2 0 0

Harrisburg-Lebanon-Carlisle, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420430401 Dauphin Harrisburg PA 3 22 15 3 7 11 2 1 3
420431100 Dauphin Hershey PA 9 9 15 5 12 13 2 0 4
420990301 Perry Little Buffalo State Park PA 7 8 13 2 10 7 3 0 1
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Johnstown, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420210011 Cambria Johnstown PA 7 13 11 5 5 6 2 0 1

Scranton-Wilkes-Barre, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420690101 Lackawanna Peckville PA 6 5 11 1 5 14 2 0 2
420692006 Lackawanna Scranton PA 4 5 11 1 5 2 0 1
420791100 Luzerne Nanticoke PA 0 2 1 5 3 0 0
420791101 Luzerne Wilkes-Barre PA 8 7 1 7 2 0 1

State College, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420270100 Centre State College PA b bl il 2 5 8 3 0 1
420274000 Centre Penn Nursery PA 7 8 4 2 1 12 4 0 rokk

Tioga Co., PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
421174000 Tioga Tioga PA | *= ok ok 2 3 8 3 0 0

Altoona, PA (Classification: SUBPART 1)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420130801 Blair Altoona PA 7 17 6 2 3 9 3 0 1
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Washington Co. (Hagerstown), MD (Classification: SUBPART 1 EARLY ACTION COMPACT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
240430009 Washington Hagerstown MD rxx okk 11 2 5 17 3 1 2

New York (Classification: ATTAINMENT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
360150003 Gloucester Elmira NY 0 2 2 1 2 4 1 0 0
360410005 Hamilton Piseco Lake NY 1 1 1 1 2 4 2 0 1
360430005 Herkimer Nicks Lake NY 0 0 0 1 0 1 2 0 0
360530006 Madison Camp Georgetown NY 0 2 1 1 2 5 2 0 0
360650004 Oneida Camden NY 0 1 1 1 3 5 2 0 0
360671015 Onondaga East Syracuse NY 2 3 4 1 4 9 2 0 2
360750003 Oswego Fulton NY | ** il ik ik ok ok 5 0 2
361111005 Ulster Belleayre Mountain NY 4 1 3 1 3 1 3 0 0

Maine (Classification: ATTAINMENT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
230112005 Kennebec Gardiner ME 2 3 1 0 3 4 1 0 0
230090301 Hancock Castine ME ok ik ik rkk el 3 1 0 0
230210003 Piscataquis Dover-Foxcroft ME Fkk 0 1 0 0 *kk Fkk Fokk Fkk
230194008 Penobscot Holden ME 0 2 0 i 6 4 1 0 0
230173001 Oxford North Lovell ME 0 0 0 0 0 1 0 0 0
CC0040002 NB CAN Roosevelt-Campobello IP NB 0 1 0 0 0 0 0 0 0
230194007 Penobscot Howland ME 0 0 1 0 0 1 0 0 0
230038001 Aroostook Ashland ME 0 0 0 0 0 1 0 0 0




The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description

Page C-16

Pennsylvania (Classification: ATTAINMENT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
420730015 Lawrence New Castle PA 4 2 5 0 1 6 2 0 1
420810100 Lycoming Montoursville PA rork rohk rohk rohk ok 7 3 0 3
420810403 Lycoming Williamsport PA 0 1 0 1 1 xxx rxx okk okk
420814000 Lycoming Tiadaghton PA 0 3 0 1 1 3 2 0 rkk

Vermont (Classification: ATTAINMENT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
500030004 Bennington Bennington VT 2 0 3 1 2 4 0 2 0
500070007 Chittenden Underhill VT 0 0 1 0 0 3 0 0 0

New Hampshire (Classification: ATTAINMENT)

AQS MONITOR ID COUNTY MONITOR NAME ST 8-hr Ozone exceedance days

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
330012003 & . -
330012004 Belknap Laconia NH 1 0 0 2 3 0 0 0
330031002 Carroll Conway NH 0 0 0 0 0 ok ik ok
330050007 Cheshire Keene NH 1 1 1 1 1 0 0
330074002 Coos Mt Washington Base NH rxx rkk rkk Fkk Fkk 0
330074003 Coos Pittsburg NH ok ik ik ok ok bl 0 0
330090008 & .
330092005 Grafton Haverhill-Lebanon NH 0 0 0 0 0 1 0 0 0
330115001 Hillsborough EZ:E;b"m“gh (Miller State |\ b v | e | s | | owe | owe | 1 3
330170007 &
330171007 Strafford Concord NH 1 0 0 0 1 4 0 1 0
330190003 Sullivan Claremont NH 1 0 0 1 0 3 0 1 0
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Appendix D: 8-hour ozone design values
In the OTR, 1997-2005
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Appendix D: 8-hour ozone design values in the OTR,997-2005

Tables of the valid 8-hour ozone design valuesg@averages of the 0zone seasdbmdximum 8-hour ozone concentrations)
recorded at individual monitors in OTR nonattaint/ettainment areas for the 1997-2005 ozone seablmsly data were
downloaded from the USEPA Air Quality System (AQ&jabase in January 2006. The 8-hour averagesesighd/alues were
calculated using procedures specified in EPA’s @&line on Data Handling Conventions for the 8-hOaone NAAQS” (OAQPS,
EPA-454/R-98-017, Dec. 1998) with flagged data (tua regional forest fire smoke event) elimindtedn the analysis. “***”
indicates years during which a monitor was notgaration or had less than 90 percent data colle¢tith a design value less than
85 ppb) for the respective 3-year period. Red strptiidicates averages85 ppb (violating the 8-hr ozone NAAQS), orangadihg
indicates averages between 80 and 84 ppb, yelladiistp indicates average between 75 and 79 ppbrae ghading indicates
averages < 75 ppb. While these tables are derread the publicly available data downloaded in Japn@@06 from the USEPA AQS
database, states may have monitoring data that &itim these. For example, design values for Nensey were provided by the
New Jersey Department of Environmental Protectiahdiffer in some instances from the derived valhesed on the USEPA AQS
database.

Philadelphia-Wilmington-Atlantic City, PA-NJ-MD-DE (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME
100010002 Kent Killens Pond
100031003 New Castle Bellefonte
100031007 New Castle Lums Pond
100031010 New Castle Brandywine Creek
100031013 New Castle Wilmington (Bellefonte2)
100051002 Sussex Seaford
100051003 Sussex Lewes
240150003 Cecll Fairhill
340010005 Atlantic Nacote Creek
340070003 Camden Camden Lab
340071001 Camden Ancora
340110007 Cumberland Millville
340150002 Gloucester Clarksboro
340210005 Mercer Rider Univ.
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Philadelphia-Wilmington-Atlantic City, PA-NJ-MD-DE (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME ST 1997 1998- 1999- 2000- 2001- 2002- 2003-
340290006 Ocean Colliers Mills

420170012 Bucks Bristol

420290050 Chester West Chester

420290100 Chester New Garden

420450002 Delaware Chester

420910013 Montgomery Norristown

421010004 Philadelphia Philadelphia — Downtown
421010014 Philadelphia Philadelphia — Roxborough
421010024 Philadelphia Philadelphia — NE Airport
421010136 Philadelphia Philadelphia — EImwood

Baltimore, MD (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME ST
240030014 Anne Arundel Davidsonville MD
240030019 Anne Arundel Fort Meade MD
240051007 Baltimore Padonia MD
240053001 Baltimore Essex MD
240130001 Carroll South Carroll MD
240251001 Harford Edgewood MD
240259001 Harford Aldino MD
245100053 Baltimore (City) Baltimore-Ponca St MD
245100050 Baltimore (City) Baltimore-0050 MD
245100051 Baltimore (City) Baltimore-0051 MD
New York-N. New Jersey-Long Island, NY-NJ-CT (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)
1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005

90010017 Fairfield Greenwich
90011123 Fairfield Danbury
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New York-N. New Jersey-Long Island, NY-NJ-CT (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME ST 1997 1998- 1999- 2000- 2001- 2002- 2003-
90013007 Fairfield Stratford
90019003 Fairfield Westport
90010113 Fairfield Bridgeport
90070007 Middlesex Middletown
ggggéég? & New Haven New Haven
90093002 New Haven Madison
90099005 New Haven Hamden
340030005 Bergen Teaneck
340030001 Bergen Cliffside Park
gigigggié & Essex Newark Lab
340170006 Hudson Bayonne
340190001 Hunterdon Flemington
340230011 Middlesex Rutgers Univ.
340250005 Monmouth Monmouth Univ.
340273001 Morris Chester
340315001 Passaic Ramapo
340390008 Union Plainfield
360050080 Bronx NYC-Morrisania Center
360050083 Bronx NYC-200" St & Southern Blvd
360050110 Bronx NYC-1S52
360610010 New York NYC-Mabel Dean HS
360610063 New York NYC-Roof WTC
360810004 Queens NYC-Queens College
360810097 Queens NYC-QBORO
360810098 Queens NYC-College Pt
360810124 Queens NYC-Queens
360850067 Richmond NYC-Susan Wagner HS
361030002 Suffolk Babylon
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New York-N. New Jersey-Long Island, NY-NJ-CT (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID COUNTY MONITOR NAME
361030004 Suffolk Riverhead
361030009 Suffolk Holtsville
361192004 Westchester White Plains

Washington, DC-MD-VA (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID COUNTY MONITOR NAME
110010025 (Da'lsl)"'Ct of Columbia |+ oma
110010041 (DE;IT)"'Ct of Columbia | o er Terrace
110010043 glsl)t”"'t of Columbia | 1 illian Reservoir
240090010 &
240090011 Calvert Calvert
240170010 Charles S. Maryland
240210037 Frederick Frederick Municipal Airport
240313001 Montgomery Rockville
240330002 Prince George's Greenbelt
240338001 Prince George's Suitland
240338003 Prince George's Equestrian Center
510130020 Arlington Co Aurora Hills
510590005 Fairfax Chantilly (Cub Run)
510590018 Fairfax Mount Vernon
510590030 Fairfax Franconia
510591004 & .
510591005 Fairfax Seven Corners & Annandale
510595001 Fairfax McLean — Lewinsville
511071005 Loudoun Ashburn
511530009 Prince William James S. Long PARK
515100009 Alexandria (City) Alexandria
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Jefferson Co., NY (Classification

: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME
360450002 Jefferson Perch River
Greater Connecticut, CT (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME
90031003 Hartford East Hartford
90050005 Litchfield Cornwall (Mohawk Mt)
90050006 Litchfield Torrington
90110008 New London Groton
90131001 Tolland Stafford
Boston-Lawrence-Worcester (E. MA), MA (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME 22%%13
250010002 Barnstable Truro
250051002 Bristol Fairhaven
250051005 Bristol Easton
Wampanoag Laboratory —
250070001 Dukes Martha’s Vineyard
250095005 Essex Lawrence-Haverhill
250092006 Essex Lynn
250094004 Essex Newbury
250170009 Middlesex USEPA Region 1 Lab -
Chelmsford
250171102 Middlesex Stow
250171801 Middlesex Sudbury
250174003 Middlesex Waltham
250213003 Norfolk E Milton (Blue Hill)
250250041 Suffolk Boston-Long Island
250250042 Suffolk Boston-Roxbury
250251003 Suffolk Chelsea
250270015 Worcester Worcester




DRAFT —The Nature of the Ozone Air Quality Problem in lmtheast: A Conceptual Description Page D-7

Providence (All RI), RI (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME ST
440030002 Kent W Greenwich RI
440071010 Providence E Providence RI
440090007 Washington Narragansett RI

Springfield (Western MA), MA (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME ST 11%%2 12%%% 12%%3 22%%%
250034002 Berkshire Adams MA
230130003 Hampden Agawam MA
250130008 Hampden Chicopee MA
250150103 Hampshire South Hadley (Amherst) MA
250154002 Hampshire Ware MA

Poughkeepsie, NY (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID COUNTY MONITOR NAME
360270007 Dutchess Millbrook
360715001 Orange Valley Central
360790005 Putnam Mt Ninham

Boston-Manchester-Portsmouth (SE), NH (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 o0 190 2000 2001
330110016 &
330110019 & Hillsborough Manchester NH kK ok e
330110020
330111010 & )
330111011 Hillsborough Nashua NH n 81 83
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Boston-Manchester-Portsmouth (SE), NH (Classification: MODERATE) 8-hr Ozone DESIGN VALUE (ppb)

1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME 2000 2001 2002 2003 2004 2005
330150009 &
330150015 & Rockingham Portsmouth 80 rkk rkk rkk 80 75
330150014
330150013 Rockingham Brentwood 69 76 80 e e i
330150012 & .
330150016 Rockingham Rye 79 81 83 84 78 73
330173002 Strafford Rochester 76 75 77 80 wkk rkk

Kent and Queen Anne’s Cos., MD (Classification: MARGINAL) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME
240290002 Kent Millington

Lancaster, PA (Classification: MARGINAL) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME

420710007 Lancaster Lancaster

Portland, ME (Classification: MARGINAL) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005
230050027 Cumberland Portland ME ok ok ik ik ok ok ok
230052003 Cumberland Cape Elizabeth ME 89 77 80 86 88 79 71
230230003 & Phippsburg/Georgetown (Reid o . - -
230230004 Sagadahoc State Park) ME & = oy
230313002 York Kittery ME 88 81 81 84 88 84 77
230312002 York Kennebunkport ME 9 82 86 90 9 84 74
& York Hollis ME 76 72 ik ik wix 75 73
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Buffalo-Niagara Falls, NY (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME ST 1997- 1998- 1999- 2000- 2001- 2002- 2003-
360290002 Erie Ambherst
360631006 Niagara Middleport
Youngstown-Warren-Sharon, OH-PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME
390990009 & . .
390990013 Mahoning Youngstown - Oakhill
391550008 &
391550011 Trumbull Warren-Trumbull County
391550009 Trumbull Kinsman
420850100 Mercer Farrell
Pittsburgh-Beaver Valley, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID | COUNTY MONITOR NAME
420030008 Allegheny Lawrenceville
420030010 Allegheny Pittsburg
420030067 Allegheny South Fayette
420030088 Allegheny Penn Hills
420031005 Allegheny Harrison Township
420050001 Armstrong Kittanning
420070002 Beaver Hookstown
420070005 Beaver Brighton Township
420070014 Beaver Beaver Falls
421250005 Washington Charleroi
421250200 Washington Washington
421255001 Washington Florence
421290006 Westmoreland Murrysville
421290008 Westmoreland Greensburg
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Jamestown, NY (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME
360130006 Chautauqua Dunkirk
360130011 Chautauqua Westfield

Hancock, Knox, Lincoln & Waldo Cos., ME (Classification: SUBPART 1)

AQS MONITOR ID | COUNTY MONITOR NAME ST 11%%79' 12%%%' 12%%%' 22%%%' 22%%13' 22%%31' 22%%3;'
230130004 Knox Port Clyde ME 82 76 80 83 81 77
230090401 Hancock Schoodic Point ME b Hck o worw Hok Hick b
230090001 Hancock Seawall ME ok Hok i ok ok Hk Hork
230090101 & Hancock Acadia National Park - ME

230090103 McFarland Hill

230090102 Hancock é;?jﬁ:zc'\‘att'no_”a' Park ME

Franklin Co., PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME

420550001 Franklin Methodist Hill

Erie, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME

420490003 Erie Erie

1997- 1998- 1999-
AQS MONITOR ID COUNTY MONITOR NAME ST 1999 2000 2001
360310002 Essex (Whiteface Whiteface Mountain Summit NY 80 ok ok

Mountain above 1,900
360310003 foot elevation ) Whiteface Mtn. Base NY 79 76 78
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Allentown-Bethlehem-Easton, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME
420770004 Lehigh Allentown
420950025 Northampton Freemansburg
420950100 &
420958000 Northampton Easton
Reading, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)
2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME 2004 2005
420110001 Berks Kutztown ok ik
420110009 & .
420110010 Berks Reading 83 80
Clearfield and Indiana Cos., PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005
420630004 Indiana Strongstown PA rokk Fkk Fkk rkk rokk Fkk rkk
420334000 Clearfield Moshannon PA 93 7 THEEl + ) 85 82

Greene Co., PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005
420590002 Greene Holbrook PA 97 96 ‘ 92 90 89 84 81

York, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005
420010002 Adams Biglerville PA rxx Fkk rkk rkk rxx 80 76
421330008 York York PA 94 93 ‘ 90 92 89 86 82
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Rochester, NY (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2002- 2003-
AQS MONITOR ID COUNTY MONITOR NAME ST 1999 2000 2001 2002 2004 2005
360551004 & *xx okk okk
360551007 Monroe Rochester NY 79 73
361173001 Wayne Williamson NY g 81 81 81 71

Albany-Schenectady-Troy, NY (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000-
AQS MONITOR ID COUNTY MONITOR NAME ST 1999 2000 2001 2002
360010012 Albany Albany - Loudonville NY 80 77 80 83
360830004 Rensselaer Grafton State Park NY xkk rkk whk xkk
360910004 Saratoga Stillwater NY 84 80 84 kk
360930003 &
360930093 Schenectady Schenectady NY 75 71 75 76 81 76 74

Harrisburg-Lebanon-Carlisle, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002 2004 2005
420430401 Dauphin Harrisburg PA 82 78
420431100 Dauphin Hershey PA 81 78
420990301 Perry Little Buffalo State Park PA 80 78

Johnstown, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 2002 2004 2005
420210011 Cambria Johnstown 80 7
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Scranton-Wilkes-Barre, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME 2004 2005
420690101 Lackawanna Peckville 80 75
420692006 Lackawanna Scranton 79 76
420791100 Luzerne Nanticoke 78 73
420791101 Luzerne Wilkes-Barre 81 77
State College, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2002- 2003-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2004 2005
420270100 Centre State College PA Fohk Fokk il 82 79
420274000 Centre Penn Nursery N « B 80 84 -

Tioga Co., PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000-
AQS MONITOR ID | COUNTY MONITOR NAME ST 1999 2000 2001 2002
421174000 Tioga Tioga PA ok el il 84

Altoona, PA (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
1999 2000 2001 2002 2003 2004 2005

420130801 Blair Altoona PA 95 89 84 84 81 77

AQS MONITOR ID | COUNTY MONITOR NAME ST

Washington Co. (Hagerstown), MD (Classification: SUBPART 1) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
1999 2000 2001 2002 2003 2004 2005

240430009 Washington Hagerstown MD rkk Fkk 83 78

AQS MONITOR ID | COUNTY MONITOR NAME ST




DRAFT —The Nature of the Ozone Air Quality Problem in lwtheast. A Conceptual Description

Page D-14

New York (Classification: ATTAINMENT) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID COUNTY MONITOR NAME
360150003 Gloucester Elmira
360410005 Hamilton Piseco Lake
360430005 Herkimer Nicks Lake
360530006 Madison Camp Georgetown
360650004 Oneida Camden
360671015 Onondaga East Syracuse
360750003 Oswego Fulton
361111005 Ulster Belleayre Mountain
Maine (Classification: ATTAINMENT) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID COUNTY MONITOR NAME
230112005 Kennebec Gardiner
230090301 Hancock Castine
230210003 Piscataquis Dover-Foxcroft
230194008 Penobscot Holden
230173001 Oxford North Lovell
CC0040002 NB CAN Roosevelt-Campobello IP
230194007 Penobscot Howland
230038001 Aroostook Ashland

Pennsylvania (Classification: ATTAINMENT) 8-hr Ozone DESIGN VALUE (ppb)
AQS MONITOR ID COUNTY MONITOR NAME 22%%%
420730015 Lawrence New Castle
420810100 Lycoming Montoursville
420810403 Lycoming Williamsport
420814000 Lycoming Tiadaghton
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Vermont (Classification: ATTAINMENT) 8-hr Ozone DESIGN VALUE (ppb)

AQS MONITOR ID | COUNTY MONITOR NAME st | 1% 1998- 1999- 2000- 2001- 2002- 2003-
500030004 Bennington Bennington
500070007 Chittenden Underhill
New Hampshire (Classification: ATTAINMENT) 8-hr Ozone DESIGN VALUE (ppb)

1997- 1998- 1999- 2000- 2001- 2002- 2003-
AQS MONITOR ID COUNTY MONITOR NAME ST 1999 2000 2001 2002 2003 2004 2005
gggggggi & Belknap Laconia NH Hohk rohk rork 78 75
330031002 Carroll Conway NH e Fkk i
330050007 Cheshire Keene NH 75 76
330074002 Coos Mt Washington Base NH ok ok ok ik il ok
330074003 Coos Pittsburg NH ok ok ok ok ok ok
330090008 & .
330092005 Grafton Haverhill-Lebanon NH
330115001 Hillsborough E‘;ﬁ;boro”gh (Miller State NH i b b i 77
330170007 &
330171007 Strafford Concord NH 75 75
330190003 Sullivan Claremont NH 75 77
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Appendix E: The sea breeze and flow
over the ocean in-depth



The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description Page E-2

Appendix E: The sea breeze and flow over the oceamdepth

Figure E-1 displays a general description of ozoaesport in coastal New
England. This figure shows 8@ercentile 0zone concentration wind direction pktt
four sites along the coast. For the first site, i, yMA, high ozone days are affected
mainly by winds from the southwest bringing ozopethe coast to the site. At the
second site, Newbury, MA, winds arrive to the §iten two directions, up the coast, in a
similar pattern seen at Lynn, but also from theaoc& he high ozone days therefore can
result from ozone and its precursors coming froland or from the ocean in the sea
breeze. At the two northern sites in Maine, Capealbeth and Acadia National Park,
winds on high ozone days come mostly off the oc&ars is mainly due to the
orientation of the Maine coastline, as summertimed® generally come from the
southwest, therefore traveling over the ocean badonving to these sites.

1997-2002 (JJA) OZONE 90th percentile Wind Direction Frequencies

Maine
New-Hampshire
Pt
Local and
transported
“ozone/precursors in Legend
the land/seabreeze Popuiation by Town
. . 2000 Census Dats
recirculation pattern o-2mo
01 - 0mon
90t percentile i
Ozone concentration wind e
direction frequency plots m1-smm
[ som1 -smsst

P Created by Matha VWebster and Tom Dovns, MEDEP-BAQ revissd 27105

Figure E-1. 90th percentile 0zone concentration wind daedtequency plots at four coastal sites in
northern New England (figure provided by Tom Downsifé Department of Environmental Protection).

Figure E-2 displays wind directions at Newbury, MA June 29, 1997 where
hourly ozone concentrations ranged from 88 ppibdpb during the afternoon hours
and a sea breeze can be identified. The forwajectay starting in Boston at 6 a.m.
shows winds pushing air from the Boston metro arganto the harbor throughout the
day. The hourly ozone wind rose at Newbury, MA skhdle afternoon wind shift that
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occurred on this day where vector direction indisatind direction and magnitude
indicates ozone concentrations. Morning winds cmoma a west/northwesterly direction
when hourly ozone concentrations at the site rafiged 47 to 68 ppb. At 1 p.m., the
wind shifted direction, now coming off the oceaonfrthe southeast, accompanied by a
20 ppb increase in hourly ozone. Hourly ozone etledn continued to increase in the
early afternoon, peaking at 107 ppb at 3 p.m. irfusease in ozone levels accompanying
a shift in winds pushing air masses from the od¢eancoastal site illustrates how the sea
breeze can contribute to poor air quality alongdba&st. The poor air quality could be a
result of polluted air from Boston being pushedkdacthe site in the sea breeze. Sea
breezes, however, are not always associated witbenng air quality as the afternoon
sea breeze doesn’t always bring in polluted air.

——6AM-12PM
—-1PM-5PM

Boston, MA PG . . . |
/ N —

’ \ orward Trajectory from Boston
Start Time: 6AM

Figure E-2. Example of a sea breeze effect occurring in Newbl&yon June 29,
1997 (figure data provided by Tom Downs, Maine DepartroéBnvironmental
Protection).

At sites further north in Maine, the sea breezeatfis less dramatic due to the
orientation of the Maine coastline. Figure E-3 sh@similar ozone wind rose plot for
Cape Elizabeth, ME on the same day illustratedgaié E-2. With the exception of the
winds at 6 a.m. that came from the northwest, timelsvarrived to the site from the
southwest direction. There are some slight shiftsind direction, particularly a shift
after 5 p.m. that began to bring winds from thamal side of the coast, but it is difficult
to determine whether these shifts are due to drsezze effect or if the evening shift is
due to the weakened sea breeze. Winds are generayng up the coast, over water,
and winds in the same direction of the sea breaadodng poor air quality. On this day,
ozone concentrations ranged between 89 and 10Bgipleen 3 p.m. and 7 p.m.
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Figure E-3. Wind directions and ozone concentrationsape&lizabeth, ME on June 29,
1997 (figure data provided by Tom Downs, Maine DepartroEBEnvironmental Protection).

Transport over the ocean is commonly observed domdhef the New York City
metropolitan area during the summer months dugr@simity to the Atlantic Ocean and
the Long Island Sound. The four pollution rose platesented in Figure E-4 represent
the frequency of wind direction on the highest &@cpntile o0zone concentration days
from April 1 to October 31 during the years 1992@95. The winds on the highest
ozone days point at the New York City metropoligaea at all locations along the
Connecticut shoreline. Going along the Connecsbwireline to the east (towards
Groton), the predominant wind frequency directibiits increasingly to the west,
tracking the upwind location of the New York Cityetropolitan area.
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Figure E-4. Wind rose plots along Connecticut shorebndife time period April 1 to October 31 during

the years 1997 through 2005. The elongated red outlinesngpin the southwest to west are wind

directions on the highest 10 percentile ozone concentratioratiéygr Connecticut coastal locations. For
comparison, the blue outlines are the wind rose plotalfodiays over the same period. The high ozone day
wind rose plots indicate pollution flow over Long IsteBound that tracks the upwind location of the New

York City metropolitan area (figure from Tom Downs, MaiDepartment of the Environment).
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Appendix F: Observed nocturnal low level jet
across the OTR, July 2002
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Appendix F: Observed nocturnal low level jet acrosshe OTR,
July 2002

An example of the nocturnal low level jet across @R can be seen on the
nights of July 22 through July 24, 2002, as nighetwinds at altitudes between 450 m
and 1500 m were observed at several coastal Bigggre F-1 shows wind profiler data
on the night of July 22-July 23, 2002 for five sitdong the east coast: Fort Meade, MD
(FME), Orange, MA (ORE), Stow, MA (STW), Appleddstand, ME (ADI), and Pease
Air Force Base, NH (PSE). These wind “barb” pldtew wind direction (direction of
arrow indicating where wind is coming from), wingeed (wind barb color), time of day
(UTC time, x-axis), and altitude (meters, y-axiE)e location of the nocturnal low level
jet appears within the circle in each wind barlt ploFigure F-1. The figure shows a
weak nocturnal low level jet at the southernmast, $tort Meade, with wind speeds of 15
to 25 knots between 300 m and 500 m in the eartygdahe night. Further north, the
nocturnal low level jet is more pronounced with vspeeds between 500 m and 1500 m
above ground reaching 40 knots. Figure F-1 showthisrday the nocturnal low level jet
extending from Maryland up through southern Malneaddition, the wind barb plots
show the northeasterly direction of the nocturoal level jet. Above this jet, we see
slower winds coming from the west to all the sites.
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Figure F-1. Nocturnal low level jet on July 22 — 23, 2008te: Circles in the wind barb plots indicate the

location of the nocturnal low level jet.

Figure F-1 shows that throughout the night, theumo@l low level jet travels in a

northeasterly direction along the east coast. Tetmon implications of this nocturnal

low level jet episode can be seen in Figure F-2 Chdillac Mountain ozone monitor is
located on the coast of Maine at an elevation 6f @6 At this elevated position, we can
see how the nocturnal low level jet affects ovenhind early morning ozone levels.
Between midnight and 4 a.m. during the northeastestturnal low level jet, hourly

ozone concentrations at Cadillac Mountain are betw# ppb and 80 ppb. Ozone levels
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had begun to increase early in the evening onZRilgnd continued to increase
throughout the night and peak at 3 a.m. This irgnganighttime ozone at an elevated
position corresponds to the nocturnal low levetjgnneling air up the coast during the
night. Conversely, at Cape Elizabeth, a ground! st relatively close to Cadillac
Mountain, night time ozone levels are much lowantbn top of Cadillac Mountain. This
difference in ozone at upper and lower levels shioowvs the nocturnal inversion can
isolate air masses above and below the inversion.
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Figure F-2. Nocturnal low level jet with hourly ozone cartcations at Cadillac Mountain, ME and Cape
Elizabeth, ME on July 22 — 23, 2002. Note: Circles invtired barb plots indicate the location of the
nocturnal low level jet.

The air mass affecting early morning ozone conedioins in Figure F-2 can be
roughly tracked using wind speed and wind directidarmation from Cadillac
Mountain, Pease, Appledore Island, and Orange.rAsguthe nocturnal low level jet
occurs for five hours that night (based on neigtmgpwind barb plots), the air mass
arriving at Cadillac Mountain at 3 a.m. during peane conditions was over central
Massachusetts around 11 p.m. on July 22 when ttieimal low level jet began to form.
Tracking this farther back shows that the air nedfecting Cadillac Mountain was over
western Connecticut around 6 p.m. on July 22. Lioglkit ozone levels in Cornwall, CT,
we see that high ozone conditions existed in #g$on during the afternoon of July 22
with the average hourly ozone at 112 ppb betweemv and 7 p.m. Elevated ozone from
this region first slowly traveled up the coasthe evening. When the nocturnal low level
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jet formed, it quickly pushed ozone up the coafgtctihg ozone levels at Cadillac
Mountain, an elevated site in the jet, in the eartyrning hours (~3 a.m.).

Figure F-3 shows wind profiler information for thext day, July 24, 2002. In this
case we see a stronger nocturnal low level jet d@tvmidnight and 8am that originates
further to the south. The Fort Meade and Rutget$T(Rsites show the nocturnal low
level jet in the early part of the evening withvilin the northeasterly direction. At higher
altitudes slower winds from the west pass oventheturnal low level jet. Further north,

a strong nocturnal low level jet can be seen avS&ppledore Island, and Pease. It is
difficult to determine if a nocturnal low level jekists at Orange as high winds continue
at the upper altitudes and data are missing fohitpleest altitudes. Figure F-3
demonstrates an example of the nocturnal low lgtglassing along the east coast as far
south as Maryland and as far north as southerndéJain



The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description

Page F-6

4200 *

3600 [

3200

3000 [

Height (m mst)

Height (m mst)

Height fm mst}

Height (m mst)

e SR
SO

o

Height (m mst)

L b by by
Time (UTC)

—p
Direction of
Lu

TR S I B T
Time (UTC)

Figure F-3. Nocturnal low level jet on July 23 — 24, 2(9ate: Circles in the wind barb plots indicate the
location of the nocturnal low level jet. Data are inconclugivedentifying a nocturnal low level jet at

Orange, MA.
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Figure F-3 shows that the nocturnal low level gtwred on the night of July 23-
24 as it did on the previous night. Figure F-4 shozone levels overnight on the
July 23-24 at Cadillac Mountain and Cape Elizabkthhis case, we see that low ozone
is occurring at both sites during the early hodrdudy 24. Applying the same methods
utilized earlier, wind speed and wind directioroimhation from Cadillac Mountain
indicate that the air arriving at Cadillac Mountaias also roughly over central
Massachusetts at 10 p.m. on July 23 (same windtaireand wind speed as previous
day). Wind profiler data show that winds moved thiismass from eastern New York
and western Connecticut in the late afternoon. Agerozone levels between 4 p.m. and
7 p.m. were 53 ppb at Cornwall, CT. Therefore, miilaon the previous day, air
masses were tracked back to the western Conneateatupwind. In this case, however,
low levels of ozone existed in the air mass.
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Figure F-4. Nocturnal low level jet with hourly ozone cartcations at Cadillac Mountain, ME and Cape
Elizabeth, ME on July 23 — 24, 2002. Note: Circles inviived barb plots indicate the location of the
nocturnal low level jet. Data are inconclusive for identifyanocturnal low level jet at Orange, MA.

Examining the wind profiler data from 4 p.m. to might on July 23 (Figure F-1
and Figure F-3), we see high winds at all altitudiegeloping throughout the region.
Figure F-5 shows that these high winds are paatwéather front that passed through the
region in the afternoon of July 23. This correspowith the sharp drop in ozone levels at
Cornwall, CT, Cadillac Mountain, ME, and Cape Htieth, ME (Figure F-6) as the front
pushed ozone out of the region. This explainsdielévels of ozone seen at Cadillac
Mountain during the nocturnal low level jet in tharly hours of July 24. This example
demonstrates that not all nocturnal low level gts associated with high ozone levels at
elevated sites. A necessary condition for the fprariof ozone in a nocturnal low level
jet is the presence of upwind elevated ozone leWéis front that pushed through the

region on the previous day resulted in “cleanaing transported in the nocturnal low
level jet.
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Figure F-6. Hourly ozone concentrations on July 23, 2QQBree sites.



The Nature of the Ozone Air Quality Problem in Hwtheast: A Conceptual Description Page G-1

Appendix G: Contributions to the ozone reservoir
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Appendix G: Contributions to the ozone reservoir

Contributions to the ozone reservoir can come fremsources. The first is from
the residual local ozone and precursors in the spimere at sunset. The second is from
transport of ozone and precursors from outsidé®idcal region. To identify these
outside sources, Taubmahal (2006) have made an analysis of the completefset
aircraft flights undertaken by RAMMPP between 1892 2003. Initially, the data were
divided into morning and afternoon profiles to itindiurnal patterns. Little diurnal
variation was observed in the carbon monoxide aifdrsdioxide profiles. The ozone
values were greater in the afternoon than the mgrnvhile ozone in the lower free
troposphere (i.e., above the boundary level), whaerg range transport is possible, was
consistently ~55 ppb. Transport patterns and saegiens during summertime haze and
ozone episodes were analyzed with a cluster asabysiack trajectory data. Eight
clusters were identified, which were then dividetbimorning and afternoon profiles.
Table G-1 lists the characteristics of each clusted Figure G-1 shows the back
trajectories calculated for each profile divideddbyster at an altitude of 2000 meters.
The median profile values were calculated andsttedl differences were determined
using a nonparametric procedure. When the gremégsttory density lay over the
northern Ohio River Valley, which has large Nénd sulfur dioxide sources, the results
were large ozone values, a large;®&XD ratio, large scattering particles, and higloser
optical depth over the mid-Atlantic U.S. In contraslatively clean conditions over the
mid-Atlantic occurred when the greatest trajectbensity lay over the southern Ohio
River Valley and nearly missed many large,;\ghd SQ sources. The greatest afternoon
ozone values occurred during periods of stagnatianwere most conducive to
photochemical production. The least pollution ocedmwhen flow from the north-
northwest was too fast for pollution to accumukatel when flow was from the north,
where there are few urban or industrial sources.
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Figure G-1: Maps of the 2 km, 48 hr HY-SPLIT back tajectory clusters for
mid-Atlantic region

Note: Cluster groupings are a) cluster 1, b) ch@te) cluster 3, d) cluster 4, e) cluster 5,Ifjster
6, g) cluster 7, and h) cluster 8. Figure from Traahet al, 2006.
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Ozone transport over several hundred kilometeosthid mid-Atlantic U.S. was
estimated by calculating the ratio of the residagér ozone between 500 m and 2 km in
the upwind morning profiles to the downwind aftesndoundary layer values between
100 m and 2 km. The greatest level of transporgehe (69-82 percent) occurred when
the maximum trajectory density lay over the soutlrerd northern Ohio River Valley
(clusters 1, 2, 4, and 6); ~59 percent of the fotafiles). The least amount of transported
ozone (55-58 percent) was associated with fashaasterly flow (cluster 8; ~3 percent
of the total profiles), fast north-northwesterlg\il or clean northerly flow from regions
with relatively few urban or industrial pollutiolmgrces (clusters 5 and 7; ~6 percent of
the total profiles), and stagnant conditions witthia mid-Atlantic conducive to greater
local ozone production (cluster 3; ~27 percent efttital profiles). The average amount
of ozone transported into the Baltimore-Washingtdsan corridor is 64 percent of the
total observed ozone in the afternoon boundaryrldthe background ozone is
removed, then this value is lowered to 55 percent.

When trajectory density plots were overlaid on majth the largest annual NO
and SQ emitters, specific source regions were identifititke results indicate that the
areas of maximum trajectory density together withdxspeed are effective predictors of
regional pollution and loadings. Additionally, dieethe Lagrangian nature of the dataset,
the regionally transported contribution to the taféernoon boundary layer column
ozone content in each cluster could be quantified.

Table G-1. Cluster groups for air mass trajectoriesnto mid-Atlantic Region

Cluster Description Upwind Region

1 Large ozone values, large $CO ratio, large highly Northern Ohio River Valley
scattering particles. Moderate northwesterly flow — aged
point source air.

2 Small ozone values, large 00 ratio. Northwesterly | Northern Ohio River Valley,
flow at higher wind speeds than Cluster 1 — aged poinéxtending into the Great
source air. Lakes region

3 Large ozone values, small 80O ratio. Stagnant Central mid-Atlantic region

conditions with light southerly flow.

4 Small ozone values, small 800 ratio. Moderate Southern Ohio River Valley
southwesterly flow, small pollution loading — fewer
point sources.

5 Fairly fast north-northwesterly flow. Flow too fast fo | Northern Great Lakes
pollution to accumulate from source region.

6 Moderately large ozone values, B0D ratio very Northern Ohio River Valley
large, smaller less scattering particles. Northwesterly
flow, but faster wind speeds than Clusters 1 and 2.
Crosses several large $&nd NQ sources.

7 Least pollution of any of the clusters. Flow is oithe | Eastern Ontario, western
north. Relatively cool, dry continental air. Quebec
8 Small ozone values, small OO ratio. Fast southwest Vicinity of Texas

flow. Very few trajectories.
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