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e Why a Conceptual I\/Iod-

\ Baltimore Haze Cam
1 The first step in developing a new
State Implement

Maryland - The Canary
- Need ascience-§ 17 the Coal Mine for the

what it will take
Maryland’s air.

1 How much of the problem| j

How much is transported -
Maryland from upwind s/ =

1 What pollutants? What sol

1 How aggressive do we nee
with new local control pro

Who will we need help f




@ conclusions from this

We Cannot Attain the New Ozone Standard
Without Significant, Timely Help from EPA

1 “Incoming” ozone levels already violate
the new standard Nonattainment Areas

: i -# _ 8-Hour Ozone Standard
1 Science tells us that the upwind .

contribution to ozone in nonattainment
areas in the Ozone Transport Region
(OTR) can cause more than 50% of the
problem

) We need to continue to do all we can to
reduce local emissions.

1 We need significant help from EPA to
require aggressive and timely super-
regional emission reduction programs

Across most of the East

Power plants, boilers, cement kilns and
multiple other source sectors that can
further reduce NO, and VOC emissions.

Graphic is courtesy of the U.S. EPAL




200

=
D
o

=
N
o

1-Hour Ozone (ppb)

80

(=Y
o]

H
~

Annual PM, 5 (ug/m®)

(=Y
o

Progress in Cleani

1-Hour Ozone 8-Hour Ozone

1\1 2001 2003 2005 2007

/ ’"’ Daily Fine Particulate

2002 2003 2004 2005 2006 2007 2008* 2002 2003 2004 2005 2006 2007 2008*
*2008 data are preliminary.

What Have We Learned

from All of This?

- 100

.. .
N

w
o0}
Daily PM, 5 (ug/m*)

- 140

8-Hour Ozone (ppb)

60

1
N
o

w
=

w
o



g 50...Where Does Our Air Pollution Co

Four Distinct Parts

1 Local emissions in Cities (nonattainment areas)
Reducing local emissions is very, very, very, important

1 Three distinct types of transport
Short range - City to city
= “Ground level” transport

= Washinnton tn Raltimare Raltimore to Philadelphia,
etc.

Westerly, L
= “Aloft”
= General

Southerly, Nocturnal Low Level Jet (NLLJ)
= “Aloft” transport at night !
= 100s of miles

August 9, 2001 = SW to NE along the Atlantic

id-down)




we  TWO Significant New Fin-

I Recent research has identified two new concepts
that significantly affect:

Our understanding of the daily cycle of how ozone forms and
builds up in Mid-Atlantic and Northeast cities and

The emission reduction programs needed to provide for clean
alr

1 These new areas are:

The existence of an “Elevated Reservoir” of high ozone
sitting above the Mid-Atlantic and Northeast areas during the
morning hours on bad ozone days

The transport and build-up of ozone and ozone precursors at
night




7 1 Every bad ozone day, In the

@s  The Elevated Ozone Res-
gﬂ;' T

morning hours, a large reservoir
= of ozone sits above Maryland
= and the Mid-Atlantic area

i waiting to mix down.

Ozone levels in the reservoir can
routinely reach 60 to 100 ppb.

In the morning, ozone levels at the

Incoming Ozone

st 2, 208 (700 AM EDT) surface are very low.

1 Around 10:00 or 11:00, the
2™ Residual Layer ozone in the reservoir mixes
£ oruopeh — | down to the surface and

i } degrades air quality.
<40 ppb_‘-_"____“__/_

OOOOO (ppb)
Source: Maryland Department of the Environment & Howard University
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@s  \What Creates the Reser

1 Ozone created during the day is
able to mix upward from the
surface and vice versa.

1 At night the earth cools and a
“nocturnal inversion” is created
several hundred meters above the
surface.

1 Ozone, created earlier in the day, =
IS trapped above the inversion and Cool & N |ght
mp\aed to the north by nigh-time |
winds.

1 Ozone below the inversion drops
to very low levels.



- Measuring the Elevat-

The elevated reservoir can be seen
- almost every morning - by
looking at elevated monitors and

ground-level monitors - over time.
High Elevation

Monitors

Methodist Hill, PA
Shenandoah NP, VA

Appalachians

Near-Sea Level
Monitors

Source: Maryland Department of the Environment




we  Typical Day/Night Ozo-

ground-level
oZone




180

170 -

160

150 @ .. Inversion Breaks
The Regional Signal

140 -

—
Lk
=

—_— e
f— [ g
= =

—
=

=

-]

=)
=

Hourly Ozone Concentration (ppb)
S8 S_8

th
=

=
=

[ T P
= 2
1)
O
0

=

mm@wm= Shenandoah NP, VA (Elevated)
O

Line: Average Profile of Maryland Monitors (Near S¢
Shaded: Variations of Near Sea-Level Monitors

=

o 1 2 3 4 5 6 71 8
Source: Maryland Department of the Environment

9

1011 1213 I8 19 20 21 22

Time (EST)

415 16 17



&s  Same Signal
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Same Sign
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&s  Same Signal
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- Still Happen

Aloft Ozone Reservoir (August 13, 2005)
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@s  Same Signal

Aloft Ozone Reservoir

(A ,2005)
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Same Signal

Aloft Ozone Reservoir (June 13, 2008)
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&s  Same Signal

Aloft Ozone Reservoir (June 13, 2008)
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Similar Signal

This chart includes data from

Diurnal Ozone Concentrations 2004-2008 Z‘rf]efy *;C;Uf Ct’)f dalys V;']ith atlhmax
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MDE Same Signal — Fine Particles
July 28, 2007
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Pollutants

Source: The Smog Blog (UMBC)




& Who’s Filling the Re

Aircraft Data — All Morning Ozone Profiles ] What’s over MD on Tuesday
(1996 — 2004) started off in Ohio and North
3000 Carolina on Monday.

2500 . MD’s pollution soup floats
2000 { % to New Jersey and New
York.

New York’s pollution floats

500 | s to New England

1500

1000

Pressure derived altitude (m)
>

. . . - 1 Power plants, cars, trucks and

0 40 60 50 100 other sources are all contributors

Median Ozone in ppb .
to the elevated pollutant reservoir.

Courtesy of Jennifer Hains 1 Filled with ozone and ozone
precursors.

University of Maryland
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- How Much Comes From O

1 Prior to the NOx SIP Call (1990s),
we measured ozone around 110
parts per billion (ppb) floating
into Maryland , primarily from the
West.

1 After the NO, SIP Call, we
measure ozone around 90 ppb
floating into the State from the
South, West, and Northwest.

1 Reminder: 2008 8-Hour Ozone
Standard is 75 ppb.

MDE works in partnership with local
universities (UMD at College Park, UMBC, and
Howard University) to measure and analyze
pollution being transported into Maryland.




s Baltimore: How Much is Tr

zoRe exceedafice days

1 Varies with changes in
-2007)
ey

meteorology but best guess is . _
; . T el %, 19 days/year_ .
something like ey 2\

30 to 40% Westerly transport

10 to 20% City-to-City
“local” transport

10 to 20% Night-time,
southerly NLLJ transport

10 to 20% local

1 Local controls on local

emissions can only address this P i
ourcer viarys epartment o |
last 10 to 20%. BRI ¥ A7 e




Classic Mid-Atlantic Ozone \Weather

Produced by: Marvland Department of the Environme




Westerly Transport

Google-




o Westerly Transport - “Up ...

During the
heating of the
day, pollutants
mix upward.

Air pollutants get picked up and carried by the
upper level winds

Pollution
Sources

Pollutants can
mix down the

same way they
came up




we Fingerprinting Westerly Tra

What Does the Data Tell us About Its Origin?

Vertical Profiles of Ozone, CO, NOy and S02: Ce}\tral VA (July 15, 1995)
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Graphics are courtesy of UMD at College Park.



Reducing Westerly T

10 55.5% 22.3%
of Units of Units

= 77
1o 107 1o 107 106 104 103 g
9 93 94 = 199 T+ 200
91 91 F100 5
W = (" BY 2011, ABOUT 50 )
= TO 70 PERCENT
T OF THE COAL
= FIRED CAPACITY |7 10
, , , . . 60 IN THE EAST
WILL BE
1997 1999 2001 2003 2005 2007 CONTROLLED BY b
\ SCRS T 100
30 -
20 - i 15 1 50
10 | £ 6
2 2
0 4 -0
1995 1997 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Phase | > Phase Il >
Minimal SCR Units Large Number of SCR Units Installed
Expect Minimal NO, Expect SIGNIFIANT NO, Reductions
Reductions Especially after 2003-2004
Air Quality

_ _ _ should decrease dramatically
Data courtesy of The Institute of Clean Air Companies (ICAC).




wor  Westerly Transport - Lessons L-

1 Ozone has been reduced
dramatically as super-regional
power plant NOx controls have been
Installed

1 About 50 to 70 percent of the coal
fired capacity n the East has added
SCR controls

1 About 30 to 50 percent has not
added SCR controls

1 Is there any reason to believe that
more NOx reductions would not
lead to lower ozone?
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City-to-City “Loc

SHORT NRANGE TRANSTORT

<
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T

1 Surface winds are typically from the southwest to the northeast.

1 The morning pollution in Washington stays at ground level and floats downwind to
become part of the afternoon pollution in Baltimore.

= Pollution from Central/Northern VA = DC = Baltimore = Philadelphia and so on.

1 Emissions from cars, area sources and stationary sources all contribute.



we  ooutherly Transport at Night

MNLLT
Animation Is courtesy of 1he COMEI Program <

Fast-moving, narrow “river” of air
typically around 1000 feet above the
surface

In the Mid-Atlantic, typically observed
during the night between Appalachians
and the Atlantic Ocean.

Wind speeds can reach 40 mph or
more.

Stretches from NC to MD to NJ and
further up the east coast.

Seen during most, Mid-Atlantic summer-
time air pollution events.

Some form of NLLJ on virtually all
code orange or red days

Recent findings indicate:

Presence of a NLLJ increased
Baltimore maximum ozone by 7 ppb.

Ozone concentrations of 90 — 100 ppb
have been measured in the NLLJ.



Measuring the NL

Beltsville, MD on September 6 — 8, 2007

What does this graph tell us?

Wind Speed and Wind Direction
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Howard University launched 4 ozonesondes on July 12-13, 2008. The 10:30 PM
(Saturday, July 12th) and 2:30 AM (Sunday, July 13th) occurred during a Nocturnal
Low Level Jet (NLLJ) event, as captured by MDE’s upper-air Radar Wind Profiler.
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a How Big is the NLLJ?

MMS5 Model Run — Highest Wind Speeds in Red

Graphics are courtesy of UMD at College Park.
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&s \When Transport Pat_

TRANSTORT CROSSNOAVS

P I et Ay ;o W~
A U 51 Mitesy | o BN

e L A
A Tk . fha A

1 Westerly, local and southerly/NLLJ transport converge on the Mid-
Atlantic area.

) Sea and bay breezes act as a barrier or wall and funnel ozone and
other air pollutants up the Northeast Corridor.



&= Driving Policy With Sci

1 Air pollution is complicated!!!
So What Have We Learned? On any given day, Maryland’s ozone

problem can be blamed on:
= Local emissions
= Westerly Transport
= Southerly transport
= All of the above

1 The NO, SIP Call and other regional control
programs have reduced ozone levels
dramatically over the past 10 years.

The regional NO, reduction programs of the
of the 1990s really, really worked.

The 1990 Clean Air Act may depend too
much on local emission reductions.

1 We will need significant additional national
or super-regional control programs to
reduce transport to attain the new ozone
standard.




S—S'E' A Two Part Control _
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Elevated Revervoir
efore Inversion Break
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We must continue to
adopt aggressive local
.4 control measures to
reduce the local
contribution

9 ]nverslon Breaks

)

TWe will need significant
help to reduce the
transported ozone and

1. -
N | 0zone precursors in the
S —e= Nalaw] elevated reservoir
() Sh
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@ | ocal Versus Regional Cont

1 Work to adopt innovative, aggressive local

Vertical Profile of Ozone
Jue 18, 2006 (3:10 AM EDT) control programs already begun — more later
Beltsville, MD . ’
S s s “Incoming” ozone already exceeds the new

ate

| % “ ozone standard

To reduce transported ozone in the elevated
reservoir we need help from EPA to lower
Elevated NOx and VOC emissions from a host of
ReSeIVoIr upwind source categories and upwind

2000 — 6000 | source regions
About 83 pp‘ft:\A ,
1 There are many control programs being

9000 T

Height (ft)

6000 +

at 3am
}/,/—* Implemented in nonattainment areas across
N I ===, ool R I B the country that are cost-effective, common
T e " sense and proven control technigues
Source: Maryland Departratre]ri}\tl (;)r]; ittr;/e Environment & Howard .
1 We need EPA’s help to level the playing

field
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as  « eveling the Playing

MDE

1 Examples of control programs that need
to be implemented across most of the CURRENT
East to reduce transported ozone in the PLAYING

elevated reservoir

The next phase of NO, and SO,
reductions from power plants

Industrial, Institutional and Commercial R Vo W oa o
(ICI) boilers (NO, and SO,) | ey~ A

Cement kilns (NO, and SO,)

25 ton per year NO, and VOC RACT
(Reasonably Available Control
Technology)

OTC area source control measures

(paints, consumer products, etc.)
Mobile sources GENERALLY WHERE
Numerous other source sectors j THE PLAYING FIELD

SHOULD BE LEVELED
TO REDUCE OZONE
IN THE ELEVATED
RESERVOIR
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v Our Schedule

1 2016

Likely attainment date for many OTC
states

) Summers 2013, 2014 and 2015
Clean air recorded by monitors

0 May 2013

Latest date for new state, regional and
national control programs to become
effective and generate reductions

] 2010 and 2011

State, regional and national rules fully
adopted
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& Questions?

Tad Aburn, Director
gaburn@mde.state.md.us

Maryland Department of the Environment
Air & Radiation Management Administration

1800 Washington Boulevard | Baltimore, MD 21230
410-537-3000 | TTY Users: 1-800-735-2258
www.mde.state.md.us
Martin O’Malley, Governor | Anthony G. Brown, Lt. Governor | Shari T. Wilson, Secretary
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