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Ozone Transport — The Path Forward

So ... How are we really doing?




Topics Covered

The Path Forward
A Recap

What’s working?

Do we understand the

science and what’s needed
to solve the ozone problem
in the East?

What are the curr
challenges?
e Some positive movement
e Some real challenges

How and when will the
rrent efforts bear fruit?




Making Prog aner Air




November 10, 2010 — The Conclusion

The Path Forward

We understand the science of ozone
better than ever

We've implemented programs that
have worked in the real world

We need a two-part strategy

e Local (inside the OTR) controls are still
ritical

e Can help reduce about 1/3 of the ozone
problem in most OTC cities

* National/super-regional controls are
now essential

* Incoming ozone is already measured at
levels above a 60-70 ppb standard

e Regional contribution rep 1ts
approximately 2/3 of the ozone problem in
most OTC cities
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The “Path Forward” at work ...

- Effective super regional NOx reductions across
the East such as the 2003/2004 “NOx SIP Call (power
plants) and the 2007 NOx reductions from
“Tier 2" (vehicle standards) ... complemented by
-Effective local controls in many
OTC states
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Number of PM, . Nonattainment Areas in MANE-VU Violating Standards
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Number of PM, . Nonattainment Areas in MANE-VU Violating Standards

| "" ‘ I"

' ~ The “Path Forward” at work ...

- Effective super regional SO2 reductions across
199001 the East. Primarily power plant controls like the
Acid Rain Program and the early reductions

12

10 A

from “CAIR”
= - Effective local SO2 controls in many
%fN?P'?,'RET OTC states




Haze Speciation on20% Worst Days

Brigantine Progress

Rayleigh Extinction
I Sea Salt Extinction

Coarse Mass Extinction
Em Soil Extinction

s | ight Absorbing Carbon Extinction

Organic Carbon Mass Extinction
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—QO— Haze Index - Annual
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Haze Speciation on20% Worst Days

Rayleigh Extinction
| W Sea Salt Extinction
‘%—; || = - Coarse Mass Extinction
% 20 A I [ ~—y - 8 | s Soil Extinction
= [ s | ight Absorbing Carbon Extinction
§ I I = A Organic Carbon Mass Extinction
?’: il B Nitrate Extinction
E Sulfate Extinction
9 —O— Haze Index - Annual
Haze Index - 5-Year
= = - Uniform Rate of Progress
30 - == «= No Degradation
'g.‘ sonable Progress Goal (RPG)
= 20 The “Path Forward” at work ... Qg Pt to R0
= I -Again, effective super regional SO2 reductions
=104 across the East. Primarily power plant controls like the
£ Acid Rain Program and the early reductions
) from “CAIR”
— - Effective local SO2 controls in many
o MANE-VU states




So Why is it Working?

* Insimple terms, t

re are

two parts to our ozone
problems in the OTC

* A local emissions
contribution ... and

e A regional emissions

(transport) cont

e They bring us ozone in

different ways

e Understanding the
piece of the ozone
transport problem

to our policy development

ribution

“How

is critical



The Local Emissions Contribution

Volatile Organic Nitrogen
Compounds Oxides

Ozone
Biogenic  Area Mobile  Off-road  Point
. i 5 |
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The Local Emissions Contribution

.‘l.

*

Much simpler

Local NOx (nitrogen oxide) and VOC (volatile organic
compound) emissions are released throughout the day

NOx and VOC interact with sunlight — throughout the day -
to create ozone

e Cars, power plants, everything else
Summertime winds push the ozone — slowly — to the
northeast
Ozone peaks in the late afternoon

Pretty simple

e Emissions released — react — pushed northest - create high ozone
in the afternoon

Complications
e Natures definition of “local” is not consistent with the CAA

e Today’s emissions also react with leftover ozone and emissions
from the day before — and the day before that

i




The Regional — Transport - Contribution




The Elevated Ozone Reservoir

Every bad ozone day, in the
morning hours, a large reservoir
of ozone sits above the OTR and
much of the East waiting to mix
down.
e (QOzone levels in the reservoir
can routinely reach 60 to 100

ppb.

* Inthe morning, ozone levels at
the surface are very, very low

Between 9:00 and 11:00
 The “night-time inversion”
breaks apart

e Ozone trapped aloft in the
reservoir mixes down to the

E surface and degrades air

OZONE quality.




Visualizing the Elevated Reservoir
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Visualizing the Elevated Reservoir

‘Aloft Ozone Reservonr (June 13, 2008)
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Same Signhal - Maryland 1995
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Same Signal — Philly 1995
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Same Signhal — Maryland 2011

Aloft Ozone Reservotrtlane k5 20419 = = = = = = = = I
| 3

120 I
I ® Local and Regional |
| Pollution Combined !
' |
100 o) Inversion Breaks I I
The Regional Signal I I
= \ | |
S | ‘ I I
= Elevated Reservoir _ Y,
& 80 Before Inversion Break I 11 !
= S A T 4 1 :
= | L |l :
S 1L~ "\ || 2 ~
[} (] | | o ~ CJ
é 60’: .\ 1-". . i).h. : \.h #./.Al >=-_.. - .|
= | .\./ : 'IT-L.J——'-——.——'-_-. : :: ‘2-—"" .--"'--.."L
o] e L — I / h"".haf"
N I / o1 e o= —7' ————————— 4
S PN : , -
2 | G “-_.\ / |
5 40! S L
& = w— I
T §) o _\7/ _________
20 m=@m= Piney Run, MD (Elevated)
==@== Methodist Hill, PA (Elevated)
mm@m= Shenandoah NP, VA (Elevated)
Line: Average Profile of Maryland Monitors (Near Sea-Level)
Shaded: Variations of Near Sea-L.evel Monitors
0
0 l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Source: Maryland Department of the Environment Time (EST)



Same Signal — Philly 2008

Aloft Ozone Reservoir (June 13, 2008)
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Same Signal — Tennessee 2011

Aloft Ozone Reservoir (June 8, 2011)
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Same Signal — Virginia 2011
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Same Sighal — Massachusetts 2011

Aloft Ozone Reservoir (June 8, 2011)
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Same Signal — New York 2011

Aloft Ozone Reservoir (June 8, 2011)
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Same Signal — New York 2011

Aloft Ozone Reservoir (June &, 20117
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Filling the Reservoir

esterly Transport

e “Aloft” transport - 100s of miles
e Generally from W or NW
* Primarily power plants

Southerly, Night-Time
Transpor

* Pushedbya “Nocturnal Low Level
Jet (NLLJ)” of wind

“Aloft” transport at night !!!
100s of miles
SW to NE along the Atlantic

Vehicles, power plants and other
sources

City-to-City Transport

* Washington to Baltimore,
Baltlmore to Philadelphia, etc.

e All sources contribute



http://www.airnow.gov/
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Westerly Transport




Southerly Transport at Night

A
h

d, 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 NLLJ

Wind Speed and Wind Direction - Beltsville, MD on August 9 - 10, 2010
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What does this graph tell us?
- Wind direction

- Wind speed
- From the ground up




Measuring Ozone Transport in the NLLJ

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 NLLJ event, as captured by MDE’s Wind Profiler.
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City-to-City “Local” Transport

— R ,
.~ &9 Baltimore, MP__ Wilmington, DE

7 i
-5 &9 Washington D.€.
/ > 2 e > _—

&9 Richmond ,‘!rA

) LA S

Surface / near-surface winds transport pollution amd-emissions from city to city, typically from the
southwest toward the northeast along the 1-95 corridor. Pollutiomaccumulates downwind and adds
burden to the existing high ozone and PM Fine.

Produced by: Maryland Department of the Environment Note: Background image is courtesy of IAN symbol (UMCES).

e Surface winds are typically from the southwest to the northeast

 The morning pollution in Washington stays at ground level and floats
downwind to become part of the afternoon pollution in Baltimore
e Pollution from VA = DC = Baltimore = Philly = NJ = NY = CT ...

 Emissions from cars, area sources and stationary sources all contribute.
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ed Hourly Ozone Concentration

Averags

Regional NOx Reductions Work!

Grounc

Drops Dramatically
In the Same Time

8-Hour Ozone Design Value (ppb)
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The 2003/2004 NOx SIP Call as a

e A classic ozone transport
success story

e Incoming ozone levels (as
high as 80 ppb) collect in an
elevated reservoir over night

e Real world programs like the
NOXx SIP call have shown that

e Adding regional controls

e Results in regional NOx
emission reductions ...

e Which lead to reduced ozone
in the elevated reservoir ...

* Which lead to lower ozone at
ground level and public health
protection!




Using Baltimore as an Example
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ozone leve
the 75 ppb




Using Baltimore as an Example

ozohe in the

dard

Baltimore is used in this example
as it has great data. The example could just as
easily be for New Castle-DE, Camden-NJ, Suffolk-NY,
or Fairfield-CT. The upwind contributors
may change a bit, but the transport process
would be virtually identical.

els that are
5 ppb standard

COMMISSION



A Hypothetical Bad Day in Baltimore




A Hypothetical Bad Day in Baltimore

. The weather begins to set up for a bad
Sunday Night ozone event

Classic summer weather

e Bermuda hlgh over North Carolina
unaa
. 2:00 AM: Aloft monitors (2000 feet above

Monda AM )
Y ground level) see ozone in the elevated
Monday "M reservoir at 55 ppb
sy — * This is normal
Tuesday PM .

Wednesday AM
Wednesday

0;0I§E

Z



A Hypothetical Bad Day in Baltimore

All day, power plant pollution
from the Ohio River Valley is
| pushed by aloft winds
= |« From west to east

Monday
e Towards the Mid-Atlantic

Monday PM
Tuesday AM
Tuesday PM
Wednesday AM
Wednesday




A Hypothetical Bad Day in Baltimore

Monday Night Mobile source pollution from
the south is pushed by a low
level jet

e Southwest to northeast
e Towards the Mid-Atlantic

Tuesday
Tuesday PM
Wednesday AM
Wednesday




A Hypothetlcal Bad Day in Baltimore

Tuesday
Wednesday

Wednesday

' Tuesday
Morning

AM

"o
mo
"o

PM

6: OO AM -Aloft measurements
show that an elevated reservoir
has set up

 Hovering over the Mid-Atlantic
with ozone at 65 ppb

e Edgewood’s ozone is 35 ppb
Around 11:00 AM the ozone in

the elevated reservoir mixes
down to ground level

e Edgewood’s ozone is 68 ppb at
11:00 AM




A Hypothetical Bad Day in Baltimore

e ecday Local mobile emissions add an
Af":es ay additional 10 ppb of ozone
emoon e Edgewood is at 79 ppb by 5:00 PM

After dusk, night-time inversion sets

P
e That 79 ppb is now aloft

* The low level jet resumes

Wednesday
Wednesday




A Hypothetical Bad

v in Baltimore

Wednesda
Very Early

ust After Midnigh
e Edgewood is at 35 ppb

loft measurements show an

orning

Sunday
Monday  AM
Monday  PM
Tuesday  AM
Tuesday  PM

Wednesday

Wednesday

levated reservoir has set up over |
he Mid-Atlantic with ozone levels at
9 ppb

Transport has now built
up over several days




A Hypothetical Bad Day in Baltimore

Wednesday
Morning

"o

mo

oo

mo

"o
PM

| 8:00 AM: Edgewood is at 40 ppb
9:00 to 11:00 AM: Nocturnal inversion breaks down

e Pollution trapped aloft overnight (79 ppb) mixes
down

11:00 AM: Edgewood’s readings jump to 79 ppb

* The transported pollution has mixed down

* Mobile source emissions from Washington and
Baltimore join the party

| Everything begins to cook in the hot July sun




Afternoon

"""""""" Il day, power plant transport moves
Wednesday rom west to east

missions from Baltimore and

Washington DC take over
* Primarily mobile sources

e Pushed by southwest to northeast
summertime breezes

Monitors south of Edgewood begin to
ght up |
e Beltsville (40 miles south of

Edgewood) is high at 3:00

e Essex (15 miles south of Edgewood)

is high at 4:00

| Edgewood peaks - 90 ppb at 5:00 PM




A Hypothetical Bad Day in Baltimore

lution that h:

Resulted in the East’s highest ozone on this
hypothetical day in the summer of 2014




Reducing the Ozone Transport in the Elevated Reservoir




More Regional NOx Reductions - Continued

What's wo

Wha




EPA Efforts - Regional NOx Reductions




OTC Efforts

nd analyses
what it will take
to meet the 75 ppb standard
nter-Regional collaboration




A State Partnership/Collaborative




Market Changes — Natural Gas

as Is driving major
arge NOx emitting




rt and CSAPR




Independent Legal Actions from Eastern States

fates have also
ns to compel

action o
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The Schedule

The Anal

control
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