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1. INTRODUCTION

This paper briefly reports on results
from the BNL Long and Short Range Air Quality
Model. The model calculates the tramsport, trans-
formation and resulting pollutant concentrations
for given SOx emission inventories. Some details
and results of the model in earlier stages are
reported elsewhere (Meyers and Cederwall, 1975a;
Meyers, et al., 1978a).

2. MODEL METHODOLOGY

Horizontal trajectories of pollution
from each source are calculated using observed
upper-air winds averaged in the vertical through
the mixing layer. Horizontal diffusion along the
trajectary is parameterized as Gaussian abuut Lhe
center of mass. Vertical diffusion is calculated
using eddy diffusivity or "K" theory, and is solved
semi-implicitly with a fast tri-diagonal sparse
matrix method; the chemistry is solved explicitly.
The derivative boundary conditiom at the surface
allows for removal by dry depositiom; removal by
wet deposition is calculated at each level. Con-
centrations at variable levels in the vertical
up to the mixing height are calculated using a
variable grid, modified Crank-Nickalson finite-
difference method. For this study, concentrations
were calculated at twelve levels and values at
the breathing level (2 meters) were projected on-
to a horizontal grid of approximately 32 kilom-
eter resolution.

3 SENSITIVITY ANALYSES

Sensitivity analyses wera performed on
the model calculations. All critical parameters
in the model were varied systematically; this in-
cluded chemical conversion rates, deposition vel-
ocities, release heights, mixing heights and
seasons of the year. A reference case was run
for 284 large power plants in the East, represent-
ing 987 of the SO, emissions from easterm pcwer
plants, Reference case values for the critical
parameters were selected based on the literature
and curreat studies. These values included: _
0.005 per hour conversion rate from SOz to 30,,
0.02 in-stack conversion (by mole) of SOz to SO,
(primary sulfaceY, 3.0 cm/sec deposition velocity
for 50,, 0.3 cm/sec deposition velocity for SOZ,
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a release height (stack height plus plume rise)
of 200 meters, a mixing height of 1000 meters and
wind data in the mixed layer for the month of
July 1974, The reference case gave gopulation-
weighted concgntrations of 7.40 pg/m? for SO
and 5.47 pg/m” for SOZ for the East. For eagh
critical parameter, runs were made with values
varying about the reference value while other
critical parameters remained at their reference
values. The change in population-weighted con-
centrations of So2 and SOZ are given in Table 1.

TABLE 1.
Sensitivity Analyses for Model Parameters

Reference Value in Change* Change*

Parameter Value® this run in SO, 1in SO
. 3 IR
1. 50, to SO,  0.005/hr 0.00l/hr  +5%  -59%
conversion 0.005/hr 0.0l/hr =67 +657%
rate
2. 80, to S0, ¢ 0.0 . 0.08 ~4%  +25%.
in-stack
conversion
3. S0, deposi- 3.0 em/ 1.0 em/ +1327 1%
tion velocity sac sec
; 3.0 ecm/ 10.0 cm/ -66% -21%
sec sec
4. S0, deposi- 0.3 cm/ 1.0 cm/ 0%  -48%
tion velocity sec sec
5. Release 200 400 -9% +97
Height meters meters
6. Mixing 1000° 500 -5% +67.
Height meters meters
7. Wind Data July 74 Jan. 74 +367,  +247,
(season) July 74 aApr. 73 =157 =317
July 74 OQct. 74 -10% -107%
Noteas:

1 Sensitivity analyses for parameters 1,3,% & 5
used July 1975 winds and 255 power plant locatioms.

2Sensitivity analysis used 0.0l/hr for parameter 1.
3Sensitivity analysis used January 1974 winds.

*Per cent change of population-weighted concen- .7~ 2
ctrations from reference case.
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e MODEL VERIFICATION

The most complete SO, emission invent-
ory available for the United SEates sources east
of the Mississippi River was used in a verifica-
tion study. This amounted to 897% of the total
S0, emissions in the East and included 987 of the
power plant emissioms, 737 of the industrial
plant emissions and 67% of the area source emis-
sions. Reference case values for the critical
parameters were used. The months of January,
April, July and October were run and the results
compared with NASN and EPRI SOp and SO7 data for
the same periods. Using time averaged spatial
values for the four months, the calculatad SO
concentrations had greater than 0.7 correlation
with observed S0,, and calculated SO; had greater
than 0.6 correlation with observed SOj. Improve-
ments in the model have resulted in correlationms
greater than 0.8 for SO, for single months.

"Priori" and "posterior'' analyses were
performed on the uncertainty of the calculationm.
That is, reference cases were calculated and the
uncertainty in the calculations was documented
based on the uncertainty of critical parameter
values (prior amalysis). The reference cases
were compared with data and conditiomed (posterior
analysis) values of the critical parameters were
formed to minimize the error between calculated
and observed population-weighted concentrations.
It was found that comparison of model results with
data in this manner reduces the uncertainty in
the relative values of the critical modal param-
eters.

3. MODEL APPLICATION

The model has recently been applied to
assessing environmmental impacts to air pollutiom
from fossil fuel (coal) energy gemeration in the
United States for future years (Meyers, et al.,
1978b). As an example, continental comcentration
patterns for SO, and SOz ars shown in Figures 1
and 2, respectively. Projected 1985 SO, emissioas
for 1088 coal-burning utility and industrial
sources were usad in the simulation (see Fig. 335
The projected emissions totaled 21.855 x 1Q0° toms
SOz/year for the contiguous United States; the
1973 SOp emissions total for all fossil-fuel
burning utility and industrial sourcas was 22.875
x 10° tons/year. The concentration pattarns high-
light the predominance of high SO_ levels in the
East. The heterogeneous or spikeé nature of the
SO, pattern is indicative of the "local" character
of the S0z concentrations, while the_more homo-
geneous or smoothed nature of the SQ pattern
reflects the '"regional charactar of the SO
concentrations due to long-range tramsport and
diffusion. Considering the high population in
the East, Figure 4, this leads to predominately
higher population-weighted concentrations and
population exposura. Comparing these comcentra-
tion patternms with curvent air quality observa-
tions (NASN and ZPRI) gave correlations of approx-
izately 0.6 for SO, and 0.8 for SO;. The high SO
correlation is due in part to the noticeable
trend in concentrations from west to east which
is reflected in both the calculated and observed
patterns.

The model is particularly useful in
supplying air quality input to 2ssassmeats of

health and eavironmental effects of various enmergy
strategies. In addition to this input to energy
planning activities, the model has provided in-
sight into the scales of transport for 507 and:

S0z from large point sources; this is valuable
input to planning regional pollution measurement
programs. The model has also been used to address
contribution of SO, from energy gemeration to the
acid rain problem in the East (Meyers and Ceder-
wall, 1975b). Some initial work is in progress
with the model to address transport and transform-
ation of fine particulates and NO, and to relate
this, along with SOy, to visibility reductionm.

Work is also progressing, under the DOE MAP3S
program, in the development of a 3-D natiomal
scale model to address problems of nonlinear
chemical transformations, advection and diffusion.
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Figure 1. Calculated conceatrations of 502 (yg/ma) for the coatiguous U.S.
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Figure 2. Calculated concentrations of so’; (pg/mz) for the contiguous U.S.
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Figure 3.

Projected 1985 SO, emissions (ktons/year) for 1088 coal-burning
sources for the contiguous U.S.
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Figure 4. Projected 1985 population for the contiguous u.s.
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