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PREFACE

In response to Federal legislation requiring that each depart-
ment of the U.S. Government take steps carefully and systematically
to consider the environmental effects of its actions, the Office
of the Secretary of Transportation initiated the Technology for
Environmental Analysis program at the Transportation Systems
Center in FY72. The objection of the program was to develop unified
technological capabilities in air-pollution control as part of a
family of techniques and capabilities necessary to support the
development in the Office of the Secretary and in its Operating
Administrations, of planning procedures related to the environmental
effects of transportation systems and facilities.

An. aspect of this program was for the Transportation Systems
Center to promote liaison with, and coordination among, these
Operating Administrations, the Environmental Protection Agency, and
such other organizations which are concerned with transportation-
generated air pollution. The work reported here was performed as
part of this combined effort made in a joint request by the
Federal Highway Administration and the U.S. Department of Justice.

The authors are members of the Data Technology Branch,
Information Sciences Division, Technology Directorate of the
Transportation Systems Center. In this report, all references to
work by the Transportation Systems Center pertain to the accomplish-
ments of this Branch.
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1. INTRODUCTION

1.1 BACKGROUND

This report describes a case study of an air quality analysis
prepared by the U.S. Department of Transportation (DOT), Transporta-
tion Systems Center (TSC). The site analyzed was the proposed
I-83/1-95 interchange in Baltimore, Maryland. This interchange is
part of the 3-A System of highways in Baltimore, comprising
several segments which have already been completed and other segments

which are in various stages of approval.

TSC originally became involved in air quality analyses of the
3-A System in April 1973 when the first author was asked by the
Federal Highway Administration (FHWA) and the U.S. Department of
Justice to appear as an air quality expert witness for the Govern-
ment in the trial of a citizen suit which attempted to block con-
struction of a part of the System. His testimony related to the
adequacy of the air-quality analysis which had been prepared by
the Maryland analysis which had been prepared by the Maryland
Department of Transportation for the Franklin-Mulberry Corridor.
Included in his testimony, was a discussion of an air quality
analysis which had been performed by TSC [1]. This analysis
indicated that the national primary ambient air quality standards
for carbon monoxide (CO) concentrations would not be exceeded in
the year 1978 if this section of the 3-A System were built or
not. However, the TSC estimates of CO concentrations were slightly
higher for the latter case not to build. These findings were
cited in the Court's decision favoring the Government position
in this case to build.

1.2 THIS REPORT

The present analysis was requested by the FHWA Region 3
Administrator [Appendix A]. In preparing this study, TSC was
assisted by T. H. Hamer, Chief, Environmental Section, Interstate
Division for Baltimore City, Maryland, who provided both engineering
diagrams of the interchange and traffic projections for the years
1980 and 1995.



Section 2 describes the proposed I-83/I-95 interchange.

Section 3 discusses TSC modifications which had to be
incorporated in the original Environmental Protecting Agency (EPA)
highway air-pollution-dispersion model to analyze this interchange.

In Section 4, the details of the air quality analysis for the
years 1980 and 1995 are presented.

Section 5 discusses additional air quality analyses of the site

using maximum-seeking methods.

Section 6 contains the summary and conclusions.



2. PROPOSED 1-83/1-95 INTERCHANGE

The proposed I-83/I-95 interchange is part of the 3-A System
of Roadways.

2.1 DESCRIPTION OF 3-A SYSTEM

The proposed 3-A System for Baltimore consists of the 22.7
miles of expressways and boulevards shown (as dashed lines) in
-Figure 2.1. The following road segments comprise the system:

a. The extension of I-83 south to the Inner Harbor, then
east, connecting the I-95 at an interchange north of the Harbor
Tunnel entrance.

b. I-95 from the southwest City Line, across South Baltimore,
across the Harbor at Fort McHenry, turning northeastward and
connecting with the existing I-95 at the eastern City Line.

c. I-70N from the western City Line, through Leaking Park,
turning southeastward and connecting with I-95 in southwest
Baltimore.

d. 1I-170, an expressway spur from I-70N to City Boulevard
west of the City Center.

e. I-395, an expressway spur from I-95 northeastward to City
Boulevard south of the City Center.

f. City Boulevard, a semi-circle running from the south side
of the Inner Harbor and connecting with I-83 north of the City
Center.

The 3-A System was designed by the Urban Design Concept Team,
a multidisciplinary group of leading architects, planners, and
designers. This approach to the planning of the System was approved
by the U.S. Department of Transportation on September 24, 1967.
In mid-January 1969, the Bureau of Public Roads selected the 3-A
System from a group of three candidates proposed by the Concept
Team.
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2.2 SITE DESCRIPTION

Figure 2.2 is a diagram of the proposed I-83/I-95 Interchange
which consists of five elevated roads. Three at-grade roads, and
seven ramps of which four are ascending and three are descending.
In addition, the site contains numerous existing roadways. The
approximate dimensions of the interchange are 1.0 mile north-south
and 0.8 mile east-west.

The site is mainly occupied by a tank farm, by warehouses,
and by utility buildings of the Baltimore Highway Department.
There are three cemetaries to the east of the proposed I-95 location.
The main residential areas are in the northern and eastern positions
of the site. The existing Harbor Tunnel Thruway runs north-south
through the center of the site.
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3. TSC/EPA HIGHWAY LINE SOURCE MODEL

The air quality analysis for the proposed I-83/I-95 interchange
was performed with a modified version of the TSC/EPA highway 1line-
source model. The original TSC/EPA model (Reference 1) is discussed
below and the modifications incorporated for the present analysis
are described in subsequent sections. Appendix A contains the
improved model program, including the modification.

3.1 ORIGINAL TSC/EPA HIGHWAY LINE SOURCE MODEL

The TSC/EPA Highway Line-Source Model is an air-pollution-
dispersion model of the Gaussian type. The computer program for
this model was originally written by J. Zimmerman, EPA National
Environmental Research Center, Research Triangle Park, North
Carolina. Major modifications to the original model were sub-
sequently made at TSC by the second and third authors. The model
program is written in FORTRAN IV. Examples of the use of the
original TSC/EPA Model for analyzing highways, streets, or complex
interchanges are discussed in Reference 1.

3.1.1 Model Description

The model can calculate the pollutant concentration at any
number of receptors that is produced by any number of straight-
line read-segment sources. Each road segment may consist of one
or more lanes, with or without a center strip. A complex set of
roadways; e.g., an interchange, can be modeled by a large set of
such road-segment sources,

The model first calculates the location of uniform-emission
line sources to represent each lane of each road segment, based on
the location of the centerline of the road, the road width, and the
width of the center strip. Then, it calculates the concentration
of each receptor because of each line source. Finally, it sums
the contributions of each receptor caused by each lane of each
road segment to produce the final computed concentration.



The concentration of a single line source at a receptor is

given by:
L
C(R) =/ Q Pp(r)de
0
where C(R) is the concentration at receptor R,
L is the length of the line source,
QS is the line-source strength, and

Pr(z) is the concentration produced at receptor R by a unit-
strength point source located a distance % from the
end of the line source.

To compute the integral, the model divides the line source
into small line-source segments and sums the contributions of each
segment of the pollutant concentration at the receptor. The line
source is divided into a progressively greater number of smaller
line-source segments until successive calculated values of pollutant
concentration at the receptor. The line source is divided into a
progressively greater number of smaller line-source segments until
successive calculated values of pollutant concentration seems to
have converged. The contribution from each small line-source
segment is calculated by the trapezoidal rule, which approximates
the contribution to the integral by a small line-source segment as
the average of the contributions of point sources located at each
each of the segment. Thus, the above equation becomes:

Qq “’R(O)Z" PR(§)+ Pr (?N_L)z+ PR (NL')+ ] -

_ N=1
RS lp(0)+2p(i_‘:+-l-p(L) + E
N |2 Fr R \N)* 2 Pr N
i i=1



where: N is the number of line-source segments of % into which the
line source has been divided, and

EN is the error term (which decreases as N increases).

Thus, each step in the calculation of the concentration,
because of the line source, is reduced to the calculation of the
concentration at the receptor caused by N point sources. N is
continually doubled until a convergence criterion is met.

To calculate the concentration at a receptor of a point

source, the TSC/EPA Model uses the following equation adapted from
Reference 2: '

vl oty 2 : 2
PROXY X,H) = o= exp <—Lz>[exp (-—(Z 7 >+ exp (L—L“*Z* )+
y z

v 20y Zoz 20z
J
o] |
N=1
- (z-H- 2NM) 2 - (z+H- 2NM) 2 _ 2 -H+2ZNM)
A(N) A exp > ) + exp 3 + exp — =
20 20 20
Z z z
2
+ exp -(Z+H+§NM) ’
20

Z

where: PR is a concentration point at receptor R which is located
at point (Xx,y,z) because of a unit point source of
pollution located at point (O, O, H). [x is the down-
wind distance; y is the crosswind distance, z is the
vertical distance, and H is the source height.],

U is the windspeed,

cy, a function of x, is the standard deviation of concen-
tration in the crosswind direction,

o] a function of x, is the standard deviation of concen-

tration in the vertical direction,

)



M is the height of the mixing layer, and

J is chosen, such that N=J is the first value of N, so
that A(N) is less than a given small constant.

The equation is a form of the standard Gaussian plume model of
air-pollution dispersion. The first exponential accounts for cross-
wind dispersion. The first z exponential gives the contribution
of pollution directly from the source. The second z exponential
gives the contribution of pollution which was reflected from the
ground. The A(N) terms account for multiple eddy reflections from
both the ground and the stable layer.

The TSC/EPA Model considers multiple wind directions, rather
than a single wind direction, and computes principal wind direction
concentrations by sector-averaging. It is possible for the worst-
case traffic and meteorological conditions to occur for any wind
direction. Since the wind direction is a variable of primary
importance in the determination of the pollutant concentration
produced at a given receptor by a given road configuration, it is
desirable to consider many wind directions for each situation
considered. Therefore, the model iterates on wind direction so
that results for several wind directions can be produced sequentially
in one model run. From these results, the worst-case wind
direction can be chosen for each receptor, and thus, the worst-
case results can bhe used. In general, the worst-case wind direc-
tion will be different for each receptor.

Because of the known variability of wind direction at the low
wind-speeds usually considered in worst-case computations, a
sector-averaged pollutant computgtion of the following form is

used:
_ 1 - o °
Cop = 7 [C(en 22.5°) + 2C(8 ) + C(8 + 22.5 )] )

where: CSA is the sector-average pollutant concentration for a
principal wind direction,

c(e) is the calculated concentration for wind direction, and

en is the nominal angle for the principal wind direction.

10



Using the multiple wind-direction capability, 16 different
runs are made using wind directions every 22.5 degrees. The model
then automatically computes the pollutant concentration at each
receptor for each principal wind direction, using sector-averaging.

3.1.2 Inputs

The model accepts the following inputs:

a) Endpoints of the centerline of each road segment,

b) Width of each road segment,

c) Width of the center strip of each road segment, if any,
d) Height of emissions for each road segment,

e) Emission strength of each lane of each road segment,

f) Wind directions to be used,

g) Wind speed,

h) Height of the mixing layer, and

i) Coordinates of the receptors.

3.1.3 Outputs

The output of the model contains all of the above input
parameters in addition to the predicted pollution concentration
at each receptor for each wind direction considered.

3.2 MODIFICATIONS TO ORIGINAL TSC/EPA MODEL

Two modifications had to be incorporated into the original
TSC/EPA highway line-source model to deal with the complexities
of the I-83/I1-95 interchange: (a) provisions for entering the
heights of both endpoints of each road segment to accommodate
ascending and descending roadways, and (b) subdividing total
pollutant concentration at each receptor into the components;
namely, the separate contributions from ascending, descending, and
horizontal road segments(done to permit the introduction of
separate emission factors for these three types of road segments).

11



3.2.1 Modification to Accommodate Ascending and Descending Roadways

This modification was accomplished by introducing as input
parameters the heights of the two endpoints of each road segment.
The z-values along the line segment which are required in the emis-
sions computations are then calculated by interpolation.

3.2.2 Modification to Subdivide Predicted Pollution into Contri-

butions from Sloping and Horizontal Road Segments

TSC had intended to use separate emission factors for each
sloping road segment which would be a function of the direction (up
or down) and inclination of the segment. However, conversations
with knowledgeable personnel of EPA at both Raleigh and Durhar,
North Carolina, and Ann Arbor, Michigan, revealed that no work
had been done on estimating emission factors for sloping roads.

To obtain a rough estimate of this effect, TSC made several
runs with a computer model of vehicle performance which TSC had
developed. Using this model, a standard automobile was run through
the EPA 7.5-mile urban-drive cycle for 4 road inclinations:

0 (horizontal), 2, 4, and 6 degrees all ascending. (A 6 degree
incline is the maximum planned for the I-83/I-95 interchange.)

The model computes the total fuel consumption for the cycle.

As expected, it was found that fuel consumption is nearly a linear
function of road inclination, so that compared to the amount of
fuel consumed at 0 degrees, the percent increases at 2, 4, and

6 degrees were 9, 20 and 30 percent respectively. Similar
decreases in fuel consumption could be anticipated for descending
roads of the same slopes. (These computations were not made.)

It would be reasonable to assume that the percentage change in
an emission factor caused by road slope would be the same as the
corresponding percentage change in fuel consumption. Since these
estimated changes of slope are relatively small, it was decided
not to modify the model to incorporate separate emission factors
for sloping road segments. Instead, the model was altered to
output separately the contributions of ascending, descending, and

12



horizontal road segments to the total pollution at each receptor.
By subdividing the results in this way, it will be possible to
analyze if the use of separate emission factors for inclined roads
is desirable.

3.3 MODEL VALIDATION

Because of the unavailability of reliable air quality data
suitable for model validation, the TSC/EPA Model has not, as yet,
been fully validated. However, it was one of 13 air-pollution-
dispersion models whose model predictions were compared in a recent
study (Reference 2). The outputs of the 13 models were compared
against each other for the same set of input data to determine how
closely the model predictions agreed with one another. The TSC/
EPA model and four other models (two Gaussian and two Conservation
of Mass) emerged as Consensus Models, yielding results agreeing
closely with one another. Although it is impossible, in the absence
of validation data, to determine if the predictions of these
Consensus Models no more accurate than those of the other models,
none of the Consensus Models are likely to harbor theoretical or
programming errors since their results agree closely with each
other. Furthermore, since the set of Consensus Models contains
models based upon two different theoretical formulations, this
lends further credence to the validity of these models, including
that of the TSC/EPA Model.

13



4, TSC AIR QUALITY ANALYSIS OF PROPOSED 1-95/1-83
MULTILEVEL INTERCHANGE

4.1 ROAD SEGMENTATION

An overall view of the proposed I-83/I-95 interchange can be
seen in Figure 2.2. The first step in the TSC air quality analysis
was to break this complex interchange up into 21 separate roadways
and ramps. These 21 roadways and ramps were then divided into 133
straightline segments of roadway for use with the improved TSC/EPA
Model. A typical roadway, I-95 Northbound, is shown in Figure
4.1, with its eight segments indicated. The complete set of 21
roadways with 133 segments is shown in Appendix B. Appendix C
shows the endpoints of each segment and segment width and number of

lanes.

4.2 EMISSION CALCULATION

The emissions for each roadway segment are found in the pro-
gram for the segment data and from the number of vehicles per hour
on the segment, the traffic speed on the segment, and the emissions
factor. The projected traffic densities and speeds for 1-95
Northbound and Southbound for a 1980 peak hour case are shown in
Table 4.1. The project densities and speeds for all segments are
shown in Appendix D. Appendix D.1 shows the 1980 peak-hour data;
Appendix D.2, the 1980 off-peak-hour data; Appendix D.3, the 1995
peak-hour data; and Appendix D.4, the 1995 off-peak-hour data.

The emission factors used are shown in Table 4.2,

4.3 RECEPTION LOCATION

Eleven receptors were used in this air quality analysis.
They were positioned at the points of expected maximum pound-
level pollution concentrated. Their positions are shown with the
stars in Figure 4.2. They are listed in Table 4. 3.

14
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TABLE 4.1

AND SOUTHBOUND (SB)

1980 Peak Hour = 50% at 1980 Peak Period (2-Hr)
Trucks - I-95 - 11% Mainline Only
I-83 and Others - 5%

EMISSIONS FOR I-95 NORTHBOUND (NB)

17

19 80 EMISSION
lsigg"l"'l‘s; veh/hr % SPEED FAC‘{ORmf)er co m, :1 geé%
g%é# Tane ane
NB MPG 11%

1 || 6100 1525 50 11
2 116100 1525 50 11

31| 4400 1100 50 11 oo
4 || 4400 1100 50 11

5 1] 4400 1100 50 11

6 || 4400 1100 50 11 _
7 1] 6350 1270 50 11 )
8 || 6950 1160 50 11 -

'SB

10 || 3750 938 50 11 -
11 || 1950 650 50 11

12 |[ 1950 650 50 11 )
13 || 1950 650 50 11

14 {] 1950 650 50 11

15 || 1950 650 50 11

16 || 1950 650 50 11

17 | 1950 650 50 11




TABLE 4.2 CARBON MONOXIDE EMISSION FACTORS
(Grams Per Mile)

Heavy Duty Vehicle, Percent
Year Speed 17 11 9 5
1980 50 12.52 10.12 9.3 7.61
40 13.82 11.05 0.0 0.0
20 15.37 11.9
10 21.08 15.95
1995 50 9.78 7.19 6.30 4.48
40 10.88 7.95 0.0 0.0
20 10.43 6.75
10 14.33 8.90
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4.4 CALCULATED CONCENTRATIONS FOR 1980

The computed concentration for the 1980 peak-hour case can be
found in Table 4.4. The maximum peak-hour concentration of 7.02
parts per million (ppm) occurs at receptor 9 with winds from a
westernly direction. This value is far below the national one-hour
primary ambient air quality standard for CO, which is 35§ ppm.

The 1980 off peak hour results are shown in Table 4.5. The
maximum concentration found was 2.45 ppm occurring at receptor 9
with the wind from the west. This value is also far below the
national one-hour primary ambient air quality standard.

A1l peak-hour and off-peak-hour concentrations are less
than the national eight-hour average primary ambient air quality
standard of 9 ppm for CO. Thus, any combination of eight hours
will clearly be below the national standard.

4.5 CALCULATED CONCENTRATIONS FOR 1995

The computed concentrations for the 1995 peak-hour case are
presented in Table 4.6. The maximum peak-hour concentration of
5.00 ppm occurs at receptor 9 with winds from the westerly direction.
This value is far below the national ambient air quality standard.

The results for the off-peak-hour case in 1995 are shown in
Table 4.7. The maximum concentration found was 2.15 ppm at
receptor 9 with wind from the west. This value is far below the
national primary ambient-air-quality standard.

As for 1980, all 1995 peak-hour and off-peak hour concentrations
are considerably below the national eight-hour average standard.
Thus, any eight-hour average will satisfy the standard.

4.6 USE OF ASCENDING AND DESCENDING ROAD-EMISSION FACTORS

It will be noted that the air-pollution levels associated
with this interchange are low at all receptors, the maximum being
only 7.02 ppm for the peak hour in 1980. In most cases, the
contributions of the ascending and descending roads to the total
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TABLE 4.4 PEAK HOUR CONCENTRATIONS (Parts Per Million)

RECI.PTOR WIND DIRECTION
NUMBER N NE E SE s SW

0.35 | 1.4310.67 | 3.26 12.17

00
41|70.29 | 0.00 [0.23 | 2.24 |3.43
77

N .-lo
oina| =
S | ole

o

w

&

0.89 | 0.91 |0.68 | 1.16 |3.21

4 "2.49|1.11 [ 0.40 [0.00 | 0.01 |1.24 |2.53 | 1.82

2.17| 2.13 | 0.75]0.08 | 0.46 |0.97 | 1.02 | 1.68

0.63| 0.98| 1.25) 1.25 | 1.59[1.12 | 0.26 | 0.36

7 || _0.22| 1.56| 2.60| 1.71 | 1.77|1.24 | 0.44 | 0.00

8 2.05| 0.74 0.00| 0.00 | 0.00|0.08 | 0.15| 0.38

9 || _o0.19| 0.06| 0.73| 2.52 | 2.32|3.45 | 7.02| 2.67

10 770.89]70.10| 0.00| 0.25 | 2.80 ] 2.89 | 1.27

11 || 1.00 2.11| 1.31{'1.57 | 1.35]|0.90 | 0.37 | 1.28

—— e — e ———— e ——— e |~ d e —_— e —
U — e e - e e g st
R —— SRPUCHEpNOIN | SO U ST — e ]
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TABLE 4.5 OFF-PEAK HOUR CONCENTRATIONS
(Parts Per Million)

wlict nT0R WIND DIRLECTION
NUMRER N NE E SE S oW w NW
1 0.00 |0.13 | 0.44 [0.22 [1.20 {0.89 [0.28 |0.02
2 ||.0.39 |0.12 |0.00 |0.08_|0.79 [1.22” |0.51 |o0.14
3 0.98 {0.32 | 0.33 |0.25 |0.36 |1.09 |0.72 | 0.59
4 || 0.8 0.40 | 0.15 |0.00 |0.00 [0.48 |0.88 | 0.66
5 || 0.76 [0.73 | 0.27 [0.03 [0.16 [0.38 |0.38 | 0.62
... 6 1/ 0.28]0.36 | 0.45 |0.43 |0.53 [0.40 |0.09 | 0.17
7 0.10 /0.52 | 0.92 10.60 [0.63 [0.41 [0.14 | 0.00
.8 || 0.82}10.26 | 0.00 |0.00 | 0.00 |0.04 |0.07 | 0.16
9 0.04]0.02 | 0.24 [0.90 | 0.84 [1.26 |2.45 | 0.88
10 0.270.02 | 0.00 |0.10 'p.éi 1.01 | 0.50 | 0.45
11 0.41]0.63 | 0.47 |0.57 | 0.46 |0.33 |0.17 | 0.58
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TABLLE 4.6 1995 PLEAK HOUR CONCENTRATIONS
(Parts Per Million)

RLCI PTOR WIND DIRLELCTION
NU''BER N NL E SE S oW

=)

300.47 [2.31 |1.62
.00 [0.16 | 1.65 |2.54
0.49 |0.84 [2.34
0.00 |0.01 10,96
.53 0.06 | 0.35 0.81
.88 |0.87 | 1.18 |0.83

=i oo
| oois ! ol | =

o o!
'a,l

. 1
[ Il
- | O

'D—‘l\D
1

© &,

N
}

7 |} 018/ 1.14 | 1.85[1.28 | 1.34 |0.86 | 0

8 1.64| 0.52 0.00 | 0.00 0.00 10.07 0.13
9 0.15) 0.04 | 0.52|1.79 | 1.65 |[2.50 | s
10 0.64| 0.08 0.00| 0.18 1.99 | 2.06 0

& = = SR R
= =R —— = Sk - - -— -




TABLE 4.7

1995 OFF-PEAK HOUR CONCENTRATIONS
(Parts Per Million)

24

p—— "IND DIRLCTION
SNUVRER N NE E SE S SW L] Nk
1 0.00/0.12 | 0.40 [0.20 | 1.07 |0.82 | 0.26 | 0.02
2 0.36, 0.11 | 0.00 [0.07 | 0.70 |1.10 | 0.47 | 0.13
3 110.8610.27 | 0.29 [0.25 | 0.28 [0.91 | 0.63 | 0.52
4 0.76 | 0.35 | 0.130.00 | 0.00 [0.40 |0.75 | 0.57
5 0.67/0.63 | 0.22]0.02 | 0.13 |0.34 | 0.33 | 0.55
6 0.25| 0.31'| 0.39(0.36 | 0.46 |0.37 [ 0708 0UT6T
7 0.101 0.47 | 0.80|0.51 | 0.57 0.3 | 0.13 | 0.00
8 0.73) 0.22 | 0.00(0.00 | 0.00|0.04 | 0.06| 0 14—
9 0.04/ 0.02f 0.21/0.79 ' 0.74|1.11 | 2.15 | 0.78
10 0.24| 0.02| 0.00| 0.08 | 0.84|0.88 | 0.46 | 0 a1
11 0.38) d:57| 0.42| 0.50 | 0.40|0.30 | 0.16] 0.55 "
SR SR RS - L - ———— e .




pollution was considerably less than the contribution of the
at-grade roads. Thus in view of the overall low-pollution levels,
it was deemed unnecessary to use separate emission factors for the
ascending and descending roads of this analysis. At such time as
EPA promulgates emission factors for such situations, it will be

a simple matter to incorporate them in the TSC/EPA model.
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5. ADDITIONAL ANALYSIS

In the air-quality analysis described in Section 4, the
receptor locations were chosen in the standard manner were to be
those points which were accessible and which expected to have the
highest pollutant concentrations. In this section, an improved
method of determining receptor locations will be discussed.

The points of maximum pollutant concentration near an at-grade
road are easily found to be the accessible ground-level points which
were closest to the roadway. For an elevated highway, if one
confines interest to ground-level receptors, theoretical values
of the approximate location of maximum pollutant concentration
(given the height of the elevated roadway) can be found. These
maximum points will be at a distance from the road, which is
dependent upon the roadway height.

However, for a complex multilevel interchange such as the one
analyzed in this report, the location of the maximum concentration
points is not so klear. Each at-grade roadway will yield its
maximum ground-level pollution as close to the roadway as is
accessible, but the elevated road sections will produce maximum
ground-level pollution at distances from the roadway increasing
with increasing height of the sections. The combination of several
at-grade road sections and several elevated sections of various
(and varying) heights, with each section having different geometry
and emissions levels, is much too complex to allow a simple deter-
mination of the points of maximum ground-level concentrations. The
use of engineering judgment is guess the location of maximum pollu-
tant concentrations (as was done in Section 4) is a reasonable
method. However, methods of maximum seeking can be used to find
better locations for these maximum points.

5.1 MAXIMUM GROUND-LEVEL POLLUTION POINTS FOR SINGLE ROADWAYS

Using the Gaussian formulation for an infinite line source,
the concentration at a ground-level receptor can be written as (1):
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C = (2Q/(SQRT(2pi) U SI1Gz)) (LEXP (-H**2/2S1Gz (X)), (1)

where C the concentration at a point at distance X from the line

source,
Q = the emission per unit length,
U = the average windspeed,
H = the height above the ground of the line source, and

SIGz

the vertical dispersion coefficient, a function of X.
This can be written as:
C(X) = A/SIGz(X) (FXP(-H**2/2SI1Gz(X)), (2)
where A = 2Q / U (SORT(2pi)).
For an at-grade line source, (H=0), Equation (2) becomes
C(X) = A/SIGz(X). (3)

Thus, C(X) is maximum when SIGz is at a minimum. Figure 5-1
shows SIGz versus X, from Reference 2. It can be seen that for all
stabilities, SIGz monotonically increases with X. Therefore, it
is clear that SIGz(X) will be minimum (and C(X) maximum) for the
smallest possible value of X. This would correspond to the
closest accessible point to the road.

For an elevated infinite line source, to get the maximum
ground-level pollution, Equation (2) is differentiated and set to
zero, yielding:

SIGz(Xmax) = H. (4)

Thus, the maximum ground-level pollution from an infinite
line source of elevation H will occur at that distance Xmax such
that SIGz(Xmax) equals the road height. A table of Xmax values for
elevated roadways of 30, 40, and 50 feet is shown in Table 5-1.
Note that the point of maximum ground-level pollution is at some
distance from the roadway, in some cases over a quarter of a mile.
The value of maximum ground-level pollution concentration is:

C(Xmax) = A/H (EXP -1/2),

2.7
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which is, interestingly, independent of stability.

The TSC/EPA Model was run for a very long (i.e., "infinite")
road which was at a 50-foot elevation. For each stability, a
ground-level receptor was plaeced every 100 feet from the road. The
receptor with the maximum pollution for each stability is shown in
Table 5-2. These distances compare well with the ground-level
maximum concentration distances for a 50-foot-high roadway, as
shown in Table 5-1.

5.2 MAXIMUM GROUND-LEVEL POLLUTION POINTS FOR COMPLEX MULTILEVEL
INTERCHANGES
As discussed above, for a given stability, elevated roadways
of different heights will have maximum ground-level pollutant
points at different locations remote from the highway, and ground-
level roadways will produce maximum ground-level pollutant values
as near as possible to the roadway. Therefore for a complex
multilevel interchange with many road segments of different height,
orientation, traffic volume and speed, the locations of the
points of maximum ground-level pollutant concentrations are not
obvious.

A two-dimensional stepwise maximum-seeking technique can be
used to find such points. Such techniques are often used to find
extremes of functions in a two-dimensional plane, and can be applied
to the present situation.

One method, which might be called the one-dimensional search
method, involves the following steps:

a. Choose a reasonable set of initial ground-level
receptors.

b. Find the wind angle that produces the largest ground-level
pollutant concentration at the receptor because of the interchange.

c. Search along a line through the receptor point and parallel
to the maximum wind direction. Find the point of maximum pollution.

The search can be accomplished by trying a set of receptors
along with line, each a certain distance (e.g., 100 feet) apart
and finding the one with the highest pollution.
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TABLE 5.1 DISTANCE TO MAXIMUM GROUND-LEVEL POLLUTION FROM
INFINITE ELEVATED LINE SOURCE

(feet)
STABILITY HEIGHT OF INFINITE LINE SOURCE
30 40 50
A 223 - 289 361
B 282 384 482
C 417 574 725
D 705 1010 1312
E 1033 1549 3018
F 1788 2641 3773
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TABLE 5.2 MAXIMUM GROUND-LEVEL POLLUTION FROM
50-FOOT HIGH INFINITE LINE SOURCE AS CALCULATED
BY TSC/EPA MODEL

(feet)
STABILITY DISTANCE FROM ROAD OF
RECEPTOR WITH MAXIMUM
POLLUTANT CONCENTRATION
A 300
B 400
C 700
D 1200
E 2000
F 4100
ROAD ENDPOINT NO. 1: (-5000,0,50)
ROAD ENDPOINT NO. 2: ( 5000,0,50)
VEHICLES PER HOUR: 10,000, S5 percent HDV
SPEED: 40 MPH
MIXING HEIGHT: 20,000 ft.
WIND: 0. 1 MPS
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The one-dimensional search method was applied to the I-83/I-95
interchange, using as initial points the receptors of Section 4.
The results are shown in Table 5-3.

As might be expected, the maximum value found using this method
still occurs at receptor 9. The value 8.77 ppm found at this receptor
is still quite below the ambient-air-quality standard.

Other methods of maximum-seeking can be used. For example,
a two-dimensional grid search method would consist of the
following steps.

a) Choose a reasonable set of initial ground-level receptors.

b) For each initial receptor (Xo,Yo), find the pollution
at the four surrounding points: (Xo+D,Yo), (Xo-D,Yo), (Xo,Yo+D),
and (Xo,Yo-D).

c) Move each receptor to that one of the four surrounding
points with the highest pollution concentration.

d) Repeat steps (2 and 3) until a relative maximum is
found for each initial receptor.

This technique has not as yet been applied by TSC to the
1-83/1-95 interchange since the technique involves a much greater
amount of computational time than the one-dimensional search method.
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TABLE 5.3

MAXIMUM GROUND-LEVEL CONCENTRATIONS USING
ONE-DIMENSIONAL SEARCH METHOD

RECEPTOR INITIAL { POLLUTION MAXIMUM POLLUTION
NUMBER | RECEPTOR | CONCENTRATION |STAB. |WIND ANGLE | MAXIMUM RECEPTOR | CONCENTRATION

P.P.M. (DEGREES) (P.P.M.)

1 8670, 4800 1.29 A |202.5 8860 ,4860 2.21

2.21 B |202.5 8860, 4860 4.03

3.06 c |202.5 8860 ,4860 5.00

4.10 D |202.5 8860, 4860 6.60

4.47 E |202.5 8860,4860 6.81

4.56 F_}202.5 8955 ,4890 6.14

2 8945, 4580 0.71 A [202.5 8945, 4580 71

1.46 B |202.5 8945 ,4580 1.46

2.23 c |[202.5 8945 ,4580 2.23

3.93 D |202.5 8945,4580 3.93

5.10 E |202.5 8945,4580 5.10

5.99 F_1202.5 9040,4610 6.61

3 8530, 3080 1.39 A [247.5 8890, 3560 1.69

: 2.13 B |247.5 8890,3560 2.18

2.72 c |247.5 8890, 3560 2.78

3.77 D |247.5 8530,3080 3.77

4.52 E |247.5 8530, 3080 4.52

5.57 F |247.5 8530 ,3080 5.57

3 8545, 72660 1.21 A [270.0 8545,2860 1.61

1.82 B [270.0 8545, 2860 2.58

2.27 c {270.0 8545,2860 3.07

3.15 D |270.0 8545,2860 3.97

3.60 E ]270.0 8545,2760 4.81

3.58 F_|270.0 8545,2760 6.16

3 8100,2420 0.99 A | 22.5 7625,2345 1.61

1.55 B | 22.5 7625 ,2345 2.20

1.99 c | 22.5 7625,2345 2.64

2.77 D | 22.5 7815,2375 3.62

3.42 E | 22.5 7720,2360 4.39

4.52 F | 22.5 7815,2375 5.34

[3 7500, 3200 0.96 A | 180.0 8400, 3200 1.38

1.44 B |180.0 8100, 3200 1.82

1.86 c |180.0 8100, 3200 2.02

2.22 D |180.0 84003200 2.24

2.22 E |180.0 8400, 3200 2.62

1.79 F |180.0 8400, 3200 3.30

7 7400,2890 1.29 A | 90.0 7400,2690 2.17

1.98 B | 90.0 7400,2690 2.86

2.3 c | 90.0 7400,2690 3.31

3.06 D | 90.0 7400,2690 3.80

3.66 E | 90.0 7400,2790 4.31

4 64 E | 90.0 7400,2790 5.61

8 7765, 1000 1.24 A 0.0 7765, 1000 1.24

1.90 B 0.0 7765,1000 1.90

216 c 0.0 7765 ,1000 2.16

2.63 D 0.0 7565,1000 3.40

3 14 E 0.0 7665 ,1000 4.48

3.59 F 0.0 7665 ,1000 6.76
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TABLE 5.3 MAXIMUM GROUND-LEVEL CONCENTRATIONS USING
ONE-DIMENSIONAL SEARCH METHOD (CONTINUED)

RECEPTOR| INITIAL POLLUTION MAXIMUM POLLUTION
NUMPER | RECEPTOR CONCENTRACTION ISTAB.) WIND ANGLE| MAXIMUM RECEPTOR| CONCENTRATION
P.P.M. (DEGREES) (P.P.M.)
9 9800,2900 2.90 A 270.0 9800,2900 2.90
3.84 B 270.0 9800,2900 3.84
4.84 C 270.0 9800,2900 4.84
6.68 D 270.0 9800, 2900 6.68
7.72 E 270.0 9800,2900 7.72
8.77 F 270.0 9800,2900 8.77
10 8810,4000 1.07 A 202.5 8100,4000 1.07
2.18 B 202.5 8100,4000 2.18
3.15 C 202.5 8100,4000 3.15
5.44 D 202.5 8100,4000 5.44
7.05 E 202.5 8100,4000 7.05
8.56 F 202.5 8100,4000 8.57
11 8100, 3800 0.84 A 112.5 8280,2945 1.16
1.23 B 112.5 8280,2945 1.39
1.44 C 112.5 8280,2945 1.60
2.14 D 112.5 8100, 3800 2.14
2,87 E 112.5 8100,3800 2.87
4.15 F 112.5 8100, 3800 4.15
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6. SUMMARY AND CONCLUSIONS

In this report, a case study on the computer analysis of air
pollution produced by a multilevel complex interchange has been
presented. This study is concerned with a series of air-quality
analyses performed by TSC for the proposed I-83/I-95 interchange
in Baltimore, Maryland, at the request of the Federal Highway
Administration, Region 3. The analyses showed that the national
primary standards for air pollution would not be exceeded in either
1980 or 1995, for both the peak and the off-peak hours.

The air-quality analysis for the I-83/I-95 site is treated in
this report as a case study, exemplifying the TSC air-quality-
analysis methodology. This methodology consists of five steps:

(a) Road Segmentation -- dividing the road configuration into a

set of homogenous straight segments; (b) Emissions Calculation --
using traffic volume and speed estimates to calculate the pollutant
emissions of each segment; (c) Receptor Location -- positioning the
points at which concentrations will be calculated at strategic
locations; (d) Peak-Hour-Concentration Calculation -- calculating
pollutant concentrations for a peak-hour traffic situation; and

(e) Off-Peak Concentration Computation -- calculating pollutant
concentrations for off-peak-hour traffic situations. The procedure
for each step is described in this report. A set of standard tables
are used for data entry in carrying out the five-step process.

The above methodology was used to calculate pollutant con-
centrations for the interchange. The site includes elevated high-
ways, streets, and ramps, both ascending and descending. The complete
standard tables for each air-quality analysis are shown in the
report.

TSC methodology is based upon the use of the TSC-modified
version of the EPA Highway Line-Source Model. The original EPA
model is a Gaussian plume air pollution-dispersion model,
specifically tailored for calculating air-pollution dispersion
from a single highway-line source. This model was modified for
use in the five-step procedure. The modifications allow for:
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(a) the input of ascending and descending roadways; and (b) the
subdivision of predicted pollution into contributions from sloping

and horizontal road segments.

TSC five-step approach to the computer analysis of vehicle-
source air pollution (as shown in this case study) is an easy-to-
use, straightforward procedure which can be followed in the perfor-
mance of future air quality analyses. Within the limitations of
the model and the traffic estimates used, it can produce reasonable
estimates of worst-case pollutant concentrations for comparison
with the EPA national ambient air quality standards or other one-
hour and eight-hour standards. Use of an improved or expanded
model would allow for a greater variety of applications and for

improved accuracy of results.
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APPENDIX A. LISTING OF UPGRADED TSC/EPA MODEL PROGRAM

THIS PROGKANM CALLULATLS ThE CONCLNTRATICN FROM A LINE SUURCE
AT tACH Ot A NUMBER OF KECEPTUKRS. SUDROUTINE RELCU
IS CALLEC WHICH IN TUkI CallS SuBROUTINE SI1GWMA,

DIMEUSION XVZ(6) e XVI(B) v S(24) s HEAL(20)+85S(1b47)
DIMLNSION AR(1647)

DIMENSION XPKRK(30) e YPRRO3U) +ZPRR(30)

DIMENSION AMGLLGIT) oM IS(HU) sPULL(80+20)+SCLS(30)

DIMENSION XRD2(140)+sYKDL(140) seRD2(L40)

UDIMENSTION CONTR(133+11)
CIMENSICHh XkD1(140)+YRLL(140)+Z4RD1(140)
OIMENSION ILXNL(L140) «XWILTH(140)

DIMEWSION ITYF(140)+1SCT(140)+C(11416+7)
DIMENSION JSECT(140)+NCAR(140)«NSPLT(140)ISPD(140),
1 JHLV(140)
CCMMOIN /A/ LYL6E)1GZ2(E6)
DATA XV2/04U01240e012904u0l7406Jd27+0,U35,0,058/
DI\TA XVY/.UU9. -013' .UZC' 0U32| QU“L’! QU"“"/
DO 777 1=1.11
DC 777 u=1l.16

CO 777 K=1.7
C(lsJdeK)=0.0

777 CONTINUE
JkD=9Y
ANGL(1)=0,0
00 1 I=2.16
ANGL (1)=ANGL(1-1)+42ce5
1 CONTINUL

IRD=10
NANG=16
NRECH=¢



401

433
72
71

NCASL=133
IwnRl=12
IWRR=¢
LLR=14
Lu=11
XMET=,30u48
HL=1000,0%XMED
H=3,0#XNET
CNTR=0.0
REAU THE RECLFTORS
REAL(LLR401) (YPRR(I)vXPhR(l)oZPRR(l)oI=1cNRECP)
CONTINUE
WRITL(IWRI433) (XPNH(I)oYPRR(l).LPKR(I)'I=1vNRECP)
FORMAT(FO.1l4F7elelXeFl4o1)
FORMAT(F7.1eFbelvlXsFl4,1)
FORMAT(I241X+11)
FORMAT(515)
REAL YEAR AND wlND SFEEL
READ(JRLIT72)IYIRe1U
WRITL(IWRI«72) IYRo1U
u=1lu
READ EM1ISSION UATA
REAU(JRD.?I)(uSECT(I)'NCAH(I)-NSPLT(I)-ISPL(I)'JHDV(I)
1 +I=1+NCASL)
REAL ALL RUAL SEGMEMT CAlA
READ(IRDvl??)(ISCT(I).XdUl(I)'qul(l).ZRCI(I)'xRD2(1).
1 YHDZ(I)vZRDZ(I)oXWLLTH(I).IIKNL(A)oITYP(I)-I:lvNCASE)

177 FORMAT(1X+sI4+7F7414¢13)
7 FORMAT(2F9.3+12+F10.3)

JK=0
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CHECK TO SEE IF KOAL LATA ANU
EMISSION DATA ARE PKROPERLY LINED UP
DO 703 u=1.hCASE
TEMP=XRD1(J)
XRD1(J)=YKRD1(J)
YRO1(J)I=TEMP
STU=XRC2(J)
XRD2(J)=YRDZ (V)
YROz2(J)=STC
703 CONTINULL
bDC 508 1=1+NCASE
IF(ISCT(I)ebEWedSECT(INIGU TL SUB
JK=JK+1
5U8 CONTINUE
IF(Jh.EQe0) GO TO 6&uUS
WRITE(IWRI(SU3) JK
503 FORMAT (1X o *NUMBER UF UDISCREPANCIES IS "el1X+s14)
609 CONTINUE
88 FORMAT(IY)
9 FCRMAT(HF10.4)
10 FOCRMAT(2F10,.3)
11 FORMAT(I[2)
12 FORMAT(U4F10.34¢1342FLUe3)
13 FORMAT(8F10,3)
14 FORMAT(20A4)
45 FOCRMAT(1HOs 20AY4)
16 FOKMAT(1Xs ¢BHWIDTH OUF AT=-GRACL HIGHWAY IS +Fl0e3+¢3h M /
1 1Xe24HWIDTH UF CENIER STKIP 1S o F10.3 )
17 FORMAT(1Xs S7HEMISSLUN KATE (GRAMS/SECONC*METER) OF oI
1 8H LANE(S) )
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45

18 FORMAT(1H +36LTHE SLALL UF ThE COORUINATE AXES 1S vFlOeMol4H KM, )
19 FCKMAT(1h0+SIHLOUKULINATES OF THE ENUFOLNTS OF THE LANE SOURCE ARE
1F10.3¢1He+F10e347h ANU  +sF10e341Hv9F10e3)
«0 FORMAT(1IHOW17HWINL LIRECTION 1SeF7.0v25H LEGREES WIND SPEERD iS
1F7¢1411H METERS/SEC/19H STALILITY CLASS ISelZe1X,
2 25HHEIGHT CF LIMITING LIL 1S+F8.1e6HMETEKRS )
€3 FCRMAT(1Xy 1BHEMISSIUN HEIGHT IS v t8e3, Th METLERS )
cb FORMAT(LHO 152k RECLEFTOR LOCATION RECEPTOR CONCENTRATIO
1/6X9cHRR 910X+ 29HSK HE TohT (&) PPN )
30 FCRMAT(1H o3 (F10elaeh)eb15,.5)
31 FORMAT(1H1)
4 FORMAT(Fl0e300X912015038X412)
CONTINUE
KST=e
XPRIk(1)=9800.V
YPRR(1)=2900,.u
READ NUMBER UF CASES
READ(IRD +86)nNCASE
D0 3050 LY=1+NANG
DU 8 J=1+NRECP
SCLS(J)}=0,0
CONTINUE
D0 1U00 IDOW=1+NCASL

8888 CONTINUE

THETA =ANGL(LY)

KTY=ITYP(IDOW)

REALCIRD +12) REP1eSEPLWREP24SEF2yIANLWCANTRsWILTH
IXNL=TIXNLCIDUR)

XNL=T XM

READ NUMBEK UF RECLFTURS FUK ThIS CASE
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ccoccco0C

co

b0u02

READ (IRD +11) NRECH
READ(CIRD +34) heWNHLVSNVEH«WSFEED
ISP=1SFE(IDOW)
IRLV=UHDV(ILOW)
NVEH=NCAR(IDOW)
CALL FINDBGUIYRISPsIHVenVEHG)
READC(IRD +7) THETAWUsKST kL
B=Q/XxNL
0C 5002 I=1,I1xibL
WLS(1)=B
CONTINULL
REP1=XRO1(IDOW) *XME T
REP2=XRD2 (IDOUW) = XNME T
SEP1=YKD1(IDOW)*XML |
SEP2=YRD2(ILOw)* XML
WIGTH=XWIDTH(ILOW) #AMET
CNTR=CNTR%=XMET
REP1+SEP1 ARE THL COCRKRLINATES GF AN END FOINT OF THE LINE
SOURCE IN SOURCL CGORLIMATES,
REP2,SEP2 AREL ThHco CUORLINATES OF THC CTHER ENL FOIWNT OF THL
LINE SOURCE Il SUURCE CCORLINATLS.
H IS THE EFFECTIvE eMISSIUiw HEIGHT OF ThHE SOURCE I METERS,
CNTR IS THE WwlLTH OF THE C(CNTER STRLIF (M)
WIDTH IS ThE HIGHWAY WIDTH (M) FCR AT GRADE
XNL 1S THE WUMBEK OF LANES FCR THE AT-GRADE HIGHwWAY.
NL=XNL
IF(XNLeGToele) XNL=XI\L=1,
DELW=(WIDTH=CNTR) /XL
WRITEC(IWRI19)KEPL+LEPLeREPE'SEP2
WRITE(IWRI23)h
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C WRITE(IWRI17)NIL
19¢1 FORMAT(8F11,5)

C GLS IS THE LINE SUKCE STRENGTH (URAMS/SECONLU*METLR)
L WRITE (IWRI2)(GLLS(1)eI=1.NL)
2 FORMAT(8F12,06)

CuT=0,0
¢ XNCL IS THE WNUMEEK OF LINE SOURCLS RLPRESENTING 1HE TOP UF THE
C CUT SECTIUN.
o WIDTL IS THE wIOTH Ul THE TOP GF THL CUT(M)

IF(CUT.EQ.0.)60T0101
o DGLS IS THE (UT SECTI1OM SOUKCE STRENGTH

DGLS=0.

DO 40 I=1,.NL
40 DOLS=0OLS+6LS(I)
NL=XNCL
IF(XNDL.6Tele) XNLL=ANLL-1,
DOwWNL=NL
DGLS = DGLS/DUWNL
DELW=WIDTC/XNLL
¢ WRITE(IwkIv29)WILTC
€9 FORMAT(32H wIULTH OF 10F UOF CUT SLCTION IS +F10.843H M )
U0100I=1sNL
100 QLS(1)=paLS
6,0T0102
101 CONTINLUE
C 101 WRITEL(IWRIV16)WIDTH«CNTK
102 CONTINUE
THETA IS THE WINULU UIKELTIGN IN DL GREES.
U IS THE WIND SPLLD IN METEKS PER SLCOND .
KST IS THE STARILITY CLASS

o el e
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HL IS THL HLIGHT OF THe LIMITING LID
WRITE (IWRI«20) THEIA«UKSTeHL
GS=.001
GS 1S THE MEASURE BETWLEN COGCRUINATLES (KM),

WRITL(IWRI«+18) GS
WRITE(IWKI128)

CONVERTY CCORDINATE SYSTEWM SO TAAT HIGHWAY

IS ORIENTATED ALONG ZERU CEGRELES (MNATH SYSTEWN)

X1=RLP1
Y1=SEPL
X2=RLP2
Y2=StLP2
WRITE(IWRI+900U0) X1eYleXzeYe
DX=x2-x1
Dy=Ye-Y1
CALL ATH(DX+DY oANGH +LANG)
REFP1=Y1«SIN(ANGH)+X1*CUS{ANGH)
SEP1=Y14%COS (ANGH)=X1*SIN(ANGH)
REP2=Y2xSIN(ANGH) +Xc*COS (ANGH)
SEPZ=Y2%COS(ANGH) =XZ2*xSIN(ANGH)
WRITE(IWRI«9000) REPL1LeSLPLIREFPZ+SLPe

CONVERT WINU Ol CTLOlk WRT HIGHwWAY
THETA=THETA+DLANG
IF(THETA«LT0)THETA=THLTA+360.
IF(THETACGE ¢ 300« ) THETA=THETA=-360.,
T =THETA/S7.29%8

T IS ThHt wIN DIKECTION IN RADIANS
SINT=SIN(T)
COST=CGS(T)

SINT AND COST Akt THE SINE AND (CSINE CF THE WIND DIRECTION

43



P 18 THE LLMGIH GF Tihie L1NE SQUKLE
P:(((REPZ-RLFl)*(RIH?-HLP1)+(SLF?-SLP1)*(5[Pc-bEPl))#vo.S)vbs
Z1=ZKUL(IDUK I »XMET + 4y
22=4KD2(1DUKI*XNET+ |
04=2c-21
wRIIL(IwRI'17l)Zl'Z¢oCX.P

171 FOKMAI(lx.'Z"thq.v)
CC  $7% JDuw = 1oMRECPH
XXRR=XPRR (JLOW) * Xvel
XXszYPRR(dLOw)tXNLI
WRITE(IWRIZ9000) XAHR ¢ XXSF
Z=(PRR (UD0OW) » XMLT

XXRReXXS5ic AKE Thit CLURDINATES OF THE RLLEPTOR

¢ IS THE KECEPTUK HEIeHT I METLRS
IF(XXRR.LQ.&SSB.)GLIU35
CNTS:UO
CLS=0,

CONVERT RLCEPTGH CCUKLIKATLS wRT HIGFwnY
XRR=XXSR*SIN(ANGH)+AXHK'LLS(ARbF)
XSR:XXSH*COS(AhGH)-AXRR¢SIN(ANLF)

RR=XKR
b0%1 FORMAT(1XsI4eZXxo4E20e7)
D0600IL=14NL
DOWIL= IL-1
IF(CUT«NE.0,)6UTC?6
IF(1L.GT.NL/2.ANU.IL.hL.l)Cth=CN]k
76 IF(THETACGT.YU.0 ehAlilie THLTACLL «270.0 ) Gu TU 77

SR = XSR = DLLw = LVUWIL -ChYS 4 WILTH/2.0
GOTu78
77 SR = XSK + Delw = LUWIL +CNTS - WiLTH/2.0
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78

90u0
6857

172
5ude
5054

4403
4404

ESTU=0.
WRITE(IWRI+9UUL0)SReUANGeALGH
CALCULATE CUWNWIKLE AnD CPOSSWIND LISTANLES UF RECEPTOR IR.IS
FOR THE EWLPOINIS GF IHE LINE SuLRCE
R1=(RtF1l=kK)*LS
S1=(SEF1=SR)*u6S
R2= (KEF2=-RR)*GS
S2=(SEF2=SR) *»u>
X1=KR1*SINT+S1#L0UST
Y1=S14SINT-Kk1%CO0OS1
X2=Ke*SINT+52%LCST
Y2=S¢#SINT=-h2%(0ST
FCRMAT (4£15,5)
FORMAT (1X,316)
WRITE (IWRI+6897)ICCwsLLwaLY
DIS=(X2=-X1)#*2+{Y2=-11)%32
JIS=SERTINDIS)
FORMAT(1Xe*[LS*ebbicaB)
FORMAT(1X 8L 155)
FCRMAT (1X43E1b47)
X1,Y1 AKE THE LOwWAWIND ALLU CRGSSwINhlU CISTANCES (nM)
UF RECEPTUP IR+iS FRUM CNUt GINT KEPL19SEP1 OF Tht LINE SOUKCL
X2+Y2 AKL [HE DOwhlWIND AlLL CROSSwIN[ DISTANCES (KM)
UF RECEPTUF 1RelS Frumr tNUPCINT REF2eSEF2 UF Thi LINE SUURCE
TLST FOK AT LEASH GhL cNLFOINT UrwIND OF KRECEPTCh - GTHERWISE
CONCENTRATLION = u,
CHECK FUR KECEPTUk DOwnWwINL CF SOLRCE. IF NOTe SET CUHCe = U,
IF (X1) 4402410544403
IF (X2) 440441104110
CONTINUE
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Y2=Y2=-((Y2-Y1)/(X2=-A1)) % Xx2Z
X2=0.0
P=((x2=X1)*%¥2 + (Ye=Y1l)*sz)»%,5
22=21+(P/DIS) * D¢
GG Tu 110
4402 IF (x2) 500,500 s44uUD
4405 CONTINUE

Y= Y1=((Y2=Yi)/(x2=21))* Xl
Xl = 0.0
P=((Xx2=X1)%x32 + (Y2-Y1l)xac)a%,Y
21=2«-(p/D1S) * ¢
GO TC 110

105 IF(Xe) 50092100110

CHECK FOh RLCLPTuk BETWEEN CENTERLINE OF PLUMES FROM ENDPOINTS.,
IF IT IS LIVIDE SCUKCE INTO TwO SEGMENTS (INLX=2)s GU TO 15u.

110 IF(Y1l) 112.12u+11Z

112 IF(YZ) 115+120+119

115 Y3=SIGN(Y1lsY2)
IF(Y3=-Y1l) 15041206100

120 xA=Xx1
XB=X¢&
YA=Y1
YE=Ye
PP=p
INDXx=1
GC TU 210

10 XA=Xx1l
YAzY1
XE=X14+(X2=X1)*ARS(YL)/(AGBSITL)I+ABS(12))
Xe=ak
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YU=0.,
PRP=PAxABS(Y1)/ (ABS{Y1)+A0LS(YZ))
20L0C=¢2
22=21+(pPP/U]IS)*D2
INDX=2
210 M=(
S1 FORMAT(LXs1196t10,3)
DX=xEB-XA
DY=yk-YA
Dz=¢e=-¢1
XEA=ZXA+AVZ(KST)
X2UB=XB+XVZ{nST)
XYN=XA+XVY(KST)
XYE=XH+XVY(KST)
ESTF=0.0
CALL RELCO(U 221 oHL o XZAsXAYAaYAWKSToANIRCLeXVZ e XVY)
CALL KELCO(USZv£2 v HLOIXZLIXYEIYBoKSToANGRC2eXVZeXVY)
CURR=Z(KC14R(2)*PP/ 2.
178 FORMAT(1X,4FE14,.4)
IF(CURR) 2154eclbe22V
215 ESTC=0.U
GO0 TC 300
220 PREV=CUKR
SuUBT=0.0
M=gzxM4+1
DX=0xs2.
Dy=pY/Z2,
D2=0¢s2,.,0
D0 250 K=11Me2
DOwWh = K
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260

300

310

X XA + DUWh * LXx

Y YA + Duwk = DY

XZ=X4+XVZ(KST)

XY=X4+XVY(KST)

ZNEW=21+4+00wWh %2

CALL RELCO(UsCyZNEW shL 9 XZ v XY oY sKST o ANSRC oy XVZ s XVY )

SUBT=SUBT+RC(
DOwM = M+1
CLRR = PREV/2.U + SUBT = FP/DCWM

ESTC=(4 ,*CUKK=PREV)/ 2,
IF(ESTC) 21542154253
ESTC AND ESTP AKL CUKRENT ANC PREVIOUS RICHARLSUN'S
LXTRAPULATIONS,
RAT=ABS ((ESTC=-ESTP)/ESTL)
RAT IS A CUMPARISUGN BETWLEN THE CURRENT AND PREVICUS VALULS.
WHEN RAT BLCOMES LESS THAN 0,02 THE CURRENT VALUE IS ACCEPT
FOR THE VALUE OF THE INTEGKAL,

IF (ABS(LSTCL) LT, «U0U001 ) GO TC 200
IF(RAT=0.005) 300+26uU4260

ESTP=ESTC

GC TU 220

ESTD=tSTC+ESTL

IF(INDX=1) 500:5004310

XA=XP

YA=0Q,

XB=x2

YE=Ye
PP=P*ABS(Y2)/(ABS{YL)+AUS(Y2))
21=2¢

22=20LC
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INDX=1
GO TUu 210
5060 CLSS=ESTU*QLS(IL)*1ul0,
3890 FORMAT(1X+13+6£10.3)
600 CLS=CLSS*CLS
CONVERT T0 PPM
CLS= (LS x 870.0
WRITE(IWRKs8lol)ANGL(LY) +1UCGWJCOWCLS
3161 FOKMAT(1X4F el es3Xs2154E£15.5)
SCLS(JCOW)=SCLS(JUOw) +LLS
WRITE(IWRIV30) XXRReXXSKeco(LS
CUJULOW LY sKTY)=C(JUUKsLY «rnTY)+CLS
CluCUWILY 484)=CIJDOWLY 4 )+CLS
IF (ZKkD1(ID0OW) «G1. lueU .Uf(olkd(—'(IUOﬁ,oGToono) GO Tu 8172
ClJDOWILY 16 )=C(JDOWILY b ) +(L.S
GG TG 8173
3172 C(UOCWILY + 7)=CCJUGRILY /) 4CLS
3173 CONTINUE
IF(ILCw.LT.116)G0 Tu 974
COJDUWILY D)=L lJlUnILYeS)4CLS
974 CCNTR(IDOWsuLOW)I=CLS
TEWF=0.0
175 CONTINUE
tLUD CONTINULE
0G 387 J=1+KKLCF
LF (SLLS(U)«GT.TEMP) U 10U 3be

GC TC su47
66 TEMP=SCLS(J)
K=J

587 CUNTINUE
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545
428

2592
2593

1050
1655
3050
s0t1
4071
4072
49740

6300

8295
83<0
8310

WRITE(IWRI«345) A
FORMAT(1X+FSelelX
FORMAT(1XsFBEalelX
WRITE(IWRR¢2593)
WRITE(IWRR2592)
FORMAT(1XeI3e1Xxel
FURMAT(1H1)

DO 1055 I=1,NRECP
POLL(I+LY)=SCLS(I
WRITE(IWRR+1050)
FORMAT(1IX +I3¢2Xy
CONTINUE

CONTINUE

CONTINUL
FORMAT(1X eFSeleT(
FORMAT(1X 4+ *RECPT.
CONTINUE

DC 8330 L=1,.NKECP
DO 8310 K=147

CC 8320 u=1.NANG
IF(J.,EQ41) GO TOU
IF(JeEGWelb) GU TC
SS{UsK)I=(C(Lvu~=1»
GO TG 8320
SS{JesKI=(ClLelEK
GO YO 8320
SS(UWK)=(C(L+15«K
CUNTINUE

CONTINUE
WRITE(IWRI4072)

NOL (1) yKSTIK+sYPRR(&K) « TEMP

v T201XeIcelXeF12.441Xeb13.9)

v195)
(I+(CUNTK(Iovd) e J=1+NKECP)+1l=1+NCASLE)
1€10.2)

)
I+SCLS(1L)
Elb.f))

I1XeF6e2))
*el3e9XK9135F7.1)

83uu

8e9%
K)+2.U*C(LeJoR)+ClLed+loR) ) /00
Ytcoe UL (LodoK)I+C(Lo2ziK))/U4,0

J+coUXC(L16 R )+C el eK))/4.0

LeAPRRAL) o YPRR(L )« ZPRR(L)
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405G
3450
5000

cocoocOCcCcooOCCcOoOnNCOCCCCCC

DO 40650 1A=1+NANG

WRITE(IWRI +4071) ANGLUIA)} ¢ (SS(IAvJ)1uz1e7)

CONTINUE

CONTINUE

CONRTINLE

RETURN

END

SUEBROQUTINE RLLCO(U.A-h.nL.x'XY.Y.hSI-AN'RCnxVZ'XVY)

DIMENSION XVZ2(6)exVY(b)

COMMUN /ZA/ GY(6)4GZ(Ev6)
SUBROUTINE RELCO CALLULAITES CHI/Zw CONCENTRATION VALUESe RELCU
CALLS UFON SUGKUOUTINE SIGMA TO OBTAINMN STANUARD LEVIATIONS,
THE INPUT VARIABLES AKL eeoee

U WIND SPELU (NM/SEL)

<l RECEPTOR HLIGHT (M)

h EFFECTIVE STACK HEIGHT (M) '
HL=L HEIOGKT OF LIMITING LID (M)

X DOWNWINL L1STANCL FOR CALCULATING SIGMAZ (KM)

XY DOWNWINL CLISTANCE FOR CALCULATING SIGMAY (nM)

Y DISTANCEL KeCEPTOK IS CROSSWIND FROM SUUKCE (kM)

KST STABILITY (LASS
THE OUTPUT VARIAUGLES AKEesee
AN THE NUMLER CGF TINES THE SUMMATION TERM IS £VALUATED
AnD ADDEL 1IN,
kC RELATIVE CUNCENTHRATION (SEC/NM®%3)
THE FOLLUWING EQUATION IS SOLVED =-
RC = (1/(2%PI*UxSIGMA Y*SIGMA 2))=* (EXP(=0.5%(Y/SIGMA Y)x=x2))
(EXP(=0.5%((Z~-1)/SIGMA 2)%%2) + EXP(=UeS5*((Z+H)/SILGMA 2)*%2)
PLUS THE SUM OF ThE FOLLOWING 4 TEKMS Kk TIMES (NS1eK) ==
TEKM 1< EXP(=0e52((£=h=2NL)/SIGNA Z)%%2)

51



sk alshkalkale

c [l o

cccCcoc o

oo

300

20
1
30

10

TEKM - LXP('U-D*((£+h'2NL)/SIbWA L)ye*2)
TEKM 3= EXY(-D.S‘((l-H*ZhL)/SIGNA 2)%»2)
TERM 4= LAF(-Uobt((L*h*?NL)/SIbNA Z)*%2)
ThE ABOVL LeUATIUN 1D SIFMILAR TU LGUATLICLIN (Se8) r 36 1L
WORKBOOK uF ATFUSPHERLC LSPERSLON LSTIZATES wlTh Thi ALLITIL
UF ThE t XEGNENTLIAL LHVOLVLIRG Yo
IWRI 18 CONTHRCL oCDL Fuik CUlPUT
Iwkl = 12
I¢F x IS LESS THAK 2LRU SET RL=U. ANL HETURING THIS AVUIDS
FROBLEMS LF INCURKECT VALUES NEAR THt SUURCE.
IP(X-XVZ(KST))SO‘SOvb
IF(XY-XVY(KbT))60q50005bU
CALL SIGMA TO GtslAIN VviLLES FOR Y AL &<
caLL SIGMA (XvXYOK§i|SYoSL)
sY = SIcMA Yo Tt STARDARU CeEvIaTION Ot CONCLNTRATION IN Ttic
Y-CIKRECTIUN (M)
$¢ = SloMa 2 1rt STANULARL CEvIaTlON OF CONCENTRATION I THt
z-CIRECTIUN (M)
IN1TIAL VALUE OF AN ST = U
AN=U e
IF THE RFCEFTOR 1S ALOVE Tob L1y WwPITE THAT ouTs SET KC = 0
AND RETURNG
IF(Z’“L)IU'IO'CU
WRITL(INRIvl)
FORMAT(IX.'RELLPTUR hl1GHER THAR LIL®)
RC=0.
RETUKN
1t THE SOURCE 18 reov ThE LID» SET KC = 0o ANL RETURN.
IF(H-HL)“OvHO'éu
YO IS CRUSSWIND pIsStaAnLD 1w METERS.
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cocCccooOom

40

30

60
70
40
90

luo
110

1z0

STATEMENTS 40 TU 250 CALCULATE RCLe+ THE RELATIVE LONWCENTRATION,

USING THE LQUATLCN LISCUSSEC ABUVE. SEVFRAL INTERMLDIATE
VARIABLLS ARt USEL TO AVGLIL REPLATING CALCULATIUNS,.
CHECKS ARt MADE TC uBL SUKE THAT THE ARGUMENT OF THE
EXPGNEMTIAL FUNLTICN 1S NLVER GREATER THAN 50 (UR LESS THAN
~50)s IF *AN' LLCOVES GREATER THARM 45¢ A LINE GF OUTRUT IS
PRINTED INFORMINWG UF THIS.

YC = 1000.*Y

Cl = 0eS*(YL/OSY)I*(YU/SY)

IF(C1-50.)5U+30+3C

A1=1./(6:28310*U*SY*8e*e XF(L1))

C2=2.%52#%S¢

cn = 2-il
Ch = 2+h
C3 = CAxCA/LR2
Ly = CB*CB/Ce

IF(C23=-50.)60+7U70
A2=1./EXP(C3)

GO TL 80

A2=0. i
1f (C4=506)90+200+100
AZ=1,.,/EXP(CYH)

GO TU 110
A3=0.

suM=0.,

THL = 2.% HL
AN=AN+1,

CS5 = Ah*THL
CC = CA-CHS
CL = (iB=-C8
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130

140
150
lel

170
140
190

200
210
2¢0

230
240

270
2

250

CE = CA+(S
CF = Cbk+4CS
Cée = CC=xCC/C2
C7? = cL=sCD/C2
C8 = CE=*CE/Le

C9 = CF*(CF/(Ce
IF(C6=50)130+¢140+140
A4=1./EXP(Cs)

GO TU 15U

A4=0,
IF(C7=-506)160:170,17C
AS=1./EXP(CT7)

G0 TO 180

AS=0.
IF(CE-50.)1900c(04200
A6=1./EXP(CE)

GO TO 210

Ne=0.
IF(C9-50,)220:230+25C
A7=1.,/ExP(CS)

GO TO 240

A7=U.

T=A4+AS+AE+AT
SUM=SUN+T
IF(T-0.01)250+260+200
IF(AN=-45.)120+2704c70
WRITEL(IWRI«2)XReYoeholeSUM
FORMAT(1X e "N GREATER THAN 45% e/ +6Xe "X

1% = 99F5.1e5Xe'T = *eF7,00¢5Xe'SUM =

RC=A1%(A2+4A3+5UM)
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640

641

643
64y

RETURN

ENC

SUBROUTINE SIGMA(X eXYsKSTe8Y452)
COMNUN ZA/ GY(6)sb2l€E6)
AZ=X%X%*1000,

AY=xY%x1000.
IF(AZ2=5000.)641ebU43:640

I1z=1

GOTO6u4U4

IF(AZ.GE+500s) GOTOBUS

12=3

GOTOeuY

1z2=¢2

S2=GL (12 yKSTI*AZ%%0L(12+34KST)
SYSGY(KST)*AY*%0.500

RETUKN

END

SUBROUTINE ATH{DUX+CYsANGH DANG)
RAC=57.2958

IF(DX)Se647

IF(LY.EQeD4)GOTOY
ANGH=ATARN(DY/LX)*RAL+18U.
GOoTOo1le

ANGH=180.

G0TO01l6

IF(CY)10e¢1141c

ANGH=270.

G0T01e

ANGH=O0.

GCTC1l6

D5



12

14

45
16

ANGH=90.,

GCTG1l6

IF(DY)13+14410
ANGH=ATAN(DY/LXx)*RAU+36u.
GCTO16

ANGH=360.

GOTG16
ANGH=ATAN(DY/5X) *RAL
DANG=ANGH

ANGH=ANGH/RAD

RETURN

END

BLOCK CATA

COMMUN /A/ GY(b)16Z(b06)

DATA GY/0.4|0.20500-('0-15'U.U580-Ubﬁ/

OATA 62/2#0.0002539|0.0583.2*2.0886.1.281202*0.0493b'001393q
A2*1.1137'0.9467'0.1154gU.lUlqu.112.0.9109|U.926q0.91'0.7368q
30.2591'0-0856'0.5b4‘c0.6869‘0.665v1.2969|U.2527Q0.0hlbv
CO.““ZlvUo6341|0.8155'1.57630.2U17v.05450.5606|.6020!.0124/

END

SUBRUUTINE t INDBG(IYRISPsIHDV «NVEHG)

DIMENSION GM(8+4)

DATA GM/12-52015.02|0.000.0'9.78v10.88v0.090.0'

1 1061201105+ 06010e¢017e619¢7e950060¢040
2 903|U00015.37!21.0{)!6.30!0-b010043'1"’0330
3 7.61'000'11.9'*5.95"4.“8'0.0'bo75'8.90/

Lu=12

IF(IYR.EQ.80) GO TU 5

IF(IYR.EG.9%) GO TC €

WRITEL(LU+1) IYR
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FORMAT(1X eIl e2Xe "WAS A VEKY BAD YLAK')
RETUKN

I=1

GO ITu 7

1=5

IF(ISP.EU.5%0) GO TC &
IF(ISPLEG,40) 1=14+1
IF(ISP.EG,20) I=1I+2
IFCISP.EWL,10) i=I+3
IF(IHOV . EQ.17) J=1
IF(1HLUV,EQGe1l) u=2
IF(IHDV,.EGeY) u=3
IF(IHDV.EQ.5) U=y
XNV=NVEH

G=XNvx6GMIT+J) /57936000
RETUKN

END
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APPENDIX C: ROADWAY - SEGMENTATION DATA

TABLE C.1. ROAD SECTIONS

= Roadway Endpoint Ht. (above ground)
= Ground Ht. (above sea level)
= Roadway Endpoint Ht. (above sea level)

nupMAY WY N
SECTION X1 v Z1 |zry 1261l X2 JY2 | 22 {ZR2 | 2G2 | WDII| LNS

veq |7a3| 5¢ | R0 |24 |937] 7008 53|77 |24 | 48 |

a37 |70240 53 |27 |2y i haos e |77 {31 | 4%

1501 {7905} 46 |77 |31 |ausslgazyl 62| G4 |32 | 3

21558074 L2 | 94 |32 12990|%192) 71 |105 {34 | 36
29901%192] 7| 105 | 34 |4087|848%| 35 |2} |46 ]| 36|

4o8718439] 35| 81 | 44 l4y79(370a( 22 |70 | 48|36

oo\\sxu\_rvdpx

479|870 22 | Jo_ | 4R (4476|3893 22 |6 142 | HE
Y494 |8893] 22 42 11888191360 9 |64 | S5] 60

55 |475algpa9| A | bY |92 36 |

PRl PRl PR kR

16 4r52le%29! R Y igetgeyal aa |l 70 1 48 | 26

15 510|864 0] 2 Hyslgyasl 36 | 8) | 46| 36|

-+

1y 411518461 35 | 4612998 |13 71 | 108134 | 36

EEREEl S

13 A998 1Rida) T 34 12160bI%007( 62} 99 |32 | 36|

12 ||ateeigoos| ¢a | 9Y | 32 1153417842 Hé| 7713/ L 3¢

1] 1saLlyeval 76|77 |31 g74lasug| 53 | 77 faku ] 36
10 g7y |asusl 63177 |24 |51707221 56 | B0 [ a4 ]| 4%

wa}u

Lt — fi VEDESNNEY [SENSIpE S s it
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TABLE C.1

ROAD SECTIONS (CONTINUED)

HICGIHWAY Hwy Nov,
SLCTION XA ztzra bzer ! x2 vz | zz lzre | zez2 | won | s
__2aq {[2ee3fL9¢® 32 1 70 | 38 [278¢l6¢78 3% 74 1 38) 36| 3
21 {P8L16e28l 35 17 | 3% 126%6(7478 142 ). 79 |37 | 3¢] 3
22 2630170781 42 1 79 137 126517975 42 | g2 14/ | 3¢ 3
a3 263NT475 Y11 B2 41 Q676|7886) 39| 80 |4y | 34| 3
_ 2Y ALB3| 75881 39 | 80 | 4/ Lagssizaqi| 44| 86 (3% | 24| 2
25 gssigau] 46| 30| 34 133048482l 49| 83 3414l 2

Al {3304 {8482 Y71 83 | 3Y |3594)g5aa] yo | 80 |40 | 24 | 2
_ A7 2¥9418522) Yo | §O | HO {447818705 23 | 6% (45 | ay] 2
30 62717085 HA 1 TR 136 face87398| M1 | g0 §239 | 2 |)

3 QEEK]7398) Hi | ®a | 39 [asu|7654l a3 | g0 |57 Jaly
22 ashifeselad | K0 | 57 Rags|rss7) 32| 6y {36 |2 | |

33 19517857132 | (% 3¢ Phosalyzar]ace| 58 |33 ) /2]

3y R00217891) 26| 58 |32 |1%081785/| 31 | by {30 | J2 | /
25 18032178530 31 | Ll |30 [1420|77331 43| (,9 |26 | 24| 2

3¢ 142017733 431 69 126 ' 952[753¢) 52| 76 [2% | 12| |

29| DY I O -
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TABLE C.1

ROAD SECTIONS (CONTINUED)

HIGHWAY 1y NDY,
SLLTION X1 Yl Z11ZR1 | 2G11 X2 1Y2 22 1ZR2 1 2G2 | Whii LNS
e H0 1505|7945} 50 79 | 2512591821426 | 5 |34 |24 | 2
41 DAsH[EY 20 ) 54|34 L537(831s| 13 | HE |32 || 1
Y2 2537(8310) 13| 45 32.MBZFBQ.L HL|33.| a1l !t
43 Hae3zlszad 13| He {33 3 gpasy| ay | Sl |7 12| |
o Hy Rkxuzlsasyl 24 | 51 (27 .1A921|8095 | 2% | b2 13Y 1 JA | 1
774 292118095 A% | 6 {34 |29/5[1958| 28 {70 |HA |12 | |
4L 2125 17955] A% | 70| H2 Q329 (760y| 33 | 8L |55 (242
47 |R®aq|7ee |33 | kR |55 ag8i(7aa6 47 | B9 (42 |2 1
50 |W969|%0s3] 2. | L |ey luszelpesa 15 | LG |4 1w ] 2
81 974|869 15 | LYK |yssrvsay| 47 |22 1585 |29 D
" 52 Y IRIY| 17 112 | §8 | hoesiB3a0| 2T 75 (48 |2 | 2
53 Youslga20| 27 75 |48 |348l|zi3a) 33| 78 |44 (2412
54 |13y%i|Ri3a 33 | 7% (48 322980l 44| &1 40 24| 2
55 3229|8021 41| 3/ | Yo |2998\78y0| 45| 54 |4/ 124 2
5¢ 2998|7840| 451 €0 | 4/ \ave3ip5¢ed| 48| K9 |4yl 29| 2
57 ak63|7569| 45| BT | 44 \agesi7aas| 48 | 88 | 4o |24l 2
58 |l |7a28] Y| 88 | 40 |aist|e876| 4y | ¥ {38 [ R6 {3
59 lhasiles7¢]| ¥4 %2 |38 R1volbazr) 32 | 701 38 | 36| 3
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TABLE C.1 ROAD SECTIONS (CONTINUED)

HIGHWAY [y Nte,
SECHION Ay 2 tzry f 6] x2 Jvz | z2 |zr2 | 2oz WOl [ LNS
ol |l [1889| 43 | 30 | 37 |a706|5120| 44| F 1 3702 |/
l 22061BI201HY | B 137 2418513132 | 67 |37 | 12| /

63 76853 132 | 67137 1277908902] 3 | 49 |46 |12 |/

LYy RI29IR3 | 3 V49 46 1278819031 1 |52 |51 2 | [

65 paselfu3| | 15A |5 laselavs| 2 | 67|55 2] 7
74 RRGE 9755 0 | 87 | 87 {2904)9557 s0 | 83 73 | /2| /1.
73 290619557 /o | 83 172 lage|a3sr| 17 | §2.[eS | o] |

72 1289519388} 17 | B2 165 13838\9046! 17 |67 |50 | 2|
11 |PBAS|906L) 17 | b7 | 503510 $267 1 | S3 |4/ )2 | |

20 Q18767 12 | £3 |41 383¢f84z6] 17| 54137 |2 | 1

bi — IRe3LiBy70) 17| 54137 13920803 14 | 59 |45 |2 | [

63 A3A018203) 19 | 59 1HE R909]7949| 23 | 7/ |48 |12 | /

] o
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TABLE C.1 ROAD SECTIONS (CONTINUED)

:CT10N xv | v | ozndaka Lzerl x2 vz | z2 lzrz {za2 | win| s
| B I e e B
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TABLE C.1 ROAD SECTIONS (CONTINUED)
HIGHWAY [y Ny,
SECTION XV AYr bzt ek fzer) x2 {y2 | zz2 tzrz Lzg2{ wonrl 1as
o po |45 18520l 16 |73 187 lyau7ls31922 | 74|52 | a1
g1 {407 18319) A2 |74 | EA 14690(8178] .05 | 1L |56 ) 2] 4
22 {|70%0 {8178 | 18 |74 [ 56 |Y093l2996) M |21 |60 | 12| |
23 Yor3hggel 1 |70 60 \yax7\tseel 0 |73 173 |12 1
4 4aa7\78661 . |13 |73 1494/0|7870|.0 |24 |74 | 12| |
174 49/017870) © |24 |14 |4540lkase] 1 |23 |72 | /2| 1
/A 4540 %ooo! | 173 172 [465R|%09dl 470 16L ) 12 |
97 |Ws7t|sete]| 4 |70 b6 |ysiolsazal o |56 |55 | 4] 2
78 y5i0l8383) O |55 |55 |9334)8eau] o |42 |42 | 24| )
_._ 97 433418634 O | 43 |42 4157|873 O 3_‘7_31__2&} I
/04 s raead] © | 32|39 (Y8506 7¢ 0.L40 |40 | 24] 2
IR T | S N =
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TABLT (.

1

ROAD SECTITONS (CONTINULD)

HIGHWAY 1wy NOY,
SECIION XU AYU b zrgzr) zen) x2 vz | z2 fzr2 | z62 | won LNS
- s02 _|vst(zsos| 0 | ca| 62 frorolsens| o |70 |50l 22l 1
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— ek IPaaci9nal] 0 160 |60 1295|9247l 0 |57 |57 PLE .
— 207 _ JQus)|9a7l 0 |57 |57 agaqleved 0 | L {4 lad] 2
110 282919409} O 1 b6 | bl 3as[9903 0 |96 | 96| 3¢ 3
— a2 8eH|985¢) 0 | 93 |93 oys 29@-_0__ 73172312412
1l 13eisye] 0 |73 |73 13358|90 Ql5e|5¢ |24l
2106 336319032 O | 5L (5L [3701i2538) O | 44 |44 24| Q
_2/05  |l3vo1lesar| 0 (44| 4y 13813[337/| 0 |48 | 48 4l 2
2 .0%  |BBA21837i) o |48 |48 [sklsios| o |58 | 58| 2yl 2
BNty et e
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TABLE C.1 ROAD SECTIONS (CONTINUED)

HIGHWAY ‘ [y No1,
SECTION ’ X1 Y1 Z11zn ZG1] X2 | Y2 22 { ZR2 2G2 | wbit LNS
—d 5 IR13CETH 0|37 |37 azoeluT]| o 42142124 12
—/L  p70cl2877) © | Y4a Y2 12333)78.1y| ¢ | o 40 |24 | 2
117 {R3317811 1 O 1 R0 | 40127983 06d 35 135 a4 (2
e {|a228 /%066 35 (38 1291718a32| O |31 131|242
119 {82320 0 3] |31 |364%)33¢a] o 32 13)0/a%i 2
YA 2082183791 0 132 132 f34paisezal o |42 | wal ay| 2
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125 3623087211 0 143 142 |3382(8739 0 LIRE/AF-CINNY
129 382187391 6| 9/ | Y |wosslsrag] O |39 |39 29| 2
2129 7oS518676] 0 {39 | 39 [38%alpes9| O |4y Y1 {2y |
2,2% 3682 1BCKT) © 14/ | H{ Be9slzesed 0 |43 [y3 lay
—& L7 1395Ree3] O | 43 |43 |3520/9589| (|42 |42 |nes 2
2./26 252018589 0 42 {9 rkaay] 0 (33 [32 |2w| o
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— a7 llaseR|8431) 0 |33 32 1ag10f7%0j| 0 37 137 24| 2
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122 28617711 O |41 | Y 487976 n Ha2 421 24| 2
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ROAD SECTIONS (CONCLUDED)

|15y

TABLE C.1
HIGHWAY
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APPENDIX EMISSIONS INPUT DATA
1 1980 PEAK HOUR

2 1980 OFF-PEAK HOUR
.3 1995 PEAK HOUR
4

1995 OFF-PEAK HOUR
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TABLE D.1

EMISSIONS INPUT DATA,

1980 PEAK HOUR

1980 Peak Hour = 50% of 1980 Peak Period (2-Hr)

Trucks -

I-95

I-95 -

I1-83 and Others - 5%

11% Mainline Only

19  EMISSION
gﬁg??ﬁ; veh/hr !ggé%g SPEED FAczonugsr co
m/mi
Ve
NB MPH % HDV
1 6,100 1,525 50 11
2 6,100 1,525 50 11
3 4,400 1,100 50 11
4 4,400 1,100 50 11
5 4,400 1,100 5¢ 11
6 4,400 1,100 50 11
7 . 6,350 1,270 50 11 o
8 6,950 1,160 50 11
SB
10 3,750 938 50 11 )
11 1,950 650 50 11
12 1,950 6350 50 11
13 1,950 650 50 11
14 1,950 650 50 11
15 1,950 650 50 11
16 1,950 650 50 11
17 1,950 650 50 11
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TABLE D.1 EMISSIONS iNPUT DATA, 1980 PEAK HOUR (CONTINUED)

1980 Peak Hour = 50% of 1980 Peak Period (2-Hr)

Trucks - I-95 - 11% Mainline Only
I-83 and Others - 5%

F980 EMISSION
gggﬂs; veh/hr % SPEED FAC’{ORHgs!‘ co
m/mi
ve

I-83 SB to I-95 NB % HDV

20 4150 1380 50 5

21 4150 1380 50 5

22 3250 1080 50 5

23 3250 1080 50 5

24 1950 975 20 5

25 || 1950 975 20 5

26 1950 975 20 5 B

27 1950 975 20 5 )
I-83 SB to I-95 SB

30 900 |- 900 20 5

31 900 900 20 5

32 900 900 20 5

33 900 900 20 5

34 900 900 20 5

35 1800 900 20 5

36 1800 1800 20 5
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TABLE D.1 EMISSIONS INPUT DATA, 1980 PEAK HOUR (CONTINUED)
1980 Peak Hour = 50% of 1980 Peak Period (2-Hr)

Trucks - I-95 - 11% Mainline Only
I-83 and Others - 5%

19 EMISSION
's’:l;g-r"%: veh/hr % SPEED FAC'{'ORmf)sr co
n/mi
ve
I-95 NB to I-83 NB _% HDV
40 !l 1700 850 20 5
41 800 800 20 5
42 800 800 20 5
43 800 800 20 5
44 800 800 20 5
45 800 800 20 5
46 2050 1025 20 5
47 2050 2050 20 5
I-95 SB to I-83 NB
50 1800 900 20 5
51 1800 |° 900 20 5
52 1500 750 20 5
53 1500 750 20 5
54 1500 750 20 5
55 1500 750 20 5
56 1500 750 20 5
57 1500 750 20 5
58 3550 1184 20 5
59 3550 1184 50 5
N
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TABLE D.1 EMISSIONS INPUT DATA, 1980 PEAK HOUR (CONTINUED)
1980 Peak Hour = 50% of 1980 Peak Period (2-Hr)

Trucks - I-95 - 11% Mainline Only
I-83 and Others - 5%

19  BMJSSION

h h SPEED | FACTOR £ C
e (| | e | s | leph £or'S
m/mi
ve
RAMP G 5 HDV
61 1300 1300 20 5
62 1300 1300 20 5
63 1300 1300 20 5 A
64 1300 1300 20 5
65 1300 1300 20 5
RAMP H =
68 1250 1250 20 5 B
69 1250 1250 20 5 _ -
70 1250 1250 20 5
71 1250 |- 1250 20 5 B o
72 1250 1250 20 5
73 1250 1250 20 5
74 1250 1250 20 5 -
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TABLE D.1

1980 Peak Hour =

50% of 1980 Peak Period (2-Hr)

EMISSIONS INPUT DATA, 1980 PEAK HOUR (CONTINUED)

Trucks - I-95 - 11% Mainline Only
I1-83 and Others - 5%
HIGHWAY h/h h/h SPEED %RCTOEM}SSIgg
SECTION vennr !fiéil ' HDV.
m/mi
ve
RAMP R $ HDV
77 900 900 10 5
78 900 900 10 5
79 900 900 10 5
80 500 500 10 5
RAMP '"R'" SPUR
81 400 400 10 5 3
RAMP "OH .
83 900 900 20 5
84 900 900 20 5 o
85 900 900 20 5
RAMP HK’I
87 600 600 20 5
88 600 600 20 5
89 600 600 20 5
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TABLE D.1

EMISSIONS INPUT DATA, 1980 PEAK HOUR (CONTINUED)

1980 Peak Hour =

Trucks - I-95 - 11% Mainline Only

50% of 1980 Peak Period (2-Hr)

1-83 and Others - 5%
19 EMISSION
gggﬂaz veh/hr % SPEED FAC"‘ORHIE)er co
m/mi
ve
RAMP L 5 HDV
90 300 300 10 5
91 300 300 10 5
92 300 300 10 5
93 300 300 10 5
94 300 300 10 5
95 [T 300 300 10 5
96 300 300 | 10 5 -
97 450 225 10 5
98 450 225 10 5 -
99 450 725 10 5
100 450 225 10 5 L
O'DONNELL ST S -
102 250 250 20 5
2102 600 600 20 5
O'DONNELL ST
CUTOFF EB
104 350 175 20 5 -
105 350 175 20 5
106 || 1350 675 20 5
107 || 1350 675 20 5
108 || 1350 675 20 5
109 || 1350 675 20 5
— 110 ! 2650 883 20 5
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TABLE D.1

1980 Peak Hour =
Trucks - I-95 -

11% Mainline Only

50% of 1980 Peak Period (2-Hr)

FEMISSTONS INPUT DATA, 1980 PEAK HOUR (CONTINUED)

I-83 and Others - 5%
19 EMISSION
g;gﬁs; veh/hr % SPEED FAC'{'ORmf)‘olr co
m/mi
ve
O'DONNELL ST $ HDV
CUTTOFF WB
112 || 1600 800 20 5
111 || 1600 800 20 5
2106 || 1600 800 20 5
2105 400 200 20 5
2104 400 200 20 5
BOSTON ST EB
115 || 1050 525 20 5 L
116 || 1050 525 20 5
117 700 350 20 5 o
118 700 350 20 5
119 700 350 20 5 -
126 || 1100 550 20 5
127 {| 1100 550 20 5
128 600 300 20 5
129 600 300 20 5
BOSTON ST WB |
2129 300 150 20 5
2128 300 150 20 5
2127 || 1000 500 20 5
2126 || 1000 500 20 5
— 125 || 1500 750 20 5
' 124 || 1500 750 20 | 5
123 950 475 20 5
122 950 475 20 5
121 950 475 20 5
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TABLE D.1

1980 Peak Hour
Trucks - I-95 - 11% Mainline Only

I-83 and Others - 5%
19 EMISSION
lsi:grﬂyaz veh/hr ‘,1.%“& SPEED FAC'{ORugsr— co
m/mi
ve
HARBOR_TUNNEL | % HDV
NORTH
139 2025 1012 50 11
138 2025 1012 50 11
137 2025 1012 50 11
136 | 2025 | 1012 50 11
135 025 1012 50 11
134 2025 1012 50 11 i
133 2025 1012 50 11 o
132 2025 1012 50 11 o
131 2025 1012 50 11
SOUTH | )
2131 2025 1012 50 11
2132 2025 1012 50 11 -
2133 2025 1012 50 11
2134 025 1012 50 11
2135 2025 1012 50 11
2136 025 1012 50 11
2137 028 1012 50 11 _ T
2138 2025 1012 50 11
2139 2025 1012 50 11 B

50% of 1980 Peak Period (2-Hr)

EMISSIONS INPUT DATA, 1980 PEAK HOUR (CONCLUDED)
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TABLE D.2 EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR

1980 Off-Peak Hour = 6% of 1980 ADT

Trucks - I-95_Mainline 17% NL = 50 MPH
All Others 9% On Ramps - 20
Off Ramps - 10

Streets - 20

19  EBEMISSION
ggg#?s: veh/hr !i%é%l SPEED FACIORuser co
n/mi
ve

I-95 NB 17% HDV
1 2280. 570 50
2 2280 570 50
3 1422 474 50
4 1422 474 50
5 1422 474 50
6 1422 474 50
7 2238 448 50
8 2478 413 50

I-95 SB )
10 2082 521 50
11 1212 |- 404 50 o

12 1212 404 50
13 1212 404 50
14 1212 404 50
15 1212 404 50
16 1212 404 50
17 1212 404 50
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TABLE D.2 EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR

1980 Off Peak Hour

Trucks - I-95 Mainline 17%

= 6% of 1980 ADT

All Others 9%

Speed NL
On Ramps

(CONTINUED)

50 MPH
- 20

Off Ramps - 10

Streets

19  EMISSION

gggﬁa; veh/hr % SPEED FAC‘:‘ORugsr co
m/mi
ve
1-83SB_to I-95NB 9% HDV

20 2010 670 50

21 2010 670 50

22 1590 530 50

23 1590 530 50

— 24 || 816 408 20
25 816 408 20 q_
26 816 408 20 o
27 816 408 20 o
I1-83SB_to T-OQSNR -
30 420 420 20 N
31 420 420 20 -

32 420 420 20
33 420 420 20 et

34 420 420 20

35 870 435 20

36 870 870 20




TABLE D.2 EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR (CONTINUED)

1980 Off Peak Hour = 6% of 1980 ADT

Trucks - I-95 Mainline 17% Speed NL = 50 MPH

All Others 9% On Ramps - 20
Off Ramps - 10

Streets - 20

19  EMISSION

gﬁgﬁs‘ veh/hr % SPEED FAC‘{ORmf,sr co
m/mi
ve
I-95NB to I-83NB 9% HDV
40 858 429 20
41 408 408 20
42 408 408 20
43 || 408 408 20
44 408 408 20
45 408 408 20
46 1086 543 20 o

47 1086 1086 20

I-955B to I-83NB

50 1050 525 20

51 1050 525 20

52 816 408 20

53 816 408 20

54 816 408 20

55 816 408 20

56 816 408 20

57 816 408 20 T
58 1902 634 20

59 1902 634 50 B
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TABLE D.2 EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR (CONTINUED)

1980 Off Peak Hour = 6% of 1980 ADT

Trucks - I-95 Mainline 17% Speed NL = 50 MPH

All Others 9% On Ramps - 20
Off Ramps - 10

Streets - 20

19  EMISSION

HIG h/h h/h SPEED | FACTOR for CO
s:’acﬂﬁﬁ ek vo.n.r ) m>3'
gn/mi
ve
RAMP G 9% HDV
61 774 774 | 20 =
62 774 774 20
63 774 774 | 20 ]
64 774 774 | 20
65 || 774 774 | 20
RAMP H
68 578 6§78 | 20 o
69 678 678 | 20 o
70 678 678 | 20
71 678 | 678 | 20
72 678 678 | 20
73 678 678 | 20
74 678 678 | 20
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TABLE D.2 EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR (CONTINUED)

1980 Off Peak Hour = 6% of 1980 ADT

Trucks - I-95 Mainline 17% Speed NL = 50 MPH

All Others 9% On Ramps - 20
Off Ramps - 10

Streets - 20

19  EMISSION

HIGHWAY h f
SéCTION veh/hr vozézr SPEED FACIORunsr co
m/mi
ve
RAMP "R'" 9% HDV
77 450 450 10
78 450 450 10
79 450 450 10 o
80 180 180 10

RAMP "R'"_SPUR

81 270 270 10 B
RAMP nQn __:

83 450 450 20

84 450 |- 450 20

85 450 450 20
RAMP ngn

87 240 240 20

88 240 240 20

89 240 240 20
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TABLE D.2

1980 Off Peak Hour

EMISSIONS INPUT DATA,

1980 OFF-PEAK HOUR

= 6% of 1980 ADT

Trucks - I-95 Mainline 17%
All Others 9%

Speed NL
On Ramps

Off Ramps

Streets

(CONTINUED)

19 EMISSION
HIGHWAY veh/hr voh[hr SPEED | FACTOR for CO
SBECTION ane $ HDV
m/mi
ve
RAMP "L" 9% HDV

90 234 234 10 9

91 234 234 10 9

92 234 234 10 9

93 234 234 10 9

94 234 234 10 9

95 234 234 10 9

96 738 733 ) 9
97 342 171 10 9 -
98 342 171 10 9 -

99 342 171 10 9
100 342 171 10 9 -
O'DONNEL ST EB B

102 126 126 20 9

2102 324 324 20 9
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TABLE D.2

1980 Off Peak Hour

Trucks - I-95 Mainline 17%

EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR (CONTINUED)

= 6% of 1980 ADT

All Others 9%

Speed NL = 50 MPH
On Ramps - 20

Off Ramps - 10
Streets - 20

19  EMISSION

ggg#s: veh/hr vcznlrr SPEED FAC:‘ORHII;sr co
m/mi
ve
O'DONNELL ST
CUTOFF EB $ HDV
104 222 111 20 9
105 222 111 20 9
106 822 411 20 9
107 822 411 20 9
108 822 411 20 9
109 || 822 411 20 9
110 1596 532 20 9 B
WB ol
112 804 | 402 20 9 )
111 804 402 20 9 B L
2106 804 402 20 9
2105 210 105 20 9 B )
2104 210 105 20 9
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TABLE D.2

1980 Off Peak Hour

Trucks

EMISSIONS INPUT DATA,

I-95 Mainline 17%

1980 OFF-PEAK HOUR

= 6% of 1980 ADT

All Others 9%

BOSTON ST EB

WB

(CONTINUED)

Speed NL = 50 MPH
On Ramps - 20

Off Ramps - 10
Streets - 20

19 EMISSION
lslggl‘i.ﬂxs: veh/hr VTO%Mm SPEED FAC'{ORmf”t;I‘ co

m/mi

ve

$ HDV
115 510 255 20 9
116 510 255 20 9
117 330 115 20 9 A
118 330 115 20 9
119 || 330 115 20 9
126 600 300 20 9 e -
127 600 300 20 9 s
128 234 117 20 9 B
129 734 117 20 9 ” .
2129 240 120 20 9 T )
2128 240 120 20 9
2127 600 300 20 9
2126 600 300 20 9
125 780 390 20 9
124 780 390 20 9 ) L
123 510 255 20 9
122 510 255 20 9
121 510 255 20 9
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TABLE D.2

1980 Off Peak Hour

Trucks

I-95 Mainline 17%

EMISSIONS INPUT DATA, 1980 OFF-PEAK HOUR

6% of 1980 ADT

All Others 9%

HARBOR TUNNEL

NORTH

SOUTH

Speed NL = 50
On Ramps - 20

MPH

Off Ramps - 10

Streets - 20

(CONCLUDED)

19 BMISSION
gﬁg??ﬁ: veh/hr !igéel SPEED FAczonugsr co
m/mi
ve
$ HDV
139 1518 759 | 50 17
138 1518 759 | s50 17
137 1518 759 | 50 17
136 1518 759 | 50 17
135 1518 759 | 50 17
134 1518 759 | 50 17 .
133 1518 759 | 50 17 .
132 1518 759 | 50 17
131 1518 759 50 17 e
2131 1518 759 50 17 B
7132 1518 759 | S0 17
7133 1518 759 | 50 17
2134 1518 759 | 50 17
2135 1518 759 | 50 17
2136 1518 759 | 50 17
2137 1518 759 | 50 17 L
2138 1518 759 | 50 17
2139 1518 759 | 50 17 _
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1995 Peak

TABLE D.3

EMISSIONS INPUT DATA,

Hour = 50% of 1995 Pk. Period

Trucks - I-95 - 11% (Mainline Only)

I-95 NB

I-95 SB

1995 PEAK HOUR

1-83 and Others - 5%
19  EMISSION
ggggys; veh/hr !%%é%; SPEED FACIORngcr co m :1 ‘55%
m/mi Tane | Tane
ve
11% HDV
1 6700 1675 50
2 6700 1675 50
3 4650 1550 50 e
4 4650 1550 50
5 L—5§50 1550 50
6 4650 1550 50
7 7050 1410 50 -
8 7800 1300 S0
10 4300 |- 1075 50
11 2100 700 50
12 2100 700 50
13 2100 700 50
14 2100 700 50
15 2100 700 50
16 2100 700 50
17 2100 700 50
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TABLE D.3

1995 Peak Hour =

50% of 1995 Pk. Period

Trucks - I-95 - 11% (Mainline Only)

EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

I1-83 and Others - 5%
19 EMISSION
gggﬁsz veh/hr %1_- SPEED FAC‘{ORHgsr co m :.1 L:%E"
:all Tane~ | Tane
I1-83SB to I-95NB 5% HDV
20 5200 | 1734 50
21 5200 | 1734 50
22 4100 | 1367 50 /
23 4100 | 1367 50
24 2400 | 1200 20
25 |[ 2400 [ 1200 20
26 2400 | 1200 20
27 2400 | 1200 20
I-83SB to I-95SB
30 1100 |- 1100 20
31 1100 | 1100 20
32 1100 | 1100 20
33 1100 | 1100 20
34 1100 | 1100 20
35 2200 | 1100 20
36 2200 | 2200 20
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TABLE D.3 EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

1995 Peak Hour = 50% of 1995 Pk. Period

Trucks - I-95 - 11% (Mainline Only)

I-83 and Others - 5%
19 EMISSION
gggﬁsz veh/hr % SPEED FACIORﬂger co m 1:1 ‘:l_é'c@
m/n Tane | Yane
I-95NB to I-83NB 5e
40 || 2050 1025 20
41 950 950 20
42 950 950 20
43 950 950 20 .
44 950 950 20
45 950 950 20
46 || 2500 1250 20 -
47 || 2500 1250 20
1-95SB to I-83NB T
50 || 2000 |- 1000 20
51 || 2000 1000 20 -
52 || 1650 825 20 -
53 || 1650 825 20
54 || 1650 825 20
55 || 1650 825 20
56 || 1650 825 20
57 || 1650 825 20
58 |[ 4150 1383 20
59 || 4150 1383 | 50 |

108




TABLE D.3

1995 Peak Hour = 50%

of 1995 Pk. Period

Trucks - I-95 - 11% (Mainline Only)

RAMP

RAMP

EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

I-83 and Others - 5%
19  EMISSION
ggg#}s; veh/hr !ggégg SPEED FAcIonugsr co n :1 355%
:eli Tane | Yane
IIG” 5% HDV
61 1700 1700 20
62 1700 1700 20
63 1700 1700 20
64 1700 1700 20
65 1700 1700 20
HH”
68 1550 1550 20
69 1550 1550 20
70 1550 |* 1550 20
71 1550 1550 20
72 1550 1550 20
73 1550 1550 20
74 1550 1550 20
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TABLE D.3

1995 Peak Hour
Trucks - I-95 - 11% (Mainline Only)

RAMP

RAMP

RAMP

RAMP

EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

50% of 1995 Pk. Period

1-83 and Others - 5%
HIGHWAY h/h h/h SPEED ll'-'ZCTOIIinissmg
ve v
SBCTION To| el oy O angal | aa/n
c.li Tane | Tane

nR 5% HDV

77 1100 1100 10

78 1100 1100 10

79 1100 1100 10

80 600 600 10 .
"R" SPUR T

81 500 500 10 -
HQ" i

83 1100 1100 10 o

84 1100 1100 10

85 1100 1100 10 o
I'KH _-_'

87 750 750 20

88 750 750 20

89 750 750 20
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TABLE D.3 EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

1995 Peak Hour = 50% of 199§ Pk. Period
Trucks - I-95 - 11% (Mainline Only)

I-83 and Others - 5%

gggﬂs; veh/hr % SPEED II’RC:‘OIB!:%;? Igg m, :ll %
:.-i Tene | Yane
RAMP "L 5% Hpy
90 350 350 10
91 350 350 10
92 350 350 10
93 350 350 10 )
94 350 350 10
95 | 350 350 10
96 350 350 10 B
97 550 275 10 o
98 550 275 10 o
99 550 275 10 ) o
100 550 275 10
O'DONNELL ST -
EB 102 300 300 20 5 B
WB 2102 800 800 20 5
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TABLE D.3 EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

1995 Peak Hour

50% of 1995 Pk. Period

Trucks - I-95 - 11% (Mainline Only)

I-83 and Others 5%
19 EMISSION
HIGHWAY h/h h
HaGHAY veh/hr "an:r SPEED PAC‘:ORmf“c;r_ co m :1 ‘_:leag_
|3°n1 Yane | Tane
O'DONNELL ST.
CUTOFF % HDV
EB 104 400 200 20 5
105 400 200 20 S5
106 1650 825 20 5
107 1650 825 20 5 1T
108 1650 825 20 5
PN
109 1650 825 20 5
110 3350 | 1117 20 5 .
WB il
112 2000 | 1000 20 5 o
111 2000 | 1000 20 5
2106 2000 | 1000 20 5 | -
2105 550 275 20 5
2104 550 275 20 5 o

112



TABLE D.3 EMISSIONS INPUT DATA, 1995 PEAK HOUR (CONTINUED)

1995 Peak lHour = 50% of 1995 Pk. leriod

Trucks - I-95 - 11% (Mainline Only)
1-83 and Others - 5%

19 EMISSION
gggﬂsz veh/hr % SPEED FAC'{OR“SST co m :\1 ‘%%
q%ai Tane | Tane
BOSTON ST EB 8 HDV
11514] 1300 | 650 20 5
116 || 1300 650 20 5
117 850 425 20 5 i
118 850 425 20 5
119 850 425 20 5
126 || 1350 675 20 5 -
127 || 1350 675 20 5 -
128 700 350 20 5 |
129 700 350 20 5
WB .
2129 350 175 20 5
2128 350 175 20 5
2127 || 1200 600 20 5
2126 || 1200 600 20 5
125 || 1800 900 20 5
124 || 1800 900 20 5 ] R
123 || 1150 575 20 5
122 || 1150 575 20 5
121 || 1150 575 20 5
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TABLE D.3 EMISSIONS INPUT DATA,

1995 Peak Hour =

Trucks - I-95 - 11¢%

I-83 and Others - 5%

50% of 1995 Pk. Period

(Mainline Only)

1995 PEAK HOUR (CONCLUDED)

19 BMISSION
.S‘gg"l'r:s: veh/hr % SPEED PAC'{OR";"OII' co m :1 %
:eni Tane | Tane
HARBOR TUNNEL $ HDV
NORTH B
139 [ 2450 1225 50 11
138 || 2450 1225 50 11 1
137 || 2450 1225 50 11
136 || 2450 1225 50 11
135 || 2450 1225 50 11
134 | 2450 1225 50 11 -
133 |[ 2450 1225 50 11 T
132 |[ 2450 1225 50 11 I
131 |[ 2450 1225 50 11 ' o
SOUTH __—_"i:__jf_i:
2131 || 2450 1225 50 11
2132 || 2450 1225 50 11 -
2133 |{ 2450 1225 50 11
2134 |[ 2450 1225 50 11
2135 || 2450 1225 50 11
2136 || za50 1225 50 11
2137 || 2350 1225 50 11 o
2138 || 2450 1225 50 11 - T
2139 || 2450 1225 5 11 o
4 —
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OI'F-PLEAK 1OUR

1995 0ff Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML -Mgg MPH
All Others 9% On Ramp - 20
Off Ramp - 10 MPH

Street - 20 MPH

gégﬂax veh/hr % SPEED }::C'{'Og:ggi ! gg ‘%:ﬂ L:QLHCI
g%é'l‘_i Tane ane
1-95 NB 17% HDV
1 2406 602 50
2 2406 602 50
3 1518 506 50
4 1518 506 50 _
5 1518 506 50
6 1518 506 50 B
7 2580 516 50 B
8 2898 483 50 Tl on
I-95 SR
10 2436 | 609 50 _ _
11 1446 482 50 ! o
12 1446 482 50
13 1446 482 50
14 1446 482 50 i
15 1446 482 50
16 1446 482 50
17 1446 482 50
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML - 50 MPH

All Others 9% On Ramp - 20 MPH
Off Ramp - 10 MPH

Street - 20 MPH

19  EMISSION

.Sl:g‘l'":s: veh/hr % SPEED FAC':‘ORHgsr co m :;1 %
:e“ Tane | Yane
I-83SB to I-95NB 9% HDV
20 2628 876 50
21 2628 876 50
22 2094 698 50
23 2094 698 50
24 1062 531 20
25 1062 531 20
26 1062 531 20 -
27 1062 531 20 -

I-83SB to—1-958B |

30 534 |° 534 20 —
31 534 534 20 S
32 534 534 20
33 534 534 20
34 534 534 20
35 990 495 20
36 990 990 20
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR (CONTINUED)

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML - 50 MPH
All Others 9% On Ramp - 20 MPH
O0ff Ramp - 10 MPH
Street - 20 MPH

19  BMISSION

gégﬂaz veh/hr \L}I.%%g SPEED PAC':‘ORHg‘oIr co n :L l;%
m/mi Yane ane
ve

I-95NB to I-83NB 9% HDV

40 888 444 20 :

41 432 432 20

42 432 432 20

43 432 432 | . 20

44 432 432 20

45 432 432 20

46 1326 663 20

47 1326 1326 20 ‘

I1-95SB to _I-83NB

50 1434 | 717 20 -
51 1434 717 20
52 1112 561 20 B
53 1112 561 20
54 1112 561 20
55 1112 561 20
56 1112 561 20
57 1112 561 20
58 2448 816 20 i
59 2448 816 50
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR (CONTINUED)

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML - 50 MPH
All Others 9% On Ramp - 20 MPH
: Off Ramp - 10 MPH

Street - 20 MPH

19  BMISSION

lslggﬂsz veh/hr % SPEED FAC’:ORmt"‘t;r co m :1 %
:ali Tane | Yane
RAMP "G : 9% HDV
61 1032 1032 20
62 1032 1032 20
63 1032 1032 20
64 1032 1032 20
65 1932 1032 20
RAMP ''H! ——
68 894 894 20 i ———
69 894 894 20
70 894 |- 894 20 P
71 894 894 20 _
72 894 894 20
73 894 894 20 .
74 894 894 20
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR (CONTINUED)

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML - 50 MPH
All Others 9% On Ramp - 20 MPH

Off Ramp - 10 MPH
Street - 20 MPH

19  EMISSION

HIGHWAY h/h gm/
HadimaY veh/hr vozézr SPEED FACIORuger co ‘Eﬁ%l :e:
m/mi Tane | Tane
ve
RAMP '"'R" 9% HDV
77 456 456 10
78 456 456 10
79 456 456 10
80 186 186 10

RAMP "R'" SPUR

81 270 270 10

RAMP IIOH
83 456 456 20 -
84 456 | 456 20 i
85 456 456 20

RAMP IIK"
87 318 318 20
88 318 318 20
89 318 318 20
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR (CONTINUED)

1995 Off Peak Hour = 6% of 1995 ADT

- I-95 Mainline 17% Specds - ML - 50 MPH
frucks All Others 9% On Ramp - 20 MPII
Off Ramp - 10 MPH

Strecet - 20 MPH

19  EMISSION

ls‘lggﬂa: veh/hr % SPEED FACIOR"{;‘?!‘ co xﬂ# L:%
3°m1 Tene | Tane
RAMP "L 9% 11DV

90 312 312 | 10
91 312 312 | 10 _
92 312 312 | 10 B
93 312 312 | 10
904 || 312 312 | 10 -
95 312 312 | 10 1
96 312 312 | 10 1
97 450 225 | 10 N
08 450 225 | 10
99 450 225 | 10 R
100 450 225 | 10

O'DONNELL ST
EB 102 168 168 20 9
WB 2102 438 438 20 9
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TABLE D.4

EMISSIONS INPUT DATA,

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17%

1995 OFF-PEAK HOUR (CONTINUED)

Speeds - ML - 50 MPH

9% On Ramp - 20 MPH
A1l Others Off Ramp - 10 MPH
Street - 20 MPH
HIGHWAY h/h h/h SPEED ;xcroguéssxgg
or i
SECTION aad !iiéil Vv HDV i .%é%
gr/mi Tane ane
ve
O'DONNELL ST % 1DV
CUTOFF
EB 104 294 147 20 9
105 294 147 20 9
106 1032 516 20 9
107 1044 522 20 9
108 1044 522 20 9
109 1044 522 20 9
110 2076 692 20 9 _
WB 112 1032 516 20 9 -
111 1032 516 20 9
2106 1044 522 20 9 S
2105 288 144 20 9 -y
2104 288 144 20 9
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TABLE D.4

1995 Off Peak Hour

EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR (CONTINUED)

6% of 1995 ADT

Speeds - ML - S0 MPH

Trucks - I1-95 Mainline 17% On Ramp - 20 MPH
P
All Others 9% Off Ramp - 10 MPH
Street - 20 MPH
h/h h/h SPEED é:cro:"§SSIgg g/
HI1G \ § E
sgC‘l‘"%N NeR/hE vo.n.r ] Hber = :‘ :e:l
m/mi Tane | Tane
ve
BOSTON ST $ HDV .
EB 115 672 336 20 9
116 672 336 20 9
117 486 243 20 9
118 486 243 20 9
119 486 243 20 9
126 756 378 20 9 =
127 756 378 20 9 - Sz
128 312 156 20 9 . N
129 312 156 20 9 a
WB 2129 318 159 20 9 B
2128 318 159 20 9
2127 756 378 20 9
2126 756 378 20 9
125 942 471 20 9
124 942 471 20 9
123 672 336 20 9
122 672 336 20 9
121 672 336 20 9 -
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TABLE D.4 EMISSIONS INPUT DATA, 1995 OFF-PEAK HOUR '(CONCLUDED)

1995 Off Peak Hour = 6% of 1995 ADT

Trucks - I-95 Mainline 17% Speeds - ML - gg MPH
All Others 9% On Ramp - 20 M
Off Ramp - 10 MPH

Street - 20 MPH

19 EMISSION
0
gggﬂs; veh/hr % SPEED FAC‘:‘:RE§31‘ o r:n_zi- ‘?ﬁ%
ve
HARBOR TUNNEL § HDV
NORTH
139 |f 1830 915 | 50 17
138 |l 1830 915 | 50 17
137 ] 1830 915 | 50 17
136 || 1830 915 | 50 17
135 || 1830 915 | 50 17
134 || 1830 915 | 50 17 =
133 || 1830 915 | 50 17
132 |[ 1830 915 [ 50 17 ] _
131 || 1830 915 |50 17
SOUTH _
2131 || 1830 915 |50 17
2132 || 1830 915 |50 17
2133 || 1830 915 |50 17
2134 || 1830 915 |50 17
2135 || 1830 915 |50 17
2136 |[ 1830 915 |50 17
2137 |[ 1830 915 |50 17 _
2138 |[1830 915 [50 17
2139 |[ 1830 915 50 17
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