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ABSTRACT

A photochemical modeling study was conducted to estimate the impact
on smog production resulting from the substitution of methanol fuel for
gasoline and diesel fuel in Philadelphia in the year 2000, Three photo-
chemical models were used: a comprehensive grid model adapted from the
Urban Airshed Model (UAM), a four-cell trajectory model (a Lagrangian
version of the UAM), and a single-cell box model. All three models used
identical chemical mechanisms and input data based on observations for two
days in July of 1979, Emission rates, initial conditions, and boundary
values were forecast to the year 2000, Mobile sources and stationary
sources related to mobile source emissions were estimated to make up 20
percent of the total volatile organic (VOC) inventory for 2000, At the 20
percent methanol substitution level, i.e., complete substitution of mobile
source VOC with 90 percent methanol/10 percent formaldehyde, methanol-
related emissions show little or no impact on smog formation unless metha-
nol is also substituted for 20 percent of the initial and boundary concen-
trations. Model sensitivity tests indicate that methanol substitution
above 20 percent of the overall VOC inventory may significantly inhibit
smog formation, but the reduction also depends strongly on other factors
such as formaldehyde emissions, methanol carryover from upwind sources or
previous days, and NO,, levels. Whereas formaldehyde emissions tend to
accelerate ozone formation, methanol carryover and NOx emissions tend to
decrease ozone formation,
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SECTION 1

INTRODUCTION

This report discusses the investigation of the potential impact of
methanol fuel substitution in Philadelphia based on scenarios for the year
2000, The work was performed by Systems Applications, Inc. under the
sponsorship of the 0Office of Mobile Sources (OMS) of the 1J,S. Environ-
mental Protection Agency. Previous research has shown that methanol can
be used as an alternative to gasoline and diesel fuels. The results of
studies by Whitten and Hogo (1983) and Pefley, Pullman, and Whitten (1984)
in Los Angeles indicate that conversion to methanol fuel on a large scale
could reduce ozone levels and that methanol-fueled vehicles, which emit
volatile organics (VOC) with lower reactivity than that of gasoline-fueled
vehicles thus produce less photochemical smog.

In the previous study by Whitten and Hogo (1983), the Systems Appli-
cations trajectory model, which uses inputs common to both the lrban Air-
shed Model (UAM) and EKMA, was used to predict ozone reduction resulting
from methanol fuel use in Los Angeles. The EKMA model can utilize
alternative chemical reaction schemes as input, whereas in the UAM, the
chemical mechanism is fixed to the computer code. The purpose of the
study reported here was to investigate the effects of methanol substitu-
tion in a major urban area other than Los Angeles using the Urban Airshed
Model (UAM), which is a preferred EPA model, in addition to the Systems
Applications trajectory model and a single-cell box model. Because the
substitution of methanol for gasoline involves a kinetic mechanism for
methanol chemistry and also emphasizes the chemistry of formaldehyde (its
main oxidation product), for the study reported here, a new UAM computer
code was prepared based on an updated and expanded chemical mechanism
featuring explicit formaldehyde and methanol chemistry., The methanol
component of this new mechanism has been recently validated in a smog
chamber study by Pefley, Puliman, and Whitten (1984),

Sections 2 and 3, respectively, describe the computer models and

the input data used in this study. Section 4 contains a discussion of
the results; Section 5 presents the summary and conclusions.

851170 2 ' 1



SECTION 2

DESCRIPTION OF MODELS USED

Three atmospheric models (a four-cell trajectory, a single-cell box
model, and the Urban Airshed Model (UAM)) were used in this study. A1l
three models contain the same chemical submodel, or mechanism, which is
based on the Carbon-Bond III Mechanism (CBM-3), but which contains an
explicit treatment of formaldehyde and methanol. The trajectory model and
the box model are linked to the UAM grid model in the following manner:
the trajectory model shares input files and computer algorithms with the
UAM and is, in essence, a pilot cell for tracing a key trajectory path
through the gridded framework of the UAM, The box model uses averaged
inputs developed from the trajectory model. Because the box model: is
capable of generating isopleth diagrams, sensitivity tests can easily be
implemented. The basic chemistry submodel, or mechanism, common to all
three models used in this study, is described, followed by a description
of each model.

CHEMICAL SUBMODEL

The substitution of methanol for gasoline as a transportation fuel
changes the atmospheric chemistry of an urban airshed. Therefore, the
chemical mechanism used to simulate the atmospheric chemistry of an urban
area is of primary importance in assessing the effect of this substitution
on oxidant formation. For this project, the primary urban atmospheric
chemical reactions were simulated with a modified version (CBM-3M) of the
Carbon-Bond III Mechanism (CBM-3). The unmodified version, CBM-3, is
currently approved for oxidant assessment and State Implementation Plan
(SIP) preparation by the U.S. Environmental Protection Agency (EPA,
1984). Technical descriptions of this mechanism and its use in atmo-
spheric oxidant modeling can be found in Killus and Whitten (1984) and
EPA, (1984).

The CBM-3 was designed to simulate typical gasoline-influenced urban
atmospheres and not for the specific task of simulating methanol-related
impacts. Because the reactivity of methanol to hydroxyl radical reaction
is similar to that of the species PAR in the CBM-3, the unmodified CBM-3

85117r2 3



may actually be suitable for methanol assessment. However, in this pro-
ject the actual concentrations of methanol and, perhaps even more impor-
tant, the concentrations of formaldehyde, as well as their chemistries,
are essential in understanding the overall impact of methanol fuel
substitution. Formaldehyde is the main oxidation product of methanol in
both combustion and atmospheric photooxidation:

OH + CHyOH — CH,O0H + H,0 (1)

CH,O0H + 0, — HO, + HCHO . (2)

Because water is not a significant direct product of methanol photo-
chemistry, and because the second reaction is extremely fast and the sole
pathway of CHZOH loss, the entire chemistry of methanol can be condensed
to one reaction, which produces formaldehyde and the hydroperoxyl radical:

CH30H + OH — HCHO + HO2

The hydroxyl and hydroperoxyl radical species are central to the
atmospheric chemistry of ozone formation and are treated explicitly in all
current atmospheric chemical mechanisms. However, in the CBM-3 mechanism,
formaldenyde is treated as part of a generalized lumped species for all
carbonyl compounds (CARB). Hence, the main modification to the CBM-3 for
this project was the addition of an explicit treatment of formaldehyde
chemistry. Tables 1 and 2, respectively, present the CBM-3 described in
Killus and Whitten (1984) and the modified version (CBM-3M) used for this
project, which involved the addition of the reaction for methanol and an
explicit treatment of formaldehyde.

As can be seen in Table 2, there are several points in the CBM-3M
mechanism where formaldehdye is produced. This "delumping" of formalde-
hyde represents an improvement over the CBM-3 since the species CARB is
parameterized to account for formaldehyde plus all other carbonyl species
in CBM-3, wnhereas in the CBM-3M, the CARB parameters relating to formalde-
hyde have been eliminated or reduced.

Modifications that improve the chemical accuracy of the CBM-3M have
been made to reactions 21, 25, 27, 28, 43, 44, 60, and 61. In the CBM-3,
as shown in Table 1, all these reactions lead to the species CARB when
formaldehyde is known to be a product. Thus, the subsequent chemistry of

85117 3 3



TABLE 7, CARBON-BOND MECHANISM III

Rate Constant  Activation
_ at 298K Energy
Reaction (ppm‘lmin'l) (K)

1 N0y » NO + O * 0

2 0+ (0p) + (M) + 05 4.40 x 1067 0

3 NO+ 03 » NOp + 0y 26.6 1450

4 N0, + O3 » NOg + O 0.048 2450

5 Nop+ 0+ NO+ Op 1.3 x 104 0

6 OH+ O3 » HO, + Oy 100 1000

7 HOp + 03 + OH + 20, 2.40 1525

B 0K+ N0 » HNOg 1.60 x 10* 0

9 OH + CO =% HO, + CO, 440 0

10 N0 + NO + (0p) » NOp + NO, 1.50 x 1074 0

11 NO + NO3 + NOp + NO, 2.80 x 10 0
12 N0, + NOz + Hp0 + 2HNO3 § -1.06 x 10%
13 NO + HOp » NOp + OH 1.20 x 10 0

14 HOp + HO, » HpOp + 0y 1.50 x 10* 0
15 X+ PAR » 10° 0

16 oH+ PAR 2 MEO, + Hy0 1300 560

17 0+ o 2 MEO, + ACO3 + X 2700 325
18 0+ OLE » CARB + PAR 2700 325

19 O+ oLe 2 RAO, 3.70 x 104 -540

(continued)



TABLE 1.

Rate Constant  Activation
at_ 298K Energy
Reaction (ppm'lmin‘l) (k)
20 03+ OLE » CARB + CRIG 0.008 1900
21 03 + OLE » CARB + MCRG + X 0.008 1900
2 0+ Em2 MEO, + HOp + CO 600 800
23 0+ ETH + CARB + PAR 600 800
2 on+ ETH 2 RBO, 1.20 x 10 -382
25 03+ ETH » CARB + CRIG 0.0024 2560
26 N0 + ACOy 53 NO, + MEO, 1.04 x 104 0
27 NO + RBO, 63 NO, + CARB + HO, + CARB 1,20 x 104 0
28 NO + RAD, 63 NO, + CARB + HOp + CARB .20 x 104 0
29 N0 + MEO, 63 NO, + CARB + MEO, + X 3800 0
30 NO + MEO, — NO, + CARB + HO, 7700 0
31 NO + MEO, » NRAT 500 0
32 03 + RBO, » CARB + CARB + HO, + 0, 5.0 0
33 03 + RAD, » CARB + CARB + HOp + 0 200 0
34 OH + CARB » CROp + X 500 0
35 on e caRs 2 HO, + CO 7000 0
36 0N+ CARB 2 ACO5 + X 6000 0
37 CARB» CO + Hy (20.001 K3)™ 0
38 CARB + (0,) % 2/3 (2H0, + CO) %0.002 K;)* 0
1/3 (2ME0, + CO + 2X)
(continued)



TABLE 1.

Activation

Rate Constant
at 298K Energy
Reaction (ppm'lmin‘l) (K)

39 NO, + ACO3 » PAN 7000 0

40  PAN » ACO3 + NO, 0.022 1.35 x 104
41  HO, + ACO3 » Stable products 1.50 x 10 0

42 HO, + MEQ, » Stable products 9000 0

43 NO + CRIG » NO, + CARB 1.20 x 104 0

44 N0, + CRIG » NO3 + CARB 8000 0

45 CARB + CRIG » Ozonide 2000 0

46  NO + MCRG » NO, + CARB + PAR 1.20 x 10° 0

47  NO, + MCRG » NO3 + CARB + PAR 8000 0

48 CARB + MCRG + Ozonide 2000 0

49  CRIG » CO + Hy0 670"" 0

50 CRIG » Stable products 240™* 0

0, *k
51  CRIG —% HOp + HOp + CO 90 0
52 MCRG » Stable products 150"* 0
0, *k

53  MCRG —% MEO, + OH + CO 340 0

50 MeRG 2 MEO, + HO, 425" 0

55 MCRG -2 CARG + HO, + CO + HOp 85" 0

S5 O +-ARO -2 RARO + H,0 8000 600

57 Ok + ARD 2 HO, + OPEN 1.45 x 104 400

58 N0+ RARO -2 NO, + PHEN + HO, 4000 0

(continued)



TABLE 1.

Rate Constant Activation

at 298K Energy
Reaction (ppm'lmin'l) (K)
0
59 OPEN + NO —% NO, + DCRB + X + APRC 6000 0
0_2 4% %
60  APRC —% DCRB + CARB + CO + X 10 0
02 4x*
61  APRC —$ CARB + CARB + CO + CO 10 0
62  PHEN + NOy » PHO + HNO; 5000 0
63  PHO + NO, + NPHN 4000 0
64  PHO + HO, » PHEN 5.00 x 10 0
65  OPEN + O3 * DCRB + X + APRC 40 0
0
66  OH + PHEN —% HO, + APRC + PAR + CARB  3.00 x 10% 0
0
67  DCRB —% 1/2 (HO, + ACOy + CO) (~0.04 Ky)" 0
1/2 (MEO, + HO, + 2C0)
68  PHEN + OH > PHO 10%
0 4
69  CRO, + NO —% NO, + HO, + DCRB 1.20 x 10
70 DCRB + OH » ACO3 + CO 7000 0
71 HONO * OH + NO (0.3 K))" 0
72 OH + NO > HONO 9770 0
73 05+ 0l ~4 x 1004 k)" 0
76 olpxM 4.44 x 1010 0
75 01D + Hy,0 + OH + OH 3.4 x 10° 0

— ——— A e ——————————— — ———ruay
—om— e

* Sunlight-dependent; units of min-1,
1 Units of ppm‘zmin'l.
§ Heterogeneous; pseudo third order. Equal to 591 x N,0g + Hy0.

** Units of min-1,



TABLE 2. CARBON-BOND MECHANISM-3M,

Rate Constant  Activation
at 298 K Energy
Reaction (ppm‘1 min'l) (°K)
1 N0, + NO + 0 1.0 0
20+ (0,) + (M) %04 4.40 x 105" ¢
3 NO + 03 > NO, + O, 26.6 1450
4 N0, + O3 > NO3 + O, 0.048 2450
5 N0, + 0 »NO + 0, 1.3 x 10 0
6 OH + 03 » HO, + O 100 1000
7 HO, + O3 > OH + 20, 2.40 1525
8 OH + NO, » HNO; 1.60 x 10* 0
0
9 OH + CO % HO, + CO, 440
10 NO + NO + (0,) » NO, + NO, 1.50 x 107°% 0
11 NO + NO3 + NO, + NO, 2.80 x 10% 0
12 N0, + NOj + Hy0 » 2HNOg 2.600 x 1075 -1.06 x 10°
13 NO + HOp » NO, + OH 1.20 x 10%
4
14 HO, + HOp + Hy0p + O, 1.50 x 10 0
15 X+ PAR » 10° 0
0
16 OH + PAR —5 RO, + X + H0 1200 560
0
17 0 + OLE -3 RO, + ACO + XX 2700 325
18 0 + OLE » HCHO + PAR 2700 325
0 4
19 OH + OLE -5 RAO, + X 3.70 x 10%  -s540
Continued
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TABLE 2 (continued)

Rate Constant Activation
at 298 K Energy
Reaction (ppm'l.min'l) (°K)

20 03 + OLE + HCHO + CRIG + X 0.008 1900

21 05 + OLE » HCHO + MCRG + X 0.008 1900

2 0+Em2 MEO, + HO, + CO 600 800

23 0+ ETH » HCHO + PAR 600 800

2 od+ £ 2 RBO, 1.20 x 104 -382

25 03+ ETH » HOHO + CRIG 0.0024 2560

26 N0 + ACOy =5 NO, + MEO, 1.04 x 10* 0

27 NO + RBO, e NO, + HCHO + HO, + HCHO 1.20 x 10% 0

28 NO + RAD, e NO, + CARB + HO, + HCHO 1.20 x 10 0

29 NO + MEO, % NO, + CARB + RO, + XX 5.00 x 103 0

30 NO + MEO, % NO, + CARB + HO, 6.00 x 103 0

31 NO + MEO, » NRAT + PAR 1.20 x 10° 0

32 05 + RBO, + HCHO + HCHO + HO, + 0, 5.0 0

33 03 + RAO, + CARB + HCHO + HO, + 0, 20 0

34 OH+ CARB » CRO, + X 200 0

3 OH + HoHO 2 HO, + CO 1.50 x 10° 0

3 0+ oaRe 2 ACO3 + X 2.00 x 104 0

37 HCHO + CO + Hy 0.39 0
3 OO+ 2 CO 4 HO, + HO, 1 0
38b  XCO + PAR + CO 10°

Continued
8511/ 8



TABLE 2 (continued)

Rate Constant  Activation
at 298 K Energy
Reaction (ppm'1 min'l) (°K)
39 N0, + ACO3 + PAN 7000 0
40  PAN » ACO3 + NO, 0.022 1.35 x 104
41  HO, + ACO5 » 1.50 x 10% 0
42 HO, + MEO, » 9000 0
43 NO + CRIG » NO, + HCHO 1.20 x 10 0
44 N0, + CRIG + NO + HCHO 8000
45  HCHO + CRIG » 2000 0
46  NO + MCRG + NO, + CARB + PAR 1.20 x 10% 0
47 NO, + MCRG + NOy + CARB + PAR 8000 0
48 HCHO + MCRG » 2000 0
49 CRIG » CO + H,0 670" 0
*k
50 CRIG » 240 0
0
51  CRIG =5 HO, + HO, + CO 90" 0
52 MCRG » 150" 0
53 MCRG -3 Ro2 + OH + CO + X 340™ 0
P RO, + HO, + X a25™* 0
% -
S5 MCRG — CARB + HOp + XCO + HO, 85 0
56 OH + ARO —3 RARO + Hy0 6000 600
ST OH + ARO 2 HO, + OPEN 1.45 x 10 400
0
58 NO + RARO —% NO, + PHEN + HO, 4000 0
Continued
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TABLE 2 (continued)

Rate Constant Activation
at_298 K Energy
Reaction (ppm'1 min'l) (°K)
0
59 OPEN + NO —§ NO, + DCRB + X + APRC 6000 0
% g
60  APRC —$ DCRB + HCHO + CO + X 10 0
0
61  APRC =% HCHO + HCHO + CO + CO 104** 0
62  PHEN + NO; » PHO + HNO, 5000 0
63  PHO + NO, > NPHN 4000 0
64  PHO + HO, » PHEN 5.00 x 10% 0
65  OPEN + Oy » DCRB + X + APRC 40 0
0
66 OH + PHEN —5 HO, + APRC + PAR + CARB  3.00 x 10° 0
0
67  DCRB =% HO, + ACO3 + CO (0.02 x K))™ 0
68  PHEN + OH » PHO 10* 0
0 4
69  CRO, + NO —% NO, + CARB + ACO; + X 1.20 x 10
70 DCRB + OH + ACO3 + CO 25000.
71 HOND » OH + NO (3.1% or 0.18™ x K;) 0
72 OH + NO » HONO 9770 0
73 03> 0% 1.15
74 olp XM o 4.44 x 1010 0
75 0D + Hy0 » OH + OH 3.4 x 10° 0
76 03+0 (1.0)*
77 W 0.0
78 OH » HO, 88 0
Continued
85117 8
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TABLE 2 (concluded)

Rate Constant Activation
at 298 K Energy

Reaction (ppm"1 min'l) (°K)
79 CARB » MEO, + HO, + CO 1 0
80  NO + MEQ, » NO, + HCHO + HO, 1.20 x 104 0
81  HO, + RO, » 9.00 x 10 0
82  CARB + CRIG + 2.00 x 103 0
83  CARB + MCRG + 2.00 x 103 0
84 OH + METH + HCHO + HO, 1.60 x 103 0
85 XX + PAR + X 1.00 x 10° 0

* Sunlight-dependent; rate constant is correction

T units of ppm-

*% . . -
Units of min

units of min™",

8511/ 8
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CARB in the CBM-3 assumed that a fixed percentage (55 percent) of the CARB
reacted as formaldehyde. When substantial amounts of methanol are added
to an urban atmosphere, the fraction of carbonyls that is formaldehyde may
change from this fixed 55 percent., The formaldehyde ratio can also change
with the time of day. Hence, the explicit treatment of formaldehyde is an
improvement in accuracy over the original CBM-3 and is more appropriate
for assessing the impacts of methanol substitution on oxidant formation.
Finally, the separate treatment of formaldehyde chemistry is useful for
assessing the changes in the formaldehyde concentrations themselves
because formaldehyde is a toxic substance.

Additional improvements in the CBM-3M chemistry are associated with
the radical species MEOZ, ROZ’ and AC03. First, all organic peroxyl radi-
cals containing more than one carbon are lumped into a new species and
MEO2 is used exclusively for the methylperoxy radical, In the CBM-3
(Table 1), ME()2 represents all organic peroxyl radicals, whereas in CBM-3M
(Table 2), the acylperoxy radical, ACO5, reacts to form MEO,, which yields
100 percent formaldehyde from PAN decomposition in the presence of NO
(reaction 40 followed by reaction 26). In the original CBM-3, the MEO,
formation implied only 55 percent formaldehyde (reactions 40 and 26).
Although 100 percent formaldehyde represents an overestimation of formal-
dehyde production because other PAN-1ike compounds can lead to carbonyls
other than formaldehyde, most atmospheric measurements show that PAN
itself is by far the main peroxyacetylnitrate seen in urban atmospheres.
Hence, the 55 percent formaldehyde value in the original CBM-3 is an
underestimate.

The main parameter adjustments in the modified CBM-3M are found in
reactions 29, 30, and 31 of Table 2. The ratios of these three pathways
control the recirculation of ROZ and the formation of organic nitrates.
The former represents the unimolecular decomposition and isomerization
reactions of alkoxy radicals. The organic nitrate formation pathway was
revised somewhat from that of the CBM-3 because the methylperoxy radicals,
which are treated explicitly as MEO, in CBM-3M, form very few nitrates.
The final values chosen for reactions 29, 30, and 31 in the CBM-3M were
based more on their agreement with the original CBM-3 than on fundamental
principles since such a fundamental approach was beyond the scope of this
project. The overall reactivity of the CBM-3 and CBM-3M was tested by
comparing two EKMA runs that used the two different mechanisms and identi-
cal inputs from data taken on 24 June 1980 in Philadelphia. Table 3 lists
hourly ozone predictions for both EKMA runs and shows that results
obtained with the two mechanisms agree within 8 percent. The pathway
ratios of reactions 29, 30, and 31 were adjusted within the range of
fundamental uncertainty to match the overall reactivity of the CBM-3,

8s5117r 3 13



TABLE 3. HOURLY OZONE PREDICTIONS FOR
CBM-3 and CBM-3M EKMA SIMULATIONS

Ozone (ppm)

Hour CBM-3 CBM-3M
0800 9 x 1073 9 x 1073
0900 1.63 x 1072 1.70 x 10-2
1000 3,21 x 1072 3.40 x 1072
1100 4.84 x 10~2 5.15 x 10-2
1200 6.88 x 1072 7.32 x 102
1300 9.53 x 1072 1.00 x 10-1
1400 1.24 x 107} 1.28 x 1071
1500 1.45 x 107! 1.47 x 10-1
1600 1.55 x 107! 1.577 x 1071
1700 1.65 x 1071 1.68 x 10-1
1800 1.71 x 1071 1.74 x 1071
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DESCRIPTION OF THE URBAN AIRSHED MODEL

The Urban Airshed Model (UAM) simulates the major physical and chemi-
cal processes associated with ozone formation in the polluted tropo-
sphere. These processes include gas-phase chemistry, advective transport,
and turbulent diffusion. The UAM model domain is divided into a large
array of grid cells (Figure 1). The horizontal cells are uniform 5 x 5 km
squares, Typically, four or five layers of cells represent the vertical
domain. The depth of the cells is determined by the height of the mixed
layer and the height of the top of the modeling domain. The mixed layer
typically ranges from as low as 50 m in the morning hours to 1000 m or
more in the afternoon. Emissions are injected into individual cells
depending on the location of the sources, their height release, and the
buoyant rise of individual stack gas plumes.

The UAM is first operated for some base-case situation to identify a
point in the gridded array at which an important feature occurs in both
space and time. For this project, the important feature was the time and
place of the maximum ozone concentration occurring within the entire UAM
modeling region. Other important features might have been the monitoring
station site showing the highest one-hour maximum ozone concentration or
the grid point in space and time at which the highest formaldehyde concen-
tration was simulated to occur.

DESCRIPTION OF THE SYSTEMS APPLICATIONS TRAJECTORY MODEL
AND THE BOX MODEL USED IN THE PHILADELPHIA STUDY

Two models were used in conjunction with the UAM to assess the
effects of methanol use in Philadelphia; the Systems Applications tra-
jectory model (Myers et al., 1979) was used to trace and process UAM
inputs. These inputs were then used in a single cell box model, which
served as the primary trajectory model for this study. Using the grid
point in space and time determined by the UAM, the Systems Applications'
cell trajectory model is first run backwards through the UAM wind field in
the mixed layer. Because in this study wind shear was present within the
mixed layer for the days simulated by the UAM, the winds in the two layers
that make up the mixed layer were vector-averaged to define the trajectory
path. This path was then traced backwards in time until the boundary of
the modeling region was reached or until the UAM midnight starting time
if the boundary was not reached by midnight., Two days in 1979, 13 and
19 July, formed the meteorological base cases. The trajectory for the
13 July case started within the gridded region at the UAM midnight
starting time; the trajectory for the 19 July case started from the
eastern boundary at 0700 hours.
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FIGURE 1. Schematic illustration of the grid used and treatment
of atmospheric processes in the SAI Airshed Model.
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As the intermediate trajectory model runs forward in time, it traces
the gridded emissions inventory following a path one grid cell in width,
The same vertical cell structure and chemical algorithms are used for both
the trajectory model and the UAM, Hence, there are four cells that mix
vertically, react chemically, and entrain fresh emissions using the same
input files and computer code as the UAM itself. The only differences
between the UAM and this intermediate trajectory model, besides the vast
difference in the number of total cells simulated, are the lack of verti-
cal winds and horizontal dispersion in the intermediate trajectory
model. Hence, the lack of agreement between results of the UAM and those
of the intermediate trajectory model for the final important point defin-
ing the termination of the trajectory path becomes a measure of (1) the
sensitivity or importance of the vertical winds and (2) horizontal dis-
persion. Unfortunately, the presence of wind shear adds a confusing fac-
tor to this measure of sensitivity because the "proper" weighting of the
vector-averaging used to define the trajectory path is uncertain and wind
shear adds a large amount of horizontal dispersion. A simple weighting
scheme of equal contribution of each layer was used for this study.

The primary trajectory model used in this study is a bhox (i.e.,
single-cell) model developed under previous EPA contracts designed to test
various components of the Empirical Kinetic Modeling Approach (EKMA)., The
first of these projects was reported in Whitten et al. (1981)., A more
recent model application that assessed methanol substitution in the Los
Angeles area is described by Whitten and Hogo (1983). Although much of
the computer code used to run this moving box model is identical to the
code used in EKMA, the model is considerably different from the standard
EKMA model; therefore, the name "EKMA" should not be used to describe the
box model used in this study. The standard EKMA trajectory model is a
stand-alone model that uses inputs generated by prescribed guidelines and
that is dominated by initial conditions at the 0800 starting time. The
inputs, chemical mechanism, and starting time of the box model used in
this study are all identical to those of the UAM,

Although inputs used by the box model are the same as those used
by the UAM, the box model uses only a subset of the UAM inputs. These
simplified input requirements make it easier to run sensitivity tests with
the box model than with UAM and trajectory models. To discover the effect
of changing certain parameters on UAM or trajectory model results, inputs
to the entire grid system must be changed, which can be very expensive.
However, such inputs as emissions, initial conditions, and temperature
need only be changed along the trajectory path if the box model is used.
Before the box model can be run, however, the UAM and trajectory models
must be used at least once to establish appropriate wind fields and a
trajectory path, Thereafter, the box model can be run numerous times at
a minimal cost. Finally, the UAM can be run to confirm interesting cases
discovered from exploratory tests using the box model,
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SECTION 3

DESCRIPTION OF MODEL INPUTS

URBAN AIRSHED MODEL GENERAL INPUT PREPARATION PROCEDURES

The Urban Airshed Model (UAM) is capable of providing the most
accurate air quality predictions obtainable, given the current state of
knowledge of atmospheric processes and available air pollution data.
Almost any aerometric measurements pertaining to a physical or chemical
atmospheric process can be input to the UAM. However, in many instances
it is not possible to establish a model input directly from measured
data. For example, it is not practical to measure the wind speed and
direction in every grid cell; therefore, available wind data can be used
in conjunction with a mathematical interpolation routine to generate
suitable inputs. In some instances, if sufficient data are not available
for a specific parameter, it may be necessary to assume that the value of
the parameter in one area is equal to that measured in another area.
Interpolation between data points can also be used.

In general, data input preparation procedures should be adapted to
the region of interest through algorithms that make the best possible use
of available data. Such algorithms are especially important when the data
are insufficient or otherwise inappropriate to characterize a specific
input. For example, in a Los Angeles study by Reynolds et al., (1973), the
available data were not adequate to develop complete temperature profiles
of the area. Therefore, instead of employing an algorithm that used only
the limited data available, a specific algorithm was developed that used
both available data and the results of previous studies, which indicated
that mixing depth contours should be parallel to the coastline. Straight-
forward mathematical interpolation of the data would have yielded differ-
ent, and less accurate, mixing depths.

Emission, meteorological, and air quality inputs provide further
illustrations of UAM input preparation procedures. Emission inputs are
prepared from available information pertaining to mobile, stationary, and
natural sources of organic compounds, NOX, co, 502, and particulates.

851177 4
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Gridded mobile emission inputs are most conveniently obtained from a
transportation model that calculates traffic volumes and then relates them
to motor vehicle emission factors. If a transportation model is not
available for use in the area of interest, then the Vehicle-Miles-Traveled
(VMT) in each grid cell can be estimated from existing traffic-count data
and used in place of the traffic volume information. Distributed area
source emission inputs (both natural and anthropogenic) can be estimated
from land-use data. Emission rates and plume rise data for large point
sources are usually available from local or state air pollution control
agencies.

The organic compounds emitted from each type of source are appor-
tioned among reactive groups in the UAM through the use of splitting fac-
tors. These factors can be derived from local measurements, or they can
be estimated from data for other similar urban areas.

Preparation of UAM meteorological inputs entails estimation of three-
dimensional wind fields from available surface and upper-level wind
observations. Theoretical wind shear relationships can also be used in
some situations to calculate wind flows aloft., Mixing depth inputs are
generated from vertical temperature soundings and ground-level temperature
observations. Atmospheric stability can be characterized through the use
of insolation or vertical temperature sounding data.

URBAN AIRSHED MODEL INPUTS

Primary inputs to the UAM include point and area source emissions for
seven species (NO, NOZ, and five carbon-bond types), initial and boundary
concentrations both at the surface and aloft for eight species (seven
emitted plus 03), and a variety of meteorological data. These include a
three-dimensional wind field, mixing depths, solar radiation (expressed as
the equivalent N02 photolysis rate), surface temperature, and exposure
class (an indicator of thermal instability). Inputs to the UAM are given
in Table 4.

Air quality inputs are needed to establish UAM initial and boundary
conditions. At the start of the simulation, the pollutant concentrations
of all species must be specified for each grid call. These inputs are
established through the use of existing air quality data and suitable
interpolation techniques. During the simulation, the upwind "background"
concentration of each pollutant must also be specified along the boundary.
These values are obtained either from actual air quality observations or
from estimates of natural background pollutant Tlevels.
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TABLE 4,

(a)

INPUTS TO THE URBAN AIRSHED MODEL

Meteorological Inputs

Category

Required Input Nata

Wind speed and direction

Temperature

Water concentration

Atmospheric pressure

One hour-average surface obser-
vations

Pibal, radiosonde, or tower
observations (as available)

Hourly surface measurements
Radiosonde, acoustic sounder, or
tower observations for hourly
estimates of mixing depths,
vertical temperature gradient,
and atmospheric stability

Relative humidity observations

Atmospheric pressure‘

observations
Insolation Hourly surface observations
(b) .Air Ouality Inputs
Category Required Input Data

Initial conditions

Boundary conditions

One-hour-average ground-level
pollutant concentrations

Vertical pollutant distribution
sounding

Ground-level pollutant concen-
trations at points on the upwind
boundary of the modeling region

Pollutant concentrations aloft
at the top and upwind sides of
the modeling region.
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TABLE 4 (Continued)

(c) Emissions and Surface Uptake Inputs

Category Required Input Nata
Motor vehicle emissions Gridded hourly emissions of each
pollutant
Distributed area source emissions Gridded hourly emissions of
(including small point sources) each pollutant
Large point source emissions Source locations

Hourly emissions rate for each
pollutant '

Stack height

Heat flux calculated from flow
rate and exit temperature data

Surface uptake process Gridded estimates of surface
roughness

Gridded surface uptake vegeta-
tion factors

(d) Miscellaneous Inputs

Category Required Input Data

Grid specification Number of grid cells in the x,
y, and z directions

Horizontal grid spacing

Location (UTM coordinates) of
grid origin

Continued
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TABLE 4 (Concluded)

Category

Required Input Data

Program control parameters

Chemical mechanism
parameters

Start and end times for the
simulation

Initial integration time step
size

Interval over which predictions
will be time-averaged (e.g., 60
minutes for one-hour-average
preditions)

Reaction rate constants
Activation energies
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In general, the quantity of data needed by the UAM depends on the
application. The number of measurements needed is related to

(1) The sensitivity of the model to variations in the parameters of
interest. If the model is relatively insensitive to variations
in a parameter, the data used to construct inputs for that
parameter are not as important as when the model is sensitive to
the particular parameter.

(2) The degree of uncertainty in the predicted results that is
acceptable for the application. Model verification generally
requires much more data than does rough estimation of the impact
of a control strategy.

(3) The characteristics of the region, e.g., for studies that
require resolution of the primary features of the wind field,
fewer measurements would be required in flat terrain than in
hilly or mountainous areas.

The UAM inputs used for the Philadelphia methanol study utilized data for
two days--13 and 19 July 1979--previously modeled to evaluate the model as
an air quality planning tool in large metropolitan areas (Maney, 1985).
Although the Philadelphia-methanol UAM inputs are based on the 1979 UAM
application, projections were made to the year 2000. We first present a
summary of the 1979 inputs, followed by a description of the changes made
to these inputs for the year 2000 Philadelphia UAM application.

INPUTS USED IN THE 1979 URBAN AIRSHED MODEL SIMULATIONS

In this section, we summarize the inputs used for each of the two
modeling days.

Emissions

The emission inventory used in the 1979 UAM simulations was developed
by Enginesring Science (EPA, 1982). The emission region has an area of
12,500 km™ and comprises five counties in New Jersey, five counties in
Pennsylvania, and one county in Delaware. The grid system used for the
emission inventory consists of 502 cells, five km on a side. Surrounding
each side of the modeling region is a row of cells representing the
boundary cells and containing the boundary conditions (concentrations)
used in the UAM simulations. Initial conditions for all species were
specified using all available monitoring data in the Philadelphia
region. Initial conditions in surface grid cells without monitors were
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obtained by employing a Poisson interpolation. Following the computation
of the surface field, a vertical interpolation method was employed in
which the background concentration at the top of the modeling region
(TOPCONC) was used in levels 3 and 4, and the level 2 value was obtained
by a linear interpolation between the surface (level 1) value and the
level-3 value. Using this method, all grid cells in all levels were
initialized with appropriate concentrations for all species. For further
discussion of interpolation techniques, refer to The User's Manual for the
SAl Airshed Model, (Ames et al., 1978). The monitored surface conditions
for 13 and 19 July are shown in Tables 5 and 6. The Carbon-Bond fractions
in Tables 5 and 6 were calculated by the EPA using the Philadelphia emis-
sions inventory (EPA, 1982) and the Carbon-Bond system described in Killus
and Whitten (1981).

Boundary Conditions

The physical boundaries and the trajectory path used in the 13 July
simulation are presented in Figure 2. Because of the stagnation charac-
teristics of this episode, much of the large airshed region was "blocked
of f" and not included in the simulation; however, no cells containing
major emission sources were excluded by this procedure. Background values
for all species for 13 July were designated for all boundaries except the
southeast boundary (Table 7). Because an urban plume from Philadelphia
was transported to the east late on 12 July and then recirculated back by
a southeasterly flow on 13 July, there is a different set of concentra-
tions for the southeast boundary grid cells below the mixing height (Table
8); these concentrations were made to duplicate the inflow of aged air
parcels from the previous day's emissions.

Because of wind flow through the airshed on 19 July and the need to
limit simulation costs, unnecessary grid cells were eliminated for this
simulation. The physical boundaries and the trajectory path used for the
July 19 simulation are shown in Figure 3. Background values were designa-
ted for all boundaries except the east and northeast boundaries. Esti-
mates of boundary conditions for the east and northeast boundaries below
the mixing height are presented in Table 9. Observed NO and NO, for 0500-
0600 EST were used as input boundary values for 0000-0600. Since hydro-
carbons were not measured at the Van Hiseville monitor, estimates of the
influx of total reactive hydrocarbons across the northeast and east boun-
daries below the mixing height were specified by multiplying the hourly
NO, concentrations at the Van Hiseville monitor by the Philadelphia sur-
face layer emission inventory hydrocarbon/N0, ratio of 6. The total reac-
tive hydrocarbon value was then speciated into carbon-bond components
using the carbon-bond fractions of the emission inventory.
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TABLE 5, MONITORED SURFACE CONDITIONS FOR 13 JULY 1979 (CONCENTRATIONS
IN PPM).
Easting Northing

Station (m) (m) NO NO, CO 0, RHC
AMS Lab. 491600 4428500 0.005 0.075 1.5 0.035 1.05
Ancora 511800 4392400 -- -- -- 0,051 --
Brigantine 546000 4377506  -- -- --  0.037 --
Bristol 511000 4440000 -- -- -~ 0.000 --
Camden 491700 4419000 0,022 0.105 2.4 0.004 --
Chester 469000 4410000 -- 0.030 00 0.058 2.10
Claymont 461500 4406400 -- 0.045 --  -- -
Conshohocken 474500 4435600 -- -- --  0.000 --
Defense Support 483800 4418300 -- -- --  0.020 --
Downington 436000 4426000 0,002 0.012 0.2 0.073 0.00
Franklin Inst. 485200 4422800 0,010 0.065 -- 0,035 --
Island Rd. Airp. Cir, 480300 4414800 -- -- -- 0,010 --
Lumberton 518000 4423000 0.006 0.031 1.2 0.010 0.20
Norristown Armory 473500 4440000 -- 0.075 -- 0.000 0.39
Northeast Airp; 499000 4436000 0.035 0.060 -- 0.000 --
Roxy Water Pump 479500 4433100 -- -- --  0.045 --
SE Sewage Plant 487200 4417300 --  --  --  0.010 --
South Broad 486100 4421600 0.020 0.080 3.5 0.035 0.30
Summit Bridge 441000 4376000 0.000 0.003 0.2 0.046 0.05
SW Corner Broad/Butler 487000 4428000 -- -- -- 0,035 --
Trenton 520000 4452000 -- -- --  0.009 --
Van Hiseville 559000 4439500 0.001 0.006 0.2 0.005 --
Vineland 498200 4371200 -- 0.024 -- 0,054 --

Carbon-Bond Fraction

RHC Component

(% as Carbon)

PAR
OLE
ETH
ARO
CARSB

74.0
2.8
4.1

13.2
5.9
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TABLE 6. MONITORED SURFACE CONDITIONS FOR 19 JULY 1979 (CONCENTRATIONS
IN PPM).
Easting Northing
Station (m) (m) NO NO, CO 03 RHC
AMS Lab. 491600 4428500 0.000 0.025 0.5 0.015 0.35
Ancora 511800 4392400 -- -- --  0.015 --
Brigantine 546000 4337506  -- -- -- 0.017 --
Bristol 511000 4440000 -- 0.039 -- 0.012 --
Camden 491700 4419000 0,011 0.051 2.5 0.004 --
Chester 469000 4410000 -- 0.024 -- 0.026 0.95
Claymont 461500 4406400 -- 0.045 -- 0.020 --
Conshohocken 474500 4435600 -- -- -- 0,000 --
Defense Support 483800 4418300 -- -- --  0.000 --
Downington 436000 4426000 0.006 0.015 0.2 0.024 0.05
Franklin Inst, 485200 4422800 0.030 0.050 0.5 0.010 --
Island Rd. Airp. Cir. 480300 4414800 -- -- -- 0.015 --
Lumberton 518000 4423000 0.000 0.028 0.0 0.008 0.40
Norristown Armory 473500 4440000 -- -—- -- 0.030 0.29
Northeast Airp. 499000 4436000 0,000 0,015 -- -- -
Roxy Water Pump 479500 4433100 - -- -- 0,010 --
SE Sewage Plant 487200 4417300 -- -- -- 0,005 --
South Broad 486100 4421600 0.020 0.045 1.5 0.010 0.25
Summit Bridge 441000 4376000 0.000 0.009 0.2 0.009 0.10
SW Corner Broad/Butler 487000 4418000 -- - -~ .- --
Trenton 520000 4452000 -- -- -- 0.002 --
Van Hiseville 559000 4439500 0.000 0.006 0.2 0.021 --
Vineland 498200 4371200 -- 0.025 -- 0,010 --
RHC Carbon-Bond Fraction
Component (% as Carbon)
PAR 74.0
OLE 2.8
. ETH 4,1
ARO 13.2
CARB 5.9

Il
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TABLE 7. BACKGROUND CONCENTRATION VALUES

FOR 13 JULY AT THE TOP OF THE MONDELING REGION

(TOPCONC), AS INITIAL CONCENTRATIONS ABOVE THE
- MIXING HEIGHT, AND FOR ALL LEVELS OF ALL

BOUNDARIES EXCEPT THE LEVELS BELOW THE MIXING

HEIGHT ON THE SOUTHEAST BOUNDARY.

Concentration
Species (ppm)
NO 0.001
NO, 0.002
0, 0.08
co 0.2
ETH 0.001
OLE 0.0004
PAR 0.040
CARB 0.010
ARO 0.0008
PAN 0.000025
BZA 0.00001
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TABLE 8. SOUTHEAST BOUNDARY CONDITIONS FOR CELLS BELOW THE MIXING
HEIGHT FOR THE SIMULATION OF 13 JULY 1979 (CONCENTRATIONS IN PPM)

Time

interval NO NO, 03 PAR OLE ETH ARO CARB PAN
0000-0100 0.001  0.009 0.053 0.1041 0.00105 0.0026 0.0021 0.0261 0,0040
0100-0200 0.001 0.009 0.041 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0200-0300 0.001 0.009 0.037 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0300-0400 0.001 0.009 0.036 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0400-0500 0.001 0.009 0.028 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0500-0600 0.001 0.009 0.010 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0600-0700 0.001 0.009 0.021 0.1041 0.00105 0.0026 0.0021 0.0261 0.0040
0700-0800 0.001 0.007 0.035 0.0983 0.,00065 0.0022 0.,0017 0.0259 0.0044
0800-0900 0.001 0.004 0.072 0.0904 0.00040 0.0018 0.0012 0.0244 0.0054
0900-1000 0.001 0.002 0.102 0.0825 0.00040 0.0015 0.0008 0.0218 0.0062
1000-1100 0.001 0.002 0.111 0.0758 0.00040 0.0012 0.0008 0.0188 0.0062
1100-1200 0.001 0.002 0.121 0.0698 0.00040 0.0010 0,0008 0.0157 0.0058
1200-1300 0.001 0.002 0.139 0.0644 0.00040 0.0010 0,0008 0,0129 0.0052
1300-1400 0.001 0.002 0.113 0.0596 0.00040 0.0010 0,0008 0.0107 0.0047 -
1400-1500 0.001 0.002 0.105 0.0546 0.00040 0.0010 0.0008 0.0100 0.0040
1500-1600 0.001 0.002 0.093 0.0525 0.00040 0.0010 0,0008 0.0100 0.0037
1600-1700 0.001 0.002 0.069 0.0506 0.00040 0.0010 0.0008 0.0100 0.0032
1700-1800 0.001 0.002 0.068 0.0506 0.00040 0.0010 0.0008 0.0100 0.0032

85117F 5



0¢

TABLE 8 (Concluded)

i:lZiva1 NO NO, 03 PAR OLE ETH ARO CARB PAN

1800-1900 0.001 0.002 0.058 0.0506 0.0004 0.001 0.0008 0.010 0.0032
1900-2000 0.001 0.002 0.065 0.0506 0.0004 0.001 0.0008 0.010 0.0032
2000-2100 0.001 0.002 0.059 0.0506 0.0004 0.001 0.0008 0.010 0.0032
2100-2200 0.001 0.002 0.056 0.0506 0.0004 / 0.001 0.0008 0.010 0.0032
2200-2300 0.001 0.002 0.051 0.0506 0.0004 0.001 0.0008 0.010 0.0032
2300-2400 0.001 0.002 0.050 0.0506 0.0004 0.001 0.0008 0.010 0.0032
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HEIGHT ESTIMATED FROM DATA COLLECTED AT THE VAN HISEVILLE, NEW JERSEY MONITOR
(CONCENTRATIONS IN PPM)

Hour (EST)  NO NO, 0 PAR OLE ETH ARD CARB PAN
0000-0100 0.044  0.036 0.018  0.3552  0.00672 0.00985 0.01056 0.02832  0.0002
0100-0200 0.044  0.036 0.009  0.3552  0.00672 0.00985 0.01056 0.02832  0.0001
0200-0300 0.044  0.036 0.000  0.3552  0.00672 0.00985 0.01056 0.02832  0.0000
0300-0400 0.044  0.036 0.000  0.3552  0.00672 0.00985 0.01056 0.02832  0.0000
0400-0500 0.044  0.036 0.000 0.3552  0.00672 0.00985 0.01056 0.02832  0.0000
0500-0600 0.044  0.036 0.000  0.3552  0.00672 0.00985 0.01056 0.02832  0.0000
0600-0700 0.047  0.041 0.000  0.39072 0.00739 0.010825 0.01162 0.03115  0.0000
0700-0800 0.043  0.0494  0.004  0.40996 0.007755 0.01135 0.01218 0.03269  0.0004
0800-0900 0.026  0.0478  0.015  0.32782 0.0062  0.00908 0.00975 0.02614  0.0008
0900-1000 0.009  0.0273  0.051  0.16132 0.00305 0.00447 0.0048  0.01286  0.0013
1000-1100 0.001  0.0099  0.083  0.04839 0.000915 0.00134 0.00143 0.00386  0.0019
1100-1200 0.000  0.0058  0.078  0.02575 0.000487 0.000716 0.000767 0.00205  0.0018
1200-1300 0.000  0.0054  0.075  0.02397 0.0004535 0.000665 0.000717 0.00191  0.0014
1300-1400 0.000  0.0072  0.072  0.03196 0.000605 0.000885 0.00095 0.00255  0.0012
1400-1500 0.000  0.0047  0.072  0.02087 0.0003945 0.000578 0.00062 0.00166  0.0007
1500-1600 0.000  0.0035  0.062  0.01554 0,000294 0.0004305 0.000462 0.00124  0.0005
1600-1700 0.000  0.0043  0.059  0.01909 0.000361 0.000529 0.000568 0.00152  0.0003
1700-1800 0.000  0.0053  0.052  0.0235  0.000445 0.000652 0.0007  0.001876 0.0003
1800-1900 0.000  0.0072  0.044  0.03197 0.000605 0.000885 0.00095 0.00255  0.0002
1900-2000 0.000  0.0071  0.036  0.03152 0.0005965 0.000875 0.000937 0.00251  0.0001
2000-2100 0.000  0.0041  0.020  0.0182  0.0003445 0.000505 0.000542 0.00145  0.0001
2100-2200 0.002  0.0030  0.010  0.0222  0.00042 0.000615 0.00066 0.00177  0.0000
2200-2300 0.005  0.0060  0.000  0.04884 0.000925 0.001355 0.00145 0.00389  0.0000
2300-2400 0.008  0.0030  0.001  0.04884 0.000925 0.001355 0.00145 0.00389  0.0000

Philadelpnia Inventory Split

Carbon-Bond Fraction

Species (% as Carbon)
PAR 74,

OLE 2.8

ETH 4.1

ARO 13.2
CARB 5.9




Mixing Height Profiles

Mixing height profiles for 13 July were estimated using temperature
soundings from JFK and Dulles airports since no soundings were available
for Philadelphia on this day. Mixing heights for 13 July are shown in
Table 10 and Figure 4, Mixing height profiles for 19 July were developed
using available radiosonde observations and sodar data for the Phila-
delphia area. Mixing heights for 19 July are shown in Table 11 and Figure
5.

Wind Fields

Three-dimensional wind fields for 13 July and 19 July were generated
from station measurements and aloft winds obtained from radiosonde data.
Wind direction on the morning of 13 July was very light and predominantly
from the north. Around 1000 EST, however, a shift occurred and winds with
higher speeds came from the southeast for the rest of the day. Winds on
the morning of 19 July were predominantly from the north, Throughout the
day a 180° shift occurred: at noon the wind direction was predominantly
from the east; during the evening it came from the south-southeast. The
gridded, smoothed surface vectors for selected hours are presented in
Figure 6 for 13 July and in Figure 7 for 19 July.

Background Concentrations

Except for the ozone concentration, the background concentrations
above the mixing height are the same for both days. On the basis of
examination of upwind monitoring data at the time of mixing, the value
specified for ozone for 19 July is 0.06 ppm, compared to 0.08 ppm for 13
July. Background concentrations for July 19 are listed in Table 12, The
gridded area source and elevated point source emission inventory was pre-
pared for EPA in 1981 by Engineering Science, Inc. (EPA, 1982). Total
daily emission values for total NOX and total hydrocarbon are presented in
Table 13,

MODIFICATIONS TO 1979 UAM INPUTS FOR PHILADELPHIA APPLICATION

For the year 2000 base case projections, the changes made to the 1979
UAM inputs involved mobile source emissions, major point, minor point and
area source emissions, and initial and boundary conditions. When modify-
ing the year 2000 base case for methanol substitution, changes made to
mobile source emissions and fueling operation emissions were limited to

85117r 4 33



TABLE 10. URBAN AND RURAL
MIXING HEIGHT VALUES USED
IN THE DIFFBREAK FILE FOR
13 JuLY 1979.

Time Urban Rural
(EST) (m) (m)

0000 250 100
0030 250 100
0100 250 100
0130 250 100
0200 250 100
0230 250 100
0300 250 100
0330 250 100
0400 250 100
0430 250 100
0500 250 100
0530 250 100
0600 250 100
0630 270 135
0700 295 150
0730 375 250
0800 450 350
0830 680 620
0900 925 925
0930 1160 1160
1000 1200 1200
1030 1330 1330
1100 1480 1480
1130 1480 1480
1200 1480 1480
1230 1500 1500
1300 1530 1530
1330 . . 1530 1530
1400 1530 1530
1430 1475 1475
1500 1420 1420
1530 1365 1365
1600 1310 1310
1630 1220 1220
1700 1130 1130
1730 1035 1035
1800 950 950
1830 855 730
1900 770 525
1930 675 320
2000 590 100
2030 500 100
2100 410 100
2130 370 100
2200 330 100
2230 290 100
2300 250 100
2330 250 100
2400 250 100

34
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TABLE 11. URBAN AND RURAL
MIXING HEIGHT VALUES USED
IN THE DIFFBREAK FILE FOR
19 JuLyY 1979.

Time Urban Rural
(EST) (m) (m)

0000 190 100
0030 190 100
0100 190 100
0130 190 100
0200 190 100
0230 190 100
0300 190 100
0330 190 100
0400 190 100
0430 190 100
0500 190 100
0530 190 100
0600 190 100
0630 190 100
0700 190 100
0730 240 260
0800 350 440
0830 460 490
0900 600 540
0930 740 560
1000 890 580
1030 1060 630
1100 1240 880
1130 1420 1320
1200 1530 1430
1230 1530 1430
1300 1480 1380
1330 1410 1310
1400 - - 1340 1240
1430 1270 1170
1500 1200 1100
1530 1120 1020
1600 1020 920
1630 940 840
1700 850 750
1730 750 480
1800 660 160
1830 570 100
1900 480 100
1930 410 100
2000 340 100
2030 300 100
2100 250 100
2130 250 100
2200 250 100
2230 250 100
2300 250 100
2330 250 100
2400 250 100

36

851177 5



LI D D N N (R A N D BN NN TR NN T SN N N U B N A |

Legend:

- Urben
«s, RUral

m

=

=

L]
TfrtrJjryrrrrrrryYrvyyvyryryvyyvrrvyirvegr

P Ly Lo bt e b be bbb a byt 421

)
»
]
.
e
.
.
.
.
.
]
L )
.
]
.
L ]
L]
L )
L)
[ 3
»
L]
L )
[ 3
L ]
| ]
]
]
[ ]
[ ]
»
*
L ]
[
®
.
]
[ ]
L ]
L)
[ ]
[ ]
[ 3
[ ]
[ ]
L)
L)

lgz -.-.I........: sesscscsmve

zJllllllll.lL|ll|llJllllL
5) 12 18 24
Time (hours)

]

0

FIGURE 5. Mixing height profiles for urban and
rural cells for the 19 July 1979 simulation.

83033, 37



L 111}
] s
MIND SPEED (M/S)

2 SIS s
APPSR
15 VMMW//////////////E S
o
g

e 5 12 15 2 ) 30 c
XA AAAAA |
CP PP A N N N Y VAR NS R R RN R R R,
PPN VYN EYEENENEEEEENEEEEE .
jr:JM’Jmll4114'14'14"4'/4’,47’.f/«’,¢ff4f’4ff 17771} r-
B s svsnarannnrsnr s P 71777 Frrsss s¥3L
CREE NN N NN NN NN NN NN EENE
PR Y Y Y YRR RN EER NN NIOIEINEEEE
e m s waonaa s s B ARSI An T
Foaoorol’III’////f/////’////////’)/!_?!
257;Jvo.rauoau')wﬂl."V’/U’/uf//’,z’f/’//’/l’/ﬁ/;'IJLI! !25
hlandnoaum»—n’auol/’/0’/5’/)HVflf,/’/V’//{//ﬂﬂaﬂuuq—:r
P_.......—-.—-'.—O/..o.oa.oa'//////fff’////////////M—'
ORI S 4 IS, A
28— A 2] SIS A e il
= I A e
P I —~ -, ST S A A

" ot W o e 2 P S M A A AN
o o oo o S iy g S e M AN PPN
Dl el e e ey
1} R PR S VS P e e e 2 e R I W S A 4
“ba;nl///J»///////VVVV?%%%&&4&&&44¢4{F
Fons o mp s A 2 A2 PSS APAAAAALLLLE L st sy xy T
e ms At nap S ) ) S

PP Yy Yy yyyYYyyd /994¢4¢¢4’*‘*‘**fj‘
St vmvamrmnrrr /s, /922544444¢a¢4*444ﬁ
et PSS //M—o
b&ol’l/’///// /.4‘:‘ - -
”J”//I//////f -

o 114442 4 A AN AN A A 444 -
% 5 1P 15 28 25 3B 3%

(a) 0 - 100 EST

L

FIGURE 6. Airshed model surface winds for 13 July 1979.

83033,



| S T I T

MIND SPEED (W/S)

32

25

20

15

(e bl N NN N o 94111111141
(Y]

(7] (¥}

: 3 _Hﬂufi *m\“ ﬁﬂjﬁﬂ.
.MMMMMW"*?H“W%wvvaVQ\v
ﬂ‘&&é‘*‘*“wa“\th“““
ﬂ&‘ s~ e o 2
ﬁ‘h““““““l&&&\\ur\u\\\

L
35 "

LN N I o O o e 2 a2 p o S o o
Y
slsfa) o a4 4 —ptotetototototod ot sioiatetoatetote
2D 25

\ﬂ d..

)
\w—;’

Rl
~——re

32

i P g

.q#”aﬂll!ﬁwmﬁz““"’fﬁ\

}“‘Iy/ 143600000\
TIGJHMHUJ SN

.hIhﬂwuwumﬂiqlclrnlLVhUUVHVHJULl..o (28 ] “ u NA\

SIS L LY A
TSSO N N e NN //lo\
mﬂﬁéﬂﬂlx“////V//fl

1,1
N\
R
N
N
A
\
A
A
\
\
A Y
“»
NN NS NN NN

b S S

NS SIS N

[N N S TN NN e

b//“ffﬁ///il(”U/ﬁ\‘ffft““““\

L/Jldvr////lrr(lf“\x\\\

AN A A R RN (Ad.‘.0.\‘i\c\-\\\\\\\\\!\|\‘
oA SN on

/
7
/
/

15
(b) 600 - 700 EST

L N N N R
WU N W NN NN Ny
- mNNY Ve~

udldllllf////JIJJ“b\\\\\\!Qt
uid(I///(lI/////JJ‘il\\\\\Q!1
villl//JJ/I///(/f(‘J¥\\\\nncq
mflllllflllfll/4““§\\\‘¢-qqs

12

UKII///////////(IJJJ6\\\-.qqcn\\\
u//////////////14444§\\\ntQci\\\\
.u“‘//f/{//(//‘ffi“§§\\\\\\\\\\\
1u‘/{/l////1//(lllf“.‘\ii““\\\\
1711(/1//////////(/“&6\\il\\\\\\\
‘I‘/‘/l!//l//((/‘/“4l§\\\\\\\\\\
ﬁTJ////////////////l‘J“-i\\\\\\\\

e o o SN N R N R R SR R R R R et il il died

n

FIGURE 6 (continued)

39

83033,



wn

o=t

L) S
e
i
S .\.\.\.\.\u\.\“\\
T,
: T
AL L

-

j
R; :

YY)
77 ?‘
\(’/’:’\'

20
1300 EST

£
e,
e e

O

308

25

15
(c) 1200 -

2 X
‘.\“““u\\~\u“nu\\

m ~

FIGURE 6 (continued)

40



JJJJJJ

M :
A P NIND srs s y &]A}z/zj%fz
f Y A ~ "'0 L/ R Y “‘ H
. ; y
/4

z;

)
f

Wil
;, /
4 ‘1“";22%?///€f\ égé; iiiéé{
\

_,.//( \\ 1 /
18ty ¢t 4 VRN \
v ¢4 \ﬁ\ AN
\ : : \ - \) \ \\
X A\

\\\\\ \ o

Sfea A AN N \

ik ol
15
| (d) 1800
FIGURE 6 (concluded)

/
!
W ;
W\\\\\\-
.

.
|

!
ufp

'{

\
\\\\\

]

L

N
1
3
ST

\
N S
-
\-

ssssss



10

(2% wn [N
s — n ~

.u+‘h¢rhﬂ.w.r.r¢r“muﬂuﬁwvwvaMﬂnﬂNﬂnnmmuﬁuuuuuu+¢f¢e.ﬁ.r.*.ﬁ¢r.r.m4_

P g r%ib&\ztt;‘
]%‘%ir'
» O el A el st Gt S ll”léf'
Snean on 20 gn g -
P PR ““fj%ha
ol = gttty e O IE L Geatincet Py e
L o o > - = s
e e O i s
o = l‘%rqdbﬂ-%‘%«q‘w}
B W ]‘%‘%’%% > -.n..\qi
N o s..ll“l‘ig%”lé‘!ﬂi—:
] m21§!ﬁj{
] 5 [ s T
_ m II“}%{/ = ~ -
L = i\‘!;/'/'/%rvj °
Y i s Man o 25 S SN S ST DD, |
2[‘5/7%/!(]‘ = D ey
lg/.v/'/%nﬂﬂulq N i
- MR aR e o = S S S N i RN B
| e e S e R T T TS gy

M o 8 Gadia e o oSSR S )
e adaaaaa 2 2 NS S s
B S e S
If‘ii%ﬂhﬂ*‘f}
T%i%ﬂigi
1%3%%’!:0(‘-
f‘i{"‘%&‘iﬁ%
]‘f’iill‘l"jﬂ!'/%j - - ]
a0 0 20 dn o Shahaing o e S i e e e
|~ D e s s S e e 2
T 2 o0 o o cne e it S Mg S SN e
bbb b L N et SRS ST NN
=) ) S n k) n )
[ 4] N o ~e

-e

nds for 19 July 1979,

(a) 400 - 500 EST
42

FIGURE 7. Airshed model surface wi



Ld ¢+ 1 11

(] 3

NIND SPEED (M/S)
e S 10 185 28 25 ‘30 35
ot c—’iial?iﬁé’J=J‘J‘J’J‘]ffﬂiif:J

N N N i At e

f

|
1

AENTAR AR A A

l\lk

i

}

r‘
11

1

i

|

(s S 10 15 20 25 30 35
(b) 1200 - 1300 EST

FIGURE 7 (continued).

83033, 43

3e

25

2P

12



......

g (%
T 1%
wr
& .

=

=
i

Z

/5’?"//

22
/4////'

/

Z
=

—
/’]./'(.jlil | il W | 17111711
= wm S N

g

-

ﬁ’/{’/’.//?ﬁ

g

7
2

| S

:'J::— / '

e Z
-
7



TABLE 12, BACKGROUND CONCENTRATIONS VALUES
USED AT THE TOP OF THE MODELING REGION
(TOPCONC), AS INITIAL CONCENTRATIONS

ABOVE THE MIXING HEIGHT, AND FOR ALL

LEVELS OF ALL BOUNDARIES EXCEPT THE LEVELS
BELOW THE MIXING HEIGHT ON THE NORTHEAST
AND EAST BOUNDARIES

Concentration
Species (ppm)
NO 0.001
NO, 0.002
0 0.06"
co 0.2
ETH 0.001
OLE 0.0004
PAR 0.040
CARB 0.010
ARO 0.0008
PAN 0.000025
BZA 0.00001

* A value of 0.05 ppm was used below
the mixing height for all boundaries
except the Northeast and East

boundaries.
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TABLE 13. TOTAL DAILY EMISSIONS BY SOURCE TYPE (gemole) IN THE 1979 PHILADELPHIA INVENTORY
Source NO NO, ETH OLE PAR CARR ARO
Elevated Point 5,738,955 257,086 12,144 7,792 901,823 570,765 139,960
Minor Point 2,041,679 114,837 385,284 183,632 15,846,729 818,880 510,799
Area Source 2,705,097 207,808 295,258 194,471 26,841,639 1,669,555 491,833
Mobile Source 6,646,638 738,496 827,355 664,553 11,635,952 1,337,697 495,926

TOTAL 17,132,419 1,318,227 1,52n,n41 1,050,448 55,226,197 4,396,897 1,638,518

gsi117r 8

Total HC = 63,832,101

Philadelphia Hydrocarbon Splits

Total NO, = 18,450,646

Carbon-Bond Fraction

Species (% as Carbon)
PAR 74.0
OLE 2.8
ETH 4,1
AROD 13.2
CARR 5.9




area sources. For selected scenarios, methanol was also substituted for a
portion of initial and aloft concentrations.

This section discusses in further detail tnhe modifications made to
the 1979 UAM inputs. The simulations chosen for this study are also
discussed. The 1979 inventory contains hourly mobile source emissions for
each of tne 502 grids in the modeling region as well as daily mobile
source emissions for each county. It would have been a massive undertak-
ing in terms of resources and time to revise the hourly emissions on a
grid-to-grid basis. Instead, rough percentage reductions in the 1979
mobile source inventory were made for the year 2000 projections. This was
done for each of the 11 counties in the Pniladelphia AQCR.

Exnhaust HC, evaporative HC, and NO, emission factors (g/mile) for the
year 2000 for each of the 11 counties were determined using MOBILE3 and
were then multiplied by the appropriate year-2000 daily VMT to obtain
kg/day emissions for each county for the year-2000 base case. The MOBILE3
input parameters specific to each county (e.g., average speed) as well as
the year-2000 projected daily VMT for each county are contained in the
Delaware Region's Year-2000 transportation plan (DVRPC, 1982). The
exhaust HC emissions predicted by MOBILE3 were multiplied by 1.016 to
account for aldenydes and ketones. The value of 1.016 is based on VOC
data for 1981 and 1982 venhicles (Sigsby et al., 1984).

County adjustment factors, which are ratios of the year 2000 to the
year 1979 kg/day emissions, were then estimated. These adjustment factors
are listed in Table 14. The adjustment factors given for each county were
then used for each grid within that county. The adjustment factors were
multiplied by the appropriate mass-per-grid-cell values contained in the
1979 mobile source inventory to obtain revised year 2000 mass-per-grid-
cell values for exhaust HC, evaporative HC and NO,.

County adjustment factors for the methanol replacement scenarios
differ from those calculated for the base case because different assump-
tions were made regarding the mass of exhaust and evaporative emissions
from methanol-fueled vehicles. NOx emissions from methanol-fueled
venicles were assumed to be the same as those of the base case.

The specific box model scenarios are listed in Table 15. The UAM
runs are more limited in scope, i.e., not all scenarios were simulated:

851171 4 47



TABLE 14. COUNTY ADJUSTMENT FACTORS

1979 2000 Revised 2000
Base Case Base Case Complete Methanol Replacement Base Case
County (kg/day) 1A 2A 28 2C 18

Burlington _

Exh, HC 14127 0.31 0.31 0.78 1.55 0.34

Evap. HC 9108 0.45 0.14 0.35 0.70 0.14

NO, 33068 0.39 0.39 0.39 0.39 0.39
Camden

Exh, HC 16039 0.36 0.36 0.90 1.80 0.32

Evap. HC 9188 0.48 0.14 0.35 0.70 0.14

NO, 31855 0.43 0.43 0.43 0.43 0.43
Gloucester

Exnh. HC 6899 0.31 0.31 0.78 1.55 0.38

Evap. HC 4829 0.46 0.14 0.35 0.70 0.14

NO, 18247 0.38 0.38 0.38 0.38 0.38
Mercer

Exh, HC 10453 0.34 0.34 0.85 1.70 0.33

Evap. HC 6007 0.50 0.15 0.37 0.75 0.15

NO, 21208 0.44 0.44 0.44 0.44 0.44
Bucks

Exh. HC 20646 0.25 0.25 0.62 1.25 0.25

Evap. HC 9569 0.47 0.14 0.35 0.70 0.14

NO, 33553 0.41 0.41 0.41 0.41 0.41
Chester

Exh. HC 14372 0.24 0.24 0.60 1.20 0.26

Evap. HC 7057 0.46 0.15 0.37 0.75 0.15

NO, 25443 0.40 0.40 0.40 0.40 0.40
Delaware

Exh, HC 21265 0.29 0.29 0.72 1.45 0.24

Evap. HC 8421 0.52 0.16 0.40 0.80 0.16

NO, 27610 0.50 - 0.50 0.50 0.50 0.50
Montgomery

Exh, HC 33108 0.28 0.28 0.70 1.40 0.25

Evap. HC 14059 0.51 0.16 0.40 0.80 0.16

NO, 48105 0.46 0.46 0.46 0.46 0.46
Pniladelpnia

Exh, HC 51702 0.28 0.28 0.70 1.40 0.18

Evap. HC 17096 0.48 0.14 0.35 0.70 0.14

NO, 55725 0.49 0.49 0.49 0.49 0.49
Salem

Exnh, HC 4078 0.33 0.33 0.82 1.65 0.44

Evap. HC 3218 0.47 0.14 0.35 0.70 0.14

NO, 11482 0.42 0.42 0.42 0.42 0.42
New Castle

Exh., HC 23149 . 0.25 0.25 0.62 1.25 0.23

Evap. HC 9636 0.47 0.14 0.35 0.70 0.14

NO, 34250 0.41 0.41 0.41 0.41 0.41

851177 5
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TABLE 15a. BOX MODEL SCENARIOS FOR 13 JUuLY 2000

Base Case

1A. Year 2000 base case

1B. Revised mobile source year 2000 base case (see text for explanation)
Complete methanol replacement scenario for mobile sources

2A. Same exhaust HC as base case (lA), evap at standards

2B. 2.5 times base case exhaust HC (1A), evap 2.5 times standards
2C. 5.0 times base case exhaust HC (1A), evap 5 times standards
2D. 2B with surface deposition

2E. 2B with 20 % methanol for aloft and initial conditions
Partial methanol replacement scenario for mobile sources

3A. 80% 1A, 20% 2A

38. 80% 1A, 20% 2B

3C. 80% 1A, 20% 2C

Formaldehyde sensitivity analysis for 28

4A. 5% of methanol exhaust emissions

4B. 20% of methanol exhaust emissions

Formaldehyde sensitivity analysis for 2C

5A. 5% of methanol exhaust emissions

58. 20% of methanol exhaust emissions

Ozone isopleth diagrams based on 2B

Removal of all mobile source emissions

7A.

7B.

From base case 1A
Base NOX, zero VOC from mobile sources

Stationary source sensitivity analysis for 2B

BA.
8B.

8C.
80.

Elimination of mobile-related stationary source methanol contribution
Upper limit assumption for mobile-related stationary source methanol
contribution; substitution of methanol (no formaldehyde) for 50% of all
VOC emissions

8B with 50% methanol in initial conditions

88 with 50% methanol aloft and in initial conditions

Carbon percent replacement scenarios (all mobile source HC replaced with
methanol or formaldehyde on a C% basis)

9A.

9B.
9cC.
9D.
9E.

100% of base case (1B) carbon replaced with methano1 (no formaldehyde)
150% of base case (1B) carbon replaced with methanol (no formaldehyde)
200% of base case (1B) carbon replaced with methanol (no formaldehyde)
10% of base case (1B) carbon replaced with formaldehyde (no methanol)
20% of base case (1B) carbon replaced with formaldehyde (no methanol)

49



TABLE 15a (Concluded)

10.

11.

12.

50% reduction of total base case (1B) HC

30% mobile source emissions of the total base case 1A emissions

11A. Revised year 2000 base case

11B. Revised complete methanol substitution scenario based on 2B with initial
methanol conditions

50% mobile source emissions of the total base case 1A emissions

12A. Revised year-2000 base case emissions

12B. Revised complete methanol substitution scenario based on 2B with initial
methanol conditions

50
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TABLE 15b. METHANOL, FORMALDEHYDE, METHYL NITRATE, AND HYDROCARBON
FOR BOX MODEL SCENARIOS AS PERCENT CARBON OF BASE-CASE
18 MOBILE SOURCES.**

Scenario Methanol* Formaldehyde* Methyl Nitrate* Hydrocarbons*
Base Case
18 0 0 0 100
1A 0 0 0 151

Compiete methanol
replacement scenario

2A 63 7.33 0.36 0
28 158 18.2 0.90 0
2C 315 36.6 1.80 0
2D 158 18.2 0.90 0
2t 158 18.2 0.90 0
Partial methanol
replacement scenario
37 12.6 1.46 0.07 121
3B 31.5 3.65 0.18 121
3C 63 7.30 0.36 121
Formaldehydé sensitivity
analysis (2B)
4A 167 9.10 0.90 0
4B 140 36.6 0.90 0
Formaldehye sensitivity
analysis (2C)
5A 333 183 1.80 0
5B 280 73.3 1.80 0
Mobile-related
stationary-source
sensitivity analysis
(28)
8A 151 17.6 0.04 0
8B 104 12.1 0.59 0
8C 104 12.1 0.59
8D 104 12.1 0.59
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TABLE 15b (Concluded)

Scenario Methanol* Formaldehyde* Methyl Nitrate* Hydrocarbons*

9, Carbon percent
replacement scenarios

9A 100 0 0 0
98 150 0 0 0
9C 200 0 0 0
9D 0 10 0 0
9t 0 20 0 0
10. 50% reduction of
base case 1B mobile
source HC
0 0 0 50
11. 30% of total 1B
emissions**¥*
11A 0 0 0 151
11B 158 18.2 0.9 0
12. 50% of total
emissions***
12A 0 0 0 151
128 158 18.2 0.9 0

*  For 1B base case mobile sources only.
** See Table 15a for complete scenario descriptions.
*** Mobile source contribution was increased to 30% by lowering the total emissions.
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Scenarios
Simulated by the UAM

13 July 2000 19 July 2000

1A 1A
28
3B
5A

The year 2000 base case 1A is based on the MOBILE3 projections. Base case
1B assumed that gasoline- and diesel-fueled vehicles in the year 2000 will
meet their projected exhaust and evaporative emission standards.

The second scenario assumes complete replacement of gasoline- and
diesel-fueled vehicles with methanol-fueled vehicles. Scenarios 2A, 2B,
and 2C differ with respect to the quantity of exhaust and evaporative HC
emissions assumed to be emitted by methanol-fueled venicles. Scenario 2A
assumes that methanol-fueled vehicles will meet current exhaust and
evaporative emission standards. For example, the mass of exhaust HC emis-
sions {composed of methanol, formaldehyde, and methyl nitrite) from a
light-duty methanol-fueled vehicle total 0.42 g/mile (0.41 x 1.016).
Scenarios 2B and 2C assume that both exhaust and evaporative emissions, on
a mass basis, will equal 2.5 and 5 times the standards, respectively. It
was anticipated that these scenarios would bracket the range of emissions
possible from in-use methanol-fueled vehicles.

Scenario 3 is a partial methanol replacement scenario in which 20
percent of the gasoline- and diesel-fueled vehicles are replaced with
methanol-fueled vehicles. For this scenario, the mobile source inventory
is composed of 80 percent of the base case inventory (Scenario 1lA), and 20
percent of the complete replacement inventory (Scenario 2) on a mass
basis. Three emissions inventories were examined for Scenario 3 since
three emissions inventories were available for the complete replacement
scenario on the basis of the three in-use methanol emission rates assumed.

The remaining scenarios were chosen to examine the sensitivity of the
model predictions to formaldehyde, stationary source, and mobile source
emissions in general. For Scenario 10, methanol or formaldehyde replace-
ment of mobile source VOC was made on a per carbon basis. This procedure
differs from that of the other scenarios, in which methanol substitution
was done on a mass basis. Scenario 10 was included to provide a more
direct comparison of the results of this study with results obtained in
the previous modeling study of methanol substitution in the Los Angeles
basin.
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The hydrocarbon splits for motor vehicles contained in the 1979
inventory are based on data from 1979 and earlier model-year light-duty
vehicles. For the year 2000 inventory, revised HC speciation data for
motor vehicles were incorporated, based on emissions from in-use 1982
light-duty vehicles (Sigsby et al., 1984). It was believed that the com-
position of emissions from in-use 1982 vehicles would more closely
approximate the composition of vehicle emissions in the year 2000 than
that contained in the 1979 inventory. The hydrocarbon splits for motor
vehicles in the 1979 inventory can be compared to the hydrocarbon splits
for motor venicles in the year 2000 inventory in Table 16. The hydrocar-
bon reactivity was somewhat reduced in the year 2000 as evidenced by tne
increase in paraffins and the decrease in olefins, carbonyls, and ethy-
lenes, in spite of an increase in the fairly reactive aromatics.

For the complete methanol replacement scenarios, the exhaust HC emis-
sions were replaced by methanol, formaldehyde, and methyl nitrite. The
composition of the exhaust emissions on a mass basis is 89 percent
methanol, 10 percent formaldehyde and one percent methyl nitrite. The
composition of the evaporative HC emissions was assumed to be 100 percent
methanol. Figure 8 illustrates the steps taken to prepare the mobile-
source emission inputs for a 20 percent methanol, 80 percent base case UAM
run.

At every grid in the modeling region, the total reactive hydrocarbon
is first split into two parts: one representing emissions from gasoline-
fueled vehicles, the other representing emissions from methanol-fueled
vehicles. In Figure 8 (Scenario 3), 80 percent of the mass of RHC is
treated as emissions from gasoline-fueled vehicles and 20 percent is
treated as emissions from methanol-fueled vehicles. The next step is the
same for both gasoline and methanol type emissions. The emissions are
divided into exhaust and evaporative fractions on the basis of the county
in which the grid cell is located. The proportions determined from the
total emissions by county for the year 1979 are listed in Table 14.
Multiplying by the projection factor in Table 14 for the appropriate
scenario yields the mass of RHC in each of the categories. The final step
involves splitting the mass into species for modeling. The factors used
for gasoline exhaust and evaporative emissions are shown in Table 16. The
evaporative emissions for the methanol case were treated as 100 percent
methanol. Methanol exhaust emissions were split into 89 percent methanol,
10 percent formaldehyde and 1 percent methyl nitrite. The fractions of
methanol and formaldenyde for Scenario 5 were modified to test the effects
of 94/5 percent and 79/20 percent splits.

To project HC and NO emissions for stationary and off-road mobile
sources, estimates of future HC emissions contained in a recent State
Implementation Plan revision for the region were reviewed (DVRPC, 1983).
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TABLE 16. MOBILE SOURCE INVENTORY
SPLITS FOR 1979 AND 2000

Exhaust
Carbon-Bond
Fraction (% as Carbon)
Species 1979 2000
PAR 61.4 67.0
OLE 7.0 3.8
ETH 7.1 2.6
ARO 15.7 22.1
CARB 8.8 4.5
Evaporative
Carbon-Bond
Fraction (% as Carbon)
Species 1979 2000
PAR 92.8 68.7
OLE 1.7 3.4
ETH 0 0.49
ARO 0.6 22.1
CARB 4.8 5.2
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Stationary sources include major and minor point sources, and area
sources. Area sources are defined as small local sources such as dry
cleaners, automotive repair shops, and residential emissions. Mobil
sources include both on-road motor venhicles and mobile-related stationary
sources. Area sources are the major contributors to reactive hydrocarbon
emissions for both the 1979 and 2000 Philadelphia emissions inventory.
Attainment of the ozone standard was projected for 1987, with a 36 percent
reduction in HC emissions from all sources other than motor vehicles.
Accordingly, it was assumed that a 36 percent reduction from 1979 HC emis-
sions would be maintained through the year 2000 by point and area

sources. Furthermore, the implementation plan revision estimated a 4 per-
cent increase in NOx emissions by 1987 from all sources other than motor
vehicles. This figure is consistent with a 4.1 percent increase in 1987
population estimated for the Pniladelpnhia region (ESI, 1982). Since popu-
lation in the year 2000 is expected to nhave increased 10.7 percent over
the 1979 population (ESI, 1982), the point and area source NO, emissions
in the year 2000 were increased by 10.7 percent.

Evaporation from fueling operations (i.e., gas stations) for the year
2000 was estimated by calculating the ratio of hydrocarbon evaporation to
total nydrocarbon emissions for the 1979 inventory and then multiplying
that same ratio by the total hydrocarbon emissions from area sources esti-
mated for the year 2000; it was determined that 8.5 percent of the total
HC from area sources would be due to fueling operations. For the complete
methanol replacement scenarios, this percentage (8.5 percent) was assumed
to be methanol. This value accounts for roughly 4 percent of the total HC
inventory. For the partial replacement scenarios, 1.7 percent (0.20 x 8.5
percent) of evaporative emissions due to fueling operations were assumed
to be methanol.

Total daily emissions (tons per day) by source type for the year 2000
base case (1A) are compared to those of the 1979 inventory in Table 17.
For mobile sources only, the percentage of the HC inventory is reduced
from 31 percent in 1979 to 16 percent in the year 2000, The hydrocarbon
splits for 1979 and 2000 are also shown for comparison. Percentages of
total inventory due to mobile sources with complete methanol replacement
are 4.8, 12.3, and 24.4, respectively, for Scenarios 2A, 2B, and 2C.

Initial Conditions

The maximum initial ozone concentration for the year 2000 was set at
0.08 ppm and is an estimate of that value in the year 2000. In most cases
the 1979 initial ozone concentrations were equal to 0.08 ppm.
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TABLE 17, 1979 AND YEAR 2000 PHILADELPHIA EMISSION INVENTORIES

Emissions (tons per day, summer weekday)

1979 2000

Source File RHC* NOXT RHC* NOxf
Major Point 41.5 (3%)§ 304.0 (34) 26.6 (4%) 336.6 (39)
Minor Point 386.1 (26) 109.3 (12) 235.5 (31) 121.0 (14)
Area 526.4 (37) 147.7 (16) 336.8 (45) 163.5 (19)
Mobile~Related

Stationary 45,8 (3) 0 (0) 29.3 (&) 0 (0)
On-Road Motor 442.,9 (31) 343.9 (38) 117.4 (16) 243.0 (28)

Vehicles**

TOTAL 1424,7 (100) 904.9 (100) 745.6 (100) 864.1 (100)

* Emissions expressed as methane.
t Emissions expressed as nitrogen dioxide.
§ Percentages of the total inventory

** Emissions based on MOBILE3.

Philadelphia Inventory

. Splits
Carbon-Bond
Fraction (% as Carbon)
Species 1979 2000
PAR 74.0 9.0
OLE 2.8 1.1
ETH 4,1 9.7
ARO 13.2 8.5
CARB 5.9 1.7
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Initial and boundary nydrocarbon conditions for the year 2000 were
calculated by subtracting an estimated middle hydrocarbon background value
(Table 18) from the total 1979 initial conditions. The resulting differ-
ence represents the portion of hydrocarbons that can be controlled by
changing the volume or composition of emissions in Philadelphia. In com-
parison, the hydrocarbon background is considered uncontrollable because
it remains unaffected by changes in the emissions. An example of an
uncontrollable background source is the influx of hydrocarbons emissions
from natural vegetation. The controlled portion of hydrocarbon concentra-
tion is multiplied by 0.52, which is a projection factor of the reduction
in Pniladelphia's contribution to initial hydrocarbon concentrations in
the year 2000. This calculation estimates the change in initial and boun-
dary hydrocarbon concentrations in the year 2000 due only to controllable
sources. It is assumed that areas outside of Philadelphia might also con-
trol VOC emissions to the same degree as those within the Philadelphia
airshed (i.e., by 48 percent). The initial and boundary conditions in the
year 2000 are given in Tables 19, 20, 21.

Inputs Used in the Systems Applications'
Trajectory and Box Model Simulations

The meteorological and emissions files used in the Systems Applica-
tions' trajectory model are the same as those used by the UAM. By running
the Systems Applications trajectory model in a backward mode, a path to
the maximum ozone observed can be determined for the day of interest. The
trajectory paths for 13 and 19 July 1979 are shown in Figures 9a and b,
respectively. For a more detailed explanation of the use and application
of the Systems Applications trajectory model (see Myers et al., 1979).

Using the results of the Systems Applications trajectory model, emis-
sions and meteorological conditions are constructed for a Level II type
box model with Carbon-Bond chemistry (0zone Isopleth Plotting Package)
(0OZIPM/CBM). OZIPM is a computer routine used in box modeling that can
handle different chemical mechanisms. The trajectory model prints out the
emissions and mixing heights along the trajectory patnh at hourly inter-
vals. These mixing heights can be used as direct inputs to the OZIPM com-
puter code. The emission rates from the trajectory model are in units of
moles/hr for each of the Carbon-Bond species and are converted to ppmC/nr
for volatile organic compounds (VOC) by the following equation:

Emissions Rate (ppmC/nr) = [24450/(20* 40002)][Emissions Rate (moles/nr)] ,

where Ly is the initial mixing heignt.
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TABLE 18.

Killus and Whitten, 1984).

BACKGROUND OF REACTIVE HYDROCARBONS. (Source:

Carbon .
Fraction Concentration Species
Low 0.91 0.03 ppmC PAR 0.03 ppmC
0.09 0.003 ppm CARB
0.1 ppm Co OH to ROy reactivity
= 125 min~1
Mid 0.61 0.035 ppmC PAR 0.043 ppmC
0.083 0.0008 ppm ARO (+ 0.015 ppm CARB)
0.034 0.001 ppm ETH
0.014 0.0004 ppm OLE
0.26 0.015 ppm CARB OH to R02 reactivity
0.0005 0.00003 ppm DCRB
g 0.2 ppm co = 387 min~1
High 0.57 0.1 ppmC PAR 0.144 ppmC
0.07 0.002 ppm AROQ (+ 0.03 ppm CARB)
0.12 0.01 ppm ETH
0.07 0.006 ppm OLE
0.17 0.03 ppm CARB
0.0005 0.00008 ppm DCRB OH to RO2 reacEivity
0.5 ppm co 1153 min~

Note: A1l estimates include 0.015 ppmC PAR as surrogate for
background methane.
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TABLE 19. LOWER BACKGROUND CONCENTRATION VALUES FOR
THE YEAR 2000 FOR ALL LEVELS OF ALL BOUNDARIES
EXCEPT THE LEVELS BELOW THE MIXING HEIGHT
ON THE NORTHEAST AND EAST BOUNDARIES

Species

Concentration (ppm)

NO
NO,
co
ETH
OLE
PAR
CARB
ARO
PAN
BZA

0.001
0.002
0.2
0.001
0.0004
0.050
0.015
0.0008
0.000025
0.00001
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TABLE 20, LOWER INITIAL CONDITIONS FOR THE YEAR 2000 (ppm)

PAR

OLE

ETH

ARO

AMS Lab.

Ancora

Brigantine
Bristol

Camden

Chester

Claymont
Conshohocken
Defense Support
Downington
Franklin Inst.
Island Rd. Airport Cir.
Lumberton
Norristown Armory
Northeast Airport
Roxy Water Pump
SE Sewage Plant
South Broad
Summit Bridge

SW Corner Broad/Butler
Trenton

Van Hiseville
Vineland

0.

0.

0.
0.

0.
0.

0.0012

0.0029

0.0004

0.0013
0.0010

0.0009
0.0005

0.

0.

0.
0.

0.

0106
0078

0.

0.
0.

0.
0.

0.

0.
0.

0.
0.
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TABLE 21. BOUNDARY CONDITIONS FOR THE YEAR 2000 USED FOR THE NORTHEAST AND EAST
BOUNDARIES BELOW THE MIXING HEIGHT ESTIMATED FROM DATA COLLECTED AT THE VAN HISEVILLE,
NEW JERSEY MONITOR (ppm)

Hour (EST) NO NO, PAR OLE ETH ARO CARB PAN

0000-0100  0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0002
0100-0200 0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0001
0200-0300 0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0000
0300-0400 0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0000
0400-0500 0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0000
0500-0600 0.044 0.036 0.1627 0.0004 0.001 0.0008 0.015 0.0000
0600-0700  0.047 0.041 0.1773  0.0004 0.001 0.0008 0.015 0.0000
0700-0800 0.043 0.0494 0.1852 0.0004 0.001 0.0008 0.015 0.0004
0800-0900 0.026 0.0478 0.1515 0.0004 0.001 0.0008 0.015 0.0008
0900-1000  0.009 0.0273 0.0831 0.0004 0.001 0.0008 0.015 0.0013
1000-1100 0.001 0.0099 0.0367 0.0004 0.001 0.0008 0.015 0.0019
1100-1200 0.000 0.0058 0.0350 0.0004 0.001 0.0008 0.015 0.0018
1200-1300 0.000 0.0054 0.0350 0.0004 0.001 0.0008 0.015 0.0014
1300-1400 0.000 0.0072 0.0350 0.0004 0.001 0.0008 0.015 0.0012
1400-1500 0.000 0.0047 0.0350 0.0004 0.001 0.0008 0.015 0.0007
1500-1600 0.000 0.0035 0.0350 0.0004 0.001 0.0008 0.015 0.0005
1600-1700  0.000 0.0043 0.0350 0.0004 0.001 0.0008 0.015 0.0003
1700-1800 0.000 0.0053 0.0350 0.0004 0.001 0.0008 0.015 0.0003
1800-1900 0.000 0.0072 0.0350 0.0004 0.001 0.0008 0.015 0.0002
1900-2000 0.000 0.0071 0.0350 0.0004 0.001 0.0008 0.015 0.0001
2000-2100 0.000 0.0041 0.0350 0.0004 0.001 0.0008 0.015 0.0001
2100-2200 0.002 0.0030 0.0350 0.0004 0.001 0.0008 0.015 0.0000
2200-2300 0.005 0.0060 0.0350 0.0004 0.001 0.0008 0.015 0.0000
2300-2400 0.008 0.0030 0.0350° '0.0004 0.001 0.0008 0.015 0.0000

i

]
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Initial NOx and VOC precursors for OZIPM are determined from the
initial conditions using the average of the layers below the mixing height
in the trajectory model, NOx and VOC precursors aloft are determined from
the amount of precursors that entered the mixed layer from aloft in the
trajectory model simulations. Tables 22 and 23 describe the initial con-
ditions and emission rates used for the 13 and 19 July base case (1lA).
OZIPM was run for 13 July using both the lower initial conditions and
those from 1979. Emission rates were changed according to the list of
scenarios. July 19 was run with 1979 initial conditions for the base
case, which was also the only scenario simulated for that day with
0ZIPM. For a more detailed explanation of the use and application of
OZIPM see EPA (1978).
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TABLE 22. INITIAL CONDITIONS AND EMISSION RATES USED FOR
0ZIPM CALCULATIONS FOR THE BASE CASE (1A)--JULY 13,

(a) Initial Conditions*

Species Surface Aloft

03 0.0363 ppm 0.0782 ppm

voc 0.0891 ppmC  0.0539 ppmC
NO, 0.0332 ppm 0.0004 ppm

Hydrocarbon Reactivity: Carbon Fraction

Surface Aloft

OLE = 0.0263 0.0062
PAR = 0.6931 0.5650
ARO = 0.1259 0.0711
ETH = 0.0400 0.0285
METH = 0.0000 0.0000
HCHO = = 0.0381 0.1002
DCRB =  0.0003 0.0023
CARB = 0.0763 0.2266
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TABLE 22. CONCLUDED.

(b) Emission Rates and Mixing Heights

Species Mixing Heights
voC at Beginning of

NO
Time (CDT) (mole/hr) (mo]e?hr) Each Hour (m)

0000-1000 1994 2056 250.0
0100-0200 1577 4316 250.0
0200-0300 1217 3005 250.0
0300-0400 2864 2763 250.0
0400-0500 7505 4972 250.0
0500-0600 11671 6387 250.0
0600-0700 42260 10699 250.0
0700-0800 77379 15940 295.0
0800-0900 72265 22218 450.0
0900-1000 51171 14038 925.0
-1000-1100 43113 10257 1200.0
1100-1200 34344 6974 1480.0
1200-1300 26227 5399 1480.0
1300-1400 12866 3187 1530.0
1400-1500 12199 2494 1530.0
1500-1600 3876 856 1420.0
1600-1700 1445 370 1310.0
1700-1800 1380 271 1130.0
1800-1900 167 41 950.0
1900-2000 525.0

* Lower initial conditions for 2000.
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TABLE 23,

INITIAL AND BOUNDARY CONDITIONS FOR OZIPM
CALCULATIONS FOR THE BASE CASE (1A)--JULY 19,

i
i

(a) Initial Conditions*

Species Surface Aloft
03 0.0034 0.0659
voC 0.5414 0.0518
NO, 0.0871 0.0015

Hydrocarbon Reactivity:

Carbon Fraction

Surface Aloft
OLE = 0.0270 0.0085
PAR = 0.7139 0.6331
ARO = 0.1308 0.0695
ETH = 0.0398 0.0314
METH =  0.0000 0.0000
HCHO = 0.0292 0.0839
DCRB = - 0.0009 0.0039
CARB = 0.0584 0.1696
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TABLE 23. CONCLUDED.

(b) Emission Rates and Mixing Heignhts

Species Mixing Heights
voC NO, at Beginning of

Time (CDT) (mole/day) (mole/day) Each Hour (m)
0000-1000 4313 892 80.0
0100-0200 12323 1887 431.6
0200-0300 22721 3441 600.0
0300-0400 17367 1445 856.7
0400-0500 8115 1762 1240.0
0500-0600 9304 2217 1530.0
0600-0700 9843 2614 1480.0
0700-0800 6266 1763 1332.6
0800-0900 3640 1108 1117.8
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SECTION 4

DISCUSSION OF MODEL RESULTS

Study results indicate that atmospheric sensitivity to VOC and NOX
precursors in Philadelphia in the year 2000 appears to be strongly
governed by the ratio of VOC/NO,, and only to a small degree by total pre-
cursor concentrations. This finding is most clearly illustrated by the
isopleth diagram produced specifically by OZIPM shown in Figure 10. An
isopleth diagram is a series of lines connecting the points at which a
given variable has a specified constant value. This isopleth diagram
shows the maximum one-hour ozone concentrations resulting from NO_ and VOC
emissions relative to the base-case emissions (the 1,1 point on tﬁe dia-
gram). VOC and NOx are measured here as a percentage of the base-case
emissions. For example, at 0.75 along the relative VOC scale and 0.60
along the relative NOx scale, VOC emissions are 75 percent and NOx emis-
sions are 60 percent of the base-case emissions. Therefore, the base-case
point on the isopleth diagram has the coordinates (1,1), since VOC and NOx
are equal to the equivalent emission inventory value at that point.

The isopleth diagram shown in Figure 10 also explains the unexpected
ozone insensitivity when mobile source emissions are eliminated. Since
the percent reduction in overall .emissions is slightly greater for NO,
than for VOC when mobile source emissions are eliminated, the overall
VOC/NOx ratio increases somewhat, As the total emissions from the (1,1)
base case point of Figure 10 decrease and the VOC/NO, ratio is increased
to the zero mobile equivalent point, the predicted ozone closely follows
the isolines, indicating little change in ozone. Removing mobile sources
and mobile-source-related stationary emissions reduces the area-wide VOC
in the year 2000 by about 20 percent, as shown in Table 17. Hence, the
point marked "No Mobile Source Point" in Figure 10 shows about the same
ozone maximum as the (1,1) base case point.

The lack of ozone reduction from zero mobile-related emissions is
related to the slanting parallel lines of Figure 10. Essentially, the
slanted lines result from the initial "loss" of emitted NO to form NO, via
the NO-to-NO, conversions related to VOC photooxidation. Once the initial
NO has reacted to NOZ’ further NO-to-NOZ conversions start the production
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of ozone. In the initial conversion of NO to NOZ, the amount of VOC that
is photooxidized is directly related to the amount of NO; however, once
the NO has reacted, the amount of ozone formed is essentially independent
of the amount of NOx present, but closely related to the amount of VOC,
which continues .to photooxidize and convert NO to NOp. Hence, there is a
threshold at which the chemistry changes from NO to NOp reaction and to
ozone formation; this threshold appears on the isopleths as a slanted
straight line with a slope related to the amount of VOC expended to con-
vert the emitted NO. The ozone formed thereafter essentially depends only
on the VOC, which continues to photooxidize. Hence, a series of isolines,
all parallel to tne threshold line, are formed.

The validity of this explanation was also presented by Whitten
(1983), who demonstrated that converting NO, emissions from NO to NO,
virtually removes the "slant," causing the threshold to be nearly verti-
cal. Hence, an important sidelight of the present study is the reemphasis
of the importance of the high ratio of NO in NOx emissions. If NOx emis-
sions were composed mostly of NOZ instead of NO, the atmospheric models
would predict much higher urban ozone levels, independent of NOX emis-
sions, until very low NO, levels were reached. Virtually all ozone iso-
pleth diagrams have isolines nearly parallel to the VOC axis for low
levels of NO,. However, the 0.12 ppm ozone isoline is typically far below
both present and near-future NOX emissions levels.

METHANOL FUEL SUBSTITUTION

The effect of emission control devices on mobile sources has been
predicted to account for a factor of 3 reduction in mobile source VOC
emissions for Philadelphia between 1979 and 2000. The overall contribu-
tion to VOC emissions from mobile sources drops from 34 percent in 1979 to
only 20 percent in 2000, in addition to which total VOC emissions are
expected to be nearly half of the 1979 value by the year 2000 (Table 17).

The substitution of methanol and some formaldehyde in exchange for
gasoline-fueled auto exhaust has been shown by Pefley, Pullman, and Whit-
ten (1984) to reduce the reactivity of the atmosphere towards ozone forma-
tion. However, the ozone isopleth diagram 13 July 2000 (Figure 11), shows
virtually no change in ozone levels for Philadelphia as a result of
methanol substitution. Tables 24 and 25 also show that in many of the
scenarios studied there was no significant change in ozone levels from the
base case simulations. For the 19 July 2000 cases shown in Table 25, the
base case was already too low in ozone to justify any further considera-
tion. Hence, the present study focused on the 13 July 2000 cases, which
were clearly above the air quality standard of 0.12 ppm ozone.
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TABLE 24a. METHANOL IMPACT MODELING FOR 13 JULY 2000

Scenario Description UAM  UAM* TRAJ TRAJ* BOX  BOX*
1A Base case 192 185 211 194 223 204
1B 202 219 192
2A Full methanol 183
2B (x 2.5) 192 186 210 192 219 198
2C (x 5.0) 216
2D 2B with surface deposition 189
2€ 2B with 20 percent IC,¥ 203 177

aloft

Partial methanol (20 percent)
3A 198
3B 192 185 211 194 223 201
3C 205

Based on 2B; 185 188 214 190
4A formaldehyde, 5 percent ‘ 228 206
48 20 percent

Based on 2C; 206
5A formaldehyde, 5 percent 233
58 20 percent

* Lower initial and boundary conditions; all results in ppb instantaneous
ozone at 1600 hours at regional maximum site.
conditions were calculated as previously discussed.

¥ IC = initial conditions.

8511774 8
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TABLE 24b. BOX MODEL SENSITIVITY TESTS FOR 13 JULY 2000

Ozone

Scenario Description (ppb)
7A Zero mobile sources, 201*
78 Base NO,, zero VOC from mobile 156
8A Stationary methanol at zero 192

(based on 2B)
88 Overall substitution 50 percent methanol 156
8C Same with 50 percent methanol in IC} 134
8D Same with 50 percent methanol aloft and IC 113
9A Mobile carbon replacement by methanol 179

(no formaldehyde)

98 ‘ carbon (x 1.5) methanol 183
9C (x 2.0) methanoil 187
9D carbon, 0.1 formaldehyde (no methanol) 184
9E 0.2 formaldehyde (no methanol) 196
10A 50 percent VOC overall, no methanol;

base NO,, IC, aloft 124

* Lower initial and boundary conditions; all results in ppb ozone at
1600 hours at regional maximum site.

¥ IC = initial conditions.

r
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TABLE 25, METHANOL IMPACT MODELING FOR 19 JULY 2000*

- Scena_r;ot——_———UAM_—_f__——-RA—-JW(
Base case 1A 137 130 124
Full methanol for mobile 2B 126
source
No mobile source 7A 114 107

* All results in ppb ozone at 1600 hours at regional
maximum site; high carryover conditions.
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The general lack of effect from methanol substitution can be partly
explained by the relatively low (16 percent) contribution from mobile
sources and the high sensitivity of the models to the small amount of
formaldehyde emissions that are found in methanol exhaust. The lack
of sensitivity to mobile source substitution by methanol fuel may be
explained in part by the extreme slant shown in the isopleth curves of
Figure 10. Although most of the slant probably results from NO titration,
as discussed, the remainder is due to ozone and ozone precursor/carryover
either from Philadelphia or from neighboring cities. Figure 10 shows that
zero VOC emissions in conjunction with a small amount of NOX emissions can
produce simulated ozone levels in excess of 0.12 ppm. The necessary VOC
precursors in such cases come from assumed initial and aloft concentra-
tions.

The sensitivity results for cases 8C and 8D shown in Table 24b indi-
cate that initial VOC is only slightly more important than aloft VOC even
though the assumed concentrations aloft are much lower than the initial
concentrations. This nearly equal sensitivity can be explained by two
factors. First, the aloft precursors enter the simulation only as the
mixing height rises and have not dissipated when they enter the simula-
tion, whereas the initial precursors are partially dissipated through
chemical reactions and wind. Second, the ratio between the initial and
nighest mixing height values accounts for a reduction due to dilution by a
factor of 6.1 for the initial precursors, which nearly equals the contri-
butions of the two carryover sources.

If the total concentration of the carryover sources of VOC in initial
and aloft conditions is lowered by 20 percent, and if methanol replaces
that missing 20 percent, reactivity is greatly reduced. The sensitivity
results in Table 24 for Scenario 2E show greater decreases in ozone than
when methanol is substituted in the primary mobile-related emissions for
Philadelphia (Scenario 2A). Assessment of the contribution of Philadel-
phia emissions to carryover and the contribution from sources upwind of
Pniladelphia is beyond the scope of the present study; such an assessment
would require multiple-day regional modeling. However, the box model is
an effective tool for assessing the atmospheric sensitivity to such
changes. Scenarios 8B, 8C, and 8D were designed to show the gross sensi-
tivity to methanol substitution. The results shown in Table 24b indicate
that a 50 percent substitution of methanol for half of all VOC emissions
reduces peak ozone from the base case (1A) value of 201 ppb to 156 ppb.
Further, a 50 percent substitution for half of all the initial VOC reduces
peak ozone to 134 ppb; when aloft VOC is then added to the 50 percent
methanol substitution, the final peak predicted ozone is only 113 ppb.

85117r2 6
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These simulations assumed no reduction in NOX emissions; however, a reduc-
tion in formaldehyde levels equivalent to 50 percent resulted from substi-
tution of methanol since all VOC species were reduced by 50 percent and
methanol was added to keep the total VOC constant.

Since the lack of effect on ozone production of methanol substitution
can be partly explained by the low contribution of mobile sources (16
percent from vehicles; 4 percent from mobile-related sources) to total
emissions, two additional scenarios were set up. Scenarios 11 and 12
increased the contribution of mobile sources to 30 percent and 50 percent,
respectively. In both cases, mobile source emissions were kept the same
but stationary source emissions were decreased until the mobile source
contributions equaled 30 and 50 percent, resulting in a decrease in total
emissions of about 33 percent and 60 percent, respectively.

Decreasing the overall emissions by reducing stationary source
emissions to the point at which mobile sources contribute 30 percent of
the total emissions (Scenario 11A) significantly decreases the amount of
ozone produced by the base case 1A from 201 ppb to 136 ppb at 1600 hr.
Substituting methanol for the 30 percent mobile source contribution
(Scenario 11B), further decreases the amount of ozone produced, bringing
it close to the EPA standard of 120 ppb (Table 26).

Simply decreasing the overall emissions by reducing stationary source
emissions to the point at which the mobile sources contribute 50 percent
of the total emissions (Scenario 12A) decreases the amount of ozone
predicted by the base case 1A from 201 ppb to 90 ppb, which is already far
below the EPA standard. Full substitution of methanol for the 50 percent
mobile source contribution (Scenario 12B) reduces ozone even further
(Table 26).

Methanol was incorporated into the initial and aloft conditions for
Scenarios 11 and 12 since it is reasonable to assume that complete
methanol substitution for the mobile source contribution to emissions
would lead to the presence of methanol in VOC carryover. Ozone production
for Scenario 11B (with methanol substitution for initial and aloft
conditions) reaches the EPA standard ozone level. With either initial or
aloft methanol removed, more ozone is produced, bringing the level above
the EPA standard (Table 26). Scenario 2E also showed the sensitivity of
ozone production to the substitution of methanol for initial and aloft
conditions.

For Scenarios 11 and 12, the box model was run an additional three
hours because, though 1600 hours is the regional maximum simulated by the
UAM, the box model shows a positive slope for ozone at that time. Ozone
concentration does not begin to level off until about 1800 hour and

85117r2 ¢
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TABLE 26. BO0X MODEL METHANOL-IMPACT OZONE RESULTS (ppb) FOR 13 JULY 2000 WITH
30 PERCENT AND 50 PERCENT MOBILE SOURCE EMISSIONS

Scenario*

30% Mobile Emissions

50% Mobile Emissions

‘No Initial or
Aloft Methanol

Initial and
Aloft Methanol

Initial
Methanol Only

Aloft
Methanol Only

No Initial and
Aloft Methano!l

Initial and
Aloft Methanol

Base Case:

Instantaneous ozone
at 1600 nr'

Average hourly
maximum ozone
Full Methanol:

Instantaneous ozone
at 1600 nr

Average houly
maximum ozone

136

151

129

142

120

131

123

134

126

138

90

94

75

76

* All scenarios with lower initial and boundary conditions calculated as previously discussed.

T 0zone at 1600 hr, the regional maximum site simulated by the UAM,
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results in a higher average maximum ozone value. This difference in the
UAM and box model results can be attributed to wind shear between the
layers below the mixing height in the UAM, starting in the late morning of
the modeling day and ending in the aftrnoon of the same day; wind shear
can not be accounted for in the single-layer box model. Since wind shear
introduces a horizontal dilution factor, limiting precursor concentrations
and diluting the ozone, the box model, which is not subject to this
dilution factor, predicts a higher ozone peak occurring later than that of
the UAM, For further discussion of wind shear see Volume III of Whitten
et al. (1985).

The concentrations of ozone and selected products predicted in
Scenarios 11 and 12 are given in Tables 27 and 28 for two different
VOC/NOx ratios--1:1 and 1:0.2--which are relative ratios based on the base
case values. For Scenario 11 (30 percent mobile), methanol substitution
is beneficial in decreasing ozone under Tow VOC/NO, conditions, but at
higher values a nominal increase in ozone is predicted (Tables 26 and
27). A similar trend is predicted for Scenario 12 (50 percent mobile).

As reported previously, a decrease in ozone production should result from
methanol substitution at a VOC/NOX ratio of 1:1. Although Table 28 shows
somewhat lower ozone for methanol substitution at 1600 hours for the high
VOC/NO, 50 percent case (Scenario 12), the overall maximum ozone compari-
son for all hours shows that the methanol substitution simulation predicts
178 ppb, which is slightly more than the 173 ppb ozone predicted without
methanol substitution. It appears that for higher VOC/NOx conditions, the
base-case Scenario (12A) was slightly more reactive earlier in the
simulation, but the methanol-substituted Scenario (12B) produced ozone for
a slightly longer period. The relative differences in these maximum
concentrations are small, however, compared to the reductions predicted in
the 1:1 ratio simulations (EPA VOC/NO, ratios projected for the year 2000
give greater weignt to the 1:1 results). Tnhe effect of the VOC/NO, ratio
on ozone reduction from methanol substitution shown in these simulations
is consistant with the smog chamber resulits of Pefley, Pullman, and
Whitten (1984).

The predicted product concentrations for the high and low VOC/NO,
conditions used in Scenario 11 (30 percent mobile emissions) indicate that
full methanol substitution should reduce the production of PAN, nitrophen-
ols, and organic nitrates, all of which are potentially harmful to
humans. In addition, the results given in Table 28 show that these
reductions are far less dependent on VOC/NO, ratio than is ozone produc-
tion. That is, although the beneficial effect of methanol substitution on
ozone production is minimized by raising the VOC/NO_ ratio through NOx
control, the predicted decreases in the concentrations of these nitrogen-
containing species occur for all cases; this is because the VOCs replaced
by methanol would have produced products that react with N02 to form PAN,
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TABLE 27. PRODUCT CONCENTRATIONS PREDICTED FOR SCENARIOQ 11*

No Methanol Substitution

Full Methanol Substitution

1-

Species§ VOC/NO, = 1:1  VOC/NO, = 1:0.2 VOC/NO, = 1:1 VOC/NO, = 1:0.2
Ozone 136 169 120 176
PAN 6.57 9.10 4.20 7.86
Nitrophenols 0.43 0.61 0.21 0.34
Formaldehyde 10.9 8.64 10.8 9.56
Nitric Acid 37.0 9.3 36.6 10.7
Organic Nitrates 1.66 2.03 | 1.16 1.70

* VOC/NOx ratios are relative to absolute base-case values.
t Methanol substitution for initial conditions and aloft.

§ ppb at 1600.

85117r2 5
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TABLE 28. PRODUCT CONCENTRATIONS PREDICTED FOR SCENARIO 12*

No Methanol Substitution Full Methanol Substitution?
Species§ VOC/NO, = 1:1  VOC/NO, = 1:0.2 VOC/NO, = 1:1 VOC/NO, = 1:0.2

Ozone 90 167 75 173

PAN 2.56 7.71 1.30 5.79
Nitrophenols 0.19 0.43 0.06 0.16
Formaldehyde 7.9 6.7 6.8 7.37
Nitric Acid 29.1 11.0 27.1 13.2
Organic Nitrates 0.81 1.58 0.49 1.92

* VOC/NO, ratios ar relative to absolute base-case values.
¥ Methanol substitution for initial conditions and aloft.
§ ppb at 1600.
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nitrophenols, and organic nitrates. Since methanol forms no such long-
chain organic products upon reaction, the production rates are lowered,
not by lack of NOZ, but by the decrease in organic products with which N02
reacts, This is emphasized in the 1:0.2 simulation; these results
indicate that some of the NO, that cannot react with the missing VOC
products was oxidized through inorganic pathways to form additional nitric
acid and ozone (Table 27).

Also of particular importance to an understanding of the chemistry is
the fact that a formaldehyde molecule is formed for every methanol
molecule reacted. This is not quite the case for other VOCs. However,
Table 27 indicates only a slight increase in hourly formaldehyde values
between the base case and the substitution simulations of Scenario 11.
That is, formaldehyde concentrations in the full methanol substitution
simulation do not exceed those of the base case by more than about 10
percent, on the average, with maximum differences in hourly values of no
more than 20 percent.

For Scenario 12, in which mobile sources represent 50 percent of
emissions, the effects of methanol substitution are more definite. Table
28 shows the predicted product yields for these simulations. Since the
percentage of methanol is larger in tnese cases, the predicted decreases
in PAN, organic nitrates, and nitrophenols are larger than those from the
30 percent mobile exhaust simulations. Again, however, the relative
reductions in these species show far less relationship to the VOC/NOx
conditions than do the predicted ozone maximum concentrations. Rather, as
noted, these changes relate more to the amount of methanol present.

SENSITIVITY OF THE MODEL SIMULATIONS TO FORMALDEHYDE

The sensitivity of the model simulations to formaldehyde is shown by
comparing Scenarios 4A and 4B with Scenario 2B in Table 24a. In these
three scenarios, 100 percent methanol was used; however, in Scenario 4A
formaldehyde exhaust emissions were reduced from 10 percent (Scenario 2B) to
5 percent. In Scenario 4B, the formaldehyde exnhaust was assumed to be as
high as 20 percent.

The maximum ozone values produced from the 5, 10, and 20 percent
formaldehyde exhaust levels were 190, 196, and 206 ppb, respectively, for
the box model simulations using low initial conditions, and 214, 219, and
228 ppb ozone for the cases assuming higher initial conditions. The
amount of overall formaldehyde emissions for these three cases was only
3.6, 4.2, and 5.4 percent, respectively, of the entire VOC emissions. The
base case (1A) formaldehyde emissions were 3.3 percent,

ra2 e
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Comparison of Scenarios 5A and 5B with 2C provides another indication
of formaldehyde sensitivity. These scenarios are similar to 4A, 2B, and
4B, except that the 5A, 2C, 5B series substitutes 2.5 times as much
methanol and formaldehyde for gasoline-related emissions. Thus the 5, 10,
and 20 percent formaldehyde exhaust assumptions for the 5A, 2C, 5B series
lead to overall percentages of formaldenyde emissions of 4,2, 5.4, and 7.8
percent, respectively. This series of formaldehyde levels produces ozone
maxima of 206, 216, and 233 ppb, respectively, in the box model simula-
tions shown in Table 24a.

A more dramatic demonstration of the model's sensitivity to formalde-
hyde is shown in the results of Scenarios 9D and 9E in Table 24b. For
these tests, 10 and 20 percent of all mobile-related emissions were
replaced by formaldehyde as carbon, i.e., no methanol or gasoline-related
emissions were present. Two or more base case points can be compared with
the 9D and 9E Scenarios. With no mobile VOC emissions (case 7B), the
maximum ozone is only 156 ppb. Adding only 10 percent of the mobile VOC
as formaldehyde (case 9D) raises the simulated ozone peak to 190 ppb.
Doubling the formaldehyde addition (case 9E) further increases peak ozone
only to 207 ppb. Hence the model shows a very high sensitivity to the
first addition of formaldehyde, raising the ozone peak to 190 ppb (from
156 ppb), which is nearly the peak predicted for 150 percent replacement
by pure methanol (case 9B). This implies a formaldehyde-to-methanol reac-
tivity ratio of 15 to 1. The overall percentages for formaldehyde in
cases 9D and 9E are 6 and 8.3 percent of the total VOC emissions. For
case 7B (no mobile source VOC emissions), formaldehyde was only 3.7 per-
cent of the emissions. Hence the model shows a very high sensitivity when
formaldehyde is increased from 3.7 to 6 percent.

FORMALDEHYDE CONCENTRATION LEVELS

The UAM is an appropriate model for assessing the spatial and tem-
poral impact of changes in formaldehyde emissions resulting from substitu-
tion of methanol fuel. Table 29 shows the contrast in maximum hourly
formaldehyde levels between the 2000 base case and 100 percent methanol
mobile source substitution. Figure 12* shows the year 2000 base case
formaldenyde levels from the beginning of the simulation at midnight until
noon, when the mixing heights have increased to such an extent that the
formaldehyde levels are no longer important because of dilution. Figure
13 presents contour lines of the change in formaldehyde due to 100 percent
substitution of mobile sources with methanol (case 2B minus base case).
Figures 14 and 15 present the overall maximum values seen in Figures 12
and 13, The area of maximum formaldehyde impact is in a region of heavy

* For the convenience of the reader, Figures 12 through 16 are placed at
the end of the report.
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TABLE 29. MAXIMUM HOURLY FORMALDEHYDE (ppb)
LEVELS COMPARING YEAR 2000 BASE CASE (1A) TO
100 PERCENT METHANOL SUBSTITUTION OF MOBILE

SOURCES (2B)

Hour 1A* 2B*
0000-0100 27.3 27.3
0100-0200 25.7 25.8
0200-0300 24.0 24.1
0300-0400 24.1 24,2
0400-0500 24.2 25.2
0500-0600 25.2 27.1
0600-0700 24.6 27.1
0700-0800 22.5 25.9
0800-0900 18.2 20.6
0900-1000 14.1 15.3
1000-1100 13.1 13.7
1100-1200 13.2 13.3

* Lower initial and boundary
conditions,
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traffic emissions. The area of maximum ozone in the 2000 base case simu-
lations is shown in Figure 16. The maximum ozone occurs in grid cell
22,24 between 1600 and 1700 hours for all UAM simulations on 13 July 2000.
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SECTION 5

CONCLUSTIONS

The principal findings regarding methanol fuel substitution for Philadel-
phia in the year 2000 were derived from the results of three models: the
UAM, the Systems Applications trajectory model, and a box model, Model
results indicate that when methanol fuel is used for mobile sources.

(1) There are minor increases in formaldehyde levels in the vicinity
of major traffic emissions;

(2) There is virtually no change in maximum ozone levels;

(3) Methanol displacement of carryover pollutants or initial
boundary condition pollutants can combine with local methanol
emissions to produce synergistic reductions in ozone maxima;

(4) Formaldehyde emissions can be very important as the reactivity
(via methanol substitution) or the total amount of overall VOC
levels is reduced; and

(5) The Philadelphia area is strongly sensitive to NO, emissions,

Regarding the last finding, this sensitivity is exhibited both in the
reactivity of NO, emissions and in the total amount of NOx emissions. The
reactivity of NO, increases as the ratio of N0, to NOx increases, For
this study, the total NOX level is such that if it is decreased, the
amount of ozone will increase, Thus, minor control of NO, (a small
decrease), or a change in the NO, emissions that increases the an-to-NOx
ratio, will result in increased ozone levels.

The results of the present study can be compared with results of a
previous study by Whitten and Hogo (1983), which simulated methanol
substitution in the Los Angeles area. Minor increases in formaldehyde
levels were seen in both studies and both showed enhanced ozone reduction
when methanol replaced VOC in carryover and boundary pollutant concentra-
tions. However, the previous study shows substantial ozone reductions
when methanol is substituted as a transportation fuel, The present study
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shows no ozone benefit from such a substitution unless carryover pollu-
tants are also assumed to be displaced by methanol, The difference in the
results of this study and those of the previous study in the Los Angeles
area can be explained by the small percentage o6f mobile source VOC (20
percent) predicted for the year 2000 in Philadelphia., Sensitivity studies
performed with the box model suggest that an overall 50 percent
substitution of methanol for VOC may produce large reductions in ozone if
(1) formaldehyde emissions are minimized, (?) NO, is left at predicted
2000 levels, and (3) methanol is present to displace VOC in carryover
pollutants., However, the use of a regional multiday model would be

required to study the intercity and carryover effects of such widespread
methanol use.
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