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SIMULATION TESTS OF PRCPQSED
ATC PROCEDURES APPLICAELE TO
FUTURE OPERATIONS IN THE
WASHINGTON TERMINAL AREA

SUMMARY

This report describes a simulation study of ear treffic control
procedures, routes, and airport configurations applicable to future use 1n
the Washington terminasl ares after the proposed Washington Chantilly Airport
is commissioned and civail jet aarcraft ere in regular operation. This study
was conducted through the use of the dynamic air traffic control simulator
at the FAA Technical Development Center.

Tests indacated that the use of a common IFR room, to handle all
arraval and departure operations in the Washington terminal area, offered a
number of advantages over the separate approach control facillities presently
in use. Other tests showed that the runway configuration originally pro-
posed for Chantilly Airport by the former Airways Modernization Boerd offered
no measurable adventages, from an air traffic control veiwpoint, over the lay-
out developed originally by the former CAA Office of Arrports. Additional
tests were conducted to develop a new parallel alrwey configuration to serve
all major airports in the Washinghton terminal erea as independently as possi-
ble. Other changes were made to lmprove the handling of military jet arrivals
and departures at Andrews Air Force Base.

INTRODUCTION

The eventual need for a supplemental airport to handle increasing
civil air traffic in the Washington terminel ares haed received serious con-
sideration by the CAA and FAA ever since the Washington National Airport began
operations in 1940. Numerous simulation studies were completed at the
Technical Development Center {TDC), Indianapolis, Ind., to evaluate the
possible use of proposed alrport sites at Andrews, Burke, Baltimore,
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Belmont Bay, and Chantilly.l 2 3 4 A5 a result of these studies, the
Chantilly site finally was selected, and funds were appropriated by the
Congress to start ccmstruction of the Chantilly Alrport.

In July 1958, an additionel simulation study was requested by
the CAA Office of Alr Traffic Control (0ATC) in order to resclve a number
of problems relative to alrway layouts and control procedures for future
operation of the Washington terminal area. At s preliminary conference of
GATC, Region 1, Andrews Alr Force Base (AFB), and TDC personnel, the
pProject objectives and terms of reference were drawn up. Four weeks was
spent in the development of new route laycuts and procedures prior to the
start of the simulation tests on August 18, 1958.

OBJECTIVES

The primaery object of this project was to develop routes and
control procedures for the Washington terminal area, including the proposed
Chantilly Airport, to meet the following system reguirements:

l. Maximm over-all traffic capacity for the various airporta in the
aree,

2. Minimum interference between traffiec flows at sd}acent airports,
with complete independence of Baltimore Friendship from other alrports in
the Washington complex.

1c. M. Anderson, F. S. McKnight, T. K. Vickers, and M. H. Yost,
"Preliminary Study of Praffiec Control Systems for the Proposed Washingion
Supplemental Airport Using Simuletion Techniques,” Technical Development
Report No. 187, November 1952.

2¢. M. Anderson and T. K. Vickers, "Dynamic Simulation Tests of
Several Proposed Dual-Airport Traffic Control Systems for Washington
Termins) Area,” Technical Development Report Fo. 237, May 1954.

3¢. M. Anderson, T. E. Armour, 4. B. Johnson, end D. S. Schlots,
"Dynamic Simulation Tests of Baltimore Friendship Adirport at Increased
Traffic Densities,” Technicel Development Report No. 316, July 1957.

hp, B, Armour, D. 3, Schlots, T. K. Vickers, and Roger 5. Miller,
"Air Traffic simulation Tests of Three Proposed Sites for the Washington
Supplemental Airport,” Technical Development Report No. 332, November 1957.
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3. Simplicity of control procedures, with a minimum of coordination,
communication, and other control workload.

Y, Maximum adaptability to presently installed navigation aids.
However, relocation, deletion, or addition of specific alds would be
considered vhere desirable.

5. Maxamum flexibality. A change in the direction of landing at any
airport should have a minimum effeet on sector Jurisdicition or clearance
procedures.

6. Capabillity of continuous safe cperation during periods when radar is
inoperative.

T. Provision for expeditious jet operations in and out of Chantilly
Alrport and Andrews AFB, including the use of a new approach procedure from
the northetist into Andrews.

In conjunction with item 3, ebove, considerable study was given to
the concept of combining various countrol agency functions im a common IFR
room.

A secondary objective of this study was to determine the relative
advpntages of a runway alignment and configuration proposed by Airways
Modernization Board (AMB) representatives, in lieu of the original layout
developed by the CAA Office of Airports for the Chantilly Airport.

ASSUMPTIONS
The following assumptions were made in the conduet of this study:

1. Bolling and Anacostia Alrports. It was assumed that Bolling AFB and
Anecostia Navael Air Station (NAS) would be deactivated in 1961, and that their
flight activities would be iransferred to Andrews AFB, increasing the number
of Andrews operations to approximately 350,000 per year. It was assumed
that Andrews would require an IFR capacity of 40 operations per hour, with
a ratio of three Jet operations for every two operations of propeller-driven
(prop) aircraft. Approaches would be mede to eilther Runway 1 or 19, using
I1S spproach to Runway 1 or GCA or TVOR approach to Runway 19.

2. Washington National Airport. It wes assumed that Washington
Hational Airport would be used, at the present operational rate, by prop erir-
craft only. The ILS system would continue to be used for & north epproach to
Runway 36 and the Georgetown MH facility would be used for a southeast spproach
to Runway 15.

3. Daviscn Army Airport. It wes assumed that Davison Army Air Field
(AAF) at Fort Belveir, Va., would operate with prop eircreft and would gen-
erate approximately five operations per hour. TVOR, ADF, or GCA would be
used for northwest approaches to Runwey 32 and GCA for a southeast approach
to Runway 14,
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4., Chantilly Ailrport. It was assumed that at least 60 per cent of the
traffie landing at Chantilly Adrport would be civil Jets and prop Jets. The
anticipated traffic densiiy would be comperable to the arrival and departure
rates at National Airport. Runway 18-36 would be the primery ILS runway.
Available wind data indicate that IFR operations would be predominantly
north.

5. Restricted Areas. It wag essumed that a portion of restricted
area R-38, which is presently available for flight operations most of the
time, still would be avallable for use in eny alrway configuration con-
gidered in these tests. This includes the portion of R-38 lying north of
a line 5 statute miles south of, and parsllel to, s line connecting the
Quantico range station and the Charlotte Hall homing facility. Recognition
was glven to the following restricted areas during the terminal ares tests:
(1) R-35, Chesapeake Bay; (2) R-37, Quantico; snd (3) R-40, AP Hill.

6. Civil Jet Procedures. Previous simalation studies had shown that
a marked improvement in esirport acceptance rates could be echleved if Jet
aireraft could be descended en route so as to start their approaches from
close-in, low-zltitude, feeder points i1nstead of from high-altitude holding
patterns. Therefore, it was assumed that the approach procedures for civil
Jets would conform to those used presently for prop aircraft.’ Purang the
sumulation tests described in this report, all jet aircraft turns were
mede st the rate of 1 1/2° per second 1nstead of the standard rate of 3°
per second used by other aireraft.

T. BSeparation Standards. With the exception of certain dusl-approach
tests im in conJunctlion with the AMB airport configuration study, all
silmulation tests in this program utilized present separation standards as
set forth in the ANC and Rader ATC Procedure Manuels. Present 10-mile ajr-
way widths and current TSO0-N20A holding alrspace eriteria were utilized
throughout the test program.

8. Electronic Aids end Facilities. It was assumed that =dequate
communications and redar coversge would be avallable throughout the area
under consideration. All en route navigation was based on VORTAC, rather
than LF, facilities.

TEEMINAL AREA EVALUATION METHODS

The first phasei of the test progrem was devoted exclusively to
terminal area operations, with the objective of developing the best possi-
ble approach end departure routes and control procedures for Chantilly,

>Paul T. Astholz and Tirey K. Vickers, "A Preliminary Report on
the Simulation of Proposed ATC Procedures for Civil Jet Aircraft,” Technicel
Development Report No. 352, December 1958.
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National, and Andrews. Comparisons of separate and common IFR room operations
were conducted. As & result of this phase, additional studies were made to
develop several revised systems for use in the en route tests.

Abbreviations used on simulatlon maps are listed 1o Table I.
Detalls of the traffic sample used in the terminal ares phase are llsted in
Tebles II and III.

Because of limitations 1n the number of available perasonmnel and
simulastor targets, it wes not possible to simulate all operatlions at all
eirports simultaneously. As a result, verious tests inecluded all deparfures
from all airports or all arrivals to all airports. Other tests included eall
arrivals and departures at a maximum of two alrports at a time.

Alrport acceptance rates and communiestions data were recorded for
use in comparing the performance of the various systems, Communicetions for
each sector included complete control instructions, weether data, pilot
reports, and acknowledgements. Test results are summarized in Figs. 1, 2,
and 3.

TERMTNAL AREA TEST PROCEDURES

System A.

This system was suggzested by the ¢ffice of Air Traffic Control. In
teets of this system, it was assumed that Chantilly, Natlonel, and Andrews had
separate approach control facllities.

North Cperstions., See Fig. k4.
Inbound traffiec for Chantilly was clesred to Ashburn, Casanove, and
McLean., Two approach controllers vectored errivals to the south outer marker
for ILS approaches.

Inbound traffic for National was cleared to Springfleld and
Riverdale. The Springfield holding pettern was aligned in a north-south
direction to provide sdditional clearance from the east vector pattern at
Chentllly. Two approach controllers vectored errivals to the cuter marker
for ILS approaches. The Springfield controller elso controlled arrivals into
Davison.

Inbound propeller-driven sircraft destined for Andrews were cleared
initially to Pit. Jet arrivals were cleared to Brooke and Patuxent River. In
the initisl tests, only 12 Andrews arrivals per hour were included. One
Andrews approech controller was able to handle this load satisfectorily.

Under heavy traffle conditlons, 1t would have been desireble to use one
approach controller for prop traffic and an additionsl approach controller
for Jjet traffie.

South Operations. See Fig. 5.
Cesanova was not used as a primery feeder fix for Chantilly when
operations were shifted from north to south. Ashburn and Meclean continued in
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use, with an spproach controller handling each sector, vectoring arrivals
to the north outer marker for ILS approaches.

Springfield and Rilverdale continued in use for south operations
at National, with one approach controller hendling each fix, vectoring -
arrivals to Georgetdwn for southeast approaches to Runwey 15.

Chestertown replaced Brooke, and was used in conjunction with
Patuxent as a feeder fix for Jet penetrations into Andrews. Pit contilnued
in use as a feeder fix for prop elrcraft.

System B.
North Operstions. See Fig. 6.

In the initial tests of this system, inbound $raffic for Chantilly
was cleared to Ashburn and Lainden, with two spproach controllers vectoring
traffic in the area west of the IIS course to the south outer marker for
ILS approaches. This arrengement produced a very inefficient and confusing
radar operation, vwhich socon was changed. The north outer marker was sub-
stituted in place of Ashburn, and the aree east of the ILS course utlilized
for this flow. This change improved the traffic picture somevwhat by meking
the two radar vector patterns essentially independent of each other.
However, the east pattern still was too long for efficient operations.

Woodbridge and Riverdele were used as feeder fixes for Natilonal
arrivals, with one approach controller handling emsch fix, vectoring
arrivals to the outer marker for ILS approaches.

Andrews operations were virtuwally unchanged from the arrangement
used with System A. Pit was used for prop arrivels, and Brooke and
Patuxent for Jets.

South Operations. See Fig. 7.
For inbound traffle to Chantilly, Ashburn and Linden were used
ag feeder fixes. In this case, Ashburn blocked the Linden vector path,
producing the same sort of lnefficlent arrangement which was encountered
in the initlal north operatlon. This procedure creeted a high coordinetion
workload and reduced the capacity of the system virtwally to that of a
gingle-fix operation.

At Natlonal, Springfield was used as the wesi feeder fix instead
of Woodbridge. Riverdale remsined in use as the east feeder fix. One
approach controller handled each fix, vectoring arrivals to Georgetown in
an srrangement practically ildentical to that used in System A.

Andrews continukd to operste with the same feeder fixes which
were used for north cperatlons. The Jet penetratlion path from Brooke was
60 miles in length, much too long for efficient operationms.



System C.

This system incorporated proposals of the Planning and Procedures
personnel of Reglon 1. Control was conducted from flve ASR indicators during
most of this test. Later, a superimposed panoramic radar display (SPANRAD})
was used to test the feasibility of combining National and Andrews in a joint
approach control facalaty.

North Operations. See Fig. 8.

Inbound traffie for Chantilly was cleared to Linden and Remington,
wlth one approach controller handling each fix, vectoring aircraft to the
south outer marker for ILS approaches. Although both petterns fed into the
ILS from the same side of the ILS3 course, the system was an improvement over
the initial arrangement used irn System B i1n that the traffic from one pattern
did not have to go through the other pattern to reach the finsl approach course.
This arrangement, while not as efficient as an ideal twin-feed system blending
traffic from both sides of the IL3 course, had the advantage of opening up a
large area east of the ILS course for the use of departure traffic.

Inbound traffic for National was cleared to Woodbridge and Andrews
south outer marker. One approach controller handled each fix, and vectored
arrivals to the National outer marker for ILS approaches.

Prop aircreft bound for Andrews were cleared to Huntingtown. Jet
aireraft used Brocke and Patuxent as feeder fixes. Care had to be teken,
particularly with Brooke approaches, to make sure that Andrews arrivels had
altitude separation from National arrivals in the vicinity of the Andrews
outer marker.

South Operatlons.
System C was not tested for south operations.

System D.
Thie system was developed as a result of previous testis on Systems
A, B, and C.

North Operations. See Fig. 9.
Arrivals. Inbound treffic for Chantilly was cleared to Arcole and
Core. One approach controller handled each fix, end vectored alreraft to the
south outer marker for ILS epprosches.

Inbound trafflc for Natlonel was cleared to Springfield snd
Riverdale. One approach controller hsndled each fix, and vectored arrivals
to the outer merker for ILS spproaches.

Andrews prop arrivels were cleared to Potomac and Pit. Jet errivals
were cleared to Brooke ard Patugent. One prop approach controller end one Jet
approach controller vectored aircraft to the south outer marker for ILS
approeches.
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Departures. Northwestbound departures from Chantilly had an
unrestricted climb route to Dawsonville., Southwestbound departures tunneled
under the Arcola staeck before proceeding on course to Casanova or Locust
Grove. HNortheestbound departures tunneled under the inbound rpute north of
Core and subsequently were integrated with National departures cn a common
route to Westminster.

The elimb of southbound National departures wag restricted until
the aircraft were well clear of Springfleld and in meny cases, until passing
Quantico. Any operation at Devison camplicated the Wse @f this route fur-
ther. National westbound departures via Herndon were provided one altitude
beneath Core arrivals and above Chantilly departures. HNational's north-
bound departures climbed unrestricted, and the northeastbound departures
were tunneled beneath the arrival route north of Riverdale.

Andrews south, southeast, and southwestbound departures, via
Patuxent or Meekins Neck, were tunneled until well past Pit. Departures
vla Baltimore and Chestertown had ne restrictions. Westhound prop depar-
tures were routed via Georgetown and were integratedd with National depar-
tures on a common route to Herndon, necessitating a lengthy restriction at
low altitude.

South Operatlons. See Fig. 10.
Arrivels. Inbound traffic to Chantilly from the west and south
was cleared to Arcola. The east feeder fix was moved from Core to Boyds
in order to open up an unrestricted departure route to New York. One
approach controller handled each feeder fix {Arcola and Boyds), and vectored
aircraft to the nerth outer marker for ILS approaches.

Inbound trafflc to National was cleared to Springfleld and
Riverdale. (me approach controller handled each fix, and vectored arrivals
to Georgetown for spproaches to Runway 15.

Andrews Jet penetrations were stpmted from Chestertown instead
of Brooke. All other fixes were the same as those used for the north opera-
tion, although Potomac became a secondary, rather than a primery, feeder
fix. One &approach controller handled prop operations; another handled Jet
operations.

Departures. Departures from Chantilly generelly had unrestricted
¢limbs on course, except for a brief tunpel to stay under westbound
Natlonal departures in the vicinity of the south outer merker,

Westbound and souwthbound departures from Natiomal had to tunnel
under the S5pringfield stack. Once clear of that area, they had unrestricted
climbs on course. Northeastbound Natiomal departures tanneled under the
Riverdale stack at 3,000 end then had unrestricted climb po Baltimore.

Andrews departures tunneled under the Pit stack and then had
unrestricted climbs to the northeast or southeast. Westbound Andrews
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departures normelly were cleared to climb southeast of Pit to an altitude
1,000 feet above any terminal area traffic before proceeding back across the
terminal area on course. It was assumed that all jet scrambles from Andrews
took off north and climbed cn an east heasding toward Cordova.

System E.
Concept.

The operation of a multiairport terminal ares primarily is a
distribution problem in that the total input of arriving aircraft, coming
from all directlons, mist be distributed to the various alirports in such a
manner that each aircraft arrives at its desired destination. Similarly, the
total ocutput of departures from the various airports must be distributed to
the variouws routes in such a manner that each sircraft ultimately proceeds
toward its desired destination. Since, in either case, tliere. is not neces-
sarily any correlation begween the direction of the route and the location of
the terminal airport within the terminal complex, & large amount of cross-
feeding or clreulious routing is inevitable. One possible way of improving
operational efficiency 1s to develop a route layout which simplifies the
crossfeeding problems.

System E represents an attempt to handle the distribution of
arrivals by providing a means of crossfeeding individual aircraft across the
center of the area to their desired destinations. For all arrivals except
military jets the feeding system consist of four outer fixes and a center fix,
arranged schematically as shown in Fig. 11, During the simulation tests,
the crossfeeding funetion was handled by a coordineting controller, who
acecepted control of arriving sircraft at the four outer flxes and fed indi-
vidual aircraft across the terminal area as necessery to proceed to the
appropriate feeder fix, where the aircraft was handed off to the spproach con=-
troller. In this system, point-to-point navigation across the area was
accomplished by the pilot.

In some cases, the coordinator had three cholees of cperation from
an outer fix. Thils can best be illustrated by defining the choices of action
available for an aircraft at Lisbon en route to Chantllly during north
operations.

1. Alrcraft were cleared over Core with a radar handoff belng made with
the Chantilly east arrival comtroller.

2. Arrivals were handed off at Lisbon, from whleh point the Chentilly
east controller vegctored the sireraft on the downwlnd leg east of the
alrport.

3. Handoffs were made to the Chantilly west arrival controller vhen
errivels reaeched Lisbon, and the radar vector wes accomplished on the west
glde of the asirport.

Thies flexibillity allowed the cabrdinstor to maintein an even
balance of traffic between the two Chantilly errival controllers.It was



10

necessary for arrival controllers to keep the ccordinator advised when an
altitude was available at the holding fixes. During the final samulation
tests, a frontal passage and change of landing direction was simmlated.
The three major airports started the problem with arrivals and departures
landing and taking off to the south. Chantllly then switched to a north
operation, Approximately 20 minutes later, Netlonal changed to & north
opereticn; within enother 10 minutes, Andrews also made a change to north
operations. Before completion of the problem, operations et Chantilly
reverted back to south operations while Natlonal and Andrews continued
with south operations.

North Operstions. See Fig. 11.
Arrivals.

Chantilly: Arrivals from Stafford and ILisbon were vectored direct
to the final approach course. Traffic from Largo was recleared
to Core and normelly was changed to the Chantilly arrival con-
troller as the flight approached Core. Three options, previously
described, were availeble from Lisbon.

Netlonal: Largo and Stafford traffic wes vectored direect to
intercept the ILS course. Linden arrivals proceeded to Core
where a radar hendoff was accomplished. Inbounds from Lisbon
were recleared to Core or Georgetown, and rader handoff was made
to one of the Naticnal contrellers. From Georgetown, the air-
craft could be handed off to either the east or west controller
for the final vector.

Andrews: The majority of prop ailreraft destined for Andrews were
routed to Largo or Stafford, from which points the Andrews con-
troller vectored arrlvals direct to the final approach course.
However, vhen it became necessary for an Andrews arrival to be
cleared to either Linden or lasbon, crossfeeding over Core was
utilized with a radaer bhandoff. Jet penetrations were made from
Brooke and Patuxent.

Departnres.

Due to a shortage of personnel, departure control for the three
major airports was divlided between two controllers. In actusl operations,
1t is probable that four controllers would be reguired to hardle this
functicn. Many of the departure routes were used Jolintly by Naticnal and
Andrews; therefore, departure control wes divided end assigned by routes
rether than by airports.

The west departure controller was regponsible for all alreraft
departing from Chantilly. In addition, he controclled the two routes from
Georgetown over Llsbon and Dewsenville. The control of the remaining
routes was the responsliblllity of the east controller.
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The Jet scramble route east of Andrews was used for prop eircrarft
departures as well as for scramble departures. Hlgh-performance sircraft
departing in a westerly direction also used the jet scramble route as a de-
parture route, climbing to 1,000 feet sbove the highest altitude in use
within the terminal area. Upon resching such altitude, aircraft reversed
course and proceeded directly on course.

South Cperations. See Fig., 12.
Arrivals.

Chantilly:; Radar vectors were made from Liebon and Linden to the
final spproech course. Arrivals from over Largo were recleared to
Core and a radar handoff was made between the coordinstor and the
Chantilly arrivel comtroller. Ailrcraft clesred to Stafford were
recleared to Core by the coordinating posaition and then handed off
to ‘the Chantilly arrival controller. Traffic and workload permitting,
an optional procedure allowed alBndoff at Stafford without reclear-
ance to Core. When the Chantilly arrivel controller assumed con-
trol of an arrival at Steffeord, he had the choice of vectoring the
aircraft direct to final approach course or reclearing 1t from
Stafford direct to the scuth outer marker and then vectoring to

the final apporach course.

National. Vectors to final approach course were made directly from
Largo end Lisbon. Arrivels from over Stafford and Linden were
erossfed over the Core VOR.

Andrews: Andrews arrivals were handled in the same manner as in
north operatlons.

Departures.

Al]l departures during the south operastions were controlled by the
gsame procedures as during north operations. Departures from Chantilly were
required to make a right turn after takeoff and were vectored to the pref-
erential outhound airways.

, Westbound high-performance airvcraft departing from Andrews made
their climb on a heading of 090° or direct to Meekins Neck, and then reversed
course after reaching the required altitude.

System F. See Figs. 13 and 1L.

Dynamic tests of this system were not as extensive as desired, dQue
to the limited simulator time available. However, all phases of System F
were tested in different combinations during runs on Systems A, B, D, and E.
This system was in fact identical to System E, with the exception of Pit being
substituted for the Largo prop stack end Chestertown replacing Broocke when
landings were made to the scuth.
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TERMINAL AREA TEST RESULTS

System A.

The locations of Casanova, Ashburn, and McLean were not conducive
to close-in, short-path rader vectoring at Chantilly. The alternate use of
Ashburn or Caesanova, dependent on landing direction, requared & change in
clearance limit by the Alr Route Traffic Control {ARTC) Center whenever a
wind-shift occurred. The use of Casanove instead of Ashbmwrn, when landing
north at 'Chantilly, caused = considerable reduction in the acceptance rate.

Identification of targets at Springfield was considered difficult,
due to the inability of the Springfield arrival controller to distinguish
between arrivals holding south of Springfield a2nd those targets being
vectored for a north landing.

Conslderable workload was imposed upon the Andrews arrdival
controller who was regquired to vector both conventional aireraft and jet
arrivals. It was noted thet the one conventional feeder-stack at Pit was
unable to hendle the traffic leoad being simulated. When switching to south
landing operations, the controller workload increased considerably by rea-
son of the extremely long vector path required to move a jet from Brooke to
north final approach course. For this reason, subsequent studles of this
gystem included the use of Chestertown es a Jet feeder fix when making south
landing at Andrews. However, when a wind-shift occurred, it was necessary
to continuwe vectoring those alrcraft in the Broocke holding stack until the
ARTC Center could chenge the clearance limit to Chestertown, in order to
continue a steady flow of traffie.

System B.

In this system, the use of Linden and Ashburn as feeder stacks
Tor both north and south landings at Chantilly required a2 croassfeeding of
traffic from the two stacks. Heavy controller coordinstion was necessary.
In addition, the acceptance rate was reduced and delays were extensive. Long
radar vectors were necessary when vectoring from Linden for a south approach
and vwhen veetoring from Ashburn for s neorth epproach.

In subszequent studles, during north operations alrcraft were cleasred
to the Chantilly north ILS O/M instead of Ashburn. This allowed the east
arrival controller to vector north arrivals down the eaat side of the air-
port Instead of crossfeeding from Ashburn below the Linden holding pattern;
however, the use of the north O/M did not reduce the length of the radar
vector psth.

A map study disclosed that It likewise would be pessible to
eliminete the crosafeeding of Linden traffic below the Ashburn pattern during
south operations. Linden traffic could be cleared to the south ILS 0/M and
then vectored aleong the east side of the elrport. Due teo limitetions of
time, however, this procedure was not tested for south lendings at

Chantilly.
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The use of Woodbridge as a second feeder stack on the west side
of National provided a shorter vector path for north arrivals. When
Springfield was utilized for both north and south landings, it was necessary
t0 start aircraft on a long downwand leg to establish a usable veetor path.
In some instances, it was necessary to commence the vectors from the outbound
extremity of the Springfield holding pettern rather than st the holding fix.

The use of Woodbridge when landing north ensbled the controller
to vector directly to a base leg and also to distinguish more positively be-
tween has arrival vector traffic and holding traffic in the spproach stack.
The use of Springfield and Woodbridge as alternate feeder stacks, however,
precluded the use of a common clearance limit for all types of operatiom.

Disadvantages of this system for Andrews were simllar to those noted
in System A; long radar vectors were necessary from Brocoke, when landing
south, because of the lack of jet-penetration feeder fix from the northeast.
In addation, prop traffic was too heavy to be hendled adeguately from one
eonventional holding stack at Pit.

Bystem C.

The location of feeder stacks for Chantilly in this system will
enable cperations to continue unaltered in the event the present TSO-HZ0A
holding pattern is increased in size. However, this type of feeder system
extended the area of maximum coordination from the final apprcach course to
a point aleng the common base leg, therefore increasing the amount of
coordinetion between the arrival controllers.

The workload imposed upon the National east arrival controller was
extremely high. Coordinstion constantly was at a very high level, inasmuch
as the east Netional controller had to coordinate oot omly with the west
National controller, but also with the Andrews approasch controller vectoring
conventional-type arrivals from Huntingtown to land at Andrews.

In this system, as 1n Systems A and B, no provision was made for
Jet penetrations from the northeast at Andrews. In addition, it was neces-
gsary that the Andrews approach controller insure altitude separation at the
Andrews L/F range station between his arrivals and aircraft holding at the
Andrews raenge in the event of & migsed approach.

System D.

The location of Arcola in Bystem D provided a common feeder fix for
both north and south operations and allowed equldistant wectors for landing
ipn eilther direction.

Because of the proximity of National snd Chantilly, it wes not
possible to establish & common feeder stack on the east side of Chantilly
which would functicn adeguately for both north end south landings. McLean
was the clearence limit for all arrivaels from the north or esst. However,
when landings were made to the north, the approsch controller recleared
McLean traffiec over to Core, from whence rader vectors were conducted for a
north landing.
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Tests indicated that a2 change in the location of the Riverdale
east feeder fix was not desirsble. However, a revision or relocation of
the holding fix on the west gide was necessery. The use of Springfleld
as a common fix for both north and south operations appeared desirable,
The only proposed operational change was concerned with the direction of
holding at Springfield. In order %o provide the easiest vector path to
one final epproach course, 1t was advisable to hold north of Springfield
vhen Washington traffic was landing north, and to hold southeast of
Springfield when Georgetown approaches were in progress.

This system included Potomac as a second holding stack to handle
Prop aireraft landing at Andrews. This helped greatly in reducing the
overload of traffic using the Pit holding stack, as reflected in tests of
Systems A, B, and C. Tests proved that a Jjel penetration fix from north~-
east of Andrews was necessary. The use of Chestertown provided quicker
and easler access into Andrews vwhen landing to the south.

System E.

Simiation tests indicated that the termanal area comtrollers'
workload was increased slightly using this coufiguration. This was
caused primarily by the longer vector paths utilized between feeder fix
and approach gate. However, it was felt that the extra workleoad would be
duly compensated for by the reduction of en route problems and workload.
The controllers substantiated this later during tests of en route System IT.
The inherent flexibility of System E provided & near-automatic balence of
traffic between any two controllers who were-vectoring to a single IIS. It
18 important toc note that a change of landing direction at any cpme alrport
had 1ittle effect on the arrival rate at elther of the three major air-
ports. The terminal area data, Figs. 1 and 3, show that Andrews hed
slightly higher delays and slightly lower arrival rates than Retional or
Chantilly, but this was to be expected because of the long jet penetrations.

The Brooke Jet penetration agein proved too long for efficient
operation. Largo was not en ideal prop feeder fix, becanse of the long
vectors vhen landing north and the difficult identity problems encountered
when landing south.

System F.

Following the simulation runs, detalled map studies indicated
that the Pit holding pattern wes superior to Largo. Inasmuch as Pit and
Chestertown had been tested previously in several systems, they were in-
corporated in System F when landings were made to the south. This syatem
appeared to have many mdvantages over the previous maps. It provided the
capability of a steedy flow of arrivals when landing directlion changed at
any of the three majJor alrports. This flexibllity waes a great ald to the
ARTC Center, since only = small portion of the arrivals required rerouting.
A3 In System E, it was a flexible system with the ability to maintain a
balanced flow of itraffic among the arrival controllers. The controller
opinions indicated that System F probably was the biggest asset to Andrews
operations, and was equally as good for National and Chentilly traffic as
any of the other systems tested.



15
EN RQUTE EVALUATION METHODS

Scope and Conduct of Test.

This phase of simulation was concerned primarily with the selection
of the most adapteble en route mirways structure possible colneldent with
the existing nevigational facilities and any future planning provisions. The
en route test studies described herein are divided into two major parts, and
will be referred to as System I and System II. System I refers to Maps I and
I-A, and System| II refers to Maps 11 and II-A.

Four experienced radar control persomnel from the Washington ARTC
Center and four radar controllers from the Washington Tower were detmiled
to TDC for the three weeks® duration of the tests. These contrellers simu-
lated en route and terminal radar control operations, using direct communi-
eations with the various aireraft. Each controller was teemed with ean
assistant controller, who handled data posting and l3ndline communications
using the flight progress board and the interphone system. Both common IFR
room and independent approach control configurations were tested during
similation runs of en route Systems I apd II. The simulated en route Center
utilized different combinations of two SPANRAD displays, three flight pro-
gress boards, and two slant scopes. Typical views of these operations are
shown in Figs. 15 and 16.

Traffic Sample.

The traffic sample used for the en route phase of this study
contalned an input of 318 flights in 100 minutes. The en route study was
divided imto north and south phases, providing an input of 201 flights in
the north phase snd 183 flights in the south phase.

The ainput of 201 flights 1n the north phase included 107 departures
and 9% arrivals. Of the 94 arrivals worked in the test period, Tl flights
landed at Chentilly, National, and Andrews. The remaining 23 arrivals landed
at the four minor terminals, namely, Davison, Quantico, Glenn L. Mertin, and
Baltlimore Friendship. The arrival loed handled in the north study at
Chantilly, National, and Andrews averaged 44.3 alrcraft per hour.

The input of 183 flights in the south en route study included 104
departures and 79 arrivals. Of the total 79 arrivals worked in the 100-
minute period, 59 fljghts landed at the three maJjor airports. The remalning
20 arrivals landed at the four minor terminals. The totel arrival load
handled in the south operation at the three major alrports averaged 37
gircraft per hour.

Communicaetions Measurements.
Communications date sre presented graphically In Fig. 17.

Personnel.
The personnel who participated 1n the en route testa were
experlenced radar controllers from the Washington ARTC Center and the
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Weshington National Tower. From the standpoint of human performence, the
results are believed to be indicative of those which could be expected
from a typical group of radar comtrollers.

At the conclusion of the en route tests, a eritique was held,
and a tape recording was made of all opinions expressed by the controllers
who had participated in the tests. The opinions and recommendations
expressed were relied upcn to a large extent in the finel evaluation
results.

General Procedures.

In conducting these tests, it was assumed that alr route
surveillance radar (ARSR) equipment would provide reliable coverage to at
least 25,000 feet mean sea level (MSL). Also, it was assumed that radar
vector procedures would be used for the following:

1. Sequencing of aslrcraft en route to holding fixes, and outbound
from departure terminals until established on preferentlal airways.

2. Guiding aircraft from the holding fixes to the final approsach
course for subsequent ILS epproaches.

3. Maintaelning longitudinal or lateral separation between departing
alreraft and other airecraft until ANC separation iz established.

4, EstablibBhing longitudinal seperation between arriving eircraft
en route to the finel approach gate. The spacing chart used 1g shown in
Fig. 18.

The en route alrway structure surrounding the Washington
terminal area is dependent, to & very high degree, upon the placement of
the holding fixes feeding the various airports. Conslderable time was
gpent aenalyzing the effect the relocation of present navigational aids
would have on the over-all traffic flow. A 1list of location identifiers
used for these tests 18 shown in Table I.

In some tests, both departures and arrivels were restricted to
blocked altitude levels. Other tests were made using "odd" altitudes for
departures and "even" altitudes for arrivals. Departure routes, tunneled
below inbound en route traffic, were tested and evaluated using ANC as well
as raedar separation.

Every effort was made to develop a flexible traffic system which
would not penalize jet alrline operations by imposing circuitous routings
and restrictions on climb after leaving the terminsl sirport. Generally,
this was asccomplished by the use of parallel alrways and preferential
routings.

Arriving eircraft were controlled through the ARTC airspace and
handed off to approach control at the appropriate release point. Prior to
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takeoff, departures were given short-range clearances based on the use of
radar separation, with handoffs being made to the Center as quickly after
departure as possible,

EN ROUTE TEST PROCEDURES

System I.

This system, illustrated in Fig. 19, was the origimsl arrival and
departure airway system proposed by TDC. No deta were obtained from this
test due to system saturation long before the problem time had expired.
This indicated clearly that alterations in route structure were required
before the system could function satisfactorily.

Mzp I-A, 1llustrated in Fig. 20, was developed as & result of
weaknesses noted i1n Map I, and from the associated tests of terminal area
Bystems A, B, C, and D. Ten simulation tests were made onr this route struc-
ture, for a total operating time of 13 hours 45 minutes. Four of these simu-
lation runs were used for training purposes to familiarize personnel with the
operation of equipment used in dynamic simyletion tests. The six remaining
runs furnished data information for comparative evaluation.

Since an insufficient number of targets were available to run all
arrivels and departures, it was necessary to divide the sample problem into
"north" and "south" portions. Each portion was tested for both landang
directions at the three major alrports., In addition, Chantilly operations
were switched occasionally from Runway 18 to Runway 36 and back egain to
simulatf changes in wind direction. In el)l ceses, however, allowance was
made for the airspace which would have been occupled by other eireraft not
belng simulated in the particular test.

Initial tests of Map I1-A were conducted with all landings and
takeoffs to the north. Arrivals were fed to Arcola and Core, from which
points they were rader vectored to final approach course for landing on
Runway 36-R at Chantilly. The altitudes in the Arcola and Core holding
stacks ranged from 3,000 to 7,000 feet a2nd were conbtrolled by Chantilly
approach control. Departures took off on either Runwaey 36-L or Ruaway 36-R,
tunneling at 2,000 feel under the approach stack at Arcola until clear of the
holding end vector area before being released to ARTC radar control.

Aircraft landing at National were cleared {o the approach stacks at
Springfleld and/or Riverdale for subsequent vector to a landing on Runway 36.
Departures were made from Runwey 33, end tunneled beneath arrivel traffic
proceeding from Manassas to Springfield. Southbound depertures were released
to Center departure control after passing Stafford.

Prop aireraft landing at Andrews were cleared io Potcmac
Intersection for a reder vector to the Andrews ILS course, landing on Runway
36. Jet alrcraft were cleared to Brooke and Patuxent River for radar vector
to the seme runwey. Departures on Runway 36 were tunneled beneath the holding
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pattern at Pit and were released to Center departure control after clearing
the TS0 holding-pettern airspace, and then were sllowed to climb unrestricted
to Patuxent River or Meekins Neck.

In order to separate jet and prop departures at Andrews, the prop
alreraft were vectored via Pit direet to Rock Polnt. These departures were
restricted to altitudes of not gbove 9,000 feet until reaching Rock Dolnt.
Separation between jet penetrations from Patuxent River and departures en
route to Roek Point was provided by requiring the jets to maintein at least
10,000 feet untll clear of the Rock Point routing end established on the
Andrews south ILS course.

Subsequent gimulation runs utilized departure routings via Pit,
V557, to Patuxent River for both jet and props. Arriving prop alrcraft
received clearance to Pit from the south via Meekins Neck, V213N, and V5ik.
In sddition, this routing also was used for Baltimore arrivals from the
south. Baltimore traffic was handed off to the Natiomal approzch control-
ler at Pit and then was vectored to the final approach course, landing east
or southeast at Baltimore.

During this phese, Center coperations were conducted from a single
SPANRAD. The approach control functionz were divided into three separate
operatlons, with an approach controller handling Chantilly, another working
Netlonal traffic, and a third ccntroller handling Andrews arrivals. The
approach centroller vectorlng traffic into Natlonel also handled the arri-
vels into Davison and the Andrews controller conducted approaches into
Quantico.

When simulation of Map I-A was switched to a south arrivel and
departure operation at the three major airports, the followling procedures
vere used:

Chantilly arrivals from the north were routed via Martinsburg
vi2 to Mclean. Aireraft from the New York area were routed via Pottstown
V39 detour, V39 Frederick, and V551 to McLean. From the south and south-
eagt, 8ll alreraft were sent to Flat Rock V155, Gordonsville V39 Linden,
direct to Arcola. Arrivels from the west and southwest also eonverged at
Linden en route to Arcola. An alternate arrival route from the west was
via St. Thomas V265 detour, V39 Frederick, and V551 to McLean. Approach
control essumed Jjurisdictlon at Arcola and Mclean, from vwhiech they vectored
the arrivals to Runway 18-R.

Ratlional arrivels from the west and northwest were routed via
8t. Thomas V265 Westminster, Dayton, and Riverdale. From the northeast,
traffic arrived vie Westchester V166 V3, Plkesville, Dayton, and Riverdale.
From the south and southeast, the aircraft converged on Flat Rock, thence
vis V555 Manassas, direct to Springfield. Routings from the southwest were
vie Gordonsville V16, V555 Manessas, direct to Springfield. From Riverdale
end Springfield, the aircraft were vectored to Geocrgetown for lending on
Runway 18.
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Andrews prop arrivals from the northeast were cleared to Pit via
Kenton, V213 and VShkli. From the south and southeast, they were cleared to
Potomae via V157. Traffic from the southwest wes routed to Potomsc by one
of two possible routes, Pinegrove, V540 end V1kk, and were restricted to
6,000 feet or above until clear of V3. Andrews approach control vectored
the props from Pit and Potomac to Runway 18.

Andrews Jjet arrivals were cleared to either Brooke or Patuxent,
descending to 20,000 feet before commencing their penetraticons. After
completing several runs, landing on Runway 18, Chestertown was used in
place of Brooke as a penetration fix.

Chantilly departures were made from Runwsy 18-L, with tunneling
restrictions imposed to Dawsonville, Herndon, and Casanova.

National southbound departures used Runway 18, with a radar vector
to Stafford. Northbound, the departures tumnneled under Riverdale en route
to the Baltimore VOR, thence wvia V31 to Hanover, or V123 to Part Deposit.
Those aireraft headed west were cleared via Hapnover and Harrisburg, then
turned westbound.

Andrews prop departures used Runway 18, and tunneled under Pit en
route to Patuxent or Meekins Neck. This route served slrcraft headed west,
south, or southeast. Those headed north were tunneled under Pit, and
vectored to intercept V123E.

Andrews Jet departures also tunneled under Pit, then climbed
unrestricted to Patuxent or Cordova. Those Jets whose destination lay in a
westerly direction climbed via V557 or V16 until clear of other terminal
traffic, then reversed course toward Gordonsville or Front Royal.

A system of blocked even and odd altltudes was utilized with Mep I-A
at polnts where major traffic flows crossed. Even altitudes of 6,000, 8,000,
10,000 feet, and so forth, were assigned to arrivals on V265 and V39. 044
altitudes of 7,000, 9,000, and 11,000 feet and above, were assigned to
Riverdale arrivals on V3 and McLean arrivals via V42. Chantilly departures
recelved short-range clearances to Hanover, via V251 at odd altitudes of
3,000, 5,000, and 7,000 feet and above. National and Andrews northbound
departures received short-range clearances at even altitudes of 6,000 feet
and above via the Baltimore VOR and LF fange. This system of blocked alti-
tudes allowed departure and arrival control to interlace thelr traffic at
Westminster, Detour, Pike, and Hanover.

System I1I.

This system encompassed tests of an alr route structure compatible
with terminal area Systems E and F. The area wlthin en 80-nautical-mile
radius of the Washington metropolitan terminal aree was simuwlated. Present
locations of navigatlonal alds were utilized where practical. However, due
to the need for parallel one-way airways, a few facilities were relocated
apd some new ones added, where necessery. These changes are indicated by
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comparing the present system, Fig. 21, and the Region 1 master plan,
Fig. 22, with System IT msps. The airwsy configurations tested in System
II zre illustrated in Figs. 23 and 24.

Treffic destined to Chantilly, Natlonal, Davision, and Quantico
wes cleared by the Center to the nearest of the four major terminal feeder
fixes. These fixes, located north, east, south, end west of the terminal
srea, were Lisbon, Pit, Stafford, and Linden. Altitudes used in these
holding patterns were 4,000 to 8,000 feet, inclusive.

Prop aireraft landing at Andrews were cleared by the ARTC Center
to elther Largo or Stafford. Jet arrivals were cleared to Broocke or
Patuxent River at a minimum altitude of 20,000 feet, and the Jjet seramble
route always was predicated on a north takeoff, with right turns out, as
shown in Figs. 23 and 24,

The ARTC Center utilized Frederick, Shadyside, Brooke, Casanova,
end Martinsburg as outer holding fixes at altitudes of 6,000 feet and above.
Traffic held at Casanova was recleared to elther Stafford or Linden and
traffic held at Martinsburg wes recleared to either lLinden or Lisbon.

Departures were changed to Center radio frequency upon completion
of a rader handoff from terminal departure control to ARTC rader control.
This handoff was accomplished after all terminal conflictions were resolved.
In this phase, the mejority of heavily traveled routes were designed to
eroes prior to the change to ARTC control. In addition, the terminal con-
trol facility was responsible for separatling traffic until such departures
Wwere past the terminal feeder fixes. At this point, several of the routes
ellowed an unrestricted climb to eruising altitude.

During Phase II tests, Baltimore traffic was handled by the
ARTC Center. Departures were controlled until past all possible areas of
econfliction, and arrivals were controlled as far as the Baltimore VOR.

EN ROUTE TEST RESULTS
System I.
Simtation tests, dlscussions, and a thorough study of Map I,
Pig. 17, disclosed the fillowing weslnesses:

1l. The ARTC Center soon was saturated with traffiec and reached the
point of breakdova.

2, Inter-sector ccordination was excesslve because of numercus
crossing traffic flows.

3. Conflictions occurred regularly at Locust Grove between converging
arrival traffic on V16 and V39.

k. Chantilly arrivels via V39 conflicted with Natiomal and Andrews
departures on V286 just south of Casanova.
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5. Andrews westbound departures were penalized unduly by the excessive
tunneling distance imposed on them.

To correct the problems noted on Map I, the following changes in
airwey structure and accompanylng procedures were made and are reflected on
Mep I-A, Fig. 18:

1. V555, between Manassas and Flet Roeck, wms changed from an outbound
to an inbound routing and was utilized by Natlonsl traffie in place of
Chantilly traffic. This provided an uvnrestricted descent route to Springfield
via Manassas.

2, V539, between Arcola and Cumberland, was added to provide a route
for Chantilly southbound departures. Aircraft on thig route were restricted
only with respect to eastbound Nationel and Andrews arrivals, cruising at
6,000 feet or above, on V1ik.

3. V157, vhich had been used as a southbound airwasy from Andrews, was
reversed o serve inbound traffiec with e route to the Potomac holding
pattern.

%, V39 was moved west, in the vieinity of Gordonsville, so as to align
the airwey parallel with V539.

5. Chantilly southwestbound departures, cleared via Arcola, Casanova
and V140, were restricted to altitudes of 5,000 feet or below until clear of
V39. Chantilly asrrivals, cleared to Arccla via Gordonsville, V32 Linden,
were at altitudes of 6,000 feet or above.

Followlng several simulation runs of Msp I-A, it was apparent that
the Andrews westbound prop departure route was an unsafe operation beceuse of
the long radar vector, and the fact thet the props were being cleared i1nto the
face of jet penetraticns. Rock Point departures subsequently were discon-
tinued, and V557 or V559 was used for both prop and jet departures.

System II.
Simulaetion tests, discussions, and a thorough study of Map II,
Fig. 23, disclosed the followlng wesknesses:

1. The location of Largo holding pattern was such that misidentification
of holding end landing traffic was a fairly common occcurrence.

2. There was an ilpsufficient number of alrvays east of Andrews to¢ handle
the programed arrival and departure traffic.

3. Jet penetrations from Brooke to Runway 18 at Andrews were of
exceaslve length, and too much of the penetration path was at low altitudes.

To correct the deficiencies noted on Mep II, the followlng changes
in elrway structure and asccompenying procedures were made on Map II-A, Fig, 2k,
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1. The Pit VOR wes used as an east terminal feeder flx in place of
Largo. This move eliminated the confused radsr pleture north of Andrews
that existed when landings were made on Runway 18.

2. V518, between Largo and Woodstown, was determined to be
unnecessary and was removed.

3. V44 was extended east of Baltimore to the Kemton YOR, to provide
an entrance and exit route for Baltimore traffic.

4. V516, west of Dover, was added so as tq provide an Andrews
departure route during north operations, end an Apdrews penetration route
during south operations.

5. V5ilt connected the Pit holding pattern with Preston to serve prop
arrivals from the east.

6. A depsrture route from Andrews to Meekins Neck was added to
facilitate departure routing to the east from both HNational and Andrews.

T« A fix at Chestertown wag established to provide a second jet
penetration to Andrews when landing Runway 18. This eliminated the long
flight path from Brooke VOR.

Simalation tests that followed the sbove map changes showed a
marked improvement In the ease of handling both Andrews traffic and other
gircraft operating to and from the east. Terminal arrival traffic destined
for the three major ailrports was controlled from the common IFR room,
utilizing slant scopes as shown in Fig. 25. The arrival coordinator who
controlled the traffic distribution by crossfeeding from fix to fix was
the IFR room's "kingpin." The successful operation of the common IFR room
was due primarily to this position because one supervisor hed the traffile
Plcture of all three airports. This reduced the terminal coordination
to only that necessery between one arrival supervisor and one departure
supervisor. The terminal SPANRAD departure console in shown in Fig. 26.

CEARTILLY AIRPORT TESTS

AMB and CAA Layouts.

A proposed configuration for e tangentiel runwasy system at
Chantilly wes submitted by the Alrwsys Modernization Board for comparisen
wilth the layout designed by the CAA O0fflce of Alrports. A limited number
of tests were run to evaeluste seversl combinetions of holding end vector
patterns.

Taxd distences snd expansion cepabilities of the AMB and CAA
runway configuraticns were compered in e mep study to determine their
relative advanteges. Comparative illustretions of the two proposed alr-
port layouts are shown In Flg. 27. The locetions of the three primary
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runweys in each proposal are similar. The addition of a fourth runway to
each configuration results in a double V runway system when added to the CAA
proposal, and in a tangential runway system when added to the AMB proposal.

One of the biggest advantages of the double V system 1s its
adaptability to expansion of terminal fecilitles, whereas the tangential
system, by 1ts basic layout, would form a basic limit to the future expansion
of terminel facilities within the comnfines of the four runways.

The AMB proposal would provide a greater distance between parallel
runveys and would ellow a minimum taxi distance for east and west landings
and/or takeoffs.

Dual Approach Operatione.

Initial simulation tests were made to determine the capabllities
of the AMB runway configuration, utilizing the duel ILS approach systems
shown in Figs. 28 and 29. For test purposes, arrivals from the Chentilly
traffic sample were doubled to create = total input of 50 aircraft per hour.
Departures were restricted to only 12 per hour because of the limited number
of targets aveilable. Control was conducted alternately from PPI scopes and
a SPANRAD unit. When the SPANRAD was used, comparative tests were made with
and without radar tracking identification markers.

Three different control procedures were tested, as described
below and illustrated in Fig. 30.

1. Independent QCperation. Separetion, during IL3 approech, was
provided only with respect to aircrafi in the same lane, and without regard
to traffic aetlvities in the opposite lane.

2. Altitude Separation at Turn-On. Normal rader separation was provided
between successive aireraft In the same lane. In addition, a §500-foot alta-
tude separstion at turn-on was provided between eircraft in opposite approach
lanes, This was accomplished by moving the turn-on points at least 5 miles
beyond the associated outer marker, and maintaining the 500-foot separation
until the alrcraft intercepted their respective glide slopes.

3. Longitudinal end Vertical Separation. Normal radar separation was
provided between successive aircraft in the same lane. In addition, at
least 3 miles' longitudinel seperation was established from aircraft in the
oppesite lane.

System G.

This four-stack system is shown in Fig. 28. For north operations,
control was divlided between a west arrivel contreoller asnd east arrival con-
troller. The west controller vectored from Pleins and Middleburg to Runwey
2-L, and the east controller vectored from Sterling and Memassas to Runway
2-R. The airspace normally used for vectoring 1s shown in Fig. 28. Depar-
tures used Runway 30-L and madje e left turn after takeoff. Southbound de-
partures were restricted below the pattern at Middleburg and were redar
vectored untll clear of the holding pattern at Plains,
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For southeast operations, control was divided between a north
controller and a south controller. Arrivals to Runway 12-L were vectored
from Dawsonvlille and Boyds by the north controller. The south controller
vectored from Plains and Middleburg to Runwey 12-R. Vector patterns are
illustrated in Fig. 28. Eech arrival controller worked independently of
the other controller, providing a 500-foot altitude separation at turn-on,
as deseribed previously. WNorthbound departures used Rumwey 20-L for takeé-
off, made a left turn out, and were tumneled under the Boyds holding
pattern.

S}"stem H.

As a result of simulation end a subsequent map study of System G,
the feeder fixes used irn this system were relocsted. These chenges are
1llustrated in Fig. 29. The primary reeson for making these changes was
to test the feaslbility of using a common feeder fix to serve approaches
for northeast, southeast, and southwest lendings. The Arcola holding
Pattern was altered to conform waith the landing runway in use, so that the
alrcraft was always established on the downwind leg when it was over the
fix. Approaches to Runweys 20-L and 20-R were not tested, but are illus-
trated in Fig. 29 to show the possibilities of a common fedder fix. ZEach
IS was operated as an Independent system, with a 500-foot separation at
turn-on, wntil the aircraft were estzblished on the final approach course.

CHANTILLY AIRPORT TEST RESULTS

Runway Alignment.

Tests showed thet the slightly different runwey alignments of
the AMB proposal, about 15° clockwise from the corresponding slignments
of the CAA proposal, had very little effect on the flow of terminal srea
traffic. Any advantage of the additional separstion gained from Netional
traffic toward the south waes cancelled out by the reduced separation to
the north. The original differences in alignments were produced by .
different interpretations of the seme wind rose data.

System G.

Tests of System G showed that the use of four feeder stacks,
arranged as shown in Fig. 28, resulted in numerous cases of less tham .
gtandsard radsr separation, primerily because the aircraft from one stack
hed to pess by the other stack on the way to the finel approach course.
To reduce the number of potential conflicts, altitude sepmration was!mhin-
teined between aireraft leaving the two stacks feeding the same runwey
until the alrcreft were inbound on final approach course, This procedure
dicteted the use of & long, final approach course to provide roam for
descent. In turn, the additional length of the final approach course
required additional separation between successive alrcraft to reduce the
possibility of overtaking, thus reducing the acceptance rate and thereby
defeating the purpose of the additional stack.

The simulaticn tests showed that when the duel ILS approach paths
were fed without providing positive separation between eircraft in oppoesite
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lenes, overshoots could produce an extremely hazardous situation. Overshoots
were quite common during the initial teste of this system. The subseguent
use of a 500-foot altitude separation between turm-cons in opposite lanes
funetioned very well during the simulation tests ln eliminating this hazard.

Tegts of the dual approech system using 3 miles' separation
between alrcraft turning on final approach in oppesite lanes indicated that
the acceptance rate possible with this procedure was little, if any, better
than the acceptance rate of a single ILS approach lane.

System H.

The use of one feeder stack for each runwsy, as shown in Fag. 29,
reduced controller coordination and workload, and released more airspace for
the use of departures. The acceptance rate of this system was equal to that
attained wlth the four-stack System F operation.

CONCLUSIONS
It is concluded that:

l. The geographical location of Chantilly necessitates a moderate
tunnel distance, a circultous routing, or an off-course climb to westbound
alrcraft departing from National end Andrews.

2. The airway structure should be designed to provide at least 60 miles
of c¢limb or descent routes that have no major flows of crossing traffic.
However, if the required route would enteil long, off-course climbs or
circuitous routings to accomplish this, the necessary crossing of such
traffic should take place within the terminal ares insgtead.

3. Fever restrictions were imposed on aircraft, and a resulting ease
of control was noted, when independent arrival and departure routes were
usged.

i, Pewer procedural changes and reroutings were reguired when landing
direction was changed if common feeder fixes were used, instead of one set
of fixes for north operations and another set for south operations.

5. Simulation tests indicated that an additionsl Jjet penetration to
Andrews from the northeast, using a fix similar to Chestertown, increased
the recovery rate and decreased the penetration time.

6. The jet scramble corridor from Andrews also could be used for
routine jet and prop departures when scrambles were not in progress.

T. From the limited Baltimore simulation end subsequent mep studies,
the controllers' consensus indicated that 1t would be advemtageous to all
elrports in the metropolitan area if the primary IIS at Baltimore was
changed to Runway 15 and the secondsary ILS was established on Runway 28.
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8. The air route structure, associated with a system of croesfeeding
emong terminals, needs fewer airways then a structure designed to provide
each terminal with an independent set of arrival and departure routes.

9. When Chantilily, National, and Andrews radar spproach and departure
control functions were combined in a common IFR room, it permitted fester
and simpler coordinetion emong controllers, thus melking better use of the
available ailrspace than when they were run as separate facilities.

10. Bimulation tests indicated that the common IFR room would operate
with no jncrease In control positions and a prcbable decrease in data
poesltions.

11. The combining of Chantilly, National, and Andrews approach control
funetion in a common IJFR room will aid the flow of traffic to and from the
Baltimore Airport.

12, The route structure described in System II, Map II-A, lent itself
to better "switchability" when the wind changed at any one airport and not
the others. This route structure also was better sulted to & common IFR
room operation than any other system tested.

13. The preferential routings used in System II simplified the air
route controllers' problems because of fewer crossing airways. However,
it should be noted thet the terminal controllers had more crossing routes
end longer redar vectors then in System I.

1k, Most of the airspesce in restricted areas 35, 37, 38, and L0 will
be needed 1n any system to sustain s high-rate traffic flow to and from
the Washington area complex.

15. Vertical separation of at least 500 feet at turn-on should be
provided between opposite lanes of traffic feeding into a dual approach
syatem.

16, A dual ILS system that requires stendard longitudinal separation
between alreraft in separate lapes all the way to touchdown is no better
than e single JL3 system.

17. The CAA double V runwmy system for Chantilly 1s more adeptable
to future terminal facility expansion than the plan proposed by the AMB.

18. The AMB tangentisl runway system provides a greater distance
between parallel runways. It allows shorter texi distences when operating
on east or west runways, if alrecraft always land inbound end take off out-
bound on the tangent. This advantage 1s obviated if parsllel approaches
Or depatriures are used.

19. The selection of elther the CAA or AMB proposed runway configuration
would result in no apprecisble difference In airwey structure or potential
traffic flow.
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20. When utilizing paraliel ILS systems, the complexities of vectoring
from four feeder filxes obviate any theoretical advantages over the use of
only two feeder fixes.

RECOMMENDATTONS

1l. If traffic at the three major Washington elrports develops as
anticipated, common feeder fixes that are usasble for either direction of
landing should be adopted.

2. If the standsrd TSO-N20A holding pattern is increased 1n size,
consideration should be glven to implementing either terminal Systems B or
F, as they both provide adequate room for the increased holding pattern
airspace.

3. A system of preferential routes, similar to those tested in
Syatem II-A, should be employed in the Washington terminal ares.

k. An additional Andrews Jet pemetration from the northeast, as
illustrated in terminel System F, should be implemented.

5. An additional departure route from Andrews should be mede avallable
by utilizing the Jjet scramble gorridor for other classes of deperting
aircraft.

6. That portion of V16 that lies between the Brooke VOR and the Kenton
VOR should be sbolished. Over traffic thet formerly used this airway
should he rerouted via V1 or V520.

T. Nationel's alrport surveillance radar (ASR) should be remoted to
Chantilly Airport and the approach and departure control functlons should
be combined in a2 common IFR room. After sufficient operating experience
is gelned, Andrews' ASR alsc should be remoted to Chantilly Airport and
the three approach deperture facilities combined in the common IFR rocm
quarters.

8. 1If the National and Andrews survelllence radar remoting proves
successful, and the establighment of the surrcunding elrways has progressed
sufficiently, consideration should be given to the feamsibllity of adding
Baltimore operations to the common IFR room.
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TAELE I

LOCATION IDENTIFIERS

Ashburn VOR Int.
Accomac VOR
Andrews AFB
Antioch VOR*
Arcola LF/R

Baltimore VOR end LF/R
Brooke VOR

Brushy Run VOR
Beulahville VOR#*

Boothwyn VOR and LF/R Int.

Charlotte Hall LF/Homer
Cape Charles VOR
Chestertown VOR Int.#*
Cumberland VOR Int.*
Coles Point VOR
Cordova VOR*

Casenova VOR

Davison AAF

Dawsonville VOR Int.¥
Washington Nationsl Alrpeort
Dover LF/Homer

Dupont LF/R Int.

Detour VOR*

Westminster VOR
Kenton VOR
Westchester VOR

Flet Rock VOR

Frederick VOR Int.

Front Royal VOR and LF/R
Flint Stone VOR and LF/R Int.

Gep VOR Int.*
Grantsville VOR
Georgetown LF/Romer
Grottoes VOR Int.*
Gordonsville VOR

Hanover VOR Int.
Harrisburg VOR and LF/R
Hagerstown VOR Int.
Buntingtowa LF/Homer
Hopewell VOR

Herndon VOR Int.

Hartly LF/R Int.

1.6 Wilmington LF/R

JST

00D
CRE

PGV

PIK
PIT

POM
PRI
PRL
PRN

QRY

Johnstown VOR and LF/Homer

Kelton VOR Int.*
Kessel VOR¥*

Keyser VOR Int.*¥*
Keymer VOR Int.*

Leedstown VOR Int.¥*
Langley AFB LF/R
Largo VOR *

Linden VOR*
Lencaster LF/Homer
Lisbon VOR Int.
Lynchburg VOR

Menassas VOR Int.*
Middleburg VOR Int.*
Mission VOR Int.*®
Meekins Neck VOR Int.
McLean VOR Int.*
Manekin LF/Homer
Montelbello VOR
Martinsburg VOR
Glenn Martin/ Airport

Petwient River VOR
Norris VOR Int.¥
Quantico LF/R

Woodstown VOR
Core VOR¥

Port Deposit VOR Int.*
Plnegrove VOR
Philadelphia LF/R
Pikesville VOR Int.*
Pit VOR*

Plains VOR Int.*
Potomac VOR Int.*
Prige VOR Int.*
Parnel) Int.*
Preston Int.*
Petersburg VOR Int.
Pottstown VOR

Quarry VOR Int.*



RIC
RLY
ROH
RVD

SBY
SHS
SHZ
SIM

SRI
STF
STG
5X0
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TABLE I (continued})

LOCATION IDENTIFIERS

Remington VOR Int.
Richmond VOR
Relsy VOR Int.
Reund Hill VOR%
Riverdale LF/Homer

Salisbury VOR

Sharps VOR Int.*
Shadyside LF/Homer
Sugar Loaf VOR Int.¥
Sheppards VOR Int.*
Springfield LF/Homer
Stafford VOR Int.*
Sterling VOR Int.*
Shenandosh LF/R Int.

*Denotes unofficisl designsator,

THO
TPP

WDB
WLA

XBW
XDA
XLG

St. Thomas VOR*
Tappahannock VOR and LF/R

Woodbridge VOR Int.*
Washington Chantilly Airport

Brightwood VOR Int.¥
Dayton VOR Int.*
Locust Grove VOR Int.#*



30

TABLE II

TERMINAL AREA TRAFFIC DIRECTION SUMMARY

Per Cent of Total Traffle

To - From into Washington Area
Southwest 20
South 10
West 15
Northwest 15
North 5
Northeast 35
100
TABLE III

EN ROUTE TRAFFIC DISTRIBUTION SUMMARY

NE N BW
Alrport A D AD A D
Andrevs AFB 8 8 2 2 L
Washington
Netional 9 9 11 b 4
Chantilly g 9 11 L L
Baltimore - - - - - -
Davison Army 11 - - 11
Quantico RAS 1 1 - - - -
Glenn L. Martin i1 1 1 - -

29 29 > 5 13 13
Potel Arrivels -~ 91

Total Departures - 91

=
=

oW
H oW & E

SW 5
A D A D
b4 33
5 5 2 2
5 5 2 2
3 3 3 3
1l 1 - -

Total

50

50
50
18
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OPTIMUM
l AIRCRAFT SPACING

DISTANCE, APPROACH GATE
, TO TOUCHDOWN, 5 MILES

AIRCRAFT GATE
APPROACH SEQUENGE | SEPARATION
GATE No 1IN0 sl (MILES)
s | M 51
w (3 . s | F 55
NO. |
o S J 66
A
3 IRCRAFT s =
(&)
. M | F 45
3 S M| 58
L& o4 F | S 30
& a F | M 35
S S F |l 52
@ 3 J |SMF 30
= SAME TYPE 40
APPROX
:ﬁ L ONO 2 AIRCRAFT ARGRAFT | poePROX
CATEGORY SPEED
MPH KT
S| SLOW | 120 | 104
M{MEDIUM | 140 | 122
F| FasT | 150 [ 130
J[ JET 180 | 156

FIG 18 SPACING TABLE USED IN APPROACH CONTROL OPERATIONS



FIG 19 WASHINGTON AREA - PROPOSED SYSTEM I
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FIG, 25 ASR-3 TYPE SCOPES USED IN COMMON IFR ROOM TESTS
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