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DYNAMIC STIMULATION TESTS OF SEVERAL PROPOSED
DUAL-AIRPORT TRAFFIC CONTROL SYSTEMS FOR THE
WASHINGTON TERMINAL AREA

SUMMARY

This report describes the evaluation of several proposed methods
of increasing the traffic capacity of the Washington terminal area.
Specifically, these methods were aimed at developing the capacity of the
two existing airports (Washington National and Andrews), rather than at
Investigating the possibalities for any additional airports in this area.
The evaluation was conducted through the use of the Technical Development
and Evaluation Center dynamic air traffic simuylator.

Simulation tests showed that relatively simple changes in navi-
gatlional facilities, routings, and procedures could provide at reasonable
cost an immediate increase in the capacity of Andrews Field to approxi-
mately one~half that of Washington National Airport. Further changes,
vhich could be made when needed, should inerezse the capacity of Andrews
F1eld to equal the present capacity of Washington National Airport, Tests
indicated that the use of independent segregated routes to and from each
airport, with the enlire area controlled from a centralized radar control
room, should make these increases possible with very 1litile effect on the
Present capacity cf Washington National Airport.

Some of the principles learned in previous TDEC simulaiion studies
vere applied in modifying the Tacility layout for Washington National Alr-
port. Tests indicated that these changes would increase the treffic gapacity
of this airport and would simultaneously reduce the controller worklocad per
aircraft. OSubsequent changes in the terminal area facility layout were made
in order to maintain high traffie capacity for both airports under wind con-
ditions which require that take~offs and landings be made in & southerly
direction.

The flow characteristics of all systems tested were hampered
somewhat by the four large danger areas and by the two small prohibited
areas which now exist in the washington terminal area. It was also found
that Washington National Airport and Andrews Field are toc close togother
to permit completely independent operations. Tests showed that these re-
strictions could be alleviated to soms extent through the use of a north-
west, instead of a morth, landing approsch system at Andrews Field.
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INTRODUCTION

Background,

During the past few years, considerable study hags been given to
methods for inecreasing the traffic capacity of the washington terminal area,
In 1952, the Office of Federal Airwmys requested this Center to evaluste 2
number of procedures relating to the possibld operation of & propoged sup-
plementary airport at Burke, Virginia, The resulis of these testsl indi-
cated that the addition of a third major airport at the proposed location
In the Washington terminal area would complicate arrival and departure
routes to a large extent and, in particular, would tend to restrict the
traffic capacity of the Washington Netional Airport.

Development of the Andrews Air Force Base as a supplementary civil
airport was then advocated, since it appeared quite feaaible and somewhat
less expensive than the construction of am entirely new airport. Accordingly,
in June 1953, the 0ffice of Federal Airweys requested that a study be under=
taken to determine how terminal area traffic could be handled to the best
advantage in the event that it should ultimately be decided to supplement
the washington National Airport in this manner,

In gathering the necessary background meteraal for this project,
personnel from thig Center spent several days at Washington viaiting the
various traffic control agencies and conferring with representatives of the
Office of Federal Airways and CAA Region One. Coordination with the First
Region was maintained throughout the subsequent simulation tests, Several
representatives of the Washington Air Route Traffic Control (ARTC) Center
assisted in planning the proposed facility layouts. In addition, personnel
from several First Reglon control towers participated in many of the
simulation tests.

Objectives.

Since much previous TDEC simulation work has besn concerned with
the development of procedures to improve trafflc flow at Washington
National Alrport, the primary emphasis of this project was pointed toward
the improvement of traffic flow at Andrews Field, with the added stipulation
that the changes required to accomplish this end must not result in any re-
duction in the traffic capacity of Washington National Airport, The de-
talled objectives of this program were:

1. The development of an initial system, with as few facility changes
as possible, to enable Andrews Field to handle approximately one-half the
prasent, traffic demand of the washington National Airport.

2, Expansion of this system to a point whers both airports could
handle an equal volume of traffic,

lC. M. Anderson, F. S. McKnight, T. K, Vickers, and M. H., Yost,
"wyeliminary Study of Traffic Control Systems for the Proposed Washington
Supplemental Airport Using Simulation Techniques," CAA Technical Develop=-
ment Report No. 187, November 1952,
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3. Although designed primarily for northerly take-offs and landings,
traffic systems should be capaeble of maintaining operations without appre-
ciable reduction in acceptance rates under wind conditions which require
that take-offs and landings be made in a southerly direction.

i, TInsofar as possible, systems should provide independent, segregated
arrival routes to each airport.

5. Systems should provide for adequate and simple procedures for jet
operations in and out of Andrews Field.

6, Syatems should provide departure paths from each airport inde-
pendent of traffic flow on the arrival routes within the terminal area,

7. OSystems should provide elean-cut sector jurisdiction to permit
satisfactory division of work load under heavy traffiec condations,

EVALUATTON METHODS

Traffic Samples.

To obtain comparative measurements on the operating character-
istics of the various systems, it was necessary first to develop traffic
samples representative of the types and distributions of traffic which
might be expected to use the terminal area. No official estimates were
avallable for the possible future distribution of aircraft types; therefors,
two different samples were made up, as summarized in Table I, One con-~
sideration in setting up the laboratory tests was to obtain a maximum amount
of significant information about the flow characteristics of the various
systems in a minimum number of workang hours, Since potentlal system bot-
tlenecks are not as apparent in light traffic conditions, the traffic
samples set up for the tests had somewhat higher flow rates than might be
expacted in actual operations in the terminal area during the next few
years.

Tt willl be noted that Sample 2 had a larger proportion of jet and
fast=type aircraft than Sample 1. In both samples, all jet aireraft landed
at Andrews rather than Washington. This consideration was due to the pre-
sunption that 1f both airports were available, (a) the high noise level of
Jjet operations would cause less of a public nuisance at the more remote
airport, and (b) the absence of close-in chstructions at Andrews should
provide greater safety for jet operations.
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TABLE I

SUMMARY OF ARRIVAL SAMPLES

SAMPTE NUMBER 1 2

ATR®CRT Andrews Washington Andrews Washington

NIMBER  Jet 5 0 12 0
Fast 10 8 15 5

OF Medium 9 15 13 13

Slow 6 7 0 23

ATRCRAFT Total 30 30 Lo n

Arrival Per Airport 19.7 19.5 20,3 20.5

Rate
Per Terminal Area
Hour Total 39.2 L0.8

The traffic samples, which ineluded two arrival problems and
one departure problem, wers assembled through the use of techniques de-
veloped by Franklin Institute. The techniques are deseribed in another
report.® Basic inputs of the traffic samples are given in Table IT.
General characteristics of the various aircraft types simulated in this
problem are listed in Table IIT.

TABLE II
BASIC INPUT OF TRAFFIC SAMPLES

LEGEND

4 - Andrews Fleld J - Jet R -~ Riverdale
B - Beltsvilie K =~ Meekins Necl 5 - Blow
C -~ Charlotte Hall L - Clifton T - Baltimore
D -~ Washington National M - Medium V -~ Arcola

Airport N - Doncaster W = New York
F - Fast 0 = Coles Point X - Norfolk
G -~ Gordonsville P - Pittsburgh Z - Shadyside
I - Raleigh 0 ~ Quantico

2"Analytical and Simulation Studies of Several Radar~-Vectoring Procedures
in the Washington, D. C. Terminal Area," by S, M. Berkowltz, Franklin
Institute, Philadelphia, Penna,, CAA Technical Development Report No. 222,
not yet published.
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TABLE IT (Cont'd)

Sample 1 - Arrivals

Entry Type Estimated Over Enroute Entry Type Estimated Over Enroute

No. Fix Time to Noe Fix Time to
1 M R 01,20 D Ll 3 B 0221 A
2 L R 20 D )2 M R 25 D
3 M N 18 D L3 8 N 2l D
L M c 19 D i, M N 30 D
5 M R 22 D L5 J K 31 A
6 M 7 25 D L6 F B 3 A
7 F R 29 D L7 M B 31 A
8 F Q 25 A 18 S R 36 D
9 u R eg D L9 S 2 L3 A

10 F Z kYi A 50 S Z L3 A

11 F B 32 A 51 M C Iy D

12 5 N 32 D 52 M C L7 A

13 5 v 32 D 53 M C L5 D

1L M Z 38 A 5k S B 39 A

15 F N L3 D 55 s 0 Lo A

16 J K a7 A 56 F 1 N D

17 s N ) D 57 F Z 55 A

18 M v L6 D c8 F v sl D

19  F Q b & 59 5 Q B A

20 J K L7 A 60 F z 0303 A

21 F Q 50 Iy

22 S B hé A

23 F R 58 D

2h F Q 57 A

25 J K 56 A

26 M R 57 D

27 M B 58 A

28 F v 0205 D

29 M yA 02 A

30 J K 00 )\

3l S R 05 D

32 M Z 12 A

13 M yA 15 A

3L 0§ B o7 A

35 M v 14 D

36 S v 13 D

37 F v 18 D

38 M B 1 A

39 F R 25 D

Lo M R 2L D
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TABLE II (Cont'd)
Sample 2 - Arrivals

Entry Type Estimated Over Enroute Entry Type Estimated Over Enrcabe

No. Fix Time to No. Pix Time to
1 5 v 0054 D L1 S R 0205 D
2 F Z 0103 A hz g R 05 D
L F ¢ 03 A Wy s N 06 D
5 M ¥ 13 D b5 ¥ B 06 A
3 f{ % % i ﬁé 3 R 08 D

7 M R 10 D
g & v 1, D W FC 12 A
9 F N 19 D L9 5 H 10 D

10 F Z 20 A 50 7 Q 09 A

13 J 0 17 A 53 J 0 i A

1h 5 R 25 D 5L M n o1 D

15 5 k 27 D 5o 1 7 2] 4

16 F B 28 A %6 MG 20 A

17 J 0 27 A 27 P R o, D

20 M B 5 A 60 J 0 28 A

21 M c 37 A 61 F g 35 D

23 F 2 bl A 63 M R 3% D

2y g 0 37 A 6h F 2 A
25 S R L2 D 65 F c 1 A
26 M C 43 A 66 M v 39 D
27 J ) 39 A 67 M N Ll D
28 F 0 bhoooA 68 F 2 b5 A
29 M v L2 D 69 g N Lk D
30 M v 2 D 70 F v W D
i s X Ly D 71 M B W A
2 ¥ B bL A 2 F C W8 &
33 s R L7 D 73 J 0 13 A
34 S v 5 D (! M N k3 D
35 M B 50 A 75 J 0 7 A
36 S R 51 D 76 M R th D
s M B 50 A 77 MV 52 D
B s W 5 D 8 MV 5, D
3 ¥ B 55 A 79 S N % D

o s W 59 D 60 F B 57 A

81 F B 59 A



7
TABLE II (Cont!d)

Sample 3 - Departures

Proposed Proposed
Dptr, From To or Desired Dptr. From To or Desired
Entry Time Type Airport Over * Alt. Entry Time Type Airport Over s i4lt.
1 0122 F A W 12 31 0213 J A P 2l
2 2, 8 A W 6 32 17 M A W 11
3 2§ T D 1 8 33 20 F D T L
ls 27 F A P 16 34 21 M A W 9
S 27 T D P 18 35 23 M D W 12
[ 32 s A W 7 36 2, J A 1] 25
7 33 s A G 6 37 26 F A P 16
8 3 M A W 12 38 28 F D I 8
9 3% M A W 9 39 29 5 A W 6
10 37 M D I 8 Lo 29 I A X 10
11 38 s A W 5 L1 30 J A W 25
12 Lo s A W 7 L2 a P A W 9
13 i s D W 6 L3 3% M D I &
1), b3 M A W 9 W 37 S D G 6
15 b6 T A W 12 L5 Lo g A I 28
16 W J A P 30 L6 2 F D P 1h
17 Wi M D P 10 47 1 M A W 9
18 b 8 D W 7 48 L9 S A T 3
19 54y M D W 10 49 52 S D T N
20 g5 F A P 18 50 53 F A W 11
21 56 M D G 8 51 sy F A W 7
22 58 F A T L 52 57 M D T b
23 0202 M A P 10 53 59 F A X 8
2l oy P D W 12 gy 0300 F D P 12
25 05 S A T 3 55 o0 M D Y 8
26 06 M D T L 56 01 M D T 3
27 10 M A P 8 o7 02 M D I 8
28 11 M A W 9 58 oh M D ¢} 10
29 11 M A W 11 59 05 M D I 6
30 12 S D D 6 60 07 M D T L

#in thousands of feet, M.S.L.
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TABLE IT (Cont'd)

Sample 3 = Summary

Type of Airport Area
Alrcraft Washington Andrews Total

S 5 8 13

M 14 12 26

F T 9 16

J 0 5 5

Total 26 3l 60
Rate Per Hour 15.2 21.0 36,2

TABLE III

ATRCRAFT TYPE CHARACTERISTICS

TYPE SPEEDS Climb or Descent
Cruise Intermediate Approach Rate
(mph) {mph) (nph) (£pm)

JET 4,00 290 180 3000

FAST 290 220 150 1000

MEDT UM 2,0 190 10 1000

SLOW 180 150 120 500



Measurements,

l. Delay. The basic problem input data listed for the arriwval samples
in Table IT were projected forward, in each system studied, to furnish a
theoretical time at which each aircraft would arrive over the outer marker,
assumlng that no other aircraft was involved. Through use of a recorder,
the simulator pilots recorded the actual arrival time of each aircraft over
the approach gate. The theoretlcal arrivel time was then subtracted from
the actual arrival time to determins the absolute delay to each aircraft.
Absolute delay thus included all delay, whether caused by descent, holding,
path-stretching, welocity control, or misjudgments on the part of the
controllers. .

2., Communications. Communications for each sector included complete
control instructicns, current weathsy information, pilot reports, and ac-
knowledgments. In each system, the total amount of communications time
necessary to bring the alrcraft to .the approach gate was recorded by elsc-
tric clocks. The number of separate communications eontacts was recorded
through the use of electric impulse counters.,

3. Significance of Results. The actual traffic control of the various
simelation runs was handled mostly by a group of First Region controllers
with widely varying radar experience, All runs were made under the general
supervision of TDEC traffic control speclalists. Thus, from the standpoint
of human performance, the results are believed to bs ilndicative of those
which could be expectod from a typical group of CAA radar controllers.

Although every effort was made to keep the simulation tests as
realistic 2s possible, 1t was not practical to reproduce in the laboratory
all the complieations and distractions which might exist under actual op-
erating-eonditions. Therefore, in studying the results of thess tests it
should be realized that the quantitative data may not be exactly dupli-
cated in actual practice. However, the results of tests of the same
traffic sample on various systems may be used for qualitative comparisons
of one systsm with the other,

Because only nine simulator targets were avallable, it was not
practical to run the departure and arrival traffic simultaneously during
the simulation tests., In order to make allowance for this fact, systems
of blocked altitudes were established at crossover points in order to make
the arrival routes completely independent of the departure routes. These
altitude blocks were rigidly adhered to in all tests.

Because of the shortaps of targets, arrival samples had to be run
on the basis of one airport at a time, However, full allowance was made
for the presence of the aircraft which would have been en route to the
other airport at the same time. This was dons by setting up the traffic
input in the various samples so that individual aircraft had ANC separation
from all other aircraft. Such separation was maintained in all cases until
after the airerafit had passed the points where traffio routes to the two
alrports diverged from each other,
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Because of close-in convergence of some depariture routes from the
tuwo airports, it was necessary to operate both airports simultaneously
during the departure runs. WNo measurements of take-off delays were re-
corded because occagional delays would have been caused by the shortage of
simulator targets, The main purpose of the departure tests was to observe
the flow characteristics of the varlous systems under heavy traffie condi-
tions and thus to develop impraved routings, control procedures, and sector
assignments.

GENERAL CONTROL PROCEDURES

Use of Radar,

In conducting the simulation tests, 1t was assumed that the ter-
minal area had reliable radar coverage extending from the minimum instru-
ment altitude up to about 10,000 mgl. It was also assumed that radar
vector procedures would be used for the followlng:

1, Sequencing of aircraft en route to holding flxes.

2. Quiding arriving aireraft from the holding fixes to the final
approach course for subseguent ITS or TVOR approaches,

3. Establishing longitudinal) aseparation between arriving aircraft en
route to the final approach gate.

Y. Maintaining longitudinal or lateral separation between departing
aircraft and other traffic until ANC separation was established.

Alds teo Controller Judgment,

l. Spacing Table. The job of establishing optimum separation between
successive aircraft on the final approach path was simplified considerably
through the use of the spacing table shown in Fig. 1, This table, which
was posted at each arrival radar control position, was based on the estab-
lishment of a three-mile minimum separation between any two airborne air-
craft, The three-mile standard was increased to allow for the speed
differential in cases where a faster aireraft followed a slower alrcraft
in the landing sequence. 1In all cases, an additional allowance was made
to compensate for normal variations from the desired approach speeds. Use
of this table enabled approach intervals to be reduced to the minimums
consistent with adequate safety,

2. Reference Lines. Accuracy of spacing alrcraft on the final ap-
proach path was increased through use of the simple spacing reference
shown in Fig. 2. This reference, which was marked on the radar map over-
lays for each approach system, consisted of three concentric ares spaced
on radii of three, four, and fiw miles from the outer marker. The arcs
formed a ready reference for the controller in establishing the separations
specified in the spacing table,

3, Orbiting Technique. The circular arcs made possible the use of a
precise technique for obtaining proper separation between aircrafi at the
outer marker. For path adjustment the No, 2 aircraft was turped to a
heading vhich was sssentlally tangential to the outer marker. As shown
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in Fig. 3, this orbiting technique kept the No. 2 ailrcraft at an almost

constant distance from the outer marker while the No, 1 aircraft was pro-

ceeding inbound. As soon as sufficient separation was established (malking
due allowance for an extra one=half mile of separatlion which would accrue

during the turn) the controller turned the No. 2 aircraft directly toward

the loealizer turn-on point,

DEPARTURE TESTS

General Flow Patterns.

Although minor changes had to be made in adapting departure routes
to the various facility layouts tested, the gensral configuration of airport
runways, danger areas, and prohibited areas tended to channelize departure
paths Into two basic patterns; one for northerly take-off opsrations and one
for southerly take-off operatlions. Detailed diagrams of departure routes
for the varlous systemsa are discussed later in this report.

Divigion of Control.

In order to gimplify control procedures and to minimize the amount
of coordination required between departure and arrival controllers, a prime
objective in setting up departure routes was to make them as independent of
arrival routes as possible. Because of the proximity of Andrews Field to
Washington National Airport, close-ln crossovers of departurse paths were
inevitable. Therefore, considerable coordination between departure con=-
trollers had to be conducted in handling the departure traffic from the two
alrports.

The first departure control arrangement made use of three radar
controllers, presumably one at each airport radar facility and another at
the Washington ARTC. TIn this arrangement, each airport radar controller
released departures at his location and transferred control to ARTC radar
approximately five miles after take-off, Although this procedure worked
satisfactorily when traffic at one a2irport was very light, it became unsafe
when departures reached a rate of about 15 per hour from each airport.

This was because of the burden which was placed on the ARTC position in acw
certing, ldentifying, and providing separatiocn between aircraft on several
different routes simultaneously.

The second arrangement assumed that all radar departure control-
lers were at a central location, with the area dlvided into three sectors
as follows:

1. Sector 1 handled Washington departures and retzined control of all
westbound, southbound, and southwestbound aircraft until ANC separation was
establlshed. Northwestbound and nertheastbound alrcraft were released to
sector 3 control as scon as practicable after take-off.

2. Sector 2 handled Andrews departures and retalned control of all
aircraft proceeding via Shadyside on eastbound or southeastbound routes
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until ANC separation was established. Northwestbound or northeastbhound
aireraft were released to sector 3 control as soon as practicable after
take=off.

3, Sector 3 assumed control of all northwestbound and northeastbound
aircraft and provided separation between such crossing traffic from the twe
awrports, as well as radar separation of these routes until ANC separation
was established.

Although this eontrol arrangement was somewhat better than the
first, it still permitted too many departures to be cleared in close suc-
cession on the northwest and northeast routes. Tmmediate transfer to sector
3 control was required in order to prevent conflictions at the c¢lose-in
crossover points,

In order %0 eliminate these disadvantages, a third arrangement was
tried, This arrangement assumed that all departure controllers were at a
central location, with control Jurisdiction as follows:

1., Sector 1 controlled departures from both airports and thus could
regulate the interval at which ajreraft headed for common or crossing routes
could depart from either airport. At first a two-minute minimum interval
between successive take-offs was used. Later, this rule was found to be
unnecessary. Instead, a simple flow-control arrangement was adopted, with
take~offs regulated only enough to keep from exceeding a comfortable work
load for either of the two other sectors. Departures were kept under sec-
tor 1 control until past the close-in crossover points. Control was then
transferred to sector 2 or 3, depending upon flight direction.

2. At designated transfer points, sector 2 took over control of all
departures en route toward the northwest, west, or southwest and provided
radar separation for such aircraft until ANC separation was established,

3. Sector 3 performed the same dutles as sector 2 for departures en
route toward the northeast, east, or southeast.

This arrangement, which is shown on all departure route maps in
this report, functioned very well during the simulation tests. It ap-
peared much mors practical and positive than either of the other two sector
arrangements tested.

ARRTVAL, TESTS

TPhase A (Present System).

1. Object. The purpose of this phase was to observe the performance
of the present system of navigational aids and conitrol procedures under
conditions when Andrews Field had to accept a heavy traffie load.

2. Control Procedures (North Landings at Both Airports). Present
control procedures, as outlined in Washington National Airport Traffic
Control Tower Operations Letter No. 5 and Washington Alr Route Traffic
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Control Center Operations Letter No. 2, were used. These procedures are
shown in Fig. L, Procedures included the use of the present Andrews jet
letdown,

3. Results and Observations. One dry run (without measurements) re=
vealed that the present system would be unworkable with any appreciable
volume of traffic at Andrews Field. The chief difficulties were:

a, Andrews arrivals shared common routes wlth Washington
arrivals, As a result, entry altitudes in the terminal
area built up to hipgh levels., Many delays were dus to long
descents from these altitudes.

b. The Andrews arrival clearance limlits of Shadyside and
Charlotte Hall were much too far away from the Andrews
approach gate for effioclent spacing operations., Use of
the Andrews spacing area by Waghington arrivals pro-
ceeding to Andrews range complicated the radar picture
and added to the difficulty of target identification,

¢. Andrews approaches had to be made across and undernaath
the area used by Washington arrivals holding at the
Andrews range, The resulting complications in the radar
display made the establishment of radar separation be-
tween Andrews arrivals very difflcult.

As a result of these observations, no further tests were made of the present
gystem. Instead, lmmedlate efforts were made to amprove the system,

Thase B (Modified Present System)},

1. Object. As a result of the tesats of Phase A, minor changes in
procedures rather than in facilities were made to determine whether the
present basle navigational layout could be expected te handle an increased
traffic load at Andrews Field. The modified system, known as Fhase B, is
illustrated in Fig. 5.

2. Control Procedures,

a, Washington (Runway 36). In order to eliminate some of
the difficultiss encountersd by the Andrews radar con-
troller in Phase A, the Riverdale H facility was
designated zs the clearance 1limit for east-west sector
arrivals destined for Washington National Airport. Thas
eliminated the holding stack at Andrews range, thus
simplifying the Andrews radar display. No other changes
were made in the routes used by Washington arrivals.

b, Andrews (Runway 32). The followlng changes in the
Andrews facility layout were assumed:

(1) An T1S was installed to 1ine up with runway 32.
This arrangement placed the outer marker closer
to Shadyside, the primary clearance 1limit for
Andrews arrivals.
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(2) The jet appreoach procedurs was changed so that

jet aireraft normally started their descent from
Meskins Neck at 20,000 msl and were cleared to the
Huntingtown H facility at 6,000 msl or above. As
these aircraft crossed Huntingtown they would nor-
mz2lly be cleared for straight-in approach across
the outer marker, If any delay was involved, such
aireraft were held at Huntingtown until the radar
controller could fit them into the final approach
sequance.

3. Results and (Observatlons. Delay and communications measurements
are listed in Tables TV and V for Andrews and Washington, respectively.

TABLE IV

SUMMARY OF ARRIVAL RUNS - ANIREWS FIELD

SAMPLE 1-
Absolute Delay Avg. Communications
Landing Holding' . Avgz, Per Ber Aireraft
Phagse Runvay Tixes Aircraft Maximum iMessages Comm, Time
(min/sec) (min/sec) (m1in/sec)
;] 32 Shadyside 11:00  25:00 h6.2 2:36
c 1 Croom 238 12:01 40.1 2:39
D 1 Croom 2:50 11:39 hli.2 2:27
P 1 Croom/Waldorf lj:22 13:23 31,1 14l
G-H 32 Columbia/Cedarville  2:2), 9:31 30,7 1:16
SAMDLE 23
D 1 Croom 3:19 1,212 30.0 1:36
g 1 Croom 11100 1}:51 32,2 1:46
1 19 Croom 6107 16.41 43.4 2:12
F 1 Croom/Waldorf 3:10 13:01 3h.1 1:58
G-H 32 Columbia/Cedarv1lle 33126 12:29 30.9 1:h2
H 19 Largo/Riverdale 512l 16349 17.0 2.35
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TABIE V

SUMMARY OF ARRIVAL RUNS - WASHINGTON NATIONAL ATRPORT

SAMPLE 1.
Absolute Delay Avg. Communications
Landing Holding Aveg. Per Per Aircraft
Phase Runway Fixeg Aircraft Maximum Messages Comm. Time
(min/sec) (m1n/sec) (min/sec)
B 36 Springfield/ S:3h 1450 29.5 1:50
Riverdals
c 36 Alexandria/Hyde L:13  10:50 3L.5 2:35
D 36 Alexandria/Hyde 4:20  10:43 32.4 1:57
F 36 Alexandria/Hyde Lb:09  10:31 29.7 1:41
G-H 36 Alexandria/Hydes  2:55 9:26 32,k 1-53
#Relocated 1-1/2 miles south.
SAMPIE 2:
E 36 Springfield/ 7:36  20:53 M M
Riverdsale
E 15 Melean/Riverdsle  L4:32  1h:L7 M 11
G-H 36 Alexandria/Hydex  6:07  21:09 38.2 2:09
G 15 Alexandria/ 6:46  17:k2 3h.7 1:5%
Riverdale
H 15 Mclean/Rensington 5:37 16:12 1.5 2:3k

#Relocated 1-1/2 miles south.
M ~ Missing because of failure of recording equipment.

a, Holding fixes were too far away from both the Andrews and the
- rWashington outer markers to permit efficient radar spacing oper-
ations on the fin2l approach. As a result, delays were still
rather high.

b. The straight-in jet approach was simple from the pilot's stand-
point but was not very efficient from the radar controller's
viewpoint because 1t allowed very little flexibility in
stretching the flight path of the jet to adjust the approach
interval beshind a preceding aireraft. As a result, Jots
usually arrived with too much spacing behind other aircraft.
This factor contributed to the hipgh delays of this phase.

¢. Because many of the arrival routes were still shared by
aircraft en route to Washington or Andrews, entry alti-
tudes were high and many delays were due to the long
descents required, This was particularly true of traffic
arriving at Riverdale, because Andrews arrivals did not
diverge from Washington arrivals until reaching Beltsville.
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d. Traffic en route to Washington from the east and south-
eagt still erossed the Andrews radar area, complicating
the radar display and creating additional work lcad for
the Andrews radar centroller,

FPhase C.

1. Object. The purpose of this phase was to investigate possible
improvements in traffic flow through the use of a single close-in holding
stack at Andrews and dual close-in holding stacks at Washington, This sys-
tem, known as Phase C, is shown in Fag. 6.

2, Control Procedures.

a, Washington (Runway 36). To establish a cleaner division
betwoen the Washington and Andrews sectors, the old
Washington arrival route over Shadyslde was abolished.
A1l Washington arrivals from the northeast now entered
the terminal area over Beltsville. This change left the
Shadyside area free for exclusive use of Andrews arrival
and departure traffic and thus simplified the Andrews
radar display.

To eliminate the long radar vector patterns assoclated
with previous Washington approach systems, a close-in
holding fix was sstablished on elther side of the ILS
outer marker and offset four miles from the localiger
course. The east holding fix, Hyde, was assumed to be
a new TVOR facility. The west holding fix, Alexandria,
was assumed to be the old Georgetown H facility moved
to a new site on the south radial of a TVOR facility
installed near Chain Bridge. The Chain Bridge TVOR
was agsumed to be the old Washington National Airport
TVOR relocated so that it would furnish an outer fix
plus course guidance for southeast approaches to
runway 15 at Washington National Airport, Functional
advantages of the close-in twin-stack layout are de-
tailed in another publication.3

b. Andrews {Runway 1). In order to set up a system capable
of handling approximately one-half the traffic load
presently handled by Washington National Airport, a
close~in holding fix was established at Croom, about
five miles east of the approach course to runway 1.
It was assumed that this fix was an H facility located
on the northeast course of the Camp Springs LF range.

3"App11cation of Simulation Techniques in the Study of Terminal

Area Traffic Problems," C. M. Anderson and T. K, Viekers, CAA Technical
Development Report No. 192, June 1953.
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For final approach guidance, it was assumed that an TLS was
installed for approach te runway 1, with landings made in a
northerly direction., This landing direction is preferred
by certain Andrews Air Force personnel, who degsire to re-
serve the northwest runway (No. 32) exclusively for jet
scramble operatlons.

To provide a secondary holding pattern clear of the Croom
pattern, the Shadyside H facility and fan marker were re-
located to a2 site on the shore line near Cedarhurst,

The same Jet letdown procedure used in the Fhase B tests
was employed., However, the use of runway 1 for landings
permitted adequate flexibility of the Jet approach path
from Huntingtown., Jets could leawe Humtingtown on base
leg 1f desired by the radar controller, and could then
be turned toward the outer marker as soon as proper sepa-
ration from the preceding aircraft was established.

3+ Results and Observations,
Delay and communications measursements are llsted in Tables IV and
V for Andrews and washington, respectively.

a., Because of the elimination of the Shadyside route, more
Washington arrivals were concenfrated on the Beltsville
route, As this route was still shared with Andrews ar-
rivals, entry altitudes over Beltsville built up to
even higher levels, thus increasing delays due to
descent tims.

b. Use of the close~in holding fixes at both alrports re-
duced controller work load and made possible more ef-
ficient spacing of aircraft on the final anproach paths,
This improvement had the effect of reducing alrcraft
delays at both airports, It was particularly noticeable
during the Andrews tests. Andfews delays in this phase
averaged less than one~half of those recorded in the
previous gystem.

c, Employment of the Jet base-leg pattern from Huntingtown
enabled jet approaach intervals to be adjusted much more
accurately than on previous sysiems tested. Thils feature
greatly simplified the job of the Andrews radar controller
and also contributed to the general reduction in aireraft
delays.

Phase D.

1. Object. In order to reduce descent delays caused by congestion
on the heavily traveled arrival route over Belisville, it was decided to
split this traffic load by establishing a different routving for Washington
arrivals. This segregation was accomplished by realigning the wmorth course
of the Camp Springs range to provide course guidance from Llsbon and
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Riverdale. In addition, the Croom H facility was replaced by a TVOR, The
southwestbound traffie flow was now divided at Lancaster. Andrews arrivals
followed the former route over Loch Paven, Relay, and Beltsville, while
Washington arrivals proceeded over Westminister and Lisbon to Riverdale.

Use of a TVOR at Crcom permitted realignment of the holding pattern on a
north-south axis. This system 1s shown in Fig. 7.

2. Control Procedures,

a. Washington (Runway 36). No changes were made from the
procedures used in FPhase (.,

b. Andrews (Runway 1). Realignment of the Croom holding
pattern made posgsible the use of short, clese-in,
trombons-~-type, radar vectoring patterns. Other pro-
cedures remained the same as those used in Fhase C.

3. Results and Observations.

Delay and communications measurements are listed in Tables IV and
V for Andrews and Washington, respectively.

a. Reductlon in traffic congestion on the Beltsville route enabled
-T arrivals to enver the terminal area at lower levels than were

posslble in previous systems tested. The consequernt reduc-
tion in descent time may have contributed to the over-all
reduclion in Andrews delays. However, this change had
little effect on traffic delay at Washington.

b. Realigmnment of the Croom pattern to utilize a trombone
traffic pattern was the most important improvement in
the Andrews approach system., Average delays to Andrews
traffic decreased 40 pver cent from those recorded in
®hase C, largely as a result of the attaimment of con-
gistently better approach ianterwvals.

Phase E.

1. Object. From the lesscns learned on tests of Fhases C and D, it
was believed that aa inteirim system could be developed which would provide
many of the advantages of these systems at lower cost. The object of this
new system, FPhase E, was to ircrease the traffic capacity of the terminal
area primarily through improvement of facilities at Andrews Field. This
system is shown in Fags. 8, 9, 10, 11, 12, and 13.

2. Arrival Contrel Procedures—~North landings.

a. Washington (Runway 36). The facility layout reverted to
the one described in Phase B, with the exception that the
north course of the Camp Springs range was realipned to
pass over Riverdale and thus form the arrival route frem
Lisbon to Riverdale. Springfield and Riverdale were used
as tne primacy holding fixes in thls system. The Washington °
arrival route from Coles Point via Charlotte Hall was
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eliminated, primarily teo: simplify the traffic situatioen

in the Andrews radar vectoring area. Washington arrivals
which formerly used this route were now cleared vla Clifton
and Doncaster to Springfield.

b. Andrews (Runway 1). The facility layout was the same as
described in Phase C, Arrival routes remained the same,
axcept for the route from the north. This route now pro-
ceeded from Relay directly to tha Friendship outer lo-
cator, thence directly to Croom, utilizing ADF guidance.

3+ Arrival Control Procedures--Southerly Landings.

2. Washington (Runway 15). During simulation tests of south-
east landing operations it was found advantageous to re-
verse the normal one-way traffic flow on Red Airways 20
and €1. Congestion between arrival, holding, and de-
parture patterns in the vicinity of Springfield was
eliminated by establishing southeastbound traffic flow
on Red 20 from Martinsburg to MclLean and northwest-
bound traffic flow on Red 61 between Springfileld and
DeHaven,

In tests of this phase, it was assumed that an H facil-
ity was esteblished at Mclean to form the primary holding
fix for the waest sector. Niverdale was used as the east
sector primary holding fix, Traffic was vectored off
these two fixes for TVOR approaches over Georgetown to
runway 15 at Uashingten National Airport.

oy b2’ Andréws(Runway.19). Croom was used as the primary
holding fix. All aircraft were vectored into position
for back-course ILS approaches to runway 19 at Andrews
Field. It was assumed that a compass locator or fan
marker was established about 5.3 miles north of the
‘airport to form an outer locator for the approach system.

4. Results and observations.
Delay and communications measurements are listed in Tables IV and
V for Andrews and Washington, respectively.

a. Rearrangement of the arrival routes from the northeast
to~form segregated routes to each airport reduced de-
gcent delays by enabling aireraft to enter the terminal
area at lower altitudes than they could in the previous
systems tested.

b. Establishment of the holding fix at McLean shortened the
radar-vecior paths for southeast approaches t¢ Washington.
Reversal of the traffic flow on Red 20 and Red 61 during
southeast approach operations simplified traffic flow in
the vcinity of Springfileld and thus reduced pogsible
confusion on the radar display.



C.

=

Phase F.

20

The air space reservation for the Mclean holding pattern
extended into Red Airway 33 in the vicinity of Herndon.
Tt appeared desirable that this airway should be moved
westward a few miles, This change has been under cone-
glderation by the Washington ARIC Center for some time.
The radar vector pattern for a south landing at Andrews
was excessively long., 4s a result, delays were much
higher than those recorded for north landing operations.
However, it appeared that thls factor would not become
critical as long as the traffic demand rate for Andrews
did not exceed 15 approaches per hour.

Tests of south landing operations at Andrews pointed out
the necessity for a gecondary or "stopper" fix on the
arrival route from the north. With such a fix 1t would
have been easier to integrate arrivals from the north
with jet arrivals which crossed Croom northbound in de-
scent from high altitude levels. This difficulty was
corrected on later phases tested by the designatlon of a
VOR intersection as a secondary fix in the vicinity of
Bowle,

1. Object.

The next system was a further development of the Phase D

gystem. It represented an attempt to expand the Andrews approach system te
8 twin-stack layoub for high traffic demand rates, with approaches tTo run-

way 1 or with a proposed parallel north-south runway.

This system shoun in

Figs, 1 and 15.

2. Arriwval Control Procedures~-North Landings.

a,

b.

Washington (Runway 36). Facilities and procedures were
the same as those described in ths Fhase D tests, with
ihe exception that Doncaster could not be used as a
secondary holding fix because of the proximity of the
west sector Andrews holding fix established at Waldorf.
indrews (Ruaway 1), An H facility was established at
Waldorf to provide a second holding fix for Andrews
traffic. This bolding pattern was aligned with a radial
from the Croom TVOR and was extended southwest from
Waldorf, The jet approach pattern was relocated to
provide an additional departure route over Huntingtown
to Meekins Neck. Jet arravals normally crossed ---
Coles Point at 20,000 msl, or above, descending on a
straight-i1n approach to cross Charlotte Hall at about
6,000 msl, from which point they were gulded into the
final approach path by radar. Piston-engine aircraft
using the route from Coles Point to Charlotte Hall
crossed the latter fix not above 5,000 msl, from which
point they could be routed to either Waldorf or Croom
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as desired. As the east sector normally controlled more
piston=engine traffic than the west sector, most Jet alr-
craft were placed under west sector contrel in order to
equalize the work load,

3+ Arrival Control Procedures~-Southerly Landings.

a. Washington (Runway 15). Alexandria and Riverdale were
u;ed as holding fixes for feedlng the approach to runway
1 L ]

b. Andrews (Runway 19). Because the Riverdale holding pat-
tern was being used for Washington traffic, it was not
possible to maintain a twin-stack coperation for Andrews
under conditions when approaches had to be made to the
south. Therefore, under these conditions the Andrews
approach system reverted to a single-stack operation
using Croom as the primary holding fix., Waldorf was
used only as a secondary holding fix in this case,

4. Results and Observations,
Delay and communicatlon measurements are listed in Tables IV and
V for Andrews and Washington, respsctively. Although several wind-shift
tests were made in swltching landing operations from north to south and
from south to north at Andrews, no comparative delay and communications mea-
surements were made of south operations at Andrews.

~. a, No special problems were sncountered in making the shifts
mentioned in the preceding paragrarh.

b, In order to miss the Dahlgren Danger Area (D-38) and also
to provide clearance from the Hyde radar vectoring area,
the waldorf holding pattern cquld not bs located and
aligned in a manner which would permit the use of the most
efficient radar techniques for spacing aircraft on the
final approach path. As a result of this configuration,
the addition of the Waldorf stack did nhot produce an ap=-
preciable reduction in aircraft delays at Andrews. In
most comparative tests of Sample 1, aireraft delays with
the Waldorf system were actually higher than those mea=-
gured 1n tests of the Phase D single~stack system.

o« The most important advantage of the second stack at
Andrews was the reduction in the communications and
radar vectoring work load of the Crocm sector controller.
However, as the largaest proportion of arrivals enters
the wWashington terminal area from the northeast, the
Waldorf sector could not carry its share of the work load,

d, Tests of the Washington approach system for southeast
approaches showed that the use of Alexandria as the west
sector holding fix produced long radar vector patterns
and a high work load. In this respect the only advantage
in the use of Alexandria was that departures could clear
the holding pattern and start climbing sconer than they
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could when Springfield was used as the holding fix.
However, the use of McLean for this purpose, as tested
in the Fhase E system, produced shorter vector patterns,
a cleaner flow of traffic, and 4O per cent lower aircraft
delays i1n the sample tested.

Shase G,

1. Object. Use of runway 32 for approaches to Andrews was recon=-
8ldered, primarily as a means of providing additional clearance between
east-sector traffic at Washington and west-sector traffic at Andrews. In
addition, it was believed that a slightly better arrangement of dual holding
fixes for Andrews could be obtained if approaches could be made to the
northwest instead of the north. This system is illustrated in Figs. 16, 17,
18, and 19.

2. Arriwel Control Procedures--Northerly Landings.

a., washington (Runway 36). Facilities and procedures were
the same as those described in the “hase D tests, ex-
cept that the Alexandria and Hyde facilities were re-~
located 1-1/2 miles south of their previous sites in
order to keep holding aircraft at a lower average dis-
tance from the outer marker at all times.,

b. Andrews (Rwmay 32). It was assumed that the ILS was
aligned for approaches to runway 32, with an outer
marker asbout 5.3 miles southeast of the airport.

Holding fixes were established at Columbia and
Cedarville, It was assumed that the Columbia fix

was a TVOR facilily. Cedarville wag assumed to be

an H marker on a southeast radial of the Georgetown

TVCR, with the holding pattern aligned on this radial,
The Charlotte Hall H facility was relocated about three
miles south of its former site to provide adequate clear-
ance between the primary holding pattern at Cedarhurst
and a secondary holding pattern at Charlotte Hall. The
Jjet approach procedure consisted of a stralght-in descent
on the localizer course, crossin% Meekins Neck at 20,000
msl and Huntingtown at or below 6,000 msl. Thse control
of the Jet aircr ft was assumed by the west-sector con-
troller when the aircraft passed Huntingtown.

3. Arrival Control ®rocedures--Scutherly Landings.

a, Washington (Runway 15). Facilities and procedures were
the same as those used in tests of Fhase F.

b, Since Riverdale was used for Wwashington traffic, the
Andrews system reverted to a single-stacl operation
when landings had to be made to the south. Columbia
was used as the primary holding fix in this case.
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Cedarville functioned as a secondary stack. Radar
vector patterns from Columbla were shorter than those
which had been necessary on previous systems tested
for south landing operatioms.

L. Pesults and Observations.
Delay and communications measurements are listed in Tables IV-and
V for Andrews and Washington, respectively.

a. As in Phase B, the use of a straight-in approach, while
ideal from the Jet pllot's standpoint, mads radar spacing
operations more difficult than on systems which allowed
adequate air space for a base-leg approach. Occasionally,
Jets were held briefly at Huntingtown through use of a
360° turn to the right, This pattern infringed somewhat
on Danger iArea D-35. If made to the left, it came close
to the Charlotte Hall secondary holding area.

b. The northwest approach procedure at Andrews provided
greater clearance between Washington and Andrews aircraft
during holding and approach operatioms. However, any
alrcraft missing the approach to runway 32 at Andreus
was required to make an inmediate right turn in orcer to
avoid confliction with the Washington traffie patterns.

¢. Relocation of the Alexandria and Hyde fixes 1-1/2 miles
south of their previous sites reduced controller work
load 2nd delays to the lowest recorded on any tests. The
new locations kept holding aircraft at a lower average
distance from the approach gate and also produced easier
intercentions cf the final-approach course by removing the
temptation for controllers to "cut the corner" for short
turn-cns.

Fhase H.

1, Object. To equip the Phase G system with better approach facili-
ties for south operations at each airport, the system was further developsd
to include two dual-stack systems for each terminal. As this system was
assumed to be a long-range development rather than something necessary for
the 1mmediate future, full usr was made of TVOR facilities for arrival and
departure routes. The system is shown in Figs. 20, 21, 22, 23, 24, and 25.

2. Arrival Control ®rocedures—Northerly Landings.

a. Washington (Runway 36). Arrival routes and procedures
remained the same as in Phase G, except that VOR radials
were used from Arcola to Alexandria and from Lisbon to
Hyde,

b. Andrews (Runway 32). Arrival routes and procedures were
the same as those used in Phase G,
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3. Arrival Control Procedures--Southerly Landings.

a. Washington (Runway 15)., H facllities were installed as
holding fixes at Mclean and Kensington. Each fix was
approximately eight miles from the Chain Bridge VOR.
Holdang palterns were allgned with radials from the Hyde
TVOR. The radial from Hyde to Kensington was extended
to form an inbound route from Lisbon.

As in ®hase E, the normal traffic flow on Red Airways
20 and 61 was reversed in order to produce a cleaner,
smoother flow of traffic in the vicinity of Springfield,
Red Aarway 20 was used for southeastbound traffic from
Martinsburg to Mclean, and Red Airway 61 was used for
rorthwestbound traffic from Springfield to DeHaven.
Traffic from Doncaster to MclLean was routed via the
Alexandria TVOR.to allow departures to start their
climb sooner after take-off.

b. Aandrews (Runway 19). Riverdale was used as the west
sector holding filx, with the pattern extending south-
east, The holding pattern was aligned with a radial
from the Hyde TVOR.

An H facillty was installed as the last sector holding
fix at Largo. The patlern was aligned with a radial
from the Columbia TVOR. ADF oocurses were used as ar-
rival routes from Fort Meade to Largo and from Shadyside
to Largo.,

Jets crossed Huntingtown at 3,000 or above and could be
cleared to either fix for wvectored approaches.

L. Results and Observations.
Delay and commun.cations measurements are listed In Tables IV
and V for Andrews and Washington, respectively.

The use of Kensington instead of Riverdale as a holding fix
during southerly landing operations at Washington did not directly lmprove
the traffic flow at Washingtorn Airport. However, the release of Riverdale
for use as a holding fix for Andrews Field permitted twln-stack opsrations
during southerly landing operations, with a consequent reduction in aira-
craft delays at this field.
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Tests wath 30-1nch Herizontal bDisplay

The suaulation tests previousl; described in this repert were
conducted under the assumpticn that three different ag-necies, each with
feparate radar, controlled the air traflfic in the Wachington Terminal
Lrea. DBecause the controllers were accumed to be opereting From different
locations, 1t was necessury to set up detailed allocations of routes and
altitudes, to minumizce interference and coorinotion hetween agencies,

Sceveral weecks after the other tests were completed, ihe dynamic
fimulator was connoctod to & new type ¢f 30-1nch horizontal bright tube
rader dasplay,s Tnus daspley wes lerge cnourh to permit several controllers
to function &s o tuam while handling traffic n a comperatively larpe radar
arrad,

During Pebiware, 1955, limited simulation tests were conducted
on the Washingten-Andrews {raflic problem, using the 30~inch horazontal
tube as a common dismlav for tire - eontrollers. The rader dioplay covered
a c.reular arca with a redius of about 3?2 stalute miles, ¢ ntred just
west of Androwe Ficlde Th- map scale on the scopc face was approximately
two and one~-fourth miles to the inch,

Tdcntaficatzon markers ver: used 1o keop track of the virious
targets on the ccope faccs Clear pluastic markers wors used at first, but
roquired the use of a greese oonctl for posting pert-nent cortrol data on
cach marker. It was difficult to writs sw2ll cnough with Lhe preasc pencil
to i1nclude tne amount of 1nformation deemed desiralile:

Aircr: £t IJdintification
Alicroft type or specd clacs
Route, f pertinront
Destonation or clearance limit
Altitude (current or propescd).

For this reacon, thc plartic markers were sbandoned, and mark.rs of hravy
paper stocit were usod instead. Thes. were approximately one inch by tiwo
1nehos, bluntly pointed =t one ond to wdicate fligut Jdirectzon, Ordinary
leod vencids could be uscd to poit flight data. Since the rader displey
was of the bright-tube tymoe, overboad lightiag could be uced in the room.
Thus, opaque maper =ark.rs tece Lhoreughly practiczl from thz standpont
of visibilaity. They had additionel edvantages 111 that varions colors
could be used for difforunt types of traffic; also, thoy could be rfiled
carlly as permancnt rocords.

Test: showed thit the use of the common horizontal wisploy with
the associated terprt merkers resulted in an cxlremely flexible traffic
control systom which reauced the neod for the detailed procedures nnd
21titud~ allocations previously described in this riporte Sinec all con-
trollere had crmplete and current information on all TFR troffic bolow
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12,000 M.5.L. 1n the radar area, they wore able to meke immediate use of
avallable alrspacc 28 soon as such opportunities occurred. The result
was a speedup of traffic flow and a considerable roduction n controller
work loads

Following 15 an indicavion of the effects of this chonge:

Warshington Airpert - Phase E - North Londuings

Sample 2 - Arr.val rate 20,5 zireralt per hour

Absclute Delay (min/sce)

Average Maxaimuim
Previous tests us g
separate coatrecl ~gencies
and blocked z2151tudes 72304 20253
Single test usirg common
horizontal dasplay and
target morkeors h112 11:35

# ¥From T.ble V

Assurang that pesitive radar coverage and direct zir/sround
comrmunications could be mointained, there appe-red to be little need
for independent arr:val and departurce routec until the troffic dencity
in the termnzl arer exceoded L5 operations per hour. However, the
prortice of diverting non-landinn en route traffic cround the terrmnal
arce st1ll appeared desireble 1n order to allow centrollcrs to zZive
their undivaded atbertion to lhe progrise of departaing and arrivang
traffic.
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CONCLUSTONS

1, Because of the proximity of various Danger Areas and Prohibited
Areas, the dewelopment of an 1deal arrangement of inbound and outhound
routes is not possible at this time. This factor is particularly critiecal
for the channel between the Quantico and Dahlgren (D-37 and D-36) Danger
Areas,

2, The addition of a holding fix at Croem, in conjunction with the
other procedural changes incorporated in Phase E, is expected to provide
Andrews Field with an IFR traffic capacity equivalent to one-half the
present traffic capacity of Washington National Airport, with no appreci-
ables reduction in the latter figure,

3. Use of twin close~in holding fixes for north landings at Washington
National Alirpert, as described in connection with Phases C, D, F, or pref-
erably, in connection with Fhase G or H, reduces controller work load and
facilitates use of the simple and precise spacing procedures shown in
Fig. 3.

4. Tests indicate that runway 32 will be preferable to runway 1 as
the primary landing runway at Andrews, if traffic develops to the point
vhere the Andrews approach system must be expanded to a twin-stack
operation., Use of runway 32 in this case will provide a hetter arrange-
ment of holding fixes and greater separation between the east holding fix
at Washington and the west holding fix at Andrews. Tests indicate that
the usable capacity of an Andrews traffic system utilizing runway 1l-for
take=offs and a proposed dual parallel north-south runway for landings
would be very little if any higher than the capacity of a system utilizing
runway 1 for take~offs and runway 32 for landings. Therefore, the con-
struction of the parallel norih-south runway is not justifled from the
standpoint of increased traffic capacity at this time,

5. It appears desirable to restrict all Washington terminal area Jet
operations to Andrews Field, from the standpoints of noise abatement, traf-
fic safety, and efficiency.

6. The use of centralized radar control 1s a necessity in the effi-
cient operation of the departure procedures described in these tests. To
provide adequate coverage of the area in which departing aircraft are
climbing to cruising altitude, it would be desirable for the departure
radar to have reliable coverage up to 20,000 feet and out to a range of at
least 60 miles,

7. 1t appears desirable to previde a new traffic route, farther to
the west, for aircraft by-passing the Washington area now using the present
Red Airway 33. The proposed holding pabtern air space reservation areas
for McLean and Kensington extend into the present airway; unless this aire
way could be relocated, altitude separation would have to be used betwsen
holding traffic and airway traffic. A possible method of providing a new
routing for Red Airway 33 is an ADF route from Allentown LF range to the
Harrigsburg LF range; an ADF route from Harrisburg to the Martinsburg IF
range; via the south course of Martinsburg to the Fromt Royal LF range:
and an AIF route from Froni Royal to the Gordonsville IF range.
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RECOMMENDATTIONS

1. As the first step in increasing the copacity of the Washington
termirnal area, 1t 1s recommended that the facilities and procedures de-
scribed in FPhase E be installed.

2. To decreass controller work load and improve radar-vectoring pro-
cedures at Washinglon Natlonal Airport, it is recommended that holding
fixes be installed at Alexandria and Hyde as described in connection with
Phases G or H.

3. vhen a single~stack system becomes inadequate to handle Andrews
Field traffic, it is recommended that the system described in comnection
with' Phase H be insgtalled for northwesterly landings.

L. TIn order to maintain a high acceptance rate at each airport under
southerly wind conditions, it 1s recommended that the system be expanded
further to include the Mclean, Kensington, and Largo facllitles described
in connectlon with Phase H.

5. If still further increases in acceptance rate are demanded, it is
recommended that efforts be mads to sacure the use of portions of Danger
Areas D=35, D-36, D-37, and D-38 so that a better system of arrival and
departure routes utilizing VOR facilitiss can be dewveloped.

6" The development of Andrews Field as the second major airport for
the Washington terminal area is recommended as preferable to the construc-
tion of another major airport in the terminal area, The chief reascon for
this recommendation 1s that the use of the two present alrports provides
a mcre simple arrangement of arrival and depariure routes than would be
involved 1f a third major airport were commissioned, Comparative tests
also indicate that the use of Andrews Field instead of the proposed Burke
tirport may anvolve less restriction on the potential capacity of Washington
National Alrport.

Ta The use of a large horzzontal radar plotting secopc as o cormon
display for several air traffic controllers provides the opportunity to
s1implify the coordaination preblcmes When used with an adegueic system of

arget identafication, the common pictorial display enanles controllers
to makce 1mmediste use of eveilsoble altitudes 2t route intersections, with
a econsiderable amprovemert in airspace utilization ana & conscgacr reduction
in aireraft delays. Because thoe advantages of such a systom erc particularly
well rdepted to the control of traffic in a complex terminal «rcz, the
development and precurcment of an cperational radar display having thesc
characteristies 18 recomrendea ©s zn important step 1n the solution of the
Washington-Androws traffic problems
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1S for rumuay 12 at .ndre's Field.

Compass locator 5.3 miles S. ol ‘ndreus
~ield.

“jove Huntingtoun H facil:ity 2 miles 17,
on centerline ol anproach course 1o
rmuay 32 at 'ndrews Freld.

TI8 for rumiay 1 at “ndrews Field.
Compass locator 5.3 miles 5 of /ndreus
Field.

lioe ‘ashington TVCR to Chain Bridpe.

Jlove Georgetoim H facil-ty to flexandria,
TVOR at Hyde.

H facility at Croom.

iiove Shadyside H faeilaty to Ccdarhuvrst,

Fealign I' course of Camp Sprongs LF
1o cross Hiverdale.
TY0R at Croon,

range

Ses cerresponding itens above.

L5ASCN

“rovide precision apprecach aid.
Provide approach gate and letdowm fix.

“rovide holding fix and radar identification
checit noint for jet alreraft.

Same as 1.
Same as 2. 2y

"rovide anrroach pate, letdoum fix, and course
wuicance for approaches to runway 15 at
.ashington. Irovide radiial for aligning
lexandria holding patiern.

“rovide close-1n holding fix,

Jane as 7.

Same as 7.

Provide secondary holding pattern clear of
Croom pattern. -roviie new \DR route 88 to
Red Im!ay ?7.

“rovide indenendent arrival route for
washingion traffiz from the north,

’»ovide shorter trombone-type paths,
(rovide VH™ course guicdance from Beltsville
and Charlotte Hzll.

See corresponding items zbove,
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T4BLE VI (Contfd)

FACTLITY

Compass locator 5.3 miles N of Andreus Field.
H facillty at liclean.

See corresponding items above.

H facility at Taldorf.

See corresponding items abcve.

T¥Or at Columbia.

H facility at Cedarville.
1lovz Charlotte Hall U facility 3 miles
south.

Ll SON

Same as 2.
Same as 7.

See corresponding items above.

Sama as T.

See corresponding 1.ems above.

Provide close-in holding fix plus
VIF course ruldance for routes
from 1l and 4.

Same as T.

“rovide secondary nolding pattern
clear of Columbla nattern.
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FCILITY

See corresponding items zbowe.

H facility at “ensington,

H facility at Largo.

Chanve desimnation of Cedarhurst
facility to Shadyside.

See corresponding 1tems above.

TABLE VI (Cont!a)

~SON

See correspending items above.

Lame as 7.

Same as 7.

nvold confusion between Cedarville
and Cedarhurst.,

See corresponding items abowe,
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APPROACH
GATE
wl Q
x
8 NO. |
o AIRCRAFT
=
s &
oy -~ =t
F 2
<
oS a
Q
Y, g,
%)
-
<
Z
w

I ONO 2 AIRCRAFT

NOTE:

GATE SEPARATION REFERS TO FLiGHT
PATH DISTANCE BETWEEN TWO SUC-
CESSIVE AIRCRAFT AT MOMENT NO |
AIRCRAFT 1S OVER THE APPROACH GATE

FIG. | AIRCRAFT SPACING TABLE

Caa TECHME M. [LYVELCPRT

OPTIMUM
AIRCRAFT SPACING

ZERO WIND CONDITION
GATE TO RUNWAY 53 M

AIRCRAFT GATE

SEQUENCE |SEPARATION
T INe 2] (MILES)

S | M 5 1

s | F 5.5

s | J € 6

M| S 3

M F 4 5

M| F 5 8

F | s 30

F I M 35

F | 5 2

J [SMF 30

ee | 0

AIRCRAFT | APPROX.

crrecony | APPROACH
SPEED (MPH)

S 120

M 140

F 150

J 180

ARO LyALUATION OIRTIR
SCRLmARCLS,  INDLE s




AIRPORT
RUNWAY

TAKEOFF REFERENCE LINE
\s_L_J,

APPROACH GATE

\|/

L | APPROACH SPACING

. M REFERENCE LINES
3 M1,

FINAL APPROACH COURSE

FIG 2 RECOMMENDED SPACING REFERENCE
LINES FOR RADAR OVERLAY

CAL TECHMICAL DEVELOMULNT
AND EYALUATION CENTER
INDIAMAROLLS INDIANA



EXAMPLE

FIVE MILES SPACING DESIRED
BETWEEN AIRCRAFT AT
APPROACH GATE

HOLDING

NO 2
ARCRAFT

S

NO 2 AIRGRAFT

APPROACH
GATE

AT A, NO 2 AIRCRAFT IS

TURNED TO HEADING WHICH
WILL PLAGE IT APPROXIMATELY
4% MILES FROM GATE WHEN
NQ | AIRCRAFT REACHES GATE

G
NO | AIRCRAFT

e

NO | AIRCRAFT

Q
Rt/
S
©
=
[®)
@)
T

{a

NO | AIRCRAFT

AT B, WHEN NO | AIRGRAFT
REACHES APPROACH GATE,
NO 2 AIRCRAFT IS HEADED
DIRECTLY TOWARD TURN-ON
POINT

AT G, WHEN NO 2 AIRCRAFT
COMPLETES TURN, SEPARATION
HAS INCREASED APPROXIMATELY
Y2 MILE TO THE DESIRED
VALUE OF & MILES

o

DISTANCE FROM QUTER MARKER (MILES)

4 4 MILES ——-

S-t CURVE SHOW-
ING RELATIVE
SPACING OF
AIRCRAFT AT
DESIGNATED
TIMES, A, 8, AND G

TIME

FIG 3 USE OF CIRCULAR SPAGCING REFERENCE ON RADAR SCOPE

| — T
B 2 ¢ 3 4

(MINUTES)
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