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OWLETS-2 Background ShEurpose

Portable Ozone Monitor [“POM”] - mobile
autonomous ozone observing platform
Solar panel charges 2 deep cell batteries

e S S

» East of the Baltimore Inner
Harbor by 15 miles

g * Northeastern most point on the
Island putting it as close to the
middle of the Bay as possible

Access via boat only

Communication via cell signal

Includes weather data
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NOXx [Ibs/hr]
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2016 & 2017 NOx diurnal Profile & HMI Ozone
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~ Not Intensive Campaign ?
June 17 T rf%
June 18 | %

June 29 Bay Only Exceedance 2
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Maryland

% Types of Exceedances at Hart-Miller Island &
e Type-a: ‘o’ or “air above”

— Air is transported downward from above the Bay’s Surface

e Type-B: ‘B’ or “bottom-boats-below”
— Pollution confined to air directly over the water’s surface or the
“bottom” of the atmosphere. Primary source appears to be boats
e Type-c: ‘¢’ or “carry-over”
— Carry-over from a previous day’s pollution helps to further
exacerbate either Type-a or f3

I mms Mrwew 17 e W

All data is considered blrél'i'r.nihar\/éhd éljbjec'f:t'o changé Time (UTE, bour) S Data Sources Berkoff/Gronoff NASA; MDE



Ozone (ppb)

*“Classic” Edgewood late-da y BB
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HMI surface observations provided by Xinrong Ren, UMD/NOAA
eIncrease in SO2 and Mercury (Hg) at the same time ozone
increased around 4:30pm (EDT) on June 29, 2018

°Increase in NOy for the duration of the heightened ozone period
*This ozone led to the VOC Canisters at HM| showed greatest increases (%)

dirty Edgewood BB! from 12-3pm to 3-6pm (EDT) in:  0-, m&p -XYLENE

. . TOLUENE
*\VOCs during high ozone (3-6pm) are ETHNVLBENZENE

consistent with coal, but also with gasoline.... HEPTANE

..But all found in Curtis Bay area (white circle) =~ 2METHYLHEXANE
All data is considered preliminary and subject to change Trichloroethene 11




Ozone Mixing Ratio Ozone Mixing Ratio

6000 r . 6000 '
1700 UTC 2000 UTC
5000 1 pm EDT 5000 4 pm EDT
% 4000 % 4000
E E HMI
~ 3000 —
Em = 3000 ‘ UMBC ‘
= o
S =
T 2000 £ 2000 Within 20
HMI minutes, surface
1000 UMBC 1000 ozone at HVI
HUBY rose 10+ppb
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Extreme vertical ozone gradient at HMI ~20 ppb in 120 m

Greater ozone downwind of Baltimore than upstream, but not
at surface of water initially (~¥10 m)

Still ~70ppb of ozone at Bay surface corresponding to southerly
winds seen in earlier years

Tl i G e T OIS T 2 T All data is considered preliminary and subject to change
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Height (m AGL

Wind Lidar provided by UMBC: Deigaao

Ozone Mixing Ratio

o 2000 UTC
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3)ﬁear surface wind speed
from south matches depth

Wind speed [m/s]

0

All data is considered preliminary and subject to change
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Satellite Captured “City” Plume

78 -77 -76

Tropomi NO, (Source: https://scihub.copernicus.eu/)
78 77 .76 June 29, 2018 17Z
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ea Plane — Sampled EGU plume @™
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e Co-located maximum in SO2 (~2-3ppb) with ozone (~90ppb)
at ~1000m (winds are west and northwesterly @1000m)

e Note SO2 >>10ppb north of Brandon Shores and Wagner
EGUs (south winds below 500m [stack height of Brandon
Shores and Wagner:122m & 106m]

e Emissions go north first, turn, then move south out to the Bay
Aircraft Data: Xinrong Ren; UMD/NOAA All data is considered preliminary and subject to ch;rslge
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June 29, 2018; Type-a

*Northwest flow transported pollution a-top the marine
boundary layer south of Baltimore over the
Chesapeake Bay

*Subsidence took pollutants towards the surface

*Eventual breakdown of near-surface inversion caused
further ozone enhancements as added pollution from
Baltimore arrived

*Ozone increase associated with more NOy, along with
SO2 and Hg, indicating coal combustion

All data is considered preliminary and subjectto change
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NO2 from TropOmi Sunday, June 17, 2018.
Ozone exceedance at Padonia monitor and HMI. Near exceedance at UMBC, Furley.

- TROPOMI data courtesy of the ESA/EU Copernicus program

‘ NO2 plume (ozone precursor)
moving northward towards
exceeding monitor

-Squares|are monitor locations; white squares are
~70ppb of max 8-hr average ozone

-Rainbow colorsare NO2. Dark red shows greatest
concentrations of NO2

Vertical scale factor: 1.0 2018-06-17 17:00 GMT
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OWLETS-2 Participants

https://www-air.larc.nasa.gov/missions/owlets/reports.2018/index.html|

e Maryland Department of the Environment (MDE)

* Maryland Environmental Services (MES) -

e Maryland Port Administration (MPA) Zéimcimwm
* Maryland Department of Natural Resources (DNR)

* National Aeronautics and Space Administration (NASA)

* National Oceanic and Atmospheric Administration (NOAA)
e University of Maryland Baltimore County (UMBC)

e University of Maryland College Park (UMCP)
e Howard University (HU)

* Hampton University (HU)

e Virginia Commonwealth University (VCU)

e Anne Arundel County (AAC)

* Peninsula Drone Services,LLC
* PENINSULA DRONE SERVICES, WILLIAMSBURG, VA, 23185, UNITED STATES
*INFO@PENINSULADRONES.COM

* Bill's Boats

* Tolchester Marina
* Interns

* Many More...
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Altitude (from Ground Level) [m]

Type-c: Carry-Over

e Residual Pollution (NOy) remains in the near
surface airshed overnight  w..zzeme..

HRRR Meteorological Data
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OWLETS-2 Objectives

1. What is the spatial and vertical extent of the ozone (and ozone
precursors) in and around the Chesapeake Bay?
2. What are the mechanisms (low boundary layer, chemistr
that produce high ozone over the Chesapeake Bay and lead toNigh
ozone at locations on land near the Chesapeake Bay?
3. How much of the ozone (ozone precursors) i

sult of local s
(EGUs, mobile, ship, boat, etc) and/or pollutant trans
nocturnal low level jet) into Maryland?

Whydo the photochemical models appear to over-predict oz
concentrations in and around the Chesapeake

. What source -groups-anctin-what locations do policy makers need to

focus on to reduce ozone over the Chesapeake Bay?



June 29, 2018; lypesve@iNot Long Distance

NOAA HYSPLIT MODEL

Backward trajectories ending at 2200 UTC 29 Jun 18
HRRR Meteorological Data

eset” by frontal passage on June 28
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All data is considered preliminary and subject to change
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Port Activity — HMI observed high CO and SO2 simultaneously,

transitioning to high NOx and CO
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Type-B: Boats/Below???

Days with southerly winds everywhere = no transport from Baltimore to the Bay. Where does
the ozone come from? TRAJECTORIES

Sunday vs Monday
Consistent with previous days with low EGUs output in 2016/17

June 17 trajectory Lidar/sonde VOCs/ozone/SO2/Hg

Morning EGU surge, afternoon high CO/NOx; low SO2; VOCs dominated by gasoline (Butene rose
900% - oil by product) but a Sunday and trajectories from the Chesapeake Bay; Lidar shows
ozone at surface TOTALLY separated by ozone aloft. First weekend in June with good weather!

EGUs/Baltimore caused Padonia; pleasure craft and EGUs at HMI

June 18 southerly over water Lidar/sonde VOCs/ozone/SO2/Hg

No morning surge, afternoon CO/NOx/SO2 relatively low. VOCs dominated by gasoline lower
concentrations; Lidar shows ozone aloft, but not at surface. Seems to be coincident with plume
from BS and/or DC area making its way over the Bay along the trough axis. Nothing in the Bay!!!

July 1 trajectory Lidar/sonde VOCs/ozone/SO2/Hg
Southerly trajectory; lidar shows layer of ozone at surface completely separate from aloft.

Starts with left over EGU air at surface...transitions to boats; higher CO with low SO2. VOCs are
lower...but bay is cleaning out, so % drops are due to that. Cyclopentane still increased.

July 2 — Bay did not excxeed.

- . .
1500 . _ mE -- = -

1000 f & = 5
500 S a— -ﬂ"—""'
O‘I'\‘I'\‘\"-\‘|‘\‘|'\‘|‘m'\‘\'\‘\‘l‘\‘l'\‘l'\

10 11 12 13 14 15 16 17 18 19
Time (UTC, hours)

I
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First 12 hrs (or less) cof back-trajectory
starting at 0.5 PELH from HMI and UMEC
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