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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 from 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. Significant.1y 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 I 

Introduction 

Project 2218, "Analytical and Experimental Assessment of Highway Impact on 

Air 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 predictions 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 

deve1op:ed outside of Texas, to Texas. 

There have been many models proposed 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. 

1 



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 EI Paso next year. 
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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 Eco1yzers, 10 radars and 5 sets of meteorological instruments. Solar 

radiation is monitored by a global pyranometer., Eco1yzers 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 Eco~yzers analyze the air at 10 meter heights. In 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 
RAD2 3 " " " RAD3 4 " " " 
RAD4 5 " " " 
RAD5 6 It " " 
RAD6 7 II " If 

RAD7 8 " II " RADIO 9 " II " 
RADII 10 " II " 
VA1.5m 11 1.5 meter vertical anemometer 2 sec 4* highest frequency 
VAl Om 12 8 " " " 4 sec " VA20m 13 16 " " II 5 .sec " vA40m 14 30 " " " 5 sec " 
HA1.5m 15 1.5 meter horizontal anemometer 15 sec 1 recovery time 
HAl Om 16 8 " " " 15 " II 

HA20m 17 16 " " " 15 " " 
HA40m 18 30 " " " 15 " " WV1.5m 19 1.5 meter wind vane 5 sec 4* highest frequency 
WV1.Om 20 8 " " " 5 " " 
WV20m 21 16 " " II 5 " " 
WV40m 22 30 " " " 5 " " TM1.5m 23 1.5 meter thermometer 60 sec " 
TMP10m 24 9 " " 60 II " TMP20m 25 13 II " 60 II " 
TMP30m 26 25 " II 60 " " RH1.5m 27 1.5 meter psy'chrometer 60 sec " RH30m 28 25 " " 60 " II 

PYRAN 29 He1iopyranometer 60 sec " C01H 30 Eco1yzers 30 sec 1 recovery time 
COIL 31 " " " C02H 32 II " " 
C02L 33 " " " C03H 34 " " " C03L 35 " " " 
C04H 36 II " " C04L 37 " " II 

C05H 38 " " " 
C05L 39 II " " 
C06H 40 " II " 
C06L 41 " " " 
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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 great.l.y simplifies the installation of the equipment. It 

also provides easy access to service the equipment 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 has very 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 this site a-very desirable one. At this location the shoulders of the road 

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 traffic. 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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Introduction 

Chapter III 

Experimental Methods 

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 program is set 

up to take all of the required measurements simultaneously by using a minicomputer 

to read the 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 c:assette 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 connnensurate 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 ~ode 

which the computer uses to name each instrument. The required sQftware 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 
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record is entered on the, cassette tape. The rate at which the data are collected 

for e?-ch individual instrument will be discussed in the following sections. (See 

TableI-, . 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 speed. 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 lane. 

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 "e" 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 unit'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 450 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 eH.iptiea1 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 71% of the actual value. However, this can be easily corrected by 

the computer. 

The radar units have both an 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 

11 



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 heavy duty vehicle fraction. To obtain the area under the pulse 

the computer 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. 1% 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 1-cars, category 2-pick-ups 

and vans, category 3-1ight trucks, category 4-heavy trucks, and category 5-ca1i

bration. The radar units have an internal calibrate capability and 
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thus can be calibrated periodically. 

Several problems al!ose·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 continue 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 units 

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 :t 1% of full scale and ± 0.5% for the wind dir'ection. The anemo

meters use the light chopper technique while the wind direction vanes consist of 

potentiometers in a one volt curcuit. 

A Gill propeller anemometer (Model No. 27H10) 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 eqlilipment has been very trouble free. The only 
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Froblem 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 •. TempeJr.ature measurements are made with a Texas Electronics 

Model No. 2€ll5Thermistor. These units have 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 accurately 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 proporiiion to 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 E,ppley 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 
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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. In 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 part per million of carbon 

monoxide. 

As shown in Figure 2, carbon monoxide levels are measured at heights of 5 

and 35 ft. above the ground 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 made by pulling a sample of air from the elevation down to 

ground level with a small vacuum cleaner. The Ecolyzers are connected 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 
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control. During the period of operation, a bag sampler energizes each pump 

. sequentially allowing each ou'e 15 minutes of running time for a total of 6 hours of 

operation. Thus each bag will yield a carbon monoxide concentration that will be 

'Very close to the IS-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~ispersive 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 next 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. 
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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 cass.ette 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. In its 

original form, the data are thus nearly worthless. The sheer volume prevents any 

trends from being noticed. For preliminary data 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 one thousand. 

Regrettably, some of the fine detail of the ortginal 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 a;re~t'epresented in ASCI1= cod~,-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 addition of more instruments, the size will have to 
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Type 0, 5 

Length 
Type 
Time high 
Time low 
ASCII 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 
ASC;rr code 
ASCI:! code 
ASCII code 

TABLE 2" 

Record Formats 

Type 2,3,6,7 

Length 
Type 
Time high 
Time low 
Channel 

Type 4 

Length 
Type 
Time high 
Time low 
Channel 
bad time high 
bad time low 
bad value 

Type 10 

Length 
Type 
Time high 
Time low 
Channel 
sample interval 
min expected value 
max expected value 
begin time high 
begin time low 
end time high 
end time low 
veh 1 count 
veh 1 spd high 
veh -2 count 
veh 2 spd high 
veh 2 spd low 

• 
• 
• 

Veh 5 count 
veh 5 spd high 
veh 5 spd low 

Type 11, ..• , 17 

Length 
Type' 
Time high 
Time low 
Channel 
Interval 
Lost data count 
min expected value 
max expected value 
sample value 
sample value 

• 

• 

• 
sample value 



Data in this form are easilyhaJidledby<NOVA computers. However, the AMDAHL 

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

the data it is first necessary to have tlte,ig.·transferreq..ftem cassette·onton:i.ne 

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 software 

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 AppendixA. 

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 integers 

to more 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 AID counts. 

The data is thus restructured and then temporarily < st0red on. a scratch disk. 

The sorting is then handled by a standard IBM OS 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 bYcdate, by channel, 

by record type and by time in that order. It then outputs the result to standard 

nine track tape. 



In this form, the data are ready for the third part of the data reduction 

called Set C. An example of Set C can be found in Appendix C. In 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 speeds and instrument means and standard deviations 

for every instrument for a given time period. Five..." H.Et~e~""t and s:i.xt:¥ .... llri~qte 

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

Format of Computed Averages 

The data printout as shown in Table 5 (page~6.) 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 average 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 traffic 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:t 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 monitors is double. The upper number of each pair is the mean 

instrument value for the time interval, and the lower number is the standard 

deviation of all the values. It should be noted that the Eco1yzers require 

some special handling in this program. Since their zero and 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 AID input 

for the channel, rezero the instrument, attach a bag of gas of known CO concen

tration, reattach the instrument to the AID, wait 30 seconds, reground the AID 

input, wait one minute, reattach the instrument to the AID 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 30% 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%). If during any averaging 

period, more than one fourth of the data is missing for an instrument, the 

average is dropped and is replaced in the output with stars. 

21 



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, several 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 ;mode1s are..a1so reviewed. All work to date ex

cluding.the present experimental work is based: on· the conce~t of one-hour samples and 

averages. This is the largest data base on dispersion from roadw-ays ever 

assembled and the. first extensive comparison of previous models. 

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 values 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 SOO 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 continuous sampling 

2) intermittent sequential sampling (ISS) 

3) fifteen~inute 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 ISS 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 found to be the best suited to hold 

carbon monoxide. 

In analyzing for carbon monoxide, two instruments were used, a Beckman Model 

3lS-BL non-dispersive infrared (NDIR) absorption instrument, and an Energetics 

Science Ecolyzer coulometric titration 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 ± O.S percent of full scale which 

translates to + O.S 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 (approximat-ely every two hours). 
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The instruments used were calibrated after each peak traffic hcur's sampling runs 

with a certified 38 ppm carbcn mcncxide span gas. From the abcve discussicn, an 

estimated accuracy of + 1.5 ppm fcr instrument readings was cbtained. 

North Carolina Data 

The data presented by Nell (1973) were taken at the First Street - Hawthcrne 

exit cf Interstate 40 in Winstcn-Sa1em, Ncrth Carc1ina. This is a fcur-1ane, 

at-grade highway with a tcta1 width cf 56 feet. 

Traffic vc1ume data were taken with two. electrical traffic ccunters, cne in 

each directicna1 lane group. Fifteen minute averages cf the dcub1e axles were 

recorded and used in cbtaining an hcur1y traffic vc1ume. The average rcute speed 

was determined using the "floating car" technique, and the heavy duty vehicle mix 

was determined by manual ccunt. 

The wind speed and directicn were ccntinuo.usly mcnitcred with mechanical wind 

instruments at a height of 12 feet (3.66 meters) and reccrded onto. strip chart 

paper. 

Similar to. the previous data set, three different prccedures were used in 

obtaining carbcn moncxide samples. These were 

1) Ccntinucus cn-1ine sampling 

2) Shcrt period cycle sampling 

3) Fifteen minute integrated sample 

Here again, on-line sampling was perfcrmed to. cbtain data at a single pcint. 

The shcrt period sampling invc1ved several sampling points ccnnected to. a ccmmcn 

manifc1d, 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 pclyester (Scctchpak) bags were used. The same type of instru

ments were used here as were used in the previous data set. Calibration cf the 

25 



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 Telegraph 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 at-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 taken 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 continu~usly monitored at a height of 10 meters 

during each test period. This was done with mechanical wind instruments. 

Bag samplers equipped with aluminized polyester (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 
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estimated at 1 percent of scale, which translates to + 0.1 ppm. 

Illinois Data. ' 

The data given by Habbeger, et a1. (1974) were taken on Interstate 55 near 

Cicero Avenue in Chicago, Illinois. This is an at-grade, six-lane highway with 

a 61-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 6~min~te integrated samples were analyzed with an 

Eco1yzer. The instrument was calibrated daily with a span gas and also tested 

for calibration against a gas chromatograph. Since the Eco1yzer 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 Eco1yzer 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, 8-1ane 

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. 
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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 3lSBL nondis-
- -

persive infrared (NDIR) analyzer. The analyzer was calibrated once daily with 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 not present 

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 arriving 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 lOHnonth 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 Instruments Used in Data Acquisition 

\ 

Zero Drift Span Drift 
Instrument per 24 hour,s per 24 hours Accuracy Scale Used 

" 

Beckman Model 1 percent full 1 percent full ± 1 percent 0 - 100 ppm 
3l5BL NDIR scale scale full scale 

Energetics 0.5 percent 1 percent full ± 1 percemt 0 - 50 ppm 
Science Ecoly- full scale scale full scale 
zer Model 2400 

Gas Chroma- 1 percent full 1 percent full ± 1 ,percent 0 - 10 ppm 
tograph scale scale full scale 



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 lid". The height of this l::td 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 and 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.) The wind speed is constant with height. 

4.) Dispersion is independent of site topography. 

The equations used in the model are for crosswind line sources: 

+ exp [-~ (z;:> 1 } 

(1) 

where 

Q
1 

= VPH x. EF 

VPH = vehicles per hour, 

EF emission factor 

H = height of pavement above ground surface 
F = conversion factor 

For parallel wind line sources: 

2'Jf<J .' a t:J.. 
y,~ Z. 

1 1 

(2) 

where 

Q~ = Q1 x W 

W = highWay wi.dth 
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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 

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 ( 0 deg < angle < 90 deg) , the downwind concentration 

. lId h h h f h' "d' 2 + . 2 1 1.S ca cu ate t roug t e use 0 t e tr1.gnometr1.c 1. ent1.ty, cos e S1.n e = • 

The concentration is assumed equal to 

'l' sin 
c 

2 2 e + '¥ cos e 
p 

(3) 

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 a finite length. 

The predictive equation used by Zimmerman and Thompson for stable 

conditions is expressed in the form 

'l' = ti'¥ H . P (4) 

For the unstable or neutral cases, if 0 is greater than 1.6 times the 

mixing height, L, the ~oncentration below the mixing height is independent 

of height and is given by 

1 
[ 1 y 2J exp -"2 (0/ (5) 

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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1 
2 (J (J 

Y z 

[ ] 

j 
+ exp - i (~+h)2 + 2 

z' n=l 

+ exp[ - ~ (:+~:2n\2] + exp [ ~ c"-::2n\2 ] 

+ exp [ _ ~ (Z+~:2n \] )) j 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 lines in each lane with 

the source length specified by (Rl,Sl) and (R2 ,S2) and a receptor location designated 

by (~,SK)' As can be concluded by Figure 7, for a given receptor at (~,SK) and a 

point (R,S),x downwind distance, and y croswind distance are given by 

x = (S - SK)cos6 + (R - ~)sine (7) 

y (S- SK)sine + (R- ~)cose (8) 

respectively. 

Noting that x and yare implicit functions o£ t, where t is the source path, 

the concentrati.on can be. found by integration 

(9) 

33 



\ 

WINO DIRECTION. 

FIGURE 6. OVERHEAD VIEW OF AT-GRADE SITE AS SEEN BY 
HIWAY MODEL (from ~;mmerman and 
Thompson (1974», 
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FIGURE 7, COORDINATE SYSTEM USED BY HIWAY MODEL 
(from Zimmerman and Thompson (1974», 

35 



------------------~------

."2 

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 Pasqui11-

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 C1emena (1975), also uses a Gaussian 

type of formulation. Although this model predicts 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) 

is performed by the use of 

-------~-------+) (p,dist,z) 
roadway 

p = -d(cose) + r(cose) 

dist = d(sine) + r(cose) 

z = h 

(10) 

(11) 

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. 

'¥(X;y,z,h) Q 
27f0" 0" u 

Y z 

(exp [- ; 

exp 

J ) 
(12) 
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FIGURE 8. COORDINATE SYSTEM USED BY AIRPOL- 4 
(from C orpenter ondClemeno ('975». 
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Since the Pasquill-Gifford a are based on sampling times of 3 to 10 minutes, 
y 

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 a values. This was done through the use of a power law relation
y 

ship 

(13) 

t time 

where the exponentp is a function of stability. 

Carpenter and Clemena (1975) also solve the mathematical difficulty presented 

when a dispersion function is expressed as 

~ ~ llu (14) 

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

use,s 

~ ~ l/(u + 1.29 • exp (-0.22 • u» (rS) 

which is bound by finite limits and therefore is not subject to the difficulty 

presented above. 

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

(16) 



where (note: see Figure 8) 

UL = the distance roadway extends in a straight line upwind from the 

point (O,O,h) d roa way 

DL the distance the roadway extends, in a nearly straight line, 

downwind from the point (O,O,h) d roa way 

Ml = distance between intersections of Rand P axes and (O,O,h) d roa way 

M = max (MI, -DL) 

Since numerical integration of the above equation with a digital computer is costly, 

a mathematical technique is used in evaluating the integrand. The authors of 

Airpol-4 found that, in the neighborhood of e : 900
, the integrand behaves much 

like 

g(r) = a e 
_(ar)2 

where r is defined in Figure 8, 

and 

a ::: (cr + cr ) 
Y z 

In the neighborhood o£ e ::: 0; the int~grand behaves much like 

n(r) = 
_(!)2 

e ,-

(17) 

(18) 

(19) 

By using the above reproductive models of the integrand, the computation time is 

greatly reduced. 

EMP-l: 

This is an empirical model developed by Noll, Miller, Raney, and May (1975). 

This model was derived through a dimensional analysis of the form 

'I' « kg 
u,' (~/si~e) til (20) 



----------------------------------------------------- ----------

where 

x = downwind distance 

k & a = empirical coefficients 

u' = component of mean wind velocity normal to 

road 

By performing a regression analysis on 2n(~u'/Q) versus 2n(x/sine) Noll obtained 

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

Model Validation: 

8.18 Qf 
I ( . ,. -. 6·· ) 1.106 

U X Sl.n 
(21) 

The above models were all initially calibrated by their developers, with 

limited data. This calibration was performed through the use of ll! 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 micrometeoro1ogica1 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. 
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Development of Improved Model 

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 in both horizontal and vertical 

planes. 

2.) Both horizontal and vertical dispersions are functions of stability 

and downwind 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 sununarizes 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 equation was found, 

'¥ (X 

where 

0' 
Z) = Q"r 

u
1
r (s) 

r = a - S + 2 > 0 

s = (a + l)/r 

(:~Kl~) 2 exp [:~~:J. 

a = function of wind profile 

S = function of stability 

res) = Ganuna function of s 
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------------~~-~-------

K1 = eddy diffusivity at reference height of 1m 

u
1 

= reference wind velocity at 1m 

Xo 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 hypothetical, source 

that would produce a plume having a width equal to that of- the source at its location. 

Thus equation 22 allows· for 1) the variation·of the mean wind speed in 

the vertical direction, and 2) variatiens in surface rOllghness and variations in 

atmospheric stability. However, sensi,tivity analysis run on the model showed 

that variation in atmospheric stability had negligible effect on the predicted 

concentrations. Therefore, the stability variation was dropped from the model. 

The well known logarithmic velocity profile 

u* 
u (z) = In (z/zo) (23) k 

where 

u* friction velocity 

z surface roughness parameter 
0 

k = von Karmons constant 

was used to describe the velocity in the model. The surface roughness parameter can 

be calculated from 

z = 0.15 h o c 
(24) 

where 

h = mean height of actual surface roughness elements 
c 

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

l u = * 1n (zl!zo) 

'l2 __ _ 

(25) 
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where ul is the measured velocity at height zl' In the calculational procedure 

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

where 

4· 
G(x') = L 

1=1 

2 
('¥; - x.) 

1 1 

.}." 

'¥ = concentration calculated by equation 24 

x = concentration at downwind edge of roadway 

(26) 

x' = distance of virtual origin from downwind roadway edge. 

The summation 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 

roadway was found in much the same manner as Noll, Miller, Rainey, and May (1975) 

found EMP-l. By performing a dimensional analysis on the independent variables 

involved, the following equation was obtained, 

x 
AQ' (27) 

u·sin8·0.5w 

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 

x = __ A ... Q_'_ 
u·0.5w 

(28) 
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which agrees with the form presented by Pasqui11 (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 

and 

where 

X VS. 

X vs 

ZQ' X versus -u·w 

x = roadside concentration at 5 ... foot height 

TABLE 4. Summary of Regression Analysis of Roadside 
CO Concentrations 

Regress loon Wlon.a Coefflocloent Of 
Performed Speed Determination Constants 

2Q' 
> .54 m/s 0.13 0.44 u·sine·w 

2Q' 
> .54 U'w m/s 0.85 6.87 

(29) 

(30) 

Through a preliminary 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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where 

X* = concentration at 5~foot level calculated with 

equation (a8) 

a a' = empirical constants 
0' 1 

(31) 

Performing a regression analysis on ~n(~) versus z yielded values of 0.1478 
X 

and -0.1211 for ao and aI' 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 0f 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 ExperimerttalData Collection Program 

Experimental data have been collected for eight days at the North Loop 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 5 ""winute , l5 ... minute and one hour 

averages for two one hour intervals. 

The first one hour interval shown in Tables 6, 7, and 8 is typic.al of the 

usually good dispersion of the pollutants from the roadway. . However, the second 

one hour interval shown in ,Tables 9, 10, and 11 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 pro~lem involved in 
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using models that work on one hour averaged data. In ten minutes, a condition 

occurred from start to f:inish and -the carbon 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 ]lan~meter, 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 plans 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 Analysis and 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, ale. (1974) and Ranzieri (1975). 

These sets were discussed in Chapter $. The current model along with CALINE -2, 

HIWAY and AIRPOL -4 which were discussed in Chapter!?, 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 Figures 9 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 greatlyimpr0ved results are obtained. 

Detailed comparisons of the results can be found in Maldonado's ( 1976 ) work and 

will be included in the final project report. 

Model improvement work is continuing. The data from the current research 

program can be ,used for development of models 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 colle.ction ... at the Katy Freeway Site in Houston. In addition, 

dispersion model analysis and: develo.pment is well underway and . greatly improved 

results have already been obtained. 
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TABLE 5 

Data Locations 

(RADO) (RADI) (RAD2) (RAD3) (RAD4) (RAD5) (RAD6) (RAD7) (RADIO) (RADII) (TOTAL) 

CARS CARS CARS CARS CARS CARS CARS CARS CARS CARS CARS VA40m HA40m 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 VAIOm HAIOm WVIOm TMPIOm RH30m :r,RGKS TRCKS TReKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS TRCKS 

HVY HVY HVY HVY HVY HVY HVY HVY HVY HVY HVY VAl.5m HAl.5m WVl.5m TMPl.5m RHl.5m 
TRCKS TRCKS TRCKS TRCKS TReKS TReKS TRGKS TRCKS TRCKS TRCKS TRCKS 

0'1 CAL CAL CAL CAL CAL CAL CAL CAL CAL CAL CAL C04H 01 

TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL C04L 

C06H TOTAL EASTBOUND TOTAL WESTBOUND COIH C02H C03H C05H 

C06L GRAND TOTAL COIL C02L C03L C05L 
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o 56 
0.0 60.4 

c 19 
0.0 59.1 

o 
0.0 

31 
58.6 

C 2 
0.0 66.4 

o 
0.0 

14.536******~ 12.646 

-5.26 lre70 154.63 
11.892 2.605 29.354 

75.57 
0.913 

-0.36 10.53 124.16 76~18 3 0 .43 
11.384 3.311 \7.32'3 11.643 1'.70:3 

0.41 
5.551 

9.73276e18 
2.877 16,43\ 

2 .. 49 
O.6C56 

80.18 
1.304 

************** 1~16 0.43 
"''''''''''*'''*''''''*'''''''''''' 0.7483 0.2519 

"''"**'''''''''''''''**''''''* 3.03 2.36 
*~*.******"'*** 0.9332 0.6394 



******* 
******* 

0.08 
0.2867 

******* 
******'" 

0.11 
0.3339 

31 75 
69.4 60.6 

13 11 
70.1 62.0 

4 3 
70.9 55.0 

o 
0.0 

o 
0 .. 0 

52 91 
70.6 60.7 

36 71 

21 13 
69.2 60.2 

3 6 
74.0 63.8 

5 10 
73.4 64.5 

o 
0.0 

65 100 
70.2 60.4 

TABLE 6 (continued) 
5 MINUTE AVERAGE AT 15:25 FILE: MAY 4,1976 ATGRADE 

o 46 29 7 58 
0.0 

11 34 0 291 -1.62******* 198.57~*.**********~*. 

o 2 5 2 11 4 8 0 56 
0.0 60.3 40.0 57.1 5906 58.2 50.5 .0.0 59.3 

o 1 0 2 8 1 3 0 22 
0.0 62.6 0.0 56.6 60.2 58.9 50.6 0.0 59.8 

o 
0.0 

o 
0.0 

o 
0.0 

035 8 2 8 
0.0 43.0 55.9 6,; .. 0 53.8 "54.3 

o 
0.0 

o 
0.0 

o 1 
0.0 60.8 " 0.0 

49 37 16 85· 18 
53.2 30.8 54.4 56.4 55~~ 

401 
55.8 

172 
54.8 

c 
0.0 

53 
52.3 

o '=2 
0.0 60.4 

o 1 
0.0 60.8 

o 
0.0· 

-1.84 11.33 147.C8******~ 
12.589 2.846 31.97 7 ******* 

-0.29 It.C4 117.17****~*.* ••• **~ 
10.820 2.525 16.068***~**.***~*** 

0.59 lC.31 271.02*****~*.*.***~ 
4.428 2.075 180892************** 

2~ 21 
0.3329 

1.67 
0.4913 

1.27******* Oa86 0.25 
0.7825******* 0.5622 0.2318 

3.19******* 2.24 1~89 
1.3603* •• *"'** 1.1068 0.7284 

5 MINUTE AVER~GE ~T 15:30 FILE: MAY 4,1976 ATGRADE 
o 69 15 11 59 16 52 0 329 -0.73******* 215.37""'!'.·"'*****"*~**** 

0.0 54.3 26.6 45.6 54.3 53.2 49.9 

o 
0.0 

o 

o 3 3 10 10 5 
0.0 38.9 61.3 59.6 53.0 50.2 

1 3 1 4 2 2 

o 4 .2 6 10 .2 5 
0.0 58.9 44.7 60.2 64.6 51.1 52.1 

c 
0.0 

o 
0.0 

o 
0.0 

c 
0.0 

o 74 23 21 83 30 ell. 
0.0 54.6 32_3 52.8 56.5 53.4 50.0 

262 
5S.7 

4CO 
5e.5 

198 
53.5 

0.0 54.9 

o 65 
0.0 60.2 

o 22 

o 44 
0.0 61.5 

o 4 
C.O 58.7 

o 
0.0 

-4.24 11.37 162.06~*.***'" 
12.658 1.867 280776****~** 

0.06 11.10 129.50~**********.** 
10.277 2.537 2105~1******~******* 

Oe49 9086 278.19 79.02**.**** 
5.741 2.366 23.633 0.242******* 

2.23 
0.6975 

1.15**********"'*** O~35 

0.6202************** 0.3213 

3.28 2.73******* 1.95 
1.3136 1.1952******* 0.3910 



0'\ 
o 

"'*"'***'" 
"'*"'**** 

. 0.00 
0 .• 1903 

"'",,,,.Jr*,,, 
**"'***'" 

0.02 
0.2189 

74 
59.5 

26 18 
70.9 58.5 

8 
70.7 

o 
0.0 

o 
0.0 

63 It'l 
70.3 59.6 

33 
69.2 

75 
59.6 

19 21 
69.2 60.7 

6 7 
64.4 63.6 

15 8 
71.1 60.9 

o 
0.0 

o 
0.0 

73 111 
69.'2 60.2 

5 MINUTE AVERAGE ~T 15:3S 
o 60 29 16 58 

O.C 53.4 27.6 44.9 520B 

TABLE 6 (continued) 
F!L~: M~Y 4.1976 ~TGR~DE 

8 37 0 310 0.51******* 225.89 
0.0 53.3 

74.45 
0.843 

o 4 5 7 7 10 7 
0.0 57.6 37.4 52el 61.2 51.8 54.4 

-1.14 11.61 177.03 75.94-
14.725 4.185 16.973 0.836 

o 
0.0 

o 
0.0 

o 
0.0 

1 
55.3 

3 
49.4 

o 
0.0 

1 
41.3 

6 
57.9 

o 1 1 
0.0 59.9 60 .. 3 

4 
54.4 

o 
0.0 

E 
51.6 

Ie 
54.5 

o 
0.0 

o 68 38 30 84 23 6C 
0.0 53.5 30.2 49.5 55.7 53.6 53.0 

277 
56.5 

197 
53.7 

o 
0.0 

o 
0 .. 0 

.23 
56.4 

C 2 
0 .. 0 60.1 

-0.70 
12.633 

0.33 
5.497 

9.53 143.78 
2.911 23.'276 

7.62 284.3C 
2.993 31,,464 

2.68 
1. 5154 

\ • 511 
0.5367 

1.46 -0.92 

76.12 
0.553 

79 .. 55 
0 .. 329 

474 
55.3 

2.37 3~95 6.08***~*** 

2.6746 201948 8.7136******* 

5 MINUTE AVERAGE AT 15:40 FILE: MAY 4.1976 ATGRADE 
o 76 36 15 59 10 

50.6 
34 0 338 0.81******* 221.67 

o 
0.0 

52.9 0.0 53.3 17.479******* 11.681 

4 1 4 12 12 11 
60.5 37.9 53.7 58.2 54.5 53.6 

o 84 
0.0 59.8 

-3.12 11.35 175.58 
16.146 3.404 19,,309 

74.89 
f'. 922 

76.23 
C~648 

40.50 
00165 

37.93 
O~244 

o 
0 .. 0 

o 
0.0 

o 3 1 6 4 
0.0 51.8 6003 52.1 51.3 

o 27 
0.0 58.0 

2.12 10.75 142.03 
13.599 2.511 16.543 

76.54 4A.59 
0.624 0.426 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

1 6 121 0 9 
49.8 55.1 62.0 0.0 58.6 

o 1 
0.0 60.5 

o 
0.0 

(\ 

0.0 

o 80 38 28 85 28 58 
C.O 55.0 28.4 48~1 55.4 52.6 53.8 

302 
57.0 

501 
55.6 

199 
53.5 

o 52 
0.0 62.8 

o 1 
0.0 60.5 

o 
0.0 

0 .. 65 8.64 280.?O 
5$456 2.728 31$054 

****."'** 
***""'*." 
***.,.** 
******* 

80~ 11 37.91 
0,\521 O~379 

1.02 -1.20 0.74******* 
0.3487 0.7674 0.4515******* 

3.50 3.33 2.55.****** 
1.1283 1.4758 0.8073**"'**** 



******* 
******* 

0.19 
O~ 400: 

****.** 
****.*. 

-0.11 
0.3667 

47 
68.8 

24 21 
69.0 59.7 

9 12 
74.1 64.0 

1 
70.0 

o 
o. a 

84 1 () 9 
69.6 60.8 

44 83 
69.5 59.5 

24 21 
70.4 61.4 

2 4 
76.0 60.5 

10 6 
74.8 63.9 

o 
0.0 

o 
0.0 

80 114 
70.6 60.1 

TABLE 6 (continued) 

c 
0.0 

5 MINUT~ AVERAGE AT 15:45 FILE: MAY 4,1976 ATGRADE 
66 31 19 65 17 

53.4 
47 0 366 .2.10******* 220.59 74.15 

0.566 
687.0 

30.757\ 
:2.8 28.8 4549 52.5 50.9 C.O 53.8 13.016******* 1~$392 

o 
0.0 

6 
57.0 

3 
38.8 

2 12 
48.2 61~3 

21 
54.8 

04246 2 
0.0 55.0 38.2 57.8 61.7 57.3 63.0 

o 4 7 531 8 
O~O 58.0 41.6 54.0 64.2 58.5 57.8 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0 0 0 

o 
0.0 

o 
0.0 

o 80 43 27 84 45 65 
0.0 53.5 32.0 48.0 54.6 54.7 52.0 

316 
57.4 

537 
55.6 

221 
53.0 

o 
0.0 

97 
59.3 

o 25 
0.059.1 

o 49 
0.0 60.1 

o 1 
0.0 70.0 

o 
Q,O 

-0.35 
17.223 

10.92 175.76 
2.055 27.282 

75" 62 
0.497 

1014 9.99 139.72 76.20 4~.52 
13.537 2.326 21.259 0.339 O~271 

0.47 8.05 283009 80.38 37.48 
6.153 1.S71 2 7 0775 0.363 0.325 

*"'***** 
******* 

*"'''''''*** 
******* 

1.24 -0.71 C.99 0$33 
0.4501 0.5199 0.6004 0.2369 

4.42 4.26 5*25 2.15 
1.9174 2.1508 ~.g720 0.4581 

5 MINUTE AVERAGE Ai 15:50 FILE: MAY 4,1976 ATGRADE 
077 21 11 49 17 41 0 343 -0.96******* 218.54 75.3~ 

a 5 o 2 12 14 13 
0.0 62.5 0.0 60.1 60.2 58.8 50.4 

o 100 523 
0.0 57.8 0.0 0.0 64.9 59.1 52.2 

a 3 4 9 19 2 8 
0.0 58.2 46.7 61.1 64.3 59.2 55.7 

o 
0.0 

a 
a.o 

o 2 
0.0 63.8 

o 
O~O 

o 
0 .. 0 

o 
0.0 

o 66 2~ 22 85 35 65 
0.0 54.2 31.2 52.4 57.7 57.4 51.7 

305 
58.S 

512 
57.4 

207 
55.2 

0 .. 0 55.0 

o 91 
0.0 61.7 

o 17 
c.o 61.9 

/) 61 
0.0 62.8 

o 2 
0.0 63.8 

o 
0 .. 0 

12.535******* 15.482 0.931 25.2587 

-1.03 10.09 167.94 76.25 
16.148 20819 23.717 0.890 

-0.43 9.85 131.32 
14.117 2.606 19.232 

0.46 9.02 275.10 
5.847 2.677 24.753 

******* 
******" 

2.38 
0.3064 

76.34 4t.35 
0.510 0.283 

79.66 38.46 
0 •. 385 0.4·28 

1.75 -0.81 0.71 ~.42 

0.6933 0.5825 0.E980 0.2541 

4.16 3.74 2.54 1.78 
1.1246 1.3198 1.3404 0.7290 



en 
N 

***"''''** 
*"''''*'''** 

*"'**-"'*'" 
"'*"'**"'''' 

"''''*'''''''''* 

*"'."'*** 
0.1<; 

0.2414 

44 
70.0 

75 
59.3 

25 15 
71.3 60.8 

5 5 
71.0 63.5 

10 12 
72.2 65.8 

o 
0.0 

o 
0.0 

84107 
70.7 60.5 

43 83 
69.3 59.7 

17 11 
69.1 62.0 

3 3 
66.9 61.6 

5 10 
.67.5 64.5 

o 
0.0 

. 0 
0.0 

68 107 
69.0 60.4 

TABLE 6 (continued) 
5 ~INUTE AVER~GE AT 15:55 FILE: MAY 4,1976 ATGRADE 

o 66 21 10 48 
0.0 53.9 30.6 47.9 52.3 

19 
52.1 

38 0 321 -2.95******' 208.0n 535.6 
S 8. "2'14 51.1 0.0 55.0 

C 2 3 2 5 21 11 
0.0 56.8 42.0 52.2 62.8 55.0 52.0 

o 1 
0.0 59. 5 46. 9 

022 
0.0 65.0 44.2 

6 7 
52.5 060.5 52.0 

9 14 3 
57.563.650.0 

o 
0.0 

o 
0.0 

o 1 o 
0.0 

o 
thO 0.0 59.1 

4 
57.0 

7 
53.5 

o 
0.0 

o 71 27 22 73 50 60 
0.0 54.3 33.5 52.4 55.9 53.2 51.9 

28<; 
59.4 

205 
5] .. 7 

o 84 
O. C 60.5 

C 30 
0.0 59.6 

o 59 
0.0 62.1 

o 1 
0.0 59.1 

" C.O 

-4.32 9.75 159.23 76.52 
11.209 3.123 31.793 0.2)3 

-Os83 9060 129.~7 

13.531 3.058 20.563 

-0.20 8.03 270$60 
5.634 1.837 21~340 

1.82 
0.7993 

1.94-
0.4630 

7 7 .00 40.53 
Oe349 O~652 

79,85 37.98 
0.697 0.631 

1.57 -0065 1.08 O~33 

0.8879 1.0261 0.8095 0.1859 

4.21 3.60 2.73 2~73 

1.5785 1.4984 0.7169 0~7801 

5 MINUTE AVERAGE AT 16: 0 FILE: MAY 4,1976 ATGRADE 
o 71 35 13 49 16 

0.0 54.3 29.2 45.4 53.0 53.0 
41 0 351 -1.72******* 214.34 74c25 712 Q 8 

50.8 0.0 53.9 12.4-20******* 13.187 0.748 31.6346 

o 5 1 3 12 
0.0 60.6 38.5 47.6 52.9 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

1 
56.3 

o 
0.0 

2 3 
45.5 49.7 61.3 

2 4 13 
49.6 55.7 55.1 

o 
0.0 

2 
51 .. 5 67.6 

24 4 
55.8 45.8 

5 7 
52. 9 f- .~ .• <; 

1 9 
55.0 54.3 

o 
0.0 

o 
0.0 

o 77 39 22 77 46 61 
0.0 54.7 30.9 47.9 53.7 54.5 51.5 

291 
57.0 

497 
55.1 

.!06 
52 .. 6 

o 77 
0.0 58.4 

o 24 
0.0 56.8 

o 45 
0.0 58.3 

o 3 
0.0 56.9 

o 
0.0 

-6.61 
10.432 

0.10 
10.391 

10.53 156.39 
2.428 28.002 

10.30 129$ 6! 
2.378 18.411 

8.52 277.::3:7 
2.330 ;:".203 

C.96 
0.3632 

1.51 
0.3632 

75.,36 39.67 
0.753 '.,.358 

79.55 37.14 
0.5050.180 

1.17******* 0.56 0.34 
0.6290******* 0.4579 ~.3068 

3.76 3.33 2.24 t.39 
1.0640 1.1492 0.5636 0.4699 



'******* ******* 
0.10 

0.3159 

******* 
******* 

0.01 
0.2353 

98 
70.1 

176 
60.5 

43 36 
68.9 61.7 

15 11 
68.7 61.6 

13 24 
76.5 60.0 

o 
0.0 

o 
0.0 

169 247 
70.2 60.7 

71 169 
69.2 60.5 

43 39 
72.6 62.1 

13 15 
68.7 60.5 

8 
70.7 

o 
0.0 

13 
61.9 

o 
0.0 

13!: 236 
70.3 60.8 

TABLE 7 
15 MINUTe AVERAGE AT 14:45 FILE: MAY 4.1976 ATGR~DE 
o 139 79 44 178 93 0 833 1.14******* 223.97 74.57 739.0 

0.0 48.7 0.0 54.0 15.993******* 13.080 0.782 233.8044 

o 15 1214 16 14 21 
0.0 57.5 38.6 55~9 62e3 58.4 55.8 

o 
0.0 

o 
0.0 

o 
0.0 

6 
58.4 

10 
57 .. 9 

o 
0.0 

o 
0.0 

o 

8 13 1 
59.5 62.5 52.6 

21 24 2 
58.764.553.7 

o .0 66. 4 68. 7 
o 

0.0 

6 
54.1 

21 
56~8 

o 
0.0 

o 170 98 87 2~1 43 141 
54.7 51 .. 2 0.0 55.0 30.6 51.5 57.1 

684 
57.3 

1186 
56.0 

502 
54.2 

o 171 
0.0 60.1 

o 
0.0 

o 
0.0 

o 

o 
0.0 

60 
62.1 

2 

-1.23 12.84 176.01 75.92 
14.615 4.147 24.155 0.637 

-0.08 
13.588 

0.56 
6" 550 

10. 76 144.49 
3.733 23.342 

8.40 289.49 
2.386 3:>.204 

1.80 
0.4309 

2.33 
0.4473 

76.32 40.68 
0.5000.744 

79.49 38.70 
0.691 0 .. 747 

1.18 0.61 0.71 0.35 
0.5839 0.5049 0.3870 0.2019 

2082 2.40 2.~9 1.75 
Oe8386 Oe9412 0.7238 0 .. 4401 

15 MINUTE AVERAGE AT 15: 0 FILE: MAY 4.1976 ATGRADE 
o 135 59 33 1 C:·7 34 124 1 783 o.o~******* 220,73 75.02 766.1 

0.0 53.8 28.645.0 53.2 53.0 52.5 55.6 54.0 13.711****~** 16$351 0.713 57.8174 

o 10 4 6 28 14 17 o 161 
0.0 58.1 36.6 53.3 61.0 53.1 53.6 0.0 61.8 

o 5 2 1 8 2 5 52 
0.0 5806 39.9 52.9 60.4 53.6 56.2 78.5 61.1 

(' 5 
0.0 66.1 

2 
41.4 

10 26 
60.2 62.1 

o 1 

2 
60.3 

1 
16.9 

o 

74 
62.3 

o 
0.0 

o 
0.0 0.0 55.9 

o 
0.0 

o· 
0.0 

o 
0.0 0.0 55.? 

o 155 67 50 219 52 153 3 
0.0 54.6 29.8 49.2 55.5 53.3 53.1 70.3 

593 
57.9 

1070 
56.1 

-3.86 12.2<) 171.96 76 .. 41 
1·.055 4.056 26.905 0.747 

0.46 11.11 1~8.99 76.65 39.56 
11.909 3.710 2'.754 0.658 0.419 

-0.49 
6.013 

9.04 291 .. 14 
2.593 304952 

. ~. 01 
0.554('. 

1.96 
0.4032 

80.0637 .• 57 
0.579 0.345 

1.09 0.66 0.69 0.36 
0.7368 0.5618 0.4062 0.29~1 

2.99 2.30 2.C5 1.64 
1.2482 1.0950 0.7003 0.6283 



******* 
******* 

0.16 
0.4241 

******* 
******* 

0.1:: 
0.2966 

90 180 
70.2 60.1 

44 30 
70.9 62~5 

10 9 
71.4 60.8 

7 18 
74.3 62.0 

o 
0.0 

o 
0.0 

TABLE 7 (continued) 
15 MINUTE ~VERA,GE AT 15::\5 FILE: MAY 4,1976 ATGRADE 
1 180 64 30 162 27 105 

o 15 7 6 33 20 25 
0.0 58.7 40.9 56.1 61.5 55.8 52.4 

o 2 4 4 15 3 7 
0.0 61.2 42.9 59.2 60.9 52,,8 50.3 

o 2 5 11 23 3 19 

1 840 0.41******* 220.73 74.05 746.5 
0.688 32.8133 

o 180 
0.1) 60.8 

o 55 
o.c 59.6 

94 

-2.10 12.13 175.17 75.52 
16.3~0 3.588 27.970 0.691 

-0.27 10.59 143.06 
12.315 3.435 ~6.863 

75.95 39.06 
C.4l7 0.576 

-0.07 8.46 296.85 79.24 36.96 
66.0 47.7 56.5 5e.? 61.4 60418 3.43738'.414 0.701 0.5!7 

o 
0.0 

o 
0.0 

o 2 
0.0 61.7 

o 1 
0.0 43.4 

o 3 
0 .. 0 57,,3 

10A8 
0.4957 

151 237 1 199 80 51 239 53 156 2 1.89 
0.5259 70.7 60.6 46.5 55.0 30.8 51.3 56 0 4 53.6 52.0 57.7 

97 214 

9 15 
72 .. 1 60.9 

12 i 5 
76.3 63.1 

1 
83.7 

o 
0.0 

1 c4 277 
70.2 60.3 

668 
57.6 

1169 
56.2 

501 
54.2 

******* '0.68 Oe65 O~45 
******* 0.6347 0.5688 0.3380 

******* 2.28 
******* 1.2244 0.8226 0.7517 

15 MINUTE AVERAGE AT 15:30 
o 159 70 30 177 34 

FILE: 
127 

MAY 4,1976 ATGRADE 
C 908 -1.13******* 2)7.45**************** 

0.0 53.9 27.5 45.8 53.B 54.4 50.7 

o 8 8 7 3!5 18 22 
0.0 60.3 39.6 58.0 59s0 55.0 51.3 

o 4 3 4 16 6 6 
000 62.4 45.9 57.4 59.6 55.0 49.7 

o 4 7 17 27 4 21 
0.0 58.9 4407 57.2 64.0 52.5 54.0 

o 
0.0 

o 
0.,0 

033 
0.0 630564.8 

o 
0.0 

o 
0.0 

o 175 88 58 ;~55 62 176 
0.0 54.5 30.6 51.9 56.0 54.5 51~2 

704 
57,,4 

1255 
55.9 

551 
53.8 

o 177 
0.0 60.0 

C 63 
0.0 59.7 

o 107 
0.0 60.3 

o 
0.0 

-3.78 11.13 154.69******* 
12$385 2.445 30.359***"'*** 

-0.20 lC.S9 123.55************** 
10.790 2.779 '8.980************** 

0.50 9.96 275.10 79.58******* 
5.261 2.438 tg.998 0.977*"'***** 

2.31 
0.5692 

t.65 
0.4697 

1.05************** 0.35 
0.7546************** 0.2730 

2.95************** 2.08 
1.8110************** 0.6209 



**"'**** 
***"'*** 

0.C7 
0.2909 

******* 
******* 

******* 

******* 

108 
69.1 

69 . 60 
69.8 59.7 

11 14 
67.162.3 

32 31 
71.8 62.3 

1 
10.0 

o 
0.0 

220 328 
69.6 60.2 

241 
59.5 

10 12 
70.862 .. 0 

25 28 
72.3 64 .. 9 

o 
OoC 

o 
0.0 

232 328 
70.2 60.3 

TABLE 7 (continued) 
15 MINUTE AVER~GE AT 1 5: 4~:; 

182 
52&9 

FILE: MAY 4.1976 ATGRAOE 
o 202 96 50 35 

52.9 
118 0 1014 1.14*****"'''' 222.70 71+.50 

0" 802 
592~1 

30.9631 O~O 53.7 27.9 44.7 52.0 0 .. 0 5305 14.980******* 13~362 

o 14 9 13 31 
0.0 58.2 37.9 52.0 60.1 

o 5 3 5 9 16 12 
000 55.1 39.2 53~8 61.5 54.6 53.4 

o 7 11 17 31 2 27 
0.0 54.3 42.4 55.8 62.6 58.6 56.9 

o 
0.0 

o 
0,,0 

021 
C ... :) 60. 2 60. 3 

o 
0.0 

o 
0.0 

o 228 119 85 2~~ 96 183 
0.0 54.0 30.3 48.6 55.2 5308 52.9 

895 
57 .. 0 

1512 
55.5 

o 265 
0.0 59,,5 

{l 75 
C.O 57.9 

o 4 
0.0 62.7 

C 
(:'0 

-1.53 11.30 176.14 
15.998 3.289 21.611 

75 .. 95 
I) .. 685 

0.85 10.09 141.83 76 .. 29 40.54 
13.256 2~600 20.522 0.518 ~.29~ 

O~48 8.11 282 .. 57 80.n1 37~77 

5.700 2.567 3).023 0.522 0.372 

******* 
**"'*"'** 
**",**** 
**.**** 

1.24 -0.94 2.73**"'**~* 
1.0213 1.1128 6.5032******* 

3.8e.******* 
2.1176 1.9392 4.9469*"'''''''*** 

15 MINUTE AVER~GE AT 16: 0 FILE! M'Y 4,1976 AT GRADE 
o 214 77 34 ~A6 52 120 0 1015 -1.88******~ 213.62 75 .. 06 

0.947 
669.8 

50.4911 0.0 53.8 29.3 45.6 53.1 53.6 51.1 c.o 54.6 12.394*****~. 14.772 

o 12 4 7 29 59 28 
0.060.841.152,,:':; 57.656.250.3 

o 
0.0 

o 
0.0 

o 
O .. C 

2 2 3 14 
58.7 46.2 50.6 62.3 

6 8 22 ~6 

6C.2 46.8 58.7 61.5 

o 
0.0 

14 14 
53.3 55.0 

6 24 
53.9 54.5 

o 
0.0 

o 
0.0 

o 234 91 66 2~5 131 186 
0.0 54.4 31.7 50 .. 9 55.e 54.8 51.7 

885 
58.4 

1503 
56.5 

618 
53.8 

o '252 
0.0 60.3 

o 71 
0.0 59.2 

o 165 
0.0 61.3 

o 6 
G.O 59.6 

c 
c.o 

-3.99 10.12161.31 76.07 
12.967 2.776 28.269 0.871 

-0.39 9.92 130.17 
12.734 2.665 19.331 

0.15 8.52 274.36 
5.664 2.304 22.228 

1.48 
0.7323 

1092 
0.5135 

76.40 40 .• 52 
0.710 0.830 

79 .. 69 37.86 
C.518 0.7':17 

1.50******* 0.78 0.36 
0.7590******* 0.6838 0.2433 

4.04 3.56 2.5' 2.13 
1.2490 1~2948 C.9264 0.7808 



******* 
."'*"''''** 

0.05 
0.2868 

"'**** •• 
.*"'*"'.* 

0.11 
0.3413 

313 681 
69.6 60.5 

160 
70.8 

138 
61.4 

42 73 
73.4 61.7 

o 
0.0 

o 
0.0 

559 946 
70.2 60.8 

426 856 

225 170 
70.260.9 

40 50 
70.2 61,,5 

76 92 
72.9 63.2 

o 
o. () 

767 1170 
70.1 60.3 

TABLE 8 
60 MINUTE AvEPAG~ AT 15: n FILE: MAY 4.1S76 ATGQADE 
o 532 260 155 657 118 

O.C 53.9 28.4 45.7 54.3 53.5 
336 9 3061 0.18***.*** 216.46 

5~.7 52.5 54.1 15.156******* 15.868 
74.52 &78.2 
O.79~ 196.0(,97 

(\ 

0.0 

o 
0.0 

c 
C.O 

o 
0.0 

49 
58.1 

30 
54.1 

109 
61.8 

22 9 t 7 50 8 
58.5 42.0 5 7 .9 60.4 54.4 

30 17 59" 106 5 
60.3 43.6 57.9 63~O 56.4 

137 
56.0 

o 
0.0 

53 1 2!O8 
56~0 78.5 60.0 

96 2 .430 
58.5 88.2 61.2 

o 
0.0 

064 
0.' 59.5 68.5 

o 7 o 17 
0.0 56.2 0.0 60.2 

o 633 318 261 922 185 622 12 
0.0 54.7 30.5 50~2 56.5 54.0 53.5 60.6 

2456 
57.4 

2002 
54.5 

-2.08 
14.139 

0.70 
12.401 

0.44 
5.921 

12.06 lS7~41 
3.856 2:;1.923 

10.77 134.44 
3.561 22.692 

9.22 291.63 
2.833 28.786 

2.17 
C.8026 

2.54 
3, 5546 

75.67 
0.921 

76,.12 
(1.717 

79.08 
1.034 

1.02 0.74 0.94 0.39 
1.55980062030.65350.2717 

2.98 2.51 2.05 ,.60 
1. 1295 1.1714 1. 2173 2.2 7 96 

41.19 
1.271 

38.93 
1.039 

60 MINUTE t!.VERAGS A.T 
1 755 "307 144 

FILE: 
470 

Mb.Y 4.1976 t!.TGRb.DE 
148 1 3777 -~.37******* 216.14 74.54 

28.1 45.6 5303 53.5 51.3 56.7 54.2 

o 49 28 33 128 140 101 o 874 
0.1) 60.1 C.O 59.339.654.159.6 5S.3 51.7 

c 
O.C 

o 
0.0 

(' 

C.O 

13 12 16 55 39 29 0 264 
58.8 43.3 55.5 6100 54.1 52.8 0.0 59.0 

19 31 67 132 15 91 1 524 
=6~9 44.8 57.9 63.2 52.9 55.5 5e.7 61.0 

o 12 5 o 20 a 
0.0 o • 0 60. 3 64. 5 0.0 48.4 0.0 62.4 

1 8:36 378 260 98~, 342 701 2 

46.5 54.5 30.8 50.5 55.9 

3152 
57.6 

5439 
56.0 

54.3 51.9 57.7 

2287 
53.8 

-2.85 11.17 167.07 75.78 
14.520 3.123 28.384 <'.781 

-:>.00 10.37 134,,5() 
12.297 2,897 22.927 

:>.27 8.76 281~39 
5.776 2.798 29.823 

1.19*-***** 

2.01 
0.8394 

1. 7 9 
O.53~3 

1.33 

2 .. 80 

76.20 41').00 
0.573 0.882 

79.63 37.51 
0.7:3(' :)~645 

0.38 

2.02 3.37 3.21 
1.7050 1.6380 2.7462 0.678"3 



***"'*** 
******* 

-0.01 
0.2265 

******* 
******* 

0.09 
0.398E 

33 
69.5 

74 
59.8 

27 18 
71.0 59.5 

5 
70.2 

8 
70.4 

o 
0.0 

o 
0.0 

73 110 
70.2 60.0 

79 
59.3 

21 19 
6S.6 58.7 

8 
68.9 

10 
71.6 

o 
000 

7 

~9. 7 

5 
63.8 

o 
0.0 

1':5 110 
68.9 59.4 

,TABLE 9 

5 MINUTe AVERAGE AT 16: 5 FILE: 
31 

MAY 4,1976 ATGRADE 
o 75 31 16 37 19 

51.1 
4. 320 7.77**"'**** 231.03 

0.0 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

l) 

0.0 

51.8 28.3 37.1 4- 7. 4 5 e:. 4 51 .7 

5 7 2 13 21 19 113 
59.5 38~1 27.5 48.5 51.e 43.9 43.5 54.9 

Q 
0.0 

o 
0.0 

o 
0.0 

1 
39~8 

47e 6 

25 .. 6 

o 3 
0.0 36.4 

9 
49,,7 

o 
(1.0 

SO 40 24 63 
52.3 30.8 38.5 4/l.3 

513 
52 .. S 

8 
53.7 

o 
0.0 

52 
52.1 

210 
47.3 

o 
0.0 

66 
45.3 

() 

0.0 
. 35 

52.4 

45 
55~5 

18.991******* 2~.105 

6.53 8.64 183.58 76.86 
14.285 2e685 21.436 0.688 

1.99 
.0.538 

1.21 
6.650 

7.63 144.13 
1.662 27.924 

6.S4 270.55 
2.209 359852 

2.30 
O.84CO 

2D 35 
0.7737 

2.29***"'*** 

77.38 
0 .. 548 

80.75 
0.S69 

0.22 
1.2927******* 0.4398 0.1846 

4.71 4.59 3.12 2.29 
1.4020 1.4870 0.7256 0.6139 

5 MINUTE AVERAGE AT 16:10 FILE: MAY 4,1976 ATGRAOE 
o 85 29 13 18 31 

41.1, 
14 0 315 -0.23******* 220~48 

0.0 53.6 28.2 17.5 1'~.5 15.1 0.0 48.1 14~830******* 15e734 

o 5 3 11 7 51 28 
0.0 57.1 34.7 21.9 16.8 41.1 16.9 

o 
0.0 

o 
0.0 

o 
0.0 

1 5 
53.5 40.2 

7 

23.4 

8 
24.1 

o 
0.0 

o 1 
0.0 27.9 

1 
11 .• 2 

o 
(1.0 

13 
39. t 

2 
38.4-

14 
20.6 

9 
17.7 

o 1 
0.0 15.8 

o 92 41 39 28 97 65 
0.0 53.9 31.6 21.2 13.6 40.8 17.4 

328 
56.8 

557 
44.8 

229 
27.5 

o 145 
0.0 4/).'5 

I) 

0.0 

o 
0.0 

40 
42.7 

o 2 
0.0 2106 

() 

0.0 

-2.29 10.41168.55 76.49 
11.452 2.922 25.759 O~~35 

0.24 
11.711 

-0.03 
6.546 

CJ.51 13"-.95 
3.00420.648 

9 .. 34 282 .. 71 
3.379 30.289 

1 ~ 66 
0.8178 

1. 7 5 
0.4152 

76·,91 
00 ::'51 

SO~12 

0.599 

1.57******* 0.96 0.26 
1.1453******* 0.7076 001951 

5.13 4.85 3~97 2.47 
1.8402 2.1286 2.0032 0.9912 

626.6 
73.9459 

39,65 
O~4-51 

37053 

0."-41 

f05.0 
18.2620 

39;,74 

0" 1, 7/+ 

37.29 
00083 



I 

******* 
****,,** 

0.02 
0.3424 

******1< 
******* 

0.13 
0.3860 

45 
68.3 

61 
58.9 

11 22 
72.6 61.7 

6 6 
68.2 60.7 

5 
77.8 

o 
0.0 

o 
0.0 

67 97 
69.7 59.7 

39 59 
68.9 59.9 

18 13 
72.2 60.5 

7 
66.8 

3 
71.6 

1 
77.8 

10 
S9.2 

12 
59.8 

o 
0.0 

67 94 
69.7 59.9 

TABLE 9 (continued) 

5 MINUTE AVEPAGE AT I 6: 15 
o 55 31 10 8 25 

0.0 52.6 29~4 17.7 1.~~.6 37.9 

o 
0.0 

3 10 16 27 
35 .. 1 36.621.317.6 

FILE: 
8 

MAY 4.1976 ATG~'DE 

14.3 
o 2 4 3 2.29~****** 2'5.82 

0.0 48.6 

o 108 
C.O 37.8 

-2.42 9.64 146.43 
13.052 3.427 32.418 

75.07 
C.794 

7601! 
C.748 

602.4 
8.0312 

o 
0.0 

3 
56.8 

4 

40.4 
5 17 

16.7 36.0 
11 

17.0 
O' . 53 

O. O. 38.0 
-0.91 9.68 114.e2 

12.498 2.899 19.533 
7(,. 76 39.38 
0.162 '0.397 

o 
0.0 

4 
56.4 

13 
2504 

10 
1 6~ 1 

to 
33.9 

12 1 
17.6 101.8 

65 
35.9 

1.81 
4.548 

10.11 261.93 
2.606 20.570 

79.42 37.27 
0.407 0.503 

o 
0.0 

o 
0.0 

268 
56.4 

o 
0.0 

o 
0.0 

o 2 o :3 
0.0 23.7 0.0 23.9 

64 40 34 39 79 
53.1 31.6 21.9 16.6 36.0 

469 
43.1 

201 
25.4 

48 1 
16.0 10le8 

3.42 
1. 7020 

2.22 
0.5872 

2.76***~*** 2.14 0.24 
1.4297******* 0.9716 0.2194 

7.71 7.08 5.39 
2.5577 1.7721 1.3851 

5 loll NUTE AVEP AGE AT 16: 20 FILE: 
6 

MAY 4.1976 ATGRADE 
o 54 39 9 16 28 

O.C 55.6 28.6 26.7 15.5 38.3 15.1 

o 8 1 11 21 37 21 
0.058 .. 948.225.8113.940.321.0 

o 
0.0 

o 
0.0 

o 
0.0 

2 
58.4 

o 
0.0 

2 
45.2 

6 
43.0 

25 
25.2 

3 

20.5 

o 5 2 
0.0 26. 7 2 5. 5 

12 
39.4 

6 
34. :) 

o 
0.0 

o 
0.0 

o 65 48 49 62 83 64 
0.0 56.1 31.5 25.3 11.3 39.0 20.9 

274 
56.4 

532 
42.2 

258 
27.2 

o 250 0.64*****.* 201.89 74.57 
1.295 0.0 48.0 9.880******* 90947 

o 130 
0.0 40.2 

o 
0.0 

o 
0.0 

47 
42.9 

lC5 
30.9 

o 8 
0,,0 32.8 

o 
0.0 

-3.76 12.32 ,40.96 75.52 
110343 3.118 34.301 1.546 

-0.93 
8.925 

1.92 
4.683 

11.69 11 5.29 
3.331 15.340 

11").66 264~2i) 

2.496 14.178 

2.23 
0.9532 

2.18 
0.6894 

76,.25 
0.913 

79.40 
0 .. S15 

2.26******* 1~69 0.40 
1.3444******* 0.7146 0.3225 

5.32 5.13 4.39 2.52 
1.7951 1.8~!3 1.2920 0.6428 

39.46 
o ~661 



******'" 
******* 

o.o"! 
0.Z200 

******* 
*****"'* 

0.18 
0.3864 

46 70 
69.6 59.8 

17 21 
70.9 61.7 

5 
73.0 

3 
68.3 

o 
0.0 

4 
60.5 

7 
68.4 

o 
0.0 

71 102 
70.1 60.8 

47 76 
70.7 60.f3 

17 22 
70.9 61.2 

5 3 
69.4 63.6 

o 7 
0.0 67.1 

o 
0.0 

o 
0.0 

69 108 
70.6 61.3 

TABLE 9 (continued) 

5 ",1 NUTE IWER AGE AT 16: 25 FILE: MAY 4,1976 ATGRADE 
o 64 32 19 31 16 18 1 297 0.82******* 220.32 7'5.02 544.6 

(). 71 6 t 8. 761 7 0.054.728.933.9 4 7 .• 948.4 43.2 38.9 52.3 14.859******* 15.872 

o 5 2 12 14 23 24 
0.0 59.4 37.6 41.5 45.8 48.9 26.6 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

o 
0.0 

.3 
32.8 

3 

7 

43,t 3 

17 
44·.3 

35.0 5;),,0 

8 
2701 

15 
28.7 

o 3 
0.0 39.6 

o 118 
0.0 49.0 

o 
0.0 

c 
0.0 

59 
44.4 

o 69 37 46 59 52 E5 1 
0.0 55.0 30.5 38.2 46.1 48~~ 31.7 38.; 

512 
50.1 

233 
40.9 

-0.98 9 0 49 170.82 75.72 
16.354 3.025 32.750 0.519 

0.99 
10.036 

-0.11 
6.218 

8e9;; 143.2" 
2.772 28.128 

8 .. 33 283~::>O 

2.290 31.764 

2.12 
0.7733 

2.52 
0.8124 

78,,65 
0.269 

2G31***.*** 1.59 0.46 
1.2691******* 0.7255 0.2000 

4.60 4.13 3.16 2.22 
1.5658 1.7148 1.3105 0.7996 

4<::.')9 
0.4C9 

38.24 
o ~49.3 

5 MINUTE AVERAGE AT 16:30 FILE: M6.V 4.1976 6.TGRADE 
o 76 31 9 'Sl '5 44 0 349 -3.31************** 73.30 587.4 

011169719$9499 0.0 53.6 28.9 46.3 52.2 56.2 51.2 

o 
0.0 63.0 

2 
37.9 

o ~ 21 9 
~.o 62.7 55.3 47.9 

o 0 4 444 2 
0.0 0.0 42.8 53.7 60.9 53.7 47.2 

o 123 ~ 6 
0.0 65.5 45.8 58.7 60.7. 65.2 53.6 

a 
0.0 

o 
0.0 

o 
0.1) 

o 
0.0 

o 
O"Q 

o 1 
0.0 47.6 

o 78 39 16 67 41 61 
0.0 53.9 31.7 50.5 54.5 55.7 50.8 

294 
57.6 

Co 0 54.7 

o 81 
0.059.8 

o 26 
0.0 56.8 

o 
0.0 

-O~25 10.46******* 75.49 
12.812 4.490.*~**** 0.582 

1.78 8.87******* 
11.977 3.261******* 

1.08 a.02******* 
4~534 2.300******* 

1.78 
0.3728 

75 0 94 410"7 
0.320 0.341 

79.74 38.16 
0.240 CQ449 

1.55******* 0.72 (\.47' 
0.8024******* 0.7917 0.2965 

3.05 2G71 2.61 2.06 
0.9071 0.9262 0.9027 O~5268 



".J 
,0 

******* 
******* 

,-o.Ot 
0.2357 

O.os 
0.2442 

42 
70.0 

67 
60.0 

19 19 
71.2 61.6 

3 
70.6 

o 
0.0 

7 
61. <; 

3 
63.3 

o 
0.0 

68 96 
70.7 60.5 

53 81 
69.6 60.6 

3 5 
72.0 65.5 

6 4 
75.1 60.7 

1 
74.8 

o 
0.0 

74 107 
70.6 61.0 

TABLE 9 (continued) 

5 MINUTE \VERAGE AT 16:35 FILE: MAY 4.1976 ATGRADE 
o 61 26 7 51 19 

0.0 52.9 29.4 45.3 
45 0 318 7e54******~ 219.7~ 74.49 

r.639 
597.4 

17.8045 53.5 57~1 50.9 0.0 54.6 17.023******* 21.148 

o 
0.0 

o 
0.0 

o 
o. () 

o 
0.0 

o 
0.0 

o 
0.0 

o 

3. 
37.7 

:3 
39.1 

1 
0.0 34.0 

4 
62.5 

o 
C.O 

6 
60.1 

13 6 
54.4 51.0 

:3 4 
64.3 57.3 

o 
0.0 

o 
0.0 

3 
49.0 

9 
55.5 

o 
0.0 

o 62 34 16 65 39 ~3 

0.0 52.8 31.4 53.5 55.3 55.6 51.4 

260 
57.5 

443 
56.0 

o 
0.0 

o 
0.0 

o 

25 
6'0.5 

30 
57.7 

0.0 34.0 

o 
;) 0 

-0.62 
14. 901 

9.62 164.03 
2.492 25.591 

9.50 127.94 
2 .. 066 17~272 

8.53 272.56 
2. 148 22. <; 59 

1" 47 
0.5032 

75~57 

fl. 51 A 

75.89 41.41 
Co 5'.) 7 O~372 

79.06 38.65 
0.300 0.389 

1.32******* 0.82 0&38 
O~9103***.*** 0.7308 0.2138 

3.94 3.50 3&18 2~06 

1.1268 102018 1.0959 ()~5031 

5 MINUTE AVERAGE AT 16:40 FILE: MAY 4.1976 ATGRADE 
o 56 32 9 42 19 ~~ 0 346 2.79******* 212.64 

0.0 53.0 27.4 52.4 51.1 53.8 50.7 0.0 54.4 12.905******* 18.087 19.0788 

o 
0.0 60.6 

2 
39.8 

o 
0.0 

1 C" -, 
59.4 

o 000 2. 4 1 
0.0 0.0 OeO 0.0 64.7 53.9 50.1 

o 2 3 5 5 2 11 
0.0 53.3 46.1 60.9 61.2 52.4 54.2 

o 
O.C 

o 
0.0 

o 
0.0 

I) 

0.0 
o 

0,,0 
o 

0.0 

o 59 37 14 64 53 75 
030 53.2 29.6 55.4 54.2 53.8 51.1 

277 
57.7 

483 
55.7 

o 
0.0 

84 
58.4 

o 15 
0.0 62.6 

o 38 
C.O 5902 

o 1 
0.0 74.6 

c 
0.0 

-2.01 
11.921 

8.43 l60.87 
2.73~ 25.r)49 

75063 
0.242 

-1.77 8.06 125.87 76.28 40.74 
9.322 2.583 17.945 0.462 0.351 

1.03 7.77 270$94 79.36 38.26 
4.410 2~197 18.475 0,483 0.193 

1.78******* 

1,.77 
C.7978 

2.33 
0.4679 

{'.95 0,33 
OQ17c6 

4.96 4.54 3e43 2058 
1.0284 1.4435 ('1.8890 C.5344 



******* 
******* 

-0.08 
0.297E 

0.13 
O.297t: 

50 68 
69.5 59.5 

18 24 
;70.1 63.1 

5 11 
71.6 62.4 

5 5 
74.8 63.4 

o 
0.0 

o 
0.0 

78 108 
70.1 60.8 

40 76 
69.7, 60.4 

19 21 
71.8 62.0 

3 2 
71.3 5c.2 

5 8 
73.9 64.7 

o 
0.0 

o 
0.0 

67 107 
70.7 61.0 

TABLE 9 (continued) 
5 MINUTE AVEP~GE ~T 16:45 FILE: MAY 4.1976 ATGRADE 

o 50 23 9 39 31 36 2 308 -0.74******* 212.80 74.29 561.0 

6 

o 1 204 76 
0.0 57.5 39.1 0.0 61.7 49.5 56.2 

o 2 ,3 3 7 2 11 
O~O 65.0 46.9 53.4 64.1 43.8 53.8 

o 
0.0 

o 
C.O 

o 2 
0.0 59,.3 

o 
0 .. 0 

o 
0.0 

c 
0.0 

87 

o 36 
0.0 58.6 

o 38 
0.0 59.2 

a 2 
0.0 59.3 

o 59 31 13 60 58 59 3 
0.0 55.9 30.1 46.0 55.7 49.3 52.1 55.0 

276 
58.9 

469 
56.1 

193 
52.,') 

14.077******* 13.221 0.963 19.:::778 

-1.41 12~e8 152.52 75.12 
13.408 4.589 39~418 1.321 

0.13 12.94 119.76 75.31 40.48 
12.604 2.822 14Q172 0.908 0.345 

1.09 12.48 271~63 78.16 38.11 
5.564 3.316 18.037 0.960 0.441 

1014******* 

1.56 
0.4437 

1.78 
0.3635 

0.58 0.25 
0.3936******* 0.4335 0.2995 

3.53 3.40 2.87 l.82 
0.9079 1.C379 1.1511 O~6595 

5 MINUTE AVEpAGF. AT 16:50 FILE: MAY 4.1976 ATGRADE 
o 63 30 9 4·0 16 

0.0 54.9 26.4 44.0 54.0 51.7 
35 0 3C9 2.62******* 2~7.21 73.69 521.2 

50.9 0.0 54.4 15.252******* 13.756 0.663 13.7386 

o 
C.O 

o 
0.0 

o 
0.0 

o 
0.0 

2 
57.6 

1 
61.3 40.2 

o 3 
0.0 43.1 

o 
0.0 

o 
0.0 

o 
0.0 

9 
51.5 

374 
53.0 56.8 52.4 52.3 

2 538 
56.4 65.7 51.9 54.2 

o 
0.0 

o 
0.0 

o 2 
0.0 53.0 

o 66 39 14 f'; 1 37 !;6 
0.0 55.1 29.6 47.7 56.1 51.8 51.5 

279 
57.5 

4:::7 
55.8 

158 
52.7 

o 72 
0.0 59.9 

o 22 
~,o 55.4 

o 34 
0.0 60.2 

o 2 
0.0 53.0 

o 
0.0 

-2.313 
14. 816 

11 .. 161'3'h69 
3.81)5 37.398 

1~73 10.32 128.21 
10.472 2.584 14.210 

1.25 10.21 272.52 
4 .. 914 ?.293 16.565 

2~(!6 

0.3342 

75.29 40.42 
0,,40::,3 0.314 

71::"00 38*.')4 
O.S()7 ()"18J 

1.47*****.* 0.71 0.5. 
0.6837*****"'* 0.8102 O~2360 

4.50 3.88 3.27 2.15 
0.8884 0.9598 0.8709 O.4C5A 



******* 
******* 

0.18 
0.2947 

*****"'* 
******* 

-0 .. 01 
0.3809 

41 
69.4 

79 
59. a 

14 16 
70.8 61.8 

2 
72.3 

2 
71.5 

o 
0.0 

4 

61.2 

o 
0.0 

59 ~01 

69.9 60.2 

42 
70.2 

68 
60.9 

14 14-
70.0 62.8 

3 9 
67.2 62.3 

3 3 
68.4 60.5 

0-
0.0 

o 
0.0 

62 94 
69.9 61.3 

5 MINUTE AVEPAGE AT 
o 55 25 6 

0.0 54.8 28.5 40.2 

l6:S5 
:H 23 

53 .. 9 51.7 

TABLE 9 (continued) 
FILE: MAY 4.1976 ATGRADE 

43 0 309 -3.57******* 211e40 
49.6 0.0 54.5 12.001.**.**~ 13.030 

481.0 
X3.4164 

CI 2 1 o 4 23 5 o 65 -6.35 11.94 161.95 74.08 
11.977 2.120 28.140 0.878 0.0 63.6 37.1 0.0 6102 53.6 54.0 

o 
C.C 

o 
0.0 

o 
0.0 

o 
0.0 

245 
57.9 

1 
57.1 

o 
C.t) 

o 
0.0 

58 
55.1 

1 
42.0 

o 
0.0 

o 
0.0 

27 
29.3 

2 
59.5 

3 
56.7 

o 
0.0 

418 
55.8 

4 
65~ 2 

3 
66.3 

4-8 

56 .. 2 

7 
49.3 

o 
0.0 

o 
0.0 

53 
52.2 

58.1 

10 
54.7 

o 
O.C 

59 
50.9 

0,,0 59.9 

o 
0.0 

2 
65.5 

o 
0.0 

2 
ca.5 

22 
59.8 

o 
0.0 

-1~76 

12.718 

-0.92 
6.741 

11.09 130.27 
2. 215 21. 1 98 

9.43 284.21 
2.858 26 .. 636 

1 .. 31 
C.4534 

1.91 
0.4793 

75.07 40.90 
0.311 0.1 fl8 

77.89 38.42 
0.411 O~125 

1.00******* 0.56 0.42 
0.4852******* 0. 7 451 0.3342 

3.37 3.17 2.71 1497 
1.3602 1.2623 1.2756 0.6824 

5 MINUTE AVERAGE AT 17: 0 FILE: 
42 

MAY 4.1975 ATGRADE 
o 49 30 4 IkO 5 296 O.60~****** 220.08 73.69 

0.422 
477. t) 

9.::>274 0.0 51.:3 28.0 47.0 54.1 58.2 54.7 11.976******* 18~329 

o 4 3 o 2 13 5 o 55 
0.0 58.0 38.2 0.0 56.1 52.9 53.1 0.0 59.5 

o 1 2 l 341 o 24 
0.0 61.9 41.4 55.9 62#1 52.( 56.4 0.0 59.0 

o 
o. c 

o 
0.0 

o 
0.0 

248 

56.7 

o 
0.0 

o 
0.0 

3 3 6 3 
42.7 61.7 63~1 5207 

o 
0.0 

1 
64.4 

o 
0.0 

o 
0.0 

54 ·38 8 E;l 36 
52.0 30.7 53.6 55.7 53.6 

405 
56.0 

157 
54,,8 

8 1 
58 .. 2 102.2 

o 1 

30 
60.1 

2 
0.0113,,7 89.0 

56 6 
53.8 65.5 

-2.22 9.32 170.5~ 74.61 
17.612 2.935 32.721 00794 

0.54 8.48 137.94 
90258 3.200 28057n 

0.22 7.95 277.10 
4.811 3.008 25.423 

7"'-.91'\ 41. tu~ 
0.687 O.39':! 

7-7.91 38.75 
0.699 0.198 

1.48******* 0.64 0.44 
OsS347******* 0.3737 0.3098 

3.20 2.87 2.80 2.22 
1.1578 1.2238 0.8029 0.8181 



******* 
******* 

Q.03 
0.3214 

******* 
******* 

1).11 
0 .. 35S3 

124 214 
68.7 59.4 

59 59 
70.4 60.! 

19 22 
69.0 59.9 

23 22 
72.5 61.9 

o 
0.0 

o 
0.0 

225 317 
69.6 59.7 

132 205 
69.8 60.2 

52 56 
71.3 61.2 

17 17 
69.4 60.2 

6 26 
69.9 64.1 

1 
77.8 

o 
0.0 

207 304 
70.2 60.7 

TABLE 10 
15 MINUTE AVERAGE AT 16:15 MAY 4.1976 ATGRADE 
o 215 91 39 63 75 

0-.0 52.7 28.6 25.6 :33 .. 8 42.6 
4 878 3.28******* 219.05 75.14 611 • .3 

0.648 42.4500 

o 12 13 23 36 99 64 1 366 
0.0 58.1 37.0 ~2.1 28.6 41.7 24.4 43.5 44.1 

o 4 10 9 11 38 32 o 145 
0.0 41.8 0.0 56.0 40.2 23.7 24.9 40.8 23.9 

o 
0.0 

o 
0.0 

5 
57.2 

o 
0.0 

7 26 
42.9 29.7 

041 
0.0 34.3 ? 4 . ., 5 

16 
39.9 

30 150 
25.7 101. 8 43.6 

o 3 
" 8 0.0 21.0 0.0 28.1 

o 236 121 97 1.'30 228 179 6 
0.0 53.1 31.3 25.7 31.3 41.7 27.3 61.2 

899 
56.6 

1539 
46.9 

640 
33.3 

16~245******* 20.175 

0.61 9.56 166.97 76.49 
13.562 3.064 29.942 0.691 

0.44 8.94 131.02 
11~620 20716 25.490 

77.02 39.66 
0.458 0.402 

0.99 
6.029 

8.77 271.44 
3.069 30.540 

2.46 
1.3686 

2.11 
C.6439 

80810 
0.750 

2.21******* 1.57 0.24 
1.3445******* 0.8633 0.1941 

5.85 5.51 4c16 2.83 
2.3478 2.0889 1.7072 1.1840 

37.36 
0.387 

15 MINUTE AVERAGE AT 1~:30 FILE: 
68 

MAY 4.1976 ATGRADE 
o 194 102 3798 59 

0.0 5405 28.8 35.2 44~9 45.6 

o 
0.0 

o 
0.0 

o 
0.0 

o 
C.O 

14 5 23 44 81 54 
59.~ 39.8 34.0 36.4 46.7 28.0 

1 
55.7 

3 
60.8 

o 
0.0 

6 
43.6 

11 
43.4 

11 
36.5 

40 
33.1 

(,2 

33 .• 9 

o 8 3 
0.0 29.8 33~6 

27 
43 •. 7 

9 
41.6 

18 
27.6 

50 
27.4 

1 896 -0.56******* 212.41 74.46 569.9 
1.02029.1694 38.9 52eO 12.645****~** 15.661 

o 329 
0.0 48.2 

o 
0.0 

o 
0.0 

187 
38.7 

-1.68 lC~76 159.54 75.58 
13.669 3.737 34.472 0.931 

0.59 
10.374 

0.96 
5.267 

9~ 84 130.79 
3.349 260113 

9.00 274.68 
2" 611 25.263 

1.87 
0.8343 

76.04 40.41 
0.547 0.846 

79.2637.83 
0.671 0.733 

o 212 124 111 198 176 190 1 2 .. 15 
0.6931 o.e 54.9 31.3 34.3 40.6 45.6 34.2 38.9 

847 
57.3 

676 
39.0 

2.03******* 1.32 0.45 
1.1700******* 0.8464 0.2724 

4.29 3.95 3.35 2.27 
1.6998 1.7865 1.:598 0.6661 



******* 
"'***,..*'" 

-0.00 
0.2610 

******* 
******* 

0.10 
0.3258 

145 216 
69.7' 60.1 

49 60 
71.1 62.2 

12 23 
72.7 62.9 

14 12 
74.,0 62.5 

o 
0.0 

220 311 
70.460.8 

! 23 
69.8 

223 
60" 3 

47 51 
71.0 62.1 

8 15 
70.0 61.2 

10 13 
71.8 63.5 

o 
0.0 

o 
0.0 

188 302 
70.2 60.8 

I? MINUTE AVERAGE AT 16:45 

TABLE 10 (continued) 
FILE: MAY 4,1976 ATGRAOE 

I) 167 81 25 132 69 135 2 972 3.20******* 214.99 74.47 566.3 
0.644 29~8855 0.0 53.6 27.8 47.1 52.3 52.9 50.8 51.4 54.5 15.060******* 17.988 

o 8 9 3 31 59 21 1 241 
0.0 57.6 36.6 54.0 60.1 52.6 50.5 ~2.3 59.2 

o 
0.0 60.0 

o 4 9 12 17 7 31 o 106 
0.0 58.8 0.0 59.2 44.0 59.6 62.9 48.5 54.4 

o 
0.0 

o 1 2 
C.O 34.0 59.3 

o 
0.0 

o 
0.0 

o 
0.0 

o 4 
0.0 56.8 

o 180 102 43 IB9 150 197 3 
0.0 53.9 30 .. 4 51.9 55 .. 1 52.5 51.5 55.0 

813 
58.1 

1395 
55.9 

582 
53.0 

-1.35 1(1 .. 31 159.58 75.44 
13~387 3.845 31.190 0.807 

-0.60 10.17 124.50 75.82 40,88 
10.874 3.218 16.793 0.732 0.533 

1.22 9.60 271.70 78.86 38.34 
4.798 3.303 19.864 0.796 0.412 

. 1.60 
0.5946 

2.08 
0.4637 

1.42**.***~ 0.78 0.32 
0.7240******~ 0.6491 0.2338 

4.14 3.82 3.16 2.15 
1.1615 1.3060 1.0409 0.6376 

15 MINUTE AVERAGE AT 17: 0 FILE: 
120 

MAY 4.1976 ATGPADE 
o 167 85 19 117 55 

52.5 
5 914 -0.12******* 212.83 73.63 

0.522 
496.4 

27.9617 0.0 53.8 27.6 43.4 54.0 51.1 58.2 54.5 

o 8 
0.0 59.3 

o 
0.0 

o 
0.0 

o 
0.0 

3 
60.1 

o 
0.0 

o 
0.0 

9 
38.0 

o 
0.0 

47 19 
52 .. 9 52.6 

o 
0.0 

192 
59.8 

4 6 B 18 6 0 68 
41.3 5506 63~0 ~1.2 54.0 0.0 57.4 

6 8 14 6 26 3 86 
42.9 58.5 64~7 52.3 55.6 77.7 60.1 

o 1 
O. () 64.4 

o 
O.C 

02 4 
O~O 53.0 113.7 71.0 

o 178 104 33 150 126 171 E 
O.~ 54.2 29.9 49.3 56.0 52.5 52.1 65.5 

772 
57.4 

488 
53.4 

13.331******* 15.998 

··3.65 
IE? 002 

10.81 162.58 
3.179 33.301 

1).1 7 9.97! 310 96 
10.961 2.871 22.446 

0.18 9.20 277.80 
5.618 2.852 23.661 

2.01 
0.4763 

74.33 
0.853 

75.12 40.92 
0.482 0.524 

77.9338.40 
0.509 0.344 

1.32******* 0.63 0.45 
0.5990****.** 0.6504 0.2885 

3.69 3.31 2.93 2.11 
1.2576 1~1958 1.0005 0.6442 



....... 
<..TI 

0.06 
0.3187 

*."''''''''''* 

**"'**** 
0.07 

0.2618 

524-
69.5 

56 
70.0 

53 
72.5 

2 
76.3 

858 
6<l.O 

77 
61.1 

73 
63.0 

o 
0.0 

840 1234 
70.1 60.5 

509 975 
68.9 60 .. 0 

214 175 
69.5 6' .• 0 

42 60 
69.5 61.9 

58 78 
73.6 63.2 

2 
72.8 58.0 

823 1288 
69.5 60.4 

TABLE 11, 
60 MINUTE AVERAGE AT 17: C 
C 743 359 120 410 

0.0 5306 28.3 35.9 48.2 

FILE: MAY 4.1976 tlTGRo..DE 
:~58 

403.1 
376 12 366~ 1.46***.**~ 214~ 88 

17.1308 
74.43 
O,,90n 

o 42 36 49 122 '~86 158 21128 
0.0 5807 37.5 29.6 42.4 47 .. 2 32.5 52.9 51.2 

o 
0.0 

o 
O.C 

o 
C.O 

12 
58.8 

33 
43.4 

?9 
38. g 

86 
38.1 

15 

42 
46.5 

93 
43.4 

4 

38 
43.8 

o 
0.0 

137 
38 .. 5 

9 

o 
0.0 

4 
83.8 

1 

o 806 451 284 667 680 737 .8 
O.D 54.0 30.8 35~8 46.3 47.1 41.3 60.8 

,3331 
57 .. 3 

2:386 
43.9 

400 
49.3 

529 
47.6 

32 

-1.52 10.36 162.30 75.46 
13.967 3.487 32.249 1.118 

D.15 
10.960 

0.84 
5.457 

9~73 129.45 
3.(,67 23.060 

9.14 273*90 
2.967 25.256 

1.88 
",9875 

2.09 
0.57"9 

1.74******* 

76~OO 

0.888 

79.04 
1.046 

0.37 
0.2621, 

4.49 4.15 3~40 2.34 
1.8542 1.8135 1.3737 0.8576 

60 MINUTE AVEPAGE AT 18: 0 FILE: r-1o.v 4.1976 ATGRo..OE 

561.0 
52.526 7 

40.46 
0.773 

37 .. 98 
0.639 

o 721 327 33 482 238 
0.0 53.5 27.9 47.7 53.6 53e8 

454 27 3766 ~.64***.~** 221.~~ 

5102 53.4 54~7 15.247******* 14.409 
72.99 312.6 
0069'3 148.21 tE 

o 
0.0 

o 
0.0 

o 
0 .. 0 

14 
59 .. 9 

9 
62.3 

I) 

0.0 

26 10 
38.3 58.0 

8 7 
40.9 59.5 

35 23 
43.0 61.6 

67.A 

28 
60.0 

43 
6206 

;226 
55.5 

48 
55.7 

o 
',).0 

65 3 80'3 
52.760.760.3 

28 
5:3.4 

77 
56.! 

o 

4 

81 •. 

15 
93.2 

1 

239 
60.2 

359 
61.9 

6 
0.0 143.2 72.8 

o 775 396 73 608 533 624 49 
CoO 53.9 30.2 54.6 55.3 54.7 52.1 68.3 

3282 
57.5 

5169 
56.4 

1987 
54.4 

-2.11-0 
15. 40 n 

0.83 
12.0no 

0.29 
5.914 

11.28 1,74.60 
3.350 23.40:) 

9.86 139.82 
3. 31 3 21. Q 55 

8.10 2g3.81 
2.951 30.453 

1.14 
0.6508 

1 $,79 
0.6564 

77.35 
('1.740 

1.36 •••• ***** •••• * 0.411-
0.6011****.***.****. 0.2062 

3 .. 38 3.30 2.42 1.80 
2.2166 1.2827 0.9588 OQ5991 

42.57 
".613 

39.70 
0.493 
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....... 
1.0 

//STEPl EXEC ASMFC 
//AS1Vl.SYSIN DD *' 
OSlO TITLE t OS_M VARIABLE LFNGTH INPUT/OUTPUT ROUTINE' 
*****************'********************'********************************** 
* * * OSAM VARIABLE LENGTH INPUT/~UTPUT ROUTINE - FORTRAN * * R~CKETDYNE DIVISION N. A. q. 2/12/68 *' 
* *' **************************************************************'*.******* 
*. * * ~NTRY Df"') I NTS *' 
* * * GETQ INPl)T (OPEN DCF3 IF N=CESSARY) * 
'" *' *' DUTR OUT~UT (OP~N DCA IF NECESSARY) * 
* * '" ENDQ CLOSE DA TA C ONT RClL BLOCK * 
'" *' ***********************************************************************' 
'* *' 
* * 
"* 
* 
* -1< 

* 
*' 

'" :I< 

'" 
'*' 
'" 
* 

THIS POUTIN": "'lAY 8E US~O T'l REAO/WPITE SEOUENTIAL DATA 
S~TS. THE DATA MA"JAGFMENT JSED IS OSAM. ONLY JNE DATA 
SFT EACH CAN 8~ INPUT AND lUToUT AT A T[~~. THAT IS. 
[If', E DAT A SET FOR I NnUT AND ONE f)AT A SET FOR OJToUT C A"I 
gE nPEN AT THF SA~E TT"'l~. IN ORDER TO INPUT/3UTPJT MORE 
THAN ONE DATA SET. THE 'OL)' DATA S~T MUST R~ CLOSECl 
PPIOQ Tn TNPUT/OUTOUT nF THE 'NEw' ~ATA SET. 

DATA SETS ARE AUTOMATICALLY OPENED WHEN r,~TR OR PJTR IS 
CALLED AND THE DCS FOP GETR nP PUTR IS CLnSED. DATA SETS 
APF CLOSFD VIA CALLING ENDQ. TwO OPTIONS ARE PROVIDED FOR 
CLOSING DATA SETS. ~AMFLY 

CLOSF AND POSITION AT BEGIN"JING OF THE DATA S~T 
CLOSE AND pnSITION AT TYE ~N~ OF TH~ DATA SET 

I)S100010 
05100020 
OS100030 
OS100040 
OSI00050 
aSl00060 
OSI00070 
:)S100080 
QS10009/1 
(5100101) 
05100110 
05100120 
OS100130 
05100140 
QSIrlf)150 
05100160 
OS100170 

*' OSIflOlRO 
*' 05100190 *' 0511';0200 
*' 05100210 
*' OS100220 
*' 0510023('1 
*' OS1.o0240 
*' 05T00250 
*' 05I00260 
* I)SIO('l270 *' 05100280 *' 05100290 
*' ClSr00300 
*' ')510031/') 
>I< as roo 120 
*' 05100330 * QSIOC34C * FJP CALL ING SEQUF"JC~S. SFF S:>;:::CTFrc ENTRY pnI\jT *' QSIIJ0350 

* *' aSIOC360 
*****'***~************************************************************'**' 05100370 

fJECT 
START ~ OSlO 

* '* 
*' f;'1'1 

D1 
R? 
P-~ 
R40 

GENERAL REGISTER OEFINITIflNS AN~ USAGF 

EOU 
FOU 
FrJU 
EQU 
EQU 

I') 

1 
? 
3 
4 

SCRI\TCH 
PAR M 1 DO I~T:::R 
nARM 2 D'lI\lTr::~ 
PARM 3 P'lINT=:q 
PAqM 4 '0'lINT':R 

AND SCP~TCH 

OSI00380 
OSI00385 
05100390 
OST00400 
f}SIOO4010 
QSIflO4020 
r}SIOC4030 
05100440 
051004-50 
(}5r00460 



00 
0 

pc; EOU 
06 EOU 
R7 EOU 
R8 E'OU 
09 EOU 
R1t) EQU 
Rl1 EOU 
R12 EOU 
ot3 EOll 
R14 EQU 
015 r.:'OU 
*-

*' ENTRY 

* ENTRY 

* ENTRY 
* 

E"!TPY 
EJFCT 

5 
6 
7 
8 
9 
1('1 
1 1 
12 
1.3 
14 . 
1e:; 

POINTS 

GI="TP 

PUTR 

ENDO 

OCR BASE REGISTER 
SCRATCH 

POINTER TO C4LLER'5 SAVE 
PROGRAM .BASE REG I STER 
SAVE AREA POINTER 
EXTERNAL RETURN 
FXT!="PNAL Lr\lKAG~ 

AREA 

a510nt~70 
05100480 
Q5100490 
05100500 
Q5I00510 
05100520 
05100530 
05100540 
05100550 
05100560 
05100570 
05100590 
05100600 
05100610 
05I00520 
05100630 
05100540 
05100650 
051n0660 
051fl067C * S r.:' T R C ~ L LIN G S E 0 U E N C E *' 05100680 

* * 05100690 
*~****************'****'*********************'***************"'************ 05100700 
* *' 05100710 * C4LL GETP(DONAME9JND.ARR4Y9NCH~P) *' 05tOn72C 
*' 
* 
'*' ,;: 

* ~, 

* *' 
* >I: 
t;< .. 
* .* 
"" 
* 
* 
* * >I: 

* 1:< 

* 
* 

DDNAI.JIF 

ARRAY 

"JCHAP 

T NO 

-? 

A CHAR~CTFR LITERAL ~R VA~IABLE WHIC~ IS THE 
ODN4~E FPO~ TH~ DO CARD O~ THE DATA SET 

ARRAY INTO WHICH THE RECO~D IS MOVED. A~RAY 
~UST AE nIMENsrON~~ SUCH THAT IT CAN R~C~[V~ 
THE LARGEST RECORD ExoECTED. SIZE O~ ARRAY 
SHOULD CORRESPJND TO ALKSIZE FROM OC3 PARM. 

INTEGEP*4 VARIABL:::. THF: VALUE i:>ASSED BACK TO 
THF CALLFR IS THE ~U~9ER JF CHARACTE~S M)VED 
INTO ApoAY. IF AN FRROR OR END FILE CONDIT[ON 
IS D:::TFCTFD. NCHAR IS :)NDEFINEO 

INT~GER*4 VARI~8LE. THE VALUE PASSED "BACK TO 
THE CALLFR INDICATES THE F8L~OWrNG 

NOT ~OR= THAN ~NE DATA SET CAN BE OPENEO AT 
THE SAME TIME qy GETR 

DATA SET COULD NOT BE OPENED SUCCESSFULLY. 
PRORA8LY MEANS THAT DDNAME DID NOT CORRF5~nND 
TO DDNAME FROM OD CARD 

*' 05100730 * 05100740 * 05100750 *' OSrO(l760 * 05100770 
'" 05100780 
'" 051n0790 * 05100800 * 05100810 * Q5100820 *' 051008.30 * OS100840 
'" 05100950 
'" as 1 ONHiO 
'" 05106870 
'" 05I008AO 
o 05100890 * 05I00900 
'" 05100910 * Q~In092" * 05100930 
'" 05100940 
'" J5IrJ0950 * 05100960 



ex:> 
--' 

'* -1 END FILE DETECTED * 
'* * 

05100970 
OS100980 
OSICl0990 
051ClI000 
05101010 
05101020 
OSI01030 
OS101::140 
OSIOI050 
OSIOI060 
05IOI070 
OStC1l080 
OS101090 
OSIDI100 
05101110 
OSI01120 
osr01130 
OSI0114C 
OSr(11150 
05rCl1160 
"}sr01170 
OSIt'1l8C 
Q5I0119C 
QSI01200 
05101210 
05101220 
I')STD1230 
05101240 
05r012'SO 
OS101260 
1')5101270 
OSI01280 
QSIOl?90 
05101300 
:)5101'310 

'* 0 NO ~RRORS WERE DETECTED * 
'* * * >0 AN ERROR HAS OCCUR~FO. THE VALUE PASSED BACK * '* TO THE CALLER IS STATUS BYTES::> AND 1 AND * 
* SEN S E BY T E S (' . A NO 1. L EFT TOP I G H T r N r N:) * 
'* * **'***'**'********'******************************************************** 

EJECT • 

G::::TR 
US 1 NG Gf TR. R! 5 
t3 (oN! 
DC X'4 •• CLS'GFTR' 
STM R14.R12012(R13) 
L :;:n 2. LDPNT 
DROP R15 
USING ()~In.R12 
BAL R~ ,JNIT 
LA =?<:;.GETOCll 
USIi\lG If-'ADC>3.P'S 
TM DCROFLGS.X'IJt 
RC 1.G1I2 
VVc DCRDDNAM.O(Rl) 
~VC GDDNA~E.C(Rl) 
XC DCBLRECL.DCBLRFCL 
0':> EN (GETDCR.(INPUT» 
TM DCRnFLGS.X'10-
PC 1.Gfl4 
A Er:>112 
CLC GDONA~E. 0(;:?1 
lli\lE ED'I3 
CFT GFTOCB.(R3) 
lH R0.DCBLRECL 
ST RI"\.:)(R4) 
R FXIT 

I~ITIALIZE - SAVE AREA CHAIN =rc. 
:3'JTNT TJ D:R 

rs DCA OPEN? 
Y~S. BRANCH 
~Q •• ~nVE )I)NAMF TJ ~C, 
SAVE DD\fA~::: 
~ TO LRECL. nPEN GETS IT FROM DO 
OO~\f DCA FJR INPUT 
WAS !]PEN SUCCFSSFUL? 
YES. B~ANCH 
~Q •• TAK~ ~RROP ~xrT 
~ID CALLFR CHANGE )DNA~E? 
YES. TA<E ERROP EXIT 
G":T A R:::CORO 
;JI::":K UP RECORI) LENGTH 
AND PASS IT TO CAL~ER 
~D EXIT TO CALLER 

FJECT :;'5101320 
'* D U T R C ~ L LIN r, SEQ U E N C F * QS I n 1 '3:3 0 
* * :;'SI01340 
*********************************************************************** Q5IOt3~O 
* * ~SI~1360 
* 
* 
* 
* *-

* 
* *' * 

CALL PUTR(OONAME.INO.ARRAY.NCHAP) 

AR"AY 

NO'lAR 

R CHARACTER LITERAL OR VA~IA9LE WHICH IS THE 
DDNAME Fr:>OM THE DO CAPD OF THE DATA SET 

ARRAY FROM WHICH THE RECORO [S WRITTEN 

INTEGER*4 VARIABLE n~ C!JNSTANT wHICH IS THF 
NUMRER OF CHAPACTE~S Tn AE W~lTTEN 

* OSI01370 * 05101380 
* OSH11390 * OST01400 * 05101410 * 05101420 * 05101430 * Q5I01440 * 05101450 



~---------------------------------------------------------

ex:> 
N 

'" '" '" * 
'" '" '" '" '" '* 
'" '" '" '" '" * 
'" 
'" *-

PUTQ 

p If 1 

I ND 

>c 

INTEGER*4 VAPIAAL~. THE VALUE PASSED BACK TO 
THE CALLER INDICATES THE FOLLOWING 

NOT MORE THAN ONF DATA SET CAN RE OP:::NED AT 
THE SAME TIME RY PUTR 

DATA SET COULD'NOT AE OPENED SUCCESSFULLY. 
PROBABLY MEANS THAT DDNAME DID NOT CORRESPOND 
~o ODNAME FROM DO CARD 

NOT USFO 

NO ERRORS WERE DETECTED 

AN ERROR HAS OCCUR~ED. THE VALUE PASSED BACK 
TO THE CALLEQ IS STATUS BYTES 1 AND 1 AN~ 
SENSE ByrES nAND 1. LEFT TO RIGHT IN IND 

• aSI01460 
*' 05101470 
'" OSr01480 
'" QSI01490 
'" OSlO 1500 
'" OS!01510 
'" OSI01520 
'" OSI01530 
'" OSI01540 
>I< 05101550 
'" OSI01560 * OS101570 *' OSI01580 * OSI0159r) 
'" OSI01500 * 05I01610 
'" aSIOlf!)20 
'" OS 1 0 1630 * aSl01S40 

FJFCT 05101655 
USI"JG PUTP.Pl5 05101660 
3 Dril ClSI01670 
DC X'4'.CL5· P \.JTQ' OSI01680 
ST~ Q14.R12,12(R13) 05101690 
L R12,LDPNT OSI01700 
DI:;OP R15 05101710 
USING QSr~.p12 aSrn1720 
~AL p~.INIT I~ITTALIZF. - SAVF AREA CHAIN =r:. 05I0173C 
LA ~5.DUTDCB ~OINT T0 D~9 OS101740 
USING IHAOC9.R5 OSI01750 
T'''' DCBOFLGS.X'lO· IS DCB npE~? 05101760 
RC 1. 0 '2 YES. BRANCH 05101770 
~VC DCRDDNA~.1{Ql) ~n •• MOVE JDNAME TJ DC3 05101780 
MVC Pf)DNA.~E.O un) SAVE DDNI'IM::: osr01790 
nCFN (PUTDCB.{OUTPUT) nPEN DCB FOR ~UTDUT OSTOIBOO 
T~ DCSnFLGS.X'11' WAS J~FN SUCCFSSFUL? OSID1810 
FjC 1,0.14 YFS. BOANCH OSI01820 
R FP~? ~Q •• TAK~ =RqJR =XIT 05101830 
CLC pnDNAM~."(Cl) nrD CALLER CYANGE DnNA~E? ~SJ01840 

8~E EO"3 Y=5. TAKE ~RRnR ~XIT 05101850 
L RO.~(Q4) Plr.k UP RECORD LENGTH QSI018fiO 
STH Rr.DC~LRFCL _ND STO~E IT IN DC~ OSI01870 
PUT PU T DCr"3. (0') DUT A PECJ=<D OSI01880 
R FYIT G~ EXIT TO CALLER 05101890 
EJECT aSI01891 * F N DOC ALL I N G SEQ i.J ':: N C F >I< OSI01892 

~ * QSlnl~93 
******,**********~****************,***************"'********************** QSIOIR94 
* * 05I01895 



co 
w 

* CALL ENDO(DD~AME.IND.OPTTnN) * 05101896 
* * 05101897 * DONAME 8 CHARACTER LITERAL DR VARIABLE WHJC~ IS THE * oSIOt898 '* DDNAME FROM THE DJ CARD O~ THE DATA SET * 05[01899 
* * OSI01900 * IND INTEGER*4 VARIABLE. THE VALUE PASSED BACK TO * 05101901 * THE CALLER INDICATES THE F~L~OWJNG * nSTOI90? 
* * 05101903 * -2 DDNAME DOES NOT CORRESPOND TO A DATA SET THAT * 05101904 
* ~AS PREVIOUSLY OPE~ED * 05101905 
* * 0510tQ06 * C DATA SET HAS ~~E~ CLOSED * 05101907 
* * nST01908 * r)PTION TH>= L'ITERAL tOEWINJ' f)R 'LEAI/E' OR .A VARIABLE * 05101909 
* CONTAINING THE CHARACTERS REWIND OR _EAVE * 05101910 
* * 05101911 * QEWIND - oOSITION ~ATA 5ET AT BEGINNING * OSr01912 * LeAVE - P05TTI8~ DATA 5ET AT END * 05101913 
* * ~SInlo14 * NnT~ *** IF THE DATA SFT IS ALQEADY CLOSFO TH~N OPTI~N * ~5101915 
* HAS NO EFFECT. E.G. IF A DATA SFT IS CLOSED * asrn1916 
* WITH LEAVE AND LATEQ A CALL TO ~NDQ IS MAD~ * 05101917 
* WITH R~WIN8 - THF ~ATA 5FT WILL NOT 8E P]SITIONED * 05TOl9lA 
# AT THE BEGINNI~G * 05I01919 
~ * osr0192n 
************************~********************************************** 05101921 

EJECT 05r01922 
USI~G F~DO,Q1S OSI01923 

[~,,<')o R Elf} OStr11924 
OC X'4'.CLS'ENOO' osr01930 

>=~1 ST~ R14.R12.12(~13) OSI~1940 
L RI2.LQPNT OS101950 
OROP P15 05T'11960 
U~I~G OSIO.R12 OS101970 
8AL P~.IN(T INITIALIZE - SAVE AQEA CHAIN ET~. OSI01980 
USING IHADC~.R5 05101990 
LA P5,PUTDCB POINT Tn DCA OSI02~OO 
CLC PDDNA"'1E.I"'C':Q 'CL:JSF THIS ONE? osrn2:)10 
p. ~~? y~s. BRANCH ~SI020?C 
l.A R~.GETDCn ~n •• POINT TO OTHER DCB OSI02030 
ct C GDDNAME.O (PI) CLClSE THIS ON=:? OS102040 
eNF EP"2 NO •• TAKE ~RROR EXIT 05102050 

FtI? nJ DCRnFLGS.x· 1(1t IS OCR i1PEN? QSrO?060 
BC R.FXIT NO •• 8PANCH 05102070 
ClC 0{~.R]).=C·PEWINO· Y~S. onES HE WANT Tn R=:WIND? OSI02080 
bF <='1f4 YES. EFH,NC'1 OS t(12::l 9() 
Cl nSE «O'5).L~AVE) /'-10 •• CL'JSE WITH LEAVE OPTI'1N ()SrO?100 
8 EXIT s~ EXIT T3 CALLEQ 05102110 

E~4 CL05F «R~).RFRE~O) CLOSF WITH PFQE'AD 05rn?120 



T"HT 

>I: 

'" 11< 

r::C ) ff7. 
;:Q 1/4 

00 !=X IT 
.j:::o 

L!')P"lT 
SA 
r.f)!,)N .a,';\ F 
flOONAMF: 
GFTO(g 

B 
FJECT 
USING 
LR 
LA 
ST 
ST 
LM 
SR 
ST 
RR 

E=XIT 

OSIO.RI2 
Rl1.R13 
Q13.SA 
R13,8{Rll) 
Rll.4(Rt3) 
R 1 , R4. 0 ( R 1 ) 
RO.Oe 
RO.')(r.;2) 
P6 

F R R OR EXT T N 2 

LA 
G 

ERPilR EXIT ~"'I 

LA 
l"JP 
ST 

R'" , 3 
pr,o!) 
Rf"'.t)(Q2) 

EXIT TO CALLER 

LR 
LM 
Mvl 
OR 
EJECT 

r.!}3,Rll 
R14,R12.1 ~(D13) 
12(,~1 ~),X'FF' 
RI4-

EODAO ROUTINE 

L 1>. 
f\ 

PC. 1 
EPN4 

SYNAO RnUTIN;::" 

lR 
MYC 
MVC 
BR 

FJFrT 
OC 
DC" 
DC 

R 1,0 C 
') ( 2 • R2 ) • 1 2 ( P 1 ) 
2(2.R2).2{P! ) 
P14 

A(QSI~) 

lRr'("" 
C I f3' • 

GO EXIT TO CALLER 

SAVE CALLE~·S SA POINT~R 
INITTALIZE NEW SA POINTER 
CHAIN 
SAVEARE'AS 
LOAD PARAM=TER POINTERS 
ZERO 
TO CALLE~'S ERPOR INDICATOR 
LOCAL RETl)!~N 

DC.R FAIL~D TO OPEN SUCCESSFULLY 

SET ERROR INOICATO~ = 2 
3D ~AKE IT NEGATIVE 

D!)NAM~ CHANGE WHILE DCR WAS O~EN 

SET "RP~q TNf)ICATOQ = 3 
MaK~ ~RQOR INnrCAT'o NFGATIyF 
AND PASS TO CALLFR 

~EST~~F CALLER'S S~ POINTER 
~~'STOPf. REGISTERS 
I\fOICATr:: PETUPN 
=YTT TO CALLFR 

SET ERR 'J PIN D! CAT 0 =? = 1 
GO MAKE IT N=GATIV!= ANJ EXIT 

POINT T~ STATUS INDICATOR A~FA 
~OVE STATUS? & 1 TO CALLr::RS I\fD 
~GVE SENSE 0 & 1 fO CALLERS IND 
=XIT Tn IDS 

DC 
OCR 

CLR' 
DSORG=ps.DFvn=OA.SYNAD=FRPX.MACPF=(GM) ,FnOAD=EOFX. 

OS102130 
as I 02140 
05102150 
OSI02160 
OS{02170 
05102180 
1}5 t 02190 
05102200 
Osr02210 
05102220 
05102230 
OSI02241) 
05102250 
05102260 
05102270 
05102280 
05I0229C 
OSI02300 
05102310 
OSI02320 
OSI02330 
(}Srn2340 
05102350 
05I(")2360 
OSI02370 
OSI(")2380 
Q'SI02390 
05102400 
(}SI02410 
OSI0?4-2" 
QSrn243C 
QStfl244C 
C)Sr0245t) 
I)S1n2460 
1)5102470 
05102480 
0<:;102490 
OSJ0250C 
0510;':'510 
OSrO?5?O 
OSI02530 
05102540 
05102550 
OS102561'1 
OSrO?570 
OSI02580 
osrn2590 
Osr02600 

XOS10?1'>10 



co 
U1 

ERI]PT=",CC 
PUTDC9 DCB DSOQG=PS.DEVD=DA.SYNAD=EPRX,MACRF={PM) 

/* 

EJECT 
DCBD DSORG=(QS).DEVO={~A) 
FND 

//STE~~ EXEC FORTGCLG 
//FORr.SYSIN DO * 

~OUPLE PREtt~tON DnNM(50) 
INTEGER*2 ~~TA(2~~S) 
T=l 
I1"0=( 
I BLK=C 
READ(5.50~) NFILE 
R F A f) ( 5 • 5 C 1) ( D ON M ( J) • J = 1 • NFl L =- , 
CiJNT I NU!:: 
I BLI<= I8LK+l 
CAL L GE T P ( !) D N M ( I ) • ITS T • f)A T ~. I L 'I G ) 
IF (rTST) 2.4.~ 

? IF (TTST .el).-l) GO TCJ I', 

tiP I T F (6. r-, (' 0) r T S T , ) f) N r.' ( t ) 
C;T""1~ 

< IF (leO .GT.?) G'J Tf) 1 
18f1=ItlD+l 
reLK=IRLK-l 
fJACK SPACF 1 
\\'~rTF (6.1'1('1) FW.·~f)NM(T) 
Gr Tf" 1 

4 IL= ILNG/? 
T P-'c:::" 
JS= :? 

-::; JL=DATA{JS) 
JDY.=f)ATA(JS+l 
JF=JS+JL-l 
IF (JF .GT.IL) G0 Tn 1 
IF (JOM .EO.O .Oq.JD~ .E(}.5) CALL LIST(DATA.JS+4.JE) 
IF (JL .GT. 12,,,) Gn TO 7 
IF CDATA(JS+l) .LT.') .OP, DATh,(JS+-t) .r;T.2,,) GO Tn 7 

r: WPTT;;:- (?2':1"\) (DI\TA(N).N=JS • .J::::) 
IF (JF .EO.IL) GU Tl 1 
JS=JF+t 
GO T'l 5 

F'., CALL FN[)Q{DrJ"IM(tl,ITST.'Lt::<\VC=I) 
IHLK=('\ 
I=T+1 
IF (I 
Gn Tn 

7 vJRITF 
Gfl Tn 

.GT. NFIL~) ST0P 
1 
C6.6C?) [8LK.~FI~E 
1 

051026<'0 
QSI02630 
QSI(l2640 
QSI02650 
(}SI02660 



50('1 
5(' 1 
I)C r) 

1)(11 
I)" ? 

17 
1 >< 
1 q 

FOqM.<\T 
FOPM~T 
FORM.AT 
FOQ~AT 

FORMAT 
FND 

(t '5 ) 
PH f>A.2X)} 
(' PETPV:',I2,' FILE:'.~8) 
C' RF.~O ERROR:', IS.' FILE:'. A8) 
(' ********8AO BLOCK'.T3,' FILE:',2X,A8,' ********. ) 

SUR PO UTI N ELI S T ( I • J U • K U ) 
INTFGER*2LC128'/O.l,2.3.5S,45.46.47.22.5,37.11.12.13.14.15,16,17. 

> 1 A. 1 B .60 .61 .50 • "38. 24 • 25 • (,,"3. 39. "34, :3 4. • 5"3, '5"3.64 .90 • 1 27.123 ,91 .1 08. 
>8r.125,77.9~.92.78.107.96,75.97,240.?41.242.243.244.~45.246,247. 
>248.249,122,94,76.126.110.111.124.193,194,195.195.197.198.199. 
>20C.2~1.20Q.21(1.211,212.213.214.215.216.217.226.227.228.229.230. 
>231.23?233.192.0.2~B.C.~,121.?7·~.251,~.204,7/ 

INTEGER*2I(20'J::'hC(21.1!3{55) 
CALL CNVRT ( T TM. T (JU-2) • r (JIJ-l ) ) 
I8(2):::I(JU-3) 
J:::4 
TA=KU"'JU+5 
IH=ITM/360c-OO 
I~:::ITM/r~or-IH*~J 
01"' 1 R r 1 ::: J U • KU 
J=J+ 1 
CALl OCPAK(I(Tl',(") 
IF ( CO) .GE. 128 .nt:<.C(?).Gr::. 12A) ::;0 TO 4-
TR(J)=?56*' (C(1).1-})+_(C(2)+I) 
IF (C( 1).NF.13) GO T~ 16 
rp{J)=" 

GO TO 1 q 
IF(C(2'.NE.1.3' G'l F) 17 
IB(J)=L{C(l )+1)*?56 
GO T0 1 q 
CON TI NUF 
CONTINUE 
IF (J.GT.IA) J:::IA 
IF (J .GT.'5I"» J='5'" 
JD=J-4 
If (I T~ .~Q. 0) ,-<FT:j::?N 
\"PIT'" (f'.62r:;) IP.(2).IH.IM,(IQ«).K=::i.J) 
F("I~MAT (10X,'TYP:':: '.T2.' AT '.T2,':'.I2,' HOUQS.',"',)A2) 

I .. PETUPN 
ENO 
SUBprUTrN~ CNVqT (T.IH,IL) 
INTFGFR*? rH.IL 
I=IL 
IF (I .LT.") I=I+f,'SC)~F, 

I=I+6S'13f*!H 
qETURN 
END 
SUB PC' LIT IN t: f) FP A K ( I • J ) 



00 
........ 

INTEGER*2 It J(2), K(2) 
LOG I CAL * 1 A (4) 
EQUIVALENCE (K.A) 
K(l)=I 
K(2)=O 
A(4)=A(1) 
A(1)=.6(3l 
J(l )=K(1) 
J(2)=K(2' 
RETURN 
I="!\;f) 

//r,O.DU~~Y OD DU~MY 
//FT~lFO~l DD UNYT=TAPEO.VOL=SEQ=Z73~9~.DIso=(OLD.KEEP). 
// LABFL=(l 'NL •• rN).f)C8=(LRFC_=32~~.9LKSIZE=3200,DEN=2,~ECFM=U) 
//FT~lF00? DO UNIT=TAPE9,VOL=SER=Z7399<, 
// DIso={(lLD,KEEP) .LABfL=(2,N_. ,nO,DCB=(*.FT01FOOl) 
//FT~t~C~~ Of) UNrT=TAPE9.V~L=SFR=Z7'~91. 
// fJISP=('Jl O.K:::EP} ,LABEL=( l,NL •• IN) ,0("8=( *.FTCIFOO I} 
//~T~lFO~4 Df) U~IT=TAP~q.V~L=SFQ=lll~93. 
/ / D I ~:::> = ( ') L 0 • K EEl:> ) ,L A 8 E L:: ( "l- • NL • • r N ) • 0 C t3 = ( ,.,. • F T 0 1 F r; 'J 1 ) 
//FT"1~0~5 Df) UNIT=TAPFq.VnL=sFR=77<q9~. 
// f)!SP=(8Ln.KEEP).~ABEL=(~.NL., TN).DC8=(*.FTOIFonl) 
//FT"'lFC'''h nD lJNIT=TAPEo.V'JL=SEP-=7l1~91. 
// f)ISP=(,)LD.KEE;?),~A!-j:::L=(t:').'J,- •• IN) ,DC=l=( *.=TOIF:J(1) 
//FT"'lF~C7 DO UNIT=TAP~9.VClL=S~R=77~R9'. 
// DISD=(:]LD.KEEP) .LAt3FL= (.7,N_. ,1"J),DCR=( *.FTOIF'Cl) 
//r.:-T"'lF"\'~9 Dn UNrT=TAP~q;V:lL=SEr>=Z7339~ • 
/1 ') I S D-:c: ( IJL D. KE EP) • L A f:l EL = (>3 • I\!L •• r N ) • n c 8= ( * • F T (' 1 F~ \' 1) 
//rT11FC"Q D~ UNIT=TA~c~.V~L=S~D=77199~. 
1/ nTc;p={ClLD,KE=P) .LARFL=(;l.NL •• PO.DC':3=(*.FTr::lFOCl) 
//FT"'lFC!~ DO u~rT=TAPE9.VOL=SFq=Z73~9~. 
// DISP=(~lO.KEEP).LABEL=(10.~L.~IN).Dca=(*.FTOl=OOl) 
//FT"l~rll DD UNIT=TAPFq,VnL=SER=ZZ13~3. 
// ~ISD=(QLO.KE~P).LABFL=(11.~L •• !"J).D:~={*.FT01=onl1 
//FT~lFt12 DO UNIT=TADf9.VOL=SFR=773Q93. 
// DIS~=(OL().KEFD) .L.ABfL={ 12,~:.. •• !"J) .DCB=( •• FTOIFJOl) 
//FT"'!Fr13 D~ U~IT=TAPEq.VOL=SFR=ZZl~?3. 
/ / 0 r s p = ( n l D. K ~ f P ) , LA R E L = ( ! 3 • ~J L • • IN) ,) C R = ( *. F T :> 1 F 0 (' 1 ) 
I/FT"'!F~14 D0 UNIT=TAP~9.VOL=SED=Z73~91. 
// OISf1=(!lLD,KEEP) ,LABEL=( 14,NL •• IN).DCB=(*.FTOIFOO1l 
//FT~lFf15 DO UNTT=TADEq.VOL=SEP=Z71~93. 
// OISP=(lLO.KEEP),LABEL=(15.~L •• IN,.DC3={*.FT01=001) 
I/FT~lF~16 DO U~IT=TAnEq.VOL=SFR=Zl3g03. 
// ')rSP=(~LO.K::EPI.LABEL=(1f:,'''L,.IN).JC1={*.fT01=OOl) 
//FT"'lFC17 no UNrT=TAPEq.VOL=SFR=Z7~~?1. 
/ / DIS P = ( J L. 0 • KF F. P) • LA F3 t=L = ( 1 7 • ~ _ •• IN) • DCD = ( *' • F T:J 1:=:):) 1 ) 
//FT~lFnlR OD U~tT=TAPFq.VOL=SEP=ZZ3RQ3. 
// DISP=(OLD.KFEO) ,LA8FL=(19.~L •• IN).DCO={*.FTOIF001) 
//Go..SYSI~j on * 



r-------------------------------- --

co 
CO 

1 8 
FT(llFOf)l 
FTOtFOt'\9 
F T CIFC17 
/* 
/*END 

FTOIF002 
FTOIFOI0 
FT,)lFC18 

FTOIFOOJ 
FTO 1 FO 11 
FTOIF019 

FTOIFO,,)4 
FT'11F012 
FTOIF,)2,) 

FTCIF005 
FT01F013 
FTOIF021 

FTOt=006 
FTOl=014 
FTOIF022 

FTOIF007 
FTOIF015 
F TO 1 F023 

FTOIF008 
FTI}tF016 
=TOtF024 
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//STEPt EXEC WATFTV.PEGION=256K 
//FT01FOCl DO UNIT=TAPE99VOl=SER=0Q0123.DSN=RAWD~TAl, 
// ~TSP=<OLD,KEEP}.LABEL=Cl.SL •• IN) 
//~TCIFO~2 00 UNTT= TA oE9.VOL=SER:000123,DSN=RAWDATA2. 
// OJSP=(OLO.KEEP),LABEL:C2,SL •• INl 
//FTOIF003 00 UNIT=TAPE9.VOL=SEP=000123,OSN=RAWDATA3, 
// DJSP=(OLD,KEEP},LABEL=<3,SL •• IN) 
//FT02FC01 DO UNIT=SYSDA.VOL=SER~WDRK33.DISP=(NEW.PASS). 
// SDACE=(CYL.C30.6)),DSN=SEMISORT. 
// DCR=(PECF~=VB,LRECL=37CO,BLKSrlE=13~O') 
//SYSIN DO DATA 
//$OOTT'l"'S 

INT~GEP*2L{12A)/O.l'2.3,55'45'46.47,22.S.37.11'12.13.14,15.16.17, 
>18,18.60.61 .50,3R~24.25.63,39.34.34,S3.53.54.90.127.123991~108, 
>8C.12S.77,93.92.78.107.96,7~,97,240'241,242,243,244.245.246.~47. 
> 248.249. 1 2? • 94.76 • 126, 1 10 , 1 1 1 ,124.1 93.1 94 , 19 S • 196, 197, 198. 199. 
>200'201.209.210.211.212'213'21~.215,216.217.226'227'228.229,230. 
>231.232.233.192,O,208,C.O.I21,?7*O.250.0.204.7/ 

INTEGER IN(64).rT{64),MNC64).~X(64'.UN(64)90F(64). 
> IF ( 1 1 • 64, 2 R ) / 1971 2== (1/. I C ( 5 ) 

INTEGER*2 SPC.SOl.so~/O/.C(~).~~(~.64).I~(150) 
I'TFGFR*2 NTO(5C) 
REAL O( 1 "if)) 
IPI'=! 
READ (5.~02) (NTO(J).I=1.50) 
I F= 1 
5 0 0=-,; 
SPl=~ 
READ (").501')) "l 

1 "'FAD (").C::~1.FND=3) I.IN(T).ITCI)."HHI).M)((I).U'HI),nl={I). 
>(NM(J.I).J=1.3) 

DO 2 J=1.3 
CALL DEPAK(NM{J.I).C) 

? N~{J.I)= 256*L(C(t)+1)+LCCC2)+1) 
GO TO 1 

3 DO ;: 1 1= 1 • N 
4 RFAO (1.lO'::.I=NC>=2') IA.(IRCJ).J=2.IA) 

CALL C1'-·IVPT( ITM. IB( 3), IR(4» 
IF (!R(2)-1) 15.12.'3 

~ IF (I8(2)-lC) 10.g.6 
I') IF (IA .LT.lt:) GIJ TO 4 

16(5)=18(5)+1 
IN{ IB{'5) )=!B{'5) 
on 7 J=IC.IA 
K=J-n 
IF (UN( l[3C<j» .E,).~) UNC IRC 3) )=3?'O~O 

7 n{K)=FLOAT(rReJ)+OF( IB(S»)/FL'JAT{U1\j(IB(S))) 
IF- (11. IfH5). IF )=IF.( II,IS( '5). IF)+l 
WRITE (2.2CG) SPl.IR(2).IE3CS).IT'-1,K.cOCJt.J=1.K) 



GO TO 4-
e. CALL CNVpr< ITM. IR( 10), IB( 11) 

IB(5)=I8C51+t 
DO q J=1,5 
IO=11+3*J 
ICC J)=IP CID) 
CALL CNVPTfloD.IR( ID+l).tR{IO+2)) 
O{J)=O. , 
IF (ICeJ).GT.O) O(J)=FLOATCt P D)/FLOAT(ICfJ'*UN(I9(S») 

9 CONTINU!: • 
WPITF (,;>.2('1) SPl.I8(2',IB(s,,yn-l.{IC(J).rHJ).J=1.5' 
IF (1 C • 18 (5) • IF) = I E ( 10. IB (5), I;::) + 1 
Gn TO 4 

1" IF (IB(2)-!'))l1.15.11 
It IB(Sl=IBfS'+l ' 

WRITE (2.20C) SPl,IS(2).IB(5l.IT"'1 
IE( IBC?l,J!':l(5)dF)=IE( HH2).IR{S)dF)+1 
GO TO 4 

12 !O=5 
1""3 IF (ID.G~.IA) Gf) TO 4 

18C Tn,=!'3( 1D)+1 
IN ( IS ( I D ) ) = r B { 10+ 1 ) 
IT (IS! !u»= IR( to+2) 
"'~H IR( 10»= I"j( F)+3) 
,..,)( ( I P ( ! D ) ) -= I B ( I 0+ 4 ) 
UN( 19( 10»= IS( TO+5) 
'IF { I ,j ( r f) } ) = 19 ( I 0+'-, ) 
f)C li'~ J=1.3 • 
CALL IJEOAI{{ 19( If)+J+6).(') 

1 4 "-.: M ( J. I f3 ( I D ) ) = 25 >S * L ( C ( 1 ) + 1 ) +L ( :: ( ? ) + 1 
J=P3( 10) 
ID=ID+IC 
Gn TO 13 

1"5 1)0 1'3 J=5.TA 
CALL DEPAK(I8(J).C) 
IF ( C(l) .GE. 128 .nR.C(Z).GE. 129) SQ TO 4 
rB{ J)=;:>S6*L{C( 1 )+1 )+LCC(Z)+l) 
IF «((1 ).~C.13) SO Tn 16 
18(J)=" 
GO T'l 19 

1") IF(C(;?).NE.13) Gil TO 17 
1B( J)=L(C( 1 )+1 )*256 
GO Tn 19 

17 CONTINUE 
1 q C1NTINUE 
1° IF (J.GT.IA) J=IA 

IF (J .GT.5~) J=,~ 
JD=J-4 
r F (I T loA • EO. !') GOT n 4 



IF (I8(2).EQ.O) CALL DMRTN{IFH2),NT(').IPO) 
IF (I B (2) • NE. ') GO T') 197 
no 195 M= 1 .. 64 
IE(l,M,IF)=IE{l.M.IF)+l 
WRITF (2,204) SPl.SP2.M,SPl,IN(M).IT(M).MN(M).MX(M).J~(M).OF(M). 

> { N M ( l( • M) • K= 1 , 3 ) 
19'5 CONTINUE' 
19 7 CONTINUE 

IF (YB(2).eO.O) SPO=SPO+2 
SPl=SPi"+l 
IF (T8(?).EQ.~) TF=IF+l 
IF (18(2) .EO, 0) WRITE (6.601) 
W R r TE ( 6 ,n 0 0) I B ( 2 ) , J T M • ( T 8 ( K 1 • K = S , J ) 
WRITE (2,2C2) S=>') .. IB(2),SP2.ITM.JD,(I3(K).K=5.J) 
lE{5,l oIF)=IE{5.1. IF)+l 
GO TO 4 

2" CONTINUE 
21 CQNTINUF 

II = SP 0 + 1 
M=SP( /2+ 1 
on 22 J=l, 1".4 
IE( 1.J,M)=IE{l.J.M)+1 
WP r Tf (.2.2 ('14 ) I 1 • So 2. J, S ~ 1 , IN ( J ) • I T ( J ) • M N ( J , , M)( ( J ) • UN ( J ) .0 F ( J ) , 

>(NM(K,J).K=1.3) 
22 CONTINUE 

wRITe (2,2('3) SP2. SP2.SP2 .SP2 of (IE( J,K,l) .J= 1.11) .K=1 .64) 
Of) 21 !=2.SPO.2 
11=1+1 
.... =1/2+1 
WRITE (2.2('3) I.SP2,SP2.SP2.«(tF(J.K.~).J=1.11).<=1.64) 
WR! TE (f. 6 ('\ 2 ) ({ I ~ ( J. K • M ) , J = 1 • 1 1 ) • K = 1 • f, 4 ) 

23 CONTINUE 
Ion FnPMAT (200(1016» 
?':)~ FOR~AT (315.IlS.I5,2(250Fl:J.2» 
2"'1 FOPV<\T (3II"i.Il'5.7{I5.F5.1» 
202 FORMAT (315,I15.I5.10::>A2) 
?" < Fn R f\A A T (3 I '3. I 1"5. 65 ( 1 1 I 5) ) 
204 FnRMAT (31~.I15.6110.3A2) 
')C'~ FORMAT US) 
')01 FOpvAT (lOIS) 
"il"l? FOPfv!!AT (5011) 
6C~ ForMAT (' TyPE: ',II,' AT ',IIO.5X.200A?) 
601 FORMAT (///) 
o0? FORMAT (///.64(20X.1115./» 

STOP 
FND 
SURPnUTI"JF CNVOT (I. !H,IL) 
INTf:GFo*2 IH, fL 
I=IL 



IF (l .LT.I"I) I=I+65536 
I=I+65536*IH 
RFTURN 
END 
SUBROUTINE DMRTN(I.J.K) 
INTEGER*2 J(50).I 
J=J(K) 
K=K+l 
RETUPN 
END 
SUBRnUTINE DEP~K(I.J} 
INTEGFP*2 I. J(2). K(2) 
LOGICAL*l lI.(4} 
EQUIVALENCE (K.A)
K(l)=I 
K(2)=() 
A(4)=A(t) 
A(1)=A(3) 
J(l)=K(l) 
J(2)=K(2) 
RFTUR N 
E"JD 

//$DATA 
() ') '5') "3(' 550 ~C 5')55 

:3 
1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 

l!" 1 
1 1 2(' !) 

12 400 , ." . -. f)01j 

! 4 6('0 
15 150-, 
16 1500 
17 1500 
18 1500 
19 500 
20 500 
21 501') 
22 ")C0 
23 60eo 
?4 6000 

1 I) -leo, 
I!) • -101" 
1 ,., -10" 
10 -100 
10 -180 
1 0 -100 
IO -101) 
10 -101) 
10 "100 
10 -11)1) 
1 1 -854 
1 1 -~54 
1 1 -854 
1 1 -8<:;4 
12 !') 

12 0 
12 (' 

12 .... 
oj 

1 3 C 
1 :3 I) 

1 3 !) 

1 1 a 
14 921 
14 921 

20r. 7 20 ~ 16722 2106') 123'36 
2"'47 2(' !) 16722 21()f'O ]2'592 
2J47 20 0 16722 21')6('\ 12~48 
2""47 2C' ('\ 16722 21,)5~ 13104 
2047 2~ 0 16722 2106') 13360 
2')47 20 Cl 1672 '2 ? 1 06!) 13516 
2"'47 20 0 11')722 21~60 13872 
2047 2" ') 16722 21060 14128 
2 (l4 7 20 ') 16722 211)50 12337 
2047 20 0 16722 21060 12593 

1354 5 !) 16726 1 1 !3? 5 19765 
854 "5 :) 16726 12'576 1 Q760 
8"i 4 5 '1 16726 12932 1 976 () 
R54 5 0 16726 13344 1 ~760 
614 2') " 16712 1132'1 19765 , 
"qq 20 0 1 6712 12571") 1 9760 

1228 20 ') 16712 12832 19760 
1638 20 0 16 7 12 13344 19760 
?~47 5 J 22103 118~5 19765 
2047 6 ') 2? 11" 3 11825 1 9765 
2C47 6 fl34 221'J 3 12832 19760 
2r'l47 6 58 22103 13344 19760 
1791 1 3 -512 1979(, 11825 19765 
1791 13 -512 lQ796 12624- 197f>O 



1.0 
~ 

25 600f) 14 921 1791 13 -512 19796 2f, 6000 14 921 1791 13 -512 19796 27 61)00 15 0 2f)47 20 0 18514 28 6CCO 15 0 2047 20 ~ 18514 29 6(1CO 16 (I 1500 1 0 22864 3: 3000 17 0 2'.)47 4. 1 C 8224 31 3000 17 !') 2(',47 41 0 8224-32 3000 1 7 O· 2047 41 :) 8224 33 3000' 17 0 2047 41 0 8224 34 3000 1 7 0 2047 41 0 8224 3!:' 3C 0 I") 17 0 2047 41 0 8224 ?f, 3000 17 I) 2047 41 0 822.4-37 30('" 17 0 ?047 41 0 8224 
38 3000 1'7 ,., 2(147 41 0 8224 39 3000 17 0 2047 41 0 9224 40 3000 17 0 21')47 41 0 8224 41 3000 17 () 2047 41 0 8224 
42 0 0 0 I) " 0 (') 
43 ') 0 I') ') C 0 (I 
44 1"\ 0 " 0 ,... 

C 0 " u 
45 I') !) ") f\ C I') 0 46 1"\ 0 f\ 0 ,.. 

'"' 0 0..; 

47 
48 
40 
50 
51 
'52 
c:;-_..:l 

54 
5<; 
56 
57 
58 
59 
ISr. 
-'-

61 
1=,2 
63 
64 

/* 
//STEP2 EXFC SORTD 
//SQRTIN DO UNIT=SYSD~.VnL=SER=WnRK33.)SN=S~~ISO~T.0ISP=(SHRt~FEO) 
//S8RTWKGl DO UNIT=SYSDA,VOL=SER=WORK13.DISP=(NEW,DELETE), 
// SPACE={CYL.f30.3).,CONTTG) 
//S~RTWK02 DO UNIT=SYSOA.VOL=SEP=WOPK3~.DISP=(NFW.DELETE). 
// SPACF=(CYL.(30.3, •• CONTTG) 
/ / S n Q T W K ('\ 3 DO U"I I T = S Y SO A • VOL = SE R = WOP K 3 "3 • 0 I S P = ( N F W ,DEL ET E ) , 
// SDACE=(CYL,(30.3) •• CO"lTfG) 

12880 19760 
13136 19760 
11825 19765 
13088 19760 
16722 8270 
20291 18481 
20291 19505 
20291 18482 
20291 19506 
20291 18483 
20291 19507 
20291 18484 
20::!91 19508 
20291 18485 
20291 19509 
20291 18486 
20291 19510 

0 0 
!) 0 
'I 0 v 

0 Co 
0 C' 



//SDRTOUT DO UNIT=TAPE9.~L=SER=000102,OJSP=(NEW.PASS). 
// LABEL=fl.SL).DSN=CHDATAl.F~50476.L052676.LEV. 
// DCB=(LQECL=3700.BLKSIlE=2200 n ,RECFM=VB) 
//SYSIN DD * 

SOQT FIEL~S=(5.~.CHtA.15,5.CH.A.IO,5.CH.A'20.15.CH.A).FILSZ=E3500~ 
qECQPD TYPE=V.LFNGTH=C37CC.3700.3710,,110) 
~~n 

/* 
/*ENn 



Appendix C 

96 



//SOI=TICN5 
C 
C 

, C~r.OCl co 
'00002CO 

C 01)000300 
C THIS ~~OG~AM RECUCES T~E SE~IR_W CATA TO AVERAGES AT WHATEVER 00000400 
C TH~EE INTERV~S ARE CHCSEN. AS PPESENTLY SET UP IT,dORKS eN T_C ~IjCO~500 

C TApcFILES. BUT THIS CAN BE CHI-NGEC BY DELETION OF THe:: SECOND RE_IIliO 1.C'''')0500 
C OOOOC,700 
C 00000800 
c 1) 00 0(901) 
C CCOJIClCO 

C VARIABLE OEFINITICNS. ThESE OCCUpy A LARGE A~EA'OF :O~E. 32CK 00001100 
CARE NEEDEC TO RUN WATFIvE. OD0012~O 

, I",EGER *4 :ICC(20' • .ICE(20).IeC(20'.IEe(20'.ITD(30,)~).IAC(20) '00013(1) 
? RE~L*4 5CT(11.6.150)/~900*C.O/ . 
3 RE AL * 4 5 Pc. (6) • C ( 20.0 , • COD ( 200 ~ ) • A V ( 64. 150 ) • 5G ( e 4. 15C ) 0 C () 0 1500 

>.CF(20).FCTR(20).TSP(10.150) 00001600 
4 INTEGER*? IB(11.64).:"(200).ITC(11.6.150)/9900.0/.ITF(20,.ITT~(1C.~OC0170v 

5 
6 

7 

8 

9 

10 

11 
12 
13 
1" 

e 
C 
C 
C 

>15,» 0000l'lC,) 
CHAPACTER*20 DATE 
DC 590 '-IX=1 • .3 

C THIS TELLS HOw MANY DAYS OF DATA ·NEFO BE TAKEN. IS. 

(10C"01900 
(01"02:>00 
000021 00 
OCOOC:~CO 

000:>2300 
(l0')024CO 
000025(0 
~CC'J2?CO 

OOC02 7 00 
')01)')2800 
0('002900 
CC:)Cl3CCO 

00003100 
OC''''JJ2C') 

c 
c 
c 
c 
c 

REA D (5. 5C 10) M A 
00 580 10'8=1. /1,\ 

C T~E~E AqE Twa CAPOS FOR EACH DAY OF DATA. TH: FIRST IS THIS:A2C. 
C to. 20.C:1APACTEI< HEADEr( Pj:(I"TED ON EACH AvERAGE. 

C~003301) 

C'OC'J34C!j 
0,)003SCJO 
<',)0036CO 
( 0003700 

C 
C 
C 

e 

c 
C 
C 

e 
c 

PEAO-4S.5C20'DATE 

THE SECOND IS A CARD CARRYING THE TIllE PARA~ETERS. 
3110 •. TI~ES MUST BE SUPPLIED I" MINUTES. 

.READ(S.5000) IBT. lAT. lET 

IBT=I8T*6000 
tAT=!AT*6COO 
IET=IET*6COO 

2 CONTINUE 

8EGIN.INTEPVAL.E~D)O~03aCO 

orC039CI) 
COOO':'OO') 
0":)0'=4100 

r.OC04200 
')0,.,4)00 
COOCt-50') 

00(,046CO 
00004700 
000043CO 
(lor: )49CO 
0(,)0050C,) 

('OC:::5100 



~ 
ex> 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
~4 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 

48 
49 
50 
51 
52 

53 
$.4 

55 
56 

C THIS PE'D RE'D5 THE, T'BLE TELLING HOW MANY OF EACH TYPE ~~CO~O 
C ARE IN THIS DAY5 C'TA. 

c 
c 
c 

. . 
READ (1.1000.ENO=580'(IA.I=1.4).«IB!I.JI.I=I.11,.J=1.64) 
CALL ITIM(IH.IX.IS.IAT) 
IF (IX .EO. 0) IX=60 
14=0 

00 7 1=1.64 
00 5 '):1.11 
56( 1 • .)=10.**30. 
'V(I.J)=10.*.30. 
IA=IB(J.I)+14 
CO 5 1<=1.t-' 
IF (I .LT. I!!) 5CT(I.K,J)=0.0 
IF (I .L T • 1 2) IT C ( I. K • .J ) =0 

5 CCNTII':Ue 
00 7 J = 12 .120 
toV( I. J '=10.* -30. 
SGCI.J'=IC.·*30. 
00 7 1<=1,6. 

IF «1 • LT. 1 2) 5 C TC I • K • .J ) =0 .0 
IF C I .LT •. lZJ ITC(I.K.J'=O 

7 CCNTINUS 
IF (I A • EO .0) GOT C 2 
12:101. 
IF ( I'T .EO. 0) GO TC 578 
w~ITE (6.cOl0) 
IF (IB(S.I) .EO. 0' <>,0 TO 20 
111.= I B (5.1 ) 

C NOW T~: LOG IS READ IN AND IMMEDIATLV PRINTED OUT. 

c 
c 

10 
20 

DO 1., 1=1. I A 
PEAC(1.1CI0' (IC. J=1. 4). 1L. (IN(J), J=I. IL) 
CALL ;TIM(IH.II'.IS.IC) 
WRITE(6. 6(00) IH. III. (IN(.;lI • .)=1. IL) 
CCNTII'.uE 
(CNTI.I\Ue 
19(5.1'=0 

C THE FIOST TF~ CH4NNELS ARE P~OAR CHANNELS AND AS A ~ESULT MUST BE 
C HI~CLEJ SEPERATLV. THIS SECTION H4NDLES T~EM. 

00 130 1=1. 10 
READ (1.1020,. (IC.IKK=1.4).I .... C.ITY.Io4IN 
IA=I3(2.I) 
IBTT=I3T 
IETT::IST+IAT 
K::l ~ 

-00 30 )=3.9 
IA=IA+IB(J.I ) 

_~O CCNTII':UE 

OCOO::200 
(\,)OC5~O·' 

C0005AOO 
('('::")5~OO 

00005t>00 
0000~70~ 

00005800 
OO~;)5900 

t 0(06000 
CO{l061'lt) 
OC~C'6200 

OC:>06.3C~ 

"0006400 
COOOt;SOO 

'0005500 
0000670J 
0l)C05800 
00006900 
('Or-C70CI) 

CO('l071CO 

(1)';C7300 
OO(")7AQO 
C'00075CI) 

OI"~07600 

"00\14400 
'0('07700 
00007800 
('1;()079('10 
OJ0080(lO 

(0003100 
('I)C052.)·) 

('00':':3300 

OCOC64CO 
c"OOeSCJ 
00.)08600 
Cor057(,0 
1)('1)03800 

00:1'39')(' 
'jOCO;OCJ 
.je')'),;,! 00 
(:'):)C-;'20' 
00C(:9300 
0000941":1) 
('000<;5(:0 
0000;60') 
OO('l~;700 

at:'c j';ac.~ 
00,)·)<;90') 

0001:-;00 
:) 0 :l·1 C 100 
"'j111,'j2.~1) 

1'·0'1')301) 



<.0 
<.0 

57 
58 
59 
6C 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7!! 
76 
77 
78 
79 
80 
91 
82 
83 
84 
85 
86 
87 
88 
8'# 
9C 

<;1 
92 
93 
94 
95 
96 
<;7 

sa 
9<; 

e 
c 
c 

"0. 

60. 
10 

eo. 

CALL CM~O(I') 
00 40 J=I.5 
I T::C I .J .10 =0 
SeT( I.J.K)=o.. 
eCI'tTI"uE 
IF (16(10.1) .EO. 0) GO TO 13C 
14=18(10. I) 

ICTT=') 
00 12:3 J=1 ~ tA 
"EAOH. It40S (Ie. L=1.4IoCITF(LI', SPg>(LI. L=I. 5) 
IF (leTT .Ea.IC) GO TO 12? 
ICTT=!C 
IF (Ie-I6TT) 110.. 60.. 60. 
IF (Ie-lETT) 70.. lC'C •. 100. 

0:) eo L=I. !! 
ITCCI. L. 10:) = ITe(l. L. K)+lTF(L) I 

SCTCl. L. I<)=SCT(I. L. 1()+ITF(L)·SPOcl .. 1 
ceNT 1 ~;'JE 
GO TO 120 

I..=I'-J 
(ALL C)oIPDCL) 

GO TO 130 
10.0 IF (lETT .GE. lET) GO TC 90 

18TT=!ETT 
IEiT=:ETT+I4T 
K=I(.+1 
CO 1 (I '0 "'=1. 5 
1 TC ( I • " • K I =0 
SeT( I.M.KI=Q. 

to!! eC~T!"UE 

GO T:J 70. 
110. eCNTI~,uF 

120. eCI'-IT I NuE 
130 CON T II'-IUE: 

C ThIS SECTION HA~CLES ALL "E7E~aLCGICAL 
C HAVE THE!~ OWN SPECIAL CHARACTE~lSTtCS 

TGUMENTS. iHE wIND VA"eS 
A~E ~OUTEO DIFFERENTLY. 

DO 31" 1=11. 29 
Il=O 
SU'41 =(:. 
SV~S:)!=O. 

SU'I=o. 
SU~~C='). 

18TT=:'3 T 

I lETT: ::)T+I40T 
IU= ton. (, .111::>.0 ) { I c: • I KK = 1 • Go I • I "'.C • I T Y • M! 

o.onNo.o 
O()CIC5CO 
CO()lu600 
OO'H 07(.1) 
01')1) 118(1) 

00-)10:;(,0 
0001tJo.O 
O-JellICO 
O~0112C'J 

,)1):)11300 
')O:)11~00 

(;OO~115CO 

')0011600 
')(") 11700 
00011300 
00011900 
cn:H 2'J C-' 
OOl.H21Co') 
OO;J122(l1) 
(jon 2~?O 
c(':nZ·H,) 
C~,)125CO 

O!)~126C' 

'::10')1270') 
1')()"l2eOO 
0(,)1Z'00 
OC'Jl30CO 
C·0::>1310,) 
11::, 1 :!2C;"} 
CC::ll330') 
:)0;)1340) 

OC01350·) 
1'001360"> 
(0"13700 
0001390.,1 
c')n3;OO 
(':C)1"-OOO 

r:-c"11 <.t0':' 
01)")1 .. 20') 
,1""1 4 30) 
0::-)1 / ... 1;0 
(::-n .. 5(') 

"11)(11460') 
C,)01470'') 
000 1 ""'.:3 Ij 0 
o.C014~C:l 

0(')1 ::3")0') 

,,1)01510·' 



100 
101 
102 
1~3 

104-
] ')5 

106 
107 
108 
ICC; 
110 
111 
112 
1 x:! 
11.:. 
115 
116 
117 
116 
119 
120 
121 
122 
123 
124 
125 ...... 

g 126 
127 

129 
12<;; 
13C 
131 
132 
133 
134 
135 
136 
1 )7 

138 
1 3C; 
140 
141 
142 
143 
144 
1~5 

1_4~ 

147-

148 
49 
50 

140 
150 
160 

190 
200 

N"'3R=!AT/!NC 
IA=IE(2.1)+I6(3.11+18(4.I)+I8(5.II 
C ALL C-~PD( I A I 

IF (I~(6.1 I .EO. 0) GO TO 160 
IA=I9(6.I) 
K=1 
ICOn 1=0 

• 00 15~ j=l. IA 
;:;E~t1t. 1030t (Ie. L=l. 4) 

-IF (1CO(K), .(;E. lC) GO TO 140 
lCO(K)=IC 
CCNTINUE 
CCi'iTINUE 
CCI'oT:r-..UE 
IC::(11=100000000 
IF (Ia (7.1) ..• EO. 0) 'GO TO 200 
IA=II:H7.11 
K =,{-1 

L=l 
DO 190 J=l. IA 
REA,C(l. 1030) (Ie. 14=1.4' 

IF (IC .Ll'::. ICD(LI) GO TO 19C 
ICE(L'=IC 
L=L-t-l 
IF (ICO(L) .LT. ICE(L-ll) L=L+l 
IF (L .LE. K) GO TO 190 
L= 1 A- J 

CALL CM~D(L) 

GO TO 200 
cC'n~"'uE 
eC'JTINuE 
NCC=K 

K=l 

"'=1 
IF (IE(11. II .EO. 0) GC TO 310 
III=IeOI. I. 
t TO (.1~) =0 

QO 280 J=l. IA 
RE:'O(l. 1:50) 10. 10. IC. Ie. IL. (O(L). L=I. ~LI 

IF (IC .LE. ITOO)) GO TO 280 
ITCCl)=IC 
L=2 

2~5 CCNTINUE 
ITC(L)=ITD(L-l1 

210 CC:-<TINUE 
IT:> Il. ) = ITO IL. ) + I NC 
IF (M.GT. 13(5.rl t, GO TC 215 
IF (ITO(L) .LT. lCE(M) .AND. ITO(L' .GT. ICOOO' GO TO 210 
IF (nO(L) .GT. ICE 00 I /14=/14+1 
IF eM .LT.2) GO TO 215 
IF (ICC(~) .LT. ICE(~-l)) M=~.l 

r-O"lI~20,) 

00')15300 
1)-:;.' 154')0 

00015:5('10 
1)0')1561)0 
00')15700 

CO:':I1580(l 
.:le·)l5-;00 
Or:'l)l~~C) 

0(1)161 Or:' 
COO1~2(1) 

C'O')I>S300 
:(j:>l~~C,) 

O~Ol'050t; 

~)(,)OI6;OJ 

OOOl~6C) 

COOI670·) 
or.o 1 ~"c< 
~C017000 

1)00171 (10 
01017200 
~0":l173~O 

0001710-0) 
(10017500 
00017600 
OC')177CC 

0';017800 
C'0:l179CO 
ON'18000 
0001311:0 
rl)')182('0 
0'):'18300 
·)00181000 

00'"'18500 
C0016600 
C'00,"7('0 
00::1 ggcn 
CCOI89(1) 
00')19')0') 
!:~1)19100 

C001<;'2CO 
OC019JI)0 
00019~OO 

O~Ol<:O5:0 

(;:)0\<;500 
"(,,019.7ClO 
000198C'0 
O".:lF.-;(,,) 
0·:02(,'100 
OC0201ClO 
;'10202CO 



151 
lS2 
1 S3 
154 
155 
156 
157 
158 
15<; 
160 
151 
162 
153 
16~ 

155 

156 
157 
155 
16<; 
170 
171 
172 

....... 173 
0 174 ....... 

175 
176 
177 
178 
179 
l8C 
161 
1S2 
153 
18A 
18e 
1 a6 
187 
188 
189 
19G 
191 
192 
193 
194 

C 
C 
C 
C 

215 CC"ITlr.uE 
L=L+l 
IF (L .LE. I L) GO TO 205 
L=1 

220 CCNTII\U!:: 
IF (ITD(LI • LT. lSTT) GO TO 230 
IF CIreCLI • GE. lETT') GO TO 250 
Il=IZ+l , 
IF ( Ie • ~a. 1;31 GO TO 240 
Sl."l=SvV+D( L,I • 

230 
Sl.~SC=SUMsa+C~L)*~2 
CC!\lT I I'; uE 
L=L+l 
IF CL • GT. [L) GO TO 280 
GO T3 220 

hEq& IS T~E ~!ND V~NE H~NCLING SECTION. 
240 CCNT:~v= 

CC1=C(LI*3.141SC;26/180. 
C:;=S:!\(DD~I 

CC1=CCS(oC11 
SU'l=Su'l+::>O 
SV" 1 =SU"ll +00 J 
SU~SC=;UMSO+DD*.2 

su~sal=SUMsal+DD1·0Dl 

GO TO 23·' 
250 CC'OTINUE 

IF (I l .L T. 2) GO TO 260 
AVCI.KI=Su~vIl 

SGC I .K I =SORT « SUMS 0-( SU."1"'SUM/ I Z) )/( I Z-I)) 
IF (10 .NE. 131 GO TO 260 
4VCI.KI=(1801'3.1 4 15926)."TAN2(AV(I.K). SU"'Il/IZ) 
IF (Av(1.1<:.1 .LT. 0.1 AV(I.K)=AV(I.K).3~O. 
SG ( I. K ) =SO';T ( (SG( I • K )- .. 2 1+( (SUMS 01- ( SUM 1«" 2/ r II 1/( 1l-1 I ) ).57.1 A 

260 CCI'iT l.~~E 
IE (IZ .GT. 3*""'9~.I'41 GO TO 270 
A V ( I • K , = 10 • ,. ,. 30. 
$G( 1.1<.)=10 ••• 30. 

270 CCNTINUE 
K=K+1 
IBTT=IE'TT 
IETT=I::::TT+IAT 
IF (I£TT .GT. 'lET) GO TO 290 
SUM=O. 
SU·"11 =0. 
SUMSO='). 
SUMS()I=O. 
I Z=') 

GO TO 221) 

C~"2C3C,) 
COO2C4CO 
(lC02::500 
(,C'ZC5(·'" 
')00 20 700 
~~02j8C'~ 

')':)02C 900 
00021000 
0(021101) 
0(\0212('0 
JC,O~lJI)C' 

CC021400 
CC·?215CO 
':)0021600 
::0021 7 00 
01':021900 
(,00219C'0 
O(lC2ZCOO 
00":2,,100 
':1)':' 222('0 
ceo 22300 
eOC'2240C 
C'C C'225C," 
!:C"226rr> 
1ee C?2 7 OI) 

C C1ZZ'3(;C 
0"022.00 
CC()23?OC 

000 ~3I ICO 
0(023200 
)O? 233CoC' 
( 00234(1C 
,1002':: S(\.') 

001')2::600 
00023700 
00023300 
(10023900 
(0"'240(:0 
0(\/)241CC 
(lC024200 
:lCC24300 
')00244(10 
nC0245C'l0 
"C"24600 
roC·)247JO 

OCI)24300 
( 0024;;l0l) 
0OO2~GOC 

COI'2SlC"O 
" 

"1')12521),) 

(,)O,)~5300 



198 
199 
;:OC 
2Ct 

202 
203 

20t. 
.,05 

2C6 
207 
:?C 8 

2!:' C; 

210 

211 
Z12 
a3 
214 
215 

--' ~1 ~ 
a 217 N 

218 
21 c; 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
.: 30 
':31 
232 
233 
23" 
235 
2)6 
237 

C 
C 
C 
C 
C 
C 

280 CCNi1NUE 
J=I4 

290 CONTINUe: 
L= I 4-J 
CALL t: '4RO( L ) 

310 CONT INUE 

.j 

')002 :;400 

'lCr,25500 
'JOO 25600 
OC0257~O 

')1)025'300 
OOl')2SC;CO 
('C02~C~O 

~I)C261'-") 

00026200 
T~E EC~LYlEkS eLsd ~EaUIRE 4 CIFFERENr 'PP~OACH. THEY ~RE HANDLED IN 000~6J~O 
SECT'CN. TH£Y liRE TI-1= ONLY INS.f::UMENTS wHICH H4VE 1\ C4.LIaRATIO" FACTCCC026G.C,) 
INT~OCUC£D. THE METEROLOGICAL IhSTRUMENTS CC NOT REOUIRE SUCH TRE4T~EOCJ26SC,) 

DC 540 1=30. 41 000266(0 
PE.\O (l.1020) (Ie.IK'K=1.4).It\C.ITV.JoIIN ~O1')26700 
NCAL=O 
ITF( 1 )=100.,000000 
IaC( 1) =1 OCOOOOOCO 
IEC( 1'=100COOOOOO 
Fer::; <1 ) =0.0 
IF (1:3 ( 2.I) • E Q. 0) GeT 0 :3 50 
I A= 13 (2. I) 
K=1 
IBc( 1 )=0 
DO 32C' J=1. Ill. 

f::EAD n. 1030) (lC. L=l. 4) 
fF (I C .LE. 16C( K» GO, Te· 320 
I 8e c 1<-) = I C 
{ BC ( I< + 1 ) = I C 
IEC(I<)=IC+600CO 
ITF(KI=IC 
FCTP(K)=O. 
K =1< + 1 
Ir"'(K)=lC 
FCTQ (K 1=1). 

320 ceNT. wyF=: 

1)0)2t5C'O 
?Cl?6o r ·0 
r I)') 27(0,) 
C 00271 I)f) 

()O'272':":; 
00<:)27300 
C00274'C'~ 

<:)01)2750' 
vo·) ~75')O 
00027700 
C'C(;2 7 8:>" 
C.0027;Cn 
':'0126'1('') 
CI)t')?Ei1r.O 
0"02:;200 
C':',)283(" 
0" ') 2 8':' O? 
C~J2B5()O 

00)29500 
000287C,) 
00/)2109(0 
OC02S';,c-J 
0'1029::00 
0002:;1100 
C I)02nCO 
0002';J:)0 
(,00294CO 
00)2<;600 
OO~297(1" 

C(l:j:'::91300 
:,)O~29;OO 

0,:)0300CO 

NCAL=K-1 

I F (N CAL • G T. I B ( 2 .I » !l.C A L = Ie ( 2 .1 ) 
IB(2.1)=0 
IF !XE(~.x) .EO. 0) GO TC 350 
IA=I3(3.t) 

IF (NClI.L .EO. 0) GO TO 350 
DO 340 J=1. 14 
REAC(l. 10::0) crc. L=l. 4) 
FCTR( J+l )=0. 

DO 33' L=1. "CAL 
1 F (I C • GT. 13 C (L) ... N D. I C • LT. I E C (L » I E C ( L ) = Ie 



--' 
o 
w 

238 
23~ 

2&0 

241 
242 
243 
244 
245 
246 
247 

248 

249 

250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
2>S1 
262 
253 
264 
255 
266 
257 
268 
269 
270 
271 

2':"2 
273 
274 
~75 

276 
277 

276 
:: 79 

280 

2S1 
2~2 

~a~ 

264 
3S 

IF (Ie .GT. IBC·(L). GO TC 340 
330 CCNTINUE 
340 CCNTINVE 

lee3.1'=0 
350 CeNTINUE 

K:l I 

IA=IB(2.IJ~IB~3.1)+IB(4.I).IB(5.I1 

C ALL C'~PO( 1 ... )' . 

IF (IE(6.1) .Ea. 0) GO TO 420 
11\=18(6.1' 
ICO(1)=0 
00 380 J=t. 14 
QE4C( l. 1030:) (IC. L=l. 4. 
'F (IC(;(lq •. GE. IC) GO TO 380 
lCO(K)=IC 
I CO ( K +1 ) = I C 
K=K+1 

380 CCNT1"UE 
NCD=K-l 

'100 
410 

420 

ICEe 1 )=e640000 
L=t 
I A= I 8 ( 7. I)' 
IF CIA .Eo. 0) GO TO 420 
00 Ale J=l. I~ 

REo!. C C 1. 10 JO) (IC. 
IF (L • G1'. NCO J GO 

LO=L 
CO Aoe "=LO. ""CD 

I 

K=l. to) 

TO 410 

IF (Ie .LT. ICDPO) GC TC 400 
IC!::(MI=IC 
L=~+1 

IF ("4 .GE;. NCO) GO TO 'Ii" 
IF (Ie;)( ' .... 1) .L T. IC IL=L+: 
ICE C M' +~l ) = I C 

Gb ~o lo10 

CO~H INl..E 

ceNT I "'J: 
Ie(7.!)=1) 
CCNTIN\JE 
I to: I e ( 7. I) + 16 Uh I)t· I B (9. II + I B ( 10. I) 

·C ALL _C'lRO ( 1 A I 

./<=1 
ITO(1)=0 

"'=1 
IF (IeCtt. I) .eo. 0) GO TO ~AO 

14=1801. I) 

"=1 
00 4~C J=l. 14 

ooe 3010(') 
~C03(j200 

000303(10 
1)1)1) 30400 

0003050') 
CI)O 29500 
00030500 

C' 1)0 30700 
"'03~80,) 
00030900 

0·'1)31000 
00'))11 CO 
(1)0 3t 2:JO 
00031300 

.,""31.400 
(\0')3150·:) 
')O":!l5Cl() 
(1)03171)0 
0:)0:3180:; 

00032(00 
1)(10321 C,;) 

CC,)J2200 

C00'3230' 
0('\032~OO 

00:132301) 
("o~ 32.J('~tj 

0(1032700 
CI),)3230C 
,'0') 32101') 
"lO')330C,) 
~oo 331 0':1 
COC 3:3!:~''') 
C"00333(),) 

C0033""'" 
"0033500 
0(:033500 
')00;3700 
o('onsol) 
·)OC339,),) 

10''''4000 
1)0:;·341 c·") 
(OJ 342':'0 
C0034'30J 
('0(;'144(.(: 

CC(t~45r.O 

t:.oc 34500 
OC.0347~1) 

.~ f<" ,,,' ... 
,'. ;' . 



2:!6 
2137 
288 
289 
290 
291 

292 
293 
294 
295 
296 
297 
298 
299 
300 
3')1 

3:)2 
:::)3 
:!~4 

305 
~., (; 

3.)7 
308 
~-: <; 

31('" 

--r 311 
0 312 
+=:0 313 

314-
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
:!31 
33'2 
333 
:! 3"4 

RE.lC(1. 1050)" CIC. L=l. A). IL. (C(L). L=l. IL) 
IF (IC .LT. tTOCK) GO TO 460 
treCI( )=1<: 
lO=K+IL 
coe C I( I =o( 1 I 
ITO(K+l )=ITO(K) 
K=K+l 
DO 450 L=2. I,L 
COO(loU=C(L) 

430 CeNT! I\Ui:! 

110(1<'=ITOCK)+I,,"C 
IF (tTDCK) .GT. 86~COOO) GO TO 435 
IF (M.GT.I~(6.II1 GO TC 435 

IF (tTDCK) .GT. ICE(MII M=M+l 
IF (ITC(K) .GT. rCO~M» GO TO 430 

43S CC!'fTINU!: 
I TOC K+l 1=1 ~DCK) 

IF (ITCCK) '.GT. I8C(N) .ANO. DeL) .GT. FCTR(N» FCTRCN)=OCL. 
IF (ITCCKI .GT. IOC(N) .4NO. D(L) .GT. FeTR(N» ITF(N)=ITO(K), 
IF (ITC(lO .GT. I9CCN)' COCCK)=-lCOOI). 
IF ( '" • G T. I';C A L I GeT C l; 40 

IF C(T~CK) .GT. IEGCN» N=N+l 
IF (N .LE. NeilL) GO TO 440 

I8C(NI=10COQ~"OCO 

IEC(N)=1000~00000 

FCTP ('" )=0. 

440 CONTINUE 

K=K+l 
450 CC~H I l\;u:O: 

K=t<-1 
460 CCNTI"UE 

51,;"'=0. 
SU'04SQ= '). 

NC~T=K-l 

NM5«=I'IT/1NC 
CF(l)=l. 
t":'C(t)'=ITD(t) 
NeAL =~,C.AL+ 1 

IF ("'C~L .LT.2) GO TO ~oo 

FC7RU.(.l.LI=FCTR(NC:'L-l1 

OC 490 J=2. NC'!\L 
I,IC(J)=ITF(J-l) 

CF(J)=FCTR(J-ll/29. I 

IF (CF(J) .LT •• 7) CF(J)=CF(J-l) 

490 CCNT!""uE 
50:) CCNTll\;UC: 

CF(NC~L~I)=CF(I';C.!\LI 

14C(NCIIL+21=100000CO~O 

r,lC(NCIIL+1)=1000CCCOOO 

rOO~48CC 

!>(,J:!4',Oj 
01")03<;')00 
00035101) 
:)0035200 

0003530':> 
00(\ '15401) 

000355C'0 
(100 35<'>0,) 

C0035700 
0003580') 

00']590:1 
C003!:~OO 

'')00 ~6l(',"l 

C00362CI) 
~00363CO 

Ol)t:: 3640" 
00036500 
(lCI) 366(10 

1)00 ~67'')0 

0003<:900 
00\))6900 

OCO;:7000 
00037100 
~rO!720(, 

,.,,'373C:) 
~C()374C" 

CC()37:;')O 
~,o ::7600 
O~037700 

000'379':'0 
co~ 37<;':'0 
0C(;3aOOO 
(\,')0381<:'0 

C003E2C? 
(JOC3E'3C'J 

()C(,)3~5C,) 

I'II)C3E'OO,j 

OOC 35700 
ooc~e9(,(\ 

C00J3'jr,) 
? ~(I )';:>::':J 

COOJ91CQ 

":'\')3,,2:0 
('0039'3('0 



-' 
0 
(jJ 

335 
:336 
:317 
338 
339 
340 
:!4: 
;:42 
343 
3~4 

345 
346 
347 

348 
349 
350 
351 

.352 
353 
354 
355 
356 
357 
358 
35<; 

360 
351 
3~2 

353 
3eA 
365 
365 
367 
368 
359 
370 
3 7 1 

~72 

373 
3 7 4 

375 

c 
C 
C 
C 
C 

C 

C 

C 

510 

NCNT=C 
1<=1 

.L =1 
leit:I,)T 

-IETT=IaT+I4T 
DO 530 J=I. ~DAT • 
IF (PO(JI .LT. 19TT) GO TO 53(' 
IF (ITO(JI .GT. lETT) GO TO 520 
CCNTI~uE , 

TO 

001'139500 
001)396(0 
C't;C3c;.70,) 
OO(l39;;~O 

01)('139';/",·) 

OfjO~C'JC:) 

O~04CIO" 

on04C20,) 
(004C 30:> 
OO~4Ct.')(1 IF (COD(JI .LT.~50.1 GC 

CODO=CCD( J) .. ; 0(' )4':1'3':0 
IF (IA-:(L"11.:0.IAC(L)1 GO TO 515 OOC4::;60~ 

CODC=CQO(J)*«FLGAT(ITD(JI-IAC(L))/FLOAT(IAC(L+1'-14C{LIII*CF(L+1)OO~4C700 

>+ (FL 0.\ T (l 4C ( L +1 )- ITO ( J ) I /FL 0 AT ( I 4C (L +1 I - lAC (L I ) I *CF (L I ) 
515 CCNTINUE 

St;M=SU'1+CODD 
S~M50;5UM5QtCCDo.·Z 

NCNT=NCNT+l 
IF (ITD(J·) .GT. IAC(L+l») L=L+l 
IF <ITO(J) .GT. lET) GO TO 540 

GO TO 5"30 
520 CCNTI~uE 

A"( I.J( 1=10 ••• 30. 
SG(I.KI=10.·.30. 

r~Av(I.K)=SU"'/NCNT 

(1)04"8,)j 

C 0:;4091.:0 
1)004100) 
001)41100 
00041200 
')004131)') 
00\)414(,0 
001)4150') 

00041500 
(,01)41700 
0;)0418<10 
(004190') IF (NCNT • GT. <:3*"''''8P/4 

IF (NOH .GT. (3*NI'!BR/4 ») SG( I.K)=SORT« SUMSQ-CSU"'*.Z/N<:NT) ),""'04200~ 

l/(NCNT-t' ) 
K=K+l 
I8TT=I:TT 
IETT=I<:TT+IAT 
NCNT=O 
S~M=O • 
Su.-oISO=O. 
GO TO etc 

530 CCNTINUE 
540 C.CNTI "uE 

I 8TT= t9T-! AT' 
~VG=(IET-IBTI~IAT 

I P 4G=1 

C T~IS 15 T~E PSPORT wRITING SECTICN 
00 570 J=l. ~.\vG 

:lv0421~0 

0004,20.)0 
On0423(0 
0::10424'1') 
')0:>425cn 
00("42500 
')')042701) 
00042900 
OOC4290J 
'004~::.CO 

~0"4J100 

OC0432C,., 
00043:11)0 
')C~4:;4C·) 

~H't)4::5CO 

,)004::60.' 
00(,\4'3700 
( 0)4:;.'300 
00C·43900 
00fl44"OO 

0"')4410:') 
110.,4421)0 
.., '"! 'J 441:·; 
01')0444':'0 
)1)1)4430'1 

C:O'j ... 46C·'" 

ITTL(3.J'=C 
ITTL(Z.JI=C 
ITTL(l.JI;O 



..... 
0 
0"1 

3 7 to 
377 

:?-:'S 
37? 
3!!C 

351 
382 
3!!3 
::e~ 

... ~'" _c_ 

3~6 

357 

3se 
389 
39C 
3<;1 
392 
:!~3 

39 .. 
:3 9= 
3<;e, 

397 
3ge 
399 
~oc 

40\ 
402 
403 
404-
405 
406 
407 
408 
409 
410 
411 

412 

T SP ( 1 • J ) =0. 
TSP(2.J)=O. 
DC 54= 1=1. 6 
SCT(ll.I.J)=O. 
ITC(ll. ! • .11=0 

545 CCNT1NUF; 

DO 560 1=I~ 1'1 
IF (I .EO. 11) GO TO 546 
I"O'C(1. 6. ')1~ITC(1. 1. J)+ITC(1. 2 • .J'+ITC(I. 3 • .J'+1TC(1 •. 4, ,)1 
SCT(I. 6. JI=5CT(1. 1. JI+SCT(I. 2 • .J)+SCT(I. 3 • .))+SCT(I. 4. J, 

546 CC'IT1NUE 
DC 55~·/(,=I.6 

I F ~(I • E I). 1 1) GO T'o 548 
ITC(l!. K. J,=1TC(11. K. J'+ITC(I. K. J) 
SC T ( 1 1. K.' J ) = SC T ( 1 1. K. .I ) + SC T ( I, K. .I) 

54e CCNTINUE 
IF (ITC(I.K • .) .NE. OISCTCI.K • .J'=(SCT(I.K.JI/ITC<1.K.J).1.4 

550 CC"ITINUE 
560 CCNTII\ui: 

I TTL ( 3. J I = I TC ( 11 .6 • .I ) 
TSP(3 • .J)=SCrCll.6.J) 
DC 5l:5 1=1. 5 
IZ=I+S 
1 TTL ( 1 • .I I = ! ':" T L ( 1 • .I , + ! TC ( I .6 • .1,' 
ITT L ( 2 • J I = ! TTL ( 2 • .I ) + I IT C ('1 l • "> • .I ); 
TSP(1.JI=TSP(1 • .JI+SCT(I.6.JI *ITC(1.6 ... /I 
TSP(2 • .)I:;TSP(2,J'+SCT(IZ.6 • .J) *ITC(IZ.6.JI 

565 CCNTIl\uE 
IF 'ITTL<1.JI.NE.O) TSPO,J)=TSP(l.')'I'!TTLO • .11 
IF (ITTL(2 • .J1 .NE. 0) TSP(Z.J)=TSP(2.JI/!TiL(2 • .JI 
IF (lPAG .EO. 11 w~ITE(6.601C) 

IF (fPAG.Eo. 2) IPAG=O 
IPO\G=IPAG+l 
c: ALL. J -r I I.! ( I H • I ~ • I :;. ( 1 B T + 1 a. T • .I) I 

00044700 
(,00448(10 

,,(':')449.')0 

"('(\4500.0 
:-0.')451 :')1) 

OCJ45'2'~O 

~:)C45)()V 

000454CO 
')~I') 45500 
(;101"0;;-;1;0 
00045700 
c ;),)':'S9liO 

('I)')"5~OO 

0r:,')4e_')·, 

00·)46100 
)Cf)46?CO 

CO:J"f3ro 
,c "'4t~I)O 
,10!)4tS)O 
OOn4tOte') 
r 00467('0 

"OC4t~Ca 

;JO('4690J 
00'J47C00 

1"047100 
/J"0472C? 
1)0')473(,0 

OOC474GO 
OOC47'300 

, C'O::)47600 
("("047700 
(,00475{,O 
00047~0i) 

!) on 4flO 00 
"'RITE (6.t040) I)(. !H. 1 M .CATE C )04810') 
"'':;'TE(6.6C20) (ITC(1.1.J).1=1.11). :,v(1 4 .JI. t.v(18.JI. AV(22.J). ::00413200 

lo\v(26.JI • .Q.V(Z9.JI. (SC'([.I.J). I=1.11). CSG(I.Jl. I=14. 26.4). t:'~C<le3CO 

;; S G ( 2 9 • J ) • ( I T C ( I • 2 • J ) • I = 1 • 1 1 ). (AI V ( 1 • J) • r = 1 .3. 2 5 • " I. ( SC T ( 1 • 2 • J ) • (') 0 0 4 e 4" ') 
31 =1 • 11 ) • ( S G( I • J ) • 1 = 1 3.2 = • ~ I • ( IT C ( I • 3 • J I • r = ~ .11 I • ( A V ( I • J ) • 1= 12.28. At ~ () 4 85 C 0 
4).(SC7( 1.3 • .11.1=1.11'. (SGtI.J).I=12.2e.~, ,(ITC(I.4.J,.1=1.11). ('00)48',(10 

5 ( AV ( I • .I ) • I:; 11 .27 '. 4 1 • ( S CT ( I • ~ • J ) • 1 = 1 • : 1 ) • ( S l> ( I • .I ) • 1 = 11 • 27.4 ) ') CO" 8 7 C' 0 
w'<ITE (6.6030") (1TC(I.5.JI.I=lol1l.AV(36.J).CStT(!.5.JI.I=I.11,. OOC"1J81j"~ 

1 S G ( '3 I': • J ) • ( I T C (' I • 6 • J ) • I = 1 • 1 J ) • A V ( ~ 7 • .I) • ( 5C T ( 1 • 'S • J, • I = 1 • 1 0 I • ') ') C " 3 :; C 0 
5$ G ( 37. J ) • A V (40 • .I) • ( I iT L ( I • J ) .1-= 1 .2) • ( :;., V ( I. J ) • 1:; 3;') • 3" • 2 C ") 'i -.9 CO:) 
~ , • A V ( 3 ~ • J I • S G { 40 • .I J • ( T SP ( I • .I) , I = 1 • 2 ) • ( $ G ( I • J , • I = :: () • 34. 2 ) • S G ( 38. J ) • 0 n 0 4 <;: 1 00 
7 AV ( 41 • .I) • 1 T"j;L« 3 • J , • ( AV ( I • .I J • 1= 31 •• 3S. 2 I • IoV ( 39. J, . 5G ( 41. J ) • T, SP ( 3 • .I ) .:>:) (' /; <; 200 
8(SG( I • .1).1=31.35.2). SG(39 • .J) ('C'~,,9,C,) 

413 5~O CC~TINU~ 00049400 
~14 12=0 Cl(,G!095CO 



..... 
0 
'-I 

415 
416 
417 
418 
419 
42{, 
421 
422 
423 
424 

C 
C 
C 
C 
C 
C 
C 

425 
426 
427 
428 
429 
430 

431 
432 
433 
434 
435 
436 

437 

DC 575 1:;:1,11 
CO 57'; J:;:42.e4 
12::I2+IeCI ,J) 

57!: CONTINUE 
57E con II\vE 

CALL CMRO( 12 , 
se., CC:-.TI:';UE 

.. ewINO 1 
5<;0 CCNTII';UE 

WRITE (6,601'01 

TH~SE ARE THE FO~~ATS RF.S~C~SIBLE FOR THE RE~DS , 0 wRITES. 
tOOfl FO::;"1AT (3IS.I15.6S(1IIS» 
leI' FOR~AT (31S.115.1S.100A2) 
1~20 FOq~AT (3I~.I1S.3II0) 

1030 FC~~AT (315.115) 
104C FCt;:MAT (315,tlS.7(IS.F5.1» 
11)5" FC~'T (315.I15,I5,2(25CFI0 • .;;" 
5000 -FC::;flAT( 3:10' 
!:'>lC FC::;'~Ai (IS) 
50 2 C FC::; ~ ~ T (~2 0 ) t 

600C FCR~Ai (' '.12,':'.12,' NCTE:'. 5011.2) 
6~10 FOq~AT ('I') 
6020 FO::;.,,'T (24X.l1I6.5X.4F7.2,F<;.1. /. 24X.l1 F 6.1.5X.4F7.3.F9.4.//. 

124X.l116.SX.4F7.2. /. 24X.IIF6.1.SX.4F7.3. /.2(/ 24 .1116.SX. 
2SF7.2. /. 24X.llF6.1.SX.SF7.3. /)) 

6030 FORMAT (24X.ll16,19X.F7.2./.24X,llF6.1.19X,F7.4.//. 
1 24X,lCI6.25x,F?Z. /. 24X.l0F6.1.2SX.c"'.4. / .8X.F7.2. 
2 ~Ox.I7,2Jx,I7.23x.4F7.2. /'. 8X.F7.4.20x,F7.1.23 ,F7.1, 
2-23;W;.4F7.4, //, 3X,F7.2,35X,17,38X.4F7.2, /. 8X.F7.4.3SX. 
:?F7.I' :39X.4F7.4) 

4J6 6040~Orl"4'T (////.40X,13.' fo(INUTE AvERA.GE AT '.12.':'.I2,luX.'FILE: '. 

439 
440 

441 
442 
443 
44-4 

'44,5 

•• $ 

447 

446 

>420) 
STOP 
eND 

S~3ROI.TINe OMRDtI) 
1<= (l.EO.{" JltETURN 
00 1 J=I, I 
RE'O 11.11)0) K 

1 CCNT INue 
100 FORMAT (15) 

RETURN 
END 

0'-:0495(1) 
CO'.)4970C 
"'('1).,9800 
0(;:')4<;90(\ 

CO'lsc,)on 
:1('-:501 1)0 
:'\I)CSC: 2:'-' 
0('0 51)~ (' 0 
,1('')50500 

oeo '5:: -5(10 

CI"CS)700 
0005::300 
00050900 
1)(,-'.:51001 
,11)C51100 
'.)(\(,,5121)" 

OOC,St 3t,;'j 

001'5,:400 
C-:)I) '5150') 
COC51"~O 
C'O~5! "?o·) 

CC":l5130J 

c·~c 51 ;"., 
:l0,)52~O" 

OO"l~.?lJ: 

COOS2201') 
00.,S<:300 
CCC::240.' 
1')10 ::",5.11) 
CGJ~2S')") 

0OO5Z70<') 

~'C()C::2'3'J'J 

I')C'C 5<' '10") 

o('c:::::oo") 
C:'(\0'5~lCO 

0(,C'53~OCl 

(lOO'S3)!)" 

OCt;53:'0" 
UOO 5:?5C') 
000;;3600 

00l)S3701') 
00('53;100 
OCOS~QO,) 

C' I)C' 540 ')0 
OCC5410(, 
00C54200 
00054300 
00C544CO 



--' 
a 
co 

449 
450, 
451 
452 
453 
454 

SUB~OUTINE ITIM(I.J.K.LI 
I=L/3EOOOO 
..I=L/6COo-I*60 
K=L/l00-J*60-I*3600 
RETUION 
END 

OCCS45CO 
C CO 54600 
C~('I547CO 

CO'j54900 
00054900 
00('55000 


