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SIMULATION TESTS OF THE FACTORS
AFFECTING IFR TRAFFIC CAPACITY
CHICAGO O'HARE ATRPORT

SUMMARY

This report describes a simuiation study of high-density air
traffic opesrations at Chicago O'Eare Airport under instrument flight rule
conditions. In the curreat 0'Hare Airpost master plan, six tangencial
ruawsys are proposod wilh the terminal building in the geater of the
field. The porToce of this study was Lo determine the coafiguration of
tness runways and associated airwaeys structure to accommodate the maximum
flcw of arrivals and departures st 0'Hare 2Airoorct All tests were con-
drcted throuch the use of the dyneric air traiffic simulator =t the Civil
heronausics Adminastration Techunical Development Center

The traff.c demand rates forecast for O'Hare Airport were
haigher than the czpacity of a single approach lane. Two approach lanes
ocpecsating simultaneously cppeeced to te the practical maximum for the area.
Two dual approach systems were studied: a converging system and a
porallel system  The converging system appedred to offer the best possi-
bilitzes for high-capscity operations. However, neither system 1s
auchorized under present rader separation stendards. DBefore & large
amount of funds i1s spsnt on a facility to handle a sustained volume of
instrurent flight rvle traffic in =xczss of the number achievabie with
one epproach Zane, 1t would be wase To make sure that simultaneous dual
approaches will be epprovad by the Civil feronautics Administration Office
of Flignt Op=.ations and Airvorthiness and industry.

The tests showed that an sirport capable of handling 80 to 100
instrument flight rule operations per hour will require a highly complex
t.arfic control installation, with many more controllers and radio chan-
nels tnan ore presently 1a use at cny civil airport 1n the world today.
A high degree of control regimentation and coordination will be requiced
1T such a complex operation 1s to funetioa sofely and efficarently.

Tests chowed that a marked improvement in arrival rates of jet
transport zircralt could be realized 1f these aireraft commenced their
approaches from lower initial approach altitudes. The best rate was
achieved wath Jets integrating with other aircraft in the normal manner
leavang feeding fixes at altitudes of 4,000 feet «nd below. The best
arrival rate achieved 1n simulation for a sample of 60 per cent jet
arrcraft was 55 per hour coperating onto two independent runways.

Tests showed that the utilization of O'Here Airport will be
restricted considerably by operations at Glenview Naval Air Station. To
8 lessar degree they will be restraicted by operations at Chicago Midwey
sirport. Beceuse of 1nterference between O'hare and Midway, there appears
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to be no prectical use for two proposed runways, Nos. 2R-20L end 1h4L-32R,
at O'Hare, therefore, as long as Miiway Airport remains active, 1t is
recommended that these two ruiways be omatted from the construction
Brogram,

INTRODUCTION

The purpose of this simulation prosram was to evaluate various
runvay coafigurations at O'Have sirport and to investigate the rodte
structure required to handle the la:ze voiume of traffic predicted for
the Chicago area.

O'Hore Airporst, which 1s shown in Faig. 1, 15 being developed as
the cival Jet zirport for the Chicego area, since Chicago Midway Alrport
will not zccommodate lar~zge civil Jet transportedue to runway lensth limi-
+ations It appears thet *the total amounc of traffic forecast for O'Hare
will exceed the instrument flifht rule (IFR) capacity which can bz handled
by a single-lane approcch system with preseat dey redar separations
However, as long as present separation standards apgply, the addaiticn of a
second approach lzae will not ancrease the acceptance rate zbove thaet of a
sin_le laae. In order to proceed with the simulation study, 1t was
necessary to essume that special separatzon criteria would be authorized
to take advantage of the increased facilities. For dual spproaches, the
O'Hare Airport desisn offered two tasic possibilities; a converglng approach
gystem and a perallel approzch systeum.

A study of the Chicego metropolitan area with O'Hare Airport
opeiating =t 30 per cent of the Midway traffic load was conducted =arly in
1955.1 In September 195G, al the reguest of the Office of Air Traffie
Control, the Techniczl Development Center {(TDC) began an additional simu-
lation study of the Chicago terminal =2rea. By December 19556, o total of
25 tests invoiving flaghts of 1722 aircraft, including 292 jet-type, 'ma
completed. It was necesgzary to stop the work at this point to modify
comnanzications equipment and expand simulstor capacity to accommodate the
ineresded traffic densities necessary for the en route phase of the study
in interim report, which covered the results of the simulatzon tests up to
that time, wes prepared. The second phase of the Chiacsgo tests was post-
poned untal November,1957, due to the assignment of other projects of
bagher priority. DMeaavhile, these projects provided much valuzble
experience on civil jet procedures which were applied to the O'Hare study.

The forecast percentags of civil Jet traffiec at 0'Hare increased
to 00 per cent by the time the second phase was started. The traffic somples
used 1n the second phase reflecved this increase

1
C. M. Anderson and F M. McDermott, "Dynamic Simulation Tests
of Several Traffic Control Systems for the Chicago Metropolitan Ares,”
Technical Development Report No 270, April 1955
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Four radar-qualified Center controllers were detailed to TIC

for the sescond phese of the simuletzon program which began on December 2,
1257. 1In addition, zndustry representatives were coasulted to provide
rorzcosts of future traffic demend and Jet ailrcraft operating procedures.
Fifty-four tests involvonz flaghts of 3925 aircraft, of which 2501 were
civil jJets, were completed in tae second phase of the simulation. Thas
mece a totsl of 77 tests, waith a totel of 5647 flaghts of whach 2793 were
Jets, Tests were concluded on December 12, 1957.

FUDAMENUTATS OF TRAFFIC CAPACITY

resent reguiations require the use of at least three miles!
racar goperatzon between aircrefr. To avoid violatinzg this minizum
storaord, 1t 18 necessary to establash additional separation vhen e faster

~
ction betveen the aircralt will decrease on the final approsch. Aa
1onal allowvance 1s reeded tc compensate for the 'spread” or variation
11 appyrosch speeds cf the a.rcralt. As a resul:, the average approach
srpacstion which caa be maintained using menus® rsdsr spacing procedures

15 zround 4.5 miles., Wit mn aversge spproach spesd around 140 mph, the
theo.ctical capacity of a sinzle runway (traflic lane) -s average ground
speed divaded by the zveraze separations or 1&0/&.5, or about 31 approsaches
per hour,

ot by

If the final approach is fed by rader control from a sin le
holding fix, the acceptonce rate 1s limited by the curmlative effects of
corrmumications lag and slow descent retes of some alrcrafg. These effects
can be greatly reduced by use of a dual-feed arransement.=

Tor sustained omeraticons over a long period, it 1s necessary
that the tateoff cepacity equal the landing capacity. IL an inlependert
runway 15 available for texeolfs, thas cepability can be meziatained vith-
out auy reduct.on in the land.ing capacity Just mentioned. Hovever, af
the lendinz ruawsy, or a runway which intersects the landins runvay, must
be veed for takeolfs, it 18 necessary Lo inerease the seperation betwsen
landing aireralt to allow time to "sandwich" taXcoffs between successive
londings. The amount of seperation required to allow for this factor will
vary wikh the specific runway coanfiguration used, but it will seldom
averase less than sis miles. Continuing from the aoove example, this will
allcw a maxamun of 140/6 or about 23 instrument approaches per hour, with
the same number of takeoffs. It follows then that any airport which hss
$2 hondle a sustained demand rate greater thaa 20 to 25 approaches per
hour requares en independent talkeoff runvay, 1f the demend edsceeds ebout
30 approaches per hour vndesr present separation rules, en cdditicnal
approech path and landing runway is required.

2

C. M, Andeyson and T. K. Vickers, "/pplication of Simulstion
Techniques in the Study cf Terminal-fArea Air Tralfic Control Problemns,"
Technical Development Report No. 192, November 1953.



Wheaever wind coaditions require aircraft to clrele the airport
before landing, addifiocasl separation must be used between approaches to
zuard af.lnst the possibhil.ty of a missed a2pproach climbing head-on inso
snother aircraft on the lewdown peth. To averd larze reduct:ions in the
accepeance vabe under certain wind condatioas, 1t 1s desirzbie to eatablish,
for each airport, i1nstrument appreoach paths in two directions which are
aeppro:imetely opposite from esch other.

Since tre forcecast demsnd rate at O'hare exceeds 30 approaches
2 hovr, the yrincipal objectave of this simulation program was directed
tovard studying tne retes oblained with var:ous dusl simaitaaeous approsach
systans.

+5 the over-2ll cacocity of a traffic system depends considerably
¢a the mumber of 1ndependent [lighl paths which can fanetzon simultaneously,
o1e aun 1o setiing ap the rouse and terminal systems for these tests vas to
minic1z2 tha crwoant of 1acerfercnce hetween amirports ty keeping tae routes
to eacs aicpost as independeat ol the routes of tne other sirport as possible.
Tiis, in turn, tended to kecp the compined terminal-area acceptance rate
gt a naximun

srother aim of this program was to set up runway configurations
whicll woold permit O'Hare Airport to maiatain maximun capacity under two
epproxinetely oppos.te 1ind directions This corcept was adopted beczzuse
1 Wes reailized that scheduvle reliebilaty will become lncreasiagly 1mpor-
tant wkhan Jet speeds aad operational costs are considerel, cherefore, it
will boeocnte even more necsssacy that airport capacities rerain &s hish as
20ssible regecdless of the direcoion of tos prevziling wand. The location
of Midwzy farport prevants i1deal application of this objectaive. Consider-
a.ioh WS given to tle use of a second operating direction for eaczh airport,
and the ¢bility of one zirport to shift operating darection independently
of the other.

Other mportant factors that have a bearinz on the capacity of
the O'dare Airport include the effect of facilities having varying derrees
o1 desirabilizy or usability. For example, 1f Jet takeo®f requiremenls
reguaire the extension of runways beyond the basic §,000-foot length pro-
poszd on the originei O'Hare master plen, 1t may be physically impossible
lec citend 03l runwsys an eguel distance The resuitin_ complicction would
be that one of a pa.r of ruavays mght be uades.irable or unusable Cue to
a-cclaeft gross weight. The probab.lily of one of a peir of nonparallel
reavwe’s bescom.ny undesirable or unusable dus to cross-viad componsnts could
21so "1mt the sivport capzelty. IT all arrival runways are anot equipped
11ta high intensity approach lirhts end vunway and taxl lizhts of equal
usebilaity, onc asy be uore desirable than ancther

The highly complex control system necessary to handle a large
volume of traffic canaot function efficiently if controllers are forced
1nto nesctistions with pilots forr & runway other than the one assigned.
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If certain runways at O'Hare are extended to intersect others, the
ruarrays crossed will no loncer be independent, end ithe capacity will be
reduced 2zcordingly.

TEST ASSUMPTIONS

Radar zrd Communicetions Coverage.

Il wes zssumed that dependable primary or secondary radar
coveraZe wodi d oe available withoin a2 redaus of 70 nauticil miles of
Mzdirey Airport and that d-cect alr/groundfalr commuiication would be
possible with all arrceraft opersting under instrunent flight rides wethin
this area.

Jet Cpersstioa.

It was assunad that 2ll eivil get operalions would be hondled
8%t C'Hore f1port and that rurnay ococupancy lirmes for jet aircrsfo would
not erceed those of tne propeiler (prop) aircraft. Tc was assumed thet Jet
alrersfr woudld be able to "hold" smikin the dimensions spec.fized by TS80-N20a
for holo.ng reservalion a.eas. dJet operatingc charsctecs-stics vsed 1n chese

tests are surmaraized in Table I.

Up to the present time, no experience hes been attzainel in
opersting cival Jet airercft on instruments under high-density traffac
conditicas. One of the cratical operztin~ charzcteristics of these air-
cresl which hove not been defined completely as yet, is the turning rate
vonizh such airerafi will use in approach patterns. Although such aircraft
vill use ¢ 1 l/ao-per—5econd turning rete at high altitudes an« speeds, the
altitude and speed lumnts belew which they will be able to ma.ze slandsrd
5P-per-second turns ere not known. In lieu of thaa inTormation, all turns
of jec earvrofc vere nade at the 1 l/2°—per—second rate This assumed rate
made spproach control operst.ons more dafficult. EFowever, 21t is believed
thet apy errcr introduced by this procedure would be on the consersvative
side, since the 39 stenderd rate of all zareraft i1n the approach pavitern
vousd tend to iacrease zirport scceptance rates.

Shattle Flights.

It was azsumed that no fixed-wing shuttle flights would cperate
betveen 0'Hare and Midway Airports. It also wes assurnied that &1l hela-
copter fligh. paths would be independent of fixed-wing fii ht paths

Other firposts and Lreas

It was assumed that O'Hare Approach Conorol would vector all
Glenvizw arrivals for a straisht-in app.oach to Runway 17 21 Glenview. It
a3 assumcd that Bong AFB, Meizgs favport, and DuPace County Airport would
not be oporating uander instrument flight rules. Tt was assumed that
Detroit, Clevel=nd, and the outer Chicaco Air Route Traffic Contiol (ARTC)
sectosrs would be able to handle the traffic inputs and outputs simulated
in these tests
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Obstructions.
© vas assumed thet the WBBM, WGN, end "MLQ antenna towers
would not interfere vrith a normal 1nstrument approach to dunway 9R =t
O'Hare .arport

Saparetion Standards.
It wes assumed tnct present redar separation standords would be
moc.Lied to permit the operatioa of dezl spproach lanes

EVALUATION CRITLRTA

Treflic Capaclty.

The most znport.at criterion of zirport performence is the
CCpECLTY 07 accepcaace rate Thesz data vere deTermined durin, the
grra.Ltetrion tests by suvjesting the esirport co tralffic losds in escess of
253 normel capecity end neasurins the number of actusl operctions per hour

controller Wor.load.

Al the present t.me ihe cormarications workleozd i1s the only
pert.on of the entise Zozd that can be measured sccuralzly. However, it
Torms a rough index of roatroller worlload as there usucily 1s 8 harh
correlstion between Lhe smount of control and the omount of communicctions
activity

Pending the development of a quantitative mzthod of measuring
the other {actors iavolved in tne Sotel hunan control worklosd, it ras
been found useful to euaploy subjective anclysis, by the controllers them-
selves, to determine the relative wor'Coads of var.ous systems. Suabjective
opiniong were therefore used 1n evaluating the systems tested.

CONTROL FROCEDURES3

General.

Since the en route eirway structure surroundinsg the Chicaro
metropoliten area 1s Jdegpendent to 2 large degree upoa the plecement of the
holding fixes 1n the terminal aress, the termanal area was studied first.

Two terminal ares IFR rooms were simulated. The layout of the
O'Here IFR room 1s shown in Fig 2. Controller stafifing varied asccording
to the ferminal area confifurstion teinp simulated.

In rost tests, four O'Uere approach controllers were required
aad usually worked two to a scope. The layout used for the Midway IF.
room 1s shown in Fig. 5. One radar controller operated from th.s location.
Srell flicht prosress boards were used for poscing flight dota. To obtain
opt.nwn acceptance rates, cach approech controller used o separation table
aesi-ned for the perticular system beinsg simulated. An example ol this
teblz 1s shown 1n Fag. L.
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The separatzon table was computed to make allowance for the
following factors-

1. The three-mile radsr separation minimun

2. Normal variations in gpproach speed betveen aircrafi of thLe same
speed cateszory.

3. The speed differential between succassive aircraft ol differeat
speed categories.

Curved reference lines, spaced at radii of three, five, and seven miles

from the approach gates, were marked on the radar maps to serve os guides

11 securing, the gpecified separation between airceraft. Additional separation
required for the various phases vesbed wes applied from other vebies, as noted
ia the desecription of these tasts.

Lrrivals and departures operatin. on routes within s radius of
80 nputical miles of Chica.o Were simulated. Four experienced radar con-
trolliers fiom the Chica, o JARTC Center controlled this traffic utilizing
two superumposed panoramlc radar displays (SPANRAD) as shown 1n F.rs. 5 and
6. This traffic was segregated by radio Trequencies s0 as to allow two
controllers, operating from one SPANRAD, to control all the srriveng
traffic at O'Rare, Midwvay, and Glenview Ailrports. Departing flights Irom
these alrports were controlled from the other SPANRAD by the other two
convrollers. BSmall target markers were used to combine radar position
Information with the aiccreft's flight-plan informetzon. Flaght-identaty,
route, and alt:itude informsation was posted on these markers Vhenever
Practiceble, short-range clearances were 1ssued to the towers for departing
flights.,

Bloexed altitudes were used at certain route intersesctions to
minimize the smount of coordination necessary. Whenever possible, tunneling
of departures was held to a very short distance snd the more heavily
traveled routes had unrestricted climbs

Traffic Samples.

The traffic sample used in the en route simulation tests was
based upon traffic densities forecast for the 1952 to 19C5 period. This
Torceast was provided by the airport consultants to the city of Chicago
as well as from published predictions. Table IT shows the compositicon
of this sample, as well as the samples used in the term:nal-acea simalation,

TERMINAL-AREA TESTS

Porallel Approach Courses.

Runways 14L and 14R at O'Hare were used in all tests of parallel
approach lanes Thas land:ing direction was selected because of Midway
a1rspece requirements, Three modes of gperation were tested as detailed
below,
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/. Independent Operoiion. Se~ Fig. TA. Sepaiation during, approach
was nrovided only wath reszect to other a.rcyeft 1a the same lane, bat
‘nthout recard to troffic zctivaities iu the opposice lane. This .aode of
onerction produced an acceptonce rate of 56 axrcraft per hour. Coordinalion
bztween conmbtrollers was miniudized. However, tests iadicated thet < slacht
over.noac of sn eircraflt turrng oa soproach could produvee o very hazcordous
situation with respeect Lo aa airciaft in the opposite laane, since the two
approach leass were only sbout 8,000 feel spari. Overshoots were guste
cor.10n, pasticulzsly with Jeot arreraft turning 2t a rate of 1 1/20 per
second.

B. Three-Mrle Seperstion at Turn-On  See Fit. TB. Normal ssparation
7.8 ocovided cclbween successive zircratt in tlie same lene. In addation,
ot least three miles' separation was mointained from cirercft 1n the
omposxie lene until aircraft 'cere established on the localizZer courses.
Diring the repainder of the cyrroach 1t was nov necessa™y Lo nainlzin
longrtudinel seperation betwsen aireraft in orpposite loae= as lon, &3 such
arrzraf™, remained eiitaed on their respective anproach courses. Zonuroller
cocrdinetion was somewpat grezter then with liode A cperations. Totel
capacity Tor the two runJays was L2 aircraft per hour

C. Alftitude Separacion at Turn-0a. BSee Fig. TC0. Normel sepzraiion
wes proviled between successive ziceraft i1n the same leae. Io additien,
iuude separation was provided between girveralt turnias on onposite

spprogck lanes  Thag wos cocomplished by movaing the turn-on points 2t
lecst five miles beyond the ouler merker A11 aarcra’l turnin_ into cne
finul apa.oach were kepl 1,000 Teet hicher then the cireraft tarnong =aco
the other final =zpproach,

Although this procedure reduced the oversheot hazerd at the
turn-on peant, the Tinal-apacoach paths were somevhat longer thaa those
used 1n Modes A and B in order to »rovide sufficienl room for aircralt Lo
lose the extre 1,000 feebt altitude betwesn the turn-on point znd the
a proach pave, Thus extre final approach distance incrz=ased the possi-
b1lit,; of overtaling on the Tiial cpprozch course. fs5 as resalt, the
znitial s=paration betwoen successive aircreft had to be increased, thus
redacing ‘wr= capacaty. The totzl aczceptance rate of the two runways was
b5 aircraft per hoar. Contooller worklocd wes hicher than Mode B due to
the loa_=zr approach paths Fowaver, 1he coosdination vorkload wes very
slizht.

In general, the tests showed Lhet parsliel sporcach operations
rere somewa.t handicapped beczuse each ruaway could ve fed only from one
s1dz. The 1n=bilicy to plece feedin, five. at optimum locztioas reduced
lhe zecceptance rates attacnabls with the parallel conliguration. £3ihoush
the speecial procedures used in Modes 3 and € eliminated the overshoou
hozard at tura-on, the harerd of two aireralt procesding on parallel
coarses orly 8,000 feet apart was still present  Therelfore, the zliajnment
of carcraft on the finel spproach courses uad to be watched very closely
dur.ng the entire epproach operation.



Converging £pproach Courses.

The use ol convern., runways scaplifies ihe feedin;, problem
somevhat. At least cae of the asproach courses usually can be fed [rom
oth ciaes 1nsiteed of f.om the outside only, as wich a porallel coniizd-
ratica. Two modes of opersbtion are pogsible, either i1adependent or
cooriinatel, os describhed beloir.

o'

& Independeant Operation. See Fag. 0A. Hormal separatlion would
be provided between zirvera™ in the same lane, but witnout regerd to air-
2»zft 1a thz ouher lane In order co save simulation time, this meode wWes
not tesled, as no operalionsl problems existed 121 this mode that were act
elcountared 1:. the tests of the cocordinated mode of operziion. Tneoreticelly,
the total canecity of the indspendent system was belween 55 and &2 operotions
Tz2r hour, arproximately doublz tnat of two independent single runweays.

The coner.ir, amprozch system provides eicellent separasion
betireen il normal traffic lanes, as long as 21l apnroacnaes ore compieseed
normclly. The two approsch paths are irdependent of each other. Touch-
dc'n po.nts for the two runways are approximately 1 l/? ules apart.

From Lhe safety standporut, the only guesiioneble asnect of this opereilon
1s the fact thet an zireraft missin, epproach on one of the two runwcys,
and pioceading straight shead, would cross the cther runwsy. For thuis
reason, simultanecous miss=d approaches by two aircreft on opposite runways
coazelvably could result _n a collision hazard.

The lizelihood of ever rgetting two missed approcches pesrectly
synchronized in such a fashion m:=y be less than, for example, the l2xela-
nooa of & fouar-engine aircraft leosing ell four ensines simu_taneouzly. A
rarther deterieat to the collision hezerd in this system 1s the fact that,
even 1n the event of two simuitaneous missel approaches, 1t still snould
be possible for the radnr controller Lo puide one circraft sii_htly oflside
and thus prevent £ collisicn

7o approach this problem 1n = practical meaniler, it may be
feasible to permnt independent operat.on of two converging but noninter-
dezting runways down to sach ireather minimuns at which the possibilily of
& missed sppreoach 15 soill very remote. Thos procodure would take zdvan-
tage of the high acceptance rates possiblie witn independont dual-approock
operations snd yet ncb expose alrcrcft to a measurable collision hazard.
It 1s pelieved thet the provision of zmprrved radio apnroach and lichliag
alds, as well as the growing use of ILS approach couplers, would tend to
lewer vhese manivwums. Whenever weather conditions would fzll below these
arbltrary limits, independent approach operations wowld ceese and tha
syssen would revert to the coordinated modes described below.

B Coordinated Operations. See Fiz. 8B. Normal separsation minimums
woulid be provided aircraft in the same lane. In addition, special proce-
dures would be utilized in clearing approacaes in opposite lares, to main-
tain a desired two-mile separation belween all aircralft at the runvay
crossover point. This separation would be provided by the approach
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A, E.bla. This teble zims at a

thz crosso.er pozat, due to ihe

ach soe2ds 1t Jould heve a one per cent
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R

rial Horever, tescs of ihis systam
indiccted thau even one mile seperetioa gt chis porat woald be guate serle,
a5 carcereft woiuld be daiver_.a cpdly efeer crossig, tlat po.at,

Tae toval srrivel rabz ctoeined 1a {hess tests was 43 aarccelt
pe” hicur, Conwroller worlldeood was =.nraasly hith oecause successive
aprroeches had to oe dirvected to eltersnets ranvoys 1n orsder co tade
advan.a,e ol tke reduced crossorcr szoaratlons. To s2t up adaquate

sapores_ci, =202h controller hed <o oy the sind of aiccrcslc he was o
folletua. 1a his ovm leas, s wzll oo whe lLand ol cireoalt az wos Joiloving
1a tae oprosite lene, It ves found thet this "3a1 of hi hlyr coordinated
operetioa, by fous epproach concrollers, securs~d o re ular "fir_no orde.
50 tntt each centroller wrdd have tin: to prepore for nis next cperation
aad to “ollow otazr aiccraft in che propes sequence, Such tearrork reguired
vary hizh degreec of coordinoiicn and coaaidercdle practice before
sricotch results were cchieved It would not ve rezormesied cs a conblauous
control procedurs, bHut only as o method of meintalain, a moderately high
acceptance rate uvader conditions vhen the weather wes too joor to permut
the 1ndepeadsat opersticn of two approsch lanes.

[
a
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)
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Comperison ol Parpllel ead Conver,lap sp2-ooach Systems

The casic apnircach systeas tzsted are shovn in Fis. 2, 10, and
11, rriavel caces of the varsious cpprosch systems ere shown in Fas. 12.
Il shouvld oe emphasized thet aone of these gysvems conforms wo presaat
seporet.ol stendonds

.o onatysis of the pecellel ond conver-ins systems showed

chat the prrellel systom hed an adrzante .2 re_ecding, the ebility Lo cross-
Zeed arr-ivals to egualize treffic flow in the two landiar lenes. Tests
sloved thet a sur,2 of treflic comin, from onz dirvection covld be divided

csarly to feed 1nt0 the Lwo pa:allel Suireys Tith a converzing approach
SysTem, swch a proceduie was not alwoys 2zacticel ¢s the daistance bevween
lhe feedz: Tixes for oppoa¢te rineys invelved mach loner flaght paths.
L tneorebical anslysis i1andizatad laat vhen crossleed could be used, delsys
wouw' d sz cboub 30 per cens lovers then they vould be otherwise.

Tha winl 11ll affeew opeiations on voth runvays equally 1n a
Perallel gystem. In a conver;in, systew, wieqlel effects may force the
sysien to oparale Tesporarily as a sia.le munvey ssten ead thus reduce

sysceom cepre.ty. Howevar, the _ccecter distencz oetween the normal flisht
peihs of o conver.in, LvVly 20 otbm sopoess much safer thea the side-by siade

¢
orerstions ol & U”“gjlel syste

flihou h, theo:etlcally, the cepeeclvy of o sin_le depertare
ey would bz considersbly ho-her thon the cepacity of a sin le arrival
csunveyr, simuletion tests shoved thail © sia le deperture ruavrey could not
hoad.e = contlaucas treftic Zozd ecuivelent tvo the 1input of e lendin,
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runways. TekeolT delays ouilt up exorbitantly until an additional
departure runwey was provaded. ™is led to the practical conclus:ion that
g 10507t which raquarss a daal approach system also reguires duel
1nderendent departure rumrreys.

The O'lUsre master plan, even as modified, does not provide
gpace for tvo independent departure runvays -nen any parallel approsch
systeri 15 used. However, a converging epprocch systen provides the neces-
szry deperture facilaities. This factor resuluved in the final decasion
the' the eomvorging apmroach sysiem offered the highest over-all copacaty
for O'Hsre Aivport. The corversins approach conlisuration was usad in the
subseqglLent air route t2sts.

Controller Vorkload.

It vras found thet one controller could not control trefine
efficiently Troa two fores wath a lozdang of 25 te 30 arrcraft per hour
even iboush n-s communrcations channel might be Jble o accormodetbe the
loed. Ts faet resulied in the assipmment of btus cne fax to a coscroller.
Vith a system requaring four lixes, this implies the vse of four arcivel
controllexrs with separale freguencies.

In systems in which two spproach lenes were controlled
indevwendently, the ecoordination between each pair of arrival controllers
1.5 the same as that required for any two-controller radar system, however,
vhea restraictions were gpplied to che 1ndependent appreoach courses, 23
preiously described, 1t vas nscessary to establish a definice rotaticon
or sequence betieen eontrellers in order that coordination could be
minimized gznd proper control exeircisadd te comply wath the separation
standerds used. Waneon shls sequence was not followed the capacity suffered
cccordingly.

Centrolling departures at a rate of 40 to 60 per hour proved
too much {or one controller and one runway. To handle this volume, 0
runwaeys were necessary, each with a separate departuce radar controller.
Vien cower persennel were reguired to 1ssue long-range route clearances,
an eddsiicnal contrcller was aecessary. It was assumed that ground control
duties were performed by other personnel,

Table I1I gives some indication of the complex approach control
facilaty thet was necessary to handle air traffic from four feeder [ixes
©O dual approcch lanes. Tests indicated that the ARTC Cenler also wouid
recguire some egpansicn to cope with this volume of treflic.

Jet Lpprozeh Procedures.

During the O'Hare terminsl ares similation, 1t became evident
that the aititude from vwhizh gets vwers fed to the ILS affected the arrival
rate, Ia order to obtain data on this effect, a series of simuwlation tests
wele fun in which the conly varsable was the eltitude from which the yets
vere fed, The leedin, altitudes werz 20,000, 10,000, and 4,000 Feet.
frrivel rates and communications data are summarized ain Fis. 13. It was
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found that the acceptance rate became progressively higher as the initial
approach altitude leaving the holding fix was reduced. This was due to
several factors which are discussed below.

The length of the approach path 1s a function of the altitude
which must be lost  For exzmple, an approach from 20,000 feet requares
an approach path about 40 miles long Long approach paths require a large
number of sirecraft on approach simultanecucly in order to keep the final
approach lene operating at top capacity. Tests showed that the more air-
craft there are in the approach pattern, the higher the communications
worklcad and the more inaccurate the finel approach spacing This 1s
because the controller's attention is davided between a larger number of
aircraft sc that ae does not have enough time to do a precise spacing Job.
In addition, longer commnon paths increase the opportunity for deviations
in speed to affect the spacing between successlve aireraft.

Addaitional problems of jet operation are caased by the flaght
characteristics of the aircraft First 1s the relative lack of maneuvera-
bilaity associated with the very slow turning rate of 1 1/20 per second
This requires controllers tc plan the flight paths of such aircraft much
further akead. Much more time and manheuvering room &re rcquired than for
airrcraft which can make turns at 39 per second

Conversely, as shown in Fig. 1k, a critical problem can be posed
1f the controller plans his vectoring procedure on the expectation that
the aireraft will make a 1 1/2%-per-second turn, but instead the pilot
makes & 3Y-per-second turn. This points up the need for stendardization of
Tlight characteristics in the approach pattern.

Another jet control problem which is intensified by the use of
high inztial approasch altaitudes concerns the variable speeds of such air-
craft during descent. This characteristic makes prediction and spacing
operations extremely difficult for the controller., The problem can be
minimized by having the alrcraft leave the holding fix at low altitudes
where normally it would be slowed dowh to a speed close to approach speed.

Simulation tests showed that the militery-type teardrop pattern
1s poorly adapted for redar spacing operatioms. From the time the turn
18 started by an aircraft at the outer end of the pattern, very laittle
can he done to adjust the spacing of thes mipcraft behind the preceding
aircraft The teardrop penetration approach requires more airspace than
15 available in the vicinity of O'Hare under the traffic densities tested.
No satisfactory way was found to fit a teardrop penetration into the
Chicago complex. For these remsons it 13 recommended that eny militsry
Jets using O'Here conform to the standard approach procedures used for
¢ivil gets.

It 1s believed that 1t will be possible, with amproved praimary
or secondary radar, plus the use of a new traffic control computer which
is under development, to slow jets to an intermediate speed during their
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last 100 miles of flight and thus be able to absorb most of their delay
during a2 eruvising descent. Jets then conld enter the terminal area at
low altitudes and thus facilitete the attainment of a high acceptance
rate Ly the approech control syster.

Interference Between Arrports.

No way was found 1n samulation 1o operate Glenview .ndependently
of O'Hare. This was due prawarily to the proximity of the two airports,
Glenview being six mles no.-,theast of O'Hare 211 Glenview IFR traffic
was handled by the O'Hare tower and vectored to a position for handoflf
to Glenview G0A fur o straight -in landing on Runway 17. 1t was found
1n simwiation that O'Lare onerations were affected by operations at
Glenviev 1n the following meinner

1. Turing easterly wind conditions, a Glenview arrival or departure
inferrupted or storped C'Haie departures

2 During westerly vind condzvicns, a Glenview arrival or departure
interripted cr stopped C'Hare arcivals.

3. Arrivals werz inbervupted at 0'Hare fixes as aircralft arriving
from an upwind direct.on were handed off through the area of other fixes
wiile being vectored to Glenview.

Under saturated traffic corditziens, each IFR operaticn st
Glenview cost at least one, and soretimes mcre, operations at O'Hare.
1T e1relng approaches ware necessery at Glenview, this caused additional
delay and svecsequent reduction of cepaciity at C Hare.

There 15 barely enough space betwveen Midway and O'Hare to operate
southeast spr—~caches at hish rates at both airports today  When =ast
approaches are comurssioned at O'Here, Midwey approach operatiocns will
be sgasezed further  Study showed that interfersnce between the two
airvorts could be reducsd greatly 1f the present southeest approach at
Midway could be replaced by an eagt approach to Runway 9 or a northeast
eporoach to Rinway b. Obvzously, this would require an expensive con-
struction pregram. However, tests indicated that the change wouid enable
Midway to continue operations at the present rate even when O'Hare was
operating a dual approach system at maximum capacity.

Tests indicated that as long as Midwey rem21ins active, there is
no reason for constructing Runways 2R-20L and 14L-32R et O'Hare, as these
runways could not be used under IFR cond:tilomns.

During the simulation tests, 1t was assumed that radar guidance
of missed approaches always would be possible. However, no airspace
could be designated exclusively for missed approaches at either O'Hare
or Glenview.
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AIR ROUTE TESTS

Pricr to the air roufe simulation runs, meny hours were spent
on a map study to determine an optimum air route structure for the Chacago
area under east and west wind conditions  Thas scudy was conducted with
the assislance of coatrcl perscnnel from thz Chicage ARTC Center. As a
reselt of this study, a roube stracture for each wind conditicn was
selected for simulation purposes. Figures 15 and 16 show these routes
A 11zt of loczi-on adentafiers i1s presented in Table IV. Chaages in the
Present reouce structure were kept at o minimum, as showa in Table V

It was necessery to change the direction of flow on some of
tne roules pecavse of the revised distributica of traffic using O'Hare
For instance, to belance the iavound O'Hare tralfic volume more cvenly,
airc_aft from the southeest were rerouted over Peotone and fed in wath
other treffic from the wesc., Dariag the air rcoute phase of the study,
it was assimed tnat C'Hare IFR operations would be coandacted on the
fellwing runways:.

Easl wind conditica - Landings Runway SR and 14R
TakecIf Ruaway 9L and 2L

West wind condition - Landing Runway 20R and 2[R
Talkeolf Rurvwaey 27L and 32L

Insofor as possible, fixes used for cppesite wind cond:tions were on
exteasions ol the routes to former fixes.

During simiiation the area under study was divided geogranhically
into two sectors, wita the exact boundaries varying scmewhat, depending
on the systems and Tlight operations being tested. Because of a basic
lomitation of ihe simuletor which permitted only 24 saircraft teo be
operated simul toneously, 1t wes not always possible to handle all arrival
and departurc operations simultanecusly. In some cases only arrivals
were run. In other tests only the departures were operated. In any
case, full allowance was made for the airspace which would be used by the
other aircraft.

Outer ARNC sectors were not simulated and the abality of the
outer scctors to handle the traffic volume simulated wes not analyzed. As
traffic ancreases at O'Here Airport, i1t 1s expeeted that further strdy of
the en route flow from other centers will be neczessary.

Arrivals appeared in the system opproxamately 80 miles from
the airports They wers controlled through the ARIC territory by readar
and handed off to approach control =zt the appropriste transfer points.
Each coatroller wos teamed with an assistant controller who hondied the
data-collection and display functions using flight progress boards and
the interphone system.
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The air route tests indicated that the routes depicted in
Figs. 15 and 15 appeared practrcable, however, at the traffic densities
tested, 1t appeared that an alditicnal independent eastbound route would
bz desirable to relieve the traffic load on the single O'lHare eastbound
rcute which 1s 1llustrated It 15 believed that this rovte could be
provided by the reassignment of existing routes east of Chicago.

The movement of IFR traffic at the densities simiated was
heovily dependent on the use of air route radar throughout the area covered
ty the simulation tests. To expedite get operations, 1t would be
desirable to extend 1he high-altitude redar coverage to approximately
120 mles, particularly for the routes east of Chicago.

CONCLUSIONS

"l. The leocaticn of Midwey Airport will not permit IFR utilization
of #11 runways in the O'Hare masver tangzntial runway plan  Placemcnt of
O'hnre feeding fixes 1n an opu.mum position ceniot be realized becauss of
the close proxamity ol Midway.

2 East and northwest approaches at Midway would permit a more
practical vector area for Midway and would reduce ainterfercnce between
the twe airports It also would enable O'Hare to shift operating direction
wathout requiring a similar shift at Midwawv. The present southeast
approach at Midway eliminates any possib.iity of departure traffic using
the area betweezn the twe airports.

3. Navy Glenview IFR traffic should be controlled by O'Hare tower.
Even then, one operaticn zt Glonview will reduce capacity at O'Hare
by one operation and under certain conditions perhaps by five opcrations

Y. The military jot (teardrop penetration approach) is not competible
with a high-deasaty operation at O'Hare. Milatary jot traffic should
conform to ecival Jet procedures.

5. Civil jet arravals are easier to integrate into an approach
sequence 1f they are descended to lower allitudes cn route, A higher
landing ratc then can be accomplished. This pramerily is due to the lower
true airspeeds pcssible, which result in a smaller radivs of turn and
less mileage to dissipate in descent IT jet eircraft begin spproach
Trom higher aliitudes such as 20,000 feet, the wide range of speeds with
the slow turning rate make 1t difficult to space arrivals efficiently.
This results in a merked reduction in landing rate. During the simulation
tests, the best landing rate was accomplished when jet aircraft were
handled in the normel manner of propeller-draven aircraft in approach
patterns at tae lowest altitude aveidmble., However, tests indicated that
small spacing adjustments were very difficult to accomplish waith jet
aircraft due to their slow turning rates and high speeds. As a result,
spacing lnaccuracies raduce the aceeptance rate of the approzch system.
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6. The departure rates s:mulated andicate the necessity for two
independent ailrways to hendle O'Hare eastbound flisghts

7. DRotting for westbould O'Hare traffic will regquire use of the
2115pc 22 an the vicinity of the proposed Bong LIB.

8 TFrom the safcty standpoirt, the converging approech system
gppcars superior to a varallel opproech system  The only questionoble
asnect of this operation 1s the fact that an aircraft missing an approach
on onz runvsy and Droceeding straight ahead will cross lhe centerline of
the cther runway, thercfore approaches by two aireraft missed simulizncously
conceivably could resuld ia a collision hazard It may be faosible te
permit indepeadent operation of the two approach lancs down to some
weither minimume a2t which the possibility of a missed approach 13 stall
vely renote. Below these arbotrary lamits, a conbrol procedure could be
imposed which would provide positive soparstion ot the crossover point
in the event of a migseld approasch by eny aircraft.

9. The control system used in this simulation placed a high deprec
of dupendence on rodar, creating e very hagh contreoller workload per
aircraft. Communicaticng channel loading and controller zttention to
accomplish optimum spacing dicteted a maxamum of one slack per controller
fo1 high-densaty operations. During hicgh-deasity traffic operations one
controller was requirced por depacture runwey with additional personnel
for ground control duties. Wwhen tower personnel were requiraed to delaver
long-raage air 1cute c¢learances, an additicnal tower position wWas heccssary.

10. Complex multiple runway Feeding fixes requare a large emount of
airspacc and a large nunher of controllers with diserete frequencics.
Sustained high-traffic bandling cspacity by approach controllers vectoring
to multiple runweys requircs close adherance to a predetermined order of
saquencing

11. Using a A0 per cent Jet sircraft sample, the meximum number of
arrivals obtained in simulating the independent operation of two approach
lines wes acbout 55 orrivals per hour. Any significant increase ain IFR
arrport capseity will require radical changes in operating concepts and
control equipment.

RECOMMENDATICHNS

1. As scon as possible, steps should be taken to determinc the
conditions under which dual simultencous approaches can be approved
by the 0ffice of Flight Operatiens and Airrworthiness and accepied by
industry.

2. As traffic increases at O0'Herc an analysis of the traffic flow
in adjecent en route centers should be accomplished.
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3. If 1t 1s decided to provide for bidirectional coverage and dual
simultanecus approaches at O'Hare Airport, the following phases of
constructicn are suggested,

Phase I Build Runway SR ~ 27L

Landings on Hunway 1LR
Takeoffs on Kunways 9C or OR

Phase II. Install ILS on Runway 27C (existing east-west runway)
Easterly wind condition Westerly wind condition

Landings on Runway 14K Landings on Runway 27C
Takeoffs on Runways 9R or 9C Tekeoffs on Runways Z7L or 32L

Phase IITI. Build Runway 2L - 20R

Ingtall TL3 on 20R and 9R

Fasterly wind condation Westerly wind condition
Landings on Runways 9R Landings on Runways 20R and 27C
and 14R

Takeofis on Runways 2L Takeoffs on Runways 27L and 32L

and IC (Optional on 9R =t
expense of arrivals)

Phase IV Replace Runway 9C - 27C with Runway 9L - Z27R

Move ILS from 9C - 27C to 9L - 27R
Operations remain same as Phase III by substituting
9L - 27B in la=u of 9C - 27C.

L. Before Phase III operatioms arc commissioned, consideration should
be given to the eliminaticn of the present southeast approach at Midway,
replacing 1t with an approach to the east or northeast

5 As Jeng as Midway remains active, 1t 1s recommended that O'Hare
Bunvay 2R - 20L and 14L - 328 be omitted from the construction program.



18
TABLE T

JET SPEED PROGRAM USED FOR CHI - ORD SIMULATION

Jet Arrivals.
Cruige 1nto terminal area until erproaching clearance limit fix.

Airapeed 1in Enota

Altitude Indicated True Temperature, °C
20,000 end above 330 450 -20
12,000 260 345 -10
15,020 260 330 -5
10,07C 20C 305 +5

5,020 246 260 +15

Jot Holding.
At eiearance lirmit fax and immediate area.

Airspeed 1n Knots

Altatude Indicated True Temperature, °C
20,000 and above 230 315 -20
Siait descent 250 340 -20
15,000 230 290 -10
10,000 230 260 -5

6,000 225 245 + 5
5,000 200 220 +15
L, 000 190 200 +15
3,000 180 190 +15
2,000 160 160 +15

Jet Descent Rates.

Net i1n holding pattern. Three thousand feet per minute, slowly
reducing to 500 feet per minute btelow an altitude of 6,000 feet.

In holding pattern. Standard rule of maximum normel rate of descent
mtil 1,000 feet sbove assigned altitude, then 500 feet per minute,
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TABIE T (cont'd)

Jet Climb Pates and Speeds.
Speed increasing to 230 knots true at two miles from airport. No

turn or climb above 2,000 feet until beyond two-mile point. After two-mile
point climb et an average of 1,500 feet per minute slowly increasing speed
to 290 knots true, Use 200 knots until cruising altitude reached, then use
crulse gpeed noted above, If held down below 5,000 for 20 or so miles, use
speed of 260 true.
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TABLE IT
EN ROUTE TRATFIC SAMPLL
250 aircreft in 2-hour sample
75% at O'Hare (Glenview) - 188 aircraft

168 at 0'Hare
00% Jgets or 100 arrcraft
404, propeller or 68 arcraft

20 at Glenview
19 gets
10 propeller

188 alrcraft at {'Hare (Glenview)
100 arrivals
88 derartures

250, at Midway - 62 aircraft - all propeller

36 arrivals
26 departures

Percentage of traffic by direction of flight;
50% to and from the East - sector between
Muskegon znd Washington,
D‘ CO
30% to end from the Southeast, South and Southwest
10% to and from the West
10% to and from the North and Northwest
OHARE TERMINAL AREA TRAFFIC SAMPLE
1956 60 flights in 2-hour sample
17% jets or 10 arrcraft
83% propeller or 50 aircraft
1957 67 flights in TO-minute sample

60% jets or 40 asircraft
L0% propeller or 27 mireraft
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TABLE II (cont'd)
JET FEEDING ALTITUDE TERMINAL AREA TRAFFIC SAMPLE

40 flights i 60-minute sample - 100% Jets
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TADLE ITT

EQUIFPMENT AND TCWER PERSCNNEL REQUIRED BY A DUAL STMULTANEQUS
APPROACH SYSTEM CAPABLE OF CPERATING UWDER TWO WIND CONDITIONS

1. Equipment.

4 IS localizers

4 glade paths

8 compass lncators

Two or four 75-Mc fan markers (2 probably will suffice on
parallel syatem)

L sets apprcech lights

Primary or secondary radar complete with indicators as reguired.

2., Radio IFrequencies,
L discrete approach comtrol vector frequencies
2 digcrete deperture frequenciesg
2 discrete ground control frequcnciles
1 discrete route clearance delivery frequency.
2 discrete local controller frequencies

3. Pergonnel.*
4 approach cortrollers
2 departure controllers
2 ground controllers
1 rouvte clesrance delivery controller
2 local controllers

*If monitoring function 18 reguired, 2 more controllers necesgary.
Does not include supervisors, who are necessary to coordinate, and flight-
data personnel recuired, Doea not include personnel, equrpment or fre-
quencies for Ailrport Surface Detection Equimment (texi radar). Does not
includs eny of the reguirements of the air route control transition
tmetione.



ALN
AlB
APT

BA
BRI
BLO

CAR
CGT
CST

DPJ

DZ
FL.G
ELX
no
EVN

A

GEN
G

HEB
HIN

JOT
JVL

X
LAF

LEM
LCFP

ALLEN
AMBOY
JATERVILLE

BASS
BRADFCRD
BULLHEAD

CARP

CHICAZO HTS.

CUSTER

DUPAGE

EEDZIE
ELGIN
KEELER
PEQTONE
EVANSTON

FREEPCRT
FOET WAYLHE

GENOA
GOSEEN

HEBRON
EINSDALE

JOLIET
JANEBVILLE

KNOX
LAFAYETTE

LEMONT
LGCF
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TABLE IV

CHINAGO AREA TDENTIFIERS

MEN
MER
ML
MTT,
MER

NEG
NTL

CEK
PAP
2CH
PIA
PMM
EWT
FTw
R8BS
SGV
SHE
5TB
SYC
TAY
TRI
UNO

WED
WIF

MENDON
MERMATD
MZCOOL
M{mI.FRSBURG
ML WAUKER

NEW GLARUS
NTO.ES

NCRTHBRQCK

PAPT
PERCH
PEQRIA
FOLO
PULLMAN
PONTIAC
PITTWOOD

ROBERTS
ROCEFCED

SUGAR GROVE
SHELBY
STEAMBOAT
SYCAMCRE

TAYLOR
TARPON
TRIUMFE
UNION

WHEATFIRLD
WHITEFISH
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TIBIZ V

SUMMARY CF CHAIGES MADE IN ATRWAY CONFIGURATTION

TROPOSED VOR CHAIGES

NORTIRRCJK VOR moved approxi-
mately 6 miles northeast.

Q'T'are TVOR or VCR commiss-oned
on airport.
MEZDON, Mich., VOR commissicned.

McCQOL, Ind. VOR ccmrissioned.

JULIET, Tll. VOR relocated as
programmed ,
ELGTN, T11. VOR cormissioned.

AIR ROUTE MODIFTCATIONS
AND ADDITIONS

Victor 97 extended from Hebron
cast to Victor 7.

Vietor 100 reloceted between
O'Hare T™VOR and Keeler VCR.

Victor 115 relocated between
O'Hare TVOR and Mendom VOR.

Vietor 218 relocated from Perch
to radial from 0'Hare TVOR.

Victor 84 relocated from Perch
to radial from Q'Hare TVOR.

REASQHW

To provide air space for 2 holding
fixes east of 0'Hare Runway 1h,

Navigation aid, for pearallel 1nde-
pendent routes for O'Hare and to

eatablish holding fix rad.ials.

Navigation aid for parallel inde-
pendent routes for O'Hare.

Navigation aid for parallel inde-
pendent routes for Midway.

Bagis of independent route aystenm
west of Chicago.
REASCN

To provide weatbound route fron
Q'HEare - Glenview.

To provide independent eastbound
Q'Hare dceparture route.

To redirect Chicago traffic toward
O'Hare.

To divade traffic arrivang O'Hare
from the east.

To divide traffic arriving O'Hare
from the east.
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TABLE V (continued)

ATR ROUTE MODIFICATIONS
AND ADDITICHS

Victor %2 rclocated between
Goshen VOR and McCool VOR.

Victor 8 relocated to go from
MeCeol VOR - Knox Intersection
to Merecer VCR.

Victor 10 relocated to go from
Bradford VOR to Suger Girave Ints.
1o Elgin VOR.

V.ctor 172 to go from Polo VOR
to Sycamore To Elgin ¢Ke.

Victor 100 North sdded between
Rockford VOR and Wortrnbrook VOR.

Victor 177 deleted,

Victor G relocated between
Milwaukee VOR and Jolaet VCR.

Victor 7 relocated aprroximately
over existing Victor 7 East,

REASON

Parallel. independent route.

Parallel independznt route.

To redirect Chicago traffic toward
Q'Hare.

Redirect Chicage traffic toward
0'Hare.

Shorter route to O'Hare during
westerly wind conditions.

To provide holding pattern and
vector airspace.

To provide helding patterm and
vector alragpace.
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FIG 2 CONTROL ROOM LAYCUT SIMULATING O 'HARE IFR RGOM
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FIG 4 SPACING TABLE USED

IN APPROACH CONTROL
OPERATIONS

OPTIMUM
AIRCRAFT SPACING

DISTANCE, APPROACH GATE
TO TOUCHDOWN, 5 MILES

AIRCRAFT GATE
SEQUENCE | SEPARATION
No 11No 2| (MILES)

S | M 51

s | F 55

S J 6.6

M S 31

M F 45

M | J 58

F S 30

F | M 35

F | J 5.2

J [SMF 30
SAME TYPE 40

APPROX
AIRCRAFT | APPROACH
CATEGORY SPEED
MPH|[ KT

S| SLOW | 120 | 104
M|MEDIUM | 140 | 122
F| FAST 150 | 130
J| JET 180 | 156
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HAZARD
NO SEPARATION BDETWEEN
ADJACENT LANES PROVIDED
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MODE A - INDEPENDENT OPERATIONS

OPERATIONS IN EACH APPROACH LANE
CONDUCTED WITHOUT REGARD TO
OPERATIONS IN OFPOSITE LANE
NORMAL TOUCHDOWN POINTS ARE
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NORTHBROOK

NAVY GLENVIEW AIRPORT

O'HARE AIRPORT
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OUTER MARKER

ACTUAL POSITION

TOO CLOSE TO AIRCRAFT

AHEAD, POOR TRANSITION !
TO APPROACH COURSE

3° PER SECOND TURN

// DESIRED POSITION
‘ ADEQUATE SPACING,

GOOD TRANSITION TO
APPROACH COURSE

11/2° PER SECOND TURN

AIRCRAFT STARTS TURN TO
INTERCEPT FINAL
APPROACH COURSE

FIG. 14 EFFECT OF TURN RATE ON GATE SEPARATION AND APPROACH INTERCEPTION
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