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EVALUATION BY SIMULATION TECHNIQUES 
OFAPROPOSEDTRAFFIC CONTROLPROCEDURE 

FOR THE NEW YORK METROPOLITAN AREA* 

SUMMARY 

This report describes a study to determxne methods of expedltlng air traffic to and from 
the SIX mayor airports I” the New York metropollta” air-traffic-control area. Thu study was 
made with the ad of sxnulatlon techniques developed Jomtly by the Franklm Institute Labora- 
tories for Research and Development and by the Techmcal Development and Evaluatm” Center 
of the Clvll Aeronautics Admlnlstratm”. Comparatxve tests were made of two different ar- 
rangements of radm “avlgatmnal facllltles. These configuratmns Included the “ne I” “se at 
present as well as a system m which the present confIguratIon was modlfled to provide more 
Independent arrival routes A map showing one possible arrangement using VHF omnlrange 
statmns 1s also Included I” this study 

Results of these tests mdlcate that the modlfled system described l” this report should 
substantially Increase the acceptance rate of this metropolitan area 

INTRODUCTION 

Control of Instrument-fllght-rule (IFR) traffic I” the New York area presents a” ex- 
tremely complex problem due to the locatlo” cf the axrports The proxnnlty of these ar- 
ports sermusly restricts the amount of alrspace which can safely be used for the maneuvering 
of arcraft 1x1 each of the approach-control areas Three mayor and three secondary alrports 
are located wlthl” a 17-mile radius cf the LaCuardla Airport 

At the present time, the greatest percentage of the arrival traffic proceeding to the 
New York metropollta” area IS from the west and the southwest Addltmnally. some arrivals 
from the north are routed to arrive frcm a westerly dlrectm” This congestlo” of arrlvlng 
traffic “n one airway has “ecessarlly resulted I” many axcraft reachmg approach areas at 
high altitudes with little traffic beneath them This ccndltlon 1s due to the use of Army-Navy- 
CAA (ANC) procedures for the control of air traffic Instead of the use of radar separatmn at 
the confllctxon pomts. 

Departures have proved to be a difficult problem. partxularly those which are south- 
westbound or westbound These problems of confllctlng air traffx exist on other routes I” this 
area, but to a lesser degree 

To provide a m”re orderly flew of air trafftflc 1” the New York metropolrtan area, the 
Offlce of Federal Airways requested the TechnIcal Development and Evaluatmn Center to study 
the New York problem through the use of the dynamic air-trafirc-control (ATC) sm,ulator 
To obtam needed background, TDEC air-traiixc-control specrallsts vlsrted the mstallatrcns of 
the New York area prmr to begmnmg slmulatmn tests. 

The New York snnulatmn tests were speclflcally dlrected toward the development of a 
traffic-control system possessing the fallowzng characterlstlcs 

1. The system should permit approach controllers to expedite the movement of arrival 
traffic to the landing area 

2 The system should be deslgned far use wth radar-vectormg techmques. It should 
also be capable of functmnrng eiilcxntly dur,“g permds when the radar 1s mcperatlve 

3 Because of frequency-allocahon problems, the system should reqmre a mmunun 
number of addltmnal low-frequency radio faclhtles 

4 The system should be arranged to requre a mmxmurn amount of co-ordmatmn between 
control agenaes. 

5 The system should provrde, where possible, expedltmus approaches from at least two 
dlrectmns. 

6 The system should prowde for a” eiirclent flow of departure traiirc. 

*Manuscript subrmtted for publxatmn September 1953. 
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EVALUATION PROCEDURE 

The eqlupment used for thx evaluatmn was the dynamic air-traffic-control samulator at 
the TechnIcal Development and Evaluatm” CeTtter I” Ind~anapohs, Indlana A descrlptm” of 
thx equxpment can be found I” another report 

It should be noted that the arrival tests took Into account only the mternal restrtct,o”s 
of the terrmnal area. For example, the tests were conducted with the assumptm” that the 
New York Center could feed Inbound arcraft Into the various approach-control zones at rates 
up to 30 arrivals per hour. 

A study of departure traffic resulted 1” the provlsm” of prxnary routes and, where pos- 
sable. of alternate routes that could be used during certain traffx condltlons. Allocatmn of 
specrflc altitudes was attempted at some pants of confhctwn. 

Actual fhght-progress strips of an IFR day were obtalned from the CAA Air Route 
Traffic cdd (ARTC) center at New York With the ard of the Frankll” InsMute, these 
strips were analyzed, and the manmurn three-hour permd of the day’s traffic was selected 
for the orig,“-rl traffic sample. These strips furmshed a typlcal sequence of the following 
comb,natmns of data 

AIrcraft Identlflcatlon 
Type of AIrcraft. 
Arrival Route 
Destmatlo” AIrport 
Altitude at the various report,“g pants en route to destmatmn 
Txne over these reportrng pants 

At first, It was thought that the actual traffic sample would be fed Into the dynamx sxn- 
ulator, however. the three-hour sample taken from the actual strips gave a” average arr,val 
rate of only “lne arcraft per hour for LaGuardla Alrport This was also the apprammate rate 
for the New York Internatmnal (Idlewld) AIrport No arrivals were cleared to the Newark 
Airport that day because the alrport was closed to IFR operatm” during this permd Since an 
arrival rate of “lne arcraft per hour represents a small amount of traffic when radar 1s used, It 
was deaded that a two-hour arrxval sample should be constructed by rmxlng the arrival traffic 
of the third hour with that of the first two hours. This actlo” resulted I” a” arrival rate of 
approxxnately 15 arrcraft per hour for both the LaGuardla and the Idlewlld alrports After this 
rmxlng was accomphshed. altitudes were adJusted at the reporting pants If the strips rndlcated 
that a confllctm” would have occurred between any two arcraft 

Since no traffic strips were avaIlable for the Newark Alrport, a traffic sample was 
constructed for the Newark-Teterboro area and was Integrated with the other two samples. 
The traffic sample of appronmately 45 arcraft arrivals per hour for the entlre metropolitan 
area was studled. Where confhctwns would have occurred at some reportmg fixes, the 
altitudes assIgned to confhctlng azrcraft were ad,usted. 

After experience I” the operation of both systems wth radar was gamed through the use 
of these traffx samples, It was declded to construct a heavily loaded sample of traffic to be 
used vnth the modzfied system This was done to locate bottlenecks wh,ch rmght appear I” the 
system under heav,er traff,c cand,tmns The arrival rate I” this sample was 31 arcraft per 
hour for the LaGuar&a area and the Newark area The arrival rate for the Idlewlld area was 
25 alrcraft per hour No effort was made to Ideallee the ,“put of these traffic samples I” 
fact, the altitudes for arrivals were dehberately asslgned so that most of the arrlvlng traffic 
was I” inverse stackmg order 

Three arbitrary classes of axcraft were used with speed programnnng as shown I” 
Table I 

Because of the lmxted number of simulator consoles (one of which 1s reqmred to simulate 
each arcraft), It was not possible to conduct sxnultaneous tests of arrlvlng arcraft I” the 
entire area. Therefore, ccmparatlve tests of the d,ffere”t systems were conducted as follows 

1 Tests were made using arrlnng arcraft only for one arrport area at a hme. It was 
assumed 1” these tests that specxfx airspace areas were blocked for the erclus~ve use 

‘Richard E Baker, Arthur L. Grant. and Tlrey K Vlckers, “Development of a Dynamic 
Air Traffic Control Sxnulator, ‘I CAA Technical Development Report No. 191. October 1953 
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TABLE I 

SPEEDS OF AIRCRAFT CLASSES 

Aircraft Type 

Slow 

Med,um 

Fast 

Cruising Speed 
bph) 

180 

240 

I 290 

Intermed,ate Speed* 
(mph) 

Approach Speed** 
bph) 

150 

190 

220 

120 

140 

150 

Descent Rate 
(fpm) 

500 

500 

1000 

* In zone extend,ng from ten m,les to five miles from the approach f,x 
ti* In zone extend,ng from f,ve m,les from the approach hx to the po,nt of touchdown 

of departures and arrkvals at the var,ous arports Two route systems were s,mu- 
lated One was the present system and the other the modified system descr,bed ,n 
a later sectmn The average demand rate used w,th the present system was 
approximately 45 arr,vals per hour for the ent,re metropohtan area The average 
demand rate used w,th the mod,f,ed system was approx,mately 45 arrivals per hour 
A second sample had a demand rate of approxmately 85 arr,vals per hour for the 
area 

2 One test w,th the mod,hed system was made us,ng one-half the ,nput to the Newark 
A,rport and one-half to the LaGuard,a A,rport Tb,s test was to ,nvest,gate the 
result,ng radar d,splay when traffic was conf,ned to restricted a,rspace 

3 Another test w,th the mod,f,ed system was made us,ng one-half the ,nput to both the 
Newark and the LaGuard,a A,rports Th,s test s,mulated the sudden closmg of 
LaGuard,a A,rport due to weather Traff,c at the two LaGuardla hold,ng po,nts 
was mtegrated mto the Newark traff,c as soon as practicable for land,ng at Newark 
A,rport 

After pract,ce runs had been made for the purpose of workmg out the many detals of 
each area tested, the measurement tests were begun These runs were made under as nearly 
standard cond,t,ons as poss,ble In add,tmn to controllers from TDEC. personnel from the 
New York ARTC Center, the LaCuardia tower, the Newark tower, the IdlewIld tower, and 
the Teterboro tower part,c,pated ,n controllmg the traff,c for these tests 

The basic problem data furn,shed the theoret,cal t,me at which each arr,v,ng arcraft 
should be ,nbound over the approach fix and at final-approach alt,tude. ,f no other traff,c 
were ,nvolved Through use of an Esterlme-Angus recorder, the s,rnulat,on p,lots recorded 
the actual arr,val t,me of each a,rcraft over the appropr,ate approach f,x By compar,son of 
the theoret,cal arr,val t,me w,th the actual arr,val t,me. ,t was poss,ble to determme the 
absolute delay to each ,nbound arcraft 

Vo,ce commun,cat,ons ,ncluded p,lot reports and all approach-control clearances 
necessary to br,ng each arcraft to a pant where f,nal approach could be cont,nued by a 
ground-controlled approach system (GCA) o r by a p,lot usmg ,nstrument-land,ng-system (ILS) 
fac,l,t,es Weather reports were ,ssued as requ,red The number of separate commun,cat,ons 
contacts on each channel was recorded through the use of electr,c counters The total 1,ve tm,e 
of each channel was recorded by means of electnc clocks 

The results of all tests were ,ncluded ,n the calculat,on of the f,nal averages wh,ch are 
llsted ,n F,gs 1, 2. and 3 S,nce the radar experience of the controllers who part,c,pated ,n 
these tests var,ed over an extremely wide range, the results should be typ,cal of those which 
could be expected ,n actual operations of th,s nature w,th present control personnel It should 
be po,nted out that the numer,cal results of these tests may not necessar,ly be duphcated ,n 
actual operat,ons because of unavo,dable d,fferences between laboratory cond,t,ons and actual 
operat,ng cond,tmns However, s,nce all s,mulat,on tests were made under the same laboratory 
cond,t,ons, the sxnulatron results show the relat,ve d,fferences between the performance 
character,st,cs of the varmus systems tested 



TESTS AND RESULTS ON PRESENT SYSTEM 

In order to establish a basis of comparison for evaluatmg possible nnprovements I,, the 
New York metropolitan-area traffic-control system, the present arrangement of nangatmnal 
alds was tested both with and wlthout radar. 

A map of the exlstmg arrangement of faclhtles xn this area 1s shown 11, F,g 4 The 
holdng patterns used I= these tests are shown I,, Fig 5 The routes and holdmg areas used I,, 
sm,ulatmg the present-day procedures conformed as closely as practicable to those stated mthe 
pd cu - A,* Transport Ass0yatl0n (ATA) study of IFR traffic 1x1 the New York metropo1,t.m 
area for the wmter of 1952-1953 and to those I,, avaIlable operatmns letters 

2 “Minutes of the Joint CAA-AOD-ATA-ALPA Meetmg, September 28 - 30. 1953.” CAA 
First Regmn, October 1953 (Unpubhshed) 



Fig 2 Summary of Swnulated Tests, Newark Area 

Two approach-control positmns, each using separate smgle-channel swnplex commun~ca- 
tlons. were operated dunng the arrival tests of the three approach-control areas. One control- 
ler handled arrlvmg traffic I” the fmal-approach, or prnnary-holdmg. stack while another 
controlled traffic holdmg m the secondary patterns. 

A third posltlon, that of a termmal-area controller, was simulated This conttroller 
handled arrlvmg traffic nearing the approach-control area He used a sxnplex commumcatmns 
channel, and the posltmn was assumed to be III the ARTC Center where there 1s avalable 
complete mformatmn concermng air traffic ln the metropolxtan area 

The functmns and purposes of these posltmns of operation were the same durmg tests of 
the present system both wvlth or wIthout radar. 



Fig 3 Summary of Samulated Tests, Idlewlld Area 

LaGuardla AIrport 

Arrival-Control Procedures 
Figure 4 shows the mbound routes used both with and wlthout radar Primary holdmg 

was accompllshed at the Flatbush marker at altitudes of 1500 through 4500 feet Secondary 
holdmg was accomplIshed at the Flatbush marker from 5500 through 9500 feet and at the 
Holmes marker (the middle marker of the LaGuardm ILS) at altitudes of 5500 feet and above 
It was occasmnally necessary to use the Matawan range statmn as a secondary holdmg hx 
because of the heavy arrival rate from the west and southwest. 

WIthout radar, standard tImed approaches conducted from the Flatbush marker used a 
m~mmam Interval of three mmutes The Flatbush primary-approach stack was fed from the 
secondary holdmg stacks. 

The tests conducted with radar used the ldentlcal sample of arrivals and holdmg pomts as 
was used without radar control The prmc~pal difference was m the applxatlon of radar-control 
procedures. 



Fig 4 Pnmary Arrival and Departure Routes 
Used m Slmulatmn of Present Navlgatmnal Alds of the 

New York Metropolitan Area 

Departure Procedures. 
Departure routes are shown m Fig. 4. No tests were conducted of traffic departmg the 

LaGuardm airport since the man purpose of this phase was to locate restrlctmns to the flow of 
the arrival traffx 

Results and Observatmns 
Delays and commumcatmns txnes are shown graphxally m Fig 1. Exammatmn of data 

collected durmg this phase mdlcates that the mqor delay to arrlvlng arcraft at Flatbush was 
due to high entry altltndes I” the terminal area. When the actual strip postmgs were checked, 
It appeared that these high entry altitudes resulted from the sharmg of common routes by the 
arrrvals. As an example. traffic destmed for LaGuardla from the west shared Green alrway 3 
with traffic destmed for Newark and IdlewIld Airports. In many Instances, these arcraft could 
not be cleared for descent to lower altitudes until north of the Matawan range statwn As a 
result, many arcraft were delayed after reaching the Flatbush fan marker because of excess 
altitude _ 

An approach Interval of at least three mmutes from the Flatbush fan marker 1s desirable 
because of the danger of one arcraft overtakmg another while on thrs 11-mile final approach. 



Fig. 5 Primary and Secondary Holdmg Patterns 
Used m Sxmulatmn Tests of Present-System Radar Coverage 

If this fix could be relocated nearer the LaGuardxa outer marker, an approach Interval of two 
mmutes might be used 

The simulator data mdxates that the apphcatmn of radar-vectoring procedures to the 
present system ~111 lessen the delay per arcraft. as shown m the comparative fqures Much 
of the delay when radar IS used results from hrgh entry altitudes 

With radar coverage of the area as shown m Fig. 5, It was often possible to change the 
altitude of arrlvmg arcraft by the use of radar procedures and to brmg first arrivals xn first 
and thus provrde a more efficient flow of traffic to the alrport 

Because the final-approach stack was located on the fInal-approach course, It was dlfflcult 
to use the radar effectively in ldentlficatmn and vectormg procedures to space arrivals properly 
on the final approach The use of radar for this purpose was further restrlcted because of the 
proxlmlty of the Newark area on the west and that of Idlewvlld on the east. 

Newark-Teterboro Area 

Arrival-Control Procedures 
The present navlgatmnal ads on routes m this area are shown m Fig 4. The control 

posltmns prevmusly described were used m ths phase Where possible. the present procedures 
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governmg approach control m the Newark area were used 1x1 these tests. For example. the 
traffic destined for the Teterboro AIrport was cleared to the Newark outer marker. and the 
transltmn and approach on the Teterboro ILS were controlled by the Newark approach 
controllers. 

The primary holding stack was at the Newark outer marker of the ILS system at altitudes 
of 1500 through 4500 feet The secondary holdmg stacks were at New Brunswrck and at the 
Newark outer marker at altitudes of 5500 feet and above. Occasionally It was necessary to use 
the Jersey mtersectmn as an addltlonal secondary holdmg fix for arrivals from the north and 
the northeast 

Wlthout the use of radar, a mmlmmn Interval of two minutes was used for succes.sIye 
approaches from the Newark outer marker to the Newark airport Approaches to Teterboro 
Airport were treated as Newark approaches untrl reachmg an altitude of 2500 feet At this tx-ne 
the aircraft were cleared for an ILS approach to Teterboro and mamtalned 2500 feet altitude 
until they mtercepted the front course of the Teterbcro ILS. 

Wxth radar procedures, these tests were conducted wwlth the use of the ldenttlcal sample of 
arrivals and the ldentlcal navlgatmnal ads described m the precedmg sectlon. The difference 
was m the appllcatlon of radar procedures m the Newark approach-control area 

Departure Procedures 
Departure routes are shown m Fig 4 No tests were conducted of traffic departing these 

airports smce the man purpose of this phase was to locate restrlctzons to the flow of the 
arrival traffic 

Results and Observatvans, 
Delays and commumcatmns times are shown graphlcally I* Fig. 2 Exammatmn of the 

data collected durmg these tests mdxates that much of the delay to arrivmg arcraft was due 
to the high altitudes of arcraft entermg the approach-control area For example. all arcraft 
from the west for all alrports m the metropolitan area arrive on Green airway 3. Therefore, 
ARTC 1s not always able to arrange the arrivals in the most smtable stackmg order with the 
first arrivals at the lowest altitudes. The locatmn of the outer marker, when used as the 
primary holdxng fix, 1s considered adequate for malnng tzmed approaches with two-minute 
mtervals Smce this stack was located on the fmal-approach course. It was tifflcult to use 
radar effectively to Identify and to space arcraft on final approach after a holdmg stack had 
formed at the outer marker 

With radar coverage of the area as shown m Fig. 5, it was often possible to change the 
altitude of arrlvmg arcraft by the use of radar procedures and to brmg first arrivals m first 
The use of radar provides for a constant flow of arrivals mto Newark Airport whrle an arcraft 1s 
malang transltlon to the Teterboro ILS. The use of radar should eliminate the necessity for an 
alrcraft makmg transltmn to the Teterboro ILS to make a procedure turn away from the Teter- t 
bore outer marker before contmumg the approach Radar controllers would help these axcraft 
turn directly to the flnal-approach course in the vlclnlty of the Orange Intersectlo”. 

IdlewIld Area 

Arrival-Control Procedures 
The present navlgatmnal facilities and routes used are shown in Fig 4. Control posltmns 

as prevrously described were also used m thus phase One basic departure from present pro- 
cedures was simulated for thx portron of the tests In the fzrst study of this area It was 
noted that Mltchel Air Force Base was provided wzth an area m which to exercise approach 
control for their own aircraft. It was decided that a better utlllzatxon of the available azrspace 
would result if one agency controlled arrrvlng and departmg arcraft m the area encompassing 
the three arports- Floyd Bennett Naval Air Statmn, Idlewlld Axport, and Mltchel Air Force 
Base This procedure would elrmlnate the need for co-ordlnatmn between airport-traffic con- 
trollers of dxfferent airports concermng the use of altitudes m these areas The facts that 
Idlewlld Alrport 1s the malor aIrport of these three and 1s located between the other two 
mfluenced the declsmn to have approach-control serwce provided for all three alrports by the 
Idlewld approach controllers 

The prxnary holdmg stack was at the Scotland mtersectmn at altitudes of 2500 feet and up 
It was occasmnally necessary to hold arcraft m secondary holdmg stacks at the Freehold inter- 
sectmn. the Matawan range St&on, the Ambrose Intersection, and the Idlewild range statmn. 
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It was assumed that arrcraft destined for Mitchel Air Force Base and the Floyd 
Be,u,ett Naval Air Statmn would be cleared to the Scotland mtersectlon together vnth arcraft 
destined for the Idlewlld Amport. The lendmg runway for IFR traffic at titchel Air Force 
Base was changed to Runway 5. The landmg runway at Floyd Bennett was Runway 1. The 
Idlewlld approach controller handled traffic m the Scotland stack. Traffac destmed for the 
Mxtchel &r Force Base would leave the Scotland marker northeastbound when an altitude of 
2500 feet was reached and would proceed to the Idlew-Jd range. At thzs pomt, the amcraft 
would become the responslbrhty of the Mltchel Air Force Base radar controllers and would 
complete approach mto Mtchol. Traffic for Floyd Bennett Naval Am Station would be stepped 
down to 1500 feet m the holdmg pattern at Scotland and would become the responsiblbty of the 
Floyd Bennett radar controllers for the approach mto Floyd Bennett. Three-minute trned 
approaches were conducted from Scotland for successive Idlewalld arrxvals. 

When radar procedures were used, these tests were conducted unth the ldentrcal samples 
of arrivals and identical holdmg pomts descrrbed m the precedmg sectmn. The prlnclpal drf- 
ference was m the appllcatron of radar-control procedures ln the Idlewrld approach-control 
area. 

Departure Procedures. 
Departure routes are shown m Fxg. 4. No tests were conducted of traffic departlug from 

this are& sm.ce the Mann purpose of this phase was to locate restrrctions to the flow of arrival 
urcraft Smce all arrivals m the area were under the control of one agency, It should have 
been oosslble for the deuarture controllers to use the ausuace more effrczentlv than was 
pm&sly possible. I 

Arrivals destined for the Mitchel Am Force Base were Eluded to the Idlewlld range and 
were turned on final approach for Runway 5 at Mltchel. Because these amcraft shared a 
conunon approach channel wrth other arrivals destmed for the Idlewlld Amport. there would be 
ample tmne for the arrival controller to co-ordmate the xxformatxon concermng the Matchel 
hr Force Base arrival with the departure controller If redar departure procedures were 
bang used, the departure traffic ,vould be affected very lrttle sm,ce the Mitchel arrival would 
also be under surveillance by the departure controller. 

Results and Observations. 
Delays and cor,munxattrons tunes are shown graplucally m Fig. 3 Examinatron of the 

data collected during tlus phase rndxates that the ma,orlty of the delays to arrxvmg arcraft 
at the Scotland mtersection were due to the high altitude at which arcraft entered the approach- 
control area. The reasons for thx condltxon are the same as those described XP the sectzon 
dealmg with the LaCuardmJurport, that 1s. too many arrivals destined for several approach- 
control areas use col~~mon airways to enter the metropolrtan area, 

The location of the Scotland mutersection and marker necessitates a rn~~rnurn approach 
Interval of three mutes. Because of the water area, It does not appear practicable to move 
the Scotland marker nearer the outer marker. The outer marker of the Idlewlld JLS is 
consldered to be too close to the arrport for use as a point from whrch to make an adequate 
IL.5 approach, 

The results rndlcate that the use of radar procedures m the Idlevnld area tends to lessen 
the delays per alrcraft. When the radar coverage of the area was used as shown m Fig. 5, It 
was often possible to unscramble reversed sequences m order to land first arrivals first 

Smce a holdrng stack at the Scotland fan marker was located on the fmal-approach 
course, lt was very tifficult for radar controllers to ldentrfy and to accurately space arcraft 
once the holdrng stack had formed 

Summary of Observations. 
Smce a large percentage of arrival traffic m the New York area converges at the New 

Brunswick mtersectlon and at the Mat&wan range station, rt 1s probable that ARTC controllers 
wxll contu,ue to have difficulty m arrangmg the altitude of these arrivals m the derrred 
sequence for entry into the approach-control zones It IS belreved that this condltlon 1s true 
to a lesser degree for traffic arrzvlng from the north and the northeast. 
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The use of alr/growd communxatlon channels by ARTC controllers ~111 aid In the more 
efficient sequencing of arrivals entermg approach-control areas This procedure ~111 
ellmlnate much of the delay encountered m the relaying of messages through other agenaes 

The departurr routes conilrct with arrival routes m many places There appears to be 
no easy solution to the problem of provldmg mdependent departure routes for each alrport In 
the are?.. except to select certain altitudes at the coufllctmg pomts and to specify that these 
routes and altitudes are to be used only for departure traffic from a desrgnated area. 

There 1s no ready salubon to the problem of provldrng the Teterboro alrport with Its own 
approach-control zone wlthout seriously restricting the flow of traffic’ at the LaGuardra and 
Newark alrports. An arcraft departing from the Teterboro airport and takrng off to the north- 
east may mrnedlately conflict with westbound departures from the LaGuardxa Alrport A de- 
parting arcraft talung off to the southwest from Teterboro would be In a posltlon to conflict 
with departures from the Newark azrport If IFR weather condltrons should prevail 

When the amounts of azrspace reqlured for a crvrl airway, a holdmg pattern, approach- 
control zones. and the areas used by departrng alrcraft are considered. rt can be shown that 
there is not enough axspace m this area to provide each of the alrports with an mdependent 
system wlthout restrxtmg the traffic flow at the major ax termmal. LaGuardla Alrport 

The apphcatmn of radar arrival procedures to the present system wrll aid m reducmg 
delays to arcraft, however, full utlhzation of radar tecbmques cannot be realized when traffic 
1s near the saturatmn pomt and as long as the holdrng stack 1s located on the final-approach 
course. Tests have repeatedly shown that when the holdrng pattern 1s offset from the fmal- 
approach course a controller can more easily Identifyand space alrcraft on the final-approach 
course by the use of velocity control and of path-stretchmg techniques. 

Of the three major alrports In the metropolitan area. It appears that LaGuardla Alrport 
because of Its geographxal location In relation to the other two 1s the one whose area restricts 
the traffic flow at ti+ other two. Figure 6 shows the traffic flow m the area If the LaGuardla 
AIrport were to become a secondary airport or If it were to be closed 

TESTS AND RESULTS ON MODIFIED SYSTEM 

Rearrangment of Navrgatlonal AIds. 
The locatmn of the alrports wulth respect to each other and the prrnary cbrectmn of 

lan&ng creates the problem of equtable dlvrslon of the available arspace. Smce the LaGuardla 
Alrport recaves approumately 63 per cent of the instrument approaches 111 thrs area, It was 
declded to provide thx axrport with the best of the available arrspace regardless of the 
lmutatmns that might be Imposed on other areas. 

The remamder of the area was dzvlded Into two approach-control areas. Newark person- 
nel were assumed to be the approach controllers for the Teterboro and Newark airports. The 
traffic to these alrports made approaches from a common holdmg fix Idlewlld approach 
control assumed control of traffic destrned for Mltchel &r Force Base, Floyd Bennett Naval 
Air Statmn. and Idlewld Alrport 
holding fix. 

This traffic normally made approaches from a common 
Smce the Newark and Teterboro alrports receive approximately 21 per cent of the 

mstrument approaches mta this area. It was declded to provrde these arrports with the best of 
the remarang routes. It was also found that there was enough airspace to the southwest of 
these alrports to estabhsh two clearance lxrnts to be used by ARTC. 

The Idlewlld area recexves approximately 16 per cent of the rnstrument approaches of 
arrivals Into the metropolitan area. It was deternuned that. at the time of this study, little 
traffic arrives for tis area from the west or northwest. a factor which swnplrfled the problem 
The routes Into this area from other drrectmns appeared to be satisfactory. It seemed dear- 
able to provide tbls area with two holdmg fixes to be used as prnnary clearance llmlts. 
However. because of the large water area southwest of Idlewld Alrport, this was not considered 
practicable. 

In an effort to elmnnate the deficlencres which were found during tests of the present 
arrangement of navIgationa facllrtles, a rearrangement of these faclllties was tested durmg 
this phase. This arrangement, which 1s <hewn m Fig. 7, mcluded the followrng changes 

1. The west course of the Newark range was moved approximately 12” south to cross 
Wmdgap, Pennsylvarua. This forms a new Red airway 21. 

2. The west course of the Idlewlld range WBS moved to cross the Caldwell VOR station. 
This newly realIgned course of the Idlewrld range station would become a one-way 
airway for westbound departures from Teterboro and Newark Airports and would be 
shared occasionally by departures from the LaGuardm Airport. 



Fig 6 Flow of Traffxc zn the New York Metropohtan Area. LaGuardm Alrport Closed 

The northeast course of the Newark range was moved approxmmtely 12’ north to 
cross the outer marker of the Westchester County Carport. 
The north course of the Idlewlld range was moved 3’ east and was made a reciprocal 
of the southwest course of that range. This change also pronded an airway which IS 
to the northeast and which parallels route P on the west 
The west course of the Mltchel Air Force Base range statlon was moved 30’ north, 
and the east course was made the reciprocal of this new northwest course It 1s 
realmed that this change would no longer provide this alrport with a low-frequency- 
range course for use by alrcraft on an approach to runway 30 However, this entire 
traffic-flow system IS based prmmrlly on radar control Into all of the mayor alrpcrts 
plus the use of ILS equipment for final-approach guidance Into the clvll arrports It 
1s assumed that Mltchel Am Force Base would be provided wth radar of the 
preclslon-approach type to be used for final-approach gludance to that alrport How - 
ever, should It be temporarily wIthout the use of this radar, many amcraft would be 
able to make an automatrc dlrectmn finder (ADF) approach from the Mltchel range 
station. 

By movmg the west course of the Mltchel range, a new route for northwestbound 
departures was provided whenever landmgs were bemg made to runway 4 at LaGuardla 
and Idlewld AIrports. 



Fxg 7 Modlfred System With Holdmg Patterns 

6. 

I. 

8. 

The east course of the Newark range was moved 10’ north to compensate for the 
moving of the west course of the range to the south Tbxs change moves the 
pos~tmn of the Ambrose mtersectmn northward a few miles 
The Paterson hommg faclllty was moved apprrmmately four nnles northwestward 
along the northwest course of the LaGuardra range. 
The Chatham H-facrllty was moved four rmles to the southwest and was located on the 
new west course of the Newark range statmn. 

Changes 7 and .3 are desirable. provrded the m~nunum en route altitude IS not ramed. It 
was thought that, by movmg tins route to the west as far as possible, arr~nng traffic on route M 
could descend to cross the Jersey mtersectmn at the desired altitude of 4000 feet The movrng 
of these markers would also pro-de room for the establishment of one holdmg pattern at the 
Orange marker for use by Newark radar control when rt 1s necessary to make landmgs to the 
southwest at Newark Thm ~111 be pra&cal only after the Calm stack 1s removed 

9 A hommg facrhty was rnstalled at the Jersey mtersectmn to be used as a clearance 
hmt for LaGuard,a arrivals. The Jersey Intersection 1s formed by the northwest 
conrse of the Idlelvlld range statmn and the northeast course of the Newark range 
statmn. 

10 A hommg fac,kty was mstalled at the Hastmgs mtersectmn to be used as a clearance 
lrmlt by LaGuardm arrivals when landings are bemg made on runway 22 The Hastmgs 
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Intersectvan IS formed by the northwest course of the Mltchel range statton and 
the northeast course of the Newark range station 
A hommg faclllty was mstalled on the southwest course of the Mltchel range 
statIon and approalmately eight miles south of It to be used as a clearance llmlt 
for arrivals destmed for Mltchel Azr Force Base, Idlewlld AIrport. and Floyd 
Bennett Naval AU Statmn 
A hommg faczllty was Installed seven mrles southeast of the Newark outer 
marker on the northwest course of the Matawan range statmn to be used as a 
clearance lrmt for arcraft arrlnng at the Newark or Teterboro aIrports 
A hommg faclhty was mstalled seven m&s southwest of the Newark outer 
marker on the southwest course of the Newark range to be used as a clearance 
limit for aircraft arrlvmg at the Newark and Teterboro airports 
The south course of the Poughkeepsre range statlon was moved vestward to 
cross the Jersey mtersectmn 
A homing faclhty was installed at the Orange IntersectIon to be used by pllots 
of arcraft to make the transItmu from the Newark outer marker to the Teterboro 
ILS course 
The New Rochelle fan marker was relocated four miles southwestward of the 
present locatron to be used by arrlvlng aircraft as a pant to begm descent when 
landmg on runway 22 at LaGuardla Airport. 
A hommg facility was Installed at the Dodger mtersectmn to be used for prxnary 
holdmg of LaGuardla arrivals when radar is inoperative. 
The power of the Idlewild range was mcreased to that of a high-powered range 
station 
The H-faclkty at Fire Island was consIdered as bemg a faclhty of at least 50 watts 
power and as being operated continuously. 

Most of the H-markers described in the preceding are used to mark Important Inter- 
sectlons and to provide navxgatmnal gurdance on some routes A dlffrcult problem ensts m 
obtammg frequencies to be used by additional low-frequency radio ads. However. by the 
decommissmnrng of some of the compass locators at the ILS sites, it is helleved that suf- 
flcient frequencies would be available The followmg list shows one possible solutxon to this 
problem of rearrangement. 

Decomm~ssmn Relocate As 

Newark rmddle-marker compass locator Orange H-faclllty 

Whrte Plains middle-marker compass locator Hastangs H-faclllty 

LaGuardia middle-marker compass locator Jersey H-facllxty 

LaGuardia outer-marker compass locator Dodger H-faclllty 

Flatbush H-faclkty Amboy H-facllrty 

Babylon H-faclllty Pant Lookout H-faclhty 

New Rochelle H-facihty Menlo Park H-faclllty 

LaCXlardla Airport With Radar. 
1. operatmg Positions 

For the radar-control phase of the tests, two radar sector controllers. each usmg a 
separate smgle-channel simplex frequency, were used. One of these controlled arrrvals at the 
Jersey intersectmu (the Jersey sector) and vectored arcraft from this pant to the fmal- 
approach extensvan. The other radar controller handled arrivals at the Idlewild range. To 
avold confusion with the Idlewild Airport, the holding pattern at the Idlewild range was called 
the Jamaica holding pattern and the sector was called the Jamaica sector Thx sector con- 
troller guided arrivals by radar from this pattern to the final-approach course of the LaGuardla 
ILS. Figure 8 shows the areas that could be used for radar vectoring by these controllers 

A pos~tmn of a termrnal controller was established ln order to best utllree avalable 
routes and altitudes asslgned to LaGuar&a arrivals Thrs controller normally commumcated 



Fig 8 Arrival and Departure Routes. LaGuardm Alrport (Landmg Northeast) 

with alrcraft beyond the extent of radar coverage and controlled arrcraft m the secondary 
holdmg stacks For convenience of smmlatmn, the locatmn of this tbrd posItion was assumed 
to be physically adjacent to the radar-sector positrons In order to facrlitate m-mnedlate co- 
ordination with them. In additmn, thm posltmn was assumed to be able to contmuously 
commumcate with the ARTC Center 

2 Arrival-Control Procedures During Northeast Landings 
Arrival routes for the LaGuardia Airport are shown in Fig. 8 Arrivals destmed for 

LaGuardia Airport on route M were descended to a mlnxnum altitude of 7000 feet until past 
confllctlng departure traffic or unless identified by means of radar prior to crossmg Chatham 
and unless provided with radar separation across the Paterson-to-Belle Mead route The 
nnn~rnurn altitude m the holdrng pattern at Jersey Intersection was 4000 feet. 

Arrivals destmed for LaGuardm from the north v1.a route L were normally cleared to the 
Jersey mntersection and were restricted to cross the west tuurse of the LaGuardla range at 
6000 feet or above. An alternate routing for these arrivals was vla route L and N to the Glen 
Cove intersection and via route Q to the Idlewlld range station (Jamaica holdmg pattern) 

Arrivals from the northeast were cleared to the Jamaica pattern via route Q and were 
restrlcted to cross the Glen Cove mtersectmn at 6000 feet or above. The nnmmum altitude In 
the Jamaica holdmg pattern was 3500 feet. 
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Arrivals from the south and southwest were cleared vra routes R and D to cross the Scot- 
land mtersectlon and the Idlemld range at 3500 feet or above and were Instructed to reman on 
the east side of the southwest course of the Idlewlld range until past the Scotland H-faclhty m 
order to provide clearance from the Amboy holdmg pattern at Newark Arrivals for LaGuardla 
were guided by radar from the Jersey pattern and the Jamaica pattern until the final-approach 
course was Intercepted at least two miles southwest of the LaGuardla ILS outer marker Be- 
cause of the lImited space southwest of the Dodger lntersectlon In which to perform these radar 
functions wulthout encroaching upon Newark’s Amboy holding-pattern airspace. a buffer zone was 
inscribed on the map between the Jamaica and Jersey holdmg patterns It was the responslblhty 
of the radar controllers to keep LaGuardra traffx lnslde thx area. 

Because of the proximity of Manhattan Island on the west side of the final-approach 
course to LaGuardla, It was necessary for arcraft whch had missed an approach or had be- 
come separated by less than three miles from the preceding aircraft on the flnal course to turn 
only to the east In these cases. the pllots were advised to return to the frequency of the 
Jamaica sector radar controller for further mstructxons 

Because of the location of the Floyd Bennett Naval Air Statlon, traffic bemg gutded from 
the Jamaica pattern for LaGuardla was restricted to an altitude of not less than 2500 feet unttll 
past the zone around the Floyd Bennett Naval Au Statlon, as shorn by a dashed semicircle 
mFlg 8 

3 Arrival-Control Procedures Durmg Southwest Landings 
When wmd condrtlons made it necessary for arcraft at LaGuardla to land to the south- 

west, traffic from routes M and L were cleared to the Hastings homlng facihty as a clearance 
llmlt Under these condltaons It was no longer necessary for arrivals from the west to use 7000 
feet at Chatham This traffic was cleared to cross Chatham at 8000 feet and to cross the 
Englewood IntersectIon at 6000 feet. The nnmrnurn holdmg altitude at Hastings was 4000 feet. 
Traffx arrlvlng from route L could be descended to 4000 feet prior to entering the Hastings 
pattern 

Traffic arrlvlng via route Q and route D was cleared to Glen Cove, where the rmrnrn~m 
altitude was 3500 feet for holding Smce It was no longer necessary for arrinng axcraft from 
route D to cross the Scotland marker at the mlmmurn altitude because of the mcreased route 
distance to the clearance lrmlt, this traffic was routed over the Idlewild range at 5000 feet or 
higher. Traffic arrlvlng at Glen Cove from route Q could descend to 3500 feet to enter the 
Glen Cove Pattern Figure 9 lndlcates these routes 

The same type of radar-vectormg techmque 1s employed as 1s used when arcraft land to 
the northwest and the northeast course of the LaGuardla ILS localizer 1s used as final-approach 
Fdance for the pilots. 

LaGuardla AIrport Without Radar. 
1 Operatmg Positrons 

Whenever the surveillance radar became InoperatIve at LaGuardla Axrport, one of the 
sector radar controllers was rmmedlately designated as an approach controller and a prrmary 
stack was establlehed at the Dodger Intersection. The approach controller handled the aircraft 
In this stack The other radar sector controller began controllmg the secondary holdlng patter= 
at the Jersey and Idlewild holding fixes and began feeding the prnnary holdmg pattern at the top 
altitude from these holding pomts. The duties of the thrd controller were the same as those 
described previously 

2 Arrival-Control Procedures Durmg Northeast Landmgs. 
Durmg periods when LaGuardra radar was inoperative, a primary holding pattern was 

formed at the Dodger intersection at altitudes of 2000, 3000. 4000, and 5000 feet. Standard 
procedures were then employed for tnned approaches from the Dodger holdmg pattern. The 
mlnnnum altitudes at the Jersey mtersectlon and at the Jamaica pattern were ramed to 6000 
feet The Dodger stack was then fed from these two secondary holding fixes 

As soon as possible after the radar farlure. the ARTC Center required all en route xi-craft 
using the northeast and southwest courses of the LaGuardia range to fly at altitudes of 6000 feet 
and above. Tins was to be accomplished before the 5000-foot level could be used at the Dodger 
zntersection. 



Fig. 9 Arrival and Departure Routes, LaGuardm Alrport (Landing Southwest) 

3 Arrival-Control Procedures During Southwest Landmgs 
Durmg periods when the wmd required that landings be made to the southwest and the 

radar was inoperative. arrxvals were cleared to the Hastings and the Glen Cove Intersectlox. 
A primary stack was formed at the Clason Point fan marker at altitudes of 2000, 3000, 4000, 
and 5000 feet One of the radar sector controllers became the approach controller, and the 
other controlled the arrivals m the secondary patterns at Hastings and at Glen Cove. Before 
the 5000-foot level could be utllleed at the Clason Point fan marker. the traffx usrng the air- 
way over the area northeast and southwest of the LaGuardiaArport was required to fly at 
altitudes of 6000 feet and higher 
6000 feet 

The mm~mum altitude at Hastmgs and at Glen Cove was 

LaGuardm Alrport Departure Procedures 
The departure routes for amcraft departmg LaGuardla Amport are shown m Figs 8 and 

9 Alrcraft routed from the area to the west were normally cleared VI= route T to cross the 
Paterson H-facllzty at 5000 feet or below From thx pomt. aircraft en route to Phladelphla 
were routed ma route E at altitudes of 6000 feet or below from Paterson until past the Belle 
Mead mntersectlon (BMD) Smce the bulk of LaCiuardla departure traffic IS to the west and the 
southwest, It was thought probable that the radar departure position should concentrate on these 
departures Using an offset radar presentation. this controller would be capable of tracking 



arcraft to a pant near the Branchvllle lntersectmn It was assumed that this controller 
would use a block of altitudes available at th,s mtersectmn exclusively for LaCuardm west- 
bound departures. An addltmnal route to the west 1s provided from the Paterson H-faclllty by 
requesting an alrcraft to track from the Paterson H-faclllty westward unt,l It rntercepts the 
northwest course of the IdlewIld range (route S) and then to proceed to the northwest over 
Bushklll, and so forth This route was designated as a prm,ary westbound departure route for 
alrcraft from Newark, but It was the opmmn of controllers that durmg some permds Newark 
traffic would not be usr,g all the altitudes on this airway and the route could be shared by 
LaGuardla departures 

Traffic departmg northeast from LaGuard,a Airport was cleared “la route U to the Hunt- 
mgtan mtersectmn, then northeast v1a route X These departures normally crossed Glen Cove 
at 2000 and 3000 feet An alternate route to the north or northeast IS the northeast course of 
the LaGuardla range which crosses the New Rochelle lntersectmn at 2000 and 3000 feet 

LaGuardla departures for the south were cleared to the northeast on the northeast course 
of the LaGuardla range ln order to clxnb to an altitude of 5000 feet or above, then to reverse 
course and proceed southwest over Matawan range statmn This procedure necessitates the 
sharmg of the arrival route of Newark arcraft by LaGuardla departures and requires them to 
pass oyer the Amboy holdmg pattern at Newark An alternate route for southbound a,rcraft 
from LaGuardla 1s east on route U. then south on route Z 

When landmgs were bang made to the southwest, some of the departure procedures were 
changed Westbound departures were requested to remaln south of the west course of the 
LaGuardla range until past the Englewood mtersectmn Smce arrival traffic over Chatham 
would cross this fix at BOO0 feet or above under these condltxw,s, an addltwnal altitude was 
available for use by the southwestbound departures Northeastbound axcraft proceedmg yla 
Glen Cove could cross that point at altitudes of 1500 and 2500 feet because of the Glen Cove 
holding pattern at 3500 feet and above 

Another departure route for LaCuardla 1s southwest over the Dodger mtersectmn, then 
west over the Jersey mtersectmn Southbound departures would be cleared to the Dodger 
IntersectIon to clrnb ,n a holdmg pattern to an altitude to pass over axcraft in the Amboy 
holdmg pattern and over the Matawan range statmn 

Results and Observatmns of Tests at LaGuardm Alrport 
Delays and commumcations trnes are shown ln Fig 1 Before any a&on based on the 

results of these tests 1s taken, It must be reahzed that these f,ndmgs zndxate what might be 
expected of the system provldmg the radar coverage 1s adequate, provldmg the radar picture 
1s excellent. and provldmg the controllers and pxlots are farnlhar wrth the system The 
recommended radar coverage 1s shown in Fig 10 

Because of the many restrlctmns placed on the radar-vectoring area southwest of the 
LaGuardm Alrpcrt. there 1s lrttle doubt that the problem of radar trackmg and of 1dentlficatmn 
vnll be a dLfficult one In order to reduce the controller workload, only three arcraft should 
be away from the,r i-ape&w clearance llmlts at one tzme The Ideal arrangement would be 
for the first arcraft to be near the outer marker on flnal approach, the second aircraft to be 
entering Its fmal-approach course properly separated m distance behmd the first axcraft, and 
the third alrcraft to be leavmg the holdmg pattern on the base leg Such a condltmn 1s ~llus- 
trated in Fig 1 lk 

The radar-gmded turn to fmal-approach course may at times be comphcated by other 
radar targets en route on the southwest course of the LaGuardra range at 5000 feet or above 
Experience mdlcates that since these targets wll be travelmg ,n nearly opposite dlrectmns 
the mergmg of targets 1s for a very short tune and need not cause loss of ldentlficatmn or a 
poor turn on to the fmal-approach course 

Durrng certain weather condltmns such as wsual-flight-rule (VFR) condltmns elther 
beneath an overcast or on top of an overcast, It 1s possible that arcraft operatmg in the metro- 
polrtan area ~111 comphcate the radar picture m tbls crltlcal area If such a sltuatlon should 
become serious, It may be desirable to request all traffic not landing m the New York area to 
by-pass the entrre area between Teterboro AIrport and Mltchel Air Force Base 

Some types of arcraft proceedmg over Chatham and destmed for LaGuardla may exper,- 
ence dlffxulty ,n descendmg to cross the Jersey mtersectmn at 4000 feet In such cases the 
arcraft can be requested to reduce speed, or, If the radar coverage 1s excellent ,n the area 
near Chatham. the radar controller can assist the pllot to arr,ve over Jersey at 4000 feet by 
provldmg radar separatmn while the arcraft crosses Chatham and descends Smce arcraft are 



Fig. 10 Deslred Radar Coverage for the Modrfied System, LaGuardra Alrport 

restrIcted to a mn,rn~n, altitude of 3500 feet and 4000 feet m the respective holdmg patterns 
of Jamaica and Jersey, all arcraft should leave these fixes at approach speeds m order to 
unsure their reachmg the m,rumum altitude on the ILS course before reachmg the ILS outer 
marker 

When wmd condltmns requre a change from northeast landmgs to southwest landings, 
the arrrvals ~111 be Interrupted while the ARTC Center reroutes traffic that may prev~~ly 
have been using route N After the ARTC Center mdrcates that all traffic has ceased usmg 
this airway. the two sector controllers can begr. usmg the Hastmgs and the Glen Cove 
H-faclhtres for holdlug purposes Durrng the tune that these two fires are used for LaGuardla 
clearance hmlts. traffx whxh xs arrlvmg at or departuq from the Idlewlld area and whxch 
would normally use route N wrll be routed on axrways farther north 

The provlsmn of completely mdependent departure routes for LaGuardla Alrport does not 
appear to be practxable wIthout the addltlon of much route mileage to departures or wrthout the 
blockmg of certam altitudes It 1s considered problematic whether there 1s any advantage ln 
releasmg arcraft when ,t 1s known that the routmg ~~11 add an addltmnal 30 to 50 miles to the 
route or whether It 1s better to delay the arcraft on the ground to proceed at a later trne via a 
shorter route For the purpose of these tests, rt was assumed that It was not advantageous to 
add route mileage to departures The use of blocked altitudes 1s desirable only when traffic 
demand 1s sufflclent to keep these altztudes in constant use 



Fig 11 Optmnum Placement gf Aircraft m the LaGuarcha Radar-Vectormg System 

The results shown HI Figs 1, 2, and 3 are for arrival arrcraft only It was assumed that 
the L&mar&a Airport was pravlded with adequate turn-off pomts for lanclmg arcraft and that 
m most cases departures would take off on a runway other than the landmg runway 

It 1s bel,eved that If thx system of rcutmg the traffic mto the New York area should be 
adopted. arrival traffic could approach the runway at LaGuardm at such a rate that It would 
restrrct departures It may be desxable to control traifx at this mrport on a one-on, one-off 
basx and to use the same runway m most mstances It IS beheved that this system would 
operate eiflcxntly without the use of radar It 1s also belreved that the new routes would ard 
ARTC controllers m asslgmng lower altitudes than those now possible to amcraft at clearance 
llmlts 

Newark-Teterboro Area 

With Radar 
1 Operatmg Posltmns. 

Durmg thus phase of smnulatron, two radar sector controllers, each usmg a separate 
angle-channel simplex frequency. were used One of these controllers handled arrivals 



Fig 12 Arrival and Departure Routes, Newark and Teterboro AIrports 

cleared to Menlo Park m an area, west of the approach-course extensmn. which was called 
the Menlo Sector Thm controller vectored amcraft from this clearance lrnlt to the hnal- 
approach extensmn The other sector controller handled arrrvals which used the Amboy 
H- faclhty as a clearance lmnt Thm area was called the Amboy Sector The latter 
controller vectored amcraft from thm fix to the final-approach extension 

A third posltmn of operatmn, that of a terrmnal-area controller, was used as m the 
LaGuardm tests The function of thrs posltmn was the same as that described m the sectvan 
dealmg wvlth LaGuardla 

2 Arrwal-Control Procedures Durmg Northeast Landmgs 
Arrivals destined for Newark and Teterboro Arports on route G. Fig 12, were re- 

strlcted to cross the Belle Mead lntersectmn at 7000 feet and to retam that altitude until past 
confllctmg traffic on route E unless radar ldentlflcatmn could be accomphshed and radar sep- 
aration effected prior to this mtersectmn From Belle Mead, the Inbound alrcrait were 
cleared either by way of a direct route to the Menlo Park holdmg pattern or. li desired, to the 
Amboy holding pattern by way of the Zlegfxeld IntersectIon and then direct to Amboy 

Arrivals from the south and the southwest were routed to either the Menlo Park or the 
Amboy patterns from the Cassvllle lntersectmn by way of the Zlegixeld mtersectlon at altitudes 
of 2500 feet or above This routmg 1s predicated upon r&able reception of the front course of 
the Newark ILS locallser at altitudes of 3500 feet and above at Cassvllle If receptmn of ths 
nature does not eust, the present Inbound route over New Brunswxk can be utzlleed. 



Fig. 13 Optxnurn Placement of Aircraft m the Newark Radar Vectormg System 

Arrrvals from the north and the northeast were routed on routes N and P to the New 
Rochelle mtersectmn. then southwestiard to the Coney Island mtersectlon, then to the Ambay 
holdmg pattern at altitudes of 5000 feet and above until past the Coney Island lntersectlon 

Primary holding was accomplished at the Amboy and the Menlo Park holdmg patterns 
at altitudes of 2500 feet and above Secondary holding was accompllshed at the Zlegheld 
Intersection and at the Belle Mead mtersectlon at altitudes consistent with the requirements 
ior those routes Secondary hcldlng for arrivals from the northeast was accomphshed at the 
LaGuardla n-addle marker of the IL5 or at the LaGuardla range at altitudes of 5000 feet and 
above 

Alrcraft landmg at Newark were dlrected by means of radar from the Menlo Park and 
the Amboy patterns to the final-approach course at 1500 feet Aircraft destmed for the 
Teterboro airport also used the Menlo Park or Amboy patterns as clearance lxmts, were 
directed by radar to the H-faclhty at the Orange mtersectmn at 2500 feet, and were vectored 
to the Teterboro ILS course These aircraft were assumed to remain on Newark radar 
frequency until landing was assured at Teterboro 

Alrcraft destmed for Teterboro Alrport were cleared to proceed from the Newark 
outer marker direct to the Orange H-faclllty after reaching 2500 feet m the prxnary stack 
These arcraft would descend to 1500 feet after reachmg Orange and would proceed northeast- 
ward on the Teterboro ILS course 

3 Arrival-Control Procedures Durmg Southwest Landings 
A prellmmary mvestlgation was made as to the posslblhty of provldlng a method whereby 

arrival arcraft could be vectored by radar to the northeast course of the Newark ILS course 
for an approach to the southwest This was contingent upon the removal of the Calco stack at 
some future tnne It was determined that a prxnary holdmg stack could be formed at the 
Teterboro ILS outer marker at altxtudes of 2500, 3500, and 4500 feet The secondary holding 
stacks were consldered to be at the Menlo Park and the Amboy H-facllltles at altxtudes of 4500 
feet and above 
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Fig 14 Desired Radar Coverage for the Modliled System, Newark AIrport 

One of the sector controllers guided arcraft from the Orange H-marker on a downwmd 
course and turned them to the knal-approach course. as mdlcated In Fig 18 The other sector 
controller fed the final-approach stack from the secondary holding fixes at the 4500-foot 
altitude Thzs procedure worked smoothly with the ad of radar 

It was not considered practicable to prowde Teterboro with facllltles for approaches on 
the northeast course of their ILS course since any such approach would interfere with west- 
bound departures from LaGuardm AIrport In addltmn. even a clrclmg approach at Teterboro 
would mean that at least the rmnxnum altztude on route T must be blocked durmg this 
maneuver 

Newark-Teterboro Area Wlthout Radar 
1 Operatmg Posltlons 

During tests of this phase wthout radar. three posltlons of operatmn were manned Each 
posltion used a separate single-channel sunplex frequency One of the radar sector controllers 
was designated as the approach controller and handled traiflc holding In a prunary stack at the 
Newark outer marker, usmg standard txned-approach procedures The other sector controller 
controlled traiflc arrlvmg at the secondary holding patterns at the Menlo Park and Amboy 
H-facilltles This controller fed the prxnary stack from the secondary stacks The th,rd 
positron functioned as in the tests of this phase using radar 
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Fig 15 Radar Approach System, Runway 22, Newark Alrport 

2 Arrival-Control Procedures During Northeast Landmgs 
The control wIthout the use of radar of arrlvmg arcraft destmed for Newark or Teter- 

bore AIrparts used standard timed-approach procedures from a pr~rnary holdmg and approach 
fix located at the Newark ILS outer marker The altitudes used at the outer marker for prr- 
mary holding were 1500. 2500, 3500, and 4500 feet Thus stack was fed with alrcrait from the 
secondary stacks at Menlo and Amboy, and the rmnxnum altxtude at the secondary holding fixes 
was 5500 feet Supplementary holding was accomplished at the Zlegfleld intersection at 
altitudes of 2500 feet and above and at the Belle Mead Intersection at altitudes of 7000 feet 
and above 

3 Arrival-Control Procedures During Southwest Landings 
Unttll the Calco stack 1s removed, It will contmue to be necessary for Newark arrivals to 

circle the airport for a landing to the southwest However. with the ad of adequate surveillance 
radar, It should be possible to provide a steadier flow of traffic to runway 22 than 1s now 
obtalned 
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Newark-Teterboro Area Departure Procedures 
Departure routes for aircraft departmg the Newark and Teterboro airports are shown in 

Fig 12 Alrcrait departmg to the west were routed via route S over Caldwell range and Bush- 
kill Low-level flights west from Chatham to the Wmdgap mntersectmn and from Belle Mead to 
Allentown could use altitudes to 6000 feet Southwestbound aircraft shared route E Over 
Chatham and over the Belle Mead intersectvan with LaGuardxa departures Northbound traffic 
used route L 

Southbound departures from Newark used the present procedure of mamtarnmg 1500 feet 
to Coney Island, then traveling south Over the Matawvan range statmn No departure tests were 
conducted at this alrport It appears that present departure problems ~111 exist for thrs area 
as long as the LaGuardla Airport 1s at peak operatmn A small degree of mdependent operatmn 
may be had by blockmg nne or two altztudes at the confkcbng point for the exclusive use of 
Newark-Teterboro departure traiflc 

Results and Observations of Tests an Newark-Teterboro Area 
Delays and commumcatmns txnes are shown graphIcally m Fig 2 This modified system 

provides several advantages Over the present system One of the most obvious 1s the posslblhty 
of provldmg lower entry altitudes for arrivals from the south and the west 

The two primary clearance llmlts, Menlo Park and Amboy. give the ARTC Center a dual 
set of altitudes to be used for arrlvmg arcraft This should provide the ARTC Center wulth 
additional altitudes on the feeder airways Although the amount of traffic using Teterbcra and 
Newark airports at present may not Justify the use of two clearance lrmlts. the resultmg 
effects on airway traffic ~111 help provide a more fleuble system of traffic flow for the 
New York area 

The arrangement of the primary holdmg fixes near the ILS outer marker provides sym- 
metrical feeder stacks for operatmn both with and without radar The lccatmn of these fixes 
1s such that not more than t& alrcraft should depart the holding patterns at one time en route 
to the outer marker The Ideal arrangement wvould be to have one alrcrait over the outer mark- 
er On approach, the second aIrcraft turning onto the in-al-approach course and properly spaced 
behmd the ilrst alrcrait, and a third arcraft preparmg to leave One of the holdmg patterns on 
a heading toward the final-approach course as shown m Fig 13 

In order to keep the radar picture as uncluttered as possrble m the vlclnlty of the Newark 
outer marker, arcraft destined for Teterboro Alrport were directed to proceed to their 
asslgned clearance lnnlt and from that point were guided directly to the Newark range statmn 
and then to the Orange H-faclhty By using this procedure. the radar targets of these arcraft 
did not cause confusion and posslblc mlsldentlfxcatmn of other targets in the area normally used 
to space arrivals destmed for Newark aIrport 

Dunng this phase, an experiment was conducted to determIne the practlcablllty of vet- 
torIng LaGuardla traffic arrlvmg at the Jersey and Jamaxca patterns to the Menlo Park and 
Amboy patterns for eventual landmgs at the Newark Airport With radar coverage as shown In 
Fig 14. this procedure presented no difficult problems and lndlcated what could be accomplished 
should weather close the LaGuardla AIrport 

It 1s possible to provide nne stack at the Teterboro cuter marker to be used by Newark 
arrivals when landmgs are being made tc the southwest at Newark Airport, as shown ln Fig 15 
The iormatxon of this stack would ehmlnate a westbound departure route through this area from 
the LaGuardla AIrport as prevrously described 

IdlewIld Area 

With Radar 
This system constders the area which encompasses the Mltchel Air Force Base, the Floyd 

Bennett Naval Air Statmn, and the IdlewIld AIrport as one control area which 1s under the 
Jurlsdlctmn ai Idlewlld approach control 

1 Operatmg Posltmns 
Dunng this phase of the slmulatmn, one radar controller was used to control alrcrait 

from a commcm clearance hmlt to the fmal-approach course for certalnrunways at all three 
airports Durmg these tests, the normal landxng dlrectmn for Idlewlld AIrport was runway 4 
The normal landlug runway at Mxtchel Air Force Base was runway 5. and at Floyd Bennett 
Naval Air Statmn It was runway 1 
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Ftg lb Arrival and Departure Routes Idlevald, Mltchel Air Force Base. 
and Floyd Bennett Naval Air Statmn 

Another posttmn, that of a termmal-area controller, was estabhshed as described In the 
LaGuardla ALrport tests, and the functmn of this posltmn was the same 

2 Arnval-Control Procedures During Northeast Landmgs 
Arrxvals destmed for these airports on routes G and C, Fig 16, generally were at 

high altitudes until they crossed the Red Bank mtersectmn and were cleared to the Point Look- 
out H-faclllty Arrivals on route C were expected to arrive at Pomt Lookout at optimum 
altitudes Inasmuch as these arcraft leave Red airway 92 (route F) at the Pant Pleasant 
lntersectlon Arrivals entering the area on route B would enter the area at random altztudes 
smce thus traffic must cross route F at the Woolf Intersectvan and must Jan other arrxval 
traffic at the Ambrose mtersectmn Arrivals from the north and the northwest used route N 
and crossed Glen Cove at 6000 feet or above Arrivals from the northeast on route X and on 
route A would normally be expected to enter the area at altitudes of 6000 feet or higher and to 
retam that altitude until past conillctmg traiilc departmg or by-passmg the area 

Primary holdmg was accompllshed at the Pomt Lookout H-iaclllty at 3500 feet and above 
Trafilc being guided by radar would normally leave the holdmg pattern on a southwesterly 
headmg and would maintain 3500 feet until crossing the east course of the Idlewlld range 
statlon Trafilc bemg guided to runway 5 at Mltchel Air Force Base would leave the holdmg 
pattern m the same manner as If landing at Idlewlld but would descend only to 2500 feet At the 
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approprmte place. these arcraft would be turned onto the final-approach-course extensmn 
of runway 5 at Mltchel AIT Force Base and would become the responslbllxty of the Mltchel 
precmon-approach-radar controllers when the arcraft were approximately ten miles from 
Mltchel This procedure provtded tune for co-ordmatmn between the arrrval and the departure 
controllers concermng the Mltchel arrival traffic. and It interrupted the departures momen- 
tarlly as the departure controller observed the progress of the flight on radar 

Traffic destmed for Floyd Bennett Naval Air Statmn was cleared from the holdmg pat- 
tern in the normal manner and was turned onto the fmal-approach course of runv,ay 1 The con- 
trol of these arcraft was turned over to Floyd Bennett preclslon-approach-radar controllers 
when the arcraft were appro*lmately ten n-ales from the airport 

Ambrose mtersectmn and the Mltchel range statmn were used as secondary holdmg fixes 

3 Arrival-Control Procedures Durmg Southwest Landmgs. 
Durmg peruads when the wmd necessitated landmgs ,n a southwesterly dlrectmn at the 

three alrports 1n the IdlewIld area, no changes in the arrival procedures were requred Durmg 
this twne the trafhc holdmg at Pomt Lookout would leave the holdmg pattern on a downwnd 
course and would be guded by radar mstructmns to the northeast course of the Idlewlld ILS 
localmer while they descended to 1500 feet Traffic destmed for the Floyd Bennett Naval Air 
Statmn would follow the same course as the traffic destmed for Idlewxld and would be turned 
to the final-approach course for runways 24 or 19 Traffic destmed for Mltchel Air Force 
Base would be guded from the holdmg fix on a northeasterly course and would become the 
responslblllty of Mltchel preclslon-approach-radar controllers when turned onto the fn-al- 
approach course for runway 23 

Idle,wld Area wthout Radar 
1 operatmg Posltlons 

The same operatmg posltmns were used for this area wulth or wIthout the use of radar as 
a control aId 

2 Arrival-Control Procedures Durmg Northeast Landmgs 
Durmg permds when radar was moper&w at Idlew~ld, a pr,mary holdmg pattern was 

formed at the Scotland radm beacon at alhtudes of 1500, 2500, 3500, and 4500 feet 
Traffic destmed for Mltchel Air Force Base was cleared to the Mltchel range to hold, 

and, when cleared for approach. the arcraft would execute an ADF approach to runway 30 or 
would make a GCA approach wrth the use of Mltchel radar facllltxs Traffic destmed for 
Floyd Bennett Naval Air Statmn was cleared to the Scotland holdmg pattern and was turned 
over to Floyd Bennett GCA upon reachmg the mlnlmum altitude in the Scotland pattern These 
procedures are slnnlar to the procedures in use today. the difference bang that a small 
prunary stack at Scotland must be kept full at the 4500-foot level from secondary holdmg 
pants at Pant Lookout and at the Ambrose mtersectmn Before the 3500- and 4500-foot 
levels are used in this procedure, the LaGuardla arrivals usmg the southwest course of the 
Idlewlld range at 3500 feet and above must be recleared at 5500 feet and above 

3 Arr,val-Control Procedures Durmg Southwest Landmgs 
When radar becomes moperatlve at the Idlewlld tower durmg permds when landmgs are 

bang made to the south,.,est, nonradar operatmns could be made from the Belmont fan marker 
In all probabxhty LaGuardla AIrport would also be landmg arcraft to the southwest. and a 
stack of their arcraft would be usmg the Glen Cove IntersectIon at 3500 feet and above It 
would be possible for the Idlewlld controllers to establish a holdmg pattern at the Belmont 
fan marker at two altitudes. 1500 and 2500 feet, from whxh to control txned approaches to 
the aIrport One problem with this procedure 1s that this stack must be kept fllled wrth air- 
craft from secondary stacks located at the Mltchel Air Force Base range statIon and at the 
Pant Lookout H-faclhty It 1s doubtful If the prunary stack could be kept full of alrcraft 
from these secondary pomts wIthout radar, and the approach controller would contmuously run 
out of arcraft 

With some weather condltmns, arclmg approaches from Scotland to runway 22 at Idle- 
wild rmght prove more expedltmus than approaches from Belmont F,gure 17 mdlcates two other 
possible solutxons to this problem through use of a properly located TVOR statmn Either of 



28 

Fig 17 Use of TVOR for Nonradar Operatmn at Idlewlld Amport, Runways 25 and 31 

these two methods appear to be more desirable than the crrcle-approach method or the two- 
altxtude stack on the northeast course of the Idlewld ILS course 

A properly located VOR would provide course gudance from the Mltchel range statmn 
to runway 25L at the IdlewIld amport It would be possible for arcraft equpped to receive 
VOR signals to hold on the northeast course of the Mltchel range and to use timed approaches to 
runway 25 at Idlewzld Mltchel Air Force Base traffic would also hold m the same pattern and. 
when first m sequence for an approach, would be changed to Mltchel GCA for an approach to 
runway 23 or would make an ADF approach from the range statmn to runway 30 at Mltchel Field 
Traffic destmed for the Floyd Bennett Naval Air Statmn would be held at the Idlewlld range 
statmn or at the Scotland marker at 2500 feet until cleared for approach to Floyd Bennett 
under dIrectIon of the Floyd Bennett GCA controllers 

A properly located VOR would provide course guidance from the Point Lookout holdmg 
pattern to runway 31R at Idlwlld under proper wind condltlons It would then be possible for 
aIrcraft equpped to receive VOR signals to hold at the Point Lookout marker and for control- 
lers to employ txned-approach procedures from that point to runway 31R at IdlewIld AIrport 
Alrcraft destmed for Mltchel Field would also hold at the Pant Lookout marker and. when 
first m sequence to approach, would become the responslblhty of Mltchel CGA controllers for 
an approach to runway 30 
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AIrcraft destmed for Floyd Bennett Naval Air Statmn would be held at the Idlewvlld 
range or at the Scotland marker at 2500 feefand the first arcraft for an approach would 
become the responsrbrhty of Floyd Bennett GCA controllers 

IdlewIld Area Departure Procedures 
1 Landmg Northeast 

Departure routes for arcraft departmg this control area are shown m Fig 16 By the 
restrlctmn of arrlvmg arcraft to 3500 feet untrl south of the east course of the Idlewld range 
statmn, the altitudes of 1500 and 2500 feet were avaIlable to the radar departure controller to 
use for arcraft departmg ma route F At this pomt, these aircraft could proceed north or 
south as cleared In addltlon. arcraft proceedmg north could be cleared over the Mltchel 
range and along the northeast course of Mltchel range statmn to route F AIrcraft departmg 
the area northwestbound were normally routed VIZ. route N Westbound departures were routed 
ma route N to Hastmgs, direct to Paterson 

2 Landmg Southwest 
When landmgs to the southwest are required for all the mayor amports In the New York 

area, the departure routes and procedures for the IdlewIld area would be changed from those 
described prevmusly Durmg this permd the departure controller would use the altitudes of 
1500 feet and 2500 feet under the holdmg pattern to tunnel departures out to route F. after 
which the traffic would proceed northeast or southwest as cleared 

Smce LaGuardla traffic would be usmg Glen Cove as a prnnary holdmg pant durmg this 
permd, route N would no longer be used as a departure route As often as possible. traffic 



Fig 19 Desired Radal Coverage for the Modlfwd System, Idlewlld AIrport 

deslrmg to proceed to the north and the northwest would be guzded around the Pomt Lookout 
holding pattern and to route U or X I” order to proceed northeastward Smce. durmg these 
condltmns, the LaGuardla arrivals usmg route D would be routed Into the area at altitudes of 
5500 feet or higher until passmg the Idlewlld range statmn, It would be possible to use route 
D as a departure route at lower altitudes 

3 Results and Observatmns of Tests on IdlewIld Area 
Delays and communications txnes are shown graphlcally m Fig 3 The system described 

for this area was deaded upon after consultatmn with control personnel famlllar with the prob- 
lems of the New York area Smce the number of axcraft landmg and departmg Mltchel Field 
durmg IFR condxtmns IS much less than the number of arcraft usmg IdlewIld under the same 
condltmns. It was decided to take advantage of this fact and to make better use of the avallable 
aIrspace on a 24-hour basis by placmg the entlre area under the Jurlsdlchon of Idlewlld 
controllers 



Fig 20 A Possible Use of Modified System of Routes to be Used 
Durmg a Transltmn Permd to a Full Radar-Control System 

It ~111 be noted that only one holdmg point 1s utlhzed as a prm-mry stack There 1s room 
m this area to provxde two prmnary holdmg stacks, but, unfortunately. much of the area 1s water, 
and It would be mnpractxalto place radm ads m desirable locatmns The Pant Lookout 
holdmg pattern 1s in a desirable posltmn,and approach to the southwest or to the northeast can 
be expedited wth the use of radar with little change m basic routmg except for departrng traffic 
By placmg the holding fix offset from the fmal approach. amcraft Identlflcatmn and proper 
spacmg can be accomplished before the turn to fmal-approach course, as shown m Fig 18 

The recommended area of radar coverage 1s shown m Fig 19 By placmg thx area 
under the control of one agency, It 1s probable that the co-ordmatmn txne between the three 
towers would be reduced to a mmxnurn Ths area 1s not readily adapted to tlrned-approach 
procedures I” event of radar failure unless the VOR system 1s available 

In order to make Red amway 92 (route F) a completed airway and for several years an 
airway with low-frequency radm ads, It might be possible to Increase the power of the radio 
beacon at Fire Island to at least 50 watts and to operate It on a contmuous basis This change 
1s xnportant because much of this system depends on routmg the by-pass and most of the 
departure traffic ma Red aarway 92 

When approaches to the southwest are bemg made at all the alrports. departing arcraft 
deslrmg to proceed north or northwest from the Idlewlld area must necessarily be routed ma a 
longer route to by-pass the Glen Cove area 
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Fig 21 A Proposed System Usmg Ommranges to Control Traffic Flow 
I” the New York Metropolitan Area 

If, m the future, LaCuardla should become a less Important aIrport, more of the space 
devoted to Its operatmn m this system can be used to xnprove the approach and departure 
routes for the Idlewlld area, as shown m Fig 6 

The locatmns of the Ambrose and Pomt Lookout patterns are such that, when the 
arrival rate IS much greater than the acceptance rate, these two pomts could be used as 
primary fixes by the radar controller 

CONCLUSIONS 

Slmulatlon tests mdlcate that the acceptance rate of the New York metropolitan area can 
be mcreased substantially by the use of radar-control procedures However. unless cer- 
tam changes are made m the arrangement of navlgatmnal facllltles m this area, the 
resultmg system ~111 contmue to be dlfflcult to operate 
The canfIguratIon described as the “Modlfled” system m this report 1s one system that 
should Improve the manner m which arrlvmg arcraft enter their respective approach- 
control areas 
The new system should provzde a more flexible use of the avallable aIrspace by control 
agencies If operatmg procedures sxnllar to those used in this evaluation are adopted 
The system provides ARTC with more routes to be used by departing arcraft 
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3 There 1s no apparent solutmn to the problem of provldmg completely Independent routes 
for each of the axports m this area wIthout resortmg to a system with blocked altitudes 

6 Smce this system of operation does not provide mdependent operations from each of the 
alrports, much co-ordxnatmn between agencxs 1s necessary to Insure a safe and orderly 
flow of traffic m the area By dlvldlng the area mto three approach-control areas. the 
co-ordmatmn 1s localized wIthIn four agencxes The control of arrxvlng traffic in each 
approach-control area would be an mdependent operatmn for the three areas The routes 
for departmg traffzc would not be independent Because of this fact, It was assumed that 

ARTC would be the co-ordmatlng agency for departure trafhc 
7 It 1s beheved that these procedures could be Implemented and operated to advantage on 

the basis of nonradar operatmns as described in this report An alternate use of the 
modlhed system wlthout radar IS shown m Fig 20 

8 A sudden wmd shift which would require a change m landmg dIrectIon may result m much 
loss of time before full-scale approaches can be resumed This delay could be mm,mlsed 
If accurate weather forecasts were avalable and If traffic movements were planned m 
advance 

9 No evaluatmn tests were conducted of a system usmg VOR facllltles m the New York 
metropolitan area Fxgure 21 mdlcates one possible compatible VOR system However, 
at the date of this report. msuffxlent crlterla far VOR operatmns uere avallable regardmg 
alrspace requirements Upon receipt of thx mformatmn, more complete tests ~111 be 
planned end conducted The results ~111 be publlshed m a later report 


