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EVALUATION BY SIMULATION TECHNIQUES 
OF PROPOSED TRAFFIC-CONTROL PROCEDURES 

FOR THE NORFOLK TERMINAL AREA* 

SUMMARY 

This report describes a study to deternxne methods of expedltlng al= traffic to and from 
the five major airports I” the Norfolk. V~rgm~a,termmal area This study was made with the 
aid of slmulat~o” techmques developed Jo’ntly by the FrankIln Institute Labaratorles for 
Research and Development and the TechnIcal Development and Evaluatm” Center of the Clv~l 
Aeronautics Adnnrnstratm” 

Comparative tests were made of five different layouts of ra&o “avlgatmnal faallt~es 
These confvguratmns Included the present arrangement of “avlgatmn ads as well as one system 
based on the use of very-h,gh-frequency omnlranges Results ,“dlcated that the use of survell- 
lance radar by Norfolk approach control would expedite the movement of mstrument-fhght-rule 
(IFR) traffic Further gains I” operating effxxncy and safety could be made by changmg the 
“avlgat~onal ads to provide separate routes for ,“bou”d and outbound traffic 

The slmulatm” tests were also useful 1” the development of detaled traffic procedures 
and I” the development of arrangements of control-room eqmpment for handhng the operatmn 
Recommendatmns on these subJects are Included I” this report 

INTRODUCTION 

The Present Problem 
Control of IFR traffic I” the Norfolk, Vxgmxa, ternxnal area presents a” extremely 

complex problem due to the proxmnty of arports, the many different types of axcraft, and the 
arrangement of navlgatmnal alds and of instrument runways The sltuatmn 1s further comph- 
cated by a lack of outer clearance lxmts for departing arcraft and by hmlted radm “avlgatmnal 
equipment I” many at the arcraft which operate I” the area 

l=lve major arports are located wlthl” a rad,us of 17 rnlles of the sty of Norfolk These 
rnclude Langley Air Force Base, Norfolk Navy East Field (since changed to Chambers Fxld), 
Oceana Naval Aux,hary Al= Statmn, Norfolk Munwlpal Axport, and Newport News Mumclpal 
Airport (Patnck Henry Airport) 

Air Force arcraft ,“clud~“g traxnng craft, transport types, and ,et aircraft operate at 
Langley Air Force Base At Norfolk Naval Air Statro”, aircraft include all types from trammg 
planes through lngh-speed fighter craft to heavy transport and seaplane types Navy arcraft 
mcludmg tramer, transport, and Jet axcraft will shortly be operating at Oceana Naval Auxllmry 
AI= Statmn, and tlus fxld will serve prlmarlly as a @-arcraft base Scheduled al=-caroler 
and ~1x4 operatmns are conducted at Norfolk Mumclpal and Patrick Henry Alrports 

Most of the present “avlgatmnal ads I” the area were Installed to serve as lnstrument- 
letdown ads to the lndlvldual arports Since the resulting conf~guratm” does not pravlde 
adequate means of separating Inbound and outbound traffic routes, the traffic flow under IFR 
condltmns becomes extremely congested 

The arrangement of Instrument-approach paths 1s Illustrated 1” Fig 1 It ~111 be noted 
that the present range approach path at Patrick Henry Airport conflicts with the ground-control- 
approach (GCA) path at Langley I”stallat,on of a” instrument landmg system (IL@ at Patrlck 
Henry to perrnlt approaches from the southwest would ehmlnate ttns pant of confhctm” and 
would reduce delay by pernnttlng Independent traffic operatmns at the two fields 

When the Patrick Henry ILS 1s Installed, all lnstrumentapproach paths ~111 be essentially 
parallel I” a northeast dlrectm”, with the exceptm” of the fmal-approach path to Norfolk Naval 
Al= Statm” A ralroad yard to the southwest and the water area to the northeast ~111 probably 
preclude expansm” at th,s axport to permit ,“strume”t approaches to the northeast Therefore 
,t ,s probable that Instrument approaches to Navy East Fxld ~111 cont,nue to be made to the 
east 

Control of the IFR traff,c I” the Norfolk area 1s shared by several ag=“cl=s The te=“x”al 
=rea 1s included wlthl” the Washmgton Air Route Trafilc Control (ARTC) area The CAA 
control tower at Norfolk Munxlpal Airport prowdes approach-control serwce for the a=ea 

*Ma”uscr~pt submitted for publxatm” October 1952 
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Fig 1 Conf~guratmn of Instrument-Approach Paths I,, Norfolk Terrmnal Area 

Control of mbound traffic 1s released from Washr,gton ARTC Center to Norfolk approach 
control when the axcraft enter the terminal area Fhghts en route to Langley, Navy Chambers, 
or Oceana Axport are then released to the appropriate GCA umt when the arcraft reach the 
approach fix for the axport concerned 

Control of departmg fhghts smularly mvolves several air-traffic-control agencies and 
frequently results in long delays due to the time reqmred for co-ordmatmn between agencies 
Control towers at the respective fields request clearances from Norfolk approach control 
(Norfolk Mumc~pal Alrport control tower), which ,n turn must obtain clearance from Washmg- 
ton ART.2 Center prmr to departure of the arcraft The Washmgton ARTC Center 1s I,, the 
difficult posltmn of accurately estwnatmg the txne a departmg flight ~111 enter the en route 
airway system some distance away from the pomt of departure and trymg to find an open 
altitude on heavily congested routes As a result. long d parture delays are quite common 

Another factor contrlbutmg greatly to traffic delays III the Norfolk area 1s the operatmn 
of arcraft wulth lxmted radm equpment Frequently smgle-p&t. smgle-engme, rmlrtary 
alrcraft enter the area equpped only with a low-frequency radm receiver for navlgatmn and 
four-channel VHF for commun~catmns Because of the lack of low-frequency navlgatmnal aids 
on certain routes, notably Amber Axrway 9 (,,nce redesignated Blue Alrway 23). such arcraft 
may enter the termmal area at random pants and off course, wulth consequent hazard to other 
arcraft Lost azrcraft madents occur frequently under these condltmns, with a consequent 
tw-up of other traffic ,n the area AIrcraft w,th hmlted radm navrgatmnal equpment may 
use as much as 30 mrnutes to complete an instrument approach 

As a result of all these factors. IFR traffic at best flows very slowly in the Norfolk area 
Because of the mherent dlfflcultles of the system, flow-control procedures are necessary to 
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hmlt the number of arcraft enttermg the area under IFR condltmns The acceptance rate 1s 
lImIted to three aIrcraft per alrport per hour when celhngs are below 800 feet The flow rate 
1s Increased to five arcraft per arport per hour when the cellmgs are between 800 and 1000 
feet In actual practice, even these low rates are seldom reahzed because there may not always 
be a full quota of arcraft destrned for Patrlck Henry or Norfolk Murucipal AIrports at any 
speclflc hourly permd 

ObJectIves of Program 
In order to improve the air-traffic-control capacity for the Norfolk area, the Offlce of 

Federal Airways requested the TechnIcal Development and Evaluation Center to study the 
Norfolk problem by use of the ATC simulator To obtam needed background, TDEC air-trafflc- 
control speclaksts vIsIted the Norfolk-area xnstallatmns and the Washmgton ARTC Center 
pnor to startmg slmulatlon tests 

Speclhcally, the Norfolk slmulatlon tests were dlrected towards the development of a 
traffic-control system hawng the followmg characterlstlcs 

1 The system should permit a high rate of traffic flow m and out of the five mayor alrports 
2 The system should permit adequate letdown and chmbout procedures for Jet arcraft 

using Langley Air Force Base and Oceana Naval Auxll~ary Air Statmn 
3 Because of budget and frequency-allocataon problems, the system should reqmre a 

mlrumum number of addItIona low-frequency radm facllltles 
4 The system should be so arranged that It requires a mmlmum amount of co-ardmatmn 

between control posItIons and between control agencies 
5 The system should provxde defmlte sector Jurlsdlctmn m order to permit satlsfactary 

dlvlsmn of the workload under heavy traffic candxtmns Under hght traffic condltmns, the 
system should be capable of operatmn wvlth a fewer number of operatmg posltmns 

6 The system should be deslgned for use wrth radar-vectoring techmques It should also 
be capable of functlomng efficiently durmg perwds when the radar 1s moperatlve 

7 DetaIled operating procedures such as data postmg and transfer, radm commumcatlons, 
and clearance procedures should be as simple as possible The flight-data system should be 
adaptable to the use of proposed automatic data-transfer eqmpment 

EVALUATION METHODS 

The Dynamic Air-Traffic-Control Simulator 
Smce some readers of this report may not be faml1x.r with the dynamxc arr-trafflc- 

control simulator at the Techmcal Development and Evaluatxon Center In Indlanapolls, a brief 
descrlptmn of this eqmpment follows Basically. the equipment provides means of slmulatlng 
actual flights of arcraft through an area whxle control mstructmns are Issued to “simulated” 
pllots by regular air traffic controllers Varmus air-traffic-control procedures and techmques 
can be tried and compared In addltmn, varmus arrangements of navlgatmnal ads can be tried 
and compared m order to determme which system provides the most efflclent traffic flow 

The results-of the sxmulatmn tests depend, to a large degree, upon the accuracy of the 
equipment. the ablllty of the operators to follow mstructrons. and the degree of slmulatmn of 
Important characterlstlcs of a system Smce the present dynamic srmulator 1s not complete 
m all of these necessary characterlstxs. the results of any slmulatmn tests can be stated only 
m terms of relative evaluatmn between systems and not m absolute values However. a large 
part of the evaluatmn results can sometimes be obtamed from observatmns made durmg the 
tests 

The ATC slmulatnr equipment Includes a large screen upon which a map of an area 1s 
proJected Coqtrollable spots of hght are also proJected on thxs screen to mdxcate the posltlon 
of alrcraft In the system These spotllght projectors are controlled from pllot consoles, as 
shown In Fig 2 

Each pllot can control the speed and the headrng of one spot of light over the screen to 
correspond to the movement of an arcraft through the termmal area Standard-rate turns are 
made when the dlrectmn of target travel 1s changed The prlots also have srmulated altimeters, 
and the spots of light descend and climb at normal rates for the type of arcraft bemg amu- 
lated The entlre screen 1s televrsed and, through suItable electromc techniques, 1s presented 
to ATC controllers as a surveillance-radar display at the control posltmns, as shown in Fig 3 
A number of interphone channels connect the pIlots wath the control posltmns to simulate 
normal radm channels An ARTC Center posltmn 1s set up to szmulate the co-ordmatmn 
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requxred between air-route control and terminal-area control If desired, the radar display 
can be turned off and control contmued unthout It 

In practice an area 1s first studled, and a map of the desired nawgatlonal system 1s 
photographed and prepared as a lantern shde This slide 1s proJected on the screen to form 
the navIgatIona layout for the problem A standardized problem IS set up with each arcraft 
target entermg the area on a defmlte schedule and route Actual arrival and departure times 
recorded during the slmulatmn test are then compared to mathematlcally derived Ideal times 
In order to determIne arcraft delays These delay figures form a basis for comparmg one 
system agamst another Slmllarly, the time spent m x*/ground commumcatxons 1s measured 
so that one system can be compared with another to determme the relative efflclency of each 
one 

Simulated Operatmg Procedures 
In runnmg the Norfolk slmulatmn tests with radar procedures, five control posltmns were 

used These were 

1 Termmal-area arrival control 
2 North-sector radar control 
3 South-sector radar control 
4 Termmal-area departure control 
5 Departure radar control 

The termmal-area arrival controller worked at a standard ARTC flight-progress board 
on which were dIsplayed fhght data for the Inbound traffic All arcraft entered the termmal 

Fig 2 Typical PIlot Console and Spot ProJector With Operator at Controls 



Fig 3 Dynamc-Smulatcr Control Desk With Sm,ulated Radar Displays of Traffic Sltuatlon 
(For Norfolk evaluatm” tests the central port,“” of the desk between the radar scopes 

was replaced by a standard 5-board ARTC sector-control desk Each of the three radar con- 
trollers was provided with a small fhght-progress board ) 

area with standard nonradar separatm”, and these standards were ma~ntalned as long as the 
remained under termmal control The terminal-area arrival controller establlshed communl- 
catIons contact with the arr,vl”g arcraft, Issued clearance to the proper holdmg fm, and 
transferred control to the radar controllers at the des,g”ated transfer pmnts 

The radar arrival controllers establlshed commun~catmns and radar contact with arcraft 
at the transfer pants As soon as a” axcraft was clear of the traffic lanes under terminal 
control. the flight-progress str,p was transferred from the terminal-control posltmn to the 
approprmte radar posltmn “s,“g standard radar separatm”, the radar controller dlrected 
alrcraft along the most expedltmus route to the approach fm and turned them Into the fural- 
approach path I” the proper sequence Theoretically. as soon as the alrcraft was I” posltm” to 
start a GCA or a” ILS approach, control was transferred to the appropriate GCA unit or 
aIrport-traffic-control tower I” performng these operatmns. the north-sector radar posltlon 
handled all traffic en route to PatrIck Henry, La”gley,a”d Navy East alrflelds The south-sector 
radar posltmn handled all traffic en route to Norfolk Munmpal and Oceana Alrports 

The terminal-area departure controller worked at a standard ARTC flight-progress board 
on which were dlsplayed flight data for the outbound traffic When departure clearance was re- 
quested (theoretically by one of the control towers) the term,“al-area departure controller. 
us,“g the rules which are described I” the next se&on, ,ssued lnltml clearance to the termlnal- 
area outer clearance lu-mt and prepared a” abbrevmted flight-progress strip for the departure 
radar controller This strip contaIned the followrng data 

1 AIrcraft Identxflcatm” 
2 Departure alrport (one-letter abbrewatmn) 
3 Outer clearance l,mlt (one-letter abbrevratmn) 
4 Assigned altitude at outer clearance lmut (m hundreds of feet) 



This strip was carrwd I” a sawed-off strip holder 2 l/4 Inches I” length When a specml 
flight-progress board at the departure radar posItlo” was used, three rows of these strips 
could be posted I” the space normally required for one row of standard flight-progress strips 

The departure-radar controller established communlcatmns and radar contact with the 
departing alrcraft and, using standard radar separatm” between arcraft, vectored the arcraft 
along the most expedltlous paths to the proper departure routes As soon as a” alrcraft was 
establlshed on course at the asslgned altttude with nonradar separatxo” from all other arcraft 
m the area, control was transferred back to the terminal-area departure controller, who had 
(theoretxally) contacted Washmgton ARTC and had secured the necessary al=-route clearance 
for dellvery to the pllot 

Shuttle fhghts between different alrports I” the ternnnal area were handled by the 
departure-radar controller, who furnlshed radar navIgatIona gudance to the alrcraft until It 
had reached the approprmte arrival path and was I” the radar sector of the destmatm” azrport 
Control was then transferred directly to the radar-arrival controller, who fltted the alrcraft 
Into the proper landing sequence Dunng light traffic condltlons, control posltmns could be 
combmed so that one ma” would handle as many as three posItIons 

General Rules and RestrIctIons 
It should be noted that the arrival tests took Into account only the Internal restrlctlons of 

the termmal area Itself For example, the tests previously described were based on the 
hypothesis that the WashIngton Center could feed Inbound alrcraf&mto the Norfolk termmal 
area at a rate not less than 31 per hour 

Departure tests took external restrIctIons Into account by use of a” arbitrary rule which 
permltted each avalable altitude at an outer clearance hmlt to be utlheed only once I” any 
15-mmute permd The purpose of this rule was to allow tune for co-ordlnatlon with Washx&on 
ARTC and for the holding of arcraft at the terminal-area outer clearance hmlts, If necessary, 
until Washmgton ARTC could accept this traffic Into their area 

In the slmulatlon tests, co-ordlnatmn between control posItIons was reduced by reserving 
certain outer-hx altitudes for arrivals and other altitudes for departures Table I hsts the 
altitudes which were normally avallable for departing arcraft at the termmal-area outer 
clearance llmlts Smce the present svstem has no terrmnal-area outer clearance fixes, they 
are not llsted I” th,s table 

In order to avmd placmg too many departing arcraft under the Jurlsdlctlon of the radar 
controller at any one time, the following take-off restrIctIons were used 

1 The Interval between successive departures from any one alrport was at least two 
minutes This enabled the departure controller to obtain posrtlve radar ldentlflcatlo” of a 
departmg arcraft before the next arcraft was off the ground 

2 I” applying the preceding rule, Navy East and Norfolk Mumclpal Airports were consldered 
as a smgle alrport This rule was necessary because of their proumlty and because of the 
converging paths of departing alrcraft when the instrument runways at these two alrports were 
used for take-off operatmns 

These two take-off restrIctIons reduced the “umber of departing arcraft under slmul- 
taneous radar control I” the crItIca area northeast of Norfolk Mumc~pal AIrport They also 
assIsted the departure-radar controller I” the mantenance of posltlve ldenttlflcatlon of targets 
The rules did not unduly delay departmg traffic at any time 

Constructm” of the Traffic Sample for S~“ulat~on Tests 
Actual fhght-progress strips from a recent IFR day were obtaIned from the CAA control 

tower at Norfolk Mu”,c~pal Axrport These strips furrushed a typIca sequence of the following 
comblnatvans of data 

Alrcraft Identlficatmn 

TYPe 
Departure AIrport 
Route 
Destination Alrport 
Altitude (jet arcraft only) 

Sl”ce these strips represented actual traffic durmg IFR weather condltlons, the flow rat= 
,n operatlo”s per hour was necessarily very small In order to accelerate this flow to a rat= 



7 

TABLE I 

ALTITUDES RESERVED FOR DEPARTING AIRCRAFT IN SYSTEMS TESTED 

Outer 
Clearance Lirmt 

Savedge 
(hundreds 

of feet MSL) 

Altitudes AvaIlable for Departures 
system 

Yorktown Combmatmn 
(hundreds (hundreds 

of feet MSL) of feet MSL) 

Berhn VOR 
(hundreds 

of feet MSL) 

Charles City 25 All, provided 25 
45 Yorktown was 45 
65 crossed at 25, 65 
85 45, 65, or 85 85 

Chlncoteague 25 25 25 25 
35 35 35 35 
45 / 45 I 45 I 45 I 

Corapeake 4 * * 

Lake Drummond * 

Gwynn All All All 

Sharps All 

Aydlette All All All All 

*Required prior co-ordlnatmn with terrmnal-area arrival control 

more suItable for test purposes, much shorter Intervals between s”ccess1ve operations had to 
be used This was accomphshed by adoptmg a set of random Intervals from one of the traffic 
samples previously furnlshed by Frankhn Institute 

Use of the Frankhn Institute random Intervals provided the time at which each Inbound 
arcraft was due to cross the outer circumference of the terminal area By means of a speed 
program, these “rxn txnes” were projected ahead m order to determIne the theoretlcal 
arrival txne of each arcraft at the appropriate approach flu Four arbitrary classes of 
aIrcraft were used with speed programmIng as shown zn Table II. 

Delay Measurements 
The basic problem data furnIshed the theoretIca txne that each Inbound aIrcraft should 

be over the approach fix at flnal-approach altitude, If no other traffic were Involved Through 
the “se of an Esterlme-Angus recorder, pilots recorded the actual arrival txne of each ar- 
craft over the appraprlate approach fxx By comparison oi the theoretIca arrival time with the 
actual arrival txne, it was possible to determIne the absolute delay to each mbound arcraft 

For departures, the random Intervals developed by the Frankhn lnstltute comprised a 
hst of proposed take-off txnes which enabled the departure delay to be determxned for each 
arcraft 

Comm”“lcatlo”s Measurements 
For Inbound traffic, voice commun~cat~bns Included pilot reports and all approach-control 

InstructIons necessary to brzng each arcraft to a pomt where fmal approach could be taken 
over by a GCA contrallpr or by a pllat “song ILS facllltles No weather reports were Issued 



TABLE II 

CLASSIFICATION OF AIRCRAFT FOR SIMULATION 

Alrcraft 
Type 

Cnnsmg IntermedIate 
Speed Speed* 
(mph) (mph) 

Approach 
Speed** 

(mph) 1 

I Slow I 180 I 150 I 120 I 

I Medium I 
240 I 190 I 140 I 

I Fast I 290 I 220 I 150 I 

Jet 420 300 

* In zone extendmg from ten miles to five m&s from the approach flu 
**In zone extendmg from five miles from the approach fix to touchdown 

160 

Exceptmn Jet aIrcraft contmued at crulsmg speed until reaching the approach fix at 20,000 
feet, then conducted a letdown at the mtermedlate speed, and finally slowed to the approach 
speed for the last five miles of approach 

For outbound traffic. communlcatlons mcluded the en route clearance to the outer 
termmal fa and all necessary radar-vectormg lnstructmns and altitude-vacatmg reports 

The number of separate communlcatlons contacts on each channel was recorded through 
the use rf electnc counting devices The total love time of each channel was recorded by 
means of electric clocks 

Types of Tests Conducted 
Because of a shortage of simulator consoles, It was not possible to conduct simultaneous 

tests usmg all mbound and all outbound alrcraft in the traffic samples Therefore, comparative 
tests of the different systems were made m the followmg manner 

1 Arrlvmg Alrcraft Only In these tests, It was assumed that speclflc airspace areas were 
blocked for the exclusive use of departures This phase of the evaluatmn provided a means for 
studying the problem of co-ordmatmn between the termmal-area controller and the radar arrxval 
controllers Durmg this phase, the average demand rate was approximately 31 arrivals per 
hour for the area 

2 Departmg Alrcraft Only In these tests, It was assumed that specrflc aIrspace areas 
were blocked for the exclusive use of arrivals This phase qf the evaluation provided means 
for studying the data-posting and clearance procedures for outbound traffic Durmg this phase. 
the average demand rate was approximately 27 departures per hour 

3 Combmed Arrivals and Departures Thus phase used demand rates of 50 per cent of 
those used in the first two phases of the study Such demand rates were obtained by omlttmg 
every other aircraft in the prevmus arrival and departure samples This phase provided an 
opportumty to study the complete cc-ordmatmn problem between all arrival and departure 
control pasltlons 

4 North-Sector Arrivals Only This phase used an mcreased flow rate which was obtamed 
by changing the destmatmn airports of the crlglnal sample so that all arcraft landed at PatrIck 
Henry, Langley, or Navy East fields Thus sample furmshed an average demand rate of 31 
arnvals per hour for these three alrports Several potential bottlenecks which were not 
apparent m the previous tests were dIscovered I” the systems 

After many practice runs had been made to work out the many details of each system 
tested, the measurement tests were run Each of &he camparatlve measurements llsted m this 
report 1s the result of one run of the sample and of the system tested These runs were made 
under as nearly standard condltmns as possible Durmg these runs, motmn pictures of the 
simulator flight tracks were made 1” order to give some Idea of the resultmg flow patterns and 
of the airspace reqmred for the operatmn of the varmus systems Many of these tracks were 
plotted and are shown m Figs 8. 9. 13, 14, 15. 19, and 20 It 1s panted out that the actual 



Fig 4 Holdmg Patterns of Present System (Shadmg Indicates High-Altitude Jet Patterns) 

numbers used I” the results are not absolute but are only relative m nature because of 
llmltatmns 1” the slmulatmn techmques used 

SYSTEMS TEST AND RESULTS 

Present System 
A Navlgatlonal Alds 

In order to establish s basis of comparison for evaluatmg possible Improvements I” the 
Norfolk traffic-control system, the present system of navlgatlon facilities was tested first 
wwlthout radar, the” wulth radar. procedures The layout of radm facllltles and the holdmg 
patterns used with this system are showm m Fig 4 

B Arrival-Control Procedures 
Figure 5 shows the arrival routes used wlthout radar In runnmg the no-radar tests of 

this system, standard approach-control procedures with standard nonradar separation were 
used The tqrmmal-area arrival controller mamtamed control of Inbound axcraft until they 
reached the vicinity of the appropriate holdmg stack, at which time control was transferred to 
either (1) the north-sector approach controller for traffic Inbound to Patrlck Henry, Langley. 
or Navy East Fields, or (2) the south-sector approach controller for traffic Inbound to Norfolk 
Mumapal or Oceana Airports 

Figure 6 illustrates the arrival routes used with radar A comparison wvlth Fig 5 shows 
that the ma,” differences are I” the vlcmlty of Bacons Castle Alrcraft Inbound to Langley from 
the north were vectored away from the north course of Langley and brought to a lower altitude 
on a radar course to Bacons Castle, from whach pant they were fed into the final-approach 
course Congestmn at the Langley Range Statmn was reduced by usrng plan-posltmn-mdxator 
(PPI) approaches from the southwest for alrcraft en route to Patrlck Henry Field 

Current jet approach procedures were used at Langley Field with jets crossing the 
Langley range at 20,000 feet, proceedmg two minutes north. descending on a headmg of 330’, 
then makmg a left 180’ turn to cross the Dendro” marker at 1500 feet inbound to the GCA 
final-approach course 
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Fig 5 Arrival Routes, Present System Wlthout Radar 

Since no officu.1 Jet letdown procedure for Oceana had been recewed, the followng 
procedure was used Jet arcraft crossed Fentress outbound at 20,000 feet, started descent on 
a south headmg, made a 180” right turn, and contmued descent to cross Feattress mbound on 
fmal approach 

Alrcraft arr,wng from the north on Amber Alrway 9 (from Chmccteague) urere requred 
to enter the area at 5500 feet or above to allow use of the lower altitudes for departmg aIrcraft 
Alrcraft arriving from the north on Blue Airway 56 (on the north co,,rse of Langley range) were 
requred to enter the area at odd-plus-500-foot levels such as 3500, 5500, 7500, I,, order to 
permit departures to proceed “la Red Alrway 19 to Sharps Intersectmn at even-plus-500-foot 
altitude levels such as 2500, 4500, 6500 

C Departure-Control Procedures 
Departure routes are shown 1” Fig 7 Comparwx, wvlth Figs 5 or 6 ~111 mdlcate the 

main dxadvantage of the present system, that 1s. departure routes confhct with arrival routes 
at many pomts 

D Results 
Delay and commumcations tunes are shown graphically in Fig 28 Recorded sunulator 

flight paths are shown in Figs g and 9 Systems charactenstlcs are llsted in Table III 

E Observatmns 
1 The present system had the highest delays of any system tested The use of radar 

reduced delays somewhat by prov,dmg shorter fllzht paths and by elux,,natma the very mefflcrent 
Langley-range approach to PitrIck H;nry Field ?h& tnne-con;ummg approach had ‘restrxted 
movement of traffw at both I’atrlck Henry and Langley alrflelds 

2 The arcraft holdmg at Bacons Castle while awwaltmg approach to Langley or to Patrlck 
Henry Fields restrlcted the flow of traffic on Green Airway 6 from Rlchrnond to Navy East, 
Norfolk Mun~~pal. and Oceana Airports AIrcraft en route to the latter fields were requred to 
stay at high altitudes m order to fly over this holding stack This condltmn resulted I,, 

addItIona delays due to the excessive descent txne required 
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Fig 6 Present System With Radar Showmg Mann Arrival Routes, Desired Radar Coverage, and 
D~v~slon of Control 

3 The confllctlon of arrlnng, holdmg, and departrng traffic m the vlclnlty of Bacons 
Castle and Langley range produced a very confusmg traffic sltuatxon and requred a large 
amount of co-ordmatmn between all control posltmns As a result communlcatmns were 
excessive. and the system had the hzghest workload of any system tested with radar 

4 Lack of right-side separatmn on Amber Alrway 9 between Norfolk and Chlncoteague 
Increased the workload of handhng traffic an that route 

The Savedge System 
A Navlgatvanal Alds 

In order to elmnnate some of the bottlenecks which were found in tests of the present 
system, a new arrangement of navlgatlonal facllrtlrs was devised for sxnulatmn tests Known 
as the Savedge System tlus arrangement, which 1s shown in Fig 10, Included the following 
changes 

1 A low-frequency range was estabhshed near Savedge, Vlrg1m.a This faclllty was 
deslgned to elxmnate the confhctmn between traffic m the .,,c,n~ty of Langley range and Bacons 
Castle by prowdIng new Inbound routes separated from the departure routes Blue Alrway 56 
was moved from the north course of Langley range and extended directly from the Tappahannock 
range to the Savedge range Green Airway 6 was moved to follow the northwest and southeast 
courses of the Savedge range Thus new range facrllty provided a “feedmg-trough” for all five 
maJo= airports m the termmal area 

The southeast course of the Savedge range was aligned far enough southwest to permlt 
traffic 1” the feedmg trough to by-pass the holdmg patterns at Eclipse, Deep Creek, and 
Fentress By usmg nonstandard holdmg patterns at E&pie and Deep Creek, ample clearance 
was provided 

2 A homlng faclllty was Installed four miles southwest of PatrIck Henry AIrport, to serve 
as an outer locator far automatic-dlrectlon-finder (ADF) or ILS approaches to Runway 6 



Fig 7 Present System, Departure Routes (Shaded Arrows Indicate Jet Chmb-Out Paths) 

3 Fan markers were establlshed at Charles City and Gwynn to defme these mtersectmns 
better for use as terminal-area outer clearance lunlts by the termlnal-area departure 
controller 

Fig 8 Recorded Simulator Flight Paths, Present Faclhtles WIthout Radar, Arrivals Only 



Fig 9 Recorded Simulator Fhght Paths, Present Faclhtles With Radar, Arrivals Only 

4 The south course of the Chmcoteague range was realIgned to the southwest directly 
toward the Navy Chambers range to provide a posltlve navlgatmn course for arcraft with 
hmlted radm equipment Thus change also permItted right-side separatmn to be used for 
traffic on this alrway 

5 The southeast course of the Oceana range was moved clockwise and was dIrected toward 
the Aydlette fan marker, and the northwest course was moved to the reaprocal headmg This 
provided two new routes for departmg traffic 

6 A hormng faclllty was establlshed at the Corapeake mtersectmn, to provide a more 
posltlve navlgatmnal aId for traffic approachmg the Norfolk area from the southwest and a 
termmal-area outer clearance fix for trafhc departmg in that dlrectmn 

B Arrival-Control Procedures 
Arrival routes are shown III Fig 11 Arrivals from Tappahannock were required to cross 

the Charles City lntersectmn at odd-plus-500-foot altitude levels such as 3500, 5500, 7500 m 
order to permit departures to cross this fix at the even-plus-500-foot levels This change 
ehmmated the need for co-ordmatmn between the termmal-area arrival controller and the 
termmal-area departure controller for this Intersectvan 

Along the feedmg trough from Savedge to Corapeake, all altitude levels were avaIlable 
for arr1vmg aircraft 

Arrivals from Chmcoteague on Amber AIrway 9 were usually restrIcted to 5500 feet and 
above until reachmg the Navy East range, I” order to perrnlt use of the lower levels for 
departures 

The Bacons Castle holdmg pattern was dlscontmued III order to elxnmate conflIctIon 
between holdmg arcraft and departmg axcraft m the vlcmlty of Langley range and Bacons 
Castle The Eclipse pattern served as the feedmg stack for all three alrports I” the north 
radar sector 

Jet-approach procedures were unchanged from those prevmusly described for the present 
system 

C Departure-Control Procedures 
Departure routes are shown xn Fig 12 The termma outer-clearance fixes at Charles 

Crty, Gwynn, Chlncoteague. Aydlette. and Corapeake were used for lmtlal departure clearance 
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Fxg 10 Holding Patterns of Savedge System (Shading Indicates High-Altitude Jet Patterns) 

hmlts, to start arcraft on them flight wlthaut prmr clearance from the Washmgton ARTC 
Center 

Departures en route to Charles City crossed Langley range and Bacons Castle at or 
above 2500 feet, to allow the use of the 1500-foot level for landmgs and take-offs at Langley 
and Patrlck Henry Axports 

D Results 
Delays and cornrnunxatmns twnes are shown graphIcally m Fig 28, and system char- 

acteristlcs are llsted ln Table III Recorded sunulator flight paths for arrivals are shown in 
Figs 13 and 14. whereas recorded departure paths are shown m Fig 15 

E Observatmns 
The general eliminatmn of pants of confllctmn between arrival, holdmg. and departure 

routes reduced delays and commumcatmns tlrnes Controller workload was reduced and 
safety was mcreased by the provision of a slmpllfled traffic flow and of clean-cut Jurlsdlctlon 
between the various control posltmns 

Inasmuch as nearly all radar arrival and departure routes closely comcxded with 
estabhshed radro-range or ADF courses, the system contmued to functmn very well m tests 
made wlthout the use of radar The use of termmnal-area outer-clearance lxnlts produced a 
very efflclent method of handlmg departures 

The use of a smgle stack at Eclipse for arcraft destmed for Patrxk Henry, Langley, 
and Navy East fields functmned very well m light to moderate traffic As traffic Increased to 
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Fig 11 Savedge System Showmg Man Arrival Routes, Desired Radar Coverage, and Dlmslon 
of Control 

a high demand rate, the entry altitudes of arcraft cleared to th,s hx became qmte high and 
excess,ve delays were created 

Because the feedmg trough had to be located far enough west of the amport area to by- 
pass the holdmg patterns. route m&ages in tlus system were longer for arcraft arr~vlng 
from Rlchmcnd and Tappahannock 

The north and south courses of the Savedge range provided, for over fhghts, a by-pass 
airway from Tappahannock, Vlrgmna, to Kelford, North Carolma It 1s belzeved that this 
by-pass would prove beneficml I,, rellevmg the congestmn on Amber Airway 7 near Rxhmond. 
Vlrgmla 

The Yorktown System 
A Navlgatmnal Alds 

The Savedge System had functmned very well I,, its prrnary purpose of separatmg 
arrival and departure routes, but It requred one new low-frequency range Inasmuch as It 1s 
the pohcy to avoId the ,nstallatmn of any new low-frequency range statmns. ,f possible, the 



TABLE III 

SUMMARY OF SYSTEM CHARACTERISTICS 

system Co-ordmatmn Workload AdaptabIlIty for Probable Radar Coverage Changes and Addltmns 
W,th Radar Nonradar Operatmns With ASR-2 Equpment Reqmred in AI= Navlgatmn 

Arrivals Departures Facll~txs 

Present High P00r Good No changes 

Savedge Moderate Good Good 1 l-f range, 2 H-markers. 
2 fan markers Realign 
southwest course of 
Chlncoteague range, 
realign southeast and 
northwest courses of 
Oceana range 

Yorktown High P00r Good Good 3 H-markers, 2 fan 
markers, realign south- 
west course of 
Chmcoteague range. 
realxgn southeast and 
northwest courses of 
Oceana range. reahgn 
southeast course of 
Richmond range 

Moderate Good Good Good Same as Savedge plus 1 
add,t,onal fan marker. 
dlsconhnue the Dendron 
H-marker. realign 
southeast course of 
Richmond range 

Berlm LOW Excellent Good Good Dlscontmue l-f ranges, 
3 ommranges I* area. 
1 omnlrange near Rxhmond. 
Va Relocate the Deep 
Creek fan marker, 
1 H-marker 
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Fig 12 Savedge System, Departure Routes (Shaded A rrows Indxate Jet Climb-Out Paths) 

posslbllrty of provldxng the separate arrival and departure routes wlthout the use of any new 
range faclhtles was mvestlgated 

It was decided to keep the arrival routes basically the same as in the present system but 
to provide a new route for departures This was accomplished by reallgmng the southeast 
course of the Richmond range counterclockwise to mtersect the north course of the Navy East 
range at a pant Just north of the Plumtree danger area The realIgned course crossed the 
north course of the Langley range m the vvxnlty of Yorktown, Vlrg1m.a This system 1s 
Illustrated m Fig 16 

Because of the advantages rndlcated previously, the Oceana-Chmcoteague range courses 
were reallgned as shown m the Savedge System The Gwynn fan marker, as well as the 
Corapeake and Patrick Henry hommg facllrtles, was retamed and was used for the same purpose 
as I* the Savedge System The Charles City fan marker was moved slightly to comclde with the 
reallgned east course of the Richmond range 

Smce the north course of Langley range statmn was agaln used as an arrival route and 
smce the new westbouna departure route crossed It at Yorktown, the use of the present let- 
down area for Langley jet approaches was no longer practical To provide a straight-In Jet 



Fig 13 Recorded Simulator Flight Paths, Savedge System Wlthout Radar, Arrivals Only 

approach to Langley Field, the Dendron marker was removed and was relocated near Franklm, 
Vlrgmla 

B Arrival-Control Procedures 
Arrival routes, radar coverage, and Jurlsdlctmn of control for the Yorktown System are 

shown I” Fig 17 
Arrivals from Richmond proceeded along the present Green Alrway It was assumed 

that the northwest course of the Norfolk radio range would provide adequate coverage for this 
operatmn 

Arnvals on Blue Alrway 56 from Tappahannock were required to cross Yorktown at 
odd-plus-500-foot levels 1” order to provide separatmn from departures at this pant Arrivals 
en route to Langley or PatrIck Henry AIrports were usually gmded by radar an a direct course 
from Yorktown to Bacons Castle 

Arrxvals on Amber Airway 9 from Chlncoteague were restricted to 5500 feet and above 
until reachmg the Navy East range, m order to prawde a clear channel for departures 

Arrivals from the south or southwest proceeded vm the Corapeake marker, which was 
Installed prlmanly to ald thw operatmn 

Since the new north departure route took outbound traffzc well clear of Bacons Castle, 
this mtersectlon was agam used for holdmg alrcraft destmed for PatrIck Henry and Langley 
AIrports. and because there was no longer a feedmg trough to the west, standard two-mmute 
holdmg patterns were used agam at Echpse and Deep Creek 

Jet alrcraft en route to Langley crossed Eclipse at 20,000 feet, began descent, and pro- 
ceeded to the Franklm marker A procedure turn was made south of Franklin Such arcraft 
crossed Eclipse at 3500 feet on approach to Runway 7 at Langley Alrport This procedure 
allowed the 2500-foot level to be used for a simultaneous approach to Navy East Field 

In order to provxde more room for the let descent mto Oceana, the let approach path was 
started from the Oceana range mstead of from the Fentress marker Descent was made on a 
south headmg, with a 180’ right turn to cross Fentress Inbound a” final approach 

C Departure-Control Procedures 
Departure routes are shown m Fig 18 Departures en route to Richmond proceeded via 

the north cnurse of Navy East range or of Oceana range to the MobJack Bay Intersectlo”. 
thence west “n the east course of Richmond These aIrcraft were restrlcted to the even-plus- 
500-foot levels until three minutes past Yorktown West of thx pomt, all altxtudes were utllleed 



Fig 14 Recorded Simulator Fhght Paths, Savedge System With Radar. Arrivals Only 

Southbound departures were routed via the south course of the Oceana range to the 
Aydlette fan marker When traffic permltted, such arcraft could proceed directly out the 
southwest course of the Norfolk range over Corapeake 

Fig 15 Recorded Simulator Fhght Paths, Savedge System, Departures Only 
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Fig 16 Holdmg Patterns For Yorktown System (Shadmg Indicates High-Altitude Jet Patterns) 

Termmal-area departure outer-clearance lumts used w,th thu system were Charles 
City. Gwynn, Chmcoteague. Aydlette, and Corapeake 

D Results D Results 
Delays and commun~catmns tunes are shown graphxally ln Fig 28, systems character- Delays and commun~catmns tunes are shown graphxally ln Fig 28, systems character- 

lstlcs are llsted in Table III, and recorded arrival paths are shown in Fig 19 lstlcs are llsted in Table III, and recorded arrival paths are shown in Fig 19 Recorded Recorded 
departure paths are shown m Fig 20 departure paths are shown m Fig 20 

E Observatmns 
Departure routes were excellent ,n th,s system By-passmg of the PatrIck Henry area 

by departmg arcraft reduced the amount of co-ordmatmn requxed between controllers 
Addltmn of the Bacons Castle holdmg pattern for north-sector arrivals reduced the 

amount of traffic in the Echpse stack and eln-nmated the high holdmg altitudes required in the 
Savedge System 

Because arrivals on Green Airway 6 from Richmond to the south-sector alrports had to 
cross over the holdmg stacks at Bacons Castle and Eclipse, traffic delays were caused by the 
tm,e requred for descent from hrgher altitudes 

The Franklin jet-approach procedure did not work as well as had been expected Because 
the approach path for conventmnal arcraft from Bacons Castle ta Langley was long, It was 
very dlfflcult to co-ordinate jet approaches with conventmnal approaches to this axport As a 
result, a ,et approach to Langley restrxted approaches to both PatrIck Henry and Langley 
Alrports for several mmutes If the bottom arcraft ,n the Bacons Castle stack was holdmg for 
a Langley approach Inasmuch as ,et approaches had to cross through the Eclipse stack, 
operations into Navy East Field vrere interrupted If two Jets made successive approaches 
across Eclipse For these reasons. the Frankhn Jet approach was unsatisfactory 

The Combmatmn System 
A Navlgatmnal Alds 

As a further refmement of the Savedge System, sane of the advantageous features of the 
Yorktown System were applied to make up an arrangement known as the Combmatmn System 
Th,s arrangement. wh,ch 1s Illustrated ,n Fig 21, Included the followmg changes from the 
orIgina Savedge arrangement 



Fig 17 Yorktown System Showing Mal” Arrival Routes, Desired Radar Coverage, and D~v~smn 
of Control 

1 The southeast course of the Richmond range was reallgned directly toward the Langley 
range, enablmg arcraft to by-pass Bacons Castle This reposltlomng permltted use of both 
the Bacons Castle and the Eclipse holding patterns and reduced high altitude holding at Eclipse 

2 A fan marker was establIshed at Yorktown for use as a starting pant for Jet approaches 
to Langley 

B Arrival-Control Procedures 
Arrival routes, radar coverage. and Jurlsdlcbon of control are Illustrated in Fig 22 

The arrival routes were baslcally s~mllar to those of the Savedge System Holding patterns, 
shown in Fig 18. were the same as those used I” the Savedge System with three exceptIons 
(1) A holding pattern was added at Bacons Castle for arrivals destined for Langley and Patrlck 
Henry AIrports. (2) The Langley Jet pattern was moved to Yorktown, and (3) The Oceana Jet 
pattern was moved to the Oceana range, as m the Yorktown System 

Inasmuch as the L orth course of the Langley range was no longer used for en route 
traffic. the Langley Jet-approach procedure was changed as follows Jet arcraft held south of 
the Yorktown fan marker on the north course of the Langley range at 20,000 feet and above 
When these alrcraft were cleared for an approach, they descended I” this holding pattern to 
16.000 feet and crossed Yorktown headed north After passing Yorktown, the descent was con- 
tlnued and a procedure turn was accompllshed When the north course of the range was 
Intercepted agaln, the arcraft headed south and crossed the Yorktown fan marker at 1500 feet 

This procedure was deslgned to permit Jet traffic to utlhze as small an area as possible 
1” makmg descent and to Insure that such arcraft would be at 1500 feet when passzng the 
Yorktown fan marker southbound 
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Fig 18 Yorktown System, Departure Routes (Shaded Arrows Indzcate Jet Climb-Out Paths) 

The Oceana Jet-approach procedure was the same as that described 1” the Yorktown 
system 

In order to provide separatmn from departures or from other confhctlng traffic, arrivals 
were restricted to the follcwmg altitude levels from Tappahannock, 3500, 5500. and 7500 feet 
over Charles City, from Richmond. 2500, 4500, and 6500 feet over Savedge. from Chlncoteague. 
5500 feet and above 

C Departure-Control Procedures 
Departure routes are shown m Fig 23 Departure procedures were slmllar to those used 

wvlth the Savedge System, except that the northwest departure route by-passed Bacons Castle 
and proceeded directly from the Langley range to Richmond 

D Results 
Delays and commumcatlons times are shown graphlcally ln Fig 28 Systems character- 

lstlcs are hsted m Table III No arrival and departure paths were recorded, because the flow 
routes dlffered in only minor details from those of the origIna Savedge System 

E Observatmns 
This system had all the advantages of the orrglnal Savedge System, plus the followmg 

1 The north-sector controller had two holding stacks, Instead of one, for conventional 
arcraft This feature served to make operations mto Patrick Henry and Langley Alrports 
more Independent of operatmns Into Navy East Field It was also possible to keep holdmg 
arcraft at lower levels and thus to mm~mlee delays due to descent time 

2 The more direct northwest departure route reduced the workload somewhat by gettmg 
departmg arcraft on course more rapldly 

3 As in the Yorktown System the Oceana Jet approach, startmg from the Oceana range, 
allowed more space for descent As m the Savedge System, the arrival routes were longer I” 
some cases than the correspondmg routes of the present and Yorktown Systems 



Fig 19 Recorded Simulator Flight Paths, Yorktown System With Radar, Arrivals Only 

Berlin VOR System 
A Navlgatlonal Axds 

In order to mvestlgate future operations based on VHF navlgatmnal ads, an arrangement 
known as the Berlm VHF ommrange (VOR) system was tested This system was bult around 
three VHF omniranges which furmshed an almost mfmlte number of possible routes In order 
to control the traffic and to restrict the number of possible confllctmg pants, only a relatively 
few courses were actually ued m the slmulatlon tests of the system Figure 25 shows the 
radml courses which were prlmarlly III use The Berlin VOR system Included the following 
arrangement of simulated facllltxes 

1 VHF ommranges were established at Berlm, Vlrguna, at the present ate of the Oceana 
range, and three miles east of the present Eclipse marker 

2 Complete ILS faclhtles were establlshed at Patrlck Henry 
3 A hommg faclllty was establlshed at MorrIsan, four miles southwest of Langley 
4 Fan markers were estabrished at Sharps, Lake Drummond, and Ruthvllle 
5 The former Deep Creek fan marker was moved northeast to Portsmouth m order t0 place 

the Norfolk Mumclpal Airport holdmg pattern closer to the airport Thw, m turn, enabled the 
southwest feedmg trough to be moved eastward. shortenmg the arrival routes 

B Arrival-Control Procedures 
Arrival routes, Jurlsdxtion of control, and recommended radar coverage are shown III 

FLg 26 The general arrangement of traffic flow resembled that of the Comblnatmn System I” 
most respects However, the Berlm VOR system Included two slgnlflcant Improvements 

1 Langley Jet approaches started from the Berlm VOR and made a straight-rn letdown on a 
radial c0Ure.e to Runway 7 at Langley This very ample procedure enabled Jet pllots to have 
cantlnuous navlgatlonal gudance and an unrestricted descent path all the way to the alrport If 
also enabled such approaches to be conducted wIthout mterferlng with operatmns at either 
PatrIck Henry or Navy East Axports 



Fig 20 Recorded Sxnulator Flight Paths, Yorktown System With Radar, Departures Only 

2 When traffic permitted, arcraft en route from Tappahannock to Norfolk Mumc~pal or 
Oceana Axports could use an inner passage from Sprmg Grove d,rectly to Portsmouth Th,s 
direct route shortened arr,val paths by as much as 20 rmles However durmg permds when 
Jet arcraft were on approach from Berlm or when the holdmg stack at Eclipse bult up to high 
altitude levels, ths ,nner passage was not used and arcraft were routed around the feedmg 
trough “la Berlm 

In order to pronde separatmn from departures or from other conflxtu,g traff,c, arr,vals 
were restrlcted to the followmg altitude levels from Tappahannock. 3500, 5500. and 7500 feet 
over Ruthvllle. from Rxhmond, 2500, 4500, and 6500 feet over Berkn, from Ehzabeth City, 
3500, 5500, and 7500 feet over Lake Drummond, from Raleigh, 2500, 4500, and 6500 feet over 
Lake Drumtiond. from Chmcoteague, from 5500 feet and above 

C Departure-Control Procedures 
Departure routes are shown in Fig 27 Termrnal-area outer clearance fxes at Ruthvllle, 

Sharps, Chmcoteague, Aydlette, and Lake Drummond were used for lnltlal departure clearance 
llmlts zn order to start arcraft on their fhght wthout prmr clearance from the WashIngto” 
ARTC Center 

The arrangement of departure-traffic routes was s,rmlar to that of the Yorktown System 
III that the route to Richmond extended well north of the aIrport area 

D Results 
Delay and communlcatmns txnes are shown graphlcally III Fig 28, and system 

characterlstxcs are llsted I,, Table Ill 

E Observatmns 
The system furmshed contmuous VHF navlgatmn courses on nearly all routes This 

feature srmpllfied control procedures and reduced controller ,vorkload by mmxn~zmg the need 
for radar navlgatmnal guidance Smce the p,lots did most of their own navlgatmn, radar was 
used prmnar~ly to momtor the traffic flow Farlure of the radar equpment would have a 
mlnlmum effect on traffic operations 

Even though only a small proportlon of the total possible routes were used, the system 
was extremely flexible and delays were the lowest that occurred ,n all the systems tested 
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Fig 21 Holdmg Patterns, Comblnatmn System (Shadmg Indicates High-Altitude Jet Patterns) 

One of the most lmpcrtant factors m the reductmn of delay txnes was the use of the short-cut 
mner passage from Spring Grove direct to Portsmouth 

The straght-m Jet letdown path to Langley Field functmned very efflcxntly For the 
first txne durmg the sunulahon tests, Langley Jet approaches did not mterrupt traffic 
operatmns at either Patrxck Henry or Navy East Fields The locahon of the Jamestown 
holding pattern m relatmn to the Jet letdown path made It relatively easy to co-ordmate 
conventIona alrcraft with Jet arcraft 1x1 the Langley approach sequence 

It should be ernphaslzed that the Berlm VOR System was the only omrnrange system 
tested and for this reason should be regarded as only one of many posslblhtws It 1s believed 
that a further study of ommrange traffic systems should be made before adoptlng any 
ommrange system for the Norfolk termmal area 

F Notes on Control Equpment 
Four possible arrangements of control equpment to handle Norfolk termmal-area traffic 

operatmns are shoun m Figs 29. 30. 31. and 32 In deslgnmg these arrangements, conslder- 
atmn was given to two factors which the sunulatlon tests had shown to be unportant 

1 Co-ordlnatmn between related posltmns of operatmn should be accomplished easily 
2 Equpment should be so arranged that control posItIons can be combined easily durmg 

permds of low trafhc densrty 



Fig 22 Combrnatmn System Showng Maln Arrival Routes, Deared Radar Coverage, and 
Dlv~smn of Control 

Figure 29 shows a semlclrcular arrangement which perrmts ready co-ordmatron between 
control posltmns Fqure 30 shows essentmlly the same relatmnshp of control posltmns, 
except that posltmns are arranged zn a straight hne to reduce external light reflectmns m the 
radar scopes 

Figure 31 shows the arrival and departure posltmns separated Co-ordmatmn between 
the terminal-area arrival and terrmnal-area departure controllers can be accomplished by the 
controllers turnmg around An addltmnal flight-progress hoard would be requmed with this 
arrangement of equpment 

Figure 32 shows a layout utlllamg a hormontal plotting scope The termmal-area arrival 
controller may experience some dlffxculty In passing flight data to the radar controllers unless 
automatic data transfer IS used Co-ordmatmn between radar posltmns would be excellent. 
and such positrons could be easily combined when necessary 
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Fig 23 Departure Routes, Combmatmn System (Shaded Arrows Indicate Jet Clxnb-Out Paths) 

CONCLUSIONS 

1 Sunulatmn tests lndlcate that the acceptance rate of the Norfolk terminal area can be 
Increased substantzally by the use of radar-control procedures However, unless certain 
changes are made in the arrangement of nawgatmn facllltuzs in this area, the system ~111 be 
relatively dlfflcult to operate 

2 Controller workload can be substantially reduced with further Increases m safety and In 
traffic acceptance rates, If the navlgatlonal faclktles are rearranged to (1) provide lateral 
separation between Inbound and outbound routes and (2) provide by-pass routes around holding 
patterns 

3 With the type of system descrrbed III paragraph 2 of this se&Ion, departure delays can 
be reduced greatly by the provrslan of adequate terminal-area departure clearance fixes at 
strategic pants near the peruneter of the terminal area The use of these fixes as departure 
clearance hmlts would permit departures to take off \ulthout prmr clearance from the Wash- 
lngton ARTC Center These flights could then be assxnllated Into the WashIngton ARTC area 
more easily from these holding pants close to the heavily travelled aIrways 

4 The conflguratlon of navlgatlonal ads described in this report as the Combmatvan System 
embodled the Improvements described In paragraphs 1, 2, and 3 and was the best of the 
low-frequency systems tested 



Fig 24 Recommended Changes m Air Namgatmn Facllltles to Implement Comblnatmn System 

5 The Inherent flextblllty of nav~gatmnal aId arrangements based on the use of VHF 
manranges pronnses even greater gains XI acceptance rates and I” slmpllclty of control 
procedures The Berlin VOR System described ln this report has potentially the highest 
acceptance rate of all the systems tested However, It was the only omnlrange layout tested 
during this study, and It IS quite possible that further study would develop an even better 
system 



Fig 25 Holding Patterns of Berhn VOR System (Shadmg Indicates High-Altitude Jet Pattern) 

RECOMMENDATIONS 

Based on the smnulatxon studies made for the Norfolk terminal area, the following 
recommendatmns are made 

1 Radar-control procedures should be Implemented in the Norfolk terminal area at the 
earllest practicable date 

2 The layout of navlgatmnal ads should be momfled In order to develop the Comblnatmn 
System described In this report, Fig 24 In the event that It 1s xnposslble to procure another 
low-frequency range for lnstallatmn at Savedge. conslderatmn should be given to the relocatmn 
of the Norfolk range to serve this purpose Reference to Figs 22 and 23 ~111 show that In the 
Cambxnatmn System the Norfolk range 1s used only to provide a range-approach procedure at 
Norfolk Mumclpal AIrpart and to provide guidance from Charles City to Bacons Castle Since 
Norfolk Mumclpal AIrport has facllltles for ILS, ADF, and radar approach procedures and 
since right-side separatmn could be utlheed between Charles City and the Langley range. It 15 
believed that the Norfolk range statIon would serve a more useful role If It were mstalled at 
Savedge This relocatmn 1s recommended If budget and frequency-allocatlon problems would 
otherwise prevent mstallatmn of an entirely new range facrhty at Savedge 



Fxg 26 Berhn VOR System Showmg Mam Arrival Routes, Desired Radar Coverage, and 
D,vrs,on of Control 

3 Survexllance radar and commun~catmns fac,ht,es should be mstalled zn a smtable control 
room, preferably in the Admnnstratmn Buldmg of the Norfolk Mumclpal Alrport The control 
room should have adequate space and communlcatmn faclhtles for seven posltmns of operation 
and should not reqmre controllers to work under radar tents 

4 Dependmg on the shape of the control room and the type of radar eqmpment used, ,t 1s 
belwved that any of the control equpment layouts described ,n this report ~111 operate satls- 
factonly If ASR-2 radar equxpment 1s used, the equxpment arrangements shown ,n Figs 29 
or 30 are belreved to be preferable to that shown 1x1 Fig 31 

5 In order to avcnd later techmcal and operatmnal dxfflcultles. It 1s recommended that any 
repeater radars procured for use vntb the ASR-2 eqmpment should have a synchro system which 
1s compattble with the ASR-2 synchro and 1s capable of followmg the h,gh rotatmnal scan rate 

6 The traffx-control systems described III tbs report were predxated on the use of ASR-2 
radar If ser~lce tests show that this radar does not give adequate range and altitude coverage, 
nnmedxate cons,derat,on should be given to the use of radar mformatlon from Air Defense 
radar ux.tallatmns m the area 



31 

Fig 27 Departure Routes, Berlm VOR System (Shaded Arrows Indicate Jet Chmb-Out Paths) 
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Fig 28 Summary of Snnulatmn Tests of Norfolk Traffic-Control Systems 
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Fxg 29 Equpment Arrangement No 1 
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Fig 30 Equipment Arrangement No 2 
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Fq 31 Equpment Arrangement No 3 
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Fq 32 Eqwpment Arrangement No 4 


