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1. INTRODUCTION

BACKGROUND

Since 1994 expanded monitoring of ozone precursors has been undertaken in parts of the Mid-
Atlantic region as part of the Photochemical Assessment Monitoring Station (PAMS) program
developed by the U.S. EPA. Data available from the PAMS program include hourly speciated
non-methane organic compound (NMOC), NO, NO2, NOx and O3 concentrations as well as
hourly surface meteorological data. Supplemental upper air meteorological data are also
collected. Along with many other applications to air management issues, these data provide an
opportunity to evaluate emission inventory estimates of ozone precursors by comparing ratios
of precursor species or species groups in the inventory with corresponding ratios in the
ambient data.

When evaluating results from comparisons of emission inventory data against ambient data, it
is important to note that such comparisons are limited to ratios of species since the emissions
estimates cannot be converted directly into concentrations without the application of a suitable
dispersion model. Thus, in the absence of additional information, it is only possible to
determine if a given species is over or under estimated in the inventory relative to another
species. One must of course also be careful to consider the possible influence of measurement
errors on the ambient data.

For any given ratio of species, such as the ratio of non-methane hydrocarbons (NMHC) to
NOx, there are several reasons why emissions inventory estimates may differ from ambient
measurements:

 NMHC emissions may be over (under) estimated in the inventory.

* NOx emissions may be under (over) estimated in the inventory.

* Emissions of NMHC or NOx may not be properly spatially allocated across different
sources or properly temporally allocated to different times of the day or may not represent
actual emissions during the ambient monitoring period (day specific effects). NMHC
emission may not have been correctly assigned to proper mixture of individual NMHC
species due to use of inappropriate or incorrect NMHC source speciation profiles.

e Ambient NMHC or NOx concentrations may be lower than they would otherwise be due to
chemical reactions between time of emissions and when material is observed at the
monitoring site. The rate of reaction will in general be different for different chemical
species.

* Air parcels sampled at the monitoring site may represent a different source mixture than is
contained in the area-wide average emission inventory. This is particularly important for
NOx emissions from elevated sources such as power plant smoke stacks since the extent to
which smoke stack plumes mix to the ground at the monitoring site is highly variable.

* Errors may occur in the ambient measurements due to concentrations below
instrumentation detection limits, NMHC species misidentification, calibration errors, etc.
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APPROACH

PAMS data collected in the mid-Atlantic region have recently been validated and summarized
(MDEQ, 1997; Main et al., 1999a,b). In this study, we compare ambient speciated NMHC
and NOx data from PAMS monitors in Washington, DC and Baltimore, MD with emission
inventories for these cities compiled for this study by E.H. Pechan (2000). In addition to
including local point and area source data, these inventories have been specifically designed to
provide the best available estimates of on-road mobile source emissions by incorporating local
information on mobile source activity levels and fuel characteristics. As described in Section
2, mobile sources represent a major component of the inventories and proper characterization
of mobile source emissions is vital to the development of effective air quality control
strategies.

MARAMAA\report\Revfnlrpt\sec1.doc 1 —2
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2. SUMMARY OF RESULTS FROM PREVIOUS ANALYSES

A number of studies seeking to reconcile emission inventory estimates with ambient
monitoring data have been conducted in recent years. In many cases, significant discrepancies
between inventory ratios and corresponding ratios in the ambient data have been identified. It
should be noted, however, that it is difficult to draw firm conclusions from such comparisons
given the inherently different nature of inventory estimates and ambient monitoring data. In
this section we present a brief summary of results from several recent studies. We focus here
only on summarizing key results and to not attempt to provide a critical evaluation of the
methods and data employed in each study.

NARSTO-Northeast Study

Haste et al. (1998) compared data from several PAMS sites in the Northeast urban corridor
with inventory estimates derived from the 1990 Ozone Transport Assessment Group (OTAG)
county level inventory. Emissions growth factors were applied to match the inventory with
the 1995 ambient data. These growth factors were developed by comparing the 1990 OTAG
county inventory with the 1995 OTAG modeling episode inventory. Spatial gridding
surrogates developed by the authors were then used to map the 1995 county-level emissions
onto a 66.5 x 66.5 km area around each PAMS site. Sites analyzed in this study were Bronx,
NY (New York City), Lake Clifton, MD (Baltimore, MD), and Lynn, MA (near Boston).
EPA’s SPECIATE database was used to assign the VOC emissions for each source category to
individual VOC species or species groups. Summer average temperatures were assumed in the
inventory development and the inventory was designed to be representative of weekdays only
(not weekends). Results were summarized for on-road mobile sources, area sources (which
included off-road and fuel distribution sources, and point sources. Biogenic sources were not
included in the inventory.

Emission ratios in the inventory were compared with hourly data from the PAMS monitors for
the early morning (6 - 9 am) period when fresh emissions are plentiful, mixing is limited, and
atmospheric reactivity has not significantly modified the chemical composition of the
emissions. Results of these comparisons indicated that:

» TNMHC/NOx ambient ratios were 1.5 to 3.5 times higher than corresponding emission
ratios.

e Ambient NMHC composition was similar to the composite composition of the mobile and
area source categories in the inventory

From these results, the authors concluded that if the NOx emissions estimates are assumed to
be accurate, then NMHC emissions from mobile and area sources in the inventory are
underestimated. The authors also noted that the ambient NMHC composition shows relatively
greater amounts of acetylene and other light hydrocarbons at the Bronx and Lake Clifton sites
than were seen in measurements collected in highway tunnels collected as part of the
Coordinating Research Council’s tunnel studies (Gertler et al., 1997).

MARAM\Revfnlrpt\sec2.doc 2— 1
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LADCO Analyses

A series of inventory reconciliation studies have been conducted by the Lake Michigan Air
Directors Consortium (LADCO, 1998) for PAMS sites in the Lake Michigan region, the
Bronx, NY PAMS site and the McMillan Reservoir PAMS site in Washington, DC. For the
Lake Michigan PAMS sites (Jardine-Chicago, IITRI-Gary, IN, UWM-North-Milwaukee and
Northbrook, IL), ambient data were compared with the 1995 Midwest subregional modeling
inventory (LADCO, 1998). This inventory is based on the 1995 OTAG modeling inventory
with extensive adjustments to more accurately reflect local conditions. The 1995 OTAG
inventory was used directly for comparisons at the Bronx and McMillan sites. EPA’s
SPECIATE database was used to derive the VOC speciation. Profiles 1309/1315 were used for
motor vehicles - these are the same profiles used in the NARSTO-Northeast analysis described
above. Separate emission values representative of an average summer weekday, Saturday, and
Sunday were developed. Motor vehicle emissions were prepared for specific photochemical
modeling days which were matched to the monitoring data days based on ambient temperature.
Biogenic emissions were not included in the analysis. Inventory estimates were disaggregated
to a 4km grid. To obtain emissions that reflect the exposure of the ambient monitor,

emissions were extracted for a 9 cell by 9 cell box approximately centered on the monitor
location. For each hour, ambient data were compared with emissions from the 4x4 cell
quadrant lying upwind of the site during the hour.

Ambient data for June — August of 1995, 1996, and 1997 were used in the comparisons. In
this study, “TNMHC” was defined as the sum of the 55 PAMS target species — other
identified species and any unidentified values were not used. In the inventories, these 55
species accounted for 60% of total VOCs (moles C basis). Comparisons with the inventories
were based on the 6-9 am time period. Separate comparisons were performed for weekdays,
Saturdays, and Sundays.

At the Lake Michigan area PAMS sites, average ambient NMHC/NOx ratios ranged from

2.5 - 3.5 with somewhat lower values observed at the Jardine and Gary sites. Corresponding
VOC/NOXx ratios in the emissions inventories ranged from 3.0 to 3.5 at all sites except
Northbrook, IL. where values were lower. In contrast to the other sites included in this study
which are all located within areas of maximum precursor emissions (so called “type 2” sites),
Northbrook is a “type 3” site located in a suburb downwind of Chicago in an area of higher
ozone concentrations. While the site is therefore exposed to emissions from the downtown
area that have “aged” photochemically prior to reaching the site, it is also likely to be exposed
to fresh motor vehicle emissions similar to the type 2 sites. Overall, the authors’ summary of
the comparisons indicated that the emissions and ambient NMHC/NOx ratios agreed to within
+ 25%. The authors further concluded that ambient NMHC and emissions VOC compositions
were in reasonably good agreement with a few notable exceptions.

Results for the McMillan monitoring site are available on LADCO’s web site
(www.ladco.org) but were not included in LADCQ’s draft report. A review of these results
indicated an average inventory NMHC/NOXx ratio of approximately 2.5 with elevated point
sources included and between 3.0 and 3.5 with elevated point sources excluded. The value
when point sources were included (2.5) coincided well with the mode (most probable value) of
the distribution of ambient NMHC/NOX ratios. As is common in ambient data, however, the
distribution of ambient NMHC/NOXx ratios is heavily skewed to the right. This asymmetry in
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the distribution means that the average ratio is larger than the mode. Unfortunately, LADCO
does not report summary statistics for the distribution. Reported NMHC/NOx ratios ranged
from 1:1 to 8:1. The distribution of inventory ratios is more nearly symmetrical and has a
much narrower range (2.5:1 to 4:1) as we would expect. As a result of the wide range of
ambient ratios, the ratio of ambient NMHC/NOx to inventory NMHC/NOX ratios (ratio of
ratios) at McMillan varies between about 0.25 and 4.75. Examination of the histogram of
ratios of ratios produced by LADCO’s software (Figure 2-1) indicates that the median ratio of
ratios at this site is in the neighborhood of 1:1 while the average ratio is slightly larger. In
other words, overall the inventory NMHC/NOx ratios agree reasonably well with the ambient
NMHC/NOx ratios when point sources are not included in the inventory.

LADCO’s comparison of the relative abundances of individual NMHC:s in the inventory with
relative abundances in the ambient data at McMillan (Figure 2-2) indicated that toluene, n-
butane, and xylenes plus several other species are over represented in the inventory relative to
the ambient data while several other species including light hydrocarbons such as isopentane,
ethane, and propane are under represented in the inventory relative to the ambient data. These
results are very similar to those obtained at the Lake Michigan area monitoring sites.

Reconciliation of the Texas COAST Emission Inventory

Korc et al. (1995) compared species ratios in the Southeast Texas COAST emission inventory
assembled by the Texas Natural Resource Conservation Commission (TNRCC). This is an
average weekday inventory representing August — September, 1993 with 2x2 km spatial
resolution. The inventory was generated using version 2.0 of the Emissions Processing
System (EPS 2.0) with speciation factors supplied by the TNRCC. Emissions were
summarized by on-road mobile, area (including non-road sources), point sources, and
biogenics.

Inventory numbers were compared with 1993 ambient data from the Clinton Dr. and Galleria
PAMS monitoring sites. Comparisons were performed for a 30x30 km area around each
monitoring site. Emission inventory estimates indicate that the Galleria site is more heavily
influenced by mobile sources than the Clinton site: on-road mobile sources accounted for 55 %
of VOCs and 75% of NOx emissions at Galleria as compared to 25% of VOC and 45% of
NOx at Clinton. This difference in source impacts at these two sites is consistent with
analyses of the ambient data (Stoeckenius et al., 1994).

Results of the emissions/ambient data comparisons indicated that

* Ambient TNMHC/NOx ratios were two to six times higher than emissions ratios at
Galleria (2.5 to 4 times higher at Clinton).

e Opverall, composition of NMHC in the ambient data was similar to that of the composite
mobile and area source emissions inventory. However, the ambient data showed relatively
greater amounts of several mobile source related species (most notably acetylene) than
were contained in the emission inventory.

Based on these results, the authors concluded that if NOx emission estimates are accurate, then
emissions of NMHC are underestimated.
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SCAQS Inventory Reconciliation Analysis

Fujita et al. (1992) compared ambient data collected during the 1987 SCAQS field study in
Southern California with a day-specific, 5 km gridded, speciated emissions inventory prepared
by the California Air Resources Board. This inventory was developed in part using the
EMFACT7E mobile source emission factor model. Comparisons were based on the early
morning (7 - 8 am) period. Ambient CO/NOx ratios were found to be 1.1 to 2.7 times
greater than the corresponding emissions ratio while ambient NMOG/NOx ratios were 1.8 to
3.2 times the corresponding emissions ratio. These results lead the authors to conclude that, if
the NOx emission estimates are reasonably accurate, then inventory estimates of CO and
NMOG are significantly underestimated. Since this study was conducted in California, mobile
source emissions were developed using the EMFAC emission factor model which attempts to
model California vehicle characteristics and yields different estimates than the MOBILE model
used elsewhere.

Tunnel Studies

Air samples collected in highway tunnels provide a good representation of the composition of
“real world” emissions for the vehicle fleet and driving characteristics within the tunnel and
are thus useful for computing vehicle emission factors for comparison with mobile source
emission factor models and for constructing vehicle NMHC speciation profiles. Air samples
collected in five highway tunnels (Gertler et al., 1997) have been analyzed to better understand
mobile source emissions. For tunnels outside of California (where a different emission factor
model is used), comparisons of observed CO, NMHC, and NOx in tunnels with emissions
predicted using the MOBILE emission factor model has yielded mixed results. This is most
likely due to differences between tunnels in fleet mix, fuel characteristics, road grade, and
driving (speed-acceleration) patterns. For the Ft. McHenry (Baltimore) and Tuscarora, PA
tunnels, MOBILES underpredicted the NMHC/NOx ratio for light duty vehicles by
approximately 40% although overall the observed g/mi emission factors were within +/- 50%
on average of the MOBILES predictions. Measurements in the Deck Park (Phoenix, AZ),
Lincoln (New York City), and Callahan (Boston) tunnels suggested that MOBILES
overpredicts emissions of NOx, CO, and NMHC (except for NMHC in the Lincoln Tunnel).
NMHC/NOx ratios were underpredicted by MOBILES in the Deck Park tunnel but observed
and predicted NMHC/NOXx ratios were in good agreement in the Lincoln and Callahan
tunnels. Given the different characteristics of the tunnels studied, it is difficult to draw firm
conclusions about the overall accuracy of urban area-wide mobile source inventories derived
on the basis of MOBILES. It is interesting to note however, that several of the experiments
revealed overprediction of NOx emissions, suggesting that it is not reasonable to simply
assume that mobile source NOx emission estimates are accurate.

Summary of Previous Studies

Results of previous studies summarized above represent a diverse mixture of comparison
methodologies and emissions modeling procedures. It is therefore perhaps not surprising that
a mixed set of results has been obtained. Whereas the two earlier studies (Fujita et al., 1992
and Korc et al., 1995) found large under prediction of observed TNMHC/NOx ratios as did
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the more recent study by Haste et al. (1998), the LADCO (1998) analysis suggested a much
better agreement on average of predictions with observations. While the pattern of NMHC
species abundances in ambient samples examined in these studies matched the mobile source
emissions profile reasonably well, light hydrocarbons were found to be more abundant in the
PAMS data than in the emission inventories. This is consistent with NMHC observations
from the tunnel studies described by Gertler et al. (1997) which showed fewer amounts of the
light hydrocarbons than were seen in the PAMS monitoring data.
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Figure 2-1. Histogram of ratio of monitored TNMHC/NOx to inventory TNMHC/NOx from
LADCO analysis of McMillan Reservoir (Washington DC) PAMS site. (source:
www.ladco.org.
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Species Breakdown
For : S.E. END MCMILLIAN RESERVOIR, WASH. DC
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Figure 2-2. Individual species TNMHC weight percent in ambient data (line) vs. emission
inventory (bars) at McMillan Reservoir PAMS site from LADCO analysis (source:
www.ladco.org).
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3. EMISSIONS DATA

INTRODUCTION

Emission inventories for the Baltimore and Washington areas were provided for use in this
study by E.H. Pechan & Associates. Mobile and stationary source emissions in these
inventories were developed using data sources and techniques described by E.H. Pechan,
(2000) and summarized in Appendix A. Inventories were spatially resolved to a 4 km x 4 km
grid with a 4 x 4 cell area centered on the McMillan monitor in Washington and a 5 x 5 cell
area centered on the Essex monitor in Baltimore. Elevated point sources within 20 km of the
monitoring sites were included in the inventory. Diurnal activity profiles were used to
temporally disaggregate the emission by hour of day. Mean daily maximum and minimum
temperatures for June-August 1997 in Baltimore and Washington were obtained from the
National Weather Service Summary of the Day archive at the National Climatic Data Center.
EPA’s SPECIATE database was used to distribute VOC emissions over individual species.
The resulting, gridded, hourly, speciated inventory is designed to be representative of typical
summer weekday conditions (comparisons with ambient data were performed for weekdays
only). Emission rates were provided by E.H. Pechan in moles/hour for each species (NOx
expressed as NO2). Emissions for VOCs were converted to moles carbon (moleC) for
comparison with the ambient data which is expressed in units of parts per billion carbon
(ppbC).

Since the auto-GC instruments used at the PAMS monitors are not designed to detect all of the
organic compounds included in the emission inventories, emissions of the non-detectable
species were not included in the comparison. Detectable species include C2 through C10
alkanes, alkenes, alkynes, and aromatic hydrocarbons. Undecane (a C11 species) was also
detected by the auto-GCs. Inventory species not included in one of these groups were
removed from the inventory prior to making comparisons with the ambient data. For the
Washington, D.C. inventory, detectable VOCs comprised 90% of total reported daily VOC
emissions; for the Baltimore inventory, detectable VOCs comprised 89% of total reported
daily VOC emissions. In both locations, the fraction of detectable VOCs varied by only *+ 2%
from one hour to the next.

Emissions were summarized by nine source categories in keeping with the emphasis on
understanding the contributions of gas and diesel powered mobile sources:

On-road gasoline powered mobile sources (MVGAS)
On-road diesel powered mobile sources (MVDSL)
Non-road gasoline powered mobile sources (NRGAS)
Non-road diesel powered mobile sources (NRDSL)
BULK fuel distribution facilities (BULK)

Service stations (SRVST)

Other area sources (AROTH)

Low-level point sources (PTLOW)

Elevated point sources (PTELE)

OO W=
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While biogenics are an important source of reactive VOC emissions in many suburban and
rural locations, their contribution to VOCs at Type 2 PAMS sites (which are located in the
heart of major urban centers) is less significant. This is particularly true during the early
morning hours before any significant photosynthesis can occur. Furthermore, no significant
transport of biogenic VOCs from upwind areas is likely to influence the ambient measurements
given the very short atmospheric lifetimes of most biogenic species. Since the focus of this
study was primarily on the representation of mobile source emissions in the inventory and not
on an evaluation of biogenic emission models, we avoided introducing uncertainties into the
comparison of inventory with ambient ozone precursor species stemming from the use of
biogenic emission models. The only major biogenic species detectable by the PAMS
instruments is isoprene, so the influence of biogenics on the comparisons can be gauged by the
relative contribution of isoprene to the observed total non-methane hydrocarbon samples used
in the comparison. Anthropogenic sources of isoprene are insignificant.

Two emission domains were considered around each PAMS monitor: an inner grid consisting
of the 2 x 2 cell box (3 x 3 cell box at Baltimore) roughly centered on the monitor location,
and a full grid consisting of the entire 4 x 4 cell area (5 x 5 cell area at Baltimore) for which
emissions were computed by E.H. Pechan. As noted above, elevated point sources within 20
km of each monitor were included in the PTELE source category for the full grid domains;
only elevated point sources located within the inner grid were included in the PTELE source
category for the inner grid domains.

Table 3-1 summarizes the daytime (6 am - 8 pm) contributions of elevated point and mobile
sources to anthropogenic summer weekday VOC and NOx emissions for both domains in each
city (elevated point source contributions to VOCs were negligible in all cases). Emissions of
NOx on both the full and inner grids in Washington are dominated by mobile sources. On-
and off-road mobile sources contribute over half the total VOCs, with most of the remainder
attributable to the other area source category. Elevated points contribute less than 20% to
total daytime NOX in either case. In Baltimore, however, a number of major NOx point
sources are located beyond the boundaries of the inner grid. Thus, over 60% of the daytime
NOx emissions over the full grid are from elevated point sources. NOx emissions over the
inner grid, on the other hand, are dominated by mobile sources as in Washington. In contrast
to VOC emissions in Washington, less than half the VOC emissions over both the inner and
full domains at Baltimore are associated with mobile sources; other area sources contribute
about a third with the remainder divided between the remaining source categories.

Table 3-1. Daytime (6 am-8 pm) average anthropogenic source contributions (%) in the
emission inventories.

NOx vocC?
Elevated Points Mobile Other Area®  Mobile  Other Area”
DC Full Grid 16" 70 13 54 38
DC Inner Grid 10® 81 8 52 43
MD Full Grid 64V 28 1 38 34
MD Inner Grid 11@ 77 3 41 33

" Includes all sources within 20 km (12.4 mi) of the PAMS monitor.

@ Included only sources within the inner grid.

® VOC emission from elevated point sources are negligible in comparison to other source categories.
@ Includes non-road mobile source emissions.
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Diurnal profiles of NOx and VOC emissions over the Washington, DC full grid are shown in
Figure 3-1. Both VOC and NOx emissions show the influence of the morning and evening
commutes with the elevated morning emission period extending from 6 am (hour 7) to 9 am
(hour 9). Similar profiles were observed over the Baltimore inner grid Figure 3-2 with the
exception that VOC emissions in Baltimore increase much more significantly between 8 and 9
than in Washington. Both the Baltimore VOC and Washington NOx diurnal profiles have
unusual discontinuities at midnight. These results indicate that emissions during the 6 — 9 am
period best represent the morning rush hour. This period should be well suited for
comparison with the ambient data since fresh emissions dominate the monitoring site and
atmospheric mixing and photochemical activity are minimal. Comparison with ambient data
during the evening commute are more difficult to interpret since more older, reacted material
is likely to be mixed in with the fresh emissions.

Summaries of morning (6 — 9 am) NOx and VOC emissions by source category for
Washington are provided in Figures 3-3 and 3-4. On-road gas powered vehicles are the
largest single contributor to both NOx and VOC emissions. Area and non-road VOC
contributions are comparable; other source categories contribute only minor amounts of VOC.
Elevated point sources contribute a slightly higher percentage of NOx on the full grid as
compared to the inner grid in Washington. On- and off-road diesel sources contribute about
15% each to the total NOx inventory on the inner grid. Overall, differences between the full
and inner grid inventory source contributions are not large.

Source contribution summaries for Baltimore are shown in Figures 3-5 and 3-6. For the
Baltimore inventory, elevated point sources account for 60% of morning NOx emissions on
the full grid. Over the inner grid, however, the point source contribution is much smaller and
on-road gas vehicles together with non-road diesel sources contribute 67 % of the total morning
NOx. The presence of such a large elevated point source NOx contribution outside the inner
grid at Baltimore makes comparisons with ambient data more difficult since the degree to
which these point sources impact the Essex ambient monitoring site is not known. The
distribution of source categories to VOC emissions in Baltimore differ from those in
Washington with a much larger contribution from low level point sources.

Inventory VOC/NOx Ratios

Diurnal profiles of inventory VOC/NOx ratios expressed as (molesC)/(mole NOx) are shown
in Figure 3-7 for Washington and Figure 3-8 for Baltimore. In Washington, ratios are low at
night when evaporative VOC and mobile source emissions are low and increase at the onset of
the morning commute, maintaining a roughly constant value during the day. Including
elevated point source emissions lowers the daytime ratios by about 13%. In Baltimore, the
daytime VOC/NOx profile also shows lower values during the morning and evening commutes
than during mid-day. The Baltimore mid-day values are slightly higher than in Washington
but the values for hours 7 (6-7am), 8 (7-8am) and 17 (4-5pm), 18 (5-6pm) are similar to those
in Washington. Including elevated point source emissions lowers the daytime ratios in
Baltimore by about 10%.

Some other aspects of the VOC/NOx ratio diurnal profiles depicted in Figures 3-7 and 3-8 are
worth noting. As noted previously, NOx emissions begin to increase from their overnight
levels in hour 7 (6-7am) at both locations, peaking in hour 8 (7-8am) before falling back to
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midday levels beginning in hour 9 (8-9am, see Figures 3-1 and 3-2). This pattern reflects the
concentration of NOx emissions during the morning commute. VOC emissions also begin to
increase in hour 7 but continue to increase through hour 9. While VOC emissions from
on-road motor vehicles follow the same morning pattern as NOx, VOC emissions from the
“other area sources” category increase sharply between hour 8 and hour 9, thus causing the
total VOC emissions to increase between hour 8 and 9. These morning NOx and VOC
patterns produce lower VOC/NOx ratios in hours 7 and 8 than in hour 9 in both cities. Ratios
for hours 7 and 8 are close to 2:1 in both cities; ratios for hour 9 are higher in Baltimore than
in Washington.

At both Washington and Baltimore, there is a significant discontinuity in the diurnal pattern
between hour 24 and hour 1, indicating a potential problem with the temporal allocation
factors. These factors have generally been developed to describe the pattern of emissions
during daytime activities with relatively little attention paid to the proper allocation of
emissions during the night since the hourly pattern of emissions overnight is far less important
than during the day from a photochemical modeling perspective. To the extent that the daily
totals and daytime allocation factors are correct, errors in nighttime allocations will not effect
comparisons with ambient data based only on daytime hours.
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Figure 3-2. Variation of NOxand VOC emissions with time of day over the Baltimore, MD inner grid.
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Figure 3-3. Morning (6 - 9 am) NOxemissions contributions by source category in Washington, DC.
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Figure 3-4. Morning (6 - 9 am) VOC emissions contributions by source category in Washington, DC.
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Figure 3-5. Morning (6 - 9 am) NOxemissions contributions by source category in Baltimore, MD.
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Figure 3-6. Morning (6 — 9 am) VOC emissions contributions by source category in Baltimore, MD.
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Figure 3-7. Variation in emissions inventory TNMHC/NOxxratio by time of day: Washington, DC full domain.
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Figure 3-8. Variation in emissions inventory TNMHC/NOxxratio by time of day: Baltimore, MD inner domain.
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4. AMBIENT DATA

Hourly speciated VOC, NO, and NO: data for June - August 1997 were obtained from two
PAMS monitoring sites: the Essex site in Baltimore (AIRS ID 240053001) and the McMillan
Reservoir site in Washington (AIRS ID 110010043)'. Both monitors are designated “type 2”
sites which are located in heavily urbanized areas with maximum densities of ozone precursor
emissions. These locations are therefore exposed to greater amounts of precursors over longer
periods than either type 1 or type 3 sites and are best suited for comparison with emission
inventories.

The McMillan Reservoir PAMS site is located in the North West Quadrant of the District of
Columbia in a mowed field on property owned by the U.S. Corp of Engineers. A small
reservoir is located just to the West; the US Capitol can be seen directly to the South from the
roof of the trailer at a distance of approximately four miles (6.4 km). The closest major road
(1st Street, N.W. which runs North/South) is directly to the east; Bryant Road is directly
South. Directly west is a new trailer beyond which lies a government parking lot that
sometimes contains large trucks.

The Essex monitoring site is located 7.5 miles (12.1 km) east of the center of Baltimore City.”
The shelter is located a few feet off of a parking lot behind the Essex Senior Citizen Center.
The nearest trees are more than 200 feet (61 m) from the site. The area around the site is
mostly residential to the north, south and west. The Senior Center lies to the east beyond
which is a city block of residencies and then Eastern Boulevard. The nearest streets are
Woodward Drive (30 feet; 9.1 m) to the southwest which carries 500 vehicles per day,
Franklin Avenue (20 feet; 6.1 m) to the northwest, and Dorsey Avenue (200 feet; 61 m) to the
southeast. Eastern Boulevard is 700 feet (213 m) to the southeast and carries 30,000 vehicles
per day. The site is about 6 miles north of Bethlehem Steel’s Sparrows Point plant, about 1%
miles northeast of the Back River Sewage Treatment Plant (which serves the Baltimore
region), and less than a mile outside the east side of the Baltimore beltway (I-695).

Data for the Essex site were provided in July, 1999 by Edwin Gluth of the Maryland
Department of the Environment; data for the McMillan site were provided by Robert Day of
the DC Department of Health in April, 1999. Data from both sites were previously
summarized and quality assured (Main et al., 1999a,b). Data used for this study were updated
by the respective state agencies to reflect results of the Main et al. 1999(a) validation study.

Diurnal profiles of average hourly NOx and total nonmethane hydrocarbon (TNMHC)
concentrations were computed for both monitoring sites as shown in Figure 4-1.> Morning
concentration peaks associated with commuter activity are clearly evident at both the

! For the sake of brevity, in this report we sometimes simply refer to the McMillan site as the “Washington” site
and the Essex site as the “Baltimore” site.

2 Three different Type 2 PAMS sites have been operated in Baltimore. The Haste, et al. (1998) NARSTO-NE
study summarized in Chapter 2 used data from the Lake Clifton site in Baltimore rather than the Essex site used
in this analysis. The Lake Clifton site was not operated in 1997 due to vandalism. The Essex site is
approximately 6 miles east of the former Lake Clifton site.

> TNMHC is used here to represent the total of identified and unidentified hydrocarbons reported from the
integrated response of the auto-GC instrument. This quantity is referred to as TNMOC in the AIRS files and in
Figures 4-1 and 4-2.
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Washington and Baltimore sites. Concentrations peak again in the late evening as atmospheric
mixing decreases but a distinct evening commute hour peak is not evident. Other significant
features of the diurnal profiles include:

e Comparison of Figure 4-1 with Figures 3-1 and 3-2 reveals that the 6 — 9 am Eastern
Daylight Time (EDT) morning averaging period is centered on the morning peak in NOx
emissions which occurs in hour 8 (7 — 8 am EDT) in both Washington and Baltimore. The
first hour of this period (hour 7, 6 - 7 am EDT) also corresponds to the first hour of
significantly higher VOC emissions at both locations.

* At the Washington PAMS site, both NOx and TNMHC concentrations peak during the
second two hours of the three hour morning averaging period. TNMHC concentrations
peak during the 7:00 - 8:00 am EDT hour and are slightly lower the next hour (8:00 - 9:00
am EDT) while NOXx is slightly lower at 7:00 - 8:00 am EDT as compared to 8:00 - 9:00
am EDT. TNMHC concentrations are slightly lower for the 9:00 - 10:00 am EDT than
6:00 - 7:00 am EDT.

» At the Baltimore site, the morning NOx peak occurs at 7:00 - 8:00 am EDT whereas the
morning TNMHC peak occurs at 6:00 - 7:00 am EDT and TNMHC concentrations
decrease rapidly over the next two hours.

As indicated above, the morning NOx and TNMHC concentration peaks are essentially
simultaneous at McMillan but at Essex the data suggest that the TNMHC peak precedes the
NOx peak by one hour for the average weekday. Note also that the early morning minimum
in TNMHC occurs at 4:00 - 5:00 am EDT at McMillan but an hour earlier (3:00 - 4:00 am
EDT) at Essex.

Diurnal emissions profiles (Figures 3-1 and 3-2) are similar at both locations during the
morning hours. Examination of the emissions data indicates that on-road motor vehicle NOx
and VOC emissions peak in hour 8 (7 - 8 am EDT) at both sites. As noted above, the
morning NOx concentration peak occurs in the 7 — 8 am EDT hour at both locations with the
exception that average NOx concentrations at McMillan average slightly (4.5 %) higher for 8 -
9 am EDT than 7-8 am EDT. Furthermore, both emissions of VOC and NOx and ambient
concentrations of TNMHC and NOXx increase rapidly between the 5 - 6 am EDT and 6 — 7 am
EDT hours. This suggests that a three hour morning averaging window of 6 — 9 am EDT
(i.e., hours 7, 8 and 9) is a reasonable choice for use in comparing emission species ratios
with ambient concentration species ratios. Sufficient fresh (unreacted) emissions should be
present at the monitoring sites during this period to make the comparison meaningful.
Comparisons of emissions and ambient data during other times of the day are more difficult to
interpret due to more extensive modification of emissions by chemical reactions in the
atmosphere during the late morning and afternoon and the lack of sufficient fresh emissions
during the nighttime hours.

Comparisons of ambient and emissions data were based on hourly ambient non-methane
hydrocarbon and NOx samples screened to include only 6 — 9 am EDT weekday samples with
total nonmethane hydrocarbon (TNMHC) concentrations greater than 75 ppbC*. This was

* TNMHC and NOx screening was performed on an hourly basis.
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done to avoid including hours with excessive dispersion or otherwise not representative of
fresh emissions in the comparison. Hours with NOx concentrations below 10 ppb were also
excluded. This focuses attention on periods with ample fresh emissions and avoids problems
with measurement inaccuracies at concentrations near the instrument detection limit.
Approximately 64 % of the 6 - 9 weekday hourly samples at McMillan (56 % at Essex) passed
these screening criteria.

For the screened weekday 6-9 am samples, PAMS target species contributed 88 % of the
TNMHC at McMillan (78 % at Essex). Since the PAMS target species list is weighted towards
species emitted by gas powered vehicles, this suggests a greater influence of other source types
(diesels, manufacturing, etc.) at Essex. Looking at PAMS target species totals in comparison
to TNMHC by time of day for all available hours (Figure 4-2), we see only minor variations
in the relative amount of non-PAMS species during most of the day.
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Figure 4-1a. Average TNMOC and NOx by hour of day (Eastern Daylight Time): McMillan Reservoir.
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Figure 4-1b. Average TNMOC and NOx by hour of day (Eastern Daylight Time): Essex site (Baltimore).
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Figure 4-2a. Diurnal profiles of TNMOC and sum of PAMS species. McMillan Reservoir.
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Figure 4-2b. Diurnal profiles of TNMOC and sum of PAMS species. Essex site (Baltimore).
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S. COMPARISON OF EMISSION INVENTORY WITH AMBIENT DATA

VOC/NOX Ratios

Emission ratios of VOC/NOx as described in Section 3 were compared with ambient
TNMHC/NOx ratios for the 6 — 9 am period from the screened data described in Section 4.
Results for Washington are summarized in Table 5-1. Average (mean) ambient TNMHC/NOx
ratios at the McMillan Reservoir site decreased from 3.9 at 6 - 7 am to 3.2 at

8 — 9 am averaging 3.5 for the three hour period. 6 - 9 am average emission VOC/NOx
ratios in Washington ranged from 2.2 to 2.9 depending on whether or not elevated point
sources or sources outside of the inner grid are included in the calculation. Thus, on average,
ambient TNMHC/NOX ratios in Washington are higher than predicted by the inventory, with
the ratio of ambient TNMHC/NOx to emissions VOC/NOx ranging from 1.2 to 1.6 for the

6 - 9 am averages. In other words, the ambient ratios are 20 to 60% higher than one would
expect on the basis of the emissions inventory. This suggests that VOC emissions are
underestimated or NOx emissions are overestimated in the inventory, or both. It is also
possible that one or more of the other factors affecting comparisons between ambient and
emissions ratios mentioned in Section 1 could be at least partially responsible for this
discrepancy. For the 8 - 9 am hour, on the other hand, the agreement between ambient and
emission ratios is quite good. This is the result of the sharp increase in emission ratios
between hour 7 - 8 am and 8 — 9 am which, as noted in Section 3, is the result of a decrease in
mobile source NOx and an increases in area source VOC emissions.

In Baltimore (Table 5-2), ambient TNMHC/NOXx ratios are slightly higher than in Washington
with a 6 - 9 am average ratio of 4.0. Emission VOC/NOXx ratios in Baltimore have more
variability hour to hour and between the full and inner grids than in Washington. Including
the large elevated NOx sources located outside the inner grid in the calculation results in ratios
near unity. Excluding these sources results in 6 — 9 am average ratio of 2.6 for the inner grid
and 2.8 for the full grid. These values are roughly similar to those in the Washington
inventory. Fluctuations in the diurnal emissions profile at Baltimore produce ratios for 8 — 9
am without the elevated point sources included that are considerably larger than ratios in the
two preceding hours. Ambient TNMHC/NOXx ratios at the Essex monitoring site are greater
than emissions VOC/NOx emissions ratios for 6 - 7 am and 7 — 8 am with the ratio of
TNMHC/NOx to VOC/NOx ranging from 1.68 to 3.76 for 7 - 8 am. Ratios of TNMHC/NOx
to VOC/NOx at Baltimore are greater than corresponding ratios at Washington for both 6 - 7
am and 7 - 8 am. However, for the case in which elevated point sources are excluded from
the comparison, the 8 — 9 am ratio of ratios is near unity as is the 8-9 am ratio for the inner
grid (since the elevated point sources lie largely outside the inner grid boundary).

NMHC Composition

Comparisons were prepared of VOC emissions with ambient NMHC data by major species
groups (paraffins, olefins, and aromatics) and individual species'. These comparisons were
restricted to the species identified in the ambient data — unidentified NMHC in the ambient

' Species groups are defined as in Appendix A of Main et al. (1999).
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samples was excluded from the comparison as were emissions of VOCs not assigned to species
identified in the ambient samples.

Composition of the VOC emissions over the full grid in Washington, DC by major species
group is compared with the composition of the McMillan Reservoir ambient samples in
Figure 5-1. Comparisons are based on the median weight percents of the ambient data. This
comparison shows that the distribution of emissions across the major NMHC groups is in
fairly good agreement with the ambient data although the inventory contains a 22 % larger
fraction of aromatics than is observed in the ambient data while paraffins are slightly under
represented in the inventory. Results for Baltimore (Figure 5-2) are similar but the relative
differences in paraffin and aromatic contents are larger than in Washington. These results are
quite similar to those observed by Haste et al. (1998) at several other locations in the
northeastern U.S. although Haste and co-workers found a larger degree of an over-abundance
of aromatics in their inventory (roughly 40%).

Comparisons of the emission and ambient data compositions by individual species are
illustrated for the Washington DC data in Figure 5-3. This comparison is for the twenty-five
most abundant species in the ambient data based on median concentration. As one might
expect given the difficulties in developing speciated emissions estimates, there are a number of
major discrepancies between the inventory and ambient data compositions for individual
species. The largest relative differences occur for ethane, toluene, propane, n-butane,
benzene, acetylene, 2,3-dimythlbutane, and 3-methylhexane. These discrepancies could be
due to errors in the inventory or problems in proper quantification of individual species in the
ambient data. Note that the comparison for isoprene is not valid since biogenic emissions
were not included in the emissions inventory. Also note that comparisons are shown for both
m/o-ethyltoluene combined and m-ethyltoluene individually. Similar to the results of Haste et
al. (1998), several of the light hydrocarbons are under represented in the inventory, including
acetylene, ethane, propane, and isobutane but, in contrast to Hasting’s results, the proportions
of ethylene, and propylene in the inventory agree quite well with those found in the ambient
data. The excess xylenes, n-butane, 2,2,4- and 2,3,4-trimethylpentanes, and toluene in the
inventory relative to the ambient data found in our analysis are also consistent with the results
presented by Hasting and co-workers.

Results for Baltimore Figure 5-4 exhibit many similarities with those for Washington described
above, including large differences between the inventory and ambient data in ethane, toluene,
propane, n-butane, and 3-methylhexane. However, there is better agreement in Baltimore for
benzene and acetylene than in Washington. The Baltimore inventory also contains relatively
less 1,2,4- and 1,2,3-trimethylbenzene than the ambient data but 1,3,5-trimethylbenzene
fractions agree well. Trimethylbenzene fractions showed good agreement in Washington with
a slightly higher amount of 1,3,5-trimethylbenzene in the inventory relative to the ambient
samples. Main et al. (1999b) noted the higher fraction of 1,2,4 trimethylbenzene in the Essex
data and theorized it arose from the influence of a non-motor vehicle source.

Comparisons were also made between median ambient sample composition and speciation
profiles for two of the major source categories in Washington: other area sources (AROTH)
and gas powered on-road motor vehicles (MVGAS). Together, these two source categories
contribute 62 % of the detectable VOC emissions during the 6 - 9 am period. Results of the
comparison are presented in Figure 5-5. In general, the ambient NMHC composition
correlates reasonably well with the MVGAS profile with the notable exceptions for ethane,
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propane, n-butane, isobutane, toluene, and n-heptane. Relative to the ambient data, the
AROTH profile has too much toluene and methylcyclohexane. These results mirror the results
in Figure 5-3, indicating the dominate influence of motor vehicles on the ambient NMHC in
Washington. Discrepancies in species abundances between the inventory and the ambient data
are primarily due to discrepancies in the motor vehicle emissions profile.

Table 5-1. Summary of TNMHC/NOx ratio comparison: Washington, DC.
Emission ratio with elevated point sources (molesC/mole NOXx)
6-7am 7-8am 8-9am 6-9am Avg.
Inner Grid 2.34 2.19 3.57 2.70
Full Grid 2.01 1.88 2.84 2.24

Emission ratio without elevated point sources (molesC/mole NOXx)
6-7am 7-8am 8-9am 6-9am Avg.
Inner Grid 2.60 2.34 3.90 2.94
Full Grid 2.39 2.11 3.30 2.60

TNMHC/NOx Ambient Ratios (ppbC/ppb NOXx)
6-7am 7-8am 8-9am 6-9am Avg. Approx. 95% Conf. Int.*

Mean 3.85 3.42 3.24 3.48
Median 3.48 3.16 2.96 3.27 (3.09, 3.51)
Sample Size 41 50 50 141

Ratios of Ambient to Emission Ratios with elevated point sources
6-7am 7-8am 8-9am 6-9am Avg.
Inner Grid 1.65 1.56 0.91 1.29
Full Grid 1.91 1.82 1.14 1.55

Ratios of Ambient to Emission Ratios without elevated point sources
6-7am 7-8am 8-9am 6-9am Avg.
Inner Grid 1.48 1.46 0.83 1.18
Full Grid 1.61 1.62 0.98 1.34

* Based on 95% confidence interval for the mean of the logarithm of the TNMHC/NOx ratio.
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Table 5-2. Summary of TNMHC/NOx ratio comparison: Baltimore, MD.
Emission ratio with elevated point sources (molesC/mole NOXx)
6-7am 7-8am 8-9am 6-9 am Avg.
Inner Grid 1.92 1.82 3.48 241
Full Grid 0.87 0.97 1.49 1.11

Emission ratio without elevated point sources (molesC/mole NOXx)
6-7am 7-8am 8-9am 6-9 am Avg.
Inner Grid 2.14 1.96 3.83 2.64
Full Grid 2.35 2.17 3.87 2.80

TNMHC/NOx Ambient Ratios (ppbC/ppb NOXx)
6-7am 7-8am 8-9am 6-9 am Avg. Approx. 95%

Conf. Int. *
Mean 4.55 3.66 3.92 4.07
Median 4.01 3.75 4.02 3.92 (3.48, 4.14)
Sample Size 28 26 20 74

Ratios of Ambient to Emission Ratios with elevated point sources
6-7am 7-8am 8-9am 6-9am Avg.
Inner Grid 2.37 2.01 1.13 1.69
Full Grid 5.22 3.76 2.64 3.66

Ratios of Ambient to Emission Ratios without elevated point sources
6-7am 7-8am 8-9am 6-9 am Avg.
Inner Grid 2.13 1.86 1.02 1.54
Full Grid 1.94 1.68 1.01 1.45

* Based on 95% confidence interval for the mean of the logarithm of the TNMHC/NOx ratio.
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NMHC Composition
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Figure 5-1. Comparison of NMHC composition by species group: Washington, DC full domain.
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NMHC Composition: Baltimore
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Figure 5-2. Comparison of NMHC composition by species group: Baltimore, MD inner domain.
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Figure 5-3. Ambient vs. emissions individual species TNMHC weight percents for most abundant species in the ambient data:
Washington, DC full domain.
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Figure 5-5. Inventory NMHC speciation profiles for area sources and gas powered motor vehicle source categories vs. ambient

species weight percents: Washington, DC full domain.
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6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY AND CONCLUSIONS

Comparisons were made between ozone precursor species ratios in ambient data collected at
the Essex (Baltimore, MD) and McMillan (Washington, DC) PAMS monitoring sites and
emission inventories for these locations. Morning (6 — 9 am) TNMHC/NOXx ratios in the
ambient samples were found to be greater on average than corresponding emission ratios.
When elevated point sources are excluded from the inventories, 6 — 9 am average VOC/NOx
emission ratios range from 2.6 to 2.9 depending on which city and size area around the
monitoring site is selected. Adding elevated sources into the inventory lowers these ratios to
between 1.1 and 2.7 with the lowest ratios appearing in Baltimore. In contrast, ambient
TNMHC/NOx ratios at the PAMS sites average 3.5 at McMillan Reservoir and 4.1 at Essex.
The resulting ratios of ambient TNMHC/NOx to emissions VOC/NOx range from 1.2 to 1.6
at Washington and 1.5 to 3.7 at Baltimore. This discrepancy between the emissions and
ambient ratios could be due either to some combination of systematic under estimation of
morning VOC emissions and overestimation of morning NOx emissions or to the influence of
other errors in the inventory development process including errors in spatial and temporal
disaggregation factors used to develop the inventory or errors in speciation of HC emissions
producing biases in the estimate of total HC emissions detectable by the PAMS auto-GC
instruments.

As noted by E.H. Pechan (2000), a review of the area source fuel combustion NOx emissions
estimates in the Washington and Baltimore inventories strongly suggests that emissions from
this source category are overstated for the ozone season, especially in the Washington
inventory. This may be due to the use of seasonal activity fractions which assume that 25% of
area source fuel combustion occurs during the three summer months. This assumption is
inconsistent with the absence of space heating during the summer in the mid-Atlantic region.
NOx emissions in the Baltimore inventory from this source category are negligible, however
this source accounts for a more substantial fraction of the total daily non-elevated point source
NOx emissions in Washington. This means that total NOx emissions maybe somewhat
overstated in the inventories and, consequently, the inventory VOC/NOX ratios are too low.
Assuming, as E.H. Pechan (2000) suggests, that summer NOx emissions from this source
category are overstated by a factor of five, the emissions VOC/NOX ratios reported above may
be understated by a factor of .87 (ignoring diurnal variations). Thus, adjusting the inventory
estimates for this particular error would increase the Washington full grid VOC/NOx
emissions ratios reported above from 2.6 to 3.0 (when elevated point sources are excluded),
which is still well below the ambient TNMHC/NOx ratio of 3.5. Of course, the inventories
may contain other errors that have yet to be identified which might further alter the VOC/NOx
ratio one way or the other.

Our analysis revealed that temporal allocation factors used to estimate hourly emissions
produce significantly lower VOC/NOX ratios for 7 — 8 am compared to 8 — 9 am due to a
sharp decrease in NOx emissions during the second hour and an increase in VOC emissions.
This feature of the emissions profiles was seen in both Washington and Baltimore. However
hour-to-hour differences in ambient TNMHC/NOXx ratios are much smaller than indicated by
the emissions profiles. The ambient ratio actually decreases between 7 — 8 am and 8 — 9 am at
McMillan and increases slightly at Essex. Less variability in the ambient ratios is at least
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partially due to the time it takes for emissions to disperse over the region but may also be an
indication that the temporal NOx allocation factors used in the inventories assign too great a
fraction of emissions to the 7 — 8 am hour. Given the atmospheric dispersion time scale, the
desire to capture the period with maximum motor vehicle emissions and the need to avoid
periods of increased atmospheric reactivity, the most meaningful comparisons between
emissions and ambient ratios are for the 6 — 9 am averages; comparisons for individual hours
are less meaningful. Thus, for example, it would not be appropriate to draw any conclusions
based on the relatively good agreement between ambient and emissions ratios for 8 — 9 am
shown in Table 5-2 (Washington with or without elevated point sources) and Table 5-3
(Baltimore without elevated point sources). Nevertheless, the differences between morning
ambient and emissions profiles increases the level of uncertainty associated with the
comparison of 6 - 9 am averages.

Comparisons of the relative abundance of major species groups (paraffins, olefins, aromatics)
in the ambient data and the emission inventories yielded similar results for both monitoring
sites and indicated that the abundance of aromatics is slightly over predicted in the inventory
relative to the ambient data. These results are consistent with a similar analysis previously
performed for several other PAMS sites by Haste et al. (1998).

Comparison of individual NMHC species abundance in the ambient data with abundance in the
total inventory and selected inventory source categories in Washington confirm that gas
powered mobile sources dominate at this location and indicate several key discrepancies
between the mobile source speciation profile and the ambient data. The main discrepancies
are a greater fraction of light hydrocarbons in the ambient data than in the inventory and much
greater toluene, n-butane and xylene in the inventory relative to the ambient data. Both the
motor vehicle and area source profiles appear to have greater toluene and xylene fractions than
is indicated in the ambient data.

It must be noted that the discrepancy in TNMHC/NOx ratios and relative HC species
abundances discussed above may also be due in whole or in part to factors affecting the
monitoring data. Air parcels sampled at the monitoring sites may represent a different mixture
of emission sources than is contained in the area-wide emission inventory. Reactions of
NMHC and NOx emissions between time of release into the atmosphere and when the material
is observed at the monitoring site may perturb precursor ratios from their initial levels. In
addition, measurement errors may affect the observed ratios. Comparisons performed for this
study were designed to limit the influence of these factors to the maximum possible extent by,
for example, focussing on the morning hours when fresh emissions are abundant and
atmospheric reaction rates are relatively low. However, the residual influence of these
measurement-related factors has not been quantified. Of particular concern are the presence of
large elevated and low-level point sources in the vicinity of the Essex monitoring site which
increases the spatial inhomogeneity of the emissions and increases the likelihood that the
monitored data are not fully representative of the Baltimore area-wide inventory. This is less
of a concern in Washington where such sources are less prevalent.
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RECOMMENDATIONS

Results of the analyses described above suggest several areas in which emission inventory
estimates for the mid-Atlantic region might be improved, in addition to reassessing the
accuracy of mobile source emissions:

*  While the temporal allocation factors currently in use may produce diurnal emissions
profiles adequate for photochemical modeling, these profiles contain some hour-to-hour
changes in VOC/NOXx ratios that probably do not occur in practice, thus making it difficult
to compare inventory estimates with ambient data. Temporal allocation factors should be
reexamined and modified to reflect local conditions where appropriate, especially for the
morning hours and the transition between 11 pm and 1 am.

* Area source fuel combustion NOx emissions should be re-estimated, properly taking into
account seasonal variations in fuel use. It is suggested that actual data from fuel
distributors be used in each location to allocate fuel use to seasons for future inventories.

* VOC emissions speciation factors used in the inventory should be examined for potential
problems with the apparent lack of abundance of light hydrocarbons in the mobile source
profiles and over estimation of the relative abundance of toluene, xylene and n-butane.

In addition to examining the emission inventories for potential improvements, there are a
number of enhancements and improvements to the comparison of ambient data with
inventories which were beyond the scope of the present study. These include:

e Performing comparisons based on emissions from just the upwind quadrant in each hour to
achieve a closer relationship between the emission sources and the source mix actually
observed at the monitoring site. This is the methodology employed by LADCO (1998) and
may be particularly important for examining the Essex data due to the potential for large
spatial inhomogeneities in emissions in Baltimore.

* Compare emissions and ambient NMHC estimates on a reactivity-weighted basis to gain a
better understanding of the impact of observed differences on ozone formation potential.
For photochemical modeling applications, discrepancies in relatively unreactive species are
much less important than discrepancies in highly reactive species.

* Extend the comparison to include data from additional suitable ambient monitoring sites,
especially sites representing areas with diversity in the relative contributions of mobile and
other area source categories so that a better understanding can be gained of the degree to
which errors exist in inventory estimates for one or both of these prominent VOC source
categories.

* Since summer CO emission inventories are almost exclusively dominated by mobile
sources in most locations, including CO emissions in the comparison of ambient data with
emissions would provide another useful point of reference for mobile source contributions.
Note however, that this would require ambient CO data at better than the +500 ppb
precision normally reported.
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* Extend comparisons to include biogenic isoprene emissions. Isoprene is abundant and
highly reactive and therefore an important ozone precursor in many locations. Thus,
accurate isoprene emission estimates are a prerequisite for useful photochemical modeling.
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APPENDIX A
EMISSIONS PROCESSING FOR THE PAMS DATA
COMPARISON

This appendix describes the methods used to estimate anthropogenic emissions near
the McMillan Reservoir, DC and the Essex, MD Photochemical Assessment Monitoring
Stations (PAMS) sites in the summer of 1997. The summer of 1997 was selected for study
because it was determined that the PAMS data quality was better for these two sites than
it was for prior years. The selection of 1997 was also influenced by 1997 being a potential
base year for 8-hour average ozone modeling.

The emission estimation procedures described in this appendix were designed to make
the best estimate of 1997 summer day emissions using methods consistent with State
inventory methods. Because no existing data bases contained 1997 ozone season emission
estimates for this period at the resolution needed for this analysis, special methods were
used to estimate gridded, speciated volatile organic compound (VOC) and oxides of nitrogen
(NO,) emissions for this period. Separate methods were applied to estimate emissions for
point, area, and highway vehicle emissions. Point source emission estimates were taken
from the 1997 U.S. Environmental Protection Agency (EPA) National Emissions Trends
(NET) data base. This data base should include recent State emission inventory data bases
that were submitted to EPA. Area source emission estimates are from the 1990 base year
emission files for Virginia, Maryland, and Washington, DC (Chaudhari, 1999) with growth
and control factors applied by source category (from EPA, 1998b) to estimate 1997 emission
levels. Highway vehicle emission estimates were computed using 1997 vehicle miles
traveled (VMT) data from the Metropolitan Washington Council of Governments (COG),
and the Maryland Department of Environment, and MOBILE5 input files that represented
the mobile source control programs in place in each jurisdiction in that year. Hourly
temperatures were used in MOBILES to estimate hourly variations in highway vehicle
emission rates. Diurnal VMT distributions used in the highway vehicle emission estimates
are those used earlier in Urban Airshed Model (UAM) applications for these
nonattainment areas. Emission estimates represent summer weekday conditions.

In 1998, EPA alleged that heavy-duty diesel engine manufacturers were using about
1.3 million defeat devices to pass an EPA emissions test, but then changed the software for
highway driving. This allowed for better mileage and millions of tons of excess pollution.
Seven companies signed a consent decree agreeing to more stringent emission standards.
This analysis does not include any adjustments to account for the excess emissions that
might have occurred during 1997 as a result of the heavy-duty diesel vehicle (HDDV)
defeat devices. At the time that the highway vehicle emission estimates were prepared
(April 1999), EPA had not provided HDDV defeat device adjustment factors.

While biogenics are an important source of reactive VOC emissions in many suburban
and rural locations, their contribution to VOCs at Type 2 PAMS sites (which are located in
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the heart of major urban centers) is less significant. This is particularly true during the
early morning hours before any significant photosynthesis can occur. Furthermore, no
significant transport of biogenic VOCs from upwind areas is likely to influence the ambient
measurements given the very short atmospheric lifetimes of most biogenic species. Since
the focus of this study was primarily on the representation of mobile source emissions in
the inventory and not on an evaluation of biogenic emission models, we avoided introducing
uncertainties into the comparison of inventory with ambient ozone precursor species
stemming from the use of biogenic emission models. The only major biogenic species
detectable by the PAMS instruments is isoprene, so the influence of biogenics on the
comparisons can be gauged by the relative contribution of isoprene to the observed total
non-methane hydrocarbon samples used in the comparison.

A. HIGHWAY VEHICLES

Table A-1 shows the VMT estimates for Maryland counties within the 16 kilometer
(km) square grid surrounding the Essex, MD PAMS site. VMT estimates for both 1990 and
1996 are summarized in this table by county and functional roadway class. To estimate
1997 VMT by county and functional roadway class, the annual average growth rate from
1990 to 1996 was computed, and then applied to the 1996 VMT estimates to estimate 1997
VMT.

Table A-2 shows the 1997 VMT estimates for the District of Columbia and the
Northern Virginia counties that are near the McMillan Reservoir, DC PAMS site. These

1997 VMT estimates by vehicle type and roadway functional classification were provided
by COG.

Traffic volume maps are included in this chapter in order to indicate the proximity of
the McMillan Reservoir and Essex PAMS sites to nearby streets, as well as to note the
average annual daily travel on those roadways. The traffic volume map for McMillan
Reservoir (Figure A-1) shows a portion of the 1997 District of Columbia volume map. The
McMillan Reservoir site is 4 miles directly north of the U.S. Capitol Building. The closest
street to the PAMS site is 1° Street NW, which has 13,200 vehicles per day on the segment
closest to the PAMS monitor. The nearest permanent traffic count location is on North
Capitol Street, as indicated by the star (near the Michigan Avenue-North Capitol Street
intersection). North Capitol is the most heavily traveled roadway in the site vicinity, with
35,300 annual average daily traffic (AADT). All traffic volumes for the District of
Columbia are 1996 values. Traffic volumes are shown in terms of average annual week
day volumes.

Figure A-2 shows the traffic volumes for State maintained roadways in Baltimore
County, MD. Essex is directly east of Baltimore City. The PAMS site in Essex is located
outside the Baltimore Beltway (Route 695). The nearest streets are Woodward Drive (30
feet) to the southwest which carries 500 vehicles per day, Franklin Avenue (20 feet) to the
northwest, and Dorsey Avenue (200 feet) to the southeast. Eastern Boulevard is 700 feet to
the southeast and carries 30,000 vehicles per day. Eastern Boulevard is labeled as Route
150 on Figure A-2. Eastern Boulevard is a four lane divided State road.

Figure A-3 shows the surface streets near the Essex, MD site. The PAMS site is
northeast of Woodward Drive between Franklin and Dorsey Avenues. Table A-3 lists the
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Table A-1
Baltimore Area Vehicle Miles Traveled Estimates (million of miles per year)

Rural Rural Rural Rural Rural
Rural Principal Minor Major Minor Local Urban Other Principal Minor Local
Interstate Arterial Arterial Collector Collector Roadway Interstate Freeways Arterials Arterials Collector Roadway
Year=1990 Roadway Type
1 2 6 7 8 9 11 12 14 16 17 19

Anne Arundel 309.25 222.43 181.54 166.63 72.22 36.13 436.48 766.81 810.69 554.13 243.65 206.44
Baltimore 306.35 55.43 141.64 233.94 26.56 57.49 2,658.10 340.27 1,262.69 678.52 397.05 293.31
Carroll 20.46 23.16 433.39 126.63 37.31 91.53 0.00 0.00 103.74 21.53 14.88 13.63
Howard 231.41 38.61 90.56 64.43 23.10 28.13 466.00 281.01 182.57 351.96 57.35 84.88
Baltimore City 0.00 0.00 0.00 6.15 0.14 0.25 715.85 99.78 1307.08 536.60 207.30 292.07
Year=1996 RoadwayType

Anne Arundel 277.00 122.00 136.00 148.00 76.00 39.00 613.00 1175.00 733.00 724.00 400.00 272.00
Baltimore 349.00 89.00 122.00 267.00 32.00 76.00 2996.00 381.00 1091.00 938.00 401.00 345.00
Carroll 21.00 187.00 297.00 118.00 54.00 106.00 0.00 0.00 167.00 33.00 38.00 11.00
Howard 221.00 47.00 66.00 66.00 41.00 36.00 827.00 548.00 190.00 325.00 162.00 109.00
Baltimore City 0.00 0.00 0.00 4.00 6.00 2.00 854.00 112.00 1179.00 784.00 222.00 326.00

SOURCE: Maryland Department of the Environment, 1999.
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Washington, DC and Northern Virginia County 1997 VMT

Table A-2

Roadway Functional Classification

Other Freeway Other Principal Minor
County Vehicle Type Interstate and Expressway Arterial Arterial Collector Local
District of Columbia LDGV 1,408,160 938,773 2,539,736 1,979,91 391,463 838,360
5
LDGT1 156,271 104,181 281,849 219,722 43,443 93,038
LDGT2 24,042 16,028 43,361 33,803 6,684 14,313
HDGV 27,476 18,318 49,556 38,632 7,638 16,358
LDDV 24,042 16,028 43,361 33,803 6,684 14,313
LDDT 0 0 0 0 0 0
HDDV 49,801 33,201 89,820 70,021 13,844 29,649
MC 27,476 18,318 49,556 38,632 7,638 16,358
Montgomery County LDGV 3,054,375 2,316,861 6,534,010 3,102,30 847,554 1,098,458
4
LDGT1 338,961 257,115 725,116 344,280 94,058 121,902
LDGT2 52,148 39,556 111,556 52,966 14,470 18,754
HDGV 59,598 45,207 127,493 60,533 16,538 21,433
LDDV 52,148 39,556 111,556 52,966 14,470 18,754
LDDT 0 0 0 0 0 0
HDDV 108,021 81,938 231,081 109,716 29,974 38,848
MC 59,598 45,207 127,493 60,533 16,538 21,433
Prince George's County LDGV 4,455,070 4,160,426 4,784,785 2,920,23 1,640,243 969,032
0
LDGT1 494,404 461,706 530,994 324,074 182,027 107,539
LDGT2 76,062 71,032 81,691 49,858 28,004 16,544
HDGV 86,928 81,179 93,362 56,980 32,005 18,908
LDDV 76,062 71,032 81,691 49,858 28,004 16,544
LDDT 0 0 0 0 0 0
HDDV 157,557 147,137 169,218 103,276 58,009 34,271
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Table A-2 (continued)

Roadway Functional Classification

Other Freeway Other Princi pal Minor
County Vehicle T ype Interstate and Ex pressway Arterial Arterial Collector Local
MC 86,928 81,179 93,362 56,980 32,005 18,908
Arlington County LDGV 1,271,189 847,460 648,689 504,238 50,092 295,522
LDGT1 141,071 94,047 71,989 55,958 5,559 32,796
LDGT2 21,703 14,469 11,075 8,609 855 5,045
HDGV 24,804 16,536 12,657 9,839 977 5,766
LDDV 21,703 14,469 11,075 8,609 855 5,045
LDDT 0 0 0 0 0 0
HDDV 44,957 29,971 22,941 17,833 1,772 10,451
MC 24,804 16,536 12,657 9,839 977 5,766
City Of Alexandria LDGV 476,660 317,774 730,182 474,521 30,370 180,561
LDGT1 52,898 35,265 81,032 52,660 3,370 20,038
LDGT2 8,138 5,425 12,467 8,102 519 3,083
HDGV 9,301 6,200 14,247 9,259 593 3,523
LDDV 8,138 5,425 12,467 8,102 519 3,083
LDDT 0 0 0 0 0 0
HDDV 16,858 11,238 25,824 16,782 1,074 6,386
MC 9,301 6,200 14,247 9,259 593 3,523
Fairfax County LDGV 5,277,259 3,518,172 5,940,929 5,699,15 1,108,637 1,916,738
1
LDGT1 585,647 390,431 659,298 632,467 123,032 212,711
LDGT2 90,100 60,066 101,430 97,303 18,928 32,725
HDGV 102,971 68,647 115,921 111,203 21,632 37,400
LDDV 90,100 60,066 101,430 97,303 18,928 32,725
LDDT 0 0 0 0 0 0
HDDV 186,635 124,423 210,106 201,555 39,208 67,787
MC 102,971 68,647 115,921 111,203 21,632 37,400

SOURCE: Eulalie Lucas, Metropolitan Washington Council of Governments, 1999.



Figure A-1

McMillan Reservoir PAMS Site and Nearby Roadways

PAMS Site Location
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Fipure A-2
Baltimore County 1997 Traffic Volume Map
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Figure A-3
Essex, MD PAME Site Location and Nearby Roadways
Essex, Maryland

*PAMS Site Location
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Table A-3
Street Intersections Near the Essex, MD PAMS Site

Northbound Southbound Eastbound Westbound Peak Peak
Daily Volume  Daily Volume  Daily Volume  Daily Volume Morning Hour Evening Hour
Eastern Boulevard and Woodward 1,879 2,184 24,534 23,416 7:15-8:15 4:15-5:15
Eastern Boulevard and 489 2,846 31,836 34,180 7:00-8:00 4:30-5:30
Virginia Avenue
Eastern Boulevard and Mace 8,941 1,921 29,007 35,794 7:15-8:15 4:30-5:30
Avenue and Riverside Drive
Eastern Boulevard and 8,298 14,682 24,921 27,043 7:30-8:30 4:00-5:00

Marlyn Avenue

SOURCE: Data provided by Traffic Engineering and Transportation, Baltimore County, MD, June 14, 1999.



daily traffic volumes on the roadways nearest the Essex, MD site. These data confirm that
Eastern Boulevard is the most heavily traveled roadway near the monitoring site, and that
the peak travel periods are 7:00 to 8:30 a.m. and 4:00 to 5:30 p.m., as expected.

Emission factors for hichway vehicles were calculated using EPA’s MOBILE5b model.
One set of inputs was used for the Baltimore area, while county-specific input files were
used to model the counties in the DC area. The MOBILESDb input files used to generate the
highway vehicle emission factors are shown Appendix B. These input files were designed
to be representative of control measures in place and ambient conditions that occurred in
the summer of 1997. Emission factors were calculated by hour, roadway type, and vehicle
type. The specifics of these input files are discussed below.

All of the MOBILESDb inputs for both the DC area and the Baltimore area included the
effects of the Phase I Federal reformulated gasoline program. Each county was also
modeled with the inspection and maintenance (I/M) programs in place in the summer of
1997. The specifics of these programs differed by State, rather than by area. In DC, the
program modeled was a test-only, biennial idle test. The Maryland program modeled was
also a test-only biennial idle test. The Virginia I/M program modeled was a test-and-
repair, biennial, 2-speed idle test. Anti-tampering inspections performed in the DC and
Maryland programs include the catalyst, fuel inlet restrictor, and gas cap checks. The
Virginia anti-tampering inspections included checks of the air pump system, the catalyst,
the exhaust gas recirculation system, the evaporative emission control system, the positive
crankcase valve system, and the gas cap.

Temperature data from Baltimore-Washington International Airport were used in
modeling the highway vehicle emissions near the Essex (Baltimore) monitor and data from
Washington National Airport were used in modeling the highway vehicle emissions near
the McMillan Reservoir (DC) monitor. The airport temperature data in both cases were
hourly for each day from June 1, 1997 through September 31, 1997. Hourly temperature
averages over this time period were then calculated from each set of data to develop an
average daily temperature profile for each site representative of summer 1997 conditions.
Table A-4 shows the hourly temperatures modeled for each of the monitoring sites.

Average national speeds by roadway type and vehicle type were applied in this
analysis. These are the same roadway type/vehicle type speeds used in EPA’s NET
highway vehicle emission inventory. These speeds are shown in Table A-5.

The Baltimore area was modeled with an area-specific registration distribution and
each county in the DC area was modeled with a county-specific registration distribution.
Area-specific diesel sales fractions by model year were provided for the Baltimore area and
by county for each county within the DC area, except DC itself, which was modeled with
the MOBILESDb default diesel sales fractions. The DC area files also included trip length
distributions specific to the DC area. An area-specific operating mode was applied in the
Baltimore area, as was a NO, air conditioning correction factor based on humidity.

The 1997 daily VMT at the vehicle type, road type, and county level, discussed above,
were temporalized by hour. This was done by multiplying the daily VMT by the hourly
temporal factors supplied by Virginia Department of Environmental Quality (DEQ) with
their UAM input files. These hourly factors are shown in Table A-6. Using these factors,
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Table A-4
Hourly Temperatures Modeled in MOBILESb
Degrees Fahrenheit

Hour Baltimore DC
00 73.4 76.9
01 71.4 75.8
02 70.3 76.1
03 69.0 73.4
04 67.9 72.6
05 66.9 71.7
06 66.2 70.9
07 65.2 69.9
08 64.0 69.0
09 64.1 68.5
10 65.6 70.0
11 70.3 71.1
12 74.3 74.2
13 77.5 77.2
14 79.6 79.2
15 81.6 81.7
16 82.9 82.7
17 82.8 83.6
18 84.2 84.6
19 83.2 84.1
20 84.0 84.2
21 83.1 81.9
22 81.0 79.7
23 77.5 78.3
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Table A-5
Average Speeds by Road Type and Vehicle Type
(Miles per Hour)

Rural
Principa Minor Major Minor
Interstate I Arterial Collector Collector  Local
Arterial
Light-duty Vehicle (LDV) 60 45 40 35 30 30
Light-duty Truck (LDT) 55 45 40 35 30 30
Heavy-duty Vehicle (HDV) 40 35 30 25 25 25
Urban
Other Principa Minor
Interstate Freeways | Arterial Collector Local
& Expressways Arterial
LDV 45 45 20 20 20 20
LDT 45 45 20 20 20 20
HDV 35 35 15 15 15 15

A-12



Table A-6
Hourly Temporal Profile Applied to VMT

Hour VMT Temporal Factor
0 0.0104
1 0.0104
2 0.0104
3 0.0104
4 0.0104
5 0.0104
6 0.0625
7 0.1042
8 0.0625
9 0.0521

10 0.0521

11 0.0521

12 0.0521

13 0.0521

14 0.0521

15 0.0625

16 0.1042

17 0.0833

18 0.0625

19 0.0417

20 0.0104

21 0.0104

22 0.0104

23 0.0104

SOURCE: Chaudhari, 1999.
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the peak hours of travel will be 7 to 8 a.m. and 4 to 5 p.m. in both Baltimore and
Washington, DC. The VMT data by county, roadway type, vehicle type, and hour were
then multiplied by the corresponding MOBILESb emission factors, calculated using the
inputs discussed above.

B. POINT SOURCES

Point source emissions for the summer of 1997 were estimated using the 1997 NET
estimates (EPA, 1998a). Electricity generating unit (EGU) emissions in the 1997 NET are
estimated using continuous emission monitoring/emission tracking system (CEM/ETS)
data that is collected by the utilities and submitted to the EPA Acid Rain Division. Since
annual NO,, SO,, and heat input values reported in the ETS/CEM data are based on
continuous monitoring of hourly emission rates and flow using certified, quality assured
equipment, these data are used in the NET in preference to estimates made using emission
factors and activity data. This data source should provide the best possible estimates of
NO, emissions during the 1997 ozone season, and account for NO, control equipment
installations or operating changes made to meet reasonably available control technology
(RACT) requirements for ozone nonattainment areas.

Table A-7 shows the NO, emitting EGUs that are within 20 km of each PAMS site. As
this table shows, only the PEPCO plant in Alexandria is within 20 km of the McMillan
Reservoir site. This PEPCO plant is a relatively small facility that is located on the
Virginia shore of the Potomac River near National Airport (11.2 km from McMillan
Reservoir).

There are a number of Baltimore Gas & Electric units that are within 20 km of the
Essex, MD site. This includes units at Wagner Station, Brandon Shores, and Crane. The
two Crane units are the closest to the PAMS site - 9.26 km away.

Non-EGU point source emission estimates use the latest State supplied point source
emission files in EPA's Aerometric Information Reporting System (AIRS). VOC and NO,
emission estimates and coordinates for the major non-utility point sources within the
Baltimore grid are listed in Table A-8. Facilities included in this table are ones with ozone
precursor emissions of one ton or more. There are no non-utility point sources with ozone
season daily emissions above this threshold in the Washington grid.

C. AREA SOURCES

Area source emission estimates are the 1990 emission estimates for DC, MD, and VA
that were used in the UAM for the region (Chaudhari, 1999) with adjustments to account
for activity growth and control programs that have affected area sources in the 1990-1997
period. The specifics of the growth and control factors are in the Trends Procedures
Document (EPA, 1998b). It is worth noting that estimates of VOC emissions from service
stations-vehicle refueling were missing in the Maryland area source inventory.

Once summer weekday emissions were computed, speciation profiles were applied to
each source category's emissions to estimate VOC and NO, species. This was a full
speciation, not just by carbon bond group. Speciation was performed at the Source
Classification Code (SCC) level. The gasoline-powered motor vehicle speciation is that for
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Table A-7
Electricity Generating Units within 20 km of Essex and McMillan Reservoir PAMS Sites

Coordinates

g1-v

Plant Name Units Daily NO , Emissions  Distance to PAMS Site X y
PEPCO-Alexandria, VA 1 5.266 11.2 km* 38.82 77.04
2 5.787 11.2* 38.82 77.04
3 5.424 11.2* 38.82 77.04
Baltimore Gas & Electric - Wagner Station 1 33.6 15.56** 39.18 76.53
2 10.5 15.56** 39.18 76.53
3 11.1 15.56** 39.18 76.53
Baltimore Gas & Electric - Brandon Shores 33.8 15.04** 39.18 76.53
Baltimore Gas & Electric - Crane 1 214 9.26** 39.33 76.37
2 21.3 9.26** 39.33 76.37

NOTES: *Distance from the McMillan Reservaoir site.
**Distance from the Essex, Maryland site.
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Table A-8
Major Non-Utility Point Sources Within the Baltimore Grid

VOC* NO,*
County Facility Name Latitude Longitude Ozone Season Daily Tons  Ozone Season Daily Tons
Baltimore County Bethlehem Steel 39.2142 76.4721 - 16.77
Baltimore City FMC Corp Organic Chemicals Division 39.2275 76.5778 4.40 -
Baltimore City General Motors Truck & Bus Group 39.2658 76.5464 3.87 -
Baltimore City Baltimore Resco 39.2664 76.6308 - 3.28
Baltimore City Pulaski Company 39.3072 76.5322 - 1.89
Baltimore City Conoco-Sun Gasoline Terminal 39.2339 76.5781 1.55 -
Anne Arundel County Amoco Terminal-Curtis Bay 39.2058 76.5856 1.19 -

NOTE: *Only daily emissions values above one tpd are listed.



Phase I Federal reformulated gasoline. EPA's SPECIATE1.5 was the source of all of the
speciation profiles used in this study.

SCC-level emissions were allocated to grids using the spatial allocation factor files
provided by the Virginia DEQ (Chaudhari, 1999). Figure A-4 shows the emission grid
networks surrounding the McMillan Reservoir and Essex, MD PAMS sites. Each of these
grids has 4x4 km cells. Note that slightly more grid cells were used to characterize the
emissions around the Essex site so that the PAMS site would be near the center of the grid
network. Emissions from point sources above a certain size were retained at the source
level. Emissions from small point sources and all types of area sources (including nonroad
and highway vehicles) were reported for the following source type groupings:

Mobile sources - gasoline-powered highway

Mobile sources - diesel-powered highway

Refining and distribution - bulk plants and terminals
Refining and distribution - service stations

Other area sources

Point-elevated

Point-low-level

Nonroad gasoline

Nonroad diesel

PSR 0 e o

D. EMISSIONS SUMMARY

Table A-9 and Figure A-5 summarize the VOC and NO, 1997 emission estimates by
point, area, and highway vehicle sources for the portions of each county that are within the
gridded areas around each PAMS site. The following observations can be made from the
Table A-9 emission summaries:

1. VOC emissions in both urban areas (Baltimore and Washington) are dominated by
area sources. (Nonroad engine/vehicle emissions are included in the area source
totals.) The primary area source VOC emitter is solvent utilization.

2. Highway vehicles contribute between 25 and 30 percent of the man-made VOC
emissions in the Baltimore and Washington areas.

3. Point source VOC emissions in the Washington area are negligible. Point sources
contribute about 10 percent of the man-made VOC emissions in the vicinity of the
Essex, MD PAMS site.

4.  Point sources emit more than 50 percent of the man-made NO, emissions in the
Baltimore area, but contribute only 6-7 percent of the NO, emissions proximate to
the McMillan Reservoir PAMS site. Of course, whether these point source
emissions contribute to the ambient NO, at the PAMS sites of interest depends on
wind flows at the time of interest.

5. Of the non-point source NO, emissions, highway vehicles contribute between 55
and 60 percent of the area plus highway totals in each area. Most of what is listed
as area source NO, is from nonroad engines/vehicles. There is also an area source
fuel combustion component in these area source values that represents small
industrial, commercial, and residential fuel burning. This area source fuel
combustion is only 6.4 tpd of NO, in the Baltimore area, but is 44.5 tpd in the
Washington area.
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Emission Grid networks around McMillan Reservoir and Essex, MD PAMS Sites
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Table A-9

1997 Ozone Season Daily Source Emissions Included in Baltimore and Washington Grids

VOC Emissions (tons per day [tpd]) NO . Emissions (tpd) VOC/NO
State Area County Point Area/Nonroad Highway Total Point Area/Nonroad Highway Total Rdtio
MD Baltimore Anne Arundel Co. 2.547 47.650 17.943 68.139 120.033 26.217 30.562 176.811 0.385
MD Baltimore Baltimore 19.166 54.894 12.856 86.916 72.625 21.745 18.361 112.731 0.771
MD Baltimore Baltimore Co. 4.699 67.936 28.575 101.211 20.947 26.046 52.474 99.467 1.018
Baltimore Total 26.412 170.480 59.374  256.266 213.604 74.008 101.397  389.009 0.659
DC Washington Washington 0.818 29.969 15.431 46.218 3.361 8.356 21.213 32.930 1.404
MD Washington Montgomery Co. 0.116 66.952 28.599 95.667 1.279 24.619 41.388 67.286 1.422
MD Washington Prince Georges Co. 0.755 65.661 30.949 97.365 0.533 22.360 47.325 70.218 1.387
VA Washington Alexandria 0.094 10.144 3.601 13.840 17.430 7.435 5.220 30.085 0.460
VA Washington Arlington Co. 0.176 16.187 5.524 21.887 0.286 23.147 9.029 32.462 0.674
VA \Washington Fairfax Co. 0.001 78.906 37.834  116.740 0.042 57.399 56.206  113.647 1.027
Washington Total 1.960 267.819 121.938 391.717 22.931 143.316  180.380 346.627 1.130
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Inventory Uncertainty

The Pechan-Avanti Group (Pechan-Avanti) believes that the area source NO, fuel
combustion values overestimate the emissions from these source types during the ozone
season, especially in the Washington area. Part of the emission estimation problem is the
use of seasonal activity fractions that assume that 25 percent of area source fuel
combustion occurs during the 3 summer months. Because most area source fuel
combustion is for space heating, most area source fuel combustion should occur in months
with heating degree days. In these two metropolitan areas, that means that most area
source fuel combustion should occur in November through March.

The primary area source fuel combustion activity in the summer months should be
residential natural gas use in water heaters. Inspection of monthly residential gas bills for
Northern Virginia for recent calendar years showed that 5 percent of residential gas use is
in the summer months. If this is the norm throughout the PAMS site study areas, then
area source fuel combustion NO, emissions are potentially overestimated by a factor of 5
(or more). This adjustment would only change the VOC/NO, emissions ratio slightly in the
Baltimore area, but would change the Washington area VOC/NO, ratio from 1.13 to nearly
1.3.
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Appendix B

Mobile Source Emission Factor Model (MOBILESb) Input Files



APPENDIX B
MOBILE SOURCE EMISSION FACTOR MODEL (MOBILESD)
INPUT FILES




Figure B-1
Baltimore Area MOBILESD Input File

1 PROMPT

BALT AREA MOBILES5b - 1997

1 TAMFLG - default tampering rates

3 SPDFLG - one speed per scenario for all 1V, 1 trip length dis
1 VMFLAG -

3 MYMRFG - 1999 registration dist, default mileage accrual rates
2 NEWFLG - CAAA exhaust emission rates

2 IMFLAG - I/M program

3 ALHFLG - no NOx humidity or a/c correction factor inputs
2 ATPFLG - anti-tampering program

5 RLFLAG - no onboard refueling controls

1 LOCFLG - read in local area parameters as 2nd req sc rec
2 TEMFLG - calculate exhaust temperatures

1 OUTFMT - MOBILE4 112 column descriptive output format
4 PRTFLG - print exhaust HC emission factor results

1 IDLFLG - do not print idle emissions results

3 NMHFLG - print VOC

2 HCFLAG - print HC components

.053.095.081 .078 .073 .073 .076 .076 .076 .071

.060 .045 .035 .021 .013 .010 .008 .009 .007 .005

.003 .002 .002 .002 .026

.067 .116 .106 .083 .068 .064 .065 .072 .071 .064

.056 .038 .030 .017 .011 .009 .008 .014 .011 .008

.005 .003 .003 .003 .008

.067 .116 .106 .083 .068 .064 .065 .072 .071 .064

.056 .038 .030 .017 .011 .009 .008 .014 .011 .008

.005 .003 .003 .003 .008

.042 .106 .072 .038 .034 .038 .066 .072 .074 .057

.059 .046 .040 .021 .016 .017 .019 .027 .024 .017

.015.020 .013 .052

.053.095.081 .078 .073 .073 .076 .076 .076 .071

.060 .045 .035 .021 .013 .010 .008 .009 .007 .005

.003 .002 .002 .002 .026

.067 .116 .106 .083 .068 .064 .065 .072 .071 .064

.056 .038 .030 .017 .011 .009 .008 .014 .011 .008

.005 .003 .003 .003 .008

.027 .079 .049 .079 .061 .061 .079 .087 .083 .090

.079 .068 .036 .024 .021 .015 .014 .016 .009 .005

.004 .003 .003 .002 .006

.046 .065 .062 .068 .049 .040 .037 .037 .032 .038

.067 .459 .000 .000 .000 .000 .000 .000 .000 .000

.000 .000 .000 .000 .000



Figure B-2
Alexandria MOBILES5Db Input File

PROMPT
1-510 MOBILE5SD - 1997

TAMFLG - default tampering rates

SPDFLG - one spd/ scen., all types, trip length distn in OTDS

VMFLAG - supply vmt mix in OTDS

MYMRFG - 1996 veh reg dist, default mileage accrual rates

NEWFLG - CAAA ERs

IMFLAG - enter IM control flag record

ALHFLG - no A/C, trailer, humidity corrections

ATPFLG - ATP, pressure and purge

RLFLAG - no refueling emissions

LOCFLG - one LAP record for each scenario

TEMFLG - uses daily min/max temps

OUTFMT - 112 column descriptive output

PRTFLG - print HC, CO, & NOx

IDLFLG - do not print idle emissions

NMHFLG - print VOC

HCFLAG - total HC only,
.1830.0890.0750.0700.0610.0630.0620.0620.0630.0610
.0530.0400.0320.0200.0140.0100.0070.0070.0050.0040
.0030.0010.0020.0020.011
.0740.0720.0930.0690.0570.0600.0610.0650.0670.0840
.0890.0470.0400.0240.0160.0140.0060.0090.0090.0070
.0040.0040.0040.0040.021
.1380.1390.1110.0510.0400.0320.0450.0580.0420.0640
.0440.0230.0240.0230.0190.0210.0120.0230.0130.0110
.0080.0090.0060.0060.038
.0510.0340.0250.0340.0420.1530.0010.0250.0340.0590
.0170.0590.1860.0590.0170.0010.0250.0340.0510.0170
.0010.0170.0080.0080.042
.1830.0890.0750.0700.0610.0630.0620.0620.0630.0610
.0530.0400.0320.0200.0140.0100.0070.0070.0050.0040
.0030.0010.0020.0020.011
.0740.0720.0930.0690.0570.0600.0610.0650.0670.0840
.0890.0470.0400.0240.0160.0140.0060.0090.0090.0070
.0040.0040.0040.0040.021
.1220.1430.0680.0650.0500.0430.0430.0570.0610.0790
.0900.0650.0320.0180.0070.0110.0040.0140.0070.0140
.0010.0010.0010.0010.003
.0980.0710.0820.0530.0530.0370.0380.0490.0280.0470
.0620.3820.0000.0000.0000.0000.0000.0000.0000.0000
.0000.0000.0000.0000.000

NWFRPRPARPNFRPONENNWERMEOPR
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Figure B-3
Arlington County MOBILESD Input File

PROMPT
1-013 MOBILE5SD - 1997

TAMFLG - default tampering rates

SPDFLG - one spd/ scen., all types, trip length distn in OTDS

VMFLAG - supply vmt mix in OTDS

MYMRFG - 1996 veh reg dist, default mileage accrual rates

NEWFLG - CAAA ERs

IMFLAG - enter IM control flag record

ALHFLG - no A/C, trailer, humidity corrections

ATPFLG - ATP, pressure and purge

RLFLAG - no refueling emissions

LOCFLG - one LAP record for each scenario

TEMFLG - uses daily min/max temps

OUTFMT - 112 column descriptive output

PRTFLG - print HC, CO, & NOx

IDLFLG - do not print idle emissions

NMHFLG - print VOC

HCFLAG - total HC only,
.1090.0830.0730.0720.0650.0670.0680.0700.0690.0700
.0600.0480.0380.0230.0160.0110.0090.0090.0070.0050
.0030.0020.0020.0020.019
.0570.0590.0840.0610.0520.0530.0610.0720.0740.0860
.0940.0570.0490.0310.0240.0140.0080.0100.0060.0070
.0020.0030.0030.0030.030
.0860.0960.1020.0420.0530.0400.0390.0770.0730.0580
.0620.0470.0230.0130.0150.0170.0120.0290.0180.0170
.0170.0110.0070.0070.039
.0470.0470.0470.0140.0810.1420.1220.0340.1690.0200
.0010.0200.0200.0340.0200.0140.0140.0200.0140.0070
.0200.0270.0140.0140.038
.1090.0830.0730.0720.0650.0670.0680.0700.0690.0700
.0600.0480.0380.0230.0160.0110.0090.0090.0070.0050
.0030.0020.0020.0020.019
.0570.0590.0840.0610.0520.0530.0610.0720.0740.0860
.0940.0570.0490.0310.0240.0140.0080.0100.0060.0070
.0020.0030.0030.0030.030
.1520.1040.1460.0610.0550.0610.0490.0430.0550.0610
.0850.0240.0060.0180.0180.0060.0010.0060.0060.0010
.0120.0060.0010.0010.022
.0740.0660.0560.0650.0590.0400.0390.0440.0290.0360
.0670.4250.0000.0000.0000.0000.0000.0000.0000.0000
.0000.0000.0000.0000.000

NWFRPARPNFRPONEPENNWERMEOPR
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Figure B-4

District of Columbia MOBILESb Input File

PROMPT
1-001 MOBILE5b - 1997 - MARAMA
TAMFLG - default tampering rates

SPDFLG - one speed per scenario for all 1V, 1 trip length dis

VMFLAG - COG vmt mix

MYMRFG - 1999 registration dist, default mileage accrual rates

NEWFLG - CAAA exhaust emission rates
IMFLAG - I/M program

ATPFLG - anti-tampering program
RLFLAG - no onboard refueling controls

LOCFLG - read in local area parameters as 2nd req sc rec

TEMFLG - calculate exhaust temperatures

OUTFMT - MOBILE4 112 column descriptive output format
PRTFLG - print exhaust HC emission factor results

IDLFLG - do not print idle emissions results

NMHFLG - print VOC
2 HCFLAG - print HC components
0.0620.0830.0820.0800.0780.0760.0720.0670.0620.052
0.0200.0370.0320.0300.0290.0280.0250.0200.0160.013
0.0080.0060.0050.0040.014
0.0220.0870.0870.0870.0870.0720.0610.0460.0370.032
0.0310.0550.0490.0480.0370.0290.0180.0230.0180.015
0.0090.0080.0080.0050.026
0.0190.0740.0740.0740.0740.0540.0520.0350.0560.032
0.0290.0830.0870.0510.0400.0310.0190.0240.0190.015
0.0090.0080.0090.0060.027
0.0080.0480.0480.0480.0480.0390.0330.0210.0260.029
0.0340.0650.0550.0590.0520.0390.0440.0420.0360.029
0.0210.0220.0220.0140.119
0.0620.0830.0820.0800.0780.0760.0720.0670.0620.052
0.0200.0370.0320.0300.0290.0280.0250.0200.0160.013
0.0080.0060.0050.0040.014
0.0220.0870.0870.0870.0870.0720.0610.0460.0370.032
0.0310.0550.0490.0480.0370.0290.0180.0230.0180.015
0.0090.0080.0080.0050.026
0.0120.0680.0680.0680.0680.0750.0620.0410.0420.052
0.0540.0670.0560.0580.0460.0190.0230.0290.0250.016
0.0110.0090.0070.0050.016
0.0530.1860.1490.1210.0970.0770.0620.0500.0400.032
0.0250.1070.0000.0000.0000.0000.0000.0000.0000.000
0.0000.0000.0000.0000.000
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Figure B-5
Fairfax County MOBILES5D Input File

PROMPT
1-059 MOBILE5SD - 1997

TAMFLG - default tampering rates

SPDFLG - one spd/ scen., all types, trip length distn in OTDS

VMFLAG - supply vmt mix in OTDS

MYMRFG - 1996 veh reg dist, default mileage accrual rates

NEWFLG - CAAA ERs

IMFLAG - enter IM control flag record

ALHFLG - no A/C, trailer, humidity corrections

ATPFLG - ATP, pressure and purge

RLFLAG - no refueling emissions

LOCFLG - one LAP record for each scenario

TEMFLG - uses daily min/max temps

OUTFMT - 112 column descriptive output

PRTFLG - print HC, CO, & NOx

IDLFLG - do not print idle emissions

NMHFLG - print VOC

HCFLAG - total HC only
.0990.0990.0860.0820.0720.0710.0730.0720.0680.0640
.0550.0410.0310.0190.0120.0090.0060.0060.0050.0040
.0020.0010.0020.0020.019
.0710.0670.0980.0710.0570.0600.0620.0780.0770.0810
.0790.0480.0410.0240.0160.0110.0070.0060.0050.0050
.0030.0020.0030.0030.025
.1160.1340.1180.0660.0440.0360.0490.0570.0610.0440
.0500.0370.0270.0170.0110.0140.0100.0200.0200.0140
.0100.0050.0060.0060.028
.0140.0120.0200.0290.0240.0340.0770.0680.2670.1530
.0260.0690.0230.0270.0120.0110.0120.0210.0380.0110
.0020.0070.0030.0030.037
.0990.0990.0860.0820.0720.0710.0730.0720.0680.0640
.0550.0410.0310.0190.0120.0090.0060.0060.0050.0040
.0020.0010.0020.0020.019
.0710.0670.0980.0710.0570.0600.0620.0780.0770.0810
.0790.0480.0410.0240.0160.0110.0070.0060.0050.0050
.0030.0020.0030.0030.025
.0720.0600.1060.0340.0330.0620.0650.1070.0400.1000
.0500.0980.0600.0050.0450.0360.0090.0040.0060.0010
.0010.0010.0010.0010.003
.0840.0870.0680.0590.0520.0380.0380.0370.0330.0350
.0570.4120.0000.0000.0000.0000.0000.0000.0000.0000
.0000.0000.0000.0000.000
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Figure B-6
Montgomery County MOBILESb Input File

PROMPT
4-031 MOBILE5b - 1997
TAMFLG - default tampering rates
SPDFLG - one speed per scenario for all 1V, 1 trip length dis
VMFLAG - supply vmt mix in OTDS
MYMRFG - 1996 veh reg dist, default mileage accrual rates
NEWFLG - CAAA ERs
IMFLAG - 2 IM programs
ALHFLG - no NOx humidity or a/c correction factor inputs
ATPFLG - ATP, pressure and purge
RLFLAG - no onboard refueling controls
LOCFLG - one LAP record for each scenario
TEMFLG - uses daily min/max temps
OUTFMT - 112 column descriptive output
PRTFLG - print HC, CO, & NOx
IDLFLG - do not print idle emissions
NMHFLG - print VOC
HCFLAG - print HC components
.052.094 .082 .079 .075 .075 .080 .076 .075 .073
.062 .045 .035 .021 .014 .010 .008 .007 .005 .004
.003 .002 .002 .002 .019
.088 .156 .130 .108 .082 .079 .070 .067 .058 .047
.034 .025 .018 .008 .005 .003 .003 .005 .004 .003
.002 .001 .001 .001 .002
.045 .096 .102 .066 .055 .053 .064 .079 .077 .068
.075 .049 .039 .023 .016 .012 .011 .016 .013 .010
.007 .004 .004 .003 .013
.037 .094 .065 .037 .033 .043 .062 .081 .082 .052
.065 .057 .043 .023 .017 .016 .026 .029 .025 .026
.020.013 .012 .009 .033
.052 .094 .082 .079 .075 .075 .080 .076 .075 .073
.062 .045 .035 .021 .014 .010 .008 .007 .005 .004
.003 .002 .002 .002 .019
.088 .156 .130 .108 .082 .079 .070 .067 .058 .047
.034 .025 .018 .008 .005 .003 .003 .005 .004 .003
.002 .001 .001 .001 .002
.017 .088 .025 .053 .028 .076 .110 .094 .072 .155
.093 .067 .042 .018 .015 .009 .011 .009 .004 .003
.001 .002 .003 .001 .004
.047 .068 .071 .064 .046 .045 .039 .045 .038 .039
.061 .437 .0000.000 .0000.0000.0000.0000.0000.000
.0000.0000.0000.0000.000
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Figure B-7
Prince Georges County MOBILESD Input File

PROMPT
4-033 MOBILE5Db - 1997
TAMFLG - default tampering rates
SPDFLG - one speed per scenario for all 1V, 1 trip length dis
VMFLAG - supply vmt mix in OTDS
MYMRFG - 1996 veh reg dist, default mileage accrual rates
NEWFLG - CAAA ERs
IMFLAG - 2 IM programs
ALHFLG - no NOx humidity or a/c correction factor inputs
ATPFLG - ATP, pressure and purge
RLFLAG - no onboard refueling controls
LOCFLG - one LAP record for each scenario
TEMFLG - uses daily min/max temps
OUTFMT - 112 column descriptive output
PRTFLG - print HC, CO, & NOx
IDLFLG - do not print idle emissions
NMHFLG - print VOC
HCFLAG - print HC components
.040 .092 .085 .075 .069 .068 .072 .075 .075 .073
.062 .051 .041 .025 .016 .012 .010 .011 .008 .006
.004 .003 .003 .003 .021
.066 .135 .122 .103 .076 .070 .073 .069 .069 .056
.041 .033 .025 .014 .007 .004 .004 .010 .007 .005
.004 .002 .002 .001 .002
.041 .080 .092 .063 .052 .050 .061 .073 .073 .066
.074 .053 .042 .028 .019 .016 .013 .022 .018 .014
.011 .006 .006 .005 .022
.033.106 .094 .041 .034 .035 .056 .080 .080 .056
.055 .064 .040 .023 .015 .015 .015 .030 .020 .017
.014 .013 .008 .013 .043
.040 .092 .085 .075 .069 .068 .072 .075 .075 .073
.062 .051 .041 .025 .016 .012 .010 .011 .008 .006
.004 .003 .003 .003 .021
.066 .135 .122 .103 .076 .070 .073 .069 .069 .056
.041 .033 .025 .014 .007 .004 .004 .010 .007 .005
.004 .002 .002 .001 .002
.033.067 .043 .058 .047 .074 .169 .099 .099 .104
.077 .035.030 .010 .011 .007 .008 .009 .005 .004
.002 .002 .002 .002 .003
.049 .081 .071 .060 .058 .035 .046 .027 .027 .042
.070 .434 .0000.000 .0000.0000.0000.0000.0000.000
.0000.0000.0000.0000.000
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