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DYNAMIC SIMULATION ‘PESTS OF BALTIMORE FRIENDSHIP AIRPORT 
AT INCREASED -1’2 DENSITIES 

This report describes an air traffio simulation study which was 
made to determine the effecta of using Baltimore Friendship Airport a8 the 
supplementary airport and civil Jet terminal for the Washington Metropolitan 
Area. 

Beoauee of “tie proximity of the proposed Davidsonville Naval Air 

Station, ite air-route operations were included in the simulation study, 
Fn order to observe the effects of each airport on the flow characteristics 
of the other. 

The present route structure in the Washington-Baltimore area w&e 
found to be unusable with en increaee of traffic at Baltimore. Present 
routee were modified, 80 ae to by-pane Washington traffic around the 
Baltimore area, primarily to aecure airepece for Jet penetration. The 
resulting system required additional mileage for the high-density 
New Yorlt-Washington N.stlonal Airport routes. 

Without further major realignment of airways north and west of 
Baltimore, it ie impractical to provide a non-radar Jet penetration area. 
Therefore, the Jet penetration used at Baltimore wae a radar ground- 
controlled Jet penetration utilizing a minimum of airspace. Because of 
this arrangement, the Baltimore terminal area system created a very high 
controlLer worlcload per aircraft and almost complete reliance on radar 
control procedures. 

Terminal area tests indicated that if Instrument Flight Rule 
epproachee were made to the eoutheaet at Baltimbre, en improvement in 
the landing rate w&8 possible. However, the airspace required for 8 
southeast lendlng utilized the independent departure route northeaet of 
Baltimore, which was available with east landings. 

Teets showed that In&rument Flight, Rule operatione at the 
proposed facility at Davidsonville Navel Air Station will further corn- 
plicate an already cramped route structure and would have a particular 
reetrictive effect on operations in and out of Waehington National 
Airport and Andrewe Air Force Base. In addition sufficient airspace to 
provide independent arrival and departure routes In the Waehington- 
Baltimore area, would not be available without utilizing portiona of 
most restricted areas. 
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During the cooree of this program, a nmber of new procedures 
were developed and tested for the integration of Jet traffic m the 
terminal area. 

lXlBODU2TION 

In February 1957, the Office 01 Air Traffic Control requeeted 
the Technical Development Center to conduct a simulation study of the 
Baltimore area. The purpoee w&e to determine what eddltlonal air traffic 
problems would be caused by increaeed conventional traffic, and the 
addition of civil Jet traneports at Baltimore Friendehip Amport. 

Previous to this requeat,in November 1956, the Offlce of Air 
Traffic Control had requested the Technical Development Center to conduct 

a elmulation study of a propoeed naval air station neer Davidsonville, 
Maryland. The results of this study ere included In another report.1 
Because of the additional traffic generated at Baltimore and Davidsonville, 
It wee considered necessary to combtie the air-route phases of the two 
eimulatlon projects in order to observe the effects of this additional 
traffic on the route structure within 80 melee of Washington. 

It was aseumed that all civil Jet traffic operated from the 
Baltimore Friendship Airport because it is believed that runwaya at 
Washington National Airport are unable to handle this type of aircraft. 

Fwthermore, it ~a.8 learned that the National Guard operations 
at Baltimore h‘iendship Airport would be transferred to the Glen L. Martin 
Airport. The alignment of the inetrument approach wae not determined. In 
coneideration of arrival and departure routes northeast of Baltimore, it 
was considered more efficient to land these aircraft to the northwest. Due 
to the proximity of Harbor end MarUn Airports to the Eriendehip Airport, 
it wae coneldered desirable that Baltimore approach control handle all 
Inetient Flight Rule (1323) traffic at theee airports. 

During a preliminary planning conference, it w&e understood that 
Anaoostia Naval Air Station (NAS) would be closed, end their operations 
transferred to Davideonville Naval Air Station. It we8 also understood 
that if Anacostia operations were moved to Davidaonville, Boiling Air 
Force Baee would close, end transfer operatione to Andrews Air Force 

1Clair M. Anderson, Thomas Armour, A. B. Johnson, Donald S. 
Schlote, and Tirey E. Vickere, "Simulation Teete of IFR Operations at the 
Proposed Davidsonville Naval Air Station," Technical Development Report 
No. 315, June 1957. 
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Base (AFB). Therefore, during theee teete, it wae resumed that no traffic 
w&8 operating from Anacostia NAS or Boiling AFB. Several Technical 
Development Center (TDC) air traffx controllers spent a period of time 
in the Uas:lington-Baltimore area observing operatione and gathering 
background material for thie study. The simulation tests were completed 
m June 1957. 

EVALUATION METB:oDs 

Traffic Samples. 
Flight progrese &ripe from the Waohiagton Air Route Traffic 

Control (ARK) Cen<er were analyzed to deterni-x the traffic flow char- 
acteriatxe of the various routes in the Waehington-Baltimore area. The 
traffic of the four bueieot hours wea compressed into a two-hour teet 
sample. In addition, traffic was added at BaltiPlore Friendehip Airport 
to raise it6 operatione to 60 per cent of that of Waohington National. 
Traffic wae increased at Andrewe AFB to etiulate the closing of Bolling 
AFB. Traffic aimulated a; Davidsonville wae arbitrary ae to density 
because no past figures were available. Traffic densities of this q emple 
are lleted in Table I. 

An additionel hlghh-density traffic sample was prepared for uee 
in terminal erea studiee to develop optimum airport approach procedurea. 
this eaxple consisted of a total of 18 jet aircraft and 13 propellar- 
driven (Prop) aircraft, and had an average density of 30 aircraft per 
hour. 

Air Route Test hocedures. 
For the air route phase of the eimulation teste, three ARTC 

sectors were emulated; namely, an arrival sector, a departure eector, 
end en en route eector. All sectors were provided with a large, bright 
radar display. All operating positions were equipped with interphone 
and air/ground (A/G) radio-communications facilities. Baltimore, 
Washington, Andrewa, and Devidsonville towers were simulated. Theee 
towera were equipped with arrival end departure saopes, &E well a8 
interphone end A/G radio-cormnuaicatione. 

Beceuee only 18 target projectore were available, it wae 
neceesary to divide the complex Washington-Beltimore area into north 
end south aegnents, and to run one segment et e time. Any eesentiel 
traff-ic which was common to both semente appeared again in the program 
when the other eegment wee simulated. 

Arrival traffic destined for Weshington National Airport wae 
not simulated beyond Riverdale, Springfield, and Doncaster. Thle w&a done 
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in order to obtain better utilization of the available simulator targets. 
Thie appeared practical since the only major change in the Washington 
terminal area wae the elimination of arrival and departing traffic at the 
wewe range etation. 

The conclueions in this report are based primarily on obeervatlona 
made by come 12 air traffic controllers who corked on thie eimulation proj- 
ect. Simuiation teets were ae realietlc 88 possible, but it w&e not 
practical to reproduce in the laboratory ell the complications which mist 
exist under actual operetlng conditions. 

AIR ROUTE TRSTRESL?L'E 

Route Layouts. 
In order to retain a8 much of the existing system &E practicable, 

the init:al simulation tests of the area were cc*lducced ualng the preeent 
navigation system layout, ohown in-Fk. 1: Testa showed that this layout 
wee unworkable at the aiqor t traffic densities simulated. It w.38 apper- 
ent immediately that before Baltimore could accommodate en appreciable 
increaee in traffic, it would be neceseary to reroute Victor Airway 3 

clear of the Baltimore area to provide room for jet penetratione. To 
provide additional routes to handle the increased traffic in and out of 
the Washington complex, numeroue other modifications were employed, 88 
shown kl ?lg;s. 2 end 3. These changes are itemized in Table II together 
with the specific reeeon for each modificetion. Later air route tests 
Were conducted on the revised layout. Abbreviatione used in route layout 
maps are listed in Table III. 

Teats ehowed that the operation of the propoeed Davidaonville 
NAS would further complicate an already cramped route structure and would 
have B reetriceive effect upon Andrewe AFR and upon traffic ueing Vl6/G5 
airwaya. 

At the light traffic rate of six arrivals end six departure.9 
per hour, simulated at Davidsonville during thie phase of the teeta, 
almost. continuous interference wae produced that denied other traffic 
tile use of airwaye Vl6 and G5. 

Map Studies For & Southeast Lending. 
Many men hours were epent Fn drawing suitable route mape to 

accommodate a southeast lending at Baltimore, Figurea 4 end 5 indicate 
two of the beet maps derived from this effort. 
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While gathering the background information for this study, it wae 
not poesible to learn details of the proposed southeast ru2lway et BeltlmOre. 
A vlslt to Baltimore Friendohip Alrport revealed that Tad.10 tranomittmg 
enkennaa north and northeast of the airport, forced caacellatkn of the 
Very-Hi& Cmnlrange (VW) approach to tie sou’Aeest. %?oe Beme en~eflllae 
may require high illi~ial altitudes for an Instraent Landing System (DS) 
approach, depending on t!e exact location end alignment of the ruz-%y. 
Also It wee learned that a lerge pubkc lrE,izutlon ie located et the 
southeeat corner of Baltimore Friendship, near the preseak southeast 
runway. Tsie erea cotll3 bc suitably by-passed by the new rmway depending 
01 runway locatloa ezd aiL@ment, 

It appears frcm t\e,eee map s+,udieo that it is practical to make 
approaahes to tnc sodi,kaoid et Baitimore Friendanip. However, ‘de Improve- 
ment in the overall route pa:ry_rn w&e not sufficient t3 warrant simulation 
of the en route st:ucl3re, Table IV indicate6 the advantages and dls- 
advantages in these meas ken compared Co the firet of kc modified 
systems. 

Terminal Area Teet Procedures. 
A hi&-denalty Cerminel area phase of the T;eet program Was 

conducted m order to study :et opera-ciozs In greater detail end to develop 
optimum approach procedures for Baltimore Friendship Airport, Four cate- 
gories 13 jet aircraft were included in the traffic esltple. P3netretlOn 
speede for each cstegory varied with eltltk:e ee eho-a Fn Table V. All 
jet penetrations from in alzlt&e of 20,000 feet were conducted et a stand- 
ard descent rate of $000 feet per minute, The descent we8 flared below 
5,000 feet to permit the aircraft to level off before Etarting down the 
final glide elope. At trke airspeeds above 200 knots, all turne were made 
et & rate of 1 112’ per second. At true airspeed8 leee than 2GO knots, 

eircra3 made turne at the yate of 3” per second. All aircraft cheracter- 
ietics assumed for these teats conformed to the best lnformetion available 
at the time. 

Two approach controllers were ueed 1D. the terminal area teste. 

On- controller deecended jet aircreft to the initial penetration altitude 
of 20,000 feet, guided them from the holdmg fix, cleared them for pene- 
tration, and subsequently transferred control to the eecond con+zoller. 
The second controller vectored prop elrcraft from the holding fixes and 
epaced all aircraft at proper lntervele on the final approach comee. 

In these tests, it wee aSEu;ned that ES would be available a8 e 

final approach aid. For convenience in establishing optimum separation 
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between arrivals, spacing reference lines 3, 5, and 7 milee from the approach 
gate were marked on the radar irdicator, end a standard spacing table wae 
used by the controller to ineut-e safe separation between suocesaive aircraft. 
Table VI shows this epaoing chart. 

Discueeion of Present Low Altitude Control P-ocedurea at Baltimore, 
At present a rela-,iveiy small number of i3etrument approaches are 

made at Baltimore by aticraft arriving at the higher altitude levels under 
Washington ARK jurisdiction. Thla permits Washmgton APTC to utilize the 
altitudee above 5,000 ftet for en rour,e aircraft and aircraft destined for 
Washington National Airport. The majority of al-craft raking ina&zuinent 
approaches at Baltimore eze from the low altitude to-wer en route control 
eyotem. There are two types of low altifude ectivity controlled by the 
Baltimore tower, One concern8 snuttle fllghta originating or terminating 
at Baltimore, 'Pke eecorzd category concur23 flig?zs her&d off from one 
loii altitude tower to anoTher, a3d not lezdlng a'~ the intermediate ter- 
mlnal. There ie conaidezable activity of the second type between 
Weshlngton National A~YFOY6, end airporte to the northeast, The controller 
wc?kload, generated by thle traffic, is concealed from the Washington ARTC 
Center, ae the aircrePt are never under their JwiadiCtlOn, As traffic 
increases et Baltimore :'f le believed the tower will not have the alrepace 
nor the time to accommodate thio low al-sltude over traffio. Therefore, 
thre exietlng workload will be imposed upon controllers at the Washington 
ARTC Center. 

Measurements. 
Delay measurements were recorded during the air route phase of 

the tests. Arrival delays were computed by comparing the theoretlcal time 
at which each aircraft should be over the approach fix on final approach 
(assuming that no other traffic were involved) with tie actual arrival 
time of such aircraft over the approach fix. 

Departure delays were computed by comparing the proposed departure 
time with the actual departure time. Because of a ehortage of target pro- 
jectors, all arrivals were taken off the screen at the outer marker, instead 
of being flown to touchdown. Therefore, the departure delaya do not in'lrti 
the effects of runway occupancy by landing aircraft, The air route phase 
delay data are shown in Fig. 6, 

No arrival delay measurements were made for aircraft at Washington 
Natlonal Airport elnce only minor changes were made in the terminal area. 
Thle traffic wae simulated in the systems until their arrival at the approach 
clearance limit. All departing traffic from Washrngton National was eimulated 
through the area, in order that a realistic en rouze environment would be 
maintained. 



TERMINAL AEZA TEST FESUL'IE 

General, 
In developing holding end approach pattern layouts for this 

program, full cognxzance was taken of the entire Washi?lgton-Baltimore area 
to 1nEuTe that patterns did not overlap, or aeedleeely blcck ueable depar- 
ture path, airway routes, or reetricted arearr, For this leaEon, full 
advantage covld not be taken of ideal approach oonfiguratione for any eingle 
airport, Instead, the resulting ayeteme represented compromieee between 
verloue competing airapece requirements. 

Approach System I. 
In thle eyetem, shuttle fllghie betsreen Baltimore and Weshington 

Natlonal utilized two altitudes VXL the Don Ictareection, ae shown in Fig9 7. 

WashIngton departurea were cleared Lo Don at 2,000 fee? and Beltlmore depar- 
ttre8 were cleared to Don at 3,000 feet, No holding wae accomplished at 
Don Intersection. Shuttle departures were coordinated betr?eeen towere, and 
if an arrival delay w&e anticipated, the aircraft took 'the de1e.y on tie 
ground at the point of departure, Since in all the shuttle systems tested, 
one or more of the rode6 required complete radar guidance, the controller 
worklaad wae hj& for a few aircraft controlled. 

At the traffic density Eimfiabd at Baltimore Frlendehip, it was 
desirable to provide prop aircraft with dual holdzng stacks. One stack was 
at the Baltimore VOR, and the other at e VCIR intersection 23 milea 
west/northwest of the ouT,er marker, referred to ae the Demaecus patteAT. 
This dletant locatlon w&e neceaeary to provide a penetration area for civil 
jets at Baltimore. 

Sufficient airspace to provide straight-in approachee from the 
west for civil jets wae not available at Baltimore Friendship Airport with- 
out another substantial increase in route mileage for Washington arrivals 
from the northeast. Therefore, a teardrop type approach wae utilized, 
leaving the Baltimore VOR outbound end returning to the Baltimore outer 
compass locator. Sufficient airspace w&a not available for full size jet 
penetration erea. Therefore, the jet penetration show in Fig, 7 la a 
ground-controlled penetration and may become unueable if radar ie inoper- 
ative, Jet aircraft lending at the Glen Martin Airport were handled &e 
Baltimore arrivals using the game penetration area ae the civil jetrr. From 
the Baltimore outer compass locator, they were veotored to a northweet 
lending at Martin Airport. This final approach at Martin ueee a portion 
of restrxted area 54. The holding pattern airapeze ueed in these tests 
for jet aircraft at the Baltimore VOR infringed on restricted area 54 a8 
ehown in Fig, 2, 



Approach System 2. 
THIS approach system utilized landings to the southeast with the 

jet penctratlon being made on the west side of the locelizer a8 shown in 
Fig. 8. NO altitude restrictlone were necessary for the Jet penetration aa 
its path crossed only the very low altitude shuttle alrcraft pattern, and did 
not cro8n any arrival or departure routes. Jet alrcraft deetined for the 
Glen L. Martin Airport were handled as Baltunore arrivals, end then vectored 
to 8 northwerest approach BB ehown in Fig. 8. 

Two holding patterns for prop alrcraft were provided; however, the 
Jessup pattern wee used only for Washmgton shuttle flights and was llnited 
at 3,000 feet or below. The Pilresville pattern contalned the remanning prop 
alrcraft. At the density sunulated, holdmg altitudes often reached 10,000 
feet. Prop aircraft arrivals from the west were given circuitous routing 
to arrive at the Pllseevllle pattern from the north. This syetem provided 
for a non-radar controlled route for shuttle flIghta from Washington to 
Boltlmore. However, shuttle flights from Bsltimore to Washington St111 
were necesoarlly controlled by radar ae m Approach System 1. 

Jet aircraft destined for the Glen L. Martin Airport were handled 
ee Baltimore arrivals and were vectored to a northwest landing ae ahown III 
F1g. 0. Southeast landings for these aircraft were considered but no 
adequate system could be devised without complete disruption of the arrival 
and departure routes north of Baltvnore. 

Approach System 3. 
Iphis system used a southeast landing direction with jet penetrations 

conducted on the east side for the localleer course ae shown in Fig. 9. !Che 
jet penetrations were reetrxted in their descents to maintain an altitude 
above 10,000 feet until clear of the departure airway, Victor 93. Tkis dCi 
not affect the penetration to any extent and it 18 believed that It would 
not affect the departures to any degree. !Cwo holding fixes were provided 
for aircraft in this system. Shuttle fli&te from Washington National and 
arrivals from the south, west, and northwest were cleared to the Relay 
holding pattern. Prop arr1val.s from other directions were cleared to the 
Baltimore VOR. 

'Ike system provided for a non-radar controlled route for shuttle 
flights from Weahington to Bdltlmore. However, ehuttle flights from 
Baltimore to Waehlngton et111 were necessarily controlled by rader a8 in 
Approach Systems 1 and 2. Jet alrcraft destined for Glen L. Martin Airport 
were handled as Bnltlmore arrivals and were vectored to a northweet landing 
a8 shown in Fig. 9. Southeast landings for theee alrcraft were considered 
but no adequate system could be devised wlthout complete dlsruption of the 
arrival and departure routes north of Baltimore. 
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Measurements. 
Coaununicatione data from the terminal area tests are shown In 

Fig. 10. Approach system acceptance rates are listed in Fig. 11. 

Bolding Patterns, 
Table VII lists the areas required for Technicnl Standard Cinder 

(TflO) holding airspace reservations, Because of the critical shortage of 
airspace in the Washington-Baltimore area, extensive study vae made during 
thie project to possible methods of reducing these requirements, The dual- 
hinge pattern concept shown in Fig, 12A appears to be a practical method of 
exploiting air-derived distanoe information for thia purpose. It also could 
be utilized by homing alternately on two radio stations as shown in Fig, 12B. 

For a long time it was realized that aircraft entering holding 
patterns from the sides acmetimes overshoot the boundaries of the ‘ISO area 
ae shown in Fig, 13A, This is particularly true for jet and high perform- 
ance prop types of aircraft, To correct this condition, a new technique 
known as the tangential entry procedure, which is shown in Fig, 13B can be 
based on the use of either distance information or dual homing facilities. 
It avoids the large overshoots presently encountered and gets the aircraft 
lined up on the proper holding track in a minimum of time. Both techniques 
were advantageous in the eimulation teats. 

CONCLIJSIONS 

General. 
During this program, the basic problem of integrating 

multiple-alrport jet snd prop operations in a eeverely confined area required 
the development of a number of techniques and procedures which are expected 

to have general application in other airport areaa. The most important 
developments are lieted below: 

1. While not a8 easy to control as the offset holding pattern, it 
was found that the overhead pattern shown in Fig, 14B functions very well, 
provided that continuous target tracking ie available through the uee of 
either a beacon system or an offset primary radar, 

2. Tests showed that the conventional teardrop pattern, as shown in 
Fig, 14A, is poorly adapted for radar spacing operations. From the time the 
turn ie started by an aircraft at the outer end of the pattern, very little 
oan be done to adjust the spacing of this aircraft behind the preceding 
aircraft, The triangular penetration path shown in Fig. 14B proved far 
superior. After the aircraft started a turn to the base leg heeding, the 
radar controller could use path-stretching techniques to space this aircraft 
behind the preceding one, 
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3. It w&a found that approach spacing operatione for jet aircraft are 
considerably more difficult to accomplish then thoee required for propeller 
aircraft becauee of: 

a, The very alow turning rate of jet aircraft at high speeds. 

b. The need for a relatively long uninterrupted descent path from 
the initial penetration altitude to the final approach altitude, For 
example, category 1 jet aircraft in this problem required approximately 
32 nauticel miles to deecend from 20,000 to 2,000 feet, 

C. The large variation between the initial penetration speed end 
the final approach speed. 

To elleviete theee problem the following technique8 were developed: 

1. Align the jet holding pattern in a direction which will allow 
aircraft to leave the pattern laterally, instead. of at the end. Thie pennib 
more flexibility and enables the controller to peel off succeeslve aircraft 
at accurate intervals in spite of the very slow turning rate of the aircraft 
in the pattern, Thia pattern arrangement could not be ueed in certain caeea 
due to the available airepace. 

2. Require the pilot to report vacating each 5,000-foot level to keep 
the controller aware of the progrese of the deecent and enable him to keep 
the penetration path ae short 88 possible end ineure adequate time for the 
aircraft to reach the glide elope interception altitude. 

3. Request the pilot to report when he is slowed down et the glide 
slope interception altitude to help the controller to anticipate when the 
aircraft will be able to make turns at the rate of 3” per second. 

4. Conduct radar path stretching operation8 of jet and prop aircraft 
on oppoeite sidee of the final approach couzee to eimplify the spacing oper- 
ation and also increase safety by eliminating most of the overtaking 
eituatione In the radar vector erea. 

Specific, 
1. It in bel.ieved that a route structure eimilar to the modified route 

Syeteme A or C, depending on deeved landing direction, will be neceesary 
to accommodate a subetential increeae of IFR tra9fic at Baltimore Friendship 
Airport. 

2. Beceuee the route changea in Syetems A, B, and C were coneidered to 
be the minimum necessary to acocaomodete the traffic deneities teeted, it ie 
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believed that traffic densities greeter then those emulated cenuot be 
adequately controlled without further major realignment of the airway 
structure, 

3. In Approach Syeteml,the mixing of jet and prop treneports 
eeriously reducee the potential arrival rate at Baltimore Friendship Air- 
port because of the dietant location of the Damecue prop pattern. Approach 
Systems 2 and 3 were an improvement 88 far a8 terminal area arrival 
operations were concerned, See Fige, 8 end 9. 

4. There is not sufficient area to establish standard non-radar 
controlled jet penetratione at Baltimore in my direction without oomplete 
reorganization of airways. merefore, the Baltimore jet penetratione a8 
depicted were ground-controlled and not neoeseerily ueable if radar or 
beacon wae inoperative. 

5. To provide an area for ground-controlled jet penetration, it will 
be necessary to rearrange routee north end west of Baltimore, thue increasing 
route mileage for the New York-to-Waahington traffic. 

6. If the Baltimore termvlal traffic increaeea to any extent, the 
Baltimore tower will not be able to continue the control of low altitude en 

route flights that presently proceed through their terminal area while 
operating between Washington National Airport and terminale to the north. 

7. Because of the proximity of Harbor and Glen L. Martin Airports to 
Baltimore Friendship, one approach control facility should handle JE'R 
operatione at the three airports. 

8. IFR operatione at Glen L. Martin Airport will extend into reetricted 
area 54, unless both landinge and departuree operate northwest of the airport. 

9. National Guard jet alrcraft deetined for Glen L, Martin Airport will 
create a high controller workload becauee of the long aircraft vector path, 
and the amount of coordination necessary between arrival and departure 
controllers. 

10. Over traffic operating on Victor 44 will seriously delay jetrtype 
aircraft landing at Baltimore Friendship, To a lesser extent, they will 
also decrease the arrival rate of prop aircraft at Baltimore Friendohlp. 

11. Operations at Davideonville NAS will eliminate the poeeibility of 
obtaining shorter route8 from Baltimore Friendehip Airport to the south. 
Arrival Bad departure operations at Davideonville to end from the north 
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and weflt throu@ the Baltimore area will create a complex problem for 
the Washington ARTC Center and would create a heavy workload per aircraft. 

12, I: appears +&at any sizable Increase of ax- route control efficiency 
3.n tile present airway cznflguration 74111 rec,vlre one or more of the 
following basic changes. 

a, Large reductron,J m the aIrspace preseqt3y allocated for 
restricted areas 37, 38, 40, 34, 71, 43, and caution area 55. 

b, Rednctions in the amount of alropace reqlllred for jet holding 
patterns, 

c, Heduciion ot tie areeont lo-ml:e ;rl?th reo,ulremMt for civil 
airways, lead.,ng to tke eotab;~&mmeYc of more closi:y araced parallel 
lanes. 

FNONNENDATIONS _i 

Refore additional IFR traffic 1s scheduled Into the 
Wantiirgton-Baltimore complex, the use of e8 much of ‘he restricted airspace 
as 18 necessary, ahodd be secured to provide indepetient arrival azd depar- 
tui-e routes for th? mador airports. ‘Jks will provide airspece for the 
developent of a route syotem similar to modifsed Systems A, B, or C, 



TAEEE I 

Aiqort TrafElc Density 
!0psetiom pe - ho-al- ) 

DaVld.803Vllle 12 
Andrsaa 20 
Baltiinore Frlendshlp 32 
Washington 1Jatlonal 50 

Over fli*ta 10 
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5. PC ,rovule airspace for Airmy 

I 
Vxtcr 907 and Dc,arture routes 

6. C-55 --- -j -- 

Eron ik.vsdscnv~lle, Andrem, 
Raltvl,ore, and ashmztcn 

To provlae au-srace for !ilrKtyS 
I Victor 2% and Vxtor 223 

,- -~ --.... --..- ---- ___-------~---- __- . _-- 

i- 

5. WhNTiCO LF tian~e chanGed to 
iVTOdC, VA. VOX and relocated 
k statute mles nortivrest of 
.rescnt &li~~~~ICO site 

3. c SBKVA, v , VCR 

k. CHZSTCRI'O i'1, ,J). VOti 

P!CW mdepcndcnt u-rival mute to 
ashmgtcn from northmst 

BPJ mdependent departure route 
frcm I ashmgton tc Trest and scuth- 
'Jest - 

Xew mdependent cerarture route 
fro1 ashq$rn to crest and 
soutix:est 

._- -- - .- -- - -- - ._. ---- _ 
IJe 7 routes from ashington, 
>altu.ore, Anmews, am DavIdson- 
ville to northeast, east, end 
scutheast 

.- 

To krovule ne?i mde,enuent routes ' 
from ashmgton, Andrem, and 
Davldscnvllle to the west and 

1 
, 

scutkiest 



TdLU II (continued) 

5buARY OF CH!r'G;S 
IAIL ILL' : IR kY COI'FIGU;UTIOI~ 

__ .___ -~ .-_-_.- 

6. )3e!ccate iS;',,Iz~JSTL,I, ,J), VC;i To povde ~,~cre azs,ace for Jet 

, peuetraticn at ?3altmiore 
I p-"scnc lrcat1on I . . . --~- -.. --.- . ..- ~- - - -- _-.- - 

PK. :11-i dY5 PRiJC;Dxl 
- - .- -~ _-_ _.-- _--. -~ -- -_. - .- ..- .~ -~ ~. --- .~~ -- - -- 

Vxtor 901 TP ~rovlde a nev route for north- 
brunt: trzfflc from Davldscnvllle, 

an.zl Andrevs, mder?n- 

- ---- 
To ,i30vlde mdepndent de+rturc 
rcute iron ashm:t.-n to the :?est 
ana scutITvst 

Vxtc,r 903 
-------+ - .-- -- _-- - _~._-~- ^~ 

T<S .rcvlde a nor route fro&, Davrd- 
I SOnVllle and Baltmore to and 

f:oir the south 

'IO pronde ndv route for I)avldson- 
I sonvllle, Anmews, and ashu&m 

departures to the west 

s. Tlxtor 905 
~_ --.----.-.-.I- - _-._ ~- ---- 

Tc krcvlde a de,arture route frclSl 
Ualtmore to RTB~I Ycrk and northeast 

6. Ulitcr 9Oi Tc provide lndepenaent arrival 
route to ashmgton from the 

1 northTrost 
__.. . ..-.---L . . . . -_ .~ - -- -._ -- .- --_--- -- 

?. Victcr 907 i T c rrovlde a mute for Lo%er 
I trnfflc to byhass 13altlAiore 

~--~ --- - .~_ __ --A--..- -- ._ -_~- - -...-- -- ~-.--- 

-I 

6 . Vlctcr 108 

I--- _-- -. . . . 
1 9. Vl-tor 909 

I 
To ,rovide a route to ;lavmson- 
~111~ and Andreais frm: the north 

I ;;;dg;Ecrczast that ill11 bypass 

I-~-~---- -- Tr provice a departure route frcm I 1 
ashmyton to the northeast 

I 



T&LL II (continued) 

1. Vxtrr 3/33 mcved rrcst / To rrov~uc alrsi,ace for Jet 
~enetratlon at Ea:tl::ore 

'--. ---_- - __-I-___- 

- ------ .----.---.+--------.--.---~--- - __-_ - 
3. Victor lb/Green 5 clcsea to I To pruvsde fcr knusonvllle- 

mer trafiuz bet'leen Ingleslde 
and Concaster 

1 Lnursws 3adar Abp,cach Ccntrcl 
Are2 

-- --t----- --- 
t. ulue 5c closed to over traffx i To ,rovlde for ilav~risonv~lle- 

betmen Ccles Point and imdrews Andrem Radar Apgoach Control 
LP Range i Jrea 

5. 
_ ..- ~_i -- _- ----- - 

iled 20 clcsed to over trnfflc 
betileen l~eeeklns Neck ana 

1 To rrovide for 3avldsonvllle- 
Jindre'Ts %dar $+roach Crincrol 

Andre-m LP &nye 
I -- 

i-- - .~~ .-~-- -~ -. --~ ___---_ c- !YYe .-- . -_~ _- -.__ -. ---. 
Zlue 21 closed to 0x7~~ traffx 
betiieen Cclcs icmt and Sewma 

F. :mLer 7 realqnea m vlcmlty 
cf Doncaster and Grubos 

9. Victor 223 realqned to th? 
. est 

10. ncre~m !SC Scramble procedures 
elmmate 

11. Victor 268 relocated at the 
net, \uestmnster lccatlon 

To provice for Daviasonvllle- 
Andrem Radar Approach Control 
Area 

Dawdsonvlllc 'iqxrt 1 

To brovlde mderenacnt routes frr 
1 astmpton, hnc'rwrs, and Davldson- 
vllle 

-- -_--_~-I ._ - -.- . ..-_ -- --.. 
To prm'mc au-ray sekaratlon be- 
tTeen Vutor 223 and Victor ?/33 

Llavldsonvllle Aurort 

To ,,rovlde independent departure 
routes frcn iialtmore, Aixrew, 
and Davldsoniilile to the "est and 

1 ncrt.h'aest 
. ---_- -- .--.---- -.--_-~-__ ~. 



TABLE II (contmued) 

SUM?,AltY OF CHANGJS 
MABE IM AIRbAY CONFIGURATTON 

MANGE 

RDUTi ~ODIFICATIGNS OI1 
E~OCEDUML cmmx 

12. Victor 33 relocated to the 
east. 

13. Vstor 93 realIgned from 
Lancaster WJR duert to 
Bal<mmore Outer brker 

IL . &let3 Vxtcr 123 from River- 
dale to Baltbore LF Rz\xge 

REASON 

__ _ ..-_ - - -. . . . _ 

To provide Jet penetration at 
Balumore 

_ - . . 
I 
I 

To >rovrde wIspace for addltional 

) 
lndspendent route to Baltimore 
f-om the norbheast 

T -- 
Balxlmore zncrexed traffic 

I 
_ ._.-- 



TABLE III 

LCCATION IDE:I?IFIEP,S USED ON MAPS 

ADW 
ARV 
BAL 
CAH 
C&S 
CNV 
DAV 
DCA 
DCS 
Im 
DOY 
EM1 
ESB 
FRR 
GBS 
GTN 
G\E 
HA3 
H1'K 
HNT 
WN 
ILG 
IN: 
LRP 
LSO 
Iml 
MTN 
mu 
NRV 
NYG 
OOD 
PAR 
PDP 
PRL 
PTC 
RDH 
mm 
SBY 
SHZ 
SNV 
SRI 
TPP 

ANDREWS AFB, MD. 
AXCOLA, m. Lrn 
BALl'IXORX, M). ('2iendahip) 
CWXLOTIF HALL, VA. Radm Beacon 
CREXTERTOWN, MD. - Proposed VC@ 
CASMOI~A, VA, - Propomd VOR 
DAVIDSONVILLE, MD, - Proposed NAS 
WASHINGTON, D.C. 
DONCASTER, VA. Intersection 
3A,XlSCUS, MD. Intersection 
DOVER, DEL. VOR 
WE392i‘TS%R, &ID. - Reloca':ed VOR 
W%ST CRESTER, PA. VOR 
FEONT ROYAL, VA, VW: 
GlWmS, VA. Intersection 
GEORGETOWN, D.C. Radio Beacon 
XXlDC!I~SVII,LE, VA. VOR 
RARRISBURG, PA, VOR 
HAl'MARKET, VA. - Proposed VOR 
HETTINGTON, VA. Radio Beacon 
HERNDON, VA, VOR 
NEW CASTLX, DEL. - Proposed V9R 
INGLESIDE, MD. Intersection 
LANCASmR, PA, VOR 
LISBON, ND. Intersection 

MARTINSBWG, W.VA. VCR 
GLENN MARTIN AIRPORT, MD. 
PATmNT RIVER, VA. LFR 
NOmIS(ville), MJI. Intersection 
QUANTICO, VA, LFR 
WOODSTO$!N, N. J. VOR 
PARKTON, MD. Intersection 
PORT DEPOSIT, MD, Intemection 
PRlLADELPHIA, PA. - Proposed VOR 
POTOMAC, VA. - Proposed VCR 
ROUND HILL, W. VA.- Propoeed VCR 
RIVEKD.LLLE, MD. Radio Beacon 
SALISBURY, MD. VOR 
SmYSDE, MD. Radio Beacon 
SEVERNA PARK, MD. Intersection 
SPRINGFIELD, VA. Radio Beacon 
TAPPAHANNOCK, VA, LFR 



TABLE IV 

ADVAIKAGZS AND DISADVABTAGES OF 
KIDIFTED SYSTEHS B AR9 I: 

nGDIFIED SYSTEM B 

Advantages over System A 
- 

Posszble to provzds a very low 
eltlhde smack for use of shuftle 
flights from Washington to Bal- 
tmore D 

Prop aircraft alrive at a point 
closer to approach cowse than 
the Damascus inter-ectlon. 

Aircraft enroute to Rlve:dale 
would have ionger rod% for 
descent than when Damascus in- 
section is used for Baltimore. 

Jet penetration equally as good 
as System A. 

Dep,rture routes to northeast, 
east, and south are equai to 
system A, 

1. 

2. 

3. 

L. 

5. 

6. 

7. 

Only one ate& available for use Of 
~1-3~ aircraft arrlvizg at Baltimore, 

Additional traffic rou",ed over 
Wes'tminster TjOR whxh will COIllpii- 

ca,e coxtrol at this point, 

Vxi?r Airway 3 reioca+Led via Ger- 
msnio~-n in+ersection to Riverdale 
to ramin clear of jet penesration 
area at Baltimore. In so doing, the 
Georgetown to Nartmsburg icdopen- 
dent departure route was elia+ 
nazed, This in turn forced the de- 
paruxre routes southwal'd via Hern- 
don VCR. Thus an mdependenb ar- 
rival route from Grantrville to 
SpringfLeid via Round Hill VOR wns 
eixninated. 

Wssbington arrivals from the north- 
west converge at Front Royal.be- 
cause of factor lzsted in Item 3 
above. This will complicate control 
at Front Royal. 

Prop aircraft arriving at Balti- 
more from the west f-q 23 nadtlcal 
miles further than An System A. 

Prop aircraft departing Baitvnore 
to the vect fly 37 nautical miles 
fdrther than in Sys-kern A. 

Arrivals at Riverdale fly 6 nauti- 
cal miles further ;hen in System A. 



TABLO IV (continued) 
PODIFIiD SYSTRH C 

Advantages over System A lhsadvantages as compared with System A 
--_-____ --- -.-_ --- _-~---- 

1. Two clnse-ln haldlng stacks for 1. 
prop alrcraft are provided. 

2, Gocd shuttle route between 
L’ashln&on and Baltxnore 1s 
provided. 2, 

7 0. lrcy: aircraft holding patte,n 
to west of Bnl:Jr,,ore 1s off 
irxtor Alraay 3. 3rca clear of 
t’lrs anway arr2nng alxraft 
~111 be XI a position to descend 
without addlf] onal rectrxtlons s 

3. 

Ir. 

5. 

6 2. 

A11 northeast bound departures from 
Ltiashlngton and Baltimore proceed 
v1.a Chestertown w)R. This will com- 
pl:caLe cont.-o1 at this pomt. 

Addltlonally liu’ashmgton northeast 
bound traffx was routed via Dover 
to secure addltlonal independent 
climb area. This will complxate 
control o.n the vlclnlty of Dover AFB. 

The Jet holding pattern at Baltimore 
uses a large portion of restr,cted 
ared 5k. 

V,-tor Alrwav 3 relocated via Clarks- 
burg lnteriec txon to Rlverdale to 
ramaln clear of Relay holding pat- 
tern at Baltimore. In so domg, the 
George town to Rartlnsburg departure 
route x&s elimlnafed. Thss In turn 
forced the departure routes south- 
ward vxa Ilerndon VCR. T!lese factors 
forced eilmlnata.on of an independent 
arrival route from Grantsvllie to 
Sprlngfleld via the Round hill w)R. 

ddashzngton arrivals from northwest 
converge with other arrivals at 
Front Royal because of fac:ors noted 
In Item h above. This will comFllcate 
control at Front Rcyal. 

In order to provide a short-lower 
altitude departure route to the 
north from Baltimore It was neces- . 
sary to comolxate the Get penetra- 
tlon by pla.c;ng an altitude 
restrxtlon on descent unts.1 clear 
of Victor Alrway 93, 

7. When condlt] ons require a west or 
northzest bound departure from 
Baltxmore to take the Chestertown - 
Fawn Gro r)e - Ivestmine ter roublng, 
the aircraft ~111 fly sX &ult%onal 
70 (nautlcnl\ moles as compared 
with System A, 



JET PENJERATION SPEEDS 

(TAS IN KNOTS ) 
---- 

- 
Representative Type 

ii- 
9 
+r 
$ 

!I% 

3 
+a 
ri 

2 

(approach) 2,000 
-- 



TABLE VI 

RADAR SPACING CEL4RT 

I ---- - _ 
AECR.LTT GATE 
SER'JENCE SEPARATION 

IN3. 1 
I--- 

so. 2 (mm ) 
-r--- 

--- 

-, 

r-- ----~ 

1 
_--__-.- 

1 AIRCRAFT mPFOX. 
) CATWCRY APPROACH 



12'+5* 

-- 553 

- 

138 

*For purposes oi compar~%n, the area of the 
state of Rho& ~aland 1s 1240 square miles. 
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ANDREWS AFB 

ALRPORT 

AVERAGE DELAY PER AIRCRAFT. 

LN MINUTES 

0 5 10 15 

DAVIDSCNVILLE NAS 

NORTH - EAST 

BALTIMORE FRIENDSHIP 

ANDREWS AFB 

DAVIDSONVILLE 
NAS 

W ASHINGTCN NAT IONAL 
NORTH - EAST 

BALTIMORE FRIENDSHIP 

ANDREWS AFB 

BALTIMORE FRIENDSHIP 

ANDREWS AFB 

DAVIDSONVILLE 

FIG. 6 -- AIRCRAFT DELAYS--MODIFIED AIR ROUTE SYSTEM A 



LEGEND 

JET PATTERN 

PROPPATTERN 

FIG 7 APPROACH SYSTEM 1 -EAST LANDING 



FIG8 APPROACH SYSTEM 2 -SOUTHEAST LL\FJD,,.,,~ 



0 
A 

SCALE IN MILES 

LEGEND 

JET PATTERN 

PROPPATTERN 

AREA USED FOR 
RADARAPPROACH 
SPACING ADJ”STMEN rs 

FIG 9 APPROACH SYSTEM 3-SOUTHEAST LANDING 



COMMUNICATIONS TIME, PER AIRCRAFT 
IN SECONDS 

APPROACH 
SYSTEM CHANNEL 0 20 40 60 80 

CONTROLLER COMMUNICATIONS cmNNEL 

PILOT COMMUNICATIONS CHANNEL 

NUMBER OF CONTROL MESSAGES 
PER AIRCRAFT 

NOTE PROBLEM INPUT 
30 AIRCRAFT PER HOUR 

FIG IO COMMUNICATIONS DATA - TERMINAL AREA TESTS 



TRAFFIC SAMPLE 

18 JETS, I3 PROPS 

DEMAND RATE 

30 AIRCRAFT PER HOUR 

NOTE 
RATES SHOWN REFLECT 
LIMITATIONS OF 

APPROACH SYSTEM 
ONLY, WITHOUT REGARD 
TO AIR ROUTE 

RESTRICTIONS 

FIG II BALTIMORE FRIENDSHIP AIRPORT ACCEPTANCE 
RATES ATTAINED IN TERMINAL AREA TEST PHASE 



B USE OF DUAL “OMIUG FACILITIES 

FIG I2 DUAL- HINGE HOLDING PATTERNS 



USE OF DISTANCE INFORMATION 
TO PERMIT TANGENTIAL ENTRY 
TO HOLDING PATTERN OVER TACAN 
OR VORTAC STATION 

A - RADIO FIX 
B - DISTANCE AT WHICH PILOT 

STARTS TURN TO OUTBOUND HEADING 
C - DESIRED TURNING LINE 
D - CONVENTIONAL ENTRY PATH 

A 

USE OF DUAL HOMING FIXES 
TO PERMIT TANGENTIAL ENTRY 

B 

FIG 13 TANGENTIAL ENTRY PROCEDURES 



A Conventmnal 
Jet Penetration 

B Trmqular 
Jet Penetration 

Shading Indicates Area AvaIlable 
For Path Stretchmg 

FIG. 14 PENETRATIONS FROM OVERHEAD HOLDING PATTERNS 


