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A COOPERATING AGENCY MEMORANDUM OF AGREEMENT

Memorandum of Agreement - 2018-2022 Gulf of Mexico Supplemental EIS

MEMORANDUM OF AGREEMENT
BETWEEN
THE BUREAU OF OCEAN ENERGY MANAGEMENT
GULF OF MEXICO OCS REGION
AND
THE NATIONAL PARK SERVICE
SOUTHEAST REGION

DURING COMPLETION OF THE

SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
FOR THE OUTER CONTINENTAL SHELF OIL AND GAS

PROPOSED 2018-2022 GULF OF MEXICO LEASE SALES

INTRODUCTION

The Burcau of Ocean Energy Management (BOEM) is preparing a Supplemental
Environmental Impact Statement (EIS) for Outer Continental Shelt (OCS) oil and gas proposed
2018-2022 Gulf of Mexico (GOM) Lease Sales 250, 251, 252, 253, 254, 256, 257, 239, and 261
(2018-2022 GOM Supplemental EIS). On August 19, 2016, a Notice of Intent to prepare this
Supplemental EIS was published in the Federal Register for initial scoping and identification of
scheduled scoping meetings.

I'he Council on Environmental Quality’s regulations at 40 CFR § 1501.6 emphasize agency
cooperation in the National Environmental Policy Act (NEPA) process between Federal agencies
either having overlapping jurisdiction or special expertise related 1o a proposed action. The
National Park Service (NPS) requested to be a cooperating agency on this Supplement EIS and
BOEM has agreed to accept their request.

This Memorandum of Agreement (MOA) outlines the respensibilitics of BOEM and NPS for
this Supplemental EIS. Executing this MOA does not affect NPS's independent review and
comment responsibilities under NEPA or its responsibilities for any other environmental
consultations required by law. This MOA does not affect BOEM's responsibilities under the
QOuter Continental Shelf Lands Act and regulations under 30 CFR parts 550 or 560, or any other
statutory or regulatory authaorities.

BOEM RESPONSIBILITIES

(1) BOEM will designate a primary point of contact (POC) for matters related to this
MOA. At the present time. Michelle Nannen is the POC for the Gull of Mexico
OCS Region. BOEM will notify NP8 if the POC charges during the period of time
this MOA is in effect.

(2) BOEM will provide an EIS preparation schedule for all solicited inputs and review
periods, including administrative reviews.

(3) BOEM will set up and hold public meetings for the Drafi Supplemental 118,
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(4) BOEM will provide NPS a copy of pertinent comments received during preparation
of this Supplemental EIS (including scoping and the Draft Supplemental EIS public
comment period).

(5) BOEM will publish a copy of this MOA in an appendix 1o this Supplemental EIS.

(6) BOEM will provide NPS with early versions of relevant Draft Supplemental EIS
chapters, as arranged between the BOEM and NPS Points of Contact.

(7) BOEM will provide NPS with a preliminary copy of the Final Supplemental EIS for
review prior to final lead agency approval and distribution of the document.

NPS RESPONSIBILITIES

(1) NPS will designate a primary POC to represent NPS in matters related to this MOA.
Al the present time, the NPS's Point of Contact is Bryan Fachner. The NPS will
notify BOEM if the POC changes during the period of time this MOA is in effect.

(2) NPS will provide applicable data, information, and analyses regarding their expertise
on potential impacts to the Gulf Islands National Seashore and the experience of
park visitors.

(3) NPS will comply with BOEM's Supplemental EIS preparation schedule for all
solicited inputs and review periods, including administrative reviews.

(4) NPS shall be responsible for any expenses incurred by NPS related to this MOA.
TERMINATION

This MOA is designed to establish expectations between the two agencics that apply for the
duration ol the 2018-2022 GOM Supplemental EIS, whereupon it terminates upon publication of
the Final Supplemental EIS or upon written notice of termination. This MOA may be terminated
by wrilten notice by either of the below signatories or their successor at any time. This MOA
terminates with publication of the Final 2018-2022 GOM Supplemental 1S.

LIMITATIONS

All commitments made in this MOA arc subject to the availability of appropriated funds and
each agency’s budgel prioritics. Nothing in this MOA obligates BOEM or NPS to expend
appropriations or o enler into any contracl, assistance agreement, or interagency agreement, or
to incur other financial obligations. This MOA is neither a fiscal nor a funds obligation
document. Any endeavor involving reimbursement or contribution ol funds between the parties
of this MOA will be handled in accordance with applicable laws, regulations. and procedures,
and will be subject to separate subsidiary agreements that will be effected in writing by
representatives of both parties.  This MOA does not create any right or benefit enforceable
against BOEM or NPS. their officers or employees, or any other person. This MOA does not
apply to any person outside BOEM and NPS.
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RESOLUTION OF DISPUTES

The parties agree o make every attempt to scttle any disputes regarding this MOA at the
lowest operational level. In the case of a substantial disagreement between BOEM and NPS,
each agency will designate a senior management official at the regional level 1o seek resolution.
If these officials do not resolve the dispute within 30 days, the agencies will further elevate the
matter to the Director of BOEM and the Director of NPS for prompt resolution.

NOTICES

Except as otherwise provided herein, all notices relating to this MOA must be provided to the
following:

To BOEM: Michelle Nannen
1201 Elmwood Park Blvd.
New Orleans, Louisiana 70123
michelle.nannen@boem.gov
504-731-6682

To NPS: Bryan Faehner
1201 Eye Street NW
11" Floor, Room 48
Washington, DC 20005
bryan_fachnerinps.goy
202-513-7256

PREDECISIONAL MATERIALS

The undersigned hereby agree to maintain the confidentiality of pre-decisional information and
documents shared in furtherance of this MOA during completion of this Supplemental EIS. This
agreement o maintain confidentiality of information and documents applies to all pre-decisional
documents and communications. including. but not limited 1. the following: email messages; notes
lo the file: agendas. pre-meeling materials, presentations, meeling notes, and summaries: letiers:
review evaluations; drafis of documents: and all documents created and sharcd as part of the
collaboration established in this MOA  Any information that is required to be released 10 the public
due to Agency legal obligations should not contain confidential or privileged information. including
deliberative process privilege materials related 1o preparation of the Dralt and Final Supplemental
EISs. Upon receipt of a Freedom of Information Act request requesting information related 10 the
activities carried out under this MOA. each ageney will coordinate with or refer the request Lo the
agency who generated the information prior to releasing the information to the requesier,

¥ * *
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B.1 INTRODUCTION

The U.S. Department of the Interior's Bureau of Ocean Energy Management (BOEM) is
required under the Outer Continental Shelf Lands Act (OCSLA) (43 U.S.C. § 1334(a)(8)) to comply
with the National Ambient Air Quality Standards (NAAQS) to the extent that Outer Continental Shelf
(OCS) offshore oil and gas exploration, development, and production sources do not significantly
affect the air quality of any state. The Gulf of Mexico OCS Region’s area of possible influence
includes the States of Texas, Louisiana, Mississippi, Alabama, and Florida. BOEM'’s Gulf of Mexico
Region manages the responsible development of oil, gas, and mineral resources for the
430 million acres in the Western, Central, and Eastern Planning Areas on the OCS, including the
areas under moratoria (shown in Figure B-1). The Clean Air Act Amendments (CAAA) of 1990
designate air quality authorities, giving BOEM air quality jurisdiction westward of 87°30'W. longitude
and the U.S. Environmental Protection Agency (USEPA) air quality jurisdiction eastward of 87°30'W.
longitude. In 2006, oil and gas leasing operations within 125 miles (201 kilometers [km]) of the
Florida coastline were banned until 2022 under the Gulf of Mexico Energy Security Act (GOMESA).
The GOMESA moratoria area is depicted on Figure B-1.

Figure B-1. Location of the “Air Quality Modeling in the Gulf of Mexico Region” Study with Class |
Areas (purple) and Platform Locations (gray dots).

The USEPA has set NAAQS for six regulated air quality pollutants: ozone; particulate matter
with an aerodynamic diameter of 2.5 micrometers and smaller (PM,5); particulate matter with an
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aerodynamic diameter of 10 micrometers and smaller (PM;o); sulfur dioxide (SO5); nitrogen dioxide
(NO,); carbon monoxide (CO); and lead (Pb). After promulgation of a NAAQS, the USEPA
designates areas that fail to achieve the NAAQS as nonattainment areas (NAAs) and States are
required to submit State Implementation Plans (SIPs) to the USEPA that contain emission control
plans and a demonstration that the NAA will achieve the NAAQS by the required date. After an area
comes into attainment of the NAAQS, the area can be redesignated as a maintenance area and
must continue to demonstrate compliance with the NAAQS.

In 1997, the USEPA promulgated the first 8-hour ozone NAAQS with a threshold of
0.08 parts per million (ppm) (84 parts per billion [ppb]). On March 12, 2008, the USEPA
promulgated a more stringent 0.075 ppm (75 ppb) 8-hour ozone NAAQS. Figure B-2 presents the
current ozone nonattainment areas in the southeastern U.S. On October 1, 2015, the USEPA
strengthened the 8-hour NAAQS for ozone to 0.07 ppm (70 ppb). Under this more stringent ozone
NAAQS, there may be more areas in the southeastern U.S. that will be in nonattainment. The
USEPA plans to make attainment and nonattainment designations for the revised standards by
October 2017, with the designations based on 2014-2016 air quality data.

On December 14, 2012, the USEPA revised the PM,5s primary NAAQS by lowering the
annual PM,s NAAQS threshold from 15.0 micrograms per cubic meter (ug/m®) to 12.0 ug/m®. The
USEPA retained the 24-hour PM, 5 primary NAAQS at 35 ug/m®. The 24-hour coarse PM NAAQS
(PMo) was also retained at 150 pg/m®.

Figure B-2. Ozone Nonattainment Areas in the Southeastern U.S. (USEPA, 2016a).

In February 2010, the USEPA issued a new 1-hour NO, NAAQS with a threshold of 100 ppb
(98™ percentile daily maximum average over three-years) and a new 1-hour SO, NAAQS was
promulgated in June 2010 with a threshold of 75 ppb (99" percentile averaged over 3 years). The
USEPA has not yet designated the nonattainment areas for the 1-hour NO, and 1 hour SO, NAAQS.
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A new lead NAAQS was issued in 2008; NAAs for lead are associated with specific industrial
sources. As oil and gas sources in the Gulf of Mexico OCS region produce negligible amounts of
lead emissions and to be consistent with onshore oil and gas analysis, which does not include lead,
lead was not included in the air quality analysis. The NAAQS for carbon monoxide has remained
essentially unchanged since it was originally promulgated in 1971. As of September 27, 2010, all
NAAs for carbon monoxide have been redesignated as maintenance areas. Table B-1 summarizes
the nonattainment and maintenance areas in the southeastern U.S.

Table B-1. Nonattainment and Maintenance Areas in the Southeastern U.S.

State Area E(;12;9(7))3 %2?)2)2)3 (2%016) (Iéggg)
Alabama | Troy, AL NAA®
Tampa, FL NAA
Florida Hillsborough County, FL NAA
Nassau County, FL NAA
Louisiana Baton Rouge, LA M° NAA
St. Bernard Parish, LA NAA
Beaumont-Port Arthur, TX M
Texas _II-_|)<zuston-GaIveston-Brazoria, NAA NAA
Frisco, TX NAA

@ NAA = nonattainment area
® M = maintenance area
Blank cells indicate the area is in attainment of the NAAQS.

The CAAA designated 156 Class | areas consisting of National Parks and Wilderness Areas
that are offered special protection for air quality and air quality-related values (AQRVs). The Class |
areas, compared to Class Il areas, have lower Prevention of Significant Deterioration (PSD) air
quality increments that new sources may not exceed and are protected against excessive increases
in several AQRVs, including visibility impairment, acid (sulfur and nitrogen) deposition, and nitrogen
eutrophication. The Regional Haze Rule (RHR) has a goal of natural visibility conditions by 2064 at
Class | areas, and States must submit RHR SIPs that demonstrate progress towards that goal.
Figure B-1 displays the locations of the mandatory Class | areas (in purple) in the Gulf of Mexico
OCS region. In addition to the Class | areas, Federal Land Management (FLM) agencies have
designated certain other areas as sensitive Class Il areas for tracking PSD increment consumption
and AQRYV impacts.

On August 26, 2014, BOEM contracted with Eastern Research Group, Inc. (ERG) and team
members Ramboll Environ US Corporation (Ramboll Environ) and Alpine Geophysics, LLC to
complete a comprehensive air quality modeling study in the Gulf of Mexico OCS region. Under
BOEM Contract Number M14PC00007, air quality photochemical grid modeling (PGM) will be
conducted in the region to assess the impacts to nearby States of OCS oil and gas exploration,
development, and production as required under OCSLA. This assessment is used by BOEM in the
cumulative and visibility impacts analyses of the National Environmental Policy Act (NEPA)
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environmental impact statements (EIS), which are the Gulf of Mexico OCS Oil and Gas Lease Sales:
2017-2022; Gulf of Mexico Lease Sales 249, 250, 251, 252, 253, 254, 256, 257, 259, and 261—
Final Multisale Environmental Impact Statement (2017-2022 GOM Multisale EIS) and this
Supplemental EIS. These analyses address both current and proposed NAAQS.

Air quality modeling requires several input datasets, including meteorology, emissions
inventories, and ambient pollutant concentrations. Figure B-3 presents an overview of how these
project datasets fit together for the “Air Quality Modeling in the Gulf of Mexico Region” study.

Figure B-3. Overview of the “Air Quality Modeling in the Gulf of
Mexico Region” Study Tasks.

This report details the meteorological modeling performance evaluation (MPE) of a Weather
and Research Forecast (WRF) model for 2012, the PGM year. A separate report (referred to herein
as the “full WRF modeling report”) will provide a more comprehensive evaluation of the full 5-year
WRF dataset.

Meteorological information is needed for air quality modeling. Parameters such as wind
speed, wind direction, air temperature, and humidity are required by models to determine the rate
that pollutants disperse and react in the atmosphere. Sources of meteorological information include
datasets of measurements gathered at various locations within the Gulf of Mexico OCS Region’s
domain. However, the spatial coverage of measurements is insufficient to describe the
three-dimensional structure of the atmosphere away from measurement locations. Using
measurement data as inputs, gridded meteorological models capable of simulating the fluid
dynamics of the atmospheric data can be used to estimate meteorological conditions over a
complete modeling domain—including regions far from measurement sites—in a physically
consistent fashion. The results of these models are often used to establish conditions near remote
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pollutant sources or remote locations downwind of pollutant sources. Within the domain of the Gulf
of Mexico OCS Region, the WRF meteorological model has been identified and was used to provide
meteorological inputs for the air quality models.

Ramboll Environ previously evaluated the existing meteorological datasets and concluded
that enough deficiencies were present in the datasets and there were not enough positive attributes
to select any of them for air quality modeling in the study area (Brashers et al., official
communication, 2014) and, therefore, new meteorological modeling was required. One purpose of
the modeling is to provide the meteorological dataset for the 2012 simulation using PGM modeling in
the OCS region.

B.2 WRF MODELING METHODOLOGY

Over the past decade, emergent requirements for numerical simulation of urban and regional
scale air quality have led to intensified efforts to construct high-resolution emissions, meteorological
and air quality datasets. It is now possible, for example, to exercise sophisticated mesoscale
prognostic meteorological models and Eulerian and Lagrangian photochemical/aerosol models for
multi-seasonal periods over near-continental scale domains in a matter of weeks with the application
tailored to a specific air quality modeling project.

The WRF model is the current preferred model for atmospheric research and operational
forecasting needs at mesoscale resolution (approximately 5 to several hundred km). The model is
the state-of-the-art atmospheric simulation system, commonly used to drive air quality dispersion
models on the regional level.

The operational version of the model is the Nonhydrostatic Mesoscale Model (NMM) WRF
core version 3, developed and maintained by the U.S. Department of Commerce’s National Oceanic
and Atmospheric Administration (NOAA) and the National Centers for Environmental Prediction
(NCEP). The Advanced Research WRF (ARW) core, currently version WRF 3.7.1, is supported by
the National Center for Atmospheric Research (NCAR), Mesoscale and Microscale Meteorology
Division (NCAR, 2015). The modeling described in this report used WRF version 3.7.

The WRF model contains separate modules to compute different physical processes such as
surface energy budgets and soil interactions, turbulence, cloud microphysics, and atmospheric
radiation. Within WRF, the user has many options for selecting the different schemes for each type
of physical process. There is a WRF Pre-processing System (WPS) that generates the initial and
boundary conditions used by WRF, based on topographic datasets, land use information, and larger-
scale atmospheric and oceanic models.

B.2.1 Gulf of Mexico Region Air Quality Meteorological Modeling

The USEPA CONUS WRF and Ramboll Environ Training WRF datasets were previously
examined in detail and evaluated using both quantitative and qualitative techniques. Both datasets
were identified as being inadequate for the study area, particularly in the offshore portions (Brashers
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et al., official communication, 2014). The development of a new high-resolution dataset was
necessary to more accurately represent meteorological conditions in the over-water portions of the
OCS region for use in air quality modeling.

B.2.2 Model Domain Configuration

The WRF domain configuration is comprised of a system of simultaneous nested grids.
Figure B-3 shows the WRF modeling grids at 36/12/4 km. All WRF grids are defined on a Lambert
Conformal Conic (LCC) projection centered at 40°N. latitude, 97°W. longitude with true latitudes at
33°N. and 45°N. (the “standard RPO” projection). The outermost domain (outer box) with 36-km
resolution includes the entire continental U.S. and parts of Canada and Mexico, and captures
synoptic-scale (storm system-scale) structures in the atmosphere. The inner 12-km regional grid
(d02) covers the southeastern U.S. and was used to ensure that large-scale meteorological patterns
across the region are adequately represented and to provide boundary conditions to the
4-km domain.

The 4-km domain (d03) shown in Figure B-4 is centered on the coastal areas of the
southeastern U.S. and over-water portions of the Gulf of Mexico. Table B-2 provides the input
configurations for this WRF domain. The NX and NY are the number of east-west and north-south
staggered grid points, respectively, in each domain. I-start and J-start indicate the western and
southern nested grid starting indices with respect to the parent grid. Geographic resolution relates to
the geographic datasets employed for each grid in terms of minutes or seconds of degrees.

The 36-, 12-, and 4-km grids were run simultaneously with one-way nesting, meaning that
meteorological information flows down-scale via boundary conditions introduced from the coarser to
finer grids without feedback from the finer to coarser grids. The WRF modeling domain was defined
to be slightly larger than the CAMx/CMAQ PGM modeling domains to eliminate boundary artifacts in
the meteorological fields. Such boundary artifacts occur for both numerical reason (the 3:1 grid
spacing ratio) and because the imposed boundary conditions require some time/space to come into
dynamic balance with WRF’s atmospheric equations.

Table B-2. BOEM'’s Gulf of Mexico OCS Region WRF Domain Configuration.

Grid Resolution NX NY I-start J-start Geographic Resolution Coverage
36 km 165 | 129 1 1 10 minute CONUS
12 km 265 | 187 55 9 2 minute SE CONUS
4 km 481 211 72 27 30 second OCS Region
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Figure B-4. WRF 36-km CONUS (d01), 12-km SE Regional (d02), and 4-km Gulf of Mexico Region
(d03) Domains.

B.2.3 Model Application

The publicly available version of WRF, version 3.7, was used in the Gulf of Mexico OCS
Region’'s meteorological modeling. The WRF pre-processor programs, including GEOGRID,
UNGRIB, METGRID, and OBSGRID, were used to develop model inputs.

B.2.3.1 Model Vertical Resolution

The dataset was tested using both 33 and 37 vertical layers. Thirty-seven vertical layers
allowed for higher vertical resolutions near the surface, which enabled the model to more accurately
capture low-level inversions frequently present during winter. Additional layers in the mid-levels also
allowed the model to more accurately re-create the convective updraft velocities seen in the summer
months. The dataset model levels are shown in Table B-3.
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Table B-3. BOEM Gulf of Mexico OCS Region WRF Dataset Model Levels.

Level eta Pressure (mb) Height (m) Mid Height (m) Thickness (m)
0 1 1,000 0.0
1 0.9985 999 12.2 6.1 12.2
2 0.9970 997 24.5 18.4 12.2
3 0.9950 995 40.8 32.7 16.4
4 0.9930 993 57.2 49.0 16.4
5 0.9910 991 73.6 65.4 16.4
6 0.9880 989 98.3 85.9 24.7
7 0.9850 986 123.0 110.6 24.7
8 0.9800 981 164.3 143.6 41.3
9 0.9700 972 247 .4 205.9 83.1
10 0.9600 962 331.2 289.3 83.8
11 0.9500 953 415.7 373.4 84.5
12 0.9400 943 500.8 458.2 85.1
13 0.9300 934 586.6 543.7 85.8
14 0.9100 915 760.5 673.5 173.8
15 0.8900 896 937.2 848.8 176.8
16 0.8700 877 1,117.1 1,027.1 179.8
17 0.8400 848 1,392.8 1,254.9 275.8
18 0.8000 810 1,772.4 1,582.6 379.6
19 0.7600 772 2,166.7 1,969.6 394.3
20 0.7200 734 2,577.0 2,371.9 410.3
21 0.6800 696 3,005.0 2,791.0 427.9
22 0.6400 658 3,452.2 3,228.6 447.3
23 0.6000 620 3,921.0 3,686.6 468.7
24 0.5500 573 4,540.7 4,230.8 619.8
25 0.5000 525 5,203.7 4,872.2 662.9
26 0.4500 478 5,917.1 5,560.4 713.4
27 0.4000 430 6,690.5 6,303.8 773.4
28 0.3500 383 7,536.4 7,113.5 846.0
29 0.3000 335 8,472.3 8,004.4 935.8
30 0.2500 288 9,522.5 8,997.4 1,050.2
31 0.2000 240 10,7241 10,123.3 1,201.6
32 0.1500 193 12,136.7 11,430.4 1,412.6
33 0.1000 145 13,866.9 13,001.8 1,730.1
34 0.0600 107 15,621.6 14,744.2 1,754.7
35 0.0270 76 17,503.4 16,562.5 1,881.8
36 0.0000 50 19,594.2 18,548.8 2,090.8

B.2.3.2 Topographic Inputs

Topographic information for WRF was developed using the standard WRF terrain databases
available from NCAR. The 36-km CONUS domain was based on the 10-min (18-km) global data.
The 12-km southeastern CONUS domain was based on the 2 min (~4-km) data. The 4-km Gulf of
Mexico OCS region domain was based on the 30-sec (~900-m) data.
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B.2.3.3 Vegetation Type and Land Use Inputs

Vegetation type and land-use information was developed using the U.S. Department of the
Interior, Geological Survey (USGS) land-use database from the most recently released WRF
databases provided with the WRF distribution. The number of land categories in input data was the
USGS default of 24. Standard WRF surface characteristics corresponding to each land-use
category were employed.

B.2.3.4 Atmospheric Data Inputs

The WREF relies on some other model or re-analysis output to provide initial and boundary
conditions (IC/BC). Sensitivity tests were performed on several datasets to evaluate their
effectiveness over the Gulf of Mexico. The datasets tested include the ERA-Interim reanalysis
product, available from the European Center for Medium-range Weather Forecasting (ECMWF) Data
Portal website; the Climate Forecast System Reanalysis (CFSR, ended in 2010), and the Climate
Forecast System model version 2 (CFSv2, after 2010) (Saha et al., 2014); and the 12-km North
American Model (NAM) archives available from the National Climatic Data Center (NCDC) NOMADS
server.

The NAM dataset was chosen for the lowest bias and error in model performance and was
used as first guess fields for WRF. This dataset was objectively re-analyzed using traditional
observation site data (meteorological towers) to the higher resolution of each WRF grid, using the
OBSGRID program. These fields are then used both to initialize the model and to conduct analysis
nudging to guide the model to best match the observations.

B.2.3.5 Time Integration

Adaptive time stepping was used to maximize the time step that the model can use while
keeping the model numerically stable. The model time step was adjusted based on the domain-wide
horizontal and vertical stability Courant-Friedrichs-Lewy (CFL) target value of 0.8.

B.2.3.6 Diffusion Options
Horizontal Smagorinsky first-order closure (km_opt = 4) with sixth-order numerical diffusion
and suppressed up-gradient diffusion (diff_6th_opt = 2) was used.

B.2.3.7 Lateral Boundary Conditions

Lateral boundary conditions were specified from the initialization dataset on the 36-km
domain with continuous updates nested from the 36-km domain to the 12-km domain and from the
12-km domain to the 4-km domain, using one-way nesting (feedback = 0).
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B.2.3.8 Top and Bottom Boundary Conditions

The top boundary condition was selected as an implicit Rayleigh dampening for the vertical
velocity. Consistent with the model application for non-idealized cases, the bottom boundary
condition was selected as physical, not free-slip.

B.2.3.9 Sea-Surface Temperature Inputs

High-resolution, sea-surface temperature (SST) inputs aid in improving meteorological
conditions for the over-water portions of the Gulf of Mexico OCS region. The Fleet Numerical
Meteorology and Oceanography Center (FNMOC) dataset, available from the Global Ocean Data
Assimilation Experiment (GODAE) archives, was selected after extensive testing of several SST
databases. The FNMOC high-resolution database is updated every 6 hours using satellite-derived
(AVHRR) SST and in-situ SST from ships and buoys with resolutions, ranging from 12 km at the
equator to 9 km at the mid-latitudes. The FNMOC SST database was chosen for the lowest SST
bias and error in model performance evaluation tests, which used open water observations from the
National Data Buoy Center (NDBC) archives.

B.2.3.10 FDDA Data Assimilation

The WRF was created as a forecast tool, but it can also be applied in “hindcast” mode. In
forecast mode, the initial conditions for a run might be the most recent analysis (a gridded version of
the current state of the atmosphere). In hindcast mode, we know the state of the atmosphere both
at the beginning and end of (and during) the WRF run. Using these 6-hourly analyses, an extra error
term is introduced into the WRF equations, nudging the WRF atmosphere toward the real
atmosphere. This is known as Four Dimensional Data Assimilation (FDDA) or analysis nudging and
is applied to every grid cell in the domain. It works best at larger grid spacing scales and for larger
domains.

Observational nudging is the process of nudging just the single grid cell toward a single-point
observation. The observation could be taken at a traditional meteorological tower or by a weather
balloon or other non-traditional sources. Observation nudging works best at finer grid spacing
scales and could have been performed on higher resolution domains using the Meteorological
Assimilation Data Ingest System (MADIS) observation archive.

The WRF model was run with analysis nudging and no observation nudging. For winds and
temperature, analysis nudging coefficients of 5x10™ and 3.0x10™ were used on the 36- and 12-km
domains, respectively. For mixing ratio, an analysis nudging coefficient of 1.0x10° was used for
both the 36- and 12-km domains. Analysis nudging of winds was applied both at near the surface
and aloft, but nudging for temperature and mixing ratio was not performed in the lower atmosphere
(i.e., within the boundary layer).

Significant sensitivity testing was used to evaluate impacts of observational nudging on the
4-km domain. The observational nudging coefficients for winds were tested at values set from 0 to
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1.2x10™ with a radius of influence at 50 km. Ramboll Environ concluded that any observational
nudging coefficient for winds above zero caused excessive convection in the offshore portions of the
Gulf of Mexico, resulting in an extreme overstatement of precipitation. Additionally, humidity nudging
was tested at values ranging from 0 to 1.0x10™°. The lower nudging values also prevented excess
moisture in the model, primarily through the summer months. Setting wind, temperature, and
moisture coefficients all to zero produced the most accurate precipitation results and are very similar
to the nudging used in the USEPA 2011 CONUS WRF dataset (Gilliam and Pleim, 2010).

B.2.3.11 WRF Physics Options

The WRF model contains many different physics options. Model tests for the months of
January and July 2012 were performed to evaluate various cumulus parameterizations, times
between radiation physics calls, and land surface models to achieve the best WRF performance in

the dataset. Table B-4 lists the BOEM Gulf of Mexico OCS Region WRF physics options.

Table B-4. BOEM Gulf of Mexico OCS Region WRF Physics Options.

Option

Scheme

Notes

Microphysics

Thompson

State-of-the-art microphysics model

Rapid Radiative Transfer Model for GCMs

Longwave Radiation RRTMG includes random cloud overlap and
improved efficiency over RRTM.
Shortwave Radiation | RRTMG Same as above, but for shortwave
radiation.
Land Surface Model Noah Four-layer scheme with vegetation and
(LSM) sub-grid tiling.
Planetary Boundar Yonsie University (Korea) Asymmetric
y y YSU Convective Model with non-local upward
Layer (PBL) scheme o o
mixing and local downward mixing.
: . . Deep and shallow convection sub-grid
Cumulus o Kain-Fritsch n the 36-km and scheme using a mass flux approach with
Parameterization 12-km domains.

downdrafts and CAPE removal time scale.

Analysis Nudging

Nudging applied to winds,
temperature and moisture in the
36-km and 12-km domains.

Temperature and moisture nudged above
PBL only.

Observation Nudging

No nudging applied

Surface wind and moisture observational
nudging can induce excessive convection,
leading to increased rainfall.

Surface Layer

Revised MM5 Monin-Obukhov
scheme

In conjunction with YSU PBL scheme.

B.2.3.12 WRF Application Methodology

The WRF model was executed in 5-day blocks initialized at 12Z every 5 days for calendar
year 2012. Model results are output every 60 minutes and output files are split at 12-hour intervals.
Twelve (12) hours of spin-up were included in each 5-day block before the data were used in the
subsequent evaluation.
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B.3 WRF MODEL PERFORMANCE EVALUATION RESULTS

A quantitative and qualitative evaluation of the BOEM Gulf of Mexico OCS Region WRF
simulation was conducted. The quantitative evaluation compared integrated surface hourly
meteorological observations and offshore buoy observations with WRF predictions matched by time
and location. The qualitative evaluation compared twice daily vertical profiles with upper-air data
with WRF predictions matched by time and location and wind roses of coastal sites. Additionally,
monthly and daily total spatial precipitation fields based on observations and satellite were compared
with the WRF gridded monthly and daily total precipitation fields. Below, we summarize the main
features of the WRF simulation model performance evaluation.

B.3.1 Quantitative Evaluation Using Metstat

A quantitative model performance evaluation of the BOEM Gulf of Mexico OCS Region WRF
simulation was performed using integrated hourly surface and on-site meteorological measurements
and the publicly available METSTAT software (Ramboll Environ, 2015) evaluation tool. METSTAT
calculates statistical performance metrics for bias, error and correlation for surface winds,
temperature, and mixing ratio (i.e., water vapor or humidity). To evaluate the performance of a
meteorological model simulation for air quality model applications, a number of performance
benchmarks for comparison are typically used. Table B-5 lists the meteorological model
performance benchmarks for simple (Emery et al., 2001) and complex (Kemball-Cook et al., 2005)
situations. The simple benchmarks were developed by analyzing well-performing meteorological
model evaluation results for simple, mostly flat terrain conditions and simple meteorological
conditions (e.g., stationary high pressure) that were mostly conducted to support air quality modeling
studies (e.g., ozone SIP modeling). The complex benchmarks were developed during the Western
Regional Air Partnership (WRAP) regional haze modeling and are performance benchmarks for
more complex conditions, such as the complex terrain of the Rocky Mountains and Alaska
(Kemball-Cook et al., 2005). McNally (2009) analyzed multiple annual runs that included complex
terrain conditions and suggested an alternative set of benchmarks for temperature under more
complex conditions. The purpose of the benchmarks is to understand how good or poor the results
are relative to other model applications run for the U.S.

In this section, Ramboll Environ compare the WRF meteorological variables to the
benchmarks as an indication of the BOEM Gulf of Mexico OCS Region WRF model performance.
These benchmarks include bias and error in temperature, wind direction, and mixing ratio, as well as
the wind speed bias and Root Mean Squared Error (RMSE) between the models and databases.

Table B-5. Meteorological Model Performance Benchmarks for Simple and Complex Conditions.

Parameter Emery et al. (2001) Kemball-Cook et al. (2005) McNally (2009)
Conditions Simple Complex Both
Temperature Bias <1#05K <32.0K <#1.0K
Temperature Error <20K <35K <3.0K
Temperature IOA >0.8 (not addressed) (not addressed)
Humidity Bias <+1.0 g/kg <+0.8 g/kg <+1.0 g/kg
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Parameter Emery et al. (2001) Kemball-Cook et al. (2005) McNally (2009)
Humidity Error <2.0 g/kg <2.0 g/kg <2.0 g/kg
Humidity IOA 20.6 (not addressed) (not addressed)
Wind Speed Bias <+0.5m/s <+1.5m/s (not addressed)
Wind Speed RMSE <2.0m/s <25m/s (not addressed)
Wind Speed IOA 20.6 (not addressed) (not addressed)
Wind Dir. Bias < +10 degrees (not addressed) (not addressed)
Wind Dir. Error < 30 degrees < 55 degrees (not addressed)

The output from the BOEM Gulf of Mexico OCS Region WRF simulation was compared
against the NCDC'’s global-scale, quality-controlled DS3505 integrated surface hourly observational
(ISHO) data (USDOC, NOAA, NCDC, 2015) and the NDBC’s buoy database (USDOC, NOAA,
NDBC, 2015) as verification data. Global hourly and synoptic observations are compiled from
numerous sources into a single common ASCII format and common data model. The DS3505
database contains records of most official surface meteorological stations from airports, military
bases, reservoirs/dams, agricultural sites, and other sources dating from 1901 to the present, and
quality control has corrected well over 99% of the errors present in the original data. The NDBC
database contains records of moored buoys, coastal-marine automated network stations, and other
sources dating from 1970 to the present.

B.3.1.1 Quantitative Statistics

Several statistical measures are calculated as part of the meteorological model evaluation.
Additional plots and graphs are used to present these statistics on both hourly and daily timeframes.
These measures are calculated for wind speed, wind direction, temperature, and humidity at the
surface. The various statistical measures used for this evaluation are described below.

The statistics used to evaluate meteorological model performance are all given in absolute
terms (e.g., wind speed error in meters per second [m/s]) rather than in relative terms (percent error)
as is commonly shown for air quality assessments. The major reason for this is that a very different
significance is associated with a given relative error for different meteorological parameters. For
example, a 10 percent error for wind speed measured at 10 m/s is an absolute error of 1 m/s, a
minor error. Yet a 10 percent error for temperature at 300 K is an absolute error of 30 K, an
unacceptably large error. On the other hand, pollutant concentration errors of 10 percent at 1 ppb or
10 ppm carry practically the same significance.

Statistical Measures

Mean Observation (M,): Calculated from all sites with valid data within a given analysis region and
for a given time period (hourly or daily):
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where Ojj is the individual observed quantity at site i and time j, and the summations are over all
sites () and over time periods (J).

Mean Prediction (M,): Calculated from simulation results that are interpolated to each observation
used to calculate the mean observation (hourly or daily):

1 J :
TP
j=1 i=1
where Pjj is the individual predicted quantity at site i and time j. Note that mean observed and
predicted winds are vector-averaged (for east-west component u and north-south component v),

from which the mean wind speed and mean resultant direction are derived.

Least Square Regression: Performed to fit the prediction set to a linear model that describes the
observation set for all sites with valid data within a given analysis region and for a given time
period (daily or episode). The y-intercept a and slope b of the resulting straight line fit is
calculated to describe the regressed prediction for each observation:

P/ =a+bO;
The goal is for a 1:1 slope and a “0” y-intercept (no net bias over the entire range of

observations), and a regression coefficient of 1 (a perfect regression). The slope and intercept
facilitate the calculation of several error and skill statistics described below.

Bias Error (B): Calculated as the mean difference in prediction-observation pairings with valid data
within a given analysis region and for a given time period (hourly or daily):

3> (i -0))

j=1 i=1
Gross Error (E): Calculated as the mean absolute difference in prediction-observation pairings with
valid data within a given analysis region and for a given time period (hourly or daily):

_1 ii‘P' O"
j
j=1 i=1
Note that the bias and gross error for winds are calculated from the predicted-observed residuals
in speed and direction (not from vector components u and v). The direction error for a given
prediction-observation pairing is limited to range from 0 to 180.

Root Mean Square Error (RMSE): Calculated as the square root of the mean squared difference in
prediction-observation pairings with valid data within a given analysis region and for a given time
period (hourly or daily):
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The RMSE, as with the gross error, is a good overall measure of model performance. However,
since large errors are weighted heavily (due to squaring), large errors in a small sub-region may

produce a large RMSE even though the errors may be small and quite acceptable elsewhere.

It is important that RMSE is analyzed. For example, if only RMSE is estimated (and it
appears acceptable), it could consist largely of the systematmic component. This error might be
removed through improvements in the model inputs or use of more appropriate options, thereby
reducing the error transferred to the photochemical model. On the other hand, if the RMSE consists
largely of the unsystematic component, this indicates that further error reduction may require model
refinement (new algorithms, higher resolution grids, etc.) or that the phenomena to be replicated
cannot be fully addressed by the model. It also provides error bars that may be used with the inputs
in subsequent sensitivity analyses.

B.3.1.2 METSTAT Evaluation Using Integrated Surface Hourly Observations and Offshore
Buoy Observations

The METSTAT results for 2012 are presented in Figures B-5 through B-16. The WRF wind
direction performed very well, with the majority of months falling within the simple conditions
threshold for all spatial domains (36, 12, and 4 km). For all domains, WRF wind speed, temperature,
and humidity also performed very well. For most months, there are slight positive biases in wind
speed and humidity in all three spatial domains. Overall, the WRF model performed exceptionally
well in the 36- and 12-km domains and well in the 4-km domain for onshore surface wind direction,
wind speed, humidity and temperature observation comparisons.

METSTAT was also used to evaluate WRF performance in the innermost 4-km domain using
observations from meteorological buoys throughout the Gulf of Mexico for 2012. Overall, WRF wind
direction performed well with over half of all months falling with the simple conditions benchmark.
Wind speed performance was acceptable with all months falling within the complex conditions
benchmark. Temperature bias and error is slightly higher (warmer) in the winter months compared
to the summer months, suggesting that the model is over-forecasting surface temperatures, or is an
influence from the SST database input to WRF. Humidity performed well with a majority of months,
falling within the simple conditions benchmark. In general, the offshore METSTAT evaluation is very
similar to the onshore evaluation, suggesting consistent performance over both the land and sea
portions of the Gulf of Mexico OCS region.
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Figure B-5. BOEM Gulf of Mexico OCS Region WRF 36-km METSTAT Wind Direction
Performance for 2012.

Figure B-6. BOEM Gulf of Mexico OCS Region WRF 36-km METSTAT Wind Speed
Performance for 2012.



Air Quality: WRF Model Performance B-17

Figure B-7. BOEM Gulfof Mexico OCS Region WRF 36-km METSTAT Temperature
Performance for 2012.

Figure B-8. BOEM Gulf of Mexico OCS Region WRF 36-km METSTAT Humidity Performance
for 2012.
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Figure B-9. BOEM Gulf of Mexico OCS Region WRF 12-km METSTAT Wind Direction
Performance for 2012.

Figure B-10. BOEM Gulf of Mexico OCS Region WRF 12-km METSTAT Wind Speed
Performance for 2012.
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Figure B-11. BOEM Gulf of Mexico OCS Region WRF 12-km METSTAT Temperature
Performance for 2012.

Figure B-12. BOEM Gulf of Mexico OCS Region WRF 12-km METSTAT Humidity Performance
for 2012.
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Figure B-13. BOEM Gulf of Mexico OCS Region WRF 4-km METSTAT Wind Direction
Performance for 2012.

Figure B-14. BOEM Gulf of Mexico OCS Region WRF 4-km METSTAT Wind Speed Performance
for 2012.
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Figure B-15. BOEM Gulf of Mexico OCS Region WRF 4-km METSTAT Temperature
Performance for 2012.

Figure B-16. BOEM Gulf of Mexico OCS Region WRF 4-km METSTAT Humidity Performance for
2012.
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B.3.2 Qualitative Evaluation Using Wind Roses

The coastal sites of Gulfport, MS (KGPT); Naples, FL (NPSF); Port Isabel, TX (PTIT); and
Calcasieu, LA (CAPL) were chosen to evaluate the frequency and intensity of onshore and offshore
wind flow and WRF’s performance at the land-sea interface. The locations of these sites are shown
in Figure B-17. The 5-year comparisons of observed and modeled wind direction at each coastal
site will be provided in the full WRF modeling report. Below, in Figures B-17 through B-21, the
comparisons are made for only 2012. Wind direction observations were obtained from the DS3505
meteorological dataset, and modeled surface wind speed and wind direction were extracted from the
4-km WRF domain dataset using the Mesoscale Model Interface (MMIF) program (Brashers and
Emery, 2015). Overall, WRF performs just satisfactorily at forecasting the frequency and intensity of
onshore and offshore wind flow at the coastal sites. The WRF simulates the predominant NE wind
direction at NPSF, as well as the strong SE winds at port PTIT and CAPL. However, WRF wind
direction does not compare particularly well to KGPT in 2012 and does not replicate much of the NW
wind at PTIT, or the SW wind at NPSF. The decline in apparent wind direction performance for
2012, compared to the 5-year analysis, is largely due to the shorter evaluation period.

Figure B-17. Wind Rose Locations for Port Isabel, TX (PTIT), Calcasieu, LA (CAPL), Gulfport, MS
(KGPT), and Naples, FL (NPSF).



Figure B-18. 2012 WRF Wind Rose (left) Compared to 2012 Observation Wind Rose from Gulfport, MS (right) in 4-km Domain.
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Figure B-19. 2012 WRF Wind Rose (left) Compared to 2012 Observation Wind Rose from Naples, FL (right) in 4-km Domain.
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Figure B-20. 2012 WRF Wind Rose (left) Compared to 2012 Observation Wind Rose from Port Isabel, TX (right) in 4-km Domain.
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Figure B-21. 2012 WRF Wind Rose (left) Compared to 2012 Observation Wind Rose from Calcasieu, LA (right) in 4-km Domain.
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B.3.3 Qualitative Evaluation Using Upper-Air Data

Plots of the sounding profiles of temperature and dew point for the vertical atmosphere were
created using observational data from the Brownsville, TX (KBRO) and Key West, FL (KEYW)
airports and the corresponding WRF data points. A random selection of upper air profiles was taken
from the year-long dataset for a sampling of several different atmospheric situations. These are
qualitatively compared, paying particular attention to how well the WRF model reproduces the
observed near-surface inversion layers.

The KBRO and KEYW radiosonde datasets are collected by and maintained by the National
Weather Service (NWS). Radiosondes are launched twice per day, at approximately 00 and
12 UTC. Radiosondes provide high-resolution vertical profiles of temperature, humidity, wind speed,
and wind direction throughout the troposphere. The data are made publicly available by NOAA’s
Earth System Research Laboratory (USDOC, NOAA, ESRL, 2015). Ramboll Environ downloaded
and stored the radiosonde data twice daily for 2012 for each upper air station in FSL format for use
in WRF model dataset comparisons.

For the qualitative analysis, Figure B-22 shows the vertical profiles of temperature and
humidity from the observational and 4 km WRF datasets for Brownsville, TX and Key West, FL. The
analysis focuses on how well the WRF model reproduces the vertical atmosphere structure using
upper air observations from the selected sites within the 4-km domain, which have timeframes that
overlap with the WRF model. The left panel in Figure B-22 shows an evening sounding in August
for Brownville, TX, which contains a weak elevated subsidence inversion. The WRF forecasts the
base of the inversion well at around 900 meters. The right panel of Figure B-22 shows observed
and modeled vertical profiles for January in Key West, FL. The WRF forecasts the elevated
subsidence inversion well, with a mixing height top at around 1,000 meters on the left panel. The
dry air above the inversion is also represented well in the evening sounding at Key West, FL.



Figure B-22. Vertical Profile Soundings Comparing the 4-km WRF (blue lines) to Upper-Air Observations Data (red lines) for
Brownsville, TX on August 3, 2012, and Key West, FL on January 4, 2012, at 00 UTC.
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B.3.4 Qualitative Evaluation Using Precipitation

Precipitation removes chemicals and particulates from the air via wet deposition, and thus is
an important parameter for high-quality dispersion modeling. Several precipitation datasets were
evaluated for use in model comparisons. Ramboll Environ has used the Parameter-elevation
Regressions on Independent Slopes Model (PRISM) dataset for rainfall extensively in the past, but it
only covers the over-land portion of the modeling domain. Land-based RADAR retrievals of
precipitation typically have larger uncertainty and are limited in geographic coverage to the area
relatively near the coast and, as a result, were not chosen for this performance evaluation. Satellite-
based retrievals are typically lower resolution and also feature larger uncertainty, but cover the entire
Gulf of Mexico OCS region. Ramboll Environ performed comparisons between the BOEM Gulf of
Mexico OCS Region WRF modeled precipitation output with the PRISM and Tropical Rainfall
Measurements Mission (TRMM) satellite datasets.

The Oregon State University PRISM Climate Group gathers temperature and precipitation
data from a range of monitoring networks, applies sophisticated quality control methods, and uses
the data to produce spatial grids of climate parameters (Daly et al., 2008). The time series datasets
are modeled using climatologically-aided interpolation (CAl), which uses the long-term average
pattern as first-guess of the spatial pattern of climatic conditions. Both a daily product and a monthly
product are available. The precipitation observations used in the daily PRISM product includes
radar measurements, which the monthly product does not take into account. This may cause
dramatic local differences between the two datasets in monthly totals.

TRMM was a joint mission being flown by the National Aeronautics and Space
Administration (NASA, U.S.) and the Japan Aerospace Exploration Agency (JAXA, Japan) to
improve our quantitative knowledge of the 3-dimensional distribution of precipitation in the tropics.
TRMM had a passive microwave radiometer (TRMM Microwave Imager, TMI), the first active space-
borne Precipitation Radar (PR), a Visible-Infrared Scanner (VIRS), and other instruments.
Coordinated observations are intended to result in a "flying raingauge" capability. The TRMM
dataset is coarser than the PRISM data (0.5 degrees, or about 55 km, vs. 4 km) but is available
every 3 hours.

B.3.4.1 Evaluation Over Land Using PRISM Precipitation

High-resolution (4 km) PRISM datasets cover the contiguous U.S. in both monthly and daily
output versions (Daly et al., 2008). Here WREF precipitation output is compared to the PRISM
over-land portions of the Gulf of Mexico. Ramboll Environ re-projected and aggregated the PRISM
data to the WRF projection’s grid cell locations, and the resulting gridded data was plotted and the
gridded fields saved. This allows for consistent visual qualitative comparison.

The full WRF modeling report will display 5-year average (2010-2014) monthly precipitation
plots constructed from BOEM Gulf of Mexico OCS Region WRF output, masked to only display
over-land measurements, and compared to PRISM 5-year average (2010-2014) monthly plots for
January through December in the 4-km domain. Below, WRF monthly precipitation totals are
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compared to corresponding PRISM totals for 2012 only. The results are mostly representative of the
5-year monthly averages and are briefly summarized in the following paragraph.

For the months of January through March, shown in Figures B-23 through B-25, WRF
represents the spatial extent of the precipitation well, recreating the comparatively drier areas of
central Texas and southern Florida. However, the model does under-estimate the total amount of
average monthly rainfall across a small portion of southern Mississippi and south central Louisiana
during this period. In April and May, Figures B-26 and B-27, the model shifts to overestimating
rainfall in the same region, but otherwise depicts both the spatial distribution and amount of
precipitation well over land, compared to PRISM. During the summer months of June through
August, shown in Figures B-28 through B-30, WRF performs exceptionally well in re-creating the
precipitation extent across the land portions of the domain, including the convergence zones across
the east and west coasts of Florida. The model does slightly over-predict the amount of rainfall
accumulations in the southern Georgia and southern Alabama areas. This is likely due to the higher
humidity rates in the model during the summertime period. In September, shown in Figure B-31,
WREF slightly under-predicts averaged precipitation rates over the land portion of the domain but
over-forecasts the extent of rainfall over the northern Florida area. The WRF performed
exceptionally well from October through December, shown in Figures B-32 through B-34,
reproducing the extent and amount of rainfall very accurately, compared to PRISM totals. Overall,
WREF performed very well in reproducing the spatial extent of precipitation over the land portions of
Gulf of Mexico OCS region throughout 2012.
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Figure B-23. January 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-24. February 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-25. March 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-26. April 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-27. May 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-28. June 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-29. July 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-30. August 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-31. September 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-32. October 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-33. November 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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Figure B-34. December 2012 PRISM Precipitation (top) and WRF Precipitation (bottom), 4-km Domain.
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B.3.4.2 Evaluation Over Water Using Satellite Precipitation

In this analysis, WRF precipitation data are also compared to TRMM satellite precipitation
data to assess the accuracy of the WRF precipitation. Ramboll Environ re-projected and aggregated
the TRMM data to the WRF projection’s grid cell locations, and the resulting gridded data was
plotted and the gridded fields saved. This allows for a consistent visual qualitative comparison,
although the 0.5-degree (~55-km) TRMM dataset is at a lower resolution than the 4-km PRISM
dataset and as a result, the satellite precipitation fields appear much coarser in the 4-km domain.
Additionally, near the end of the WRF modeling period, the satellite hosting the TRMM sensor ran
out of propellant. This caused its orbit to slowly decay, casting into doubt the validity of the derived
rainfall quantities and is the reason only a qualitative comparison is presented below. Below,
Figures B-35 through B-46 show monthly WRF precipitation averages compared to TRMM
precipitation averages throughout 2012 in the 12-km domain.

The WRF under-predicts precipitation over the offshore portions of the domain, compared to
TRMM for the averaging months of January through May, as shown in Figures B-35 through B-39.
From June through October, WRF performs well at predicting precipitation spatially and numerically,
shown in Figures B-40 through B-44. The increased amount of rainfall over the southeast Gulf
Coast States, stretching out over the coastlines, is well represented through the summertime
months. The WREF slightly under-predicts the amount of rainfall in the offshore portions of the Gulf,
compared to the TRMM precipitation averages for November and December, shown in Figures B-45
and B-46. Even with the coarse TRMM resolution, it appears the model has a slight dry bias in the
over-water portions of the domain in the colder months.

Given the coarser resolution of the TRMM plots, WRF tends to under-forecast precipitation
intensity overall in the offshore portions of the Gulf throughout the winter and spring months and
does a satisfactory job at forecasting the amount of rainfall over water in the summer and fall months
in the 4-km domain.
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Figure B-35. January 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-36. February 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-37. March 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-38. April 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-39. May 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-40. June 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-41. July 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-42. August 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-43. September 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-44. October 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-45. November 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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Figure B-46. December 2012 TRMM Precipitation Average (top) and
Corresponding WRF Precipitation Average (bottom) in the
12-km Domain.
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B.3.4.3 Evaluation Using Tropical Cyclone Precipitation Events

In order to evaluate the accuracy of the WRF model for precipitation performance, short-term
rainfall events were also analyzed for local and regional scale impacts. Daily precipitation plots were
created for every 24-hour period from the WRF, PRISM, and TRMM databases. Tropical cyclone
events were chosen as each storm system typically produces a wide area of enhanced rainfall for
both onshore and offshore areas.

A tropical cyclone is a warm-core, non-frontal synoptic-scale cyclone, originating over
tropical or subtropical waters, with organized deep convection and a closed surface wind circulation
about a well-defined center (NHC, 2015). Increased rainfall events from two cyclones, Hurricane
Isaac and Tropical Storm Debby, are presented in a qualitative comparison.

Hurricane Isaac made landfall along the coast of southern Louisiana on August 29, 2012,
and moved northward, where it was downgraded to a tropical storm on August 30™. Daily
precipitation plots from each dataset on August 30" are shown in Figure B-47. The WRF depicts
the large cyclonic rotation and enhanced precipitation bands from Isaac over southeast Louisiana
very well, compared to the PRISM dataset. Compared to TRMM, the model does appear to over-
forecast the rainfall intensity for this 24-hour period.

Figure B-48 shows daily precipitation plots as Tropical Storm Debby’s outer rain bands
begin to impact Florida’'s west coast on June 25, 2012. The WRF performed very well in comparison
to both PRISM and TRMM, forecasting the spatial extent of the large storm throughout the eastern
Gulf of Mexico. The model did slightly under-predict the rainfall accumulations in this 24-hour
period, compared to the observational and satellite databases.

Overall, WRF performed very well in recreating the daily precipitation events in these two
scenarios. The daily precipitation plots from each WRF, PRISM, and TRMM dataset are available by
request from Ramboll Environ.
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Figure B-47. Daily Precipitation Plots from WRF, PRISM, and TRMM on August 30, 2012.
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Figure B-48. Daily Precipitation Plots from WRF, PRISM, and TRMM Databases on June 25,
2012.
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B.4 SUMMARY AND CONCLUSIONS

The BOEM Gulf of Mexico OCS Region WRF meteorological model simulation for January
through December 2012 reproduced the observed surface and upper-air meteorological variables
very well. The WRF performed exceptionally well in the onshore METSTAT analysis for the 36-km
and 12-km domains and well in the onshore and offshore analysis for the 4-km domain, with a small
bias in wind direction. This performance shows a very strong agreement overall between the model
and surface observations.

Comparisons of selected wind roses along the Gulf Coast, which will be presented in the full
WRF model evaluation, show WRF was able to forecast the offshore and onshore wind speed and
wind direction very well in the 4-km domain. This suggests the model was able to accurately
reproduce the land-sea breeze circulation.

Upper air performance in the 4-km (d03) domain for the two selected locations throughout
the Gulf of Mexico reflects accurate predictions of the vertical atmosphere, as shown in comparisons
between WRF and radiosonde data, especially in mixing layer heights and cases of surface-based
temperature inversions.

The monthly precipitation analysis for the 4-km (d03) domain indicates there is a strong
agreement between the model and observation-based precipitation measurements over land,
including convergence zone and enhanced rainfall areas. The comparison with the 12-km (d02)
WRF and satellite-based precipitation accumulations does indicate some understatement of
precipitation over water, most notably in the winter months.

Based on our experience, the BOEM Gulf of Mexico OCS Region WRF modeling’s superior
performance throughout 2012 provides a substantial basis for developing meteorological inputs for
air quality modeling in the Gulf of Mexico region.
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ABBREVIATIONS AND ACRONYMS

ug/m®
2017-2022 GOM
Multisale EIS

AIS
AL
AQRV
BOEM
CAAA
CAMD
CAMXx
CO
CPA
EC
ECA
ECA
EGUs
EIS
EPA
ERG
FINN
FL
FLM
FOCA
GA
GOMESA
HC
HIS
hr
IC/BC
ICAO
ICI
km
kW
kW-hr
LA

microgram(s) per cubic meter

Gulf of Mexico OCS Oil and Gas Lease Sales: 2017-2022; Gulf of Mexico
Lease Sales 249, 250, 251, 252, 253, 254, 256, 257, 259, and 261—Final
Multisale Environmental Impact Statement

Automatic Identification System
Alabama

air quality-related value(s)

Bureau of Ocean Energy Management
Clean Air Act Amendments

Clean Air Markets Division (USEPA)
Comprehensive Air quality Model with eXtensions
carbon monoxide

Central Planning Area

elemental carbon

Emission Control Area

North American Emission Control Area
electric generating units
environmental impact statement
Eastern Planning Area

Eastern Research Group, Inc.

Fire INventory

Florida

Federal Land Management

Federal Office of Civil Aviation
Georgia

Gulf of Mexico Energy Security Act
hydrocarbon

Information Handling Service

hour(s)

Initial Conditions/Boundary Conditions
International Civil Aviation Organization
institutional/commercial/industrial
kilometer(s)

kilowatt

kilowatt-hour

Louisiana
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LNG liquefied natural gas

LOOP Louisiana Offshore Oil Port

LTO landing and takeoff

M maintenance area

MARAD Maritime Administration

MNEI Mexico National Emissions Inventory

MS Mississippi

MSW municipal solid waste

MTSA Maritime Transportation Security Act of 2002
NAA nonattainment area

NAAQS National Ambient Air Quality Standards
NAAQS National Ambient Air Quality Standards
NAAs nonattainment areas

NCAR National Center for Atmospheric Research
NCAR National Center for Atmospheric Research
NEI National Emissions Inventory (USEPA)
NEPA National Environmental Policy Act

NH; ammonia

NO, nitrogen dioxide

NO, nitrogen oxides

Os ozone

oC organic carbon

0OCS Outer Continental Shelf

OCSLA OCS Lands Act

OGOR Oil and Gas Operations Reports

OMSA Offshore Marine Service Association
PAHs polycyclic aromatic hydrocarbons

Pb lead

PGM Photochemical Grid Model

PM particulate matter

PMio inhalable particulate matter (less than 10 microns in effective diameter)
PM, 5 fine particulate matter (less than 2.5 microns in effective diameter)
ppb parts per billion

ppm parts per million

PSD Prevention of Significant Deterioration
QA/QC quality assurance/quality control

Ramboll Environ Ramboll Environ US Corporation
RHR Regional Haze Rule
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TX
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USEPA
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WPA
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State Implementation Plans

Sparse Matrix Operator Kernel Emissions
sulfur dioxide
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United States Department of the Interior

United States Environmental Protection Agency
United States Environmental Protection Agency
volatile organic compound

windblown dust
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C AIR QUALITY: EMISSIONS FOR THE CUMULATIVE AND
VISIBILITY IMPACTS

C.1 INTRODUCTION

The U.S. Department of the Interior's Bureau of Ocean Energy Management (BOEM) is
required under the Outer Continental Shelf Lands Act (OCSLA) (43 U.S.C. § 1334(a)(8)) to comply
with the National Ambient Air Quality Standards (NAAQS) to the extent that Outer Continental Shelf
(OCS) offshore oil and gas exploration, development, and production sources do not significantly
affect the air quality of any state. The Gulf of Mexico OCS Region’s OCS area of possible influence
includes the States of Texas, Louisiana, Mississippi, Alabama, and Florida. BOEM'’s Gulf of Mexico
OCS Region manages the responsible development of oil, gas, and mineral resources for the
430 million acres in the Western, Central, and Eastern Planning Areas on the OCS comprising the
Gulf of Mexico OCS Region, including the areas under moratoria (shown in Figure C-1). The Clean
Air Act Amendments (CAAA) of 1990 designate air quality authorities in the Gulf of Mexico OCS
Region, giving BOEM air quality jurisdiction westward of 87°30'W. longitude and the U.S.
Environmental Protection Agency (USEPA) air quality jurisdiction eastward of 87°30'W. longitude. In
2006, oil and gas leasing operations within 125 miles (201 kilometers [km]) of the Florida coastline
were banned until 2022 under the Gulf of Mexico Energy Security Act (GOMESA). The GOMESA
moratoria area is depicted on Figure C-1.

Figure C-1. Location of the “Air Quality Modeling in the Gulf of Mexico Region” Study, with Class |
Areas (purple) and Platform Locations (gray dots).
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The USEPA has set NAAQS for six regulated air quality pollutants: ozone; particulate matter
with an aerodynamic diameter of 2.5 micrometers and smaller (PM,5); particulate matter with an
aerodynamic diameter of 10 micrometers and smaller (PM;o); sulfur dioxide (SO5); nitrogen dioxide
(NO,); carbon monoxide (CO); and lead (Pb). After promulgation of a NAAQS, the USEPA
designates areas that fail to achieve the NAAQS as nonattainment areas (NAAs) and States are
required to submit State Implementation Plans (SIPs) to the USEPA that contain emission control
plans and a demonstration that the NAA will achieve the NAAQS by the required date. After an area
comes into attainment of the NAAQS, the area can be redesignated as a maintenance area and
must continue to demonstrate compliance with the NAAQS.

In 1997, the USEPA promulgated the first 8-hour ozone NAAQS with a threshold of
0.08 parts per million (ppm) (84 parts per billion [ppb]). On March 12, 2008, the USEPA
promulgated a more stringent 0.075 ppm (75 ppb) 8-hour ozone NAAQS. Figure C-2 presents the
current ozone nonattainment areas in the southeastern U.S. On October 1, 2015, the USEPA
strengthened the 8-hour NAAQS for ozone to 0.07 ppm (70 ppb). Under this more stringent ozone
NAAQS, there may be more areas in the southeastern U.S. that will be in nonattainment. The
USEPA plans to make attainment and nonattainment designations for the revised standards by late
2017, with the designations based on 2014-2016 air quality data.

Figure C-2. Ozone Nonattainment Areas in the Southeastern U.S. (USEPA, 2016a).

On December 14, 2012, the USEPA revised the PM,5s primary NAAQS by lowering the
annual PM,s NAAQS threshold from 15.0 micrograms per cubic meter (ug/m®) to 12.0 ug/m®. The
USEPA retained the 24-hour PM, s primary NAAQS at 35 pg/ms. The 24-hour coarse PM NAAQS
(PM,o) was also retained at 150 ug/m?.

In February 2010, the USEPA issued a new 1-hour NO, NAAQS with a threshold of 100 ppb
(98" percentile daily maximum average over 3 years) and a new 1-hour SO, NAAQS was
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promulgated in June 2010 with a threshold of 75 ppb (99" percentile averaged over 3 years). The
USEPA has not yet designated the nonattainment areas for the 1-hour NO, and 1 hour SO, NAAQS.

A new lead NAAQS was issued in 2008; NAAs for lead are associated with specific industrial
sources. The NAAQS for carbon monoxide has remained essentially unchanged since it was
originally promulgated in 1971. As of September 27, 2010, all NAAs for carbon monoxide have been
redesignated as maintenance areas. Table C-1 summarizes the nonattainment and maintenance
areas in the southeastern U.S.

Table C-1. Nonattainment and Maintenance Areas in the Southeastern U.S.

-hr -hr L
State Area ?199(7))3 E?2002)3 (280%) (2882)
Alabama | Troy, AL NAA?®
Tampa, FL NAA
Florida Hillsborough County, FL NAA
Nassau County, FL NAA
Louisiana |Baton Rouge, LA M° NAA
St. Bernard Parish, LA NAA
Beaumont-Port Arthur, TX M
Texas _Ilj)czuston-Galveston-Brazoria, NAA NAA
Frisco, TX NAA

@ NAA = nonattainment area
® M = maintenance area
Blank cells indicate the area is in attainment of the NAAQS.

The CAAA designated 156 Class | areas consisting of National Parks and Wilderness Areas
that are offered special protection for air quality and air quality-related values (AQRVs). The Class |
areas, compared to Class Il areas, have lower Prevention of Significant Deterioration (PSD) air
quality increments that new sources may not exceed and are protected against excessive increases
in several AQRVs including visibility impairment, acid (sulfur and nitrogen) deposition, and nitrogen
eutrophication. The Regional Haze Rule (RHR) has a goal of natural visibility conditions by 2064 at
Class | areas, and States must submit RHR SIPs that demonstrate progress towards that goal.
Figure C-1 displays the locations of the mandatory Class | areas (in purple) in the Gulf of Mexico
OCS Region. In addition to Class | areas, Federal Land Management (FLM) agencies have
designated certain other areas as sensitive Class Il areas for tracking PSD increment consumption
and AQRYV impacts.

On August 26, 2014, BOEM contracted with Eastern Research Group, Inc. (ERG) and team
members Ramboll Environ US Corporation (Ramboll Environ) and Alpine Geophysics, LLC to
complete a comprehensive air quality modeling study in the Gulf of Mexico OCS Region. Under
BOEM Contract Number M14PC00007, air quality photochemical grid modeling (PGM) will be
conducted in the Gulf of Mexico OCS Region to assess the impacts to nearby States of OCS oil and
gas exploration, development, and production as required under OCSLA. This assessment is used
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by BOEM in the cumulative and visibility impacts analyses of the National Environmental Policy Act
(NEPA) environmental impact statements (EISs), which are the Gulf of Mexico OCSOil and Gas
Lease Sales: 2017-2022; Gulf of Mexico Lease Sales 249, 250, 251, 252, 253, 254, 256, 257, 259,
and 261—Final Multisale Environmental Impact Statement (2017-2022 GOM Multisale EIS) and this
Supplemental EIS. These analyses address both current and proposed NAAQS.

Air quality modeling requires several input datasets, including meteorology, emissions
inventories, and ambient pollutant concentrations. Figure C-3 presents an overview of how these
project datasets fit together for the “Air Quality Modeling in the Gulf of Mexico Region” study.

Figure C-3. Overview of the “Air Quality Modeling in the Gulf of
Mexico Region” Study Tasks.

C.2 DEVELOPMENT OF EMISSION INVENTORIES

A key step in performing the “Air Quality Modeling in the Gulf of Mexico Region” study in
support of the subsequent cumulative and visibility impacts analyses is development of
comprehensive air emission inventories that accurately depict the base case emissions within the
study area, and emissions associated with the scenario (the future year) for the 2017-2022 GOM
Multisale EIS and this Supplemental EIS.

The scope of the air pollutant emissions inventory development effort for the “Air Quality
Modeling in the Gulf of Mexico Region” study includes selection of: pollutants, base case year,
geographical domain, sources, spatial resolution, temporal resolution, speciation, and development
of the base case and future year emission estimates. These elements are described below.
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C.2.1 Pollutants

Pollutants for the “Air Quality Modeling in the Gulf of Mexico Region” study consist of criteria
air pollutants as defined by CAA Title I: CO; lead; NOy (stated as equivalent mass of nitrogen
dioxide [NO3]); PM2s; PMyg; and SO,, as well as volatile organic compounds (VOCs, which are
precursors to ozone formation) and ammonia (NH3;, a precursor to PM formation).

C.2.2 Base Case Year

In determining the base case year for the “Air Quality Modeling in the Gulf of Mexico Region”
study emissions inventory, 2011 was initially selected based on data availability. Calendar year
2011 emissions data are readily available for most sources from the USEPA National Emissions
Inventory (NEI) (USEPA, 2015a), and BOEM’s Year 2011 Gulfwide Emissions Inventory Study
(Wilson et al., 2014), hereby called the “2011 Gulfwide Inventory.” However, 2011 was an unusually
hot and dry year in the Gulf of Mexico OCS Region, particularly in Texas, which experienced record
heat and dry conditions during the summer of 2011 and had a very high incidence of wildfires.
Therefore, 2012 was selected as the base case year as more representative of “typical” conditions in
the Gulf of Mexico OCS Region.

C.2.3 Geographical Domain

The domain of the “Air Quality Modeling in the Gulf of Mexico Region” study emissions
inventory is the area depicted in Figure C-4, particularly the 4-kilometer (km) domain encompassing
the Gulf of Mexico OCS. This area, which includes parts of Alabama, Georgia, Louisiana,
Mississippi, and Texas; all of Florida; as well as the Western, Central, and Eastern Planning Areas in
the Gulf of Mexico and part of the Atlantic Ocean, are the main focus of the emissions inventory
efforts. Emissions data were also required for the 36- and 12-km expanded domains depicted in
Figure C-4, which include parts of Mexico and Canada. The outermost domain with
36-km resolution includes the entire continental U.S. and parts of Canada and Mexico, and captures
synoptic-scale (storm system-scale) structures in the atmosphere. The inner 12-km regional grid
covers the southeastern U.S. and is used to ensure that large-scale meteorological patterns across
the region are adequately represented and to provide boundary conditions to the 4-km domain.
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Figure C-4. WRF 36-km CONUS (d01), 12-km SE Regional (d02), and 4-km Gulf of Mexico Region
(d03) Domains Along With the PGM Grids.

C.2.4 Inventory Sources

Emissions from anthropogenic (i.e., human caused) sources, including stationary point and
nonpoint area sources located both onshore and offshore, onroad motor vehicles, nonroad
equipment, locomotives, marine vessels and other offshore sources, and airports, were compiled for
the “Air Quality Modeling in the Gulf of Mexico Region” study emissions inventory. Table C-2 lists
the source groups and categories included in the emissions inventory, along with the pollutants
applicable to each source, and the spatial and temporal resolution. Note that emissions from
non-anthropogenic sources (i.e., biogenic and geogenic sources) are also included as part of the “Air
Quality Modeling in the Gulf of Mexico Region” study cumulative and visibility analyses.
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Table C-2.  Gulf of Mexico Air Quality Modeling Study Source Categories.
Group and Source Category CO | NO, | SO, | VOC | Pb | PM PM,, | NH Spatial
X 2 25 10 | Resolution®
Point Sources v v v v v P
Nonpoint Area v v v v v v v A
Sources
Onroad Mobile v v v v v v v A
NEI Sources
Onshore Commercial Marine v v v v v v v P AP
Sources Vessels '
Locomotives v v v v v v v v P, A°
Aircraft and Airports v v v v v v v v P
Other Nonroad Mobile v v v v v v v A
Sources
Platforms in State v v v v v v P
Waters
Platforms in Central
@ and Western GOM v v 4 v v v v v P
o® OCS Planning Areas
% Drilling Rigs 4 v v v v v v v LB
% Pipe-Laying Vessels v v v v v v v v LB
o § Support Helicopters v 4 v 4 v v LB
L =
£ 3 Support Vessels 4 4 v 4 4 v v v LB
cwn Survey Vessels v v v v v v v v LB
Commercial Fishing v v v v v v v LB
o Vessels
" g \('/)ommlercial Marine v v v v v v v v LB
8o essels
©3 Louisiana Offshore Gl | , | , | , | L, | 5
= i " Port
5 _’é 2 Military Vessels v v 4 v 4 4 v LB
g 2 % Recreational Vessels v v v v v v v LB
Z O < | Vessel Lightering v v v v | v v v v P
Subsurface Oil Seeps v LB
” Mud Volcanoes v LB
3] Onshore Vegetation v A
=} . .
oS 0 Wildfires and
v v v v
& % Prescribed Burning P
'% IOE, Windblown Dust A
28 | Lightning v A
@O Sea Salt Emissions v v A
o Point Sources v v v =]
c c -
‘> ® Nonpoint Area
0 QI A
00% Sources
S X C
828 | Mobile Sources v v v v v v A

@A = Area source (modeling grid cell, spatial surrogate); P = Point source (UTM coordinates, stack

parameters); LB = Offshore lease block (modeling grid cell, spatial surrogate)
® Larger ports and shipping will be represented as shape files; smaller ports as point sources.

¢ Rail yards will be represented as point sources; railway segments as area sources.
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C.2.5 Spatial Resolution

The spatial resolution of the emissions inventory is source-specific. For example, sources
such as power plants are identified based on their geographic coordinates (i.e., latitude and
longitude), while other sources such as nonroad mobile sources (e.g., construction equipment) are
spatially distributed using surrogates within the county in which they are reported and that are
typically related to the activity distribution of the category (e.g., construction sites).

The resolution of the geographical area covered by the emissions inventory is based on the
grid cell size needed for photochemical modeling. Furthermore, the photochemical model grid
resolution is dependent on the grid resolution of the WRF meteorological model output used.

C.2.6 Temporal Resolution

Emissions for all sources were estimated on an annual basis (i.e., emissions generated
during 2012). For electric generating units (EGUs), emissions were allocated on a sub-annual basis
to reflect variations in activity using data from the USEPA.

Emissions were allocated on an hourly, daily, and seasonal basis using default temporal
allocation factors provided with the Sparse Matrix Operator Kernel Emissions (SMOKE) emissions
model for some sources; other temporal allocations were source-specific, and profiles were
developed and applied within the SMOKE model.

C.2.7 Speciation

When applying the PGM modeling, PM emissions were allocated to individual PM species as
part of the SMOKE emissions processing using PM speciation factors obtained from the USEPA’s
SPECIATE database (USEPA, 2014a) for each source category (as defined by the Source
Classification Code). This resulted in the PM mass being broken into the mass associated with
elemental carbon (EC), organic carbon (OC), and other elements, and particle-bound VOCs, such as
polycyclic aromatic hydrocarbons (PAHs). The model predictions of EC will undergo further analysis
and will be discussed in the “Air Quality Modeling in the Gulf of Mexico Region” study final report.

SMOKE was also used to convert VOC emissions into the photochemical mechanism-
specific (e.g., CB05 or CB6r2h) model species used in air quality models.

C.3 BASE CASE EMISSION ESTIMATES

This section presents an overview of the methodologies used to compile the base case 2012
emission estimates for all source categories in the emissions inventory.

C.3.1 Point Sources

Calendar year 2011 emissions data are available for onshore point sources from the USEPA
NEI (USEPA, 2015a). In a separate modeling effort, the USEPA prepared a criteria pollutant
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calendar 2012 year emissions inventory for some sectors, including onshore point sources (USEPA,
2015b). The ERG obtained the USEPA 2012 point sources emissions inventory, conducted quality
assurance/quality control (QA/QC) on the data, and supplemented and revised the criteria pollutant
estimates, as needed. The USEPA prepared the 2012 point source emissions inventory as follows:

(1) 2012 data compiled by the USEPA from annual criteria pollutant reporting of
Type A (large) sources that are submitted by responsible State and local air
agencies;

(2) 2012 EGU emissions from the USEPA Clean Air Markets Division (CAMD)
hourly emissions data;

(3) 2011 NEI data for other, smaller point sources that are not identified above; and

(4) 2011 airport and aircraft emission estimates developed by the USEPA updated
to 2012 as needed.

Although the emissions data are likely complete for most point sources, ERG confirmed that
offshore platforms within State boundaries are included in the NEI. Data from the USEPA’s 2012
Toxics Release Inventory (TRI) for lead and ammonia were also used to supplement the inventory
as needed (USEPA, 2015c).

C.3.2 Nonpoint Area Sources

The starting point for the 2012 nonpoint area source inventory was the data submitted by
State and local agencies for the 2011 NEI. In addition, for completeness, the USEPA develops
emission estimates for a number of nonpoint source categories (up to 165) for inclusion in the NEI if
agencies do not provide estimates. The USEPA did not develop 2012 emission estimates for
nonpoint area sources. The ERG prioritized key top-emitting source categories of NO,, PM, SO,,
and VOCs in AL, FL, GA, LA, MS, and TX, and developed 2012 emission estimates using the
USEPA nonpoint area source category tools (USEPA, 2014b). These categories are as follows:
consumer products, architectural surface coatings, industrial maintenance coatings, open burning:
municipal solid waste (MSW), residential and institutional/commercial/industrial (ICI) heating,
upstream oil and gas, open burning, land clearing debris, paved and unpaved roads, and gasoline
distribution Stage I. The ERG also conducted point source reconciliation for ICI heating, oil and gas,
and gasoline distribution Stage | to verify that there are no gasoline distribution Stage |l records in
USEPA’s nonpoint file (now reported with onroad mobile sources).

C.3.3 Mobile Sources

The onroad mobile source category includes exhaust and evaporative emissions from
onroad motor vehicles (e.g., automobiles, light-duty trucks, heavy-duty trucks) and exhaust and
evaporative emissions from nonroad mobile sources. The ERG team ran the MOVES2014 model
for onroad sources (USEPA, 2014c), and the USEPA ran the NONROAD model for nonroad sources
to develop 2012 emission estimates for these categories. Locomotive emissions in the 2011 NEI
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were not adjusted to represent 2012 activities because it was confirmed that the 2011 and 2012 fuel
usage data from the Surface Transportation Board’'s R-1 Class 1 railroad annual reporting data
(Surface Transportation Board, 2015) show only a slight (2%) reduction in 2012 levels from 2011
levels.

C.3.4 Offshore Helicopters

The Gulf of Mexico has more helicopter traffic than any other region of the U.S., primarily
associated with offshore oil and gas support. Offshore support helicopter emission estimates were
obtained from the 2011 Gulfwide inventory (Wilson et al., 2014). The estimates were supplemented
with 2011 NEI helicopter data for onshore airports. The two datasets map out the full route between
offshore platforms equipped with helipads and the closest onshore support facility; the NEI
addresses emissions only at each airport and only for operations up to 3,000 feet of elevation (i.e.,
local mixing height). The two datasets were evaluated to ensure that the helicopter traffic data
between the two are comparable and that there is no double counting of emissions.

C.3.5 Offshore Oil and Gas Production Sources—Western and Central/Eastern
Planning Areas in the Gulf of Mexico

The starting point for offshore oil and gas production platforms in the Western and
Central/Eastern Planning Areas (WPA and CPA/EPA) was the 2011 Gulfwide inventory. The ERG
team supplemented the 2011 Gulfwide inventory with NH3; and Pb emission estimates for all
applicable emission sources using USEPA emission factors. The ERG team conducted research to
determine if the 2011 emissions values for platform sources should be adjusted to be more
representative of 2012 emissions values. Offshore oil and gas production values for 2011 and 2012
were obtained from the BOEM Part A Oil and Gas Operations Reports (OGOR) (USDOI, BOEM,
2015). The OGOR data are presented at the lease level. Production of both oil and gas (including
deepwater production) decreased from 2011 to 2012; thus, the 2011 emission estimates were
modeled without adjustment in order to be conservative. Table C-3 presents the base case
emission estimates for offshore oil and gas production sources in the WPA and CPA/EPA. Figures
C-5 through C-7 show the NO,, VOC, and PM,5 emissions from platform sources. Platform
sources include the following emission source types: amine units, boilers/heater/burners, diesel and
gasoline engines, drilling equipment, combustion flares, fugitives, glycol dehydrators, losses from
flashing, mud degassing, natural gas engines, natural gas turbines, pneumatic pumps,
pressure/level controllers, storage tanks, and cold vents.

Table C-3. Base Case Offshore Oil and Gas Production Source Emissions Estimates for the GOM
Western and Central/Eastern Planning Areas.

NOx SO, PMo | PM,s | VOC co Pb NH;
TPY) | (TPY) | (TPY) | (TPY) | (TPY) | (TPY) | (TPY) | (TPY)
Platform 84128 | 3197 838 835 | 54724 | 70339 <1 40
Sources
Non-platform | 545 765 | 00977 | 8632| 8225| 7937 | 41880| 701| 70,139
Sources
Total 316,893 | 26174 | 9470 | 9060 | 62661 | 112.219| 701| 70179
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Figure C-5. 2012 Platform NO, Emissions Aggregated by Lease Block. (Note: This figure does not
indicate the platform source count, location, or emissions at the time of publication of
the 2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.)
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Figure C-6. 2012 Platform VOC Emissions Aggregated by Lease Block. (Note: This figure does not
indicate the platform source count, location, or emissions at the time of publication of the
2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.)
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Figure C-7. 2012 Platform PM, s Emissions Aggregated by Lease Block. (Note: This figure does not
indicate the platform source count, location, or emissions at the time of publication of the
2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.)

C.3.6 Offshore Vessels

Offshore vessels can be grouped into vessels that support the construction, operation, and
decommissioning of oil and gas platforms; and vessels involved in other commercial, recreational,
and military operations. All marine vessels included in this study operate using diesel engines.
These include very large propulsion engines as well as smaller auxiliary diesel engines that provide
power for electricity generation, winches, pumps, and other onboard equipment. Smaller engines
tend to use distillate grade diesel fuel, while large engines are able to combust heavier residual
blends.

40 CFR § 1043.109(b) created the North American Emission Control Area (ECA), which
includes the Gulf of Mexico (USEPA, 2010). This regulation limits marine fuel sulfur content to 1%
after August 1, 2012, for any vessel with a gross tonnage greater than 400. Vessels below this
threshold tend to use distillate fuels, which are already at or below the 1% limit.
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C.3.6.1 Oil and Gas Production Support Vessels

The offshore oil and gas production sector requires a wide variety of vessels to support the
exploration, development, and extraction of oil and gas, including the following:

e seismic survey vessels;
e drilling vessels;

e pipe-laying vessels;

e crewboats; and

e supply vessels.

For the 2011 Gulfwide inventory, Automatic Identification System (AIS) data from PortVision
were used to map spatial aspects of vessel movements (PortVision, 2012). The AIS is an
automated tracking system that allows exchanges of location and contact data with other nearby
ships, offshore platforms, satellites, and AIS base stations, enhancing navigation and reducing
at-sea collisions.

On October 22, 2003, the U.S. harmonized the AIS mandates of the Safety of Life at Sea
Convention with the Maritime Transportation Security Act of 2002 (MTSA), which requires the
following vessels, including offshore support vessels, to participate in the AlS program:

(1) passenger vessels of 150 gross tonnage or more;
(2) tankers, regardless of tonnage; and

(3) vessels other than passenger vessels or tankers of 300 gross tonnage or more.

Vessels that do not meet these thresholds, such as crew boats and smaller support vessels,
can still participate in AIS on a voluntary basis. The Offshore Marine Service Association (OMSA) is
encouraging its membership to equip their vessels with AIS transponders, allowing for more efficient
and safer ship movements in the highly congested central and western areas of the Gulf of Mexico.

The ERG team used the spatially distributed support vessel emission estimates from
BOEM'’s 2011 Gulfwide inventory. While the USEPA 2011 NEI also includes marine vessel emission
estimates for the Gulf of Mexico, the emission estimates were derived from national vessel activity
data. During QA/QC of the 2011 BOEM Gulfwide estimates, ERG found and corrected an error in
the vessel power rating for a number of smaller vessels.

As discussed above for offshore oil and gas production platforms, the 2011 emission
estimates for these vessels were not adjusted to reflect 2012 production levels. SO, and PM
(associated with sulfates) were not adjusted to account for the introduction of low sulfur ECA
compliant fuel in the last 5 months of 2012 because it was determined that most support vessels are
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Category 1 or 2, which already use ECA compliant fuels. Emission estimates for NH; and Pb were
also developed for vessels. Table C-3 presents the base case emission estimates for drilling rigs,
pipe-laying operations, support helicopters, support vessels, and survey vessels. Figures C-8
through C-10 show the NO,, VOC, and PM, 5 emissions from non-platform sources.

Figure C-8. 2012 Non-platform NO, Emissions. (Note: This figure does not indicate the non-platform
source count, location, or emissions at the time of publication of the 2017-2022 GOM
Multisale EIS, from which this Supplemental EIS tiers.)



C-16 2018 Gulf of Mexico Supplemental EIS

Figure C-9. 2012 Non-platform VOC Emissions. (Note: This figure does not indicate the
non-platform source count, location, or emissions at the time of publication of the
2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.)
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Figure C-10. 2012 Non-platform PM,s Emissions. (Note: This figure does not indicate the
non-platform source count, location, or emissions at the time of publication of the
2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.)

The ERG team obtained drilling vessel data from BSEE to confirm that there was no drilling
activity in the eastern Gulf of Mexico OCS region in 2012, and reviewed the permits granted by the
USEPA for offshore platforms in the eastern Gulf of Mexico OCS region to confirm there were no
active production platform activities in 2012.

C.3.6.2 Non-Oil and Gas Production Offshore Vessels

Vessels not directly associated with the offshore oil and gas activities include the following:

e commercial marine vessels;

¢ Louisiana Offshore Oil Port-associated vessels;
e commercial and recreational fishing vessels;

o ferries;

e research vessels;
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e harbor craft; and

o military vessels.

Commercial marine vessels include large ships involved in international trade that visit
coastal ports and operate in deep waters, as well as smaller general cargo ships and tugs that move
barges along waterways and rivers. For the Federal waters of the central and western of the Gulf of
Mexico, the ERG team used the commercial marine vessel data from the 2011 Gulfwide inventory.
For completeness, for all other areas of the Gulf of Mexico, Atlantic Ocean, and State waters, the
USEPA'’s NEI data were used (which were developed from national vessel activity data as noted
above). These inventories cover different geographical areas than the BOEM inventory, as well as
different vessel types. BOEM'’s data include large deepwater vessels as does the USEPA data
beyond the Federal/State boundary, but they also include vessels such as ferries, dredging vessels,
tugs, towboats, and harbor craft that tend to operate only in State waters.

The Louisiana Offshore Oil Port (LOOP) is a pumping platform for tankers to discharge
imported crude oil to the mainland without having to maneuver through port traffic. Similarly, there
are four offshore lightering zones in the Gulf of Mexico (i.e., Southtex, Gulfmex No. 2, Offshore
Pascagoula No. 2, and South Sabine Point) where smaller shuttle tankers can move product from
very large crude carriers, bringing the oil to port while the large tankers remain off the coast.
Tankers that visit the LOOP or the lightering zones along with the shuttle tankers were identified in
the 2011 Gulfwide inventory. The inventory also accounts for evaporative emissions from unloading
and loading activities, and emissions from the operation of generators and pumps at the LOOP;
adjustments were made to the 2011 LOOP emission estimates to reflect the 18% decline in crude
imports in 2012.

Emissions from the operation of commercial and recreational fishing vessels are also
included in the 2011 Gulfwide inventory for Federal waters. These were supplemented with the
USEPA’s 2011 NEI data for these fishing vessels for operations in the Eastern Planning Area in the
Gulf of Mexico, Atlantic Ocean, and State waters. For military vessels, the ERG team used the 2011
Gulfwide inventory Navy and Coast Guard vessel emission estimates and the NEI's Coast Guard
emission estimates for State waters, as well as Federal waters in the eastern part of the Gulf of
Mexico and the Atlantic Coast. The ERG team conducted research to determine that activity levels
from 2011 to 2012 were similar for the other non-oil and gas vessels (e.g., tankers, container ships,
bulk, and general cargo). Based on the most recent International Maritime Organization data
(IMO, 2015), fuel combustion is projected to remain constant from 2010 to 2015. Thus, no
adjustments were needed to approximate activities in 2012.

The SO, and PM (associated with sulfates) emission estimates were adjusted for Category 3
vessels to account for the introduction of low sulfur ECA-compliant fuel in the last 5 months of 2012.
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C.3.7 Biogenic and Geogenic Sources

For completeness, it is important to include non-anthropogenic emission sources in the
inventory. The ERG team also estimated emissions for the sources listed below.

e Onshore vegetation (biogenic): MEGAN (version 2.1) biogenic emission model

o Wildfires, prescribed burns, and agricultural burning: USEPA’'s SMARTFIRE
emissions inventory for the U.S.

e Windblown dust: Windblown dust (WBD) modeling using the WRF
meteorological dataset

e Lightning: WRF data (preprocessor)
e Subsurface oil seeps: 2011 Gulfwide inventory
e Mud volcanoes: 2011 Gulfwide inventory

e Sea salt emissions: WRF data (preprocessor)

The ERG team used fire emission estimates from the National Center for Atmospheric
Research (NCAR) Fire INventory (FINN) for Mexico and Canada.

C.3.8 Sources in Mexico

The ERG team developed the 2012 emission inventories for the portions of Mexico within the
36-km modeling inventory domain using the municipality-level emission files from the 2008 Mexico
National Emissions Inventory (MNEI) (SEMARNAT, 2014) combined with projection factors for point,
nonpoint area, and nonroad mobile sources. Mexico onroad motor vehicle emissions were
generated using a version of the USEPA vehicle emissions model MOVES, updated to reflect
conditions in Mexico. MOVES2014 was the most recent version of the model available at the time of
the analysis and reflects USEPA’s latest estimate of vehicle emissions and default U.S. activity data
(USEPA, 2014c). The ERG also conducted research on the offshore oil production activities off the
coast of Mexico. Based on a report published by the Congressional Research Service, it was
determined that there was no offshore production within the 36-km modeling domain in 2012 (Seelke
et al., 2015).

C.3.9 Sources in Canada

Emissions from the USEPA’s most recent modeling platform (2010) were used for sources in
Canada.

C.4 FUTURE YEAR MODELING SCENARIO EMISSION ESTIMATES

Emission estimates were also needed as inputs for additional modeling scenarios that will
predict future impacts from implementation of the 2017-2022 GOM Multisale EIS, from which this
Supplemental EIS tiers. For modeling the future year impacts, the ERG team forecast emissions
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estimates based on information provided by BOEM, combined with USEPA projected emission
estimates and other data for onshore sources and marine vessels and other sources outside of the
GOM region. The ERG team confirmed that offshore drilling in the EPA under USEPA air quality
jurisdiction is included in BOEM’s 2017-2022 Outer Continental Shelf Oil and Gas Leasing:
Proposed Final Program (Five-Year Program) spreadsheets. The ERG also reviewed the USEPA’s
offshore oil and gas production permits to confirm that no production platforms were permitted to be
constructed prior to or during 2017. Projected emission estimates were developed for anticipated
offshore drilling off the coast of Mexico.

C.4.1 Western, Central, and Eastern Planning Areas OCS Offshore Oil and Gas
Production Sources

The ERG team developed annual emission estimates for all categories and pollutants for
each year of activity for OCS offshore oil and gas production sources associated with the Five-Year
Program using BOEM'’s spreadsheet-based data analyses tools. BOEM provided information on the
predicted levels of activity, sources, and locations (by planning area and water depth) to depict
offshore oil and gas activities in the future scenario. The emissions estimates are based on a
mid-price oil case scenario and cover the WPA, CPA, and EPA, which are under BOEM’s
jurisdiction.

After completion of the OCS offshore oil and gas production source emission estimates, the
resulting cumulative emissions for each pollutant were assessed to determine which emission
estimates should be selected for PGM modeling to support the cumulative and visibility impacts
analyses.

Based on information provided by BOEM, it was assumed that emissions for the following
sources occur during the total period of proposed activity based on the 2017-2022 GOM Multisale
EIS scenario (2017-2056)", from which this Supplemental EIS tiers:

e exploration and delineation well drilling activities (1,671 wells drilled);

e development and production well drilling activities (1,135 wells drilled);

e platform installation activities (535 platforms installed);

e FPSO installation (1 FPSO installed);

e FPSO operation (1 FPSO operating);

e FPSO removal (1 FPSO removed);

e pipeline installation excluding State waters (7,251 km of pipeline installed);

! Excluding the Gulf of Mexico Energy Security Act (GOMESA) moratorium area.
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e platform oil and gas production (535 platforms in operation);
e platform removal (535 platforms removed);
e support helicopters (642,000 round trips); and

e support vessels (1,062,000 operations).

The BOEM data analyses tools provide information on each of these anticipated activities by
year, as well as water depth. The anticipated water depths by planning area were used to spatially
allocate the emissions.

The ERG used this information to develop emission estimates for each source category
based on emission estimation methods used in past Gulfwide emissions inventory studies and other
data compiled for BOEM in order to determine which estimates should be selected for
photochemical modeling to support the cumulative and visibility impacts analyses.

The following sections discuss the emission estimation methods that the ERG team used to
estimate emissions for the BOEM oil and gas production sources in the future scenario.

C.4.1.1 Oil and Natural Gas Offshore Production Platforms

In order to develop reasonably foreseeable emission estimates for projected oil and natural
gas production platforms, the emission factors presented in Table C-4 were developed based on the
2011 Gulfwide inventory (Wilson et al., 2014). Because deepwater operations may significantly
differ from conventional operations in shallower waters, are technologically more sophisticated, and
produce at much higher rates, two sets of emission factors were developed and assigned to each
projected platform based on water depth. Depths below 200 meters (656 feet) were assigned the
shallow-water emission factors, and depths above were assigned deepwater emission factors.

Emission estimates for platform sources were developed based on platform installation and
carried forward until the projected platform removal dates (provided by planning area and water
depth).

Table C-4. Future Year Production Platform Emission Factors.

Shallow Water Deepwater
Pollutant Emission Factors (<200 m) Emission Factors (>200 m)
(tons/platform/yr) (tons/platform/yr)

CcO 56 192
NO, 46 582
PM;o-PRI 0.5 517
PM,s-PRI 0.50 5.15
SO, 0.51 44
VOC 22 96
Pb 2.38E-05 3.79E-03
NH;3 0.0349 0.49

Source: Developed from the Year 2011 Gulfwide Emissions Inventory (Wilson et al., 2014).
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C.4.1.2 Offshore Support Helicopters

The ERG team obtained helicopter emission factors from the Switzerland Federal Office of
Civil Aviation (FOCA) Guidance on Determination of Helicopter Emissions (FOCA, 2009). However,
the landing and takeoff (LTO) cycle used by FOCA was determined to be too short for typical trips
taken in the Gulf of Mexico. The time-in-mode values were therefore adjusted based on the
International Civil Aviation Organization (ICAQ) test cycles, which are considered to be appropriate
for offshore operations in the Gulf of Mexico. Because the future fleet mix is unknown, ERG
weighted the emission factors using fleet profile data from the Helicopter Safety Advisory
Conference (HSAC, 2015). The VOC emission factors were developed by converting the
hydrocarbon (HC) emission factors using data from the USEPA’s Procedures for Emission Inventory
Preparation Volume IV: Mobile Sources (USEPA, 1992). The aggregated general aviation
conversion factor of 1.0631 for turbine engines was used because the GOM support helicopter fleet
is primarily equipped with turbine engines. The PM, 5 emission factors were speciated from PM;q
factors using USEPA aircraft speciation data, and the SO, emission factors were developed based
on a typical jet fuel sulfur concentration of 0.05% (UNEP, 2012).

C.4.1.3 Oil and Gas Production Offshore Support Vessels

Four components are needed to estimate future offshore vessel emissions:

e vessel characteristics (engine power and speed);
e engine operating load (percent of maximum engine power);

e hours of operation (typically determined by the distance the vessel travels divided
by the vessel speed); and

e appropriate emission factors (grams per kW-hr).

Because there is uncertainty about the location of future activities, it was assumed that a
typical vessel trip is 200 nautical miles, which is the round-trip distance from shore to the mid-point of
Federal waters.

In projecting future year activity, it is not always possible to identify specific vessels that will
be used. Therefore, the use of larger vessels that represent the upper bound of each vessel type
was assumed, such that actual future year emissions should be similar to or lower than emission
estimates developed using this fleet profile. These vessels were identified based on data compiled
from the Information Handling Service (IHS) Register of Ships (IHS, 2015). Vessels from the global
fleet were used because these larger ships move internationally based on local demand. It should
also be noted that these larger vessels tend to be involved in deepwater activities because they are
designed for extended open-water operations. As trends to develop deeper water locations in the
Gulf of Mexico continue into the future, it is likely that these larger or similar vessels will support
future year activities.
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The selected vessels and their characteristics are presented in Table C-5. In order to
correctly match the vessel to the appropriate emission factors, the vessel engine category is
required. The USEPA vessel category was determined by calculating the cylinder volume based on
the stroke length and diameter of the cylinder. The USEPA categories are defined by the following
cylinder volumes:

e Category 1: Cylinder displacement less than 5 liters;

e Category 2: Cylinder displacement from 5 to 30 liters; and

e Category 3: Cylinder displacement greater than 30 liters.

If a vessel’s cylinder volume was unknown, it was assumed that the vessel was powered by
a Category 3 propulsion engine. It should also be noted that all of the selected vessels are foreign

flagged, but it is assumed that they refuel using U.S.-regulated marine fuels as they shift equipment
and supplies from nearby U.S. ports.

Table C-5. Summary of Vessel Characteristics.
Vessel Type Total I\élf\;C)Power Vessel Name Propglasggolf;gme (?(22?5
Drillship 48,666 So""a.” 3 12
enaissance
Jackup 12,485 Bob Palmer 2
(auxiliary) Not self-propelled
Platform Rig 8,100 Nabors Mods 087 2
(auxiliary) Not self-propelled
Semisubmersible 22,371 ENSCO 7500 2 3.5
Submersible 3,691 Hercules 78 2
(auxiliary) Not self-propelled
1 Terra Nova
FPSO 14,110 FPSO 2 12.0
FSO 51,519 Africa 3 16.5
Stimulation Vessel 15,840 Norshore Atlantic 2 14
Oil Tanker 13,369 SPT Explorer 3 15
C”Chm Handling 27,000 KL Sandefjord 3 17
essel
Crew Boat 11,520 R. J. Coco 3 23
Mccall
Supply Vessel 18,000 Aleksey Chirikov 3 15
Tug Boat 19,990 Yury Topchev 3 15
Pipe-Laying Vessel 67,200 Castorone 3 14

' Only distillate oil main engine kW included (430 kW & 2 x 6840 kW). Topside emissions are
included in the deepwater production platform estimates.

A vessel’'s engine power varies relative to the type of operation that is implemented. While
cruising in open waters, the propulsion engine load is typically 84% of maximum load; during
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maneuvering, it can be 60% or lower; and when stationary,. it can be 10% or lower. Table C-6
presents the aggregated load factors that will be used in this Study for propulsion and auxiliary
engines.

Table C-6. Load Factors to be Used in the Future Year Projections.

Vessel Type Load Factor

Propulsion Cruising 0.8-0.85
Propulsion Idle 0.1
Propulsion Crew/Supply Boat 0.45
Propulsion Drill Ship and Semi-Submersible 0.83
Propulsion Pipe-Laying Vessel 0.16
Propulsion Tug 0.68
Aucxiliary Emergency Generator 0.75
Drilling Equipment 1

The future year emission factors were developed in terms of grams of pollutant emitted per
load-adjusted engine kW-hours based on the emission factors used in the USEPA’s 2014 NEI
(Table C-7). The factors presented below are applicable for foreign-flagged vessels that are not
required to comply with USEPA exhaust standards but that must comply with international Emission
Control Area (ECA) standards. These future year factors account for the reduction in fuel sulfur level
associated with the ECA. Because Category 2 foreign-flagged offshore support vessels will be
refueling at U.S. ports, it was anticipated that these vessels will use low sulfur compliant U.S. fuels.
Also, the NO, emission factors were adjusted to account for the 2016 ECA Tier Ill standard that
requires high efficiency, after-treatment technology, and is applicable for U.S. and foreign-flagged
vessels. The Category 3 PM emission factors were not adjusted to account for reductions in PM as
sulfate compounds because the USEPA’s adjustment equation provided a PM factor lower than the
PM emission factor for Category 2 powered vessels.

Table C-7. Marine Vessel Emission Factors (g/kW-hr).

Engine Category NO, SO, PMio PM, 5 VOC CcoO HC NH; Pb
2 3.4 0.006 | 0.320 0.310 0.141 | 2.48 | 0.13 | 0.005 | 0.00003
3 34 0.362 | 0.450 0.437 0.632 | 140 | 0.60 | 0.003 | 0.00003

Source: USEPA, 2016b.

C.4.1.4 Future Year Emission Estimates and Selection of Future Modeling Year

The emission estimates developed for the future BOEM oil and gas production sources were
reviewed to determine the most suitable future year emissions to model. The PGM modeling for the
cumulative and visibility impacts analysis was conducted based on the emissions anticipated to have
the greatest impact on the air quality of any state. This was determined based on the estimated
annual emission trends. The future highest NO, emission year for all activities in all planning areas
coincided with the highest PM, CO, NHj3;, and Pb emissions. These emissions are driven by support
vessel activity for the most part. The future highest VOC emission year for all activities in all
planning areas coincided with the highest SO, emissions and is driven by production platform
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emissions. Table C-8 presents the resulting emission estimates, and Figure C-11 presents a
graphical depiction of the annual emission estimates for all pollutants. Figures C-12 through C-14
present graphical depictions of the annual emission estimates for NO,, VOC, and PM, 5 by source
category.

It was concluded that BOEM would model the activity data and resulting emission estimates
for year 2033 for non-platform sources, and year 2036 activity data and resulting emission estimates
for platform sources.

Table C-8. Emission Estimates for the Western, Central, and Eastern Planning Areas, All Depths, By
Year and Pollutant.

Vear | NO, SO, PM;o PM, 5 VOC Co Pb NH,

(TPY) (TPY) (TPY) (TPY) (TPY) (TPY) | (TPY) | (TPY)
2017 | 3,693 40 360 349 200 2,591 0.03 10
2018 | 19,328 118 1,813 1,759 1,213 | 14,058 0.17 80
2019 | 34,958 158 3,199 3,104 2,150 | 25,462 0.30 98
2020 | 46,119 268 4,124 4,001 3,042 | 33,293 0.39 111
2021 | 50,126 379 4,368 4,238 3,807 | 35,937 0.42 125
2022 | 54,328 446 4,605 4,469 4,535 | 38,906 0.45 139
2023 | 57,639 527 4,888 4,743 5311 | 41,426 0.48 154
2024 | 59,979 484 5,030 4,881 5872 | 43,637 0.49 170
2025 | 64,527 523 5,413 5,252 6,543 | 47,198 0.53 189
2026 | 70,601 598 5,870 5,696 7510 | 51,762 0.57 209
2027 | 76,146 704 6,305 6,118 8,419 | 55747 0.61 228
2028 | 79,863 742 6,609 6,414 9,125 | 58,701 0.64 244
2029 | 85277 803 7,012 6,805 10,034 | 62,750 0.68 262
2030 | 90,332 876 7,381 7,163 11,010 | 66,523 0.72 280
2031 | 97,123 984 7,860 7,628 12,185 | 71,365 0.77 298
2032 | 100,564 1,022 8,057 7,820 13,228 | 74,107 0.79 315
2033 | 108,447 1,199 8,590 8,338 14,709 | 79,486 0.85 334
2034 | 101,673 1,193 7,919 7,687 14,939 | 74,742 0.79 329
2035 | 102,443 1,253 7,923 7,691 15484 | 75,167 0.79 327
2036 | 103,354 1,395 7,865 7,635 15,940 | 75,096 0.79 318
2037 | 96,715 1,343 7,274 7,062 15,254 | 70,088 0.74 298
2038 | 92,539 1,327 6,935 6,732 14560 | 66,732 0.71 283
2039 | 84,787 1,280 6,269 6,087 13,443 | 60,725 0.65 247
2040 | 79,475 1,235 5,841 5,672 12,317 | 56,455 0.61 226
2041 | 77,705 1,294 5,652 5,488 11,544 | 54,267 0.60 209
2042 | 71,710 1,292 5,110 4,962 10,485 | 49,266 0.55 187
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Table C-8. Emission Estimates for the Western, Central, and Eastern Planning Areas, All Depths, By
Year and Pollutant. (continued).

vear | NO, SO, PM;o PM,s VOC CO Pb NH;
(TPY) (TPY) (TPY) (TPY) (TPY) (TPY) | (TPY) | (TPY)
2043 | 51,254 1,094 3,390 3,293 8,643 | 34,736 0.38 157
2044 | 46,692 1,077 3,018 2,932 7,842 | 31,076 0.35 143
2045 | 42,933 1,009 2,752 2,673 7,115 | 28,358 0.32 128
2046 | 39,227 974 2,433 2,364 6,492 | 25,503 0.29 117
2047 | 37,540 965 2,313 2,247 6,006 | 24,050 0.28 108
2048 | 34,738 954 2,083 2,024 5495 | 21,808 0.26 98
2049 | 32,995 904 1,995 1,939 5020 | 20,615 0.25 90
2050 | 28,873 849 1,688 1,640 4,403 | 17,665 0.22 82
2051 | 26,286 796 1,524 1,481 3,872 | 15,834 0.20 73
2052 | 24,303 747 1,406 1,367 3,475 | 14,510 0.18 67
2053 | 15,585 598 757 737 2,610 8,716 0.11 23
2054 | 13,131 592 542 527 2,333 6,838 0.09 17
2055 | 12,062 502 548 533 2,010 6,479 0.09 16
2056 | 10,119 453 434 422 1,615 5,185 0.07 12
2057 | 9,083 450 340 331 1,528 4,407 0.06 9
2058 | 8,519 405 344 335 1,321 4,185 0.06 8
2059 | 7,182 316 321 313 1,031 3,653 0.05 7
2060 | 6,052 314 215 209 984 2,829 0.04 5
2061 | 5,765 270 237 231 877 2,852 0.04 5
2062 | 5,075 268 180 176 760 2,305 0.04 4
2063 | 4,614 224 186 181 646 2,201 0.03 3
2064 | 3,524 136 183 178 433 1,872 0.03 2
2065 | 1,906 46 130 126 175 1,157 0.02 1
2066 | 1,392 46 81 79 153 782 0.01 1

' Bold numbers are the highest emissions per year per pollutant. These were the amounts modeled.
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Figure C-11. Emission Estimates for all Planning Areas and Future Activities.

Figure C-12. Combined Annual NO, Emissions.
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Figure C-13. Combined Annual VOC Emissions.

Figure C-14. Combined Annual PM, s Emissions.

C.4.1.5 Spatial Allocation

The estimated emissions were allocated by planning area (WPA vs. CPA/EPA) and water
depth (i.e., 0-60 m, 60-200 m, 200-800 m, 800-1,600 m, 1,600-2,400 m, and >2,400 m).
Figure C-15 depicts the planning area boundaries and water depth contours. (Note that the
GOMESA Congressional Moratoria Area is not indicated in Figure C-15.) Emissions were not
allocated to the GOMESA. The emission estimates were allocated spatially based on the
anticipated future year activities provided by BOEM. Because helicopters, support vessels, and
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tankers transit multiple water depths, their emissions were allocated across multiple water depth
contours based on assumed installed platform locations.

Figure C-15. BOEM OCS Planning Areas and Water Depths.

For some sources, emissions were assigned to unleased blocks in each area (i.e., WPA and
CPA/EPA) relative to the water depth where the activity is anticipated to occur. These categories
include the following:

e exploratory drilling vessels;
e development/production drilling vessels; and

e production platforms.

Production platforms were located as point sources with randomly selected locations. Using
GIS, each lease block in the Gulf of Mexico was assigned to a water depth bin. Blocks with an
active lease and that have contained a platform were then removed. Blocks that have had a
platform suggest that they were leased at some point in time, and therefore are less desirable for
future exploration. Once the inactive blocks with no history of production were identified, random
blocks were selected throughout each water depth for each future platform as depicted in
Figure C-15. Each platform was placed in a separate block at the centroid. Pipe-laying vessel
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activities were assigned to leased and unleased blocks as their operations were not limited to just
the unleased blocks.

Emissions associated with BOEM’s existing OCS oil and gas production sources were held
constant at 2012 levels.

C.4.2 Onshore Sources and Marine Vessels

In support of the proposed ozone NAAQS revisions, the USEPA released the 2011 air quality
modeling platform (2011v6.1), with projections to 2018 and 2025, for point, nonpoint area, and
mobile sources in the United States (USEPA, 2014d). In addition, the USEPA released the 2011 air
quality modeling platform (2011v6.2), with projections to 2017, to support ozone transport modeling
for the 2008 NAAQS as well as the 2015 ozone NAAQS (USEPA, 2015d). In early October, 2015,
the USEPA also released the 2011v6.2 calendar year 2025 projected inventory (USEPA, 2015d).
The ERG team used the 2011v6.2 platform for calendar year 2017, primarily because the platform is
based on the most recent version of the NEI (2011v.2). Calendar year 2017 data were selected
rather than 2025 data because there is less uncertainty associated with the 2017 estimated
emissions because most of the controls factored in by the USEPA are already “on the books” and
not speculative. The Technical Support Document (TSD) Preparation of Emissions Inventories for
the Version 6.2, 2011 Emissions Modeling Platform (USEPA, 2015d) provides details on the
development of the 2011v6.2 future year modeling platforms.

C.4.3 Other Sources

For sources in Mexico, the USEPA air quality modeling platform 2011v6.2 includes projected
2018 emissions for onshore sources. The USEPA held emissions constant for sources in Canada.

For completeness, projected emissions estimates were also developed for platforms off the
coast of Mexico; the ERG team researched the impacts of the restructuring of the energy sector in
Mexico, which is predicted to include deepwater drilling within the modeling domain. Emissions were
estimated based on projected deepwater production (PEMEX, 2012) and using production-based
emission factors developed from the 2011 Gulfwide Inventory (Wilson et al., 2014).

For the LOOP and vessel lightering, emissions were held at 2012 levels because of
uncertainties in future crude oil imports, which involve the very large crude carriers that visit the
LOOP and lightering zones. The ERG team also investigated the need to include a liquefied natural
gas (LNG) port to be located in Federal waters and originally expected to be operational in 2019. On
September 18, 2015, however, the Maritime Administration (MARAD) and the U.S. Coast Guard
stopped the permit application process, as Delphin LNG, LLC is amending the application. This
potential source was not included in the future scenario given this uncertainty.



Air Quality: Emissions for the Cumulative and Visibility Impacts C-31

C.5 SOURCE APPORTIONMENT

Source apportionment, as applied in PGM modeling, provides a means of assessing the
contributions of specified sources or source groups to predicted ozone and PM concentrations under
the air quality conditions being simulated. Source contributions can be calculated for ozone and for
PM using ozone or PM source apportionment routines included in the CAMx PGM modeling. In this
Study, the primary receptor locations of interest for examining source contributions lie both along the
shoreline and the State seaward boundary, although the PGM source apportionment output is for the
entire modeling domain. Source apportionment analyses with the PGM will be applied to the future
year scenario in order to analyze the pre- and postlease OCS oil and gas impacts to short-term and
annual NAAQS. This will afford BOEM the opportunity to discern which source groups have the
largest impacts and potentially need to be examined for control strategies. BOEM selected the
following source groups for source apportionment:

o fires (U.S., Canada, and Mexico);

e biogenic and other natural sources (e.g., lighting NO, and sea salt);

e additional BOEM OCS oil and gas production platforms associated with the Five-
Year Program;

e additional BOEM oil and gas production support vessels and helicopters
associated with the Five-Year Program;

e BOEM OCS oil and gas production platforms, support vessels, and helicopters
under No Action (base case) alternative;

o all other marine vessel activity in the Gulf of Mexico;
e other anthropogenic U.S. sources;
e Mexican and Canadian anthropogenic sources; and

¢ initial and boundary conditions (IC and BC).

These source groups aggregate similar sources based on jurisdiction (i.e., sources under
BOEM control versus other Federal agencies) and sources beyond control (e.g., natural emission
sources and foreign sources). This is helpful in showing whether BOEM'’s sources are significantly
contributing to any modeled air quality issues onshore and at the State seaward boundary, or if a
source category regulated by another Federal agency is the more likely the problem source.

Having the additional OCS oil and gas production platforms, support vessels, and helicopters
associated with the scenarios for the 2017-2022 GOM Multisale EIS and this Supplemental EIS as
separate source groups allows BOEM to quantify the impact of these sources on the onshore air
quality and at the State seaward boundary.
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D AIR QUALITY: CUMULATIVE AND VISIBILITY IMPACTS
D.1 INTRODUCTION

The U.S. Department of the Interior's Bureau of Ocean Energy Management (BOEM) is
required under the Outer Continental Shelf Lands Act (OCSLA) (43 U.S.C. § 1334(a)(8)) to comply
with the National Ambient Air Quality Standards (NAAQS) to the extent that Outer Continental Shelf
(OCS) offshore oil and gas exploration, development, and production sources do not significantly
affect the air quality of any state. The Gulf of Mexico OCS Region’s area of possible influence
includes the States of Texas, Louisiana, Mississippi, Alabama, and Florida. BOEM'’s Gulf of Mexico
OCS Region manages the responsible development of oil, gas, and mineral resources for the
430 million acres in the Western, Central, and Eastern Planning Areas (WPA, CPA, and EPA) on the
OCS comprising the Gulf of Mexico region, including the areas under moratoria (shown in
Figure D-1). The Clean Air Act Amendments (CAAA) of 1990 designate air quality authorities in the
Gulf of Mexico OCS Region, giving BOEM air quality jurisdiction westward of 87°30'W. longitude and
the U.S. Environmental Protection Agency (USEPA) air quality jurisdiction eastward of 87°30'W.
longitude. In 2006, oil and gas leasing operations within 125 miles (201 kilometers [km]) off the
Florida coastline were placed under moratoria until 2022 under the Gulf of Mexico Energy Security
Act (GOMESA). The GOMESA moratoria area is depicted on Figure D-1.

Figure D-1. Location of the “Air Quality Modeling in the Gulf of Mexico Region” Study,
with Class | Areas (purple).

BOEM published the Gulf of Mexico OCS Oil and Gas Lease Sales: 2017-2022; Gulf of
Mexico Lease Sales 249, 250, 251, 252, 253, 254, 256, 257, 259, and 261—Final Multisale
Environmental Impact Statement (2017-2022 GOM Multisale EIS) and has prepared the Gulf of
Mexico Outer Continental Shelf Lease Sale: Final Supplemental Environmental Impact Statement
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2018 (2018 GOM Supplemental EIS) for oil and gas resources under its jurisdiction within the Gulf of
Mexico’'s WPA, CPA, and EPA (the Proposed Action).

On August 26, 2014, BOEM contracted with Eastern Research Group, Inc. (ERG) and team
members Ramboll Environ US Corporation (Ramboll Environ) and Alpine Geophysics, LLC (Alpine)
to complete a comprehensive air quality modeling study in the Gulf of Mexico OCS region. Under
BOEM Contract Number M14PC00007, “Air Quality Modeling in the Gulf of Mexico Region,”
photochemical air quality modeling was conducted to assess impacts to nearby states of OCS oil
and gas exploration, development, and production as required under OCSLA. This assessment was
used by BOEM to disclose potential incremental and cumulative air quality impacts of a proposed
action in the 2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers. This Technical
Support Document (TSD) provides a detailed description of the data, modeling procedures, and
results of the Air Quality Impact Analysis (AQIA). BOEM used this information to complete its
analysis of potential impacts of a proposed action on air quality in the 2017-2022 GOM Multisale
EIS, from which this Supplemental EIS tiers.

D.1.1 Background on Air Quality Impact Analyses and Thresholds

This analysis examines the potential impacts of the 2017-2022 GOM Multisale EIS scenario,
from which this Supplemental EIS tiers, with respect to the following:

o the NAAQS for the criteria pollutants ozone (O3), nitrogen dioxide (NO,), sulfur
dioxide (SO,), carbon monoxide (CO), fine particulate matter with aerodynamic
diameter less than 2.5 ym (PM,5) and fine plus coarse particulate matter with
aerodynamic diameters less than 10 ym (PMyy);

e air quality related values (AQRYV), including visibility and acid deposition (sulfur
and nitrogen) in nearby Class | and sensitive Class Il areas (as defined below);
and

e incremental impacts of Prevention of Significant Deterioration (PSD) pollutants
(NO3, PM4g, PM, 5) with respect to PSD Class | and Class Il increments.

Note that the PSD increments are provided here for information purposes, but this analysis
does not constitute a regulatory PSD increment consumption analysis as would be required for
major sources subject to the New Source Review (NSR) program requirements of the Clean Air Act.

Results of each impact analysis are compared with applicable “thresholds of concern,” which
have typically been used in air quality impact evaluations of other Federal actions, including onshore
oil and gas leasing programs. The applicable comparison thresholds for criteria pollutant impacts
are the corresponding NAAQS. For acid (i.e., sulfur and nitrogen) deposition impacts, thresholds are
based on (a) incremental impacts considered sufficiently small as to have no consequential effect on
the receiving ecosystems, i.e., Deposition Analysis Thresholds, and (b) critical load levels above
which cumulative ecosystem effects are likely to or have been observed. For visibility impacts,
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thresholds are based on incremental changes in light extinction below the level at which they would
be noticeable to the average human observer. Additional information about these various thresholds
is provided in relevant sections in the remainder of this appendix.

D.1.1.1 Ambient Air Quality Standards

The USEPA has set NAAQS for six regulated air quality pollutants: ozone, particle pollution
(PM25 and PMyg), SO,, NO,, CO, and lead (Pb). After promulgation of a NAAQS, the USEPA
designates areas that fail to achieve the NAAQS as nonattainment areas (NAAs), and States are
required to submit State Implementation Plans (SIPs) to the USEPA that contain emission control
plans and a demonstration that the NAA will achieve the NAAQS by the required date. After an area
comes into attainment of the NAAQS, the area can be redesignated as a maintenance area and
must continue to demonstrate compliance with the NAAQS.

In 1997, the USEPA promulgated the first 8-hour ozone NAAQS with a threshold of
0.08 parts per million (ppm) (84 parts per billion [ppb]). On March 12, 2008, the USEPA
promulgated a more stringent 0.075 ppm (75 ppb) 8-hour ozone NAAQS. Figure D-2 presents the
current ozone nonattainment areas in the southeastern U.S. On October 1, 2015, the USEPA
strengthened the 8-hour NAAQS for ozone to 0.07 ppm (70 ppb). Under this more stringent ozone
NAAQS, there may be more areas in the southeastern U.S. that will be in nonattainment. The
USEPA plans to make attainment and nonattainment designations for the revised standards by
October 2017, with the designations based on 2014-2016 air quality data.

On December 14, 2012, the USEPA revised the PM, s primary NAAQS by lowering the
annual PM,s NAAQS threshold from 15.0 micrograms per cubic meter (ug/m®) to 12.0 ug/m®. The
USEPA retained the 24-hour PM, 5 primary NAAQS at 35 ug/m®. The 24-hour course PM NAAQS
(PM,) was also retained at 150 pg/m®.

Figure D-2. Ozone Nonattainment Areas in the Southeastern U.S. (Source: USEPA, 2016;
https://www3.epa.gov/airquality/greenbook/map8hr_2008.html).
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In February 2010, the USEPA issued a new 1-hour NO, NAAQS with a threshold of 100 ppb
(98™ percentile daily maximum 1-hour average averaged over 3 years) and a new 1-hour SO,
NAAQS was promulgated in June 2010 with a threshold of 75 ppb (99" percentile daily maximum
1-hour average averaged over 3 years). No areas are currently in nonattainment of either the
annual or 1-hour NO, NAAQS. On July 25, 2013, the USEPA designated 29 areas in 16 states as
nonattainment for the 1-hour SO, standard." In June 2016, four additional areas were designated as
nonattainment (Madison and Williamson Counties in southern lllinois, Anne Arundel-Baltimore
Counties in Maryland and St. Clair County in Michigan).? The USEPA is currently in the process of
gathering more information needed to complete designation of remaining unclassifiable areas with
respect to the 1-hour SO, NAAQS.

A new lead NAAQS was issued in 2008; NAAs for lead are associated with specific industrial
sources. As oil and gas sources in the Gulf of Mexico OCS region produce negligible amounts of
lead emissions and to be consistent with onshore oil and gas analysis, which does not include lead,
lead emissions were calculated but lead was not included in the air quality analysis. The NAAQS for
carbon monoxide has remained essentially unchanged since it was originally promulgated in 1971.
As of September 27, 2010, all NAAs for carbon monoxide have been redesignated as maintenance
areas.

Table D-1 summarizes the nonattainment and maintenance areas in the southeastern U.S.
SO, and lead NAAs are focused around specific large industrial sources of SO, or lead emissions,
whereas ozone nonattainment areas are more regional in nature, reflecting the formation of ozone
as a secondary pollutant from emissions of NO, and VOC precursors from a wide range of sources.

Table D-1.  Nonattainment and Maintenance Areas in the Southeastern U.S.
State Area ?1?929?; ?2%2)?)3 (280%) (1%(7)1) (Iiggg)
Alabama | Troy, AL NAA?
Tampa, FL NAA
Florida Hillsborough County, FL NAA
Nassau County, FL NAA
Lovisiana |_B2ton Rouge, LA M° NAA
St. Bernard Parish, LA NAA
Beaumont-Port Arthur, TX M
Toas | fossonabesin |
Frisco, TX NAA

@ NAA = nonattainment area.
® M = maintenance area.
Blank cells indicate the area is in attainment of the NAAQS.

! https://www.epa.gov/sites/production/files/2016-03/documents/20130725fs.pdf
2 https://www.epa.gov/sites/production/files/2016-06/documents/so2d-r2-area-list.pdf
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D.1.1.2 Air Quality-Related Values

The CAAA designated 156 Class | areas consisting of National Parks and Wilderness Areas
that are offered special protection for air quality and AQRVs. The Class | areas, compared to Class
Il areas, have lower PSD increments that new sources may not exceed and are protected against
excessive increases in several AQRVs including visibility impairment, acid (sulfur and nitrogen)
deposition, and nitrogen eutrophication. The Regional Haze Rule (RHR) specifies a goal of
achieving “natural” visibility conditions by 2064 in Class | areas, and States must submit RHR SIPs
that demonstrate progress towards that goal. Figure D-1 displays the locations of the mandatory
Class | areas (in purple) in the Gulf of Mexico OCS region.

In addition to the Class | areas described above, Federal Land Management (FLM) agencies
have designated certain other areas as Class Il sensitive areas for tracking PSD increment
consumption and AQRV impacts. Sensitive Class Il areas in the southeastern U.S. study region are
shown in Figure D-3.

Figure D-3. Class | and Sensitive Class Il Areas in the Study Region. (Note: The South Atlantic
Planning Area was removed from the Five-Year Program.)
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D.1.2 Overview of Approach

The Comprehensive Air-quality Model with extensions (CAMx; www.camx.com) and
Community Multiscale Air Quality (CMAQ); https://www.cmascenter.org/cmaq/) Photochemical Grid
Models (PGMs) were used to simulate the dispersion and chemical transformation of pollutants over
the Study area. Similar to other air quality models, CAMx/CMAQ require several input datasets,
including meteorology and an emissions inventory. Figure D-4 presents an overview of how these
project datasets fit together for the “Air Quality Modeling in the Gulf of Mexico OCS Region” study.
Preparation of the required meteorological and emissions data is described briefly in this TSD, along
with references to more detailed reports.

Photochemical modeling was conducted for two emission scenarios:

e a base case scenario using the 2012 base year (BY) emissions inventory
described in Section D.3 was used to evaluate model performance and to define
current baseline air quality conditions; and

e a future year development scenario (FY) using an emissions inventory that
includes potential new sources associated with the 2017-2022 GOM Multisale
EIS, from which this Supplemental EIS tiers, and projections of emissions to
2017 for all other sources as described in Section D.3 was used to estimate the
cumulative and incremental air quality and AQRV impacts of the 2017-2022
GOM Multisale EIS scenario, from which this Supplemental EIS tiers.

Note that both scenarios used the same meteorological dataset and the same photochemical
model configuration.

Figure D-4. Overview of the “Air Quality Modeling in the
Gulf of Mexico Region” Study Tasks (note
that the meteorological model takes
meteorological observations as inputs).


file://ISENOLNA04/Groups/LE/Shared/NEPA/GOM%20Multisale%20EIS%202017-2022/SME%20files/Chapter%204/Metcalf/AIR%20QUALITY/www.camx.com
https://www.cmascenter.org/cmaq/
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D.2 METEOROLOGY

Meteorological datasets required to determine the rate that pollutants disperse and react in
the atmosphere include spatially and temporally varying parameters such as wind speed, wind
direction, air temperature, and humidity, among others. Sources of meteorological information
include datasets of measurements gathered at various locations within the Gulf of Mexico OCS
Region domain. However, the spatial coverage of measurements is insufficient to describe the
three-dimensional structure of the atmosphere away from measurement locations. Using
measurement data as inputs, gridded meteorological models capable of simulating the fluid
dynamics of the atmospheric can be used to estimate meteorological conditions over a complete
modeling domain—including regions far from measurement sites—in a physically consistent fashion.
Results of these meteorological models provide the inputs needed to exercise the photochemical
grid air quality dispersion models used in this Study. For this “Air Quality Modeling in the Gulf of
Mexico Region” study, the Advanced Research version of the Weather and Research Forecasting
(WRF) model (version 3.7) was applied over a system of nested modeling grids. Figure D-5 shows
the WRF modeling grids at horizontal resolutions of 36, 12, and 4 km. All WRF grids were defined
on a Lambert Conformal Conic (LCC) projection centered at 40°N. latitude, 97°W. longitude with true
latitudes at 33°N. and 45°N. (the “standard RPO” projection). The outermost domain (outer box)
with 36-km resolution includes the entire continental U.S. and parts of Canada and Mexico, and
captures synoptic-scale (storm system-scale) structures in the atmosphere. The inner
12-km regional grid (d02) covers the southeastern U.S. and is used to ensure that large-scale
meteorological patterns across the region are adequately represented and to provide boundary
conditions to the 4-km domain. The 4-km domain (d03) is centered on the coastal areas of the
southeastern U.S. and over-water portions of the Gulf of Mexico.
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Figure D-5. Meteorological (WRF model) and PGM Modeling Domains
Including the 36-km Horizontal Grid Resolution CONUS WRF
Domain (outer box), 12-km Resolution Southeast Regional WRF
(white) and PGM (blue) Domains (d02), and 4-km Resolution
Gulf of Mexico OCS Region WRF (black) and PGM (blue)
Domains (d03).

The WREF ran the 36-, 12- and 4-km grids simultaneously with one-way nesting, meaning that
meteorological information flows down-scale via boundary conditions introduced from the respective
coarser to finer grids without feedback from the finer to coarser grids. The WRF modeling domain
was defined to be slightly larger than the CAMx/CMAQ PGM modeling domains to eliminate
boundary artifacts in the meteorological fields. Such boundary artifacts occur for both numerical
reason (the 3:1 grid spacing ratio) and because the imposed boundary conditions require some
time/space to come into dynamic balance with WRF’s atmospheric equations. All meteorological
modeling domains, techniques, inputs, vertical resolution, parameters, nudging, physics options, and
application strategy, along with quantitative and qualitative evaluation procedures and statistical
benchmarks, are discussed in Appendix B.

D.3 EMISSIONS

Analysis of the cumulative air quality impacts of the 2017-2022 GOM Multisale EIS scenario
required development of both a contemporary base year emissions inventory for the base case
analysis and a projected future year inventory that includes emissions from all cumulative sources,
as well as additional emissions anticipated to occur under the 2017-2022 GOM OCS Multisale EIS
alternatives in which additional exploratory drilling and construction of new shallow-water and
deepwater platforms to support oil and gas production would occur. Both the base case and future
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year cumulative source inventories represent comprehensive compilations of pollutant emissions
from all human activities, as well as emissions from biogenic and geogenic sources. This
Supplemental EIS tiers from the 2017-2022 GOM Multisale EIS and uses the scenario and
alternatives analyzed in the 2017-2022 GOM Multisale EIS.

The scope of the air pollutant emissions inventory for the “Air Quality Modeling in the Gulf of
Mexico Region” study is defined in terms of: pollutants, representative time periods for the base case
and future year analysis, geographical domain, and sources to be included.

D.3.1 Pollutants

Pollutants included in the inventories were selected to support analysis of air quality impacts
in terms of impacts on attainment of NAAQS and on AQRVs, including acid deposition and visibility.
The selected pollutants are: CO, NO, (which includes NO and NO, and is stated in terms of
equivalent mass of NO;), PM,s, fine plus coarse PM (PMyg), SO,, volatile organic compounds
(VOCs, which are precursors to formation of ozone and organic particulates), and ammonia (NHj3, a
precursor to particulate matter formation). Note that lead emissions were calculated since lead is a
criteria pollutant, but since oil and gas sources have negligible lead emissions, it was not modeled
in the air quality analysis.

While the cumulative air quality impact analysis did not focus specifically on air toxics,
compilation of VOC emissions by source type together with VOC speciation profiles by source type
provides a mechanism for estimating emissions of individual air toxic species.

D.3.2 Base Year

In determining the base case (base year) for the “Air Quality Modeling in the Gulf of Mexico
Region” study emissions inventory, 2011 was initially selected based on data availability. Calendar
year 2011 emissions data are readily available for most sources from the USEPA’s National
Emissions Inventory (NEI) (USEPA, 2015a) and BOEM’s Year 2011 Gulfwide Emissions Inventory
Study (Wilson et al., 2014). However, 2011 was an unusually hot and dry year in the Gulf of Mexico
OCS region, particularly in Texas, which experienced record heat and dry conditions during the
summer of 2011 and had a very high incidence of wildfires. Therefore, 2012 was selected as the
base year as more representative of “typical” conditions in the Gulf of Mexico OCS region.

D.3.3 Geographical Domain

Modeling domains used for the “Air Quality Modeling in the Gulf of Mexico Region” study
emissions inventory are depicted in Figure D-5. Emissions were spatially allocated over the three
PGM modeling domains: an outer 36-km horizontal grid resolution domain covering all of the U.S.
and parts of Mexico and Canada; a regional 12-km resolution domain covering the southeastern
U.S.; and an inner 4-km domain encompassing the CPA and WPA. The influences of global
emissions on the study area are accounted for by the use of a global air quality model to specify
domain boundary conditions.
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D.3.4 Inventory Sources

A comprehensive inventory of emissions from anthropogenic (i.e., human caused) sources,
including stationary point and nonpoint area sources located both onshore and offshore, on-road
motor vehicles, nonroad equipment, locomotives, marine vessels and other offshore sources, and
airports, were compiled for the “Air Quality Modeling in the Gulf of Mexico Region” study emissions
inventory. Table D-2 lists the source categories included in the emissions inventory, along with the
pollutants applicable to each category, and the source type (area source, point source, offshore
lease block). Note that emissions from non-anthropogenic sources (biogenic and geogenic sources)
were developed in conjunction with the emissions modeling procedures described in Section D.3.9.

Table D-2.  Gulf of Mexico OCS Region Air Quality Modeling Study Source Categories.

Group and Source Category | CO | NO, | SO, | VOC | Pb | PM,s | PMyy | NH; | Source Type®

Point Sources v v v v v v v v =]
[0}
(0]
S [ Nonpoint A
3 | Nonpoint Area v v | v v | v | v v v A
o» | Sources
q) .
5 Onroad Mobile v v v v v v P A
< Sources
c . .
o | Commercial Marine v v v v v v v P, A
o | Vessels
Z | Locomotives v | v v v | v v v v P, A°
Aircraft and Airports v v v v v v v v 3]
Other Nonroad v v v v v Y y A

Mobile Sources

Platforms in State
Waters

AN
AN
\
AN
AN
AN
-

Platforms in the CPA

Offshore Oil and Gas Sources

v v v v v v v
and WPA P
Drilling Rigs v 4 4 v v v v v LB
Pipelaying Vessels v v v v v v v v LB
Support Helicopters v v v v v v v LB
Support Vessels v v v v v v v v LB
Survey Vessels v v v v v v v v LB
o | Commercial Fishing v v v v v v % v LB
@ 3 Vessels
ggﬁ Commercial Marine v v v v v v v v B
S §'§ Vessels
'2 gg Ilsouisiana Offshore Oil | v v v v v v v P
58 ort
Z¢ | Military Vessels v | v v v v v v LB
o

Recreational Vessels v v v v v v v LB
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Group and Source Category | CO | NO, | SO, | VOC | Pb | PM,5 | PM;y | NH; | Source Type®
Vessel Lightering v v v
Subsurface Oil Seeps
Mud Volcanoes
Onshore Vegetation

Wildfires and v v v
Prescribed Burning

Windblown Dust
Lightning v
Sea Salt Emissions 4 4

AN NN NN

Biogenic and
Geogenic Sources

>>> v (> LlElo

Point Sources v v v v v v v

]

Nonpoint Area v v v v v v

A
Sources

Sources in Mexico
and Canada

Mobile Sources v 4 v v v v A

[

A = area source (requires spatial surrogate); P = point source (requires UTM coordinates, stack
parameters); LB = offshore lease block (requires GIS shape file).

b Larger ports and shipping represented as shape files; smaller ports as point sources.

° Rail yards represented as point sources; railway segments as area sources.

D.3.5 Spatial Resolution

The spatial resolution of the emissions inventory is source specific. For example, sources
such as power plants are identified based on their geographic coordinates (i.e., latitude and
longitude), while other sources such as nonroad mobile sources (e.g., construction equipment) are
spatially distributed using surrogates within the county in which they are reported and that are
typically related to the activity distribution of the category (e.g., construction sites).

The resolution of the geographical area covered by the emissions inventory is based on the
grid cell size needed for photochemical and dispersion modeling. Furthermore, the photochemical
model grid resolution is dependent on the grid resolution of the WRF meteorological model output
used. This is described further in Section D.3.9.

D.3.6 Temporal Resolution

Emissions for all sources were estimated on an annual basis (i.e., emissions generated
during 2012). For electric generating units (EGUs), emissions were allocated on a sub-annual basis
to reflect variations in activity using data from the USEPA. Emissions were allocated on an hourly,
daily, and seasonal basis during the emissions modeling process (Section D.3.9) using default
temporal allocation factors provided with the Sparse Matrix Operator Kernel Emissions model
(SMOKE) emissions model for some sources; other temporal allocations were source specific; and
profiles were developed and applied within the SMOKE model.
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D.3.7 Speciation

When applying the photochemical grid modeling, PM emissions were allocated to individual
PM species as part of the SMOKE emissions processing using PM speciation factors obtained from
the USEPA’s SPECIATE database for each source category (as defined by the Source Classification
Code). This resulted in the PM mass being broken into the mass associated with elemental carbon
(EC), organic aerosol (OA), primary sulfate (SO,4) and nitrate (NO3) and other elements, and particle-
bound VOCs, such as polycyclic aromatic hydrocarbon (PAHs). The model predictions of EC will
undergo for further analysis and discussed in the “Air Quality Modeling in the Gulf of Mexico Region”
study final report.

SMOKE was also used to convert VOC emissions into the photochemical mechanism-
specific (e.g., CB05 or CB6r2h) model species used in air quality models as described in
Section D.3.9. The CB6r2h chemical mechanism used in CAMx also models excess methane
(ECH,4) from local sources that is added to the background methane value (1.75 ppm) in the
chemical mechanism. The excess methane species is calculated as part of the speciation of the
VOC emissions that are first adjusted to total organic gases (TOG) before calculating the CB6
chemical species. Thus, the excess methane species only includes methane emissions from local
VOC sources (e.g., oil and gas) and will not include methane emissions not associated with VOC
sources.

D.3.8 Base Year and Future Year Emission Estimates

Details on the development of the base year and future year emission estimates are
presented in Appendix C.

D.3.9 Emissions Processing for Preparation of Model-Ready Emissions
D.3.9.1 Smoke Processing

Anthropogenic emissions inventories discussed in the previous section and other data were
used to prepare PGM model-ready emission files using the Sparse Matrix Operator Kernel
Emissions (SMOKE) system version 3.6 and other methods as described below. The inventories
were processed through SMOKE to develop hourly, gridded, and speciated emissions required for
input to the PGM models at 36-, 12-, and 4-km grid resolutions. During emissions processing,
annual emissions inventories were speciated to model species, temporally allocated to hourly
emissions, and spatially allocated to grid cells.

The latest Carbon Bond 6 revision 2h (CB6r2h) photochemical mechanism with active local
methane emissions and halogen chemistry was used for the CAMx modeling, whereas the Carbon
Bond 5 (CBO05) with updated toluene and chlorine chemistry photochemical mechanism was used for
the CMAQ modeling, and emissions were processed accordingly. CMAQ versions 5.0 and later
contain a thermodynamic equilibrium aerosol mechanism (ISORRPIA v2) that requires detailed
speciation of PM, 5. This involves splitting PMFINE into additional elemental components.
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The SMOKE emissions model was used to perform the following tasks:

e Spatial Allocation: Spatial surrogates contained in the USEPA 2011v6.2
modeling platform® were used to spatially distribute emissions to modeling grid
cells. Spatial surrogates are generated by overlaying the PGM modeling grid on
maps of geospatial indicators appropriate to each source category (e.g., housing
units). The Surrogate Tool*, a component of USEPA’s Spatial Allocator system,
is used to calculate the fraction of geospatial indicator coverage in each model
grid cell.

e Temporal Allocation: Air quality modeling systems, such as CMAQ and CAMX,
require hourly emissions input data. With the exception of a few source types
(i.e., Continuous Emissions Monitoring data, biogenic emissions, and some fire
inventories), most inventory data are estimated in the form of annual or daily
emissions. SMOKE was used to allocate annual emissions to months and
across the diurnal cycle to account for seasonal, day-of-week and hour-of-day
effects. Temporal profiles and SCC cross references from the 2011v6.2
modeling platform were used to incorporate seasonal and monthly variations into
the development of the PGM model-ready emissions.

e Chemical Speciation: The emissions inventories for the “Air Quality Modeling in
the Gulf of Mexico OCS Region” study included the following pollutants: CO,
NO,, VOC, NH;, SO, PM;g, and PM,s. Ramboll Environ used SMOKE to
convert inventoried VOC emissions into the CB6r2 photochemical mechanism
model species. Chemical speciation profiles were assigned to inventory sources
using cross-referencing data that match the profiles and inventory sources using
country/state/county (FIPS) and source classification codes (SCCs). Ramboll
Environ used NO,, VOC, and PM speciation profiles from the 2011v6.2 platform
for SMOKE processing. In the 2011v6.2 platform, USEPA-generated emissions
for Carbon Bond version 6 revision 2 (CB6r2) chemical mechanism used by
CAMx. In addition, this platform generates the PM, s model species associated
with the CMAQ Aerosol Module, version 6 (AE6). SMOKE also applied source-
specific speciation profiles to convert inventoried NO, emissions to NO, NO,, and
HONO components. After SMOKE processing, Ramboll Environ applied
necessary species mapping to prepare CMAQ-ready emissions in CB0O5/AE6
terms and CAMx-ready emissions in CB6r2/CF terms. Note that CB6r2
chemistry also models local excess methane (ECH,;) above background
concentrations. Sea salt and halogen emissions from the Gulf of Mexico and
other ocean portions of the modeling domain were also generated for CAMx as
described below.

3 http://www.epa.gov/ttn/chief/emch/index.html#2011
* hitps://www.cmascenter.org/sa-tools/documentation/4.2/html/srgtool/Surrogate ToolUserGuide 4 2.pdf
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D.3.9.2 Biogenic Emissions

Biogenic emissions were generated using the MEGAN version 2.1 biogenics model
developed at the National Center for Atmospheric Research (Guenther et al., 2012;
Sakulyanontvittaya et al., 2008).

Biogenic emissions depend critically upon landuse/landcover input data. Biogenic VOC and
NO emissions vary considerably on spatial scales ranging from a few meters to thousands of
kilometers. The MEGAN model accounts for this variability with high-resolution estimates of
vegetation type and quantity. The MEGAN landcover variables include total Leaf Area Index (LAl),
tree fraction, and plant species composition. These variables are determined based primarily on
satellite observations, such as 2003 1 km? Moderate Resolution Imaging Spectroradiometer
(MODIS) and 30-m resolution LANDSAT data (Guenther et al., 2006; Sakulyanontvittaya et al.,
2008). MEGAN driving variables include weather data, LAI, plant functional type (PFT) cover, and
compound-specific emission factors that are based on plant species composition. All of these
variables are available at various temporal scales and are provided in a geo-referenced gridded
database in several formats (e.g., netcdf, ESRI GRID). The MEGAN database has global coverage
at 30 sec (approximately 1 km) spatial resolution.

The MEGAN model was applied using the specific daily meteorology (e.g., temperature and
solar radiation) extracted from the 2012 WRF model outputs to generate day-specific biogenic
emissions for the 2012 calendar year in the 36-, 12-, and 4-km PGM modeling domains.

D.3.9.3 Fire Emissions

Forest fire emissions are highly episodic and very location specific. Using annual average
fire emissions and temporally and spatially allocating these emissions using generic allocation
schemes would result in significant inaccuracies. In this modeling study, Ramboll Environ used
day-specific wild and prescribed fire (together called wildland fires [WLFs]) emission estimates
developed by the USEPA for calendar year 2012.> The emission estimates are based on the
SMARTFIRE2 (SF2) framework and the BlueSky models.® The USEPA fire inventory was
processed through SMOKE in separate processing streams for CMAQ and CAMx. The CMAQ
model-ready emissions were developed in “in-line” point format. The term “in-line” means that the
plume rise calculations are done inside the CMAQ model instead of being computed by SMOKE. To
prepare CAMx model-ready emissions using a plume rise algorithm that is consistent with the
algorithms in CMAQ, plume rise calculation was done in SMOKE and 3-D emissions files were
prepared that were converted into a CAMx “PTSOURCE” type file where each grid cell centroid
represents one virtual stack. The cmag2uam program was used to convert 3-D fire emissions from
SMOKE into CAMx format. Table D-3 shows total annual criteria air pollutant emissions by fire type
for all U.S. wildland fires within each of BOEM’s PGM modeling domains.

s ftp://ftp.epa.gov/Emisinventory/fires/
6 http://www.airfire.org/smartfire/
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Table D-3. 2012 Fire Criteria Air Pollutant Emissions Summary by Fire Type for BOEM'’s 36-, 12-, and
4-km Domains.

Fire Type Domain (610) NO, PMio PM, 5 SO, VOC
(SCC) TPY) | TPY) | apy) | @PY) | TPY) | (TPY)
- 36km | 59,794 613 | 5,901 5,001 387 | 14,050
(28\’1\’(')'83;%300) 12 km 6,568 74 654 554 44 1,545
4 km 1,087 6 103 87 6 254

,, 36km | 27,331 391 2796 | 2370 211 6,453
i;%ﬂcgg’fgogrg)s 12km | 20,126 308 2.077 1,760 161 4757
4 km 7.020 58 680 577 41 1,646

36km | 87,125 | 1,003 | 8698 | 7.371 598 | 20,503

Total 12km | 26,694 382 2,731 2,314 206 6,302

4 km 8.107 64 783 664 47 1,900

As noted above, the USEPA wildland fires inventory is restricted to fire sources within the
lower 48 states and thus does not cover the portions of Canada and Mexico lying within the 36-, 12-,
and 4-km PGM domains. To fill this gap, we used 2012 day-specific Fire INventory from NCAR
(FINN) for Canada and Mexico. The FINN provides daily, 1-km resolution, global estimates of the
trace gas and particle emissions from open burning of biomass, which includes wildfire, agricultural
fires, and prescribed burning exclusive of biofuel combustion and trash burning. Each fire record
was treated as a point source and emissions were distributed vertically into multiple model layers to
better represent each fire plume. The day-specific FINN fire emissions in Canada and Mexico were
processed to develop elevated "point sources" of fire emissions using plume rise estimates as a
function of fire size based on the Western Regional Air Partnership (WRAP) 2002 fire plume rise
approach (Mavko and Morris, 2013). The chemical speciation profile for the MODIS fire emissions
were derived from a study on biomass burning (Karl et al., 2007).

D.3.9.4 Sea Salt and Halogen Emissions

Ramboll Environ used an emissions processor that integrates published sea spray flux
algorithms to estimate sea salt PM emissions for input to CAMx. The gridded data for input to the
sea salt emissions model is a land-water mask file that identifies each modeling domain grid cell as
open ocean, surf zone, or land. Additional details on the development and evaluation of the sea salt
emissions processor that was used for the “Air Quality Modeling in the Gulf of Mexico Region” study
are available in the WestJumpAQMS Sea Salt and Lightning memo (Morris et al., 2012). The CAMx
sea salt emissions processor was used with the 2012 WRF data to generate sea salt emissions for
the 36-, 12-, and 4-km modeling domains. The sea salt emissions processor has recently been
updated to also generate emissions for halogen compounds from the ocean (Yarwood et al., 2014).
Gridded chlorophyll data is obtained from satellite data is used as input and the processor generated
gridded hourly emissions of chlorine, bromine, and iodine. Halogen chemistry over the ocean
depletes ozone concentrations near the surface so is especially important in the Gulf of Mexico OCS
region.
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The CMAQ model includes inline calculation of sea-salt emissions from the open ocean and
coastal surf zone so no pre-processing of sea salt emissions is needed. The CMAQ does not treat
halogen chemistry except for chlorine.

D.3.9.5 Lightning NO, Emissions

The NOy is formed in lightning channels as the heat released by the electrical discharge
causes the conversion of nitrogen (N2) and oxygen (O,) to NO. Modeling of lightning and its
emissions is an area of active research. For example, the mechanism for the buildup of electric
potential within clouds is not well understood, and modeling the production, transport, and fate of
emissions from lighting is complicated by the fact that the cumulus towers where lightning occurs
may be sub-grid scale depending on the resolution of the model. Given the importance of lightning
NOy in the tropospheric NO, budget and in understanding its effect on upper tropospheric ozone and
OH-, lightning NOy is typically incorporated in global modeling (e.g., Tost et al., 2007; Sauvage et al.,
2007; Emmons et al., 2010) and has also been integrated into many regional modeling studies (e.g.,
Allen et al., 2012; Koo et al., 2010).

For the CMAQ modeling, Ramboll Environ used in-line lightning NO, emissions derived from
the convective precipitation rate provided in the MCIP files. Since the CMAQ model includes inline
calculation of lightening NO, emissions, no pre-processing of lightening NO, is needed. The CAMx
model requires pre-calculated lightening emissions for input. To better facilitate comparisons with
CMAQ, lightening NO, emissions from the CMAQ modeling were output and converted into a format
suitable for use in CAMx.

D.3.9.6 Windblown Dust

Windblown dust emissions are calculated in-line in the CMAQ model based on wind speed
and soil moisture parameters passed to CMAQ from the WRF model. Spatially and temporally
resolved CMAQ windblown dust emissions were output for use in CAMx.

D.3.9.7 QA/QC of Processed Emissions

Emissions were processed by major source category in several different processing
“streams” to simplify the emissions modeling process and facilitate the QA/QC of results. SMOKE
includes QA and reporting features to keep track of the adjustments at each step of emissions
processing and to ensure that data integrity is not compromised. Ramboll Environ carefully
reviewed the SMOKE log files for significant error messages and ensure that appropriate source
profiles are being used. In addition, SMOKE output summary reports were reviewed and compared
with input emission totals.

D.3.9.8 Development of Model-Ready Emissions

Since the “Air Quality Modeling in the Gulf of Mexico Region” study involved application of
both the CAMx and CMAQ photochemical grid models, the emissions processing procedure
included development of emissions ready for input to CMAQ, as well as for input to CAMx. Each
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SMOKE processing stream generates a set of pre-merged model-ready emissions in CMAQ input
format (netCDF). As specified in the chemical speciation section, species mapping was applied to
convert SMOKE generated model species to the appropriate input for CMAQ. SMOKE modeling
generated VOC model species for CB6 chemical mechanism, which were converted into CB05
model species for CMAQ. All pre-merged gridded emissions inputs were merged together to
generate the final CMAQ-ready, two-dimensional gridded low-level (layer 1) and point source
emissions inputs. Since CMAQ provides the option to specify point source emissions separately
from the gridded emissions from other sources, only distributed sources (mobile sources, area
sources, natural emissions) were merged in developing the CMAQ-ready emissions files.

The CAMXx requires two types of emissions files, as described below, for every episode day;
both of the emission files are UAM-based Fortran binary files.

(1) Surface-level 2D emissions: This file contains two-dimensional gridded fields of
low-level (i.e., surface) emissions rates for all emitted species to be modeled.

(2) Elevated point source emissions: The elevated point source emissions file
contains stack parameters and emissions rates for all elevated point sources
and emitted species to be modeled.

The merged two-dimensional gridded anthropogenic emissions, which were originally output
in CMAQ format, were converted into CAMx format using the CMAQ2CAMX program’. Ramboll
Environ then merged natural source categories — sea salt, biogenic, fires, lightning and windblown
dust with the surface-level emissions using the MRGUAM processor to develop CAMx model-ready
emissions. Ramboll Environ first converted model species from CMAQ to CAMx compatible form
and then converted CMAQ 2-D and in-line point emissions files to CAMx area-/point-source
emissions files using the CMAQ2CAMXx interface program. The point source emissions files in
UAM-based binary format were merged together to develop the final CAMx-ready point-source
emissions. The elevated point source file is independent of the modeling grid because it contains
horizontal (X, Y) coordinates for each point source, and so one file includes all point sources in the
12- and 4-km BOEM modeling grids. In addition, CAMx requires separate emissions inputs for
source groups being tracked in the source apportionment modeling performed for the future year
scenario.

D.3.9.9 Summary of Processed Emissions
This section presents 2012 base case and future year scenario emissions summaries for the

BOEM 12- and 4-km domains. The summary is organized by state and by source category.

Table D-4 summarizes NO,, VOC, SO,, and PM, 5 air pollutant emissions in short tons per
year for the states that border the Gulf of Mexico (i.e., Texas, Louisiana, Alabama, Mississippi, and

7 http://www.camx.com/download/support-software.aspx



http://www.camx.com/download/support-software.aspx

D-18 2018 Gulf of Mexico Supplemental EIS

Florida). The summary data are based on 12-km SMOKE processing of 2012 base case and future
year inventories as described above. With the exception of fugitive dust and biogenic sources,
emissions are summarized from the SMOKE reports generated by the SMKMRG program. Fugitive
dust emissions were adjusted after SMOKE processing to account for fugitive dust correction factors
derived from the Biogenic Emission Landuse Database version 3 (BELD3). Application of these dust
transport correction factors accounts for suppression of grid-scale dust emissions via deposition on
proximate vegetation surfaces such as roadside trees and bushes. As noted above, biogenic
emissions were generated using the MEGAN model outside of SMOKE and so are generated
directly on the 36/12/4-km grids rather than by state/county. Across the 5-state region, NO,
emissions were projected to go down 4% but VOC emissions are expected to increase by 3%, with
PM,s emissions increasing by 10%. The largest change in emissions between the current and
future year is for SO, that is projected to go down by 39%.

Table D-4. 2012 Base Case and Future Year Emissions Summary by State for BOEM’S 12-km Domain
(only Gulf Coast States: Alabama, Florida, Louisiana, Mississippi, and Texas).

States 2012 Base Year Future Year Scenario

NOy PM; 5 SO, VOC NOx PM; 5 SO, VOC
(TPY) (TPY) (TPY) (TPY) (TPY) (TPY) (TPY) (TPY)

Alabama 210,701 | 183,321 | 201,810 | 1,763,216 | 178,015 | 208,531 | 104,688 | 1,744,057
Florida 299,738 | 182,492 | 144,640 | 1,754,031 | 263,778 | 201,117 | 127,170 | 1,690,680
Louisiana | 464,962 | 299,510 | 203,154 | 2,030,042 | 406,421 | 301,052 | 127,260 | 2,007,720
Mississippi | 119,430 | 216,950 | 57,466 | 1,622,369 98,334 | 277,025 | 32,403 | 1,610,893
Texas 911,470 | 683,209 | 451,018 | 5,155,944 | 970,493 | 739,791 | 257,073 | 5,588,049

Figures D-6 through D-9 present stacked bar chart summaries for the 2012 base case
emissions that show BOEM 12-km domain anthropogenic, fire, and biogenic emissions by source
category and pollutants for Alabama, Florida, Louisiana, Mississippi, and Texas. Note that these
emission summaries are only for the states (and State waters) that border the Gulf of Mexico.
Similarly, Figures D-10 through D-13 present stacked bar chart summaries for the future year
scenario in short tons per year for the Gulf Coast States. Emission categories used in these
summaries are defined below:

Source Category Description

ALM Aircraft, locomotive and smaller commercial marine vessels

Fugitive Dust Anthropogenic fugitive dust from paved and unpaved roads, agricultural,
construction, and mining sources

C3 CMV Commercial marine vessels with Category 3 (C3) main engines

Nonpoint Stationary non-point sources

Area Oil and Gas Non-point oil and gas sector onshore sources

Point Oil and Gas Point oil and gas sector onshore sources

Onroad Motorized vehicles that are normally operated on public roadways (passenger
cars, motorcycles, minivans, sport-utility vehicles, light-duty trucks, heavy-duty
trucks, and buses

Nonroad Off-road equipment included in USEPA's nonroad model

EGU Point Electric Generating Unit point sources
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Source Category Description
NonEGU Point NEI point sources that are not in the EGU or Point oil and gas sectors
Fires Agricultural fires, wildfires and prescribed burning
Biogenic Vegetation and soils throughout domain
BOEM OCS Support | All BOEM OCS oil and gas support vessels and helicopter under the 2017-2022
Vessel with Action GOM Multisale EIS’s "Proposed Action" scenario, from which this Supplemental
(State waters only) EIS tiers

Figure D-6. BOEM'’s 12-km 2012 Base Case NO, Emissions Summary in Tons per Year by Source
Category and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-7. BOEM 12-km 2012 Base Case VOC Emissions Summary in Tons per Year by Source
Category and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-8. BOEM 12-km 2012 Base Case PM,s Emissions Summary in Tons per Year by Source
Category and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-9. BOEM 12-km 2012 Base Case SO, Emissions Summary in Tons per Year by Source
Category and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-10. BOEM 12-km Future Year NO, Emissions Summary in Tons per Year by Source Category
and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-11. BOEM 12-km Future Year VOC Emissions Summary in Tons per Year by Source Category
and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-12. BOEM 12-km Future Year PM, s Emissions Summary in Tons per Year by Source Category
and State (Alabama, Florida, Louisiana, Mississippi, and Texas).
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Figure D-13. BOEM 12-km Future Year SO, Emissions Summary in Tons per Year by Source Category
and State (Alabama, Florida, Louisiana, Mississippi, and Texas).

Table D-5 summarizes NO,, VOC, SO,, and PM, 5 emissions within the 4-km domain in short
tons for the 2012 base year and the 2017 future year scenario, and Table D-6 summarizes the
changes in emissions between the base and future year scenarios by major source category.

Table D-5. 2012 Base Case and Future Year Emissions Summary by Source Category for BOEM’s
4-km Domain.

Sectors 2012 Base Year (TPY) Future Year Scenario (TPY)

NO, | PMys | SO, VOC NO, | PMys | SO, VOC
Fugitive Dust 0 70,526 0 0 0 78,179 0 0
Agricultural 0 0 0 0 0 0 0 0
Fires 50,781 | 493,750 | 34,939 | 1,112,486 | 50,781 | 493,750 | 34,939 | 1,112,486
ALM 171436 | 5416 | 2,039 | 4896 |278052| 7.752 | 560 7,520
C3 CMV 68,857 | 3650 | 36,339 | 2466 | 108,654 | 2,666 | 25892 | 4,769
Biogenic 19015 | 0 0 | 3140424 | 19,015 | 0 0 | 3140424
Nonpoint 81,918 | 54561 | 7,390 | 296,267 | 86,014 | 58937 | 3.165 | 294,728
Nonroad 76,345 | 6994 | 153 | 112,683 | 105272 | 9,653 | 159 | 157,559
é;ef Olland | 69331 | 1091 | 530 | 506,972 | 148,131 | 5535 | 2134 | 1,283,385
Onroad 270,364 | 8467 | 1,731 | 145061 | 183,305 | 7,124 | 940 | 106,904
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Sectors

2012 Base Year (TPY)

Future Year Scenario (TPY)

NO,

PM. 5

SO,

VOC

NO,

PM. s

SO,

VOC

Non-U.S.
Fugitive Dust

0

0

0

0

0

0

0

0

Non-U.S.
Area

38,832

4,361

719

15,208

35,625

4,429

502

16,787

BOEM
Gulfwide

186,636

6,337

26,968

7,310

129,814

4,117

31,839

36,109

Non-U.S.
Onroad

13,894

438

73

6,217

9,097

447

27

4,041

Non-U.S.
Point (with
GOM offshore
platforms)

106,344

2,663

7,795

57,361

32,045

2,181

4,646

11,337

Point Oil and
Gas

101,530

4,587

50,861

39,192

95,052

4,961

47,086

42,884

EGU Point

137,932

17,943

306,031

3,545

117,518

21,802

136,784

4,371

Non-EGU
Point

319,924

105,264

271,961

208,773

344,080

120,826

269,191

240,212

BOEM OCS
Platform No
Action

84,351

837

3,205

54,449

BOEM OCS
Platform
w/Action

22,973

223

1,037

7,015

BOEM OCS
Support
Vessel No
Action

234,796

8,296

23,089

8,093

BOEM OCS
Support
Vessel
w/Action

106,163

9,749

396

10,238

Table D-6. Changes in Emissions between the 2012 Base Case and Future Year Emissions (short tons
per year) by Source Category for BOEM’s 4-km Domain.

Sector Future Year - Base Year (TPY) Future Year - Base Year (%)
NO, PM, 5 SO, VOC NO, PM, 5 SO, VOC
Fugitive Dust 0 7,653 0 0 -- 11% -- --
Agricultural 0 0 0 0 - - -- -
Fires 0 0 0 0 0% 0% 0% 0%
ALM 106,616 | 2,336 (1,479) 2,624 62% 43% -73% 54%
C3 CMV 39,797 (984) (10,447) 2,303 58% -27% -29% 93%
Biogenic 0 0 0 0 0% - -- 0%
Nonpoint 4,096 4,376 (4,225) (1,539) 5% 8% -57% -1%
Nonroad 28,927 2,659 6 44,876 38% 38% 4% 40%
Area Oil and Gas 78,800 3,544 1,604 776,413 | 114% 178% 303% | 153%
Onroad (87,059) | (1,343) (791) (38,157) | -32% -16% -46% -26%
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Sector Future Year - Base Year (TPY) Future Year - Base Year (%)
NOy PM, 5 SO, VOC NO, PM, 5 SO, VOC
g(u)gt-U.S. Fugitive 0 0 0 0 _ _ _ _
Non-U.S. Area (3,207) 68 (217) 1,579 -8% 2% -30% 10%
BOEM Gulfwide (56,822) | (2,220) 4,871 28,799 -30% -35% 18% 394%
Non-U.S. Onroad (4,797) 9 (46) (2,176) -35% 2% -63% -35%
Non-U.S. Point
(with GOM (74,299) (482) (3,149) | (46,024) | -70% -18% -40% -80%
offshore platforms)
Point Oil and Gas (6,478) 374 (3,775) 3,692 -6% 8% -7% 9%
EGU Point (20,414) | 3,859 | (169,247) 826 -15% 22% -55% 23%
Non-EGU Point 24,156 15,562 (2,770) 31,439 8% 15% -1% 15%

Figure D-14 presents spatial plots of future year scenario NO,, VOC, PM,5, and SO,
emissions in short tons per year within the 4-km domain for the Bureau of Ocean Energy
Management’s OCS oil and gas production platforms under the 2017-2022 GOM Multisale EIS, from
which this Supplemental EIS tiers. Note that the deepwater platforms have higher annual emissions
than the shallow-water platforms. Figure D-15 presents 4-km spatial plots for the same pollutants
and future year scenario in short tons per year for BOEM’'s OCS oil and gas support vessels and
helicopters under the 2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers.
Figure D-16 shows emissions for the Bureau of Ocean Energy Management's OCS oil and gas
platforms, support vessels, and helicopters under the No Action alternative, which are the existing
sources. Figure D-17 shows emissions for all other marine vessel activity in the Gulf of Mexico.
Figure D-18 shows emissions for all other anthropogenic U.S. sources.
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Figure D-14. Spatial Distribution of (clockwise starting from top left) NO,, VOC, SO,, and PM,s
Emissions (tons per year) from New OCS Oil and Gas Production Platforms under the

Proposed Action.
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Figure D-15.  Spatial Distribution of Emissions (tons per year) of (clockwise starting from top left) NO,,

VOC, SO,, and PM,s from BOEM’s OCS Additional Oil and Gas Support Vessels and
Helicopters under the Proposed Action Scenario.
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Figure D-16. Spatial Distribution of (clockwise starting from top left) NO,, VOC, SO,, and PM,s
Emissions (tons per year) from BOEM’s OCS Oil and Gas Platforms, Support Vessels, and
Helicopters under the No Action Alternative in BOEM'’s 4-km Domain.
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Figure D-17. Spatial Distribution of (clockwise starting from top left) NO,, VOC, SO,, and PM,s
Emissions (tons per year) from All Other Marine Vessel Activity in the Gulf of Mexico under
the Future Year Scenario in BOEM’s 4-km Domain.
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Figure D-18. Spatial Distribution of (clockwise starting from top left) NO,, VOC, SO,, and PM,s
Emissions (tons per year) from Other Anthropogenic U.S. Sources for the Future Year
Scenario within BOEM'’s 4-km Domain.

D.3.10 Source Apportionment Design

Source apportionment, as applied in CAMX, provides a means of assessing the contributions
of specified sources or categories of sources to predicted ozone and PM concentrations under the
air quality conditions being simulated. Source contributions can be calculated for ozone and for PM
using ozone or PM source apportionment routines included in CAMx. Source apportionment
analyses were applied to the future year scenario in order to analyze the pre- and postlease OCS oll
and gas impacts to short-term and annual NAAQS, AQRVs, and PSD increments. BOEM selected a
set of nine source categories for source apportionment as listed in Table D-7.
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Table D-7. Source Categories for Source Apportionment Calculations.

Category ID Sources
SC1 Fires (U.S., Canada, and Mexico)
SC2 Biogenic and other natural sources (e.g., lighting NO, and sea salt)
Additional BOEM OCS oil and gas production platforms associated with the
SC3 2017-2022 GOM Multisale EIS scenario, from which this Supplemental EIS

tiers (w/Action)

Additional BOEM oil and gas production support vessels and helicopters
SC4 associated with the 2017-2022 GOM Multisale EIS scenario, from which this
Supplemental EIS tiers (w/Action)

BOEM’s OCS oil and gas production platforms, support vessels, and

SC5 helicopters under the base case (No Action) alternative

SC6 AII other marinfa Ivlessel activity in the Gulf of Mexico, not associated with OCS
oil and gas activities

SC7 Other anthropogenic U.S. sources®

SC8 Mexican and Canadian anthropogenic sources”’

SC9 Initial Conditions (IC)

SC10 Boundary Conditions (BC)

These source categories aggregate similar sources based on jurisdiction (i.e., sources under
BOEM'’s jurisdiction versus other Federal agencies) and sources beyond direct domestic regulatory
control (e.g., natural emission sources and foreign sources). Additional OCS oil and gas production
platforms and additional support vessel and helicopter trips associated with the 2017-2022 GOM
Multisale EIS are included as a separate source category, thus providing estimates of the impacts of
these new sources, which are projected to occur under the future year scenario associated with the
2017-2022 GOM Multisale EIS. Platforms and support vessels and helicopters projected for the
future year scenario under the base case (No Action) scenario are also included as a separate
source apportionment category. This Supplemental EIS tiers from the 2017-2022 GOM Multisale
EIS and uses the scenario and alternatives analyzed in the 2017-2022 GOM Multisale EIS.

Isolating fires and biogenic emissions shows the component of the air quality concentrations
that are typically beyond the control of Federal agencies and states. Similarly, the Mexican and
Canadian anthropogenic emissions are beyond the control of U.S. regulators.

D.4 BASE CASE PHOTOCHEMICAL GRID MODELING

D.4.1 Overview

The CAMx Photochemical Grid Model (PGM) was applied on a set of nested domains with
horizontal resolutions of 36, 12 and 4 km centered on the Gulf of Mexico OCS Region (Figure D-5).
For the 2012 base case analysis, CAMx was run with the 2012 base case emissions described in
Section D.3. Meteorological fields required by CAMx were obtained from the WRF meteorological

® Includes onshore oil and gas production sources and oil and gas production sources in State waters.
® Also includes oil and gas production sources.
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model results for 2012, which were developed as described in Section D.2. Modeling procedures
were based on the USEPA'’s current and revised draft modeling guidance procedures (USEPA, 2007
and 2014). Additional features of the modeling approach are listed below.

e Anthropogenic and non-anthropogenic model-ready emissions for the 2012 base
case were developed as described in the emission inventory TSD.

e Photochemical grid modeling was based on CAMx version 6.20 with the Carbon
Bond 6 revision 2h (CB6r2h) photochemical mechanism, including active excess
methane emissions and halogen chemistry.

e Day-specific boundary conditions (BCs) for the lateral boundaries of the 36-km
modeling domain were based on 2012 GEOS-Chem global chemistry model
(GCM) output.

e A model performance evaluation was conducted for the initial 2012 base case
simulation using all available aerometric data within the modeling domain. Based
on these initial results, a number of potential issues with model inputs were
identified and appropriate modifications tested to confirm that the extent to which
the modifications resolved the identified issues and resulted in improved model
performance. These initial results and test results are described in Section D.5.
Revised inputs were then used in the final model simulations and revised model
performance metrics based on the final model runs were prepared. Results of
the final model performance evaluation are also presented in Section D.5.

D.4.2 Model Grid Configuration

The PGM domain configuration is comprised of a system of nested grids with 36-, 12-, and
4-km horizontal resolution as shown in Figure D-5. Table D-8 provides the modeling grid definitions
for the WRF and CAMx simulations. Since a large portion of the eastern GOM is under
Congressional moratoria (GOMESA), the 4-km PGM domain excluded this area to limit the grid
dimension to allow for a more manageable size for computation efficiency.

Table D-8. Domain Grid Definitions for the WRF and CAMx/CMAQ Modeling.

Modelin WRF CAMXx
g Origin1 Coordinates Grid Dimension Origin1 Coordinates Grid Dimension
Grid
(X, y) (km) (column x row) (X, y) (km) (column x row)
36-km grid (-2592, -2304) (164 x 128) (-2736, -2088) (148 x 112)
12-km grid (-1008, -2016) (264 x 186) (-948, -1956) (254 x 176)
4-km grid (-156, -1704) (480 x 210) (-136, -1684) (299 x 200)

' Southwest corner of each domain grid.

For CAMx, BCs for the 12-km domain were extracted from the 36-km simulation results, and
the 12-and 4-km grids were modeled using 2-way nesting (allowing interactions between the two
grids in both directions). Specification of the CAMx vertical domain structure depends on the
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definition of the WRF vertical layers structure. The WRF simulation was run with 33 vertical layer
interfaces (which is equivalent to 32 vertical layers) from the surface up to 50 mbar (approximately
20 km above mean sea level [AMSL]). The WRF model employs a terrain following coordinate
system called eta (n) coordinate, which is defined by relative pressure differences between layers.
As shown in Table D-9, the WRF levels are more finely stratified near the surface in an attempt to
improve simulation of the atmospheric boundary layer structure and processes. A layer collapsing
scheme is adopted for the CAMx simulations whereby multiple WRF layers are combined into single
CAMx layers to improve the PGM computational efficiency. Table D-9 also shows the layer
collapsing from the 32 WREF layers to 28 PGM layers. The mixing heights over the study domain are
typically below 2 km. Therefore, the WRF modeling layers up to the 16" layer (approximately 2 km)
are directly mapped to the PGM layers (no layer-collapsing) to better simulate the stable thermal
stratification of the boundary layer and avoid errors potentially introduced by layer collapsing. Above
the 20" WRF layer, two WRF layers were combined into a single PGM layer up to the 50 hPa region
top.

Table D-9. Vertical Layer Interface Definition for WRF Simulations (left-most columns) and the
Layer-collapsing Scheme for the CAMx/CMAQ Layers (right columns).

WRF CAMx/CMAQ
Layer Pressure Height Thickness Layer To Thickness

ntorface | E12 () (mbar) (r’r?) (m) Layer He)i/ght (mp) (m)
33 0.0 50 19,594.2 2,090.8 24 19,594.2 3,972.6
32 0.027 76 17,503.4 1,881.8
31 0.06 107 15,621.6 1,754.7 23 15,621.6 3,484.9
30 0.1 145 13,866.9 1,730.1
29 0.15 193 12,136.7 1,412.6 22 12,136.7 2,614.2
28 0.2 240 10,724 .1 1,201.6
27 0.25 288 9,522.5 1,050.2 21 9,522.5 1,986.1
26 0.3 335 8,472.3 935.8
25 0.35 383 7,536.4 846 20 7,536.4 1,693.2
24 0.4 430 6,690.5 847.3
23 0.455 482 5,843.2 910.3 19 5,843.2 1,679.1
22 0.52 544 4,932.9 768.8
21 0.58 601 4,164 1 711.8 18 4,164 1 1,375.4
20 0.64 658 3,452.2 663.5
19 0.7 715 2,788.7 418.9 17 2,788.7 821.1
18 0.74 753 2,369.8 402.1
17 0.78 791 1,967.6 386.8 16 1,967.6 386.8
16 0.82 829 1,580.8 280.8 15 1,580.8 280.7
15 0.85 858 1,300.1 273.3 14 1,300.1 273.4
14 0.88 886 1,026.7 178.3 13 1,026.7 178.2
13 0.9 905 848.5 131.7 12 848.5 131.8
12 0.915 919 716.7 130.1 11 716.7 130.1
11 0.93 934 586.6 85.8 10 586.6 85.8
10 0.94 943 500.8 85.1 9 500.8 85.1
9 0.95 953 415.7 84.5 8 415.7 84.5
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WRF CAMx/CMAQ
Layer Pressure Height Thickness Layer To Thickness

Inter)Face Eta (n) (mbar) (n?) (m) Layer He?lght (mp) (m)
8 0.96 962 331.2 83.8 7 331.2 83.8
7 0.97 972 247 4 83.1 6 247 .4 83.1
6 0.98 981 164.3 57.8 5 164.3 57.8
5 0.987 988 106.5 41.1 4 106.5 411
4 0.992 992 65.4 24.6 3 65.4 24.6
3 0.995 995 40.8 20.4 2 40.8 20.4
2 0.9975 998 20.4 20.4 1 20.4 20.4
1 1.0 1,000 0 -- -- -- --

D.4.3 Meteorology

Given the objectives of the air quality analysis and the availability of full annual WRF
simulations for 2009 through 2013, the CAMx model was exercised for a full calendar year. The
decision to model for an entire calendar year rather than just a single season is consistent with the
need to address ozone, PM; s, visibility and annual deposition. Given the extremely hot, dry, and
smoky conditions during 2011, the 2012 calendar year was selected for the base year, base case
modeling.

Meteorological inputs for CAMx were generated by processing the WRF outputs using
appropriate meteorological input preprocessors. The WRFCAMx Version 4.3 was used to translate
WRF output meteorological fields to daily CAMx meteorological inputs. For a single day, 25 hours of
meteorology must be present (midnight through midnight, inclusive) as these fields represent hourly
instantaneous conditions and CAMx internally time-interpolates these fields to each model time step.
Precipitation fields are not time-interpolated but rather time-accumulated, so cloud/precipitation files
contain one less hour than other meteorological files (e.g., 24 hours of clouds/precipitation vs.
25 hours for other meteorology fields).

Several methodologies are available in WRFCAMXx to derive vertical diffusivity (Kv) fields
from WRF output. For this modeling, a method consistent with the Yonsei University (YSU) bulk
boundary layer scheme (Hong and Noh, 2006; this is the default option in WRF) was used to
generate the Kv profile. The lower bound Kv value is set based on the land-use type for each grid
cell. Another issue is deep cumulus convection, which is difficult to simulate in a grid model because
of the small horizontal spatial scale of the cumulus tower. Inadequate characterization of this
convective mixing can cause ozone and precursor species to be overestimated in the boundary
layer. To address this issue, a patch was developed that increases transport of air from the
planetary boundary layer into the free troposphere and up to the cloud top within cloudy grid cells
(ENVIRON, 2012). This patch was shown to improve surface layer ozone in a recent modeling
study in Texas (Kemball-Cook et al., 2015), and thus was also employed in this modeling study.

The WRFCAMx provides an option to process sub-grid cloud data from WRF fields.
Selecting the “DIAG” sub-grid cloud method diagnoses sub-grid cloud fields from WRF gridded
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thermodynamic fields. The DIAG option is generally selected for the 36- and 12-km WRF output
extraction but not for grid spacing less than about 10 km. However, a recent modeling study showed
that, without the sub-grid cloud, the 4-km grid produced too much ozone over the Houston area due
to enhanced photochemistry (Nopmongcol et al., 2014). Therefore, the DIAG option was used for
the 4-km grid as well as the 36- and 12-km grids.

D.4.4 Configuration of Model Input Parameters

Configuration of the CAMx model is summarized in Table D-10. Additional key configuration
selections include the following:

Chemical Mechanism: Gas phase chemistry using the Carbon Bond 6 revision 2h (CB6r2h)
photochemical mechanism including active local excess methane emissions and halogen chemistry.
For particles, CAMx was configured to use the Coarse-Fine (CF) aerosol scheme in which primary
species are modeled using two static modes (coarse and fine), while all secondary species are
modeled as fine particles only.

Photolysis Rates: The CAMXx requires a lookup table of photolysis rates as well as gridded
albedo/haze/ozone/snow as input. Day-specific ozone column data are based on the Total Ozone
Mapping Spectrometer (TOMS) data measured using the satellite-based Ozone Monitoring
Instrument (OMI). Albedo is based on land use data, which includes enhanced albedo values when
snow cover is present. For CAMx, there is an ancillary snow cover input that is based on WRF
output that overrides the land use-based albedo input to use an enhanced snow cover albedo value.
The Tropospheric Ultraviolet and Visible (TUV) Radiation Model photolysis rate processor was used.
The CAMXx is configured to use the in-line TUV to adjust for cloud cover and account for the effects
aerosol loadings have on photolysis rates; this latter effect on photolysis may be especially important
in adjusting the photolysis rates due to the occurrence of PM concentrations associated with
emissions from fires. Note that the same photolysis rates are used in the 2012 base case and future
year scenario model runs.

Landuse: Landuse fields were generated based on U.S. Geological Survey (USGS)
Geographic Information Retrieval and Analysis System (GIRAS) data®. The WRF
estimated snow cover data is used to override the USGS land cover categories when
snow cover is present.

Meteorological Inputs: The WRF-derived meteorological fields were processed to
generate CAMx meteorological inputs for the using the WRFCAMXx processor.

Plume in Grid: The subgrid-scale Plum-in-Grid module was not used to avoid
unacceptably long model run times and given the fact that most sources in the OCS
are far upwind of the receptor sites of interest.

1% hitp://pubs.usgs.gov/ds/2006/240/
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Boundary Conditions: Boundary conditions (BCs) for the 36-km domain were
derived from a GEOS-Chem global chemistry model run for 2012 as described bove.
The BCs for the 12/4-km model runs were based on BCs extracted from the 36-km
simulations.

Advection/Diffusion Methods: The piecewise parabolic method (PPM) advection
solver was used for horizontal transport (Colella and Woodward, 1984), along with
the spatially varying (Smagorinsky) horizontal diffusion approach. The CAMx used
K-theory for vertical diffusion, using the CMAQ-like vertical diffusivities from
WRFCAMXx.

Initial Conditions: The 36-km simulation used default initial conditions (ICs) that
represent clean remote conditions. A 10-day spin-up period was then used to
eliminate any significant influence of the ICs. The ICs and BCs for the nested
(12/4-km) grid simulations were extracted from the parent grid simulation outputs
with a shorter (3 day) spin-up period.

Boundary Conditions: The lateral boundary conditions (BCs) for the 36-km grid were
based on results from a GEOS-Chem GCM simulation for year 2012. The
GEOS2CAMx processor was used to interpolate from the GEOS-Chem horizontal
and vertical coordinate system to the CAMx coordinate system and to map the
GEOS-Chem chemical species to the chemical mechanisms being used by CAMx.
The use of an alternative global model (MOZART-4/GEQS5; available at
http://www.acd.ucar.edu/wrf-chem/mozart.shtml) as a source for the BCs was
explored via a test simulation on the 36-km domain with BCs derived from MOZART
and subsequent comparison of model predictions with observations at rural
monitoring sites. Results of this comparison indicated slightly worse model
performance for ozone when using the MOZART BCs as compared to GEOS-Chem
with mixed results for PM depending on species and monitoring network used for
evaluation. Based on these results and the fact that, in contrast to GEOS-Chem,
MOZART does not use day-specific values for dust emissions, resulted in the
selection of BCs based on the GEOS-Chem model.

Table D-10. CAMx Model Configuration.

Science Options Configuration Notes
Model Codes CAMXx V6.20
Horizontal Grid 36/12/4 km Refer to Section D.2
36-km grid 148 x 112 cells
12-km grid 254 x 176 cells
4-km grid 299 x 200 cells
19 vertical layers (layer-
Vertical Grid collapsed from 23 WRF
layers)
. . 36/12 km one-way nestin
Grid Interaction 12/4 km two-way )r/1estingg
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Science Options Configuration Notes
Use 10-day spin-up for the 36-km grid; 3-day
spin-up for the nested (12/4 km) grids

Initial Conditions | Clean initial conditions

30“”9'?“’ 36 km from GCM simulation | GEOS-Chem GCM 2012 output data
onditions
Land-use fields based on
USGS GIRAS data
Photolysis Rate TUV V4.8 Clear-sky photolysis rates based on day-specific
Preprocessor ) Total Ozone Mapping Spectrometer (TOMS) data
Chemistry

Updated isoprene chemistry; heterogeneous
hydrolysis of organic nitrates; active methane
Gas-phase CB6rzh chemistry and ECHy, tracer species (Hildebrandt
Ruiz and Yarwood, 2013); halogen chemistry
(Yarwood et al., 2014)

Land-use Data

Aerosol-phase CF Coarse and fine mode aerosols
Meteorological

Input WRFCAMXx V4.3 Compatible with CAMx V6.20
Preprocessor

Diffusion Scheme

Spatially varying horizontal diffusivities determined
based on the methods of Smagorinsky (1963)
WRFCAMXx-derived vertical diffusivities based on
the Yonsei University (YSU) planetary boundary
layer (PBL) scheme (Hong and Noh, 2006); land-
Vertical-grid K-theory 1%-order closure use dependent minimum diffusivity (minimum Kv =
0.1t01.0 m2/s) with a cloud Kv patch recently
developed to address deep convective mixing
(ENVIRON, 2012)

Deposition Scheme

Dry deposition ZHANGO03 Dry deposition scheme by Zhang et al. (2001; 2003)
Scavenging model for gases and aerosols (Seinfeld
and Pandis, 1998)

Numerical Solvers

Horizontal-grid Explicit horizontal diffusion

Wet deposition CAMx-specific formulation

Gas-phase Euler Backward lterative Hertel et al., 1993

chemistry (EBI) solver

Horizontal Piecewise Parabolic

advection Method (PPM) Colella and Woodward, 1984
Vertical Implicit scheme w/ vertical

advection velocity update

D.5 MODEL PERFORMANCE EVALUATION

Results from the CAMx base case model runs were compared with available air quality
observations within the 12/4-km domain to evaluate the ability of the model to accurately reproduce
observed conditions. Evaluation of CAMx model performance focused on ozone and PM species as
these predictions play the primary role in the air quality impact analysis. Evaluation of the CAMXx
2012 base case simulation followed USEPA'’s current (USEPA, 2007) and new draft (USEPA, 2014)
PGM modeling guidance. The model performance evaluation (MPE) used the Atmospheric Model



Air Quality: Cumulative and Visibility Impacts D-41

Evaluation Tool (AMET"), which is the evaluation tool discussed in USEPA’s latest PGM guidance
(USEPA, 2014). Note that AMET requires that a monitoring site have at least 75% valid data
capture in order to be used in the MPE, which eliminated observed data from some sites for use in
the MPE.

D.5.1 Implications of WRF Model Performance on PGM Simulations

The WRF model performance evaluation results are presented in Appendix B. The effects
of the meteorological model performance on PGM modeled concentrations, visibility and deposition
is difficult to predict given the multiple effects the meteorological model can have. As described in
Appendix B, overall WRF model performance was found to be good and significant impediments to
PGM model performance due to errors in meteorology are not anticipated.

D.5.2 Ambient Data Used In the Model Performance Evaluation

Ozone model performance was evaluated using observed hourly and daily maximum 8-hour
(DMAX8) ozone concentrations from the USEPA’s Air Qu ality System (AQS'?) and the Clean Air
Status and Trends Network (CASTNet'®). Figure D-19 displays the locations of the AQS and
CASTNet ozone monitoring sites used in the ozone model performance evaluation. Historically,
CASTNet ozone monitoring sites operated by the U.S. Dept. of the Interior's National Park Service
(NPS) were included as part of AQS (i.e., ozone compliance monitors), while those operated by the
USEPA were not. This has recently been changed and now all CASTNet ozone data are also
reported in AQS. Thus, CASTNet ozone monitoring sites operated by the NPS are included in both
the AQS and CASTNet monitoring databases. Apart from this overlap, most AQS monitoring sites
tend to be more urban-oriented, while CASTNet sites tend to be more rural. Ramboll Environ
therefore provides separate performance results for the AQS and CASTNet monitoring sites in order
to provide insight into ozone performance at urban vs. rural sites.

" https://www.cmascenter.org/help/documentation.cfm?MODEL =amet& VERSION=1.1
'2 hitp://www.epa.gov/ttn/airs/airsags/agsweb/
'3 hitp://java.epa.gov/castnet/



https://www.cmascenter.org/help/documentation.cfm?MODEL=amet&VERSION=1.1
http://www.epa.gov/ttn/airs/airsaqs/aqsweb/
http://java.epa.gov/castnet/
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CASTNET

AQS

Figure D-19. Ozone Monitoring Sites Used in the Model Performance
Evaluation: CASTNet Sites in the Southeastern U.S. (top) and
AQS Sites within the 4-km Modeling Domain (bottom) (color
coding of AQS monitor locations is arbitrary).
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The PM, 5 model performance was evaluated using observed speciated PM data from CSN,
IMPROVE, and SEARCH monitoring sites in the southeastern U.S. as shown in Figure D-20. This
was augmented by 24-hour integrated total PM,5 mass measurements using Federal Reference
Method (FRM) or equivalent method monitoring sites reporting to the AQS. Most of these FRM sites
collect samples on a 1-in-3 day schedule, although some collect data every day. The CSN data
consist of 24-hour integrated particulate samples analyzed for SO,, NO;, NH,;, EC, OC, and
elements using a 1:3 or 1:6 day sampling frequency. The Interagency Monitoring of Protected
Visual Environments (IMPROVEM) network collects 24-hour average PM,s and PM;q mass and
speciated PM,s concentrations (with the exception of ammonium) using a 1:3 day sampling
frequency. The SEARCH network data consist of hourly and 24-hour PM, 5 mass and speciated
PM,5 data (including ammonia). The FRM and CSN monitoring sites tend to be more urban,
whereas the IMPROVE sites are mostly located at national parks and wilderness areas and so are
more rural.

There are additional monitoring sites within the modeling domain that collect hourly PM, 5
and PM,, total mass. However, automated hourly PM measurements are in some cases subject to
additional measurement artifacts and uncertainties relative to data collected on filters and do not
include speciated PM measurements. Although MPE results were generated using hourly PM data,
they are not shown here to maintain consistency with the 24-hour PM NAAQS and the speciated PM
results, as well as for the sake of brevity. Some hourly PM data, including speciated PM data, are
available at SEARCH network sites. Comparison of MPE results for model bias and error did not
show large overall differences between the hourly and daily SEARCH network comparisons.

% http://vista.cira.colostate.edu/IMPROVE/



http://vista.cira.colostate.edu/IMPROVE/
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Figure D-20. Speciated PM Monitoring Sites Used in the Model Performance Evaluation: CSN Network
(top), IMPROVE Network (bottom left), and SEARCH Network (bottom right).
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D.5.3 Model Performance Statistics

Statistical performance measures applicable to air quality model evaluation are defined in
Table D-11.

Table D-11. Definitions of Model Performance Evaluation Statistical Metrics.

Statistical Measure MEa thema_hcal Notes
xpression
Ap: Accuracy of paired P- Opeak Comparison of the peak observed value (Opeak)
peak Opeak with the predicted value at same time and location
N
NME: Normalized Mean | 2
Error B Reported as %
2.0
i=1
RMSE: Root Mean 13 %2
Square Error {WZ(R -0 )2} Reported as %
i=1
FE: Fractional Gross 2 <[P -6
— Reported as % and bounded by 0% to 200%
Error N .Z=1: P +0, P o y U7 0
MAGE: Mean Absolute | 1 < . s
— > |P. =0, Reported as concentration (e.g., ug/m~)
Gross Error N ;'
N
MNGE: Mean 13R-0 o
Normalized Gross Error N .2:1: o} Reported as %
1 N
MB: Mean Bias —Z(P, —Oi) Reported as concentration (e.g., ug/me’)
N =
N
MNB: Mean Normalized 1 (P| _Oi)
. — Reported as %
Bias N ; 0, °
: 2 (P -0
E%ct“iﬁiiﬂze 4 Bins = ﬁ} Reported as %, bounded by -200% to +200%
i=1 i i
N
>.(R-0)

NMB: Normalized Mean
Bias

ﬂ_

Reported as %

M=
O

l_

For over two decades, ozone model performance for bias and error has been compared
against the USEPA’s 1991 ozone modeling guidance model performance goals as follows (USEPA,
1991):

e Mean Normalized Bias (MNB) <+15%

e Mean Normalized Gross Error (MNGE) <35%
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In the USEPA’s 1991 ozone modeling guidance, these performance metrics were for hourly
ozone concentrations that were consistent with the form of the ozone NAAQS in those days. The
MNB performance statistic uses hourly predicted and observed ozone concentrations paired by time
and location and is defined as the difference between the predicted and the observed hourly ozone
divided by the observed hourly ozone concentrations averaged over all predicted/observed pairs
within a given region and for a given time period (e.g., by day, month or modeling period). The
MNGE is defined similarly only it uses the absolute value of the difference between the predicted
and observed hourly ozone concentrations, so it is an unsigned metric. Note that, because the MNB
and MNGE performance metrics divide by the observed ozone concentrations, they weigh
performance for low ozone concentrations highly and can become unstable as the observed ozone
approaches zero. Consequently, they are no longer recommended. Instead, the Fractional Bias
and Error (FB/FE) and Normalized Mean Bias and Error (NMB/NME) are the preferred bias and error
statistical performance measures.

For PM species, a separate set of model performance statistics and performance goals and
criteria have been developed as part of the regional haze modeling performed by several Regional
Planning Organizations (RPOs). The USEPA’s modeling guidance notes that PM models might not
be able to achieve the same level of model performance as ozone models. Indeed, PM, 5 species
definitions are defined by the measurement technology used to measure them, and different
measurement technologies can produce very different PM, 5 concentrations. Given this, several
researchers have developed PM model performance goals and criteria that are less stringent than
the ozone goals that are shown in Table D-12 (Boylan, 2004; Boylan and Russell, 2006; Morris
et al.,, 2009a and 2009b). However, unlike the 1991 ozone model performance goals that use the
MNB and MNGE performance metrics, the Fractional Bias (FB) and Fractional Error (FE) are
typically used for PM species with no observed concentration threshold screening. The FB/FE
differs from the MNB/MNGE in that the difference in the predicted and observed concentrations are
divided by the average of the predicted and observed values, rather than just the observed value as
in the MNB/MNGE. This results in the FB being bounded by -200% to +200%, and the FE being
bounded by 0% to +200%. There are additional statistical performance metrics that evaluate
correlation, scatter, and normalized mean bias and error (NMB/NME), as shown in Table D-12.

Table D-12. Ozone and PM Model Performance Goals and Criteria.

Bias Error
(FB/INMB) | (FE/NME) Comment
<+15% <359 Ozone model performance goal lthat would be considered very good
model performance for PM species
<+30% <50% PM model performance Goal, considered good PM performance
<+60% <75% PM model performance Criteria, considered average PM performance

More recently, the USEPA compiled and interpreted the model performance from 69 PGM
modeling studies in the peer-reviewed literature between 2006 and March 2012 and developed
recommendations on what should be reported in a model performance evaluation (Simon et al.,
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2012). Although these recommendations are not official USEPA guidance, their recommendations
were integrated in this CAMx MPE.

e The PGM MPE studies should, at a minimum, report the Mean Bias (MB) and
Error (ME or RMSE), and Normalized Mean Bias (NMB) and Error (NME) and/or
Fractional Bias (FB) and Error (FE). Both the MNB and FB are symmetric
around zero with the FB bounded by -200% to +200%.

e Use of the Mean Normalized Bias (MNB) and Gross Error (MNGE) is not
encouraged because they are skewed toward low observed concentrations and
can be misinterpreted due to the lack of symmetry around zero.

e The model evaluation statistics should be calculated for the highest resolution
temporal resolution available (e.g., hourly ozone) and for important regulatory
averaging times (e.g., daily maximum 8-hour ozone).

e |t is important to report processing steps in the model evaluation and how the
predicted and observed data were paired and whether data are
spatially/temporally averaged before the statistics are calculated.

¢ Predicted values should be taken from the grid cell that contains the monitoring
site, although bilinear interpolation to the monitoring site point can be used for
higher resolution modeling (<12 km).

e The PM,5 should also be evaluated separately for each major component
species (e.g., SO4, NO3, NHy4, EC, OA, and remainder other PM, 5 [OPM,5]).

e Evaluation should be performed for subsets of the data, including high observed
concentrations (e.g., ozone >60 ppb) by subregion and by season or month.

e Spatial displays should be used in the model evaluation to evaluate model
predictions away from the monitoring sites. Time series of predicted and
observed concentrations at a monitoring site should also be used.

e Itis necessary to understand measurement artifacts in order to make meaningful
interpretation of the model performance evaluation.

D.5.4 Approach

The PGM evaluation focused on ozone, both hourly and daily maximum 8-hour (DMAX8)
ozone concentrations; total PM, 5 mass and speciated PM; 5 concentrations; gaseous NO,, SO, and
CO concentrations; and visibility. The evaluation was performed across all monitoring sites within
either the southeastern U.S. as shown in the top panel of Figure D-20 (in order to capture the
regional CSN and IMPROVE network sites) or the 4-km modeling domain (Figure D-5), as well as at
each individual site on an annual, seasonal (quarterly), and monthly basis. In addition to generating
numerous statistical performance metrics (refer to Table D-11), graphical representation of model
performance used three main types of displays.
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e Soccer Plots of monthly bias and error that are compared against the ozone
performance goals and the PM performance goals and criteria (refer to
Table D-11). Monthly soccer plots allow the easy identification of when
performance goals/criteria are achieved and an evaluation of performance across
seasons.

e Spatial statistical performance maps that display bias/error on a map at the
locations of the monitoring sites in order to better understand spatial attributes of
model performance, along with tabular summaries of statistical performance
metrics.

e Time series plots that compare predicted and observed concentrations at a
monitoring site as a function of days.

e Scatter plots of predicted and observed concentrations.

All performance statistics and displays are performed matching the predicted and observed
concentrations by time and location using the modeled prediction in the 12/4-km grid cell containing
the monitoring site.

The CAMx model performance for PM was evaluated using total PM, s mass and speciated
PM,_ s measurements compared against the PM performance goals and criteria given in Table D-12.
Note that the PM goals and criteria are not as stringent as those for ozone because the
measurements themselves, as well as the PM emissions, are much more uncertain and there are
more processes involved in PM (e.g., dispersion, transformation and deposition of primary PM and
formation of secondary PM from gaseous precursors). Each PM measurement technique has its
own artifacts; different measurement technology could produce different observed PM, 5 values that
differ by as much as 30 percent. The USEPA’s latest PGM modeling guidance includes a section on
PM measurement artifacts for the monitoring technologies used in routine networks in the U.S.
(USEPA, 2014). Thus, the PM model performance needs to recognize these measurement
uncertainties and artifacts and take them into account in the interpretation of model performance, as
even a “perfect” model may not achieve the PM performance goals and criteria.

The PMy, consists of particles with a mean aerodynamic diameter of 10 microns or less and
consists of fine (PM,s, i.e., particles with a diameter of 2.5 microns or less) and coarse (PMC, i.e.,
particles with a diameter between 2.5 and 10 microns) modes. The PM,s is composed of the
following component species:

o sulfate (SO,) that is typically in the form of ammonium sulfate;

o nitrate (NO3) that is typically in the form of ammonium nitrate;

e ammonium (NH,) that is associated with SO, and NOjs;

e elemental carbon (EC) that is also called black carbon (BC) and light-absorbing
carbon (LAC);
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e organic aerosol (OA) that includes primary (POA) and secondary organic aerosol
(SOA) and is composed or organic carbon (OC) and other atoms (e.g., oxygen)
that are adhered to the OC; and

e other PM, 5 (OPM, ;) that is primarily crustal in nature (SOIL) but can also include
other compounds as well as measurement artifacts.

Model performance statistics were calculated for total PM mass using observations from the
FRM, CSN, SEARCH, and IMPROVE networks and then evaluated for PM;q and PM, s component
species using data from the CSN, SEARCH, and IMPROVE sites.

D.5.5 Initial Model Performance Results

Results of initial CAMx runs for the 36- and 12-km domains configured as described in
Section D.4 were evaluated in terms of the MPE statistics described above to determine if any
corrections or adjustments to model inputs were needed. In some cases, results from CAMx were
compared with results from CMAQ to determine potential underlying causes of poor model
performance. Results of these analyses indicated ozone and PM, 5 over prediction biases, which
were especially pronounced along the Gulf Coast. Evaluation of results for individual PM
components showed that much of the PM, 5 over prediction in coastal areas was associated with
over prediction of sea salt emissions as evidenced by over prediction of sodium (Na) and
consequently over prediction of nitrate PM as a result of nitrate substitution of chloride ions. This
was confirmed by sensitivity tests in which sea salt emissions were reduced by a factor of five as
suggested by regressions of predicted vs. observe Na at IMPROVE and CSN monitoring sites.

Consistent with results of other modeling studies in the southeastern U.S., the ozone over
prediction bias was judged to likely be associated at least in part with known over prediction biases
of ozone over the Gulf of Mexico in many different global models, including GEOS-Chem resulting in
over estimates of boundary condition ozone and over prediction of isoprene by the MEGAN biogenic
model (Johnson et al., 2015). A series of sensitivity tests based on CAMx performance over the
36-km domain with reduced ozone and ozone precursor BCs and reduced sea salt emissions
confirmed that these modifications resulted in generally improved model performance. To this were
added two additional modifications: the application of a commonly used adjustment to vertical
diffusivity coefficients (Kv patch), which has been shown to improve model performance overnight
and in urban areas (ibid); and a reduction in residential wood combustion (RWC) emissions following
results of Adelman et al. (2014). A set of final 36-km and 12/4-km model runs were then completed
with these modifications in place.

D.5.6 Final Model Performance Results

After making the model input and configuration revisions described in the previous section,
CAMx was rerun on the 36-km grid and boundary conditions extracted for the 12/4-km, two-way
nested grid run. Results of the MPE for the 12/4-km grid run are presented in this section.
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D.5.6.1 Ozone

Model performance results for ozone are summarized in terms of monthly NMB and NME in
soccer plots for AQS and CASTNet network monitors within the 4-km and 12-km domains in
Figure D-21. Model performance for nearly all months is within the £+15% NMB and <35% NME
ozone performance goals listed in Table D-12 (which corresponds to the innermost “goal” box
shown in the figure), with the principal exceptions being performance during July and August for
sites in the 4-km domain (note only one CASTNet site — site ALC188, Alabama-Coushatta — is
located within the 4-km domain).

Figure D-21. Monthly Normalized Mean Bias and Normalized Mean Error for Daily Maximum 8-hour
Average Ozone at AQS (left) and CASTNet (right) Monitoring Sites Located within the
4-km Modeling Domain (top) and the 12-km Domain (bottom).

As illustrated by the threshold exceedance counts in Figure D-22, the ozone season in the
far South generally follows a bimodal distribution with a pronounced ozone peak in spring and a
secondary peak in late summer to early fall. There is a noticeable lack of high ozone events during
July. This seasonal pattern is reproduced in the model results as shown in Figure D-23. Model
performance statistics generated using the AMET tool are summarized by calendar quarter. We




Air Quality: Cumulative and Visibility Impacts D-51

therefore focus further attention on ozone model performance results for Q2 (April-June) and Q3
(July-September), as these roughly coincide with the seasonal ozone peaks.

Figure D-22. Fraction of Site-days during Each Month of 2012 with Observed Daily Maximum
8-hour Ozone Exceeding 60 (top), 65 (middle), or 70 (bottom) ppb Over All Monitoring Sites
in the 4-km Domain.
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Figure D-23. Observed (blue) and Predicted (red) Monthly Mean Daily Maximum 8-hour Average Ozone
Over All Sites in the 4-km Modeling Domain.

Ozone model performance for Q2 (April-May) and Q3 (July-September) over sites in the
4-km domain is illustrated by the scatter plots in Figure D-24. Standard scatter plots are shown in
the left-hand column and corresponding scatter density plots are shown in the right-hand column.
Colors in the scatter density plot indicate the fraction of data in each 2 ppb bin, thus revealing the
data density variations that are otherwise obscured in regions with numerous overlapping points in
the standard scatter plots. Model performance in Q2 is better than in Q3 primarily due to a lower
bias (NMB of 5.2% in Q2 as compared to 20.1% in Q3). The scatter density plots show that the Q3
bias is primarily associated with over prediction of mid- and low-range values with less bias for
values exceeding 60 ppb. Summaries of ozone performance statistics with a 60 ppb observed
ozone cutoff applied are further discussed below.
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Figure D-24. Scatter (left) and Scatter Density (right) Plots for Observed vs. Predicted Daily Maximum
8-hour Ozone in Q2 (top) and Q3 (bottom) for All AQS Monitoring Sites in the 4-km Modeling
Domain.

The spatial distribution of NMB over the full 12-km domain is shown in Figure D-25. Note
that these results are based on the 12-km gridded model resolution for all sites shown. The NMB is
within £15% at most sites during Q2 but exceeds +15% at most sites along the Gulf Coast and
throughout the southern tier and southeast Atlantic States in Q3.
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Figure D-25. Normalized Mean Bias (NMB) for Daily Maximum 8-hour Ozone for Q2 (top) and Q3
(bottom).

The USEPA recommends that ozone model performance statistics be calculated using a
60-ppb observed ozone concentration cut-off value (Simon et al., 2012; USEPA 2014). That is, the
model performance statistics are calculated for all predicted and observed ozone pairs matched by
time and location for which the observed value is 60 ppb or higher. Table D-13 lists model
performance summary statistics derived from the 4-km resolution model output for hourly and 8-hour
daily maximum ozone with no concentration cut-off applied and with cut-offs of 40 or 60 ppb applied
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for Q2 and Q3. Values of NMB and NME exceeding USEPA’s performance goals as listed in
Table D-12 are highlighted. Biases trend from positive to slightly negative as the threshold
concentration increases but are always within the Performance Goal for Q2 and also under
application of the 40- and 60-ppb thresholds in Q3. The NME is always within the USEPA
Performance Goal except for hourly values in Q3 when no cut-off is applied.

Table D-13. Model Performance Statistics at Different Observed Ozone Concentration Screening
Thresholds Based on All Monitoring Sites in the 4-km Domain (shaded cells indicate values
exceeding USEPA performance goals).

. . Q2 (April — June) Q3 (July — September)
Monitor Site N | NMB (%) | NME (%) NMB (%) | NME (%)
USEPA Performance Goal <+15% <35% <+15% <35%
Ozone Cut-Off Concentrations DMAX8 Ozone
0 6399 5.2 141 6217 20.1 25.6
40 4326 2.1 11.6 3218 7.9 15.9
60 1246 -5.7 9.9 375 -9.2 12.6
Ozone Cut-Off Concentrations Hourly Ozone
0 152327 10.9 30.5 149676 30.6 46.7
40 53213 -3.5 16.7 22751 1.5 19.6
60 11229 -10.6 14.7 3498 -13.9 17.8

Time series of observed and predicted daily maximum 8-hour ozone are plotted in
Figure D-26 for the monitoring site in each county in the Houston-Galveston-Brazoria ozone
nonattainment area with the highest ozone design values during the 2010-2014 design value periods
(2010-2012, 2011-2013, 2012-2014): Northwest Harris County site (AQS ID 48-201-0029)"°, Manvel
Croix Park — Brazoria County (AQS ID 48-039-1004), and Galveston 99" St. — Galveston County
(AQS ID 48-167-1034).

Time series of observed and predicted daily maximum 8-hour ozone are plotted in
Figure D-27 for two monitoring sites in the Baton Rouge ozone nonattainment area: LSU (AQS ID
22-033-0003) and Carville (AQS ID 22-047-0012). These sites typically had the highest ozone
design values in the Baton Rouge area during the 2010-2014 design value periods.

The time series for the ALC188 (Alabama-Coushatta, Texas) CASTNet site (the only
CASTNet site in the 4-km domain) are shown in Figure D-28.

Overall model performance as seen in these time series is good, especially in Q2 and
especially in the Houston-Galveston area. There is a tendency towards over prediction in Q3 at
Galveston and more noticeably at the Baton Rouge sites, consistent with the results for all sites
presented above.

'> This site recorded either the maximum or was within 1 ppb of the maximum ozone design value of all
sites in Harris County during this period.
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Figure D-26. Time Series of Daily Maximum 8-hour Ozone at Monitoring Sites with Highest Design
Values in Harris (top), Brazoria (middle), and Galveston (bottom) Counties, Texas, for Q2
(left) and Q3 (right).

Figure D-27. Time Series of Daily Maximum 8-hour Ozone at Monitoring Sites in the Baton Rouge
Nonattainment Area: LSU (top) and Carville (bottom) for Q2 (left) and Q3 (right).
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Figure D-28. Time Series of Daily Maximum 8-hour Ozone at the ALC188 (Alabama-Coushatta, Texas)
CASTNet Monitoring Site for Q2 (top) and Q3 (bottom).

D.5.6.2 Particulate Matter

The CAMx model performance for particulate matter (PM) was evaluated for total PM,5
mass and speciated PM,s measurements. The PM performance was compared against the
performance goals and criteria given in Table D-12. Note that the PM goals and criteria are not as
stringent as those for ozone because both PM measurements and PM emissions are subject to
greater uncertainties and PM formation and transformation processes are more complex and difficult
to model. Each PM measurement technique has its own artifacts; different measurement
technologies can produce different observed PM, 5 values that differ by as much as 30 percent. The
USEPA'’s latest PGM modeling guidance includes a section on PM measurement artifacts for the
monitoring technologies used in routine networks in the U.S. (USEPA, 2014). The PM model
performance results must be evaluated in light of these measurement uncertainties and artifacts as
even a “perfect” model may not achieve the PM performance goals and criteria relative to the
imperfect measurements.
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The PMy, consists of particles with a mean aerodynamic diameter of 10 microns or less and
consists of fine (PM,s, i.e., particles with a diameter of 2.5 microns or less) and coarse (PMC, i.e.,
particles with diameter between 2.5 and 10 microns) modes. The PM, 5 is composed of the following
component species:

o sulfate (SO,) that is typically in the form of ammonium sulfate;
o nitrate (NO3) that is typically in the form of ammonium nitrate;
e ammonium (NH,) that is associated with SO, and NOjs;

e elemental carbon (EC) that is also called black carbon (BC) and light-absorbing
carbon (LAC);

e organic aerosol (OA) that includes primary (POA) and secondary organic aerosol
(SOA) and is composed or organic carbon (OC) and other atoms (e.g., oxygen)
that are adhered to the OC; and

e other PM, 5 (OPM, ;) that is primarily crustal in nature (SOIL) but can also include
other compounds such as sea salt and may include measurement artifacts as it
is determined by subtraction of the sum of individual measured species from the
measured total PM, 5.

In the following subsections, we first evaluate the CAMx 2012 base case simulation for total
PM, s mass using observations from the FRM, CSN, and IMPROVE monitoring networks and then
evaluate results for PM4, and PM, s component species. There are also numerous hourly PM, 5 and
PM;j, monitoring sites in the region that are also used in the MPE, but results for these are not
presented here as they may suffer from additional measurement artifacts and uncertainties and are
not directly comparable to the speciated PM data.

D.5.6.2.1 Total PM, 5 Mass

Daily total PM, 5 mass is measured at FRM, IMPROVE, and CSN network monitors, and
hourly PM, 5 is measured at FRM equivalent and non-FRM monitoring sites. Because only three
CSN sites and no IMPROVE network sites are located within the 4-km CAMx modeling domain,
some performance statistics are presented here for all monitors within the southeastern U.S. domain
shown in Figure D-29."

'® This area corresponds to the high-resolution domain used for the meteorological (WRF) modeling
described in Section D.2.
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Figure D-29. PM Monitoring Sites in the Southeastern U.S. Domain (triangles — AQS hourly,
square — IMPROVE, diamond — CSN, circles — AQS FRM daily).

Figure D-30 displays soccer plots of total PM, 5 mass model performance across the FRM,
CSN, and IMPROVE monitoring networks in the southeastern U.S. domain. Note that these results
are based on 12-km resolution CAMx output. Also shown in the soccer plots are boxes that
represent the performance goals for ozone (most inner) and PM (middle), and the PM performance
criteria (most outer). Performance for the late fall and winter months (October-February) is
characterized by larger positive NMB and higher NME in each network. This bias is somewhat more
extreme in the FRM data. Performance results are within or nearly within the PM performance goals
except for January and October-December for all networks and within the PM performance criteria
for all months at all networks.

As illustrated in Figure D-31, over prediction in Q4 appears to be primarily associated with
“other PM,5” (OPM,5). Measured OPM likely consists mostly of crustal material (dust) in addition to
sea salt. Modeled OPM, 5 is defined as the sum of unspeciated PM, crustal material, and sea salt.

Comparisons of particulate OC and EC performance statistics are presented in Figure D-32.
The NMB and NME are within the PM performance goals with the exception of July and August EC
predictions at CSN sites; the over prediction bias is smaller at SEARCH sites. Note that both the
SEARCH and CSN networks use the Thermal Optical Reflectance (TOR) method to determine OC
and EC.



D-60 2018 Gulf of Mexico Supplemental EIS

Figure D-30. Soccer Plots of Total PM,s Mass Model Performance Across the IMPROVE (top left), CSN
(top right), SEARCH (bottom left), and FRM Daily (bottom right) Monitoring Networks for
Sites in the Southeastern U.S. Domain.
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Figure D-31. Comparisons of Predicted with Observed Daily Average PM at CSN Network Sites in the
Southeastern U.S. for Q2 (left) and Q4 (right) for Total PM, 5 (top), Other PM, 5 (middle),
and Sodium (bottom).
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Figure D-32. Comparisons of Observed vs. redicted OC (top) and EC (bottom) at SEARCH (left) and
CSN (right) Network Sites in the Southeastern U.S.

D.5.6.2.2 Nitrogen Species (NO,, NOy, and NO3)

Soccer plot summaries of NMB and NME for nitrogen species are shown in Figures D-33
and D-34 for monitoring sites in the 4-km domain. The NO,, NOy, and particulate NO; are over
predicted, especially in the summer months. The NOj; over prediction at coastal sites could be at
least partially due to over prediction of sea salt emissions as a result of Cl- ion substitution. This is
consistent with under prediction of particulate Cl at some sites despite over prediction of Na. Nitrate
deposition biases fall within the performance criteria in all but one month, but errors are large
indicating a lack of model precision. Measurement uncertainties may also be contributing to the
large errors.
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N/A

Figure D-33. Monthly Normalized Mean Bias and Normalized Mean Error for Hourly NO, (top) and Daily
NOy (bottom) at SEARCH Network Sites (left) and AQS Sites (right) in the 4-km Domain.
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Figure D-34. Monthly Normalized Mean Bias and Normalized Mean Error for NO; at SEARCH Network
Monitoring Sites (top left) and AQS Sites (top right) and NOs; Deposition at NADP Sites
(bottom) in the Southeastern U.S. (Note: Additional months for SEARCH NO; not shown as

the NMB and NME exceed the upper axis limits.)



Air Quality: Cumulative and Visibility Impacts D-65

D.5.6.2.3 Sulfur Species (SO, and SOy)

Model performance for hourly SO, within the 4-km domain is summarized in terms of
monthly NME and NMB in Figure D-35. The AQS network SO, monitors are typically cited to
represent the influence of major utility or industrial SO, sources and thus may measure short-term
peaks associated with plume impacts from a discrete source. As a result, the timing, location, and
magnitudes of peak SO, concentrations are not well represented within the 4-km grid modeling
results. In addition, monitors near large ports may be influenced by discrete plumes from passing
marine vessels, which could be sufficient to cause 1-hour peaks in the monitoring data. Since
marine vessel emission inputs to the model are temporally averaged, these discrete events cannot
be properly simulated by the model. Given these characteristics of the SO, monitoring data, we
would expect large 1-hour SO, modeling errors as shown in Figure D-35, although we would not
necessarily expect the positive normalized mean biases that occur in every month.

Over prediction bias of hourly SO, at SEARCH network sites seen in the top row of
Figure D-35 is in contrast to lower SO, bias shown in the next row. Good performance for SO, is
also evident at CSN network sites. The SO, deposition is under predicted in most months. Reasons
for the overall SO, over prediction bias at sites in the 4-km domain (top row of Figure D-33) are not
immediately apparent. Examination of results over all sites in the 12-km domain (Figure D-36)
shows wide variations in bias from site-to-site, including between sites in the 4-km domain,
suggesting that the lower bias in the network average performance statistics in Figure D-33 are
partly the result of over- and under-predictions cancelling each other out.
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SO,

SO,

SO, Deposition

Figure D-35. Monthly Normalized Mean Bias and Normalized Mean Error at Monitoring Sites in the
4-km Domain for SO, (top row, AQS sites left panel, SEARCH sites right panel), SO,
(middle row, CSN sites left panel, SEARCH sites right panel), and SO, Deposition

Measured at NADP Sites (bottom row).
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Figure D-36. Annual Normalized Mean Bias for Hourly SO, (based on 12-km resolution CAMXx
results).

D.5.6.2.4 Ammonium (NH,)

Model performance for particulate ammonium at monitors within the 4-km domain is
summarized in terms of monthly NME and NMB in Figure D-37. Performance at the two SEARCH
network sites falls within the PM criteria bounds, but positive biases and large errors are seen at the
three CSN sites. Note that results based on all sites in the southeastern U.S. domain (at
12-km resolution) are very similar. The NH, overestimation bias at the CSN sites is likely due to NO;
over-prediction (Figure D-34), as SO, is showing biases closer to zero (Figure D-35). Examination
of individual CSN site results shows acceptable performance at the Houston site (NMB=20%,
NME=59%), but large positive biases and errors at the Baton Rouge, Louisiana, and Laurel,
Mississippi, monitors.
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Figure D-37. Monthly Normalized Mean Bias and Normalized Mean Error for Daily Average NH, at CSN
(top) and SEARCH (bottom) Network Sites in the 4-km Modeling Domain.
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D.5.6.2.5 Carbon Monoxide (CO)

Model performance for hourly CO within the 4-km domain is summarized in terms of monthly
NME and NMB in Figure D-38. Hourly CO is under predicted on average at AQS sites where the
influenced of local mobile sources at sub-grid scales is not adequately resolved by the model’s 4-km
grid resolution; model performance is better at the SEARCH sites, several of which are in rural
locations.

Figure D-38. Monthly Normalized Mean Bias and Normalized Mean Error for Hourly CO at SEARCH
Network Sites (left) and AQS Sites (right).

D.6 AIR RESOURCE ASSESSMENT APPROACH
D.6.1 Future Year Modeling

The CAMx was run with the Future Year scenario emissions inventory, including emissions
from the 2017-2022 GOM Multisale EIS sources described in Appendix C; this Supplemental EIS
tiers from the 2017-2022 GOM Multisale EIS. Model results were post-processed for analysis of air
quality impacts with respect to the NAAQS and AQRVs; PSD increments were also calculated for
information purposes. Source apportionment technology was used to provide estimates of source
group impacts, including impacts of potential new sources associated with the 2017-2022 GOM
Multisale EIS, from which this Supplemental EIS tiers. Details of the source apportionment and
post-processing procedures are presented in this section.

D.6.1.1 Source Apportionment Design

The CAMx Ozone Source Apportionment Technology (OSAT) and Particulate Source
Apportionment Technology (PSAT) tools were used to obtain the separate air quality, deposition,
and visibility impacts associated with existing and new (2017-2022 GOM Multisale EIS, from which
this Supplemental EIS tiers) OCS oil and gas development in the GOM, as well as from other
emission sources in the GOM and several other source categories as described in Appendix C.
The CAMx OSAT and PSAT source apportionment tools use reactive tracers that operate in parallel
to the host PGM to provide air quality and deposition contributions due to user-selected source
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groups. The CAMXx determines the contributions of emissions from each source category to the total
CAMx model concentrations and depositions during the course of the simulation. A detailed
description of the CAMx source apportionment tools is available in the CAMx user's guide
(ENVIRON, 2014).

The Anthropogenic Precursor Culpability Assessment (APCA) version of the CAMx Ozone
Source Apportionment Technology (OSAT) was used in the future year scenario modeling. The
APCA differs from OSAT in that it distinguishes between natural and anthropogenic emissions; when
ozone is formed due to the interaction of biogenic VOC and anthropogenic NO, under VOC-limited
conditions, a case OSAT would assign the ozone formed to the biogenic VOC, APCA recognizes
that biogenic VOC is uncontrollable and re-directs the ozone formed to the anthropogenic NO..
Thus, APCA only assigns ozone formed to natural emissions when it is due to natural VOC
interacting with natural NO, emissions. The APCA requires that the first source category is always
natural emissions. Like OSAT, APCA uses four reactive tracers to track the ozone contributions of
each source group: NO, emissions (Ni); VOC emissions (Vi);and ozone formed under VOC-limited
(O3Vi) and NO,-limited (O3Ni) conditions.

For PM, three families of Particulate Source Apportionment Technology (PSAT) source
apportionment tracers were used to track contributions of SO4, NO3/NH,4, and primary PM that
require, respectively, 2, 7, and 6 reactive tracers for each family. Thus, combined APCA/PSAT
source apportionment uses 19 reactive tracers to track the contribution of each source category.
The Secondary Organic Aerosol (SOA) family of PSAT tracers was not used in the future year
scenario source apportionment modeling because (1) only a few specific kinds of VOC species form
SOA (i.e., isoprene, terpenes, sesquiterpenes, and aromatics), and these VOCs are mainly emitted
by biogenic sources with some aromatic species (e.g., toluene and xylene) emitted by anthropogenic
sources (e.g., gasoline combustion) (emissions from oil and gas exploration and production has
negligible aromatic VOC emissions); and (2) the chemistry of SOA is quite complex, involving
numerous gaseous, semi-volatile, and particulate species so that PSAT requires 21 tracers to track
the SOA contributions of each source group (Morris et al., 2015). As a result, including SOA would
more than double the number of reactive tracers, resulting in doubling of the computer time needed
for the CAMx source apportionment run.

D.6.1.2 Future Year Source Apportionment Simulation

The CAMx 2017 source apportionment simulation was conducted for 1 January to
31 December calendar year over the 12-km southeastern U.S. modeling domain shown in
Figure D-5. The boundary conditions (BCs) defining inflow concentrations around the lateral
boundaries of the 12-km domain were obtained from a future year CAMx simulation of the 36-km
continental U.S. (CONUS) domain shown in Figure D-5. Both the 36-km and 12-km simulations
made use of the same 2012 WRF meteorology and model configuration used in the base case
simulation.
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D.6.2 Post-Processing of Future Year Source Apportionment Modeling Results

D.6.2.1 Overview

The CAMx future year scenario model and ozone and particulate matter source
apportionment modeling outputs were post-processed for comparison against the NAAQS and PSD
concentration increments listed in Table D-14 and other thresholds of concern (TOC), as discussed
below. For analyzing NAAQS and AQRV impacts at Class | and sensitive Class Il areas, the
Thresholds of Concern (TOCs) used were as defined by the Federal Land Manager (FLM) that
manages each Class l/ll area as prescribed in the June 23, 2011, Memorandum of Understanding
(MOU) for evaluating onshore oil and gas AQ/AQRYV impacts."’

The CAMx source apportionment results for individual source categories were used to
evaluate the incremental impacts of each of a set of hierarchical source groups as defined in
Table D-15. Note that Source Group B represents all new direct emissions associated with the
2017-2022 GOM Multisale EIS, from which this Supplemental EIS tiers, and Source Group C
represents these sources in addition to all existing OCS platforms and associated support vessel
and aircraft activity. Also note that Source Group E includes Source Groups A-D, along with all
other anthropogenic sources, but excludes fires and other natural sources (biogenics, lightning NO,,
sea salt) and the contribution of boundary conditions.

Table D-14. NAAQS and PSD Increments.

Pollutant PoIIutant_/Averaging NAAQS PSD Class1l PSD Class1ll
Time Increment Increment
co 1-hour? 35 ppm 40,000 pg/m® - -
co 8-hour’ 9 ppm 10,000 pg/m® - -
NO, 1-hour® 100 ppb 188 pg/m® - -
NO, Annual* 53 ppb 100 pug/m® 2.5 pg/m® 25 ug/m®
O, 8-hour’ 0.070 ppm 137 pg/m® - -
PMo 24-hour® 150 pg/m® 8 ug/m® *0 pg/m®
PMso Annual’ - 4 pg/m® 17 pg/m®
PM, s 24-hour® 35 ug/m® 2 ug/m® 9 ug/m®
PM;s Annual® 12 |.|g/m3 1 pg/m3 4 pg/m3
SO, 1-hour10 75 ppb 196 ug/m®
S0, 3-hour"’ 0.5 ppm 1,300 ug/m® 25 pg/m® 512 pg/m®
S0, 24-hour - 5 ug/m® 91 pg/m®
SO, Annual* - 2 pg/m® 20 ug/m®

7 http://www.epa.gov/compliance/resources/policies/nepa/air-quality-analyses-mou-2011.pdf
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PoIIutarJI_t(Averaging NAAQS PSD Class1l PSD C|aSS1||
ime Increment Increment
The PSD demonstrations serve information purposes only and do not constitute a regulatory PSD
increment consumption analysis.

No more than one exceedance per calendar year.

98" percentile, averaged over 3 years.

Annual mean not to be exceeded.

Fourth-highest daily maximum 8-hour ozone concentrations in a year, averaged over 3 years,
NAAQS promulgated December 28, 2015.

® Not to be exceeded more than once per calendar year on average over 3 years.

! 3-year average of the arithmetic means over a calendar year.

8 98" percentile, averaged over 3 years.

® Annual mean, averaged over 3 years, NAAQS promulgated December 14, 2012.

99" percentile of daily maximum 1-hour concentrations in a year, averaged over 3 years.

No more than one exceedance per calendar year (secondary NAAQS).

Pollutant

a » W N

Table D-15. Source Group for Incremental Impacts Analysis.

Source Included Source
_a Comment
Group Categories
New oil and gas platform sources under the 2017-2022 GOM
A SC3 Multisale EIS scenario, from which this Supplemental EIS tiers
(w/Action)
B SC3, SC4 Add support ve_ssels and aircraft associated with new platform
sources (w/Action)
Add oil and gas platforms and associated support vessels and
C SC3, SC4, SC5 aircraft under the No Action alternative (existing base case
sources)
D SC3, SC4, SC5, Add all other marine vessel activity in the GOM, not associated
SC6 with OCS oil and gas activities
SC3, SC4, SC5, .
E SC6. SC7. SC8 Add all other U.S. and non-U.S. anthropogenic sources
E SC1, SC2, SC8, Natural and non-U.S. sources (including U.S. sources outside of
SC10 the 12-km modeling domain)

@ Refer to Table D-6.

D.6.2.2 Comparison against NAAQS

The CAMx future year scenario predicted total concentrations from all emission sources
were post-processed for comparison to the applicable NAAQS, as listed in Table D-14, in two
different ways. First, the CAMXx predictions were compared directly against each NAAQS. This is
referred to as the “absolute” prediction comparison. These absolute prediction comparisons may be
misleading in cases in which the model exhibits significant prediction bias. In recognition of this,
USEPA modeling guidance (USEPA, 2007 and 2014) recommends using the model in a relative
sense when projecting future year ozone, PM,5, and regional haze levels; and the USEPA has
developed the Modeled Attainment Test Software (MATS; Abt., 2014) for making such future year
projections. This approach uses the ratio of future year to current year modeling results to develop
Relative Response Factors (RRFs) that are applied to observed current year Design Values
(abbreviated as either DVC or DVB) to make future year Design Value (DVF) projections (i.e.,
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DVF = DVC x RRF). The MATS was applied to the prediction of both ozone and PM, 5 DVFs. The
MATS was also used for assessing the cumulative visibility impacts at IMPROVE monitoring sites in
the 12-km domain, as discussed in more detail below.

D.6.2.3 Impacts at Class | and Sensitive Class Il Areas

The incremental AQ/AQRV contributions associated with emissions from each source group
listed in Table D-15 were calculated at the Class | and sensitive Class Il areas shown in
Figure D-39. The selected areas include all Class | and sensitive Class Il areas within the
4-km modeling domain plus additional Class | areas within the 12-km modeling domain.

Table D-16 lists those areas that are located in Gulf Coast or nearby states and thus are of
greatest interest to this analysis. Refer to Section D.7.3.1 for a complete list of all areas shown in
Figure D-39, along with the results of the visibility analyses.

Receptors for each Class | and sensitive Class Il area were defined based on the spatial
extent of the Class l/ll area defined using shapefiles obtained from the applicable Federal Land
Management Agency. A GIS was used to determine the set of grid cells overlapping each area by at
least 5%. Model results for the identified grid cells were then used to represent predicted ambient
concentrations and deposition in each area.

Figure D-39. Class | and Sensitive Class Il Areas for Which Incremental AQ/AQRV Impacts
Were Calculated.
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Table D-16. Class | and Sensitive Class Il Areas in Gulf Coast and Nearby States.

Type Name Agency1 State Modeling Domain
Class | Breton Wilderness FWS LA 4 km
Class Il Breton NWR FWS LA 4 km
Class Il Gulf Islands NS NPS MS, FL 4 km
Class Il Padre Island NS NPS TX 4 km
Class | Bradwell Bay FS FL 12 km
Class | St. Marks FWS FL 12 km
Class | Chassahowitzka FWS FL 12 km
Class | Everglades NP NPS FL 12 km
Class | Okefenokee FWS GA 12 km
Class | Wolf Island FWS GA 12 km
Class | Cohutta FS GA 12 km
Class | Sipsey FS AL 12 km
Class | Guadalupe Mountains NPS TX 12 km
Class | Big Bend NPS TX 12 km
Class | Wichita Mountains FWS OK 12 km
Class | Caney Creek FS AR 12 km
Class | Upper Buffalo FS AR 12 km

' FWS = U.S. Dept. of the Interior, Fish and Wildlife Service; FS = U.S. Dept. of Agriculture,
Forest Service; NPS = U.S. Dept. of the Interior, National Park Service; NS = National
Seashore; NWR = National Wildlife Refuge.

D.6.2.3.1 Incremental Visibility Impacts

Visibility impacts were calculated for each source group using incremental concentrations as
quantified by the CAMx PSAT tool. Changes in light extinction from CAMx model concentration
increments due to emissions from each source group were calculated for each day at grid cells
representing each Class | and sensitive Class Il area. The FLAG (2010) procedures were used in
the incremental visibility assessment analysis.

The visibility evaluation metric used in this analysis is based on the haze index (HI), which is
measured in deciview (dv) units and is defined as follows:

HI = 10 x In[bex/10]

Where by is the atmospheric light extinction measured in inverse megameters (Mm'1) and is
calculated primarily from atmospheric concentrations of particulates.

A more intuitive measure of haze is visual range (VR), which is defined as the distance at
which a large black object just disappears from view, and is measured in km. Visual range is related
to bey by the formula VR = 3912/bey. The advantage of using the HI rather than VR is that a given
change in HI is approximately associated with the same degree of perceived change in visibility
regardless of the baseline conditions whereas small changes in VR are much more noticeable under
clean conditions as compared to hazy conditions.
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The incremental concentrations due to each source group were added to natural background
extinction in the extinction equation (bey) and the difference between the haze index with the source
group concentrations included and the haze index based solely on natural background
concentrations is calculated. This quantity is the change in haze index, which is referred to as “delta
deciview” (Adv):

Adv =10 x II"][bext(SC+background)/1 0] -10 x In[bext(background)/1 0]
Adv =10 x In[l’-)ext(SC+background)/bext(background)]

Here beyysci+background) refers to atmospheric light extinction due to impacts from the source
category plus background concentrations, and bexipackground) refers to atmospheric light extinction due
to natural background concentrations only.

For each source group, the estimated visibility degradation at the Class | areas and sensitive
Class Il areas due to the source group are presented in terms of the number of days that exceed a
threshold change in deciview (Adv) relative to background conditions. The number of days with a
deciview greater than 0.5 and 1.0 are reported.

IMPROVE Reconstructed Mass Extinction Equations

The FLAG (2010) procedures for evaluating visibility impacts at Class | areas use the revised
IMPROVE reconstructed mass extinction equation to convert PM species in ug/m? to light extinction
(bexy) in inverse megameters (Mm™) as follows:

Pext = bsos + bnos + bec + bocm + Dsoil + bpmct Dseasaitt Prayieight bno2

where

bsos = 2.2 x f5(RH) x [Small Sulfate] + 4.8 x f (RH) x [Large Sulfate]

bnos = 2.4 x fs(RH) x [Small Nitrate] + 5.1 x f (RH) x [Large Nitrate]

bocm = 2.8 x [Small Organic Mass] + 6.1 x [Large Organic Mass]

bec = 10 x [Elemental Carbon]

bsoil = 1 % [Fine Soil]

bcw = 0.6 x [Coarse Mass]

Dseasat = 1.7 x fss(RH) x [Sea Salt]

brayisigh = Rayleigh Scattering (Site-specific)

bnoz = 0.33 x [NO, (ppb)] {or as: 0.1755 x [NO, (ug/m>)]}.

f(RH) are relative humidity adjustment factors that account for the fact that sulfate, nitrate,
and sea salt aerosols are hygroscopic and are more effective at scattering solar radiation at higher
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relative humidity. FLAG (2010) recommends using monthly average f(RH) values rather than the
hourly averages recommended in the previous FLAG (2000) guidance document in order to
moderate the effects of extreme weather events on the visibility results.

The revised IMPROVE equation treats “large sulfate” and “small sulfate” separately because
large and small aerosols affect an incoming beam of light differently. However, the IMPROVE
measurements do not separately measure large and small sulfate; they measure only the total PM; 5
sulfate. Similarly, CAMx writes out a single concentration of particulate sulfate for each grid cell.
Part of the definition of the new IMPROVE equation is a procedure for calculating the large and
small sulfate contributions based on the magnitude of the model output sulfate concentrations; the
procedure is documented in FLAG (2010)."® The sulfate concentration magnitude is used as a
surrogate for distinguishing between large and small sulfate concentrations. For a given grid cell,
the large and small sulfate contributions are calculated from the model output sulfate (which is the
“Total Sulfate” referred to in the FLAG [2010] guidance) as

For Total Sulfate <20 pg/m?:

[Large Sulfate] = ([Total Sulfate] / 20 pg/m®) x [Total Sulfate]

For Total Sulfate 220 pg/m®:

[Large Sulfate] = [Total Sulfate]

For all values of Total Sulfate:

[Small Sulfate] = [Total Sulfate] — [Large Sulfate]

The procedure is identical for nitrate and organic mass.

The PSAT source apportionment algorithm does not separately track NO, concentrations but
instead tracks total reactive nitrogen (RGN) that consists of NO, NO,, and other reactive nitrogen
compounds (e.g., N,Os, HONO, etc.). Thus, for each hour and each grid cell representing a
Class I/ll area, a source group’s incremental PSAT RGN contribution is converted to NO, by
multiplying by the total (all emissions) CAMx model NO,/RGN concentration ratio. Note that this
same procedure is also used for contributions to NO, concentrations.

Although sodium and particulate chloride are treated in the CAMx core model, these species

are not carried in the CAMx PSAT tool. This does not affect the calculations of visibility impacts from
individual source groups other than impacts from the natural source category (SC2).

'8 http://www.nature.nps.gov/air/Pubs/pdf/flag/FLAG 2010.pdf
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Predicted daily average modeled concentrations due to each source group for receptor grid
cells containing Class | and sensitive Class Il areas were processed using the revised IMPROVE
reconstructed mass extinction equation FLAG (2010) to obtain changes in bext at each sensitive
receptor area that are converted to deciview and reported.

Annual average natural conditions for each Class | area were obtained from Table 6 in FLAG
(2010) and monthly relative humidity factors for each Class | area from Tables 7-9 in FLAG (2010).
The Adv was calculated for each grid cell that overlaps a Class | or sensitive Class Il area by 5% or
more for each day of the annual CAMx run. The highest Adv across all grid cells overlapping a
Class | or sensitive Class Il area by at least 5% was selected to represent the daily value at that
Class I/l area. Visibility impacts due to emissions from each source group that exceed the 0.5 and
1.0 Adv thresholds are noted.

Cumulative Visibility Impacts

The cumulative visibility impacts of the 2017-2022 GOM Multisale EIS, from which this
Supplemental EIS tiers, were assessed following the recommendations from the U.S. Dept. of the
Interior's Fish and Wildlife Service (FWS) and NPS (USDOI, FWS and USDOI, NPS, official
communication, 2012). This approach is based on an abbreviated regional haze rule method that
estimates the future year visibility at Class | and sensitive Class Il areas for the average of the Worst
20% (W20%) and Best 20% (B20%) visibility days with and without the effects of the source group
emissions on visibility impairment. The cumulative visibility impacts used CAMx model output from
the 2012 Base Year and 2017 Future Year emissions scenarios in conjunction with monitoring data
to produce cumulative visibility impacts at each Class | and sensitive Class |l area. The USEPA’s
Modeled Attainment Test Software (MATS") was used to make the 2017 visibility projections for the
W20% and B20% days. The basic steps in the recommended cumulative visibility method are as
follows (USDOI, FWS and USDOI, NPS, official communication, 2012):

(1) Calculate the observed average 2012 current year cumulative visibility impact
using the haze index (HI, in deciviews) at each Class | area using
representative IMPROVE measurement data to determine the 20% of days with
the worst and 20% of days with the best visibility. The MATS is designed to use
5 years of monitoring data centered on the base case year, which for 2012
would include 2010-2014. However, MATS only includes IMPROVE monitoring
data through 2012, so the 2008-2012 5-year period was used to define the
visibility baseline conditions in the MATS visibility projections.

(2) Estimate the relative response factors (RRFs) for each component of PM; s and
for coarse mass (CM) corresponding to the new IMPROVE visibility algorithm
using the CAMx 2012 and 2017 model output. The RRFs are based on the

19 http://www.epa.gov/ttn/scram/modelingapps mats.htm
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average concentrations across a 3 x 3 array of 4-km grid cells centered on the
IMPROVE monitoring site location.

(3) Using the RRFs and ambient data, calculate 2017 future year daily
concentration data for the B20% and W20% days using the CAMx 2012 base
case and 2017 standard model concentration estimates and PSAT source
apportionment modeling results two ways:

(a) 2017 Total Emissions: Use total 2017 CAMx concentration results due to all
emissions;

(b) 2017 No Cumulative Emissions: Use PSAT source apportionment results to
eliminate contributions of PM concentrations associated with each source

group.

(4) Use the information in Step 3 to calculate the average 2017 visibility for the 20%
Best and 20% Worst visibility days and the 2017 emissions.

(5) Assess the average differences in cumulative visibility impacts for each source
group and also compare with the future and current observed Baseline visibility
conditions.

Because of the need for IMPROVE observations, monitoring data from nearby Class | areas
were used to represent areas without any IMPROVE monitors.

D.6.2.3.2 Sulfur and Nitrogen Deposition

The CAMXx-predicted wet and dry fluxes of sulfur- and nitrogen-containing species were
processed to estimate total annual sulfur and nitrogen deposition values at each Class | and
sensitive Class Il area. The maximum annual sulfur and nitrogen deposition values from any grid
cell that intersects a Class | receptor area was used to represent deposition for that area, in addition
to the average annual deposition values of all grid cells that represent a Class | receptor area.
Although the convention in the past has been to report just the maximum deposition in any receptor
in a Class l/ll area, since deposition relates to the total amount deposited across an entire
watershed, the average metric may be considered a more relevant parameter for evaluating
potential environmental effects. Maximum and average predicted sulfur and nitrogen deposition
impacts are reported separately for each source group.

Nitrogen deposition impacts were calculated by taking the sum of the nitrogen contained in
the fluxes of all nitrogen species modeled by the CAMx PSAT source apportionment tool. The
CAMx species used in the nitrogen deposition flux calculation are reactive gaseous nitrate species,
RGN (NO, NO;, NOj radical, HONO, N.Os), TPN (PAN, PANX, PNA), organic nitrates (NTR),
particulate nitrate formed from primary emissions plus secondarily formed particulate nitrate (NO3),
gaseous nitric acid (HNOj3), gaseous ammonia (NH3), and particulate ammonium (NH,4). The CAMXx
species used in the sulfur deposition calculation are primarily sulfur dioxide emissions (SO,) and
particulate sulfate ion from primary emissions plus secondarily formed sulfate (SO,).
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FLAG (2010) recommends that applicable sources assess impacts of nitrogen and sulfur
deposition at Class | areas. This guidance recognizes the importance of establishing critical
deposition loading values (“critical loads”) for each specific Class | area as these critical loads are
completely dependent on local atmospheric, aquatic, and terrestrial conditions and chemistry.
Critical load thresholds are essentially a level of atmospheric pollutant deposition below which
negative ecosystem effects are not likely to occur. FLAG (2010) does not include any critical load
levels for specific Class | areas and refers to site-specific critical load information on FLM websites
for each area of concern. This guidance does, however recommend the use of deposition analysis
thresholds (DATs ?°) developed by the NPS and FWS. The DATSs represent screening level values
for nitrogen and sulfur deposition for individual projects with deposition impacts below the DATS
considered negligible. A DAT of 0.005 kilograms per hectare per year (kg/ha/yr) for both nitrogen
and sulfur deposition has been established for both nitrogen and sulfur deposition in western Class |
areas. A DAT of 0.01 kg/ha/yr has been established for both nitrogen and sulfur deposition for areas
in the eastern U.S. As a screening analysis, results for Source Group B (new platforms and
associated support vessels and aircraft associated with the 2017-2022 GOM Multisale EIS scenario,
from which this Supplemental EIS tiers) were compared to the DATs. Comparison of deposition
impacts from cumulative sources to the DAT is not appropriate.

For the 2012 base case and the combined source groups and total 2012 and future year
emissions, the annual nitrogen and sulfur deposition were compared against critical load values
established by the Federal Land Management agencies. Published nitrogen critical load values for
areas managed by the NPS?' include minimum critical loads of 3 kg/halyr at the Gulf Islands
National Seashore, as well as at Guadalupe Mountains and Big Bend, and 5 kg/ha/yr at Padre Island
National Seashore and Everglades National Park. These values represent the minimum of the
critical loads for each biological community type (i.e., forests, herbaceous plants, lichen, mycorrhizal
fungi, and nitrate leaching). Nitrogen and sulfur critical load values for areas managed by the U.S.
Dept. of Agriculture’s Forest Service (USFS) include 5 kg/ha/yr at Bradwell Bay, Cohutta, Sipsey,
Caney Creek and Upper Buffalo. The 5 kg/halyr critical load value for these areas applies
separately to nitrogen and to sulfur deposition. As no separate critical load values for sulfur are
available from the NPS areas, the sulfur critical loads were set equal to the values for nitrogen. No
published critical load values were found for areas managed by the FWS; critical loads for these
areas were set by reference to the NPS and USFS critical loads based on proximity and similarity of
ecoregion types. Using this approach, both nitrogen and sulfur critical loads for the Breton
Wilderness, Breton National Wildlife Refuge, St. Marks, Chassahowitzka, Okefenoke, and Wolf
Island were set at 3 kg/ha/yr based on the Gulf Islands National Seashore value for Eastern
Temperate Forests. The values for Wichita Mountains was set at 5 kg/ha/yr based on the NPS’
Chickasaw National Recreation Area Great Plains ecoregion value.

20 hitp://www.nature.nps.gov/air/Pubs/pdf/flag/nsDAT Guidance.pdf
2! hitp://www.nature.nps.gov/air/Studies/criticalloads/Ecoregions/index.cfm
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D.6.2.4 PSD Increments

The maximum contribution of new oil and gas emissions in the Gulf of Mexico under the
2017-2022 GOM Multisale EIS scenario were reported for each Class | and sensitive Class Il area
and were compared against the PSD increments given in Table D-14. Under the Clean Air Act, a
PSD increment consumption analysis requires major stationary sources subject to PSD review to
demonstrate that emission increases from the proposed source, in conjunction with all other
emissions increases or reductions in the impacted area (typically within 50 kilometers), will not cause
or contribute to concentrations of air pollutants that exceed PSD increments. The PSD increments
have been established for NO,, SO,, and PM in Class | and Class Il areas. Actions to be authorized
by BOEM under the 2017-2022 GOM Multisale EIS scenario do not typically constitute major
stationary sources and do not typically trigger PSD permits or review. However, a comparison of
ambient concentrations from an accumulation of new oil and gas sources within the entire study area
to PSD increments at specific Class | and Class Il areas is included in this analysis for information
purposes. This information is presented to aid State agencies in tracking the potential minor source
increment consumption and to aid Federal Land Managers or Tribal governments responsible for
protecting air resources in Class | areas. This Supplemental EIS tiers from the 2017-2022 GOM
Multisale EIS and uses the scenario and alternatives analyzed in the 2017-2022 GOM Multisale EIS.

D.7 AIR RESOURCE ASSESSMENT RESULTS
D.7.1 NAAQS Impacts

Future year CAMx modeling results were used to examine future air quality relative to the
NAAQS and the individual contributions of each source group relative to the NAAQS. For the ozone
and PM, s NAAQS, comparisons are presented both in terms of the “absolute” CAMx results and in
terms of using the base case and future year CAMx results in a relative sense to scale the observed
base (“current” or “base”) year design value (DVC or DVB) to obtain the projected future year design
value (DVF) as recommended by the USEPA’s modeling guideline (USEPA, 2007 and 2014) and as
described in Section D.6.2.2.

D.7.1.1 Ozone NAAQS Analysis using Relative Model Results

The USEPA’s Model Attainment Test Software (MATS) was used to make future year ozone
DVF projections using the CAMx 2012 base case and future year scenario modeling results as
described in Section D.6.2.2. The MATS was used to make DVF projections at the locations of
ambient air monitoring sites as well as throughout the 4-km modeling domain using the MATS
Unmonitored Area Analysis (UAA) procedures.

D.7.1.1.1 Monitored Ozone Design Value Projections using MATS

The MATS results for the future year ozone design values (DVFs) at individual ambient air
monitoring sites in the 4-km domain are listed in Tables D-17 and D-18. Updated MATS data files
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containing ozone design values up through 2014 were obtained from the USEPA.?* To make future
year projections, MATS starts with a current year design value (DVC) that is based on an average of
three ozone design values from the 5-year period centered on the base case modeling year, which
was 2012 for this analysis. Thus, MATS DVCs are based on ozone design values from the
2010-2012, 2011-2013, and 2012-2014 periods. The MATS makes ozone DVF projections using the
changes in daily maximum 8-hour ozone concentrations near (3 x 3 array of 4-km grid cells) a
monitor using the ratio of future year to current year modeling results to scale the observed DVCs.
These modeled derived scaling factors are called Relative Response Factors (RRFs; DVF = DVC x
RRF). The RRFs are based on the 10 highest modeled ozone days above a threshold ozone
concentration. A lower bound observed ozone threshold value of 50 ppb was used in MATS.

Of the 74 monitors with valid DVCs as calculated by MATS, 39 have DVCs exceeding the
NAAQS (70 ppb). The DVFs are less than DVCs at all 74 sites. A total of 22 sites have predicted
DVFs exceeding the MATS, all of which are among the sites with DVCs above the NAAQS.

Contributions of each source group to the DVFs were calculated as the difference between
the DVF calculated from the CAMXx results with all sources included and a revised DVF calculated
after first subtracting out the individual hourly contributions of each source group in the future year
model run. These source group contributions are tabulated in Table D-18. The maximum
contribution from Source Group A (new platforms associated with the 2017-2022 GOM Multisale EIS
scenario, from which this Supplemental EIS tiers) is 0.5 ppb. The maximum contribution from
Source Group B (new platforms and support vessels and helicopters associated with the 2017-2022
GOM Multisale EIS scenario, from which this Supplemental EIS tiers) is 5.1 ppb.

Five sites in Texas and one in Louisiana were identified where the contribution of the new
platforms and associated support vessels and aircraft under the 2017-2022 GOM Multisale EIS
(from which this Supplemental EIS tiers) scenario (Source Group B) to the DVF was enough to push
the DVF from just below the 70-ppb NAAQS (with Source Group B contributions removed) to just
above the NAAQS when all sources were included (Table D-19). In each case, the “contribution”
from Source Group B is less than 5 ppb. At each of these sites, the DVCs are all also greater than
70 ppb as noted above. Atthe Galveston, Texas, monitor, the 0.3-ppb contribution of Source Group
A (new platforms) alone was sufficient to bump the future year design value from just below the
NAAQS to just above the NAAQS (recall comparisons to the 70 ppb NAAQS are made after
truncating design values to the nearest ppb).

For the ozone impacts assessment, please note that the states will not designate under the
2015 ozone standard of 70 ppb until 2017, with the earliest attainment date of March 2021 for
marginal areas. For this impacts assessment, the non-OCS source emissions were based on the
USEPA’s 2017 emission projections, with a future modeled year of 2017 and compared to the
70-ppb standard. This assessment is assuming the standard will be attained way before the actual

22 hitps:/lwww3.epa.gov/scram001/modelingapps mats.htm
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attainment date, but it wanted to give maximum OCS oil and gas impacts under the new 70 ppb
ozone standard.

Table D-17. Current Year (DVC) and Future Year (DVF) Ozone Design Values at Ambient Air Monitoring
Sites within the 4-km Modeling Domain from MATS.

Site ID Site Name State County DVC | DVF
FAIRHOPE HIGH SCHOOL, FAIRHOPE, :
10030010 ALABAMA AL | Baldwin County 68 | 66.2
10970003 | CHICKASAW, MOBILE CO., ALABAMA AL | Mobile County 67.3 | 64.4
10972005 | BAY RD. ,MOBILE AL. AL | Mobile County 72 | 66.5
120330004 | oY SON INDUSTRIAL PARKCCOPTER gy | Escambia County 67.7 | 65.1
120330018 | NAS PENSACOLA FL | Escambia County 70.7 | 68.1
120910002 | 720 Lovejoy Rd FL | Okaloosa County 65 | 62.9
121130015 | 1500 WOODLAWN WAY FL | Santa Rosa County 69.3 | 67.4
220050004 | 11153 Kling Road LA | Ascension Parish 713 | 67.8
220190002 | HIGHWAY 27 AND HIGHWAY 108 LA | Calcasieu Parish 70.7 | 68.9
220190008 | 2646 John Stine Road LA | Calcasieu Parish 66.7 | 64.7
220190009 | 2284 Paul Bellow Road LA | Calcasieu Parish 70 | 67.3
220330003 | EAST END OF ASTER LANE LA E:fitsﬁaton Rouge 753 | 71.3
220330009 | 1061-A Leesville Ave LA | gastBalonRouge | 753 | 683
220330013 | 11245 Port Hudson-Pride Rd. Zachary, La | LA ngitsﬁaton Rouge 69 | 65.1
220470009 | 65180 Belleview Road LA | Iberville Parish 70.3 | 64.6
220470012 | HIGHWAY 171, CARVILLE LA | Iberville Parish 73.3 | 68.6
220511001 | West Temple PI LA | Jefferson Parish 71.3 | 68.4
220550007 | 646 Cajundome LA | Lafayette Parish 69.7 | 67.2
220570004 | Nicholls University Farm Highway 1 LA | Lafourche Parish 71 | 65.7
220630002 | Highway 16, French Settlement LA | Livingston Parish 72.3 | 68.6
220710012 | Corner of Florida Ave & Orleans Ave LA | Orleans Parish 68.3 | 66.5
220770001 | TED DAVIS RESIDENCE. HIGHWAY 415 LA | Pointe Coupee Parish 74 | 68.2
220870004 | 4101 Mistrot Dr. Meraux, LA 70075 LA | St. Bernard Parish 68 | 64.4
220890003 | 1 RIVER PARK DRIVE LA | St. Charles Parish 67.7 | 65.2
ST. JAMES COURTHOUSE, HWY 44 @ .

220930002 CANAPELLA LA | St. James Parish 66.3 | 62.7
220950002 | Anthony F. Monica Street LA ﬁgr;':hh” the Baptist 72 | 69.3
221030002 | 1421 Hwy 22 W, Madison Ville, LA 70447 LA | St. Tammany Parish 72.3 | 68.7
221210001 | 1005 Northwest Drive, Port Allen LA | flest Baton Rouge 68 | 63.8
280450003 | 400 Baltic St MS | Hancock County 66.3 | 63.4
280470008 | 47 Maple Street MS | Harrison County 70.3 67
280590006 | Hospital Road at Co. Health Dept. MS | Jackson County 71.3 | 69.2
480271047 | 1605 Stone Tree Drive TX | Bell County 73.7 71
80.3 78
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Site ID Site Name State County DVC | DVF
68.7 | 66.3

480391004 | 4503 CROIX PKWY TX | Brazoria County 85| 81.9
480391016 | 109 B BRAZORIA HWY 332 WEST TX | Brazoria County 69.3 | 66.8
480610006 | 344 PORTER DRIVE TX | Cameron County 60.7 | 59.2
69.3 | 66.6

481671034 | 9511 AVENUE V %% TX | Galveston County 753 | 71.2
482010024 | 4510 1/2 ALDINE MAIL RD. TX | Harris County 76.7 | 75.1
482010026 | 1405 SHELDON ROAD TX | Harris County 73| 71.2
482010029 | 16822 KITZMAN TX | Harris County 80 | 76.3
482010046 | 7330 1/2 NORTH WAYSIDE TX | Harris County 73.7 | 71.6
482010047 | 4401 1/2 LANG RD. TX | Harris County 77 | 74.8
482010051 | 13826 1/2 CROQUET TX | Harris County 78.7 | 76.3
482010055 | 6400 BISSONNET STREET TX | Harris County 78.7 | 77.3
482010062 | 9726 1/2 MONROE TX | Harris County 76.7 | 74.4
482010066 | 3333 1/2 HWY 6 SOUTH TX | Harris County 77.7 | 75.2
482010070 | 5425 POLK AVE., SUITE H TX | Harris County 75| 73.5
482010416 | 7421 PARK PLACE BLVD TX | Harris County 77.3 | 74.8
482011015 | 1001 B LYNCHBURG ROAD TX | Harris County 71| 68.5
482011034 | 1262 1/2 MAE DRIVE TX | Harris County 78 | 76.1
482011035 | 9525 CLINTON DR TX | Harris County 74.7 | 72.5
482011039 | 4514 1/2 DURANT ST. TX | Harris County 78.3 | 75.5
482011050 | 4522 PARK RD. TX | Harris County 76.3 74
482151048 | 325 Golf Course Road TX | Hidalgo County 60 | 58.1
482450009 | 1086 Vermont Avenue TX | Jefferson County 71.7 | 68.3
482450011 | 800 EL VISTA ROAD & 53RD STREET TX | Jefferson County 74 | 70.5
482450022 | 12552 SECOND ST. TX | Jefferson County 70.3 | 66.7
482450101 | 6019 MECHANIC TX | Jefferson County 75 | 72.3
482450102 | SETRPC 43 Jefferson Co Airport TX | Jefferson County 67 | 64.4
482450628 | UNAVAILABLE TX | Jefferson County 69.3 | 66.4
482451035 | Seattle Street TX | Jefferson County 69.3 | 66.9
483091037 | 4472 MAZANEC RD TX | McLennan County 71.7 | 69.1
483390078 | 9472 A HWY 1484 TX | Montgomery County 78 | 74.7
483491051 | Corsicana Airport TX | Navarro County 70 | 68.2
483550025 | SORPUS CHRISTI STATE SCHOOL, TX | Nueces County 69.3 | 68.2
483550026 | 9860 LA BRANCH TX | Nueces County 68.3 | 66.2
483611001 | 2700 AUSTIN AVE TX | Orange County 69.3 | 66.5
483611100 | a1 ROCCTIONOF TXHWYS 62AND 1 1y | orange County 68 | 65.4
484530014 %%‘SNORTH HILLS DR, AUSTIN, TX TX | Travis County 71.3 | 67.7
484530020 | 12200 LIME CREEK RD. TX | Travis County 71.7 | 68.3
484690003 | 106 MOCKINGBIRD LANE TX | Victoria County 66.3 | 64.2
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Table D-18. Ozone Current (DVC) and Future Year (DVF) Design Values and Reduction in DVF with
Contributions from Individual Source Groups Removed.

Change in DVF with Source Group
Site ID State County DVC | DVF Removed
A B C D E

10030010 | AL | Baldwin County 68 | 66.2 0.3 4.7 7.6 10.2 42.6
10970003 | AL | Mobile County 67.3 | 64.4 0.1 2.3 4.2 5.4 40.4
10972005 | AL | Mobile County 72 | 66.5 0.1 5.1 6.5 7.9 447
120330004 | FL | Escambia County 67.7 | 65.1 0.3 1.7 5.5 7.4 35.3
120330018 | FL | Escambia County 70.7 | 68.1 0.4 2.6 7.8 10.9 37.8
120910002 | FL | Okaloosa County 65 | 62.9 0.3 1.9 6.8 9.5 33.6
121130015 | FL | Santa Rosa County 69.3 | 67.4 0.5 2.6 9.3 12.7 37.5
220050004 | LA | Ascension Parish 71.3 | 67.8 0.1 0.7 2.3 3.1 43.6
220190002 | LA | Calcasieu Parish 70.7 | 68.9 0.3 2 5.6 8.3 40.2
220190008 | LA | Calcasieu Parish 66.7 | 64.7 0.3 1.7 4.9 7.4 37.6
220190009 | LA | Calcasieu Parish 70 | 67.3 0.2 1.5 4.2 6.1 39.7
220330003 | LA | East Baton Rouge Parish | 75.3 | 71.3 0.1 0.7 29 4 45.3
220330009 | LA | East Baton Rouge Parish | 72.3 | 68.3 0.1 0.7 26 3.7 43.3
220330013 | LA | East Baton Rouge Parish 69 | 65.1 0.2 1 3.2 4.3 37.7
220470009 | LA | Iberville Parish 70.3 | 64.6 0 0.2 0.7 1.1 41.2
220470012 | LA | Iberville Parish 73.3 | 68.6 0 0.4 1.5 2.3 45.7
220511001 | LA | Jefferson Parish 71.3 | 68.4 0.2 1.1 5.2 6.6 45
220550007 | LA | Lafayette Parish 69.7 | 67.2 0.1 14 3.9 5.6 41.5
220570004 | LA | Lafourche Parish 71| 65.7 0.1 0.5 1.7 2.4 40.9
220630002 | LA | Livingston Parish 72.3 | 68.6 0.2 1.1 4.4 5.9 44.3
220710012 | LA | Orleans Parish 68.3 | 66.5 0.3 1.2 5.6 7.2 42
220770001 LA | Pointe Coupee Parish 74 | 68.2 0 0.5 2 3 43.7
220870004 | LA | St. Bernard Parish 68 | 64.4 0.3 1.4 5.5 7.2 41.1
220890003 | LA | St. Charles Parish 67.7 | 65.2 0.1 0.6 2.5 3.3 44.7
220930002 | LA | St. James Parish 66.3 | 62.7 0.1 0.5 21 2.8 39.3
220050002 | LA | St o the Baptist 72| 693| 02| 09| 35| 46 45
221030002 | LA | St. Tammany Parish 72.3 | 68.7 0.2 1.1 5 6.3 42.9
221210001 | LA | /oSt Baton Rouge 68638 0| 05| 21| 29 40
280450003 | MS | Hancock County 66.3 | 63.4 0.3 1.6 5.3 7.1 39.9
280470008 | MS | Harrison County 70.3 67 0.3 1.7 5.4 7.3 42.8
280590006 | MS | Jackson County 71.3 | 69.2 0.4 2.7 6 8.9 449
480271047 | TX | Bell County 73.7 71 0 0.3 0.9 1.2 30.9
80.3 78 0 0.3 0.9 1.3 374
68.7 | 66.3 0.1 0.2 0.4 0.5 33.3
480391004 | TX | Brazoria County 85| 81.9 0.1 0.7 2.2 3.1 49.5
480391016 | TX | Brazoria County 69.3 | 66.8 0.2 1.3 3.4 4.8 374
480610006 | TX | Cameron County 60.7 | 59.2 0.2 1.3 24 3.3 29.2
69.3 | 66.6 0.1 0.2 0.3 0.5 29.9
481671034 | TX | Galveston County 753 | 71.2 0.3 3.6 9.8 16.6 46.6




Air Quality: Cumulative and Visibility Impacts

D-85

Change in DVF with Source Group

Site ID State County DVC | DVF Removed

A B C D E
482010024 | TX | Harris County 76.7 | 75.1 0.2 1.5 4 5.8 441
482010026 | TX | Harris County 731|712 0.2 1.6 41 5.9 421
482010029 | TX | Harris County 80 | 76.3 0.2 1.1 3.3 4.8 48
482010046 | TX | Harris County 73.7 | 71.6 0.2 1.3 3.4 4.9 41.8
482010047 | TX | Harris County 77 | 74.8 0.2 1 3 4.4 46
482010051 | TX | Harris County 78.7 | 76.3 0.1 0.6 1.8 2.6 47.5
482010055 | TX | Harris County 78.7 | 77.3 0.1 0.8 2.4 3.3 46.9
482010062 | TX | Harris County 76.7 | 74.4 0.2 1.1 3.1 4.5 45.3
482010066 | TX | Harris County 77.7 | 75.2 0.1 0.7 2.2 3.1 46.6
482010070 | TX | Harris County 75| 73.5 0.2 1.3 3.4 5 41.6
482010416 | TX | Harris County 77.3 | 74.8 0.1 1.2 3.1 4.6 44 .4
482011015 | TX | Harris County 71| 68.5 0.2 1.3 3.7 5.3 39.1
482011034 | TX | Harris County 78 | 76.1 0.3 1.7 4.1 5.9 44 .3
482011035 | TX | Harris County 747 | 72.5 0.2 1.3 3.3 5 41.7
482011039 | TX | Harris County 78.3 | 75.5 0.2 1.3 3.4 5.1 42.8
482011050 | TX | Harris County 76.3 74 0.3 2.2 5.8 9.1 43.5

0.1 0.6 1.5 2.2 27.5
482151048 | TX | Hidalgo County 60 | 58.1 0.1 0.6 1.4 2 24.3
482450009 | TX | Jefferson County 71.7 | 68.3 0.1 0.7 2 29 42.2
482450011 | TX | Jefferson County 74 | 70.5 0.2 1.9 4.9 7.2 43.9
482450022 | TX | Jefferson County 70.3 | 66.7 0.1 0.8 24 3.5 40.3
482450101 | TX | Jefferson County 75| 72.3 0.3 3 8.2 124 459
482450102 | TX | Jefferson County 67 | 64.4 0.2 1.3 41 6 40
482450628 | TX | Jefferson County 69.3 | 66.4 0.2 2 5.3 7.8 41.8
482451035 | TX | Jefferson County 69.3 | 66.9 0.2 1.5 4.5 6.7 41.9
483091037 | TX | McLennan County 71.7 | 69.1 0 0.2 0.5 0.7 31.3
483390078 | TX | Montgomery County 78 | 74.7 0.2 1 3.1 4.5 45.8
483491051 | TX | Navarro County 70 | 68.2 0.1 0.2 0.6 0.8 33.5
483550025 | TX | Nueces County 69.3 | 68.2 0.3 1.9 5.4 7.4 35
483550026 | TX | Nueces County 68.3 | 66.2 0.3 1.3 3.6 4.9 32.7
483611001 | TX | Orange County 69.3 | 66.5 0.1 14 4.8 6.9 41.3
483611100 | TX | Orange County 68 | 65.4 0.1 1.5 4.6 6.9 40
484530014 | TX | Travis County 71.3 | 67.7 0 0.2 0.9 1.3 37.5
484530020 | TX | Travis County 71.7 | 68.3 0.1 0.3 1 1.4 35.8
484690003 | TX | Victoria County 66.3 | 64.2 0.2 1 3 4.2 32.6
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Table D-19. MATS Ozone Design Value Results for All Monitoring Sites Where Exclusion of
Contributions from Source Group A or B is Sufficient to Reduce the Predicted Future Design
Value (DVF) from Above the NAAQS to Below the NAAQS (all values in ppb).

Site ID Location State | DVC' | DVF? | DVF_A® g\\//lf_;\ DVF_B° g\\//FF_E
220330003 EaSt Baton LA | 753 | 71.3 71.2 0.1 70.6 0.7
ouge Parish
480271047 | Bell County T™X | 737] 710 71.0 0.0 70.7 0.3
481671034 | Galveston X | 753 712 70.9 0.3 69.1 4.9
482010026 | Houston TX 73| 712 71.0 0.2 69.6 1.6
482010046 | Houston X | 737| 716 714 0.2 70.3 1.3
482450101 | Port Arthur TX 75| 723 72.0 0.3 69.3 3.0

' The MATS base period ozone design value (ppb) representing combined contributions of all sources.
2 The MATS future year ozone design value (ppb) representing combined contributions of all sources.

®The MATS future year ozone design value (ppb) calculated after removing source apportionment
contributions of Source Group A or B.

Figure D-40 displays the MATS Unmonitored Area Analysis (UAA) results, which were
generated using the observed ozone data in MATS and the base year and future year scenario
CAMXx results. The MATS UAA spatially interpolates the DVCs obtained from observations across
the modeling domain and then calculates the DVF for each model grid cell by multiplying the
interpolated DVC by the RRF value (i.e., the ratio of the modeled future year to base year design
values) in each grid cell. Future year design values calculated using the MATS UAA procedure are
lower than base year design values throughout most of the 4-km modeling domain with the
exception of a maximum 1.6-ppb increase of less than 3 ppb off the Louisiana coast.
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Figure D-40. Base Scenario Ozone Design Values (DVC, top left), Future Year Ozone Design Values
(DVF, top right) and Their Differences (DVF — DVC,; bottom) Calculated Using the MATS
UAA Tool.

D.7.1.1.2 Ozone MATS Unmonitored Area Analysis

The MATS UAA DVF values calculated after first removing the hourly contributions from
Source Groups A (new platforms), B (new platforms and associated support vessels and aircraft),
and D (all Gulf of Mexico sources) are shown in the left column of Figure D-41. The contributions of
Source Groups A, B, and D calculated as the difference between these DVF values and the DVF
values from all sources (as shown in the upper right-hand corner of Figure D-40) are shown in the
right column of Figure D-41. Source Group A contributions are centered in the Gulf of Mexico
offshore of Louisiana, with a peak impact of 2.2 ppb; maximum impacts from the State seaward
boundaries inland are in the 1- to 1.2-ppb range along the coast of Cameron Parish. For Source
Group B, the maximum contribution (10.8 ppb) is in approximately the same location, but the support
vessel and helicopter activities result in greater impacts landward of the State seaward boundary,
with maximum contributions in the 6- to 7-ppb range.
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Sourc? DVF with Source Group Contribution Source Group Contribution?
Group Removed
A
B
D
' As defined in Table D-14.
2 Source group contributions are calculated by subtracting the DVF values calculated after removing
the hourly source group contributions from the DVF values calculated when all sources are
included.

Figure D-41. MATS UAA Future Year Ozone Design Values (DFV) Calculated After First Removing the

Hourly Contributions from a Source Group (left column) and the Corresponding
Contributions of the Source Group to DVF (right column) Calculated by Subtracting the
DVFs Shown in the Left-hand Column from the “All Sources” DVF Shown in the Top
Right-hand Corner of Figure D-40. Top row — source group B; middle row — source

group D.
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D.7.1.2 Ozone NAAQS Analysis Using Absolute Modeling Results

The CAMx source apportionment absolute modeling results from the future year scenario are
analyzed and compared with the ozone NAAQS in this section. The ozone NAAQS is defined as the
3-year average of the 4™ highest maximum daily average 8-hour (MDAg) ozone concentration. Since
only one calendar year of modeling results are available for the base year and future year scenarios,
the future year 4™ highest MDAg ozone concentration is used as a pseudo-NAAQS comparison
metric.

Modeled 4™ highest MDAg values in each model grid cell for the base and future year
scenarios and the corresponding differences are shown in Figure D-42. Similar to the MATS results
presented in Figure D-40, the 4™ highest MDA is lower under the future year scenario throughout
most of the 4-km domain, with isolated areas of increases of less than 4 ppb located off the coasts of
Louisiana and Texas and onshore in Cameron Parish, Louisiana.

Figure D-42. Modeled 4™ Highest MDA Ozone for the Base Year (upper left) and Future Year (upper
right) Scenarios and Their Differences (bottom center).
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Contributions of each source group to the all sources future year 4™ highest MDAg values
shown in the upper right-hand panel of Figure D-42 are shown in Figures D-43 and D-44. These
contributions are matched in time to the all sources 4" highest MDAg values; contributions may be
different during other periods with elevated MDAg values. As shown in Figure D-43, new platform
sources under the 2017-2022 GOM Multisale EIS (from which this Supplemental EIS tiers) scenario
(Source Group A) are estimated to contribute as much as 7.4 ppb to design values out over the Gulf
of Mexico. Within the states out to the State Seaward Boundary (SSB), the contributions range from
near zero to approximately 3 ppb, with the maximum contributions occurring along the coast of
Cameron Parish, Louisiana. Contributions increase by about 10 ppb when contributions from
support vessels and helicopters associated with the 2017-2022 GOM Multisale EIS scenario, from
which this Supplemental EIS tiers, are added in (Source Group B). Also, adding in all existing
platforms and support vessels and helicopters (Source Group C) raises the maximum contribution
out over the Gulf of Mexico to nearly 38 ppb. Contributions landward of the SSB are generally below
15 ppb but with some areas along the Louisiana coast reaching maximum contributions up to
35 ppb. Adding in all other marine vessel activity in the Gulf of Mexico (Source Group D) only
increases the contributions by a few ppb. The addition of land-based and Mexican and Canadian
anthropogenic sources (Source Group E) results in source contributions that are typically about
30 ppb higher than the contributions from Gulf of Mexico sources alone (Source Group D).
Contributions over the land areas are higher than for Source Group D although the highest
contributions remain out over the Gulf of Mexico where biogenic emissions have minimal influence.
In other words, to the extent that elevated ozone levels are predicted over the Gulf of Mexico, they
are nearly entirely attributable to anthropogenic sources.

Contributions from natural sources (including biogenics and fires) and non-U.S. emissions,
including 12-km domain boundary conditions (Source Group F), are shown in the left panel of
Figure D-44; contributions from just the boundary conditions (BCs) are shown in the right panel.
These results show an area south of Galveston where ozone design values were almost entirely
driven by U.S. or Mexican anthropogenic BCs; however, over the rest of the Gulf of Mexico,
including the near coastal areas, contributions are generally between 20 and 30 ppb and are
overwhelmingly attributable to the BCs. Higher contributions are seen inland where biogenic
sources play a larger role in ozone formation.
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Figure D-43. Contributions of Source Groups A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to Future Year All-sources 4" Highest MDAg (note different color scales in
each panel).
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Figure D-44. Contributions from (left) Source Group F (natural and non-U.S. emission sources
including boundar%/ conditions) and (right) Boundary Conditions Only, to Future
Year All-sources 4" Highest MDAg.

D.7.1.3 PM,s NAAQS Analysis using Relative Model Results

There are two PM,s NAAQS, one for 24-hour averaging time that is expressed as a 3-year
average of the annual 98" percentile in a year with a threshold of 35 ug/m® and an annual average
over 3 years with a threshold of 12 ug/m®. With 1 year of complete everyday modeling, the annual
98" percentile will correspond to the 8" highest 24-hour PM, 5 concentration in a year.

Predictions of future year 24-hour and annual average PM,s design values were made
based on the use of model results in a relative sense as was done for ozone design values in
Section D.7.1.1. The MATS software was used to generate predicted future year design values
(DVFs) from current (base year) design values (DVB or DVC). The MATS was configured to use
ambient measurements of total PM,5 for the period 2008-2012 to generate DVCs based on an
average of three overlapping 3-year average DVs as recommended in the USEPA’s guidance
(USEPA, 2014) and speciated PM,5s monitoring data for the period 2010-2012 to generate the
projected DVFs based on model predicted species RRFs.

D.7.1.3.1 24-Hour PM;5

As described for the ozone NAAQS analysis in Section D.7.1.1, the MATS was used to
calculate DVFs for the 24-hour and annual PM, 5 NAAQS. Observational data for use in the MATS
were provided by the USEPAZ for use in calculating the DVCs. For total PM, 5, observational data
covered the period 2008-2012; for the speciated PM, 5 calculations, observational data covered the
period 2010-2012.

Results of the MATS analysis are shown in Table D-20. All current and future year design
values are below the 35 pg/m*® NAAQS, and the future year design values are projected to be lower

3 hitps://lwww3.epa.gov/scram001/modelingapps mats.htm
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than the current year design values at all sites. The reductions in the projected DVFs calculated
after removing source contributions from each Source Group A, B, C, D, and E (i.e., DVF from
Table D-20 minus DVF calculated with hourly source group contributions removed) are listed in
Table D-21. The largest of the Source Group A, B, C, or D contributions calculated in this manner
occur at the Bay Rd. monitor in Mobile County, Alabama. New platforms and associated support
vessels and helicopters (Source Group B) are calculated to contribute 1.2 ug/m® or 6.4% of the
18.9 ug/m® DVF at this location.

Table D-20. Current Year (DVC) and Future Year (DVF) 24-Hour PM, s Design Values for Monitoring
Sites in the 4-km Modeling Domain from MATS.

Site ID Site Name State County bve | DVE
FAIRHOPE HIGH SCHOOL, FAIRHOPE, .

10030010 ALABAMA AL | Baldwin County 19.5 | 17.7

10970003 | CHICKASAW, MOBILE CO., ALABAMA AL | Mobile County 19.1 | 17.2

10972005 | BAY RD., MOBILE AL. AL | Mobile County 20 | 18.9
120330004 | S YSON INDUSTRIAL PARK-COPTER | -y | Escambia County 19.2 | 17.6
220190009 | 2284 Paul Bellow Road LA | Calcasieu Parish 18.6 17
220190010 | Common and East McNeese LA | Calcasieu Parish 205 | 184
220330009 | 1061-A Leesville Ave LA | g2t Baton Rouge 21| 19.2
220331001 | Highway 964 LA | EastBaton Rouge 16.7 | 14.2

Parish
220470005 | St Gabriel Agricultural Exp. Station LA | Iberville Parish 21| 19.9
220470009 | 65180 Belleview Road LA | Iberville Parish 18.6 | 17.5
220511001 | West Temple PI LA | Jefferson Parish 18.7 | 17.1
220512001 | Patriot St. and Allo St. LA | Jefferson Parish 185 | 16.6
220550006 | 121 East Point Des Mouton LA | Lafayette Parish 18.8 | 17.5
220550007 | 646 Cajundome LA | Lafayette Parish 20.2 | 181
220790002 | 8105 Tom Bowman Drive LA | Rapides Parish 196 | 17.7
220870007 | 24 E. CHALMETTE CIRCLE LA | St. Bernard Parish 202 | 174
221050001 | 51549 Old Fammond Fiwy, Hammond, LA | ) o | Tangipahoa Parish | 18.8 | 17.2
221090001 | 4047 Highway 24 North Gray LA | Terrebonne Parish 17.6 | 16.2
221210001 | 1005 Northwest Drive, Port Allen LA | pestBatonRouge | 17| 202
280010004 | Natchez Municipal Water Works, MS | Adams County 203 | 17.7
Brenham St.

280350004 | 205 Bay Street MS | Forrest County 22.4 21
280450003 | 400 Baltic St. MS | Hancock County 20 | 18.3
280470008 | 47 Maple Street MS | Harrison County 18.3 16
280590006 | Hospital Road at Co. Health Dept. MS | Jackson County 20.8 | 19.6
280670002 | 26 Mason St. MS | Jones County 23| 21.7
480290059 | 14620 LAGUNA RD. TX | Bexar County 214 | 20.9
480612004 | LOT B 69 % TX | Cameron County 227 | 224
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Site ID Site Name State County bve | DVF
482010058 | 7210 1/2 BAYWAY DRIVE TX | Harris County 20.8 | 20.2
482011035 | 9525 CLINTON DR TX | Harris County 24 | 22.7
483550032 | 3810 HUISACHE STREET TX | Nueces County 243 | 23.3
484530020 | 12200 LIME CREEK RD. TX | Travis County 20.7 | 191
484530021 | 2600 B WEBBERVILLE RD. TX | Travis County 21.8 | 20.5

Table D-21. 24-Hour PM, s Current (DVC) and Future Year (DVF) Design Values and Reduction in DVF
with Contributions from Individual Source Groups Removed.

Change in DVF with Source Group

Site ID State County DVC | DVF Removed
A B C D E

10030010 | AL | Baldwin County 19.5 | 17.7 0.0 0.2 0.3 0.4 8.8

10970003 | AL | Mobile County 19.1 | 17.2 0.0 0.1 0.1 0.2 10.2

10972005 | AL | Mobile County 20 | 18.9 0.0 1.2 1.2 1.3 12.0
120330004 | FL | Escambia County 19.2 | 17.6 0.0 0.0 0.1 0.1 9.2
220190009 | LA | Calcasieu Parish 18.6 17 0.0 0.1 0.2 0.5 9.9
220190010 | LA | Calcasieu Parish 205 | 184 0.0 0.0 0.1 0.3 121

East Baton Rouge

220330009 | LA 21| 19.2 0.0 0.1 0.2 0.3 12.3

Parish
220331001 | LA ngigﬁam“ Rouge 167 | 142| 00| 01| 02| o04 9.1
220470005 | LA | Iberville Parish 21199 00| 00| 02| 04| 142
220470009 | LA | Iberville Parish 186 ] 175| 00| 00| 04| 03| 102
220511001 | LA | Jefferson Parish 187]171| 00| 00| 02| 03| 120
220512001 | LA | Jefferson Parish 185| 166| 00| 01| 02| 04| 134
220550006 | LA | Lafayette Parish 188 175| 01| 02| 05| 10| 124
220550007 | LA | Lafayette Parish 202181 00| 00| 02| 03| 123
220790002 | LA | Rapides Parish 196|177 00| 00| 02| o04 8.1
220870007 | LA | St. Bernard Parish 202 174 00| 00| 02| 04| 120
221050001 | LA | Tangipahoa Parish 188 172| 01| 01| 03| 05 9.1
221090001 | LA | Terrebonne Parish 76| 162| 00| 01| 03| 04| 108

West Baton Rouge

221210001 | LA 21.7 | 20.2 0.0 0.0 0.2 0.3 13.8

Parish
280010004 | MS | Adams County 203 | 17.7 0.0 0.1 0.1 0.2 7.8
280350004 | MS | Forrest County 22.4 21 0.0 0.1 0.1 0.2 11.4
280450003 | MS | Hancock County 20 | 18.3 0.0 0.1 0.6 1.1 114
280470008 | MS | Harrison County 18.3 16 0.0 0.0 0.3 0.4 8.8
280590006 | MS | Jackson County 20.8 | 19.6 0.1 0.1 0.4 1.1 14.3
280670002 | MS | Jones County 23 | 21.7 0.0 0.1 0.1 0.1 11.0
480290059 | TX | Bexar County 214 | 20.9 0.0 0.0 0.0 0.0 11.8
480612004 | TX | Cameron County 227 | 224 0.0 0.7 0.7 0.8 54
482010058 | TX | Harris County 20.8 | 20.2 0.0 0.0 0.2 0.5 13.1
482011035 | TX | Harris County 24 | 22.7 0.0 0.0 0.1 0.2 14.9

483550032 | TX | Nueces County 243 | 23.3 0.0 0.1 0.1 0.2 12.3
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Change in DVF with Source Group
Site ID State County DVC | DVF Removed
A B C D E
484530020 | TX | Travis County 20.7 | 191 0.0 0.0 0.0 0.1 9.4
484530021 TX | Travis County 21.8 | 20.5 0.0 0.0 0.0 0.1 121

D.7.1.3.2 Annual Average PM;5

The MATS projections of DVF for the annual average PM, 5 design values are shown in
Table D-22. The only design value exceeding the 12 ug/m® annual average NAAQS is the current
year design value at the Clinton Dr. monitor in Houston, Texas. The projected future year design
value at this location is below the NAAQS. Future year design values are projected to be less than
the current year design values at all monitoring sites except for a 0.3 pg/m? increase at the Hidalgo
County monitoring site just west of Brownsville, Texas.

Reductions in the projected annual average DVFs calculated after removing source
contributions from each Source Group A, B, C, D, and E (i.e., DVF from Table D-22 minus DVF
calculated with hourly source group contributions removed) are shown in Table D-23. The largest of
the Source Group A, B, C, or D contributions calculated in this manner occur at the Bay Rd. monitor
in Mobile County, Alabama. New platforms and associated support vessels and helicopters (Source
Group B) are calculated to contribute 0.7 ug/m® or 7.7% of the 9.1 pg/m® DVF at this location.
Source Group B contributions at the Clinton Dr. monitor are calculated to be less than 0.05 pg/m?.
Source Group B contributions at the Hidalgo County monitoring site are calculated to be 0.1 pg/m?®.

Table D-22. Current (DVC) and Projected Future (DVF) Annual Average PM,s Design Values for
Monitoring Sites in the 4-km Modeling Domain (highlighted values exceed the 12 ug/m®

NAAQS).

Site ID Site Name State DvC DVF

10030010 | FAIRHOPE HIGH SCHOOL, FAIRHOPE, ALABAMA AL 9.8 9.1

10970003 | CHICKASAW, MOBILE CO., ALABAMA AL 9.7 8.9

10972005 | BAY RD., MOBILE AL. AL 9.2 9.1
120330004 | ELLYSON INDUSTRIAL PARK-COPTER ROAD FL 8.9 8.3
220190009 | 2284 Paul Bellow Road LA 8.6 7.9
220190010 | Common and East McNeese LA 9.1 8.5
220330009 | 1061-A Leesville Ave LA 10.3 9.6
220331001 | Highway 964 LA 9.3 8.3
220470005 | St Gabriel Agricultural Exp. Station LA 10.2 9.5
220470009 | 65180 Belleview Road LA 8.9 8.1
220511001 | West Temple PI LA 9 8.2
220512001 | Patriot St. and Allo St. LA 9.2 8.3
220550006 | 121 East Point Des Mouton LA 8.9 8.2
220550007 | 646 Cajundome LA 9.1 8.4
220790002 | 8105 Tom Bowman Drive LA 8.8 8
220870007 | 24 E. CHALMETTE CIRCLE LA 10.5 9.7
221050001 | 21549 Old Hammond Hwy, Hammond, LA 70403 LA 9 8.1
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Site ID Site Name State DvVC DVF
221090001 | 4047 Highway 24 North Gray LA 8.5 7.8
221210001 | 1005 Northwest Drive, Port Allen LA 10.8 10.1
280010004 | Natchez Municipal Water Works Brenham St MS 10.2 9.3
280350004 | 205 Bay Street MS 11.7 10.9
280450003 | 400 Baltic St MS 9.9 9.1
280470008 | 47 Maple Street MS 9.6 8.7
280590006 | Hospital Road at Co. Health Dept. MS 9.5 9
280670002 | 26 Mason St. MS 11.8 11.3
480290059 | 14620 LAGUNA RD. TX 9 8.8
480612004 | LOT B 69 Y TX 11 10.9
482010058 | 7210 1/2 BAYWAY DRIVE TX 11.1 10.9
482011035 | 9525 CLINTON DR TX 124 11.6
482150043 | 2300 NORTH GLASSCOCK TX 104 10.7
483550032 | 3810 HUISACHE STREET TX 10.3 10
484530020 | 12200 LIME CREEK RD. TX 8.4 79
484530021 | 2600 B WEBBERVILLE RD. TX 10.2 9.8

Table D-23. Annual Average PM,s Future Year Design Values (DVF) and Change in DVF with
Contributions from Individual Source Groups Removed (highlighted values exceed the
12 pg/m® NAAQS).

Change in DVF with Source Group
Site ID State Count Removed
y DVC | DVF —% 5 c 5 =

10030010 | AL | Baldwin County 98| 91| 00| 01| 02| 03| 55

10970003 | AL | Mobile County 97| 89| 00| 01| 01| 02| 62

10972005 | AL | Mobile County 92| 91| 00| 07| 08| 09| 61
120330004 | FL | Escambia County 8.9 8.3 0.0 0.1 0.1 0.2 5.2
220190009 | LA | Calcasieu Parish 86| 79| 00| 01| 02| 04| 50
220190010 | LA | Calcasieu Parish 91| 85| 00| 00| 02| 04| 63
220330009 | LA | EastBaton Rouge 103| 96| 00| 01| 02| 03| 72

Parish
220331001 | LA | £@stBaton Rouge 93| 83| 00| 00| 01| 02| 60
Parish

220470005 | LA | Iberville Parish 02| 95| 00| 00| 01| 02| 74
220470009 | LA | Iberville Parish 89| 81| 00| 00| 01| 03| 55
220511001 | LA | Jefferson Parish 9| 82| 00| 01| 02| 03] 60
220512001 | LA | Jefferson Parish 92| 83| 00| 00| 01| 02| 66
220550006 | LA | Lafayette Parish 8.9 8.2 0.0 0.0 0.2 04 59
220550007 | LA | Lafayette Parish 91| 84| 00| 01| 02| 04| 61
220790002 | LA | Rapides Parish 88| 8| 00| 00| 01| 02| 47
220870007 | LA | St. Bernard Parish 05| 97| 00| 01| 02| 03| 73
221050001 | LA | Tangipahoa Parish 9] 81| 00| 01| 02| 03] 50
221090001 | LA | Terrebonne Parish 85| 78| 00| 00| 02| 04| 55
221210001 | LA \é\;ﬁf;hBatO” Rouge 108] 101| 00| 00| 01| o02| 79
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Change in DVF with Source Group

Site ID State Count Removed
y DVC | DVF % 5 c 5 =
280010004 | MS | Adams County 102 | 93 0.0 0.0 0.1 0.2 5.4
280350004 | MS | Forrest County 11.7 | 10.9 0.0 0.0 0.1 0.2 7.2
280450003 | MS | Hancock County 9.9 9.1 0.0 0.0 0.2 04 6.1
280470008 | MS | Harrison County 9.6 8.7 0.0 0.0 0.2 0.3 5.6
280590006 | MS | Jackson County 9.5 9 0.0 0.1 0.2 0.3 6.9
280670002 | MS | Jones County 11.8 | 113 0.0 0.0 0.1 0.1 7.4
480290059 | TX | Bexar County 9| 88 0.0 0.0 0.1 0.1 5.0
480612004 | TX | Cameron County 11| 10.9 0.0 0.3 04 0.5 4.9
482010058 | TX | Harris County 11.1 | 10.9 0.0 0.0 0.1 0.3 8.0
482011035 | TX | Harris County 124 | 116 0.0 0.0 0.0 0.2 8.8
482150043 | TX | Hidalgo County 104 | 10.7 0.0 0.1 0.1 0.1 6.4
483550032 | TX | Nueces County 10.3 10 0.0 0.0 0.1 0.1 6.0
484530020 | TX | Travis County 84 7.9 0.0 0.0 0.0 0.1 44
484530021 TX | Travis County 10.2 9.8 0.0 0.0 0.0 0.1 6.1

Figure D-45 displays the MATS UAA results for the annual average PM, s DVC, DVF, and
the difference, DVF - DVC.** Reductions in annual average PM, s design values associated with
emission reductions from all sources combined are projected throughout nearly the entire domain,
with the exception of increases near the Freshwater Bayou Canal in Vermilion Parish, Louisiana,
and Brownsville, Texas, in addition to a few additional areas in Texas and southern Louisiana.
Some of the isolated areas of increases may represent artifacts of the MATS UAA spatial
interpolation procedure and are not necessarily physically meaningful. Increases in the coastal ports
are associated with new platforms and support vessel and helicopter traffic (Source Group B), as
shown by the unmonitored area source group contributions in Figure D-46. Source Group B
contributes as much as 1.8 ug/m? in these areas.

* The UAA analysis could only be performed for the annual average PM,s NAAQS as the MATS

software cannot calculate UAA results for the 24-hour average PM, 5 NAAQS.
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Figure D-45. Current Year (DVC) and Future Year (DVF) Annual Average PM, s Design Values from
the MATS Unmonitored Area Analysis (top left and top right, respectively) and the
Difference, DVF — DVC (bottom).
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Figure D-46. Contributions of Source Groups A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources Annual Average PM, s Concentration Based
on the MATS Unmonitored Area Analysis (note different color scales used in each panel).

D.7.1.4 PM,s NAAQS Analysis using Absolute Model Predictions

The CAMx source apportionment absolute modeling results from the future year scenario are
analyzed and compared with the PM, 5 24-hour and annual NAAQS in this section.
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D.7.1.4.1 24-Hour PM;s

The 24-hour PM, 5 NAAQS is defined as the three-year average of the annual gg™ percentile
daily average which corresponds to the 8" highest daily average in each year assuming complete
data. Since only one calendar year of modeling results are available for the base year and future
year scenarios, the future year 8" highest daily average PM,s concentration is selected for
comparison with the NAAQS.

Modeled 8" highest daily PM, 5 concentrations in each model grid cell for the base and future
year scenarios and the corresponding differences are shown in Figure D-47. Areas of high
predicted PM, 5 occur along the Alabama, Louisiana and east Texas Gulf coasts in both the base
and future year scenarios. Although predicted gh highest daily PM, 5 concentrations in these areas
exceed the 35 pg/m® NAAQS, both base-year monitored design values (DVCs) and projected future
year design values (DVFs) are below the NAAQS at monitoring sites in these areas as noted in
Section D.7.1.3.1 above. A tendency towards over prediction of daily PM,5 noted in the model
performance evaluation results presented in Section D.5. The difference plot at the bottom of
Figure D-47 shows PM, s reductions in the majority of the domain with some areas of increases in
PM, s along portions of the immediate shoreline and offshore in the western Gulf where additional
activities are anticipated under the 2017-2022 GOM Multisale EIS scenario, from which this
Supplemental EIS tiers. Where PM, 5 increases are predicted, they are limited to less than 15 pg/m3
for nearly all grid cells.

Source group contributions to the annual 8" highest daily average PM,s concentrations
under the future year scenario are shown in Figure D-48. These contributions are matched in time
to the all sources 8" highest daily average PM,5s concentrations; contributions may be different
during other periods with elevated daily average PM,s values. Impacts of the new sources
associated with the 2017-2022 GOM Multisale EIS scenario (Source Groups A and B) are largely
focused on the area offshore of western Louisiana. Impacts from new platforms associated with the
2017-2022 GOM Multisale EIS scenario (Source Group A) are less than 1 pg/m®; adding in support
vessels and helicopters (Source Group B) increases the near-shore impacts up to a maximum of
7 yg/m® as compared to a combined maximum impact of all Gulf of Mexico sources (Source
Group D) of 44 |Jg/m3. This Supplemental EIS tiers from the 2017-2022 GOM Multisale EIS and
uses the scenario and alternatives analyzed in the 2017-2022 GOM Multisale EIS.

Contributions from Source Group E, which includes Source Group D plus all other U.S. and
non-U.S. anthropogenic sources, shows the influence of inland urban areas on PM,;5 levels,
especially in Baton Rouge and Lake Charles, Louisiana.

Contributions from Source Group F (natural and non-U.S. emission sources including
boundary conditions) shown in the left panel of Figure D-49 are dominated by fire emissions near
Beaumont, Texas, and in Vermilion and Lafourche Parishes, Louisiana. Boundary condition
contributions are less than 4 pg/m? in the coastal areas as shown in the right panel of Figure D-49.
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Figure D-47. Modeled 8" Highest Daily Average PM,s Concentrations for the Base Year (top left),
Future Year (top right), and the Future — Base Difference (bottom).
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Figure D-48. Contributions of Source Groups A (top left), B (top right)h, C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources 8" Highest Daily Average PM,s
Concentration (note different color scales used in each panel).
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Figure D-49. Contributions from (left) Source Group F (nhatural and non-U.S. emission sources including
boundary conditions) and (right) Boundary Conditions Only to Future Year All-sources
8" Highest 24-hour PM, 5 (note use of different color scale in each panel).

D.7.1.4.2 Annual Average PM;5

Modeled annual average PM,s for the base year, future year, and the future — base
differences are shown in Figure D-50. Average PM, 5 concentrations decrease on most locations
between the base and future year scenarios with changes over the western GOM between
+ 0.5 ug/m®. Increases of up to 2.5 ug/m® are calculated to occur in coastal Vermilion Parish,
Louisiana.

Source group contributions to the annual average PM, 5 concentrations under the future year
scenario are shown in Figure D-51. Impacts of the new sources associated with the 2017-2022
GOM Multisale EIS (from which this Supplemental EIS tiers) scenario (Source Group B) are largely
focused on the area offshore of western Louisiana with a maximum impact of 2.2 ug/m® as
compared to a combined maximum impact of all GOM sources (Source Group D) of 9.3 pg/m®.
Source Group F contributions (natural and non-U.S. emission sources including boundary
conditions) shown in the left panel of Figure D-52 are dominated by fire emissions near Beaumont,
Texas, and in Vermilion and Lafourche Parishes, Louisiana. Boundary condition contributions are
less than 2 pg/m® in the coastal areas as shown in the right panel of Figure D-52.



D-104 2018 Gulf of Mexico Supplemental EIS

Figure D-50. Modeled Annual Average PM,s Concentrations for the Base Year (top left), Future Year
(top right), and the Future — Base Difference (bottom).



Air Quality: Cumulative and Visibility Impacts D-105

Figure D-51. Contributions of Source Group A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources Annual Average PM, s Concentration (note
use of different color scales in each panel).




D-106 2018 Gulf of Mexico Supplemental EIS

Figure D-52. Contributions from (left) Source Group F (natural and non-U.S. emission sources including
boundary conditions) and (right) Boundary Conditions Only to Future Year All-sources
Annual Average PM, s (note use of different color scale in each panel).

D.7.1.5 NAAQS Analysis for other Criteria Air Pollutants
D.7.1.5.1 PMyg

Figure D-53 displays modeled 2" highest daily average PM,o concentrations than can be
compared with the 24-hour average PM;, NAAQS (150 ug/m?®) for the base and future scenarios and
the base-future differences. Areas of elevated PM,, are evident in urban and port areas and in fire
zones along the Gulf Coasts of Texas and Louisiana (impacts of fires on PM,y can be discerned
from the left panel of Figure D-55 described below). The PMi, decreases are modeled along the
Louisiana coast with increases of between 2 and 5 pug/m® in waters farther offshore associated with
new emissions from the 2017-2022 GOM Multisale EIS scenario sources, from which this
Supplemental EIS tiers.

Source group contributions to the 2" highest daily average PM;o concentrations are shown
in Figure D-54. The maximum contribution of the new platforms and associated support vessels
and aircraft under the 2017-2022 GOM Multisale EIS (from which this Supplemental EIS tiers)
scenario (Source Group B) is predicted to be 10.7 ug/m® or 7% of the NAAQS. The maximum
contribution of all oil and gas platforms and support vessels and helicopters (Source Group C) is
41 ug/m® (28% of the NAAQS). Fires dominate contributions from natural and non-U.S. sources
(Figure D-55).
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Figure D-53. Modeled 2™ Highest 24-hour Average PMy, Concentrations for the Base Year (top left),
Future Year (top right), and the Future — Base Difference (bottom).
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Figure D-54. Contributions of Source Groups A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources 2" Highest Daily Average PMjq
Concentration (note use of different color scales in each panel).
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Figure D-55. Contributions from (left) Source Group F (natural and non-U.S. emission sources including
boundary conditions) and (right) Boundary Conditions Only to Future Year All-sources
2" Highest Daily Average PM;q Concentration (note use of different color scale in each
panel).

D.7.1.5.2 NO;,

Results are presented here for both the 1-hour average NO, NAAQS (100 ppb) and the
annual average NO, NAAQS (53 ppb). Figures D-56 and D-57 display modeled 1-hour average
NO, design values (based on the 8" highest daily average) for the base and future year scenarios
along with source group contributions to the future year design values. All modeled 1-hour NO,
concentrations are below the NAAQS (100 ppb); concentrations in the immediate vicinity of the
Louisiana Offshore Oil Port (LOOP) peak at 98.5 ppb. Concentrations decrease between the base
and future year scenarios at most locations except for of as much as a 32-ppb increase in coastal
Vermilion Parish, Louisiana. Increases are also projected offshore of Texas and Alabama and in
some interior portions of Texas.

Source Group contributions to the 8" highest daily average NO, concentrations are shown in
Figure D-57. Contributions from new platforms and support vessels and helicopters associated with
the 2017-2022 GOM Multisale EIS (from which this Supplemental EIS tiers) scenario (Source
Group B) are dominated by vessel and possibly helicopter traffic in the port areas, most notably in
Vermilion Parish, Louisiana, where the maximum contribution is 55.6 ppb. Combined contributions
from new and existing platforms and support vessels and helicopters (Source Group C) are
dominant in the area of the LOOP. Contributions from natural and foreign sources are less than
10 ppb (not shown).
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Figure D-56. Modeled 8" Highest 1-hour NO, Concentrations for the Base Year (top left), Future Year
(top right), and the Future — Base Difference (bottom).
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Figure D-57. Contributions of Source Group A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources g" Highest Daily Average NO,
Concentrations (note use of different color scales in each panel).

Figures D-58 and D-59 display modeled annual average NO, concentrations for the base
case and future year scenarios, along with source group contributions to the future year annual
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averages. All modeled concentrations are below the NAAQS. Increases between the base case
and future year scenarios of as much as 8 ppb are modeled to occur near the entrance to the
Freshwater Bayou Canal in Vermilion Parish, Louisiana. Somewhat larger increases are modeled in
the Permian Basin of west Texas.

Contributions of Source Groups to the annual average NO, concentrations are shown in
Figure D-59. These results are similar to those for 1-hour NO, shown above. Maximum impacts
from new platforms and support vessels and helicopters associated with the 2017-2022 GOM
Multisale EIS (from which this Supplemental EIS tiers) scenario are as much as 8.6 ppb (16% of the
NAAQS).

Figure D-58. Modeled Annual Average NO, Concentrations for the Base Year (top left), Future Year (top
right), and the Future — Base Difference (bottom).



Air Quality: Cumulative and Visibility Impacts D-113

Figure D-59. Contributions of Source Groups A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources Annual Average NO, Concentrations.
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D.7.1.5.3 SO,

Results are presented here for both the 1-hour average primary SO, NAAQS (75 ppb) and
the 3-hour average secondary SO, NAAQS (0.5 ppm).

Figure D-60 displays modeled 1-hour SO, design values (based on the 4™ highest daily
maximum 1-hour average SO, concentration) for the base, future, and future-base scenarios.
Modeled values for the base year are generally below the NAAQS except in the immediate vicinity of
some major point sources. Sources in areas with deepwater platforms are evident with maximum
values up to 50 ppb. Concentrations decrease in most locations in the future year scenario as
sources are retired or apply control equipment with projected maximum impacts all below the
NAAQS. No increases in excess of 5 ppb are modeled along the Gulf Coast or over the open
ocean.

Contributions of source groups to the modeled 1-hour SO, concentrations are shown in
Figure D-61. New sources associated with the 2017-2022 GOM Multisale EIS (from which this
Supplemental EIS tiers) scenario (Source Group B) are modeled to contribute less than 1 ppb.

Figure D-62 displays modeled 3-hour SO, design values (based on the annual 2™ highest
block, 3-hour average SO, concentration) for the base, future, and future-base scenarios. All
modeled values are below the NAAQS (500 ppb). These results are similar to those for the 1-hour
SO, described above.

Contributions of source groups to the modeled 3-hour SO, concentrations are shown in
Figure D-63. Results are similar to those for the 1-hour SO, concentrations described above.
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Figure D-60. Modeled 4™ Highest Daily Maximum 1-hour SO, Concentrations for the Base Year (top
left), Future Year (top right), and the Future — Base Difference (bottom).
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Figure D-61. Contributions of Source Group A (top left), B (top right), C (middle left), D (middle right), and
E (bottom) to the Future Year All-sources 4" Highest Daily Maximum 1-hour SO,
Concentration (note different color scales used in each panel).
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Figure D-62. Modeled Annual 2™ Highest Block 3-hour SO, Concentrations for the Base Year (top left),
Future Year (top right), and the Future — Base Difference (bottom).
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Figure D-63. Contributions of Source Group A (top left), B (top right), C (middle left), D (middle right),
and E (bottom) to the Future Year All-sources 2" Highest 3-hour Block Average SO,
Concentration (note different color scales used in each panel).
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D.7.15.4 CO

Results are presented here for both the 8-hour average (9 ppm) and 1-hour average
(35 ppm) CO NAAQS.

Figure D-64 displays modeled 8-hour CO design values (based on the annual 2™ highest
nonoverlapping running 8-hour average) for the base, future, and future-base scenarios. Similarly,
Figure D-65 displays modeled 1-hour CO design values (based on the annual 2™ highest daily
maximum 1-hour average) for the base, future, and future-base scenarios. All values are below the
NAAQS. The maximum predicted 8-hour design value in the future year is predicted to be 8.3 ppb at
the entrance to the Freshwater Bayou Canal in Vermilion Parish, Louisiana. Differences between
the base and future year scenarios are less than 3 ppm.

Individual source group contributions to CO design values were not calculated as the CAM
source apportionment methods do not include tracers for CO.

Figure D-64. Modeled Annual 2™ Highest Non-overlapping Running 8-hour Average CO
Concentrations for the Base Year (top left), Future Year (top right), and the
Future — Base Difference (bottom).
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Figure D-65. Modeled Annual 2™ Highest 1-hour Average CO Concentrations for the Base Year (top
left), Future Year (top right), and the Future — Base Difference (bottom).

D.7.2 PSD Increments

Incremental impacts of each source group at Class | and sensitive Class Il areas were
calculated for all pollutants for which PSD increments have been set (NO,, SO,, PM;y, PMys).
Increment consumption is based on the source group contribution calculated from the CAMx source
contribution results. Increment consumption for 24-hour averages and the 3-hour average SO, are
based on the annual second highest values. Comparisons of impacts from the 2017-2022 GOM
Multisale EIS (from which this Supplemental EIS tiers) scenario with maximum allowed PSD
increments are presented here as an evaluation of a “threshold of concern” for potentially significant
adverse impacts, but they do not represent a regulatory PSD increment consumption analysis.

Results of the PSD increments analysis are summarized in Table D-24 in terms of the
maximum increment consumption over all Class I/ll areas within the 4-km modeling domain.
Maximum impacts occur at the Breton Wilderness Class | area for all PSD pollutants and averaging
times. Concentration increments from Source Groups A and B are less than the maximum allowed
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PSD increments for all pollutants and averaging times except for the 24-hour PM, 5 increment from
Source Group B at the Breton Wilderness Class | area where the maximum impact (2.19 ug/m?®)
exceeds the Class | PSD increment (2 ug/m®) by just under 10%. The maximum Source Group A
24-hour average PM, 5 increment is 0.53 pg/m3, indicating that support vessels or helicopter traffic
associated with new offshore platforms, rather than emissions from the platforms themselves, are
largely responsible for pushing the maximum impact above the Class | PSD increment at Breton
Wilderness. The 24-hour PM, s impact from Source Group B averaged over all grid cells covering
the Breton Wilderness Class | area is 1.79 pg/m®. Maximum impacts from Source Group C exceed
the annual and 24-hour PM, 5, the 24-hour PM4g, and the annual NO, Class | PSD increments at
Breton Wilderness. A summary of impacts from Source Groups A, B, and C for all Class I/ll areas is
provided in Table D-25.

Table D-24. Maximum Source Group Contributions for PSD Pollutants at Class | and Sensitive Class
Areas in the 4-km Modeling Domain.

Max @ Any Percent of PSD Class | Area Max @ Any Percent of Class Il Area
Group Class | Area Class | Where Max Class Il Area PSD Class Il Where Max
Increment Occurred Increment Occurred
PM1o Annual (Increment = 4 pg/ms, 17 pg/m")
A 0.04449 1.1% Breton Wilderness 0.04196 0.2% Gulf Islands NS
B 0.29475 7.4% Breton Wilderness 0.35482 2.1% Gulf Islands NS
C 1.44391 36.1% Breton Wilderness 1.24095 7.3% Gulf Islands NS
PMio 24-Hour (Class I, Il Increment = 8 pg/ms, 30 pg/ms)
A 0.53529 6.7% Breton Wilderness 0.61362 2.0% Gulf Islands NS
B 2.19999 27.5% Breton Wilderness 2.45061 8.2% Gulf Islands NS
C 14.4191 180.2% Breton Wilderness 13.9928 46.6% Gulf Islands NS
PM_5 Annual (Class I, Il Increment = 1 pg/ms, 4 pg/ms)
A 0.04449 4.4% Breton Wilderness 0.04196 1.0% Gulf Islands NS
B 0.29152 29.2% Breton Wilderness 0.34969 8.7% Gulf Islands NS
C 1.43641 143.6% Breton Wilderness 1.23711 30.9% Gulf Islands NS
PMg_ s 24-Hour (Class I, Il Increment = 2 pg/m3, 9 pg/m3)
A 0.53527 26.8% Breton Wilderness 0.6136 6.8% Gulf Islands NS
B 2.19194 109.6% Breton Wilderness 2.44002 27.1% Gulf Islands NS
C 14.3964 719.8% Breton Wilderness 13.9795 155.3% Gulf Islands NS
NO2 Annual (Class |, Il Increment = 2.5 pg/m3, 25 pg/m3)
A 0.12789 5.1% Breton Wilderness 0.14467 0.6% Gulf Islands NS
B 0.65768 26.3% Breton Wilderness 0.93535 3.7% Gulf Islands NS
C 2.61628 104.7% Breton Wilderness 1.95517 7.8% Breton NWR
SO, Annual (Class [, Il Increment = 2 pg/ma, 20 pg/ma)
A 0.00113 0.1% Breton Wilderness 0.00121 0.0% Gulf Islands NS
B 0.00271 0.1% Breton Wilderness 0.00178 0.0% Gulf Islands NS
C 0.0684 3.4% Breton Wilderness 0.05601 0.3% Breton NWR
SO, 24-Hour (Class I, Il Increment =5 pg/ms, 91 ug/ms)
0.01009 0.2% Breton Wilderness 0.01104 0.0% Breton NWR
B 0.01891 0.4% Breton Wilderness 0.0156 0.0% Breton NWR
C 0.53913 10.8% Breton Wilderness 0.41742 0.5% Breton NWR
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Percent of PSD Class | Area Percent of Class Il Area
Group Max @ Any Class | Where Max Max @ Any PSD Class Il Where Max
Class | Area Class Il Area
Increment Occurred Increment Occurred
SO 3-Hour (Class I, Il Increment = 25 pg/ma, 512 pg/ma)
A 0.02228 0.1% Breton Wilderness 0.01655 0.0% Breton NWR
B 0.03451 0.1% Breton Wilderness 0.02296 0.0% Breton NWR
C 1.17783 4.7% Breton Wilderness 1.03688 0.2% Breton NWR

NS = National Seashore; NWR = National Wildlife Refuge.

D.7.3 AQRV Impacts
D.7.3.1 Visibility

Incremental visibility impacts were calculated for each source group as well as the
cumulative impact of all sources combined. The approach used the incremental concentrations as
quantified by the CAMx PSAT source apportionment tool simulation for each source group.
Changes in light extinction from CAMx model concentration increments due to emissions from each
source group were calculated for each day at grid cells that intersect Class | and sensitive Class Il
areas within the 12-km modeling domain.

Calculation of incremental visibility impacts followed procedures recommended by the
Federal Land Managers (FLAG, 2010) as described in Section D.6.2.3.1.

For each individual source group, the estimated visibility degradation at each Class | and
sensitive Class Il area in the 12-km modeling domain due to emissions from the source group are
presented in terms of the number of days that exceed a threshold change in deciview (Adv) relative
to background conditions. The number of days with a Adv greater than 0.5 and 1.0 are reported.

Results of the FLAG (2010) incremental visibility impact assessment for Source Groups A
and B are presented in Tables D-26 and D-27, respectively. For Source Group A, the annual
8™ highest Adv exceed the 1.0 threshold at Breton Wilderness, Breton National Wildlife Refuge, and
Gulf Islands National Seashore. Incremental impacts for Source Group B are larger and include
days with the gt highest Adv greater than 1.0 at Padre Island National Seashore in addition to the
areas mentioned above, as well as values greater than 0.5 at Chassahowitzka Wilderness and
St. Marks National Wildlife Refuge.



Table D-25. Source Group Contributions for PSD Pollutants at All Class | and Sensitive Class Il Areas in the 4-km Modeling Domain.

Source Group A

Pollutant | NO, (ug/m°) PMio (ug/m°) PMas (ug/m®) SO; (ug/m°)
Averaging Time |  Annual® 24-hour” | Annual’ 24-hour® | Annua1l3 3-hour” | 24-hour” | Annual’
PSD Class | Increment
Class | State Owner 25 8 7 > 1 25 5 2
Breton Wilderness LA FWS 0.128 0.535 0.044 0.535 0.0441 0.022 0.010 0.001
PSD Class Il Increment
Class Il State Owner 25 30 17 9 2 512 91 20
Breton NWR LA FWS 0.063 0.436 0.036 0.436 0.036 0.017 0.011 0.001
Gulf Islands NS FL,MS NPS 0.145 0.614 0.042 0.614 0.042 0.014 0.007 0.001
Padre Island NS X NPS 0.014 0.169 0.014 0.169 0.014 0.006 0.002 0.000
Source Group B
Pollutant | NO, (ug/m°) PMo (ug/m®) PMas (ug/m®) SO, (ug/m°)
Averaging Time | Annual® 24-hour” | Annual’ 24-hour® | Annua1l3 3-hour” | 24-hour” | Annual’
PSD Class | Increment
Class | State Owner 25 8 7 > 1 25 5 2
Breton Wilderness LA FWS 0.658 2.200 0.295 2.192 0.2921 0.035 0.019 0.003
PSD Class Il Increment
Class Il State Owner 25 30 17 9 2 512 91 20
Breton NWR LA FWS 0.321 1.752 0.182 1.748 0.181 0.023 0.016 0.002
Gulf Islands NS FL,MS NPS 0.935 2.451 0.355 2.440 0.350 0.017 0.008 0.002
Padre Island NS TX NPS 0.181 1.013 0.166 1.012 0.165 0.006 0.003 0.001
Source Group C
Pollutant | NO, (ug/m°) PMo (ug/m®) PMas (ug/m®) SO, (ug/m°)
Averaging Time | Annual’® 24-hour” | Annual’ 24-hour® | Annua1l3 3-hour” | 24-hour’ | Annual
PSD Class | Increment
Class | State Owner 55 8 7 5 1 25 5 5
Breton Wilderness LA FWS 2.616 14.419 1.444 14.396 1.4361 1.178 0.539 0.068
PSD Class Il Increment
Class Il State Owner 25 30 17 9 2 512 91 20
Breton NWR LA FWS 1.955 12.577 1.127 12.559 1.122 1.037 0.417 0.056
Gulf Islands NS FL,MS NPS 1.521 13.993 1.241 13.979 1.237 0.410 0.196 0.016
Padre Island NS TX NPS 0.198 2.031 0.225 2.030 0.224 0.044 0.022 0.002

NS = National Seashore; NWR = National Wildlife Refuge.

' The PSD demonstrations serve information purposes only and do not constitute a regulatory PSD increment consumption analysis.

2 Based on 2™ highest 24-hour average.
® Annual arithmetic mean.
* Based on 2" highest 24-hour average.
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Table D-26. Incremental Visibility Impacts Relative to Natural Background Conditions from Source

Group A.
th o No. of Days
Area Max Adv 8" High Adv >10 1505
Class | Areas
Bandelier National Monument 0.00067 0.00016 0 0
Black Canyon of the Gunnison National Park 0.00002 0.00000 0 0
Bosque del Apache National Wildlife Refuge 0.00050 0.00018 0 0
Bosque del Apache (Chupadera Unit) Wilderness 0.00036 0.00013 0 0
Bosque del Apache (Indian Well Unit) Wilderness 0.00036 0.00014 0 0
Bosque del Apache (Little San Pascual Unit) Wilderness 0.00072 0.00023 0 0
Big Bend National Park 0.00746 0.00286 0 0
Bradwell Bay Wilderness 0.08487 0.05269 0 0
Breton Wilderness 2.65806 1.54415 22 57
Caney Creek Wilderness 0.21478 0.07569 0 0
Cape Romain Wilderness 0.08319 0.01800 0 0
Carlsbad Caverns National Park 0.00337 0.00163 0 0
Chassahowitzka Wilderness 0.26500 0.11299 0 0
Cohutta Wilderness 0.07214 0.02483 0 0
Dolly Sods Wilderness 0.01130 0.00424 0 0
Eagles Nest Wilderness 0.00009 0.00001 0 0
Everglades National Park 0.13374 0.04721 0 0
Flat Tops Wilderness 0.00002 0.00000 0 0
Great Sand Dunes National Monument 0.00020 0.00006 0 0
Great Smoky Mountains National Park 0.02866 0.01263 0 0
Guadalupe Mountains National Park 0.00283 0.00094 0 0
Hercules-Glades Wilderness 0.05899 0.02394 0 0
James River Face Wilderness 0.00768 0.00391 0 0
Joyce-Kilmer-Slickrock Wilderness 0.02655 0.00881 0 0
La Garita Wilderness 0.00013 0.00001 0 0
Linville Gorge Wilderness 0.01892 0.00436 0 0
Mammoth Cave National Park 0.04330 0.01815 0 0
Maroon Bells-Snowmass Wilderness 0.00007 0.00001 0 0
Mingo National Wildlife Refuge 0.07764 0.04615 0 0
Mount_Zirkel Wilderness 0.00002 0.00000 0 0
Okefenokee National Wildlife Refuge 0.06476 0.03510 0 0
Otter Creek Wilderness 0.01108 0.00356 0 0
Pecos Wilderness 0.00091 0.00023 0 0
Rawah Wilderness 0.00005 0.00001 0 0
Rocky Mountain National Park 0.00023 0.00003 0 0
Saint Marks National Wildlife Refuge 0.24139 0.19294 0 0
Salt Creek Wilderness 0.00278 0.00149 0 0
San Pedro Parks Wilderness 0.00038 0.00010 0 0
Shenandoah National Park 0.02361 0.00945 0 0
Shining Rock Wilderness 0.02231 0.01030 0 0
Sipsey Wilderness 0.09946 0.02484 0 0
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th oo No. of Days

Area Max Adv 8" High Adv >10 1505
Swanquarter National Wildlife Refuge 0.01852 0.00864 0 0
Upper Buffalo Wilderness 0.05460 0.02255 0 0
Weminuche Wilderness 0.00018 0.00002 0 0
West Elk Wilderness 0.00006 0.00001 0 0
Wheeler Peak Wilderness 0.00037 0.00012 0 0
White Mountain Wilderness 0.00085 0.00042 0 0
Wichita Mountains National Wildlife Refuge 0.02963 0.01625 0 0
Wichita Mountains (Charons Garden Unit) Wilderness 0.02932 0.01390 0 0
Wichita Mountains (North Mountain Unit) Wilderness 0.02983 0.01408 0 0
Wolf Island Wilderness 0.10444 0.02825 0 0

Class Il Areas

Breton National Wildlife Refuge 2.51391 1.44000 13 41
Gulf Islands National Seashore 3.59820 1.79194 26 64
Padre Island National Seashore 1.28497 0.44893 2 5

Table D-27. Incremental Visibility Impacts Relative to Natural Background Conditions from Source

Group B.
thos No. of Days
Area Max Adv 8" High Adv >10 1505
Class | Areas

Bandelier NM 0.00588 0.00225 0 0
Black Canyon of the Gunnison National Park 0.00027 0.00003 0 0
Bosque del Apache National Wildlife Refuge 0.00927 0.00254 0 0
Bosque del Apache (Chupadera Unit) Wilderness 0.00674 0.00173 0 0
Bosque del Apache (Indian Well Unit) Wilderness 0.00692 0.00183 0 0
Bosque del Apache (Little San Pascual Unit) Wilderness 0.01274 0.00311 0 0
Big Bend National Park 0.06000 0.03458 0 0
Bradwell Bay Wilderness 0.43077 0.29328 0 0

Breton Wilderness 7.77098 6.27094 155 | 256
Caney Creek Wilderness 1.37302 0.48258 1 7
Cape Romain Wilderness 0.31147 0.08130 0 0
Carlsbad Caverns National Park 0.03024 0.01639 0 0
Chassahowitzka Wilderness 1.35442 0.55791 3 9
Cohutta Wilderness 0.37888 0.12203 0 0
Dolly Sods Wilderness 0.06063 0.03063 0 0
Eagles Nest Wilderness 0.00128 0.00016 0 0
Everglades National Park 0.72032 0.18655 0 2
Flat Tops Wilderness 0.00022 0.00003 0 0
Great Sand Dunes National Monument 0.00329 0.00067 0 0
Great Smoky Mountains National Park 0.15002 0.07991 0 0
Guadalupe Mountains National Park 0.02529 0.01502 0 0
Hercules-Glades Wilderness 0.41027 0.16105 0 0
James River Face Wilderness 0.05739 0.02478 0 0
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Joyce-Kilmer-Slickrock Wilderness 0.15156 0.07538 0 0
La Garita Wilderness 0.00252 0.00019 0 0
Linville Gorge Wilderness 0.10346 0.03554 0 0
Mammoth Cave National Park 0.23624 0.09683 0 0
Maroon Bells-Snowmass Wilderness 0.00103 0.00006 0 0
Mingo National Wildlife Refuge 0.44782 0.25368 0 0
Mount_Zirkel Wilderness 0.00019 0.00003 0 0
Okefenokee National Wildlife Refuge 0.40346 0.21507 0 0
Otter Creek Wilderness 0.06577 0.02996 0 0
Pecos Wilderness 0.00863 0.00303 0 0
Rawah Wilderness 0.00062 0.00016 0 0
Rocky Mountain National Park 0.00128 0.00028 0 0
Saint Marks National Wildlife Refuge 1.04546 0.79486 2 23
Salt Creek Wilderness 0.03543 0.01558 0 0
San Pedro Parks Wilderness 0.00562 0.00171 0 0
Shenandoah National Park 0.13636 0.05190 0 0
Shining Rock Wilderness 0.12422 0.06132 0 0
Sipsey Wilderness 0.47703 0.15148 0 0
Swanquarter National Wildlife Refuge 0.09369 0.04563 0 0
Upper Buffalo Wilderness 0.42865 0.16699 0 0
Weminuche Wilderness 0.00268 0.00031 0 0
West Elk Wilderness 0.00100 0.00006 0 0
Wheeler Peak Wilderness 0.00491 0.00148 0 0
White Mountain Wilderness 0.01424 0.00635 0 0
Wichita Mountains National Wildlife Refuge 0.19286 0.10693 0 0
Wichita Mountains (Charons Garden Unit) Wilderness 0.18960 0.08842 0 0
Wichita Mountains (North Mountain Unit) Wilderness 0.19390 0.09435 0 0
Wolf Island Wilderness 0.39934 0.13342 0 0
Class Il Areas
Breton National Wildlife Refuge 7.10912 4.34015 104 | 193
Gulf Islands National Seashore 10.54646 6.33562 198 | 311
Padre Island National Seashore 5.10452 3.05326 115 | 204

D.7.3.1.2 Cumulative Visibility Analysis

For the cumulative visibility impacts analysis, the MATS software was applied with observed
PM species concentrations and monthly average relative humidity from IMPROVE monitoring sites
to calculate daily visibility impairment at Class | areas from which the W20% and B20% visibility days
metrics are determined as described in Section D.7.2.3.1. Since not all Class | areas have a co-
located IMPROVE monitoring site, IMPROVE observations were mapped to nearby Class | areas
that did not include an IMPROVE monitor. In Table D-28, the Class | area of interest is shown in the
first column and the IMPROVE site used to represent observed visibility at the Class | area is shown
in the third column. For example, the IMPROVE data from Dolly Sods Wilderness was used to
represent observed visibility for both Dolly Sods Wilderness and Otter Creek Wilderness. The MATS
includes mappings of IMPROVE site to Class | areas. However, MATS does not include a mapping
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for the Breton Wilderness or Bradwell Bay Class | areas and, therefore, cumulative visibility results
for these areas are not included in this analysis.

Tables D-28 and D-29 resent results for the W20% visibility days, and Tables D-30
and D-31 present results for the B20% visibility days. Visibility improvement between the base and
future year scenarios (i.e., positive BY-FY results in Tables D-29 and D-31) are seen at most Class |
areas, with eight areas experiencing reductions in visibility on the W20% days. All of these areas
are in New Mexico and Colorado, and Gulf of Mexico sources (Source Group D) contribute less than
0.02 dv to visibility impairment in these areas. The maximum contribution from new platforms and
support vessels and helicopters associated with the 2017-2022 GOM Multisale EIS (from which this
Supplemental EIS tiers) scenario (Source Group B) to any area on the W20% days is 0.04 dv at
Caney Creek, Arkansas. Contributions from all Gulf of Mexico sources (Source Group D) are the
greatest (0.34 dv) at St. Marks National Wildlife Refuge, Florida.

For the B20% visibility days, 11 areas experience reductions in visibility. All but one of these
areas are located in New Mexico and Colorado; the lone exception is Big Bend National Park in
Texas. Contributions from Gulf of Mexico sources to these 11 areas are all less than 0.01 dv. The
maximum contribution from new platforms and support vessels and helicopters associated with the
2017-2022 GOM Multisale EIS (from which this Supplemental EIS tiers) (Source Group B) to any
area on the B20% days is 0.01 dv, which occurs at several sites. Contributions from all Gulf of
Mexico sources (Source Group D) are the greatest (0.08 dv) at St. Marks Wilderness in Florida.



Table D-28. Cumulative Visibility Results for 20% Worst Visibility Days (W20%) at Class | Areas for Base (2012) Year (BY) and Future Year (FY)

Scenarios with All Sources Included and with Contributions from Each Source Group Removed.

FY DV without Source Group

Class | Name State IMPROVE Site BYDV | FYDV A B C D E
Bandelier NM NM BAND1 11.79 1193 | 1193 | 1193 | 11.93 | 11.93 7.56
Big Bend NP TX BIBE1 16.40 16.11 16.11 16.11 16.10 | 16.09 | 11.13
Black Canyon of the Gunnison NM CO WEMI1 10.11 10.05 | 10.05 | 10.05 | 10.05 | 10.05 9.34
Bosque del Apache NM BOAP1 13.65 13.90 | 13.90 | 13.90 | 13.90 | 13.90 | 10.69
Caney Creek Wilderness AR CACR1 22.66 20.59 | 20.58 | 20.55 | 20.45 | 20.36 | 13.36
Carlsbad Caverns NP X GUMO1 15.17 15.14 | 1514 | 1514 | 1514 | 15.14 9.33
Chassahowitzka FL CHAS1 21.77 20.43 | 2043 | 20.41 | 20.35 | 20.18 | 11.45
Cohutta Wilderness GA COHU1 23.94 2111 | 2111 | 2111 | 21.09 | 21.06 | 12.89
Dolly Sods Wilderness wv DOSO1 23.45 19.52 | 1952 | 19.52 | 19.52 | 19.51 14.64
Eagles Nest Wilderness Cco WHRI1 8.81 8.72 8.72 8.72 8.72 8.72 7.84
Everglades NP FL EVER1 18.33 1763 | 17.63 | 17.63 | 17.63 | 17.51 15.00
Flat Tops Wilderness CO WHRI1 8.81 8.72 8.72 8.72 8.72 8.72 7.84
Great Sand Dunes NM Cco GRSA1 11.52 1162 | 1162 | 1162 | 11.62 | 11.62 8.94
Great Smoky Mountains NP TN GRSM1 23.75 20.30 | 20.30 | 20.29 | 20.29 | 20.28 | 13.84
Guadalupe Mountains NP X GUMO1 15.17 15.14 | 1514 | 1514 | 1514 | 15.14 9.33
Hercules-Glades Wilderness MO HEGLA1 23.50 2148 | 2147 | 2146 | 2142 | 21.37 | 13.21
James River Face Wilderness VA JARI1 23.50 20.75 | 20.75 | 20.74 | 20.74 | 20.73 | 16.07
Joyce-Kilmer-Slickrock Wilderness TN GRSM1 23.75 20.30 | 20.30 | 20.29 | 20.29 | 20.28 | 13.84
La Garita Wilderness (610 WEMI1 10.11 10.05 | 10.05 | 10.05 | 10.05 | 10.05 9.34
Linville Gorge Wilderness NC LIGO1 22.61 19.38 | 19.38 | 19.37 | 19.37 | 19.36 | 13.29
Maroon Bells-Snowmass Wilderness CcO WHRI1 8.81 8.72 8.72 8.72 8.72 8.72 7.84
Mammoth Cave NP KY MACA1 26.11 2268 | 22.68 | 22.68 | 22.67 | 2266 | 14.97
Mount Zirkel Wilderness Cco MOZI1 9.33 9.20 9.20 9.20 9.20 9.20 7.25
Okefenokee GA OKEF1 23.31 2199 | 2199 | 2198 | 2193 | 21.87 | 12.62
Otter Creek Wilderness AY DOSO1 23.45 1952 | 19.52 | 19.52 | 19.52 | 19.51 14.64
Pecos Wilderness NM WHPE1 10.04 10.10 | 10.10 | 10.10 | 10.10 | 10.10 6.73
Rawah Wilderness CO MOZI1 9.33 9.20 9.20 9.20 9.20 9.20 7.25
Cape Romain SC ROMA1 23.40 2177 | 21.77 | 21.77 | 21.73 | 2168 | 13.12
Rocky Mountain NP Cco ROMO1 12.02 1186 | 11.86 | 11.86 | 11.86 | 11.86 9.19
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Scenarios with All Sources Included and with Contributions from Each Source Group Removed. (continued)

Table D-28. Cumulative Visibility Results for 20% Worst Visibility Days (W20%) at Class | Areas for Base (2012) Year (BY) and Future Year (FY)

FY DV without Source Group

Class | Name State IMPROVE Site BYDV | FYDV A B C D E
Salt Creek NM SACR1 17.22 1779 | 17.79 | 17.79 | 17.79 | 17.78 7.30
St. Marks FL SAMA1 23.01 2118 | 21.18 | 21.16 | 21.06 | 20.84 | 13.43
San Pedro Parks Wilderness NM SAPE1 9.94 9.98 9.98 9.98 9.98 9.98 7.15
Shenandoah NP VA SHEN1 22.95 1942 | 1942 | 19.42 | 19.41 19.39 | 14.90
Shining Rock Wilderness NC SHRO1 21.90 18.78 | 18.78 | 18.77 | 18.77 | 18.76 | 12.25
Sipsey Wilderness AL SIPS1 23.98 2148 | 2148 | 2147 | 2146 | 2144 | 13.01
Swanquarter NC SWAN1 22.29 20.39 | 20.39 | 20.39 | 20.38 | 20.37 | 13.42
Upper Buffalo Wilderness AR UPBU1 2293 20.90 | 20.89 | 20.87 | 20.79 | 20.71 12.97
West Elk Wilderness CcoO WHRI1 8.81 8.72 8.72 8.72 8.72 8.72 7.84
Weminuche Wilderness (610 WEMI1 10.11 10.05 | 10.05 | 10.05 | 10.05 | 10.05 9.34
White Mountain Wilderness NM WHIT1 14.24 1460 | 14.60 | 1460 | 1459 | 14.59 8.15
Wheeler Peak Wilderness NM WHPE1 10.04 10.10 | 10.10 | 10.10 | 10.10 | 10.10 6.73
Wichita Mountains OK WIMO1 21.55 20.33 | 20.33 | 20.32 | 20.31 | 20.30 | 10.33
Wolf Island GA OKEF1 23.31 2199 | 2199 | 2198 | 2193 | 21.87 | 12.62

NM = National Monument; NP = National Park.
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Table D-29. Differences in Cumulative Visibility Results for 20% Worst Visibility Days (W20%) at Class | Areas Between the Future Year (FY) and
Base Year (BY) Scenarios and Contributions of Each Source Group to the Future Year Scenario Visibility.

FY DV without Source Group

Class | Name State IMPROVE Site BYFY DV A B C D E
Bandelier NM NM BAND1 -0.14 0.00 0.00 0.00 0.00 4.37
Big Bend NP X BIBE1 0.29 0.00 0.00 0.01 0.02 4.98
Black Canyon of the Gunnison NM CcO WEMI1 0.06 0.00 0.00 0.00 0.00 0.71
Bosque del Apache NM BOAP1 -0.25 0.00 0.00 0.00 0.00 3.21
Caney Creek Wilderness AR CACR1 2.07 0.01 0.04 0.14 0.23 7.23
Carlsbad Caverns NP TX GUMO1 0.03 0.00 0.00 0.00 0.00 5.81
Chassahowitzka FL CHAS1 1.34 0.00 0.02 0.08 0.25 8.98
Cohutta Wilderness GA COHU1 2.83 0.00 0.00 0.02 0.05 8.22
Dolly Sods Wilderness AY% DOSO1 3.93 0.00 0.00 0.00 0.01 4.88
Eagles Nest Wilderness CO WHRI1 0.09 0.00 0.00 0.00 0.00 0.88
Everglades NP FL EVER1 0.70 0.00 0.00 0.00 0.12 2.63
Flat Tops Wilderness CcO WHRI1 0.09 0.00 0.00 0.00 0.00 0.88
Great Sand Dunes NM CO GRSA1 -0.10 0.00 0.00 0.00 0.00 2.68
Great Smoky Mountains NP TN GRSM1 3.45 0.00 0.01 0.01 0.02 6.46
Guadalupe Mountains NP TX GUMO1 0.03 0.00 0.00 0.00 0.00 5.81
Hercules-Glades Wilderness MO HEGL1 2.02 0.01 0.02 0.06 0.1 8.27
James River Face Wilderness VA JARI1 2.75 0.00 0.01 0.01 0.02 4.68
Joyce-Kilmer-Slickrock Wilderness TN GRSM1 3.45 0.00 0.01 0.01 0.02 6.46
La Garita Wilderness CcO WEMI1 0.06 0.00 0.00 0.00 0.00 0.71
Linville Gorge Wilderness NC LIGO1 3.23 0.00 0.01 0.01 0.02 6.09
Maroon Bells-Snowmass Wilderness CcO WHRI1 0.09 0.00 0.00 0.00 0.00 0.88
Mammoth Cave NP KY MACA1 3.43 0.00 0.00 0.01 0.02 7.71
Mount Zirkel Wilderness (610 MOZI1 0.13 0.00 0.00 0.00 0.00 1.95
Okefenokee GA OKEF1 1.32 0.00 0.01 0.06 0.12 9.37
Otter Creek Wilderness wv DOSO1 3.93 0.00 0.00 0.00 0.01 4.88
Pecos Wilderness NM WHPE1 -0.06 0.00 0.00 0.00 0.00 3.37
Rawah Wilderness CcoO MOZI1 0.13 0.00 0.00 0.00 0.00 1.9