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1. INTRODUCTION

ENVIRON International Corporation and Alpine Geophysics, LLC are performing
photochemical modeling for the Denver Regional Air Quality Council (RAQC) and Colorado
Department of Public Health and Environment (CDPHE) to support the development of a 8-hour
ozone attainment control plan for Denver, Colorado as part of an Early Action Compact (EAC)
State Implementation Plan (SIP) due in 2004. The June 5, 2002 to July 23, 2002 modeling
period was selected along with a 36/12/4/1.33 km nested-grid modeling domain that includes
Mexico in the south to Wyoming in the north and California in the west to western Missouri to
the east. A Modeling Protocol has been prepared that describes the rationale for the episode
selection, model and domain selection and procedures for performing the photochemical
modeling and 8-hour ozone attainment demonstration (Tesche et al., 2003a). The same
ENVIRON/Alpine science team is also performing 8-hour ozone EAC modeling for the San Juan
County, New Mexico area for the New Mexico Environmental Department (Tesche et al.,
2003b).

The June 5 - July 23, 2002 episode is being modeled in CAMx using a Lambert Conformal
Projection (LCP) nested grid configuration with grid resolutions of 36, 12, 4 and 1.33 km. In
CAMx, emissions are separated between surface (surface and low level point) emissions and
elevated point source emissions. For the surface emissions, a separate emission inventory is
required for each grid nest, i.e., four inventories. For elevated point sources, a single emission
inventory is prepared covering all grid nests. Figure 1-1 displays the modeling domain including
the nested grid configuration. Emission inventories were prepared for the 2002 base year.

This report describes the 2007 base case emission inventory preparation for the June 5 - July 23,
episode for the Denver Colorado EAC air quality modeling project. Emission inventories are
processed using version 2x of the Emissions Processing System (EPS2x) for area, off-road, on-
road mobile and point sources (ENVIRON, 2001). The purpose of the emissions processing is to
format the emission inventory for CAMx photochemical modeling.

A discussion of the emission processing steps required to develop the model-ready emission
inventory was presented in ENVIRON (2003). This report documents the data sources used in
the development of the 2007 base case inventory. Section 2 presents the data sources and
summarizes the processing steps used. Summaries of the inventory by major emission source
category (area, on-road mobile, off-road mobile stationary point sources and biogenics) and by
selected emission source subcategories are presented in Section 3.
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Figure 1-1. Denver EAC air quality modeling domains.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec1.doc 1 ‘2



October 2003

ENVIRON

2. DATA SOURCES AND EMISSION INVENTORY PROCESSING

The emissions data and processing steps used in the development of the 2007 base case
inventory for the Denver EAC air quality modeling project are described in the section.

Emissions Modeling
CAMXx requires two types of emission input files:

1. Surface emissions from area, mobile, off-road, low-level point and biogenic sources are
gridded to the CAMX nested grid system. This means that separate surface emissions
files will be prepared for the 36 km, 12 km and 4 km grids. The surface emissions are
injected into the lowest layer of the model.

2. Elevated emissions from major point sources are injected into CAMXx at the coordinates
of each source. The plume rise for each source is calculated by CAMx from stack
parameters so that the emissions are injected into the appropriate vertical layer.
Emissions from selected major NOx emitters may be treated with the CAMx Plume-in-
Grid (PiG) module.

Emissions for different major source groups (e.g., on-road mobile, off-road mobile, area, point
and biogenic) were processed separately and merged together prior to CAMx modeling. This
simplifies the processing and assists quality assurance (QA) and reporting tasks. The outputs
from the emissions model are called the “model-ready” emissions, and are day-specific, gridded,
speciated and temporally (hourly) allocated. The emission files were prepared using version 2x
of the Emissions Processing System (EPS2x). EPS2x performs all of the processing steps for the
anthropogenic emissions. The biogenic inventories were generated with GloBEIS version 3.1,
which includes various enhancements to estimate the effects of drought conditions on biogenic
emissions. The emissions model performs several tasks, briefly summarized below.

Temporal adjustments

Adjust emission rates for seasonal, day-of-week and hour-of-day effects. Default temporal
profiles by SIC/SCC are used in EPS2x to adjust annual and peak ozone season emission
estimates for the specific episode period.

Chemical Speciation

Emission estimates for total VOC were converted to the more detailed chemical speciation used
by the Carbon Bond 4 (CB4) chemical mechanism in CAMx. Speciation profiles by SIC/SCC
codes, based on EPA default data, as well as of various updates and improvements incorporated
into the speciation database, were used in the EPS2x emissions modeling. The speciation of oil
and gas sources in Northwest New Mexico was based on basin-specific data provided by
NMOGA, as discussed in ENVIRON, 2003a. Total unspeciated NOx emissions are allocated to
NO and NO, components.

Spatial Allocation

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2' 1
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The spatial resolution of the emissions must be matched to the CAMx grid(s). Area and off-road
mobile sources are estimated at the county level, and are allocated to the grid cells within each
county based on spatial surrogates (e.g., population and economic activity). Link specific mobile
source emissions (from transportation models) and are allocated to model grid cells using the
LBASE module of EPS2x. Biogenic emissions are gridded for the modeling domain using the
GloBEIS model. Data sources and surrogate assignments were detailed in ENVIRON, 2003a.

Growth and Control

Emissions estimated for one year may need to be adjusted for use in a different year. For the
base case modeling, a large portion of the emission inventory data is based on EPA’s NEI99 and
so the growth, or projection, modules of EPS2x will be utilized. Emission estimates for 1999 for
states other than Colorado are projected to 2007 using growths factors developed using EGAS.

Quality Assurance

The emissions model includes powerful QA and reporting features to keep track of the
adjustments at each processing stage and ensure that data integrity is not compromised. Message
files generated by the EPS2x processors were reviewed through out each stage of the emission
processing. Summary tables were developed and reviewed for accuracy and completeness. The
emission inventory is summarized in Section 3 of this report.

Data Sources and Emissions Processing

The CDPHE provided emission inventory data for 2007 for the entire State of Colorado. For the
remaining states within the modeling domain, the EPA’s 1999 National Emission Inventory
(NEI99) was used. These 1999 emission estimates were projected to the 2007 base year using
the EPS2x growth and projection modules with growth factors developed with the EGAS model.
A draft emission inventory for Mexico based on data used in the BRAVO study was
incorporated into the inventory, primarily as a placeholder, until such time as a more accurate
inventory for Mexico becomes available (ENVION, 2003b). The version of the NEI database
and the modifications and enhancements that were incorporated were discussed in ENVIRON,
2003a.

A summary of data sources for the development of the modeling emissions inventory is provided
in Table 2-1.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2'2
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Table 2-1. Summary of 2007 emissions data sources.
Category Region Data Source
Mobile Denver Metro CDPHE link-based, MOBILEG6
Other CDPHE
Colorado
Outside EPA NEI99, MOBILEG6
Colorado
Offroad Colorado CDPHE emissions data
Outside EPA NEI99
Colorado
Area Colorado CDPHE emissions data
Outside EPA NEI99
Colorado
Oil & Gas Colorado Included in Point Source inventory
New Mexico NMOGA Un-permitted data base
Outside CO EPA NEI99
and NM
Point Colorado CDPHE emissions data
Outside EPA NEI99
Colorado
Biogenic Entire Domain | GIoBEIS3 with BELD3 LULC data and drought
adjustment

Point Sources

Point source data were obtained from different sources, processed separately and merged prior to
modeling. The separate point source data includes: Colorado point sources; Other State point
sources; and Mexico point sources. The point source data are processed for a typical peak ozone
(PO) season weekday and weekend day. The 2007 Colorado point source data were provided
EPS2x AFS input format.

For all states other than Colorado, data for criteria pollutants from the NEI99 is used. The EGAS
model was used to develop growth factors for 2007. Point source emissions for Mexico were
obtained in as ASCII IDA formatted files and re-formatted for processing with EPS2x.

The criteria for selecting NOx point sources for plume in grid treatment within the 4 and 1.33-
km modeling domains is 2 tons NOx on any episode day. For the regional emissions grid, the

NOXx criteria is 25 tons per day on any episode day.

On-Road Mobile Sources

On-road mobile emission sources were processed separately for the State of Colorado and all
remaining states in the modeling domain and Mexico. For Colorado, link-based emissions data
was provided for the Denver metropolitan area. HPMS-based VMT data provided by the
CDPHE were used for the remaining counties in Colorado. All other on-road mobile emission
estimates were based on the NEI99 database.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2‘3
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Colorado On-Road Mobile Source Emissions

A detailed discussion of the on-road mobile source emissions processing was presented in
ENVIRON, 2003a. The development of the 2007 on-road mobile inventory used the same
procedures as the 2002 inventory with data and assumptions representative of 2007. The
following discussion summarizes the on-road mobile source emissions processing.

Emission factors in all cases were obtained from the US EPA’s MOBILE6 model. Temperature
and humidity inputs were taken from MMS5 modeling performed by Alpine Geophysics for the
air quality modeling portion of this work. In-use control inputs for the Denver, Fort Collins, and
Colorado Springs areas were provided by the CDPHE. For counties not included in the group
above, MOBILE6 modeling was done assuming the same RVP value (as the counties above) but
no other controls.

Link-based activity (VMT) data for 2007 for the Denver, Fort Collins, and Colorado Springs
areas were provided by the CDPHE. Corresponding MOBILE6 emission factors were prepared
by running the model over a range of temperatures, speeds, and humidity conditions. M6LINC,
an internal ENVIRON tool, was used to estimate link-specific hourly emissions by mode (start
exhaust, running exhaust, running loss, resting loss, hotsoak, and crankcase). Diurnal emissions
were estimated outside of MOLINC since MOBILEG6 diurnal emission factors cannot be obtained
at specific temperatures. These emission factors were estimated by running MOBILEG6 with
daily minimum and maximum temperatures (rather than for a range of specific temperatures).
Table 2-2 summarizes the link-based NOx, VOC and CO emissions for the Denver Metropolitan
Area and the Front Range counties of the modeling domain. The counties for which on-road
mobile source emissions are based on transportation networks include: Adams, Arapahoe,
Boulder, Denver, Douglas, Elbert, El Paso, Gilpin, Jefferson, Larimer, Teller and Weld.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2'4
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Table 2-2. Denver Metropolitan Area/Front Range 2007 link-based emission summary (tpd).

Date NOx VOC Cco
6/25/07 176.34 155.09 1284.33
6/26/07 173.82 150.55 1294 .48
6/27/07 176.98 157.40 1308.60
6/28/07 191.71 168.36 1375.71
6/29/07 146.23 134.55 1119.09
6/30/07 107.25 98.90 871.94
7/01/07 165.37 156.83 1265.39
7/18/07 179.09 163.96 1329.99
7/19/07 187.35 171.64 1383.08
7/20/07 133.68 122.34 1081.31
7/21/07 100.36 89.14 851.20

The development of 2007 on-road emissions for photochemical modeling is very similar to the
procedures used for 2002 (as described above). This discussion describes the major assumptions
used to specifically reflect the status of fuels and controls in 2007. These assumptions follow
from information provided by the APCD.

With regards to future fuel specifications, the RVP was set at 9.0 psi. In addition, ENVIRON
was directed by the RAQC to assume a statewide 40% market share for an ethanol-based
oxygenated fuel. In 2007, only the Denver metropolitan area was modeled with inspection and
maintenance/anti-tampering programs. The test types include two-speed idle for heavy-duty gas
vehicles and IM240 for light-duty gasoline cars and trucks. The final significant change in
inputs was the VMT mix assumed for the Denver metropolitan area. The updated mix, provided
by the APCD, put more significance on the activity of light-duty trucks and decreased activity
from passenger cars.

HPMS-based VMT data were provided by the CDPHE. These data encompass all counties in the
state except those with link-based data. CDPHE staff stated that VMT in counties with link-
based data were greater than their HPMS counterpart estimates; therefore, the link-based
estimates were used without further reconciliation. Likewise, HPMS data were used for those
counties without link-based data. For these latter counties, the only MOBILEG6-related
differences among them are their temperatures and humidity. Thus, for each episode day,
minimum and maximum daily temperatures and daily average humidity were obtained for each
county. These counties were then grouped into bins such that within a bin, the variations in
minimum and maximum temperatures were no more than five degrees Fahrenheit. The average
daily minimum and maximum temperatures and humidity were derived for each group and used
in the emission factor modeling. Each of the twelve HPMS facility classes was assigned one of
four MOBILES® road types (non-ramp freeway, arterial, local, and ramp) and a national average
speed. These speeds are presented in Table 2-3. Emissions were estimated by county, episode
day, pollutant/emission mode, facility type, and vehicle class.

The development of 2007 on-road emissions for photochemical modeling is similar to the
procedures used for 2002 (as described above). This discussion describes the major assumptions
used to specifically reflect the status of fuels and controls in 2007. These assumptions follow
from information provided by the APCD.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2'5
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With regards to future fuel specifications, the RVP was set at 9.0 psi. In addition, ENVIRON
was directed by the RAQC to assume a statewide 40% market share for an ethanol-based
oxygenated fuel. In 2007, only the Denver metropolitan area was modeled with inspection and
maintenance/anti-tampering programs. The test types include two-speed idle for heavy-duty gas
vehicles and IM240 for light-duty gasoline cars and trucks. The final significant change in
inputs was the VMT mix assumed for the Denver metropolitan area. The updated mix, provided
by the APCD, put more significance on the activity of light-duty trucks and decreased activity
from passenger cars.

Table 2-3. Speeds used in emission factor modeling for counties with HPMS-based VMT.

Rural Urban
Other
Freeways
&
Principal Minor Major Minor Express | Principal Minor Collect
Interstate | Arterial | Arterial | Collector | Collector | Local ways Arterial Arterial or Local Interstate
56.23 44.32 39.32 34.32 29.66 29.66 44.35 44.35 19.67 19.67 19.67 | 19.67

Regional On-Road Mobile Source Emissions

The NEI99 is the basis for the on-road mobile source regional emissions inventory for those
states outside Colorado. County-level mobile emissions data were first projected to the 2007
base year using EPS2x with growth factor calculated using the EGAS model. The resulting
county-level 2007 emissions estimate were treated as area source and processed with EPS2x. A
road type distribution (urban primary, rural primary, urban secondary, rural secondary) was used
to spatially allocate the on-road sources grid cells in each of the modeling domains.

Mexico on-road mobile source emissions were obtained on a state/municipality level and
processed as area sources. The Mexico emission inventory data is for 1999. Due to a lack of

growth factor information, no attempt was made to project these data to the 2007 base year.

Area and Off-Road Sources

The CDPHE provided 2007 emission inventories for Colorado area and off-road sources. The
data were provided as EPS2x AMS formatted files. These data were processed using EPS2x and
spatially allocated to grid cells using gridding surrogates based on the EPA’s gridding surrogate
database.

For all areas outside Colorado, the NEI99 is the basis for the area and nonroad regional
emissions inventory. The NEI 1999 area and off-road emission inventory is (1) processed to
extract the typical peak ozone season day data, (2) reformatted to AMS input file format and (3)
processed with EPS2x.

C:\Ozone Compact\EAC-TSD\2007 Modeling El\sec2.doc 2'6
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Oil and Gas Emissions

Emissions data from oil and gas production wells within the modeling domain were obtained
from the CDPHE as well as the New Mexico Oil and Gas Association (NMOGA). The CDPHE
provided oil and gas emissions within the statewide inventory data files used for the project.
Emission for oil and gas production on New Mexico was provided separately by NMOGA for
numerous small un-permitted operations in the northeast corner of New Mexico.

In the San Juan Basin of New Mexico there are nearly 18,000 oil and gas wells in operation.
Each of these emit only a relatively small amount of emission and thus are not subject to
permitting based on EPA guidelines. However, in aggregate, the large number of wells
contribute a substantial amount of NOx and VOC to the overall inventory.

Bruce Gantner of NMOGA provided NOx and VOC emissions estimates for 2002 for the three
New Mexico counties within the San Juan Basin; San Juan, Sandoval, and Rio Arriba (Gantner,
2003). Flash, loading, working and standing, venting and fugitive VOC emission estimates were
provided. NOx emissions for various engine types were provided on a basin wide basis. These
data were summarized in ENVIRON, 2003a. Speciation profiles were developed separately for
each of the four formations based on the information provided by NMOGA. Because the
emissions data was provided by county, and not separately for each formation, an average
speciation profile was used for all formations.

Temporal allocation of the annual emissions for oil and gas operation was assumed constant for
NOx emissions and VOC emissions except for working and standing emissions. For working
and standing VOC emissions a specific monthly temporal profile was provided by NMOGA.
Spatial allocation of emissions was based on the location of wells within each county for VOC
emissions and on the location of wells across the entire basin for NOx emissions.

For 2007, the EGAS growth factors were used to project the 2002 estimates. EGAS estimates
total growth from 2002 to 2007 of approximately 22%. Supplemental information concerning
the estimated emission levels for oil and gas wells in the San Juan Basin was received from
NMOGA, however, because these data were on Sept. 29, 2003, they were not incorporated into
the current 2007 inventory. The data will be reviewed and if appropriate will be included in the
inventory prior to any air quality simulations.

Biogenic Sources

Biogenic emissions were prepared using version 3.1 of the GloBEIS model (Yarwood et al.,
1999 a,b). A discussion of the GloBEIS model, including options used in development of the
inventory for the Denver EAC modeling effort, was presented in ENVIRON, 2003a. GloBEIS
was used to calculate day specific, gridded, speciated, hourly emissions of biogenic VOCs and
NOx for each modeling grid (36 km, 12 km, 4 km, 1.33 km). Biogenic emissions for 2007 are
unchanged from the 2002 base year biogenic emissions.
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