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1.0 SUMMARY

This report presents the results of a study.performed for the
purpose of updating the curves used to estimate the changes in emissions
from light-duty vehicles as the average vehicle speed is varied. The
program objective was accomplished by performing foﬁr major tasks as
follows:

1. Urban driving pattern data collected during the CAPE-10
Vehicle Operations Survey, conducted in 1971 under the joint spongorship
of EPA and CRC, were processed by city and time of day into freeway, non-
freeway, and composite speed-mode matrices. ‘

2. Weighted combinations of freeway and non-freeway matrices, re-
presenting average route speeds ranging from about 34 to 76 kilometers per
hour (kph) (21 to 47 miles per hour (mph)), were then used to generate
representative driving patterns at speeds ranging from approximately 24
to 72 kph (15 to 45 mph). Eighty-eight driving patterns were selected
as most representative out of a total sample of about 150,000 computer
generated driving patterns. .

3. Second-by-second schedules of the 88 driving patterns were
then input to an EPA-supplied computer program for the estimation of HC, CO,
and NOx emissions over each driving pattern for each of 11 vehicle groups
defined by model year and altitude (low altitude vs. high altitude). The
EPA-supplied computer program is based on the results of several emissions
testing programs conducted for the EPA.

4., A regression analyéis was then conducted to relate estimated
emissions to average route speed for each of the 11 vehicle groups.

| The major findings of the study were:

1. 1In the case of the HC and CO emissions, an adequate fit to
the data is obtained by plotting the natural logarithm of each emission
against a quadratic function of average route speed.

2, A simple lineér plot of NOx against average route speed was

deemed to provide an adequate fit to the data.
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It must be noted that the regression relationships are valid only
within the range of 24 to 72 kph (15 to 45 mph). Extrapolations to higher
speeds will yield incorrect values of the emissions for each vehicle group.
Since there is considerable interest in emissions at the higher speeds,
it is recommended that additional driving patterns-at speeds up to about
97 kph (60 mph) be generated and a regression analysis be conducted to obtain

improved speed correction factor curves.
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2.0 DRIVING PATTERN DEVELOPMENT
The development of driving patterns at speeds ranging from about.
24 to 72 kilometers per hour (15 to 45 miles per hour) will be described in
this section in terms of the following: '
1. Data Processing
2. Mathematical Model

3. Driving Pattern Selection,

2.1 DATA PROCESSING

The data used as input to this project were obtained from the
CRC/APRAC-CAPE-10-68 program conducted by Scott and referred fo as the
Vehicle Operations Survey (VOS) program. The primary objective of the VOS
program was to collect and evaluate information on urban driving patterns as
characterized by detailed vehicle modal operating characteristics.

Vehicles instrumented with Digital Data Acquisition Systems (DDAS)
were used to obtain the detailed vehicle modal operating parameter information.
Of the extensive data collected dufing the VOS program, basically two measure-
ments, speed and time, are of direct use for purposes of representative driving
pattern development. A precision electric speedometer (rotary pulse generator)
was used to monitor the speed of each instrumented vehicle, and an electronic
oscillator provided highly accurate time determinations. Speed, time, and
other data were recorded digitally on magnetic tape to facilitate computer
processing.

All data, including vehicle speed, were recorded at one-second
intervals. Since the rotary pulse generator was calibrated to an accuracy
of 0.1 mph, cruise speeds could be determined to 0.1 mph, and accelerations

"and decelerations could be measured to an accuracy of 0.1 mph/second.
_ The basic matrix used to accumulate the modal data is the 3-D
matrix shown in Figure 2-1. An 8-kph (5-mph) speed increment was-found
to be adequate and convenient for use in defining the speed modes. Since
verification of the driving patterns on a chassis dynamometer is an important
considgration, and since most Clayton dynamometers are restricted to a

speed of 97 kph (60 mph), the thirteenth matrix element represents 97 kph
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and over (60+ mph). These modal data were then transformed iﬁto two basic
matrices: a total-time-in-mode matrix and a mode-frequency-of-occurrence
matrix, in the format shown in Figure 2-2., The matrices used to describe
and develop driving patterns are defined more specifically as follows:

Distribution-of-Time~in-Mode Matrix: This matrix, shown in Figure 2-1,

is a 3-dimensional matrix, the third dimension reflecting the distribution
of time in mode for each mode. It is the basic matrix from which both the
total-time-in-mode and mode-frequency-of-occurrence matrices are created.

Total-Time-in-Mode Matrix: The time spent in executing each mode was

accumulated to yield the 2-dimensional total-time-in-mode matrix, formatted
as shown schematically in Figure 2-2; each entry is the total observed time,
normalized so that the sum of all entries is 100%.

Mode-Frequency-of~Occurrence Matrix: This 2-dimensional matrix, for-

matted as in Figure 2-2, was derived from the distribution-of-time-in-mode
matrix by simply tallying the number of times each mode occurred and then
normalizing so that the sum of all entries is 1007%.

Average-Time~in-Mode Matrix: This matrix is generated by dividing

each element in the total-time-in-mode matrix by the corresponding element
in the mode-frequency-of-occurrence matrix.

Transition-Probability Matrix: This matrix, formatted as in Figure 2-3,

is obtained by row-normalization of the mode-frequency-of-occurrence matrix.
I. e., the non-diagonal elements in each row of the mode-frequency-~of-oc-
currence matrix are first summed, and each non-diagonal row element is then
divided by the row total. The off-diagonal entries in any row are therefore
the conditional probabilities of making transitions from the row's cruise
mode (diagonal element) to those acceleration or deceleration modes. The
diagonal elements in the transition probability matrix remain undefined,

of course, since no transition occurs while cruising.

2.2 MATHFMATICAL MODEL

A Monte-Carlo modellwas chosen since that technique allows the
rapid generation of large numbers of driving patterns from which those most
representative of observed driving patterns may be selected. Patterns are

generated by randomly selecting modes and mode durations by sampling the
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distribution functions for each with random numbers. Before proceeding
further, however, it is appropriate to note the mode-sequence logic em-
ployed:

a) A cruise mode can be either an idle mode or a
non-zero constant-speed mode. :

b) Every other mode in a cycle is a cruise mode;
i.e., every acceleration or deceleration is
followed by a cruise mode; zero-time cruises
are admissible, but were not utilized for this
program.

In order to privide a basis for the mode selection process, the
transition-probability matrix is recast in the form of running sums to the
right on a row-by-row basis. This new matrix, the cumulative transition-
probability matrix, is shown in Figure 2-4. (In all that follows, the
random numbers generated are uniformly distributed on the unit interval.)

Execution of a cruise mode defines the matrixrrow from whith to
select the next mode by virtue of the mode-sequence logic. A random number
on the unit interval is then generated to sample the distribution function
for that row and thus select the next mode. Examination of Figure 2-4 shows,
for example, that if an idle had just been executed and a random number of
0.539 generated, the mode selected is an acceleration from zero to 48 kph
(0 to 30 mph).

The VOS data were processed to output the speed-versus-time data
for any specified acceleration or deceleration. A large number of such
acceleration and deceleration data sets were normalized in both speed and

-time, plotted, and éarefully compared for trends in curve shape differences.

It was found that virtually all decelerations followed the same
normalized curve, independently of initial and final speeds. The accelerations,
however, could not be accurately represented by a single normalized curve,

- but rather required classification into three distinct normalized acceleration
curves. These and the deceleration curve are shown in Figure 2-5.

" The acceleration characteriéticé were found to be functions of
both initial speed and net change in speed, as noted in Figure 2-5. The
computer was thus programmed with polynomials fitting the curves shown in
the figure. The transitions made between cruise modes in the test cycles

are therefore representative of those observed in the five cities surveyed.
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The distribution-of-time-in-mode matrix yielded, for each mode,
a frequency distribution such as that illustrated in Figure 2-6. By
creating equal intervals along the abscissa of the time distribution curve,
stepwise integration leads to a histogram as shown. After normalizing the
area under the histogram, the Monte-Carlo technique is applied to time-
in-mode selection. It should be noted that probability is again reflected
along the random number axis, and that the most probable time in mode is
the average time in mode. '
The sequence in which the selections are made is shown in the
condensed functional flow diagram of Figure 2-7. The total-time-in-mode
and mode-frequency-of-occurrence matrices are input to the computer and
the cumulative transition-probability matrix is created. The program
then passes through reference point one, which denotes the point at which
mode selections are initiated.
Since patterns must be of finite duration and it is desirable
to end them with an idle mode, the program tests each cruise mode to deter-
mine - if it is an idle. 1If it is not, the program returns to reference point
one. If it is an idle, the program tests the pattern duration to that point
to determine whether the desired duration has been either reached or exceeded.
If the duration is less than desired, the program returns to reference
point one. If the desired duration has been exceeded, the process is terminated.
If the duration is within the established limits, the pattern
is tested to determine whether it is representative of (similar to) the
" observed vehicle operation patterns used as inputs. If certain criteria
are met, the pattern is retained in storage. If it is found not to satisfy
the criteria, the pattern is erased from storage after the pattern-evaluation
data are stored for statistical purposes. After each such test, the program
is either terminated or returns to reference point one to generate another

pattern.

2.3 DRIVING PATTERN SELECTION
Three types of pattern evaluation measures were used: correlation
coefficients, G-values (a chi-square equivalent), and summary measures,

as summarized in Table 2-1.
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Since the first goal of this project was to generate patterns
which are representative of observed driving habits, the problem of
matrix similarity becomes of prime importance. Although it would be
ideal to generate a pattern which, for example, has a normalized time-
in-mode matrix which was identical to that of the corresponaing input
matrix, it is not possible to do so because of the short pattern duratioh
relative to the large amount of time reflected in the input matrices. 1I.e.,
the pattern contains relatively few modes (approximately six to seven per
minute of duration). The problem thus becomes one of judging the degree
to which a pattern matrix is similar to (or different from) an input matrix.
Since the problem in one sense is that of comparing two sets of
numbers to determine how close the numbers are in magnitude, it is natural
to consider the set of statistical techniques generally used to make compar-
isons, to do significance testing, or to establish relationships between
variables. An attractive feature of statistical tests is the provision
of criterion levels which permit the acceptance or rejection of hypotheses
at any desired confidence level.  For these reasons, itvwas first decided
to apply the G-test as a matrix-comparison technique. G is a log likeli-
hood ratio test which provides a measure of the deviations of observed num-
bers from expected numbers; i.e., those numbers specified by the hypothesis of
interest. The usual hypothesis to be tested by G is the null hypothesis,
or the hypothesis that some set of observed values does not differ from a
corresponding set of expected vélues. .
Acceptance or rejection of the null hypothesis (i.e., that the
matrices are not significéntly different) with the G-test is referenced
to a criterion level depending only on the number of degrees of freedom
and the selected confidence level. However,; application .of the G-test
requires that the 169-mode matrix be partitioned into a smaller number of
areas in order to satisfy the empirical criterion that each expected
frequency of occurrence have a value of at least two or three. It was
therefore deemed desirable also to identify measures which would be based

on each individual mode.
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The correlation coefficient was selected as a measure for
making mode-by-mode comparisons. For pattern development purposes,
correlation coefficients are computed for the acceleration, deceleration,
and cruise modes, and for all modes. Consequently, eight correlation
coefficients are computed for each cycle: four for the normalized time-
in-mode matrix and four for the normalized mode-frequency-of-occurrence
matrix. .

Finally, the idle, cruise, acceleration, and deceleration data
are summed by category to yield the percent of time spent in each of the
four mode types and the percent frequency of occurrency of each of the
mode types. '

A figure of merit was then defined which consisted of a linear
combination of the eight correlation coefficients, each subtracted from
unity. I.E., the smaller the value of the figure of merit, the more rep-
resentative the pattern. The statistical data for each pattern meeting
the desired criteria were computer-sorted and output in ascending order
of figure of merit., The average speed in mph, correlation coefficients,
and figure of merit for each of the 88 selected patterns are shown in

Table 2-2.
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807  .983 5,03
86U ,987 5,04
808,969 5,05
873 974 5,20
802 971 5.22
865  .975 5,36
807 .97 5,48
803 953 5,77
848 994 3,15
852 . .99 3,30
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TABLE 2-2 (coNT'D)

DRIVING PATTERN STATISTICS

~ FREQUENCY MATRIX CORRELATIONS

TIME MATRIX CORRELATIONS

AVERAGE |
SPEED  CRUISE ACCEL DECEL  TOTAL
41,98 934,916 .926 .97
uy,14 934,887 923 .969
43,20  .952 .85 . ,898  .957
42,50  .920 - .869  ,893 .970
.43 938,882,889  ,963
yy,61  ,93%  ,883  ,863  ,9u4
45.46 904 891  ,890 941
44,07 .921 . .855 865 949
4,63 .93 .93  .958  .979
w,01  .973  .913  .893  .965
42,99 .94y  ,922  ,909 977
41,76 ~ .919  .934  ,933  ,975
43,41 947,907 .909  .973
43,71 ,939  .914  .884 964

994

. .998

986
.998
,990
.995
.998
. 994
.999
,998
,998
1,998

997 .

999

. 806

823

839
814
811
819

804

823
861
861

.840

880
811
. 866

FOM
883,992 3,42
836,996 3,68
832,987 4,05
823,99 4,17
,801  ,990 4,28
814,993 4,43
841,994 4,51
803,993 4,69
930  ,997 2,59
848,99 3,11
861  .997 3,18
838  ,995 3,21
869  ,996 3,39
811,997 3,65

¥/.20 LO 8%1TZ T4S
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AVERAGE - -
SPEED .

13,50
44,25
42,07
A4L2L-

TaBLE 2-2 (CONT'D)

DRIVING PATTERN STATISTICS

FREQUENCY MATRIX CORRELATIONS TIME MATRIX CORRELATIONS

CRUISE ACCEL- DECEL  TOTAL  CRUISE ACCEL ~ DECEL TOTAL _FOM
949 903 .88 .95 997 .819 .89 .99 3.76
904 910 918 .98 997 .810°  .862 .99  3.86
918 916 914 971 9%  .810  .812 .99 3,95

3,95

L9371 904 973 995 807 847 .9%

%L20 L0 8%TT TS
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3.0 EMISSIONS ESTIMATIONS

After selection of the 88 most representative driving pattérns
at the various average route speeds, the EPA-supplied computer program
was utilized to estimate the emissions over each pattern for each vehicle
group. The driving pattern generation computer program was modified by
computing and storing speed data on a second-by-second basis and incor-
porating the EPA-supplied program, The emissions and average speed for
each pattern and vehicle group combination were then output on punéhed
cards. An overview of the process is shown in the flow diagram of
Figure 3~1. The vehicle groups for which emissions were estimated are
defined in Table 3-1. Tables A-1 through A-11 of Appendix A give the
emissions and average speed for each of the 88 patterns by vehicle group.
The emissions are given in units of both grams per kilometer (gpk) and
grams per mile (gpm), while the average speeds are in mph. A multiple
step-wise regression analysis was then conducted with those data. The

‘results of that analysis are presented in the next section.



" CYCCRUD PROGRAM

(START)

—

INPUT RANDOM NO.,
FOR DESIRED PATTERN

3

J

MONTE~-CARLO GENERATION

OF DRIVING PATTERN

1

C

STORE MODE-BY-
© MODE DATA . \_-

1

STORE SECOND- ~ f -
BY-SECOND DATA- '\ _

1.

.

EPA EMISSIONS-

ESTIMATING PROGRAM

T

o

OUTPUT EMISSIONS
AND AVERAGE SPEED

Ficure 3-1
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GROUP
NUMBER

1
2

W 00 N O Ul & W

10
11

TaBLE 3-1

VEHICLE GROUP DEFINITIONS

MODEL
YEARS

1957-1967
1957-1967

1966-1967
1968
1969
1970
1971
1968
1969
1970
1971

'GEOGRAPHICAL
DESIGNATION

DENVER

LOW ALTITUDE
(EXCL, ‘66-'67 CALIF,)

CALIFORNIA
LOW ALTITUDE
LOW ALTITUDE
LOW ALTITUDE
LOW ALTITUDE

DENVER
DENVER
DENVER
DENVER

%420 L0 8%TZ TS
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4.0 RESULTS
The end product of the procedures described above is a set of
~regression equations from which one may compute each of the three emission

types for each vehicle group. The natural logarithms of the HC and CO are
computed from quadratic functions of the average route speed, denoted by
§; and the NOX values are computed from linear functions of S. To facilitate
comparison of the curve shapes for each emission and vehicle group combina-
tion, curves of emissions versus average route speed were normalized to

the emissions at S = 31.5 kph (19.6 mph), the average speed over the Federal
driving schedule. ' .

. The normalizing values for each emission by vehiclé group are
given in Tables 4-1 and 4-2. The normalized speed.correction curves of
emissions versus S for each vehicle group are given in Figures 4-1 through
4-11. To determine the value of an emission at any given speed from 24
to 72 kph (15 to 45 mph), first determine from the curve for the vehicle
group of interest the value of the speed correction factor at the desired
speed. Then multiply the corresponding emission value in Table 4-1 (or
Table 4-2, for grams per mile) by the speed correction factor to obtain the
emission value in the desired units.

The regression equations which relate emissions to average route
speed by vehicle group are given in Tables 4-3, 4-4, and 4-5, In addition
to the regression. equations, those tables give for each equation the multiple
correlation coefficient, R, its square in units of percent, and the stapdard
error of the estimate. Note that R2, the coefficient of determination,
yields the percent of the data variance which is accounted for by the re-
gressibn relationship. The standard error of the estimate is a measure of
how well the equation estimates the emissions.

~ In the case of the HC and CO, since the natural logarithms of
those emissions were used as the dependent variables, multiplying the listed
" standard errors of the'éstimate by 100 yields the error estimate as a per-
centage. The standard errors of the estimate for the NOx are iﬁ units
of grams/mile. Note that the conversion of emissions to units of grams/
kilometer is easily accomplished by multiplying the gms/mile value by 0.62137
(or dividing by 1.6093). | |
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Examination of Tables 4-3 and 4-4 indicates that the regression
relationships for HC and CO provide excellent fits to the input data. The
regression relationships in Table.4-5 indicate that the NO_ data fits are
acceptable, although not as good as those for the HC and CO.



TaBLE 4-1

EmissioN VALUES AT AN AveraGe RouTe Speep ofF 31,5 KPH

VEHICLE
Group

O 00 N O U1 W N

—
)

HC
(GMs/KiLOM,)

5.44
4,74
3,42
3.18
2,90
2,19
1.87
3,46
2,67
3,28
2,86

Co
{GMS/KILOM,)

NOX
(GMs/KiLOM,)

83,33
49,02
30,72
40, 44
32,17
26.28
27.11
71,28
50.89
64,23
65,57

1.42
2,44
2,32
2,97
3,96
3,63
3,31
1,60
1.85
2,02
2,08

.20 [0 8%TZ 'TdS

€=y



TABLE 4-2

EmissioN VALUES AT AN AVERAGE RouTe Speep ofF 19.6 MPH

VEHICLE
GroOUP

O 0 N O U1 £ W N =

— O

HC
(6MS/MILE)

8.76

7.82
5,50
5,12
4,67
3,53
3,01
5,57
4,30
5.28
4,60

co
(GMS/MILE)

154,11

- 78.89
49, 4l
65,08
51,78
42,30
43,63
114,71
81.90

103,36

105,53

NOX
(GMS/MILE)

2,28
3,93
3,74
4,78
6.38
5,85
5,33
2,57
2,97
- 3.24

T 3.3
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VEH,

GrP. A

1 3.05297
2 2.98338
3 2.,66145
4 2.70316
5 2.54636
§ 2.16247
/ 2.04527
8 - 2.43936 .
9 2.16433

10 2.50366

11 2,31339

TABLE 4-3

. . - _2
ReGcress1oN EquaTioNs oF THE ForM LN HC = A + B S + ¢S

(IN UNITS OF GRAMS PER MILE)

B

C

-5,58319 x 1072
-5,99767 x 107°
-5,98232 x 1072
-6,63011 x 107°
-6.26878 x 107¢
-5.69535 x 1072
-5,92347 x 10°°
-14,62533.x 1072
-4,54768 x 1072
-5,32822 x 1072

-14,98932 x 10°°

5,51585 x 107*
5,80943 x 107*
5,63255 x 107
5,98211 x 107°
5.79923 x 107*
5.58732 x 107*

5.67343 x 107%

4,79837 x 1074
4,84409 x 107
5.33325 x 10°*

4,99244 x 107

MuLT, R? StD.ERR.
R (%) oF EsT.
0.9974 99,5  0.0154
0.9980 99,6  0.,0147
0,9992 99,8  0,0099
0.998  99.8  0,0137
0.9985 99,7 0,014y
0.9976  99.5  0.0152
0.9979 99,6  0,0152
0.9948 99,0  0.0167
0,9948  99.0  0.0156
0,9969 99,4  0.0157
0.9952 99,0  0,0181

®.20 LO 8%TT TIS
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VEH,
GRP,

A

TABLE 4-4

REGRESSION EquAaTiOoNSs OF THE ForM tN CO = A + B S + cS
~ (IN UNITS OF GRAMS PER MILE)

e
—_ O

W 00 N O T I W N

5.61991
5,33475
4, 88181
5,22263
5,20578

5,01179

5.01669
5. 40456
5.03307
5.47334
5.55310

-5,54041 x 10°%

0,9922

98,4

MuLTI, R STD.ERR,

B C R (%) ofF EsT,
-4,57276 x 1072 4,55637 x 10°*  0,9943 98,9  0.0184
-6.06584 x 1072 5,78421 x 10°*  0.9980  99.6  0.0152
-6.21854 x 107 6,18978 x 10°*  0.9978 99,6  0,0155
-6.51947 x 107 6.00899 x 10™*  0.9985 99,7  0.0148
-7.71552 x 100 6,59770 x 10°*  0,9989 99,8 0,016l
-7,71946 x 10°2  6.40350 x 10°*  0,9987 99,7  0.0185
-7.52438 x 107 6,08591 x 10°*  0.,9985 99,7  0,0198
-4,22728 x 107 4,33105 x 10°*  0,9877  97.6  0.0239
-4,03763 x 107 4,26267 x 10°*  0,9763  95.3  0,0305
-5,23697 x 1072  4,98092 x 10°*  0,9917 98,3  0.0270
4,99253 x 107 0.0298

%470 LO 8YTZ TUS

9=y



REGRESSION EaQuATIiONS oF THE Form NO, = A + BS
(IN UNITS OF GRAMS PER MILE§

~ VEH.

GRP., A

1 1,37325
2 3,17413
3 3,15629

44,2464y
5 5, 83611
6 4,93157
7 4,49361
8 1,65072
9 2.15763
10 1,98983
11 2.32847

TaBLE 4-5

MuLT. R?
B R (%)
4,62134 x 1002 0,9751  95.1
3,85334 x 10°% . 0,9547 91,1
2,98311 x 1072 0.9351  87.4
2,71939 x 107>  0,9082  82.5
2,75849 x 1072 0,8616 74,2
4,66796 x 1072 0.9393  88.2
4,28722 x 102 0,9401  88.4
4,71563 x 1072 0,9755 95,2
4,16635 x 107 0.,9699 94,1
6,40748 x 107  0,9754 95,1
5,18718 x 10°%  0.9721

94,5

STD.ERR,
oF EsT,

0.0992
0.1134

- 0.1067

0.1183
0.1534
0.1611
0,1468
0,1003
0.0987
0,1367
0.1182

%70 LO 8%TC T4S
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Figure 4-1 Speed Correction Factors for Group 1 Vehicles
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Figure 4-2  Speed Correction Factors for Group 2 Vehicles
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Average Route Speed, KPH
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Figure 4-3 Speed Correction Factors for Group 3 Vehicles
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Figure 4-4  Speed Correction Factors for Group 4 Vehicles
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Figure.4-5 Speed Correction Factors for Group 5 Vehicles
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Figure 4-6  Speed Correction Factors for Group 6 Vehicles
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Figure 4-7 Speed Correction Factors for Group 7 Vehicles
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Figure 4-8 Speed Correction Factors for Group 8 Vehicles
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Figure 4-9  Speed Correction Factors foe Group 9 Vehicles
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Figure 4-10  Speed Correction Factors for Group 10 Vehicles
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Figure 4-11  Speed Correction Factors for Group 11 Vehicles
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APPENDIX A

Tables A-1 through A-~11 show the computed emissions over each of
the 88 driving patterns by vehicle group in units of grams per kilometer

(gpk) and grams per mile (gpm). The average speeds are in units of miles

per hour (mph).



TASLE A- 1

ESTIMATED GROUP 1 EMISSIGNS

AVERAGE. HC co NOX HC Co

SPEED (GPK) (GPK) T(GPK )Y (GPM) (GP™) T(GPM)

15.38 6.62 97.95 1.34 10,066 157.63 2.16
15.80 N 96.16 © 1.35 1042 154.75 2.17
—15.89 6.50 96,92 o Xe30 0 1046 0 155.98 2.2l

15.97 6429 92.59 . 1.34 10.07 149.01 2
15.98 6436 ©4.40 1.35 10.24 151.92 2
~-A9.13 . 5.39 . _8l.74  ___ _1.38 .08 _ . _13l.55 . 2
20.66 5.22 30.74 1.35 8.4l 129.94 2
2

2

19.04 5.57 85424 1.35 8.97 137.18
_19.35  _ 5.47____ _ _83.34 ___ . _l.34 ... 880 _l34.12 0 2el6
18.89 5445 32.15 1.31 817 132.20 2.10
15.66 5e54 84.39 5 8692 135.31 Zel18
' 5 9430 141.38 el
5 3491 135.12 2.18
6 8.91 137.04 2.19
6 L Beb 131.86 . 2.19
6 8.90 135.11 241G
19.67 5.25 79.97 1.30 3.45 126.71 2409
18.80 o %.62  85.4% 1,34 o 9404 L A137.51 . _2e 10
19.46 5.52 85.39 1.34 £.88 137.43 L2416
20.50 5418 80.15 1.38 5e34 129.00 2.23
16.72 5.64 86437 . l.34 ' 9.08 134.99 ‘ 2.16
19.27 5.36 31l. 34 1.37 Be62 130.51 2.29
20429 533 82.57 1.34 Be58 132.89 2.16
13.96 .50 ~ 85.04 1.33 8.95 136,87 v 2el4
19.02 5454 84.26 1.36 B.91 135461 2ot
18.03 5.66 8662 ¢34 9.10 139.40 2.16
. 18.87 9465 _.86453  1.35 909 139.26 delo
20432 5435 83.40 l1.20 Bebl 134,21 2.13
20.37 5428 51.76 l1.3% 3.49 131.93 2.17
20.84 - 5,00 717.10 1.37 R.l4 124,07 2.21

.70 LO 8YIT TES



TABLE A~ 1 (CONTINUED)

T ESTIMATED GROUP 1 EMISSIONS

AVERAGE  HC on NOX HC ‘ co NOX
SPEED (GPK) {GPK) (GPK) (GPM) (GPM) (GPM)

22.98 4+86 15494 1l.61 {.33 122.22 2406

%.20 LO 8%TC TAS

. 22.23 4.94 . d6.53 . 1,50 Te56 . LiZ23.le6 0 2041

23.417 4.65 12.54 l1.46 7T.48 116.75 2439
24.15 4468 . 73.02 1.57 : 7.53 : 117.51 2.53
24095 o ,
23.506 4.70 ‘ 73. 14 1.52 Te50 117.70 2ot
2341 T4 T4 T4.25 le54 T.03 119,449 2l
22601 . keS8 T8.28 . 1.53 b.01 125,99 0 2.4
23.83 4. 70 713.37 152 7456 118.07 ‘ 2e4b
25445 4460 74.02 ls64 Tetl LL9.12 255
22067 B LGl 1S L 14.38. . Le50 . e ded2 119710 _ . L defl
20.92 5,18 79.78 1.50 Be34 128.39 2]
24.64 . 4.58 712. 14 le54 737 116.09 2643
2bel5 L 4,24  68.11 _ 1.73 683 109.62 2.7
27.70 4.36 69. 80 1.71 7.01 112.33 2.5
28.43 4,19 66.28 1.76 .68 106,067 2.83
_..30.04  4.09 __66.13 _ 1.80  _  6.59 . _106.43 . 2.90"
30.62 4.02 65.09 1.80 Oel 104.75 289
27.25 4.42 - 71.10 1.75 7.11 114.42 2.81
_29.58 . 4,08 _ _ _65.84 1 I _6.57 . 1U5.96_ . 2.85
28440 4.30 69.14 1.61 6e91l 111.27 2.91
27.28 4032 69.08 1.68 6.96 111.17 2470
26411 e o4 70428 o le68 o Ted4 ,
2752 4¢30 68 .44 .71 ©e92 11J.15 2ol
28.33 4. 30 69.32 1.75 Le92 111.55 edl
_.27.16 C4.42 . T0.80 .74 1.11 113.94 2450
32,99 3.80 62.90 1.90 6.21 101.22 3.436
30.66 3.97 64.03 1.81 ' 639 103.04 2491
. 32.12 . _3.81 _62.96  1.85 _ _ 6.23 101,32 L2497
30.80 : J.90 64.006 178 537 103.09 2+86

4,75 76.59 1.57 7.64 123.20 2057

S13.10 0 2.70



TABLE A- 1 (CONTINUED)

"ESTIMATED GROUP 1 EMISSIGNS

TAVERAGE  HC T T ca - ONOX HC - a0 nox
_ SPEED (GPK) (GPK) (GPK) (GPM) T (GPM) (GPM)

31.95 3.93 T 64,22 C1.86 6e32 103.35 3,00
33,70 3.78 .. 62.18  l.87 L 6.09 100,07 3.01
31.00 . 4,01 65.06 o 1.33 646 104.70 2.95
31.10 4.03 05.57 1.85 6448 105.53 2.98
_31.52 _ 3.91 63.57 . L le80 6.3 102.31 L .89
31.00 3.95 63.78 .31 6435 102. 64 sy
30466 G404 55.55 1.80 T Gebl 105450 2

© 29460 4406 65434 1.75 6053 - 105.16 24531
41.88 3.33 55,98 2.01 5¢36 90.10 3.23
43,26 .3.32 55,71 S 2.09 5434 89.66 3,30
__.4l1.98 334 o ..56.99 . 2402 R 5037 .90.27 3e25
44,14 . 3432 56447 2.09 5.34 . 90.89 .38
43,20 3.26 T 53456 2.03 5.79 89.41 3426
42,50 C3.31 55,59 2.04 5432 . . 8%.46 2,28
42.43 . 3.36 56,66 2.03 5.4 91.19 3.27
44,61 3.25 T 54,90 2.09 5.2 83,36 3,506
45.46 o 3.24 54,517 2.12 )

44,07 3.25 54 .90 © 2.04
41.63 3,35 55.90 2.04
44,01 3.25 54,91 2.006

)
5
5 39.97 3e2%
5
4299 3.32 55.97 .. 2.06 Se

5

5

5

1

3

| S

3 T 8B8.35 3.28
9

3 . 88.306 3,32
4 JU. U8 3.51
41.76 - 3.31 55439 2.01 3 "89.14 3.23
_ _43.4l 3.30 55.69 2,06 530 89.462 3.1
43,71 .27 55.17 2.07 $25 36.78 3.33
43.50 0 3.29 55.47 2.06 , 5.29 39.28 331
4425 3.25 54,93 2.09 - 5.23 88.41 o 3.30
42.07 3.36 564063 2.04 5¢41 9l.l4 3.28
4l.21 3.36 56.33 2.00 5.41 90.65 ' 3.2¢

%.20 LO 8YTIT TES
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CTABLE A- 2

LESTIMATED GROUP. 2 EMISSINANS

HC.. . .. Qo CNOXC HC . AU 1)
{GPK) (GPK) (GPK) (GPA) (GpM)

5.83 60.42 2440 S.39 97.24
5. 69 58.91 2+46 Celd 94 .51
253 57.30 2.40 56939 92.21
5.61 58.11 el 9.02 93,52
Jaedl o 48.87. 23T C1e59 . T1B.65
4.52 46. 14 2436 1.27 75.23
4485 50.18 2440 7.80 80.75
L be 16 4917 . 236 .. . 66 .
4.74 49.14 2elB Te63 79.08
4.84 -50.41 2437 7.79 81l.12
. 5.04 __.22s4%4 .. 2e4l 8e.l12 L LB%.40
4.83 50.22 2.36 7.78 80.82
4.83 50.14 Ze43 T.77 80.69
4.0 47,66 2,39 _Tu4L 16,70
4.83 $50.29 2e3b6 T.77 80.93
4.57 47.28 ge27 .36 716.08
%489 50.52 2.38 __  7.87 _ 81.30
4,80 49,56 C2e42 17.73 79.93
44,51 46.75 2.39 T1.25 , 75.23
491 51.00 . 2.40 . 7.90 ___ _ 82.07 _
4.63 48.42 2.35 7.53 - TT.92
4,61 47.80 2.38 Te43 76.93
4085 50410 _2.37 _ 7.81 80.52
4,83 49,91 : 2.39 T.77 80.32
4493 5l.12 2.40 793 82.27
C4.92  _51.00 . _2.42 7,91 82,07
4.63 48.13 2.41 745 T1.46
4.56 47.33 2.38 T.37 1617
4,40 0 45.23 233 Te98 0 1219

%L20 L0 8%T1C T4S
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TABLE A- 2 (CONTINUED)

ESTIMATED GROUP 2 EMISSIGNS

TAVERAGE  HC O ~ NOX HC R ca T Nux
SPEED (GPK) (GPK) (GPK) (GPM) (GPM) (GPM)

22.98 4,19 43.24 22062 6o l4 59.56 ‘a2l
22.23 4.217 . 43.85 2.50 6.37 , 70.56 4002
234417 4,00 41.37 2e43 beb4 60458 3.91
24.15 4.01 41.21 2+5% He@5 bbe33 406
_24.95 4.04  42.08 2,63 L6450 67.72  4.24
23.56 Ge 04 41.52 48 6.51 66.853 3.99
23.47 4.008 42.17 2452 Eaebb o6l .57 40D
_22.11 4427 44142458 . 6.88 71.03 kel
23.83 4.03 41.44 Ze49 Helt Y 66.68 4,01
25.45 3.94 40.75 2.67 6.33 65.59 4430
_ 22467 4.l4 42,71 2,46 6405 . _ 68.Th . _3.56
£0.92 4.5U0 46.40 2652 Te24 T4 6T 4D
2464 3.92 40.47 2.51 Ge32 . 65.132 4e03
_28.15 3.6l C 37.06 2470 5480 59.064 4435
2T7.70 3.70 37.92 2.71 B .95 51.03 he35
28443 3.53 36.18 2.71 5.08 58.23 4436
30404 _ . 3.46 35.46 2,77 5.50 .. 5191 . 4:46
30.62 3.39 34.33 2.76 5.46 56.06 44473
271.25 3.76 38.79 2.76 6405 6242 Go it
_29.58 3.46 . 35.46 C2.73 54350 37407 4440
28.40 3.64 37.52 2.01 536 80.38 4ad2
27.28 3.69 37.82 2.05 H5e33 60.87 4027
26.11 3.79  38.98 2.65  bll0 62473 4021
27.52 3.65 37.55 2.68 5.88 U e i 2
28.33 3.65 3750 2.75 HedT 60.306
27.16 C 3.16 38,71 2.74 ) 62430
32.99 3.24 33.14 2.85 522 53.23
30.6¢ 3. 30 34.40 . 2.715 Deitl 55.36
32.12 3.2633.45 _  2.79 5,25 . 53.83
30.80 3.35 34.33 2.71 5.38 55.25

HS sy

. e & e
[CVR S SIS T O Y
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*
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TABLE A= 2 (CONTIRNUED)

ESTIMATED GROUP 2 FMISSIONS

AVERAGE HC ‘ CO NG X HC . cn . MNDX
SPEED : (GPK) {GPK} {GPK) {GPM) (GPM) {(5PM)
31.95 3.31 34,12 2.82 5.32 54.91 oD%

. 33.71 ~ 3.18 32.53 B 2.82 ) o 5.12 52.36 AL
31.00 3.38 34.65 2+80 A De&b 55.76 he51
31.10 T 3.40 34.92 2.83 547 S56.21 4a55

_31.52 . 3.36 33,82 2.4 5431 54,43 4.4l
31.00 3.34 34.14 2.76 Se3b 54,95 “balt3
30.66 3.42 34.98 2.7 5050 55.30 445

. 2%.66  _ 3.44 . ..35.28 . 269 5454 20473 oL LRe33
41.88 275 27196 292 .43 44 499 4a10
43.26 203 27.66 3.02 4039 444,51 4al5

. 4%1.98 . 2ed6 ... 28.03 .. 294 he43 , _45.11 4,73
44.14 . 2e73 2T.78 3.04 4439 44,71 4 o5
43,20 2. 171 27.51 2.95 4e30 44,217 Gy Tir

 42.50 2.3 C27.71 2.96  4.39 _ 44.59 4o 0
42.43 277 28.11 2.97 4.46 45,24 He17
44,61 2.67 27.02 3.02 4e30 43,49 4 .85

45,46 265 . 26.16__ 3.05 _  4.27____  _43.00_ 4.91

44,017 2.67 27.04 2.95 4430 43,52 415
41.63 2e 717 28.03 2.90 4445 45,12 Lo 16
_44.01 2.67  27.15 2,98 4,30 43,70 . 4.19
42.99 2.713 2T.17 2499 4 e40 44,70 4.81
41.76 2713 27.76 2.91 4 440 44,071 4409
43461 2,01 . _27.59 2,98 4.37 44,40 4.80
43,71 ’ e 66 27.30 299 halH 43,93 4,61
43450 2.171 271.40 2.98 4435 44,16 4430
442 o 2.67 . 27.16 3,01 4.30 43,70 4434

42.017 2.78 28.24 297 4e47 45,44 4,78

®LZ0 LO 8%TC TS



CTABLE A- 3

. _ESTIMATED GROUP 3 EMISSIONS

. AVERAGE. _ .oHC €@ . . NGX_ . HC_ - . €O 0 NJUX
" SPEED {GPK) (GPK) (GPK ) (GPM) (GP#) GPM)
15.38 S 4414 38.15 2.36 6.66 51.39 3480
15.60 4.05 37.19 2.30 6e52 59.84 3.50
15489 4.05 . .371.26 L. 2e4c . . bed2 . 59.96 . . _.3.89
15.97 3.99 36.48 227 .43 53472 2.65
15.98 . 4,03 36.77 2.33 6o 49 : 59.18 3.76
19.13 3.44 o 30.87 2423  5.53 49,69 3.59
20.66 3,26 28.99 2.27 5.23 45456 3465
19.04 3.50 31.31 2.30 , 5403 50440 3.70
_19.35 0 3.43 . _30.66 . 226 . . 5.53__ . 4%.34_ . 3,03
18.89 EPA 30.83 2.16 5¢54 49,062 1.48
18.66 3.54 31.73 2.26 5.69 51.07 3,54
_15.05 3.64 - 32.37 2.31 5485 52490 3,72
18.¢1 3.53 31.68 2.25 5.63 50.96 3.62
15.20 3449 31.27 2.32 Se62 50.32 3.74
L._2C.22 " 334 . . .29.03 .. 2428 - o 5.37 47.69 3.68
18.00 3,53 31.73 2.25 5.68 51.06 3ed2
19.67 3,35 29.68 2.10 5.39 47.77 R 4
_18.80 3.52 31.54 2.29 EN 59.75 3468
19.46 3,46 30.385 2.33 5.57 49,65 3. 04
20450 - 3.28 29.24 2.27 5.29 47.05 3.05
o 18.72 3.54 31.78 230 5469 51415 O 3.79
15.27 3.40 30.56 2.22 547 49.18 3.57
20.29 3,34 29.61 2.29 5.38 47.565 by
18.96 3.51 , 31.29 2.27 5.65 50636 ool
19.02 3.48 31.24 e 27 54050 50.28 3.66
18.63 3.57 31.95 2.31 574 51.42 3.72
. 18.87 - o 3.85 . 31.75 2.32 . 5.71 - S51.10 314
20.32 3.35 29.76 L 2.35 5440 47.90 1.75
20.37 3.32 29.42 2.28 5435 47.35 3.6 7

20.84 3.21  28.41 2419 5.16 45,71 3,51

#.20 [0 8vL¢ 'L4S



T AVERAGE
SPEEY

24498

w_§;&g3ﬁ.W%wA"

23.41
24.15

2595 L

23.56
23.47
211
23.83
25.45

L 22.6T

20.92
24464

.. 28415

27.70
‘2843

. 30.04

30.62
27.25

2928
28.40
27.28

_ 26kl

27.52
28.33
27.16
32.99
30.66
_.32.12
© 30.80

TABLE A- 3 (CONWTINUED)

ESTIMATED GROUP 3 FMISSIUNS

co NOX " HC co
(GPK) {GPK) (GPM) (GPM) (GPM)

2T.27 246 4483 43.88 3.90

25.97 2.28 4,59 41.79 3.67
25.83 2.39 4.63 41.57 3.85
2589 L2223 BTN # 3-8

26.06 2337 T 4.70 41.54 T 3s

26¢42 2.31 4oT4 42.52 .82
2145 0 2.406 Lhe92 L B XS S AU P £
25.89 2435 4467 41.067 3.78
25.40 2.53 4.55 40.87 44,07
26,89, . . . 2s31 _ -
29.18 2.38 5.21 46.96 3.83
25.26 2.36 4456 4006 34773
_é3.34 . 2.53 LAelo 0 38.56 4.l
23.71 255 b4a24% 38.16" 4.10
23.05 2.52 4,09 37.10 4,06
22.39 . 259 _ . .. 3.98 . 36.04
21.99 257 3.91 35.39 4.13
24.32 260 4,31 39.14 4,13
_..22448 .. 2255 . . _
23.65 2.63 4417 38.06 4,423
23.173 2.48 4.25 ‘38.19 3.95
.2859 . 2.48 . 4438 39.57 . . #.20
23.68 2.51 4422 38.10 4ol
23.45 Z2.58 4,18 ) 37.81 4415
24.29 O . L
21.08 2.65 3.70 33.93 helb
21.85 2.55 3.87 35.17 410
_21.25 2429 3.76 _ .34.20

L21.50 0 0 L 24350 0 4.94 0 44025 - 3.79.

4Led4 .. 43.28. . 3.72 . .

4-01 e __éielé,._._ 421.1-.

2.58 430 0 3909 L tel5

21.69 T a.s2 7 3,81 34,91 T 4.06

%.20 L0 8%YTC T4S



AVERAGE

SPE

ED

31.
33
31.
31.

55

7L

1010
10

TABLE A-

NN RN N NN N

3 (CONTINUED)

T TESTIMATED GROUP

NOD X
(GPK )

) » o;. [ e e ]
ST o O8I O
ol e SR I LV

[a V)
.
C

N

~ ~
~ -

2806
2.71
2.12
2el4
2.117

2.80

2.72
2.72
L2714
2+75
2.68
2.75
2.75
2e14
2.76
2.74
2‘69

3 EMISSTONS

HC
(GP4)

3.80
3,66
3.88
3.89
3.81
3.85
3.91
3.98
3.14
3,08

3.14

3.08
3.09
3.11
3,14
3.03
3.05
3.14
3.05

C3.11
3.13

3.08.

3.006
3.017
3.04
3415
3.18

2499 .

co
(GPM)

34.73
33,20
35,26
35,52

34,88
35.%4
35,36
28. 7%
28.67
28.84
28.56
28.27
28.62
28.82
28.03

2T1.86

27439
29.02
. 23.19
28.65
28.58

28,44

28,27
23.36

L. T%. 2 SE

28.19

29.01

NG X
QP

—~

4.22
4,21
4420
4,24

N LU

41U
4.15

4403

4o 33
4447
4.36
4451
te 36
G437
teul
44%6
4451
hel3 T
44385
te U
Go?
te31]
k2
hot2
4o%1

. {’.Z!;S

440

4e32

¥L20 L0 81T THS
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_HC
(GPK)

3.99
3.8%
3.8
3.77
3.82
3.18
3.03
3.27
. 3420
3.21
3.27
3.42
" 3.27
3.26
. 3209
3.27
3,08
3.30
3.24
3.02
3.32
3.15
3410
3.27
3.25
3.34
3.32
3.12
3.0b
£e93

LU
(GPK)

50.62
49.18
S 49434
48.15
484606

38.33
41.39

40459 0. 2.89.

40.72
4l.89

S 43.52

41,067
41.49

C.39.19
41.77

38.99

o Al.66

40,86
38.58

. 720 X- T

40.14
39.24

41.29
42.22

J42.18

39.53
38.85

e 3123

40,60

Jal.3z

__ESTIMATED GROUP

- NOX
{GPK)

3.05
3.05
3,10

2.95
3.06

T TABLE A- 4

4 EMISSIONS

HC

(GPM)

042
6.26

0e26

6.07
6.15

Cbell

4.88
5427

S _5.‘ lb e meo

5017
5,27
T
5’ 27

5.24

S 497

54,26
4,90

Co_ .

{GPMI)

31.47
79.1%
79.41
77.45
78.32

65+34

6l.69
66.61

6332 .. .

6553
57.41
7.9_'. ‘:).,4 E
67.06
564 T7

63.06

6T.22
62. 74

Lo1.05

65.75
62.08

67.85

6459
63.15

66.50 .

60.45
6794

_61.89

63.62
02.52

J99.91 .

NOX_

{oPMi

«.bo
4,91

4.8

[Y. 7“‘
4453

. a0

"If . O{J

4e 15

.48
407
ho T8
4465

‘@.5[

4465
4.48

el

4482
he08

_ %5

4.‘)0
4,72

4,72

4.70
L"’l 7»;

G419

478
‘:.".71
4022

BT A S

.70 L0 8%1T T¥S
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TABLE A= 4 (CONTINUED)

ESTIMATED GROUP 4 EMISSIONS .

AVERAGE ~ HC co UNGX HC S co NOX
SPEED (GPK) (GPK) (GPK) (GPM) (GPM) (6PM)

22.98 2.76 v 35,25 3.11 4443 56.73 5,90
22423 . 282 35.14 . 2,99 S Aed4 21.51 . .82
23.47 2.64 33.80 2.90 4,25 54,39 4e00
24415 © 2462 33,42 3.02 4422 53,79 4eB5
_24.95 o 2066 33.97  3.17 _  4.27 54.07 5.10
23.56 2.66 33,77 2+95 4,28 54,34 4,76
2347 2.69 34,42 3.00 4432 55 .40 4ab2
22671 . 2.82  _35.83 oo 3.1l ) 4455 o B8T.66 0 5.00
23.83 2.65 33.62 2.97 .26 54.11 4.78
25445 2.57 32.89 : 3.18 4,13 52.93 5.12
22461 L 204 . 34.92 . 2.94_ . .. 4.40 . 56.21 4,73
20.92 2.99 33.11 ' 3.03 4,61 5133 4467
24 .64 2457 312.87 2.98 Gol@ 52.89 4476
28.15 231 29.07 L 3.106 S 3.12 41.73 . 5.08
27.70 2.38 30.28 3.18 3.82 48.73 511
28443 2.25 26490 3.15 3.63 45451 5.06
. 30.04 2.19 o 28.11 3,22 3,53 45,34 5.138
30.062 2.15 27.70 3.19 3.45 4% .58 S.13
21.25 242 31.16 3.24 3.89 50.14 5.21
29458 2.20 28417 3.18 . 3,54 45.33 5.11
28.40 2.35 30,03 3.26. 374 48.33 5425
27.28 2.37 - 30.38 3.11 3.82 48.89 5.01
26,11 o 2.45 _ 31.41 . 3l 3.950 50.55 0 5.0l
27.52 2.35 30.10 : 3.13 3.73 484 bk 5¢04
28.33 2.34 29.98 3,21 : 3.76 48 .25 5.17
27.106 242 31.11 3.21 _ 3.8Y O B50.07T 0 5.7
32.99 2.0¢ 26411 ‘ 3.27 3,25 42402 5626
30.06 2.12 27.39 3,17 3.41 44,08 S.1C
C32.12 _2.04 (20450 3.20 L 329, 42.65 - 5.15
30.80 2ell 27.32 3.14 3.40 43.56 5405

.70 LO 8%TT TdS
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AVERAGE

SPEED

31.9%

_33.71

31.00
31.10

_31.52

31.G0
30.66
_29.66.
4]1.88
43.26
_41.98
44,14
43.20
42450
42.43
44.61
_45.46
44.07
4]1.63
4401
42.99
41.76
. 43.41
43,171
43,50
Lhe25
42.07
41.21

L2619

.WQE_N

{GPK)

2.08

S 1e98

2.13
2.14%

..2408

2.10
2.10

1.65
.61

.62

. .lebl

_.Le83

—. . Le23

1.65
1.57

.58
l.65

1.56

l.63
1.63

celebl

1.59
1.60
28
l. L 66
1.67

.65

TABLE A-

cu

2130

..20.81

(GPK)

2T.16

27.42
27.175
£6.82
27.14
27.79

21.51
21.17

21638 L

21.27
21.09
21.56
20.59

20.28

25462

2816 ..

3.24
_ . 3.24
3.24
3.26
3.106

3.17
3.20
~3.12

3.30

3.39

3.42
3.32

‘3435
3.36

3e42

20.62
21.53

21.31
21.38

20489
21.03

20.81

2l.174
21.71

2l.16

3.33
3.33
3.35
3.36
3.28

.3.36

3.36
3.35%
3238

3.35

3.30

L3.31

S 3.33

4 (CONTINUED)

ESTIMATED GRCUP 4 EMISSIONS

T
({GPM)

3.34
3.18
3.43
3.44

3.39
3.48

3402

2465
24690
2265
2.50

2460

L2062

2.66
2453

2450,

2.55
2456
2235
2.62
2.63

.. .2.39

2.517
2458

2s24

2.67
268

C3e35 00

T
{GPM)

43.70

4l.23

44,12
44456

A3.16

43.07
44,73

e _lt_5 .-,'.3__3,4,.._- -

34' 62
34.07

Co34. 74

34.23
33,94
T 34,69
33,13
33,19
34,66

34,21

3349

34430
34.41

38006,
33.62
33.85

34,99
34.93

L3389

.. DeU3.

_32.03 ...

CHURC N

CNOX

(GPH)

5.22
RV
5.21
5.25

295

5.11
5.15

5.31
5¢45

L hed3 L

5450
5634
235

5439
5e45

250

.35
.30
.38
o4l
«28
<40
41
5.40
Dol
5.36
5.31

AU

%170 L0 8%TZ T¥S
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- AVERAGE

SPELD

15.38
15.80
15.97
15.68
19.13
20.66
19.04
19.35
18.89
18.66

- 18.05
18.61
19.20
20.22
18.60
19.67
Lg.8u
19.46
20.50
18.72
19.27
20.29
16.96
19.C2
18.63
18,87
20.32
20.37
20.54

15.89

ne oo CO
{GPK) {GPK)
3.61 42.41
3.52 41.05
352 . _4l.00
3.39 40.01
3.43 40431
-2.85 ___ 32.54
2.76 29.92
2.96 33.07
2.92 32.33
2.93 32.73
2.96 33.51
3.1 35,20
2.906 33.46
2.96 32.92
o282 30.80
2.96 i 33450
2.81 30.94
3.01 33,44
2.95 32.38
2.7% 30,28
3.05 . 33.78
2.87 32.18
2.83 30.74
2.91 _..32.98
2.96 33.07
3.03 33,80 ‘
J3.00 33,62
2.84 30.89
2.80 30,43
2.68 29.24

"TABLE A- 5

__ ESTIMATED GROUP

~NOX
(GPK)

Tal1s

4410
4415
3.96
4,03

 3.83

3.817
3.95

3.86

3.72
3.88

.._«3‘97

3.86
4.00

. 3.91

3.86
3.72
3.92
4.01
3.88

3.95
3.82
3.92

3.93

3.61
31.99

3.99

© 3.98

3.92
3.74

5 EMISSIONS

Co
(GPM)

C6B.25

6607
64.39
6487

52436
48410
53,21
52.02
52,67
53.93

56465
53 .85
52 99

49408

54 .00
49,75
53462
52.10
43472

54,36

51,7
49.47

53.07

53,22
54439

L 29 SO

49171
4857
’:f7 ._Oé?

56489 S L.t

NOIX
(GPM)

GeDY
5.59
o 9
Ge 37
DetY
Hel O
Hell
bed0
Oel2
5 e GG
HaelH
Le3Y
el

£ 44

R {)_. d"‘

L:)oL)l
509(‘)
6e31
()0‘1’0
({)075

5436

GalD
el
Ge33
HelY
Eo42
RN Y4
040
De3l

%170 L0 g¥TZ T4S
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TABLE A- % (CONTINUED)

ESTIMATED GROUP 5 EMISSITUNS

CAVERAGE HC B co NOX HC ¢ ‘ CNUX
SPEED C(GPK) (GPK) (GPK) (GPM) (GPM) (GPM)

22.98 ‘ 2.54 27.31 4,12 4,09 43.95  GeB3
24423 2.0  27.83 . 3.97 4418 44,18 6.3C
23.417 L 2444 25.89 3.84 3492 41.467 . Gelb
24415 2.43 25.52 3.99 3.90 41.07 Gedt?
24095  2.45  25.32 . %20 394 40.75 6.75
23.5%0 2445 25.91 3.92 3,95 41,69 Se3d
23.47 : 2.48 26437 3.97 3.8 42 . 44 . Ge39
22.71 . 2,01 . 27.61 4.l , 1. TR L R T S c L
23.83 . 2.45 25,72 3.94 3.94 41.39 5e372
25.45 2437 24465 4,20 3.82 39,67 0eTHh
22.67 2Bl . 27.00 . ._...3.90 L4050 L A3.4D
20.92 2.73 30.00 4,02 4439 48428 Y
24.64 " 2438 . 24.90 3.94 3.84% 40,08 Gedh
28615 - 2.1le 21.85 4l 3.4l 35.1T .
27.70 2.21 22.317 . 4,18 3.56 35.00 5.73
28.43 2.10 21430 4414 3.38 34,27 6e6b
30,04 ~  2.05 20046 4,22 3,31 32.93 .
30.62 2.01 19.97 4,18 3.26 32.14 Hel3
27.25 2.25 23.13 4426 ‘ 3e02 37.23 6.86
_.. 2958 205 . 20.46 4.l 7 3.30 - 32,93 | 5.71
28.40 2.17 22.15 4.29 3.50 35.64% 690
27.28 C2.21 22 .54 4.10 3.56 36.28 5e5G
26641 2.27 23.58 4.1} 3.66 3 T.95 .
2T.52 , 2.18 22.28 4.12 3.51 35.55 (ol
28.33 2.18 22.03 4,273 3.51 35,46 651
27.16. 2,25 _ . 23.11 424 0 3.03  _31.20 Sl
32.99 l.91 16.56 4.28 3.07 29.86 5e38
30.66 1.96 19.83 4415 3.21 31.92 5e68
32,12 1.92  13.91 4,19 O 3.10 30.44 bo74
30.80 L. 98 19.64 4011 3.19 31.61 Hein2

%70 LD 8%Tz 'T¥S
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TTAVERAGE

SPEED

31.95

33.71

31.00
31.10

_31.52

31.00

730.66
29.66

4]1.88

143,26

41,98
'42‘?'1]'.

43.20

42,50

142,43

4,61
45,46
44 .07

"4l.03

44,01

42.99

41076

43,41

4371

43.50
44,25
42.017
41.21

e T

TABLE A-

Co
{GPK) {(GPK)
1.96 19.40
1.87 17.98
2+00 19.79
2.01 19.94
oo ko906 19419
"1.98 . 19.58
2.03 2007
Ze0b _ 22046
1.56 IQGIQ
le5¢ - 13.90
Le59 _ _ 114.23
1.57 13.84
. l.56 S13.75
197 14,01
1.59 l14.106
1452 13635
oAl o 13.11
" 1453 1333
- 1459 S l4e32
1«93 13.52
1.57 13.97
1.57 14.10
B - 1 1382
1.54 13.63
1.5% 13.72
1453 13.53
l. 60U 14.37
ie60 14,38

S {CONTINUED) .

. ESTIMATED GROUP

~NDX

(GPK)

4.24
424
4,24

LTS S

4.106
4.20

o410

. 4.28
4.40

430

444
4,31
4032
4.30
- 4439
L hes3
4432
4e32

S he34

4.37
4.26
".336
4.36
4.36
4.38
4.35
4.28

5 EMISSIONS

He
(GPM)

3.15
3.00
3,22
3.23

C3.15

3.18
3.27
330
24506
2.51
2420

2,52

Z2eb1
252
2.97
2445
242
240
2.50
2ho
252
253
2451
2448
2450

2 e 46

L 2.58

2458

co
(GPM)

31423
28.94
31.84

32.10

_30.48

31.51
32.30

L32.92

22483

22437

22491

22.21
22.13
22.55
22.79
2110

C21.46
23,04

21.76

T22.48

22.70

22.74
C21.93

22.0¢
21.73
23.12
23.15

NGX
{GPie)

5033

bed2
6.83
6.8
5.67
Ha09
Helb

L. Be0U

Oa8%
1«07
0493
7.15
He G4
D95
T.J1
T2
7.132
He95
He'dD
Ged9
T.03
6ol

Ted1

7.02
7.\)1

Teds

700
6.8%

%420 LO 8%T1Z T4S

91~V



AVERAGE .

SPEED

15.38
15.80

. 15.89

15.97
15.98

L1913

20.66
19.04
19435
18.89
13.66
_.18.U5
13.061
13.20

-~ ..HC

220022

18.60
19.67
_18.80
19.46
20.50
. 18.72
19.27
20.29
13.96
15.02
18.63
18.87
20.32
20.37
.. 2U.84

T iGPK)

2.67
2ev1l

LB 02

2.54
2.57
2418
2.09
2.24
2420
2416
2.25
2433
2.24
2e24

_ 213

2.24

2.11 -
C 2425

2.23
2.10

227

2.17
2. 14

2el4

2.23
2.28

_2.28

215
2.13

2403

ESTIMATED GROUP

Co

34.80
33.66
_A3e71
32.71
32.95

24.40
27.05
26.60
27.37
28,86
27.28
27.09
22617
27.37
25.10
L2130
26460
24.717
271.70
26.23
25.16
. 26494
27.01
27.69
21457

25.37

24 .39

(GPK)

. 26450

2€.36_

_ 23065

. NOX

(GPK)

3.068
3.68

N .;3.’ ]5

3.54
3.62
3,49
3.60
3252
3.39
3.53
3.61
3.51
3.63

L3217

3.51

3.39
3.57

3.64
3.55

.3.60

3.48
3.58

3.50

3.55
3,62
3.62
3.63
3.57
3043

CTASLE A- &

5 EMISSIONS

I

{GPM)

4430
4 .20

.m@!zl.

4. \)c)
4ols

2351

3437
3.61

LRe23

3.52
3.61
3.75,
'3.60
3.61
3e43

ey

L2362

3.58
3,37
3.65
3.49
3.44

3.00

3459
3.67
_3.06
3.47
3.42
3221

.. CG

{GPM)

5640

CA3.93

54.17

24425

52. 64
53.42

42465

39.206
43.54

42,80

4% .05

46444

43.91
43.59

40,01

44,06
40« 40

42,81
39.436

44458

42421
40,49

L 43.36

43.47
44 .55

Lah.36
40.33

40.05

.38.07

4243 ..

%L20 LO 8%YIT TIS

LTV



AVERAGE

SPEED

22 .98

22,23
23.47
24.15

23.56
23.47
o 22.71
23.83
25.45

32.12

30.80

24455

" HC
(GPK)

- 1.95
1.95

1.87

l.87

1.90

1.88
L.91
1.99
1.88
l.85

i.93

2.08
l.64

L.T70
1.73

1.66

lLeb63

l.61
Le 77

l.o3

l.72
1.73
L. 78
.72
1.2

L7177

1.54
1.59
1.55

1.58

TABLE A-

co
{GPK)

22.26

22.60

21.02
20.08
20.85
20.98
21.48
22460
20. 86
20.22
21.89
24444
20,27
D W I
18.14
17.1¢2

16.13
18.90
16447
18.91
18430
19.09

17.98

17.93
18.83
14.90
15.97

15.22

15.31

L lee53

6 (CONTINUED)

T ESTIMATED GROUP

NO X
{GPK)

3.85
3. 09
3.58
B.T4
3.9%
3.65
3.71
3.84
3.68
3.95
3.06¢
3.72
3.6G
3.964
3.98
3.95
4,05

4,01

4,05
3,99
44,10
3.58
3.88
3.92
4,03
4,07
bl
3.99
4.04

3,54

6 EMISSIUNS

HC
(GPM)

3.15
3.19
3.01
3400
3.06
3.303
3.07
.21
3.02
2.948
C3.10
1.36
295
2.74
279
2.67
2.063
258
2.85

2.63

2477
e T
2.86

I F

217
e84
e T
2.55

2449
2eD4

ca
(GPM)

36,37

35-{53
33.28

1 33.55

33.76
34,571
36.35%
33,56
32.55

35443

39.33
32.0¢

28.52

27.55

264061

25.56
30.“’1

20650

23.973
29445
30.72
28.94
2810

30431

23.99
254171
24 .49
25.45

NDX

{GPM)

{')QKU
5,54
5.706

E).‘JZ

Celd3

HenS
5e97
Lol
Hae?2
De 30

5433

5.8

5.94

e
oG
O 56
Gab1
G eh
tedZ
Ced3
OeHY
belH
025
el
Het Y
Sett
.66
Gat?
Ga51
H. 35

%420 LO 8YIT 'T¥S

8T-Vv



" AVERAGE

SPEED

31.95
33.71
31.00
31.10
31452
31.00
30.66

41.38
43.26

_;ﬁL:98

44.14
43.20

42,50

42443
44.61

_ 4546

44,07
41.63

_44.01

42.99
41.76
_43.41
43.71
43.50
44.25
42.07
41.21

L 29.66

Hie
(GPK)

1.57

. 1.51

1.60
l.61

_1.56

1.58
1.01

1.32
1.31

- l.32

1.32
l.30
le31l
1.33
‘1.28

l.62.

L le2T .

le28
l1.32

_le29

1.32
i.31
1.31
1.30
1.30

1.29

le33
1433

TAGLE A-

6 (CUONTINUEDI

~ ESTIMATED GROUP

co NOX
(GPK) (GPK)
15.75 - 4.09
14,48 4.0Y
15.9¢6 4.08
16.15 4.11
L3470 . 3.98
15.76 3.965
16425 4.03
16451 . 3.92
11.28 4.21
11.00 4,33
. lil.31 _4.23
11.07 4437
10.53 4.2%
1112 4425
11.27 4.28
10.54 4.33
J10.29 0 _4.3¢8
10.53 4.25
11.31 4425
.10.72 L A.23
1l1.11 4.29
11.16 4.18
10,98 429
10.79 4,29
10.88 4.26
10,73 4432
11.47 4,27
11.40 4,20

6 EMISSIONS

ac
(GPM)

53

2.
L)olf
2.
2e
222
2.

2460

. 2ebl

2e13
2.11
24173
2412
2.10

Jell

2.14
2.07

3
27
59
52
54

2205

2.07
2.13

.12
2.11

2210

2.U9
£e09
2.U8
2.15
2e1%4

208

fols
(GPM)
25.34

25.68
25.99

L2489

26457

25.36
26.15

T 18.15

17.70

17.82
17.59
1790
18.14
16.96

16.56

16.95
18.20
17.87
17.96

17.07

17.37
17.51

17.27

18.40
18.35

18.21. .

17.25

2330 _ .

NOK

(GPM)

S hedYy .

O.Sq

6a97
beb2

642

HedY

Ge3Y1

b5.77
5.97
631
7.04
beb2
.83
6.88
e 7

T.05

.09
0e84
Dend
be9l
6.3

V:‘.")_ci(‘)o. R

be91
be G0
5.5
Ge8BE

5. 76

%4270 LO 8%YTZ TS



AVERAGE

SPEED

15.38
15.80

—..-15.89

15.97
15.98

. 19413

20606
19.04
19.35
18.89
13.66
18.05
18.61
19.20
_20.2¢
18.60
19.67
16.30
19.46
20.50

. 18.72

19.27
20.29
18.96
16.02
18‘63
18.87
20.32
20.37
20.064

e GO

SN 2 | “S . .
{GPK) (GPK)
2.29 35,47

2.24 34427
L Le24 - 34.49
2.186 33.37
2.21 33,84
l.86 _T27.27
1.79 25.36
1.91 27.91
1.88 . 27.21
1.87 27.31
1.92 "28.40
2.00 294175
1.92 28.20
1.92 28.09
o 1.82 2611
1.91 28.31
180 25.87
1.92 . 28499
1.90 27.51
1.79 25.66
1.94  2B.6l
1.85 26486
1.33 26.17
1.91 27.77
1.90 27.78
1.95 28464
1,99 ~ 28459
l.84 26452
1.81 25.82
1.73 24435

TABLE A- T

L NGX
(GPK)

3.36
3.36
3443
3.22
3.30
3.18
3.23
3.28
3,22
3.09
3,21
3.29
3'&0
3.31
- 3'26 H
3.20
3.09
3,26 .
3.33
3.23
3.28
3.18
3.27
3,25
3.24
3.30
3,30
3.32
3.26
S 3.13

__ESTIMATED GROUP_ 7 EMISSIONS =

HC
(GPM)

3.569

3.60
2eol
3.51
3.55
3.00
2.68
3.08
3402
3.01
3409
S 3.21
3.\)8
3.09

2.93

3.08
2490

T 3,006

2.88

2,13

2.9%

308

3,06
3.14%
3.13
Z2.96
2.92
218

3.10

Lo

T(6PM)

57,08

55.15

25451

43.80 0

42.072

53.71
54 446
43.88
40.85
444,927

43,95
45,70
47.88
45,39
45,21

45.50
41.53

45,21

44 .27
41.30

46405

43,23
42.12
4h. 09
44,71
46.09

abed2

42-\‘;7
41.57

39418

o NEX

(GPM)

5.40
5ebl

5452

Haelw
5430
Jel2
520

5429

517

U U U W
.

T Y
« o o
e NeRe
— T O

&4
..

(o8

—

5,33

w
.
<
~.
Ry

HeUh

%L20 LO 8%1T T4S

0c-v



TAVERAGE

SPEED

22498

L 22.23
25447
24415
24.95
23.56
23.47

A i A

23.63
25.45

22.61

20.92

2958

24 .64
28415

27.70
28.43
3004
30.62
27.25

28.40
27.28
26,11
27.52
28.33
27.16
32.99
30.66
32,12
30.60

" TABLE A~

HC co
{GPK) (GPK)
1.65 22.58
"l.68 23.19
1.58 21.68
- l1.58 21.32
1.2 22.06
l.59 21.54
1.61 22623
o Le6Y - 23.42
1.59 2le&?
1.57 21.10
_le63 . 2255 _
1.77 25.18
1.55 20.95
L.43 . 18.34
1.46 16.80
1.39 17.60
137 M7.09
l.34 16.71
1.49- 19.64
1.37 __ 171.97__
l.44 18.07
L.46 18.39
1.50 _19.69
.44 18.62
ie44 18.61
1.49 1950
1.28 15.34
1.32 16.41
.29 15.72
l1.32 16. 36

7 (CONTINUED)

" TESTIMATED GROUP

NOX
{GPK)

3.51
3.37
3,26
3.42

3.59

3.34
3.38

. 351

3.3¢6
3.61

L3390

3.39
3.37
3.61
3.63
3.60

Be639.

3.66
3,70
3.64
3.74
3.55
254
3.58
3.63
3.67
3.78
3.64
3.69
3.60

7 EAMIS5510NS

S
(GPM)

s
(GPM)

36.83

o A3T.32

34 .59
34.32
35.51

34,60

35.7u

B {259

34.50
33.3¢6

40455
33.71

2952,
30.26
28.33

2()- ‘.;\7
2 31.01

A S N

20.05
30.39%

2997

_L31.38 0

24.70
26441

LALe 68

36625 . .

2Tl

—fBe29

26..42

NuX
(GPM)

HDebo
Dot 3
5el5
54359

5,73

H.37
Se4b

C5.65

5e.a1
5.581

Daitd
543
Chedl
5455

5.?9

5495

5.84
5 3 95
5,306
&e 2

He71

5670

Seld
a9l
54,91
O e UR
HSedl
5.'1-/‘:'?
.79

5.31.

.20 (O 8YIC WS

1V



TAVERAGE  HC

SPEED

31.95

L .33.71

31.00

31.10°
2152

31.00
30.06
29466

4]1.88

43.26
41,98
44414
43,20
42.50
42.43
44 .61

_45.40

44 .07
41.63
44.01
42.99
41.76

. 43441

43.71
43.50
44,25

42,01
41.21

(GPK)

.31

le26

l.3%
l.35

1.32
l.35
l.30
1.09
1.07

Ae30

1.0

T1.08
1.07

1.09
L.35

© .05
1.09

”I. o 0() e

1.08
1.08
1.07

Tl.06 0

1.07
1.06

l.lo

1.09

- 1'68 e

1.04 |

TABLE A-

— _...,._(.: (.] . ‘,
{GPK)

1634
15.00
16447
16.75

16.19
1677
17,006
l11.64
11.29

11,69

11.48
11.29
11.45

11.66
10.82

10.87
11.59

. 1l.u6

1li1.46

11.48
11.10
11.22
11,05
11.85
11.77

16,00

10.53 .

11.35%

\

7 (CONTINUED)

CNOX

{GPK)

3,73

L 3a T4

3. 73_
3.75

3.04

3.05
3.68
3.58
3.84
3496

3.86

"3.99
3.87

3.88

3.91
3.906

_..%.00

3.88
3.89

_3.90

3.92
3.82
3.92
3.92
3.91

3.94

3,90
3.84

ESTIMATED GROUP 7 EMISSIONS

T HC

(GPM)

2.11
2.0¢
2.15
2.16

S 72.10

2el2
2.11

1.75
1.72
1.75
174
1.72
Lel3

1.76

1.69

.67 .
1.69

1.75

L. 70

1.74
1.73

s
(GPM)

26430

. 24.14

L1381

.72

.71
1.72
1,70
l.76
L.76

26450
26496

25.74

T26.05
20.95

ATa4b

13.74
18.18

18.48
18.18
13.43
18.77
17.41

_ . 16.95

17.49
18.060
L7.80
18.45
18.48
18,26
17.86
18.05

Y ENA

19.07
i18.294

NOX

{GPM)

Oe0l
6.01
65.00
G4
He 85
5.867
5.93
5.76
6.156
Gaed7

6ol

.20 (O 8%T1C TIS

v



_AVERAGE _ .

_A5.89

SPEED
15.38
15.80

15.67
15.948

19,13

19435

20.66
19.04

18.89
18.66

. .18.05

13.61
19.20
20.22
18.60
19.67

_..18.080

19.4¢
20.50
_18.12
19.27
20.29

- 13,96

19.02
13.63

20432
2037

_..20.84

18,87

|

@'

C.
P

4.09

4,01
_4e04
3.87
3.6G5

3.34

. 3.53
346
“3443
3.51
3.64
3.51
338
3.50
3.33

3.51
3.31
3439
3.40

3449
3.58.

S 2 3 AN

3.43
3.37
L322

Ky

_3.41

355 .

3.57 "

ST 3 S

TABLE A- 8

__ESTIMATED GROYP

. CO

83.68

82.0%
83.34

78.04

1 80.33
6G.1G6
72.89

690 6‘/
71.92
. 15.28
Tle.41
73.23

e dQe 03

711.54
67.406

73,08
68.37
T 68.82
70.83
T71.73
74.07

71.95
66.81
e 65409

_69.29

L Tle13

o 13.00

{4.08

d2.24

14,18

e < NUX
(GPK)

(GPK)

1.53
C_le5%
1.53
1.53
.57
1.52
1.53
--1.52
1.48
1.54%
.1.53
l.54
1.55

1.54
1.49
.52
1.53
1.57

152

1.56
.52
1.52
1.54
l.53
1.53
l1.53
1.53
_1.56

1.52

SLle54

8 EMISSIONS

- 6:50

HC.

eeM)

6.58
6445
6424
6435

5,49

5,37

5.68

B Y-

95.53
5.565
5.86
5.04
5.86

L D44
5.03
5.36

S2.71

5.04
5.33

T A S

5445
5,‘1’7

_...Ds06

5.62
5.76

L2ed5

.51
5¢42
S5.18

N o

(GPM)

134 .67
132.04
134412
125.560
129.28

B ¥ -2

111.20
117.30

lla.48

112.13
115.74

Li2lels

114.92
117.85
112.86
11513
108.57
CLE .50
117.61
110.04

11923

i10.75
114.00

16,26

115.44
119.20

115.76
112.34 .
. 10%. 75

Al9.38

NUX

(GPM)

2 44

246

2448

2.417

2"4(')

253 . .

2445
2447

2 ol i

2439
2 . “+8

2647

2.48
2.49
2.48
245

2040

2.45

2.406
2ed3

2044

2.52

2-’15

P

2448
2.46

L2230

2ot
247

L2452 .

%120 LO 8%1C THS

€=V



TTAVERAGE

SPEED

22.98
22423
23.47
24.15

23.56
23.47

22.77

23.83
25.45

20.92
264 .64
28.15
27.70
28443
30.04
30.62
27.25
29.55

28440
27.28

24495

22,617

.. 58.08

TABLE A-

o
(GPK)

65.64
65,57
6202
63.05

£T7+25

6252
64406

63.06
04482

0352

68 . 44
62425
_.29s 04
61.18
57.53

—...58.1%4

57.19
62.54%

. 57.57

6l.03
00.07
60.9%

S 59.67

60.96

 62.09

55.55
55,99
55439
56.02

{

8 (CONTINUED)

N X
GPK )

1.80
1.69
1.68
1.75%

.71
1.72

.09

S l.97.

1.70
1.82

1.69
1.73
1.92
1.89
1.96
1.69
1.93

1.9
l.87
1.87

T1.50

1.93
1.92

2.09
2.01
2.04
1.97

1.95.

L.74

1.71

TESTIMATED GROUP 8 EMISSIUGNS

HC

(GPM)

5.09
5.13
4. 36
4.91
5205
4.91
497

.-9.21
4491

4.91

5,00 ...

5.35
4.82

4,53

4.68
4450
446
4039
4.75

fe4 5

4.65
4,63
413
4.62
4404
4.74
b.27
4.33
4a217
4432

o
(GPi)

105404
L05.52

99.81
101.48

A108.72

100.61
103.10

AR9.57

101.48
104.32

110.15
100.19
95482
92.59

_..93.56

92.04
100. 50
92.65
98.22
90467
98,99
96402
$3.10

99.93 -

89.40
50410

BI.La

90.16

LAv2.22 0

N X
{GPM)

o0
L
2.70
2.62
2680
2.75
2.7b
2476
2el4
2.93
2012
2.71
2. 18

340%

3 * () lf
3016
3.20
3,20
3.11
2,17
2,20
3.01
3.01
2,06
3.1l
3.190
1,37
3023
3.29
i 17

|

¥/70 L0 '8%TZ TuS

YZ-v



 AVERAGE
SPECL

31.95
233,71
31.00
31.10
31.52
31.G0
30.66
29.66
41.88
43,26
_41.98

43,20
42.50
42443
44,61
45.406
44.07
41.03
44.01
42.99
4l.706
43.41
s 43,71

43.50
_hb425

42.07

41.21

44.14

THC

(GPK)

2409
~2.01
2473
2.74
2.67
2668
2e 7['

. 2.74

2.37
2.38
2.38
2.39
2.35
24306
2440
2.34

L 234

2.33
2439
2.33
2437
2436
2e 30
2435
2e 30
2.34
24U
2439

TABLE A=

8 (CONTINUED)

ESTIMATED GROUP

Co
(GPK)

564839
54,84
57.31
57.89
55. 7Y
55.71
57.01

. 91.30

50.09
50.07

50.26

51.10
49.381

49.77

. 20.05

50.87
1’9.31

C49.13

49.1¢

49499 .

49.28
50.26
49.32

4948
49.76
4936
50.91
50431

NOX
(GPK)

2.05
2.07
2.03
2.04
1.99
2.C1
1.99

. 1.94
2.20

2.28

2.22.

2.28
2.22
2.24
2.22
2.26
2432
2.23
2.24
2.26
2.25
2.21
2.25

2027

2.25
2.29
2.23
2.19

8 EMISSIONS

HC
(GPM}

4433
‘tall
4440
4442
4.29
4431
4,41
4.41
2.82
3.33
3.33
3adh
2,79
34430
3.85
3.77
3.76
3.75
3 .84
3.76
3.82
2.79
3.80
3.78
3.79
3,76
3.806
3.84

co
(GPM)

1L.506
58425
52623
93.17
89.73
39.65
2.72

SL9l. 73

30.61
30.58

.- 80.88

B2.43
80.10
BV.O3
31.87
T9.30
_ 19,97
79.12
B0e 45
79.30
8J.48
T9.33

.. 80405

19.62

82,08
BRCKE &
81.92
80.9¢

LA
{(GPM)

34329
332

y170 L0 8%TZ THS

Ge-v



AVERAGE

SPEFD

715.38
15.80
15.89

15.97
- 15.98

_.15.13

19.04
19.35
18.89
- 18.66
18.05
18.61
19.20
..20.22
18.60
19.07
_13.60
19.40
20.50
18.72

9.t

23429

©18.96

19.02
13.¢3
_18.87
20.327
20.37
20 .84

-HC cu

(GPK)Y {GPK)

3.16 59,90

3.09 58447
Beli  59.91
3.00 55,63
3.06 57.80

L6653 49.22
2.57 49,22
2.71 51,92
Ze6T7 50450
2.61 48,95
2.72 51.65
2.81 53,86
2.71 50.99
2.70 52.063

C 2.0l 9098
2.72 51.14

2.58 47.30
2.73 __ 51.80
2.0686 52.13
256 48, (4
2,75 52,89
2.63 48.50
2.61 50.61
2.70 514206
2.70 : 50.92
2.75 52.98
2.75 53,31
2.65 51.81
2.58 49.70

2.50 45,15

TABLE A- 9

{GPK)

"1.81
1.82
1.76
1.78

.L.78

1.78
1.80

LA 1T

1.72
l.—lé
1.80

1.76
1.81
-1.80
1.76
L. 72

o 1e19

1.82
.81

S L.79

1.79
1.79
1.78
1.890
1.80
1.80
1.80
1.79
1.7

NOX

1.85

__ESTIMATED GROUP _ 9 EMISSIONS

HC

(GPM)

5.038
4,97

5.01

4,33
4.92
4,27
4ol4
4.37

'{7'30 B

4,25
4.38
4452
4,37
4.34

4,19

4 . 3 8

4.15

4.49

4.31
.12
_4e42
4.23
4.20
%e35
4434

' ‘4."”3

42
4,23
4.10

.03

{sPMy

LG,

96,40

JL96esl

B9.52
93,93
79.21
79.21
83.57

LoBie28

78.706
83.13
36.08
82.06
84.59

3043

372.30
76413
83.37
83.89
78.43

85.12

713,05
8ledb
82.506
8l1.95
85427

.. 85.80_

83438
79.98
S 13.93

NUX

(opM)

2.91
2.‘:)4

2.97

2404
2e3b
el
236
2.90
2. 8b
215
233
20849
2 .34
2.91
AR
2e 34
A )
23
2e93
.51
£eRB
289
Ze33
2 o3
2485
o3
2B
2.50
2R ¢
2806

%.20 LO 8YTT TS



" AVFKAGE

SPEED

22 .98
22.23
23.47
24.15
24.95
23.56
23.47
22.77
23.83
2545
22.61
20.92
24 .64
28.15
2170
28.42

30.04

30.62
2725
29.538
2840
21.28

26411

27 .52
28.33
27.16
32.99
30.00
32.12
30.80

HC

. (GPK)

) 2-40
C2eAl

2435
2e37

L 2441

2..3—1
2.4C

2.37
2e35
2442
2.58
2432
2422
2.206
2.16
2.16

2413

2429

2429
2.23
2.25
224
2e24
2.29
209

2.11

2.08‘. -

2ell

TABLE

9 (CUNTINUED)

ESTIMATED GROUP

Ca
{GPK)

47.28

464406

43,95
45,10
49.65
44,20
45.98

L 49,006

44.73
47.21

L 45%.15

49.99

_I’A".[*O
43.17

44,37
41.59
42.30
41.0%
45 .87

41,83

44.82
43,19
43,97
43,206
44,45

45434
40.67

40.51

40.37

40.55

NUX
{GPK)

2.03
1.93

L.89

1.98

2.01

l.93
1.95

- l-q()

1L.94
2.07

. 1.90

1.92
l.qs

_2e13

2.13
2415

2420

2e16
2.16
2.17
2.21
209

2,08

2.11
2elb

C2eld

2429
2.20

.23

2016)

9 EMISSIUNS

HC
(GPM)

3.95
3497
3.79
3.82
3.88
3.81
3.86
4.0l
3.81
3.79

3,89

helH
3.7[f
3.0
3.6’3
3.52
3.48
3443
3.69

3.‘_}8_

3.63

3.59

3469
’50()1

3680
3469
3.36
3.40
3.35
3.59

[
{GPrM™)

76.06
14,31
70.73
712.517

719.50

T1.23
T4.00

71.%8
715.58
72,05
73.01
71.4%
69 .41
Tl1.33
59973

. 68.08

61a01
713.82
67,32
72.13
6901

AN ]
T 6H9.62
TL.54

12,97
65.45
65 .20

04.93

55.2¢

NuiX
{GopPM)

3.27

dell

Jaud
3.1%
-," 2/1'
s5¢11
34173
3.19
3412
3,33
.05
3609
J.14%
3.4%
3.473
3.40
deBn
1.952
Jelttd
3.4
3e50
331
335
3.4
3e4u
390

3-()6

3.53°
3453

3.’17

%120 LO 8¥1¢ TES

LT-V



TABLE A= 9 (CONTINUED)

CESTIMATED GRUUP 9 EMISSIONS

AVERAGE HC co . NOX _ HC .o MUK
SPEED (GPK) (GPK) (GPK) (GPM) {GPM) GPM)
31.95 2.11 41.84 2424 340 67433 3,51

_33.71 2.04 40,09 2.26 3,29 04452 5t
31.00 2.13 41.71 2.23 3.43 ol.12 3ecD
31.10 2.15 42455 2024 3.46 68.48 3.61

31452  _ _ 2.09_ __ _ 40.%%  _2.19  3.30 o L0209 . 3eD2
31.00 2.10 40425 2420 3.38 64e 17 3.54
30.66 2.14 4l.34 2:20 3.44 67«33 1,54

23.66 ela.  4l.23 2414 3,45 0535  Aaak
41.88 l1.88 36.7% 2.38 3.02 59,21 3453
43,26 1.89 37.14 245 3.04 59.77 3.95

. 41.98 S l.88  37.06 2439 3,93 59,64 B 3464
44 .14 l.88 38.11 2.4T7 3.03 6l.33 3,97
43,20 " 1.86 36.06 2440 2.99 5% e-Ji 3e0b
42.59 A G o 36.07 : 2.41 3401 59.01 K

62,43 1.8Y 37.53 241 3.04 5040 3,28
G4 .01 . l.86 36443 2.46 2.93 58470 3,98

45,406 1.86 36445 2449 2499 58,65 .01
44.07 l.8% 36417 241 2.91 53.21 ER

41463 1.89 36.75 2.4l 3.95 59415 ERLE

44,01 1.35 36.45 2.43 2.98 58456 3,90
42.99 i.88 37.19 e} 3.02 59.86 i.91
4l1.76 C1.87 36.18 2.37 . 3,01 58e2 3 1052
43.41 1.87 - 37.05 2.43 3.01 59.63 3.90
43.71 l.36¢ 16455 C 2444 2499 53.52 3452
43,50 led7 36479 Ze43 3,00 59421 Sedi
44,25 1.86 , 36465 2.45 2.99 53498 3009
42.07 l.89Y 37.62 C2441 3,05 60.54% T 3,30

4t.21 L.€E9 36.88 2317 3.4 59435 3.3¢2

%20 LO 8%TZ TS

87—V



TABLE A-10

ESTIMATED GROUP LO EMISSIONS

_ AVLRAGE O HC o co NOX MC o co WU

SPEED ' (GPK) (GPK) (GPK) (GPM) (GP1) (GP™)
15.38 : 3496 l17.07 1.91 be38 T 125400 3a0 7
15.80 ‘ 3.83 715.97 1.52 6ol 122 .26 3.uU0
C15.89 C3.90 77.16 1.95 be2T 124417 3.1%
15.67 . 3.74 71.81 1.89 6.02 115.56 3,34
15.48 .. 3.80 T4.02 1.90 Gel?2 119.12 3,06

. 19.13 3025  62.28 . 1.96 C 5423 C100.22 i.15
20.66 3. 15 62407 1.93 5.07 99,39 I.lu
19.04 3.35 66e16 1.93 5440 106.48 3,11

o 19435 3029 64.27 . . 1.92 . 5.30 oo 103044 3,07
18.89 : 3.28 62436 1.87 5.28 101.17 300
18+66 S 3.33 65.08 l.92 5437 i04.74 3.08
13.05 . 3.4¢ . 6B.TU 1.93 5460 C110.57 3.19
18.61 3,33 64.59 1.92 5.30 103.96 3408
19.20 . 3.33 66456 1.94 5437 107.12 3412
20.22 . 3.20 . 63.17 l.94 o565 101.07 . 3.13
18.60 - 3.33 baodT 1.92 54306 104.08 3,06
19.67 3.17 60.61 1.36 5409 97.55 2.99

. 13.80 3.38 - 66429 o 1.92 Seal L00.e8 3.09
19.46 3.33 66+ 49 1.93 5435 107.00 3.10
20.50 . 3.13 61.31 1.97 5.04 G8. 66 3417
18.72 3.40 67446 1.91 %47 193.57 308
19.27 3.23 ol.39 1.95 5.20 99,50 Jald
20.29 3,21 63.99 1.92 5417 102.95 3elu
1¢.96 3.34 65459 1.90 5e38 C 105.5¢ ) Se0b
19.02 S 3.33 . 64.93 1.94 5.36 104449 1,12
18.63 3440 6748 1.91 5.48 106.59 : 3.08
18.67 _ 3.39  67.48 - 1.93 ‘  5.46 108,50 3,19
20.32 3.23 65.09 1.94 5,20 104. 74 2,17
20.37 3.18 62.95% 1.93 5.12 101.31 3.10

20.84% 3405 - 5777 o 1.96 4490 oL 92.97 . RIS )

v/20 L0Q 8%TIZ T4S
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" AVERAGE
SPEED

22 .98
2223
23.47
24.15
- 24.G95
23.56
23.41
22.71
23.483
29445
22467
20.92
24l
28415
21.70
2843
30.04
30.62
27475
29.58
28.40
2120
26.11
27.52
28.33
2T7.10
32.99
30.66
32.12
30.6¢0

HC
{GPK)

2.G65
2599
2.8

)Z.d[’

2.39
2«85
268
3.02
2.85
Ce Bl
2.90
3.13
2. 18
2+60
2e06

2.54.

2451
26471
2.70
2450
263
2e04
2.170
e b2
2.63
e lU
2.38
2elh
2+38

2.43

TAbLE A-

10 (CONTINUED)

ESTIMATED GEOUP

Co
{GPK)

51.52
57.85
54.1<
54.81

59,53

54.52
H6.05
HQe34
55.07
56455

55.65

60« 36
54416
504 55
52432
48.27

48,77

47.76
53.746
48.25
51.'79
51435

52.21

50404
5l .94
330 l.“)
46.48
45,65
“6.59

NOUX.
(GPK)

2.28
2.14
2.12
2424
2.23
2.17
Ze19
2.109
2417
2.32

2.13
20
2445
2.43
2.4C
2.5%
2.55
2.41
2.51
2.55
2.38
2.38
2e43
2.48
247
2.69
2.56
2.61
2.52

10

L 2e13

EMISSTUNS

HC
{(GPi1)

G41H
4.82
4454
4457
4.65
weDY
4.03
4486
G459
4e92
4,617
YU
4445
4418

Gl

4.09

4. 0%

3.97
4435
4403
4,23
4425
4435
4422
44273
4,34
3482
3492

3.83

1,91

coH

(GPM)

-93.11

87.10
38421
95 .51
B87.73

Qe 20

ITelU
B3 02
Jleul
39.56
I7.494%
3T.117
Bla25
84.20
717066
I8.48
Toedb
Bo.01
1766
B3.34
B2 .04
8%.02
8l.49
33.00
85.55
73.21
T4.79

.?_.3 .t 7

Tva 95

%170 LO 84Tz THS

oe-v



CAVERAGE
SPEED

31.65
33,71
31.00
31.10
S 31.52
31.00
30.66
2G.606
4]1.83
43.26
41.98
44414
43.20
42 .50
42.43
4%4.61
45,46
44 .07
4le63
44 .01
42.99
41.76
43.41
“3.71
43.50
44 425
472.01
4l1.21

HC
{5FPK)

T 2.4¢

2433

T 2ae bt

2‘4]
Zehl
2ehd
Ze48
245
2.07
2.07

Z2e08

2.07
2.05
2.00
240v
2.03
2.02
2.03
2.08

2.03

2.07
2.00
2.05
Z.UL'
2.05
2.U3
2.0Y
2 .09

TABLE A- 10 (CONTINUED)

CESTIMATED GROUP 10 EMISSIONS

co NO X HC
{GPK) {GPKJ (GPm)
47.19 2.63 1,89
45.01 . 2.64 3,75
47.76 2.6 3.97
48.28 2e62 3.98
46430 2.55 3,587
45420 2.57 2,90
48424 2455 3.99
47.717 2.48 4400
3G.43 2.853 3.34
39423 2.95 3,32
39,52 2.86 2.35
40.186 2.54 3.33
39.08 2.86 3430
38,98 2.88 2,31
40.156 2.817 3430
3820 2.95 3.20
37,491 3.00 3.25
38.32 2.80 .25
39.15 ‘ 2.8% 3435
38.36 2.91 3.26
3G9.41 2.90 3432
35460 2.84 3,31
39,17 2499 3431
38455 2.92 3,28
38.37 2.90 3430
38434 2.94 } 1,26
40.18 2.88 3,37

39,504 2083 .5.37

i
(GPH)

75.7%
{244
To.B87
1769
714.52
14.35
T7e54%
15.57
03.46
6G2e82
63.59
O'+ - '\)(:‘

02 BY

64 .63
bled7
61.31
6len7
H3 .30
6le 75
53.43
52.12
63.04
02eJ4b
52455
51.71
D4 .66
63 .85

NCA
5P

. q .
‘e

hoa O
4o i
4ol
4ol
+el 3
41U
3ol
e
4o 14
Ga 00
‘to i
4 o3}
4003
Gevd
be 15
Ha?
ven 3
a0t
Ge0b
beo
425 (
dotn T
Hha I3
Ve T
Yol
4ot )
“4anb

¥/70 L0 8YTZ TIS
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TAGLE A-11

ESTIMATED GROUP 11 EMISSIONS

AVERAUE HC co NI X HC Ci3
SPELD (OPK) (GPK) {GPK) (5P (590)
15.36 3,41 719.74 2.02 549 25433
15.8¢ Je34 T7.37 2.02 el 1054233
15.89 3.37 1930 2.06 5442 127.72
15.4G ¢ 3423 73439 2.00 5420 iluall

15.68 3.30 1605 Z.03 5.31 122440
19.13 2.83 63052 2.07 4439 102423
20.06 2.75 63459 2.00 et 102434
19.04 2.9¢2 6T.18 2.01 AN N 13909
19.35 2e81 65.85 1.99 4.01 10597
18.86%9 2.83 o4el8 1.52 4e50 103.238
18.66 2.92 66.T0 - 2401 AN 107.34%
LB.05 3,03 T0e50 2.01 .38 113.5¢6
13.61 2.90 66sle 2.00 Geb 1 106« 40
19.20 2.93 68,37 2.03 4,77 110.93
20.22 2«80 T b4. 14 2.01 @e51 104+ 19
18.60 290 A 2.01 N7 106.57
15.07 P 613U 1.93 a il 99445

18.80 2.93 ‘ 67806 2.00 .72 10G.21
15.4¢C 2.91 658425 2.01 4eb9 10934
2050 2.75 62.71 2.03 44473 1uo. 92

1B.72 2.917 69«30 . 1.9 o 17 111453
19.27 2.+ 80 62 .99 2.00 4451 ' 101637
2029 2.82 65,673 2.00 5493 1uS.cs
lb.96 2.91 6i.08 1.99 4460 107.5%
19.02 2490 66439 2.01 4e0T 1060 %4
16.63 2.97 59,27 2.01 4,78 111 .40
18.67 2ol 69436 - 2.02 4,79 11l.02
20432 2.84 66 .98 2.02 4458 1O/ .50
20437 2.79 64440 2.00 beiad LUl 14

ZU-C‘:Q . 2e5Y Dtedl 2001 4426 QG454

%/20 L0 8YTZ 'T4S

Z6-v
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AVERAGE
SPELD

22 94

2023

2347
2a4.15
2495
2356
23euad
27 T 7T
23437
25.4H5
22 .67
20.92
29404
2B.15
27.79
28.43
30.04%
30662
21425
29.50
23 .40
2108
26.11
2152
28433
21106
32.4GG
30.60
32.172
Ju.20

iHC
(GPR)

2o
2eO1
24T
2e4b
ZeDY
2ot
2eD3
Let5
2ehG
2ebU
2.553
2ol
245
2030
235
2023
2423
2619
lebl
2.21
ldelb
2«34
2e3E

" Ze 31

2.34
2039
210
2alo
2.12

Zelo

TABLC

A-

11 (CONTINUED)

ESTIMATLEYD GROUP

Co
{GPK)

571.63
H8. %0
54 .55
55.10
50.8%
5. 71
Yue 03
6l.27
55.57
57.2¢E
56.04
5l. 15
54404
Hide 32
52432
47439
48,25
47.17
53.9¢
G862
51.49
21.33
52.00
H50.28
91.87
52«96
44435
45,561
44,12
45,92

NI X
{GPK)

-~ Hw SC

3
.

P
~t

.
[ox]

. o
<
[Na IR

o9

.
[

B

NN RSN N N R P N R RO N A Y
L]

P O N o e N AR A NCRS U I Y]
T e

>
-~

2.51
2.50
2ol
2.45
2e53
2.30
2.317

2.‘;2

2l
2.45
.63
2.51
2e.08&
2ol

11

EMISSIUNS

HE
(G

Yol
Gel®
>.9b
3.59
G. L7
ey
dedo
4,217
el
et 3
4,03
“te 4V
R
3 {0
$a705
.58
2.53
3.53
N
3,06
1.76
2. 76
3.52
el
34170
3.34
39
ot 7
ol
ol

Sl L

(o

ch

(5GP
L2 i

F3.0b

G4, 0%

B8laT9
3.7
93,00
ON.uYH
Gleld
GileHU
89.3¢6
Jdelt
SO 1Y
59 .37
87.9%
B8J.73
34.29
Toe.21
17.84
T5.71
Boe 7
THe0h
acdedn
32460]
o3.00
g, 2
63440
35.23
Il.3n
71341
Tl.9¢&
73,40

—

A
MED IRV IR
D)

Y
IR
BT
3.0l
b

Te s

%L20 LO 8YIC TES
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AVERAGE
SPEED

31.95
33.71
31.00
31.10
31.%2
31.U0
30.06
270
4] .06
43.76
41,98
G4 .14
43,20
47450
47 o1 3
@0l
45,40
44,017
41 .03
444,01
G249
fl.76
43,41
43,171
43.%0
44 .25
42.01
41.c1

HC
(GPK)

2e17
Z.08
2elYy
e 2V
2ol
c?-l‘)
2+20
Ce2l)
l.86
l.84
1.87
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