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Implementation

A study of dispersion of pollutants from roadways is underway.
Progress in the model development portion of the work indicates
that existing models should be used with caution. An improved
model based on data from previous experimental programs is presented.
Extensive experimental data frem the current project will soon be

available for continued model improvement.

Disclaimer
The contents of this report reflect the views of the authors
who are responsible for the 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.
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Summary

Air quality measurements along Houston freeways have been made at an
"at-grade' site and are to be started shortly at a "cut" site. These
measurements are used to characterize carbon monoxide concentrations downwind
from highway line sources.  Measurements at each site consist of carbon
monoxide concentrations at 10 locations, vehicle length, speed and count
by lane, and detailed meteorological data from four stations between five
and 101.5 feet. All of the instruments are interfaced to a Data General
Nova 1200 computer which allows the data to be taken simultaneously and
on a rapid time basis. The data from the experimental program will be
used to verify line source dispersion models for Texas.

Experimental data from essentially all previous experimental programs
have been assembled and used in developing and verifying an improved roadway
dispersion model. The improved model along with the well known models of
CALINE-2, AIRPOL-4 and HIWAY were compared to the data from the previous
programs. Significantly improved results were obtained with the modified
model. All of the models and all of the previous data are based on one
hour average concepts. The data from the current experimental program

have not been compared to the models at this time.
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Chapter T

Introduction

Project 2218, "Analytical and Experimental Assessment of Highway Impact on
Adir Quality", is being used to validate»existing mathematical models for dis-
persion of air pollutants along a highway. This project will also improve on
the accuracy of these models where feasible. Mathematical models are currently
used to predict future levels of carbon monoxide along highways for various
meteorology, topography, and highway conditions.

Currently, the Federal Highway Administration requires an estimate of the
carbon monoxide concentrations along proposed new highways or where major improve-
ments are proposed to existing highways. The carbon monoxide levels are predicted
for the time when the highway is built and at intervals until 20 years afterward.
These predictioné are included in the Air Quality Reports which are reviewed by
many governmental agencies including the Texas Air Control Board, the Federal
Highway Administration, the Environmental Protection Agency and others.

Highways which would seriously degrade the air quality would probably not
receive federal financing. The National Ambient Air Quality Standards are used
as a basis of judging the air quality. The current work is particularly important
since it will establish the validity of applying mathematical models, which were
developéd éutsiderf‘Texas; to Texas. 7

There have been many models prdposed to predict pollutant concentrations
from roadways. However, there have been only a few experimental validation programs

undertaken and these have met with varying degrees of success. The current vali-

dation program for Texas is designed for thorough data collection.




The measurements required for model validation work are vehicle numbers;
speed and classification (car or truck), wind speed and direction, atmospheric
stability and carbon monoxide concentrations at various distances from the road-
way. The current validation project is set up to take all of the required measure-
ments simultaneously by using a minicomputer to read the instruments and record
the data on cassette magnetic tapes. |

Two sites for data collection in Houston have been selected. The "at grade"

site is at North Loop and Link Road in Houston while the "cut" or below grade

site is at Katy Freeway and Reinermann Road. The current plans call for data

collection in Houston this year and in Dallas, San Antonio, and El Paso next year.




Chapter II

Description of Field Monitoring Sites in Houston

Introduction

Field investigations were undertaken at two locations in Houston, Texas.
These included an at grade site and a cut site. The locations were at 843
Link Road at Loop 610 and Katy Freeway at Reinermann Road. Due to the

requirements of the site, very few locations in Houston are suitable.

North Loop Site

Measurements have been made at the North Loop Site during the period

from May 1, 1976 to June 30, 1976. This site was chosen due to the large right

of way width and. suitability for erection of equipment. At this point the
Freeway runs east-west and results in a good location since the prevailing
wind is from the south.

The site is somewhat typical of the urban city in that trees and one
story houses are located to the south as well as to the north. A diagram of
the site is shown in Figure 1. (The symbols used in Figure 1 are defined in
Table 1.) At this location the ground is essentially. flat and the roughness is
due to the trees and houses. The instrumentation at the Link Road Site include
12 Ecolyzers, 10 radars and 5 sets of meteorological instruments. Solar
radiation is monitored by a global pyranometer.. Ecolyzers are used to measure
the carbon monoxide and are mounted in pairs in metal boxes. Each pair is
located at a specific distance from the roadway as shown in Figure 2. This
figure_also shows the heights at which the various instruments are located as well,
There are essentially four stations located on the down wind side of the freeway
and one on the up wind side in order to obtain a background level. The lower
Ecolyzers sample the ambient air at "breathing height" (1.5 meters), while the

upper Ecolyzers analyze the air at 10 meter heights. 1In addition, two
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TABLE 1
INSTRUMENT LIST
SAMPLE
NAME CHANNEL INSTRUMENT INTERVAL REASON CHOSEN
RADO 1 Radar .01 sec . Special
RAD1 2 " " handling
RADZ 3 13 1" 1"
RAD3 4 n " "
RAD4 5 114 "t "
RADS 6 " 1 "
RAD6 7 " 1" t
R.AD7 8 1" n 11"
RADlO 9 " ) 1" "
R.ADll 10 111 11 "
VAL, 5m 11 1.5 meter vertical anemometer 2 sec  4* highest frequency
VAlOIn 12 8 " 1" 131 4 sec 1"
VA20m 13 16 " " " 5 sec "
VA40m 14 30" " " 5 sec "
HAL.5m 15 1.5 meter horizontal dnemometer 15 sec 1 recovery time
HAlOm 16 8 " 111 1t 15 1" "
HA2Om 17 16 " " " ’ 15 1] "
HA40m 18 30 \1) 1" " 15 1" "
WV1l,5m 19 1.5 meter wind vane 5 sec  4* highest frequency
— Wvl. Om 20 8 11 " " 5 1 1"
szom 21 16 " " " 5 " "
'wvll_om 22 30 " 1" 11 5 " 1"
T™L1.5m 23 1.5 meter thermometer 60 sec "
MPlOm 24 9 " " 60 1" "
TMP20m 25 3" " 60 " "
TMP30m 26 25 " " 60 " "
RH1.5m 27 1.5 meter psychrometer ' 60 sec "
RH30m 28 25 " ' " 60 " "
PYRAN 29 Heliopyranometer 60 sec "
COlH 30 Ecolyzers 30 sec 1 recovery time
COlL 31 " " "
CO2H 32 " " "
Co2L 33 " " "
CO3H 34 " " "
CO3L 35 " " "
CO4H 36 " " "
CO4L 37 " " "
CO5H 38 " " "
CO5L 39 " " "
CO6H 40 " " "
CO6L 41 " " "
4




FIGURE 1
OVERHEAD VIEW AT GRADE SITE
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FIGURE 2
INSTRUMENT LOCATIONS
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Ecolyzers analyze air samples at 20 meters and 40 meters up the tall tower.

The meteorological instruments are located on the tall tower at the locations
shown on Figure 2. This tower was located 64 ft, from the roadway. The traffic
monitoring radars were mounted on two sign bridges which were 500 ft. to the west

and 1100 ft. to the east.

Katy Freeway Site

It was desired in the program to measure the carbon monoxide level from a
section of roadway that was below grade which is also known as a cut site. The
instrumentation and configuration are somewhat different at the cut site from
the at grade site. The presence of a pedestrian overpass with a concrete pipe
rack at the cut site greatly simplifies the insta-llat;_iéﬁ of tﬁe equipment., It
=alSoaPr0Vides easy access to service the eqﬁipment and for calibration. The
site is located at 5200 Katy Freeway and Reinermann Road. At this point the
freeway is about 22 ft. below grade. A diagram of the roadway is shown in Figure
3. Katy Freeway runs in an east-west direction and hasrvery light traffic on the
service roads. The surface roughness of the area is again trees and one story

buildings. This combined with the wide right of way and the pedestrian walkway

makes thisg site a«very'desirable one. At this location the shoulders of the road

z:iéyigiéigﬁf?éfméﬁbiékimately“in§Qwégg§§éﬁaﬁgl§11ééafnéTddwn‘tb‘therbavemeﬁf.b}

The instrumentation is deployed as shown in Figure 4., The availability of
the pedestrian walkway allows a sample to be taken at the center median between
the two directions of traffie. The meteorological equipment is mounted on the
tall tower located on the north side of the freeway.

The equipment has been erected at this site and data collection is ready

to begin,
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Chapter III

Experimental Methods

Introduction

An extensive program of experimental measurements is underway for this study.
The measurements required for model validation work are traffic measurements,
meteorological conditions and air pollution levels. The current prégram is set
up to take all of the required measurements simultaneously by using a minicomputer
to read ;he instruments and record the information on magnetic tapes. All of the
instruments are tied to a Data General NOVA 1200 computer through an analog to
digital interface. The details of the data handling procedure will be discussed
in the next chapter.. The systems used to make the experimental measurements will

be discussed here.

Data Collection System

For this study, a NOVA 1200 mini-computer with 3 cassette tape drives, a
teletype console and a Radian A-D converter is used. The computer is used to
read and record onto magnetic tape each‘instrument at a rate commensurate with
the instrument response time and the rate of data fluctuation. Table 1 in
page 4 gives each instrument's sampling rate, as well as its six-letter code
which the computer uses to name each instrument. The required software program
is quite sophisticated and was written by File D-19 of the State Department of
Highways and Public Transportation in Austin., This software has been modified in
minor ways by the project personnel..

The computer is a very valuable tool in data collection. It can read all
instruments effectively simultaneously and can check each instrument reading
against a maximum and minimum expected value. This expected value can be set by
the operator and varies from instrument to instrument. If a value falls outside

the expected range, the operator is so informed by the teletype and a special

fea s
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record is entered on thg cassette tape. The rate at which the data are collected
for each individual instrument will be discussed in the following sections. (See
Téble~l,"page 4.)

Traffic Measurements

Four traffic parameters must be determined for the purpose of this study.
They are the vehicle age mix, heavy duty vehicle fraction, the vehicle count and
the vehicle gpeed. The vehicle age mix must be approximated by using figures
obtained from vehicle registrations in the area. The other three parameters were
obtained by using a Stevenson Mark 5 Radar Unit mounted over each }ane.

These units were obtained from the Department of Public Safety and had to
be modified for use on the project. The units were originally designed for use
inside of a vehicle and thus were modified by mounting them on 10 inch "C" clamps
and providing a weather proof shelter for them.

These devices can give a very fast and accurate measurement of a vehicle
speed while the vehicle is within the anit's field of view. The size of the field
of view can be varied both in length and diameter by use of the range control
adjustment on the unit. To obtain the traffic parameters needed, the units must
be used in a special way. Each unit is located directly above a single traffic
lane looking down at a 45° angle. The range control is turned down until the
indicator needle on the unit just barely detects compact cars. This restricts
the units field of view to an elliptiecal path approximately 15 ft. long and 10 ft.
wide at the pavement. This procedure has worked well but an analog integrator
has been built which hopefully will give a more accurate reading of the observed
length. Because of the angle at which the unit is mounted, the observed vehicle
speed is only 717 of the actual value. However, this can be easily corrected by
the computer.

The radar units have both amn indicator needle and a 0 to 10 volts recorder

output. Since a car moving at 60 miles per hour spends only 1/2 of a second in

1




the unit's field of view, the indicator needle does not have time to respond before
the car is out of the field. However, due to its speed the computer can obtain the
full response from the unit. The radar unit sends a voltage pulse to the computer
for each vehicle passage. The height of the pulse is proportional to the vehicle's
speed and the number of pulses is equal to the number of vehicles resulting in an
accurate vehicle count. These pulses can yield yet another item of useful
information. The area under the pulse is proportional to the length of the
vehicle. This allows the cars to be separated from trucks, giving an accurate
breakdown of the heévy duty vehicle fraction. To obtain the area under the pulse
the compuﬁer is required to do a‘numerical integration. Since most pulses
coming from the radars are less than 1/2 second long, the radars are 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 computer is idle only 5%
of the time. 94% of the time the computer is processing the radar units. 17 of
the time is sufficient to handle all other samples, compute averages, and to run
the cassette units and teletype. The numerical integration method used is the
fastest in terms of computer time available. The readings are simply summed for
the duration of the pulse and then divided by a calibration factor after the
pulse is over. The result is then compared to the five length catagories selected
by the programmer and the appropriate counter is incremented by one. The speed
is also summed with the appropriate vehicle speed accumulator. At the end of
each one minute interval the vehicle speed count and length information are averaged
and written to the cassette tape.

The five vehicle categories were chosen as category l-cars, category 2-pick-ups
and vans, category 3-light trucks, category 4-heavy trucks, and category 5-cali-

bration. The radar units have an internal calibrate capability and

12




thus can be calibrated periodically.

Several problems arose in the application of the radar units to the project.
At the North Loop Site it was discovered that there was a large amount of 60
cycle noise in the lines., Low pass filters were. added as a temporary measure and
shielded cable was later added to correct the problem. At the North Loop Site
the shielded cable completely corrected the problem on the west sign bridge but
had no effect on the noise from the east sign bridge. This is currently being
investigated and the low pass filter will continug to be used until it is cor-
rected, A second difficulty arose in the range control on the radar units. The
3/4 turn potentiometers used to adjust the range control in the original umnits
was a very course adjustment. The potentiometers were replaced with 10 turn

pots which have worked very well.

Meteorological Measurements

Horizontal Windspeed and Direction:

Horizontal windspeed and direction were measured continuously with 6 cup

anemometers and windvanes manufactured by Texas Electronics. The starting threshold

for the anemometers is 0.75 MPH and 1.0 MPH for the windvanes. The accuracy of the

wind speed is + 1% of full scale and + 0.5% for the wind direction. The anemo-
meters use the light chopper technique while the wind direction vanes consist of
potentiometers im a one volt ecurcuit.

A 6111 propeller amemometer (Model No. 271080) is used to determine the

vertical wind speeds. This instrument has a starting threshold of less than .5 MPH

and an accuracy of + 1% of full scale.

In order to obtain a good description of the wind profile, stations containing

horizontal windspeed and direction and vertical windspeed are located at heights of

5, 26, 52, and 102 ft. This eqiipment .has been very trouble free. The only

13




problem has been the replacement of the light emitting diode at the top

location on the tall tower.  Lightning is believed to be the culprit here.

Atmospheric Temperature and Humidity

To obtain information on atmospheric stability, temperature is recorded at 4
different heights.  Temperature measurements are made with a Texas Electronics
Model No. 2015 Thermistor. - These unitsrhave an accuracy of + 0.5% .of full seale.
One sensor is located at each of the heights 5, 29, 42 and 82 ft. as shown in:
Figure 1. With such detailed wind speeds and temperature, it is hoped that
Richardson numbers may be reasonably aecurately calculated.

The relative humidity is measured at two heights of 5 and 82 ft. and
with a Texas Electronics Model No. 2013 relative humidity system. The accuracy
of the instrument is better than + 3% relative humidity. The psychrometer measures
relative humidity by utilizing the fact that a fiber, such as a hair, will change
length in proporﬁionrto the amount of water vapor present., As the fiber length

changes it causes an inductance change in a coil.

Solar Radiation

The incoming solar radiation is measured with an Eppley pyranometer Model No.
8-48. Due to the low voltage output from this instrument an amplifier had to be
constructed for the signal to feed the analog to digital interface. This instru-

ment has worked very trouble free,

Carbon Monoxide Measurements

The concentration of the carbon monoxide levels from the road is measured
by model 2600 Ecolyzers. The analyzer uses an acid electrochemical sensor to
determine the quantityof carbon monoxide in parts per million, with an accuracy

of + 0.5 ppm. These analyzers are easy to operate, but span and zero drift require

14




very frequent calibrations of the instrument. The accuracy of the instrument is
affected by the pH value of the acid in the cell. Thus as the cell ages the
accuracy tends to decrease. 1In addition, under the current operating conditions
the instruments exhibit some fluctuations due to internally generated noise. With
careful attention and frequent calibration these instruments have provided carbon
monoxide levels with a error of no greater than 1 bart per million of carbon
monoxide,

As shown in Figure 2, carbon monoxide levels are measured at heights of 5
and 35 ft. above the groﬁnd and at distances from the road way of 15, 36, 79,
and 165 ft. An upwind station at 130 ft. from the road way was also used.

The carbon monoxide levels at 47 and 101.5 ft. above ground.are also
measured at the station located at 56 ft. from the road. The measurements at the
elevated sites are madé by pulling a sample of air from the elevation down to
ground level with a small vacuum cleaner. The Ecolyzers are conmnected upstream
of. the vacuum cleaner.

The Ecolyzers are calibrated by attaching bags of calibration gas to the
instrument. The normal calibration interval is 2 hours. When the Bcolyzers
analyzing samples from the elevated height are calibrated, a manometer is used
to insure the flow to the instrument remains the same during calibration as when
in -actual operation. The samples are drawn from the elevated point through black
1 inch polyethylene thin wall tubing.  In all cases the tubing was allowed to sit
on the pole for several days before actual use.

All Ecolyzers are read by the computer at the rate of once every 30 seconds.
The measured response time of the instrument was about 25 seconds.

A second sampling system consisting of sequential bag samplers is also used.
Each bag sampler is composed of a container that holds 24 PVC bags, a pump for

each bag, 6 volt dry cell batteries for power and the necessary circuitry for

15




control. During the period of operation, a bag sampler energizes each pump

-sequentially allowing each ome 15 minutes of rumning time for a total of 6 hours of

operation. Thus each bag will yield a carbon monoxide concentration that will be
yery close to the l5-minute average calculated by the computer for the Ecolyzers.
The pumps were set to deliver 60 milliliters per minute, which yields a sample
volume of about 900 milliliters. When the bag sampler has cycled through all the
pumps, the timer shuts it down. The bags can then be analyzed by an Ecolyzer,
non—dispersive'infrared instrument or other device.

The bag samplers have proven to be quite troublesome from an operational
point of view. The timer sometimes skips over several bags; often the check valves
remained open and the sample is lost; and the output of the pumps is rather unstable.
In addition there are up to 240 bags to be analyzed which can require 2-1/2 to 3
hours. Finally, once all the bags have been analyzed they must be emptied by hand

to remove any residual samples to prepare them for the mext sequence.

Hydrocarbons and Nitrogen Oxide Measurements

The instruments to analyze for hydrocarbons and nitrogen oxides are currently

being delivered. After a short check out time these instruments will also be used.

16




Chapter IV

Data Handling

Introduction

As a result of the desire to obtain a dynamic response, data collection in
the project occurs at a prodigious rate. Over 15,000 numbers per hour are recorded
on cassette tape. A printout of the original data for an eight-hour day would be
over an inch thick with twenty numbers per line, thirty lines per page. 1In its
original form, the data are thus nearly worthless., The sheer volume prevents any
<trends from being notiéed. For preliminary déta reduction and analysis, the re-
searcher must turn to the computer,

The computer cannot reach conclusions by itself, However, it can manipulate
the data in such a way that it becomes useful.

Data Reduction Program

The objective of the data reduction program is to reduce the amount of data
from one hundred thousand numbers per day to possibly as few as omne thousand,
Regrettably, some of the fine detail of the original data is lost, but it suddenly
becomes possible to see the whole picture and some pattern to the data.

The data originally resides on a one track cassette in sixteen bit word variable.
length record blocks. This means each number contains sixteen bits, the collections
of numbers (records) are not all the same length, and that a large number of records
are output to tape at once in a block, All data are in binary form., Integers are
represented directly and character data are:represented in ASCII code, two letters
per sixteen bit number (word). Record formats can be found in Table 2. The
length of type 0,5,11,...17 records is determined by the amount of computer
memory available after the program is set up. Sizes of up to 120 numbers/record

have been used, but with the additien of more instruments, the size will have to
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Type @, 5

Length
Type

Time high
Time low
ASECIT code

'ASEIT 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
ASCIT code

ASCII code

ASCIT code

TABLE 2-

Record Formats

Type 2,3,6,7 Type 4
Length Length
Type Type
Time high Time high
Time low Time low
Channel 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 -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

L]
.

L]

sample value




___be dropped to 40 numbers/record until an additional 8K of memory arrives.
Data in this form dre easily handled by NOVA computers. However, the AMDAHL

470 V6 used at Texas A&M cannot read cassette tape. TFor this computer to reduce

track computer tape which the AMDAHL can access.

This transfer is done by a direct copy method. No changes or checks are
made by the transferring program. Thus, the nine track tape obtained still con-
tains the data in its original recorded form. This form is incompatible with
IBM (and AMDAHL) standard conventions, and as a‘result, the standard séftware
for unpacking the blocks into individual records and for breaking the records
into individual numbers cannot be used. The records must be broken down by pro-
grammer written software and then repacked in the standard conventions. The
program to do this has been labeled Set A and a copy can be found in Appendix A,

This makes it very easy for the Set B program to get to the individual
records. Set B has two functions to perform. It converts all the integeré
to ﬁore useful forms and it sorts the data, getting together all records dealing
with a particular channel. The conversion comes in two parts. First all character
data must be converted from ASCII to EBCDIC, which is used by the AMDAHL to store
characters. Secondly, all instrument readings are more useful in floating point
numbers than as raw integers: 2.5 ppm is easier to comprehend than 100 A/D counts.
The data is thus restructuréd and then temporarily-stored on:a scratch disk.

The sorting is then handled by a standard IBM 0S Sort/Merge Utility. This
packaged program can very rapidly sort as much data as there is external scratch
space. It pulls the stored data from disk and sorts them first by.date, by channel,
by record type and by time in that order. It then outputs the result to standard

nine track tape.




In tﬁis form, the data are ready for the third part*of’tﬁe data reduction
called Set C. An example of Set C can be found in Appendix C. 1In the same
appendix is a sample of the results of this program. This is the real data
reduction program. It takes the modified and sorted data and uses them to cal-
culate total traffic counts and speedsand instrument means and standard deviations
for every instrument for a given time period. Five~, fifteen-, and sixty~minute

intervals were chosen as representative, but those can be changed as desired.

Format of Computed Averages

The data printout as shown in Table 5 (page56.) contains a somewhat graphic
picture of where the instruments are located. Titles were omitted in order to
achieve two averages per page of printout and cut down on the high cost of com-
puter printing. The center of the éverage contains the traffic counts of the
ten radars and the observed average speeds. The eleventh column on the right

contains the total vehicle count for each type of vehicle along with the average

speed for each type. The rows represent the vehicle types aforementioned. The sixth

row is the total by lane count of all vehicles with their average speed. The
three numbers below the table are the count and speed in each direction and the
grand total count and average speed. It can be noted in passing that the 55 mph
speed limit was being observed only in the exit lanes and during traffié jams.
The upper right hand corner contains all meterological data. The columns are
from left to right: Vertical windspeed in tenths of a mile per hour, horizontal
windspeed in miles per hour, wind direction in degrees, temperature in degrees
Fahrenheit, and radiation in watts per square meter and relative humidity in

per cent in the last column. The vertical arrangement of the numbers represents
the arrangement of the instruments except that the higher relative humidity

readings should be level with the top thermometer reading.
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The third section of the average is the lower right and the lower left.
These. readings represent the carbon monoxide levels in parts per million. The
background instruments are separated from the rest of the instruments by the
traffic table, and the arrangement of the entries on the right hand side is
identical to the arrangement of the instruments at the site.

It should be noted that each entry for the meteorological instruments and
carbon monoxide menitors is double. The upper nuﬁber of each pair is the mean
instrument value for the time interval, and the lower number is the standard
aeviation of all the vaiues. It should be notea that the Ecolyzers reduire
some special handling in this program. Since their zero ahd span tend to
drift, they were calibrated at approximate two-hour.intervals. The procedure
followed was to issue a Begin Calibrate record (Type 2), ground the A/D input
for the channel, rezero the instrument, attach a bag of gas of known CO concen-—
tration, reattach the instrument to the A/D, wait 30 seconds, reground the A/D
input, wait one minute, reattach the instrument to the A/D and issue an End
Calibrate record (Type 3) for the channel. An attempt was made to also read the
zero drift before rezeroing the instrument, but study showed that zero drifts
- were sudden and drastic, although small enough to be completely masked by the
minute—to—minute‘fluctuations in the CO level. However, at very low CO levels,
the zero drift can approach 307 of the instrument reading. Thus, no correction
could be applied and the obtained value was worthless. Span drift, however is
smooth and gradual as far as is known. Thus, a linear correction factor was
applied.  These corrections were fairly small (¥ 10%Z). 1If during any averaging
period, more than one fourth of Fhe'data is missing for an instrument, the

average is dropped and is replaced in the output with stars.
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Due to the averaging of the results, much of the fine detail is lost. However,
by using the results of the averaging program, better methods can be found for
analyzing the data at a later date. At present, the averaging program is
sufficient for the project needs and provides an adequate data base for preliminary

conclusions.
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Chapter V

Diffusion Model Analysis and Development

Introduction

In attempting to comply with the laws requiring environmental
statements for construction and modification of roadways, severai research pro-
grams have been undertaken. These programs have met with varying degrees of success,
Many people have attempted to develop models to predict pollutant concentrations
from roadways with no experimental verification whatsoever. Essentially all of
the experimental data collection programs which have been .undertaken are discussed
here. . All of the major dispersion models are also reviewed. All work to date ex-
cluding -the presenfvexperimental work is based. on the concept of one-hour samples and
averages. This is the lérgESt'data base on dispersion from roadways ever

assembled and the. first extensive comparison of previous models. : .. -~ . S

Discussion of Previous Experimental Data Collection Programs

Tennessee Data -’

The data obtained by Noll, Miller, Rainey, and May (1975) were taken at Gal-
latin Road in north Nashville, Tennessee. The road used was a five~lane at-grade
highway with a total width, including shoulders, of 80 feet. The area around the
highway is essentially a flat, open field.

Traffic counts were taken continuously with pneumatic counters. This device
counts each vehicle axle crossing the detector. In order to assure good data, no
more than two lanes of traffic were monitored with one pneumatic counter. Fifteen~
minute averages of double axles were recorded and used to obtain wvalues for the
traffic flow in vehicles per hour. Vehicle speed was monitored with radar units
and with a clocking method., This clocking method consisted of timing vehicles
over a known distance and calculating the speed from the time obtained. The

radar unit was not considered to give good representative route speeds; therefore,
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the clocking method was preferred. A course length greater than 500 feet and a
stop watch were used in providing the route speed. The heavy duty vehicle mix
was obtained by manual counts.

The wind speed and direction were continuously monitored with mechanical wind
instruments at a height of 10 meters. The data were recorded onto strip chart
paper. The wind instruments were checked for calibration twice daily.

-Three different methods were used in obtaining CO samples.

1) on-line coﬁtinuous sampling

2) intermittent sequential sampling (ISS)

3) fifteensminute integrated sample
The on~line sampling was used to obtain data at a single point with the results
being recorded on to strip chart paper. The 1SS method involved several sampling
points connected to a common manifold. This allowed all the sampling to be done
with one analyzer, The integrated samples were obtained with bag: samplers. : The
samples were later collected and analyzed.

The type of bag used was an aluminized polyester (Scotchpak) bag. As discussed
in a succeeding section, this type of bag was fqund to be the best suited to hold
carbon monoxide.

In analyzing for carbon monoxide, two instruments were used, a Beckman Model
315-BL non-dispersive infrared (NDIR) absorption instrument, and an Energetics
Science Ecolyzer coulometric tifration instrument. The error of the NDIR can be
considered to be 1 percent of full scale, which translates to + 1 ppm. The span
drift of an Ecolyzer is + 1.0 percent of full scale, which translates to an error
of + 1 ppm. The zero drift of the Ecolyzer is + 0.5 percent of full scale which
translates to + 0.5 ppm. In addition, the instrument accuracy is + 1 ppm. It
should be noted that the above figures are for an Ecolyzer which has a new electro-

chemical sensor and is calibrated frequently (approximately eVery two hours).
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The instruments used were calibrated after each peak traffic hour's sampling runs
with a certified 38 ppm carbon monoxide span gas. From the above discussion, an

estimated accuracy of + 1.5 ppm for instrument readings was obtained.

North Carolina Data

The data presented by Noll (1973) were taken at the First Street - Hawthorne
exit of Interstate 40 in Winston-Salem, North Carolina. This is a four-lane,
at-grade highway with a total width of 56 feet.

Traffic volume data were taken with two electrical traffic counters, one in
each directional lane group. Fifteen minute averages of the double axles were
recorded and used in obtaining an hourly traffic volume. The average route speed
‘was determined using the "floating car" technique, and the heavy duty vehicle mix
was determined by manual count.

The wind speed and direction were continuously monitored with mechanical wind
instruments at a height of 12 feet (3.66 meters) and recorded onto strip chart
paper.

Similar to the previous data set, three different procedures were used in
obtaining carbon monoxide samples. These were

1) Continuous on-line sampling

2) Short period cycle sémpling

3) Fifteen minute integrated sample
Here again, on-line sampling was performed to obtain data at a.single point.
The short period sampling involved several sampling points connected to a common
manifold, which allowed the sampling to be done with one instrument. Bag
samples were taken every 15 minutes and later analyzed. As in the previous data
set, aluminized polyester (Scotchpak) bags were used.  The same type of instru-

ments were used here as were used in the previous data set. Calibration of the
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instruments was performed at least three times a day with a two point certified
zero span gas and upscale span gas. The accuracy of these data sets was estimated

to be + 1.5 ppm.

Virginia Data. -

The data given by Carpenter, Clemena, and Lunglhofer (1975) were taken at

several sites in Virginia. The locations of interest are

1) Interstate 495 near Télegraph Road in Fairfax County Virginia

2) Interstate 64 near Hampton Boulevard in Norfolk, Virginia

3) Interstate 64 near Norview Avenue in Norfolk, Virginia
The first is an ét—grade, six-lane, dual-divided highway with a 37-foot median.
One side of the highway is open while the other side contains scattered single
family housing. The second site is an at-grade, six-lane, dual-divided highway
with a 60-foot median. The land use in this area is primarily agricultural. The
third site is an at-grade, six-lane, dual-divided highway with a 60-foot median.
Both sides of the roadway contain single story houses.

Traffic counts were téken manually for each test period. A radar unit was
used in determining vehicle speed, and the resulting data were recorded onto strip
charts. Calibration of the radar units was done every two hours of continuous use.

Wind speed and direction were continuously monitored at a height of 10 meters
during each test period. This was done with mechanical wind instruments.

Bag samplers equipped with aluminized polyéster (Scotchpak) bags, were used
in obtaining samples for carbon monoxide analysis. The one hour integrated samples
were simultaneously collected at the sampling points of a roadway site. The samples
were collected and analyzed at the end of each day with a gas chromatograph. Cali~
bration of the chromatograph was done daily using a certified span gas. Since the
zero and span drift of a gas chromatograph are negligible, the instrument was con-

sidered to be very accurate. The estimated accuracy of the gas chromatograph was

26




estimated at 1 percent of scale, which translates to + 0.1 ppm.

Illinois Datas:::

The data given by Habbeger, et al. (1974) were taken on Interstate 55 near
Cicero Avenue in Chicago, Illinois. This is an at-grade, six-lane highway with
a 6l-foot median. One side of the roadway is an open field and the other had some
residential and commercial buildings.

Traffic counts were performed manually for two 5-minute intervals, evenly
spaced, every hour. These values were then used in determining the hourly traffic
flow. The route speed was determined by clocking vehicles over a predetermined
distance., Heavy duty vehicle counts were done manually.

Wind speed and direction data were obtained with a mechanical weather station
at a height of about nine feet.

Carbon monoxide samples were obtained with a bag sampler equipped with alumi-
nized polyester bags. The 60sminute integrated samples were analyzed with an
Ecolyzer; The instrument was calibrated daily with a span gas and also tested
for calibration against a gas chromatograph. Since the Ecolyzer was calibrated
only once daily, the accuracy associated with this instrument may range from + 1
ppm to as much as + 3 ppm. As previously noted, an Ecolyzer needs frequent
calibration in order for its accuracy to remain in the range of + 1 ppm. Hence

the accuracy of this data set was estimated to be + 2.5 ppm.

California Data
The data given by Ranzieri, Bemis, and Shirley (1975) were for the San Diego
Freeway at Weigh Station in Los Angeles, California. This is an at-grade, 8-lane

highway with a total width of 138 feet. The highway is surrounded by an open

grassy field on one side and a golf course on the other.




The traffic data for this site were obtained from yearly traffic census pads
located approximately one-quarter of a mile from the site. The route speed was
determined by the "floating car" technique. This was done during peak and off-
peak traffic hours.

The wind speed and direction data were monitored with a mechanical weather
station at a height of 10 meters and recorded onto strip chart paper.

Carbon monoxide samples were obtained with bag samplers equipped with alumi-
ni ed polyester (Scotchpak) bags and analyzed with a Beckman model 315BL nondis-
persive.infrared (NDIR) analyzef. The analyzer was caiibrated once daily witﬁ a
zero and 90 ppm span gas. Because of the tendency of an NDIR to remain within its
design zero and span drift limits, the lack of frequent calibration did notvpresent
a serious problem. The accuracy obtained by this instrument was estimated to be

1 percent of full scale which translates to + 1 ppm.

Analysis of Instrument Error:

In érriving at a valid estimation for the error of measurement, the accuracy
of the above instruments was considered.

The design specifications of the instruments used are listed in Table 3.
From the accuracies given in this table, an error of + 1 ppm seems appropriate
for all the readings.

It should be noted that the zero and span drift on the Ecolyzer are a
function of the age of the electrochemical sensor used in the instrument. The
sensors used have a shelf life of 120 days and must be replaced at the end of

- this period to ensure accurate results. Using 10smonth old sensors and a certified
span gas, it was found that the zero drift was 1.5 ppm and the span drift was
2 - 3 ppm in an eight—hour period. Hence, the accuracy indicated in Table 8 may

be -overestimated for the case of old sensors.
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TABLE 3.

Accuracy of Instyuments Used in Data Acquisition

1

tograph

scale

- scale

full scale

- Zero Drift Span Drift
Instrument . per 24 hours per 24 hours Accuracy Scale Used
- Beckman Model 1 percent full 1 percent full +.1 percent 0 - 100 ppm
‘315BL NDIR seale -scale full scale
. Energetics . 0.5 percent 1 percent full * 1 percent 0 - 50 ppm
.. .8cience Ecoly= full scale scale full scale
- zer Model 2400
Gas Chroma- 1 percent full {1 percent full + 1 percent 0 - 10 ppm




Effect of Bag Sampler Materials on the Accuracy of Measurement:

The bag materials used in the bag samplers may greatly affect the validity
of the data obtained. In a special study, Ranzieri, Beamis, and Shirley
(1975) tested several bag materials. The materials tested were aluminized polyester
-(Scotchpak), clear Mylar, and opaque Mylar. Tests showed the Mylar bags yielded
consistently higher carbon monoxide (sometimes more than double) readings than
the Scotchpak bags when collecting the same ambient sample. Thus, the aluminized
polyester bags were found to be made suitable for carbon monoxide sampling. It
was also found that there is no decay in CO concentration when the sample is held
(for up to 92.5 hours) in a bag made of Scotchpak. The aluminized polyester bags
have also been tested and accepted by the California Air and Industrial Hygiene
Laboratory in Berkeley, California, Since all the bags used in obtaining the
data presented were made of Scotchpak, it is assumed that the carbon monoxide
concentrations were not altered by the bags,

Discussion of Previous Model Development Programs

CALINE-2

This model is based on the work of Turner (1970), and Ranzieri, et al.
(1975) . CALINE-2 employs a fixed box model together with a Gaussian
dispersion model. The box model is used to simulate the initial
dispersion of pollutants caused by the mechanical turbulence from
the moving vehicles, The box model assumes the emissions are uni-
formly distributed over the roadway and up to a fixed height termed
a "mixing 1id'. The height of this 1%d was empirically derived from
an experimental program known as '"Project Smoke'" performed by the
California Division of Highways (1972). The mixing height was
determined to be about 12 feet. The width of the box is determined
by adding the width of all the traffic lanes, plus the median and an

extra distance equal to about 10 feet on each side of the highway.
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The concentrations at a downwind distance from the roadway are predicted
through the use of both the continuous line source equation aﬁd the
continuous point source equation. The assumption made in obtaining
the solutions to these equations are
1.) Gaussian distribution in both horizontal and vertical planes
2.) Dispersion coefficients are a function of downwind distance
3.) Thg wind speed is constant with height.
4.) Dlsper51on is independent of site topography.

The equations used in the model are for crossw1nd llne sources:

QF | 1 ,zH, 2
g; = 2 {exp -3 EDH 2y
u

vVam Gz (1)
+ exp [— (‘—‘)] }
where
Ql = VPH x EF
VPH = vehicles per hour,
EF = emission factor
H = heigﬁt of pavement above ground surface
F = conversion factor
For parallel wind line sources:
= Q, F 1
¥ =2, 272 eXP[ 7(%,’-
i=l 2m0- 0.
. y,. zZ,
i i
(2)
1 z+H 2 3 ,z-H 2
* (exp | -% ( o )| +exp |-
o
i
where
=@ =W

= highway width -
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The assumption is made that a highway with a parallel wind can
be approximated by the summation of a series of square area sources, each T
having the same source strength but at a different distance from the recepter.
The area sources are, in turn, approximated by virtual point sources.

For oblique winds ( O deg < angle < 90 deg), the downwind concentration

is calculated through the use of the trignometric identity, cosze + sinze =1.

The concentration is assumed equal to

2
Yy = V¥ sin 0+ V¥ cos2 8 : (3)
°o e P

A preliminary verification study reportedly supports this assumption.

Hiway:

This model developed by Zimmerman and Thompson (1974) and based on
Turner's (1970) work is the Environmental Protection Agency's model. The
calculational procedure is centered around a numerical integration of the
Gaussian plume point source equation for aAfinite length.

The predictive equation used by Zimmerman and Thompson for stable .

conditions is expressed in the form

Y=gy 4
5 (4)

For the unstable or neutral cases, if o is greater than 1.6 times the

mixing height, L, the concentration below the mixing height is independent.

of height and is given by

N
~~

1 2 .
v o= —2i o |-l 5)
H (Zn)l/zcyL 7 [ Uy ]

For other unstable or neutral conditions, Hiway uses a form suggested by

Bierly and Hewson (1962) which accounts for plume trapping
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L B
+ exp [—% (————z’“h*z“')] i=1,4 (6)

— Figure 6 shows an overhead view of the geometry of an at-grade section of roadway
as seen.by the model. The line. sources are shown as dashed linés in each lane with
the source length spéEified by (Rl,Sl) and (RZ’SZ) and a recepto; location designated
by (RK,SK). As can be concluded by Figure 7, for a given receptor at (RK,SK) and a

point (R,S),x downwind distance, and y croswind distance are given by
x = (§ - SK)cose + (R - RK)SlnG 7
y = (S - SK)Slne + (R - RK)cose L (8)

respectively.

Noting that x and y are implicit functions of %, where & is the source path,

the concentration can.be found by integration

. [ AB
y = %—/ ¥,
o )
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FJGURE‘ES, ‘OVERHEAD VIEW OF AT-GRADE SITE AS SEEN BY

HIWAY MODEL (from Zimmerman and
Thompson (1974)).
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55 (Rk '% )

FIGURE 7, COORDINATE SYSTEM USED BY HIWAY MODEL
(from Zimmerman and Thompson (1974)).
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where the upper limit of integration is the source length (see Figure 7). This
model employs a trapezoidal approximation for the numerical integration,

The dispersion coefficients used in this model are obtained from Pasquill-
Gifford curves. To obtain estimates for the dispersion coefficients where a
downward distance is less than 0.1 kilometers, an extrapolation of the existing

curves is used.

Airpol-4:

This'model, developed by Carpenter and Clemena (1975), also uses a Gaussian
type of formulation. Although this model prediets both upwind and downwind con-
centrations, only the latter will be considered here.

Airpol-4 is unique in that it uses two Euclidean coordinate systems, the
receptor and roadway coordinate systems. These are illustrated in Figure 8. The
method employed calls for the mapping of the roadway coordinate system onto the

receptor coordinate system. The transformation

T:(o,r,h) Toadway > (p,dist,z) 10)
is performed by the use of
p = ~d(cosb) + r(cosd)
dist = d(sin6) + r(cos8) (11)
zZ=nh

The authors of this model point out that this transformation is advantageous
since it allows the equation to be integrated over all roadway points contributing

to the pollution at a particular point,

(12)




ULENGTH
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< ROAD

FIGURE 8, COORDINATE SYSTEM USED BY AIRPOL- 4
- (trom Carpenter and Clemena ( 1975)),
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Since the Pasquill-~Gifford Gy are based on sampling times of 3 to 10 minutes,
the effect of horizontal micro-wind variations are ignored. Following Turner's
(1970) suggestions, the authors of Airpol-4 developed a method to adjust the

Pasquill-Gifford Gy values. This was done through the use of a power law relation-

ship .
; fiXiEgm = (Eg)P
(o) t
Cyitl 1
(13)
t = time

where the exponent p is a function of stability.
Carpenter and Clemena (1975) also solve the mathematical difficulty presented

when a dispersion function is expressed as
¥ « 1/u (14)

It is clear that as the wind speed approaches 0, ¥ approaches infinity. Airpol-4

uses

Y o« 1/(u+ 1.29 « exp (=0.22 + u)) Cas)
which is bound by finite limits and therefore is not squect to the difficulty
.presented above.

Now, using the above information, the problem of predicting the concentration

is reduced to evaluating -

y o QU . (16)




where (note: gee Figure 8)

the distance roadway extends in a straight line upwind from the

UL =
point (O’O’h)roadway
DL = the distance the roadway extends, in a nearly straight line,
downwind from the point (O,O,h)roadway
M' = distance between intersections of R and P axes and (0,0,h)
roadway
M = max (M', -DL)

Since numerical integration of the above equation with a digital computer is costly,
a mathematical technique is used in evaluating the integrand. The guthors of

Airpol~4 found that, in the neighborhood of 6 = 900, the integrand behaves much

like

g(r) = a G’ 17)
where r is defined in Figure 8,
and

a® (o + s,) (18)

In the neighborhood of @ * 0; the integrand behaves much like
| a2
e ,S;);

hir) = —%- i
- (19)
By using the above reproductive models of the integrand, the computation time is

greatly reduced.

EMP~1:
This is an empirical model develbped by Noll, Miller, Raney, and May (1975).

This model was derived through a dimensional analysis of the form

u:(x/sine)a

¥« (20)
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where

x = downwind distance
k & a = empirical coefficients
u' = component of mean wind velocity normal to

road
By performing a regression analysis on fn(¥u'/Q) versus 2n(x/sin®) Noll. obtained

values for the constants in the above equation. The calibrated equation is

_8.18 Q'
u'(x/Sine)l'

106 ' (21)

Model Validation:

The above models were all initially calibrated by their developers, with
limited data. This calibration was performed through the use of a calibration
coefficient in the predictive equation or by calibrating the dispersion coeffi-
cients, With the calibration performed, these models were tested for accuracy
against the same data that Were used in the calibration. In doing this, one
may expect good results because the same data were used to "fit" the model as
were used -to validate it. A test of these models with independent data sets is
needed before the validity of each model may be determined.

Upon reviewing the above models, it is apparent that many assumptions con-
cerning micrometeorological parameters have been made. Furthermore, it seems
that the validation of these models is inconclusive. In view of this, a model

which takes into account meteorological phenomena and is also validated with

several independent sets of data is presented.




Development of Tmproved Meodel

As can be seen from a review of the attempts to model pollutant
dispersion from roadways discussed in the previous section, the major assumptions
in the models are:

1.) Gaussion distribution of pollutants im both horizontal and vertical

planes.

2.) Both horizontal and vertical dispersions are functions of stability
and dowanwind distance traveled from the source and not.a function
of height.

3). Diffusion is independent of site topography.

4). Wind speed is constant with height.

The main difference in the models discussed in the previous section is
in the methods used to obtain values for the dispersion coefficients. These
assumptions result in diffusion equations which are easily solved and require
simple input information. Table 4 summarizes the dispersion coefficants used
by each model.

To remove the last three of the above restrictions which are known to be

in error, a more general solution to the diffusion equatien was found, i.e.

- u .2 A
v &, =5 IFew] e || (22)
b T 1%
where
r=0o - B +23>0
s = (o +1)/r
a = function of wind profile
B = function of stability

T(s) = Gamma function of s

X =%X+3
o

i




K. = eddy diffusivity at reference height of 1Im

1
uy = reference wind velocity at 1lm
X, = downwind distance from virtual origin
Zl = reference height = 1m

This equation as used here is valid only. for the reference height Zl =1 m.
The virtual origin concept is used when an initial dispersion of pollutants
is assumed and is shown in Figure 5. . The virtual origin is a hypethetiecal source
that would produce a plume having a width equal to that of the source at its lecation.
Thus equation 22 allows for 1) the variation -of the mean wind speed in
the vertical direction, and 2) variatiens in Surface roughness and variations in
atmospheric stability. Howevér, sensitivity analysis run on the model showed
that variation in atmospheric stability had negligible effect on the prediéted
concentrations. Therefore, the stability variation was dropped from the model.

The well known logarithmic velocity profile

u
u (z) = -Ei In (z/zd) (23)

where

u, = friction velocity

surface roughness parameter

Z
(o]

von Karmons constant
was used to describe the velocity in the model. The surface roughness parameter can
be calculated from

z .=0.15h (24)

o c

where
hC = mean height of actual surface roughness elements
The friction velocity may be calculated from a measurement of the actual

wind velocity at a one meter height for a particular site
0.4 u

= 1
Y T T (z,/7,) (25)
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Figure 5;. Virtual Origin Concept -




where uy is the measured velocity at height zq. In the calculational procedure

for the model, the virtual origin distance is found by minimizing the function

¢«

4 .
1 - o 2 ’ (26)
G(x') = gl (¥ - x,)

where
Y = concentration calculated by equation 24
X = concentration at downwind edge of roadway
x' = distance of virtual origin from downwind roadway edge.

Thewéummation is performed over the profile at the edge of the road (at heights
of 5,10,15, and 20 feet). Since the 5-foot concentration is of more interest,
the minimization at the 5-foot level is weighted more heavily than the others.

A predictive equation for the concentrations at the downwind edge of the
roé&way was found in much the same manner as Noll, Miller, Rainey, and May (1975)
found EMP-1. By performing a dimensional analysis on the independent variables

involved, the following equation was obtained,

x= —2Q' (27)
- u*sin®+0.5w '
where
A = empirical calibration coefficient
w = width of roadway

Calder (1973) has shown that the pollutant concentrations at any given point per-
pendicular to the roadway are virtually independent of the wind angle. Hence

equation (27) reduces to




which agrees with the form presented by Pasquill (1974) for the algebraic inte-
gration for an area source.

Using carbon monoxide data provided by Miller (Dr. Terry Miller, Enviro-
measure Inc., Knoxville, Tennessee), regression analyses were performed. This
was done with SAS, a computerized library of statistical subroutines designed by
Barr and Goodnight (1972). The analysis was performed on both

t ’
X versus A— | K29)

and
, 29 /
X VEersus . .
X a-w - (30)
where
X = roadside concentration at 5-foot height
TABLE 4. Summary of Regression Anaglysis of Roadside
CO Concentrations
Regression ' Wwind Coefficient of
Performed Speed |Determination |[Constants
X vs. —22__ > .54 m/s 0.13 0.44
u+ssiné-w * ‘ )
2Q! ,
X VS T > .54 m/s 0._85 6.87

Through a prelimimary graphical analysis of the concentration profiles at
the edge of the roadway, the profile was found to be an exponential function of

height, namely
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x(2z) = x.exp (a, + a,2z) ' (31)

where
X4 = concentration at 5-foot level calculated with
equation (28)

a,s8; = empirical constants

Performing a regression analysis on Qn(xéél) versus z yielded values of 0.1478
and ~0,1211 for a, and gl,respectively. For this regression a coefficient of
determination of 0.17 was obtained. This low value was obtained because of .the
large scatter in the data. It should also be noted that this regression was
performed with limited data. The minimization of equation (26) is now readily
performed and a value for x' obtained.

The lowest wind velocity in the data used to calibrate the model was 0.54
meters per second. Thus, the minimum wind speed the model will accept is 0.54
meters per second. By setting this'limit the model will not be applied beyond
the range for which it is known to be valid. This limit also eliminates the pro-
blem of the asymptotic infinite behavior of equation (28) at very small wind
speeds.

Once the virtual orgin has been located, the profiles downwind of the road-
way are calculated from equation (22),

The current model was called "TRAPS" for Texas Roadway Air Pollution Simu-

lator.
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Chapter 6

Discussion of Results

The results presented here are of an interim. nature and are not complete.
They primarily represent the work progress as of August 1, 1976, The discussion
will be divided into two sections consisting of the experimental data collection

program and the model analysis and development.

Discussion of Experimental Data Collection Program

Experimental data have been collected for eight days at the North Looep Site
in Houston. The data in their original are stored on nine track magnetic tape which
is compatible with most computers. The data are collected on an almost continuous
basis. A computer program has been developed which will assemble the data into
averages of any desired length. A sample of the results are shown in Tables
6, 7, 8, 9, 10 and 11, . These represent S5-minute, 15-minute and one hour
averages for two one hour intervals. J

The first one hour interval shown in Tables 6, 7, and 8 is typical of the
usually good.dispefsion of the pollutants from the roadway. .However, the seéond
one hour interval shown in :Tables 9,,10,-amd’ll is representative of an
unusual condition. At approximately 16:15 hours on May 4, 1976, the wind profile
"inverted". As can be seen in the tables, the highest windspeed was at ground
level. This wind inversion lasted less than ten minutes, but during this period
the carbon monoxide levels increased by 50 percent. The carbon monoxide concen-
tration was still increasing when the inversion 'broke'.

This inverted wind condition has not been considered in any dispersion model

‘to date, Furthermore, this condition also exemplifies the problem involved in
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using models that work on one hour averaged data. In ten minutes, a condition
occurred from start to finish and ‘the carben monoxide response was not proportional
" to the condition change. The averaging models are all based on the assumption
that the change in carbon monoxide concentration is proportional to the change
in any panameter? assuming that the others hold constant. These data unfortunately
show that this assumption is not always true and that dispersion from roadways
is a very complex process.

The data collection equipment is currently set up at the Katy Freeway site
and is ready to begin data collection. Present plaﬁs are to move back to the
North Loop site by the first part of September, 1976 and then to Dallas and
San Antonio. The original proposal called for data collection in Austin. How-~
ever; no suitable site to set up the equipment could be found. It is also

planned to move the equipment to El Paso in the spring or summer of 1977.

.......

Discussion of Dispersion Model Anglysis arid Development

In determining the validity of any dispersion model, the accuracy of the
data being used must be considered. Five sets of data were used in the analysis.
These data sets were Noll, Miller, Rainey, and May (1975), Noll (1973), Carpenter,
Clemena, and Lunglhofer (1975), Habegger et al-, (1974) and Ranzieri (1975).
These sets were discussed in Chapter 5. The current model along with CALINE -2,
HIWAY and AIRPOL -4 which were discussed in Chapter 5, were compared to the data.
As mentioned previously, both these models and the data are based on one hour
averages,

The overall results of the comparison of these models to each data set are
shown in Figureng",through 13. These comparisons are for all of the data from

a particular site and are summary comparisons. These results show that with the
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modifications used in the present model greatly-improved results are obtained.
Detailed comparisons of the results can be found in Maldonado's ( 1976 ) work and
will be inc¢luded in the final project report.

Model improvement work is continuing. The data from the current research
program can be ‘used for development of medels based on other than one hour averages.
Comparison of the various models with the experimental data from the current pro-

gram is underway and has not been sufficiently completed to include in this report.

Summary

The experimental data collection program is well underway and several days
data has been collected at the North Loop site in Houston. The equipment is also
ready to begin data collection.. at the Katy Freeway Site in Houston. In addition,

dispersion. model anélysis and%develépment is well underway and -greatly improved

results have already been obtained.
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TABLE 5

Data Locations

(RADO) (RAD1) (RAD2) (RAD3) (RAD4) (RAD5) (RAD6) (RAD7) (RAD10) (RAD1l) (TOTAL)

CARS CARS CARS CARS CARS CARS CARS CARS CARS CARS CARS  VA40m HA4Om WV40m TMP30m PYRAN
VANS VANS  VANS - VANS  VANS VANS VANS VANS VANS VANS VANS  VA20m HA20m WV20m TMP20m

MED MED MED MED MED MED MED MED MED MED MED VAlOm HA10m WV1Om TMP10m RH3Om
TRCKS . TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS  TRCKS

HVY HVY HVY HVY HVY HVY HVY HVY HVY HVY HyY VAl.5m HAl.5m WV1l,5m TMP1.5m RH1.5m
TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKES TRCKS TRCKS TRCKS TRCKS

o CAL .CAL CAL CAL CAL CAL CAL CAL CAL CAL CAL C04H
1o
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL CO4L
co6H TOTAL EASTBOUND TOTAL WESTBOUND COlH CO2H CO3H CO5H

CO6L GRAND TOTAL : COlL  CO2L CO3L COS5SL
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//7STERPY EXEC ASMFC
//ASM.SYSIN DD *

Qs1Io TITLE ¢ QS AM VARTABLE LFNGTH INPUT/0UTPUT ROUTINE
¥ e e ¥ 3k ok ok ol ok ki sk ko K Ak o oK ok e ik oK ok e ek ok *****************#*****************#****k*
* *
* QS AM VARTABLE LENGTH INPUT/JUTDPUT ROUT INE = FORTRAN *
* RICKETDYNE DIVISION Ne As R, 2712768 . %
* . . *
*******#***#*****#****************#**#************:&************A****tt#*
% . *
* ENTRY PNINTS *
* : &
* GETR INPUT (OPEN DCRB IF NSCESSARY) #*
* *
* PyYTR ouUTouUT ({OPEN DCRB 1F NECFSSARY) *
% *
* ENDQ CLOSKE DATA CONTROL BLOCK *
* *
********#****************x*********************************************
# %
* THIS ROUTINEZ MAY 8FE USED TN READ/WRITE SEQUENTIAL DATA #
* SETS. THE DATA MANAGFMENT JSED IS QSAM, ONLY JNE DATA *
#* SFT EACH CAN BF INPUT AND JUTPUT AT A& TIME, THAT IS, x®
* ONE DATA SET FOR INPUT AND ONE DATA SET FOR OJTDHBUT CaN *
* BE OPEN AT THF SAME TIwMF, IN ORDER TO INPUT/DUTPUT MNORE *
* THAN ONE DATA SET, THE *0OLD* DATA SET MUST BE CLCSED *
* PRIOR TN INPUT/CQUTRPUT NF THFE INFEwr DATA SET. *
* *
* CATA SETS ARS AUTOMATICALLY OPENED WHFEN GFTR 3R PJTR Is *
* CALLED AND THE DCB FOR GFTR 0OR PYTR IS CLNSED,. DATA SETS *
* ARF CLNSFD VIA CALLING ENDQG. TwO OPTINNS ARE PROVIDED FIR *
* CLOSING DATA SETS, NAMFLY *
* *
* CLOSF AND POSITION AT BEGINNING OF THE DATA STT *
* CLOSE AND POSITION AT THE SND 0OF THE DATA SET %*
* %
* FOR CALL ING SEQUFNCFS, SEF S2FCTIFIC ENTRY PNOINT *
* *
e e e ok sl ke e o o o e o sk ok e s ok 3k ek ok ok i ot o ot ik ok ks ok ok ok sk oK oo sk e ok ok e ok o e ok ok ok s K ok ok ok o ok ok ok ko
FJECT
0310 START o
*
* GENERAL REGISTER DEFINITINNS AND USAGF
&
on ECU s} SCRATCH
P EQuU 1 DARM 1 POINTER AND SCRATCH
R? Fou 2 PARM 2 DOINT=R
R3 EQU 3 PARM 3 POINT=ER
R4 EQU 4 PARM 4 DONINTER

28100010
QS 1000290
Qs1000306
QSI100040
QsIa0050
QS100060
Qs100070
As1000890
aAsS1Naden
Q5100100
Q3100110
Qs100120

QS100190
QsINC2C90
Qs1ooz21¢
Qs100220
QASI0C230
QsSI0N240
Qstoo2sn
Qs10C26¢C
AS100270
QsIine280
QASI0C290
QsI10030¢C
As10031N
QAs100 320
Q5100330
QASIN0340
ASINO350
AST0C350
ASINQ 370
QSI100380
Q5100385
Q5100390
GS100400
nsine41on
QAsSIN04az2n
ASINC430C
QsIN0440
Q5100450
NSINC 460
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LR R AR AR EEE R R R EE EEE N

35 EQU 5 DCR RBRASE REGISTER

RA £QU 5 SCRATCH

R7 EQU 7

RA cQu 8

P9 EQU g

R1C EQU 10 .

R11 EQU 11 POINTER FO CALLER®S SAVE ARFA
R12 EQU 12 PROGRAM .BASE REGISTER
P13 EQU 13 SAVE AREA PDOINTER

Ri4 EQu 14 , EXTERNAL RETURN

P15 Zou 15 EXTERNAL L INKAGE

”~

* ENTRY POINTS

*

ENTRY GFTR
ENTRY PUTR

ENTRY ENDQ
EJEFCT
5 F TR CALL ING S E QU ENCE *
*
A oo Ak sk ok Ak ok ok ok o o ok ok Bk kR Kok ok s ok R ook R ok ok 9 e kol ol ol ok 3 ook o ok sk o K o K o ok e ok o o ke e

CAalLlL GETR(DDNAME ,IND,ARRAY,NCHAR)

DDNAME B CHARACTFR L ITERAL DR VAP IABLE WHICH 1S THE
DONAME FROM THT DD CARD 0OF THE DATA SET

ARRAY ARRAY INTO WHICH THE RECOI IS MOVED, AIRAY
MUST BE DIMENSIONZED SUCH THAT IT CAN RSICITIVE
THE LARGEST RECDORD EXPECTED. SIZE 0OF aARRAY
SHOULD CORRESPIND TO BLKSIZE FROM DC3 PARM,

NCHAR INTEGER®4 VARITABLE, THE VAL UE PASSED BACK TD
THE CALLFR IS THE NUMSER J3F CHARACTERS MIVED
INTO ARPAY, IF AN FRIDR NR END FILE CONDITION
IS DETECTED, NCHAR IS UNDEFINED

I ND INTEGER* 4 VARIABLE, THE VALUE PASSED BACK TO
THE CALLFR INDICATES THE FOL_OWING

-3 NOT MORT THAN NNE DATA SET CAN BFE NPENED AT
THE SAME TIME 3y GETR

-2 OATA SET CQULD NOT RE NPENED SUCCESSFULLY .
PRNOBABLY MEANS THAT DDNAME DID NOT CORRFS®OND
TO DDNAME FROM DD CARD :

LR B RS R EIYVEEEE R Y L E R E R R ]

QsS1004a70
2S100480
QsS100490
QASINO500
Q5100510
QSID0520
QsSIN0530
QSID0S40
QsSIN0550
QsS100560
aSIN0S570
QS10059¢0
QsS100600
QSID0610
QS1005620
QsS100630
QSIN0640
QS100650
ASIN0660
QASI00670
QASINN680
QsSIN0590
ASIN0700C
QSI00710
asIna720
QsIn0730
QSIN074D
QS100750
QstI0n760
QSIN0779
NSINO786
QSIN0790
QsSI00800
QSI10N810
0s1008290
ASINEe830
ASIN08A40
QS1I00850
GSINCrRED
Qs106870
ASIN088/0
QSIN0890
QS1N0900
QsIno9 10
AsSINE929
AsS10093¢
ASI00940
25100950
ASIN0960
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* e END FILE DETECTED * QSINON970
* : * QSI0D98D
% 0 NO ERRQORS WERE DETECTED ¥ QSI1N0990
* * QSI101000
* >0 AN ERROR HAS OCCURRED., THE VALUE DPASSED BACK * QSIN1010
* TO THE CALLER IS STATUS BYTES 7 AND 1 AND * QSIG1020
* SENSE BYTES © AND 1, LEFT TO RIGHT IN IND * QSIN1030
* . ‘ ‘ ¥ QSIn13an
#**************************x******#*##******#*****#***************#**** QASI101050
EJECT ! Q5101060
US ING GEFTR,R15 . . NsS101070
TR 8 G#1 QSIN1080
DC X041 ,CLSIGFTR?Y QAS1IN1990
G#1l STM R14,R12,12({R13) QsSI101100
i R12,LDPNT QSI101110
DROP R15 QsSI01120
USING QSIn,ki2 QsIinNi130
BAL RALINIT INITIALIZE = SAVE AREA CHAIN =TC. Qs10114cC
LA RE,,GETNCR 27INT T2 D28 ASINI150
USING IHADCR,RS - Qasinl1sn
T™ DCROFLGS X101 IS DCRB OPEN? AsIn1170
BC 1.G#2 YES. BRANCH QsIN1180
wy C DCBODNAM,N(R1) NO,. e MOVE DNDNAME T3 DCA ASIG119¢C
My C GDDNAME, C(R1) SAVE DDNAMS ' nNsI1I01209
xC DCBLRECL,,DCBLRFCL D TO LRECL. NPEN GETS IT FROM DD QAS101210
0O%EN  (GETDCR, ( INPUT ) OPEN DCB FIOR INPUT QsSI01220
T™ DCBNFLGS, X1 100 WAS NDEN SUCCFSSFUL? asSIN1230
BC 1,G#4 YESs BRANCH 0sSIN124n
A ED#D NDeeoe TAKE TRROR EXIT asInNi12so
SHD cLC GDONAME ,N{R1) DID CALLFR CHANGE DDNAME? ASIN1260
3NE FR#3 YES, TAKE ERRNP EXIT NS101270
Gua GET GETDCB,(R 2) G=T A RECORD Qsini128)
LH RN 4DCRLRECL PITK UYP RECORD LENGTH ASI101290
]7 RN, 0 (R4) AND PASS IT TO CALLER QS101300
2] EXIT 50 EXIT TN CALLER AS101310
FJECT QAS101320
* O U T R C ALL I NS SEQUENTCE % QSINY1330
* ¥ QSIC1340
Rk gk ARk Kok Rk okE Ak Ak kR ok ok dkok Rk ok ko ok Rk x ok ok kkkok Kk kk kR ok kkkk ke kkk OSIOIZISN
x * JSIN1360
* CALL PUTRI{DDNAME, IND,ARRAY,NCHAR) * QSIN1370
% * QSIN1380
* DD NAME 8 CHARACTER LITERAL 0OR VARIABLE WHICH IS THE x QSIN1390
* DDNAME FROM THE DD CARD OF THE DATA SET * QSIN14AGH
* £ QSID1410
* ARDAY ARRAY FRDOM wHICH THF RECORD IS WRITTEN X QSI101420
* ¥ OSIN1430
* NCHAR INTEGER*4 VARIABLE 0OR CONSTANT WHICH IS THFE * QS101440
* NUMRER 1F CHARACTERS T BE WRITTEN * QSI01450
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ST™
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B
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FL_
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L

STH
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NOT MORE THAN ONF DATA SET CAN RE OPINED AT
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PROBABLY MEANS THAT DDNAME DID NOT CNRRESPOND
TO DDNAME FROM DD CARD
NOT USFD
NO ERRORS WERE DETECTED
AN ERROR HAS NCCURIED. THE VALUE PASSED BACK.
TO THE CALLER IS STATYUS BYTES 92 AND 1| AND
SENSE BYTES 0 AND 1, LEFT TO RIGHY IN INMD
PUTR,,RP1S5
=} -1
X440 ,CLSVBYTRY

R14,R12,12(R13)
R124LDPNT

RIS

NSIN,=12 -
RALINIT

R8s PYTDCE

IHADCH RS
DCBOFLGS,X*10?
1.,Px2
DCRODNAMLO(R1)
PODONAMEL, D (R1)
[PUTDC3,(0UTRPUTY)
DCBNFLGS%x*17°
1.P#4
Ery2
POHDNAMS,
Fo#3

RE M (R4)
R ¢ DCALRECL
PUTDCR,(R7T)
EXIT

"Rl

Q CA LLING

INITTALIZE = SAVE AREA CHAIN
PO0INT TN DCY

IS DC3 OPEN?

YESe BRANCH

N3« MOVE DDNAME T3 DC3
SAVE DONAME

APEN DOCB FOR QUTRUT

WAS OPFN SUCCESSFUL?
Y&S. BRANCH

NJse TAKE ZRRDR EXIT
DID CALLER CHANGE DNDNAME?
YEZES, TAKE ZRRAR EXIT
ALK UP RECORD LENGTH
AND STORE IT IN DC3

2UT A RECIARD

GD EXIT TO CALLER

E QU N CF

n

v

[}
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1630
540
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ST
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A R R % 3 3 5k W a6 R % 36 36 3 6 b 5 % B i

ENN0

=

P

F¥2

E#a

NOTE

CALL F

DDNAME
IND
-

C

NPT ION

o

EJECT
US ING
R

DC
ST#™

L
DRDP
USING
BAL
UsS ING
LA
L C
RE

LA
ct C
BNE
™

B
cLc
=1

. NseE
B
CLOsF

NDQ({DDNAME ,IND,OPTINN)

8 CHARACTER LITERAL 0OR VARIAHBLE WHICH IS THE

DDNAME FROM THE DD CARD NDF THE DATA SET

INTEGER*x4 VARTABLE,

THE CALLER INDICATtS THE FOLLOWING

DDNAME DOES NOT CORRESPOND TN A DATA SET THAT

WAS PREVIOUSLY QOPENED
DATA SET HAS ATZEN CLOSED

THE LITERAL *REWIND?* NR L FAVE?
CONTAINING THE CHARACTERS REWIND OR _EAVE

REWIND = DOSITINN DATA SET AT BFEGINNING
LEFAVE = POSTTION DATA SET AT END

IF THE DATA SFT

HAS NQO ZFFECT. CefGe IF A DATA SFTY

WITH PEWIND e THE
AT THE ZQEGINNING
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ENDGL.RIS

E#]

X140, CLS*ENDO?
R14,R12,12(213)
R12,LDPNT

R15

GoIn,R12
RE,INITY
IHADCH . RS
P5,PUTNCH
PODNAME ™ (R1)

PATNT TN DCA
CLOSE THIS NONE?

%2 YES. BRANCH
REsGETDCH NOes POINT T OTHER DCB
GDDNAME, D (R1) CLOSE THIS ONZ?

ER#®2 NDs s TAKE ZRROR EXIT
DCROFLGS X101 IS DCA NPEN?

ReyEXTIT NOoe BRANCH

DLER3),=CYREW IND® YESe DOFS HE WANT TN REWIND?
Cwxa YES. RBRANCH

((Ps)y,LFEAVE) " NDes CLNOSE WITH LEAVE QOPTINON
EXIT 37 EXIT TD CALLER

({(R3),REREAN) CLAOSE wWITH RFEREAD

THE VALUE PASSED BACK TO

OR A VARIABLE

IS ALREADY CLOSFD THIN OPTION

Is CLOSED

WITH LEAVE AND LATER A CALL T0O ENDO 1S MADE

DATA SFT WILL NOT 8F PISITIONED

INITIALIZE = SAVE AQEA CHAIN ETC,

EE A R I AR EEREREE R FENERFEFEEE

QAsSIN1896
Qs101897
Qs101898
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0sST01900
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Qs1InN2310
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Qs102040
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QsiInz2o7e
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QAsS102109
ASIN2i1i0
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INTTY

R#2

L A

EogR
T3 ¥

L I O

XT*

in s 3 %

TOFE X

I - 3

DR X

b3

L DPNT

S A
GDONAME
PODNAME
GFTDCH

B
FJECT
USTING
LR

LA

ST

ST

LM

SR

ST

BF

ERROR
LA

5]
FRRNOR
LA

LNR
ST

EXIT

QSI0.R12
R11,R13
213, SA
R13,8(R11)
R1144(R13)
R1s+R4,0(R1
RO, R0

RO, H(R2)
RA

)

EXTT #2

RT 2
ER#a

EXIT #3
R 43

RE 4RO
RT 40 (R2)

EXIT 7O CALLER

LR
LM
My 1
3r
EJECY

EQDAD

LA
n

SYNAD

LR
My C
My C
8r

EJECT
Do
DC
DC
DC

DCR

1
i

“-a»-o
o ) =
» e
bt
T~
o

3,R
’p
2173

Dre Do

e [\) ot
PP

ROUTINE

cLar

NSORG=PS,DFEVD=DA,

SYNADZFRRPRX,MACRF={G

GO EXIT ¥O CALLER

SAVE CALLER®*S SA POINTZIR
INITTALIZE NEW SA POINTER
CHAIN

SAVEAREAS

LOAD PARAMITER POINTERS
ZEROD

TO CALLER'S ERROR INDICATOR
LOCAL RETURN .

DCR FAILED TO OPEN SUCCESSFULLY

SET ERROR
530 MAKE

INDICATOR = 2
IT NEGATIVE
DDNAME CHANGE WHILE DCR wWAS [OPEN
SET TRROXI INDICATOR 3

MAKF FRROR INNICATAR N»FATIVF
AND PASS TO CALLFR

IESTHRE CALLER'S SA POINTER
AESTORE REGISTERS

INDICATE RETUPN

SXTT TO CALLER

SET ERRIR INDICATOR = 1
GN MAKE IT NSEGATIVFE AND EXIT

DOINT TN STATUS INDICATOR ARFA
MOVE STATUS 2 & 1 TO CALLERS IND
MOVE SENSE 0 & 1 TO CALLERS IND
=EXIT TN I0S

ADDRESS OF LNAD POINT

MY ZEFNDAD=E0OFX,

Qs
Qs102180
nS102190
Qs102200
QsS102210
Qs102220
QS 102230
Qs102240
95102250
QASIN2260
Qs102270
QsS102280
Qs10229¢C
QSI023C0
QasInN2310
Qs102320
QS102330
ASIN2340
QsS102350
QS102360
Qs102370
QsS102380
asSIN2390
QS102400
QS102410
QsIN242°
QsIN243¢
Qsin244c
QS102450
nSIN2460
1S102470
as1n02480
QSIN2496
0ST10250¢0
QsS102510
Qs10252¢0
Q5102530
Q5102540
QsS102550
Qs10256n
NsS102570
QS102580
NS 112590
QS102600

XQS102610




G8

PUTDCH

/%
//7STED
//FORT

m

ERODPT=ACC
o8 DEORG=PS, DEVD=DAL,SYNAD=ERDX,MACRF={PM)
EJECT
DCBD  DSORG=(QS),DEVD=(NA)
END

2 EXEC FORTGCLG
«SYSIN DD =

DOURLE PRECISTION DNNM(SN)
INTEGER*2 DATA(20070)

1=1

1ED=C

1BLK=0

READ(5,500) NFILE
READ(5,501) (DDNM(J)sJ=1,NFILT)
CONT INUE

IBLK= IBLK +1

CALL GETR{DONM{I),ITST,DATA,ILNG)
IF (ITST) 2,4,3

IF {ITST ,FQ.ml) GO TO &
WOITE (£,600) ITST,DONM(T)
STND

IF (IBD 4GT.2) 63 Tn |
IBND=]RD+1

IBLK= I8LK=1

BACKSPACE ) :
WRITE (6,60 1) 18D, DDNM(T)
Ge T :

IL=TLNG/2

IRT="

Js=2

JL=DATA(JS)

JOM=DATA(JS+1)

JE=JS+JL=1

IF (JFE «GT.IL) 69 TO 1

IF (DM (EGQeD IR JIDYM 2EQeS) CALL LIST(DATA, JS+4,JF)

IF (JL GT, 122) GN TO 7

TF (DATA(JUSH1 ) LT o0NRs DATA(USHIY 45T.20) GO TN 7

WRITE (2,279) (DATA(N)sN=J3,J%)
IF (JF +EQ.IL) G0 TO 1

JS=JE 41

GO TN &8

CALL FNDQIODNM( 1), 1TST,'L.FAayF 1)
THL K="

I=141

IF (1 «GTe MFILE) STOP

GO T 1

WRITE (E6,602) IBLK,NFILE

G TN ]

QST 026290
NsiIn2630
QsI02640
QsS102650
NS102660




500 FORMAT (15)

501 FORPMAT (B(A8,2X))

AC0 FORMAY (¢ RETRY:I®,12,7 FILEL*,A8)

HN1 FORMAT (' READ ERROR:I ', I5,¢ FILEI",AB8)

HBN2 FORMAT (1 Xkkkxk*x%kxBAD BLOCK',[3,* FILE%,2X,A8,? Kk kkokgk t )

FND

SUBROUT INE LIST{!,2JUWKU)

INTEGER*2L.{128)1/0,1,2 :3.53‘45 459 47922959 37,11,512413,14
>18.18.60,61a50.38.?a 2, 39, Bﬁ.Bﬁ'SB 53, 64v90'127,123
>RC.125¢77,93.92.78, .24?.243.244,245
PLARG24G,4122,94,76, D4 4,195,198 ,197,1
D200 3201 42C9,210, 21 1217 4+226:227+228
2231 ,2324+233,192,0, J,2048,7/

INTEGER*2 1{(2002 ),

CALL CNVRT(ITM, T{J

IB{2Y=1(Jt}m3)

Jd=4

TA=KUsJUj+5

IH=ITM/3A000D

IM=ITM/ED DT wm [ HEARD

Do IR T1=0U KUY

J=J+1 :

CALYL DEBPAXK(]

IF { C(1) GE

{

NBN Q™ |
Ne
D Ne o
* 0w =arm
NONIO
We H Qe

.
,
N

9
»

F—Oe N
NN DD
SN
D e P
- U])‘D
- O\h-.i-.

CON re e

TRLJ)=256*)
IF (C(1)«NE
IfC4)Y=" ’
GO TO 19

1A TF(C{2)NEL1 3
IBOU)Y=L{C(1 )+
G Th 19

17 CONTINUF

182 CONTINUE

19 IF (J.GT.1A) JU=1A
IF (4 «GT
JD=J=4
IF (1TM &
WRITE (£,6

AN FORIMAT (10

4 PETURN
END
SUBPCUT INE CNVRT (T,IH,IL)
INTEGFR*2 [H, 1L
=1L
IF (I LTe") I=I4+£5535
I=T+6553F %14+
RETURN
END
SUBPOUTINE DEPAK(1,4)
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INTEGER®*2 I, J(2), K(2)
LOGICAL X1 A(4)
EQUIVALENCE (K, A)

K{

B R N

)
)
)
)
Y=
)

Clhpp X
P e Y -
N,y P

N+ () r
Nt —d

.

ZRXDID O

ReRINNT I BT AT

RETUR
FRND
Z7/7G0.DUMMY DD DUMMY

//FTOLIFON1 DD UNIT=TAPEG ,,VOL=SER=Z7389" +DISP=(DLD,KEEP) ,

’/ LABFEL=(1 sNLs s IN)»NCB=(LRFC_=3 023 3LKSIZE=3200,DEN=2,ECFM=U)
F/7ETALECOR2 DD UNIT=TAPESQ ,vOL=SER=Z7 3332,

7’/ DISO=(0OLD,KEEP) s LABEL=(2,N_,» NI+ DCB=(%,FTC1FIOY)

//:T“1F0”1 DD UNTT=TAPEOD ,VIL=SFR=773397

DISP=( T DWKEER) LLABEL=( 3,NL,

}2sDCB=(%,FTCIF201)
//FT“'FO 4 DD UNIT=TAPFQ VI L =SFR=773] ‘

Qe
R A e I I SRR LV I
2

’
77/ DIS2=(ILD, KFCD),LA@ELo(a.NL,. N)sOCB=(%.FTOLFNO1)
A/ETALFCNS DN UNIT=TARPFO ,yNL=SFR=777193,
/7 DESP=(DLD,KEER) 5  ABEL=(5,NL,, TN),DCR= (%, FTO1F00T )
Z/ETRLIFCNE DD UNIT=TADEG ,VDL=SER=773891,
7/ DISP=(ILN, KEED ) 4 ABEL=(54NL sy IN) ,DCI=( %S TOLFO0L)
//FETRIFEQCT7 DD UNIT=TADEG ,VOL=SFR=77 1193,
/7’ DISO=(OLDKEER) ZLABFL= (73N_, 5 IN), DCB= (% FTG1FIC )
K //FTNLIFNN8 DD UNTT=TAPEGVIL =SEP=273393,
/7 NISO=(OLD,KEEP) ,LASEL= (8, NL s s IN)ADCB= (% FTCLIF2N 1)
//FTIFCNG DN UNIT=TAPED V)L =SFB=773397,
77 DTSP=({0OLD,KEZP ) 4L ABEL=( 3y NLosy IM)»DCI= (44 FTCIFDC1)
A/ETOIFCID DD UNIT=TAPEG ,VOL=SFR=7273397,
77 DISP=(ILDKEEP) JLABEL=(1044L 4y IN )»DCB=(*.FTO15001)
//FTAIFC1L DD UNIT=TAPEQ,VNL=-SER=223393,
4 DBISP={J3LD,KFE P).LAPFL“(II.\I!_,.!‘J).DL‘%:(*.FTOP’OOH
//ZET21FC12 DD UNTT=TADEQ ,VNL=SFR=773991,
/7 DISP=(ILD,KEED) , LABEL= (12 NLs s IN),DCB=( %, FT01F201)
/A/FETRIFCTIR DD UNIT=TAPES,VOIL=SFR=273333,
4 DYSP=(DLD,KTER) JLABEL=(134,NL 49 IN)4DCB=(%.FTIIFG01)
//FTOLECLA DD UNIT=TADFO,VOL=SER=2733973, '
/7 DISP=(NLD,KEER) ,LABEL=(14,NL,, IN),DCB=(*,FTO1F001)
/ETNIFECLS DD UNTT=TAPEG,VOL=SERP=273393,
7/ DISP=(NLDyKEZP) yLABEL=(15,NL,s+ IN)4DC3=( %, FTR170NL)
J/FETCIFC16 DD UNIT=TAPEQ,VOL=SFR=273293, )
s DISP=(ILD, cho).LAaEL‘(lﬁ.wL.,IN).acaz(*.rT91=oax)
//FTAIFCL7 DD UNIT=TAPEQ ,VOL=SFR=Z78373,
77 DISP=(ILDWKEEP) $LABFL=(174NL,s s IN),DCB=(%,FT017001)
J/FETAIFO18 DD UNIT=TAPEDR,VOL=SER=Z73R03,
/7 DISD-(”LD,KFFﬁ).LAPFL’(lq.VL..IN)‘DCDz(*.FTOIFOOI)

F/GC.SYSIN DD %




FTO1IFCN 4
FTAF012
FYQLIF227
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06

//STEP1 EXEC WATFIV,REGION=256K

/7/FTRIFG01 DD UNIT=TAPES ,VOL=SER=000
// DISP=(0OLD,KEEP) ,LABEL=(1,SL
//7FTCLIFO2Z DD UNTT=TAPEQ ,VOL=SER=09D

1
N
1
s/ DISDz(OLD»KEEP).LABELz(2,SL.
C//FTOLFONZ2 DD UNITzTApEgtVDL=SEp=OODI
7/ DISP:(OLD.KEEP)yLABEL=(3.SL.
J/FTO2FCOY DD UNIT=SYSDA.VOL=SER=WORK
/7 SDACEz(CYLD(BOOB))'DSN=SEMIS
7/ 0Cﬂ=(pECFM:VB;LRECL=3700.BLK

SN=RAWDATAL,
SN=RAWDATAZ,
SN=RANDATAZ,
ISP=(NEW,PASS),

=t el ot Laf st (o) bt L
Me Do gwDwD
H

NDWe Ve Ve
Ne Zeo Ze 2

13203)

Z/75YSIN DD DATA
/78007 INNS
INTEGER*21.{128)Y/0,
>18918950061050’38i
>8BC+125+77+4932,92, 78
>248,249,122,94,75,
>2CC 201,209,210, 21
>231,232,233,192,0,
INTEGER IN(B4), I
> 1F{11,64,28)/1971
INTEGER%2 Spo,sD1,
INTEGFR%2Z NTO(50)
REAL N{150)
IPP=1
READ (S5,5C2)
IF=1
SPO =2
SP1=1
READ (5%,50n7) N
1 PFAD (5,591 ,FND=3)
>(NM(J’I)yJ:193)
DD 2 U=1,3

NN AN rere s pre

(NTO(T

CALL DEPAK{NM{J,1),

2 NMOJ,I)= 286%L{C(1)
G2 TC 1

3 D0 Z1 I=14N ‘

4 READ {1,107 ,5ND=23)
CALL CNVPT{ITM, I8(3
IF (IR(2)=1) 15,12

S IF (IB(2)=1C) 10,8,

5 IF (TA «LT,10) GO T
IB(S)=IB(S)+1
INCIBLS))=T18(5)

DN 7 U=1C,1A
K=
[F (UNCIB(S)).60.0)

7 MK)=FLOAT(IB(J)+NF
1IF{11,1IB(5), IF)=1F(
WRITE (2.2C00) SP1,1

o
+1

TDe -

X o~

a2q3.55.45946.47q22,5o37'!1912-13914;15,16¢1
4925;63,39934§34q53053;54’90o127’123'91’108'
107.96.76,97,240,241.2&2,243,244.245,2a6,247
261110'1119124'1939194v195;195’1979198,199’
o212a213o214'215'21592l7o225o227;2289229;230
08sCe0s121927%0,252,04,204,7/

(64),MN(64) ,MX(64),UN(H4),0F(54),

0/, 1C{53)

P2/C/2C(2)4NM(3,64),13(150)

)1!21’53)

IvIN(I)vIT(I)aMN(I)sMX(I)QUV(I),DC(I)Q

YHL(C(2)+1)

J)sJd=2,14)

Je e
e
~~ o~
P ]
- 1
ot~

£

20
UNCIB(5)))

ey
e @2
N g~ —~
* 0 UT e
B~ ~
e )
e \ wr
o 1t Y]

s Ko {O(J) sJd=1,K)




GO TN a4

CALL CNVRPT(ITM, IB(ID),IB(11))

IB(S)=1IR(5)+1

DO 9 U=1,5

ID=11+3*J

IC{JI=IR(ID)

CALL CNVRT(IPD, IB( ID+1),IR(ID+2))

O(J)=C.

IF (IC(JYeGTL0) O D) =FLUAT(IDD)/FLQAT( ICIIYRUNCIB(S)))
o CONTINUE

WREITE (?'201) SP1,
IE(1C,IB(5),IF)=]F
GN TO 4

IF (IB(?)‘G)]!QIS,II
IB(5)=IB{5)+1
WRITE (2,230) sSP1,IB(
IF(IB(9)9IQ(5)yIF) IF
GG TO 4

D=5

1F

o

IB(2)5sIB(S)» ITM (TIC(J)4D(J) od=1,5)
(10,1IB(5),17)+1

[IPRYON
H

M

2 (51,17
{ 1o IB(S) , TF}+1

)+ IB
m(2

et ek
[SEILN
—
vy
—4
o
~

XZ Az
N Ay~

UN
aF

N o N e (D)

[0 o o lf GRS S WA | )
Dw~VHIVODVT O
bt b 1t g vt et D D>

N0 DUV DUD >~

N~

il N R R el ]
PUD VL WWD
kel - R N R T ¢ a1 |
A ey
h ot P g g B e Y
QUOTS0U0 O
++t e+t
2NPL W~
S e M e s

(TR o s o w ~ g
s HH e

-y
[SI
[Vl
* +
M
-~ 4
AR
et o
-y
+ -

1)+ (C02)+1)

5
rd
k4
pung
mes
-
+

Ke

[ el PSR

GZ. 128) GO TU 4

~w Ji~ Dl W
¢ N Bif

< %

14 IF(C(?).N¢.13) G T 17
IBOJUI=LA{C{1)+1) %256

GO T 1¢

CONTINUE

CAONTINUE

IF (J 2aGTe8NM) g=59
JO=Jmg

IF (ITM ,EQ. D) GO TN 4

- . et
D DN




26

IF (IB(2).EQ.0) CALL DMRTN{IB{(2) ,NTDH,IPD)

IF (IB(2)eNELD) GO TN 197

NG 195 M=1, 64

TE(Is M, IF)=IE(l oM, IF )41

WRITFE (2,204) SP1,SP2,M, SPI+INIM) L, IT(M) MNIM) , MX(M),UNI{M),OF{M),
>(N”(K1M).K=lo3)

195 CONTINUE
197 CONTINUE

22

23
100
o8 A
2M
202
2N
204
s50r
571
502
/CN
601
6072

IF (IB{2)sEQeC) SPO=SPN+2
SP1=SpPN+1 4

IF (IT8(2).FQ.0) TF=IF+1

IF (IB(2) .EQ. 2) WRITE (6
WRITE (6,600) I3(2), ITM,(IF
WRITE (2,202) S223,18(2),5P
TE(Ses1,IF)=IE(S+1,1F)+1

GO TO 4

CONT INUE

CONTINUE

11=8PC+1

M=SDT /241

DN 22 J=1,F4

NZe

6
(
’

e e

BIK) 4K=5,4)

IECls UM IE{LsJeM)+1
WRITE (2,204)114SP2,JsSFIsINCIYTITLII MNIIYoMX(J)L,UN(I)LOF( D),
SINM{K,L,J)sK=1,3)

CONT I NUE

WRITE (2,203) SPZaSP9¢SD?a>P?a(lIF(J.K;l)vJ—loll)oK 1+64)
P 23 I= 2.SD s 2

I1=1+1

WRITE (2,203) [,5P2,SP24SP2,((1IF{JsKsM) s J=14511)2<=1454)
{IE{ UKo M) J=1,11)4K=1,A4)

n
2
pel
E4
p=3
-
~
[\M]
O
D
-~

— N b W
._.O\U'}Amv
B IR

Q
-t
-~ O
.
N

FOARMAT
FORMAT
FORMAT
FORMAT
FORMAT
FOREMAT
FORMAT
FORMAT
SRERES
FND
SURPTDUTINE CNVET (1.IH,1IL)
INTEGFR%2 IH, IL

I=1L :

Pt pa A s D)
b4

(GEG RS RG]
- s e e (N
> e D> i1 (N
NN e

L R W W R
) emoes (AN

e e TN TN
LRt o} . e o 69
e R
..<
Y
4)\
* s De
Wee O T
vt e |

L3 D Y et vt Pt e+t

*aIlae® AT *4,110,5X,200CA2)

. ANy P, P oy
NN @ et e g W W

NN
.

B4 (20X ,1115,/7))

NN\




IF {1 +LT.")
I=]+6553A%1IH
RF TURN

END
SUBROUTINE DMRTN(I,J,K)
INTEGER%2 J(50),1

IT=3(K)

K=K+1 ) ’
RETURN

END '

SUBRAUT INE DEPAK(1,J)

I=1465536

INTEGFR%X2 1, J(2), K(2)
LOGICAL%1 Aa(4)
EQUIVALENCE (X, A)
K{1)=1
K{2)=n
A(4)=A(1)
A{1)=A(3)
JU1)=K{1)
J(2)=K(2)
RFEFTURN
END
//EDATA
0787R/C5503005235%
3
o 1 1 10 -1CD. 2047 20 0 16722 21069 12326
w 2 1 12" =107 2n47 2¢ 0 16722 21060 12592
3 1 10 =107 2247 20 0 16722 21050 12848
4 1 1¢ =100 2047 2¢C 0 16722 21050 13104
S 1 1 -130 2047 22 9] 158722 21067 13360
€ 1 1c =100 2747 20 2 16722 210569 13516
7 1 i0 =100 2747 20 0 16722 21250 13872
8 1 10 ~-100 2047 2n 2 16722 210690 14128
= 1 10 =-1Cn 2247 20 2 16722 21050 12327
in 1 1C -1G0 2047 20 c 16722 21060 12593
11 209 i1 =354 2154 = P 16726 11325 19765
1z 40N 11 354 854 5 2 167256 125756 19760
12 500 11 -854 854 S n 156726 12832 19760
14 5C0 11 -354 854 3 o 16726 13344 19760
15 1809 12 ) 6514 27 z 16712 11825 19765
16 1500 12 0 319 20 ¢ 15712 125756 19760
17 1509 12 o 1228 20 n 15712 12832 19760
18 1500 12 b 1638 20 3 16712 13344 18760
19 5002 12 C 2147 5 2 22103 11825 19765
20 560 13 n 2047 6 n 221r3 11825 19765
21 500 i3 D 2047 & as4 22193 12832 19760
22 5¢C0 13 0 2na47 6 58 22103 13344 19760
23 50C0 14 921 1791 13 -51 2 197936 11825 19765
74 6000 14 921 1791 13 =512 19796 12624 19760




25 600N 14 G21 1791 13 -5]2 19796 12880 19760
26 6000 14 921 1791 13 =512 19796 13135 19760
27 6000 15 C 2047 20 0 18514 11825 19765
28 5CC0 15 0 2047 20 2 18514 13288 19760
29 &60CH 16 ] 1500 1 0 22864 16722 8270
c 30C0 17 o] 2247 41 ¢ 8224 20291 18481
31 3000 17 s/ 2navy 41 o) B224 20291 195¢5
32 3000 17 0 2047 41 ok 8224 20291 18482
33 3000 17 c 2047 41 0 8224 20291 19506
34 3000 ¢ 17 0 2047 41 o] 8224 20291 18423
Els 2C09 17 0 2047 41 0 BR224 20231 19607
26 3CC0 17 n 2047 41 0 8224 20291 18484
27 3n0n 17 0 2Nn47 41 ¢] 8224 20291 19508
2g 3000 17 n 2047 41 0 8224 20291 18485
39 30C¢C 17 0O 2047 41 0 8224 20291 19509
40 300¢C 17 0 2Na47 41 G 822a 20291 18485
41 3000 17 o 2047 41 0 8224 20291 19510
42 n o s} s 8] o) G ¢] e}
43 ) 0 s ) C 0 & N 0
44 8, 0 n o] vl c J 2 0
4 N 8] ) n c o 0 0 ¢
46 ~ 0 " o] ~ o 0 2 ¢
47
48
4qQ
50
o 51
- 52
s3
54
5%
SE
57
58
=0
AL
61
62
A3 s
64
/%

//STEP2 EXEC SOCRTD
//7SORTIN DD UNIT=SYSDA,VNL=SER=WNRKI I, DSN=SEMISORT 4 DISP=( SHR,KEED)
//7SORTWKSY DD UNIT=SYSDA .VOL=SER=WORK33,DISP=(NEW, DELETE ),

/7 SPACE=(CYLW2{30,3)4+,CONTIG) _
//SORTUKD2 DN UNIT=SYSDA,VOL=SER=WORK3 I, DISP={NFW,DELETE ),
7/ SPACE={CYL (32,3}, .CONTIG)

//SNRTAKNZ DD UNIT=SYSDA,VOL=SER=WNRK33I,DISP=(NFN,DELETE )},
e SPACE=(CYL,(39,3)s ,CONTIG)




//7SORTOUT DD UNIT=TAPEQ, VOL=SER=000192,DISP=(NEW,PASS ),

77 LABEL={1,SL)+DSN=CHDATA1.F050476.L.052676,LEV.,

77 DCB=(LRECL=3700,8LKSIZE=22090 ,RECFM=VB)

//SYSIN DD % ,
snRT LD S = (5,5, CHyAv1535,CHyAL10,5,CHsA320,15,CHsA)s FILSZ=E3S000
RECOPD TYPE=VSLENGTH=(370C,3700,3790,,110)

END :

/%

/XEND

O
[33]
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/6

!

10

//7SQFTICNS

OHOODAONONANOONNO N

OO ONOONn

la s Na Nl

s alKal

.C200C100

26000220

100003069

THIS FROGFAM RECUCES THE SEMIRAW CATA TO AVERAGES AT WHATEVER ceno00ans

THREE INTERVALS ARE CHCSENe AS PFESENTLY SET UP IT,40RKS CN TwC 20C00500

TAPEFILES, BUT YTHIS CAN BE CHANGEC BY DELETION OF THT SECOND REWIND 14C0293600

: . 6090C7C0

L ‘ 00000800

; , 30600909

. ¢202190C0

VARIABLE DEFINITICNSe THESE OCCUPY A LARGE AREA OF COREe 32CK 000611160

ARE NEEDEC TO RUN WATFIVE. 00001200

INTEGER #4 ICD(20),ICE(20).1BC(20),1EC(20),ITD(3320),1ACL20) IC001300
REAL %4 SCT(11+6,150)/5500*C.0/ ' ’

REAL =4 . SPD(6) +L(200)+COD(Z00D )+ AV(EL,150)+5G(€4,15C)0CI01500

>.CF(20)FCTR(20),TSP(10+150) ) 000016

INTEGER#2 IB(11,68)5IN(200),1TC(11+6+150)/990040/ITF(20)+ITTL(1C,C0C0170D

>157) 0000138C9

CHARACTER*20 DATE : 06051900

DC 590 Mx=1,3 ‘ , €5002900

00002100

0035022C0

0052300

. , 002024C0

THIS TELLS HOw MANY DAYS OF DATA NEED BE TAKEN. ISe 000225C0

READ (35,5C10) MA £ ' 00C225C0

DO S8C MB=1,MA . 06¢02700

50012800

CC002%00

€C933C80

. : 00023100

! 00Nn332¢)

THREFE ARE TWO CARPDS FOR EACH DAY OF DATA. THE FIRST IS THIS:IA2C. €00nz300

A 20 CHAGACTER HEADER PRINTED ON EACH AVERAGE. 08033409

READ  €5,5C20) DATE . 050032500

- : £09035C0

€5G02700

THE SECOND 1S A CARD CARRYING THE TIME PARANETERS. BEGIN., INTERVAL,ENDIGCCOZ3CO

2110e .TIMES MUST BE SUPPLIED IN MINUTESe 2CC935CR

.READ(5,5000) IBT. IAY, IET €0004007

- . 2004160

~ ) fOG04200

; 26924300

IBT=1BT*&6960 00024509

1AT=1AT*6200 00C024a56L2

IET=1ET*6C00 000647060

Z CONTINUE ) 790043C0

} 200 269CH

6NC030CY

fo0CCs5100




- C THIS PEAD READS THE A TABLE TELLING HOW MANY OF EACH TYPE RTCORD 06005200

€ ARE IN THIS DAYS CATA. . ) 0ne0csans
1s READ (1¢1000 +END=S80)(IA¢I=158)4((IBII+J)sl=1,11),5=1,64) €0%05600
16 CALL ITIMUIH.IXesISsIAT) 0095500
17 IF (IX ¢EQe 0) IX=60 00065500
18 1a=0 0005709
19 00 7 I=1,64 60005800
20 00 'S u4=1,11} ‘ <, 00035900
21 SG{1,0)=10,%%30, € 0C05000
22 AV(1.3J)=10.,2830, €0006190
23 IA=IB(J,1)+1a ! . 00206200
2a CO 3 K=1.6 . _ 0020632CH
25 IF (I aLTe 12) SCTUI.K,J)=040 ‘ - 70006400 .
26 IF (1 olTe 12) ITC(I4+K»d)=0 62006500
27 5 CCNTINUE 20005600
28 DO 7 J=12,120 0CC5E702
2¢ AV{1,0)=10e9+30, b 0NC0s809
30 . SG(I.+J)=I1Cem*30, COCCESCO
31 DO ? X=1,6. ‘ . 0oro7OCN
32 IF (1 olTe 12) SCT(1,KsJ)=Cae0 * C0C071C0
33 IF ¢ I olTe.12) ITCC(1,K,4)=0 : .
24 7 CCNTINUS . ' . 907573209
3s IF (1A #EG.0) GO TC 2 ! ‘ 20037409
36 12=1a . O . c00075CH
37 IF { IAT +EQe 0) GG TC 578 - 0N207500 )
28 : WRITE (646010) . 80004400
29 1F (I8(S5.,1) <«EQe 0) GO TO 20 3007700
o 40 1a=18(5,1) © ) 30007800
o c P : : ceno7500
¢ co308000
c c0003100
C NCw THE LGCG IS READ IN AND IMMEDIATLY PRINTED OUTe . £NCGS523)
ay DG 19 1=1, IA . £02003200
az REAC(141C10) (IC, J=1, 4)s IlLs CINCJD, J=1, IL} cCocs4sco
a3 CALL ITIM(IH.IM,IS,IC) ' ¢nanesed
44 WRITE(6, 60003 IH., IM, (IN{J)s J=1, IL) 002398500
as 10 CCNTINUE . CNCNs7Co
a6 20 ECNTINUE noNG3800
87 - 18(S5,1)=0 : 00939450
c - , : 200230C)
c ACanNZI00
¢ €0906%269
C THE F1I5ST TEN CHANNELS ARE PADAR CHANNELS AND AS A RESULT MUST BE 30C55300
C HANCLED SEPERATLYe THIS SECTION HANDLES TFrEMe 00025470
48 00 130 I=1, 10 - C0269Y3C0
a9 READ (1.,1020) (IC,IKK=1,4),INC,ITY MIN 00905609 .
s0 1a=18(2.1) 20085700
51 IBTT=137 30033300
52 . IETT=IBT+IAT 00335600
$3 K=1 - . . GOO. 2500
S4 ~0Q 30 J=3,9 2031C100
55 TA=1A+IB(U,1) : ‘ 23913239

56 30 CONTINUE £031230n0 .




57 catLL CMRD(IA) . ] 0051C400

58 DO 80 J=1,5 ) G00103¢0
59 1TC(1.d.K)=0 . 09210600
6C SCT(1.,J.K)=04 007107¢0
61 40  CCNTIAUE ‘ . : c42128C0
€2 IF (13(10.1) «EQe €3} GG TC 13¢C ' 0C3105C0
63 . 1a=18(1C, I} : : 00011300
et 1€TT=0 ;o C. 50011100
63 00 123 J=1, IA ‘ 059112€C2
66 READ(1, 1C40J (IC, L=1+4),(ITF(LY, SPD(LIs L=1, S) ) 26511360
67 IF (ICTT 4EQeIC) GO TO 129 | 26311400 ‘
68 1cTT=1C § 50511560
&9 " 1F (IC-I3TT) 110, 60+ 60 : e 90011560
70 00 IF (IC~1ETT) 70. 1C0,., 100 10511760
71 70 CO 80 L=1., £ 000113806
72 ITCCI. Le K} = ITCC(I, Ls X)I+ITF(L) ) 000119092
73 SCT(1. Le KISSCTCIs L, KI+ITF(L)*SPD(L) £N212009
74 80 CONTINUE . 200121¢0
78 GO TO 120 00312209
76 90 L=t A=y 900122920
7 CaLL CMRD(L} ' c0512aCn
78 GG T2 130 . €n912563
79 100 IF (IETT «GEe IET) GO TC 90 ‘ 09212603
80 18TT=1ETT : Q0212709
s1 IETT=ICSTT+I1AT ' n9n12860
S e2 K=K +1 o, : ' ¢C212709
a3 O 105 M=), £ 001713000
84 17C(1.7,K)=0 ¢CD131G7
85 SCT(1.MyK}=Qe ‘ n23122¢9
ge 105 CCNTINUE ° ¢ 06213300
az 6o To 70 ¢ ‘ ) 50213400
es 110 CCNTINUF ¢C013502 '
8s 126 CONTINUE ACC13600
°c 130 CONT INUE - 01123706
1 . . 20013800
< " ’ . €N213300
C ~ CCO15500
C ThIs SSCTION MANCLES ALL METEROLCGICAL INSTRUMENTS. THE WIND VARES  0C€014102
C HAVE THETR OWN SPECIAL CHARACTERISTICS AND ARE ROUTED DIFFERENTLYe 0nN13207 )
DO 31N 1=11, 29 : 37°1420)
12=0 03214400
SUML =7, C29143C3
SLMS]! =0e Nee1ascn
SUM=C. Cn614762
SUM3IG =% C001«R%05
IBTT=18T 002143C)
IETY=(8T+IAaT . - : . 00213207
I READ (1.1020) (1C.IKK=1.48) INC.ITY.MIN anNo1s1s)




—
[
O

N¥3R=[AT/INC
TA=JE(2.1)+IB(2,1)+IB{A4.1}+1B(S,!?
CALL CMRD(IA)

IF (I2(6.1) «EQe

IA=

K=1

if(6.1)

1CO(11=0
.00 15¢ J=1, 1A

REACT 1,

TIF (ICD(K), oGEe
ICD(K)I=IC
140 CCNTINUE
150 CINT INUE
160 CCNTINUE

ICZC11)=1000000CC
IF (I3 (7.,1). «ECe
1A=

L=1

¢

IB(7.1)
K=K=1 '

GO 190 JU=1, 1Ia

REAC(1,
IF (IC «LE.

ICE(L)Y=IC
L=+l

1F
1F

{ICO(L)
(L olLE.

L=ala=-y
CALL CMRD(L)

GO

TO 2CO

190 CCNTINUE
200 CCONTINUE
NCC=K

K=1
v=3
IF

1A=

(Is(11.,
12(11,

1TD¢1,)=0
00 2885 u=1, 1Ia

READ(1.

1030)

sl Te

1) «EQe 0} GC 7O 210

n

0} GC TGO

1630) (IC., L=1.+ &)

1C) GO TO

{IC, M=1, &)
ICO(L}Y) GO 7O

160

140

0) '60 TO 200

19C

ICE(L~1)) L=L+1
K} GO TQ 190

¢

1250) 10, 10, IC,

IF (IC «LEs ITD(1)) GO TO
ITC(1)=1C

L=2

295 CCNTINUE
ITO(L)=ITD(L-1)
210 CCNTINUE h
ITO(L)=ITO(L )+ INC

IF
IF
IF
IF
1

(MeGTe
(ITO(L)

.

I8(6.I) )

olLTe

(ITC(L) oGTe
{M +LTe2) GO TO 215

CICC(m)y

oL Ts

IC. IL,

280

GO TC 215
ICE(M) oANDe

ICEIM)) M=M+]

ICE(¥»-1))

M=Me+3

)

(D(LY. L=1,% YL

ITO(L) «GTe

.

ICD(M)) GO TO 210

£G718200
003152¢C0

2215409
20015308
00215600
00513700
cCn1seon
Si0135082
an01s2C)
00015107
CO01£2C9
00215300
S0J14487
02014500
30316502
2CO1£5C)
QC01£70)
20015802
0017000
N00171C0
C20172¢0
eC02173090
CR01742)
eoe17500
0GJ178C0
0eCN17T7CL
6nciE7800
co2172Cn
800130090
00013140
con182cn
29518390
20818400
ceni1esco
€00186CO
coc187¢¢
290183¢C0
£Cco183¢CH
00919209
£2N15160
coN1s200
00019300
00015400
0321¢5C8°0
C201650¢0C
een19700

Qcon198cCH

CNr3155C)
asc2L300
2CC20100
sNe2nz2eo




Lot

151
152
183
134
138
156
157
158
156
1£¢0
182
162
153
164
155

156
157
168

16%
176

171

172

173
174
175
176
177
178
179
18¢
181

132
133
18a
18&
136
187
188
185
19¢
191

192

193

<
c
C
C

215 CONTINUE

220

230

HERE IS THE WwIND VANE HANDLING SECTIONe

2490

250

260

270

L=L+1
IF (L «LZe IL) GO TO 208 '

L=1

CONTIANUE ,

IF (ITO(L) oULTas IS2YT) GO TC 230

IF (ITC(L) «GEe IETT) GO TO 250 o
12=17Z+1) . . <

IF (12 +SQe 13) GO TO 280 ,

SLu=SUveDIL) ‘
SUMSC=SUMSO+C{L )s=2

CCONT INUE )

L=L+1

IF (L «GTs IL) GO TO 280C
G0 T3 220

. .

CONT I8UE
CC1=C(L)*341415526/180.
CT=SIN(DD:)

CCi=CCs(oo1)

SUM=SUMeDD

SL¥I=SUML+DD}
SUMSC=3UMSG+ D=2
SUMSQ1=SUMSQ1+001«DD1

GG TG 23» t
CCONTINUE

IF (IZ «LTe 2) GC YO 260
AV(I «K)=SumM/ 12

SG(I ,K)=SORT ((SUMS Q=(SUMRSUM/1Z))/(12=1))

IF (1D enfe 13) GO TO 260

AVII +X)1=(180/3e2415G2€6)ATANZ(AV(I K), SuMl1/12)

IF (AV(I1.K3) oLTe Oa) AV(I .K)=AV(I.K}+3F0,
SG(I-K)=SQ§T((SG(X-K)"Z)*((SUMSQ!—(SUMI“Z/IZ})/(Il‘i)))’57-1‘
CONT INUE .
If (1Z +GTe 3I®NMBR/4&) GO TO 270
AVI] oK) =10 e %230,
3G{1eK)=10e*#30,

CCNTINUE

K=K+l

IBTT=IETT

IETT=ISTT+IATY

IF {IETT «GTe IET) GO TO 260
SUM=0,

SUM]L =0, .

SUMSQ=0.

S5UMST31 =0, )

12=9 , ’
GO T3 229 ¢

232300
£00204¢9
0C022500
€05205C0
50026706
20023800
55920900
20021060
20021100
0Cc021200
26021300
20021400
ccor21560
20021500
0021700
6021300
£00219¢0
20C22¢00
0cn22100
nnn22200
$¢022200
cCnzzaon
€C6z225¢H
fen2zsen
10022700
€cn22300
N"022300
65022500
0c0 23100
0co23200
20923300
€0922258¢
20622503
00n23600
0002370¢
000234C0
06023900
ccn2a000
00n24160
0C024200
20024300
20024400
nCco24500
N6024600
AE324730
0CN28390
C002a4309
00225200
con25100
nnNN2s2090
50225300




198 280 CCNTINUE : . 10025400
199 J=14 . . ' ACH 25500 :
zoc 250 CCNTINUE 50025660
2C1 L=Ia=-J : Ggoe28700
202 CALL CMRD(L) .o , 10025800
2032 310  CONTINUE : ' 0eN255CH

c ; ccozesn
< ; ! . 6026100
c o . conze200
C THE ECOULYZERS 2LSOC REQUIRE A CIFFERENT aPPROACHe THEY ARE MANDOLED IN 060763350
C SECTICNe THEY ARE THE ONLY INSTRUMENTS wHICH HAVE & CALIBRATION FACTCGCD 26401
C

INTROCUCECs THE METEROLOGICAL INSTRUMENTS CC NOT RECUIRE SUCH TREATMERCJI255C)

zZ04 CC 540 1=3C, 41 . CN0266¢CD
205 FEAD (1,1020) (ICIKK=1,4)eINC,ITY,MIN n6N26700
206 NCAL =0 ‘ ‘ ‘ N0J2£ECD
207 ITF(11=1060000000 2¢9260900
208 IBC{1)=10C00G00CO . : 0027602
206 IEC(1)=120CC006000 ! : cec27100
Z1¢ FCTS(1)=040 50327273
211 IF (13¢(2,1) +5Qe 0) GC TO 250 ¢N3:7309
212 T I1Aa=13(2,1) ' C00274C0
213 K=1 : 5227550
214 18C{11=0 ) 96227530
215 DO 320 Ju=1, 1A o : T p0N27760
= 218 READ (!, 1C30) (IC, L=1, &) €€527320
QS 217 IF (I1C oLEe IBC(K)) GG TC 320 ° Ce0273C0
218 18C(x=1IC . 201328209
215 18C(K+1)=1C c0N28100
220 TEC(KI=IC+60000 01225200
221 ITF(X)I=1C ¢39283CH .
222 FCTR(K)=0. - 0NI28269
222 K=K+ CNI2E300
22a ITE(K)I=1IC _ 00328500
z2s FCTR(K) =0, . 200287C9 : .
226 320 CENTINUR 00N283CH
227 NCAL =K~=1 ) NCC285CH
228 IF (NCAL «GTe I18(2.11) NCAL=IB(2,1} 0no2sIno
229 18(2.1)=9 . 00329100
230 IF (IE(2,1) «EQe O0) GO TC 350 A €n9292CnH ‘
231 IA=13(3,1) 0002%320
232 IF (NCAL «EQe 3) GO TC 350 ©022%4C0
233 DO 340 J=t. 1a : 30352%€069
23a REAC(1. 10320) (IC. L=1, &) - 00729709 .
23s FCTR(J+1)=0, : €05.:9300
23 00 337 L=1., NCAL 52729390

237 IF (1C «GTe IBC(L) eANDs IC ol.Te IEC(L)) IEC(LI=IC 090303¢C0




238 IF (IC «GTe IB8C(L)) GO TC 340 - 00936!00

23 330 CCNTINUE ' nNeo0352090
2A0 340 CCNT INUE . , 26J3C3c0
za1 18(3, 1)=0 ¢ 00930400
242 350 CCNTINUE . : 00030509
243 K=1 ‘ ‘ 00025560
244 1A=IB(2.11+IB(3.,1)+41IB(4,1)¢1B(5,1) ) S 00030500
2458 CALL C4RD(1la ). L . €N0307200 .
246 . IF (IE(5s1) +ECe 0) GO TO 420 ) 719032807
247 IA=1B{6,1) . 009030300
248 ICD(1)=0 Coe 092031000
249 00 280 J=1. IA v, : 00231100
250 REAC(:,s 310320) (1C, L=1, &) . cno 31200
251 IF (ICC(KLleGEe IC) GO TO 380 ' 000313200
2s2 1CDIRY=1C , 9N93214590
253 1COtK 1 Y=IC ’ : ¢323156) .
2sa K=K +1 LIRS Y Xy
2ss 380 CCNTINUE 00031790
256 NCD=K -1 , ‘ 09931896
257 . ICE(1)=£640000 -
2sa L=1 . C0032C00
25% IA=12(7, 1) o 500321092
_, 260 IF (IA «EQe 0) GO TO 420 ‘ N €CN32200
o 251 GO a1C J=1, 1a . . : Co0322302
W 262 REAC(1, 163C) (IC, K=1, &%) 00032460
2563 IF (L +GTe NCD) GO TO 410 . 03132359
254 Lo=L ) £0332580
255 C0 a0C MmM=LL,NCD : 20032700
266 IF (IC +LTe ICD(M)) GC TC 400 €093230¢C
287 ICE(MI=]IC . 20132360
248 L=Ma+l . 201332009
269 IF (M +GEZe NCD) GO TO 410 20033100
z7¢e TF (ICSI(Me1) oLTelCOIL=L4? cO0c 32240
271 ICE(M+T)=1C . 00023309
272 GD TO <10 ¢2033899
273 400 CONTINGE nOO 23500
274 410 CCNTINUE 0€033600 ’
275 1B(7+1)=9 20023700
276 420 CONTINUE 003323309
277 IA=1B(7, 1)+ IB(B.1)¢ IB(S,1)+ IB(10, 1) 90233999
278 CALL .CMRD(IA) - . 20934000 .
276 K=1 NCT34109
ITC(1) =90 CCJ34270
M=y CO0C34303
fnC3aace

IF (18(11, () «EQe ©0) GO TO £20
1A=18C11, ID

N=1

00 4€C J=1, 1A

CCO2a309
o0 34500
0G0 347CH




236 REAC(1. 10S0) (ICs L=1,s &) IL, (C(L), L=1, IL) ccozance

237 IF (IC +LTe ITD(K}) GC TO a560 NCO2430)

288 . ITC(K )=1C o0nc 38360

289 10=K+1L ' 00035109

250 CAC(K)1=D(1) ) 70035200

291 ITO(K+1)=1TD(K) ‘ : C003530)

292 K=K+1 ‘ e CND 35500

293 00 as50 L=2, IL 000355C0

294 COD(K)I=C(L) ; . ‘ 00035600

295 430 CCNTINUE  + | ' €0535700

266 ITOCR)I=ITOCK ¢ INC . 00035809

297 IF (ITO(K) +GTe 864C0C0) GO TC 435 ’ .

298 IF (MaGTI3(6,1)) GO TC 435 009235909

299 IF CITO(K) oGTe ICE(M)) M=M+1 C 0034000

ase IF (ITC(K) oGTe ICD(M}) GO TO 430 ACNTELILN

301 43S CONTINUS . Cc003562¢H

352 ITO(K+1)=1TD(K) 0060363C0

253 IF (ITC(K) eGTs IBCIN) o¢ANDe D(L) oGT» FCTR(N}) FCTRINI=D(L } onc3escn

LYY IF (ITO(K)} «GTe IBCIN) «ANDe D(L} «GTe FCTRIN}) ITF(N}=ITD(K) 000365C0

205 IF (ITC(K) +GTe IBCIN}) COC(K)=—1000%, 0CN 26600

236 IF { N +GTe NCAL) GC TC 460

327 IF {ITOUK) «GTe IEGIN)) N=N+1 . . 000267090

398 IF (N +LEs NCAL) GO TC 440 . ' 0002&320

22 IBC(N)=10000090C0 20336300

23 IECI{N}I=10C0000000 , & 0¢027000 ;

— 211 FCTR(N)=04 : ! 0003719 :
O 212 440 CONTINUE : K ) ACO 17200 .
33 K=K 41 ©o 39937380 ‘

212 453 CCNTINUE N0 37480

315 K=x=-1 €t037570

216 460 CCNTIANUE o £50375C9 )

217 SLM=0, €2037760 ;

218 SU4SQ=0%. . 60175720 i

319 NCAT=K~-} . conz3TSRA

=20 NMSR=1AaT/INC . 0cc38200

321 CF{l)=1le caCc2W/I N0

222 I'AC(T F=1TD(1) , ¢nC3E2CH

323 NCAL =HCAL+] ' 6nc3ez0n

324 IF (NCAL oLTe2) GO TO 500 . NE52846)

225 FCTRINCALI=FCTRINCAL~Y ) 6C0335CH

226 DC 460 J=2, NCAL ANC3ES2D

227 IAC(UI=ITFLI=1) 000338735

228 CF({J)=FCTR(J~1)/29, . : 50C 18800

229 IF (CF(J) oLTe o7) CF(J)=CF(I-1) (9923519

330 490 CONTINUE AN03LCN .

231 502 CCNTINUE C00331C0

332 CFINCAL *Y)=CF(NCAL) ¢CO23%270

233 TACINCAL+2)=120000C606290 . CGO3S300

CTACENCAL+1)=1000CCCO00




33s , NCNT=0 ' ’ ' 50030500

33¢ K=1 00N396C0
217 L=t 0C036709
338 IETT=13T : . 000365090
33¢ “IETT=I3T+IAT 0003636
240 DO S20 J=1, NDAT . 00024535
a3 IF (ITD(J) oLTe I3TT) GO TO S30 o NC04as104 .
za2 IF (ITD(J) +GTe !ETT) GO TC 520 ‘ 0N0ac202
243 510 CCNTIAUE : ' €004C 302
334 IF (COD(J) WLTe=S0e) GC TO 20 ¢ 0004CA40C
345 Ca00=CCD(I) -+ . n03sss5cn .
a6 IF (IAC(L+11eS0Qe1AC(L)} GO TO 515 ’ 00245603 )
3a7 CODC=COD(J)I* ((FLOAT(ITD(JI)~TACIL))/FLOAT(TAC(L+1}~TAC(L)))IXCFE(L+1)0024C70D
>H{FLOAT(IAC(L41)~ITC{J))I/FLOAT(IAC(L 41 )I-TAC(L}IIRCF(L)) 509249893
2ag 515 CCNT INUE o . €9%a03¢C0
249 SLM=SUM+CODD 20041009
350 SLMSO=SUMSG+ CCOD®#2 50741100
351 NCNT=NCNT+1 06041200
352 IF (ITO(J) «GTe IAC(L+1)) L=L+1 : . N0041300
353 IF (I1TD(J) «GTe IET) GO TO 5S40 00041409
154 GO TO 570 : 609431507
ass €29 CONTINUE ‘ 0004160C
356 AV(I.K)=10.2%30. . ¢0N41709
357 SG(I+X)=10e**30, 02041200
3s8 IF (NCNT «GTe (3XNMER/S YIAV(I.K)=SUM/NCNT €0241907
— 25% IS (NCNT «GTe (3®NMBR/S }) SG(1,K)=SORT((SUMSC—(SUMR®2/NCNT))I2"042508
K 1/7(NCNT=-1)) . T Ju%42199
' 350 K=K+1 d00ag200
351 1IBTT=ISETY AN04a23CO
362 IETT=ISTT+IAT 09042439
253 NCNT =0 ' 202%425%0
3ca SUM=0. 00042500
265 SUMSQ =0, ‘ 29042700
365 GC TO €10 ' 00642300
367 5§30 CCNTINUE ) 00042903
368 €40 CCONTINUE , ‘ 200425C0
156 I1TT=18T-1AT" ! . 70043100
370 NAVGS(IET~IBTIAIAT ‘ . 202432200 .
ary 154G6=1 00C42300 :
¢ nC042469 .
c . D0063SCO
¢ . 00042500
c ’ 00N43ITOC
c N €0%a7330%
c 00C425C0 -
c 00044300
c ) Nn"N44109
C THIS IS THE RSPORT WRITING SECTICN NCo44200
DC S70 J=1. NAVG An346320
ITTL(3.J1=C 0NN&sany
ITTL(243)=C L LR
603eL609

ITTLCL ) =0
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&0¢C
401

ac2
403
404
4335
406
aG?
408
409
4ic
411

a13
a1a

546

S48

$50
S60

568

570

TSP{14J)=0,
TSP(2,4)=0a

DC S4¢€ I=1, 6
SCT(1141.00=0

ITC(I1, s J3=0

CONTINUE :

DY S60 I=1, Il

IF (1 «€EGe 131) GO TO 546
ITC(I. 6, JVZITC(Ts 1y JISITC(Iy 24 JISITC(Ls 3, J)+ITCLIs .44 J)
SCT{Is S+ JI=SCT(Is 1o JI4SCT(Is 24 J)I#SCT(I, 3, JI+SCT(1, 4, J)
CCNTINUE

3

DO 552 °K=1.5 .

IF (1 +E% 11) GC TC Sa8

ITC(11, KXo JI=ITCU13, Ko SI+ITCCI,. Ky J)

SCT{11. Ko J)=SCT{11.: Ks JI+SCT(Ls Ko J)

CCNT INUE

IF (ITC{IeKuJ) oNEs O)ISCT(I +KeJ)=(SCTL{I KsJI/ITC(I K, J))I*10s *
CONT INUE

CCNTINUS .
ITTLC2, J)=ITC(11+64J0)
759(37J):3CT(‘116'J)
DC 5&5 I=1. S -
12=1+5 . .
ITTLUL eI =ITTL(L 43D +1TC(I+6.4)
ITTL(24J)=ITTLU2,JI+ITC(TIZ0503)

TSPL14J)=TSP(14J)+SCT(Le6sd) *ITC(I 644
TEP(2,J1=TSP(2¢)+SCT(IZ060J) ITC(IZ4E WD)
CCNTINUE :

IF (ITTLC(Y o J)1eNEed) TSP(1+J)=TSP(14J)71TTLLY . 4)
IF (ITTL(Z2+sJ) oNEe O0) TSPL2,J4)=TSP(2:33/71TTL(2,J)
IF (IPAG 4ZQe 1) WRITE(E,501C8)

IF (IPAG «EQe 2) IPAG=O

IPAG=1PAG+]

cALL,s?IM(IH'IM'!SO(IBT‘IAT.J))

!RXTE (EeG080)IXeIH,IMCATE

WRITE({6.5020) (ITC(T141,J):1=1,11), AVI14,0), AVIIB,J), AV(22.4),
1AV(26.J)s AV(29¢J)s (SCT(1+14J)s I=1el11)s (SG{l.J), I=18, 26,4),
2SGL2G v (ITC{Ts24J)e1=1411)0 (AV(I-J)oX:léoZS.Q)- (STT(TI+2e4)>

.

000447C0O
602448C0G
CCNa4595
fO04aSQ00
3Chas109
0CJ45220
INT45300
000a54%0
IN4S53500
P0Y4S500
IB0&3700
Ci245800
00J6EI0O
QBNCETNS
CCI4€100
ICNeH200
CO24E300
2CN4eano
I0VLESID
IDNGEEDTD
€00467CO
J0C4€3CQ
JGl8ESCO
N0347C00
29047100
cJ04a72C2
00747360

S00C474G0

003473500

PR24T7600

cen0az7700
C0047502
00Q473CH
23048200
€304819092
20048209
c20e8300
D004ES&QD

3!=1'11)-(SG(I.J).I=13o2504).(IYCiX'B.J)-!=io11)-(AV(X-J).I=12'28.4C¢048500

)4 {(SCTUTe34J0)e1=1411)s (SGUT,+2)e1=12,2843)(ITC(ls2,4Ud)s1=2,11),
S(AV(I'J,.I=ll-27\4)1(SCT(I'Q.J)'!=1':l,-(SQ(;'J)01311027¢‘)
WRITE (6,€030) (ITC(I-S'J)-1=1.ll):AV(36;J,o($¢T(1'5¢J"1=1'll’v
1 SG(?C-J).(!TC(I.é-JJ-!=1yIOJ.AV(?7.J).(SCT(I.é.J).I=1.10).
556(37‘J).AVQAO'J).(ITTL(X'J).P=1.2).(AV(!'4).I=3G.24.2

cO02485600
20048700
QoCag8as
TN04a33Cn
CRucC0d

E)eAVI38,J22SC(40+J) e (TSP (I4J)al=142)4(SE(1dJ)el=T0,3442},5G(38+3),0004G100
TAVIAGY e J) o ITTFLA3 o) e (AV(I2U) s1=33,35,2) sAV(39+4)53G(41+¢J2+TSP(3,3}),330692C0

B(SG(1.J)01=31.35,2). SG(39.J)
CCNT INUE
12=0 ‘ o

CO040907200
30645400
QCC49302




—
j=]
N

a1s
41¢
417
418
419
42¢
421

422
423
a2a

425
426
427
428
429
43¢
431
422
433
43a
435
436

437

433

439
44C

4a1
442
443
P vy

‘445

Py
aa7
aag

C

ANNNON

DT €78 I=t,.11 '
BQ 573 J=42,6€4
I12=12+18B(1.+J)
575 CONTINUE
S7E CCNTINUE ‘
CALL CMRD(1I2)
589 CCNTINUE ,
REWIND 1 , ‘o
S60 CONTINUE ' .
wRITE (6,60190) :

THIZSE ARE THE FORMATS RESFCNSIBLE FOR THE READS A O wRITES.
1000 FOSMAT (31S5,115.65(1115))

1019 FCORMAT (315,115.15,10042)

1220 FORMAT (3IS,115.3110)

1030 CR¥AT (315.,115)

104C FCSMAT (315,11547(15,FSel))
1983 FCoMaAT (313,115,15,2(25CF1042))
5000 -FCS%AT (3110 o
€915 FORYAT (15) '

£02C FORMAT (A20) . -
60CC FCRYAT (* ',12,°:",12,' NCTE:', SOA2)
6510 FCRMAT (*1')

6020 FORMAT (24Xs1116+SXe8F742FSale /o 24X+11F6e145Xs4FT7034FGebs//s
+1116,SX,

124X 411 1645Xe4F 702 & 28X s11F65e1 sSXs4F7a 3, /207 246X
2SF 742, /e ZAXs11F€el oSXS5F 763, /7))
603C FOARMAT (28X +1116,19X3F702:/+24X011F601415XsF7a2,4//,
1 24X 4101 €Ee25XsF7al /e 26X4+10F€a1 425X +F 70 7/
2 20Xy 17023X417¢23X58F792, /e, BX ¢FT7e4 420X F7e14+23%
223X+ 4F 744, /77 BXeF7a2e35X+17938X,48F 72, /e BX sF7e &y
IFT7e1 438X, 8F748)
6040 FORMAY (///7 40X, 13,.' MINUTE AVERAGE AY *,12,*:'.12,10X,
>A20)
sTQR
END -

SU3ROLTINE OMROC(I)
I (1.€EQeC) RETURN
D0 1 J=t.l
READ (1.190) K
3 CONTINUE
100 FORMAT (15) .
RETURN
END

'8XOF7.2v

F7el,
35X,

.

'FILE:

v

Ce0495CH
GC24aG702
ACDASBO0
CChasS300
coa5090n
04301 0D
acesc22ie
DCO0S2300
AC250350¢0
0C230 4209
Cresi7o0
oCC323CH
200350900
NCL51009
ACC311G60
NOC51209
006CS: 32
oonsi1ano
CA051589
cces14n0
CON3170D
C0221300
CCC3513500
anneszton
20752137
¢colsz2¢n
0CCS2309
CCo=zz250n

feCsS23090
QCLCZZC090
c00sS21C0
0CCsS3202
CO053300
NCGEZAND
VODEZ23CD
000536060

00053700
0CC533CC
0CcC52399?
C003A090
ecesatlo0
GGCS54200
000654300

00C544CH




449

450

451
452
453
454

SUBROUTINE ITIM(I.J.K,L)
I=L/3€0000 .
J=L76C00~-1260
K={./100-J%60-1%3600
RETURN X
END T

¢

7/73CATA

QCCS45C0
CCG54600
Q20E47CH
04554809
‘ 00054900
000CSsC 00




