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DYNAMIC SIMULATION TESTS OF SEVEBAL PROPOSED 
DUAL-AIRY'RT TRAFFIC CORTROL SPSTRMS FOR THE 

WASRINCTOA TEtMINAL AREA 

This report describes the evaluation of sewral proposed methods 
of hereasing the traffic capacity of the Washington terminal area, 
Specifically, these methods were aimed at dewloping the capaoity of the 
two existing airports (Washington National and Andrews), rather than at 
investigatFng the possibilities for any additional a4rport.g in this area. 
The evaluation was conducted through the uee of the Technical Dewlopment 
and Evaluation Center dynamic air traffz simulator. 

Simulation tests showed that relatiwly stiple changes in navi- 
gational facilitlss, routinge, and procedures could provide at reasonable 
cost an immediate increase in the capacity of Andrews Field to approxf- 
mately one-half that of Washington National Airport. Further changes, 
which could be made when needed, should increase the oapacity of Andrews 
Field 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 entire area controlled from a centralized radar control 
room, should make these increases possible tith very little effect on the 
Present capacity of Waehington National Airport. 

Some of the principles learned in previous TDRC simulation studies 
were applied in modifying the facility layout for Washington National Air- 
port ? Tests indicated that these changes would increase the traffic Capacity 
of this airport and would simultaneously reduce the controller workload per 
aircraft. Subsequent changes in the terminal area facility layout were made 
in order to maintaln high traffic capacity for both airports under wind oon- 
ditiona which require that take-offs and landings be made in 8 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 Andrew Field are too Close togother 
to permit completely independent operations. Teats showed that these r+ 
strictions could be alleviated to some extent through the use of a north- 
west, instead of a north, landing approach system at Andrewe pleld* 
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INTRODUCTION 

Background. 
During the past few years, considerable study has been given to 

methods for increasing the traffic capacity of the dashington teeal area, 
In 1952, the Office of Federal Airways requested this Center to evaluate a 
number of procedures relating to the possible operation of a proposed sup- 
plementary airport at Burke, Virginia. The results of these tests1 hdi- 
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, yl particular, would tend to restrict the 
traffic capacity of the Washington National Airport. 

Development of the Andrews Air Force Base as a supplementary civil 
airport was then advocated, since it appeared quite feasible and somewhat 
less expensive than the construction of au entirely rmw airport. Accordingly, 
in June 1953, the Office of Federal Airways requested that a study be under- 
taken to determrne how term~al area traffic could be handled to the best 
adwntage in the event that it should ultimately be decided to supplement 
the Washington National Airport in this manner. 

In gatherFng the neaeasary background material for this project, 
personnel from this Center spent several days at Washington tiaitlng the 
various traffic control agencies and conferring tith representatives of the 
Office of Federal Airways and CAA Region One. Coordination with the First 
Region was maintained throughout the subsequent sinulation 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 Region control towers participated in maw of the 
simulation tests. 

Objectives. 
Since much pretious TDM: stilation work has been concerned with 

the development of procedures to improve traffic flow at Washington 
National Airport, the primary emphasis of this project was pointed toward 
the improvement of traffic flow at Andreus Field, with the added Stipulation 
that the changes required to accomplish this end must not reeult in any re- 
duction in the traffic capacity of Washington National Airport, The de- 
tailed 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 
present traffic demand of the Washington National Airport. 

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

_ .- 
1C. M. Anderson, F. S. M&night, Tb K. Vickers, and M. H. Post, 

uDreliminary Study of Traffic Control Systems for the Proposed Washington 
Supplemental Airpert Using Simulation Techniques,” CAA Technical IleveloP- 
ment Report No. 187, November 1952. 

‘ 



3 

3. Although designed primarily for northerly take-offs and landings, 
traffic systems should be capable of maintaining operations without appre- 
ciable reduction in acceptance rates under wind conditions which require 
that take-offs and landtngs be made in a southerly direation. 

14. Insofar as possible, systems should provide independent, aegregated 
arrival routes to each airport. 

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

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

7. Systems should provide clean-cut sector jurisdiction to permit 
satisfactory division of work load under heavy traffic dontitions. 

EVALUATION hETUODS 

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 
available for the possible future distribution of aircraft types; therefore, 
two different samples were made up, as summarized in Table I. One cob 
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 mirmmum number of working hours. Smce potential system bot- 
tlenecks are not as apparent in light traffic conditions, the traffic 
samples set up for the teats had somewhat higher flow rates than might be 
expected in actual operations in the terminal area during the next few 
years. 

It will be noted that Sample 2 had a larger proportion of jet and 
fast-type aircraft than Sample 1. In both samples, all jet aircraft landed 
at Andrews rather than kashmgton. This consideration was due to the pre- 
sumption that If both airports were available, (a) the high noise level of 
jet operations would cause less of a public nuisance at the more remote 
airport, and (b) the absence of close-in obstructions at Audrews should 
provide greater safety for jet operations. 
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TABLE I 

SUMMARY OF ARRIVAL SAWLES 

SArPLE WUTIBER 1 

ADPORT Andrews Washington 

N-mBm Jet 5 0 

Fast 10 8 

OF Medium 9 15 

Slow 6 7 

AXXRAFT Total 30 30 

Arrival Per Airport 19.7 19.5 
Rate t 
Per Terminal Area 
HOW Total 39.2 

2 

Andrew Washington 

12 0 

15 5 

13 13 

0 23 

b0 Irl 

20.3 20.5 

40.8 

The traffic samples, ldzich included two arrival problems and 
one departure problem, were assembled through the use of techniques de- 
veloped2by Franklin Institute. The techniques are described in another 
report. Basic inputs of the traffic samples are given m Table II. 
General characteristlos of the various aircraft types simulated in this 
problem are listed in Table III. 

BASIC INPUT OF TRAFFIC SAMPLES 

LEGEND 

A - Andrews Field 
B - Beltsville 
C - Charlotte Hall 
D - Washington National 

Airport 
F - Fast 
G - Gordonsvllle 
I - Raleigh 

3 - Jet R - Riverdale 
K - Meekins Neck S - Slow 
L- Clifton - Baltimore 
M - Medium v' - Arcola 
N- Donoaster w- New York 
O- Colss Point x- Norfolk 
P - Pittsburgh 2 - Shadyside 
Q - Quantico 

2"Analytioal and Simulation Studies of Several Radar-Vectoring Procedures 
in the Washington, D. C. Tenhal Area,” by S. M. Berkowita, Franklin 
Institute, Phfladelphia, Penna., CAA Technical Development Report No. 222, 
not yet published. 
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TABLE II (Co&d) 

Sample 1 -Arrivals 

Estimated Over Enroute 
FlX Time 

R 0120 
R 20 
N 18 
C 19 
R 
V :; 
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0 25 
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TABLE II (Contfd) 

Sample 2 - Arrivals 

Estimated Over Ehroute 
Fix 
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TABLE II (Cont'd) 

Sample 3 - L!epartures 

Proposed 
From To or Desired Dptr. From To or 

Type Abport Owr * Alt. Entry Time Type Airport Over 

1 

: 

i 
7 

; 
10 
11 
12 

:; 
15 
16 
17 
la 
19 
20 
21 
22 
23 
24 
25 
26 

23 

:i 

0122 
24 
?!i 

z: 
32 

z 
36 
37 

$ 

g 

t; 

2 

02ii 
04 
05 
06 
10 
11 
11 
12 

i 
F 

: 

: 
# 
M 
M 

: 
3 
M 
F 
J 
M 
S 

i 
M 
F 
M 
F 
S 
M 
M 
M 

: 

A 
A 
D 
A 
D 
A 
A 
A 
A 

A" 
A 
D 
A 
A 
A 
D 
D 
D 
A 
II 

:: 
D 
A 
D 
A 
A 
A 
D 

w 
W 
I 
P 
P 

G" 
w 

: 
w 
w 
w 
W 
w 
P 
P 
w 
W 
P 

G 
T 
P 
W 
T 
T 
P 

w 
w 
P 

*in thousands of feet, M&L. 

12 
6 
a 

2 

: 
12 

9 

z 

i 
9 

12 
30 
10 

7 

:i 

: 
10 
12 

!I 

119 
6 

0213 J 
17 M 
20 F 

M 
2': M 
2b J 
26 F 
28 F 
:; F 5 

30 J 
34 F 
36 M 

$4 ; 

",; z 
52 S 
53 F 
5'4 F 

:; F" 
0300 F 

00 M 
01 M 
02 M 
‘34 M 
05 M 
07 M 

A 
A 
D 
A 
D 
A 
A 
D 
A 
A 
A 
A 
D 
D 
A 
D 
A 
A 
D 
A 
A 
D 
A 
D 
D 

: 

i 
D 

P 
w 
T 
w 
w 
W 
P 
I 
w 
X 
w 
W 
I 
G 
I 
P 
w 
T 
I 
w 
W 
T 
X 
P 

Y 
T 
I 
G 
I 
T 

DesFred 
tt Alt. 

24 
11 

!i 

2'5' 
16 

: 
10 
25 

z 
6 

28 
ill 

i 
11 

i 
12 

8 

i 
10 

f 



VP of 
Aircraft 

s 

M 

F 

J 

Total 

Rata Per Hour 

8 

TABLE II (Contld) 

Sample 3 - s-y 

AFrport 
Washington Andrew8 

5 0 

14 12 

7 9 

0 5 

26 34 

L5.? 21.0 

Area 
Total 

13 

26 

16 

5 

60 

36.2 

TABLE III 

AIRCRAFT TYPE CHARACTERISTICS 

TYPE 

JET 

FAST 

mTmJM 

SLOW 

cruise 
(mph) 

400 

290 

240 

180 

SPEEDS Climb or Descent 
Intermediate Approach 

w-4 (mph) $3 

290 180 3000 

220 150 1ooo 

190 140 1000 

150 120 500 
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Measurements. 

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

2. Communications. Communications for oaoh sector included complete 
control instructions, current weather information, pilot reports, and ac- 
knowledgments. In each system, thetotal amount of communications time 
necessary to bring the aircraft to $&e approach gate was recorded by elec- 
trio clocks. The number of separate communications contacts was recorded 
through the use of electric impulse counters. 

3. SlgnFficance of Results. The actual traffic control of the various 
simulation runs was handled mostly by a group of First Region oontrollers 
knth widely varying radar experience', All runs were made under the general 
supervision of TDEC traffic control specialists, Thus, from the standpoint 
of human performance, the results are believed to be indicative of those 
&ich could be expected from a typical group of CAA radar controllers. 

Although every effort was made to keep the simulation tests as 
realistic as possible, It was not practloal to reproduce in the laboratory 
all the complications and distractions *ioh might exist under actual op- 
erating-conditions. Therefore, in studying the results of these 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 he used for qualitative comparisons 
of one system with the other. 

Because only nine simulator targets were available, 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 shortage 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 whdoh would have been en route to the 
other airport at the same time. This was done 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 aircraft had passed the points where traffio routes to the two 
airports diverged from each other. 
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Because of close-in convergence of some departure routes from the 
two airports, it was necessary to operate both airports simultaneously 
during the departure runs. No measurements of take-off delays were re- 
corded because occasional 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 various syetems under heavy traffic oondi- 
tions and thus to develop imprcved routings, control procedures, and sector 
assignments. 

GENEML GGN’IROL PROCEDURES 

Use of Radar, 
In conducting the simulation tests, it was assumed that the ter- 

minal area had reliable radar coverage extending from the min5mum instru- 
ment altitude up to about 10,000 m@l. It was also assumed that radar 
vector procedures would be used for the following: 

1. Sequencing of aircraft en route to holding fixes. 
2. Guiding arriving aircraft from the holding fixes to the final 

approach course for subsequent IX or TVOR approaches. 
3, Establishing longitudinal separation between arriving aircraft en 

route to the final approach gate. 
4. Maintaining longitudinal or lateral separation between departing 

aircraft and other traffic until ANC separation was establiehed. 

Aids to Controller Judgment. 

1. Spacing Table. The Job of establishing optimum separation between 
successive aircraft on the fdnal approach path was simplified considerably 
through the use of the spacing table shown in Fig. 1. Thie 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 airborns air- 
craft, The three-mile standard was increased to allow for the speed 
differenttal in cases where a faster aircraft followed a slower airoraft 
in the landing sequence. In all cages, an additional allowance was made 
to compensate for normal variations from the desired approach speeds. Use 
of this table enabled approach rntsrvals to be reduced to the mlndmums 
consistent with adequate safety. 

2. Referenoe Lines. Accuracy of spacing aircraft 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 arcs spaced 
on radii of three, four, and five miles from the outer marker. The SrCS 
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 aircraft at the 
outer marker. For path adjustment the No. 2 aircraft was turned to a 
heading &ich was essentially tangential to the outer marker. AS shown 
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in Fig. 3, this orbiting technique kept the No. '2 aircraft at an almost 
constant distance from the outer marker wbhlle the No. 1 aircraft was pro- 
ceeding inbound. As soon as sufficient separation was established (making 
due allowance for an extra one-half mile of separation which would accrue 
dur5ng the turn) the controller turned the No. 2 aircraft dFrectly toward 
the localiaer 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 general configuration of auport 
runways, danger areas, and prohibited areas tended to channelize departure 
paths into two basic patterns; one for northerly take-off operations and one 
for southerly take-off operations. Detailed diagrams of departure routes 
for the various systems are dlscussed later in this report, 

Mvision of Control. 
In order to simplSy control procedures and to minimize the amount 

of coordination reqlured 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 
Washlngton National Airport, close-in crossovers of departure paths were 
inevitable, Therefore, considerable coordination between departure con- 
trollers had to be conducted in handling the departure traffic from the two 
airports. 

The first departure control arrangement made use of three radar 
controllers, presumably one at each airport radar facility and another at 
the Washington ARTC. In this arrangement, each airport radar controller 
released departures at his location and transferred control to APTC radar 
approximately five miles after take-off. Although this procedure worked 
satisfactorily when traffic at one airport was very light, it became unsafe 
when departures reached a rate of about 15 per hour from eaoh airport. 
This was because of the burden which was placed on the ARTC position in ac- 
ceptmg, identifying, and prodding separation between aircraft on several 
different routes simultaneously. 

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

1. Sector 1 handled Washington departures and retained control Of all 
westbound, southbound, and southwestbound aircraft until ANC separation was 
established. Northwestbound and northeastbound aircraft were released to 
sector 3 control as soon as practicable after take-off. 

2. Sector 2 handled Andrews departures and retained control of all 
alroraft proceeding via Shadyside on eastbound or southeastbound routae 
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until ANC separation was established. Northwestbound or northeastbound 
airoraft were released to sector 3 control as soon as practicable after 
take-off. 

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

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

In order to 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 &ich aircraft headed for common or arossing 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 adapted, with 
take-offs regulated only cnou& 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 owr 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 duties 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 more practical and positive than either of the other two sector 
arrangements tested. 

ARRIVAL TESTS 

Phase A (Present System). 

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

2. Control Procedures (North Landings at Both Airports). Present 
control procedures, as outlined in Washington National Airport Traffic 
Control Toter Operations Letter No. 5 and Washington Air Route Traffic 
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Control Center Operations Letter No. 2, were used. !&ese procedures are 
shown in Fig. b. "roceduree included the use of the present Andrews jet 
letdown, 

3. Results and Observations. One dq run (wlthout measurements) re- 
vealed that the present system would be unworkable with any appreciable 
volume of traffic at Andrews Field. The chief difficulties were: 

a. 

b. 

0. 

Andrews arrivals shared common routes with Washington 
arrivals. As a result, entry altitudes in the terminal 
area built up to high levels. Maqy delays were due to long 
descents from these altitudes. 
The Andrews arrival clearance limits of Shadyside and 
Charlotte Hall were much too far away from the Andrews 
approach gate for efficient spacing operations. Use of 
ths Andrews spacing area by Washington arrivals pro- 
ceeding to Andrew range complicated the radar picture 
and added to the difficulty of target identification, 
Andrews approaches had to be made acroaa and underneath 
the area used by Washington arrivals holding at the 
Andrews range. The resulting oomplicatlons in the radar 
display made the establishment of radar separation be- 
tween Andrews arrivals very difficult. 

As a result of these observations, no further tests were made of the present 
system. Instead, jnnnediate efforts were made to Improve the system, 

Dhase B (ElodFfied Present System), 

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

2. Control Procedures. 

a. WashIngton (Runway 36). In order to elMnate some of 
the difficulties encountered by the Andrews radar con- 
troller in ?hase A, the Riverdale H facility was 
designated as the clearance limit for east-west sector 
arrivals destined for Washington National Airport. This 
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 following changes in the 
Andrew.3 facility layout were assumedr 

(1) An ILS was installed to line up with runway 32. 
This arrangement placed the outer narkep closer 
to Shadyside, the prtiary clearance limit for 
Andrews arrivals. 



(2) The jet approach procedure was changed so that 
jet aircraft normally started their desoent from 
Neekms Neck at 20,000 me1 and were cleared to the 
Huntingtown H facility at 6,000 msl or above. As 
these axrcraft crossed Huntingtown they would nor- 
mally be cleared for straight-in approach across 
the outer marker, If ~ILV delay was involved, such 
aircraft were held at Huntingtown until the radar 
controller could fit them into the final approach 
sequence. 

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

TABIX IV 

SWmY OF ARRIVALRUNS - ANlBRN.3 FIELD 

SAM%E~ 
Absolute Delay Avg. Connmmrcatlons 

Landing Hol&ng' - Avg. Per Psr Aircraft 
"base Runway Fti8 a Aircraft Maximum Messages Comm, Time 

(minhec~ (min/seoJ (m&se01 
D 32 Shadyside 1i:OO ' . 25':oo 
C 1 Croom 4:38 12:Ol 
II 1 Crooin 260 11:39 
F 1 Groom/Waldorf 4:22 13:23 

G-H 32 Columbia/Cedartille 2:24 9r3l 

SAM%? 2, 

D 1 croan 
3 I Croom 
& 19 Groom 
F 1 Groom/Waldorf 

G-H 32 Columbia/Cedsrvllle 
H 19 Largo/Riverdale 

3:lY 
4too 
6:07 16.44 

13:Ol 
12~29 
16349 

46.2 

30.0 
32.2 

2:36 
2r39 
2127 
I:41 
1:46 

1:36 
~46 
2r12 
1158 
1~42 
2.35 



B 36 
%zi2! 

5:3h 

C 36 *1exanirta/lIyde 

F" :i 
Alexandria/Hyde 

k:;; 

Alexandria/Hyde 
G-H 36 Alexandria/Hyde* 

$;; 

*Relocated l-1/2 mles south. 

10:50 34.5 
lO:h3 32.h 
10:31 29.7 

9:26 32.4 l-53 

E 36 Springfield/ 7:3G 
Riwrdale 

E 15 McLean/Riwrdale 
G-H 36 Alexandria/Hyde+ 2; 
G 15 Alexandria/ 6fl&6 

Riwrdale 
H 15 McLeat&ensFngton 5:37 

*Relocated l-1/2 miles south. 

20:53 M I!¶ 

l-4:47 
2l.:O9 3i.2 2Yo9 
17rh2 3L.7 1:.55 

16:12 41.5 2:3& 

w - MlssFng because of failure of recording equipment. 

a. Holdmg fixes were too far away from both the Andrew and the 
. _ rWashinston outer markers to permit efficient radar spacing oper- 

TABLE V 

SDMMARY OF ARRIVALRUNS - WASHINGTON NATIONAL AIRPORT 

SAM"LE 1: 
Absolute &lay Avg. Commnications 

Landing Holding Avg. Per Per Aircraft 
Phase Runway Fixes 

b. 

C. 

ations-on the fmal approach; As a result, delays were still 
rather high. 
The straight-in jet approach was simple from the pilot's stand- 
potit but was not wry efficient from the radar controllerIs 
viewpoint because lt allowed wry little flexibility 5n 
&retching the flight path of the jet to adjust the approach 
interwl behind a preceding aircraft. As a result, jets 
usually arrived with too much spacing behind other aircraft. 
This factor contributed to the high delays of this phase. 
Because m of the arrival routes were still shared by 
aircraft en route to Washington or Andrewz, entry alti- 
tudes were high and meny delays wre due to the long 
descents required. This was particularly true of traffic 
arriving at Riwrdale, because Andrews srriwls did not 
diverge from Washington arrivals uutll reaching Beltsvilleb 
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d. Traffic en route to Washington from the east and south- 
east still crossed the Andreas radar area, complicating 
the radar display and creating addktional work load for 
the Andrew radar controller, 

Phase 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 bolting stacks at Washington. This sys- 
tam, known as Phase C, is shown in Fig. 6. 

21 Control Procedures. 

a. Washington (Runway 36). To establish a cleaner division 
between the Washington and Andrews sectors, the old 
Washington arrival route over ShaQside was abolished. 
All Washington arrivals from the northeast now entered 
the terminal area over Eeltsville. 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 associated 
with previous Washington approach systems, a close-in 
holding fix was established on either side of the IL5 
outer marker and offset four miles from the localizer 
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 faoility moved 
to a new site on the south radial of a TVOR facility 
installed near Chain Bridge. The Chain Bridge TVOR 
was assumed to be the old Washington National Airport 
TVOR relocated so that it would furnish an outer fix 
plus course guidance for eoutheast 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 A&rport, 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. 

3kAppllcation of Simulation Techniques m the Stu@ of Terminal 
Area Traffic Problems,a C. M. Anderson and T. K, Vickers, CAA Technioal 
Development Report No. 192, June 1953. 



For final approach guidance, it was assumed that an ILS was 
installed for approach to runway 1, with landings made in a 
northerly direction. This landing direction is preferred 
by certain Andrews Air Force personnel, who desire to re- 
serve the northwest runway (No. 32) exclusively for jet 
scramble operations. 

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

The same jet letdown procedure used in the Phase B tests 
was employed. However, the use of runway 1 for landings 
permitted adequate flexibility of the jet approach path 
from Huntingtown. Jets could leave Huntjngtown on base 
leg if 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 measurements are listed XI Tables IV and 

V for Andrews and washmgton, respectlwly. 

a. Because of the ellminatton of the Shao’yside route, more 
Washington arrivals were concentrated on the Beltsville 
route, As this route was still shared with Andrews ar- 
rivals, entry altitudes over Beltstille built up to 
even higher levels, thus increasing delays due to 
descent time* 

b. Use of the olose-in holding fixes at both airports re- 
duced controller work load and made possible more ef- 
ficient spacing of aircraft on the final aoproach paths. 
This improvement had the effect of reducing aircraft 
delays at both airports, It was particularly noticeable 
during the Andrews tests, Andreus delays in this phase 
averaged less than one-half of those recorded ln the 
pretious system. 

c. Employment of the jet base-leg pattern from Huntingtown 
enabled jet approach intervals to be adjusted much more 
accurately than on previous systems tasted. This feature 
greatly simplified the job of the Andrews radar controller 
and also contributed to the general reduction in aircraft 
delays. 

Phase D. 

1. Object. In order to reduce descent delays caused by congestion 
on the heavily traveled arrival route over Beltsville, it was deelded to 
split this traffic load by establishing a different routing for Washington 
arrivals. This segregation was acoomplished by realigning the north course 
of the Camp Springs range to provide course guidance from Lisbon and 
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Riverdale. In addition, the Croom H facility was replaced by a TVOR. The 
southwestbound traffic flow was now divided at Lancaster. Andrews arrivals 
followed the former route over Loch F'aven, Relay, and Beltsvllle, while 
Washington arrivals proceeded over Westminister and Lisbon to Riverdale. 
Dse of a TVOR at Croom permitted realignment of the holding pattern on a 
north-south axis. This system 1s shown in Fig, 1. 

2. Control Procedures. 

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

b. Andrews (Runway I). Realignment of the Groom holding 
pattern made possible the use of short, close-m, 
trombone-type, radar vectoring patterns. Other pro- 
cedures remained the same ae those used in Phase C. 

3. Results and Observations. 
Delay and communications measurements are listed in Tables IV and 

V for Andrews and Washington, respeotively. 

a. Reduction m traffic congestion on the Beltsville route enabled 
-P1 arrivals to emer the termtial area at lower levels than were 

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

b. Realignment 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 LO per cent from those recorded in 
Ohase C, largely as a result of the attainment of con- 
sistently better approach intervals. 

chase E. 

1. Object. From the lesssns learned on tests of Phases-C and D, it 
was believed that a~ interim system could be developed whloh would provide 
many of the advantages of these systems at lower cost. The object of this 
new system, Phase E, was to ticrease the traffic capacity of the teIMna1 
area primarily through improvement of facilities at Andrewe Field. This 
system is shown in Figs. 8, 9, 10, 11, 12, aqd 13. 

2. Arrival Control 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 wes realigned to 
pass over Riverdale and thus form the arrival route from 
Lisbon to Riverdale. Springfield and Riverdale were used 
as tne primary holding fixes in this system. The Washingtoo ' 
arrival route from Coles Point via Charlotte Hall was 
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elimmated, primarily ta~simplify the traffic situation 
in the Andrews radar vectoring area. Washington arrivals 
which formerly used this route were now cleared via 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, 
except for the route from the north. This route now pro- 
ceeded from Relay directly to the Friendship outer lo- 
cator, thenoe directly to Croom, utilizing ADF guidance. 

3. Arrival Control Procedures-Southerly Landings. 

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

:‘. tlai 

In tests of this phase, it was assumed that an H faoil- 
ity was established at McLean to form the primary holding 
fix for the west sector. Riverdale 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 Washington National Airport. 
Andrdws~(Runway.19). Croom was used as the primary 
holding fux. All aircraft were vectored into position 
for back-course IIS approaches to runway 19 at Audrews 
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 measuremrnts are listed in Tables IV and 

V for Andrews and Washington, respectively, 

a. Rearrangement of the arrival routes from the northeast 
to-form segre$ated routes to each airport reduced de- 
scent delays by enabling aircraft to enter the terminal 
area at lower altitudes than they could in the premous 
systems tested, 

b. Establishment of the holding fix at NcLean shortened the 
radar-vector paths for southeast approaches to Washington. 
Reversal of the traffic flow on Red 20 and Red 61 during 
southeast approach operations simplified traffic flow in 
the vlcmity of Springfield and thus reduced possible 
confusion on the radar display. 
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o. The adr space reservation for the McLean holding pattern 
extended into Red Airway 33 in the vicinity of Herndon. 
ft appeared desirable that this airway should be moved 
westward a few miles. This change has been under con- 
sideration by the Washington ARE Center for some time. 

d. The radar vector pattern for a south landing at Andrews 
was excessively long. As a result, delays were much 
higher than those recorded for north landing operations. 
However, it appeared that this factor would not become 
critical as long as the traffic demand rate for Andrews 
did not exceed 15 approaches per hour. 

e. Tests of south landing operations at Andrews pointed out 
the necessl% for a secorhry or "stoppert' fix on the 
ar-rlval route from the north. With suoh a fix It would 
have been easier to mtegrate arrivals from the north 
with jet arrivals which orossed Groom northbound Fn de- 
scent from high altitude levels. This difficulty was 
corrected on later phases tested by the designation of a 
VOR intersection as a seoondary fdx in the vicinity of 
Bowie. 

Phase F. 

1. Object. The next system was a further development of the Phase D 
system. It represented an attempt to expand the hdrews approach system to 
a twin-stack layout for high traffic demand rates, with approaches 10 run- 
way 1 or with a proposed parallel north-south runway. This system shown in 
Figs. lb and 15. 

2. Arrival Control Procedures--North Landings. 

a. WashIngton (Runway 36). Faoilities and procedures were 
the same as those described in the Phase D tests, with 
the exception that Doncaster could not be used as a 
secondary holding fix because of the proxdmlty of the 
west sector Pndrews holdLng fix establzshed at Waldorf. 

b. Andrews (Runway 1). An H facility was established at 
Waldorf to provide a second hold- fix for Andrews 
traffic. This holdSng pattern was aligned with a radial 
from the Croom YJOR and was extended southwest from 
Waldorf. The jet approach pattern was relocated to 
provide an additional departure route over Huntingtown 
to Meekius Neck. Jet arrivals normally crossed --- 
Coles Point at 20,000 msl, or abow, descending on a 
straight-m approach to cross Charlotte Hall at about 
6,000 msl, from which point they were guided 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 Crocm 
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as desired. As the east sector normally controlled more 
piston-engine traffic than the west sector, most Jet air- 
craft were placed under west sector control in order to 
equalize the work load, 

3. Arrival Control Procedures-Southerly Landings. 

a. Washington (Runway 15). Alexandria and RIverdale were 
used as holding fixes for feeding the approach to runway 
15. 

b. Andrew8 (Runway 19). Because the Riverdale holding pat- 
tern was being used for Washington traffic, it was not 
possible to maintain a twin-stack operation 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 Groom as the primary holding fix. Waldorf was 
used only a8 a secondary holding fix in this case, 

4. Results and Observations. 
Delay and communication measurements are listed in Tables IO and 

V for Andrews and Washington, respectively. Although several wind-shift 
tests were made in switching 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. 

1. a. No special problems wsre encountered in making the shifts 
mentioned in the preceding paragraph. 

b. In order to nuss the Dahlgren Danger Area (lL38) and also 
to provide clearance from the Hyde radar vectoring area, 
the Waldorf holding pattern cquld not be 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 not produce an ap- 
preoiable reduction in aircraft delays at Andrewa. In 
most comparative tests of Sample 1, aircraft delays with 
the Waldorf system were actually higher than those mea- 
sured In tests oc 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 Groom sector controller. 
However, as the largest proportion of arrivals enters 
the Washington terminal area from the northeast, the 
Waldorf sector could not carry its share of the work load. 

d. Testa of the Washington approach system for southeast 
approaches showed that the use of Alexandria as the west 
sector holding fix produoed 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 sooner 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 LO par cent lower aircraft 
delays 111 the sample tested. 

%ase G. 

1. Object. Use of runway 32 for approaches to Andrews was recon- 
sidered, 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 Andrew3 could be obtained if approaches could be made to the 
northwest instead of the north. 
18, and 19. 

This system is illustrated in Figs. 16, 17, 

2. Arrival Control Procedures-Northerly Landings. 

a. 

b. 

Washington (Runway 36). Facilities and procedures were 
the same as those described in the "base D tests, ex- 
cept that the Alexandria and Hyde facilities were re- 
located l-1/2 miles south of their previous sites in 
order to keep holding aircraft at a lower average d&s- 
tance from the outer marker at all times. 
Andrews (Rumay 32). It was assumed that the ILS was 
aligned for approaches to runway 32, with an outer 
marker about 5.3 miles southeast of the airport. 
Holding fixes were established at Columbia and 
Cedarvllle. It was assumed that the Columbia fix 
was a THOR facility. Cedsrvllle was assumed to be 
an H marker on a southeast radial of the Georgetown 
TVOR, with the holding pattern aligned on this radial. 
The Charlotte Hall H facility was relocated about three 
miles south of its former site to pmtide adequate clear- 
ance between the primary holding pattern at Cedarhurst 
and a secondary holding pattern at Charlotte Hall. The 
jet approach procedure consisted of a straight-in descent 
on the localiaer course, crossin Meekins Neck at 20,000 
msl and Huntingtown at or below z ,000 msl. The control 
of the jet aircr ft was assumed by the west-sector con- 
troller when the aircraft passed Huntingtown. 

3. Arrival Control Drocedurea--Southerly Landings. 

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

b. Since Riverdale was used for Washington traffic, the 
Andrews system reverted to a single-stack operation 
when landings had to be made to the south. Columbia 
was used as the primary holding fl;; in this case. 



Cedarvllle functioned as a secondary stack. Radar 
vector patterns from Columbia were shorter than those 
which had been necessary on previous systems tested 
for south landing operations. 

b. Pesults and Observations. 
Delay and communications measurements ara listed in Tables IVV;;and 

V for Andrews and Washington, respectively. 

a. As in Phase B, the use of a straight-in approach, while 
ideal from the jet pilot's standpoint, made 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. 
on Danger Area D-35. 

This pattern infringed somewhat 
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 1;ashington and Mdrews aircraft 
during holding and approach operations. However, a~ 
aircraft missing the approach to runway 32 at Andrews 
was required to make an immediate right turn in oraer to 
avoid confliction with the WashIngton traffic patterns. 

C. Relocation of the Alexandria and Hyde fixes l-l/2 miles 
south of their previous sites reduced controller work 
load and delays to the lowest recorded on any tests. The 
new locations kept holding alrcraft at a lower average 
distance from the approach gate and also produced easier 
interceations of the fmnal-approach course by removing the 
temptation for controllers to "cut the corner" for short 
turn-ons. 

Pnase H. 

1. Object. To equip the Phase G system with better approach facili- 
ties for south operations at each airport, the system was further developed 
to Include two dual-stack systems for each terminal. As this system was 
assumed to be a long-range development rather than somethFng necessary for 
the immediate future, full us was made of TVOR facilities for arrival and 
departure routes. The system is shown m Figs. 20, 21, 22, 23, 2L, and 25. 

2. Arrival Control Procedures-Northerly Landings. 

a. Washtngton (Runway 36). ArriMl 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 0. 
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3. Arrival Control Procedures-Southerly Landings. 

a. Washington (Runway 15'). H facilities were installed as 
holding fixes at Nciean and Ksnsington. Each fix was 
approximately eight miles from the Chazn Bridge VOR. 
Holding patterns were aligned with radials from the Hyde 
TVOR. The radial from Hyde to Kensington was extended 
to form an inbound route from Lisbon. 

As in Phase E, the normal traffic flow on Red A-ways 
20 and 61 was reversed in order to produce a cleaner, 
smoother flow of traffia IIL the vicinity of SpringfIeld. 
Red Airway 20 was used for southeastbound traffic from 
Martinsburg to McLean, and Red Airway 61 was used for 
northwestbound traffic from Springfield to DeHaven. 
Traffic from Doncaster to McLean was routed via the 
Alexandria TV0R.t.o allow departures to start their 
climb sooner after take-off. 

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

An H facility was installed as the last sector holding 
fix at Larg0. The pattern was aligned with a radial 
from the Columbia TVOR. ADF oourses were used as ar- 
rival routes from Fort Reade to Large and from Shadyside 
to Largo. 

Jets crossed Huntingtoun at 8,000 or above and could be 
cleared to either fix for vectored approaches. 

b. Results and Observations. 
Delay and communications 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 improve 
the traffic flow at Washington Alrport. However, the release of Riverdale 
for use as a holding fix for Andrews Field permitted twin-stack operations 
during southerly landing operations, with a consequent reduction in air- 
craft delays at this field. 



Tests vnth 3O-mch Iior~zo~~tal luoplay 

The sLrulatlon tests PrerLouSlj descrlbcd in thIS report WW~ 
conducted under tile' assumption th?t three dlfforcnt a~-ncles, each with 
separate radar, controlled the a~ traffic m the '&a:h~nSton Tcrmanal 
J!.r en. Decnuse the controllers were drcumed to bc operdtm: LYon different 
loc~ltlons, at wils nrccseury to set up dotarled allocations of routes and 
altitudes, to m~nunaz~ Interference and coorlnatlon between agencaes. 

Several weeks after the otht? tests were completed, thd djlnamlc 
simulator ha:, conncctcd to P new typo op 30-inch horizontal bright tube 
rndor dlspla~ + Tnls dlspl'y was lssge onouyh to pcrmnt scvcral controllers 
to function as Lt tuam while handling traffic in J c,m?&ratlvoly largt radar 
area, 

Durui~ February, 19511, l~"ltcd slmuldt~n tests werc~ conducted 
on the Washmgtcn-Andrewr trafilc problrm, using thn 3O-mch horlaontal 
tube ac a common dls?lav for tire controllers. The radar d~play covered 
a cscular area with rl rad~.us of about 31 statute moles, c ntred lust 
west of Andrc~s Fold. Th' map scale on thr scope fact W: approxmatcly 
two and one-fourth mllen to the inch. 

Idtntlflcst;on markers fern' uar,d to keep track nf the various 
tarSets on the scope ~JCC. Clear $lastLc markor; WLTI! us4 <rt first, but 
rh>qulred the use of a grLasq: :o~.nc~l for postln[: port7nC.nt cor'trol data on 
each marker. It 'ias d1ff1.cult to is1tz sill enough with the er',asc pencil 
to Include tnc anmmt of lnformatlon docmcd deslral,lcr 

Alrci-:ft ld~ntlf~atlon 
Allcsrft tType or :>peod cla;s 
Route, of pert1nnt 
llrst~r~t~on or cloarancc llmlt 
Altltudc (current or proposed). 

For this reason, the plamtlc markers were abandoned, and mai% rn of heavy 
pnper stock wan u:,ul Instoad. TtLcsL WLTC spprox?matcl~ one anch by trio 
uchr?s, bluntl:r pollntcd =t one and to n1ticat.c fll,:ht d;1rcct-ion, OrdLnxry 
load yenclls coul~d bca used to po,.t fllSht data. Smcc the radar dlspldy 
was of the bright-tube ~J'J'c, ovc~hotid l~gktl,lg coulrl bc urd m thi: room. 
Thus, opaqur mpt~ Tark:rs ncrc Ihorou&ly pract?cal from th? .etdndpoLct 
or VI siblllty. They had z~l~!~t~on~~l edvantages 111 that V~I‘~OIIS colors 
could be used for dlffcr&, types of traffic; also, they couldbc illed 
caslly as permanent records. 

Test: showed that the USE of thd common horleontal cc~splzy with 
the assoclntcd tarrpt mzkcrs rcsultcd ~1 an txtremrly flr,xlble traffic 
control systcln whch rrouced the need for the detallcd proccd~lros and 
dltltud" allocatvons prcvlously dLscrlt)td 3-n this r:port. SUXC all con- 
trollcrb had cnmplutc anti currant lnformatlon on all IER trsfflc below 
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12,000 N.S.L. m the radar arca, thry WL~P able to mekc unmedxatc use of 
awllable awspncc as soan as suci, opportunltles occurred. Tbc rcsu1t 
w.zs a spredup of traffx flow and a conslderablf riductlon 1~11 controller 
work load. 

P0110?i1 ng 1s an mdlczLlon of tho effects of thx chx:ge: 

Wxhl?gton Alrnort - Phase E - Uorth tindIngs ---A--- 

San?plc 2 - Arrlvnl rate 20.5 -Ircraft per hour 

Previous tests us Lllg 
separate codLrol " @xClOS 
and bloc!ted albltudes 

SF R-cm T.blti V 

7 :39++ 20:53+ 

4:12 11:36 

Assuiixng that posltLvc radar coverage and direct ax/ground 
connnunxatlons could bc mnlntaincd, there anpc?red to be little need 
for Independent Szrrlv~l axl depnrtnrc routt, '- until the traffic density 
111 the termxxil nre: excc,:dr>d 1~5 operations per hour. Howcvor, the 
przptlcc of dlvcrtlng non-lwdln: en route traffw around thC> twrunal 
arc? stall anpcxrcd dcfi:lr?blc in order to allow controllers to qvo 
thar undlvl'dcd attnzt]on to tha progress of depztlng and nrrlr=ng 
traffx. 



CONCLUSLOEB 

1. Because of the proximity of various Danger Areas and Prohibited 
Areas, the developrent of an ideal arrangement of inbound and outbound 
routes is not possible at this tame. Thas factor is particularly critical 
for the channel between the Quantlco and Dahlgren (D-37 and D-38) Danger 
Areas. 

2. The addition of a holding fix at Croom, 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 WashFngton National Airport, with no appreci- 
able reduction in the latter figure, 

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

b. Tests indicate that runway 32 will be preferable to runway 1 as 
the primary landing runway at Andrews, ti traffic develops to the point 
where the Andrews approach system must be expanded to a twin-stack 
operation. Use of runway 32 in this caze will provide a better arranga- 
ment of holding fixes and greater separation between the east holding fix 
at Washington and the west holmng fFx at Andrews. Tests indicate that 
the usable capacity of an Andrews traffic system utilizing runway l-'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 utiljzing 
runway 1 for take-offs and runway 32 for landings. Therefore, the oon- 
struction of the parallel north-south runway is not justified 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- 
flc safety, and efficiency. 

6. The uze of centralized radar control 1s a necessity in the effi- 
cient operation of the departure procedures described m these tests. TO 
provide adequate coverage of the area u1 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. It appears desirable to provide a new traffic route, farther to 
the west, for adrcraft by-pasziF.g the Washington area now using the present 
Red Atiway 33. The proposed holding pattern au spaoe reservation areas 
for McLean and Kensington extend Into the present airway; unless this air- 
way could be relocated, altitude separation would have to be used between 
holding traffic and airway traffio. A possible method of providing a new 
routing for Red Airway 33 is an ADF route from Allentown LF range to the 
Harrisburg LF range; an ADF route from Harrisburg to the hsrtinsburg LF 
range; via the south course of Martinsburg to the Front Royal LF range; 
and an AUF route from Front Royal to the Gordonstille LF range. 
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RECOhWJDATIONS 

1. As the first step in increasing tie cnpacitp of the Washington 
terminal area, It is recommended that the facilities and procedures de- 
scribed in Phase g be installed. 

2. To decrease controller work load and improve radar-vectoring pro- 
cedures at Washington National Airport, it is recommended that holding 
fFxes be installed at Alexandria and Hyde as described in connection with 
Phases G or II. 

3. men a single-stack system becomes inadequate to handle Andrews 
Field traffic, it is recommended that the q&em described in connection 
with Phase H be installed for northwesterly landings. 

b. In order to maintain a high acceptance rate at each aFrport under 
southerly wind conditions, it is recommended that the system be expanded 
further to include the #cI,ean, Kensmgton, and Large facilities described 
in connection with Phase H. 

5. If still further increases in acceptance rate are demanded, it is 
recommended that efforts be made to secure the use of portions of Danger 
Areas D-35, E-36, D-37, and D-38 so that a better system of arrival and 
departure routes utilleing VOR facilities can be developed. 

6’ The development of Andrews Field as the second major airport for 
the Washington term-1 area is recommended as preferable to the conetruc- 
tion of another mayor airport in the terminal area. The chief reason for 
this recommendation 1s that the use of the two wesent airports provides 
a more simple arrangement of arrival and departure routes than would be 
lnvolwd If a thud major airport were comnnssioned. Comparatlw tests 
also indicate that the use of Andreus Field instead of the proposed Burke 
AFrport may evolve less restriction on the potential capacity of hashington 
National Airport. 

7. The use of a large horizontal radar platting scope as E cormon 
dlsplny for several a~? traffic controllers provldcs the opportunity’ to 
slmpllfy the coordlnatlon problcmo When used mth .on adcqu?te sj-?tem of 
target ldcntlflcat~on, the common plctorlal &splay enaolzs dontrollcrs 
to mskL LmmedvtJ use of avcz.lL-blc altltudcs zt route mtersectromj, wzth 
n consldernblc Improvcmel:t In 2.lrspace utlllzatlon ala e conscqd~~r rcductlon 
m o1rcraft dcl‘lys. BCC~USFZ ttd advantages of such s s:vtzm ?rci partlCular~er 

well rdaptcd to the control of traffic m a complex tcrrmnal izc>, the 
development and procurcmicnt of an cperatlonal radar display havlnr tbesc 
chzracturlstlcs 1s recomrendej: 2s an mportant step In thL solution of the 
Vaashm:,ton-Andrsws traffic problem- 



ILS for run~ray 32 at wdrvls Field. 
Compass locator 5.3 miles SA 0i 1ndrerrs 

,'ield. 
'10~ Huntingtoun H faci1A.y 2 miles X, 

on centerline 0; anproach course to 
runway 32 at ndrews F?eld. 

TIS for rutmay 1 at "ndrerrs y'leld. 
Compass locator 5.3 miles 5 of 1'ndrev.e 
Field. 

ho-e 'ashiqton TVCB to Chain Drid,?e. 

ilove Ceorpeto:m I! facil:ty to ,?lexandria. 
TTJOR at Hyde. 
H facility at Croom. 
Yiow ShadysIde H facility to CcdgAvrst, 

FealQn i' course of C~J Sprmgs LF range 
+a cross Rlverdale . 

TVOF. at Croon. 

Ses corresponding items above. See corresponding items above. 

-rolrlde prec!sion approach aid. 
Provide approach gate and letdown fix. 

qrovide holding fix and radar id.entiflcatlon 

check point for jet ajrcraft. 

Same as 1. 
Same as 2. 

"rovide annroach gate, letdo1.m fix, and course 
guadance for asroaches to rumray 15 at 
~as?lington. Provide ratiial for aligning 
lexandria holding pattern. 

‘rovide close-in holding fix. 
Saile as 7. 
Seme as 7. 
Thlovide secondary holding pattern clear of 
Croom pattern. -rotMe new 'iop route SD to 
Seed ix-my 77. 

.romde independent arrival route for 
'~tashin&m traffic from the north. 

?ovide shorter trombone-type paths. 
irovlde VHT course guidance from Deltsville 
and Charlotte Hzll. 



TABLE VI (Cont~d) 

FkCILSTY 

Compass locator 5.3 miles N of h-&errs Field. same as 2. 
H facility at Kclean. same as 7. 

5ee corresponding items above. 

H facility at sialdorf. 

See corresponding items above. 

TVCk, at Colxmbia. 

H facility at Cedarlille. 
ilow Charlotte Hz11 4 facilrty 3 vKles 

south. 

See corresponding items above. 

Same 3s 7. 

See corresponding l-ems above. 

Provide close-in holding fix plus 
VIF course @dance for routes 

from i1 and G. 
5ame as 7. 
3ovide secondary holding pattern 
clear of Columbia pattern. 



TfiBLE VI (Contla) 

F"CILITY 

See corresponding items above. 

R’ “SON 

See corresponding items above. 

H facility at "censm$on. Sane as 7. 
H fac'lity at Large. Same as 7. 
Charqe desipatlon of Cedarhurst f.vvid confusion between Cedarville 
facility to Shadyside. and Cedarhurst. 

See correspondmg items above. See corresponding items above. 



OPTIMUM 
AIRCRAFT SPACING 

Al RCRAFT 

/\ NO 2 AIRCRAFT 

NOTE: 

ZERO WIND CONDITION 
GATE TO RUNWAY 53 MI 

GATE SEPARATION REFERS TO FLIGHT 
PATH DISTANCE BETWEEN TWO SUC- 

CESSIVE AIRCRAFT AT MOMENT NO I 
AIRCRAFT IS OVER THE APPROACH GATE 

FIG. I AIRCRAFT SPACING TABLE c.. ,cr-s mc-“T ,*I LI.LY.- mm, -u- 



AIRPORT 
RUNWAY 

TA TAKEOFF REFERENCE LINE 

t 
APPROACH !OACN GATE 

I 
APPROACH SPACING 

REFERENCE LINES 

FIG 2 RECOMMENDED SPACING REFERENCE 
LINES FOR RADAR OVERLAY c.a Jlrwll o(“cLm”c*, .m k”., “.TJrn cr*,m ~WYAY,‘III ,a*“* 



EXAMPLE 
FIVE MILES SPAClNG DESIRED 
BETWEEN AIRCRAFT AT 
APPROACH GATE 

AT A, NO 2 AIRCRAFT IS AT 8, WHEN NO I AIRCRAFT 
TURNED TO HEADING WHlCH REACHES APPROACH GATE, 
WILL PLACE IT APPROXIMATELY NO 2 AIRCRAFT IS HEADED 
4!4z MILES FROM GATE WHEN DIRECTLY TOWARD TURN -ON 

AT c, WHEN NO 2 AIRCRAFT 
COMPLETES TURN, SEPARATION 
HAS INCREASED APPROXIMATELY 
1/2 MILE TO THE DESIRED 

NO I AIRCRAFT REACHES GATE POINT 

NO I AIRCRAFT 

NO I AIRCRAFT 

NO 2 AIRCRA 

Nb I A,,,~ ,, 

VALUE OF 5 MILES 

S-t CURVE SHOW 
ING RELATIVE 

FIG 3 USE OF CIRCULAR SPACING REFERENCE ON RADAR SCOPE 







Y 



Y 



















/ T-z- 



” 



Y 







\ 

/ 
R

 










