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DYNAMIC SIMULATION TESTS OF BALTIMORE FRIENDSHIP AIRPCRT
AT INCREASED TRAFFIC DENSITIES

SUMMARY

This report deascribes en air traffic simulation study which waa
made to determine the effects of using Baltimore Friendship Airport as the
supplementary airport and civil Jet terminal for the Weshington Metropolitean
Arsa,

Because of tne proximity of the proposed Davidsonville Naval Air
Station, its air-route operations were included in the simulation study,
in order to observe the effects of each airport on the flow characteristics
of the other.

The present route structure in the Weshington-Baltimore erea was
found to be unussable with an increase of traffic at Baltimore, Present
routes were modified, so as to by-pess Weshington traffic sround the
Baltimore aree, primarily to secure airspace for Jet penetration. The
resulting system required additional mileage Tor the high-denailty
New York-Washington National Airport routes.

Without further mejor realipgnment of airways north and west of
Baltimore, it is impractical to provide e non-radar jet penetration area.
Therefore, the jet penetration used at Baltimore was & rader ground-
controlled Jet penetration utilizing 2 minimum of airspace. Because of
this arrengement, the Baltimore terminsl area system created a very high
controller workloed per alrcraft and almeost complete reliance on radar
control procedures,

Terminal area tests indicated that if Inatrument Flight Rule
epproaches were made to the southeast at Baltimore, en improvement in
the landing rate wes possible., However, the airspace required for a
southeast landing utilized the independent departure route northeasst of
Baltimore, which was avallable with east lendings.,

Tests showed that Imstrument Flight Rule operations at the
proposed. facility at Davidsonville Navel Air Stetion will further com-
Plicate asn elready cremped route structure and would have a particular
reatrictive effect on operations in and out of Washington National
Alrport and Andrews Ailr Force Base. In addition sufficient airspace to
provide independent arrival and departure routes in the Weshington-
Baltimore area, would not be available without wtilizing portions of
most restricted areess,
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During the course of this program, a number of new procedures
were developed and tested for the integration of jet traffic in the
terminal ares,

INTRODUCTION

In February 1957, the Office of Alr Traffic Control requested
the Technical Development Center to conduct & simulation study of the
Baltimore area. The purpose was to determine what additionel air traffic
problems would be caused by increesed conventional traffic, and the
addition of eilvil Jet tramsports at Baltimore Friemdship Aarport.

Previous to this reguest, in November 1956, the Office of Ailr

Traffiec Control had requested the Technical Develoyment Center to conduct
a simulation setudy of a proposed navel air station neer Davidsonville,
Marylend, The results of this study ere included in ancther report.l
Beceuse of the edditional traffic generated et Ballimore and Davidsonville,
1t was congldered necessary to combine the alr-route pheses of the two
ginulation projects in order to observe the effects of this additilcnal
traffic on the route structure within 80 miles of Washington.

It was essumed that ell civil Jet traffic operated from the
Beltimore Friendship Airport because it is believed that runways at
Weshington National Airport are unable to handle this type of alrcraft.

Furthermore, it was learned that the Natlonal Guard operationa
at Baltimore Friendshlp Alrport would bhe transferred to the Glen L., Marzin
Airport, The elignment of the instrument approech was not determined. 1In
consideration of arrival and departure routes northeast of Baltimore, it
wad consildered more efficient to land these eircraft to the northwest. Due
to the proximity of Harbor and Mertin Alrports to the Friendship Alrport,
1t was considered desireble that Baltimore epproach control handle all
Instrument Flight Rule (IFR) traffic et these alrports.

During a preliminary planning conference, it was understood theat
Anecostia Naval Air Station (NAS) would be closed, and their operations
transferred to Davidsonville Neval Air Station. It was also understood
that if Anacostia operations were moved to Davidsonville, Bolling Air
Force Base would close, and transfer operations to Andrewa Air Force

lglair M, Anderson, Thomas Armour, A, B. Jaohnson, Doneld S.
Schlots, end Tirey K. Vickers, "Simuletion Tests of IFR Operaticms at the
Proposed Davidsonville Navel Air Station," Technical Development Report
No. 315, June 1657.
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Base (AFB). Therefore, during these tests, it was assumed that no traffic
wes operating from Anacostle NAS or Bolling AFB, Several Technical
Development Center (TDC) air traffic controllers speant a period of time

in the Washington-Ballimore erea choerving operations snd gathering
background materiel for this study. The simulation tests were completed
i June 1957.

EVALUATICN METHODS

Traffic Samples.

Flight progress strips from the Washington Alr Route Traffic
Control (ARTC) Cen%er were analyzed to determine the traffic flow char-
acteristice of the various routes in the Washington-Baltimore erea, The
traffic of the four busiest hours was compressed into a two-hour test
sample., In addition, traffic was added at Baltimore Friendship Airport
to ralse 1ts operations to 60 per cent of that of Washington Natiopal.
Traffic was increased at Andrews AFB to simulate the clesing of Bolling
AFB., Traffic simuieted a7 Davidsonville was arbitrary as to density
because no past figures were availeble, Traffic deneities of this semple
are listed in Table I.

An additional high-density traffic sample was prepared for use
in terminal area studies *to develop optimum alrport approcach procedures.
This semple consisted of a total of 18 jJet aircraft and 13 propeller-
driven (Prop) eircraft, end had an average denaity of 30 aircraft per
hour.

Alr Route Test Procedures.

For the air route phase of the simulation tests, three ARTC
sectors were simulated; namely, an arrival sector, a departure sector,
end an en route sector. All sectore were provided with a large, bright
rader displaey, All operating positions were equipped with interphone
and air/ground (A/G) redio-communications facilities, Beltimore,
Washington, Andrews, end Devidsonville towers were simulated. These
towers were equipped with errivel and departure scopes, es well as
interphone end A/G redio-communications,

Because only 18 target projectors were available, 1t was
necegsary to divide the complex Washington-Beltimore erea into north
and south segments, and t0 run one segment at e time. Any essential
traffic which was common to both seagments eppeared agein in the progrem
vhen the other segment was simulated.

Arrival traffic destined for Weshington Nationel Airnort wes
not simulated beyond Riverdale, Springfleld, and Doncaster, Thie was done
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in order to obtain better utilization of the available simulator targets.
This appeared practical since the only mejor change in the Washington
terminal area was the elimination of arrival and departing traffic at the
Andrews range station.

The conclusions in this repert are based primarily on chservations
made by some 12 air traffic controllers who worked on this simulation proj-
ect. Simuiation tests were as realistic es possible, but it wes not
practicel to reproduce in the laboretory ell the complications which misht
exist under actual opereting conditions.

AIR ROUIE TEST RESULTS

Route Layouts.

In order to retain as much of the existing system es practicable,
the initlel simuletion tests of the area were conducced using the present
navigation aystem layout, shown in-Fiz. 1! Tesla showed that this layout
wes unworkeble at the alrport traffic densities simulated. It was apper-
ent immediately that before Baltimore could accommodate an apprecieble
increaese in traffic, it would be necessary to reroute Victor Airway 3
clear of the Baltimore asrea to provide room for Jet penetrations. To
provide additional routes to handle the inereased traffic in and out of
the Washingbon complex, numerous other modifications were employed, es
shown 11 ¥igs. 2 and 3. These changes are itemized in Table II together
with the specific resson for each modificetion., Later air route teats
were conducted on the revised layout., Abbreviations used in route layout
maps are listed in Teble IIT,

Teats showed that the operation of the proposed Davidsonville
NAS would further complicate an elready cramped route structure and would
have a restriciive effect upon Andrews AFB end upon traffic using V16/G5
airvaya.

At the Light traffic rate of six arrivals and six departures
per hour, simulated at Davidsonville during this phase of the tests,
ailmost continuous interference was produced that denled other traffic
ilie use of airways V16 and G5.

Map Studies For & Southeast Landing.

Many man hours were epent in drawing suiteble route maps to
accommodate a southeast landing at Baltimore, Figures 4 end 5 indicate
two of the best maps derived from this effort.
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While gathering the background information for this etudy, 1t was
not possible to learn details of the proposed eoulheast ruaway at Beltimore.
A visit to Baltimore Friendship Airport revealed that redio transmitting
aniennags north and northeast of the airpors, forced cencellatlcon of the
Very-High Omniraenge (VCF) approach to the sowlheas’., These seme an.ennas
may require high inicial altitudes for an Instriment Landing System (s}
approach, depending on the exact locetion end alignment of the runwgy.

Alao 1t was learned that a lerge public irxs.lzution 18 located a% the
southeast corner of Baltimore Friendship, near the preseub southeast
runwey. Tils erea could be suitably by-passed by the nev runway depending
on runwvay locatlion ard al.gmment,

It eppears frcu these mep studies thal it is practical to make
approackes to tnz scathzast et Baliimore Friendanip. However, he imprave-
ment in the overall route pat~2rn w8 not sufficlent to warrant ewmulation
of ths en route structure, Table IV indicates tie advantages and dis-
edvantages in these maps when compared to the first of che modified
ayatems,

Terminal Area Test Procedures,

A high-density ierminal area phase of the test program was
conducted in order to study let operavions in greater detail and to develop
optinum approach procedures for Baltimore Friendship Airport, Four cate=-
goriea cf Jet eircrarft were included in the traffic sample. Penetration
speeds for each category varied with eltiiuie as shown in Table V. All
Jet penetretions from en eluitude of 20,000 feet were conducted at a stend-
ard descent rate of 4,000 feet per minute, The descent was flared below
5,000 feet to permit the aircraft to level off before starting down the
final glide slope. At irue airapeeds above 200 knots, all turns were made
at a rate of 1 1/2° per second. At true airepeeds less than 200 knots,
aircra’t made turns et the rate of 3° ner second. All aircreft character-
istics asoumed for these tesia conformed to the best information sveilable
et the time.

Two approach controllers were used i1n the teruminal area tests,
Onz controller deacended jet eircraft to the inltiel penetration eltitude
of 20,000 feet, guided them from the holding fix, cleared them for pene-
tration, and subsequently transferred control to the second comtroller.
The second controller vectorad prop sircraft from the holding fixes and
epaced all alreraft at proper intervale on the final approach course.

In these tests, it wase essumed that ILS would be avallable as a
finel approach aid, For convenience in establishing optimum eeperation
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between arrivals, apacing reference lines 3, 5, and 7 miles from the approech
gate were maerked on the rader irdicator, end a standard epacing table was
used by the controller o Inesure safe separation between suocesaive aircraft.
Table VI showe this specing chert,

Discussion of Present Low Altitude Control Procedures at Baltimore,

At present a reilatively small number of instrument epproaches are
made at Baltimore by aircraft erriving at the higher eltitude levels under
Washington ARTC jurisdiction. This permits Washington AP'TC to utilize the
altitudes above 5,000 feet for en route aireraft and eircraft destined for
Washington National Airport. The mejority of aireraft mexing insirument
approaches at Baltimore are from the low altiiude tower en route control
system. There are two typca of low altitude eclivity controlled by the
Baltimore tower., One concerng saubtle flights criginating or terminating
et Baltimore, The second calegory concerrs fligats handed off from one
low altitude tower to another, and not laxding at the intermediate ler-
minal, There is conslderable activity of the second type between
Washington Wational Airpcit end airports teo the northemst, The controller
werkload, generated by this traffic, is concealed from the Washington ARTC
Center, es the alrcra’t are never under their jurisdiction, As traffic
increeses at Baltimore ©4 18 believed the tower will not have the airspece
nor the time to accommodate this low alvitude over traffic, Therefore,
this existing workload will be imposed upon controllers at the Washington
ARTC Center,

Measurementa,

Delay measurements were recorded during the slr route phese of
the tests., Arrival delays were computed by comparing the theoretical time
at vhich eseh aircraft should be over the approach fix on final approach
(essuming that no other traffic were involved) with the actual arrival
time of such eivcraft over the epproach fix.

Departure delays were computed by comparing the proposed departure
time with the actual departure tlme. Because of a shortage of target pro-
Jectors, all arrivels were taken off the screem at the outer marker, instead
of being flown to touchdown, Therefore, the departure delays do not in*lude
the effects of runway occupancy by landing aircraft, The alr route phase
delay date are shown in Fig. 6,

Wo arrival delay measurements were made for aircraft at Washingtomn
Nationgl Airport since only minor changes were made in the terminal area.
This treffic was simuleted in the systems until theilr arrival at the epproach
clearance 1limlt, All departing traffic from Washington Netional was simulated
through the area, in order that & realistic en route enviromment would be
maintalned.,
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TERMINAL AREA TEST RESULTS

General,

In developing holding and approach pattern layoute for this
program, full cognizance was talten of the entire Washington-Baltimore areae
to insure that patterns 4id not overlep, or aeedlessly block useble depar-
ture paths, airwey routes, or restricted areas, For this reason, full
edvantage could not be teken of ideal approech configurations for any single
airport, Instead, the resulting systems represented compromises between
various competing airapece requirements.

Appreach System I.

In this aystem, shuttle flighis between Baltimore and Washington
National utilized two altiiudes via the Don Intersection, as shown In Fig. 7.
Washington departures were cleared 1o Don at 2,000 feet and Baeltimore deper=-
tures were cleared to Don at 3,000 feet, No holdiang was accomplished at
Don Intersection. Shuttle departures were coordinated beitween towers, and
if an arrival delay was anticlpated, the ailrcraft took the delay on the
ground at the point of departure, Since in all the shuttile systems testad,
cne or more of the routes required complete radar guidance, the controller
workload wae high for a few elrcraft controlled,

At the traffic density simulated at Baltimore Friendship, 1t wae
desirable to provide prop aircraft with dusl hold:ng stacks, One steck was
at the Baltimore VCOR, end the other at & VOR intersection 23 miles
west/northwest of the outer marker, referred to as the Demescus patterm.
This distant location was necessary to provide & penetration area for civil
Jets at Baltimore,

Sufficient mirspace to provide straight-in approaches from the
west for civil Jete was not available at Beltimore Friendship Airport with-
out another substantial increase in route mileage for Washington arrivals
from the northeast. Therefore, a teardrop type epproach was utilized,
leaving the Baltimore V(R outbound end returning to the Baltimore outer
compass locator, Sufficient elrspace was not available for full size jJet
peretration area. Therefore, the Jet penetration shown in Fig, 7 15 &
ground-controlled penetrastion end may become unusable if r»adar is inoper-
ative. Jet alrcraft lending at the Glen Martin Airport were handled as
Beltimore arrivels using the seme penetration aree as the civil jets, From
the Baltimore outer compess locator, they were vectored to a northwest
landing at Martin Airport. This final approach at Martin uses a portion
of restricted asrea Sk, The holding pattern alrspace used in these tests
for Jet aircraft at the Baltimore VOR infringed on resiricted area Sh as
shown in Fig. 2,



Approaech System 2,
This approach system utilized landings to the southeast with the

jet penetration being made on the west side of the localizer as shown in

Tig. 8. No altitude restrictions were necessary for the jet penetration eas
1ta path crossed only the very low altitude shuttle aircraft pattern, and did
not cross any arrival or departure routes., Jet aircraft destined for the
Glen L. Mertin Airport were handled as Baltimore arrivals, end then vectored
to & northwest approach as shown in Fig. 6.

Two holding patterns for prop aircraft were provided; however, the
Jeasup pattern was used only for Washington shuttle flighte and was limited
at 3,000 feet or below, The Pikesville pettern contained the remsining prop
aircralt., At the density simulated, holding altitudes often reached 10,000
feet, DProp aircraft arrivales from the west were given circuitous routing
to arrive at the Pikesville pattern from the north., This system provided
for a non-radar controlled route for shuttle flights from Washington to
Baltimore. However, shuttle flights from Beltimore to Weshington atill
were necessarily controlled by radar as in Approach System 1.

Jet ajrcraft destined for the Glen L. Martin Airport were hendled
a8 Baltimeore arrivals and were vectored to a northwest landing as shown in
Fig., 0. BSoutheast lendings for these aircraft were considered but no
adequate system could be devised without complete disruption of the arrival
and deperture routes north of Baltiumore.

Approach System 3.

This system used a southesst landing direction with Jet penetrations
conducted on the east ailde for the localizer course as shown in Fig. 9. The
Jet penetrations were restricted in their descents to maintain an altitude
above 10,000 feet until clear of the departure airway, Victor 93. This did
not affect the penetration to any extent and it 18 believed that 1t would
not affect the depertures to eny degree. Two holding fixes were provided
for aircraft in this system, Shuttle flights from Washington National and
arrivals from the south, west, and northwest were cleared to the Relay
holding pattern. Prop arrivals from other directions were cleared to the
Baltimore VOR,

This aystem provided for a non-rader controlled route for shuttle
flights from Weshington to Baltimore. However, shuttle flights from
Baltimore to Washington st1ll were necessarily controlled by radar es in
Approach Systems 1 and 2, Jet aircraft destined for Glem L. Mertin Airport
were handled as Baltlmore arrivals and were vectored 1tc a2 northwest landing
a3 shown in Fig. 9. 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 Baltimore.



Measurementa,
Communications data from the terminal erea tests are shown in
Fig. 10, Approach system acceptance rates are listed in Fig., 1l1l.

Holding Patterns.
Table VII lists the ereas required for Technilesl Atandsrd (rder

(P80) holding airspace reservations, Because of the critical shortage of
airspace in the Washington-Baltimore erea, extensive study wes made during
this project to poseible methods of reducing these requirements, The dual-
hinge pattern concept shown in Fig, 12A eppears to be a practical method of
explolting air-derived distance informetion for this purpose. It alaso could
be utilized by homing alternately on two redio stations as shown in Fig, 128,

For e long time 1t was realized that eircraft entering holding
patterns from the sides sometimes overshooct +the boundaries of the TSO area
as shown in Fig, 13A, Thie is particularly true for Jet and high perform-
ance prop types of airerasft, To correct thie 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 informetion or dual homing facilities,
It avoids the large overshoote presently encountered and gets the aircraft
lined up on the proper holding track in a minimum of time. Both techniquea
were advantegeous in the aimuletion tests.

CONCLUSIONS

General,

During this progream, the basic problem of integrating
multiple-airport Jjet and prop operations in a severely confined erea required
the development of e number of technigues and procedures which are expected
to have general epplication in other airport areas. The most importent
developmenta are listed below:

1. VWhile not as easy to control as the offset holding pettern, it
wag found that the overhead pattern shown in Fig, 1LB functions very well,
provided that continuous terget tracking is avajlable through the use of
either 2 beacon system or an offset primary rader,

<. Teets chowed that the conventional teardrop pattern, as shown in
Fig. 144, is poorly adepted for rader specing operastions. From the time the
turn i{s sterted by an aircraft at the outer end of the pattern, very little
cen be done to adjust the spacing of thias aircraft behind the preceding
aircraft, The triangular penetration peth showm in Fig. 14B proved far
suparior, After the aircraft started a turn to the base leg heading, the
redar controller could use path-stretching techniques to space this aeircraft
behind the preceding one,
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3. Tt wae found that approach spacing operations for Jet aircraft are
conglderably more difficult to accomplish than those required for propeller
alrgraft because of:

a, The very slow turning rate of Jet aircraft at high speeds.

b. The need for a relatively long wminterrupted descent path fram
the initial penetration eltitude to the final approach sltitude, For
example, category 1 Jet eircraft in this problem required approximately
32 nautical miles to descend from 20,000 to 2,000 feet,

¢. The large variation between the initial penmetration apeed end
the final approach aspeed,

To alleviate these problems the following techniques were developed:

1, Align the Jet holding patterm in & direction which will allow
aircraft to leave the petvtern laterally, insteed of et the end, This permits
more flexibility end enebles the controller to peel off successive aircraft
&t accurate intervals in spite of the very slow turning rate of the eircraft
in the pattern. This pettern arrangement could not be used in certain cases
due to the available airspace.

2. Require the pilot to report vacating each 5,000-foot level to keep
the controller aware of the progress of the descent and enable him to keep
the penetration path as short as possible and insure adequate time for the
aireraft to reach the glide slope interception alititude.

3+ Request the pllot 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 meke turne at the rate of 3° per second,

4, Conduct radar path stretching operatioms of Jet and prop aireraft
on opposite sides of the final &approach course to aimplify the apacing oper-
atlon and aleo increase safety by eliminating most of the overteking
eituations in the radar vector area.

Specific,

1, It is believed that & route structure similer to the modified route
Syetems A or C, depending on desired landing direction, will be necedsary
to accommodate & substantlal increase of IFR treffic at Baltimore Friendship
Alrport,

2, Because the route chenges in Systems A, B, and C were considered to
be the minimm necessary to acccmmodate the traffic densitles tested, it is
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believed that traffic densitles greater thenm those simulated cannot be
adequately controlled without further major reelipoment of the airway
structure,

3. In Approach System 1, the mixing of Jet and prop transports
periously reduces the potential arrival rate et Beltimore Friendship Air-
port because of the distent location of the Damacua pyop pettern. Approach
Systems 2 and 3 were an improvement as far es termlnal sree arrival
operations were concernel, See Figs, 8 and 9.

%4, There 18 not sufficient area to establish standard non~-radar
controlled Jet penetrations at Baltimore im any direction without complete
reorgenization of airways. Therefore, the Baltlmore Jjet penetrations as
deplcted were ground-controlled and not neceasarily usable 1f radar or
beacon was 1noperative,

5. To provide en area for ground-controlled Jet pemetration, it will
be necegsary to reaerrange routes north end west of Baltimore, thus increasing
route milespge for the New York-to=-Washington traffie.

6. If the Baltimore terminel traffic increases to any extent, the
Baltimore tower will not be able to continue the control of low altitude en
route flighta that presently proceed ithrough their terminal erea vwhile
operating between Washington Netional Alrport end terminals to the north,

T+ Because of the proximity of Herbor and Glen L., Martin Airports to
Baltimeore Friendship, one epproach control facility should handle IFR
operations at the three airports,

8, IR operations at Glen I, Martin Airport will extend into restricted
area 54, unless both landings end departures operate northwest of the eirport.

9. Nationel Guard Jet aircraft destined for CGlen L, Martin Airport will
create a high controller workloed because of the long aircraft vector path,
and the amount of coordination necessary bhetween arrivel and departure
controllers,

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

11, Operatioms at Davidsonville NAS will eliminate the posaibility of
obtaining shorter routes from Baltimore Friendship Ailrport to the south.
Arrival end deperture operations at Davidsonville to and from the north
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and west through the Baltimore area will create a complex problem for
the Washington ARTC Center and would create a heavy workload per aircraft,

12, °, appears that any slzable increase of ai1r route conirol efficiency
1n the present airway configuration will require orne cor moce of the
following baeic changes,

a, Large reductiony in the arrspace presently ailocated for
restricted areas 37, 38, 40, 5k, 71, 43, end caution area 595.

b, ERednciions in the amount of airapace required for Jet holding
patterns,

¢, Reducilon of ihe rrascent 10-male width requiremgnt for civil

airvays, leed.ng to ithe ectablishment of mere closely sraced parzllel
lanes.

RECOMMENDATIONS

Before additional IFR traffic 1a scheduled into the
Washington-Baltlimore complex, the use of es much of the restricted airapace
as 18 necegsary, should be gecured to provide independent arrival end depar-
ture routes for the major alrporis, This will provide airspace for the
develoymsnt of a route system similar bto modified Systems A, B, or C,



TABLE I
TRATFPIC IDNSTITY SAMELE

Alrport TrePfic Density
{Onerstions ye~ hour)

Davidaoaville 12
Andrews 20
Baltimore Friendship 32
Washington National 50

Over flights 10
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ville and Andrews from the north
and ncrtheast that vill by.ass
Baltamere

7. Vi ter 909 Te provice a departure route f{rcem
ashin~ton te the northeast




T:BLL IT (continued)

S5U. 1 ARY OF CHWIGLS
+AS5 19 IR AY CONFIGURATICH

CHYNG™ R no0N

ROUT  OLITLCALLOJS CF
tR(C__URSL CHANG .S

— T T T
1., Victer 3/37 weved vest I Te preoviae airsgace for Jet

" penstration at Ealtincre
|

)

| 2., Victer b closed to cver traffic Te allow jet penctration at
~2theen Lisocn, 1), inter- Baltimore
szcticn and Daltimcse

3. Victor 16/Green 5 clesed 1o To previde Tor Davicsonville-
cver trafric betieen Inglesids Lnarswe nadar App.cach Gentrel
and Loncaster irza

— DT T i _ _ _

L, ovlue 5C clesed to over traffic Te .rovide for Daviasonville-
betueen Ceoles reaint and Andrews Andrens Radar Approach Control
LF Ranee Area

5. Ied 20 clesed to over traffic To provide for Davidsonville=

betveen 1eckins Neck ana sndres Radar Jpproach Concrol
; Andrews LF dance Arca
| 6, DBlue 21 closed to over traffic . To provice for Daviasonville-
| betieen Ccles reint and Severna Andrerrs Radar App.roach Ceontrol
Lark Area
T. Dea 77 changed to a uajoer route Davadsenville larpert

re.lacing Victor 16/Green 5 |

£, ‘"meer 7 realignea in vicinity To grovice indepenacnt rovtes fer
cf Donecester and Gruboes | Vashinpton, findrews, and Davidsen-
ville
9. Victer 223 realigned to the To provioc airiay separation be-
" est ] t reen Victor 223 and Victor 3/3v
1o, nore'1s ASC Sceramble procedures Davidsenville Airp.ort

elinlnateo

11. Victor 248 relocaced at the
new westimanster lecation

i To ,rovide indespendent departurs
3

i routes frem paltinere, Ancrews,

. and Davidsonville to the “est and
i

nerthvest

e e e e =



TABLL II (continued)

SUMIARY OF CHANG.'S
MADE IN ATRWAY CONFIGURATION

CHANGE

ROUTL 1ODIFICATICNS OR

PRDCLDURAL CHANGLS

12,

13,

Victor 33 relcocatsed to the
east,

Victor 93 realipgned from
Lancaster W direct to

Bal timore Outer Marke

Deletz Victor 123 from Rﬂver-
dale to Baltimore IF Range

REASON

To provide jet penetration at
Balnlmore

To nrovide airspace for addltional
1adspendent route teo Baltimore
f-om the noruheast

Balu.more incresded traffic

B
|
|
|
!



TABLE III

LCCATION IDETIFIERS USED ON MAPS

ADW ANLREVWS AFB, MD.

ARV ARCOLA, VA, LIR

BAL DALTIMORE, MD, ("riendship)

CARQ CHARLOTIE HALL, VA. Radio Beacon
CES CEESTERTCOWN, MD, - Proposed VOR
Ccnv CASANOVA, VA, - Proposed VOR
DAV DAVIDSCNVILLE, MD, -~ Proposed NAS
DCA WASHINGTON, D.C.

oGS DONCASTER, VA, Intersection

DMS DAMASCUS, MD, Intersection

DoV DOVER, LEL, VCR

EMI WESTMIFMSTER, MD. -~ Relocated VOR
ESR WesST CHESTER, PA. VCR

FRR FEONT ROYAL, VA, V(R

GB35 GRUBE3, VA. Inltersection

GTN CECRGETOWN, D.C., Radio Beacon
GVE FORDCKSVILLE, VA, VCR

HAR BARRISBURG, PA, VOR

mX RAYMARKET, VA. - Proposed VOR
HNT HUNTLNGTON, VA, Radio Beacon
HRN HERNDON, VA, VOR

LG NEW CASTL®, DEL, =- Proposed V(R
I3 INGLESIDE, MD, Intersection

LRP LANCASTER, PA., VOR

L350 LISBON, MD, Intersectlon

MRB MARTINSBIRG, W,VA. VOR

MIN GLENN MARTIN AIRPCRT, MD.

WNHIK PATUXENT RIVER, VA, LFR

NRV NCRRIS (ville), MD, Intersection
NYG QUANTICO, VA, LIRY

00D WOODSTOWN, N. J. VCR

PAR PARKTON, MD, Intersection

DP PORT DEPGSIT, MD, Intersection
FHL PHILADELPHIA, PA, = Proposed V(R
PTC POTCMAC, VA, - Proposed V(R

RDH ROUND HILL, W. VA.=- Proposed V(R
RVD RIVERDALE, MD, Radio Beacon

SBY SALISBURY, MD. VOR

SHZ SHADYSITE, MD, Redio Beacon

SNV SEVERNA FARK, MD, Intersectlon
SRI SPRINGFIELD, VA. Radio Beacon

ITP TAPPABANNOCK, VA, LFR



TABLE IV

ADVANTAGHS AND DISADVANTAGES OF
MODIFIED SY¥STEMS B AND ©

FODIFIED SYSTEM B

Advantages ovar Systew A

Disedrantages 49 compared wilth System A

1, FPosaible to provadz a very low
eltitude svack for use cof shutile
fligh%s from Washington to Bal~-
timcre,

2. Prop aircraft acrive at a point
cleser to approsch course than
the Damascus intersection,

3. Adrcraft enrouts to Riverdale
would have lchger roule for
descent than when Damascus in-
section is used for Baltimors,

L, Jet penetration equally as good
as System A,

5. Depurture routes to northeast,
east, and south are equal to
System A,

1,

2,

3

Only one stack avallable for use of
prop aircraft asrivisg at Baltumors,

Additionsl traffic rou’ed over
Wee tmanster VOR which will compli-
ca.e coutrol at this polnt,

f.2i-r Airusy 3 relocated via Ger-
meniovn intarsectioa to Hiverdale
to remain clear of jet penesration
area at Baltimore, In 3o doing, the
Georgelown to Martinsburg indepen~
dent departure route was elimi-
resed, This in turn fozced the de-
paryuve routes southward via Hern=-
don VCR, Thus an independsnv ar=-
rival route from Grantrcville to
Springf-eld via Round Hill WOR was
erxminated.

Washington arrivals from the north-
west converge at Front Royal,be-
cause of factor lisied in Item 3
above, This will complicate control
at Front Royal,

Prop aircraft arriving at Balti-
more from the west fly 23 naatical
miles further than .n System A,

Prop aircralt departing Baitimore
to the wect fly 37 nautacal miles
farther than in Sysiem A,

Arrivals at Riverdale fly 6 nauti-
cal miles further ‘han in System A,




TABLE IV (continued)
MODIFILCD SYSTaM C

Advantages over System A

1sadvantages as compared with System A

1. Two clrse-in helding stacks for
prop aircrafl are provided,

2, Gocd shubtle route between
Washington and Baltimore 1is
providaed,

3. Irecg aircraft holding patte.n
to west of Baliinore is off
Victor Airway 3, Orce clear of
thas airway arriving aircraft
w21l ke 1n & position to descend
without addi*ional restricizions.

1,

95
-

[

A11 neriheast bound dspartures from
washington and Ballzmore proceed

via Chestertown YOR., This will com=
plzcate control ai this point.

Addartionally Washington northeast
bound traffic was routed wvia Dover
to secure additional independent
¢limb area, This will complacate
control in the vicinity of Dover AFB,

The jet holding pattern at Baltimore
uses a large portion of restr.cted
arad 5’-{- ]

Vortor Airway 3 relocated via Clarks-
burg intersection to Riverdale to
remaln clear of Relay holding pat-
tern at Baltamore, In so doing, the
Georgebown to Martainsburg departure
route was eliminated. This in furn
foreced the departure rooiss south~
ward via Herndon VOR, These factors
forced eiimination of an independent
arrival route from Granusvilie %o
Springfield via the Round hiil WR,

Washington arrivals from northwest
converge with other arrivals at
Frent Royal because of factors noted
in Item L above, This will complicate
cehtrel at Front Reyal,

In order to provade a short-lower
altrtude departure route to the
nerth from Baltimore 1t was neces=-
sary to comoliicate the jet penetra-
ticn by placing an altaitude
restriction on descent until clear
of Victor Airway 93,

When conditions require a west or
northwest bound dsparture from
Baltimore to take the Chestertown -
Fawn Geove -~ Wesimins ter rouving,
the aircraft will fly dn aflaltaonal
70 {(navtical) miles as compared
with System 4,




TALE ¥

JET PENETRATION SFEEDS

{(TAS IN KNOTS)

Aircrait Catagory No. 1 2 3 3

Representative Type F104 DC8 B707 733

é 20,200 L1 330 305 280
»

é 15,000 ¥10 330 305 280

g 10,000 370 305 285 260
a

é 5,000 320 260 2ho 215

(epproach) 2,000 180 180 170 150




TABLE

VI

BADAR SPACING CHART

— T _——
| AmRCRATT GATE
SEQUENCE SEPARATION
No, 1 50, 2 (MTTES )
S M 501
S 5.5
_E ____L_____J _6"6 ]
M 5 3.1
M T L5 T
T 1T T TURe T T
F [ 877 ’ 3.0
F — 3.5
B N I I
J ST 3.0 !
SAME  TYFE Lo ]
ATRCRAFT APPROX,
CATEGORY APEROACH
SPEED
| M, P. E. KT,
S | SLOW 120 104 |
. M WEDIUM 140 122
“FlFaST [ 150 | 1307
J | JET 17 180 B




TABLS VIT

ARCAS OF TSC HCLDING AINRSPACH
EnbTMVATIONS, TN SGUARE wTLES

Altitude
ML

Pattern Length

One=Mrnute Tvro=dMinute

30,000
end above

1030

1245%

29,000
to
20,000

L57

553

19,000
and
belaow

1L

138

*For purposes of comparison, the area of the
state of Rhode Island 1s 1248 square miles.
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FiG 2 ARRIVAL ROUTES -~ MODIFIED SYSTEM A-EAST LANDING
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LEGEND-

- ARRIVAL ROUTE
E DEPARTURE ROUTE

ARRIVAL AND
DEFARTURE ROUTE

D:E[) ARRIVAL - DEFARTURE
AND THROUGH TEAFFIC ROUTE

m THROUGH TRAFFIC ROUTE

BALTIMORE WASHINGTON
SHUTTLE FLIGHTS

V265

PHL

JET PATH STRETCHING AREA

1] 5 10 20 hL]
T ]

T T

NAUTICAL MILES O
TO . Vihg 50D
chavtevicie-L 1T T T T |

FIG 4 MODIFIED SYSTEM B — SOUTHEAST LANDING cevELBrERT CINTER
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AVERAGE DELAY PER AIRCRAFT,
IN MINUTES

AIRPORT 0 5 10 15

4

BALTIMORE N 4
FRIENDSHIP Il

ANDREWS AFB

dvaviya
ODLAV HLIM

DAVIDSONVILLE NAS

WASHINGTON NATIONAL
NORTH - EAST

11

BALTIMORE FRIENDSHIP

dvavyd

21¥V ILNOHLIMm

ANDREWS AFB

DAVIDSONVILLE
NAS

WASHINGTCN NATICONAL
NORTH - EAST

BALTIMORE FRIENDSHIP

dvavyd
214V HLIM

ANDREWS AFB

DAVIDSONVILLE
NAS

BALTIMCRE FRIENDSHIP

davavyd

21LdV LNOHLIM

ANDREWS AFB

DAVIDSONVILLE
NAS

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

Chd THCAmECM
L T ]

SAVTEA FdNLAvddd

SAVTHA TVAIHEY



5 10

LEGEND

S5CALE IN MILES

))- JET PATTERN

|+ PROP PATTERN

MARTIN

' AREA USED \
;;;533'3':,3, FOR RADAR
L APPROACH SPACING

R ADJUSTMENTS
/
DAMASCUS - CLER\;‘YES
i 1. (@]
BAL VOR ~7 ;LT\“‘G b /
. 300 oEPA

o

N

RESTRICTED
AREA 54

BAL QUTER
MARKER

2000 FT

M RA
jz=]
o
Z
=
<
=
e
]
g
t
m

FIG 7 APPROACH SYSTEM { — EAST LANDING
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SCALE IN MILES

LEGEND

))- JET pa TTERN

"" PROP PATTERp

PIKESV; LLE
FATTERN

HOLDiNG

AREA USED FOR
RADAR APPROAGH
SPACING ADJUSTMEN Th

RIVERDA LR

FIG 8 APPROACH SYSTEM 2

= SOUTHEAST LANDING



1] 5 10
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SCALE IN MILES

LEGEND
)')' JET PATTERN
'+ PROP PATTERN

Fihas] AREA USED FOR
5¢,-:-.1.¢;¢j_g RADAR APPROACH
| SPACING ADJUSTMENI'S

MARTIN

“‘ln‘

*A 3000 T

o
hOLDING L EAY
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FIG 9 APPROACH SYSTEM 3- SOUTHEAST LANDING
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COMMUNICATIONS TIME, PER AIRCRAFT NUMBER OF CONTROL MESSAGES
IN SECONDS PER AIRCRAFT

APPROACH
SYSTEMC CHANNEL 0 20 40 60 80 0 10 20 30

FEEDER

FEEDER

B coNrROLLER COMMUNICATIONS CHANNEL NOTE PROBLEM INPUT

— 30 AIRCRAFT PER HOUR
ki PILOT COMMUNICATIONS CHANNEL

FIG 10 COMMUNICATIONS DATA — TERMINAL AREA TESTS
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TRAFFIC SAMPLE
18 JETS, 13 PROPS

DEMAND RATE
30 AIRCRAFT PER HOUR

NOTE

RATES SHOWN REFLECT
LIMITATIONS OF
APPROACH SYSTEM
ONLY, WITHOUT REGARD
TO AIR ROUTE

RESTRICTIONS

FIG Il BALTIMORE FRIENDSHIP AIRPORT ACCEPTANCE

RATES ATTAINED

IN TERMINAL AREA TEST PHASE



- 11 MILES - 5 MILES — %
{
Rz R3 R4\
S
4 WE
R1
LBS
R HINGE
5
5 20

TACAN OR
YORTAC FACILITY

O SPECIFIED HOLDING +-‘
RADIAL
HINGE
LEGEND

R 1 - MAXIMUM INNER LIMIT
R 2 - MAXIMUM OUTER LIMIT

R 3 - DESIRED TURNING POINT

R 4 - DESIRED TURNING POINT A - USE OF TACAN OR VORTAC
B - STANDARD 3-MILE TSO BUFFER

/’

1 MILE —¥
«————— 8 MILES

S5HADED AREA INDICATES
PORTION OF TS50 AIRSPACE
RESERVATION NOT USED

+=

+~ - HOMING -+
FACILITIES

/
< g h

HINGE

1 MILE —>'|

B - USE OF DUAL HOMING FACILITIES

FIG |2 DUAL-~HINGE HOLDING PATTERNS

Chd TICHmICAL
WO DFEENT CONTER
EERARAFOUIS IHDIRNA



/ X

X

USE OF DISTANCE INFORMATION
TO PERMIT TANGENTIAL ENTRY
TO HOLDING PATTERN OVER TACAN
OR VORTAC STATION
A - RADIO FIX w
B - DISTANCE AT WHICH PILOT
STARTS TURN TO OUTBOUND HEADING
C - DESIRED TURNING LINE
D - CONVENTIONAL ENTRY PATH

A B

USE OF DUAL HOMING FIXES
TO PERMIT TANGENTIAL ENTRY

FIG 13 TANGENTIAL ENTRY PROCEDURES
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EamarCH 18 INDIARR



Airport @%D @:) Alrport

Gate
= *'
|
/ |
A Conventional B Triangular
Jet Penetration Jet Penetration

Shading Indicates Area Available
For Path Stretching

FIG. 14 PENETRATIONS FROM OVERHEAD HOLDING PATTERNS
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