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Implementation
Dispersion data for several roadway pollutants have been collected at six
different sites in Texas. A computationly fast model for carbon monoxide dis-
persion from at grade roadways has been developed and released in FORTRAN and
hand held calculator forms. The experimental data have been reduced to three

meaningful formats which will be used for further model development.

Disclaimer
The contents of this report reflect the views of the authors who are
responsible for thé facts and the data presented herein. The contents do not
necessarily reflect the official views or policies of the Federal Highway |

Administration, nor does this report constitute a standard, specification, or

regulation.




Summary

The objective of this project was to correlate air quality along road-
ways with the traffic, meteorological and topographical conditions. In\con~
ducting the work, air quality measurements along Texas freeways were made at
six sites, representing "at grade'", "elevated", and "cut" roadbed configura-
tions, and representing '"coastal plain', "inland plain', "hill country", and
"mountain" climates in Texas. Measurements at each site consisted of carbon
monoxide concentrations at ten downwind and two upwind locatiomns, vehicle
length, count, and speed by lane, and detailed wind speed, wind direction,
temperature, relétive humidity, and solar radiation between five and 100 feet.
Nitrogen oxide concentrations at four downwind and one upwind station were
also measured at selected sites. The instruments were interfaced to a Data
General NOVA 1200 minicomputer, allowing effectively simultaneous recording
of all instruments. The resulting data were logged on magnetic cassette and
later transferred to standard nine track tape. Hydrocarbons were also measur-
ed at some sites, being recorded on chart recorders and later transferred to
tables included in this report. |

A number of cases selected from the data have been compared to several
popular dispersion models. A method has been developed for evaluating the
source strength of a roadway. The accuracy of various pollution monitoring
instruments has been evaluated. The final report om this project will be com-
pleted in late 1979 and will include a detailed analysis of the data and com-

parison to several of the currently popular dispersion models.




Chapter I
Introduction

Currently, the Federal Highway Administration requires the submission of
environmental impact statements for proposed new roadways or major improvements
to existing roadways before the project is begun. As a pért of these state-
ments, air quality reports must be prepared giving predicted estimates of car-
bon monoxide concentrations along the proposed roadway. These predictions in-
clude values for carbon monoxide levels from immediately after construction
to as much as 20 yéars later. The air quélity reports are reviewed by several
agenciés, including the Texas Air Control Board, the Federal Highway Administra-
tion, the Environmental Protection Agency, and others. Highways which would
seriously degrade air quality would probably not receive federal financing.
The National Ambient Air Quality Standards are used as a basis for judging the
air quality.

There have been many mathematical models proposed for use in making pre-
dictions of carbon monoxide levels along roadways. These models are papable
of making predictions for various meteorological, topographical and roadway
conditions. One of the major problems w£th these models has been in their
validation. Only a few experimental validation programs have been undertaken,
and they have met with varying degrees of success.

Project 218, "Analytical and Experimental Assessment of Highway Impact on
Air Quality," for which this is an interim report, addresses the validation
problem. The measurements required for model validation are vehicle count,
speed, and type mix (car or truck), wind speed and direction, and carbon monoxide
concentratlions at varlous distances from the réadway. In this project, all of
the réquired data were gollected at six sites in Texas, including two in Houston,
two in Dallas, and one each in San Antonio and El1 Paso. Approximately 360

hours of data were collected during the project.




Chapter II

Site Descriptions

Introduction

Data collection was carried out at six sites in Texas. The experimental
sites included one "at grade" site each‘in Houston, Dallas, San Antonio, and
El Paso.. In addition there was a “cut" site in Houston and an "elevated" site
in Dallas. Each of these sites was chosen under considerations for equipment
constraints and experimental procedure requirements, such as highway and wind
orientations, right of way widths, and others. At least 150 feet of clear
space on bothAsides of the roédwaywererequired in order for the equipment to
be located properly. At all sites, except the Dallas elevated site, the
roadway ran east-west in order to take advantage of the prevailiﬁg south wind.
This maximized the amount of crosswind situations for which data was collected.
The Dallas elevated site ran north-south, and thus did not have the advantage
of Fhe prevailing south wind. However, this was the most suitable elevated
sité wh;ch could be found, in terms of the other site selection criteria.

The remainder of this chapter consists of the site descriptions and in-
strumentation layouts for the project. The following chapter will give a more

detailed description of the instruments and their operation.

Houston At Grade Site

This site was located at Loop 610 and Link Road, apprdximately one mile
west of the IH45 and Loop 610 interchange on the north side of Houston. An
overhead view of the site may be seen in Figure 1. The symbols used in Figures
1 through 12 are defined in Table 1. Traffic on Loop 610 was moderate at all
times of the day, heaviest just before 8:00 AM and just after 5:00 PM, but

seldom heavy enough to impede free traffic flow. The freeway ran in a south-
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west and northeast direction (compass heading 78°). The active roadway con-
sisted of five 12-foot wide lanes in each direction, with a 20-foot wide median
in the center and ten-foot wide shoulders at each roadedge. The center median
had a five-foot chain link fence at its center. The two oufside lanes were
acceleration and deceleration lanes for a set of entrance and exit ramps locat-
ed 400 feet west of and 1000 feet east of the project's location. A lightly
travelled two-lane access road paralleled the freeway on each side. On the
south side, the access road was separated from the shoulder by a 40-foot wide
grass median. The broject equipment was set up on the 100-foot wide grass
boulevard between the freeway and the north side access road. Land use in this
area consisted of single story dwellings and trees up to 30 feet tall on both
sides of the roadway. The grass strips between the freeway and the access road
were relatively smooth, with scattered six-foot pine trees. Figure 2 shows the
equipment layout at this site. The symbols in Figufe 2 are also defined in

Table 1.

Houston Cut Site

This site was located at TH10 and Reinerman Road. Figure 3 shows an over-
head view qf the site. In this area, the freeway was depressed approximately
35 feet below the local ground level, lying at the bottom of a cut with walls
sloping at roughly 30°. The freeway consisted of five 12-foot wide lanes in
each direction separated by a 20-foot wide median with a chain link fence at
its ceﬁter. There was a ten-foot wide shoulder adjoining the two outside lanes.
The freeway ran southwest and northeast (compass heading 82°), and was well
travelled at most times of the day. At the top of the cut on each side, a 35-
foot wide three lane access road paralleled the freeway. Single story dwellings

-surrounded by trees up tor40 feet tall characterized the landscape around the
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freeway. Figure 4 shows the equipment layout at this site.

Dallas Elevated Site

This site was located, just south of the downtown interchange on IH45,
between Forest and Pennsylvania Avenues. Figure 5 gives an overhead view of
this site. The freeway runs northwest and southeast (compass heading 151°).
There were three 12-foot wide lanes in each direction, with an exit lane on
the southbound side dividing from the freeway at the point where the monitoring
instruments were located. There was a ZO—foot wide center median with a chain
link fence at its center, and a ten foot wide shoulder on each side. The en-
tire freeway was elevated 20 feet -above local ground level on an earth filled
concrete wall which became a viaduct where Forest and Pennsylvania Avenues
passed under the freeway. A two lane access road paralleled the freeway at
ground level on each side, separated from the freeway wall by grassy boulevards
with scattered 8—f60t oaks and crepe myrtle bushes. On the west gide, the
boulevard was 110 feet wide at its widest point. On the east side, the boulevard
was only 40 feet wide. Land use in the area consisted primarily of one and two
story apartments and small businesses.

There were two major problems with this site. First, the heavily trav-
elled Highway 75 was located less than half a mile east of the site, occasion-
ally affecting the background ménitors. More severe was thé lack of radars
over the three northbound lanes of the freeway. A permanent counting station
was established at this site shortly before the project was moved away, and it
is hoped that historipal data will be able to make up for the lack of radars.

The project equipment was arranged as shown in Figure 6.

Dallas At Grade Site

This site was actually east of Dallas, in the suburb of Mesquite. An
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overhead view of this site is shown in Figure 7. The freeway ran in a south-
west and northeast direction (compass heading 56°), and consisted of two twelve-
foot wide lanes in each direction with a 38~foot wide grassy median separating
the directions. Each outside lane had a ten foot shoulder. A two-lane access
road paralleled the freeway in each direction, separated from it by grassy
medians. On the eastboﬁnd side, the median was 66 feet wide and on the west-
bound side, the median was 42 feet wide. Except for the Motley Drive over-
pass, two service stations, and a small creek, the surrounding terrain was flat
grassland. The iﬁstrument layout for Préject 218 is shown in Figure 8. This
site presented some problems, among them being the fact that at times the access
roads carried a significant fraction of the total traffic and the fact that

the center median was wide enough to cause a separation of the mixing cells.

San Antonio Site

This site was located at the Military Highway overpass on IH410, one mile
west pf the San Pedro street overpass. Figure 9 shows an overhead view of
this site. The freewa§ consisted of three lanes iﬁ each direction, running
southwest and northeast (compass heading 68°) and a 20-foot wide median with
a chain link fence down the center. There was also a ten~foot wide shoulder
along the north edge of the freeway. Also on the north side of the freeway,
separated from the shoulder by a ten-foot grassy median, was a two lane, 20-
foot wide access road. The terrain surrounding the site was characterized by
single story dwellings and trees up to 40 feet tall, although the triangular
area on which the equipment was located was flat and grassy. Equipment locations

are shown in Figure 10.

El Paso Site

An overhead view of this site is shown in Figure 11. The freeway consisted
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6f sik l12+foot wide lanes in each ditéction, and ran in a roughly east west
- (compass heading 79°) direction. There waé'a 20~foot median with a chain
link fence along its center, and a ten-foot shoulder on each outside lane.
’ On the north side of thg road, an exit lane éut through the receptor area,
| with one receptor located between the freeway and the exitrlane and another
| locéte& on the_edge of the exit lane. A fifty-foot wide sandy boulevard
i separated the freeway from a 30-foot wide access road on the north side of
the freeway, and a 120-foot wide sandy boulevard Separatéd.the freeway from
a'simiiar aécess road on thé south side of the freéway. Since there were
only tenréigﬁal wireé a&ailable for radar units, the two outside lanes on
each side were monitored by .a single unit. Counts ‘in tﬁese ianes are accord-
" ingly less acéurate. The equipment layoﬁt for Project 218 isréhOWn in Figure

12. Land use in the area consisted of single story dwellings and businesses.

Data Collection Periods
Experimental data were collected at the previously discussed sites during

the followiﬁg-ﬁeriods:'

Site _— T Period
- Houston "at grade" | | : _May & Decembér,:l976; January & February, 1977
Héustoﬁ "cﬁt site" September & Oétober, 1976 |
Dallas “elevatedlsité" May & June, 1977
i Dallas "at grade" o July & August,»i977
% San Anfonio "at grade" " October, 1977. 
El Pasq "atvgradé" ﬁ November & December,'1977

The pértiéular days and times that data were collected are noted in the

déta.
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. Overhead View-

Dallas, IH30 at Motely Drive
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FIGURE 9

OVERHEAD VIEW
San Antonio, IH410 .at Military Highway
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Chapter III

Experimental Methods

Introduction

An extensive program of data collection was performed during Project 218,
"Analytical and Experimental Assessment of Highway Impact 5n Air Quality."
This data included concentrations of carbon monoxide, nitrogen oxides, and
hydrocarbons beside the roadway, along with extensive meteorological and
vehicular data., The systems used to collect the samples and the data will be
discussed in this chapter. The data handling techniqﬁes will be discussed in

the next chapter.

Data Collection System

Data recording from the meteorology instruments, radar units, and from the
carbon monoxide, nitrogen oxides, and hydrocarbon sensors was performed by a
Data General Nova 1200 minicomputer. Readings were taken via a Radian analog
to digital converter and a 64 channel multiplexor. Data were stored on cassette
magnetic tapes. With this method, readings from all instruments were taken
essentially simultaneously rather than sequentially. The computer read each
instrument at a rate commensurate with that instrument's response time and the
rate of data fluctuation. Table 1 gives each instrument's sampling rate, as
well as the six-letter code used by the computer to identify it. The required
software program was written By File D-19 of the State Department of Highways
and Public Transportation inAustin, Texas. This software was modified in

minor ways by project personnel.

Traffic Measurement

In order to perform any highway air pollution model validation work it is




necessary to know several parameters about the vehicles on the roadway. These

include the vehicle count, the average vehicle speed, the heavy duty vehicle
mix, and the vehicle age mix. The first three values were collected using
Stevenson Mark 5 doppler-shift radar units obtained from the Texas Department
of Public Safety. With these units and the minicomputer, the vehicle count,
speed and siée mix were obtained on a by—-lane basis; The vehicle age mix may
be approximated using figures available from local vehicle registration tables.
Since the radar units were originally designed for use inside of a vehicle,
they had to be modified for use in this project. This was accomplished by
mounting__theﬁ on 10-inch "C" clamps and providing them with waterproof housings.
A further modification involved replacing the 3/4 turn potentiometers used to
adjust the range of the units with ten turn potentiometers. These provided much
finer range control and worked very well.
To.obtain traffic flow information, each radar unit was placed over a
single traffic lane looking down at the roadway at an angle of 45°., The size
of the field of view was then varied both in length and diameter by adjusting
the range control on each unit. The radar units had both an indicator needle
and a 0-10 v recorder output. The range control was turned down until thé in-
dicétor needle barely indicated the detection of compact cars. The field of
view was then restricted to an elliptical area approximately 15 ft long and 10 ft
wide at the pavement. Since a car moving at 60 miles per hour spent only 1/2
of a second in the unit's field of view, the indicator needle did not have
time to respond before the car was out of the field. However, due to its
speed, the computer obtained full response from the unit via the recorder output.
. The radar unit sent a voltage pulse to the computer for each vehicle pas-
sage, The height of the pulse was proportional to the vehicle's speed and the

number of pulses was equal to the number of vehicles, resulting in an accurate
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vehicle count. The area under the pulse was also proportional to phe length
of the vehicle. This allowed the cars to be separated from trucks, glving an
accurate breakdown of the heavy duty vehicle fraction. To obtain the area under
the pulse the computer was required to do a numerical integratibn. Since most
pulses coming from the radars were less than 1/2 second long, the radars were
monitored at a very high rate of speed. A sampling rate of 100 samples per
second was selected as the highest practical rate. At this rate, the NOVA com-
puter was idle only 5% of the time while it spent 94% of the time processing
the radar units. The remaining 1% of the time was sufficient to handle all
other samples, compute averages, and to run the cassette units and the tele-
type. The numerical integration method used was the fastest in terms of com-
puter time available. The readings were simply summed for the duration of the
pulse and then divided by a calibration factor after the pulse was over. The
result was then compared to five length categories selected by the programmer
and the appropriate counter was incremented by one. The speed was also summed
with the appropriate vehicle speed accumulator. At the end of each one minute
» inferval the vehicle speed, count and length informétion was averaged and written
to. the cassette tape. The five vehicle categories were chosen as category
l-cars, category 2-cars and pick-ups, category 3-light trucks, category 4-heavy
trucks, and category.5-calibration and tailgates.

For a discussion of traffic measuremenf in highway air pollution research

see Bullin and Polasek (1978a).

Meteorological Measurements

"Windspeed and Direction:

Horizontal windspeed and direction were measured with six~cup anemometers

‘and windvanes manufactured by Texas Electronics. The starting threshold for the
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anemometers was 0.75 mph with an accuracy of + 1% of full scale. The wind vanes
had a starting threshold of 1.0 mph and an accuracy of + 0.5%. The anemometers
used the light chopper technique while the wind direction vanes used potentio-
meters in a one volt circuit. |

Gill propeller anemometers (Model No. 27100) were used to determine the
vertical wind speeds. This instrument had a starting threshold of less than
0.5 mph and an accuracy of + 1.0% of full scale.

In order to obtain a good description of the wind profile, stations contain~
ing the horizéntal windspeed and diréction and vertical win&speed Sensors were
located at heights of 5, 26, 52, and 102 ft. This equipment was largely trouble

free.
Atmospheric Temperature and Humildity:

To obtain information on atmospheric stability, temperature measurements
- were made with Texas Electronics Model No. 2015 thermistors at several heights.
These units had an accuracy of + 0.5% of full scale and were located at heights
of 5, 29, 42, and 82 ft.

The relative humidity was measured at heights of 5 and 82 ft with Texas
Electronics Model No. 2013 relative humidity systems. The psychrometers deter-~
mined the relative humidity by utilizing the fact that a fiber, such as a hair,
changes length in proportion to the amount of water vapor present in the air.

An inductance change was induced in a coil by this change in length. The accu-

racy of this instrument was better than + 37 relative humidity.

Solar Radiation

The incoming solar radiation was measured with an Eppley Model No. 8-48
pyranometer. Due to the low voltage output of this instrument, an amplifier

was constructed that fed an amplified signal to the analog to digital inter-

face. This instrument was very trouble free.
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Carbon Monoxide Sensors

Carbon monoxide concentrations were measured with Energetics Science
Model 2600 Ecolyzers. These analyzers used acid electrochemical sensors to
determine the carbon monoxide concentration in parts per million, with an
accuracy of + 0.5 ppm. They were easily operated, but frequent instrument
calibrations were required for span and zero drift. The accuracy of these
instruments was also affected by the pH value of the acid in the cell. As
the cell aged, the acidity of the cell decreased and the accuracy of the
analyzer also decreased. With careful attention and frequent calibration
these instruments had an error of no greater than 1 ppm of carbon monoxide.

Twelve Ecolyzers were used to measure the carbon monoxide concentrations
in this project. Ten of these instruments were located on short towers that
sampled at heights of 5 and 35 ft. Two more Ecolyzers were located on a tall
tower and sampled from heights of 47 and 101.5 ft.

To sample air from the elevated stations, air was drawn down to the
Ecolyzers by small vacuum pumps located downstream of theAsample withdrawal
point for the Ecolyzers. In the case of the tall tower, the air passed through
black one-inch, thin-wall polyethylene tubing from the elevated intakes to the
Ecolyzers. The same type of tubing was also used for the samples taken at 35-
foot heights on the short towers at the Houston sites. In all cases, this
tubing was allowed to weather in the sun for several days before actual use.
The short towers were modified at the sites in Dallas, San Antonio, and El Paso.
At these sites air was drawn down to the Ecolyzeré through galvanized tubing.

Before September 16, 1976 all Ecolyzers were read by the computer at a
rate of once every 30 secondsf An examination of the data taken prior to this
time revealed the carbon monoxide concentrations to be changing faster than

had been expected. Thereafter, the Ecolyzers were read at a rate of once every
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ten seconds.

A second sampling system, consisting of sequential bag samplers, was also
used at both sites in Houston. Each bag sampler consisted of a container that
held 24 bags made of PVC, aluminized polyester, or other material. The contaiﬁ—
er also held a pump for each bag, six-volt dry cell batteries for power and
the necessary control circuitry. During the period of operation, the control
circuitry would sequentially energize each pump for 15 minutes and then switch
to the next pump. The pumps were set to deliver 60 ml of air per minute into
each bag for a total of about 900 ml per bag. This yielded a total of six
hours of samples, with each sample representing a fifteen-minute average con-
centration.

The bag samplers proved to be qﬁité difficult from an operational point of
vie&, so'their use was discontinued after the data collection in Houston was
completed. In the bag samplers used, the timer would sometimes skip over sev-
eral bags, or the check valve would remain open and the sample would be lost.
In addition, the pumps were unstable and the flow rate did not necessarily re-
main constant. For a more complete discussion of bag samplers as they were used
in this project and the difficulties faced in their use see Bullin and Polasek

(19784).

Nitrogen Oxides Sensors

Nitrogen oxides were measured at the last four sites usipg five MacMillan
Instruments Model 2200 NO/NOZ/NOx meters. FEach of these sensors sampled from
a height of five feet on each of the five short towers. They used the photo-
metric detection of the chemiluminescence.resulting from the flameless reaction
of nitric oxide (NO) with ozone. All NOX compounds were first converted into
nitric oxide for subsequent measurement via the chemiluminescent detection

method. These instruments had a rated precision of + 1.0% of full scale,
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with a minimum detectable sensitivity of 10 ppb. Periodically they were cal-
ibrated with a certified span gas. The span calibration tended to be quite
stable. The instruments were rezeroed periodically throughout each run in

order to minimize their large unpredictable zero drifts.

Hydrocarbon Sensors

Introduction:

Three different types of hydrocarbon sensors were used during the data
" collection phase of Project 218. One instrument was read by the minicomputer
and the data stored directly onto magnetic tape. The other two instrument
types produced graphical output which then had tc be manually translated into
usable data. The latter two systems also measured the carbon monoxide con-
centration in addition to measuring the hydrocarbon concentration.

Byron Instruments Chromatograph:

The Byron Instrument Model 233D gas chromatograph checked for methane,
£otal hydrocarbons less methane, and carbon monoxide. The gas chromato-
graph separated these gases into three streams which were then passed through
a hydrogen flame ionization detector. The carbon monoxide stream paséed over
a nickel catalyst which converted it into methane before it went through the
detector. The minimum detectabie concentration of these component gases was
in the 10~-20 ppb range with a rated accuracy of + 1.0% of full scale.

Because of restrictions on where the analyzer could be located, only one
Byron chromatograph was used in Project 218. It was located in the trailer
which also housed the minicomputer in order to keep it in a relatively constant
temperature environment. Copper tubes were run from the analyzer to.a sample
point outside the trailer. This sample point was located at a height of five

feet. A small vacuum pump downstream of the analyzer maintained a constant flow

rate through the tubing. The analyzer drew a sample from the stream once every
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five minutes.
Baseline Industries Monitor:

Two Baseline Industries Model FID 1020 BIR Flame Ionization Gas Chromato;
graphs were used to detect methane, non-methane hydrocarbons, and carbon
monoxide. The FID's used a graphical output system with a chart accuracy of
+ 2.0%. Zero drift was rated to be less than 5% of full scale per day, with
a noise drift of less than 5% of full scale. Each FID was located at a height
of five feet near one of the Ecolyzer stations. This later allowed a direct
comparison to be méde betﬁeen the two insfruments.

Beckman Hydrocarbon Analyzers:

Two Beckman Model 400 Hydrocarbon Analyzers were borrowed from the Texas
State Department of Highways and Public Transportation for use in-Pfoject 218.
These instruments used a gas chromatograph with a flame ionization detector
to detect hydrocarbons, as had the other sensors. They had a full scale sen-
sitiﬁity of 0-1 ppm methane with range multipliers of 1, 10, 100, and 1000.
These instrumenﬁs had a rated reproducibility of + 1.0% of full scale. They

could be read by the computer and the data stored on magnetic tape. However,

they proved entirely unsuitable for use in this project.
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Chapter IV

Data Handling

Introduction

A Data General NOVA 1200 minicomputer was used to collect the data and
record it onto cassette magnetic tape. It was therefore possible to collect
data from each instrument type essentially simultaneously rather than sequen-~
tially and, because of this, show a dynamic response to traffic and meteoro~
logical conditions. However, this also means that data collection occurred
at a prodigious rate; o§er 25,000 numbers per hour were recorded onto tape.
This chapter is concerned with the methods used to collect the data and to

manipulate it into a useful format.

Data Collection

The NOVA 1200 minicomputer used to collect data for this project was
equipped with three cassette tape drives, a teletype console, a Radian analog
to digital comverter and a 64 channel multiplexor. The computer read each
instrumént type at a rate commeﬁsurate with the response time of those in-
struments and the rate of data fluctuation. The sampling rate used with each
instrument ié given in Table 1, along with the six letter code used by the
computer to identify it. Special notice should be given to the fact that the
sampling rate for the Ecolyzers was changed after September 15, 1976. Prior
to this time, a sampling rate of once every 30 seconds was used. However,
after this data was analyzed, the carbon monoxide concentrations were found
to be fluctuating at a higher rate than expected. 1In order to properly sample
the analog data, the sampling rate was changed to once every ten\seconds.

After each instrument was read, the value was checked égainst maximum

and minimum expected values for that instrument type. These values could be
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set by the operator. If a value fell outside the expected range, the operator
was so informed on the teletype and a special record was entered on the tape.

The data were étoredon cassette tape in sixteen-bit word, variable-length
fecord blocks. This means that each number (e.g., word) handled by the com-
puter consisted by 16 binary bits and that the numbers were collected into
groups, called records, before being stored on tape. These records were not
all of the same length, and they themselves were grouped together and placed
on the tape in a block format. In order to do so, the computer stored data in
a temporary file,'called a buffer, before>p1acing it on tape. ,Wﬁen the buffer
was full, the contents of the buffer were placed on the tape in block form in
one operation. A list of the records used to store data can be found in Table
2. The length of type 0, 5, 11, ..., 17 records was determined by the amount
of computer memory available after the program was set up.

Type 2 and 3 records were special Ecolyzer calibration records. The
Ecolyzers were calibrated at.approximate two hour intervals since their zero
and span readings tended to drift. The procedure followed was to issue a Begin
»‘Calib;ate (Type 2) record, ground the A/D input for the channel, rezero the
instrument, attach a bag of CO calibration gas, reattach the instrument to the
A/D, wait 30 seconds, reground the A/D inbut, wait one minute, reattach the
instrument to the A/D and issue an End Calibrate'(Type 3) record for the channel.

The span drift is smooth and gradual as far as is known, so a linear
correction factor could later be applied to the Ecolyzer data. These correc-
tions were fairly small (<10%). On the other hand, however, it was foﬁnd‘that
the zero drift was occasional, sudden, and drastic and no correction factor could
be applied to the data. Usually zero drift was small enough to be completely
masked by minute-to-minute fluctuations in the CO levél, although at very low

CO concentrations, (e.g., 1 ppm or less) the zero drift could approach 30%




Type #, 5

Length
Type

Time high
Time low
ASCII code

ASCITI code

Type 1

Length

Type

Time high

Time low

Channel

Sample Interval
data type

max expected value
min expected value
calibration factor

zero adjustment factor.

ASCII code
ASCII code
ASCII code

TABLE 2

Raw Data Formats

Type 2,3,6,7

Length
Type

Time high
Time low
Channel

Type 4

Length

Type

Time high
Time low
Channel

bad time high
bad time low
bad value

Type 10

Length

Type

Time high

Time low

Channel

sample interval
min' expected value
max expected value

-begin time high

begin time low
end time high
end time low
veh 1 count

veh 1 spd high
veh 1 spd low
veh ‘2 count
veh 2 spd high
veh 2 spd low
veh 5 count
veh 5 spd high
veh 5 spd low

Type 11, ..., 17

Length

Type

Time high

Time low

Channel

Interval

Lost data count
min expected value
max expected value
sample value
sample value

sample value

I
W
v
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of the instrument reading.

In addition to writing the raw data to cassettes, the computer also cal-
culated 5-, 15-, and 60-minute averages for all channels. These averages were
written on the teletype for operator inspection. If any of the average values
looked unusual, the operator could take corrective action and/or enter a Type

5 record onto tape detailing the problem.

Data Handling

The. AMDAHL 470 V6 computer .at Texas A&M University was used for data
manipuiation. All data for Project 218 originally resided on cassette magnetic
tapes which the AMDAHL was not equipped to read. Before the AMDAHL could be
used to manipulate the data, it was necessary to make three changes in the
data format.

First, it was neéessary to transfer the data to nine track tapes. This
transfer was done by a direct copy method; no changes were made in and no
checks performed on the data during the transfer process.

The second step involved data translation; although the data now resided
on nine track tapes, the data form used by‘the NOVA is incompatible wi;h IBM
(and AMDAHL) conventions. Because of this difference, the standard software
used by the AMDAHL to unpack data blocks and break records down to get to
individual numbers could not be used. The data blocks and records first had
to be broken down by programmer written software and then repacked using IBM
conventions. The program to do this has been labeled Set A and a copy can
be found in Appendix A.

The third stage of the data reformatting operation was performed in two
steps. The NOVA uses ASCII (American Standard Coding For Info;mation Inter-

change) to represent all data, but the AMDAHL uses EBCDIC (Extended Binary
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Coded Decimal Interchange Coding) for the same purposes. Therefore, it was
necessary to convert data from ASCII to EBCDIC coding with a user'written
program before any further data manipulation could be performed. This pro-
gram has been labelled Set B and can be found in Appendix B. The Set B pro-
gram also converted the integer formats of the raw déta (i.e., 100 A/D

counts) into more easily understood floating point numbers (i.e., 2.5 ppm).
The restructured data was then stored on a temporary disk file and sorted us-
ing the standard IBM Sort/Merge Utility program. This packaged program sorted
the data by date, channel (instrument), reqord type and time of day, in that
order. The result from this last operation was then stored on standard nine

track tape.

Final Format of Data

The data was later moved back into disk files and dumped from there onto
paper for visual inspection by project personnel. Data known to be bad for
any reason (i.e., the vertical windspeed is 0 mph because the vertical anemo-
meters were tangled in cable) were marked for deletion, but questionable data
were not marked for deletion. In addition, all calibration readings were con-
verted into the form of Type 7 cards. The type 7 card contains the zero ad-
justment readings and calibration readings as shown in Table 3.

Data deletion and the addition of the calibration readings were accoﬁ—
plished while the data was stored on disk files using the WYLBUR text editing
system available at Texas A&M University (Pearsom, 1975).

After data manipulation was completed, the data was again placed on nine-

track tapes. As the data presently exist on tape, there are six card for-
mats used to store the data. The format types are T
-1: wused as a terminator. to signal the end of data for a channel

1: the data parameters for a channel
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5: alpharumeric message
7: calibration data
10: traffic data

11: general data

All six format types have similar fields in the first twelve columns.
The first six columns are devoted to a time parameter. Column 7 is left
blank on all format types. Columns 8 and 9 hold the format identifier. The
channel number is contained in Columns 10-12 on all cards except Type 5 cards.

The use and format of each group on all format types are given in Table 3.
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TABLE 3

DATA CARD FORMAT TYPES

First Twelve Columns

Columns Format Content
1-2 12 hours value in a 24 hr day
3-4 N minutes of the time parameter
5-6 I2 seconds
7 1X blank
8-9 12 format identifier

10-12 B 13 channel identifier

. Type -1 Format Cards
They are compatible with any of the formats used for reading any otherv
card. A Type -1 card is distinguished by a negative hours reading,
99 minutes, 99 seconds, and a channel of -1. Two terminators in

succession signal the end of the data set.

Type 1 Format Cards

QOlumns Format Content
13-15 .13 data typeé
16-20 I5 sampling {ate
26-30 I5 minimum expected integer value of the channel
31-35 I5 maximum expected integer value of the channél
36-40 } | I5 integer value of the unity reading

41-45 15 ©  integer offset value

46-52 A6 instrument name




Type 5 Format Cards

Columns Format
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TABLE 3 (Cont'd)

Content

10-80 A

Type 7 Format Cards

Columns Format

manually entered alphabetic messages

format identifier

channel identifier

channel's data type

the value 4 signifying that 4 data items follow
channel reading with the A/D grounded
instrument zero before adjustment

instrument zero after adjustment

Content

8-9 I2
10-12 I3
13-15 13
17 Il
18-24 F7.2
25-31 F7.2
32-38 . F7.2
39-45 - F7.2

calibration reading; the values are the raw A/D
values plus the offset value

(Cols. 41-45 on a Type 1 card) divided by the

unity value (Cols. 36-40 on a Type 1 card).

(if this value is exactly 0.00 then the reading

is missing)
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TABLE 3 (Cont'd)

Type 10 Cards

Columns Format Content

13~15 2X blanks

16-20 I5 number of cars

21-25 F5.1 average speed of the cars¥

26-30 I5 number of cars and pickups

31-35 vFS.l average speed of cars and pickups*

36-40 15 number of lighf trucks

41-45 F5.1 average speed of light trucks®

46-50 15 heavy trucks )
51-55 F5.1 average speed of heavy trucks¥®

56-60 I5 calibration and tailgates

61-65 F5.1 calibration and average speed of tailgates¥*

*averaging period is one minute

Type 11 Cards

Columns Format Content
13-15 I5 ) data type
16 X blank
17 11 number of data items that follow (1-9)

18-73 (1-9) F7.2 1-9 data items
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Chapter V

Results

Analysis of Data Accuracy

In any data collection endeavor, there are many sources of error. Every
instrument used has errors associated with it and, in addition, the entire
data collection system has its own associated errors. Table 4 lists the over-—
all accuracy of the data taken during this project, as far as is known. This

section .of the report details how these error limits were established.

A/D Error:

The déta collection system for this project employed a 12 bit analog to
digital converter (A/D). There are two possible errors in this unit. First,
the-span or gain could drift, causing any input to be interpreted as some
factor greater or less than its actual value. This error is expressed as a
'fiXed_fraction of any particular readihg. It reaches its maximum magnitude
at ghe maximum data value and vanishes coﬁpletely at a data reading of zero.
fhe sécond-type of efror, the zero or offset drift is one by which a zero in-
:put>pr05uces an apparent voltage. This error is constant over the entire range
of input values and is usually expressed as a fraction of the full scale reading.

In tﬁis project, the gain was chécked in ten channels every time the pro-
ject was moved. If there was any significant span drift in those channels,
the entire A/D was checked and calibrated. However, span drift never exceeded
eight couﬁts out of an input value of 1331, or 0.6%. It was felt this low
error would not warrant the effort required to cprrect it. The zero drift was
cﬁeéked3daily in twelve chénnels. It never exceeded ten counts or 0.25%.

This was judged to be negligible in light of the errors found in the instru-

ments themselves.




II.

ITI.

Iv.

VI.

VII.

VIII.

IX.

Table 4
Instrument Accuracy
Instrument

A/D

Radar

a. overall count
b. heavy duty vehicle fraction
c. speed

Vertical Anemometer

Horizontal Anemometer

Wind Vanes

Thermometers

Psychrometer

Pyranometer

Ecolyzers

error .
0.6% span drift, 0.25% zero drift

2%

10%

3 mph + 107 of reading
5% of span drift (max) *
1% of zero drift (max) * *%
10° in Houston, 5° all other
sites #%

1.5°F

3% relative humidity *

15 watts/square cm

0.5 ppm CO *%*

* Manufacturers Ratings, not checked by project personnel

*%* See text for more detailed error description
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Traffic Parameter Errors:

The errors associated with the radar units were due primarily to the
fact that this project required more than a simple global traffic count. The
radar unit signals carried the traffic count, traffic speed, and heavy duty
vehicle fraction on a lane by lane basis. It was decided that since this in-
formation was pqtentially quite valuable to a highway air pollution study,
every effort should be made to record it.

" There were three factors that influenced the quality of the radar data.
First, the spéed calibration remained quite stable and gave few problems. If
the span reading was within 2 miles per hour (3%) of the desired 65—mile per
hour reading, the unit was left alone. This parameter was checked weekly.
The second, and slightly more troublesome source of error was the range con-
trol which regulated the size of the unit's field of wiew. If the field of
view was too large, the radar detected vehicles in adjacent lanes as well as
misfiling the vehicles as to length. If the field of view was too small, the
radar would misfile vehicles as to length and could easily miss the smaller
vehicles. A:rigorous check of the range required the.use of an analog in-
tegrator and about fifteen minutes per radar. This type of check was accord¥
ingly made only when the project was moved to a new site or when a radar had
to be replaced. A partial check could be made by observing the behavior of
the indicator needle on the radar unit itself. This check was sufficient to
~assure the overall accuracy of the count, but not precise enough to assure
100% accurate vehicle length classification. The indicator needle check was
typically made once per week. The third source of error resulted from the
misalignment of the radar heads. The heads were supposed to be aligned at

an angle of 45° with respect to the horizontal. Since the radar can only

detect that component of the velocity which is directly toward or away from
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the radar head and since a change in the angle causes a change in the size of
the field of view, an error of 5° in the angle results in an 87 error in the
apparent speed and a 147 error in the apparent vehicle length. The heads were
aligned to within 2° of the desired 45° angle at each site. However, at those
sites where sign bridges were employed to support the radar units, vibratioms
misaligned the heads by as much as 10°. This was not corrected for unless the
error became great enough to cause the unit to pick up vehicles in adjacent
lanes or miss vehicles passing through the unit's field of view. Replacement
uﬁits were aligned correctly.

Two methods were used to assess the accuracy of the radar units. The
sampling towers at the first site in Houston were placed in line with the al-
ready existing loop counters of a permanent counting station on IH610. A
listing of the data from several typical one-hour counting periods during May
1976 is given in Table 5. Because the two counting systems did not agree,
project personnel then used any available time to make manual counts lane by
lane for five-minute periods to compare with the radar counts during the same
time periods. The results of these counts were used to establish the overall
accuracy of the radar units. to within 2%. A typical comparison between manual
and radar counts is shown in Table 6. The length categories were not as ac-
curate since no true breakdown could be established between autos and pick-ups
and vans (vehicle categorieé 1 and 2) or between short and long trucks (vehicle
categofies 3 and 4). However, the break between autos and trucks was fairly
clear (within 10%). Manual counts were performed at all sites in order fo main-

tain the high confidence levels in the radar counts.

Vertical Anemometers:

These instruments were not checked by project personnel. The values
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Table 5. Comparison of Radar to Loop Counts

IH610 - Westbound

. Radar Loop :

Date Time Count Counters Ratio
May 15, 1976 1100 2284% 3580 1.57
1400 2077% 3390 - 1.63
May 19 1800 4448 5120 1.15
‘May 20 0800 3924 4940 1.26
0900 3487 4300 1.23
1000 3000* 3620 - 1.21
1100 2971 3480 | 1.17
1200 3032 3490 1.15
1300 2816%* 3630 1.29
" May 25 1500 3441 3830 1.11
1600 4230 4700 1.11
1700 | 4772 5180 1.09
1800 4868 5340 1.10
May 26 0800 3311 3550 1.07
~ Mean: 1.28

Std. dev.: 0.21

* One radar inactive Mean: 1.15%%

Std. dev.: .06%%

*% Excludes times when one radar was inactive
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Table 6

Comparison of Manual and Radar Traffic Counts

Range of No. of Std. dev.
vehicles per 5 min, Average of %
5 min. period counts % error error
1-20 49 -5.4 16.9
21-40 33 -1.0 7.1
41-60 7 2,8 5.7
61-80 6 2.3 5.3
81-100 7 2.2 2,2
101-120 1 3.6
121-~up 4 2.2 ' 1.9
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quoted here are those in the operator's manual. The primary source of error
in these instruments is due to the fact that the propellers employed did not
éuité follow the cosine law with respect to wind angle. When the wind was
within 2° of the horizontal (the vertical windspeed component was less than
3% of the»horizoﬁtal component) the propeller stalled and did not turn at all.
When the wind angle was at 45° with respect to the horizontal (the vertical
component was as large as the horizontal component) the instrument read 5%
low. 1In view of the ipstability in the verti;al windspeed, these errors were
regarded as hegligible.A The startiﬁg threshold for these instruments was

quite low, 0.5 mile per hour (0.26 meter/sec.).

Horizontal Anemdmeters:

There were three sources of error in these instruments, only one of which
was considered in the operator's manual. The starting threshold for these‘in—
strumenté was quoted as 0.75 mile per hour. This meant that in low windspeed
conditibns, typically found on late summer and fall mornings, the recorded
windspeed was less than the actual windspeed. A second soﬁrce of error was
~ due to the mass of the anemometer cups. When a wind gust struck an instruﬁent,
it would‘spin at greater than the actual-windspeed for somé time thereafter.
This meant that in gusty conditions, the recorded windspeed was higher than
the actual windspeed. A third source of error had to do with the sensing of
the windspeed. The instruments used a photo chopper and frequency to voltage
con&erter to generate the requisite signal to the A/D. At windspeeds below 2
miles per hour, the output of the frequenéy to voltage converter began to break
up into a series of spikes instead of a smooth voltage output. Since the A/D
loggea point values only, the wind appeared to be much more turbulent than was
actually the case. Considerable care-should be taken in low windspeed cases

for this reason.
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Wind Vanes:

The primary error in the wind vanes is due not to any error in the
instrument, but instead to the alignment procedures used by project per-
sonnel. In Houston the vanes were pointed toward north as closely as
possible and correction factors noted from this. This procedure was accurate
to within 10°. At all other sites, the vanes were pointed at prominent land-
marks and the bearings of these landmarks were used to compute correction
factors. This procedure was accurate to within 5°. As the standard deviation

qf the wind direction was seldom below 15°, this error was considered negligible.

Thermometers:

The operator's manual stated that these instruments were-accurate to
within 0.5°F (0.3°C). However, when a test was made in Dallas which placed
2 instruments'on the east face of the 100 ft tower and 2 instruments on the
west féce, all at the 35-foot 1éve1, it was observed that those on the east
face read 0.75°F (0.4°C) higher than those on the west face in‘the mornings
and the fhermometers on the west face read 1.1°F (0.6°C) higher than those
on the east face in the afternoons. From this it wasvinfered that sunlight
was causing a temperature rise in the instruments. The total error in the
instruments wés taken as the square root of the sum of the squares or 1.5°F

(0.83°C).

Psychrometers:
The project personnel did not check the accuracy of the psychrometers.
The operator's manual stated that the instruments were accurate to within 3%

relative humidity.

Pyranometer:

The error in this data comes not from the instrument, but rather from an




A

an amplifier used to magnify the signal to a level acceptable to the A/D.
The voltage must be boosted 41 times to be intelligible to the A/D. The
amplifier used for this task had a maximum error of 1%. Since the maximum
pyranometer reading expected in these latitudes is 1500 watts/sq cm, all
pyfanometer readings should be regarded as within 15 watts/sq cm of the

correct value.

Ecolyzers:

Since the carbon monoxide concentrations were the primary purpose of
this project, it was considered quite important to establish the limits of
the instrument's accuracy. A preliminary test in College Station showed thét
both zero and span drift over a 24~hour period were severe enough to seriously
degrade the quality of the data. Accordingly, a method was developed by which
the Ecolyzers were recalibrated every 2 to 4 hours and the zero and spén
drifts noted. Later, a linear correction was assumed for the span drift and,
if necessary, the zero drift. To check on the success of this procedure, two
instruments were run side by side for several days at each Houston site. The
instruments were treated no differently from any other Ecolyzer on the project.
The standard program was used to apply the calibration factors. The results
were most impressive. Figure 13 sh6WS both instruments plotted against time.
As can be seen the instruments tracked each other quite well. It is also inter-
esting to note that the CO concentration varies quite rapidly in the near vicin-
ity of roadways. This makes intermittent sampliﬁg instruments, such as gas
chromatograbhs, poor for this purpose unless some method is used to make the
gsample representative of the sampling time.

A comparison of the time averaged values shoWs results which are just as
impressive. Figure 14 shows the 15—min1_1te averages of one Ecolyzer against

the other for two sampling days. Almost every point falls within the 1 ppm
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Fiqure 13

- 18- A Comparison of Two Continous
Monitors on a Common Header
as a function of Time
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- Figure 14 ,
Comparison of Two Continuous / Q.
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error limits., From a total of 101 fifteen minute averages, the average error
was 0.3 ppm + 0.25 ppm. This is less than the manufacturer's ratings. To be
on the safe side, the manufacturer's ratings were used as the stated error

.bounds.

Nitrogen Oxide Monitors:

Compared to the carbon monoxide data, the results of the nitrogen oxide
instruments were poor. The problems encountered emphasize the need to care-
fully evaluate instrument reliability and accuracy before attempting to employ
the instruments in the field.

The instrument problems had three underlying causes. First, the instruments
were too complex -to be field repaired and had to be returned to the manufacturer
if anything went wrong. Second, although the manufacturer's specifications
indicated that the instruments were suitable for field use, it was later
learned that they were not intended for such use. Third, since only five in-
struments were available, the loss of a single instrument represented a 20%
loss in the nitrogen oxide data collection capability.

The first problem with the instruments was late delivery. Only three of
the five instruments were delivered in September of 1976 as specified in tﬁe
purchase ordef, and one of these WasAdefective. This instrument was returned
to the manufacturer, leaving two instruments available for mbnitoring. It was
decided to run performance tests on the instruments at both Houston sites as
the project was preparing to move from the IH10 to the IH610 site.

Initial tests at both sites showed that the instruments could not correct-

ly assess both NO and NO, concentrations near roadways because the instrument's

2

cycle time was too long to track the second by second concentration fluctuations.

The same tests showed that the dessicators used in the instruments were good
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for about 20 to 30 hours operation, meaning that they had to be baked dfy"
after each 2-3 days of data collection. Dry silica gel was kept on hand to
alleviate this problem.

The project was being moved to the Dallas elevated (IH45) site before

~all five instruments were delivered. At this time it was found that design

modifications had been made in the two new units and the repaired unit which
changed the specifications of these instruments. It was decided to haye-the
two other instruments updated as well by returning them to the manufacturer
at this time.' Shortly afterward, oné of the modified instrﬁments failed and
also had to be returned. Nitric oxide monitoring was halted until the three
instruments were returned.

All instruments were in working order before the project left thevDallas
elevated site (IH45). It was found that the instruments required at least ome ’

hour's warmup time to stabilize. Furthermore, they could not be left on stand-

by overnight without deactivating the dessicator. Also, span drift was quite

severe. After several weeks of data collectidn, the drift had become so severe
that three of the instruments could not be calibrated correctly. While the
project was being moved to the Dallas at grade site, these three instruments
were returned to the manufacturer, where the problem was diagnosed as due to

the use of silica gel in the dessicators instead of the molecular sieves orgin-

inally supplied. The remaining two instruments were also returned to the

manufacturer and all five were modified to use silica gel.

The project was ready to collect data at the Dallas at grade (IH30) site

' before the instruments were back. Two instruments failed on the first day of

data collection. The manufacturer diagnosed the problem as thermal effects,

in spite of the fact that the maximum ambient temperature was 10° below the

maximum rated temperature.
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While the manufacturer was repairing these instruments, the remaining
three instruments were being shut down whenever the ambient temperature came
within 15° of the rated maximum temperature. This practice was discontinued
after it was noted that the jinstruments were giving good results only from
8:00 AM to 11:00 AM. When the repaired instruments were again available, it
was decided to operate the instruments in the afternoons in spite of temperature
problems. Another instrument failed and had to be returned to the manufacturér;
and the four remaining instruments suffered zero and spamn drifts exceeding 20%.
This error was judged to bg too large for correction.

During this period, the calibrator used with these instruments ran out
of span gas and had to be returned to the manufacturer. However, at the San
Antonio (IH410) and El Paso (IH10) sites, sampling was continued using the
electronic calibration feature internal to each instrument.

After sampling had been completed in El Paso, the instruments were sent
to the Texas State Department of Highways and Public Transportation for final
calibration. The results of this calibration work are shown in Appendix G.
The factors from the January 1979 memo were used on a series of fifteen~minute
averages to obtain NOX profiles from the road. The resulting profiles showed
no correlation with the carbon monoxide profiles. The highest concentrations
were usually not at the roadedge and the profiles showed discontinuities at all
locations at one time or another. Accordingly the NOX values noted in the
data should be examined carefully before use. For persons interested in
analyzing the NOX data, the raw data and electronic span readings are available
in units of PPB. In calculating the 5-, 15-, and 60-minute averages, which are
reported in the data set available on nine track magnetic tapes, the electronic
span readings were assumed to be the span drift. These values should be adjdst—
ed byvthe calibrétion factors determined by the State Department of Highways

and Public Transportation. The factors are given in Appendix G.
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Bag Sampler Work

Originally, it was planned to back up the Ecolyzers with bag sequential
"samplers. There were ten bag samplers, each of which had 24 polyvinyl chloride
bags. The timing circuitry was programmed to fill the bags sequentially at
the rate of fifteen minutes per bag, giving the samplers the capability of
running for six hours. In initial rums, an Ecolyzer was used to analyze the
bag contents, but in later phases, a gas chromatograph was used to make the
samplers completely independent of the Ecolyzers. The results were published

in Environmental Science and Technology (Bullin and Polasek, 1978d). A

summary of this work is included here.

In the first experimental tests the bag samplers showed little, if any,
correlation with the continuous monitors (Ecolyzers) when operated several
feet from the Ecolyzer locations. An attempt was made to locate the source
of the discrepancies. A header was constructed which drew a sémple from a
single point and supplied it to two bag samplers and two Ecolyzers simultahe-
ously. One sampler utilized polyvinyl chloride (PVC) bags, and the other used
Tedlar bags to test the possibility that the PVC bags were interacting with
the sample, After several six hour runs, all the concentration data were com-
. pared. The Ecolyzers, as has been previously stated, matched each other better
than expected. Much of the scatter vanished from the PVC equipped bag sampl-
er data, indicating that a representative sample was not reaching the sampler
if a header was not attached. The Tedlar equipped bag sampler had more scatter
than the PVC equipped sampler. The Tedlar bags were accordingly replaced with
PVC bags and several more runs made. The results showed that the bag samplers
matched each other and the Ecolyzers quite well except in the region of 4 to
6 ppm, where one sampler tended to give low values.

A study was then made to categorize the effect of sample deterioration.
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The tést was conducted by filling a number of bags of a given material with a
calibration gas and analyzing the contents of the bags at given intervals up

to 100 hours later. The results showed that the Tedlar bags were totally un-
acceptable for ambient air analysis. The PVC bags were found to be éccept—

able if analyzed within 24 hours. Five-layer bags constructed of layers of
polyester, polyvinyl chloride, aluminum foil, polymide, and polyethylene were
acceptable for CO, but completely unacceptable for nonmethane hydrocarbons.
Aluminized polyester three—layér bags were the only tested bag material judged
suitable for long term storage of both CO and hydrqcarbons. No sample detgriora—

tion was noted during the 100 hour test in these bags.
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Discussion of Experimental Results

Carbon Monéxide Data:

The results of the study showed that at the sites examined, nmo threat
to air quality existed from carbon monoxide. At the rbadedge, values rarelj
exceeded 9 ppm, which is the National Ambient Air Quality Standard for eight
hours exposure. Furthermore, the 9 ppm concentrations were never maintained
longer than one hour at a time. Thus the eight hour average concentration
never approached the eight hour standard. In fact, the eight hour averaged
roadedge concentrations were typically 1 to 3 ppm. For averaging periods
of five minutes or longer, no concentrations were observed to exceed the '
Air Quality Standard for 1 hour exposure of 35 ppm. Individual data read-
ings would occasionally exceed 30 ppm, but these concentrations existéd only~
és short duration (10 to 60 second) spikes, probably caused by individual,
grossly mistuned vehicles.

Dispersion from all sites was typically quite good as well. The far
downwind monitors, located 200 to 600 feet downwind of the roadway rarely
differed by more than 0.5 ppm from the background concentration. Also, the
monitor at the top of the 100 ft. tower, located 60 to 250 ft. from the road-
way frequently showed values of more than 0.5 ppm above background concentra-
tion. These findings indicate that the air in the near vicinity of the road-

ways monitored is considerably less stable than most air pollution models

assume. Table 14 shows this clearly when CO4H, CO5H, and CO5L predicted and

actual values are examined.

The data also supports the conclusion that this turbulance is caused to

a large degree by the traffic in the area. At the Houston at grade site,

two cases were monitored in which the traffic was greatly slowed or stopped

entirely for a five to ten minute period. 1In both cases, the concentrations

rapidly rose to about five times their previous values, and the meteorology
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changed to show an episode of negative wind shear with unstable gravity
waves progressing through the site. Breakup of the wave phenomena and nega-
tive wind shear coincided with a return to normal traffic flow in one case
and incréased heating of the roadway surface with increasing sun angle in
the other. Moe et al. (1978) have examined these episodes in considerable
detail and reported that under these special conditions, CO concentrations

increased an order of magnitude above the models predictions.

Power spectra and delay correlation have been run on selected cases
from the data base. This work will be briefly mentioned here and will be
presented in detail iﬁ the final project repért (Report No. 218-5).A The
data sets analyzed show high degrees of correlation between wind speed and
wind direction, wind direction and CO concentrations, wind speed and CO con-
centratipns, and between the CO concentrations, wind directions, and wind
speeds measured at different locations. Power spectra indicate that all
variables are random, with no clear dominant frequency or frequencies. Delay
analysés show that wind directions change first, followed by wind speeds,
followed at random intervals by the various CO monitors. In general, wind
instruments at the higher altitudes change before those instruments at the
lower altitudes, and all wind instruments change before the slower respond-
ing CO monitors can follow. Wind speed changes typically follow wind direc-
tion changes within 15 to 30 seconds, while CO monitor delays run from 20 to
IZO'seCOnds. The delays were highly consistent within themselves, but show-
ed no érderly progression of CO thfough the system. It can thus be inferred
that QO'reached all parts of the system quite rapidly, and the delays observ-
ed were due to individual differences in the response times of the monitors.
One factor of great interest was that the background monitors also showed
good correlation with the wind direction in particular. This initially caused

some concern, since it implied that the background monitors were not located

far enough upwind of the roadway to avoid contamination from turbulent mixing.
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However, further examination of the cases in question showed that even if
the average wind direction was across the road from the south, there were
a few brief periods when the direction was shifted by over 90 degrees to
an oblique wind out of the north. Ewen 10 seconds of such behavior was
sufficient to cause a detectable rise in the background monitor reading.
It is conjectured that these brief periods do not introduce much error in
the background readings, and in any case, moving the instruments further
from the roadway would not have helped much, since they were already 100

to 200 ft. from the road.

Total Hydrocarbons Data:

Total hydrocarbons were monitored by five imstruments using flame
lonization detectors. Three of the instruments were dual column gas
chromatographs which separate methane from the rest of the hydrocarbons.
Under atmospheric conditions these instruments performed poorly due to
the fact that they were not completely stable with respect to temperature.
The instruments also required clean hydrogen and clean air for the operation
of the detector, and small variations in supply‘pressure could greatly
affect the instrument zero and calibration.

The unenhanced detectors were two Beckman 400 units. These instruments
had nonthermostated heating elements to keep the detector temperature at a
high value. Under ambient conditions, the detector tended to drift, causing
shifts in the calibration points. Frequently, the shifts were so large that
the panel adjustments could not either properly zero or span. The instrument
also blew fuses and had the detector flame go out frequently. Data produced

by these instruments was so sparse and poor that they were removed from the data

set completely.
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Two Baseline 2000 Gas Chromatographs were also used undér ambient
conditions. The primary faults of these instruments were that they would
analyze only four samples per hour, and they were operating at the lower
detection limits. The instruments had the ability to detect ambient levels
of methane and nonmethane hydrocarbons. However, baseline drift and detector
noise made it nearly impossible to accurately measure peak heights or areas.
This data has therefore not been included in the data set.

A Byron 233D gas chromatograph was employed inside the lab trailer in
San Antonio and at the Dallas at grade site. The sample intake in both cases
was run outside of the lab trailer and attached to the chain link fence
surrounding the trailer at a four foot height. In Dallas, the intake was
located at approximately the same distance from the freeway as tower 3.

In San\Antonio, the intake was located about 40 feet further from the road-
way than tower 3. The Byron collected a sample every five minutes and
analyzed it for methane, nonmethane hydrocarbons, and carbon monoixde. The
results were logged on a chart recorder. The dataare shown in Appendix F in
tabular form.

In general, the nonmethane hydreocarbons concentration was less than

2 ppm for the five minute average value and rarely exceeded 4 ppm.
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Emigsion Factors by Mass Balance Techniques

Introduction:

In most experimental programs, carbon monoxide is usually the pollutant
measured since vehicles emit significant quantities of this gas. It is also
relatively inert and easily measured. The data collected usually include wind
speeds and directions, temperature, atmospheric stability, traffic counts and
speeds along with the pollutant concentrations. A major difficulty ariseé
when one attempts to input this information into a model. This lies in the
fact that traffic counts and speeds were measured while the models require
the actual pollutant emission rates from the vehicles.

To the present, the only connection between the traffic counts and speeds
and the pollutant emission rates has been through the use of the Environmenfal
Protection Agency's Publications AP-42 (1973) and MOBILE 1 (1978). Thus, in
all experimental model validation programs except those using a tracer gas,
all of the parameters have been measured directly except for the pollutant
emission rate. The emission rates or factors are calculated from AP-42 and
MOBILE 1 given average vehicle speed, percentage of cold vehicle operation,
percentage of travel by vehicle category (automobiles, light trucks, heavy
trucks), vehicle age distribution, geographic location (high or low altitude
or California) and ambient temperature. Obviously, some of this information,
such as percentage of cold vehicle operation and vehicle age distribution, is
very difficult or effectively impossible to obtain.

VAccording to AP-42 and MOBILE 1, the emission data were obtained from test
fleets of consumer-owned vehicles within various major citles. These vehicles

were selected by model year, make, engine size, transmission, and carburetor

in such proportion as to be representative of both normal production of each
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model year and the contribution of that model year to total miles traveled.
There are, of course, many difficulties which arise in attempting such an
enormous task. These include (1) are the vehicles selected truly represent-
ative of their population? (2) are dynamometer tests equivalent to aétual
vehicle usage?

In this section, a method to determine the actual emission rate from
roadways based on material %alance principles is discussed. These actual
emission rates may be used ;s the source strength in modelling work. The
method is the first ''real W;rld" check on the information in APf42 and MOBILE

1. Themethod will also provide an excellent check on the validity and internal

consistency of experimental pollutant dispersion data.

Mass Balance Concept:

The material or mass balance concept is based on the principle that the
amount of a particular pollutant flowing past any vertical plaﬁe downwind of
a roadway minus the amount flowing past a vertical plane ﬁpwind of a roadway
must equal the amount generéted by the traffic on the roadway. This assumes,
of course, that there is no sink or disappearance of the material between the
two planes. Since many roadways may be assumed to be line sources, the planes
on either side of the roadway may be reduced to lines. Thus, the amount of
carbon monoxide flowing past a tower downwind minus the carbon monoxide flowing
past a tower upwind must be equal to the amount generated by the traffic on the
roadway. For this to apply, it is, of course, neceésary that the plume of the
pollutant from the roadway be entirely defined within the height of the tower.

The experimental setup required to perform a material balance across the
roadway should consist of one tower upwind and one downwind of the roadway.

The towers should be instrumented with the pollutant measuring instruments at




various heights. ‘At least one of the towers and preferably both should be

instrumented with wind speed and direction instruments at various heights.
The vehicle counts, speeds and categories should also be measured.

The calculations are quite simple. The upwind concentrations can be
subtracted from the downwind concentrations to obtain the concentrations dué
to the roadway. The product of fhe concentration times the component of the
mean wind speed normal to the roadway are plotted as a function of height or
position on the tower. This function is then graphically integrated to obtain
poilutant mass per time pér length of roadway. Tﬁe traffic information éan
then be used to convert to pollutant mass per vehicle per distance traveled.
In the strictest sense, the integration should be performed both upwind and
.downwind of the roadway. However, this would be necessary only if a significant
gradient in the upwind concentration existed and the upwind tower was also in-

strumented for wind speed and direction.

Evaluation and Application of Mass Balance Technique:

The validity of the mass balance technique can best be established where
tracer gases with well defined, known emission rates are used. Once the valid-
ity of the techmique is established, it can be used on any pollutant within the
guidelines mentioned in the previous section., The tracer gas data from Cadle,
et al. (1975) at General Motors (GM Data) and from Dabberdt, et al. (1975) at
“Stanford Research Institute (SRI Data) were used for validation purposes. The
mass balance technique was then applied to the carbon monoxide data from this
report and from Dabberdt. The SRI tracer gas data and carbon monoxide data were
taken at the same time. Only thercases whefe the plumewas well defined within

the height of the available towers were used from all data sets.

General Motors Data:

The GM dispersion experiment reported by Cadle et al., was performed on
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the North-South Straightway at the GM Proving Ground in Milford, Michigan.

The test track was three lanes wide in each direction; however, only two lanes
in each direction were used. The portion of the track where the dispersion
monitoring equipment was placed was essentially flat. A fleet of 382 cars
equipped ﬁith catalytic converters and air pumps was used to generate the
roadway traffic. Seven or eight pickup trucks were used to release a known
emission rate of sulfur hexafluoride (SF6). The SF6 was released into the
exhaust system of the pickups. The gas samples for SF6 analysis were collect-
ed using modified Development Science sj:inge samplers. The samplers collect-
ed a 30 cc sample over a one-half hour period. A dual column gas chromatograph
with an electron capture detector was used to analyze for the SFG' It can be
accurately measured at concentrations as low as 10 parts per trillion. Several
of the sampling stations were located on two towers on each side of the track.
The towers were instrumented at heights of 1, 4, and 10 meters with meteorological
and sample collection equipment at each station. Thus, the data were well

suited to verify the mass balance technique.

Stanford Research Institute Data:

The SRI experiment, reported by Dabberdt and Sheller, was performed at
three different sites. The first site was on a stretch of U.S. Highway 101,
midway between the Lawrence and San Thomas Expressways in Santa Clara, California.
The road is a major intrastate freeway with three lanes of traffic in each
direction. The land surrounding the location consists mainly of level fields
with a low growth of grasses. This land characteristic extends unbroken to a
radius of 0.75 km around the sampling location, with only two obstructions
inside a one kilometer radius.

Traffic was monitored with a system consisting of two shielded cable
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traffic sensors, data processor and recorder, and a programmer. Data record-
ed were vehicle speed and axle number. |

Two vans were equipped to release two tracer gases: sulfur hexafluoride
(SFG) and fluorotribromo-methane (FIBBl)' The vans were driven continuously
in the traffic stream, in the center lane, and at the general traffic speed.
One of the tracer gases was released while traveling in one direction, and
the other gas was released while traveling in the opposite direction. The
vans were instrumented so that the amount of tracer released could be obtain-
ed bj two methods.

The gas samples were taken with Environmental Measurements Incorporated
sequential multiple-bag samplers.v The samplers obtained an integrated air
sample at a rate of 4-%/hour, using a 150-ms on cycle every second. The gas
samples were analyzed by means of dual gas chromatographs with electron cap-~
ture detectors. There were two towers on each side of the roadway and one
tower in the median strip, all equipped with meteorelogical and/or saﬁple
collection equipment at heights of 2.0, 3.8, 7,5. and 14.2 meters.

The second site was at a cut-section segment of Interstate 280 in San
Jose, and was not used in the present study. The third site was located at
a pair of viaducts, each about 24 m wide. A 15 m gap separates the two via-
ducts, which are just above the roof level of the surrounding two-story héuses.
Six lanes of traffic flow east, and 5 lanes flow west (including a two lane
on ramp). The scope of the experiment was the same as at previous locations.

There were three towers at this site; one on either side of the pair of
viaducts,‘and one in between the two viaducts. Air samplers were located.at
heights of approximately 10, 27, 33, 43, and 58 feet on all three towers. In
addition, there were meteorological instrﬁments on the center tower at the

various heights.
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Sensitivity of Mass Balance Calculations to Errors in Measured Parameters:
The accuracy of the results from the mass balance calculations depend,
of course, on the accuracy of the individual measurements used in the cal-
culations. The required parameters are wind direction, wind speed, traffic
count and carbon monoxide concentrations. The sensitivity of the results
from the Texas data to the errors in the various individual parameters is

discussed in this section.

One factor which must be considered in a sensitivity analysis of the
mass balance technique is that all of the parameters involved are random
variables. Thus, the standard deviation or the variance must be considered
in analyzing the effect of an error. In almost all cases, the errors are
well within the standard deviation. 1In the Texas data, five-minute average

data was used in the calculations.

Wind Direction:

The wind direction measurements were accurate to within five degrees.
Most of this error was due to alignment during setup. In the mass balance
calculations the sine of the angle with respect to the road is used to deter-
mine the component of the mean wind nqrmal to the roadway. The wind angle
error will have a maximum effect at the minimum angle, where the sine is
smallest and has the greatest slope. Only those cases where the wind angle
with resﬁect to the roadway was 20-degrees or greater were used in the mass
Balance‘calculations. At a 20 degree angle, an error of 5 degrees results in
a 20% change in the emissions calculated by the mass balance technique. On
the other hand, at a 45-degree angle, an error of 5 degrees results in only
ran 8.3% change in the calculated emissions. The above senéitivity estimates

assume that all four wind vanes were in error by the maximum amount in the
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same direction at the same time. The probability of this occuring is, of
course, quite low. The standard deviation in the wind direction was typically

20° as compared to the error of 5°.

Wind Speed:

The horizontal anemometers were accurate to within 0.5 mile per hour as
compared to the typical standard deviation of 1.5 miles per hour. Since no
cases were used in the mass balance calculations with wind speeds of less than
three miles per hour, the maximum effect on the mass balance results would be

17%. In most cases, the wind speed was 5 miles per hour or greater.

Carbon Monoxide:

As discussed previously, the Ecolyzers were accurate to within about 0.25
ppm as compared to typical standard deviations of about 1.0 ppm. As was the
case for the wind speed and direction, the carbon monoxide was measured at
four levels downwind of the roadway. However, it was also necessary to measure
carbon monoxide upwind of the roadway since the net emissions due to the roadway
were desired. The upwind instruments were typically at least 150 ft. from the
roadway and positioned at heights of 5 and 33 feet. The upwind concentration
was calculated by averaging the values from these two instruments. Thus, the
maximum contribution to the error in the mass balance results would be due to
the error in the upwind carbon monoxide concentration. However, no cases were
selected for the mass balance calculations where the difference in the two
upwind values was greater than 0.5 ppm or where only one upwind value existed.

An error of 0.25 ppm in the carbon monoxide measurements could cause an
error in the mass balance results as high as 50% in some cases where the down;
Qind values were near the upwind values. However, in most cases, the net con-

centration difference across the roadway was about 2.0 ppm or greater. Thus,
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the error in the mass balance results for most cases would be less than 257%.

Traffic Counts:

The error in the traffic counts was found to be within 2% based on
manual counts. Since the total emissions from the roadwaywere divided by
traffic to obtain the emissions in terms of grams per vehicle mile, the in-

fluence of the traffic error on the final result would also be within 2%.

General Discussion of Errors:

The possibility dqes exist, of course, that all parameters could_have
the maximum error in the same direction at the same time. However, the pro-
bility of this occurringis quite small. As previously discussed, the process
of diffusion of pollutants from roadways is a random process. Thus, the ap~
plication of the mass balance technique must be for some averaged time period.
For the Texas data, the mass balance calculations were performed with five-
minute averages. Therefore, from the consideration of maximum error accumula-
tion and characterization of a random process, the average emission factor from
several five minute periods would have much greater reliability than a single

individual value.

Results of Material Balance Calculations:

The mass balance technique was applied to 19 cases from the GM data and
8 cases from Site 1 and 15 casds from Site 3 of the SRI data. In each of
these cases, either SF6 or FlBB or both were used. Sample calculations apply-~
ing the mass balance technique to the GM, SRI and Texas data are shown in

Appendix E. The emission factors obtained from the GM data are shown in Table

7 along with the precisely measured emission rates. As can be seen from this

table, the calculated and measured emission rates agree closely. The averaged




Table 7

Comparison of Calculated and Actual Emission Factors for General Motors Data

|

Tower 1 Tower 2
Calculated * Calculated Measured
Wind Angle with Emission Rate Emission Rate Emission Rate
Date D.M. I.D. Roadway, deg gm §§6/m~hr gm SF6/mrhr gm SFﬁlm-hr

October 2, 1975 275080959 255 0.21 0.18 0.25
| 275083959 262 0.26 0.19 0.25
275090959 267 0.18 0.16 0.25
275093958 268 0.19 0.22 0.25
October 3, 1975 276081459 143 0.21 _ 0.22 0.28
276094459 165 0.17 . 0.14 - 0.28

October 6, 1975 279080959 192 0.29 0.29 0.25 &

279084000 187 0.30 0.26 0.25 T
279090959 188 0.33 0.28 0.25
279093059 183 0.33 0.26 0.25
October 10, 1975 383081959 190 0.24 : 0.25 0.26
283085000 201 0.26 0.23 0.26
283092000 175 | 0.27 . 0.22 0.26
October 20, 1975 293103458 A 202 0.28 0.28 0.30
293110458 202 0.33 _ 0.31 0.30
October 21, 1975 294080502 165 0.39 0.36 0.30
October 27, 1975 300080000 128 0.20 0.22 0.29
October 29, 1975 302080456 270 0.20 0.17 0.28
October 30, 1975 303080957 253 0.20 0.22 0.29
Average 0.26 _ 0.23 0.27

0.06 0.06

.02

Standard Deviation
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rates agree remarkably well. The mass balance calculations were performed for
both downwind towers. As shown in Table 7, the calculated emission rates for
the two towers agree within 107 for most cases. The good agreement between
the calculated emission rates and the meésured emission rates and especially
the excellent agreement between the calculated values for the two towers show
that the mass balance technique is valid.

The emission factors calculated from the SRI data are shown in Tables 8
and 9 along with the measured emission rates. In this work, SF6 was emitted
on one side of the roadway and FlBBl on the other. As can be seen ip Table 6
for Site 1, the average calculated emission rate is about twice the measured
emission rate for both SF6 and FlBBl' In addition, there is considerable
scatter in the agreement between individual values. The mass balance technique
could not be used for the SF, tracer at Site 3 since the SF6 plume was not

6

completely contained in the downwind tower. The results for the F13Bl tracer
at Site 3, shown in Table 9, are less scattered than for Site 1. The average

calculated F emission rate was almost exactly twice the average measured

13%1
rate, aswas the case for Site 1. Since the average calculated emission rates
for two tracers at Site 1 and one tracer at Site 3were almost exactly twice
the measured rates, it is reasonable to conclude that there is a systematic
error in the data or in the calculations used here.

The mass balance technique was used to determine the carbon monoxide
emissions for Sites 1 and 3 from the SRI data and for the Houston, Dallas,
San Antonio and El Paso sites from4the Texas A&M data. The calculated carbon
monoxide emissions by the mass balance technique and the carbon monoxide

_rate- caleulated by SRI based on AP~42 are compared in Tables 8 and 9 for Sites

1 and 3 of the SRI data.

The carbon monoxide emission rates calculated by the mass balance technique




Table 8

Comparison of Calculated and Actual

Emission Factors for SRI Data (Site 1)

- co Calculated
Wind Angle SFg SFg Fy3B1 F13B81 Cco Estimated Emission
Traffic with Respect Calculated Emitted Calculated Emitted Calculated by SRI Factor
Date Time Veh/hr to Roadway mg/m~sec mg/m-sec mg/m-sec mg/m-sec mg/m-sec mg/m-sec gm CO/veh-mi
1-30~75 16:00 6646 39.4 0.1648 0.:090 o 0.378 65.2 30.81 56.83
17:00 6593 71.4 —_— ————— 1.08 0.408 69.2 32.95 60.79
18:00 4611 50.2 0.2608 0.086 — 0.300 | 23.2- 14.44 29.14
2-5-75 12:00 4169 37.9 0.0320 0.092 0.624 0.319 17.2 13.06 23.90
13:00 4411 48.9 0.240 0.123 0.784 0.336 23.2 13.81 30.47
14:00 4862 50.9 0. 3408 0.125 0.952 0.318 28.4 15.23 33.83
15:00 5551 62.2 0.3808 0.114 1.60 0.401 48.8 20.70 43.15
16:00 6517 69.7 0.2720 0.103 0.720 0.424 64.0 33.88 56.88
Average: 0.24 0.10 0.86 0.37 42.4 21.8 41.87

=59=




Table 9

Comparison of Calculated and Actual Emission Factors

for SRI Data (Site 3)

co Calculated
Wind Angle F13B1 F13B1 co Estimated Emission
Traffic with Respect Calculated Emitted Calculated by SRI Factor
Date Time Veh/hr to Roadway mg/m-sec mg/m-sec mg/m-sec mg/m-sec gm CO/veh-mi

8-12-75 14:00 5542 273 .696 .370 29.6 17.36 30.93
15:00 6725 276 .720 .365 40.0 31.00 34,45

16:00 8496 280 .808 .425 30.0 26.60 20.45

17:00 8368 273 .760 .270 _— 26.20 —

8-14-75 14:00 5710 275 .840 ‘.362 33.6 17.88 34.08
16:00 8577 280 .800 .376 48.8 26,90 32.96

8-19-75 15:00 6719 286 . 800 . 462 36.8 21.10 31.73
16:00 8658 288 .432 .313 49.6 27.10 33.18

8-21-75 5:00 977 34,3 1.48 .559 8.8 3.07 52.17
9:00 3933 78.7 1.208 .496 24,0 12.41 35.35

10:00 4317 85.5 .640 441 36.8 13.64 49.38

11:00 5304 105.5 1.080 .553 28.0 16.69 30.58

8-26-75 6:00 4880 85.7 1.296 .492 12.8 15.26 —_—
7:00 8397 100.5 1.176 .566 31.2 26.30 21,52

8:00 6891 92.3 — 548 e 21.59 e

Average: 0.92 0.43 31.52 19.64 32.49




for the Texas A&M data are shown in Tables 10, 11, 12, 13 and 1l4. These
tables also compare the mass balance results with the emission rates predict-
ed by AP-42 and MOBILE 1. The values used in inputs to AP-42 and MOBILE 1 are:

1) By-lane speeds and counts from project radars. '

~2) For AP-42, the 1976HarrisCounty vehidle age distribution by vehicle
type, as presented in Table 15, was used for all sites.
For MOBILE 1, the vehicle type mix and peréent cold start and hot
start as presented in Tables 15 and 16, were used.

4) For any paraméter not specified, the‘national average was uéed.

In the present work, countywide averages for traffic information such as
heavy duty vehicle mix and percent hot and cold starts were used to represent
the specific section of expressway where experimental datawere collected under
this project. As more accurate and appropriate traffic information becomes

available, the emission factor estimates will be revised. The citywide average

figures were supplied by the Texas State Department of Highways and Public

Transportation.

A summary comparison of the average emission factors from the mass balance
technique, AP-42 and MOBILE 1 for all of the "at gréde" éites from the Texas
data is shown in Table 17. TheHouston (Winter) and San Antonio averages agree
within about 25% with the MOBILE 1 predictions. The Dallas average is approx-
imately double the MOBILE 1 predictions-while the Houston (Spring) and El Paso
Havefages are roughly three to four times the MOBILE 1 predictioms. It is also
interesting to note that the MOBILE 1 emission factor estimates are from 35 to
85% higher than the AP-42 estimates.

The Houston (Spring) data werethe first data collected under this project.
However, there is no indication in the data or calibration procedures of any

unusual error.
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Table 10

for Houston "at grade' Site (Spring)

Calculated Emission Emission
Traffic Acute angle Emission Factor Factor
veh/ of wind with Factor, from AP-42 from MOBILE 1
Time 5 min roadway, deg gm CO/veh-mi gm CO/veh-mi gm CO/veh-mi
May 25, 1976
14:30 500 73 222.4 22,21 30.21
14:35 470 76 217.4 22.21 30.71
14:40 553 67 197.1 22.21 30.49
14:45 543 73 218.9 22,22 30.52
14:50 541 69 173.1 22.22 31.04
14:55 527 73 173.1 22,22 30.98
15:45 608 80 122.0 23.16 27.08
15:50 695 87 111.9 23.0 34.64
16:00 706 88 91.9 22,22 31.87
16:10 946 67 64.3 22,22 31.28
16:15 561 77 110.0 22,21 30.55
16:25 702 89 90.2 22.22 30.69
16:35 672 64 74.1 22.22 30.28
Average 143.6 22.35 31.56
Standard Deviation 58.6 0.09 2.02
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Table 11

Comparison of Calculated and MOBILE 1 Emission Factors

for Houston "at grade'" Site (Winter)

Calculatedr

, Emission Emission
Traffic Acute Angle Emission Factor Factor
veh/ of wind with Factor, from AP-42 from MOBILE 1
Time 5 min roadway, deg gm CO/veh-mi gm CO/veh-mi gm CO/veh-mi
January 12, 1977
18:05 641 14.0 23.0 31.65 42,09
18:20 632 14.0 24.8  31.64 40.95
18:25 597 14.0 75.1 30.35 40.24
18:55 520 12.0 15.5 31.63 40.76
January 13, 1977
11:30 414 13.0 80.8 28.49 38.76
Aﬁerage: 43.8 30.75 40.56
Standard Deviation 31.4 0.65 1.21
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Table 12
Comparison of Calculated and MOBILE 1 Emission Factors

for Dallas "at grade" Site

: Calculated Emission Emission
Traffic Acute Angle Emission Factor Factor
veh/ of wind with Factor, from AP-42 from MOBILE 1
Time 5 min roadway, deg gm CO/veh-mi gm CO/veh-mi gm CO/veh-mi
August 3, 1977
14:30 224 61 80.8 20.04 31.36
414:45 239 . 44 47.7 19.64 ‘ 30.54
14:50 238 47 35.7 19.69 30.63
August 11, 1977
07:25 398 83 35.0 21.47 34.69
07:30 339 88 36.8 21.21 35.64
07:35 356 85 45.6 21.30 34.48
09:35 218 69 127.3 19.53 31.12
09:40 214 49 75.3 19.72 31.48
09:45 199 62 138.2 19.72 31.48
14:00 239 el 25.2 19.87 31.06
14:35 260 66 66.5 19.55 30.03
15:00 225 40 70.8 19.61 29.98
Average: 65.4 20.11 31.87

Standard Deviation: 36.2 .23 1.93
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Table 13
Comparison of Calculated and MOBILE 1 Emission

Factors for San Antonio Site

Calculated Emission Emission
Traffic ~ Acute Angle Emission Factor Factor
veh/ of wind with Factor, from AP-42  from MOBILE 1
Time 5 min roadway, deg _gm CO/veh-mi gm CO/veh-mi gm CO/veh-mi
October 6, 1977 o
11:30 477 31 21.5 20.73 35.33
11:35 524 8 44.8 2074 31.57
11:40 533 | 23 30.6 20.74 33.64
11:50 510 26 195 19,22 13279
11:55 491 27 . 14.5 19.22 32.78
12:00 505 43 27.4 19.23 31.53
12:10 547 43 54.6 19.23 32.85
12:25 459 34 53.5 19.22 32.88
12:35 473 34 30.6 ‘ 19.22 : 32.63
12:40 492 46 40.9 19.22 32.56
12:45 534 41 49.0 19.22 32.55
12:50 536 ' 48‘ 68.3 - 19.24 32.72
12:55 535 43 | 9.5 19.22 32.68
Average: 42,4 19.57 32.81‘

Standard Deviation 22.7 0.19 0.93
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. Table 14
Comparison of Calculated and MOBILE 1 Emission

Factors for El Paso Data

Calculated Emission Emission
Traffic Acute Angle Emission Factor Factor
veh/ . of wind with Factor, from AP-42 from MOBILE 1
Time 5 min roadway, deg gm/veh-mi em/veh-mi  gm/veh-mi
November 29, 1977 |
15:05 430 53 79.8 26.16 35.04
15:15 486 83.5 96.0 26.15 35.25
15:20 487 89.4 88.7 - 26.04 34.79
15:25 486 72.8 107.5 26.14 35,23
15:30 516 85.3 101.3 26.10 35.52
15:40 600 84.3 59.7 26.09 35.08
15:55 588 83.7 95.3 26.13 36.17
16:00 508 52.2 79.7 27.66 36.56
16:05 519 65.1 146.7 26.14 35.18
17:40 521 29.5 60.7 27.74 36.14
December 1, 1977
12:00 404 14.1 27.3 26.00 36.07
December 3, 1977
9:55 406 44,9 118.2 28.30 37.45
10:00 374 47.3 136.2 27.67 36.54
©10:05 445 47.1 166.3 28.35 - 37.27
10:10 422 49.9 181.7 28.34 37.86
10:20 396 43.6 - 166.6 28.03 36.71
10:25 429 46,2 172.5 28.13 36.95
10:30 457 49.1 149.0 28.20 37.14
10:35 428 47.6 156.6 25.96 35.04
10:40 435 43.1 122.1 26.58 36.10
10:45 459 44,6 181.1 . 26.63 36.17
10:50 452 45.4 122.2 26.02 35.30
10:55 428 36.0 129.1 26.66 36.36
11:15 484 34.0 110.8 26.02 25,12
' Average 119.0 26.84 36.04

Standard Deviation 41.5 0.94 0.89
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Table 15

1976 Harris County Vehicle Age Distribution

by Vehicle Type - (Source DMV)

Heavy Duty Heavy Duty

Year Automobile,% Pickup,Z Gas,% Deisel 7
1976 8.7 10.4 6.1 6.1
1975 10.5 11.4 12.8 13.6
1974 12.3 ‘ 12.7 13.7 16.7
1973 12.7 12.1 13.7 17.1
1972 10.5 9.2 10.9 9.7
1971 8.3 6.8 7.6 8.2
1970 7.7 6.2 7.0 8.0
1969 7.0 6.4 6.8 6.8
1968 5.9 5.1 5.0 4.3
1967 4.4 4.1 3.9 2.8
1966 3.7 3.9 3.2 2.3
1965 2.9 3.2 2.4 1.6

pre-1965 5.5 8.5 7.0 2.9
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Table 16

Vehicle Operating Mode for MOBILE-1l

City ' County pcco®  peus®  pecct
Houston : Harris 15.1 27.1- 24,4
Dallas | Dallas 19.2 34.5 27.8
San Antonio Bexar 23.3 31.8 31.2
El Paso El Paso 17.9 30.1 25.4

a - % of non-catalyst—equipped light duty vehicles
vehicle miles traveled accumulated in cold start mode
b - % of catalyst-equipped light duty vehicles
vehicle miles traveled accumulated in hot transient mode
¢ - % of catalyst-equipped light duty vehicle
,,,,,,, vehicle miles traveled in cold start mode

Vehicle Type Mix for MOBILE-1

City County Lov? wr®  or2®  mped HDD® et

Houston Harris 0.725 0.171 0.042 0.023 0.006 0.033
Dallas Dallas 0.720 0.176 0.043 0.023 0.006 0.031
San Antonio Bexar 0.720 0.176 0.043 0.023 0.006 0.031
El Paso El Paso 0.720 0.176 0.043 0.023 0.006 0.031

- Light Duty Vehicles (automobiles)

- Light Duty Trucks (lower weight class)
-~ Light Duty Trucks (upper weight class)
- Heavy Duty Gas Vehicles

- Heavy Duty Deisel Vehicles

~ Motor Cycles

O O T
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Table 17
Summary Comparison of Calculated, AP-42
and MOBILE 1 Emission Factors for all

‘"at Grade" Sites from Texas Data

Housfon (Spring)
Houston (Winter)
Dallas

San Antonio

El .Paso

cal'd Emission Emission
Emission Factor Factor from AP-42 Factor from MOBILE 1
gm CO/veh-mi gm CO/veh-mi gm CO/veh-mi
143.6 22.35 31.56
- 43.8 30.75 40.56
65.4 20.11 31.87
42.4 19.57 32.81
119.0 26.84 36.04
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Using the 1975 Federal Test Procedure, Liljedahl and Terry (1977) of
Automotive Testing Laboratories, Inc. found that 1973 through 1976 model year
passénger cars in Houston had a composite carbon monoxide emission factor
of 43.1 gm/veh-mi. Their carbon monoxide results for Houston are shown in
Table 18. They also obtained a composite carbon monoxide emission factor for
passenger cars in Phoenix of 45.6 gm/veh—mi as shown in Table 19. The climate
in El Paso is fairly comparable to the climate in Phoenix. As can be
seen from Tables 18 and 19 the standard deviations for the emission factors_
are almost as large as the emission factors themselves. The type vehicles to
be used in the éests were specified and specific owners were solicited to
volunteer their vehicles using aistrong incentive ﬁrogram.

A number of conclusions can thus be reached. It is apparent that AP-42
cannot adequately representvcurrent emission factors. MOBILE 1 agrees with
some checks of actualvvehicle emissions and with some mass balance cases.

Much more data is needed to adequately describe vehicular emission factors.

The mass balance technique is a theoretically sound method to determine emisSipns_
from roadways. The method has been validated by applying it to experiments

where tracer gases with a precisely measured emission rate were used. The
technique can be used to determine the emission rate of any material from a
roadway provided there is no chemical reactiomns or‘settling. This is the first
real world method to check the emission rates predicted by AP-42 and MOBILE 1

or any other emission factor publication. More precise experimental measure-
ments would increase the accuracy of the method. In addition, an instrument
array on a tall tower upwind as well as downwind would improve the accuracy of

the results.
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Table 18
€0 Emissions vs. model year
for Houston (1976)

From Liljedahl and Terry (1977)

co emissions_gg[vehfmi

Year Number Vehicles Average Milage ___Mean Staﬁ@ard Deviation
1965~1972 0 —_— —_— —

1973 27 51574 60.4 40.6

1974 27 , 35550 - 64.3 41.2

1975 ' 28 28549 32.9 ' 32.5

1976 34 11468 20.8 19.5
Composite 116 30531 43.1 ' 38.2

Table 19

CO Emissions vs. model year
for Phoenix (1976)

From Liljedahl and Terry (1977)

CO emissions gm/veh-mi

Year Number Vehicles Average Milage Mean Standafd Deviation
1965 3 96613 174.6 85.2
1966 7 90811 95.9 -~ 53.6
1967 12 94790 99.9 43.9
1968 28 1876 80.9 38.6
1969 30 84733 80.2 50.8
1970 - 35 - 75517 77.5 59.0
1971 40 , 68814 51.6 24.6
1972 45 56076 47.5 21.5
1973 50 43961 50.1 32.9
1974 50 34849 58.8 38.3
1975 ' 49 25814 25.1 22.5
1976 151 12793 15.1 14.9

Composite 500 44467 45.6 42.3
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Available Data Formats

The experimental data collected during this project will be available in
three formats. Each format has certain helpful characteristics, and the user
éhould decide which format or formats would be most applicable to the study
being undertaken. All data will be delivered on 9 track magnetic tape at
1600 bytes per inch with IBM standard labels unless other tape densities and
labels are requested.

Formats 1 and 2 consist of exactly the same numbers. Both give the time
ayeraged traffic, meteorqlogy, and pollutant datg, along with the standgrd
deviations in the meteorology and pollutant data. Pollutant data have been
corrected for zero and span drift by assuming a linear drift between calibra-
tions. No corrections were applied to the meteorology or traffic data. A;
such, thg data in these two formats are most useful to those users who are
constructing, calibrating, or verifying dispersion models based on 15-minute

or 1 hour average values.

Format 1 data are simply a taped copy of the Set C averages (see Appendix
c). A simple tape to print utility such as IBM's IEBGENR can be used to list
the data or to move it to a text editing system file for easy user reference.
In this form, the data base occupies approximately 1,000 feet of 9 track tape.
Format.Z data was generated from the Format 1 data in order to make it
more easily assimilatable by the computer. Each average was reformétted to
a single line of data 820 bytes long, consisting of a 40 byte identifier and
78 ten byte floating point numbers. In this way, SAS 76, a statistical amaly-
sis package available at Texas A&M could reach the data easily and perform
analyses on it. In this form, it is also easily manipulatable by Fortran.
The data in this format still occupy 1,000 feet of 9 track tape.

The Format 1 data should always be requested along with the Format 2 data,
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since the Format 1 data contains a copy of the déily log in addition to the )
instrument avefages. The log is a guide to indicate questionable data or
unusual conditions in the data base. More importantly, the Format 1 data
contain the lane by lane breakdown of the traffic data. When a radar failed,
that lane showed no traffic until the radar could be repaired and repiéced.
The overall traffic count was not modified to correct for this. Accordingly,
the user must make whatever corrections he sees appropriate. Without the
Format 1 data, it is impossible to correct for this error in any way.

Format 3 data are of greatest value to those who are interested in the
minute-by-minute micrometeorology and pollutant dispersion. This format con-
tains what is éssentially the raw sample values logged from the instruments,
with notations of the calibration errors. The data are arranged in fixed
length, 80 byte records, making it look like cards to the computer. A detail-
ed description of each type record and a sample data set extracted from the
data base are listed in Appendix D. Please note that although this sample con-
tains only 5 minuges of data from only 1 of each type instrument, it occuﬁies
2 pages. Data in this format are extremely bulky, occupying over 3,000 feet -
of 9 track tape at 1,600 bytes per inch. Accordingly, this format should not

be requested unless the user intends to expend large amounts of programming

time in data reduction.
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Comparison of Results With Model Predictions

Introduction:

The various numerical dispersion models presently available were develop-
ed using one or more of the several roadway carbon monoxide dispersion data
sets, none of which were taken in Texas. In this section, the relationship
among the model predictions and a portion of the Texas data is examined. The
data subset used here is biased, however, since it consists of only the 5-min-
ute average cases used in the mass balance work discussed earlier in this re-
port. Thus, only the casgs in which the carbon monoxide goncentrationslwere
well-defined within the height of the tall tower were used. These cases re-
present considefably less than 10% of the data at most sites. The four models

used are discussed below.

Discussion of Models:

CALINE-2

This model is a revision of CALAIR, the originial California line source
dispersion model. It is based on the work of Turnmer (1970) and Ranzieri, et
al. (1975). CALINE-2 employs a fixed box model together with a Gaussian dis-
persion model. The box model is used to simulate the initial dispersion of
pollutants caused by the mechanical turbulence resulting from the moving vehi-
cles. The box model assumes the emissions are uniformly distributed over the
roadway and up to a fixed height, termed a "mixing 1id." 1In an experimental
program known as "Project Smoke'" performed by the California Division of High-
ways (1972), this 1id was determined to be equal to the width of all the traf-
fic lanes plus the median plus a distance of about ten feet on both sides of
the roadway. Three equations are used to predict the carbon monoxide concen--
trations for pérallel, oblique and cross winds. The equations for the parallel

and cross wind cases are based on the use of the continuous line source equa-
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tion. The oblique case is treated as a trigonometric relétionship of the
other two. A calibration factor is not required for each site; however, the

model was validated with experimental data from California only.

HIWAY

The HIWAY model was developed for the Environmental Protection Agency by
Zimmerman and Thompson (1974), based on Turner's (1970) work. The calculational
procedure is centered around numerical integratiqn of the Gaussian plume point
source equation for a finite length. For certaih unstable and neutral condi-
tions, an équation of the form suggested by Bierly and Héwson (1962) is used.
From a computational viewpoint, this model involves a fairly time-—consuming

numerical integration procedure. No site calibration is required.

AIRPOL-4

This model, developed by Carpenter and Clemena (1975), also uses the
Gaussian type of formulation. However, AIRPOL-4 is unique in that it uses
two Euclidean coordinate systems, mapping the roadway coordinate system onto
the receptor coordinate systém. This transformation allows the Gaussian equa-
tion to be integrated over all roadway points contributing to the pollutioﬁ
at a particular location. The values of the dispersion coefficients are oﬁ—
tained from the Pasquill-Gifford curves, but they are modified to account for

- . sampling time as a function of stability. Carpenter and Clemena (1975) give

two equations that greatly reduce the required computation time for cases of
nearly perpendicular or nearly parallel winds. No site calibration is neces-

sary; however, the model was validated from Virginia data only.

The TRAPS Models

The original TRAPS model was developed by Maldonado and Bullin (1977).

This model uses a combination of empirical fits and gradient type diffusion
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formulas. It was verified using experimental data from Virginia, North
Carolina, Tennessee and California. Data collected in Texas under Project
218 were not used in verifying either the original model or the TRAPS II

and 52 models. The TRAPS II model (Bullin and Polasek, 1978b,c) was develop-
ed from the original TRAPS model by making two simplifications that greatly
increased the compﬁtational speed. The resulting model is approximately 507
faster than the original model, and ten times faster than any other highway
pollution dispersion model. The original model was improved by substituting
a polynomial equétion fpr an iterative step in‘the program. In addition, the
virtual origin, which will be discussed below, is now calculated by direct
iteration rather than the secant method used in the original TRAPS model.

The total source of a highway is not concentrated ip a single, thin line,
but rather is diffused from a large area, with the original dispersion taking
place due to the mechanical turbulance of the vehicles. The virtual origin
is the location of a hypothetical line source that will produce a plume having
the dispersion of the actual area source. In the TRAPS models, an empirical
equationvderived from dimensional and statistical analyses is used to calculate
the roadedge concentra;ion at a five~foot height. The result is then métched
to the Gaussian plume by direct iteration. Maldonado (1976) originally used
the,sécant method to determine the virtual ofigin distance.

The equation describing the downwind, off the road concentrations employs
the power law wind profile. However, the log-law profile more accurately de—’
scribes the velocity profile near the earth, since it accounts for the site
dependent friction velocity and sufface roughness factors. Therefore, the log-
1aw profile was determined for the site under the given conditions, aﬁd the
power law profile fitted to the results through the use of a fourth degree

polynomial equation. In the original model, the power law profile was fitted

to the log-law profile through the use of an iterative procedure.
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Application of Models:

All of the above models were applied to the data cases used in the mass
balance Work. The meteorological, geometrical, and traffic data for each case
were used as input variables for each of the models, and the resulting carbon

monoxide concentrations were compared to the data values.

Emission Factors: The emission factors used in the models were obtained with

the use of a modified AP-42 computer program (BIGAP) obtained from the Texas
State Department of Highways and Public Transportation. The AP-42 emission
factors used corresponded to the prediction Eor the nearest 5 degreeé in the
temperature énd the nearest 5 miles per hour in speed. The national average
heavy duty mix and the 1976 Harris County vehicle age distribution given in
Table 15, were used in the program. A 20% cold start, 10% hot start mix was
also used. In some of the cases the traffic data for a given lane were missing
or were obviously in error. In these instances the data wére estimated accord-
ing to similar time periods on another day.

The results of the model predictions for each case were then multiplied

by the ratio of the mass balance emission factor to the AP-42 emission factor

to obtain the model predictions for the mass balance emission factors.

Site Geometries: The roadway and receptor geometries used in the models were

consistent with the site descripfions given préviously. The model restrictiouns
were élso taken into account. Therefore, for a given model-site combination,
the model was run for various sections of the roadway and the results for the
respective receptors were added to obtain the predicted concentration due to
the entire roadway. The model-site combinations were handled as follows:
CALINE-2 - Houston at-grade - The model was run one time for the entire

main roadway for each case.
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CALINE~2 - Dallas at-grade - The model was run once for each of the access

roads and for each direction of travel on the main roadway for each case.

CALINE-2 - San Antonio - The model was run once each for the westbound

access road and the main roadway for each case.

TRAPS — Houston at-grade -~ This combination was handled the same as for

CALINE-2.

TRAPS - Dallas at-grade - This combination was handled the same as for
CALINE-2, except that TRAPS has a lower limit of 29 feet for roadway
width, and since the roadway width at this site was less than 29 feet,

extra width was added on the upwind side to satisfy the requirement.

TRAPS - San Antonio -~ This was handled the same as for CALINE-2, except

that the width fixup, as above, was used for the access road.,

AIRPOL-4A - Houston at-grade - Each direction of travel on the main road-

way was handled as a distinct lane group for each case.

AIRPOL-4A - Dallas at-grade - Each access road and each direction of
travel on the main roadway was handled as a distinct lame group for each

case.

AIRPOL~4A - San Antonio - The westbound access road and each direction
of travel on the main roadway was handled as a distinct lane group for

each case.

HIWAY - Houston at-grade -~ The model was run once for the entire main
roadway for each case. One mile was used for roadway length both in

the upwind and downwind directions.
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HIWAY - Dallas at-grade - The model was run. once for each access road
and once for the main roadway for each case. One mile was used for the

roadway length both in the upwind and downwind directions.

HIWAY - San Antonio - The model was run once for the westbound access
road and once for the main roadway for each case. One quarter mile was

used for roadway length both in the upwind and downwind directionms.

Meteorological Data: All of the models require as input variables the wind-

speed, stability category, and wind angle. For those models requiring the
1l0-meter windspeed, the 26-foot measurement for each case was used. The 5-
foot measurement for each case was used for. input windspeed for HiWAY. The
aVerage of the wind direction at the four station levels was used as wind
angle input for each case. For determination of the stability class, the 26-

foot windspeed was used.

Results and Comparison: Model prediction results are presented in Table 20.

The model predictions using MOBILE 1 emission factors are given in the upper

section of each page for a given case. Model predictions using the emission

factor calculated by the masé balance technique for each case are given in
the lower section of each page in the table. The identification number cor-
responding to the date and time of the case is given in column one. Column
two contains the 26 foot windspeed, the acute angle of the wind with respect
to the roadway, and the stability class, from top to bottom in that order.
The traffic rate for the entire roadway in vehicles per hour is given in col-
umn three. Columns four through nine give the standard receptor location,
measured carbon monoxide concentration (less background), and model prediction

concentrations. This format is presented at the beginning of the table.
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As can be seen in the tables, the difference between model predictions
and data values is generally less for the cases in which the mass balance
emission factor was used than for the corresponding cases using the AP-42
emission factor. It may be noted that predicted horizontal concentration
profiles generally deviate less from the data for mass balance cases than
for the corresponding MOBILE 1 cases. This provides an additional check on
the mass balance technique, since the horizontal profile was not used in the
technique.

Additional analyses and conclusions will be included in the final report
(218-5) on this project. The additional work will include linear regressions
of observed versus predicted concentrations. This will probably be done for
all receptors in a case, the 5 feet receptors, the 33 feet receptors, and
the receptors used in the mass balance calculations. This analysis should be
performed for both AP-42 and mass balance emission factor cases, allowing

comparison of the two.




GUIDE TO TABLE 20

Comparison of Model Predictions with the Data Format

MEAS. TRAPS CALINE HIWAY ATIRPOL
DATA METEOROLOGY TRAFFIC PROBE CONC. CONC. CONC. CONC. CONC.
SET (ppm) (ppm) (ppm) (ppm) (ppm)
Location
Date Wind speed Vehicles -
Time at 26 ft. per hour. description
at end Wind angle correspond-
of aver- wrt roadway.
. e ing to
aging Stability .
site sche-
period. class.
matics in
Chapter 1II.
Model predic-
tions in top
section are for
MOBILE 1 emis—~
sion factors.
Model predic—
tions in bottom .
section are for
mass balance
emission factors.
Table 20.

...'[6_.




DATA

TRAFFIC

- MEAS.

METEOROLOGY PROBE TRAPS CALINE HIWAY AIRPOL
SET ' . CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 11.9 6000 CO1H 1.3 0.3 0.1 0.001 0.35
1430 73° COlL 2.9 1.2 0.8 1.714 0.92
' 2 CO2H 1.3 0.3 0.3 0.016 0.33
COo2L 3.6 1.1 0.5 1.424 0.80
CO3H 2.0 0.3 0.3 0.112 0.31
CO3L 2.2 0.8 0.4 1.026 0.63
CO4H 0.2 0.0 0.0 0.0 0.14
CO4L 1.7 0.1 0.1 0.011 0.26
CO5H 1.6 0.3 0.3 0.277 0.30
CO5L 2.1 0.5 0.3 0.650 0.42
COlH 1.3 2.0 1.0 -.010 2.60
CcOlL 2.9 9.0 6.0 12.617 6.81
CcO2H 1.3 2.0 2.0 26.120 2.40
CO2L 3.6 8.0 4.0 10.484 5.91
CO3H 2.0 2.0 2.0 0.821 2.30
co3L 2.2 6.0 3.0 7.550 4.61

CO4H 0.2 0.0 0.0 0.000 1.000
CO4L 1.7 1.0 1.0 (.080 1.90
CO5H 1.6 2.0 2.0 2.043 2.20
i CO5L 2.1 4.0 2.0 4.787 3.10

Table 20. Comparison of Model Predictions with the Data

Houston at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. CONC. | ~ CONC. | CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 8.9 5640 COlH 2.2 | 0.4 0.1 _0.001 0.41
1435 76° CO1L 4.5 1.5 1.1 2.136 1.08
2 CO2H 1.8 | 0.4 0.3 0.018 0.39
CO2L 4.8 1.2 0.7 1,781 0.94
CO3H 2.4 0.4 0.3 0.134 0.36
Co3L 2.9 | 1.0 0.6 1.287 | 0.73
CO4H 0.3 0.0 0.0 0.0 0.15
CO4L 1.8 0.1 0.5 0.012 0.15
COS5H 1.8 0.4 0.1 0.343 0.30
CO5L 2.2 0.7 0.3 0.817 0.35
COlH 2.2 2.9 1.0 -0.010 2.94
CO1L 4.5 10.8 7.8 15.123 7.63
CO2H 1.8 2.9 1.9 -0,127 2.74
CO2L 4.8 3.3 4.9 12.607 6.66
CO3H 2.4 2.9 1.9 -0.949 2.54
_CO3L 2.9 | gq 3.9 9.113 | 5.19
CO4H 0.3 0.0 0.0 0.0 1.08 .
CO4L 1.8 1.0 1.0 0.088 2.15
CO5H 1.8 2.9 1.9 2,428 | 2.45
CO5L 2.2 L9 2.9 5.785 3.52
Table 20. (Con't) Houston at-grade
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DATA

METEOROLOGY

TRAFFIC

PROBE

MEAS. TRAPS CALINE HIWAY AIRPOL

SET CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)

052576 13.3 6636 COlH 2.1 0.7 0.3 0.000 0. 40
1440 67° ' CO1L 4.4 2.3 1.6 1.868 1.10
3 CO2H 1.6 0.7 0.5 0.002 0.37

CO2L 4.5 1.9 1.9 1.645 0.99

CO3H 2.0 0.7 0.5 0.040 0.34

CO3L 2.2 1.5 1.0 1.277 0.82

CO4H 0.2 0:0 0.1 0.0 0.10

CO4L 1.6 6.3 0.4 0.001 0.29

COS5H 1.7 0.5 0.5 0.195 0.33

CO5L 2.1 1.0 0.7 0.868 0.59

COlH 2.1 4.4 1.8 0.000 | 2.57

CO1L 4.4 15.1 10.6 12.078 7.10

CO2H 1.6 4.4 3.5 0.018 2.40

CO21L 4.5 12.4 7.1 10.632 6.39

CO3H 2.0 4.4 3.5 0.257 2.22

CO3L 2.2 9.8 6.2 8.253 5.32
CO4H 0.2 0.0 -9 0.0 0.62

CO4L 1.6 1.8 2.7 0.009 1.86

CO5H 1.7 3.5 3.5 1.260 2.13

CO5L 2.1 6.2 4.4 5.609 3.82

Table 20. (Con't) Houston at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) | (ppm) (ppm) (ppm) (ppm)
052576 13.0 6516 COlH 0.5 0.3 0.1 0.000 0.38
1445 73° COlL 2.9 1.2 1.0 1.821 1.07
3 CO2H 0.9 0.3 0.3 0.003 0.37
Co2L 3.7 1.1 0.5 1.611° 0.96
CO3H 1.9 0.0 0.3 0.033 | 0.34
Co3L 2.3 0.3 0.4 1.261 | 0.80
CO4H 0.3 0.8 0.0 0.0 0.08
CO4L 1.4 0.1 0.1 0.001 0.29
CO5H 2.2 0.3 0.3 0.179 0.33
COSL 2.3 | 0.5 0.4 0.863 0.59
COlH _ 0.5 2.0 1.0 0.000 2.76
CO1L 2.9 8.9 6.9 13.063 7.68
CO2H 0.9 2.0 2.0 0.020 2.66
CO2L 3.7 7.9 .3.9 11.556 6.90
CO3H 1.9 0.0 2.0 0.236 2.46
CO3L 2.3 1.9 2.9 9.044 5.71
CO4H 0.3 5.9 0.0 0.000 0.59
CO4L 1.4 1.0 1.0 0.010 2.07
COS5H 2.2 2.0 2.0 1.281 2.36
CO5L 2.3 3.9 2.9 6.187 4,24
Table 20. (Con't) Houston at- grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL |
SET CONC. CONC. "CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 1.14 6492 COlH 1.1 | 0.4 0.1 0.000 0.46
1450 69° ColL 2.5 | 1.5 1.1 2.006 | 1.20
3 CO2H 1.1 0.4 0.3 0.003 0.45
CO2L 3.6 1.3 0.7 1.769 1.09
CO3H 1.8 0.4 0.4 0.042 0.40 |
CO3L 2.3 1.0 0.6 1.377 0.92 ¥4
COo4H 0.3 0.0 0.0 0.0 0.11 |
COAL 1.4 0.1 0.3 0.001 0.34 |
COSH 1.6 0.4 0.3 0.207 0.39 j
CO5L 1.9 0.6 0.4 0.940 0.66 j
coln 1.1 2.3 0.8 0.000 2.57
COlL 2.5 8.6 6.2 1.187 6.70
CO2H 1.1 2.3 1.6 0.016 2.49
co2L 3.6 7.0 3.9 9.863 6.08
CO3H 1.8 2.3 2.3 0.234 2.26
CO3L 2.3 5.5 3.1 7.681 5.06
CO4H 0.3 | 0.0 0.0 0.0 0.62
CO4L 1.4 0.8 1.6 0.008 1.87
CO5H 1.6 2.3 1.6 1.153 2.18 |
CO5L 1.9 3.1 2.3 5.243 3.66

Table 20. (Con't)

Houston at-grade




DATA | METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. | coNcC. CONC. | coNC. | conc.
(ppm) (ppm) (ppm) (ppm) (ppm)

052576 - 10.1 6324 CO1H 1.7 0.4 0.1 0.001 0.42
1455 7g° ColL 3.8 1.5 1.1 1.942 1.13
CO2H 1.4 | 0.4 0.3 0.018 0.39

CO2L 4.2 1.3 0.7 1.615 0.99

CO3H 2.2 0.4 0.3 0.125 0.36

Co3L 2.3 1.0 0.6 1.163 0.77

CO4H 0.2 0.0 0.0 0.0 0.15

CO4L 1.6 0.1 0.3 0.013 0.31

COSH 1.7 0.4 0.3 0.314 0.35

CO5L 2.3 0.7 0.4 0.736 0.52

CO1H 1.7 2.3 0.8 0.008 2.34

CcolL 3.8 8.6 6.2 10.852 6.31

CO2H 1.4 2.3 1.6 0.101 2.18

Cco2L 4.2 7.0 3.9 9.021 5.53

CO3H 2.2 2.3 1.6 0.701 2.03

Cco3L 2.3 5.5 3.1 6.497 4.28

CO4H 0.2 0.0 0.0 0.0 0.86

CO4L 1.6 0.8 1.6 0.070 1.71

CO5H 1.7 2.3 1.6 1.753 1.95

CO5L 2.3 3.9 2.3 4.113 2.88

Table 20. (Con't)

Houston at-grade




DATA

PROBE

METEOROLOGY | TRAFFIC MEAS. { TRAPS | CALINE | HIWAY | AIRPOL
SET : | CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 * 8.4 7296 COlH 7 0.8 0.2 0.003 0.64
1545 80° COLL 5.9 2.7 1.9 3.950 1.75
2 €o2H 1.1 0.8 0.5 0.027 0.61
- CO2L 5] 2.2 1.1 3.300 1.52
CO3H 3.2 0.8 0.5 0.224 0.56
CO3L 1.8 1.8 0.8 2.384 1.18
CO4H oo | 0.0 0.0 0.0 0.24
) CO4L 0.3 0.3 0.3 0.018 | 0.46
COSH 2.0 0.6 0.5 0.615 0.54
COSL 2.5 1.1 0.6 1.513 0.82
CO1H 1.7 2.6 0.5 0.011 2.11
CO1L 5.9 8.9 6.3 12.995 5.74
CO2H 1.1 2.6 1.6 0.089 2.00
CO2L 5.1 7.4 3.7 10.857 5.00
CO3H 3.2 2.6 1.6 .737 1.84
CO3L 3.8 5.8 2.6 7.844 0.80
CO4H 0.0 0.0 0.0 0.0 1.53
CO4L 0.3 1.1 1.1 .058 1.53
CO5H 2.0 2.1 1.6 2.033 1.79
CO5L 2.5 3.7 2.1 4.978 2.69
Table 20. (Con't) - Houston at-grade




DATA

METEOROLOGY

TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET a 'CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052567 7.8 8340 CO1H 3.1 0.8 0.2 0.000 | 0.81
1550 87° CO1L 6.8 3.0 2.1 4,728 | 1.87
2 CO2H 1.5 0.8 0.6 0.006 | 0.75
CO2L 6.2 2.4 1.2 4.062 1.63
CO3H 3.0 0.8 0.6 0.197 | 0.69
CO3L 4.8 1.8 0.9 2.723 1.28
CO4H 0.0 0.0 0.0 0.0 0.29
CO4L 0.6 0.3 0.3 0.011 | 0.59
COS5H 2.1 0.8 0.6 0.712 | 0.63
CO5L 2.7 1.2 0.8 1.482 | 0.89
CO1H 3.1 2.4 0.5 0.000 | 2.63
CO1L 6.8 9.7 6.8 15.272 | 6.03
CO2H 1.5 2.4 1.9 0.019 | 2.43
CO2L 6.2 7.8 3.9 13.121 | 5.25
co3H 3.0 | . 2.4 1.9 0.637 2.24
CO3L 4.8 5.8 2.9 8.796 | 4.14
CO4H 0.0 0.0 0.0 0.000 | 0.92
CO4L 0.6 0.9 0.9 0.034 1.89
COSH 2.1 2.4 1.9 2.301 2.04
CO5L 2.7 3.9 2.4 4,787 2.87
Table 20. (Con't) Houston at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL -

SET ' CONC. CONG. CONC. CONC. CONC.
(ppm) | (ppm) (ppm) | (ppm) | (ppm)
052576 7.9 8472 COLH 2.5 0.7 0.1 0.000 0.59
1600 88° ColL 4.5 2.7 1.9 4.233 1.68
1 CO2H 1.2 0.7 0.6 0.004 0.53
CO2L 4.5 2.3 1.0 3.656 1.42
CO3H 2.4 0.7 0.6 0.168 0.52

CO3L 3.8 1.7 0.7 2.450 1.06

CO4H 0.2 0.0 0.0 0.0 0.26
CO4L 0.6 0.3 0.4 0.009 0.42
COSH 2.5 0.7 0.4 0.633 0.50
COSL 3.5 1.1 0.6 1.330 0.67
CO1H 2.5 2.1 0.4 0.000 | 1.70
CO1L 4.5 7.9 5.4 12.208 4.84
CO2H 1.2 2.1 1.7 0.012 1.53
co2L 4.5 6.6 . 2.9 10.545 4.09
CO3H 2.4 2.1 1.7 0.484 1.49
CO3L 3.8 4.9 2.1 7.066 | .3.06
CO4H 0.2 0.0 0.0 0.000 0.74
CO4L 0.6 0.8 1.2 0.025 1.20
COSH 2.5 2.1 1.2 1.824 1.45
CO5L 3.5 3.3 1.7 3.835 1.94

Table 20. (Con't) Houston at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET | coNc. | CcoNC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 110.8 11352 CO1H 1.1 0.7 0.3 0.006 0.76
1610 67° CO1L 3.9 2.7 1.8 ©3.266 2.00
2 " CO2H 0.4 0.7 0.6 0.041 0.70
CO2L 3.5 2.1 1.1 2.699 1.73
CO3H 2.1 0.7 0.6 0.241 0.66
Cco3L 2.8 1.5 0.8 1.931 1.34
CO4H 0.2 0.0 0.0 0.0 0.30
CO4L 0.6 0.3 0.4 0.028 0.55
CO5H 1.9 0.6 0.6 0.548 0.63
CO5L 2.2 1.1 0.7 1.218 0.90
CO1H 1.1 1.4 0.6 0.012 1.56
COLL 3.9 5.5 3.8 6.720 4.11
CO2H 0.4 1.4 1.2 0.084 1.45
CO2L 3.5 4.3 . 2.3 5.549 3.56
CO3H 2.1 1.4 1.2 0.495 1.36
CO3L 2.8 3.2 1.7 3.972 2.75

CO4H 0.2 0.0 0.0 0.000 0.61
CO4L 0.6 0.6 0.9 0.058 1.23
COSH 1.9 1.2 1.2 1.126 1.30
CO5L 2.2 2.3 1.4 2.504 1.85

Table 20. (Con't)

Houston at-grade
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DATA

METEOROLOGY

CALINE

TRAFFIC | PROBE | MEAS. | TRAPS HIWAY | AIRPOL
SET u CONC. | CONC. CONC. | CONC. | CONC.

(ppm) (ppm) (ppm) (ppm) (ppm)

052576 10.2 6732 COLH 1.3 0.4 0.1 0.001 0.43
1615 77° CO1L 4.0 1.7 1.2 1.994 1.17
2 CO2H 0.9 0.4 0.3 0.015 0.40

CO2L 4.0 1.4 0.7 1.667 1.09

CO3H 2.3 0.4 0.3 0.116 0.37

CO3L 2.7 1.0 0.6 1.208 0.80

CO4H 0.0 0.0 0.0 0.0 0.15

COAL 0.3 0.1 0.3 0.010 0.32

CO5H 1.5 0.4 0.3 0.312 0.36

CO5L 1.9 0.7 0.4 0.768 0.54

CO1H 1.3 1.5 0.5 0.005 1.54

COLL 4.0 5.9 4.5 7.181 4.21

CO2H 0.9 1.5 1.0 0.054 1.45

CO2L 4.0 5.0 . 2.5 6.002 3.91

CO3H 2.3 1.5 1.0 0.416 1.34

CO3L 2.7 3.5 2.0 4.348 2.87

CO4H 0.0 0.0 0.0 0.000 0.54

CO4L 0.3 0.5 1.0 0.035 1.34

COSH 1.5 1.5 1.0 1.124 1.29

CO5L 1.9 2.5 1.5 2.764 1.93

Table 20. (Con't)

Houston at—grade
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PROBE

DATA METEOROLOGY TRAFFIC MEAS. TRAPS CALINE HIWAY AIRPOL
SET ' CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) - | (ppm)
052576 8.2 8424 COlH 2.0 0.7 0.1 0,001 0,65
1625 89° ' CO1L - 5.0 2.6 1.8 3.458 1,66
2 CO2H 1.2 0.7 0.6 0,023 | 0.61
Co2L 4.7 2.2 1.1 2.898 1.45
CO3H 2.4 0.7 0.6 0.198 0.55
CO3L 3.5 1.7 0.8 2.106 1.13
CO4H 0.1 0.0 0.0 0.0 0.23
COAL 0.4 0.3 0.3 0.015 0.47
COSH 2.0 0.7 0.6 0.540 0.52
COSL 2.2 0.7 | 1.343 | 0.77
CO1H 2.0 2.0 0.4 0.004 1.91
CO1L 5.0 7.1 5.3 10.165 4.87
CO2H 1.2 2.0 1.6 0.069 1.79
CO2L 4.7 6,5 -3.2 8.517 4.26
CO3H 2.4 2.0 1.6 0.580 1.62
CO3L 3.5 4.9 2.4 6.191 3.33
CO4H 0.1 0.6 0.0 0.000 0.69
CO4L 0.4 0.8 0.8 0.045 1.38
COSH 2.0 2.0 1.6 1.587 1.54
COS5L 2.2 3.2 2.0 3.950 2.27

Table 20. (Con't)

Houston at-grade
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DATA

TRAFFIC

METEOROLOGY PROBE MEAS. TRAPS CALINE HIWAY AIRPOL
SET » o CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
052576 10.7 8064 ColH 0.9 0.4 0.3 0.000 | 0.64
1635 64° COIL | 3.5 1.8 1.4 2.419 | 1.55
3 CO2H 0.4 0.5 0.4 0.005 0.61
CO2L 3.5 1.5 1.0 2.122 | 1.40
CO3H 2.0 0.5 0.4 0.060 | 0.56
CO3L 2.9 1.1 0.7 1.642 | 1.16
CO4H 0.1 0.0 0.1 0.0 0.16
CO4L 0.5 0.3 0.3 0.003 0.46
CO5H 1.1 | 0.4 0.4 0.267 | 0.52
COSL 1.7 0.7 0.5 1.113 | 0.84
CO1H 0.9 1.0 0.7 0.000 | 1.57
CO1L 3.5 4.3 3.3 5.919 | 3.80
Cco2H 0.4 1.3 1.0 0.013 | 1.50
CO2L 3.5 3.7 2.3 5.192 | 3.43
CO3H 2.0 1.3 1.0 0.147 1.37
CO3L 2.9 2.7 1.7 4.018 | 2.83

CO4H 0.1 0.0 0.3 0.00 0.400
CO4L 0.5 0.7 0.7 0.007 | 1.13
COSH 1.1 1.0 1.0 0.654 | 1.27
CO5L 1.7 1.7 1.3 2.725 | 2.07

Table 23 (Con't) Houston at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET ' CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
011277 12.3 7692 CO1H 0.8 0.5 2.4 0.528 1.93
1805 14° COlL 3.0 2.3 3.1 11.098 5.65
4 CO2H 2.0 0.7 2.3 0.995 1.89
CO2L 2.6 1.9 2.9 8.829 4.67
CO3H 2.3 0.7 2.0 1.850 1.94
Co3L 0.1 1.3 2.5 6.011 3,44
CO4H 0.2 0.0 0.5 0.033 0.93
CO4L 0.4 0.3 1.7 0.739 1.50
COSH 0.3 0.5 1.3 2.294 1.77
COSL 0.6 0.9 1.6 3.730 2.27
COlH 0.8 0.3 1.3 0.288 1.05
COLL 3.0 | 1.2 1.7 6.064 | 3.09
CO2H 2.0 0.4 1.2 0.544 1.03
CO2L 2.6 1.0 1.6 4.825 2.55
CO3H 2.3 0.4 1.1 1.011 1.06
CO3L 0.1 0.7 1.4 3.28 1.88
CO4H 0.2 0.0 | 0.3 0.018 0.51
CO4L 0.4 0.1 0.9 0.404 0.82
CO5H 0.3 0.3 0.7 1.254 0.97
COSL 0.6 0.5 0.9 2.038 1.24
Table 20. (Con't) Houston at-grade
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22§A METEOROLOGY | TRAFFIC PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
. : CONC. | CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
011277 14.1 7584 col 0.7 | 0.5 1.9 0.415 1.70
1820 14° CO1L 2.3 1.9 2.5 8.635 4.81
4 Co24 1.3 0.5 1.9 0.855 1.66
CO2L 2.0 1.6 2.3 6.870 3.99
CO3H. 2.0 0.5 1.7 1.446 1.68
CO3L -0.1 1.2 2.1 4.681 2.94
CO4H -0.3 0.0 0.4 0.027 0.83
CO4L .5 0.3 1.4 0.580 1.31
CO5H .3 0.4 1.2 1.790 1.53
CO5L .6 0.8 1.3 2.907 1.95
CO1H 0.7 0.3 1.2 0.252 1.03
CO1L 2.3 1.1 1.5 5.230 2.92
CO2H 1,3 0.3 1.2 0.473 1.00
_CO2L 2.0 0.9 1.4 4.160 2.41
CO3H 2,0 0.3 1.0 0.876 1.02
CO3L -0,1 0.7 1.3 2.835 1.78
CO4H -0.3 0.0 0.2 0.016 0.50
CO4L -0.5 0.2 0.9 - 0.351 0.79
CO5H 0.3 | 0.2 0.7 1.084 0.92
CO5L 0.6 0.5 0.8 1.760 1.18
Table 20. (Con't) Houston at-grade
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DATA

METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
011277 15.1 7164 COlH 0.5 0.4 1.7 0.386 1.37
1825 14° CO1L 3.0 1.6 2.1 8.353 4.36
4 CO2H 2.0 0.4 1.6 0.733 1.35
| co2L 2.8 1.3 2.1 6.645 3.59
CO3H 2.7 0.4 1.5 1.376 1.43
| CO3L 0.5 0.9 1.9 4.515 2.64
| cosH 0.1 0.0 0.4 0.025 0.66
CO4L 0.5 0.1 1.2 0.548 1.07
CO5H 0.5 0.4 0.9 1.716 1.33
CO5L 0.9 0.7 1.2 2.796 1.74
| CO1H 0.5 | 0.7 3.2 0.720 | 2.55
| CO1L 3.0 3.0 4.0 15.589 8. 14
co2H 2.0 0.7 3.0 1.368 2.52
CO2L 2.8 2.5 4.0 12.402 6.71
| CO3H 2.7 0.7 2.7 2.569 2.67
| CO3L 0.5 1.7 3.5 8.426 4.92
CO4H 0.1 0.0 0.7 0.047 1.24
CO4L 0.5 0.2 2.2 1.022 2.00
CO5H 0.5 0.7 1.7 3.202 2.47
CO5L 0.9 1.2 2.2 5.219 3.24

Table 20. (Con't)

Houaton at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY AIRPOL E
SET A : CONC. CONC. CONC. CONC. CONC. |
(ppm) (ppm) (ppm) (ppm) | (ppm) "
011277 7.4 " 6240 CO1H 1.5 0.8 5.5 | 0.39 2.3 |
1855 12° Cco1L 3.0 | 3.1 7.6 | 17.402 8.24 |

5 cozs 2.8 0.8 5.3 0.888 2.31

co2L. - 2.8 2.4 7.1 14.386 7.00

cosn | 2.7 0.8 4.4 2.112 2.45

cosL | 0.4 1.8 5.9 10.179 5.30

CO4H 0.1 0.0 0.6 0.009 1.02

CO4L 0.4 0.4 3.5 0.613 1.80

CO5H 0.3 0.8 2.6 3.289 2.47

cos. | 0.2 1.2 3.2 6.558 3.61

- o

__coln 1.5 0.3 2.1 0.149 0.90

CO1L 3.0 1.2 2.9 6.617 3.14

CO2H 2.8 0.3 2.0 0.338 0.88

Cco2L 2.8 0.9 2.7 5.470 2.67

CO3H 2.7 0.3 1.7 0.803 0.93

co3L 0.4 0.69 2.2 3.871 2.01

CO4H 0.1 | 0.0 0.2 0.003 0.39

CO4L 0.4 0.1 1.3 0.233 0.69

COSH 0.3 0.3 1.0 1.250 0.94

COSL 0.2 0.4 1.2 2.494 1.37

Table 20, (Con't)

Houston at-~-grade

-80T~




DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) | (ppm) (ppm) | (ppm) | (ppm)
011377 14.3 4968 CO1H - 0.3 1.2 0,354 0,88
1130 13° COlL 1.7 1.1 1.5 6.394 3.33
4 CO2H -1.0 0.3 1.2 0,637 0.91
co2L 1.8 1.0 1.5 5,024 2.71
CO3H 1.1 0.3 1.1 1,120 1.02
CO3L 0.8 0.7 1.2 3.362 1.95
Co4H 0.3 0.0 0.3 0.030 0.44
CO4L 1.5 0.1 0.8 0.449 0.72
CO5H 1.1 0.3 0.7 1.320 0.95
CO5L 0.5 0.4 0.8 2.061 1.25
CO1H - 0.6 2.6 0.737 1.84
COLL 1.7 2.3 3.1 13.330 6.95
CO2H -1.0 0.6 2.6 1.327 1.90
CO2L 1.8 2.0 3.1 10.474 5.64
CO3H 1.1 0.6 2.3 2.334 2.13
co3L . | 0.8 1.4 2.6 7.008 4.06
CO4H 0.3 0.0 0.6 0.062 0.91
CO4L 1.5 0.3 1.7 0.936 1.50
COSH 1.1 0.6 1.4 2.751 1.99
B CO5L 0.5 0.9 1.7 4.297 2.61
Table 20, (Con't) Houston at-grade
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DATA | METEOROLOGY | TRAFFIC EROBE MEAS . TRAPS | CALINE | HIWAY | AIRPOL
SET \ B CONC. CONC. ' CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)

080377 5.1 2688 CO1H 2.2 0.0 0.3 0.072 0.47
1430 61° COlL 0.8 2.2 0.3 1.363 0.55
1 CO2H 1.5 0.0 0.3 0.271 0.30

co2L 1.1 1.9 0.3 0.845 0.39

CO3H 1.1 0.0 0.3 0.310 0.25

CO3L 1.1 1.7 0.3 0.610 0.30

CO4H 0.1 0.0 0.0 0.020 0.19

CO4L 0.2 0.0 0.0 0.203 0.22

COS5H 0.8 0.2 0.0 0.305 0.20

COS5L -0.3 0.9 0.0 0.421 0.22

CO1H 2.2 0.0 0.8 0.185 1.21

CO1L 0.8 5.6 0.8 3.512 1.41

CO2H 1.5 0.0 0.8 0.698 0.77

CO2L 1.1 4.8 0.8 2.177 1.01

| CO3H 1.1 0.0 0.8 0.798 0.65

CO3L 1.1 A 0.8 1.573 0.77

CO4H 0.1 0.0 0.0 0.052 0.48

CO4L 0.2 0.0 0.0 0.524 0.56

CO5H 0.8 0.4 0.0 0.786 0.52

CO5L -0.3 2.4 0.0 1.085 0.56

Table 20. (Con't) Dallas at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY | AIRPOL
SET | CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
080377 6.5 2868 COlH 1.8 0.0 0.3 0.103 0.53
1445 44° COLL 0.8 | 5.0 0.3 1.348 | 0.61
| 1 CO2H 0.5 0.0 0.2 0.294 | 0.31
i Co2L -0.1 1.7 0.3 0.692 | 0.36
| CO3H 8.5 0.0 0.2 0.309 |  0.25
| cosL . | 0.2 1.2 0.2 0.504 | 0.28
| CO4H 0-1 | 0.0 0.0 0.037 | 0.20
? CO4L 0.2 | 4.0 0-9 -.219 | 0.23
| COSH 0.5 0.2 0.0 0.278 0.20
§ CO5L -0.6 - 0.9 0.353 0.20
COlH 1.8 | 40 0.5 0.160 | 0.83
CO1L 0.8 3.2 0.5 2.106 0.95
CO2H 0.5 1 9.0 0.2 0.459 | 0.49
CO2L -0.1 2.7 0.5 0.081 0.56
co3H 0.5 | 5.0 0.2 0.483 | 0.39
COo3L 0.2 1.9 0.2 0.787 0. 44
| CObH 0.1 0.0 0.0 0.058 0.32
| COAL 0.2 | 4.0 0.0 0.342 | 0.36
| COSH 0.5 0.2 0.0 0.435 0.32
i |- cost. 0.6 | 1.7 9.0 0.551 | 0.32

.Table 20. (Con't)

Dallas at-grade
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DATA | ~METEOROLOGY TRAFFIC PROBE | MEAS. | TRAPS CALINE | HIWAY | AIRPOL
SET | | CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
080377 4.4 2856 CO1H 1.5 0.0 0.3 0.121 0.61
1450 47° CO1L 0.9 3.0 0.5 1.867 0.70
1 CO2H 0.6 0.0 0.3 0.392 0.36
CO2L 0.0 2.6 0.3 1.061 0.45
CO3H 0.5 0.2 0.3 0.429 0.31
CO3L 0.1 2.2 0.3 0.764 0.34 i
CO4H 0.1 | 0.0 0.0 |0.042 | 0.23 |
CO4L b 0.0 0.3 0.297 0.26
COSH b 0.3 0.3 | 0.403 0.23
COSL -0.6 1.7 0.3 0.529 0.25 |
CO1H 1.5 0.0 0.4 0.141 0.71
COLL 0.9 3.4 0.5 2.176 0.82
CO2H 0.6 0.0 0.4 0.467 0.42
‘ CO2L 0.0 3.1 0.4 1.237 0.53
CO3H 0.5 0.2 0.4 0.500 0.36
CO3L 0.1 2.5 0.4 |0.890 0.40
CO4H -0.1 0.0 0.0- |0.049 0.27
CO4L 0.4 0.0 0.4 0.346 0.31 ‘
Co5H 0.4 0.4 0.4 |0.470 0.27
CO5L -0.6 2.0 0.4 0.616 0.29 ;
Table 20. (Con't) Dallas at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE | HIWAY | AIRPOL
SET : CONC. CONC. CONC. CONC. CONC.
: (ppm) (ppm) (ppm) (ppm) (ppm)
081177 2.3 4780 CO1H 1.7 0.0 1.3 0.034 1.79
0725 83° CO1L 2.5 | 11.0 2.6 6.508 1.94
4 CO2H 2.3 | 0.5 1.5 0.157 1.49
CO2L 2.4 9.2 2.3 5.738 1.79
CO3H 1.4 0.8 1.5 0.296 1.36
CO3L 1.8 7.9 2.1 5.051 1.60
CO4H -0.2 0.0 0.0 0.0 0.90
CO4L 0.7 0.2 0.8 0.044 1.21
COS5H - 1.0 1.3 0.551 1.18
CO5L 0.8 5.8 1.8 4.272 1.37
CO1H 1.7 0.0 1.3 0.034 1.81
COlL 2.5 11.1 2.6 6.559 1.95
CO2H 2.3 0.5 1.5 0.158 1.50
CO2L 2.4 9.3 2.3 5.782 1.81
CO3H 1.4 0.8 1.5 0.298 1.37
co3L 1.8 8.0 2.1 5.090 1.61
CO4H -0.2 0.0 0.0 0.0 0.91
CO4L 0.7 0.2 0.8 0.044 1.22
CO5H 1.0 1.3 0.555 1.19
CO5L 0.8 5.9 1.8 4.305 1.38

Table 20. (Con't) Dallas at-grade
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DATA - METEOQOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY AIRPOL
SET | CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
081177 2.9 4065 CO1H 1.5 0.0 0.7 0.024 1.56
0730 88° COlL 2.3 6.9 1.5 5.987 1.65
4 CO2H 2.0 0.2 0.7 0.131 1.28
CO2L 2.1 5.2 1.5 4.932 1.43
CO3H 1.0 0.3 0.7 0.257 1.16
CO3L 1.5 4.4 1.2 4.352 1.28
CO4H 0.1 0.0 0.0 0.0 0.79
CO4L 0.6 0.2 0.5 0.034 1.04
CO5H - 0.5 0.7 0.482 1.01
Co5L 0.4 3.5 1.2 3.698 1.09
CO1H 1.5 0.0 0.7 0.024 1.61
CO1L 2.3 7.1 1.6 6.180 1.70
CO2H 2.0 0.2 0.7 0.135 1.32
‘ Cco2L 2.1 5.4 1.6 5.091 1.47
CO3H 1.0 0.3 0.7 0.265 1.20
CO3L 1.5 4.5 1.2 4.493 1.32
CO4H -0.1 0.0 0.0 0.0 0.82
CO4L 0.6 0.2 0.5 0.035 1.08
COSH 0.5 0.7 0.498 1.04
COSL_ 0.4 3.6 1.2 3.818 1.13

Table 20. (Con't)

Dallas at-grade
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! DATA

e

METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)

081177 3.6 4276 COlH 1.2 0.0 0.5 0.018 1.44

0735 85° ColL 2.0 5.2 1.1 4,136 1.55

4 CO2H 2.4 0.2 0.5 0.089 1.20

CO2L 2.6 4.2 1.1 3.416 1.34

CO3H 1.0 0.2 0.5 0.176 1.08

CO3L 1.8 3.2 1.0 3.009 1.21

? CO4H 0.1 0.0 0.0 0.0 0.73

CO4L 0.4 0.0 0.5 0.023 0.97

COSH - 0.5 0.5 0.333 0.94

CO5L 0.6 2.6 0.6 2.554 1.04

CO1H 1.2 0.0 0.6 0.024 1.91

CO1L 2.0 6.9 1.5 5.470 2.06

CO2H 2.4 0.2 0.6 0.118 1.58

Co2L 2.6 5.6 . 1.5 4,517 1.78

CO3H 1.0 | 0.2 0.6 0.233 1.43

CO3L 1.8 | 4.3 1.3 3.980 1.61

CO4H -0.1 0.0 0.0 0.000 0.96

CO4L 0.4 0.0 0.6 0.030 1.28

{ COSH 0.6 0.6 0.441 1.24

COS5L 0.6 3.4 0.9 ©3.378 1.37

Table 20. (Con't)

Dallas at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY AIR?OL
SET o CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
081177 5.3 2617 COlH 0.8 0.0 0.3 0.081 0.51
0935 69° ColL 0.1 2.4 0.3 1.616 | 0.59
2 CO2H - 0.0 0.3 0.311 0.35
CO2L 1.1 1.9 0.3 1.053 0.41
CO3H 1.1 1.4 0.3 0.378 0.30
CO3L 0.4 0.0 0.3 0.848 0.33
CO4H 0.0 0.0 0.0 0.005 0.22 |
CO4L 0.9 0.0 0.2 0.206 0.27 |
COSH - 0.2 0.3 0.440 0.24 |
L CO5L 0.3 1.1 0.3 0.660 0.25 |
COlH 0.8 0.0 1.3 0.332 2.09
CO1L 0.1 9.8 1.3 6.609 2.41
CO2H 0.0 1.3 1.271 1.43
CO2L 1.1 7.8 1.3 4.309 1.69
| Co3H - | 1.1 | 5.9 1.3 1.545 | 1.24 |
Co3L - | 0.4 0.0 1.3 3.468 1.37 |
CO4H 0.0 | 0.0 0.0 0.020 | 0.91 |
CO4L 0.9 0.0 0.7 0.841 1.11
COSH 0.7 1.3 1.799 0.98 |
CO5L 0.3 4.6 1.3 0.270 1.04

Table 20. (Con't)

Dallas

at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET : CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
081177 5.3 2565 CO1H 0.6 0.0 0.3 0.216 0.56
0940 49° CO1L - 2.2 0.3 2.117 0.64
2 CO2H - 0.0 0.3 0.533 0.37
CO2L 0.9 1.9 0.3 1.317 0.43
CO3H 0.8 0.0 0.3 0.584 0.32
CO3L 0.1 1.6 0.3 1.046 0.35
CO4H 0.2 0.0 0.9 0.030 0.24
CO4L 0.9 0.0 0.3 0.377 0.29
COS5H - 0.2 0.3 0.573 0.26
COSL 0.3 1.3 0.3 0.808 0.27
CO1lH 0.6 0.0 0.8 0.515 - | 1.34
CO1L - 5.3 0.8 "~ 5.063 1.53
CO2H - 0.0 0.8 1.275 0.88
CO2L 0.9 4.6 . 0.8 3.150 1.03
‘ CO3H 0.8 0.0 0.8 1.398 0.76
CO3L 0.1 3.8 0.8 2.501 0.84
CO4YH 0.2 0.0 0.0 0.069 0.57
CO4L 0.9 0.0 0.8 0.901 0.69
CO5i - 0.4 0.8 1.371 0.61
cosL. | 0.3 0.8 1.932 0.65

3.1

Table 20. (Con't)

Dallas at-grade
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l
DATA METEOROLOGY TRAFFIC ‘ PROBE MEAS. TRAPS CALINE HIWAY AIRPOL I
SET CONC. | CONC. CONC. | CONC. | CONC.

(ppm) | (ppm) (ppm) | (ppm) | (ppm)

081177 5.6 2384 COlH 0.7 0.0 0.2 0.128 0.46

0945 62° CcolL 0.1 1.8 0.3 1.786 0.51
2 CO2H - 0.0 0.2 0.390 0.32_|
CO2L 1.0 1.1 0.3 1.204 0.38 |
CO3H 1.0 0.0 0.2 0.455 0.27
cost | 0.2 1.1 0.3 0.963 0.30 |
CO4H | 0.4 0.0 0.0 0.010 0.21 |
CO4L 1.0 0.0 0.0 0.263 0.24 |
COSH - 0.2 0.0 0.79 0.22
CO5L 0.3 1.0 0.3 0.745 0.24
CO1H 0.7 0.0 0.1 0.561 2.03
COlL 0.1 7.7 1.4 7.842 2.24
CO2H ~ 0.0 0.7 1.710 1.40
CO2L 1.0 4.9 1.4 5.284 1.68
‘ CO3H 1.0 0.0 0.7 1.997 1.19
CO3L 0.2 4.9 1.4 4.226 1.33 |
CO4H 0.4 0.0 0.0 0.042 0.91
CO4L 1.0 0.0 0.0 1.156 1.05
COSH - 0.7 0.0 2,102 | 0.98
CO5L 0.3 4.2 1.4 3.273 1.05 |

Table 20. (Con't) Dallas at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE ' | MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) | (ppm) (ppm) (ppm) (ppm)
081177 3.7 2868 COlH 1.3 0.0 0.3 0.141 0.56
1400 61° COlL 0.4 2.8 0.3 2.496 0.64
1 CO2H 0.0 0.3 0.500 0.36
CO2L  |-0.1 2.7 0.3 1.593 0.47
CO3H 0.1 0.2 0.3 0.577 0.31
co3L 0.0 2.2 0.3 1.149 0.38
CO4H 0.3 0.0 0.0 0.041 0.23
CO4L 0.5 0.0 0.3 0.381 0.26
COS5H 0.3 0.3 0.572 0.25
CO5L __ [-0.5 1.7 0.3 0.789 0.26
CO1H 1.3 0.0 0.3 0.114 0.46
COLL 0.4 2.3 0.3 2.025 0.52
Cco2H 0.0 0.3 0.406 0.29
‘ CO2L  |-0.1 2.2 - 0.3 1.292 0.38
CO3H 0.1 0.1 0.3 0.468 0.25
CO3L 0.0 1.8 0.3 0.932 0.30
CO4H 0.3 0.0 0.0 0.033 0.19
CO4L 0.5 0.0 0.3 0.309 0.22
COS5H 0.3 0.3 0.464 0.20 -
cosL  |-0.5 | 1.4 0.3 0.640 0.22
Table 20. (Con't) Dallas at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY ATIRPOL
SET o ' CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
08117 9.9 3126 CO1H 1.2 0.0 0.2 0.048 0.38
1435 66° GOLL 0.6 1.1 0.3 0.846 0.45
2 CO2H - 0.0 0.0 0.178 0.26
CO2L 0.6 1.1 0.3 0.642 0.34
CO3H 0.3 0.0 0.0 0.220 0.23
CO3L 0.4 0.8 0.2 0.510 0.28
CO4H 0.1 0.0 0.0 0.003 0.17
CO4L 0.3 0.0 0.0 0.121 0.20
CO5H - 0.0 0.0 0.240 0.18
COSL 0.3 0.8 0.0 0.390 0.22
COlH 1.2 | 0.0 0.3 0.105 | 0.85
ColL 0.6 2.4 0.7 1.874 0.99
CO2H 0.0 0.0 0.395 0.58
co2L 0.6 2.4 0.7 1,422 0.75
CO3H 0.3 0.0 0.0 0.486 0.51
CO3L 0.4 1.7 0.3 1.129 0.61
CO4H 0.1 0.0 0.0 0.007 0.37
CO4L 0.3 0.0 0.0 0.269 0.44
COSH 0.0 0.0 0.531 0.41
CO5L -0.3 1.7 0.0 0.864 0.48

Table 20. (Con't)

Dallas at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET CONC. | CONC. CONC. | CONC. | coNc.
‘ (ppm) (ppm) (ppm) (ppm) (ppm)

081177 5.9 2699 CO1H 1.5 0.0 0.3 0.216 0.61
1500 40° COLL 0.8 '| 2.0 0.3 1.679 0.70

2 CO2H - 0.0 0.3 0.459 0.38
CO2L 0.3 1.5 0.3 0.966 0.43

CO3H 0.5 0.0 0.3 0.475 0.32

CO3L 0.1 1.2 0.3 0.760 0.35

CO4H 0.3 0.0 0.0 0.043 0.24

CO4L 0.5 0.0 0.3 0.332 0.29

COSH - 0.0 0.3 0.445 0.26

COSL -0.3 0.9 0.3 0.582 0.26

COlH 1.5 0.0 0.7 0.509 1. 44

CO1L 0.8 4.7 0.7 3.964 1.67

CO2H 0.0 0.7 1.083 0.90

, co2L 0.3 | 3.6 0.7 2.282 1.01
CO3H 0.5 0.0 0.7 1.123 0.76

CO3L 0.1 2.9 0.7 1.794 0.83

CO4H 0.3 0.0 0.0 0.101 0.58

CO4L 0.5 0.0 0.7 0.783 0.69

COSH | 0.0 0.7 1.051 0.61

cosL  |-=0.3 | 2.2 0.7 1.376 0.61

Table 20 (Con't)

Dallas at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET e : CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)

100677 6.9 5724 COlH 1.5 0.5 0.9 0.966 1.14
1130 31° CO1L 2.4 2.0 1.0 3.337 1.52
2 CO2H 0.6 0.5 0.9 1.055 1.07

CO2L 0.4 2.0 0.9 2.931 1.36

CO3H 0.5 0.7 0.7 1.172 0.77

CO3L 1.2 1.4 0.9 1.856 0.92

CO4H 0.1 0.0 0.2 0.044 0.78

CO4L 0.4 0.2 0.7 0.559 0.99

COSH - 0.7 0.3 0.992 0.60

COSL -0.8 0.8 0.7 1.208 0.63

COlH 1.5 0.3 0.5 0.558 0.69

CO1L 2.4 1.2 0.6 2.031 0.92

CO2H 0.6 0.3 0.5 0.642 0.65

CO2L 0.4 1.2 0.5 1.784 0.83

CO3H 0.5 0.4 0.4 0.714 0.51

CO3L 1.2 0.8 0.5 1.129 0.56

CO4H 0.1 0.0 0.1 0.027 0.48

CO4L 0.4 0.1 0.4 0.340 0.60

COSH - 0.4 0.2 0.604 0.36

COSL -0.8 0.5 0.4 0.735 0.38

Table 20. (Con't)

San Antonio at-grade
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DATA METEOROLOGY TRAFFIC PROBE - MEAS. TRAPS CALINE HIWAY ATRPOL
SET CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
100677 7.0 6288 COLH 1.3 | 0.6 0.8 0.607 1.07
1135 38° COLL 2.6 2.3 0.9 2.720 1.39
2 CO2H 1.4 | 0.5 0.8 0.693 1.26
CO2L 1.2 2.0 0.9 2.419 0.99
i CO3H 0.6 0.6 0.6 0.884 0.78
§ | co3L 1.7 | 1.4 0.8 16.797 | 0.87
‘ ‘ CO4H 0.2 0.0 0.2 0.008 0.68
CO4L 0.4 0.2 0.5 0.300 0.91 |
COSH - 0.5 0.5 0.810 0.56 S
COSL -0.5 0.9 0.6 1.046 0.59 '
CO1H 1.3 0.9 1.1 0.862 | 1.51
COlL 2.6 3.2 | 1.3 3.860 1.97
I CO2H 1.4 0.6 1.1 0.983 1.79
' B ‘ CO2L 1.2 2.8 1.3 3.422 1.40
| CO3H 0.6 0.9 | 0.9 1.255 1.10
CO3L 1.7 1.9 1.1 2.236 1.23
CO4H 0.2 0.0 0.2 0.011 0.97
COAL | 0.4 0.2 0.6 0.426 1.30
_gcosw ! - 0.6 0.6 1.149 0.80
| ‘ | cosL | -0.5 1.3 0.9 1.484 | 0.84

Table 20. (Con't) San Antonio at-grade




DATA

METEOROLOGY

TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY AIRPOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
100677 8.0 6396 CO1H 1.7 0.5 0.8 1.165 1.25
1140 2.3° CO1L 2.2 2.1 1.0 2.874 1.59
2 l CO2H 0.7 0.5 0.8 1.199 1.17
CO2L 0.4 1.9 0.8 2.495 1.41
| CO3H 0.5 0.5 0.6 1.111 0.88
% CO3L 1.1 1.1 0.8 1.525 0.92
g CO4H 0.4 0.0 0.3 0.131 0.89
i CO4L 0.7 0.2 0.5 0.768 1.09
| COSH - 0.5. 0.3 0.893 | 0.60
CO5L -0.7 0.8 0.5 0.939 0.62
Y COlH 1.7 0.4 0.7 1.061 1.14
ColL 2.2 1.9 0.9 2.619 1.45
CO2H 0.7 0.4 0.7 1.092 1.06
CO2L 0.4 1.8 0.7 2.273 1.29
CO3H 0.5 0.4 0.6 1.012 0.80
CO3L 1.1 1.0 0.7 1.389 0.84
co4H 0.4 0.0 0.3 0.120 0.81
CO4L 0.7 0.1 0.4 0.699 0.99
CO5H - 0.4 0.3 0.745 0.55
CO5L ~-0.7 0.7 0.4 0.856 0.56
Table 20. (Con't) San Antonio at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. TRAPS | CALINE | HIWAY AIRfOL
SET CONC. CONC. CONC. CONC. CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
100677 6.6 6120 COlH 0.9 0.5 0.3 1.071 1.02
1150 26° COlL 1.4 2.2 0.5 3.095 1.35
1 CO2H 0.7 0.5 0.3 1.099 0.96
CO2L 0.5 1.9 0.5 2.590 1.18
CO3H 0.3 0.7 0.3 0.979 0.68
Co3L 1.0 1.4 0.3 1.348 0.73
CO4H 0.2 0.0 0.2 0.201 0.72
CO4L 0.4 0.2 0.3 0.740 0.87
COSH - 0.5 0.2 0.650 0.46
COSL -0.7 0.7 0.2 0.725 0.46
CO1H 0.9 0.3 0.2 10.636 0.61
COLL 1.4 1.3 0.3 1.837 0.80
CO2H 0.7 0.3 0.2 0.652 0.57
CO2L 0.5 1.1 . 0.3 1.537 0.70
CO3H - 0.3 0.4 0.2 0.581 0.41
CO3L 1.0 0.8 0.2 0.800 0.44
CO4H 0.2 0.0 0.1 0.119 0.43
CO4L 0.4 0.1 0.2 0.439 0.52
CO5H - 0.3 0.1 0.386 0.27
__& CO5L -0.7 0.4 0.1 0.430 0.27
Table 20. (Con't) San Antonio at-grade
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. |

DATA METEOROLOGY. | TRAFFIC | PROBE MEAS. TRAPS | CALINE | HIWAY | AIRPOL
SET | , CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)

100677 7.4 5892 CO1H 0.9 0.5 0.3 0.883 0.90
1135 ZZ CO1L 1.1 | 2.2 0.5 2.603 1.19
CO2H 0.5 0.5 0.3 0.911 0.85

CO2L 0.1 1.9 0.3 2.185 1.04

CO3H 0.2 0.7 0.3 0.827 0.61

co3L 0.7 1.2 0.3 1.148 0.65

___Co4H 0.2 0.0 0.2 0.157 0.65

| cosL 0.3 | 0.2 0.3 0.607 | 0.78

COSH - 0.3 0.2 0.558 0.41

Co5L | -0.6 0.9 0.2 0.623 0.41

CO1H 0.9 0.3 0.2 0.390 0.40

CO1L 1.1 1.0 0.3 1.149 0.53

CO2H 0.5 0.2 0.2 0.402 0.38

CO2L 0.1 0.8 0.2 0.964 0.46

CO3H 0.2 0.3 0.2 0.365 0.27

CO3L 0.7 0.5 0.2 0.507 0.29

CO4H 0.2 0.0 0.1 0.069 0.29

CO4L 0.3 0.1 0.2 0.268 0.35

CO5H - 0.2 0.1 0.246 0.18

- CO5L -0.6 0.4 0.1 0.274 0.18

Table 20. (Con't) San Antonio at-grade
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DATA METEOROLOGY TRAFFIC PROBE MEAS. TRAPS CALINE HIWAY AIRPOL
SET CONC. | CONC. CONC. | CONC. | coNC.
(ppm) | (ppm) (ppm) (ppm) (ppm)
100677 5.8 6060 CO1H 0.9 0.7 0.3 0.613 | 0.90
1200 43° CO1L 1.5 2.5 0.7 3.365 1.25
1 CO2H 1.1 0.7 0.3 0.713 0.84
Co2L 0.8 2.1 0.7 2.920 1.11
CO3H 0.5 0.7 0.3 0.931 0.64
co3L 1.1 1.5 0.5 1.648 0.74
CO4H 0.0 0.0 0.2 0.025 0.59
CO4L 0.3 0.2 0.3 0.339 0.77
CO5H - 0.7 0.3 0.777 0.46
CO5L -0.6 - 0.3 0.943 0.48
CO1H 0.9 0.6 0.3 0.532 0.78
CO1L 1.5 2.1 0.6 2.919 1.08
co2u 1.1 0.6 0.3 0.619 | 0.73
Co2L 0.8 1.8 0.6 2.533 | 0.97
CO3H 0.5 0.6 0.3 . 0.808 0.55
CO3L 1.1 1.3 0.4 1.429 0.64
CO4H 0.0 0.0 0.1 0.021 0.51
CO4L 0.3 0.1 0.3 0.294 0.67
CO5H ~ 0.6 0.3 0.674 0.40
% | cos.  ]-0.6 | 0.7 0.3 0.818 | 0.4l

Table 20. (Con't)

San Antonio at-grade
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DATA METEOROLOGY | TRAFFIC | PROBE | MEAS. | TRAPS | CALINE | HIWAY | AIRPOL
SET | CONC. | CONC. CONC. | CONC. | CONC.
(ppm) (ppm) (ppm) (ppm) (ppm)
100677 6.7 6564 CO1H 1.1 0.5 0.7 0.624 1.09
1210 43° CO1L 1.9 2.4 0.9 3.575 1.50
| 2 CO2H 1.7 0.5 0.7 0.738 1.04
CO2L 1.2 2.0 0.9 3.191 1.37
' CO3H 0.5 0.7 0.7 1.052 0.82
| CO3L 1.0 1.4 0.9 2.089 | 0.96
| CO4H 0.2 0.0 0.2 0.003 0.68
i CO4L 0.5 0.2 0.5 ©0.273 0.96
[ COSH - 0.7 0.3 1.028 | 0.61
% COSL -0.5 0.9 0.7 1.392 0.67
; = ‘
' COlH 1.1 0.9 1.1 1.037 1.82
CO1L 1.9 4.0 1.4 5.944 2.50
CO2H 1.7 0.9 1.1 1.227 1.73
CO2L 1.2 3.4 1.4 5.305 2.27
CO3H 0.5 1.1 1.1 1.749 1.36
CO3L 1.0 2.3 1.4 3.473 1.59
CO4H 0.2 0.0 0.3 0.006 1.14
CO4L 0.5 0.3 0.9 0.454 1.59
CO5H - 1.1 0.6 1.710 1.02
L CO5L -0.5 1.4 1.1 2.314 1.11
‘ Table 20. (Con't) San Antonio at-grade
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Table 20.(Con't)

.DATA M