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Appendix F

Estimation of Background Concentrationsfor Diesel Particulate M atter

I ntroduction;

Background concentrations are an essentia part of the total air quality concentration to be
congdered in determining source impeacts. Background air quality includes pollutant concentrations
dueto: 1) natural sources, 2) nearby sources that are unidentified in the inventory; and 3) long range
trangport into the modding domain. Typicaly, monitored air quality data should be used to establish
background concentrations.

The ASPEN mode is based on the Industrial Source Complex Long Term, Version 2.0 (ISCLT)
Gaussan plume modd. The ASPEN modd ca culates concentrations at receptors at a concentric
grid of 12 rings and 16 radia distances with a maximum distance 50 km. Gaussian type models are
not gpplied for distances greater than 50 km. However, sources a distances more than 50 km from
the receptor contribute to the total concentration at the receptor location.

A modding-based approach was developed to provide a rough approximation of diessd PM
concentrations due to transport from sources located between 50 km and 300 km from the
receptor. This gpproximeation was based on results from existing CALPUFF smulations from an
elevated source (35 m) and asurface release (2 m) for three geographica areas. Boisg, 1D,
Medford, OR, and Pittsburgh, PA. These smulations were made as part of aseries of smulations
to compare | SC results with CALPUFF results (EPA, 1993). CALPUFF is aLagrangian puff
mode that was originaly designed for mesoscale gpplications, and it can operate in arange of 0-
300 km from the source (EPA, 1995). For these CALPUFF smulations, CALPUFF was run using
|SC meteorology. Therefore, these CALPUFF results are not the result of afull-scale refined
andyss, in which the meteorologica conditions are dlowed to vary in gpace and time.

Approach to develop concentration ver sus distance:

The annua average CALPUFF concentration estimates, normalized by the emisson rate, are
shown in Figure 1 as afunction of distance from the source for 3 cases. We used aspline
polynomid gpproximation to get andytica representation for the results shown in Figure 1. These
parameterizations provide annua average concentrationsin [ng/m?], at adistance 50 km < x < 300
km from alow release source (Eq.18) and an elevated source (Eq.1b).

C=6. 18022 10710 x4- 5. 22255 10" 7 x3+1. 61998 10 4 x?- 2. 22567_10 2 x+1. 215630 (1a)
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C=3.37367_10°1° x4-2. 91373 10° 7 x3+9. 32310_10-5 x2- 1. 34110_10"2 x+0. 784964 (1b)

Average curvesfor dl 3 geographicd areas are shown in Figure 2. The gpproximations 1(a-b) are
aso shown in the figure for alow leve release and arelease from the elevated source. The source
emission rate is assumed to be equa 100 [g/g].

Estimating a background concentration based on the above equation:

We introduceamethodto cal culatetheAbackground@ concentrations due to contributionfromemisson
sources located farther then 50 km. The method is based onasmpligic approach: for each receptor,
al emisson sources located at a distance greater than 50 km and lessthan 300 kmfrom the receptor
are considered. These census tract emissions are based on the 1996 NTI (same as those used in the
ASPEN modd). The emissions fromeach sourcelocated from50 to 300 km away from the receptor
are multiplied by a distance dependent factor defined in equation 1a and summed up to obtain a
concentrationat the center of the grid box. In this andysis, diesd PM emissons arefromon-road and
non-road mobile sources, which are released at ground level. Therefore, equation lais applicable. In
these estimates, no adjusment has been made to account for the variation in transport due to the
climatology of wind direction for the area being mode ed.

A schematic plot showing the relationship between the census tract centroids at a distance 50 - 300
km and modeling receptors dlocated at census tract centroidsis shown in Figure 3. Here the
receptor is shown as a blue star and a contribution from emission sources within aring of 50 B 300
km (shown in red) is considered. The Abackground@ concentration at each receptor is the sum of
concentrations resulting from al sources within the 500-300 km radius.

Results:

Gridded diesel PM emissions from on-road and non-road sources are shown in Figures 4a and 4b.
Inthisfigure, dl emissonsarein equa sze grids of 0.2° latitude by 0.5° longitude. This equa
gpacing dlows for easy comparison. Emissions from mobile on-road sources are shown in Figure
4a and emissions from mobile non-road sources are shown in Figure 4b.

Modeled Abackground(@ concentrations for diesel PM (on and non road) are shown in Figure 5. As
can be seen from this figure, the spatia digtribution of these Abackground@ concentrationsis not
uniform. The higher values of the Abackground@ concentrations are in the East coast and lower
vaues arein the Midwest and West coast. There are areas where concentrations of gpproximately
0.6 [ng/n¥] are estimated around almost al metropolitan areas. In rural areas, the values of
Abackground( concentrations are close to 0. The overal mean vaue of Abackground(@ concentration
for the entire U.S. is 0.61 [mg/nt], median is 0.54 [ng/n¥], 90™ percentile is 1.07 [ng/n?], and 10™
percentileis 0.21 [ng/m?].
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On anationd scae, the average diesd PM concentrations with background are: 0.63
[mg/m?] for on-road emissions, 1.43 [ng/m¥] for non-road emissions, and 2.06 [ng/n7] for
total emissons.

Study limitations.

The approach described above has severa limitations. The estimates assume a complete
and accurate inventory. Use of the |SC meteorology in CALPUFF does not account for
wind flow in rivers and valeys as in mountainous terrain. The loca wind flow patterns could
cause concentrations to be significantly different at specific locations. Using three specific
locations to obtain anationa average parameterization isampligtic. Findly, usng
CALPUFF with site specific information on emisson release height, stack parameters, wet
and dry deposition, meteorologica wind fidd, etc. would give different estimates. Thus,
these estimates of the impact of emissions located greater than 50 km but less than 300 km
are consdered as an gpproximation of Abackground( concentration until more reliable
edimates can be obtained from monitoring data or when improved modeling techniques are
developed.

This anadlys's suggests that the limitations of ASPEN modd to caculate dispersion not farther than
50 km modd may cause underestimates of concentrations in certain areas, where many sources
with ahigh emission rate are located close to each other. Using a constant value for the
Abackground( concentrations does not seem to be accurate enough and these results suggest a
vaue for Abackground@ should be computed for each receptor.
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Figure 1. Concentrations from CALPUFF for a surface and elevated release
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Figure 2. Concentrations from CALPUFF, average for Pittsburgh, Medford, Boise
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Fig.3.

Schematic map of census tract centroids and a ring of 50-300 km radius
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Fig.4a. Diesel PM emissions [g/s] from mobile on-road sources, 1996
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Fig.4b. Diesel PM emissions [g/s] from mobile non-road sources, 1996
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Fig.5. Diesel PM "background" concentration [).tglma] (CALPUFF,r=50-300km), 1996
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