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L Presentation Qutline

= Background & Obijectives
* Project Overview

= Gulf of Mexico Air Quality Database (GMAQDB)

= Overview of the database
» Features & functionality of the database tool

= Data “Mining” & Analysis Results

» Reports Listing



L Background

= MMS, together with the oil and gas industry,
has collected a variety of meteorological, air
guality & emissions data for the Gulf of Mexico
(GOM) region

* The data span the years 1988 to present, and
have been used to support various air quality
related data analysis and modeling activities

= The amount and type of data varies throughout
the period and a fully integrated assessment of
the data had not been conducted




Key Objectives of the Data
Synthesis & Integration Study

= Assemble meteorological, emissions & air
guality data for the GOM region into a coherent
dataset so that the data can be more fully
“mined” to

= Provide an improved understanding of the
relationships between meteorology, emissions & air
guality in the region

= Support future regulatory data & modeling analyses
related to ozone, fine particulate matter (PM2.5) &
regional haze

= Conduct selected air quality data analyses



L Project Overview

= Key technical elements of the study:
» Establish & maintain a Science Review Group (SRG)

= Design & develop an integrated database

» Design & conduct basic data analyses that make use
of the integrated dataset to examine air quality issues
for the GOM region

= Document the study



MMS Data Synthesis
Study Area & Period
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L GMAQDB Datasets

= Special Studies Data:

= MMS 1993 Gulf of Mexico Air Quality Study
(GMAQS) data

= MMS/OOC Atmospheric Boundary Layer (ABL) data
(1998-2001)

= Breton Area Monitoring Program (BAMP) (2000-
2001)

= Emissions data for Gulf of Mexico (2000 and 2005
Gulfwide offshore emissions inventories)



GMAQDB Datasets (concluded)

= Routine Data:

AIRS/AQS ozone, PM10, PM2.5, speciated
particulates, SO2, & CO for coastal TX, LA, MS, AL
& FL

IMPROVE data for Breton & other coastal sites

SouthEastern Aerosol Research and
CHaracterization (SEARCH) data for MS, AL & FL

NWS surface & upper-air meteorological data for
coastal TX, LA, MS, AL & FL

Meteorological buoy data for the Gulf of Mexico



Overview of MMS Synthesis
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L GMAQDB Tool

» Oracle database includes > 280 million data
points from more than 1,400 monitoring
locations (~ 28 GB)

= GUI consists of menus, forms & reports
developed with Microsoft Access 2003

* Emissions data features: Retrieve specific
subsets of the data based on a variety of
criteria (e.g., platform/non-platform, year,
area, complex ID)

= Export data to MS Excel files
* Emissions data maps



GMAQDB Tool (concluded)

* Monitoring data features: Retrieve specific
subsets of the data based on a variety of criteria
(e.g., date range, location, parameter type)

= Export data to MS Excel files

= Plots and reports (preview on screen or print)
= Data availability summary report
= Statistics report (min, max, mean)
= Diurnal plots
= Time series (single & multiple parameter) plots

= Monitoring location maps

= Users can load new monitoring data from routine
datasets (e.g., AQS, IMPROVE & NCDC)
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Select Product and Date Range

Select Parameters

GMAQDB Output Products

Select Locations | Generate Outpuk

close

Click the box to the left of an Item to select it.
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% GMAQDB Output Products

Select Product and Date Range | Select Parameters | Select Locations || Generate Qutput

cloze

Parameter Type

|E|] » [ SelectjDeselect all displayed Parameters [ List only the Parameters For the selected Date Range
seu:nus | Parameter Description | Standard Units | A0S Parameter Code | #
Meteorology oy Altimeter Setting inches
Misc Average Wave Period zec
?gfgl'ﬁd ol d PM Chicrine [fine] ugém3 lc 83115
visibilicy Carbon kMonoxide ppm 421M
LITFO 5 [T Dominant ' ave Penod zec
Oov YWigibility Deciview none
CJECETOR Speciated PM Elemental Carbon [fing] - TOR Method ug/md e
CJECE 10T Speciated Ph Elemental Carbon [fine] - TOT Method ug/mad e 38307
O EC best igibility Elermental Carbon E=tinction [fing] k-1
CHMO3 Gazeous Mitric Acid ppMm
O Mmioc Speciated P Soil [Fine] - SEARCH Methiod ugdm3 o
O M0 Speciated PM Soil [Coarse] - SEARCH Method ug/m3 o
O mwD ki kean Wave Direction degrees
O MH4c Speciated PM Arnrnonium [coarse] ug/md e
I HH 4 Speciated Ph Arnrnanium [fing] ug/mad e 301
Owo G azenus Mitric Oxide ppm 426M
Onoz Gazeous Mitrogen Dioxide ppMm 42602
O M0 Speciated P Mitrate [coarze] ugdm3 o
O moE Speciated PM Mitrate [fine) ug/m3 o 28306
O MO3 Mon Speciated P Hitrate [non-volatile, fine] ugdm3 o aa310
O Mo 3 vl Speciated PM Mitrate [wolatile, fing) ug/md e 23209
O mox Gazeous Oxides Of Mitragen ppMm 42603
oy G azenus Reactive Oxides OF Mitrogen ppm 42600
Ooz Gazeous Dzone ppb 44201
Ooce TaT Speciated P Organic Carban [fing] - TAOT Method ugdm3 o a3a305
O omci Speciated PM Organic Mazs [fing) ug/m3 o
CJ OMCE_bext YWigibility Organic b azz Extinction [fine] k-1
OF b etearalogy Barametric Prezsure mb B4101
O rmi0 Total P Fk410 ug/m3 25 atioz
O Przs Total P Phiz. 5 ua/m3 o aa1m
O PrC Speciated PM Coarze Masz ug/m3 o
CIPMC best YWisibility Coarse Masz Extinction brii-1




GMAQDB Output Products

Select Product and Date Range | Select Parameters | Select Locations | Generate Oubput

close

Sort Options Filter By LatitudefLongitude Boundaries

|S|:|rt by Location ID ./ [ Enter as degrees, minutes, seconds

Filter Options o )
I¥ pisplay only Locations with Data For the Minimum Maximum
selected Date Range Latitude: | 24,46 | | Latitude: | 35,23 | |

¥ Filter by Data Set

Longitude: | -79,00 | | Longitude: | -102.20 | |

M selectfdeselect all displayed locations Display Locations within Boundaries |

Data Set

|I v

ABL_BaMP Breton lzland Aerometric kaonitoring Program

A5 EP& AQS | Lat[deg)| Lan(degl| Elevin»
BUOY Mational Oceanic and Atmosphenc Adminiztration's Mational Data Buoy Center I 497775 27891309 27 1
GMADS Gulf of Megico Air Quality Stud

IMPROVE |nteragency Monitoring u-:ulrlf F'ru:utgcted Yizual Ervironments 3381111 | 85602222 344.4
MCOC Mational Climatic Data Center Surface Met Data and Upper Air Met Data 342875 H5.368333 all

Southeastern Serosol Research and Characterization Study CO.AL 32438333 BE136EEY 534

O mos30002 A5 Al BELLYILLE &WE.BREWTOM, ESCAMELA CO., AL 3106383 87.071111 ]
O o oss000s A5 AL J200WALMUT 5T, ETOWAH CO., AL 34015 BE.012222
O mosso00 A5 Al 1001 wWiaLLACE DRIVE, GADSDEN, AL 35502, ETOW.AH CO., AL 33993671 85991111 ]
O moss0011 A5 Al 1450 PARKER AMDERSOM LAME, SOUTHSIDE, AL 35307, ETOWAH CO., AL 339039 86,0539 152,
O o900z A5 Al EAST HIGHLAMD ST.. EOARD OF ED. BLDG., HOUSTOMN CO., AL .228671  BH.37E0EE 10
O moz3o002 A5 Al 1500 15T AVE M., BESSEMER, AL, JEFFERSOM CO., AL 333975 BE.98R2T7E 16
O moz3o023 A5 AL MO, B'HARM, SO R.R., 3009 23TH 5T. NO., JEFFERSOM CO., AL 33553056 86815 17
O moz3o02 A5 AL EAST THOMAS, FIMLEY, 341 FIMLEY AYE. BP.. JEFFERSON CO., AL 33529444 86850278 16
O moz73o034 A5 Al 2301 11TH AVE MORTH., EIRMIMNGHAM, JEFFERSOM CO., AL 338275 BE.BOTYTE 18
O mozoon3 A5 AL FAIRFIELD, PFD, 5225 COURT B, JEFFERSOHN CO., AL 33.485556 86915 18
O mozoos A5 Al ROUTE 8 MCADORY, JEFFERSOM CO., AL 3337111 87003611 16
O mozoog A5 Al 3822 WILLIAMSON DRIVE, JEFFERSOM CO., AL 33451389 BE9ET222 16
O mozoong A5 Al 1801 BRUCE SHAW ROAD, JEFFERSOM CO., AL 33489722 87308556 22
O moznomo A5 LR 20 ASHVILLE ROAD, JEFFERSOM CO., AL 33545278 BE.B49167 19
O moz32003 A5 Al 1242 JERSEY ST whvLaM AL, JEFFERSOM CO., AL 33499722 BE.924167 19
O moz732006 A5 Al 3425 TAMASSEE LAME, HOOWER, AL 35226, JEFFERSON CO., AL 33386389 BE.B1BBET 18
O moz3s00z2 A5 AL PIMSOM, HIGH SCH., BOX 360 Hw™' 75 MORTH, JEFFERSON CO., AL 3704722 BEEBREITET 20
O moz73s003 A5 Al 10005 CORMWER SCHOOL ROAD, JEFFERSOM CO., AL 33.8MEBEY 869425 21
O moz73s002 A5 AL TARRAMT.ELEM. SCH., 1269 PORTLAMD STREE, JEFFERSOM CO., AL 33578333 86773889 17
O moz73s004 A5 Al 411 3ISHUTTLESWORTH DRIVE, JEFFERSOM CO., AL 33BERZTE  BE.7IE389 17
< >




Example GMAQDB
Analysis Products
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Example GMAQDB
Analysis Products
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Example GMAQDB
Analysis Products
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GMAQDB Emissions Data Output Prc:ra"ucfsl

close
Select Oukput Product and Year | Select Pollutants | Select Sources | Generate Cutput
select Source Type
[ v
Select Areas
(* By Area Code {~ By Latitude/Longitude Boundaries

Area Code | Dezcription o Enter as Degrees, Minutes, Seconds |

Oac tirioz Carnan

O & Amery Terace Minimum

st Abviater Latitude: [ 2559 [ |

Oes Brazos Area

Oew Bay Marchand &rea Longitude: | 97,11 | |

Oes Breton Sound Area

Oca Chandeleur Area Maximum

Occ Corpus Christi Latitude: | 30,17 | |

CEE E ast Breaks

OEc East Cameron Area Longitude: | 87,75 | |

% OeEl Eugene lzland Area
Mrw Fwinn Rank bt
select Complex ID Mumbers select NonPlatForm Names[5CC

Complex 1D | Compary Mame o M onPlatformt anne | SCC Code SCC Description o
100 nocal O Bic/Geagenic 2740040000  Matural Sources: Misc
10003 EMERGY RESOURCE TECH... O Chy 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
10003 Sterling Energy, [nc. O Chy_steam 2280003200 Mobile Sources; Commercial M aring Weszsels: Residual: Undensway
[ 10008 Shell Offzhore Inc. O CiilingRigs 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
O 10007 Shell Offzhore Inc. O Fishing 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
1001 BP Exploration & Production Inc. O Helicopters 2275050000 Mobile SourcesdircraftGeneral Aviation; T otal
10011 Devon Energy Corp. O Loor 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
ooz Devon Energy Corp. O LooP_spproach 2280002200  Mobile Sources; Cormmercial M arine Yessels: Diesel Undenway
o0z Mippon Oil Exploration US4, . O Loor_CMY_Platiarm 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
10015 Shell Offzhore Inc. O Loor_Platiarm 2020010200 Combustion engine Diesel
10023 Bellwether Exploration Company [ Lightering 2275050000  Mobile SourcesAircraftGeneral Aviation; T otal
1002z Shell Offzhore Inc. [ Lightering 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
O o0 ConocaoPhilips Compary O Milianiessels 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
O o0 Shell Offzhore Inc. O Fipelaving 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
10039 W b T Offghore, Inc. O PlatiormConstRemove 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
10039 WET Offshore, Inc. O 5upportyessels 2280002200 Mobile Sources; Commercial M arine Wessels: Diesel: Undenway
M 1nn~n CMaaztal Nl & R as b’ M Sirvmibfeeeals 22e000720N  Maehile Saorees Cammercial b arine Weessle Niezel | ladenwan b’
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- .. Gulf of Mexico Air Quality Database
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Data Analyses

= Data summaries

= Statistical and graphical overview of the
meteorological & air quality data

= CART analysis for the Breton NWA

= Classification and Regression Tree (CART) analysis
to probe the relationships between meteorology,
PM2.5 and visibility (regional haze)

= CART analysis for coastal ozone non-
attainment areas
= Examination of the relationships between onshore

and offshore meteorological conditions and ozone
air quality in coastal non-attainment areas



L Data Analyses (concluded)

= Air quality trends analysis

* Information on the effects of meteorology &
emissions changes on onshore 8-hour ozone and
PM2.5 air quality

= Case study analyses (MM5 evaluation)

= Comparison of existing MM5 results with the
special studies meteorological data



Monitoring Sites Highlighted
IN Today’s Presentation
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Monthly Average Diurnal

Profile for Ozone

Typical Profile for
Urban Sites
(New Orleans)

Typical Profile for
Coastal Sites
(Pensacola)
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Annual Variations in 1-Hr & 8-

Galveston

Hr Ozone for 4 Different Areas

New Orleans
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Annual Variations in PM2.5
for 4 Different Areas

Galveston

New Orleans

Avg Daily & Avg Maximum PM2.5 by Month

Avg Daily & Avg Maximum PM2.5 by Month
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verage Monthly Rainfall Totals

Galveston

New Orleans

Average Total Precip

Average Total Precip
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Annual Average PM2.5
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Visibility, PM2.5 & Relative

L Humidity: Breton NWA

Distribution of 20% Worst Visibility Days Among
PM2.5 & RH Categories: Breton
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Example Findings from

L Data Summaries

- Considering regulatory standards, the key air
guality issue is ozone (many areas have
design values above the current 8-hour
ozone standard)

- Air guality metrics have some features that
are characteristic of the GOM region (e.qg.,
seasonal & diurnal ozone profiles) or
common for the southern U.S. (e.g., PM2.5
predominantly SO4)



Example Findings from Data

L Summaries (concluded)

Air quality values vary among the selected
areas (due to difference in emissions and
other geographical/ meteorological factors)

- Data suggest that the relationship between
ozone, PM2.5 or visibility is rather complex
(no single meteorological parameter or group
of parameters easily defines this relationship)



Ozone & Wind Distributions
i(Ozone Season): New Orleans

. WD > N NE E SE S SW W NW
Surface Winds WS (m/s)
<1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
Calm = 3% >=10

80t %tile daily maximum 8-hour ozone (ppb)

Highest values ~ low wind speeds;
W to NW wind directions



PM2.5 & Wind Distributions
i (Annual): New Orleans

WD > N NE E SE S SW W NW
Surface Winds  ws (m/s)
<1
1-2
2-3 21 22 20 17 16 17 22 17
3-4
4-5
5-6
6-7
7-8
8-9
9-10
Calm = 0% >=10

80t %tile 24-hr average PM2.5 (ug/m3)

Highest values ~ low wind speeds; N to E wind directions



Effect of Recirculation (Possible

;L Gulf Breeze) on Ozone

m Persistence > 0.5 m Persistence <0.5

Galveston  Beaumont/Port Lake Charles New Orleans Baton Rouge Gulfport Mobile
Arthur

Pensaco a

Persistence = index of recirculation =u /| u |

Maximum 8-hour ozone: 2 to 20 ppb greater for days
with recirculation (possible gulf breeze)




Effect of Recirculation (Possible

L Gulf Breeze) on PM2.5

m Persistence > 0.5 m Persistence <0.5

20

15

Central Galveston  Beaumont/Port Lake Charles New Orleans Baton Rouge
Houston Arthur

Persistence = index of recirculation =u /| u |

24-hr average PM2.5: 0.3 to 1.5 ug/m3 greater for days
with recirculation (possible gulf breeze)



Classification & Regression
Tree Analysis for Ozone

CART 8-Hr Ozone Parameter Importance:
Average Over All Areas

YO3 Local

YO3_Reg

TMAX

TAVG

RH

WS (Sfc)

WD (Sfc)

PERSIST

SLP

RAIN

CLOUD

DZ700

DT900

T850

WS (Upper)

WD (Upper)
RECIRC

0 20 40 60 80

Relative Importance

100

Important parameters:
Prior day ozone
Relative humidity
Stability
Temperature
Wind direction (sfc & aloft)
Persistence

Classification accuracy
lower by only 3 percent
with met only



Classification & Regression

Average CART Parameter Importance: All Areas

YPM_Local
YPM_Reg
TMAX
TMIN

RH

WS (Sfc)
WD (Sfc)
PERSIST
SLP
PRECIP
CLOUD
DZ700
DT900
T850

WS (Upper)

WD (Upper)

20

40 60 80

Relative Importance

100

Tree Analysis for PM2.5

Important parameters:
Prior day PM2.5
Wind speed (sfc)
Temperature
Relative humidity

Classification accuracy
lower by 6 percent
with met only



Classification & Regression

YPM_Reg
TMAX

TMIN

RH

WS (Sfc)
WD (Sfc)
PERSIST
SLP
PRECIP
CLOUD
Dz700
DT900
T850

WS (Upper)
WD (Upper)

RECIRC

CART Parameter Importance: All Three Areas

20 40 60 80

Relative Importance

100

Tree Analysis for Visibility

Important parameters:
Prior day PM2.5
Wind speed (sfc & aloft)
Relative humidity
850 mb temperature

Classification accuracy
lower by 7 percent
with met only



Example Findings from
L Data Analyses

= Considering all areas

= Higher ozone concentrations occur under
conditions of low surface wind speeds and W to

SE winds aloft

= Higher PM2.5 concentrations occur under
conditions of low surface wind speeds and N to E

winds aloft

= The gulf breeze circulation contributes to air
guality issues along the Gulf Coast



Example Findings from

L Data Analyses

= CART analysis results indicate that there are
multiple pathways to high ozone and PM2.5

= A key distinguishing factor among different
types of high ozone days is wind direction

» Different mechanisms lead to high PM2.5
concentrations during different times of the year

» Regional build up of PM2.5 important during warmer
months

= Low temperatures, low wind speeds and stability
Important during colder months



Meteorologically Adjusted Air
Quality Trends: Ozone

NW Houston

Baton Rouge

# 8-hr Ozone Exceedance Days: NW Houston

# 8-hr Ozone Exceedance Days: Baton Rouge
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Gulfport
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Meteorologically Adjusted Air
Quality Trends: PM2.5

Houston

PM2.5 > 15 Days: Houston
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Baton Rouge
PM2.5 > 15 Days: Baton Rouge
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Galveston
PM2.5 > 15 Days: Galveston
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New Orleans
PM2.5 > 15 Days: New Orleans
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Example Findings from

L Trends Analyses

= Met adjusted values vary less from year to
year than actual values

» High observed ozone for 2000 and low ozone
for 2002 attributable to meteorology

» Year-to-year trends between 2000 and 2004
= Relatively flat for ozone
= Slightly upward for PM2.5 for Houston
= Downward for PM2.5 for other areas

* Trends consistent with slight decreases In
onshore emissions between 1999 and 2005



Data Synthesis & Integration

L Study Documentation

» User’s Guide — provides information on
functionality and features of the tool

= Technical Reference Manual — provides
Information on

= System requirements
» |nstallation & maintenance of the tool
* Oracle database and ACCESS 2003 options

= Data Analysis Report (Draft) — summarizes
methods & results of data analyses
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