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SIMULATION TESTS OF IFR OPERATIONS AT THE PROPOSED
DAVIDSONVILLE NAVAL AIR STATION

SUMMARY

This repo-t describes the results of a simulation study of
instrument flight rule operations at the proposed Naval Air Station at
Devidsonville, Meryland. The purpose of this study was to determine the
effects of this airport on the over-all traffic flow in the Washington-
Baltimore area, and to determine the optimum methods of handling air traffic
at this facility. A4ll tests were conducted through the use of the Dynamic
A1r Traffic Simulator at the CAA Technicel Development Center,

Tegts showed that the operation of the proposed facility at
Davidsonville would further complicate an already cramped route structure
and would have a particularly restrictive effect on instrument flight rule
operations in and out of Andrews Airr Force Base, Although some of these
effects could be alleviated through the use of a common approach control
facility for Andrewa and Davidsonville, the proximity of airports and the
leck of mapneuveraing alrapace required almost complete dependence on
radar-guided approach end departure procedures, and therefore, a high
controller workload per aircraft,

During the course of this program, & number of new procedures
were developed and tested for the integration of Jet aircraft traffic in
the terminal ares,

INTRODUC TION

In November 1956, the Office of Air Traeffic Control requested the
Technicel Development Center to conduct & simuletion study of the proposed
Davidsonville Naval Air Station., At a meeting in Washington on December 12,
1956, the Deparitment of the Navy restated their requirement for an air sta-
tion in the vicinaty of Annapolis and furnished drawings of the propesed
Davidsonville gite. The Navy representative advised that the Navy was pre-
pared to vacate Anacostia vhen the new site was availlmble, at such time, the
U. S, Alr Forece would vacate Bolling Field and move to Andrews Air Force
Base (AFB). The resulting simuletion program was based on these assumptions,
Due to previous commitments, the mctual test rums were postpomed until May
15857,

Meanwhile, in February 1957, the Office of Air Traffic Control
requested the Technical Develorment Center (TDC) to conduct a simulation
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gtudy of the use of Baltimore Friendship Airport &s a supplementary airport
(primarily as a commercial jet terminal) for the Washirghbon metropoliian
area, Due to the proximity of Baltimore and Davidsonville, it was consid-
ered necessary Lo combine the alr roule phzses of the two simvletion projects
1n order to oheerve the effects of =ach alrport on the flow cheracteristice
of the other. BSeveral TXC air traffic ccrtrollere spent a week in the
Washington-Baltimore area gathering backgrowrnd data for the two progjects.

The sirulation tests were corpleted in June 1957,

EVALUATTON METHCODS

Traffic Samplea.,

A large sampls of recantly used flight progress sirips, obtalned
from the Washington Air Koute Traffic Control Center, was analyzed to deter-
mine the percentage of alrcreft operations on each roate, Based on these
percentages, a twochour traffic sample wes prejaced for use 1n the test
rune, This sample was composed of equal numsers of arrivals and departures,
distributed as followa:

Traffic Density

Airport {Operations per Hour)
Davidsonville 12
Andrews 20
Brltimore Friendship 32
Washingion Nationel 50
Total 11k

An edditional high-density traffic sample was prepered for use in terminal
erea studies to develop optimum airport-epproach procedures, This sample
conslated of & total of 35 jet airereft and & propeller-driven ("prop")
eircra’c, end had an averags density of 33 aireraft per hour, In tests
assuming independent approach patterms for Andrews and Davidsonville, the
entire arrivael seample was fed into Davidecnville, 1In tests of & combined
feeding system for Andrews and Davidsonville, the traffic samnple was
divaded, with 21 errivals fed into Andrews and 22 into Davidsonville,

Air Route Test Procedures,

For the air rcute phase of the simulation tests, three Air Route
Traffic Contrel (ARTC) secsors were simulated: an arrival sector, & depar-
ture sector, and an enroute sector, All sectors were provided with a large
bright-radar aiepley, All operatirng positions were eguipped with interphone
and alr/ground(A/G}radlo communications facilities, Beltimore, Weshington,
Andrews, end Davidsonville towers were simulated, These towers were
equipped with arrivel and departure scopes, &g well es interphone and AJG
redic communications,
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Because only 18 target progectors were available, 1t was necessary
to divide the complex Washington-Baltimore sres into north and south segments,
and to run one segument at a time, Any essentiel iraffic which was common to
both segments appeared again in the progrem when the other segment weas
simulated,

Terminal Ares Test Procedures,

A high-denaity terminal area phase of the test program was
conducted in order to stuldy jet operations in greeter dstail and to develop
optimum approach procediaes for Davidsonville, Four categories of jet eir-
craft were included in the traffic sample. DPenetration spseds for each
category variled with altitude as shown in Table I, 211 Jet penetrations
from an altitude of 20,00C feet were conducted at a standard descent rate
of 4,000 feet per minute, The descent was flared below 5,000 feet to permit
the arrcraft to level off before shasting down ilie finol glade slope. At
speeds above 200 knots, all twms were made at a rate of 1 1/2 degrees per
gecond, At speeds of leas than 200 Imote, eircrait made turns et the
standard rete of 3 degrees per second,

Two approech controllers were used in the terminal area teste, A
feeder controller laddered down Jet aircraft to the 1nitial penetration
altitude of 20,000 feet, guided them off the feeding fix, cleared them for
peaetratlon, and subsequently transferred them to the final controller, who
spaced whem properly behind other aiicraft and turned them into the final
approach cowrse. For prop alrcraft, e finel controller handled both the
feeding and the spacing functions. In these teste, it was assumed thac
elther Ground Controlled Approach (GCA) or Iasirument Le-iding System (ILS)
would be available as a final epproach aid. No GCA communicetions were
gimulated,

Maps of tne Davidsonville Airport layout furnished by the Navy
shoved two 8,000-f#pw runways, One was northwest jsoutheast, and the other
was northeast/southwest. The accompanying wind rose data indicated that
the prevalling wind direction was northwest, Thus e northwest heading for
the instrument approach system appeared appropriate, This direction elso
appeared the most suitable for the airport layout showa, because of the
northerly instrument approach employed at Andrews AFB, However, it was
found thet the approach path to the northwest runwvay at Davidscnville cut
across a corner of restricted avea 35, about 12 miles southeast of the air-
port, Unless this eirspace could be used for instrument flight rule (IFR)
approaches, the presence of the restricted area would make the approach
course rather short for Jet operations, In view of the underatanding that
the layout shown was only tentative, the alignment of the northwest runvay
wasa moved councerclockwise for the simulation tests so that the center line
of the approach course passed two omiles east of the restricted area.
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TABLE I
JET PENETRATION SPEEDS

(TAS IN ZNOTS)

Aircraft Category 1 2 3 4

Representative Type FBU AYD FOF TV2

20,000 415 330 305 260

o 15,000 lio 330 305 280
J
5

gl 10,000 370 305 285 260

ﬂ%
= 5,000 320 260 2k 215
(approach) 2,000 180 180 170 150

The approach gate agsumed for all simulation tests was a site on
the final approach course about five miles from the airport., For conven-
lence 1n estehlioling cpoimum separation bekween arrivals, spacing referénce
lines 3, 5, and 7 miles from the approech gate were marked on the radar indi-
cator, and a staendard spacing table was used by the controller to insure safe
separation betve=n successive aircraft.

Measurements,

Delay measurements were recorded during the air route phase of
the tests. Arrivael delays were computed by compering the theoretical time
at which each aircraft snould be over the approach fix on final approach
(assuming that no other traffic were involved) with the actual arrival time
of such aircraft over the approach filx.

Departure delays were computed by comparing the proposed departure
time with the sectual departurs time, Because of a shortage of target pro-
Jectors, all arrivals were taken off the screen at the outer marker,
instead of being flown to touchdowvn, Therefore, the departure delays do
not include the effecte of rumwey occupancy by landing aircraft,

After the alr route phase was completed, the simulation program
was interrupted about two weeks for the insiallation of automatic equip-
ment for communications measurement. This equipment was aveilaeble dwring
the terminal area phase of the program, Measurements included the number



of messages and the total communications time on each channel. No weather
information was included in the communications procedures,

AIR ROUTE TEST RESULTS

Route Laeyouts.

In order to retain as much of the exiating system as practicable,
the initial samvlation tests of the area were conducted using the present
navigeticn system layoul shown in Fig. 1, Tests showed that this layout
was unwcrkable et the airport traffic denplties being simulated, It was
apparent lmmediately that before ZBaltimore could accermcdate any appre=-
clable increaee in traffic, it would be necessary to reroute Victor
Alrway 3 well clear of the Baliimore area to provide room for Je* pene=-
trations. To provide additional routes to hendle the increased iraffic
in and out of the Washington-Daltimore area, nuncrous ciher modifications
were employed, as shown in Figs. 2 and 3. Theoe changze are itemized in
Table II, together with the specific reasom for each modificasion. Later
air route testes were conduzied on the revised layout. Abbreviations used
in route layout maps are ilisted in Table III.

Effect of Davidsonville Alrport Operations om Other Facilities.

Execept for occasional aocuthbound Davidacnville arrivels crofsing
through the Baltimore holding area, Devidsconville operations had very
litcle e?feet on flight operations at Baltimore Friendship Airport.
Baltimore arrivel and deperture routes were well clear of the Davidsoaville
area,

The moat significent effect of Davidsonville operations on
Washington National Airport traffic waes the interference between Davideon-
ville operations end Weshington arrivels which crossed the Davidsonville
approacn area on Victor Airway 16, In this case, heavy activity at either
Davidsonville or Andrews could restrict the use of this route for other
traffic.

Tests showed that the most eerious effect of Devisonville on
presently established facilities was the severe restriciions it placed on
errival and departure operations at Andrews ATB., These effecta are
gurmarized in detail in Table IV.

Due to the location of Andrews in relation to Washingion and the
nearby restricted areas, the only Andrews IFR departure routes which are
presently free of the Andrews approach path involve use of the mirspace east
of Andrews, These routes include the jet scramble rouse, the mein departure
route to the ncrtheast, and the off-airway climbing erea which is used to get
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TABLD 1T

SULLARY OF CHANGLS
2ADS T AIRDGAY COLUFIGURATICN

CHANGE

R_STRICTLD :RTAS ALTTARCD

ALASON

R-37

2. R-38

Te provide alrspace for Airways
Victor 3 = Victor 140 - Vacter 90

To provide airspacce for Airvays
Victor 90l and relocated Anber 7

3. =40

L. i=li3

Tec provide airspace for relocatec
Airway Amber 7

To provide airsgpace for firvay
Victor 9G3

R-5L

To providce airspace for Alrizy
Victcr 907 and De.arture routes
from Davidscnville, Andrevws,
Baltamore, and ashansten

6. C-S5

To previde arrsgace for Arrways
Victor 268 ano Victor 223

FROICS .0_ VO LOCATIONS

1. RCUSD HILL ' ., ¥ . “OR

2., HAYL JRK{__JT, Vi, VOR

3. C.5440VA, V', VOR

|

4, CEIZSTLRTC N, D, VOR

e

S. CUMNTICO LF Range changed to
POTOIAE, VA, VORE and relecated
i statute miles northrest of
rresent QUAWTICO site

e e e ——m

Now independent arrival route te
" ashinpten from northuest

ler independent departure route
frem « ashington to west and scuth-
west

et 1ndependent departure rcute
frer ashingten te vest and
southiest

Ne'" routes from ashington,
Baltimore, Andrews, ana Davidscn=
ville to northeast, east, and
scutheast

To prcvide new independent routes
fron ashinston, .ndrews, and
Davidsonville to the west and
southiest
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T4BLE IT (continued)

SUuwARY OF CHNGES
1aDE I AR AY COUFIGURATION

CHANIGE

FROFOSED VOR LOCATIONS

HEASON

6. Relocate _STLIJSTLIR, 1D, VOR
6 1/2 statute miles northwest cf
present location

To rrovide more airsg.ace for jet l
cenetration at Baltimore ‘

Mo +IR AYS PROVIDED

4

1. Victeor 901

Te provide a nev route for north-
becund traffic from Davidsonville,

ashington, and Andr2vs, indepen=-
dent ¢f Zaltiuore

2. Victer 902

3. Victor 903

|

To provide independent degparture
rcute from  ashington to the “rest
and southvest

Toe .rcvide a new route from David-
senville and Baltimore to and
frow the south

L, Victor 9oL

To grovide net route fer Uavidsen-
sonville, Andrews, and ashingten
departures to the west

5. Victor 305

6, Victor 900

Tc preovide a departure route from
Baltimore to New Ycrk and northeast

To provide inaependent arraivel
route to ashington from the
northwest

7. Victor 907

~+—

Tc provide a route for Lover
traffic to byrass Baltinoere

8. Victor 908

To rrovide a route tc Davidsone=
ville and Andrers from the north
and northeast that 7111 by.ass
Baltimorec

9, Victer 909

To provide a departurs route {rom
ashinzton te the northeast
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TABLL II (continued)

SU...ARY OF CHANGLS
1ADL TN IR AY CONFIGURATICN

CHANGT

RCUT- _ODIFICATICHS OR
ERCC_JURAL CHANG.S

REASON

1, Victer 3/39 ucved 1est

To prevade airspace for jJet
l -
renetration at Caltimore

2. Victer LB closed to cver traffic
ctreen Lisben, 1D, inter-
sacilon and Laltimore

Te 2]11low Jet penetration at
Baltimore

3, Victor 16/Green 5 clcseo to
over traffic betreen Insleside
and Doncaster

To provide for Daviasonville-
sndrewe Radar Appreach Ceontrel
Area

slue 5S¢ closed tc over traffic
betueen Ccles Foint and Andres
LF Hange

L.

Tc provade for Davidsonville-
Andreis Radar Approach Control
Area

£, Hed 20 clesed to over traffic

betieen secskins Neck and

Ancrews LF Rancze Area
6, Blue 21 closed tc over traffic

betieen Celes Felnt and Severna

iark Area

To provide for Davidsonville-
Andre's Radar Approach Control

To provice for Davidsonville-
Andrews Radar Apgroach Ccatrol

k-

7. BRed 77 changed to a major rcute
re.lacing Victor 16/Green 5

Davidsonville Airport

£, ‘“mcer 7 realigned in vicinity

of Doncaster and Grubos

To grovaide independent routes for
washinston, Andrevs, and Davidson-
ville

To previce airiay separation be-
teen Victor 223 and Victor 3/39

9, Victor 223 rcaligned to the
r1est
10. indrews ADC Scrarlble procedures

eliminatea

Davidsonville Air.ort

11, Vacter 268 relocated at the
new Westminster lecation

To provide inde.endent degarture
recutes frem baltuacre, Ancrels,
and Davidsonville to the "rest and
ncrthwest
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TABL. II (continued)

SU.ARY OF CHANGLS
LADE 1N IR LAY COAFIGURATICN

CHANGE REASON

RCUTI, . ODIFICATICNS OR
#R0C .DURAL CH: NG %

12, Victor 33 relccated to the To .rovide jet penetration at
east Baltincre

13, Viectcr 93 realignec from Te provide airspace for additional
Lancaster VOR direci to indegcendent route to Zaltimere
paltincre Outer .larker from the northeast

11, Delete Victer 123 from Ravere Baltimcre increased traffic

dale tc Baltimcre LI" Rangos

departures clear of array traffic before hecading on course, Ogeration of
tae Davitsenvaille “irpcort blccks this airspace, It xs true that the magni-
tuce cf these effects would depend cn the ameunt cf IFR traffic at David-
sonville, Heever, the light Davidsonville traffic rate cf six arrivals
and six departures per hour simulated durin~ this phase of the tests pro-
duced almcst centinucus interference as far as wnorevs was cchcerned,

secause cf traffic crosscver .roblems accentuated by the clese
groamty of Ancrews and Javidsenville, IFR arrivals in the simulaticn tests
¢ften ¢culd not begin descent until arrivaing cver the approach fixz, The
rresence of cver traffic cn Victer Airway 16 tendeca to ralse Daviusonville
ana anorews entry altituues even higher,

In the 1nitial tests, the over traffic also glaced an additicnal
restriction ocn Jet penetrations at Andrews and Davidsonville, as jJets had
te maintain an altatude clear of the over traffic until off the airway.
vecause cf the extra distance invclved, the penetration p.aths sometires
extenced intc Red Airvay 77. C(onsiderable improverent in these factcrs vas
noted vhen the over traffic vas rerouted over ned Airway 77 1nstead.

Arrival delays were relatively high, mainly because of the taime
lost in long descents, In the traffic sargple tested, Davioscnville arrival
celays averaged 7.5 minutes per eircraft vhen fRTC radar was useo and
13 minvtes otheruise,

hen radar departure procedures were sirulated, ground delays
averaged 0.% mnutes per aircraft wthen *RTC radar was used and 2.5 ranutes
cthornse, estbound and southuestbound departures fron Andrews and
Davidsonville required corylex circuitous rcutings, hoiever, inwolving a
very high radar workload, in order tc climb to a surtable altitude to clear
other traffic befcre enterang the airmay,
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TABLE IIT

LCCATICN IDENTIFIERS USED ON MAPS

ADW ANDREWS AFB, MD.

ARV ARCOLA, VA. LIR

BAL BfLTIMORE, MD, {(TFriendship)

CAH CHARLOTIE HAIL, VA, Radio Beacon
CES CHESTERTOWN, MD, - Proposed V(R
CNv CASANQVA, VA. - Proposed V(R
DAV DAVIDSOLVILLE, MD, ~- FProposed NAS
DCA WASHINGTCN, D.C.

DCS DONCASTER, VA, Intersection

DMS DAMASCUS, MD, Intersection

Dov DO'ER, IEL. VCR

EMI WedTHTWSTER , MD, - Relecated VCOR
ESR WEST CHESTER, PA, V(R

FRR TRONT ROYAL, VA, VCR

GBS GRUB3S, VA. Intersection

GIN GEORGETOWN, D.C. Radlo Beacon
GVE +CRDONSVILLE, VA. VOR

HAR HARRISBURG, PA. VOR

i BAYMARKET, VA, - Proposed V(R
T BEUNTINGTON, VA. Radio Beacon
HRN HERNDON, VA. VOR

NG FEW CASTLE, ELL, =- Proposed VIR
ING INGLESIDE, MD, Intersection

LRP LAKNCASTER, PA, VOR

130 LISBON, MD. Intersection

MiB MARTINSBURG, W.VA, VOR

MIN GLEMN MARTIN AIRPORT, MD,

NHK PATUXENT RIVER, VA, LIR

NRV NORRIS (ville), MD, In*terseciion
WYG QUANTICO, VA. LFR

00D WOCDSTOWN, N. J, VOR

PAR PARKTON, MD, Intersection

FDP PORT DEPCSIT, MD, Intersection
PHL PHILATELPHIA, PA, - Proposed VOR
PIC POTCMAC, VA, - Proposed VIR

RDH ROUND HILL, W. VA,.- Proposed VOR
RVD RIVERDALE, MD, Radio Beacon

SBY SALISBIRY, MP. VCR

SHZ SEADYSTIDE, MD, Radio Beacon

SNV SEVERNA PARK, MD, Intersection
SRI SPRINGFIELD, VA. Radio Beacon

TPP TAPPAHANNCCK, VA, LIR
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Because of the proximity of the two eirports, 1t appeared doubtful
that they ever could operate indevendently of each other under IFR condi-
tions. Although many man-hours wore spent during this progzct in discussions
and map studies of this problem, no feasible method of handling simultaneous
ITR operation of these wwo airrports was found which did not aleo involve a
high degree of coordination, a high dependence on radar guidance, and
consequently, e very high controller workload per aircraflt.

Tests indicated that the coordination problem could be alleviated
through the establishment of a single epproach-control fac:lity to handle
IFR operations at toth sirports. The suggested area of jurisdiction for
such & facility 1s shown in Figs. 2 and 3.

TEEMINAL AREA TEST REBULTS

General,

In developing holding and approach pattzrn leyouls for thls progrem,
full cognizance had to be taken of the entire Weshinghton-Baltimore area to
insure that patterns di1d not overlep each other, or block usaeble departure
paths, airwey routes, or restricted areas needlessly, For this remson, full
advantage could not be teken of ideal approach configurations for any single
airport, Instead, the resulting systems represented compromisea becwzen
various competing eiraspace regquirements,

Approach System 1.

In the initial tests, 1t was assumed that e radio fix was es’ablished
at the approach gate, and that conventional holding patterns were used for prop
and jJet sircraft, A conventional teardrop Jet penetration pattern was used,
Penetration end epproach patterns are shown in Fig. 4.

While the conventicnal Jjet penetration was setisfactory for single,
isolated approaches, tests showed that it was very avkvard for use in radar
gpacing operations, due to its long finael approach path and 1ts consequent
lack of flexibility. After the aireraft had started its turn at the outer
end of the teardrop pattern, 1t was very difficult for the controller to
apply effective path-siretching techniques to secure precise spacing of this
aircraft behind the preceding aircraft. As g regult, the controller tended
to use far too much separation, which thereby reduced the eirpori-acceptance
rate,

Simulation tests showed that this arrangement was very inefficient
functionally, primerily due to the presence of holding aircraft on the filnal
approach course, Thelr presence made it necessary to lenglhen the jet pene-
tration pattern, to assure thet the Jet esilrcraft would have altitude
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separation belovw the lowest holding aircraft before reaching the holding area
on final approach. In addition, the display clutter problem caused by the
edditional aircraft flying in the vacinity of the outer marker made 1t
extremely difficult for the conitroller to provide radar spaclng procedures

1n securing optimum separation between succecsive aircraft in the approach
sequence,

Approach System 2.

As an improvement over the outer merker stacking system, both the
prop and the jet stacks were offget from the final approach course as shown
in Fig. 5. The relocation of the holding pavterns improved the display clutter
problem in the vieanity of the outer marker and consequzn®tliy made it much
emsiar for controllers %o space aircraft on the final approach path. However,
teats showed that thils layout was still very difficult to work. Because prop
and Jet aircraft were maneuvering in the same area, the radar digplay problem
in this area was somevhat confusing at times due Lo overtaking and crossing
fl.ght pathsa,

The holding fix for prop eircraft was farther away from the approach
gate than actuelly was necessary. This increased ccriroller workload cons.d-
erably by requiring rore aircraft to be under radar vector control simultan-
eously between the hoiding fix and the ouver maricr, In turn, this fector
added to the redar i1dentification end communiceticons workleoad.

Wnen the jJet vector pattern was deliberately kept away from the prop
vector pattern, the jet final approach path iended to become excessively long,
thus increasing the difficulties asegocizted waith the proper spacing of
successive airvcraft cn the finel approach path,

The beat feature of this layout was the fact that the jet pattern
was alipgred crosswise to the initial penetration path. Teats showed that this
feature enabled jet aircraft 1o be peeled off the holding patitern at more
accurats intervals since these aircraft could turn lato the pene*ration path
almost directly from any point i1n the holding pattern. This represented a
conslderable improvement over the usual procedure of peeling aircraft off
the end of a holding pattern, The latter procedure is handicepped, waere
Jet aircraft are concerned, by their slow fturning rate at high sltitudes and
their conseguent lack of maneuverability.

Approach System 3.

To reduce contreller workload and increase safety, Jjet and prop
approach patterns were placed on opposlte sides of the final approach course.
Dual overheed holding patierns were established at the final epproach gate,
at both Andrews end Davideonville, es shown in Fig. 6. All approach patterns
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were essentially triangular. The segregation feature proved to be en
excellent improvement, from the radar controller's stemndpoint.

Approach System L,

The eir route tests had indicated that Andrews and Davidsonville
together would not be able to handle much more IFR traific ihan either air-
port alone, due to mutusl interference and the lack of independent routes,

In view of this factor, as well as the severs shortege of usable airspace

for jet climbouts, tests were made to determine the feasibility of elimin-
ating one jJet holding pavtern and sharing the other jet pattern to feed both
ailrports. The only practical siting arrangement for a common Jet holding
pattern appeared to be somewhere between the two final epproach courges.
Three locations were iested: Columbia, Andrews Range, and Upper Marlboro.
The latler site 13 showvm in Fig. 7., Neather of the first two sites allowed
adequate room for ihe Jjet descen’t to Davidsonville, without coming uncomfort-
ably close to restricted aree 35. The final si1t= was somevhat better.
However, the presence of the restricted area con.inued %o limit the flexibility
of path-stretching operatroas which could be emvicoyed for jet aircrarlt.

Prop approaches were mede on the west side of the final epproach
course at Andrews, and on the east side of the aporoach course at Davidsonville,
to continue the segregation policy which had work2d out so well in the previous
tests. Care hed to be taken to keep Andrews prop approaches well clear of the
rzdar vector area for Washington National Airport.

Results indicated that this system was workable, although somevhat
more difficult to operate due to restricticns in the amount of airspace
available for radar vectoring operations. As would be expected, the use of a
8ingle jJet holding pattern instead of two tended to raise the entry altitudes
of jet aircraft in the problem, Because of the Joint use of a single feeding
system for these aircraft, this approach aystem would not be recommended for
adoption unless a common redar approach control facility were esteblished for
the two flelds.

Approach System 5.

In order to keep the Davidsonville prop holding area clear of Red
Axrwey 45 and also to provide more rocm for radar spacing operaticns at
Washington Nationel Airport, System 3 was modified as shown in Fig, 8., The
resulting layout, known as System 5, functioned very well as far as Davidson-
ville operations were concerned, The presence of holding aircraft flying on
the approach course in the vicinity of Andrews Range presented some difficulty
in checking the spacing between successive approaches on the Andrews glide
path. Hovwever, this situation could be resolved easily 1f a precision approach
radar (PAR) were available to monitor the Andrews final approach course,
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Measurements,
Communicationa data from the terminal area tesis are shown in Fig. 9.
Approach systenm acceptance rates are shown in Fig. 10.

Navigation Aids.

At a preliminary conference held an Washington on December 12, 1956,
the Navy representative stalcd that all aircreft based at Davidsonville would
be equipped with TACAN, For this reason, considerable thought was given
during this simulation study to the optimum locetion for a TACAN facilaty
servang this airport,

Due to the extremely wide "cone" exisling over prasent TACAN
facilities, 1t 1s desirable that {1he TACAN infcrmation used for esteblishing
a8 high-altitude Jet holding patiern be obtained from a facility e mmber of
miles away rather than a facility directly undern=ath “he holding patseri.
Thus, a TACAN facility lecasad in the i1mmediete viecinioy of an airport wouid
not be desirable for the eslablishment of an overhead jet holding pattern.

In the case of Approach System 5, TACAN guidance for the
Davidsonville overhead Jet pattern could be obtained from a VCORTAC site at
Herndon, Virginia, while guidaance for the overhead jet patiern at Andrews
could be obtained from a similar site at Haymerket, Virginia,

Tt 15 considered desirable that the TACAN station assoclated with an
airport be able to furnish epproach guidance to the pilot, particularly under
condivions when radar gu.fance is not available, Therefore, 1f a TACAN sta-
tion 18 considered for inetallation at Davideonville, 1t should be sited on
or very cloge to the centerline of the northwest/southeast runvay. If ine
gtation could be located about 5 miles southeast of the airport, it could
also gerve ag the radio fix for the Davidsonville prop helding pattern as
shown in Fig, 8. IPf 1t 18 more desirable, however, for economic or security
reasons, to site the station on airport property, this would still perform
the various desired functions 1f the prop hoiding patiern were shifted to a
northwest/southeast direction. This patilern would then exlend farther out
into the jet penetration area, 1t would be very desirable to reduvce the size
of the holding area by specifying a meximum outer limit a8 shown in A of
Mg. 11,

Holding Patterns.

Table V lists the areas required for Technicael Standsrd Order (TSO)
holding airspace reservations. Becauvse of the critical shortage of airspace
in the Washington-Baltimore area, extensive study was given during this project
to possible methods of reducing these requirements. The dual-hinge pattern
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TABLE V

AREAS OF TSO HCLDING AIRSPACE
RESERVATICNS, 1N SQUARE MILES

|7 T T T ST o TTT T T T e s s S e

i Altitude % Pattern Leugth 4
MSL ] _"‘bialﬁijﬁié"i Two-Minute

T T | ) T

30,000 1030 . 12054 :

and above l I

S — e

|

29, 000 457 | 553 !

to [

[ 20,000 ' |

_ __,______‘_];_,___ I

]

l 19,000 , 11L ’ 138 !

and ! ! i

| below ‘ f 1

*For purposea of comparison, the arsa
of the state of Rhode Tnwaal is 12%8 square mlles,

concept shotm i1n A of Fig, 11 appears to be a practicel method of exploiting
air-derived distance information for this purpose. It cculd also be utilized
by homing alternately on two radio trensmitters, eas shovn in B of Fig. 11,

Tor a long time it has been realized that aircraft entering holding
patterns from the side sometimes overshoot the boundaries of the TSO Area. To
correct this condition, a new technique lmown as the tangential ertry procedure
was developed and tested during this program. This procedure, which 1s shown
in Fig. 12, can be based on the use of either distance informetion or dual
homing facilities, It avoids the large overshoots encountered at present and
gets the alrcrafi lined up on the proper hclding track in a minimum of time.
Both technigques functioned very well in the simulation tests.

CONCLUSIONS

Specific Conclusaiona.

1, Activation of the Devidsonville Alrport site would place another
maJjor airport in an area which 18 already crowded as far as present IFR air-
space requirements are concerned., The Davidsonville site is too close to
Andrews AFB to permit sustained, independent IFR operavions at both faields,
Because gso much of the available airspace would have to be shared, tesks
.ndicated that the total IFR capacity of both fields would be little more
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than that possible at Andrews alone, so long as present standards apply. This
implies that any increose in such operations at Davidscnville will iend to
decrease the total possible at Andrews. Heevy IFR traffic at Davidsonville
would obviate the use of Victor Alrway 16 as a main arriv.l route for
Washington Natlonal Airport.

2. DBecause the %total ITR capacity of o grven area 18 limited largely by
the number of independent traffic lanes which can fumsiion simultaneoualy, any
siphificant inerease in the total IFR capacaily of the Davidaenville-Andrevs
area will require one o more ¢f the following changes:

a., Reduction in the amount of airspace presently set aside for
restricted and prohibited areas. It 18 especially important thet aection
be taken to secure full uge of the gouchern poriilon of restricied area
54, as shown 1n Fig. 3.

b, Implemeniasion of new procedures, such as tnose shown in Figa, 1l
and 12, to permit tae reduction of 750 holding airspace reservations and
Jet penetration arceas.

c. Implcmentetion of more precise navigaticnal techniques to permit
the establishment of multiple airways with l=ss5 than the ten miles lateral
geparalion presently required.

3. Establishment of a combined radar approach control facility to serve
both Davidsonville and Andrevs would reduce the coordination problems which
would exist otherwisze,

General Coaclusions.

During this program, the basic problem of integrating multiple-eirport
Jet and prop operations in a geverely confined area required the development of
& number of technigues and procedures vhich are expected to have general
epplication 1 other airport areas as well. The most important developments
are listed below,

1. Whale not as easy to control as the offset holding pattern, 1t was
found that the overhead pattern shown in Fig. 13 funciions very well, provided
that continuous target tracking 1s available eitker through the use of a beacon
system or an offset primery radar saite.

2. Tests ghowed that the conventional teardrop penetration pattern, as
shovn in A of Fig, 13, is poorly adapted for radar spacing operations., From
the time the turn i1s started at the outer end of *the pattern, very little cen
be done to adjust the spacing of this aircraft behind the preceding aircraft,
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The triengular penetration path shown in B of Fig. 13 proved far superior,
After the aircraft started a turn to the base-leg heeding, the radar controller
could use simple path-stretching iechniques to space tais aircraft behind the
one ahead,

3. It waa found that approach spacing operations for jet aircraft are
congiderably more difficult two accomplish chan those regquired for propeller
earcraft, because of:

2. The very slow turniag rate of Jet eircraft at high speeds.

b. The need for a relatively long uninterrupied descent path from the
initial penetratior sliltude to the fainel approach aliitude. For example:
Category 1 jet aircraft in this problem required approxzimately 32 miles
to descend frum 20,000 to 2,000 feet,

¢, The large variation between the Initial penetration apeed and the
finel approach speed,

To elleviate these problems, the foliowing techniques 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, permitiing more flexi-
bility and thus enabling the controller to peel off successive aircraft at
accurate intervals in spite of the very slow turning rate of the aircraft in
the pattern., This patterun arrangement could not be used in certain cases due
to the configuration of the available airapace,

2. Reguire the pilot to report vacating each 5,000-foot level to keep the
controller aware of the progreas of the descent and thus enable him to keep the
penetration path as short as possible and still allow mdequate time for descent.

3. Reguest the pilot to report when he 18 slowed down at the final approach
altitude to help the controller to anticipate when the aircraft will be able to
make turns at the standard rate of three degrees per second.

4, Conduct radar path-stretching operetions of Jet and prop aircraft on
oprosite sides of the final approach course to simplify the spacing operation
and elso increase safety by eliminating most of the overtaking situations in
the radar vector area,

RECCMMENDATIONS
The following recommendations are contingent on & decision by the

Department of the Wavy to complete the establishmenl of the Davidsonville
Naval Air Station.
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It 18 reccmmended that:
l. The approach fazilities he set up for final approaches to the northwest,

2, 'The northwest/southeast runway be shifted coumterclockvise so that its
extended center lire wi.l pase abous two miles eas®t ol ra2siricted erea 35, unless
free use of restricted area 35 can be obtained for rmsirument approach
operations.

3. The Davidaonvills TACAN facilily be sited either on the airport
surface, very close to the nortawest/southeast runway, or on ihe final approach
courge about five miies aouthesst of the airpori.

L. Approach System 5, as described 1in this report, be adopted for
Davidsonville.

5. Immedinte action be started to secure as meny as possible of the
recormended airway and regtricted area medifaicetions listed im Table II. It
18 especially importaat tact free use be obtained of the south end of restricted
area 54, es shown 1n Fig. 3.

6. Actlon be started to reduce TS0 airspace requirements for holding
patterns baned on TACAN facilitiea, torough the use of apecified rauge limits
for each end of the patiern.
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