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ORGANIZATION OF THIS REPORT 

This report 1s orgamzed m three Volumes 

Volume 11s the summary report on this proJect It summarmes the 

entlre program and contams conclusmns and recommendatmns for future 

action 

Volume II contams detalled supportmg analyses and descrlptlve mforma- 

tmn prepared ITI the course of the proJect 

Volume III, bound m separable sectmns, contains the basic tabular 

data which were the source materml for the analysis 



RESPONSIBILITY 

The Cook Research LaboratorIes, and not the Umted States Government, 

are responsible for the accuracy, mews, and facts presented m thm report 

This program was conducted by the Cook Research LaboratorIes under 

the due&Ion of Dr J R. Downlng, DIrector, and Mr Alton D.l~Andenson, 

~ssocsate Dlrectar The Automatic Control Systems Sectlon of these Labora- 

tories, under the dIrectIon of Mr W Grant Leslie and Mr Thomas J Dunsheath, 

admlnlstratlve and technlcal heads, respectively, were asslgned the response- 

blllty for the completion of this proJect Mr W Leysath was ProJect Engineer 

and dlrected the over- all data collectlon and analysis tasks Mr J Cronln. 

while prlmarlly responsible for the analysis of weather data, made slgnlficant 

contrlbutlons to all aspects of the project 

r 

Y-m* , r 

T. ‘sp unsheath s Technical Dlrector 

Wm Leys#h s ProJectw&leer 

, 
/5&w-- 

“JG/ ronm, Senmr Engineer 

Th’6lma’A . Dunbar Edltor 
Report SectIon 

%d&- 
A D Anderson, Associate Dlrector 



ACKNOWLEDGEMENTS 

In the course of this survey, the Cook Research LaboratorIes have found 

It necessary to sollclt the advlce and cooperatmn of numerous organmatlons 

and mdlvlduals The list of those contracted would Include practically every 

group I* the Chlcago Area concerned with air traffic Federal Amatmn Agency 

Offlces, City of Chlcago. Weather Bureau, Company Operations Offices, Air- 

port Operators, and Mllltary Establishments 

In all cases, we appreciate the complete cooperatmn we have received 

While It 1s not possible to acknowledge our thanks to all mdlmduals 

whose cooperatmn materially asslsted this program, the followmg were of 

cOntlnuou5 assistance, and the merits of this program are to a large measure 

due to their aid 

Mr Ralph Hottman, Air Traffic SupervIsor, Chlcago 
Mr Raymond Belanger, Chief, Chlcago Air Route Traffic Control Center 

Mr John Keleher, Chief, Mldway Tower 
Mr George Nlles, Chief, O’Hare Tower 

Mr J R Fulks, MeteorologIst m Charge,Chlcago Forecast Center 

Throughout the program, the guidance of Mr Norman R Smith, ProJect 

Dmector for the Operations Analysis Dlvlslon of the Bureau of Research and 

Development of the Federal Avlatlon Agency, has been of lnestunable value, and 

we are deeply appreclatlve of his constant advlce, encouragement, and dlrectmn 



FOREWORD 

The past decade has seen the volume of air traffic in the contmental 

Umted States grow at a more rapld rate than the capacity of the alr traffic 

control system Forecasts of the air traffic through 1975 predict that the 

volume of air traffic ~111 increase at an accelerated rate Currently, the 

volume of air traffic exceeds the system capacity in some areas under adverse 

weather or other operatmnal condemns Consequently, deflclences of the 

present air traffic control system are lmntmg the efflclent use of the avallable 

In recogmtmn of the fact the air space 1s a ntal natural resource, 

Congress has establlshed the Federal AnatIon Agency Although the responsl- 

bllltles of this agency are many and vaned, one of Its most mportant 

obJectlves 1s the development of an advanced an traffic control system to 

achieve a more efflclent utllnatmn of the alr space These ObJectlves form 

the broad responslbllltles of the Bureau of Research and Development of the 

Federal AnatIon Agency 

The program of the Bureau of Research and Development of the Federal 

Amatmn Agency provides for the attainment of these ObJectlves through the 

orderly steps of Operatmnal Analysis, System Analysis, System Expermentatmn, 

and Equpment Development The program has two broad goals (1) the 

nnprovement of the an- traffic control system through the applxatmn of 

exlstmg state-of-the-art technology by the year 1963, and (2) advanced 
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research and development to achieve a supenor am traffic control system 

for the permd beyond 1963 

To support such a program the acqusltlon and analysis of data 

which describe the current am traffic control system are of vital nnportance 

The broad objectives ofsuuch a proJect are to analyze the nature, volume, 

and flow of an traffic and the dlstrlbutlon, magnitude, and cause of delays, 

both m the air and on the ground Accordingly, the Operatmns Analysx 

Dlvls~on has mstltuted a number of such data collection and analysis programs 

A study of the New York area has been completed. Concurrently, a senes of 

study programs for the Chlcago, San Franc~sco, and Atlanta areas was con- 

ducted This report presents the analysis for the Chlcago area as performed by 

Cook Research LaboratorIes 
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SUMMARY 

Durmg the months of February, March, and April, 1959, the Cook 

Research LaboratorIes collected data for the purpose of performlng an 

analysis of the air traffic flow and an- traffic delays in the Chlcago Area 

The obJectIves of this analysis were to determme the nature, volume, and 

flow of ax traffx and the dlstrlbutlon magmtude, and cause of delays, 

both m the an and on the ground 

For selected days durmg this permd, data mcluded flight progress 

strips, radar photographs, on-the-spot observations of ground movements, 

magnetic tape recordmgs of commumcatmn channels, weather records, and 

pllot questlonnalres 

The followmg observations are made as a result of the analyses per- 

formed on the collected data 

(1) Observations pertalnmg to IFR traffic operatmg under 

the control of the Chlcago Air Route Traffx ControlCenter 

(a) The air traffic 1s composed predommantly of 

commercial amcraft 

(b) A maJorlty of the traffic 1s Inbound to or outbound from 

the Chlcago terminal area 

(c) The essential characterlstlc of the air traffic 1s a 

radml flow Into and out of the Chlcago Terminal Area, pre- 

dommantly in the east, west, and south sectors (see Figures 
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1 and 2) 

Cd) The airways structure, except m the nnmedlate vlclnlty 

of Chlcago,seems well deslgned to handle this traffic flow 

(e) The maJor portlon of amcraft which are Inbound to or 

outbound from the Chlcago Termmal Area operate through Mldway 

Anport 

(f) Over 90% of the delays in the Chlcago Area are associated 

with Inbound alrcraft which are held in the approach patterns 

deslgned for Mldway Amport Other delays are relatively 

mfrequent 

(2) Observations pertalnmg to alrcraft which were delayed while 

awaltmg clearance to land at Mldway 

(a) Durmg periods of prolonged adverse weather condltlons 

when the Mldway Approach Radar 1s operatlve, approach transl- 

tlon delays (per delayed arcraft) average I6 mmutes duration 

(Table 4 Volume I) 

(b) During snnllar periods of prolonged adverse weather 

condltmns when Mldway Approach Radar 1s moperatlve for 

slgmflcant periods, approach transltlon delays (per delayed 

alrcraft) average 35 mmutes duration (Table 4 Volude I) 

(c) The length of the forecast delay Into Mldway 1s a prnnary 

reason for ancraft dIversIons to alternate destlnatlons 

(d) The total cost of these delays and dlverslons to the operators 

of aircraft when the radar 1s operative and when It 1s moperatlve 
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for slgmflcant permds 1s $27, 000 00 and $121, 000 00 per day, 

respectively (Table 4, Vol I) 

(e) Approach transItIon delays occur because 

(1) Under radar approach rules and procedures the 
- 

acceptance rate of Mldway approach control 1s less than 

the Inbound traffic rate durmg peak permds 

(2) With radar moperatlve, the acceptance rate of Mldway 
- 

approach control 1s lnnlted by the regulatmns governlng 

tnme separatmns and 1s much less than the mbound traffic 

rate durmg peak permds 

(0 Regardless whether radar 1s operative. approach transItIon 

delays are lengthened when 

(1) Thunderstorm or heay cumulus actlvlty 1s present in 
- 

any portlon of the holdmg structure 

(2) The operatmn of the Kedme navlgatmnal homer 1s 
- 

erratic 

(3) Observations pertammg to the mfluence of the weather on am 

traffic control in the ChIcago area 

(a) Inadequate mtegratmn exists between weather forcastmg 

sermces and air traffic control groups m the ChIcago Area, 11 e 

pllot reports of weather received by air traffic controllers are 

not avallable for use by weather forcastmg services, and 
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controllers are not sufflclently aware of the weather at the points 

in the area where control delays are lnstltuted 

(b) It 1s questlonable whether the locatlons of approach holding 

fmes in use m the Chlcago Area are compatible with clnnatologlcal 

condltmns 

(c) It 1s questmnable whether the orlentatlon of the mstrumented 

runways are compatible with the clnnatologlcal condltlons. 

(4) Observations pertalnmg to ground operations at Mldway and O’Hare 

when these operations are not hmdered by the weather 

(a) Delays at Mldway due to arrlvmg alrcraft waltmg for space at 

the gate constitute the largest number of delays on the ground 

(b) Durmg the perlads of this survey, delays on the ground at 

O’Hare occurred relatively Infrequently 

(cl It 16, however, expected (based on FAA Natmnal Axport 

Plan - 1959) that in the very near future a slgmflcant portlon of 

Mldway’s commercial traffic ~111 transfer to O’Hare hrport 

Therefore, m the future, this sltuatmn may be reversed. 

(5) Other slgmflcant observations are that- 

(=) The orlentatlon of the Instrumented approaches Into Mldway 

and O’Hare are m conflict 

b) AddItIonal navlgatlonal alds are needed 

On the basis of the above observatmns, the followmg major recommenda- 

tlons are made (addItIona Inform&Ion regarding collusions and recommendations 

1s Included in Sectmn E) 
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(1) Backup approach radar should be Installed lmmedlately at 

Mldway Anport Concurrently, the control tower should be redeslgned 

to provide more room m the cab and m the Instrument Approach room 

(2) An addltmnal navlgatmnal ald, located to the west of 0”Hare Airport 

should be mstalled nnmedmtely to assist, temporarily, in resolvmg the 

conflict between O’Hare departing and Mldway arrlvmg IFR traffic 

(3) The O’Hare Approach Radar should be relocated to elmnlnate a 

crltlcal blmd spot south of the field 

(4) Procedures and equipment should be developed in the near future 

to Improve and increase the weather InformatIon flow between air 

traffic control, alrborne pllots, and weather forecastlng sermces 

(5) A study should be lmtlated m the near future to establish the 

optnnum orlentatlon of the mstrumented approaches Into Mldway and 

O’Hare This study should Include an analysis of the wmd dlrectlon, 

force, and gustmess when celllngs are at or near mmmnum values 

Mmunum vlslblllty values should not be used as crlterm m this 

analysis since low vmblllty alone 1s not associated with bad flymg 

weather, and ~111 not be assocmted with the surface wmd related to 

mstrument approaches 

(6) Plans for dual mstrumented runways at O’Hare should be 

accelerated to Insure early nnplementatmn, based on the study 

referenced m (5) above 
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(7) A study of Radar Approach procedures shouldbe mltlated m the 

near future to ascertam- 

(a) Whether the use of computatmnal display would enable the 

approach controller to more nearly realize the theoretIca 

rate under current separation rules 

(b) Whether the avallablllty of backup radar would Justify a 

rewslon of current separatmn rules 
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A ObJectlves of the Project 

The ObJectlves of this PrOJeCt are to provide complete and accurate 

quantatlve analyses of alrcraft movement in flight in the Chicago Air Route 

Traffic Control Area and on the ground at Mldway and O’Hare Alrporis The 

analyses are to show the nature, volume, and flow of air traffic both in the 

air and on the axport surfaces In addltlon, the analyses are to establish the 

dlstrlbutmn, magmtude, and cause of delays that occur durmg permds of 

heavy demand upon the air traffic control system A set and maJOr obJectlve 

of this program 1s to collect and orgamze a large amount of basic data for 

future analysis and smmlatmn 

The ObJectlves therefore Include the collectlon and recordmg of data, the 

statlstlcal analysis of the data, and analysis of the system 

These ObJectlves were contractually establlshed by the delmeatlon of 

several speclhc tasks as follows 

Task 1 entalled the collectmn and analysis of flight progress strips for 

four selected days, the codlflcatlon of the mformatmn thereon 1n punched card 

form, and the organmatmn and tabulatmn of these data by axcraft flight number 

and reporting fix posltlon 

Task 2 entalled the analysis of the data of Task 1 supplemented by data 

from other soui-ces, to establish the number, dlstrlbutlon, and reason for 

delay to alrborne alrcraft in the ChIcago Area 

Task 3 entailed an analysis of the data of Task 1, supplemented by data 

from other sources, to establish the reasons for dlverslons 
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Task 4 entailed the collectmn of radar scope photographs, and the 

preparation of motmn and still pxtures graphlcally deplctmg the air traffic 

movements 1x1 the Chlcago Area 

Task 5 entalled an analysis of the data of Task 1 to establish the number 

of flight strips prepared and the number of flight strips requred for each 

flight route flown In the Chicago Area 

Task 6 entalled the collection and analysis of data for alrcraft movements 

on the axport surfaces at Mldway and O’Hare Alrports 

Task 7 entalled an analysis of weather In the Chlcago Area, and Its 

correlation to delayed or dlverted flights 

Task 8 entalled analysis of hldden delays, 1 e , delays resulting from 

route structure Ilmltatlons, or procedural restrIctIons over and above those 

deliberately Introduced by the controller for separation purposes 

Task 9 entalled an analysis of the magmtude and time occurrence of 

changes made In flight progress strips 

Task 10 entalled the collection and tabulation of data for VFR traffic 

In the Chlcago Area 

Task 11 entalled the collection of voice recordings of the commumcatlons 

on ground-au-ground channels to supplement the data of other tasks 

Task 12 entalled the establishment of recommendations and conclusions 

on the basis of the above analysis 
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B Descrlptmn of the Chlcago Au Traffic Control System 

The Chicago Au Tra:flc Control (ATC) Area (see Fig 1) encompasses 

portions of five states Mlchlgan, Indlana, Illmom, Iowa, and Wlsconsm 

Measured from Chlcago, the area extends approxnnately 125 m&s to the 

east, 140 miles to the north, 120 m&s to the south, and 225 miles to the west 

The area 1s essentially void of natural hazards, and with the exceptlon 

of three small restrlcted areas, 1s all free an-space The area 1s covered 

by an arrway structure in which radial routes convergIng at the Chxago 

Terminal Area predommate, but wblch also plomdes excellent east-west 

routes for transcontmental flights 

The Chlcago Termmal Area, which contams Mldway, O’Hare and 

Glenvlevr amports, m addltlon to many smaller anports, has been deslgna- 

ted as a high density air traffic zone 

The alrway structure 1s marked by a variety of navIgatIona alds These 

mclude 2 TVOR Is, 16 VOR’s, 1 VORTAC, 11 VOR -DME’s, and 10 low 

frequency ranges Instrument Landmg Systems (ILS) and/or Ground Con- 

trolled Approach (GCA) are Installed at Madison, Mldway, Milwaukee, 

O’Hare, Rantoul, Fort Wayne. Glenvlew, Molme, and South Rend 

Commercial carriers serve, m addltlon to Mldway and O’Hare, 

15 other alrports wlthln the Chlcago Air Route Traffic Control Center’s 

area 

Mllltary operations are regularly conducted at Fort Wayne, Glenmew, 

O’Hare, Rantoul and Madison 
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The air traffic throughout the airway structure which operates under 

Instrument Flight Rules (IFR) IS controlled by the Chlcago Air Route Traffic 

Control (ARTC) Center located at the extreme western edge of Mlway Ax- 

port m southwest Chlcago Control is mamtamed through the use of flight 

progress strips prepared from mformatlon received ma land lme or 

ground-air-ground commumcatmn channels, and posted at progress boards 

representmg reportmg posltlons or amway mtersectlons In general, the 

procedures followed m the Chlcago ARTC Center (CARTCC) are ldentlcal 

to the standard procedures m use throughout the country as speclfled by 

regulatmns 

For purposes of control, the CARTCC 1s or@mzed Into 14 sectors 

Each sector 1s normally manned by a controller and asslstant. Four of 

these sectors, which monitor traffic at Surf, Gary-Kedme, Big Run, and 

Napervllle, control Inbound traffic awaltmg transfer to Mldway Approach 

Control Two addItIona sectors, eqmpped with an 80 mile range Plan 

PosItIon Indicator (PPI) remote display of an FPS-8 radar, vector out- 

bound traffic from Mldway until they reach clearance altitude An addltmnal 

radar posltlon equipped with a 100 mile PPI display of this radar 1s used to 

vector Inbound Jet alrcraft to O’Hare Axport The peak watch at the 

CARTCC IS composed of 36 men 

High altitude Jet traffic above 24, 000 feet 1s monltored by the Flight 

Followmg Service operating at the Peoria Ground Controlled Intercept 

(GCI) Site 
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Over 50 percent of the actlvlty at the CARTCC 1s concerned with the 

control of Inbound or outbound MIdway traffic When adverse weather 

con&tlons necessitate IFR approaches Into Mldway, axcraft are held at 

Napervllle, Big Run, Gary-Kedzle, and Surf under control of the CARTCC 

Control 1s transferred to Mldway Approach Control when the axcraft 1s 

cleared to below 6000 feet, although the transItIon altitude may vary, 

dependent upon condltlons, by mutual agreement If prolonged delays 

exst. alrcraft are, in addltlon, held in outlylng patterns at Lowell, Jollet, 

Elgln. Neptune, Westvllle, and Mermaid Flow control 1s lnstltuted by the 

CARTCC when delays (per flight) approach 40 minutes, and only restricted 

numbers of Inbound alrcraft are accepted by the CARTCC 

The maJorlty of flight stslps are prepared by hand, although an IBM 

650 computer 1s used to automatlcally prepare flight strips for traffic 

from the west The llmlted tune that an aucraft IS under control when 

approaching from the east or south precludes Its use in these sectors. All 

updatlng 1s done by hand 

Mldway axport 1s located In the southwest sectxm of the City of 

Chlcago, and occupxs an area of exactly 1 square mile O’Hare Alrport 

1s located 14 m&s northwest of Mldway on 6080 acres of land owned by the 

City of Chxago 

The close proxxnlty of these two alrports which handle traffic to 01 

from Chlcago causes several problems First, Midway traffic to the north 
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must detour, generally to the east, to avold the O’Hare control zone 

Slmllarly, O’Hare traffic to the south must detour, generally to the west, 

to avold the Mldway control zone Secondly, a much more serious sltuatlon 

1s occasioned by the unfortunate orlentatmn of the mstrumented runways at 

both fields The departures from the mstrumented runway at O’Hare, 14R, 

extend directly mto the approach zone of the mstrumented runway, 13R, at 

Mldway The area between these amports has been dlwded to allow 

approxunately 3 miles for departures on 14R at O’Hare to turn east or 

west, 3 m&s for a buffer zone, and 8 m&s for approach zone at Mldway 

However, the advent of commercial Jet operations from O’Hare on 14R 

(which 1s 8838 feet long), coupled with the lunlted turning ablllty of these 

alrcraft, causes a. frequent source of conflict Rectlflcatlon of this 

sltuatlon 1s mandatory 

Control procedures at Mldway and 0”Hare are sunllar 

Under IFR condltlons, lnbounds are accepted by approach control 

at the speclfled holding patterns at agreed upon altitudes. They are radar 

vectored to final approach, malntalnlng a mlnnnum of 3 miles separation, oi-, 

when the radar 1s lnoperatlve,tuned approach procedure 1s used Flnal 

approach 1s by ILS with GCA advisory avallable at Mldway Clearance to land 

on the active runway 1s Issued by the Local Controller and taxI lnstructlons 

are issued by the Ground Controller 

Departing Axcraft are cleared to taxI by the Ground Controller, Issued 
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en route clearance by the En Route Coor&nator, cleared to the active 

runway and takeoff by the Local Controller and controlled subsequent to 

takeoff by the Departure Controller until such time as they are handled over 

to the CAR-ICC 

For detalled descrlptmns of approach control procedures refer to 

Appendices Aand B, Vol II 
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C. Method of Analysis 

1 Permds of Observatmn 

Durmg the period from February through April, 1959, data 

were collected and analyzed for selected days 

Am traffic was analyzed for 24 hours on February 26, 

March 26, April 10, and April 27 These permds were selected 

after the fact. The crlterla for selectmg a day sutable for analysis 

were that IFR weather prevailed for extended permds throughout the 

2.4 hour day, that slgnlfxant delays were experienced, that the 

traffic count exceeded 1600 flights, and that all ma~oi- equpment 

was operative Due to an extensive serxs of approach radar outages at 

MIdway the last ofthese crlterm could be satisfied only partnlly. 

Flight count hlstory did not exist, rather, a hlstory of strip counts 

was used to estnnate flight counts. The days were therefore 

selected on the basis of a speclhc number of flight strips pre- 

pared and a count of 1600 f:lghts never appeared. Data for ground 

traffic were collected and analyzed for seven permds on February 

3, February 6, and February 11 at Mldway, on February 19 and 

February 28 at O’Hare, and on March 22 at both Mldway and O’Hare 

In each case the data collection period was of approxmately 8 hours 

duratmn. The days for ground observatmn were selected before 

the fact, and were chosen on the basis of an antxlpated large volume 
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of an-port operatmns under VFR condltlons Even so, the permd of 

February 3 contains a portmn of IFR traffic 

A brief descrlptmn of the weather1 for the periods of air 

traffic analysis 1s as follows 

26 February, Thursday, 0600 GCT 

The area was covered by a stagnant polar air mass of great depth 

whxh moved eastward very slowly under the mfluence of westerly winds 

aloft A weak trough III the wmds aloft passed cover the area during 

mldday accompamed by a band of light preclpltatmn and followed by clear- 

mg weather 

26 March, Thursday, 0600 GCT 

A complex storm area moved from Oklahoma towards the Chxago 

area Durmg the period the orlgmal storm weakened and a new one 

developed near Qumcy, Illmols. This new storm passed south of Chlcago 

on an eastward CCJUPS~, causmg a conslderable amount of thunderstorm 

actlvlty thrayghout tile period along a lme from west to east through Central 

Illlnols and Southern Indmna 

10 April, Friday, 0600 GCT 

The area was covered by a shallow and stagnant cold contmental am 

mass Aloft, winds from the southwest carned mmst air Over the surface 

l/ DetaIled descrlptlons, graphs, and charts III C. 4 of Volume II - 
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a1r early in the day The winds aloft veered to northwesterly as a trough in 

the westerlies passed over the area Preclpltatlon accompanied the change m 

the winds aloft, and clearmg followed 

27 April, Monday, ‘500 GCT 

A weak storm area emsted m Kansas and a line of weather extended 

eastward from It This storm area lntenslfled durmg the day while moving 

northeastward mto western Illmols The lme of weather extendmg eastward 

from the storm became Intense No landmgs were made at Mldway An-port 

for 40 mmutes from “318 to 7358 GCT due to gusty beam w;nds associated 

with thunderstorm actlvlty 

In general, 26 February and 10 Aprll were snnllar days weatherwlse, 

and air traffic operations and control were not affected to any great extent 

on these days Also, 26 March and 27 April were slmllar days weatherwlse, 

the fn-st characterized by a “grown I’ storm moving from the southwest and 

passing eastward to the south of Chlcago, the second characterized by a young 

and lntenslfylng storm of snnllar movement Am traffic operations and 

control were conslderably dlsrupted on both days Although It appears that 

the weather of the 27th of Apnl was more Intense and affected the area for a 

longer period of tune than that of the 26th of March, traffic was handled much 

more expedltlously on the 27th of April smce approach control radar was 

operatmg all day whereas It was lnoperatlve most of the 26th of March 

The weather on the days of ground traffic analysis was generally good 
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As none of the conclusions presented herem relate speclflcally to the weather 

exlstmg durmg ground test days, this materlal 1s presented m d&all m Sectlons 

B 2 and C 4, Vol II 

2 Sources of Data 

Sources of data Included the followmg 

(1) Flight Strips 

The prxnary source of data for the tabulation of flights m 

the Chlcago ATC area was obtalned from flight strips prepared m 

the Chlcago ARTCG, Mlduaytower, O’Hare tower, Peoria tower, 

Rockford tower, South Bend tower, and Milwaukee tower 

Although these strips were the basic source of data, they 

have several Innltatlons from an analytlcal pomt of mew Cross 

checkmg with radar photographs and radio recordmgs mdlcates 

that the following types of errors or omlsslons may exist 

(=I An Incorrect group of hour dlglts may be wrltten on 

ARTC strips, especmlly when long delays occur 

(b) Either the actual txne of arrival, or the actual time 

of departure, or both, may be mls s mg from both ARTC and 

tower strips 

(c) A few cases exist where no record 1s made of delays 

Also, when several delays are recorded on a single flight strip, 

nonstandard codes and methods are used to deslgnate the hold 
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Occasionally, the flight strip will mdlcate a delay at a 

fix geographically dlstmct from the actual holdmz fix 

(d) Aircraft sometimes follow routes different from 

those shown on the flight strips wlthout any mdlcatlon 

of a change 

(e) Occasional erroi-s exist In reportmg tunes over fixes 

Estmnated speed 1s usually mcorrect after the first few 

reportmg fixes and 1s rarely updated 

It should be emphasized that the above llrmtatlons apply to 

the usefulness of flight strips as sources of data for after-the- 

fact analysis, and not to their deflclencles as a real time record 

of control mformatlon 

(2) Radar Scope Photographs 

Both the FPS-8 radar display at the CARTCC and a repeater 

at the ASR-3 radar at O’Hare field were photographed at a rate of 

2 frames per mmute throughout the entlre test period from February 

through April 

Except for an occasional blmd spot and nonllnearltles In the 

vlcmlty of the center of the radar displays due to the beamwldth 

of the radar, the radar photographs are the most accurate source 

of posltlon data avallable However, this source must be supported 

by other sources smce no alrcraft ldentlfwatlon 1s possible with the 
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radar photographs alone 

(3) Commumcatmn Channel Recordmgs 

SIX radm frequency channels were contmuously momtored 

by special 24 hour tape recorders These frequencies, Surf, 

Chlcago Heights, Napervllle, Radar East, Radar West, and 

Goshen, gave a representative sample of commumcatlons pro- 

cedure m the CARTCC and proved to be the most fruitful sources 

of data avallable The radio frequencies used by the transltlonal 

fix controllers, Surf, Napervllle, and Chlcago Heights, wcie 

momtored by Cook personnel for weather data, reportmg tunes, 

and unusual sltuatmns Smce almost all data dlsplayed on the 

ARTC flight strip are obtamed through radio commumcatlons, 

most flights can be followed more accurately from data on the 

tapes than from data on the strips Also, addltlonil mformatlon 

on Items such as navlgatlon equipment fallure,weather data, and 

declared emergency can be obtamed from this source and nowhere 

else It 16, however, extremely costly to momtor these data 

extensively 

(4) On-the-Spot Observatmns 

Data on ground traffic were collected at Mldway and O’Hare 

by organned teams of Cook Research LaboratorIes’ employees as 

observers Walkle-talkies were used to coordmate the team 
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actlvltles and to mamtaln tnne synchronism These teams were 

asslsted by FAA controllers, particularly to monitor commumca- 

tlon channels, and to ldentlfy reasons for ground delay Also, data 

was collected for VFR traffic by direct observation of operatmns at 

Mldway, O’Hare, Melgs, Sky Harbor, Palwaukee, Glenmew, and 

Howell amports 

(5) Pllot Questmnnalre Cards 

(a) VFR pllot questlonnane cards were dlstrlbuted to pllots 

who accomplished VFR flights on 22 March, and the returned 

cards were used m the VFR tabulatmns of Table K, Vol III 

(b) General pilot questlonname cards were dlstnbuted to 

every commercml amlme offlce and mllltary group at Melgs, 

O’Hare. Mldway, and Glenmew 

In addltlon, these post cards were placed on the regls- 

tratlon desk of every general avlatmn faclllty at these fields. 

This form, BE-04-R050 (Fig 5, Vol II) requested mforma- 

tlon on delays, reasons for delays, duratmn of delays, 

posltmns where delays were encountered, and reroutmg Infor- 

matlon These post cards were avallable to pllots throughout 

the entme air test permd from the middle of February to the 

end of April Unfortunately, there was a dropoff m dally 

returns of these cards after the fmst few weeks and the last 
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two test periods had very few returns to aid m the delay 

analysis The hold tunes lndlcated on these cards are 

generally approxunatmns and are not consldered extremely 

accurate, however, the reasons for delays and posltmns of 

delays’ occurrence give a great deal of add&or& mslght Into 

the delays’ problem The data could not be used in a 

quantltatlve sense 

(6) Sources of Weather Data 

(a) For Ground Test Day Analysis 

Teletype weather records collected from Mldway 

Weather Bureau Air Statlon 

b) For Au Test Day Analysis 

Teletype weather records collected from Mldway 

Weather Bureau Axport Statlon (WBAS) or the U. S Weather 

Bureau (USWB) Flight Advisory Weather Service (FAWS) umt, 

Unlver*?ty of Chlcago Upper au analyzed charts collected 

from Mldway WBAS and the Natmnal Meteorological Center 

(NMC) Analyzed surface charts collected from FAWS unit,, 

Umversity of Chlcago, and Mldway WBAS Mlsslng Data 

(e g 7 rasondes) copled from hlstorxal teletype data flies 

of USWB research offlce, Umversity of Chlcago Tape 

recordmgs of the Napervllle, Surf, and Chlcago Heights 
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control posltlons of the CARTC center 

(c) For Forecastmg Ground Test Day Weather 

Teletype data facslmlle charts, and regmnal 

*ynoptw and forecast verbal dlscusslons as supplied by FP-1 

(d) For Determlnlng Area Weather Condltmns on Tentative 

Ax Test Days 

O’Hare WBAS teletype and facsunlle records 

3 Analysis Procedures 

The basx procedures for the analysis of air traffx data eonslsted 

of sorting flight strips by flight, preparing IBM punched cards for each 

strip, and tabulating the punched cards by flight and reportmg pomt 

From these tabulatmns, summarxs of data on traffic flow, routes, up- 

datmgs, etc , were obtained by mspectlon 

The analysis of delays and dlverslons requred the use of the 

above tabulatmns, correlated with tape recorded data, radar data, and 

weather data To some extent, the returned pilot questlonnalre cards 

assisted m analyzmg delays It should be pomted out that the analysis 

of delays reqmred considerable Judgment on the part of the analyst, and 

to some extent certam human errors affected the evaluation 

The tabulated data collected by on-the-spot observations of ground 

trafk were placed m punched card form, and were machme processed 

for the most part 
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D 

The weather data were prepared m descrlptlve and graphical 

form for correlation to the dlgltal data 

Analysis of Data 

1 Traff~ Flow 

The volume and nature of IFR au traffx usmg the CARTC area 

was analyzed by ownership category and traffx class&catlon The 

results are tabulatedin Table I, VoL Ioftlns table,mbound refers to 

flights hamng orlgms exterior to and destmatlons mtermr to the 

CARTC area, outbound refers to flights hawng orlgms mterlor to and 

destmatmns exterior to the CARTC area, while over and local refer 

to flights hamng both orlgln and destmatmn extermr and lntermr to the 

CARTC area, respectively It 1s seen that there 1s reasonable con- 

slstency m traffx volume and nature between the several test permds, 

and that the traffx m the CARTC area 1s composed predommsntly 

of commercial Inbound or outbound flights, 

Analysis of the 548 Inbound flights of February 26 mdxates that 

61 percent were Inbound to Midway and 8 percent were Inbound to 

O’Hare The remamder, 31 percent, were destined to other axports 

wlthm the CARTC area On the average. of course, the same per- 

centage dlstrlbutlon of points of orqln will apply to outbound flights 

Slmllar analysis applied to the other sample periods yields essentially 

the same dlstrlbutlon Further. 54 percent of the local flights in the 
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TABLE I 

NATURE AND VOLUME OF IFR AIR TRAFFIC IN THE CARTC AREA 

Thursday Thursday Friday Monday 

26 26 10 27 

February March April April 

Total Number of Flqhts 1557 1378 1548 1513 

Dlstrlbutmn by Traffic Class 

Percent Inbound 35 2 39 2 37 9 35 7 
Percent Outbound 36 9 37 0 38 5 36 6 
Percent Local 13 0 14 2 11 1 17 4 
Percent Over 14 9 9 6 12 5 10 3 

Dlstnbutlon by Ownership Class 

Percent Commercial 81 0 79 4 70 6 79 5 
Percent Mllltary 8 2 8 2 15 5 7 0 
Percent General 10 8 12 4 13 9 13 5 
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area have Mldway as an orgm or destlnatmn and 3 percent have 

O’Hare as an cmgm or destlnatlon Of the total number of flights in 

the CARTC area, 51 percent have Mldway anport as an orlgln or 

destmatmn, and 6 percent have O’Hare Amport as an ongm or 

destmatmn 

Table 2, Vol I, contains mformatmn on the flow of IFR traffx 

in and through the CARTCC y Percentages of the total days traffic 

as establlshed from flight strips, are lndlcated for 2 hour permds It 

1s noted that 75 percent of the total day’s traffic occurs between 

1400 and 0200 GCT and 1s dlstrlbuted qute evenly over that permd. 

In summary. the IFR Air Traffw in the CARTC area 1s pre- 

dommantly commercial traffic Because It 1s largely a scheduled 

operatmn, It shows a reasonable consxtency from day to day The 

major traffic flow 1s Into or out of Mldway Amport Analysis of 

Routes mdlcates that the main flow of traffx proceeds along radial 

paths m the east, west, and south sectcrs, which 1s consistent with the 

geographic locatmn of the CARTC area in the Contmental Umted States 

At the tune of the survey, certam trends were operatlve There 1s 

expected to be a progressive transfer of commercial traffic from Mldway 

to O’Hare (see FAA Natmnal Alrport Plan - 1959), and commerc~a.1 Jet 

operatmns Into and out of O’Hare ~111 be accelerated Currently, An 

Defense Command actlvltles are bemg curtalled at O”Hxe but there 1s a 

trend toward Increased Am Natmnal Guard and Au Force Reserve 

1/ 26 February was used smce It was the most normal day,weatherwlse 

and operatmnally, of the 4 days speclfled 
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TABLE 2 

TIME DISTRIBUTION OF IFR TRAFFIC IN THE CARTC AREA 
on 26 February 1959 

Two Hour Permd Beglnmng, GCT Percent 

06 00 2 6 
0800 1 8 
1000 2 5 
1200 49 
1400 11 0 
1600 13 2 
1800 13.1 
2000 13 3 
2200 13 9 
0000 10 9 
02 00 8 7 
0400 4 1 
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operatmns at t’nls alrport The latter, bemg of a trammg nature, 

may not contrlbute extensively to IFR traffic in the area 

A general growth in commercial traffic 1s expected L’ In addltlon, 

It 1s antlclpated that an mcreasmg number of overseas operatmns along 

polar routes to Europe or North Asia xv111 be conducted from the Chlcago 

Area This ~111 augment the traffic to the north Fmally, the actlwty 

1/ of general avlatmn 1s expected to mcrease slgmflcantly m the future - 

although the extent to which this increase in traffic ~111 Increase IFR 

operations 1s dlfflcult to evaluate 

With the type of traffic flow described, 1 e , a convergmg flow 

predominantly to a single alrport, It would be expected that during 

permds when the acceptance rate for arrivals 1s llmlted at this alrport 

due to weather or other condltlons, a serious condltlon of alrborne 

delays and dIversIons to alternate destlnatlons would develop This 

aspect of the analysis 1s presented m the next sectlon 

2 Delays, Dlverslons, and Cancellations (of IFR Flight Plan) 

In the process of analyzing delays in the Chlcago Area, It was 

found that they fall Into two broad types, Approach Transltlon delays and 

En Route Delays 

Approach TransItIon Delays occur to alrcraft waltlng to 

approach and land at their destlnatlon alrport 

En Route Delays are rather Isolated and dlstrlbuted throughout 

the alrway structure Refer to Tables 11, 12, 13, and 14, Vol II 

Departure TransItIon Delays were not found to exist in the Chlcago 

Area 

11 Based on Natlonal Requirements for Avlatlon Facllltles - 1956-75 May 1957 -- ---- - 
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Table 3 1s a summary of the mcldence of delays and dlverslons 

m the CARTC area durmg the four test periods It 1s observed 

that approach transltmn delays predommate 

Although En Route Delays are of some slgmflcance, a detailed 

exammatlon of the factors leachng up to them &d not reveal any central 

related cause We,therefore, were unable to arrive at recommenda- 

tlons and conclusmns to affect their reduction Presumably, more 

adequate schedulmg and preclxtlon and unproved commumcatmns 

between adjacent centers or other control actlvltles, currently under 

development by the FAA, ~111 reduce their slgtuflcance 

Although there are five reasons for dlverslons Ixted, It 1s seen 

that 69 percent of all dlverslons occur as a result of control delays 

The four cllverslons llsted as caused by company reasons are 

further dlscussed m C 4 a under 26 March, Vol II, and might 

really be due to Inadequate ramp area and/or gates at O’Hare Field 

It should also be noted that on 26 February, 18 flights cancrlled 

IFR as a result of control delay 

It 1s an established fact that, on 26 March, aircraft destined for 

Chlcago airports diverted before coming under CARTC control There 

1s also the probalxllty that flights scheduled for Ckcago airports 

were cancelled at departure pomt Unfortunately, we were unable to 

perform any quantltatlve analyses on these mcldents This could only 

be accompllshed through complete access to all carrier records m theu 

respective operations bases 
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TABLE 3 

SUMMARY OF DELAYS AND DIVERSIONS 

IN CARTC AREA 

Delay Incident 

Thursday Thursday Friday Monday 
26 26 10 27 

February March April April 

Total Number of delays 137 459 

Number En Route 24 3 

Number Durmg Approach TransItIon 113 456 

DIversIon Incident 

Dlverslon Resulting from Control Delay 

DIversIon Resultmg from Weather Delay 

Dlversmn Resultmg from Weather Condltlons 

(Field Closed or Mlssed Approach) 

Dlversmn Resultmg from Company Reasons 

Thursday Thursday 

26 26. 
February March 

0 33 

0 6 

2 3 

0 4 

Dlverslon Resultmg from Emergency m Flight 0 2 

- 
Total DIversIons 2 48 

112 285 

6 5 

106 280 

Friday Monday 

10 27 

April Aprll 

0 1 

0 2 

0 3 

0 0 

0 0 

-- 
0 6 
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The extremely large number of Approach Transltmn Delays 

constitute the mayor problem area in the Chmigo Area Further 

operatmnal factors that describe this classlficatlon of delays are 

tabulated in Table 4, Vol I It should be observed that the 

operatmnal sqmflcance of the characterlstlcs of the delay pattern 

1s highly varmble from day to day, although the traff:c load 1s 

relatively constant It 1s mportant to recogmze that both 26 

February and 10 Api- constituted permds when delays and 

dlversmns were acceptable, that 27 April constituted a permd 

when delays and dlversmns were hazardous and very costly, and that 

26 March constituted a permd when delays and dlversmns were 

hazardous and extremely costly 

In assIgnIng the factors which are responstble for the magmtude 

of the delays, we consider the various operatIona and weather sltuatlons 

that occurred during these periods 

It should be recogmzed that the data of Table 4 applied to flqhts 

Into all alrports in the ChIcago Area These Include Milwaukee, Fort 

Wayne, South Bend, etc , as well as Mldway and O’Hare am-ports 

HOWever, the delays occur predommantly to alrcraft Inbound to Mldway 

For example, on 26 March, 92 percent of the delays tabulated occurred 

to alrcraft approachmg Mldway Therefore, the operatmnal and weather 

sltuatmn at MIdway may be expected to be the prune factor m establlshmg 

the delay pattern 
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TABLE 4 

SUMMARY OF DELAY AND DIVERSION ASSOCIATED 

WITH APPROACH TRANSITION 

Delay Incident - 

Thursday Thursday Friday Monday 

26 26 10 27 
February March Aprl: April 

Total Number of Delays 113 

Number Durmg Peak Hour 27 

Mean Duration, mmutes 7 22 

Maxxnum Duration, mmutea 65 

Total Delay, mmutes 816 

Cost at $6 00 per mmute I; $4,900 

DIversIon Incident 

Number of Flights which DIverted 
due to Forecast and/or Actual 
Approach TransItIon Delay 0 

Cost at $1000 per Dlverslon $ 0 

Total Cost of Delays and DIversIons $4,900 

423 

60 

34 72 

115 

14,698 

$88, 200 

106 279 

24 38 

10 28 15 50 

30 85 

1090 4320 

$6, 054 $26, 000 

33 0 1 

$ 33,000 $ 0 $ 1000 

$121,000 $6, 054 $27, 000 

I: Based on Air Transport Assoclatmn data, may be conservative 

$4 It 1s lmposslble to determine the true cost of a dIversIon However, If 
we Ignore schedule dIsruptIon, nonLt&zatlon of alrcraft, passenger 111 ~111, 
and Gcwernment requred crew rest, and assume only that the average dIversIon 
involves one hour to alternate and one hour back (at a later time) at $6 OO/mm 
plus accommodations for 40 passengers at $10. 00 per passenger, we arrive at 

a figure of approximately $1, 000 00 
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The weather has been extensively anal ” ed and 1s presented In 

d&all m SectIon C 4 , Vol II of this report The prlrre features of 

these factors are tabulated in Table 5, Vol I The effect each of 

these factors has on the magnitude of Approach Translr,on Delays 13, 

from operatlonal conslderatlons, as follows 

(1) When the Mldway Approach Radar 1s InoperatIve, the 

alrport acceptance rate 1s reduced from Its normal IFR radar 

approach capacity This occurred for slgnlflcant permds on 26 

February and 26 March Actually, conslderable dlfflculty was 

experienced with Mldway Radar throughout the entlre test period 

The radar 1s a newly Installed ASR-2, and It was reported to be 

out of service 55 times during the months of January, February, 

and March, 1959 In explammg cause of delays, pllot questlon- 

nalres frequently referenced radar outage Dally preventive 

mamtenance during off hours has temporarily corrected this 

sltuatlon 

(2) When Mldway Runways are closed due to weather, there 

1s no alternatlve for an alrcraft except to hold or divert This 

occurred for only 40 mmutes on 27 April 

(3) The duration of tnne that Mldway AIrport 1s below VFR 

mmunums has a slgnlflcant mfluence on the magmtude of delays 

as It necessitates IFR radar or nonradar approach procedures 
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TABLE 5 

SUMMARY OF FACTORS WHICH RELATE TO APPROACH TRANSITION DELAYS 

Mldway Approach Radar InoperatIve; 

Mldway Runways Closed 

Mldway Weather Below 1400 ft 
Celling and 1- 3 /4 mile Vlslblllty 

Chlcago Area Weather Aloft 

26 February 

6 hr. 

0 

26 March 

10 5hr 

0 

10 Aorll 27 April 

0 

67 hr 

9 hr 20 5hr 4 hr 21 5hr 

Relatively Good 

Flymg 
Weather 

Relatively Bad Relatively Good Hazardous 

Somewhat Flymg Flymg 
Hazardous, Weather Weather 

Flymg Weather 

Kedzle Homer Erratic NO Yes NO Yes 

‘k This does not Include perlod of shutdown for preventive mamtenance during off hours 
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which reduce the alrport capacity to well below Its normal VFR 

rate (see Table 10, page 45, Vol I ) 

(4) Chlcago area weather aloft has an effect on the magmtude 

of delays when turbulence due to thunderstorm or heavy cumulus 

actlvlty occurs at approach holdmg fixes or at adJacent feeder 

fixes The effect 1s twofold First, when thunderstorm actlvlty 

exists along the Inbound routes, alrcraft may hold at an out- 

lymg fix until the actlvlty abates, rather than proceed This 

sltuatmn exlsted on 27 April, although m the analysis It was not 

possible to make a dlstmct separation between amcraft holdlng 

for this reason and axcraft holdmg whllr awaltmg clearance to 

approach holdmg pomts Secondly, when thunderstorm actlvlty 

prevails at approach holdmg fixes, there 1s an attempt made to 

transfer alrcraft to alternate holdmg points This 1s not always 

possible, as the latter may be already occupied This latter 

control actlvlty Increases the controlled alrcraft movements m 

the vxlnlty of the Mldway approaches, and undoubtedly 1s a 

contrlbutary reason for delay In any event, holdmg m thunder- 

storms mcreases the apparent, If not actual, duration of the delay, 

and 1s very undesirable 

(5) On occasion, the Kedzle homer 1s erratic during thunder- 

storm actlvlty or pxeclpltatlon periods and cannot be used Delays 
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are experienced by alrcraft that cannot locat*, or cannot malntaln 

this marker and must be held at alternate fixes 

In assessmg the unportance of these several factors, we recognme 

that 26 March and 27 April are very snnllar with respect to weather 

and traffic load While Mldway was closed for a brief permd on 27 April, 

the major dlstmctmn 1s that the Midway Approach Radar wvas InoperatIve 

for 10 5 hours on 26 March It 1s reasonable to assign the full cost of the 

addItIona delays on 26 March to this factor, 1 e , the cost of 10 5 hours 

of radar outage at Mldway 1s apprcmmately $94, 000, or $9, 000 per hour 

outage 

Further, on 27 April, when Mldway operated under IFR radar 

approach condltlons for extended permds, the cost of the delays was 

$26, 000 00 While m any sequentml serwce operatmn mvolvmg 

random events some delay 1s unavoidable, and a portmn of this delay 

cost must be chargeable to weather aloft, It appears reasonable that 

the total cost would be reduced to one-half this value had an addltmnal 

mstrumented runway been avallable at Mldway Thus, the cost of the 

delays chargeable to the lunlted avallablllty of Instrumented runways 

1s $13, 000 per IFR day Fmally, It appears extremely desirable 

that controllers be more aware of the weather condltmns where air- 

craft are bemg held, that a greater flexlblllty in holdmg patterns to 

mlnlmlze the effect ofthe weather be establlshed, andthatthe Kedzlehomer be 
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replaced by a more reliable faclllty Conclusmns and recommenda- 

tlons to this effect are treated In a later sectmn 

A further InsIght Into the quantltatlve relatlonshlp of approach 

handlmg rates to delays may be obtalned by a conslderatlon of the 

data of Table 6, Vol I This table compares the arrivals per hour 

at Mldway under VFR condltlons, under IF R approach condltmns, 

and under IFR radar approach condltlons The tabulation for VFR 

condltlons was taken from the data for one of the days of ground 

traffic observation Because commercial traffic at Mldway 1s a 

relatlvcly consistent scheduled operatmn, the data for the VFR permd 

represent closely the expected normal traffx load at Mldway under 

any condltmns The traffic load at Mldway, due to general avlatlon, 

1s much more variable A slgmflcant portlon of this classlflcatmn 

may be expected to remaln on the ground during IFR permds 

Reference to Table 6, Vol I, lndlcates that normal traffw at 

Mldway 1s 26 0 commercial operatmns per hour, with maximum and 

mmunum rates of 33 and 19 per hour, respectively Under txned 

approach procedures, the arrival rates at Mldway are reduced to an 

average of 18 1 arrivals per hour, with the rate rangmg between a 

mlnrnum of 14 and a maximum of 22 per hour Under radar approach 

procedures, the arrival rate at-Mldway 1s 25 .i per how, with the 

rate being extremely consistent throughout the period, ranging 
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TABLE 6 

ARRIVAL TRAFFIC RATE AT MIDWAY UNDER VARIOUS CONDITIONS 

Hour Period 

Begmnmg 

GCT 

1800 

1900 

2000 

2100 

2200 

2300 

0000 

0100 

Av /hour 26 0 56 18 1 25. 1 

February 11 
VFR 

Commercial General Avmtlon 

Landmgs Landing s 

19 11 

23 6 14 27 

26 9 16 25 

23 4 22 26 

28 6 

30 8 LO 23 

26 0 15 25 

33 1 
- 

208 45 

March 26 

IFR 

Tuned 
Approach 

22 

18 

18 25 

145 202 

April 27 

IFR 

Radar 
Approach 

24 

27 
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between 23 and 27 per hour 

In any operational situation, If the arrlvmg traffic rate exceeds 

the handmg or service rate, the waltlng twne for arrivals tends 

toward mfnuty It 1s seen that Radar Approach procedures allow a 

handlmg rate to be sustalned which 1s margmal with regard to the 

normal expected arrival rate of commercial alrcraft Tuned Approach 

procedures are totally Inadequate, It would be expected that long 

delays and extensive dlverslons would result when the normal arrival 

rate 1s rnposed on the llmlted handling rate of approach control under 

these condltlons 

It should be pomted out that the crlterla of 3 mmutes separation 

under tlmed approach procedures and 3 miles separation under radar 

approach procedures, assummg an approach speed of 120 miles per 

hour, leads to theoretIca. maximum rates of 20 and 40 per hour for 

these procedures, respectively Thus, tlmed approach and radar 

approach operations are carried out with an efflclency of 90 5 and 63 0 

percent, respectively From the standpomt of the approach operator”s 

declslon function, the tuned approach procedure 1s relatively swnple 

and It 1s not surprlsmg that the theoretical rate sanctloned by the rules 

1s approached On the other hand, radar approach procedures involve 

many estlmatlons, predlctlons, and computations on the part of the 

approach operator ?t would be expected that the theoretlcal rate would 
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be much more dlfflcult to realme under these condltlons It 1s 

questmnable whether approach operators usmg radar procedures 

could exceed by a slgmflcant amount therates establlshed at Mldway 
: 

on April 27, the consistency of the rate sustalned testlfles to the 

fact that well-tralned, consclentmus personnel are employed m the 

process 

3 Control Data 

An analysis was made of the Control Data at the CARTCC 

This analysis was made from an exammatmn of the en route flight 

strips, and entalled the determmatlon of the flight strips required 

for each route, the extent of updatmg on each and the magmtude of 

the hldden delays m the control process The purpose of this 

analysis 1s to provide experImenta data to assess the appllcablllty 

of automatic computation to the an traffic control process 

Tabulatmn of these data 1s presented m detail in Sectmn C. 5 1 

Vol II Over 500 dlstmct flight routes were analyzed, and the dls- 

trlbutlon of the number of flight stnps required for each was tabulated 

The frequency of updatlng was analyzed at over 100 reportmg pant s 

for each hour of one test day Hldden delays were determmed for 

Inbound alrcraft durmg the two peak hours of each test day over 58 

flight route segments 

In the absence of detalled knowledge of a proposed data pro- 

cesslng computer these data do not lead directly to recommendatlor,s 
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or conclusions Therefore, only general summary data and comments 

are presented here 

During the four days analyzed, a total of 21, 107 flight progress 

strips was prepared Table 7 1s a tabulatmn of the number of strips 

prepared for each flight classlf~atmn It 1s seen that Inbound flights 

require the preparation of the greatest number of flight progress 

strips, followed by outbound, over, and local flights in that order 

The average number of strips prepared per flight 1s 3 92, 2 82, 3 06, 

and 5 08 for Inbound, outbound, local, and over flights, respectively 

In the control process, the estunated time of arrival 1s most 

frequently updated or revised, followed by altitude mformatlon 

especially for Inbound and outbound operations Speed 1s very 

Infrequently updated In order to nnprove control, the accuracy of 

tmnmg should be unproved Much more accurate ground speed 

estlmatmn seems necessary This can be had only If axspeed repor*- 

mg becomes more accurate and accurate wmd dlrectmns and speeds 

are supplled to the pllot and/or controller 

Hldden delays were analyzed by cornparIng the calculated fllgbt 

tmne for a dn-ect route from a peripheral fix to the approach holding 

fm (usmg entered ground speed and measured distance) to the actual 

elapsed tnne mmus any known delays On the average, an Inbound 

flight exhlblts hldden delay of 7 35 mmutes Smllarly, the hldden 

delay between the approach holding fix and the outer marker at Mldway 

40 



TABLE 7 

TABULATION OF FLIGHT STRIPS PREPARED IN THE CHICAGO ARTCC 

Thursday Thursday Friday Monday 
26 26 10 27 

February March Aprd Apnl -- 

Total Number 5408 4669 5649 5381 

Percent Inbound 39 2 47 3 39 7 38 9 

Percent Outbound 29 4 26. 1 33” 1 30 6 

Percent Local 10 4 12 1 9 9 14 6 

Percent Over 20 0 14 5 17 5 16. 0 

Average Number of Strips Prepared 

Per Inbound Flight 

Per Outbound Flight 

Per Local Flight 

Per Over Flight 

3 92 

2 82 

3 06 

5 08 
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averaged 7 09 minutes 

4 Ground Traffic 

11 
A summary of the data for ground traffic- at Mldway and 

O’Hare 1s presented m Tables 8 and 9, Vol I Sallent pomts to be 

observed are; (1) traffic at Mldway 1s predominantly commercial, 

(2) traffic at O’Hare 1s approxnnately equally dlvlded between 

commercial, mllltary and general avlatmn, (3) the total traffic at 

O’Hare 1s only about 40 percent of the total traffic at Mldway, and 

(4) the commercial traffic at O’Hare 1s about one-seventh of the 

commercial traffic at Mldway 

With the exceptmn of four hours on 3 February at Mldway, 

all the operations were conducted under VFR procedures Durmg 

the permd of IFR operatmns at Mldway, 103 departure and 73 arrival 

operations were conducted This fact accounts for the abnormal 

percentage of commercial operatmns at Mldway on 3 February, dur- 

mg IFR periods, general avlatlon amcraft may be expected to remam 

on the ground, while commercial amatmn alrcraft may be expected to 

proceed on schedule If possible 

A summary of the operatmn rates at Mldway and O’Hare 1s 

shown m Table 10, Vol I, for IFR and VF-R, respectively Due to 

the lnnlted number of IFR operatmns, the confidence level of the 

value m the table for IFR operatmns 1s not high These statlstlcs 

further Illustrated the magmtude of Mldway traffic when compared to 
- 
I/ Refer to Sectmn C 3, Vol II for detalled analysis and supportlng mformatlon - 
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TABLE 8 

SUMMARY OF GROUND TRAFFIC AT MIDWAY AIRPORT 

Date 
Tuesday Friday Wednesday Sun&y 

3 6 11 22 
February February February March 

Tune S tarted, GCI 1830 1800 1800 1600 

Tnne Ended, GCT 0230 0200 0200 2400 

Total Number of Departures 187 268 270 252 

Percent Commercial 96 0 82 5 83 0 85 3 

Percent Mllltary 0 0 3 0 0. 8 

Percent General 4 0 17 2 17 0 13 9 

Total Number of Arrivals 173 258 253 242 

Percent Commercials 98 0 79 5 82 2 81 5 

Percent Mllltary 0 0 7 0 0 7 

Percent General 2 0 19 8 17 8 17 8 
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Date 

TABLE 9 

SUMMARY OF GROUND TRAFFIC AT O’HARE AIRPORT 

Tnne Started, GCT 

Tnne Ended, GCT 

Total Number of Departures 

Percent Commercml 

Percent Mllltary 

Percent General 

Total Number of Arrivals 

Percent Commercial 

Percent Mllltary 

Percent General 

Thursday 

19 
February 

1900 

0200 

115 

29.6 

45 2 

25 2 

112 

27.7 

44 6 

27 7 

Saturday 
28 

February -- 

1500 

2300 

90 

24 5 

40 0 

35 5 

97 

26 8 

38 2 

35 0 

Sunday 
22 

March 

1600 

2400 

110 

41 0 

19 0 

40 0 

104 

40 4 

28 8 

30 8 
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TABLE 10 

SUMMARY OF THE AVERAGE OPERATION RATES AT MIDWAY AND O’HARE 

UNDER VFR AND IFR CONDITIONS 

Arrivals Per Hour 

Departures Per Hour 

Total Operatmns Per Hour 

MIDWAY 0 IHARE 

VFR IFR 

30 6 18 2 

31 2 25 7 

61 8 43 9 

VFR 

13 6 

13 7 

27 3 
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O’Hare traffic, 1 e , O’Hare traffic 1s only about 40 percent of that 

of Mldway 

A summary of the runway service tline statlstlcs 1s shown m 

Table 11, Vol. I Data are only presented for VFR operations, the 

analysis mdlcated that comparable values were somewhat higher 

under IFR condltlons, hut the lunlted number of samples under IFR 

condltlons precludes Judgments of any reasonable degree of confidence 

It was found that the dlstrlbutlon of serwce time could be expressed 

approximately as an Erlang function of K phases as lndlcated m the 

11 table - It should be noted that an arrival at O’Hare requires about 

20 percent more tune on the runway and that a departure requres about 

35 percent more tune on the runway that slmllar operatmns at Mldway 

Further, the standard deviation in both cases in proportionately greater 

at O’Hare than at Mldway This was mvestlgated in some detail Wh& 

It would be expected that the longer runways avallable at 0 Hare would 

Increase the departure occupancy time, this was lnsuffxlent to explain 

the total difference We conclude that differences are due to the . 

dlstlnct traffic condltmns that exist at the two pomts The dlstrlbu- 

tlon for Midway characterizes an alrport havmg largely commercial 

traffic, high traffic rate and close coordlnatlon between highly 

experienced pllots and controllers, while the dlstrlbutlon for O’Hare 

characterizes an alrport hawng mlxed traffic, moderate traffic rate 

and normal coordmqtlon between pllots ofdiverse experience and controllers 
-- - -- -- 

11 Erlang Functions describe dlstrlbutmns IntermedIate between an exponential 
dlstrlbutlon (K=l) and a constant dlstrlbutmn (K = 00) 
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TABLE 11 

SUMMARY OF RUNWAY SERVICE TIME STATISTICS UNDER VFR CONDITIONS 

Mean, Set Std Dev ,Sec Erlang K-Value 

MIDWAY 

Departure Occupancy Tune 

Arrival Occupancy Tmne 

O’HARE 

Departure Occupancy Tnne 

Arrival Occupancy Tune 

53 5 21 7 6 

49 0 11 9 17 

72 0 

59 6 

34 4 

22 5 

4 

7 
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Several addltlonal Important facts were noted relatmg to runway 

operations 

First, the defmltlon of runway occupancy tx-ne assumed uniqueness 

It was, however, observed that mllltary departures at O’Hare were 

often conducted m groups with several moving alrcraft on the runway at 

once In terms of our deflnltlon, alrcraft subsequent to the first m 

the group would be asslgned occupancy times equal to the difference 

between the txne that the previous departmg aircraft and the next 

departmg axcraft cleared the runway threshold This value could 

range from essentially zero to a normal value To some extent, this 

mcorrect formulation tends to reduce the mean and mcrease the 

standard devlatmn of departmg operations at OPHare Secondly, the 

time mterval between consecutive arrivals and consecutive departures 

was analyzed Although this may serve as a measure as to how well 

the controllers adhere to separation rules, It revealed no useful 

operatmnal mformat*on The reason for this 1s that the arrivals and 

departures are randomly mlxed This was borne out by analyses 

made on lndlvldual runways The operational sltuatlon at Mldway 

and O’Hare 1s such that the probablllty that an operation ~111 be a 

departure or an arrival 1s Independent of the classlflcatmn of the 

prevmus operatmn 

As may be expected, delays occur to aircraft on the ground An 

analysis of delays, exclusive of departure queue delays. was made 

(see Table G, Vol III for basic data on runup area time mtervals). 
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For the 977 departures and 926 arrivals recorded at MIdway, a total 

of 293 and 577 delays were Incurred by departmg and arrlvmg alrcraft 

respectively Thus, departure delays totaled 30 percent of the depar- 

ture operations and arrival delays totaled 62 percent of the arrival 

operatmns These figures do not, of course, represent the percentage 

of alrcraft delayed, since some expermxed multiple delays. 

Smmlar data for the 315 departure and 313 arrival operations at 

O’Hare mdlcate a total of 5 and 14 departure and arrival delays, 

representmg percentages of 1 5 and 4 5 percent, respectlvtly 

At O’Hare, the most common reasons for delays were unfamlllarity 

with the field and awaltmg clearance to cross active runway Othe I 

causes of delays were so mfrequent as to be negllglble The data for 

Mldway are tabulated m Table 12, Vol I It should be noted the delays 

to alrcraft awaltmg an-ways en route clearance occur mfrequently The 

most common delay for both departures and arrivals 1s awaltmg 

clearance to cross the active runway Further, both departures 

and arrivals are delayed by other ancraft ground traffic Almost one- 

half of the delays to arrivals are due to waltlng for gate space This 

latter 1s especially slgnlflcant, since while delays at the active runway 

and delays due to ground traffic average only a few minutes duration, 

delays waltmg for gate space range from a few minutes to over an hour 

It should be pomted out that Mldway Anport represents an 

extremely complex operatmnal situation This 1s occasmned by the 
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TABLE 12 

SUMMARY OF GROUND DELAYS AT MIDWAY 

REASON FOR STOP 

No Clearance to Cross Active Runway 

Awabng Arways Clearance 

Emergency 

Ground An-craft Traffic 

Gate Delay 

Runup Outslde Normal Area 

Procedural Stop (Generally Active Runway) 

Unfamllmrity with Field 

Ground Vehicle Traffic 

Weather 

PERCENT OF TOTAL DELAYS 

Departures Arrivals -- 

57.7 29 4 

1 7 0 

0 7 0 2 

22 2 22 2 

14 45 9 

8 2 0 

5 8 0 

1 3 1 6 

1 0 0 5 

0 0 0 2 
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dual runways, and by the high traffic load Imposed upon the runway- 

tamway structure To reasonably mterrelate the operatmnal 

characterlstxs of Mldway necessitates that the operations be 

expressible, at least approxxnately, m terms of a mathematical 

probablllstx model. 

While a reasonable amount of effort was expended m this 

dlrectlon, we have been unable to arrive at a reasonably exact and 

detalled mathematical descrlptmn of the operatmns, due largely to 

llmltatlons of tnne It has therefore not been possible to develop 

slgnlficant recommendatmns for mprovements nor to assess the 

relative economies that may be realmed thereby For example, 

departure queue delays were analyzed and are tabulated m Table G, 

Vol III, but we have been unable to relate these delays to other 

operatmnal factors Snnkrly, while gate delays constitute a 

slgnlfxant occasion for delay at Mldway, It 1s dlfflcult to determme 

If addltmnal gates are requred. If the present number of gates should 

be reassigned, If gates should be shared or If gate occupancy tune can 

oi- should be reduced 

Further, the operatmns on the grmnd at Mldway and OnHare 

are in a state of transltlon It 1s expected m the near future that a 

large portmn of commercial traffic now at Mldway wiil transfer to 

0 IHare It 1s further expected that Mldway ~111 handle a much 

higher percentage of general awatmn m the future than at present 3 

/Based on FAA Natmnal Amport Plan- 1959 and Natmnal Requirement for 

Avlatmn Facllltles 1956-75 May 1957 
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Since these general avlatlon alrcraft ~111 use sermce facilltles other 

than the termmal, this change should greatly reduce gate delays at 

Mldway Thus, while at present delay in gettmg in to a gate at 

Mldway constitutes a most serious problem in the Chxago Area, It 

well may be that m the very near future this problem ~111 be resolved 

I/ acd ground delays at O’Hare - will be the sei-LOUS occaslcm for 

ground traffic delays in the area 

5 Weather 

Durmg the study, the magnetic tape recordmg for selected 

ground-air-ground commumcatmn channels was analyzed Collectively 

this represented approxmately 120 hours of audio data This mforma- 

tlon was used to support the analysis of delays In addmon, this 

source of data showed up several slgnlflcant aspects of the relatlonshlp 

of weather to control procedures While It was not always possible to 

describe these factors statlstlcally, they nevertheless are an extremely 

unportant part of the analytical aspect of this program 

In momtormg the recordings, It was frequently noted that pllots 

report weather condltlons to controllers HOWeVeX-. an extensive 

search of teletype weather data did not reveal one mstance where 

the pllots reports were made avallable for the general weather fore- 

castmg service This 1s Illustrated m Table 13, Vol I and dlscussed 

1j A possible mdlcatlon of this IS described in C 4 a (1) (f) of 26 March Vol II - 
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TABLE 13 

WEATHER REPORTS BY PILOTS WITHIN 

THECARTC AREA 

Area 

Weather 
Date Condltmns 

26 Feb Good 

26 May Bad 

10 Apr Good 

27 Apr Bad 

REPORTS ON TTY CIRCUITS 
Located mslde 

Total Tape Area 

17 6 

18 4 

29 6 

10 5 

: No Napervllle Recordmg 

* No Surf Recordmg after 1802Z 

-c* L No Surf Recordmg 

REPORTS ON 

CONTROL RECORDINGS 
(NotBelayed to TTY 

Circuits) 

4’ 

78 

14, -: 

69”” :: 
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In section c 4 Vol II 

The mformatlon used in compllmg Table 13 was gathered from 

the followmg sources 

(1) A thorough search of the teletype records for the 24 hour 

pcrlods covermg each air test day was performed to determlne 

how many Plreps I/ were dlssmunated in the teletype cmcults 

(2) The avallable tape recordmgs of the Surf, Napervllle and 

Chlcago Heights control posltlons were momtcred to determine 

how many Plreps were given to these control posltlons and how 

many dlscusslons concernmg the weather took place between 

pllots and controllers 

A cross check was then made to dlsclose what percentage of the 

weather mformatlon generated on the control frequencies reached 

the teletype clrcuts On all four air test days this percentage was 

zero 

Next, the teletype Plreps (1 e those which were dlssmnmated) 

pertalnlng to the area controlled by the Surf, Napervllle, and Chlcago 

Heights posltlons were segregated for comparison with the weather 

reports whxh were not dlssunlnated 

The orlgm of those Plreps taken from teletype records 1s not 

defmltely known, but we assume that they are from these sources 

I/ Pllot reports of weather bemg experienced - 
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(1) General avmtlon reports to towers 

(2) General and Mllltary avmtlon reports to operations offices 

after completion of flight 

(3) Mllltary avlatlon reports to Air Weather Service (AWS) 

offices 

A further slgmhcant fact noted In momtormg the recordmg tapes 

was the frequency with which pllots reported thunderstorm actlv*ty 

and turbulence at the approach holdmg fxes This was especially true 

on 27 Aprll and to some extent on 26 March. This actlvlty was 

particularly prevalent at fixes to the south and southeast, 1 e., Gary 

and Kedzle The net result of adverse weather at the approach 

holding fixes 1s conslderable “lost motion” In the control process due 

to moving aucraft from one fix to another, although s.mce all holding 

patterns were extensively used, this was not always possible ThlS 

observation raises two questlons First, It 1s questlonable whether 

the locatlon of the holdmg patterns to the south are compatible with 

the winter storm tracks In this area - ‘1 Secondly, 0 1s questlonable 

whether the controllers have adequate weather Information and fore- 

casts to effectively cope wth changmg frontal condltlons - l/ 

This latter pomt was further Illustrated by the frequency of 

disagreements between pllots and controllers as to weather condltlons 

aloft This evidently arIses because techmcal developments such as 

- 

L’ Further dIscussIon m Sectlon C 4 , Vol IL 
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circular polarmatlon and MT1 have largely removed the mdlcatlons 

of weather from the controller’s radar while the developments of 

11 
alrborne weather radar have enhanced this mformatlon to the pllot - 

6 Runway Orxntatlon 

At present, MIdway’s ILS 1s lined up with runways 13 and OdHare”s 

ILS 1s lmed up with 14R Plans for O’Hare specify that another parallel 

system be Installed to utl1l.m runway 14L Smce O’Hare 1s located 

14 m&s northwest of Mldway, a conflict already exists between Mldway 

and O’Hare A buffer zone has been establlshed between the two termmals 

to keep O’Hare (departmg) traffx clear of the Midway Outer Marker 

It seems loglcal to assume that, when Mldway was enlarged the 

major runways’ orlentatlon was dlcrated by two thmgs, one bemg the 

clnnatology of prevalllng surface wmds and the other the fact that a 

diagonal of a square 1s the longest straight lme possible Later. when 

ILS was Installed, It agaIn seems loglcal to assume that runway 13 

was chosen, first, because of Its length and second. from clunatologl- 

cal conslderatlon of surface wmds Other condltlons may have entered 

Into the declslon as well, for Instance, the city’s growth pattern 

When 0”Hare’s runway 14R was planned, It 1s also probable that 

It was done on the basis of clrnatologlcal winds 

In the early days of commercial avlatlon when no one considered 
--- 

” Further dxcusslon in Sectlon C 4 , Vol II - 
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such navIgatIona facllltles as ILS, It was loglcal to orlent runways on 

the basis of cllmatologlcal wmds so that the wmd would more of ten 

than not be blolvlng approximately down the runway from either dlrectlon 

It 1s suggested that such plannmg 1s now out-dated and erroneous 

In establlshlng an Instrument runway, clrnatology 1s still requred but 

what 1s needed 1s the climatology of the surface wmd when termmal 

celling values are near mmrnum, m other words, when the synoptic 

sltuatlon 1s such that the local weather 1s hazardous to approachmg 

and landing alrcraft 

We are nsL aware of the particular clxnatologlcal wind bemg 

discussed, and such a study 1s not Included m the scope of this con- 

tract However, on the two bad weather days mvestlgated, the 

surface wmds at both Mldway and O’Hare were predommantly east- 

northeast, and from a cursory mental revxw of general weather 

patterns over the Chlcago area It 1s felt that east-northeast or north- 

east wmds do normally exist with low cellmgs If this 1s true, It 

1s not loglcal to contmue with the present plans for OFHare 

There are several mterestmg posslblllt~s regardmg what 

might be done m the future These are dlscussed here 

(1) For the nnmedlate future, mstrument runways 04 at 

Mldway and move the buffer zone south This will allow 

(a) Safer use of ILS at Mldway with northeast to east 

wmds 

(b) More maneuvermg space off the end of the 14R 
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O’Hare, for commercial Jet takeoffs 

(2) If (1) 1s acted upon, at a later date MIdway’s 09 runways 

should be lengthened, probably to the west, and Instrumented. 

Dependent upon FAA declslon on separation of dual ILS runways, 

a dual system may be possible Concordant with thle, It may 

be wise to lengthen runway 09 at O’Hare and mstrument It 

(3) If the exlstmg runways and lnstrumentatlon are to be kept, 

11 It may be possible to establish a single approach control,- Glide 

paths would slope downward to three runways from the north- 

west Two final stacks would be utlllzed to feed the three run- 

ways For Instance, a stack near Spring Lake might feed 

Mldway and one near Northbrook, 0”Hare In this case, to 

Insure vertical separation, the base altitude at Spring Lake could 

be 4000 feet while that at Northbrook would be 2000 feet Or 1t 

might be more advantageous to use Napervllle for a feed Into 

the Mldway Outer Marker Either of these conflguratlons might 

be utlllzed with a new hold pattern structure around the northern 

semlclrcle of Chlcago to avold the bad weather 3 south of the 

Mldway area 

(4) Agaln conslderlng one approach control authority, exlstlng 

runways could be utlllzed with the ILS courses being reposItIoned 

L’ Single approach control would It appears, be easier solved If west-east 
runways were Instrumented at both alrports 

2/ Refer to Sectlon C 4 of Vol II - 
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for approaches from the southeast This plan would require 

a feeder fix somewhere m the nelghborhood of the present 

Kedzle marker for Mldway mbounds and probably at Surf for 

O’Hare Inbounds. In this case, base stack altitude at Kedzle 

might be 1500 feet and at Surf, 3000 to 4000 feet 

Either (3) or (4) might result m complicated departure 

patterns, (3) for O’Hare westbound departures and (4) for 

Mldway eastbound departures ~ If (3) were to be utllmed, the 

hold pattern structure should be kept as far north as possible. 
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E. Conclusions and Recommendations 

Conclusions and recommendations are presented m two broad categories 

(1) Those that proceed directly from the analysis of data 

(2) Those that were derived during dlscusslons with cognizant air 

traffic control personnel m the Chlcago Area. 

1 AnalytIcal Conclusions and Recommendations 

a. Regarding Air Route Structure 

Dlscuss~on 

From an analysis of the traffic and delays thereto on the air 

route structure m the Chxago Area, we conclude that It 1s well 

deslgned to handle the current traffic load (with the exceptlon of 

holding patterns In the lmmedlate vlcmlty of the Chlcago Terrmlnal 

Area). We further conclude that areas of potential congestlon ~111 

manifest themselves by excessive control actlvlty In the CARTC 

area prior to producing a crltlcal alrcraft delay sltuatlon. FInally, 

we conclude that the traffic flow Into alrports outslde the Chlcago 

Terminal Area does not currently or potentially present a control 

problem 

Recommendation 

We recommend that Air Route Structure 1x1 the Chlcago Area grow In an ev- 

olutlonary manner to accommodate future traffic, and that the Federal Avlatlon 

Agency take those steps necessary to mlnunlze the tnne between the recognltlon 

of a problem area and the u-nplementatlon of equpment or procedures to correct It. 
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b Regardmg ChIcago Termmal Area 

Discus slon 

From an analysis of the delays in the Chxago Area we codclude 

that delays to alrcraft awaltmg clear,~>ee to land at Mldway constitute 

the largest problem area in the regmn Over 90 percent of all delays 

in the entlre CARTC area occur due to these circumstances The 

reason for the delay pattern 1s the lmnted ablllty of approach con- 

trol to handle ancraft under condltmns of lmuted cellmg and vlsl- 

blllty at a rate compatible with the commercml alrcraft rate which 

has hlstoncally built up at Mldway. Under IFR radar approach pro- 

cedures, the handlmg rate 1s margmal and may be expected to cause 

delays and dwerslons havmg an ~CCI~O~~C cost of $27, COO GO per day. 

Under tmxed approach procedures, the handlmg rate 1s totally in- 

adequate and may be expected to cause delays and dwersmns having 

an economic cost of $lZl,OOO.OO per day We conclude that radar 

approach procedures are mandatory under IFR condltmns 

Recommendatmn 

We recommend that backup Approach Radar be Installed unmed~ately at 

Mldway Tower For this mstallatmn to be effectme It ~111 be necessary to re- 

design the control tower to provide addltmnal space 

Discus smn 

Currently, flow control 1s mstltuted by the CARTCC when 

delays approach 40 mmutes. We conclude that the declsmn to 
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mstltute flow control should also be based on expected traffx load, 

forecast weather, and major equipment outages 

Recommendatmn: 

We recommend that the crlterla for flow control be reformulated to Include 

the factors dlscussed. 

It 1s well-known from queuemg theory that waltmg tune 1s 

crltlcally dependent upon the ratm of arrlvmg traffic rate to ap- 

proach handlmg rate when this ratm 1s near umty. We conclude that 

a moderate mcrease m approach handlmg rate under radar approach 

procedures would produce a large reductmn m waltmg tnne delays, 

We further conclude that the separatmn rules currently m 

effect for radar approach procedures, 1. e., 3 miles separatmn on 

fnlal, are not unduly restrlctlve, smce assumptmns of reasonable 

fmal approach speed lead to theoretlcal approach handlmg rates of 

40 per hour which exceed the rate currently bemg achieved by 60 

percent. We do b&eve that the handlmg rate under radar approach 

procedure 1s lmmted by human factors, 1. e., the complex com- 

putatmnal, declsmn, sequencmg, and memory functmns necessary 

to efflclent radar approach are beyond the capacltles of the unaided 

human bemg 

Recommendatmn 

We recommend that a program be mstltuted by the Federal Avlatmn 
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Agency leadmg to the development of an efflclent ComputatIonal aid display for use 

at radar approach mstallatlons A tentative design ObJectlve should be to Increase 

the approach handlmg rate under radar approach procedures to 32 per hour. 

Recommendation 

We recommend that a study be undertaken by the Federal Avlatlon Agency 

with objectives of determmlng whether the current radar approach separatmn rules 

could be relaxed under certain condltlons, 1 e , avallablllty of backup radar. 

Discussion 

From an analysis of tape recordmgs of ground-an-ground 

commumcatmn channels, we conclude that thunderstorm actnnty aloft 

1s a slgmflcant contributory cause for delay m the Mldway approach 

holdmg patterns Under these condltlons, the Kedzle Homer IS fre- 

quently erratic and cannot be located by pllots Further, we conclude 

that delays are augmented when alrcraftare moved from one pattern 

to another to avcnd adverse weather at their asslgned holdmg patterns. 

Evidently, an traffw controllers are not aware of the expected 

weather sufflclently far enough 1x1 advance to antlclpate such sltuatlons. 

We b&eve that a study of wmter storm tracks would show that such 

condltmns prevail most frequently m the south and southeast sectors, 

and questmn whether the locatmn of holdmg patterns 1x1 these areas 

lead to optnnum arrangement. 

We conclude that p&t reports of weather condltlons made to air 

traffic controllers are not further avallable for use by weather 
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forecastmg servxes We conclude that air traffic controllers have 

only lnrnted weather mformatmn avallable, either from radar or other 

sources, and the advent of anborne weather radar 1s the occasion for 

frequent dlsagreement between pllots and controllers as to weather 

condltmns along the route. 

Recommendatmn 

We recommend that theE.edzw Homer be replaced with a more reliable system 

Recommendatmn 

We recommend that a clnnatologlcal study be made of the Chlcago Area to 

ascertam 

(1) The most favorable locatmns for holdmg patterns to mmmxze the 

effects of thunderstorm actlvlty 

(2) The most favorable orxntatmn of the mstrumented runways at Mldway 

and O’Hare basmg the study on the clunatology of surface wmds when 

termmal cellmgs are near mnmnums 

Recommendatmn 

We recommend that a meteorological umt be establlshed and operate as an 

Integral part of the Chlcago ARTC to perform the followmg functmns in close co- 

operatmn with an traffic controllers 

(1) Examine pilots reports and mltlate transmlssmn of same to general 

weather servwes 

(2) Supply controllers with detailed weather and wmds aloft mformatmn 

(3) Make declslons as to hold patterns to be used 

64 



Recommendatmn 

We recommend that specml weather data processmg equipment be developed 

to enable this umt to effectively perform Its function 

Recommendatmn 

We recommend that all future air traffx control displays provide for the III- 

clusmn of weather mformatmn, either derived from weather radar or from a syn- 

thetlc reconstructmn. 

Durmg this analyses, It was apparent that the mstrumented run- 

ways at Mldway and O’Hare are so omented as to mutually Interfere 

with each other 

Recommendatmn 

The mstrumented runway at Mldway should be changed to correct this con- 

dltmn The new orlentatmn should be based on the results of the clnnatologlcal 

study referenced above. 

c. Regardmg Alrports 

Dlscussmn 

We conclude that delays due to alrcraft waltmg for gate space at 

Mldway Alrport constitute a serious delay sltuatlon. We further con- 

clude that the complexity of the operatmnal sltuatmn at Mldway, 

coupled with the fact that Mldway Commercial Traffic IS expected to 

decrease markedly m the near future, preclude economically sup- 

portable recommendatmns to correct this sltuatmn at this tnne 
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We conclude that temporary expedients may prove effective 

Recommendatmn 

We recommend that mobile gates be utlllzed at Mldway to permit discharge 

of passengers and baggage from an-craft parked at points remote from the 

termmal, and that passengers and baggage be transported to the termmal 

by ground vehxles. 

DISCUS soon 

Further, from dIscussIons with O’Hare controllers, and con- 

sldermg the nnport of the FAA Natmnal Anport Plan’s expectatmn 

of future traffic at O’Hare, we conclude that gate delays will rapldly 

become a mayor problem at O’Hare 

Recommendatmn 

We recommend that a study be nnmedlately mstltuted to determme what 

number of gates ~111 be required at O’Hare, where they should be located, and 

the placement and conflguratmn of ramps and tamways to facllltate the optnnum 

utlllzatmn of these gates 

DISCUS soon 

Although to date we have been unable to adequately mterrelate 

the operatmnal parameters that pertam to Mldway Anport, we con- 

clude that sufflclent basic data have been collected on this program 

to support such an analysis. We belleve that further operatmns analysis 

should Le performed on these data, either by analysis or smmlatlon, 

smce the results have both speclflc appllcablllty to Mldway and 
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general applxablllty m provldmg an understandmg of the operatmns 

of a typlcal alrport under condltlons of extremely high traffic 

Recommendatmn 

We recommend that addltmnal opelatmnal analysis of the operatmns at 

Mldway Alrport be performed to develop a mathematical model of the process. 

This analysis should Include approach operatmns, active runway operatmns, 

taxlway operations, and termmal or parkmg area operatmns It should XI- 

elude an analysis of the local and approach controller’s declsmn functmn. 

Dlscussmn 

Although there 1s almost no delay to alrcraft on the ground at 

O’Hare at present, we antxlpate that the commercml traffic load at 

O’Hare will Increase markedly m the next few years. By 1965, the 

traffic at O’Hare 1s expected to be the most dense m the country 

Current approach facllltles, runways, tamways, and parkmg area 

will undoubtedly not be capable of handlmg this traffic wlthout ex- 

ces save delays Further,current general avlatmn and mllltary 

operatmns at O’Hare must be moved. 

Recommendatmn 

We recommend that the Federal Avlatmn Agency establish a specml work- 

mg group to provide the engmeers responsible for O’Hare developments with 

traffic forecasts, alrport design data, and other technical mformatlon as soon 

as It 1s avallable from current research programs. 
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Recommendatmn 

We recommend that plans for dual ILS at O’Hare be accelerated, based on the 

study of cllmatologxal condltmns recommended above. 

Recommendatmn 

We recommend that the Federal Avmtmn Agency take those steps necessary 

to facllltate general avlatlon operatmns at small alrflelds m the ChIcago Area. 

For example, until recently, It was not possible for general avlatmn IFR de- 

partures to be conducted from Palwaukee or Sky Harbor (which are in the O’Hare 

control zone) because O’Hare could not receive the pllot’s radm transmlsslon 

from these alrports 

d Regardrng Analysis Programs 

We conclude that on the current program approxmnately 70 

percent of the effort was expended m collectmg and orgamzmg data, 

20 percent was spent m analysis, and 10 percznt in report preparatmn. 

We belleve that future programs would benefit If less emphasis were 

placed on data collectmn and tabulatmn, and more on analysis This 

does not necessarily mean that less orlgmal data should be consldered, 

but rather that the reductmn and analysis should consider selective 

samples of these data. The samples to be thoroughly analyzed for 

operational characterlstlcs should be selected followmg a prelmxnary 

analysis of traffx load, and the sample size should be based on sta- 

tlstlcal conslderatmns to give the preclslon desired. 
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2. Recommendations on the Basis of Knowledge Gamed from Dlscucslons 

with Air Traffic Control Personnel 

a. ChIcago An Route Traffic Control Center 

(1) Communlcatlons 

(4 One (1) VHF channel to provide remote penpheral 

coverage northwest in the vlcmlty of Lone Rock 

(b) One (1) local VHF channel to provide separate con- 

trol for O’Hare traffic arrlvmg from the East 

CC) One (1) local VHF channel to provide separate con- 

trol for O’Hare traffic arrlvmg from the West 

(d) One (1) UHF channel to provide are a coverage for 

high altitude Jet arcraft 

(2) Center Arrangement and Equpment 

Cd It IS recommended that current plans for mstallatlon 

of scan conversion equpment be lmmedlately augmented 

to mclude one ( 1) horizontal display and two : 21 vetincal- dls- 

plays in addltlon to the three (3) vertuzal displays authorized, 

/b) It 1s recommended that future plans for a revised 

center layout Include addltlonal space to accommodate a 

total of 12 honzontal displays for primary control. Ver- 

txal displays should be retamed only to provide backup 

(3) Routes and Procedures 

(4 It 1s recommended that current plans for a three-level 
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alrway structure m the Chlcago Area be thoroughly exam- 

lned and approved by Chlcago ARTC personnel becaJse of 

antlclpated Interlayer transItIon problems 

(b) It 1s recommended that the policy defmmg respon- 

subtilty for Flight Following Advisory Service to high 

altitude Jets be clanfled to allow the alrcraft recelvmg 

such serwce to be controlled off the transcontmental Jet 

system at altitudes above ~1x4 aIrways to facilitate 

transItIon to and from the lower controlled an-space. 

Further, we recommend that procedures be establlshed 

to allow direct communlcatmn between the ARTC and air- 

craft recelvmg such servxe, rather than the current 

practice of relaymg messages through the GCI site. 

Cc) It 1s recommended that all areas between aIrways 

wlthm 100 mdes of the Chlcago Terminal Area at altitudes 

above 10,000 feet be designated a control area to facllltate 

transltlon of alrcraft from terminal area control to air- 

ways control. 

b. O’Hare Alrport 

(1) Commumcatlons 

It IS recommended that addItIonaL fre quencles be provided 

to establish dual local and ground control 
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(4 Equipment 

It 1s recommended that the followmg equpment be provided 

or modlfled 

(4 One (1) VOR or TVOR be mstalled west of 0”Hare 

Field to establish boundary wlthm which jet alrcraft de- 

partmg on runway 14R and makmg right turn must stay 

to provide a well-defmed buffer zone (NOT E Naperwl ?e, 

API, serves this purpose satlsfactortiy for left turns. 1 

(b) The ASR-3 radar antenna currently mstalled at the 

south side of the an-port be relocated to ellmmate a blmd 

spot to the south. 

(4 One (1) addItIonal repeater posltlon m the IFR 

room for the ASR-3 radar be mstalled m the tower to 

provide radar control of alrcraft on local anway between 

ChIcago and Milwaukee. Smnlar equpment should be II-L- 

stalled at Milwaukee. 

(3) Ax-port 

(4 It 1s recommended that addltzonal parklng areas 

be located so they will not Interfere with the dual taxl- 

way system. 

(b) We recommend that plans be mltlated for the m- 

stallatlon of a taxlway llghtmg and centerlme guidance 

system m the near future. 

71 



14) Procedures 

It 1s recommended that procedures and rules be establlshed 

to regulate the assignment of schedules by alrlmes m antlclpatlon 

of the expected Increased volume of traffic at O’Hare, 

C. Mldway Alrport 

(1) General 

In wew of the fact that Mldway Alrport has a high level 

traffic load now, and this load 1s not expected to decrease m the 

future, It 1s recommended that an alrport modermzatlon program 

be mstltuted which should consider, but not be llmlted to 

(4 Construction of a new tower structure to provide 

more space for present and future expansion 

(b) Change the mstrumented runway from 13R to 

ellmmate conflict w&h 0”Hare departure traffic 

(Cl Extend runways 27 outside present alrport boundary 

to accommodate mstrument operations Two runways 

of equal length should be provided 

(d) Provide high speed, or addItIona conventional, 

turnoff points on active runways. 

(2) Communlcatlons 

(4 It 1s recommended that a study be undertaken to 

establish the feaslbdlty of provldmg clear VHF channel 

for lssumg both radar advisory and landing clearance to 
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Inbound IFR ax-craft on a common frequency 

(b) It IS recommended that closed clrcut TV be mstal:ed 

to facilitate commumcatlons between the tower cab and IFR 

room, and between the tower and the CARTCC, 

d. General 

It 1s recommended that a program be establlshed to revise the 

personnel recrultmg procedures and pol~uss. This program should 

Include, but not be llmlted to, the followmg conslderatx~ns. 

(1) Potential recruts should be given a better awareness of 

then Job responslbllltles at their mltlal mtervlew, and the 

mltlal mtervlew should be umform throughout the country 

(2) The basic entrance requrements should be revised to 

remove some requn-ements (such as flight time) and to place 

greater emphasis on education. aptitude, and Job attILde 

(3) The selectlon and trammg program should mclude 

(4 More attentmn to probable Job sultablllty on the 

basis of measures m areas such as spatial vlsuallzatlon, 

coordmatlon and other special aptitudes to be determIned, 

and general mtelllgence 

(‘A More careful measurement of achievement m acqurlng 

Job knowledge and skills and proflclency m performmg Job 

tasks, particularly under stress 
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Mmlmum scores, or crkerla, should be establlshed m both 

areas and used to determme whether a prospective recruit 

should enter or remam m trammg 

(4) Clvll Service regulations should be revised to recogmze 

the crltlcal performance required of a controller. Speclflcally, 

the probationary period should be extended to one and one-nalf 

(l-l/Z) or two (2) years, and the superwsor should have greater 

latitude in submlttmg reasons for discharge. 
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