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ATR TRAFFIC SIMULATTON TESTS
OF THREE PPCPOSED SITES FO? THE
WASHINGTON SUPPLEMENTAL ATRPCRT

SUMMARY

This report describes a simulation study of instrument flight
rule operation at three proposed sites for a supplemenval civil airport
in the Washiangton, D. C. area. The air traffic flow characteristics of the
Belmont Bay, Burke, and Chantilly sites were investigated, using traffic
samples forecast for the 1960-1965 period. The purpose of this study was
to determine which site would be most desiracle from the standpoint of air
traffic control, All tests were conducted through use of the dynamic air
traffic simulator at the CAL Technical Development Center,

Evaluation criteria included: (1) over-all terminal-area
traffic capacity, as 1ndicated by airport ecceptaice rates and delay data
under two opposite wind conditions, (2) ease of combrol, as reflected by
commubications measuremne.us as well as the subjective opinvons of the tesé
controllers, ard (3) comparative route mileages.

Results inalcated that the Chantilly site consistently ranked
highest i1n efficiency, as this configuration permitied a sustained high
accepcance rate virtually independent of activity at Washington National
darport, regardless or winé conditions. Although results indicated that
the Burke sr1te would be usable, mutual interference between traffice pattcrns
at Burke and Hational Airports reduced the over-all acceptancc rate, par-
ticularly when wind conditions required takeoffs and landings to be made
in a southerly direction, The Belmont Bay site proved to bec least efficient,
chiefly due to 1ts awkward location in relation to Restricted Areas 37 and
38, as well as its proximity to the final approach course at Washington
Natrional Airport. These restrictions requared the use of extremely
circuitous flzpght paths, preducing a high controller workload and a
reducced acceptance rate under 211 wind conditions,

INTRODUCTTON

The objective of this project was to analyze the air traffic
flow characteristics of three proposed sites for the washington Supplemental
Airport 1in order to determine the functicnal advantages of each, and thus
¢gtablish a firm basis for the selection of a suitable s:te,

The eventual need for a supplemental airport to handle
increased cavil traffic in the Washington D. C., arca has been given
serious consideration by the CAA ever since the Washington National Airport
-7as started 1n 1939, After a study of several peossible sites, the CAA
acquired 1,050 acres of land near Burke, Virginia, for future airport
development. TIn 1952, the CAA Technical Development Center (TDC) was
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requested to make a saimulation study of the proposed Burke site for the
purpose of determining the most suirtable arrangement of navigation facilaties,
flipght routes, and airport runways.

Results of this siudyl indicated that the operaticn of Buarke
Airport would tend to reduce the 1nstrument flight rule (IFR) traffic
capacity of Washington National Arrpert. Also, they i1ndicated that the
operation of Burke Airpoct could be improved somewhat by shifting the
instrune t landing system (ILS) runway sligarment parallel to the TLS run-
way at Washington National Airport. This change was made on the engincering
drawings but the project remaincd dormant due to a lack of devclopment funds,

Tn 195L, TDC was rcquested to make a simulation study to
determine tho cffects of cgnvertlng Andrews Faeld for usc as a supplemental
civil airport. This study® indicatcd that, from the air traffic control
gtandpoiat, this solulion would be satisfactory, assuming that the military
teaffic demand remained small,

Meanwhile, the exaisting Baltimore Friendehip Airport was
proposed for use as a sapplemental Washingion airpost. In 1957, the
Techniecal Development Center was requedose bo unnertake a simulation study
of thas operation., This project was conducted concurrentiy wich o simu-
lation study to determane the coffects of establishing a naval air station
near Davidsonville, Maryland.

Results of the Baltimore study3 indicated that the increased
opcrations at Friondship Airport would require carcuiteus rerouting of the
busy New York-Washington airway roates, Later, a CAA traffic forecast
indacated that Friendship would be unsuitable for consideration as a
supplemental airport for Washaington becausc withan a few years a1ts capacity
would be fully used for traffic generated by the Baltimore area.

1¢, M. Andcrson, F. 8, McKnight, T, K. Vickers, and M. H. Yost,
"Prelamainary Study of Traffie Control Systems for the Washinghon
Supplenental Avrport Using Simalation Techniques,™ Technical Development
Report No, 187, November 1952,

20, M, Anderson and T. K, Vickers, "Dynamic Saimulation Tests
of Several Proposed Dusl-Airport Traffic Control Systems for Washington
Terminal Area," Technical Develcopment Report No, 237, liay 195kL.

3¢, M, Anderson, T. E. Armour, A, B. Johnsen, ard D. S. Schlots,
"Dynamic Similation T.sts of Balitmore Friendship Arrport at Inercased
Traffic Densities," Technical Development Report No, 316, July 1957,
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Pesults of the Davidsonvillc s1:11c'|y"L pointed up the critical
shortage of usable airspacc in the area, due partly to the large allocations
of airspacc for military and naval restricted arcas, The simulation tcsts
2lso indicated that a mcderate amount of IFR activity at Davadsonvallc
would have a critical coffcet on Andrews Field operations. As a result of
thesc tests, the Devidsonville projcct was abasdoned and arrangements werc
gtarted for the joint use of Andrewes Field by the Navy and Axr Forece, This
prospect, together with incressed Air Force {Iight activity, made Androws
F1cld unsuiilaple for coasidcration as a possible supplemental alrport site,
and thus narrowed the sclection to three main possibailitics, Belmont Bay,
Burk:, and Chantilly,

The imperdinrg oneration of large commercial jet transports,
which would require runvys longer than those available at Washington
Nrtaonal Arrport, spurrcd the nced for a final sclection of a suitable site.
Daring the swmer of 1957, the Congress appropriated 512 million to begin
the development of a supplemental airport, and General E. R. Quesada,
Spcciral Agsistant to the Presiadent, was assigned the task of procparains
a formal recommendation to the President regarding the chorce of a oite.

To assist in gathering the necessary facts for a deeision, a consultang
firm was engaged to study the cnginecraing and economic aspccts, and the
Technical Development Center was requested to stady the air trafiic aspccts
of tnc problem,

Maps of the three altcrnate airport layovhs were secured
from the Office of Airports, and a number of additicnal centrol personnel
were detzaled to the TDC scvaff for the daraticon of the tests. Actual
simulaticn runs were started on October 1, 1957, Twenty-four simulaticn
runs, ancluding 1,715 indivadual flights, were completed during the test
peraod,

TEST ASSUMPTTONS

Radar and Communications Coverage,

Tt was assumed that depcndable primary or secondary radar
coverage would be availablc wathin a radius of 70 nautical miles of the
Washington National Axrport, and that direct air/ground air communication
would be possible with all aircraft operating under instrument flight
rules withan this arca.

Control of Cival Jet Aircraft.

It was assumed that civail jobt operations would be handled at
the supplemental airpert, but not at Washington Nationel, It also was
assumcd that such aircraft would be able to hold for short pericds at low
altitudes, 1f necessary, i1n a manner similar Lo propcller (prop) aircraft.

hC. M. Andcrson, T. E, Armour, A. B. Johnsen, D. S5, Schlots,
and T. K, Vickers, "Oimulation Tests of IFR Cperations at the Proposed
Daviag~nville Naval Air Station," Techmical Development Report No. 315,
June 1957,
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Jet arrivals were clearcd from altitudes of 20,000 mean sca lavel (115L)

and above by the air route controllcr aftcr radar contact was cstablished,
usually betwcen 50 and 20 milcs from the terminal area. Pilots were
requested to reduce speed, in crder to enter the terminal arca at a speed
which would permit the aircraft to remain waithin the confincs ~f the TSO
holding airspsce area if eny holding was nccessary. Holding altitudes varied
between 5,000 and 10,000 MSL, depending on traffic congestion; in most

cases the holding delays were gquite short, A farning ratc of 1 1/2°

per sccond was uscd by Jets at all altitudes.

Traffic Sanples,

Twe bosic traffic samples wers used 1n the simulation study.
Semple I, which wsas vused in the z2ir route studies, had an input of 100
arrivals and 100 departuvres within a period of 2 hours. Based on beth
present traffic and estimates of future traffiec, this sample was used as
the basis for simulation runs Nos. 1 through 15,

Sarple IT was a high-density arrival sqmple vsed in the ailrport
capacity tests, It compriscd 50 arrivals withzn a 1 1/2 -hour pericd,
Table I shows the distrabution of aircraft, by routes and speed categorics,
in both samples. Table I lists the flight characteristics assumcd for
the varicus categories of aircraft types used in thesc tests,

Use of Andrews Field,

The time alloted for this program and the lack of simulator
targct capacity did not permit a concurrent study of Andrews Field pro-
blcms; however, all the supplemcental airport sites involved an this study
were west of the Washington National Airport ILS localizcr course and clear
of the Andrews Fie¢ld area, Ir setting up routes for ilhe various systcms
studied, care was taken to avcid ercroaching on the arca prcsently blocked
for Andrews approach control cperations. In these tosts, 1t was assumcd
that a singlc side stack for Andrews approach control was established in
the vicinity of Croom, and that 211 Androws approaches were made to
Runwey 3.

Use of Restricted Arcas,

For the purpose of thesc tests, 1t was assumed that the
portrons of two rcstracted areas which presently are avazlable for flight
operations most of the time still would be available after the supplemental
airport 1s cstablished. These portions include: (1) the north end of
Restricted Area No. 38 lying north of a line fave statute miles south of,
and parallel to, a line connceting the Quantice Range and the Charlette
Hall heming facility, (2) the south end of Restricted Avea No, 5b,
including end lyang south of, Red Airway 17.

Nevigataoon Ards.

It was assumed that sufficient very high frequency {VHF)
navigation aids would be i1nstalled tossupply the route structure necessary
for the operation of cather system.
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EVALUATION CRITERIA

Traffic Capacity.

The most i1mportant functional indcx of airport efficiency is
its capacity, or acciptance rate, in operations per hour, Unlike previcue
similation programs, one aim of this program was to set up flow patterns
which would permit cach sirport to maintain maximum capacaity under two
approximately opposite wind directions. This concept was adopted because
it was reslized that schedule reliabilaity wall become increasingly impor-
tant when jJet apceds and jet operataonal costs are considered; therefore,
1t will becomc even more necessary that airport capacities remain con-
sistent regardless of the direction of the prevailing wind, For this reason,
considerable study was given to the use of a second operating direction for
eoch airport, and the ability of either aarport to shift operating direction
indcperndently of the other.

As the over-all capacity of a traffic system depends considerably
on the number of independent flaght paths which can function simultaneously,
another aim a1n setting up the route systems for these tests was to mini~
wize the amount of interference between airports by keeping the routes
to each airport as independent of the routes of the other airport as
possible. This in turn tendcd to keep the combined termimal-area
acceplance rate at a maxamum,

Delays.

For repeated runs of thc same high-density traffic sample,
aircraft delay data form a sort of inverse index of traffic capacity in
that small decreases in acceptance rate can cause large increascs 1n
avrcraft delays. This principle is shown graphically in Fig. 1.

Controller Workload.

Previcus tests have shown that the human factor is one of the
most critical elements in the operation of the present air traffic con-
trol system.5 Therefore, for reasons of safety, efficicncy, and economy,
1t 15 desirable that the controller workload be kept as low as possible,

Controller workload aincludes the basic functions of data
collection, display, and analysas, From these come the making of decisions
1n accordance with applicable rules and strategy, the formulation of - #* n
instructions or clearances, and the communication of these instructions
to the aircraft. This cycle 1s a continuous one,

At the present time, the communications workload is the only
portion of the entire load that can be measured accurately. However, 1t

SG. M. Anderson and T. K, Vieckers, "Applaication of Simulation
Techniques in the Study of Terminal Area fir Traffic Control Problems,”
Technical Development Report No. 192, November 1953.
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forms a rough comparative index of controller workload, as systems which
include a large number of potential conflictions between flight paths,
implying a high degree of control, usually tend to requirc a large numbcr
of position reports and control ainstructions and thus produce a greater
amount of cormmunications activity.

Pending the development of a quantitative method of measuring
the other factors involved in the toftal human control workload, 1t has
been found useful to empley subjective analysis, by the controllcers them-
sclves, to determinc the relative workleoads of various systems, Usually
this 15 done by means of spccial questionnaires which arc filled out by
control personnel at ithe end of a specafic series of tests,

Route Mileage.

From the flight opcraticons standpoant, 1t would be desirable,
theoretically, at least, for all flight routes to bc as direct, and therc-
fore 28 short, as possible. Of course, some differcnces in route milecages
would be inherent when different terminal sites are consvdered. However,
large differences can occur when certain systems roquire circuitous
routings ercund mlvrtary restricted arcas, high terrain, or necarby alrport
opcrating areas,

TEST PROCEDURES

Air Route Control.

Thrce radar sectors of the Washington Air Route Traffic Control
(ARTC) Center were simulated, using threce flight progress bosrds and a
single uporimposcd Panoramic Radar Display (SPANRAD), This layout 1s
shown in Fig, 2, SPANRAD 1s a now radar tracking unmit which employs TV
techniques to superampose a picture of a manually generated tracking dis-
play on a bright display of thc radar target data. The manually gcnerated
portion employs pointed cardboard target wmarkers spproximately 1 1/L inches
by 3/L-1nch on which arrcraft adentity, type, and altitude data are posted,
Figure 3 shows a closeup of the SPANRAD unit,

Three expericnced radar controllers from the Washington ARTC
Center were dctairled to TDC for the tests. They handled rader control
operations, using direct communications with the various aircraft., Each
controller was teamecd with an assistant controller who handlcd the data-
collection and display functions usang the flight progress board and the
interphone system. The assistant controller azlso prcpared the target
markers for the radar controller.

The arca under study was divided geographically into three
sectors, with the exact boundaries varying somewhat, dependine on the
systems and flight operations being tosted. Because of a basic limitation
of the simulator, which permitted only 18 aircraft to be operated simul-
tancously, 1t was not possible to handle all arraival, departure, and en
route traffic operations simultencously. In somc cases, only arrivals
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were run, In other tests, only the departurcs in a given direction were
operated, In any case, full allowance was made for the airspace which
would be i1n used by the other aircraft.

Arrivals appeared 1n the system at Gordomsville, Front Royal,
Westmanstcr, Herndon, Tezppzhannock, and Brocke, They were controlled
throurh ARTC territory and handed off to approach control at thc apuro-
priatc transfer point, Prior to takecoff, deporturcs were given short-
range clearances besed on the use of ANC sepa-aticn up to the timc that
radar scparation could be established by the Center. Normel exit fixes
for the departures were Baltimore, Westminster, Martainsburg, Gordonsville,
and Penola,

Terminal-Arsa Control,

Two termainal-area IFR rooms werc simulated, The layout used
for Washington National Axrport i1s shown at the extreme right of Fig, 2.
The layout samulating the 1FR Room of the Washington svpplemental airport
is shown 1n Fig, L. For twin-stack epproach control operaticns, two con-
trollerc and one assistant controllier were used abt each airport, TFor the
departure tosts, onc controller and one zmsistant were uscd ab each airport.
In cvery case, encn controlleor used an individual scopc with a small
flight progress beard.

To maintain optimum acceptance rates and also to standardize
approach operations, cach approach controller utilized the separation
table shown 1n Fig. 5. This table wes computed to make allowance for the
following Factors:

1. The three-mile rader separation minimum,

2, Normal variations in approach spced between aarcraft of the same
specd category,

3, Thc specd diffcrential between sucecssive aireraft of different
spced categories,

Curved refercnee lines gpacod at radii of 3, 5, and 7 milcs from the
approach gates werc marked on the radar maps to serve as guades in
sceuring the specafied scparation between sarcraft. Thesc ares extendcd
exactly 20 °on each side of the localizer courge to assist the controller
in knowing when he could start an aircraft on an ILS ainterception heading
20 °* from the localizer course.

In the approach tests, a supervisor at each IFR room monitored
all approach scparations and noted the test results.

A 1ist of location designators used on route meps 18
prescnted in Table 1IT,



8

SYSTEM TESTS

Chantilly,

The airway structure used for north operations 1s shown in
Fig, 5, and for south opcrations in Fig, 6. Approach patterns for both
directions of landing are shown in Fag. 7. One feature whaich was scru-
tinized closcly wes the procedure of routing Washington arraivals from the
west, at 6,000 MSL and above, across the exbrene south end of the Chantally
approach vcetor arca, However, 1t was found that this proccedure worked
very wecll and produccd no appreciable confusion as far as the Chantally
approach controllcers were concerncd,

The feading sysiem of this layout was quite flexable ain that
1t permitted cross feedinz of arrivals from one stack to the other. Thas
proccdure tended to equelize the workload between approach controllers and
also permitted better utilization of available altitudes and communications
channcls,

The route layout permitted independent reversal of traffic
flow {north or south operations) by either airport. A4s the Chantilly
site was farther away from Washington National Airrport than cither Burke
or Belmont Bay, and ain additiorn, farther away from any restricted arca, the
Chant1lly approach vcetoring aress werc less restricted than those of the
othcr two supplemental airport sites, Although not far cnough away from
Washington to permit completely independent flight routes, the Chantilly
layout produccd less inter-airport interference than the othor two sites,

The most undesirable fcature of the Chantilly systom was the
circurtous route reguired for Washington National westbound dcparturcs
when southerly airport cgerations were in prosress, The alternative to
this procedure would be to clear thesc aarereft off Washington Nataonal
Aieport with a right turn to procced west via Victor Airway 501, Thas
procedure would require a high degrec of coordination wvith the Chantilly
tower and in most cascs, would necessitate a long "tunnel' procedure at
low altitudce until reaching «arventon, 4s it was, the routing shown in
Fig. € usually permitied the departure to begin immediate climb to crulsing
altitudc. In some cascs, a more dircct route, monitored by air route
radar, coald be assipned after the departure was clear of 211 other
traffic in the vicinity of Baltimore,

South-southwcst of Washington National Airport, the clear
airspace between Rostricted Arcas 37 and 38 is only 1h milcs wide, too
rarrow for thc establisbment of dual standerd-wadth parallel airwayvs.
Howover, the importance of this gateway led to the cstablishment of the
"M amona" (Radar Monitored Airway) concept which proved to be a satisfactory
solution to the problem. Two parallcl airways, shown as Victor 3 and
Victor 508 in Faps., & and 7, were esteblisncd five miles apart, using
redials from the Brookc very high frcquency omnirange (VOR) and the
proposcd Hyde VOR, Pilots could be clesred by eirther designated route
using VOR navipation. Radar monitoring was cstablished by the Center
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to sece that aircreft stayed in their own traffiec lane until reaching a
point where ANC separation could be applicd. The advantage of the Ramona
concept over the old procedure of vectoring aircraft off the aarway to a
parallel coursc was that thc now procedure relieved the contreller of the
direct responsibility for navigating the aircraft, This re ponsibility
ronained with the pilot. The contreoller'!s function 1n this procedure was
sumply 1o maintain separation betwcen aireraft. This procodure tended to
rcducc commum cations, since in mest cescs, no vectoring instructions were
necessary when the aircraft remeained in their assigned lancs,

Burke.

The map layout furnished by thc Office of Arrports showed
two parallcl north-south rurways ot Burke, supplcmented by an east-west
runway ncar the south end of the sirport site, This configuration as
shown in Fig, 8, which ziso shows the route layout used for north landing
opcrations in this system.

The presenec of the Washington Nonument and the prohibited areas
over tho city of Washaington preclude the use of beck~course ILS approaches
to thc south at Washington National Airport. Instead, approaches have to
be conducted toward the sratheast over Georgetown to Runwey 15. This cone-
figuratior places the soutn approoch psth Lo Burkc too close to the south-
east approach course at Washington National to permit twin-foed approach
systems to be cstablished at both airperts. One possibility would be to
1nstall a twin-fix system at Burke and a single-fix system at Weshington,
Comparative tosts of single and twin-fix cpproaches to Runway 15 at
Woshington showed that the acceptance rate with the single-fix system
dropped from 31 to 27 operations por hour, while arrival delays increased
as shown in Fig, 10.

To avoid this reduction in terminal-area capacity, the
southerly approach path at Burke wns realipgned to approximately 150
magnetic, parallcling that at Washington. This configuration, which
15 shown 1n Figs. 11 and 12, permitted twin-fix operations at both
arrports.

In this system, Washington arr:ivals from the west were routed
via Victor Airway 1Ll across thc Surke airport area. To keep the Burke
holding fixes clear of this airway required that they be placed a con-
siderable distancc away from the approach gates, nccessitataing a rather
awkward vectoring procedure, This confizuration also precluded easy
crossfecding cperations to equalize the Burke steck loadangs.

The proximity of Restricted Area 37 to the Hoadley holding
fix had a restrictive effeet on radar vectoring operations at Burke, par-
trcularly 1in the spacing of jct aireraft. The most undcsirable foatures
of this system involved congestion in the arca between Rostricted Arcas
37 and 38. In ordcr to esteblish twan-fix approach patterns at both
a1rports for north operations, 1t was meccssary to locatc one of the
Burkc feeding fixes at Potomac Heirhts, This was far from an 1deal setun
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as far ag Burke was concerned, and was even worsSe because 1t required
Washington arrivals from the scuth to overfly the Potomac Heights holding
stack before letting down for approach. This route congestion also
required the Washington National southbound departure route to go around
the east side of Restricted Area 38, which not only added additional mile-
age but would interfere somewhat with IFR operations in and out of
Andrews Fleld,

A difficult control problem was caused by the crossover of two
main arrival routes, Victor 1LL and Vietor 251, over the Burke Airport.

Belmont Bay.

This System proved to be even more congested than that for Burke,
due to the proxamity of Belmont Bay to the Washington ILS course and to
Rcstrieted Arcas 37 and 38, The original south approach path to Belment
Bay had to be realigned toward the southeast for the same reason that was
encountered in the Burke System., Routes for north operations are shown
in Fig. 13, and for south operations in Fig. 1L. Approach patterns are
detailed in Fig, 15.

The approach patterns for Belmont Bay were quite awlvard to
operate, due to the odd shape of the airspace available for this purpose.
Crossfeeding operations were not possible between Dumphries and Quantice.
An "over-tho-shoulder" procedure had to be used for north approaches from
the Dumphries pattern. The veryv slow turning rate of the jet aircraft
made the approach spacing function very difficult to handle, due to the
lack of flexibilaty possible in path-stretching operations. Jet aircraft
occasionally overshot into the active portion of Restricted Area 38, The
very long final epproach from the Quantico pattorn made spacing operaticns
even more difficult.

Iike the Burke system, the Bclmont Bay system had poor routings
to and from Washington National Airport from the south. A difficult con-
trol problem was caused by the intersection of the Vietor 1LL and Victor
25] arrival routes at Herndon.

MEASUREMENTS
Acceptance Rates.

Airport acceptence rates were measured under the saturataed
conditions produced by Sample II, Results for north landings were:

Chantally - 31 approachca per hour

Burke - 28 approaches pcr hour

Belmont Bay - 28 approaches per hour
Dclays.

Figure 16 shows the average delays encountered with Sample II
and also shows how these delays built up during the course of the problem,
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Communications.

Results of commumications measurements, using Sample I, are
shown 1n Fag., 17. It wll be noted that operation of the Chantilly system
requrred less communication workload than erther of the other two systems,

Controller Workload.

After the simulation tests were completed, the three air
route controllers revicwed cach configaration of facilitics tested, and
reted the difficulty of control which had been experiencced in handling cach
najor route 1n each of the three systems, A supmary of the rafings i1s showm
in Table JV. ZEach eniry in Table IV represents the consensus of the threc
controllcrs. Although some differences existed i1n the ratings of the i1ndi-
vidual controllers, all threce rated Chantilly, Burke, and Belmont Bay
in 1ncrcasing order of difficulty, as shown by the totals at the right of
Tablec TV,

Roule Maleages.,

Table V lasts the milcages for all major routcs of the threc
systems., Thesc are comperative figures to and from common routc points.
It w11l be noted that the Chantilly system shows the lowest total mileage
1n both north and south opcrations. Thig 1s due mainly to the circuitous
routes required in the Burke and Belmont Bay systems to get around the
restricted arcas.

During a one-hour pcriod with 50 operations at cach of the two
airports (Washirngton National and the sccond airport), assuming the same
traffic distribution as that used in Sample I, mileage flown 1n the
Chantilly systecm would be about 510 miles less than in the Burke sysitcem
and about 780 miles less than in the Belmont Bay systen.

CONCLUSIONS

1. The Chantilly site showed consistent supcriority over Burke and
Belmont Bay in cach of the craiteraa used in this evaluation,

2. There 1s not cnough arrspace available at any of the threc
proposed supplemental airport sites to permit a standard jet penctration.

3. If jet traneports arc able to turn at the ratc of 1 1/2°
per socond only, it wall be necessary that they cnter the holding patterns
at reduced specds if they are to remain within the confines of the
holding airspace as dofined by TSO0-N-20-A.

i, These tests 1ndicate that under nomal conditions whon holding
delays wall be relatively short, 1t wall be desirable to descend jet
transports en route so that they can cnter the holding patterns at the
lowest avallable altitudes.
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RECOMMENDATIONS

1, From the air iraffic control standpoint, the Chantilly site 1is
recommended as superior to the Belmont Bay and Burke sites.

2. The Belmont Bay site 1s not recommended under any circumstances.

3. Although the Burke site could be considered usable, 1t cannot
be recommended unless the layout 1s changed to permit socutheast instead
of south operations, Even then 1t would regquirc a higher control work-
load than Chantilly, because of 1ts greater interference with operations
at Washington National Airport. In additio., ats imatizl capacity would
be lower than Chantally.

li. Since limitations in time and simulation capacities did not
permit a study of the Andrews Field area an this simulation program, it is
recomuended that, after the supplemental airport location has been deter-
mined, another samulation study be made to determine the optimum methods
of handling traffic in the Andrews arca,
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TABLE I

SUMMARY OF TRAFFIC SAMPLES

Sapple T - 200 Aircraft in 2 Hoursd
(Used in Air Route Studies)

LCA

19
16

15
50

16
14
17

b7

Alrport

Slow
Medium
Fast
Jet

TOTAL

WSA

6
e5
2%
13

103

Distribution by Aircraft Types

Semple IT - 50 Aiwrcraft Per Airport

in 1 1/2 Houre

{Used in Airport Capecity Tests)

Lirport WSA
NE&N 11
E W 22
S SWEW 17
TOTAL 50
NE&N g
g W 26
+
SWeW 18
TOTAL 53
Distribution by Routes
Airport WSA
g [JEEN 15
o W 17
H SWesS 18
TOTAL 50

Distribution by Routes

LEGEND

WSA - Weshington Supplemental Airport
DCA - Washington National Airport

DcA
15

17
18

50

Airpart

Slow
Medium
Fast
Jet

TOTAL

WA

3
13
19
15

50

DCA

3
13
34

0

50

Distribution by Alrcraft Types
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TABLE II

SUMMARY OF AIRCRAFT CHARACTERISTICS

Speed (Knots) Vertical Ratea (Feet Per Minute)
Inter- Descent Climb

Type Crulse mediate  Approach Novmal Maximum  Normal Maximum
Civil Jets¥* 450 2Lo 156 *% 4000 1000 2500
DC-7 300 220 140 1000 2000 1000 1500
Super- 285 220 140 1000 2000 1000 1500
Consiellation
DC-6/ 270 180 140 1000 2000 800 1200
Constellation
B-26 220 150 130 1000 2000 900 1500
Martin LO4/ 210 150 125 800 1500 800 1200
Convair
DC-4 180 150 120 500 900 =00 1000
C-45 160 1ho 115 500 900 500 800
DC-3 1ho 120 110 500 800 500 800
Twin Beech 120 110 100 500 800 500 800

*Douglas DC-8
Boeing 70T
Convair 880

#1000 fpm when above 10,000 MSL
2000 fpm when below 10,000 MSL



15
TABLE III

LOCATION DESIGNATORS USED ON ROUTE MAPS

ARL Arlington FAX Fairfax MRE Martinaburg
ADW Andrews FAL Falla Church
ALY Alexendria FDR Frederick NOK Nokesville
ASH Ashburn FIS Fishaing Creek _ NRV Narris
ATW Ashton FRR Front Royal NYG Quantico

FTS Flint Stone
BAL Baltimore PEN Penola
BET Bethesde GVE Gordonsville PLN Plains
BEE Brooke PTD Port Depoait
BRY Bryton HAY Haymarket
B Buckmer HNT Huntingtown QRY Quarry

HOD Hoadley
CAH Charlotte Hall HRN Herndon HEM Rcrangton
CAS Casanova HYD Hyde RVD Riverdale
CES Chesterton
CQP Coles Point IDH Indian Head STV Standardsville
CBM Croon ING Ingleside

TPP Tappahannock

DAW Dawsonville JEF Jefferson
DUM Dumfries VIE Vienna

EEY Keymar
EMI Weestminster WAR Werrenton

LEE lee
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TABLE IV

AIR ROUTE
CONTROLLER WOREKLOAD SURVEY

Route Arravals to Departures from Total
Systen Direction DCA Wsa DCA W5A YD D
NE
NW
Chantilly
W D
SW D 0 2
NE D
W
Burke
) b
SW D VD 1 3
NE VD VD
NW
Belmont Bay
W D D D
SW D D 3 &
Legend
DCA - Washington National Alrport

WSA - Washington Supplemental Airport
D - Difficult
VD - Very difficult
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TABLE V
ROUTE MILBAGE CHART

System Route Mileage

a o North Operations South Operations
o [s]
bl [l
Teminal‘?é 5 Common Chantilly Burke Belmont Chantilly Burke Belmont
o g Fix Bay Bay
o A
T ";'“"”ﬁ"E’" ‘Westminster 55 €2 8~ L7 50 70
H
o
= Ew Petersburg 90 104 111 86 100 103
M
g § - 2 SW Gordcnsville 69 66 50 81 70 73
HE Y
555
'§'é<: o NE Woodstown 125 130 147 151 164 173
= a 5
E £ W Martinsburg 31 L5 53 Lé 97 20
&
8 oW Gordonsville 75 68 68 76 68 57
o NE Westminster 53 53 53 3 43 43
|
E E W Petersburg 105 118 110 117 112 105
o E SW Gordonsville 76 g2 82 89 93 100
Q
1k
ﬁgg‘ . ME Chestertomn 45 45 ks L7 Y7 Ly
,_%, =« g
.g e W  Martinsburg 56 56 4o 92 == g2
& SW Gordonsville 98 105 120 98 63 124

System Totaels 878 934 7L 971 1019 1077
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FIG 4 CONTROL ROOM LAYOUT SIMULATING IFR ROOM AT WASHINGTON
SUPPLEMENTAL AIRPORT



OPTIMUM
AIRCRAFT SPACING

WASHINGTON ILS
) ZERO WIND CONDITION

AIRCRAFT GATE

APPROACH SEQUENCE | SEPARATION
,1\ GATE o 1Tno 2| (MILES)
S | M 5
w| K3 s | F 55
g NO! s | 4 6.6
3 AIRCRAFT s 3]
© M| F 4.5
3 S M| J 58
i S F | s 30
3& & F M 35
o < F | J 5.2
@ b J [SMF 30
z SAME TYPE 40
% LONO. 2 AIRCRAFT AIRGRAFT A:FI;I;RO% ]

CATEGORY SPEED
MPH | KT

S| SLOwW 120 104
M|IMEDIUM | 140 122
F
J

FIG5 SPACING TABLE USED

IN APPROACH GONTROL
OPERATIONS

FAST 150 130
JET 180 156

AAAAAAAAAA
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AVERAGE EXCESS DELAY PER AIRCRAFT
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AVERAGE DELAY PER AIRCRAFT, IN MINUTES
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TERMINAL AREA COMMUNICATIONS
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