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SiXJLATION TESTS OF IFR OPERATIONS AT TBE PROPCSED 
DAVIDS0NVILJ.E NAVAL AIR STATION 

'ihis rep@ describee the results of a simulation study of 
instrument flq$t rule operations at the proposed Naval Air Station at 
Davld~onvllle, Maryland. The purpose of thio study ~a.3 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. All tests were conducted through the u8e of the Dynamic 
Air Traffic Simulator at the CAA Technical Development Center. 

Teats showed that the operation of the proposed facility at 
Davldsonville would further complicate en already cramped route structure 
and would have a particularly restrictive effect on instrument flight rule 
operations in and out of Andrewe Air Force Base. Although 8ome of these 
effects could be alleviated through the use of a common approach control 

3 facility for Andrewa and Davideonville, the proximity of airports and the 
lack of maneuverlng airspace 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, a number of new procedures 
were developed and teated for the integration of Jet aircraft traffic in 

the terminal area. 

IN!CRODUCTION 

In November 1956, the Office of Air Traffic Control requested the 
Technical Development Center to conduct a smulatlon study of the proposed 
Davidoonville Naval Air Station. At a meeting in Washington on December 12, 
1956, the Department of the Navy restated their requirement for an air sta- 
tion in the vicinity of Annapolls and furnished drawings of the proposed 
Davidaonvllle site. The Navy representative advised that the Navy w&8 pre- 
pared to vacate Anacostia when the new site wan availrable, at such time, the 
U. S. Air Force would vacate Boiling Field and move to Andrews Air Force 
Base (AFB). The resulting simulation program was baaed on these assumptions. 
Due to previous commitmentxz, the actual test rune were postponed until May 
1957. 

Meanwhile, in February 1957, the Office of Air Traffic Control 
requested the Technical Development Center (TDC) to conduct a simulation 
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study of the use of Baltimore Friendship Axport a8 a supplementary alrport 
(primarily as a commercial Jet. termmal) for the Washirgton metropolitan 
area. Due to the proxlmlty of Baltunore and Davideonviile, it was consid- 
ered necessary to combine the air route pheaee of the two eimL~la+,ion proJecto 
ln order to oboerve ths effecto of each airport 0'1 tke flow cll2racterlstxs 
of the other. Several TLX air trcffic ccrtrollers spent a week in the 
Uashin&on-Baltimore aPea ga+&ermg bao;igroLr:' u_ data for the two proJecta. 
The simulation tests were completed m June 1957. 

EVAUJATION METHODS 

Traffx Semplse. 
A large sam,le of recently used fli&t progress stripo, obtained 

from the Washlc&on Air Eo-te Traffic Control Center, w&e analyzed to deter- 
mine the percentage of aircraft ape?atlons on each ro&&, Based on these 
percentagea, e two-hour tz&flc sample wee pre-,ared for u8e m tne test 
rum I Tnls sample was composed of equal nu6xre of arrivels and departures, 
distributed a8 follows: 

Traffic Density 
Airport (Operatlone per Hour) 

Davidsonville 
Andrews 
Baltimore Friendship 
Washington National 

Total 

12 
20 

7% 

An additional hi&-density traffic sample w&e prepared for uce in terminal 
area s~.&es to develop optimum export-approach procedures. ThlS sample 
consisted of a total of 35 Jet aircraft and 8 propeller-driven ("prop") 
aircra::, and had an average density of 33 aircraft per hour. In teste 
aeauming independent approach patterne for Andrews and David.oonville, the 
entire arrlvnl sample w&8 fed into Davidecnvllle. In tests of a combined 
feeding oyetem for Andrews and Davidsonville, the traffic sample wao 
dlvlded, with 21 arrivals fed into Andrew.9 end 22 into Davidsonville, 

Air Route Teat Procedures. 
For the air rcute phase of the eimulation teeto, three AHr Route 

Traffic Control (ARTC) BBC~OPB were simulated: an arrival eector, a depar- 
ture sector, and an enroute sector. All sectors were provided with a lars 
bright-radar display. All operating poeltione were equipped with interphone 
and alr/@ound(A/G)radlo conmunications facilities. Baltimore, Washington, 
Andrews, and Davldsonville towers were simulated. These towers were 
equipped with arrival and departure scopes, a8 well se lnterphone and A/G 
radio communications. 
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Because only 18 target prOJeCtOK were available, it "as neCeSSnr~ 

to divide the complex Washington-Baltimore area into north and south segments, 
alid to run one segment at a time. Any essential traffic which was coimnon to 
both seoents appeared again in the p;~gram when the other segment was 
simulated. 

Terminal Area Test Procedures. 
A hi&-density +zrmmal area phase of the test program was 

conducted in order to stu3y jet operations an greater detail and to develop 
optlmLun approach procedlres for Davidsonville. Four categories of jet air- 
craft were included in the trnffac sample. Penetration speeds for each 
category varied with altitude as shown in Table I. Pll jet penetrations 
from an altitude of 20,OOC 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 aircraft to level off before starting does ihe fin-1 glide slope. At 
Bpeeds above 200 knots, all turns were made at a rate of 1 l/2 degrees per 
second. At speeds of less than 200 lorots, a;rcraft made turns at the 
standard rate of 3 degrees per second, 

Two approach controllers were used in the terminal area tests. A 
feeder controller laddered down jet aircraft to the initial penetration 
altitude of 20,000 feet, guided them off the feeding fix, cleared them for 
penetration, and subsequently transferred them to the final controller, who 
spaced Lhem properly behind other aircraft and turned them into the final 
apprOaCh cowne. For prop aircraft, *.ke final controller hsndled both the 
feeding and the spacing functions. In these tests, it was assumed that 
either Ground Controllsd Approach (&A) or IaetrUent Lo-;?ing System (IX) 
would be available as a final approach aid. No CCA communications were 
simulated. 

Maps of tne Davidsonville Airport layout furnished by the Navy 
showed two 8,000-f@& runways, One was northwestjsoutheast, and the other 
was northeast/southwest. The accompanying wind rose data indicated that 
the prevailing wind direction was northwest, Thus a northwest heading for 
the instrument approach system appeared appropriate. This directlon also 
appeared the most suitable for the airport layout show,?, because of the 
northerly instrument approach employed at Andrews APB. Eohever, it was 
found that the approach path to the northwest runway at Davidscnville cut 
across a corner of restricted area 35, about 12 miles southeast of the air- 
port. Unless this airspace could be used fan 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 understanding that 
the layout shown was only tentative, the alignment of the norzhwest runway 
was moved counterclockwise for the simulation tests 80 that the center line 
of the approach course passed two smiles east of the restricted area. 
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TABI I 

JET PENE'TRATION SFSXDS 

(TAS IN WXS) 

Aircraft Category 1 

Representative Type FRU 

20,000 415 

15,000 410 

10,000 370 

5,000 320 

(approach) 2,000 100 

2 

A&D 

330 

330 

305 

263 

180 

3 4 

F9F TV2 

305 200 

305 280 

285 260 

240 215 

170 150 

The approach gate assumed for all simulation tests was a site on 
the final approach course about five miles from the airport. For conven- 
ience in establishing op&rnn separation between arri~sls, spacing reference 
lines 3, 5, and 7 miles from the approach gate were marked on the radar indi- 
cator, and a standard spacing table was used by the controller to insure safe 
separation betuses successive aircraft. 

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

the tests. Arrival delays were computed by comparing 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 fix. 

Departure delays were computed by comparing the proposed departure 
time with the actual departure tune. Because of a shortage of target pro- 
Jectors, all arrivals were taken off the screen at the outer marker, 
instead of being flown to touchdown. Therefore, the departure delays do 
not include the effects of runway occupancy by landing aircraft. 

After the air route phase was completed, the simulation program 
was interrupted about two weeks for the installation of automatic equip- 
ment for communications measurement. This equipment was available during 
the terminal area phase of the program, Measurements included the number 
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of messages and the total ccmmunicatlcn8 tune on each channel. NC weather 
information wa8 Included in the commnunicaticne procedures. 

AIR ROUTE TEST RESUL’IS 

Route Laycute. 
In order to retain a8 much of the existing system a8 praoticable, 

the initial eimulaticn tests of the area were conducted ue:ng the present 
navigation syetem layout ehown in Fig. 1. Tests showed that this layout 
waa unworkable at the airport traffic denflitlea being simulated. It wae 
apparent immediately th,hzt before Baltlmcre could accommodate any appre- 
ciable increaee in traffzc, it would be necesoary to reroute Vlctcr 
AIrway 3 well clear of the Saltimore area to provide room for jet pene- 
tratlcns. To prcvlde additional routes to handle the Increased trnffic 
in and cut of the Waehmgton-Daitlmore area, numor@ue c:,her modifications 
were employed, a8 shown in Figs. 2 and 3. Thece change8 are itemized in 
Table II, together with the npecifio rea8cn for each mcdifica:icn. Later 
air route teets were ccnduo:,ed on the revised layout. Abbreviations ueed 
in route layout maps are iiEted in Table III. 

Effect of Davldscnville Airport Operations on Other Facilities. 
Except for occasional southbound Davidsonvllle arrlvels crcsslng 

through the Baltimore holding area, Davidscnville operations had very 
little effect on flight cperatlons at Baltimore Friendship Al-port. 
Baltlmcre arrival and departure routes were well clear of the Davidsoriville 
are*. 

The most significant effect of Davidecnville cperationo on 
WashIngton National Airport traffic w&8 the Interference between Davideon- 
vllle operationa and Waehlngtcn arrivals which crcesed the Davldsonville 
apprcacn area on Victor Airway 16. In this case, heavy activity at either 
Davidscnville or Andrew8 could restrict the u8e of this route for other 
traffic. 

Tests showed that the most 6erlcua effect of DaviBcnville on 
presently establiehed facllitles was the severe restrlctlons it placed on 
arrival and departure operations at Andrews AEB. These effects are 
surunarized in detail in Table IV, 

Due to the location of Andrewe in relation to Washington and the 
nearby restrlcted aream, the only Andrewe IFR departure rcutee which are 
presently free of the Andrew8 approach path involve uoe of the airspace east 
of Andrews. These routes include the jet Bcramble rcuze, the main departure 
route to the ncrtheast, and the off-airway climbing area which ia used to get 



TABLL: II 

j 1. 13-37 To gcvido airspacc for ~lmays 
ke,-- 

1 ----- 3. 3-40 R-30 ---- 

I----- I-;xtcr 3 140 904 - Victor - Victor 

- --_---____ To V-Lctor ___ provide _ 904 --_-__-- airspace and relocated --_- for relocateo - Amber -- --.- 7 

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

c provide airs+ce for hmays 

hmay iulber 7 
_ ---_- ~---~--- ----- --.- 

To provide airspace fcr ~irwey 
Victor 903 

To rrcvidc airspace for Airray 
Victcr 907 and ikc,arture routes 
from Davldsonville, Andrew, 
Baltimore, and ashmmtcn 

-----J--- ___= ---- 
To provide airs,ace for Airways 
Victor 268 ano Victor 223 

FRCICS AI VCX LOC:,TI@N5 

'-l:-RCLMD HILL ' . V . "OR 
I 

3. C.S41\1OVA, V:, VOR 

--------_-~ 

4. CHXSTCRTO $1, ,D. VOR 

5. CUt~NTICO LF RanCe changed to 
?OTOIAC, VA. VOR and relocated 
4 statute miles ncrthTrest of 
rresent QWPJTICO site 

.i I , 
i- 
/ 
.I- 

L 

------ -__, 
$Jow independent arrival route to 
' ashin$rn from northuest 

___ ------_ ---.-. --__ 
IJe'l independent departure route 
frcm I ashinCton to Izest and south- 
vest 

Xe'x independent departure rcute 
frcrl' ashingtcn to ‘gest and 
southTest 

~_-- - --~---___ 
Me" routes from ashington, 
baltlmcre, Andrews, ana Davidson- 
ville to northeast, east, and 
southeast 

---------- 
To rrovide ne:q independent routes 
from ashin:ton, bndreax, and 
Davidscnville to the west and 
southlest 

.- I-----_----.._~ - ..--- - -- - 
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TABLE II (contmued) 

3J1tidRY OF CH:NGZS 
~MDC IN AIRI AY COdFIGtiXATION 

CHbIlGZ FEXSON 

KWFOS~D VCR K'CATIOdS ---------_ .- 

;STIIIJISTLR ID VOX 1 
__---- -~ --_~-_ 

6. Relccatc 
6 l/2 statute mles Aortildest cf 

To krovlde more airspace for Jet I 
penetration at Baltimore 

present lccatlon 
__-__- __--- L _-- -- _.I_--- J 

I- 
1. hctor 901 

7-------- I To povlde a near route for north- 
/ bcund traffic from Davldsonvllle, 

ashlngton, and Andrws, lndepen- 

-- _- 
dent cf Saltnnore 

2. Vxtcr 902 

) 
- --..- .-- 

/ To provide lndepndent departure 
route from ashlngton to the 'Jest 
and south'+est 

.- - L __.------ ---- __--- 
3. Victor 903 To prcvlde a ne?r route from David- 

sonville and Baltimore to and 
fro{, the south 

---- 
t. Victor 90l4 - 

+--- - ----_- - 
To provldc ne'b route fcr Davldson- 
sonville, 1tndrews, and ashlngton 
departures to the west 

3. 
____-. ~_____ __-_I ---- ---I----- 

Victor 905 Tc provide a derarture route from 

_- 
6. 

: 

I- 

- 

/ 

-----_-------- 
Victor 906 

--- -. 

ashlngton from the 

_-----_----.--.--_-.--- 
7. Vxtor 907 To provide a route for Dover 

traffic to b&ass 3altvlore 
--.-- -__--.__ - __--. -- __- 
6. Victor 908 To .rovide a route to Davidson- 

vllle and Andrerrs from the north 
and northeast that ~~11 by;-ass 

9. 
.-- -----. . 

Vi:tcr 909 To provide a departure route from 

1 ashen,-ton to the northeast 
-----__-.---- 
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T’iBLL II (continued) 

SLJARY OF CH’INGLS 
IIADL, IM ‘LIR AY CONPIGWI,TION 

RCUT: .DDI~ICATI@l~S OR 
1-RPC ,JJR&L CHA;&S -- - ------- ____ 

r- --- 
___- -_---_- _-~ 

I 1. Vxtrr 3/39 mrved Twit ; To rrovlde auspace for Jet 
i penetration at Caltmore 

I-------- ----- ---- .---_-__-_- --- 
2. Vlctcr ht closed to ever traffic 

cfwen Lisbon, IID, mter- 
/ ;;,?;;;;,Jet pemtXd.On at 

soctron and Ealtmore I 
-- ----1--- 

3. Vxtor :h/Groen 5 clcseo to 1 To provide for Davlasonvllle- 
over traffic betxen Inzleslde mdrexs Radar Approach Ccntrol 
and Donraster / Area 

----__-------- -f--- _-__--------- ---_ 
Ir. tilue 5% closed tc over traffic 1 To .rovlde for Davu!sonvllle- 

betmeen Coles i-omt and AndraJs AndreTls Radar Approach Control 
LF Range Area 

--- _ ~_ _ --_-___.-- - 
5. Red 20 clcsed to over tmfflc for Davldsonvllle- 

bet’!een lleekms Neck and j Andre,x Rddar Approach Control 
Ancrew LF rian:e ( Area 

6. alue 21 closed to over traffx 
betwen Cries Pcint and Severna 
Yar!c -- - --------_ _-_ 

-----I- 

- 

7. Red 77 changed to a na~or rcute Damdsonvllle ,\lrport 
re,lacmg Victor 16/Green 5 

----A 
f. imaer 7 reallgned In vxlnlty ; To provide Independent routes for 

of Doncaster and Grubos 1 :dashm$on, Andre,ls, and Davldson- 

-- .- --..--- __--- --_---- -~ 
9. Victor 223 roallgned to thz To kroolce au-:ay sekaratlon be- 

vest 223 and Vxtor 3/39 
-._.~__-_--- ____ 

10. ?tndrew ADC Scranble procedures Davldsonvllle Au-,ort 
eluninatea 

11. Vxtor 268 relocated at 
---+----.----------- 

the I To rrovlde Independent departure 
new Westminster lccatlon I routes frcn baitwore, Annre’m, 

and Davidsonvllle to the ,,est and 
I ncrthwest 

---- -._- 
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TABLd II (continued) 

XLJAR'L OF CIGNGZS 
d.DZ 1N .I2 AY CO~~lFiGUUTICuJ 

C H.UGL‘ rnASOIJ 

i?CUTYd ~ODIFIC~TIOIG Oil 
aoc .i)uruL Cl-L IJG73 

12. Victor 33 relccated to the To pr~~we Jet penetration at 
east Baltimore 

13. Victcr 93 realignec frcm Tc provide airspace for addItional 
Lancaster VOH ciirect to lndepcndent route to 3altmore 
ijaltimcre Outer &rker from the nort!least 

11 . Delete Vxtcr 123 frm Xlver- 3altimore increased traffic 
dale tc Baltimore LF Ranp 

departures clear of airaay traffic before heading on course. 0;eration of 
tne Davi,~r;owille "ir,ort blccks this airspace. It 1s true that the magni- 
tude cf these effects rlould depend cn the amcunt cf IF3 traffic at David- 
sonville. Hclever, the light Davidsonville traffic rate cf SIX arrivals 
and sax dekartures per hour simulated durin, this rhase of the tests pro- 
duced almost crntinuous interference as far as hnore'rs 318s ccncerned. 

3ecause cf traffic crosscvcr ,roblems accentuated by the close 
kro<imlty of iincrevs and 3avldscnville, IF3 arrivals in the simulaticn tests 
tftn cruld not bcgrn descent until arriving ever the approach fix. The 
kresen‘e of over traffic on Victor A1rJlay 16 tendeu to raise Daviusonvllla 
ano xnwcws entry altltuues even higher. 

In the lnltlal tests, the over traffic also placed an ndditicnal 
restrar-tlon on Jet renetratlons at Andrew and Davldsonville, as Jets had 
tc rmaintain an altitude clear of the over traffic until off the alrvay. 
tiecause cf the extra distance involved, the penetration =aths SOnletl~eS 
extenced into Ned Alr~ay 77. Lonslderable improverent 1n these factcrs TJaS 
noted ,rhen the over traffx uas rerouted over ded Alr>.ay 77 Instead. 

Arrival delays were relatively high, mainly because of the time 
lost in lcng descents. In the traffx sanple tested, Daviosonvllle arrrval 
oelays averaged 7.5 minutes per aircraft ,Ihen $RTC radar .ras usea and 
13 mxutes otherulse. 

hen radar departure procedures SJere simulated, ground delays 
averaged 0.5 nlnutes px- aircraft 'ahen c+RTC radar was used and 2.5 nlnutes 
cthornse. estbcund and southlestbound d+artures iron Andrews and 
Davidsonville required conpler circuitous rcutings, holrever, in-olvlng a 
very high radar TJorkload, in order to clan% to a sultable altitude to clear 
other traffic befcre entering the airvay. 
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TABLE III 

LOCATION IDENTIFIERS USED ON MPS 

ARV 
BAL 
CAH 
CES 
CIW 
DAV 
x.4 
DCS 
ms 
DOV 
EM1 
ESR 
Em 
GBS 
GTN 
GVE 
HAR 
mK 
HNT 
IBN 
ILG 
ING 
LRP 
LSO 
MRB 
NTN 
ITHK 
NRV 
KG 
OOD 
PAR 
PDP 
PBX 
PTC 
RDH 
RW 
SBY 
SHZ 
SNV 
SRI 
TPP 

ANDRXWS AFB, MD. 
PRCOLA, VA. LFR 
BELTmaRE, MD. (Friendship) 
CHARLOTTE HALL, VA. Raho Beacon 
CHESTERTOWN, MD. - Proposed VCR 
CASANOVA, VA. - Proposed VOR 
DAVID3OhVlLLE, MD. - Proposed. NAS 
W4SHINGTON, D.C. 
DONCASTER, VA. Intersection 
DA~@.SCUS, MD. Inxemection 
DOTER, D2L. VOR 
WXSE~INS%R, MD. - Relccatea VOX 
WEST CHESTER, PA . POR 
IYONT ROYAL, VA. VCR 
C%\LTBP,S, VA. Intersection 
GEORmTOWN, D.C. Radio Beacon 
XRDONSVllrLE, VA. VOR 
HARRISBURG, PA. VW 
HAYMARH3T, VA. - Proposed VCR 
HUNTINGTON, VA. Radio Beacon 
HERNDON, VA. VOQ 
NE-W CASTLE, DEL. - Proposed Vm 
INGLESIDE, MD. Intersection 
LANCASTER, PA. VOR 
LISBON, MD. Intersection 
MARTINSBWG, W.VA. VC!R 
GLENN MARTIN AIRPORT, biIJ. 
PATUXENT RIVER, VA. LFR 
NORRJS(vllle), MD. Infersectlon 
QUANTICO, VA. LFR 
WOODSTOWN, N. J. VOR 
PARKTON, MD0 Intersection 
PORT DEPOSIT, MD, Intersection 
PHILADELPHIA, PA. - Proposed VOR 
POTOMAC, VA, - Proposed VW 
ROUND HILL, W. VA.- PrOpOeea VCR 
RIVERDALE, MD. Radio Beacon 
SALISBURY, MD. VOR 
SIUDYSIDE, MD. Radio Beacon 
SEVERNA PARK, MD. Intersection 
SPRINGFIELD, VA. Radio Beacon 
TAPPAHANNCCK, VA.LFR 



r- ---- -- _---.-____ -- 
TABLE IV 

iDepartures to north 
and Jet scrambles 

Departure to east 
A-.-- -.- ..- 

j 110" headmg to S~adysislde 
.A .~ -~~ 

Departures to south 1 S'ladyslde B21 Coles Pomt 

! 
I 
i Departures to west 

1 70" headjng to south course of 
Baltmore 

Route blocked 

Iioute blocked 

Foute blocked 

I Interrupt Dav~dsonvlle 
operatmns or radar vec- 
tor around other traffic 

1 

I I---- ~.~ __ _ _ 
~$6 Charlotte Hall B$ Coles Pomt' 110 effect 
?&mtmgtom 7320 1J1eekms Yeck No effect 

%-Bs< Charlotte Hall - CJmntlco No effect 
Club m pattern east of Andrew, ' Rsute blocked 

thence west via vJasL:;ngton Range 

1- -. --. 
31 ieraa1e - Andl-ews 
ShadysIde - Andrevs 

/ 
I 

- -+ 
No effect 
Fbute blocked 

t-- -~ - - .-- 
: Rxte blocked 

,Arrlvals fron sout;l Coles Pmnt Bss Andrevs I No effect 

- 

-4 
I 
; Interrupt Davldsonvllle 

operation or radar vec- 

; Interrupt Davldsonv~lle 
I operatmns, overfly or 
I tunnel through stack 

- .-_ -- ~~. 
Same as above 

- _- 

Legend: *Departure route crosses Andrew approach coume 
1 -Direct 
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Because of the proxvllity of the two airports, it appeared doubtful 
that they ever could operate independently of each other under IFR condi- 
tions. Althou& many man-hours wsre spent during thlS prOJ2Ct in diSCUSSiOnS 

and map studies of this problem, no feasible method of handling simultaneous 
IFR operation of these two airports was found which did not also involve a 
high degree of coordmation, a high dependence on radar guidance, and 
consequently, a very high controller workload per aircraft. 

Tests indicated that the coordination problem could be CdleViated 

through the es'cablisl-ment of a single approach-control facility to handle 
13% operations at both airports. The suggested area of Jurlsdictlon for 
such a facility is shown in Figs. 2 and 3. 

General. 
In developing holding and approach pattern layouts for this program, 

full cognizance had to ba taken of the entire Washington-Baltimore area to 
insure that patterns did not overlap each other, or block usable departure 
paths, airway routes, or restricted areas needlessly, For this reason, full 
advantage could not be taken of ideal approach configurations for any single 
airport. Instead, the resulting systems represented compromises between 
various competing airspace requirements. 

Approach System 1. 
In the initial tests, it was assumed that a radio fix was es%ablished 

at the approach gate, and that conventional holding patterns were used for prop 
and Jet aircraft, A conventional teardrop jet penetration pattern was used, 
Penetration and approach patterns are shown in Fig. 4. 

While the conventional jet penetration was satisfactory for single, 
isolated approaches, teste showed that it was very awkrard for use in radar 
spacing operations, due to its long final approach path and its consequent 
lack of flexibility. After the aircraft had started its turn at the outer 
end of the teardrop pattern, it was very difficult for the controller to 
apply effective path-stretching techniques to secure precise spacing of this 
aircraft behind the preceding aircraft. As a result, the controller tended 
to use far too much separation, which thereby reduced the airport-acceptance 
rate, 

Simulation tests showed that this arrangement was very inefficient 
functionally, primarily due to the presence of holding aircraft on the final 
approach course. Their presence made it necessary to lengthen the jet pene- 
tration pattern, to assure that the jet aircraft would have altitude 
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separation below the lowest holding aircraft before reaching the holding area 
on final approach. In addition, the display clutter problem caused by the 
additional aircraft flying in the vicinity of the outer marker made it 
extremely difficult for the contvoller to provide radar spacing procedures 
in securing optimum separation between aucceDo1ve aircraft in the approach 
sequence. 

Approach System 2. 
As an improvement over the outer marker stacking system, both the 

prop and the Jet stocks were offset from the final approach couroe a8 shown 
m Fig. 5. The relocation of the holding patters improved the display clutter 
problem in the vicinity of the outer marker and consequsnfiy made it much 
easier for controllers to space aircraft on the final approach path. However, 
testa showed that this layout w&8 still very difficult to work. Because prop 
and Jet alrcreft were maneuvering in the same area, the radar dloplay problem 
in thi6 area wa8 somewhat confusing at tunes due to overtaking and crossing 
flrgh?. FathS. 

The holding fix for prop aircraft was farther away from the approach 
gate than actually was neceseary. This increased controller workload cons-d- 
erably by requiring more axcraft to be under radar vector control simultan- 
eouaiy between the hoiding fix and the outer marbcr. In turn, this factor 
added to the radar ldentifxation and conmunxetlona workload. 

When the Jet vector pattern was deliberately kept away from the prop 
vector pattern, the Jet final apIn-oazh path tended to become excessively long, 
thue increaeing the dlffxulties essoclated with the proper spacing of 
successive axcraft on the final approach path. 

The best feature of thl~ layout was the fact that the Jet pattern 
w&a aligned. croa8wlse to the inltlal penetration path. Teste showed that this 
feature enabled Jet alrcraft Co be peeled off the holding pattern at more 
accurate Intervals exxe these axcraft could turn Llto the penetration path 
almost directly from any point m the holdlcg pattern. This represented a 
coneiderable improvement over the usual procedure of peeling aircra?+ off 
the end of a holding pattern. The latter prOCe?JXe iS handicapped, wnere 
jet aircraft are concerned, by ther slow turning rate at high altitudes and 
their consequent lack of maneuverabllltg. 

Approach System 3. 
To reduce controller workload and increase eafety, jet and prop 

approach patterns were placed on opposite sides of the final approach course. 
Dual overhead holding patterna were established at the flnal approach gate, 
at both Andrew6 and Davldeonville, 88 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 etendpoint. 

Approach System 4. 
The air route tests had indicated that Andrews and Davidaonvllle 

together would not be able to handle much more I?'R traffic than either 2lr- 
port alone, due to mutual interference and the lack of independent routee. 
In view of this factor, a8 well a8 the 8evere shortage of usable airspace 
for Jet cllmbouts, test8 were made to determine the feasibility of ellmin- 
atlng one jet holding paztern and sharing the other jet pattern to feed both 
airports. The only practxal siting arrangement for a common jet holding 
pattern appeared to be somewhere between the two final approach courses. 
Three locations were Lest&: Columbia, Andrew6 Range, and Upper Marlboro. 
The latter site 18 shown in Fig. 7. Neither of the first two sltea allowed 
adequate room for the Jet descent to Davldaonville, without coming utmm?Ort- 

ably clove to restricted area 35. The flnal site was somewhat better. 
However, the preeence of the restricted area con,lnued to limit the flexibility 
of path-stretching operations which could be employed for jet aircraft. 

Prop approaches were made on the west side of the final approach 
course at Andrewe, and on the east side of the approach course at Davidsonville, 
to continue the segregation policy which had work?d out 80 well in the previoue 
tests. Care had to be taken to keep Andrews prop approaches well clear of the 
radar vector area for Wanhington National Airport. 

Results indicated that this system W&E workable, although somewhat 
more difficult to operate due to restrictions in the amount of airspace 
available for radar vectoring operations. As would be expected, the uBe of a 
single jet holding pattern instead of two tended to ra18e the entry altitudes 
of jet aircraft in the problem, Because of the joint u8e of a single feeding 
system for these aircraft, this approach system would not be recommended for 
adoption unless a cormon radar approaCh control facility were established for 
the two fielda. 

Approach System 5, 
In order to keep the Davidsonville prop holding area clear of Red 

Airway 45 and also to provide more room for radar spacing operations at 
Washington National Airport, System 3 was modified a8 shown in Fig. 8. The 
resulting layout, known as System 5, functioned very well a8 far aa Davidaon- 
vllle operations were concerned. The presence of holding aircraft flying on 
the approach course in the vicinity of Andrews Range presented Borne difficulty 
in checking the spacing between surceesive approaches on the Andrews glide 
path. However, this situation could be reeolved ea.aily if a precision approach 
radar (PAR) were available to monitor the Andrew3 final approach course. 
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Measurements. 
Communlcatlons data from the terminal area testa are shown in Fig. 9. 

Approach system acceptance rates are shown In Fig. 10. 

Navlgatlon Alds. 
At a preliminary conference held In Washington on December 12, 1956, 

the Navy representative stated that all a]rcLI --pft based at Davidsonville would 
be equipped with TACAN, For this reason, considerable thought was given 
during thlo slmulatlon study to the optimum location for a TACAN faclllty 
servmg thle airport. 

Due to :he extremely wide 'cone" exloiing over present TACAN 
facllltles, It 13 desirable that the TACAN information used for establishing 
3 high-altitude Jet holding pattern be obtalned from 3 facility a number Of 
mlles away rather than a foclllty directly underneath <he holding pat:ern, 
Thus, a TACAN faclllty lcc3;sd in the mediate vlciu~~y of an airport would 
not be desirable for the eatabl~shm~nt of an overhead Jet holding pattern. 

In the ca3e of Approach Syetem 5, T.4CAN guidance for the 
Davldsonvllle overhead Jet pattern could be obtalned from a VORTAC site at 
Herndon, Vlrglnla, whhlle guidance for the overhead Jet pattern at Andrews 
could be obtalned from a sl;nilar site at Haymarket, Virginia. 

Tt is considered desirable that the TACAN statlon aseociated With an 
airport be able to fur&ah approach guidance to &the pilot, particu;nrly under 
condo-clans when radar g*&ence is not avaliable. Therefore, If a TACAN sta- 
tlon 13 consldered for inetallatlon at Davidsonvllle, It should be 3Lted on 
or very close to the centerline of the northwest/southeast runway, If Lne 
station could be located about 5 mile3 southeast of the airport, it could 
also serve aa the radio fix for the Davldaonville prop holding pattern 23 

shown in Fig. 8. If It i3 more desirable, however, for economic or security 
reason3, to site the station on airport property, this would still perform 
the varlou3 desired functlons If the prop hoiding pattern were shifted to a 
northwest/southeast direction. This patlern would then extend farther out 
into the Jet penetration area, it would be very deeirable to reduce the size 
of the holdm; are& by speclfylng a maxlmum outer 1~~1: a3 shown ln A of 
Fig. 11. 

Holding Patterns. 
Table V lists the area3 required for Technical Standard Order (TSO) 

holding arrspace reservations. Because of the critical shortage of alragace 
in the Washm&ton-Baltimore area, extensive study w&a given during this FvoJect 
to possible method3 of reducing these requirements. The dual-hinge pattern 
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AREAS OF TSO HOLDING AIRSPACE 
RESERVATIONS, 11~ SQUARE MILXS 

I 
30,noo 1030 12'15* 

and above 
jd---i-..--.---. --- 

29,000 477 I 553 
to 

20,000 
.- - --_ --.- - 

I 19,000 T-----+ 
-----_.: 

114 j.38 
and ( I I 

I --2~Y __ ____ L __._._ ----i ---.-- -_.- -.. -A 

*For purposes of comparison, the are& 

03 the etate Of RhoGo %'.a& lo i2W oquare miles. 

concept ahor~ III A of Fig. 11 appears to be a practical me*Ylod Of explo1klg 
ax-derlved distance lnformatlon for this purpose. It CCUld also be utlluzed 
by homing alternately on two radio transmttters, as tiho:m in B of Fig. 11, 

For a long txne it has been realized. that alrcraft enterlng holding 
patterns from the al& sometxaes overshoot the boundarx?s of the TSO Area. To 
correct thin condltlon, a new tecbnlque known ae the tangential entry procedure 
was developed and tested dunng thio program. Thm procedure, which 1.8 shown 
II-L Fig. 12, can be based on the uee of either distance lnformetlon or dual 
homug facllltlee. It avoids the large overshoot8 encountered at present and 
gets the aircraft lined up on the proper hcldmg tracls in a minimum of time. 
Both technlques functioned very well us the slmulatlon tests. 

CONCLUSIONS 

Specific Conclusiona. 
1. Activation of the Davidaonville Airport site would place another 

maJor alrport In an area wh;hlch 18 already crowc?ed aa far a8 present IFR au?- 
space requirements are concerned. The DavldsonviXe site is too close to 
Andrew6 AFB to permit suatamed, Independent IFR operauons at both fields. 
Because so much of the avajlable airspace would have to be shared, tests 
Indxated that the total 133 capacity of both fielda would be little more 
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than that possible at Andrews alone, 80 long a9 present standards apply. This 
lmplles that any Increase In such operatlolls at Davdsonville will tend to 
decrease the tot31 possible at AndrelJa. Heavy IFR traPflc at Davidsonvllle 
would obviate the use of Victor Airway 16 a8 a main arrlvd route for 
Washington National Alrport. 

2. Because the total 138 capoc;ty of 2 gzven area 18 limited largely by 
the number of lnciependent traffic lanes whxh can funstion eimultaneously, any 
sl&nifxant Increase in the total IFE capacity of the l)n7ideonville-Andrew6 

area Will require one or more cf the following change&: 

a, Reduction In the amount of alrsTace presently set a31de for 
restricted and prohlblted areas. It 18 copeclally important that action 
be taken to secure full uBe of tie soutiern portion of restrlcxed area 
54, a8 shown II? F1gO 3. 

b. Implemeniatlon of new procedures, such a9 tnose shown in Figs. 11 
and 12, to permit tne reduction of SO holding airspace reservations and 
jet penetration areae. 

C. Implemedatlon of more precise navlgatlonal technlques to permit 
the entabllshment of multiple airways with 1~0s than the ten mlles lateral 
separation presently required. 

3. Establishment of a combined radar approach control facility to serve 
both Davdaonvllle and findrerrs wouX reduce the coordination problems which 
would exist otherwlse. 

General Coacluslons. 
Durmg th18 program, the basx problem of integrating multiple-alrport 

Jet and prop operations m a severely confined area req,uWed the development of 
a nmber of technlques and procedures whxh are expected to have general 
application m other axport areas as well. The mo8t important developmenta 
are llsted below. 

1. Nh1.1e not a8 easy to control as the offset holding pattern, It waB 
found that the overhead pattern shown In Fig. 13 funstlons very well, provided 
that continuous target trackmg 1s available either through the use of a beacon 
system or an offset p:Imary radar site. 

2. Tests ahowed. that the conventional teardrop penetration pattern, aa 
shown in A of F1g. 13, is poorly adapted for radar spaclng operatlone. From 
the time the turn 1~ sta rted at the outer end of the pattern, very little can 
be done 'GY adJust the spacing of 'chls aircraft behind the preceding aircraft. 



The triangular penetration path shown in B of Fig. 13 proved far superior. 
After the a]rcraft started a tlurn to the base-leg heading, the radar controller 
could use simple path-stretching techniques to space tals alrcraft behind the 
one ahead. 

3. It was found that approach spacing operations for Jet aircraft are 
considerably more difficult to accomplish ;han those required for propeller 
alrcraft, because of: 

a. The very slow turnlng rate of Jet alrcraft at hlgb speeds. 

b. The need for a relatively long uninterrupted descent path from the 
inltlal penetratlor altitude to the flnal approach altitude. For example: 
Category 1 Jet aircraft in this problem required approximately 32 mIlea 
to descend from 20,000 to 2,000 feet, 

c. The large variation between the Fnltlal penetration speed and the 
final approach speed. 

To alleviate these problems, the following techniques were developed: 

1. Alla the Jet holding pattern In a directlon which will allow alrcraft 
to leave the pattern laterally, Instead of at the end, permrtting more flexl- 
blllty and thus enabling the controller to peel off successive aircraft at 
accurate intervals 1n spite of the very slow turning rate of the aircraft m 
the pattern. This pattern arrangement could not be used in certain cases due 
to the conflguratlon of the available airspace. 

2. Require the pllot to report vacating each 5,000-foot level to keep the 
controller aware of the progress of the descent and thus enable him to keep the 
penetration path as short as possible and still allow adequate time for descent. 

3. Request the pilot to report when he 1s slowed down at the final approach 
altitude to help the controller to antlclpate when the aircraft will be able to 
make turns at the standard rate of three degrees per second. 

4. Conduct radar path-stretching operations of Jet and prop aircraft on 
opposite sides of the final approach course to slmpllfy the spacing operation 
and also Increase safety by ellminatlng most of the overtaking sltuationn in 
the radar vector area. 

The following recoumendatlons are contingent on a decision by the 
Department of the Navy to complete the establzshment of the Davidsonville 
Naval Air Station. 
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It 1s recommended that: 

1. The approach fa?llltles he set up for final aplpxachea to the northwest. 

2. !t%e northwest/southeast runway be shifted countercloc!<>‘lae so that its 
extended center lxe wl,l pass obou :. two miles east 02 restr]cted erea 35, unless 
free use of restrxted area 35 can be obtaIned for mstrument approach 
operakons. 

3. 9b.e Davldaouv1lle TACAN faclllly be slted either on the alrport 
surface, very close to the no-~~.aest,/Esuthe3sf ru?aay, or on the flnal approach 
course about five miles southeest of the ax-port, 

4. Approach System 5, as described In this report, be adopted for 
Davidsonvllle. 

5s Immediate action be started to secure as many as pOBSlble of the 
recommended alrway and restrlcfed area mod;ficstions lIsted in Table II. It 
1s especially ~~portaat tnzt free use be obtalned of the south end of restrxted 
area 54, as shown In F1gO 3. 

6. Action be started to reduce I30 airspace requirements for holding 
patterns based on TACAN facilltles, tnrough the use of speclfled raA?ge llmlts 
for each end of the pattern. 
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TRAFFIC SAMPLE 
35 JETS, 8 PROPS 
DEMAND RATE 33 
AIRCRAFT PER HOUR 

NOTE 

APPROACH SYSTEMS 4 AND 5 
NOT TESTED AT MAXIMUM 
DEMAND RATE SYSTEM 4 
SHARED JET PATTERN BE- 
TWEEN DAVIDSONVILLE AND 
ANDREWS SYSTEM 5 IS 
ALMOST IDENTICAL TO 
SYSTEM 3 AS FAR AS 
DAVIDSONVILLE PORTION IS 
CONCERNED. 

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

FIG. 10 DAVLDSONVILLE AIRPORT ACCEPTANCE RATES 
ATTAINED IN TERMINAL AREA TEST PHASE 
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R “SE OF DUAL HOMING FACILITIES 

FIG II DUAL- HINGE HOLDING PATTERNS 

-- --- - - 



USE OF DISTANCE INFORMATION 
TO PERMIT TANGENTIAL ENTRY 
TOHOLDINGPATTERNOVERTACAN 
OR VORTAC STATION 

A - RADIO FIX 
B - DISTANCE AT WHICH PILOT 

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

D 

USE OF DUAL HOMING FIXES 
TO PERMIT TANGENTIAL ENTRY 

FIG. 12 TANGENTIAL ENTRY PROCEDURES 
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A Conventvmal 
Jet penetration 

B Triangular 
Jet Penetration 

Shadmg Indicates Area AvaIlable 
For Path Stretchmg 

Fig 13 PENETRATIONS FROM OVERHEAD HOLDING PATTERNS 


