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PRELIMINARY STUDY OF TRAFFIC CONTROL SYSTEMS
FOR THE PROPOSED WASHINGTON SUPPLEMENTAL ATRPORT
USHIG STMULATION TECHNIQUES

SUMMARY

This report describes the results of an air traffic control study
by simulation methods to determine the relative merit of several possible
traffic patterns and airport layouts for a Washington supplemental airport
site at Burke, Virginia.

A preliminary analysis eof four different configurations of navi-
gatlonal aids and instrument runway alignments was made to determine a
system that would provide the most efficient [low of traffic in and out of
the proposed Burke Airport with the least restriction on Washingten
National and Andrews AFB air traffic. It was considered desirable that the
system include a suitable approach procedurs for jet type aircraft.

In making these studies, it was necessary to consider the restrica
tions on air traffic csused by the nearby Quantico and Dahlgren danger
areas.

The results of the simulation studies indicate that the Dumfries
System, as described in this report, offers the best en route and terminal
area navigational features of any of the four systems tested.

INTRODUCTION

In order to assist in the initial planning for the proposed
Washington supplemental airport at Burke, Virginia, the Office of Federal
Airways, through the Air Navigation Development Board, requested that the
Technical Development and Evaluation Center conduct a preliminary study of
possible air traffic patterns and alrpert laysuts. This study, which was
necessarily of a cursory nature, was intended primarily to determine the
most suitable arrangement of navigational facilities and instrument runways
for the proposed airpert.

The proposed Washington supplemental airport site at Burke,
Virginia, presents several diverse problems. The mgst formidable restric-
tion to efficient traffic flow 15 the Quantico/AfBE, ®hich is located 11
miles southwest of the Burke site. This Marine gunnery and rocket range,
which covers an area of over 100 sguare miles, limits considerably the air
space available for maneuvering aircraft into the final approach path at
Burke Airport.
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The Dahlgren danger area, located 2L miles south-southeast of
Burke, does not restrict traffic flow in the immediate airport vicinlty.
However, it does complicate the arrival routes to the three major airports
in the terminal area.

The proximity of the Burke site to the Washington National
AMrport will tend to restrict the flow of traffic into the latter field by
obviating the use of a West sector holding fix for feeding traffic into the
Washingtor National Airport. This restriction maynot be too seriocus if
Burke becomes the principal airport in the Washington terminal area, sance
it 15 likely that Washington National Adlrport would then lose much of its
present commercial traffic.

EVALUATION METHODS

The study of four possible traffic control systems for Burke
Mrport was conducted through the use of the dynamic traffic control sim-
Wlator. A brief description of this equipment 1s given in another repart.l

In order to obtain comparative measurements on the operating
characteristics of various systems, it was necessary to develep a repree
gentative traffic probvlem for the simulation tests. Thils problem wes ase
sembled through use of techniques developed by the Franklin Institute.
Teble I chows the schedule of arriving aircraft used in all simulation runs.
The basic input to the problem consisted of 4O aireraft. Four general
speed categories were included, with a distrabutlon as follows:

3 Jets
10 Fast (DC~6 or Constellataon)
21 Medium {Convair or Martin)

6 Slow (DC-3 or Twin Beech)

Table II shows the speed program and descent rates of the air-
craft used in the standard problem.

Traffic Contrel Systems

All approach control systems tested for Burke Airport were twine
stack systems, with one holding fix located on either side of the final
approach path, All facility layouts were based on the use of VOR facil=
1t1es to define arrival and departure routes. Holding patterns were

Srechnical Development Report Ne. 185, titled "Evaluation of Traffic
Control Systems for the Norfelk Terminal Area Using Simulatien
Techniques. "
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aligned with specified VOR radials, and the holding fixes themselves were
assumed to be either LVOR facilities or compass locators.

In conducting the simulation tests, 1t was assumed that the ter-
minal area had complete radar coverage. Also 1t was assumed that radar
vector procedures would be utilized in ¢learing aireraft from the holding
fixes to the approach gate and in spacing aircraft properly on the final
approach courseg.

Division of Control

Burke arravals from the southwest, west, and northwest normally
were cleared bty ARTC to the west sector holding fix. Arrivals from the
south, southeast, east, and northeast were cleared to the east gector
holding fix. Aircraft arriving from the north could be cleared to either
fixe Control ef aircraft was transferred te the appropriate sector radar
controller at designated transfer points which are indicated in Figs. 1,
35 5, and 7.

A1l jet aircraft destined for the Burke Airport were cleared by
ARTC to the Riverside VOR or to the nearby Brooke fan marker. Upon ar-
rival at Riverside or Braoke, the control of jet aircraft was transferred
to the east sectorrradar controller.

Detailed coordination was performed between the sector radar
controllers whenever a jet aircraft was cleared for approach. This co-
ordination was necessary in order to decide when to clear the approach
path of conventional propeller-diven aircraft and to set up the approach
sequence to follew the Jjet aircraft.

Delay Measurements

The basic problem input data listed 1n Table I furnished the
theoretical time at which each inbound aircraft should be sver the outer
marker or =pproach gate, assuming that no other traffic was invelved.
Through use of an Esterline-~Angus recorder, the simulatoer pilots recorded
the actual arrival time of their aircraft over the approach gate. The
theoretica) --rival taime was compared with the actual arrival time to de-
termine tht elative delay to each inbound alrcrafts

Communications Measurements

Communications for each sector included complete contrel ine
structions, current weather information, and pilot reports and acknow-
ledgements. In each system the total amount of communications time
necessary bo bring the aireraft to the approach gate was recorded by
electric clocks. The number of gssparate cemmunications contacts was
recorded through the use of electric counting devices.



Signifaicance of Measurements?

Comparison of previous tests wibth results attained in actual op-
erations indicatea that the speed and course errors in the simulation
equipment produce deviations roughly equivalent to the deviations of actual
aireraft 1n terminal area operations.

One consideration in setting up these simulation tests was to
obtain a maximum amount of significant information about the flow charac=-
teristics of the various systems in a minimum number of working hours.
Since potential bottlenecks are not as apparent in light traffic condi-
t1ons, the traffic problem used in this program had a relatively high
flew rate.

Although every effort was made te keep the simulation tests as
realistic as possible, i1t was not practical to repreduce in the laboratory
all the complications and distractions which might exist under actual op-
eratang conditions. Therefore, in studying the results of these simulation
tests, 1t should be realized that the actual quantitative data may not be
duplicated in actual practice. Hewever, since the same traffic sample was
used 1n all systems tested, the results are indicative of the relative per-
fermance of each system and should be regarded as qualitative only.

SYSTEMS TESTS AND RESULTS

Brentsville System

An airport layout and arrangement of navigationzl fixes furnished
by the Office of Federal Airways wss simulated in the first test. A map,
showing eontrol Jurasdiction, arrival routes, holding patterns, and the jet
letdown precedure, 18 shown in Fig. 1. The departure routes and holding
pattern air space reservations are shown in Fig. 2. The results of the
test runs made using this system are shewn in Figs. 9, 10, 11, and 12.

Observetions:

1. Maneuvering Air Space. Because of the proximity of the Quantico
danger area, the maneuvering air space between Brentsville and the outer
marker was extremely limited. This restricted the amount of path stretching
that could be accomplished by the west sector controller and made it dif=
ficult for him to obtain precise spacing of aircraft at the approach gate.

The holding fixes were 12 miles away from the outer marker in
this system. Because of this great distance, 1t was necessary that the
sector centrollers have several aircraft off the holding fixes in order to
keep the approach gate full of aircraft at minimum spacing.

The east sector holding pattern air space reservation at Indian
Head extended inte the Dahlgren danger area. The safety and legalaty of
such an arrangement appears questienable.

) 2. Coordination Work Load. Since very little flexibility was pessible
in adjusting the flight path of alrcraft en route frem Brentsville to the
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outer marker, ceoordination betwsen sector contrellers was necessary each
time an arrcraft left the Brentsville holding fix in order to reserve space
on the final approach course. The coordination werk load was increased
each time a jebt aircraft started an approach because the controllers had

to clear the approach path of other aireraft and decide which sector cen-
troller would clear an aircraft to follow the jet aircraft.

3. Jet Mrecraft Zpproach Procedure. In this system, the jet approach
course intersected the final approach course near the outer marker. This
was objectionable because of the possibility of overshooting the final ap~
proach course at a point close to the outer marker. It was glso necessary
that the jet pilot change frem VIR frequency to ILS frequency during a
eritical portion of the approach.

Lake Jackson Systen

In.the Lake Jackson System the holding fixes were located only
6~1/2 miles from the outer marker. The Riverside VOR was moved slightly
east of 1ts previous location, in order to permit Jet aircraft to inter-
cept the ILS course farther away from the outer marker. A map, showing the
arrival routes, areas of control jurisdiction, holding patterns, and the jet
letdown procedure, is shown in Fig. 3. The departure routes and holding
pattern air space reservatlons are shown in Fig. L. The results of the
test runs made using thas system are shown in Figs. 9, 10, 11, and 12,

Qbservations:

1« Maneuvering Air Space. This system provided the west sector cone
troller wath the most maneuvering air space of any of the four systems
testeds As the holding fixes were only 6-1/2 miles from the outer marker,
the approach gate could be kept full of aircraft at minimum spacing with
less aircraft under simultaneous radar vector control.

2+ GCoordination Work Load, The coordination work load was lighter
in this system than it was in the Brentsville system. With more maneu-
vering air space and with fewer aircraft under radar vector contrel at one
time, 1t was much easier to fit jet approaches into the normal landing
sequencc.

3« Jet Aircraft Approach Procedure. The jet approach course passed
very close to the east tip of the Quantice danger area., Precise navigation
was Tequired to remain clear of the danger area. In this system, jet air-
eraft intercepted the final approach course at a point absut 12 miles south
of the outer marker. This gave the palot a little more time to get estab-
lished on the Tinal approach before crossing the outer marker. It stall
was necessary for him to change from VOR to ILS frequency in order to com~
plete an approach. In the event that the pilot overshot the turn on to
the final approach, 1t 15 conceivable that the aircraft might enter the
wegst sector holding area.
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. Other. The Indian Head holding pattern air space waa clear of the
Dahlgren danger area in this system. The departure route mileage was
shortened somewhat for aircraft departing the area te the southwest.

Hoadley System

In the Hoadley System the runway alignment was changed from
north-northeast to north. A fan marker was located at Broeke, Virginia,
permitting a straight~in jet approach procedure on the ILS course. The
east and west sector holdin: patterns were located 5-1/2 miles away from
the ocuter marker, and were parallel to the final approach course, The ar-
rival routes, areas of centrol jurisdiction, holding patterns and the jet
letdown procedure are shown in Fige 6. The results of the test runs made
using this system are shown in Figs. 9, 10, 11, and 12.

Observatisns:

1. Maneuvering Air Space. The holding fix locatien in this system
provided ample air spacec for path stretching. The location of the fixes
with respect to the outer marker required fewer aircraft away frem the
holding fixes to keep the approach path full.

2+ Coordination Work Load. In this system the coordination work load
was lighter than in the first two systems tested. The jet approach was
straight in and did not require as much radar assistance. The fact that
fewer aircraft were maneuvering in the immediate area of the approach path
lessened the amount of coerdination necessary for the jet approach clear-
ance. The location of the holding fixes with respect te the final approach
course permitted each controller to determine more readilly what control
action was being taken in the opposite sector, thus reducing the coordi-
nation work load.

3« Jet Aircraft Approach Procedure. Jet aireraft cemmenced a
straight=in IIS approach from the Broocke fan marker. This jet appreach
procedure caused a manimum amount of interference with approaches of cen=-
ventional type aireraft.

e Others. The Hoadley System arrangement of holding fixes encom-
passed the least total air space of any of the four systems. In this sys-
tem the distance from the east edge of the Andrews holding pattern air
space reservation te the west edge of the west sector helding pattern air
space reservation was 36 miles as compared to 52 miles in the Brentsville
Systema

Dumfries System

The Dumfries System was based on the use of VHF omniranges at
Riverside and Herndon. The Riverside VOR was located on the ILS localizer
course. The Herndon VOR was located on the extended cemterline of the al-
ternate north-south runway, in order to provide means for making instrument
approaches to the south when wind conditions made north landings inadvisable.
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The Dumfraes System was designed specifically to provide these
features:

1. More flexabarlity for ARTC with alternate clearance limits for
aircraft spproaching from the south as well as the northe.

2+ A straight-in ILS jet approach procedure without the need of an
additional fan marker.

3. A navigation aid for approaches to a south landing.
L« More direct arrival routes to the three airperts in the area.

A map of this system, with holding patterns, arrival routes,
areas of control jurisdiction, and the jet letdown procedure, is shown in
Fig. 7. The departure rcutes and holding pattern air space reservations
are shown in Fig. 8.

The results of the test runs made using this system are shewn in
Figs. 9, 10, 11, and 12, It will be noted that this system had the lowest
delays, lowest communications times, and lowest radar natigation work load
of any system tested.

Observations:

1. Maneuvering Air Space. The northerly final approach path adopted
Tor the Hoadley System was retained. Holding patterms were aligned on
Riverside V(R radials with the markers placed a distance of five miles
away from the outer marker. To avoid convergence of down-wind courses
after aircraft left the holding fixes, the controllers could, when neces-
sary, instruct the pilots to leave the fix on 2 heading of 180 degrees.
The maneuvering air space in this system was found to be ample for path
stretching.

2+ Coordination Work Loads, The coordination work load between sector
controllers using this system was essentially the same as in the Hoadley
Systems

3. Jet Aircraft Approach Procedure., An improved jet approach pro-
cedure was provided in this system by locating the Riverside omnirange on
the IIS localizer course. This ppovided the jet pilot with an alternate
method of obtaining approach guidance to the runway in case of IIS equip=~
ment failure.

Lhe Arrival Routes. This system provided additional flexibilaty for
ARTC 1n that aircraft arriving from the north could be diverted at the
Vienna VOR to either holding fix. Likewise, aircraft arriving from the
south could be diverted at the Riverside VOR te either holding fix. This
tended to equalize the number of aircraft at the holding stacks and thus
equalize the work load for the two sector controllers.



8

This gystem permitted aircraft not equipped with ILS to hold at
either sector holding fix and make an approach and landing at Burke, using
the Riverside VOR exclusively as a navigation aid.

Effect on Traffic Operations at Washington National Airport

Reference to Figs. 2, L, 6, and 8 will show that operation of any
system at Burke Marpert will preclude the use of any west sector holding
f1x for Washington National Airport. Thus, the activation of Burke Jarport
w1ll probably reduce the Washington National Airport approach centrol sys-
tem from a twin-stack to a single-stack operation.

To determine the effeet of this change on traffic operations at
Washington National Airport, comparative simulation tests were made as
follows:

1. The present twin-stack system for Washington National Airport was
tested waith present arrival reutes, using Springfield and Andrews as
holding fixes.

2. A single-stack system was tested with the arrival routes 1llus-~
trated 1n Fig. 7 and with the primary stack located at the "Jashington
outer marker, Secondary stacks at Raverside and Andrews were utalized
when necessary.

Tests indicated that the change back te the single-stack system
would reduce the acceptance rate of the Washington National Airport. Mr/
ground communications which averaged 1 minute, 21 seconds per aircraft in
the twin-stack system increased to 1 minute, Ll seconds in the single~gtack
system« This, together with the combination of the two previeus radar con=
trol sectors into one sector, increased the communicabions channel loading
from 30 per cent in the twinwstack system to 6l per cent in the single-
stack systeme This loading was handled satisfactorily under the somewhat
1dealized conditions of the laboratory testss However, it would probably
not be possible to handle an operation requiring this amount of communi-
cations during a long period under the noise and stress of actual oper-
ating conditions.

CONCLUSIONS

1. Because of the location of the Quantico danger area, a straight-
in jet letdown is not pessible with the north-northeast instrument runway
lignrent originally propesed for Burke Axrport.

2. Simulation tests indicate that the Dumfries System used in coor=
dination with a north-south layout of instrument runways st Burke. Atvpeibt
would permit the most efficient flow of traffic in and out of the three
airports in the Washington terminal area. This system provides the fel-
lowing advantages for Burke Airport traffaic:

as Straight-in Jet approach for north landings.
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bs Alternate VOR or ILS approaches for north landings.
¢ce VOR approach for south landings.
d. Low controller work load.
€. Flexible ARTC routings to equalize holding stacks.

3+ Actavation of Burke Alrport will interfere with the west holding
stack presently adopted for Washington National Airport and will probably
require that the Washangten National Airport spproach system revert to a
one=stack operation with a primary stack at the outer marker. Simulation
tests indicate that this change would reduce the acceptance rate of the
Washington National Airport somewhat and weuld greatly increase the com-
munications work load of the approach control pesitien.

RECOMMENDATTONS

1. It is recommended that a north-~south alignment of instrument
runways be adopted for Burke Airport and that the Dumfries System of nav-
igation faecilities be consideread.

2. If planning and construction have already reached a2 stage where
the airport 1s definitely committed to a north~northeast instrument runway
layout, the Lake Jackson System of navigational facllities 1s recommended
for consideration.



TABLE I - SCHEDULED INPUT

No. Ident. Type From Estimated Time Over
—_— Quter Marker
1 70 F Shadyside 1:11:05
2 10 M Front Reyal 1:12:45
3 68 F Woodford 1:15:05
b 25 M Shadysade 1:20:140
5 30 S Gordonsville 1:20:50
6 L9 M Lisbon 1:21:35
7 ol F Shadys.de 1:22:35
8 8o S Front Roynl 31:22:45
g 06 M Gordonsv.lle 1:25:25
10 77 F Shadyside 1:27:25
11 29 M Front Royal 1:29:10
12 60 F Woodford 1:30:00
13 09 M Lisbon 1:30:50
1k 11 J Lisbon 1:4L:10
15 23 M Front Royal 1:38:10
16 99 F Gordonsville 1:39:40
17 0l M Martinsbureg 1:)1:30
18 15 J Woodford 1:h5:00
19 27 M Shadyside 1:41:05
20 37 S Front Reyal 1:41:55
21 45 M Gordonsville 1:42:05
22 87 S Gordonsville 1:46:00
23 oh M Gordonsville 1:45:55
2k 21 M Shadyside 1:49:00
25 ¢ M Shadyside 1:49:10
26 33 S Front Royal 1sh7:L5
27 o7 M Lisbon 1:50:30
28 o7 F Gordonsville 1:52:40
29 03 M Lisbon 1:50:25
30 19 J Lisbon 2:08:25
31 22 M Woodford 2:00:30
32 93 F Front Royal 2:07:20
33 Ll M Lisbon 2:07:30
3 67 F Martinsburg 2:07:40
35 b1 M Shadysaide 2106235
36 79 F Hartinsburg 2:08:h0
37 h2 M Gordonsville 2117130
38 02 M Lrsbon 2:16:35
39 89 5 Shadyside 2:18:50
Lo 28 M Lisbon 2:22:05
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Jet
Fast
I{edzum

Slow

TABLE II - SPEED AND DESCENT PROGR AM

Speeds éMPH)
Intermediate

Crulge Approach
Lao 300 180
290 220 150
240 150 140
180 150 120

Descent
Rate~FPM

3000
1000
500
500



FROM LISBON

FROM
BALTIMORE

FROM
MARTINSBURG

VIENNA VOR

~

FROM
FRONT

ROYAL WASHINGTON

NATIONAL
AIRPORT

BURKE “ﬁ/
mnponr/

WASHINGTON \
RANGE |

5PRINGS
RANGE

INDIAN
HEAD

ey

QUANTICO
DANGER
AREA

LEGEND
JURISDICTION

DAHLGKEN
) '~ SHINGTON ARTC DANGER
[ -~ > BURKE WEST SECTOR APC™ AREA
[ BURKE EAST SECTOR APC /
FROM
[ > NaTIONAL APC GORDONS\J
FROM
(I ANDREWS APC COLES POINT
C::__) HOLDING PATTERN HIGH ALTITUDE
JET PATTERN

AIRSPACE AVAILABLE
- FOR ADJUSTMENT OF
APPROACH INTERVALS C}J_g':‘:'__kf;—loF 4!5{.7%0

STATUTE MILES

" APC APPROACH CONTROL

FIG Y BRENTSVILLE SYSTEM SHOWING ARRIVAL ROUTES AND HOLDING PATTERNS

[IRIRY Hi
1l Ao
[ [N N



TG LISBON TO LISBON

TG BALTIMORE

VIENNA VOR
TO FRONT ROYAL

TQ GREEN AIRWAY 5

WASHINGTON
NATIQNAL

ANDREWS
FIELD

S~ BURKE
! AIRPORT \
CUTER
MaRKER] ! WASHINGTON
RANGE

HOLDING AREA

QUANTICO ‘
DANGER AREA

TO _COLES PO NT

INDIAN HEAD
HOLDING ARFA

2500 FT MsL
AND ABOVE
/!

i

\ DAHLGREN

\\ DANGER AREA | {

RIVERSICE
HOLDING AREA
18000 FT MSL
AND AHOVE

o} 5 10 15 20
B 4 4=

STATUTE MILES

FIG 2 BRENTSVILLE SYSTEM SHOWING DEPARTURE ROUTES

AND HOLDING AIRSPACE RESERVATIONS



FROM LISBON

FRCOM
BALTIMORE

FROM
MARTINSBURG

VIENNA VOR

FROM
FRONT
ROYAL

WLSHINGTON
NATIONAL
AIRPORT

WASHINGTON
RANGE

SPRINGS,
RANGE

WOOCDBRIDGE

QUANTICO
DANGER
AREA

FROM

LEGEND g EXNS NECK

JURISDICTION

IR A SHINGTON ARTC

DAHLGREN

DANGER
[ 7> BURKE WEST SECTOR APC RIVERSIDE VOR AREA
"% BURKE EAST SECTOR APC
(I NATIONAL APC LE
- > ANCREWS APC FRO

@ HOLDING PATTERN
AMRSPACE AVAILABLE
FOR AQOJUSTMENT OF

APFROACH INTERVALS

HIGH ALTITUDE
JET PATTERN

0 5 10 15
e TE s b = 4
STATUTE MILES



TO FRONT ROYAL

TO T0 ro
MARTINSBURG LISBON LISBON T0

VIENNA VOR

<

NF

FIG 4 LAKE

WASHINGTON
NATIONAL
AIRPCRT

LaKE / ,

Jackson /i
HOLDING /']
AREA - F |
2500 FT MSL ‘%fr ‘
AND ¥ _/WoopBRIDGE O |
ABOVE HOLDING WASHINGTON
/ AREA RANGE
O @] 2500 FT MSL HOLDING

AREA

AND RANGE

HOLDING
AREA

150G FT MSL
AND
AROVE

QUANTICO ‘
DANGER \t>

AREA

DAHLGREN y
DANGER
\\ ARE A

\

RIVERSIDE
HOLDING
AREA
16000 FT M5L
AND

0 5 10 15
sy s =
STATUTE MILES

TO GREEN AIRWAY 5

BALY'MORE

[

TO

COLES POINT

20

J——=

LY

JACKSON SYSTEM SHOWING DEPARTURE ROUTES AND HOLDING AIRSPACE RESERVATIONS

[N RV O B I [
|

(AR
[N

e
[N



FROM MARTINSBURG

HERNDON VOR

FROM FRONT ROYAL

/f -\HDADLEY
)
/L

QUANTICO
DANGER AREA

-
-
\,/
-

LEGEND
JURISDICTION

WASHINGTON ARTC
BURKE WEST SECTOR APC

BURKE EAST SECTOR APC

AT P
NATIONAL APG o

ANDREWS APC

HIGH -ALTITUDE
JET PATTERN

HOLDING PATTERN

ATRSPACE AVAILABLE
FOR ADJUSTMENT OF
APPROACH INTERVALS

-

BROOKE
FANMARKER

C)\=!DC>“‘5V‘“'UL

FROM LISBON FROM
BURKE
AIRPCART WASHINGTDN
NATIONAL ANDREWS
AIRPORT FIELD
OUJ’ER

INDtaN

HEAD RANGE

A WASHINGTCN
] N \

DAHLGREN
DANGER AREA

JET LETDOWN PaTrH

RIVERSIDE VOR

O 5 10 15
Ly e b = + £
STATUTE MILES

FRCOM WOODFORD

FIG 5 HOADLEY SYSTEM SHQWING ARRIVAL RQUTES AND HOLDING PATTERNS

BALTIMORE

CAMFP SPRINGS

FROM COLES POINT



JO MARTINSBURG TO LISAON TO LISBON TO BALTIMDRE

HERNDOM

TO FRONT ROYalL VMOR

TO GREEN AJRWAY E

Y :

WASHINGTON
NATIONAL
AIRPORT
&
: l ANDREWS
_ FIELD
oo
HOADLEY -] INDIAN HEAD | | l
HOLDING AREA( | [HOLDING AREA | WASHINGTON | , \
| RANGE \
g500 FT|MSL 2500 FT MSL HOLDING AREA\
AND ABOVE D] np apoOvVE \ \
O '8 i | 1500l FT MsL } CAMP SPRINGS
' ot anel ABOVE RANGE
\ o \ Nl |HOLDING AREA
T T T \|500~F1 T
' AND ABOVE
QUANTICO \‘ \ ! /
DANGER AREA [
| .
=
| o
a
U i
- L
— -
3
(8]
! [
DAHLGREN
- | DANGER AREA L/
Y |
BROOKE
FAN (—\
MARKER i
RIVERSIDE
) VOR
BROOKE

HCLDING AREA

IG0CCO FT| MSL

AND ABOVE o 5 10 15 20
Bl —— - 3
/’ STATUTE MILES
-

FIG 6 HOADLEY SYSTEM SHOWING DEPARTURE ROUTES AND HOLDING AIRSPACE RESERVATIONS



FROM
MART(NSBURG FROM FROM
LISBON BALTIMORE

: WASHINGTON
\ NAT IONAL
AIRPORT
\\ {;}
|
!

"WASHINGTON
RANGE

T (@%

FROM FRONT ROYAL HERNDON VOR

ANDREWS
FIELD

CAMP SPRINGS
RANGE

fINDIAN
HEAD

|
f

P
/
DAHLGREN
DANGER
L AREA

: \

QuUaNTICO
DANGER
AREA

LesEnD
JURISIHCTION
FrO®

I #ASHINGTON ARTC
£
[ » BURKE WEST SECTOR aAPC gL
s0R00%
[ ___—» BURKE EAST SECTOR APC
[ > NATIONAL APC HIGH ALTITUDE
JET PATTERN
[ITINIIT> ANOREWS APC

C:D HOLDING PATTERN

FROM
COLES POINT

AIRSPACE AVAIL ABLE [a} 5 10 15 20
FOR ADJUSTMENT oOF E=SS=SsS——>———————~—|
APPROACH 'NTERVALS STATUTE MILES

FROM WOODFORD

FIG 7 DUMFRIES S5YSTEM SHOWING ARR|¥AL RQUTES AND HOLDING PATTERNS



T0 10
MARTINSBURG LISBON To

TO
LISBON BALTIMGRE

|

HERNDON VOR TQ GREEN AIRWAY 5 .

WASHINGTON
\ NATIONAL
' AIRPORT
\
L
\ e,

T3 FRONT ROYAL

T

DUMFRIES v‘ '
HOLDING | | ANDREWS
AREA \ INDIAN HEAD FIELD
2500 FT MSLI HOLDING .
AND f AREA
ABOVE 2500 FT MSL WASHINGTON

AND RANGE
HOLDING
AREA
1500 FT M5 1L JCAMP SPRINGS
AND RANGE
ABOVE HOLDING

AREA
1900 FT MSL
AND
4RO VE

QUANTICO
DANGER
AREA

~
/
/
/
DAHLGREN
DANGER
AREA
RIVERSIDE L
HOLDING To
AREA COLES POINT
16 000 FT MSL
AND
ABOVE
2 ) 18] 15 20
L—==1 L - l

STATUTE MILES




32

30

28

26

24

22 ] ' :

20 e |

ABSOLUTE DELAY IN MINUTES

BRENTSVILLE LAKE JACKSON HOADLEY DUMF’HIE‘S
SYSTEM SYSTEM SYSTEM SYSTEM

NOTE _ LEGEND
PROBLEM INPUT-34 AIRCRAFT PER HOUR

THE TERM ABSOLUTE DELAY REFERS TO
ANY DELAY IN ARRIVAL BEYOND THE TIME AVERAGE MAXIMUM
NORMALLY REQUIRED FOR AN INSTRUMENT DELAY DELAY
APPROACH WITH NO OTHER TRAFFIC PER TO ANY
INVOLVED AIRCRAFT AIRGRAFT

FIG 9 ABSOLUTE DELAYS



40

35 Ao

3o 1 -—

20 —

CHANNEL LOADING IN PER CENT
2

- h E X3
I - ] 11 ] L

3

BRENTSVILLE LAKE JACKSON HOADLEY DUMFRIES
SYSTEM SYSTEM SYSTEM SYSTEM

TIME CHANNEL IN USE
RUNNING TIME OF PROBLEM

COMMUNICATIONS CHANNEL LOADING =

LEGEND
NOTE ]
FROBLEM INPUT —34 AIRCRAFT .
PER HQUR EAST WEST

SECTOR SECTOR

FIG I0 COMMUNICATIONS CHANNEL LOADING

N A R T A
[ [N
[N ]



NUMBER OF AIR/GROUND MESSAGES

40

38

36

34

32

30

281

26

24

BRENTSVILLE LAKE JACKSON HOADLEY DUMFRIES
SYSTEM SYSTEM SYSTEM SYSTEM

LEGEND

NUMBER  COMMUNICATION
OF TIME
MESSAGES

FIG. 11 AVERAGE COMMUNICATIONS REQUIRED
PER ARRIVING AIRCRAFT

100

95

90

8%

80

75

TO

65

60

55

50

45

40

35

30

IN SECONDS

AIR/GROUND COMMUNICATIONS TIME



NO OF AIRCRAFT NO OF AIRCRAFT

N0 OF AIRCRAFT

NG OF ALRCRAFT

) | I i | 1 -7
q
2
]
Q 10 20 3aQ 30 50 [=19] 70 80 [0 10C
TIME [N MINUTES
BREMNTSVILLE SYSTEM —RUN NO 9
/
6
r's
2
o
o] 40 50 100
TIME IN MINUTES
LAKE JACKSON SYSTEM—RUN NO 2
13 - RN
- -4 '
4
2 -

A .
s} 10 20 30 a0 50 &0 70 BO 50 100
TIME IN MINUTES
HOADLEY S5YSTEM—RUN NO 2

o
4
d
8]
O 50

TIME IN MINUTES

DUMFRIES SYSTEM—RUN NO 2

NOTE
GRAPHICAL AMALYSIS OF ONE TYPICAL RUN FROM EACH OF FOUR
SYSTEMS TESTED SHOWING THE NUMBER OF AIRCRAFT UNDER
SIMULTANEOUS RADAR NAVIGATIONAL GUIDANCE ENAROUTE BETWEEN
THE HOLDING FIXES AND THE OUTER MARKER

FIG 12 RADAR NAVIGATIONAL WORKLOAD



