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lhie report describas the evalu~htion of wveral propoeed methcda 
for increasing the IFT( traff:c capacity of the San Francieco-Oaklti 8rea. 
rSpls progmq wpe cmducted at the !Teohniod Dev-klopnent Center of the Civil 
Aelronautics Admlniatzation through the uee of the dynamic alr4raffio aim- 
ulatcr. Test8 were directed toward the following major objeotlves: 

1. ReaaalEprment or relccatlcn of arrival routes and departure routes 
to make them @.E independent of each other es poss:$le. 

2. Eetablishknt of, preferential roytinge to reduce center/tower 
coordtilnetlon and tc expedite the traffic on +&e meet heavily traveled 
route6. 

3. Establishment of independent dual-feeding eyeterns for radar 
approaches to San Francisco and O&and a$rporte. 

4. Rearrangement of routes to getit lndepeadent operation of B 
Radar Air T!wi'fic Control Center @4%X) in the Moffett NAS area. 

Additional tests were made to study the applloation of dlstanoe- 
meaeuring equipment, application of dual-law emsa airways (based on 
we! or course-line or piatoriel computers), a@ effects of possible 
real&nment of the propcaed OakJand m +wway. 

Based on the reeulte gf this +&et progpun, &wxnunendatione are 
mode fort 

3. A u+er Q$ 00ntrol procedures for expediting traffic flc~~ ani 
FeduC&J OonkWller workload. 



In February 1.956, the SAA Office of Federal Airway6 reqlvlsted 
the Technioal Dwelopnent Center to conduct a simulation et&y of the 
SanFranoieco-Oaklaud erea air-traffio problem. InApril, t+m TDC air- 
traffic-control speciallets epznt several daye in the San hancisoo- 
Oaklend area observing traffio'operatione, gathering backgrouxxi material 
for the study, and diecussing the proposed test progem with repreeentatlves 
o$ the C&i Region 4 cad the W88hington offiw. The Region 4, offioe 
arrw@d to detail eight air-traffic controllers to ID2 for the ei&latlon 
Fulls. Brenklin Institute Laboratories were reques*U to aaeiat in the 
programbypreparing traffic eamples, drawing upneW criteria far syetem 
evaluation, end analyzing the test results. The~aotual aimulationm 
were conducted throughout the month of&, DurFng that period,many 
houre were apent by the controllers in conference+ dfsouaeing verioue 
ideaafor changes in airway rowtinge arkicontrol proceduras, anddetailed 
planning of the requiredteats, As a result, the final recacanendatione 
of this reportrepreeentldeas obtained fromalarge number of the per- 
aonnelwho participated in the prom. 

58 varioue lsethub of airway arrangmmnt cud oontrol pr0cedu.m 
tested are referred to aa "systems" in this report. 

A nmber of factors aeriou8ly restriat~air-traffic flow in the 
Son Fmnciaco bay area. Ihe most Import&t factor is the high terrain 
which ~wrounde the airport area and diotates highminimwn altitudeg on 
moet arrival and departure routes, The high terre~l~~ foroee arrivlag air- 
waft to enter the terminal wea at abnormallyhi@+ altitudes. It also 
limits the coverage of terminal-nrea radar, and it eer~oualy restrlcte 
the w8 available for radar-agg*oaeh ~QJNWW. Qhe high terrain tetedlt, 
to fww -5wareUres intq rsstriotqQ oliamelsr, thereby len&henins departure 
routes 8mllWtlng the amount ofl control fle~bi&itywbich canbe e~@,oye@. 
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available for the ARTC Center,~,Center operating positions were equipped 
With intmphon~ boxes and air/grouM ooarmunicatims. ‘he display boards 
Were arranged ao an arrival sect&; D5;: a depavtzae sector, D6; and an 
en route sector, DB. Figure 1 sham the simulated OaUand ARTC Center 
sector and fix-posting srrangement.~ Phe simulated San Francisco tower 
was equipped xith an arrival and departure radarscope, radio channels, MK% 
Wm.-phone ccmnnmicatiom. The OnkUrd tcwer wao similarly equfpp3i. 

General Procedures. 
In sizpalation tcsta suheqgent to those on System 1, the Or&land 

and Son Francisco towere were provided with dual holding stacks. Roth 
stacks were controlled by a single controller using an ASR scope. Due to 
the lack of equipment, separati arrival euopss~ could not be provided for 
each stack. 

With the we of arrivdl~rmhr in the temdmit areas, it often 
was possible to reshuffle the altitudes of arriving aircraft. ‘l&is helped 
toprevent inverse atacklng at the holding fixes, and it permitted the 
controller to bring first arrivals in first, 

Both the San Francisco ti Oakland Aiirports have the distinot 
advantage of wide taxi strips nnd large runup mate. This makes it possible 
t0 rearrange the airorsft into the most desirable departure sequence, thus 
reducing departure delays, Far theae simulation tests, departures at 
Yrm Francisco and Oakland were cleared for takeoff without regard to the 
inbound fliefits, Because both airports are equl9ped ~ii2-1 dual run&a; 
it was belie~d that this procedure would cause no appreaiable difference 
in the conparative results. 

The only weather conditions considered in the simulation tests 
were thaae at or b-elw circling minimwns. It also was aeeumed that no 
on-top VRR altitudes were available, an3 all aircraft were assigned 
aefinite m altitUdg8. 

During the initial test runs, ~slrpulatiqn was based on the use of 
present runways m-d IIS cpureea, Subsequant die~ussions witi Region 4 
perqvanel disolosed that plens for a new run%y at Cal&@. weepe waell 
forplulata. Therefore, ia System 5 and 7, slmylatfon tests were based 
on th.3 new runmy and Ui couw of 293”, 5% aontep~plated II6 course 
Wall Very nearly Parallel the present Newark approaqh; and ~because of 
tima$P, WI %?a app~~aoh will be started in the vicinity of the Newark 
marker. 
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bay qea without landing, or which departed from airparte imediately 
.ad&cent to the bny area. !Fheae flight8 were run through the system to 
pr0vid.e a more realistic workload for the control sectors of the Oakland 
ARTC Center. 

Controller Fereonnel. 
In order to utilize the operational experience of oontroller per- 

sonnel Fn the Sm Francisco bng area, el&t controllers mre detailed t.0 
TDC to amist in the evaluation. Four controllers from the Oaklnrd AR!E 
Canter, two from Oakland tower, and two frm Saa Frencieco tower Wd 
the ggsitions of operation during the eimulation Cests. 

Contil Bacilitiee. 
Cc&land ARE Center, AXE simulation wa8 confined to tlrree 

fli@t-progreee boar& because of limitations in avaFlnble facilities an3 
personuel. TWD controllers were assigaed to each sector as shoxn in 
Fig. 1. Each of the bay rrrea’d nrrival and departure sectore had qne 
controller who handled air/ground ccmnnvnicntlone and another who handled 
irkerphone traffic , 

‘phe D8 sector, which combined portions of three actual eectors, 
contained the &rip poetinge for the fixes immediately adjacent to the bay 
area. All of the flights to or from.the bay eree operated th.rou& the D8 
sector, Cqxxrtures from Travis AFd en3 frm Sacramento AIrport tC the b-q 
wea were pcm*d ml were coardinated with the appropriate bay-area sector. 
Flights en route over Sacrmento, Modesto, and Willi8mf~ were poeted in the 
T8 sector to simulate all en route oporatione uhich would affect the clinbe 
cud deecents of bay-area traffic. 

OaklOna Approach Control, TV0 radar indicators ainnilated ASR 
coverage within a range of 30 milea of the Oakland Airport. Ae shown in 
Fig. 2, one controller handled arrivals, one controller handled deptiures, 
and an aeglatant c~tro’ller post+@ f%igbt &$a a@ hen$!led interphora 
comnupications tith Oakland ARn Centqr ma Se4 hfq*w9 apgrwch oontrol, 
In addition to the Oakland AirpcPt traffic, Oa&?xzl approach oontrol 
hendled arrival 8nd deperture operationa at Alaqleda N&S ana Hpymrd 
Airport. 

San Francisco Approach Cqntrol, Two rpfler lndlcntme aimulnted 
@I ~ovemge within a range of 30 @ilee of tie Sqn Franoisco AiQc&, 
Ae ehoW~ in Big. 3, one oontmller hen&led arrivala, one controller hentied 
deputuree, ud an assistant oontmller poets& flight data & hnndl.ed 
inter&One ocxwnnlicaticms with Oakland AI?E Center cun3 Oakland approach 
control. 



Because of thelimited amount of equipment Md pereonn8l avaiL- 
able, It was neceeeary for San Fraroisco approach control tohandle 
departure clearances for operations at Moffett WS and San jose Airpert. 
These operations supplied'the ARE Center tit21 the tzuffio necessary to 
ainilate ~normal traffic Klox awing tests of ail except Syeteme 5 02f:‘ii 
Frooeduree set up for Systems 5 and 7 assumed that,operations at Moffett 
and San Zose would be handled by an indepondent'RATCC lacated at 
Moffett NAS. 

In orher to compare new route systema with the present route 
eystm, it ma neoesea-y to make several;teets of the present system. 5.e 
aircraft delay times of the present eyetern then were carmpared with the 
delays of the new route system, hit must be pointed out that the nwaarical 
results of these tats should not be compared with those of actual opera- 
tions becauee of the differences between laboratory and actual opernting 
condit.ion.5, 

Arrival delayo rere c@aputed by wmpexing fhe theoretical tlms 
at which each arriving airaraft should be inboa over the approach fix 
(if no otir traffic ww involved) with the aatual arrival times of the 
aircraft over the approach fix. 

De&we delays were compiled byccaaparison of the proposed 
departure time and the actual departure~time, I)epartur+,delaye were 
incurred only when the routes were saturated~or when the center and toWar 
controllera could accept no,more a&xaft because of coordination vork- 
lOlid* Figure 4 shows the averaga delays in each ayeten~ 

One of the primary objectives of the stiation tests wus to 
determine the most sattifactory routinga. Because delay measurements 
alone are not indicative of t&e fiws value of a route system, the working 
controllera were asked to exppe~e their pweonal route valuations and 
comparisons in ohart-queetionnaF form. In dleuusoions at the en8 @the 
Plmulat~onprogrcun, it was found that there yas getleral apeementbetween 
"the verbal opinions expressed by the aontrollers conawning each route 
syata a@ the ratings which they had given on the rating forms. !Phe 
rgsulta of thie questionnaire are shown ti Fig. 5. 

'Ihe comparative systemcharts were wed onzy for~syetems 1 
through 7 beaouse arily brief testa were ponduotad on the DMP, egatan an8 
the rmiLtiple-routs e#tem. 
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Syaten 1 (Present Route Systen). 
!&e following illuetratiom pertain to Syetem 1: 

1. Airway configuration end navigation aids - Fig. 6. 

2, Arrival routes - Fig. 7. 

3, pep&ure routee - Fig. 8. 

4. Dolay neaeuremente - Fig. 4. 

Addftlons md ahangs In navigation aide. 

1. To keep the map display ae simple ee possible, it w’m decided to 
uee VCB Pocilities and routsa wherever the low-frequency/~diu-~q~~y 
&fiylg) rciute syatea paralLeled the VClR routes. 

2, Eo new facilitlea were added ta the area for this phaee of the 
teste I 

Observations, 

1,~ Except for arrivale from the south, there were few Inbound routes 
which were Independent of demure routes. San Francleoo end Oakland , 
lnoked Independent duel holding fixes for radar approaches, Xhere we8 no 
mea avaIlable *or an lndepenhnt RATCC operation at Moffett,NAS. 

2. The mjor departure delays to civil aircraft occurred to eircreft 
at San Y’rmcleoo~ which were routed eastbound via the Oakland VOR, Modesto, 
and 80 forth. This routing required coordinetion between three agencies; 

‘San ~~iaco tower, O&lencJ tqwg, an8 O&lend ARE Center. Most of the’ 
delay wm due to intertover ccord$n+tiop; QoWever, $he delay wa@ under- 
standable in view of the cong&tim wl-+i& o(lourmd in tie vicinity of’ the 
On&land Airport due to tie arrival t~e.fffc, trnmbag trof’fic, esd 
Oaklwid/Almeda depexturee. 

3* Depwtme &slam to MoPfett NA3 fpd Sq Jooee Airport were 
e~ly hi& due to the heavy arrival QxfPio @om the south on V25 

‘3navlcq. 





3. routes 
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2. VZ7W provided a convenient bypass route for north/south~traffio 
not lcmdbg in the bay area, 

3. Southbound aircraft from San Frmcisco were povlded dud routes, 
WmdW. 

4. Both Oakland and Son Francisco Airports had two radio fixee to 
be used a8 clearance limits by ARE. The Woodside and Leelie fixes were 
located in an excellent poeition to employ radar pcsedures into San Frnn- 
Ci800. 

If the Leslie pattern were to be used at ninimMl oltltlde, the 
Newmk approach at Oakland could not be ueed. In this test, however, it 
was assumed that all approaches at O&land were being conducted on the 
present 00Umd IIS couree, and the eoutheast couree of the Oaklcm3 L/l@ 
range had been moved ‘m provide a straight-in approach from the Hayward 
merker,beffion to &%e OnELand Airport. Ihe two holding fixee for the Ouk- 
land Airport were not poeitiomd as ~~11 a8 the tvo for San Frmcieco - 
beoauae both holding points wem located on the mm stie of the II.7 
course; thi0 mede it difficult to vector aircraft &o the Hayward marker 
with the pcper spacing. At the traffio demitiee teated, Oakland torn??? 
radm controllere were able to do in emellent job from these patterns. 

5. The tranabay operation wm considerably inproved. Traffic from 
the eaet to San Frmoiaco wae rerouted over Mode&o instead of Oakland. 
The eliminntion of Newark appromhes reeulted in additional spade far 
veotorlng and a less congeeted radar picture between the San Fraslcieco 
and Oakland airports. 

6. The use of short-range, clearance-limit prooeduree~nppaared 
e.dvcul~geoue . In the Initial stages of using these procedurea, the tcrrJera 
were given a specified block of altitrnlee to be used at certain inter- 
aeotione, and they could clear aircraft to these poFnte witho’ti conmlttig 
.tie ART, Centar. Once the atioroft were maaged in safe order, an8 
$eFrolly, while tieg were sCiLl en route 60 the short clearance point, 
the pilots were instructed to change to the AR732 frequency for further 
olearnnoe. Although thie procedure ~8 expeditious when properly used, 
IJKYIF efficient opration resulted when the AI3$T controller issued the short 
clearmce. Becauee thie agency had more ocmpleta ir$‘ormtion concerning 
all present and future traffic, it 0ft.q eunxlnated pdential conflicta 
or took better advuntagc of vacmt airspace. 



7. A1~1~nl.s from the east retie wee. segregated oompared Vith 
reaulta from the present system, The area overs~ramentowaa less 
congeeted because of @is rerouting. 

8. Arrivah from thhe southwere well oegregntea fcr snnFrancisoo 
Airport. 

9. Arrids f?xa the north ware well routed into the area+ The uaa 
of theee routes left Viotor Airways 6, 197, and 2'7 open for uee 08 
preferential departure rcutes. 

10. Ae in the present system, trafffc at Moffett NAS and at San Joee 
continued to interfere xitb txnffic arriving at 33x1 Frencieco although 
not to the wre degx-ee at3 in the first bests because the area southeast 
of Moffett ~86 bmsed by about one alrway width in thti arrangement. 
The Almaden holding pattern in tie Moffett area was used by conve!Itlond 
aircraft avaithg approaches into Moffett cu- San Jose. Once Moffett 
traffic had left Victor 302W airwny en route to Alwden, it no longer 
affected traffic en route to San Bxincieco. 

ThcAlmden holding pattern ~08 not separated frcsn the Jet 
approach area at Lo6 Gates, but this could be remedied by moving Almaden 
further eoutbeaet in the velley. Moffett and San Jose deperturee still 
were verymuchreetxicted. 

ll. The additional intersections created. in routing arrival13 fra3 
the eastonViotm AIrwags 303 an3 28 would lncrenae the workload in the 
Msdesto'&tockton sector. 

12. C&lard arrivala frm the south crossed Sm Francisco arrivab 
from the east at the Bonrdman intersection, !Ibie croseing point Me too 
close to the terminal areas for aticrafttn be arranged ln optimm order 
or to deecend to the minhmn altltudee by tk time they arrived at the 
tam* ma. 

The necessity of this cro,esing was obvloue in view of Me effort0 
Co mnke the Oakland area independent of the San Fmnuieoo mea.. In eub- 
eequent system3 thla crossing point vae moved further eaet. 

$3. l&b syt3t.m aid mot piovide &B pcd a route for $raffic from 
the bay BPBB to the Son Joe~uin vd.l.eg a0 does the present sgatem. 



14. Tne tira,aee in flying diet&e on eaqe of the pre<ereirtial 
mutiw such ae the Geyaez~3J.e r&&e for q&bound flights cut aft ,’ 
San $rEncisco, elthough god from~nn air-tmffi~-omtrol viewpOint, pd 
Poor frca an economical viewpg?.lt, If these routes were uetid’by a%rcmft 
flying long dietmces, however, the advantages of their we wauld out- 
We~f@I the disadvantage of t&2 ,*reased fl&g ~involved, 

15. !Ebia spten would requize the el&ination of Bestrioted Area 280 
and~a~pcrtion of Warzing Area 283*, 

Sy&em 3 WMI not sinulated; however, t.+ Tiesirable feafurwxof 
this syatam were Incorporated 33. System 5. 

The followFng illu8trations pertain to5gsten~4r 

1, Airway ccmflgcration ard navigation ati%- Fig, 12. 

2. Arriv-al routes - Fig, 13. 

3. Dep@xre routes - $tg. 14. 

4. Delay neasurenenta - Fig. 4. 

Additions and changea in navigation aids. 

1. SmFrcmieco VCR wue relocated15nlle# southeaetand wm 
redeelgmted CaupbeLl WR. Beeawe no aew fncilltim were required by 
thle syaten, it probably could becm available tith verg little delay, 

1, tiaffio frcm the east desixlned for Oe&md was’ Biverted 89 a.5 to 
fly Over Modesto qd Livemore tc the ~le~@antq hoXd$ng pattern. TUs 
removed,a portion of the traffic iron over Sacrme&or 

2, Although this route structure war3 eswntWL.lytbe mne a13 that of 
the ~preeent syeten, departure delay6 were redq%d by utilizing preferential 
rcuti8 sipilar cO~tihose mused in Sy&m 2. 

3; The only San Francisco igqxrturee routed:over Oakland were *hose 
d88tlned for Stockton, Mode&o, Rena, md other airports i%the &+ Joas& 
vhllegr 



The following iDz3Qatione peteintoSy~+m 5: 

1. AQuay ConfigUr8tiOn end !I.?&@,ion aid8 - Fig. l,5. 

5. !t'VOR at Sea Joti Aiqurt. 
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10. The system had the following dian&vanteges: Porti0m of 
Restricted Area 280 and WarningArea 283 were utij.ized ta provide moeeswy 
routee to and from the bay area. ,%ere vae an lncreaee in traffic flop 
over the ModeetoStockton area facilitiee. This added to the Modesto 
se&or xorlrloa& iThe Mimion holUng atack seming,SanFranciaoo, ard 
the Pleasmtonstack eervlng Oakland, have 5Ooeparation. Due to 
mountainous terrain, however, Oakland? approach 00ntral must emroise ome- 
ful control of aircraft tiile vectoring from Plewmt~n to the O+lmd 
outer maker inorder not to Winge on the Sm~Ew~~tico radar zone. 
The increase in flying distance due to preferential. routinga still was 
apparent, Re in previoue systam tested. Traffic flY+ San Francieoo and 
Otiti~ destined for San Jose still interfered with arrivals frm the 
east W southeast, 

~yatem 6 wae not sh~~.ated; ita deeidle features were 
lncorporat0d in System 7, 

1. Airway configuraticm and navigation aide -~Pig, 18, 

2. Arrivnl route8 - Fig, lg. 

3. Depaxture routee - Fig. 20. 

4. Delay mensurementa - FTg, 4. 

Additions and ohungea in navigation aids included the following new 
facilities: 

1. VCW at Stoakton. 

2. vcm at Montewy. 

3. Mw atFwz.llon. 

4. VOR at camp Cooke. 

5. V@l ZXX"th Of .hWQUYZIltQ. 

6. !IVEI at San Joee (pro-d). 



7. TACAN atMof?ett IiAS. 

In addition, the 5x1 Frmcisco VOR was moved to Lo8 Bauos; and 
the Modesto V(IR wa8 moved 14 mile8 NNE of it8 preeent position. 

Observations. 

1. Dual mukm were provided in the San Joaquln valley. San lTr@n- 
clsco eastbouud departuree vere routed arouud the Oakland termti area 
by seding them via Geyserville an3 Willians. 

2. O&l@ and San Franci8co arrival route8 f-ram the 80&h were 
inclepetient 8nd were adequate for &be simulated flow of traffic. 

3. The ookiand. and son ~rmcisco towers were provided with dual 
holding fixca. 

4. Moffett MAS ~88 mvided with 8x1 RA!EC 8rea. Castle AFB WM 
providea with 0 mm -0. 

5. A shorter departure route for southbard aircraft from Oakland 
was provided by utilizing R-60 to Stockton. 

. -6. 3Tds system had the following disadvantages: San Fre.ncisoo'~ 
Belmont holw pattern, located at nidbay, wa8 too close to the 
San FrmcFeco and OaUe.nfi IL6 coumeo. It.9 proximity reetricted the 
wanable vector area into both eirport8. This restriction was partioulo.r- 
ly noticeable when Oakland. arrive& wsre making L.P approachee into the 
new rmmy. 

The uddftional aongeetlon caused by aircraft holding at Belmont 
wae undesirabl.e when vectoring transbag fliets, These additions;l target8 
were quite confusing when weather condition8 dictated 8outh takeoffs and 
landinga. 

San Frawlsco arrival8 fmm the eaet via V6 w&e routed over 
the Oakland range. San BTamiaao eaetbnmd departures bed an Fncreaee In 
tileagewhenroutedvia Gey~ervllle an&Willia~~3, OaklOna nrrivnls ard 
dqxmturee were fqrced to cro88 the Dow &ntersection which MB too olo8e 
to t&e terminal area to permit optlmw swing. 
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Siuulatfon tests without radar were run on System 1 and 5. 

Delay cmprisone of these testo are shmn in Fig. 4. In theee tests, 
Ooklend orrivoJ.8 sere held at: 

Newnrk at @CO, 5030, and 6000 feet. 
Pleasanton at &iM, 7@4W, and Boo0 feet ti above. 
Dcmville nt &CO, 7oo0, 8ooo feet rud above. 

San Froncis~o mrim!,s were held &: 

6cmlWmcisco outermrker at2000, 3000, 4000, 5W0, 
and 6UCQ feet. 
Miasion at 7@X, 8CG0, go00 feet and above. 
Wocdside at 6&O, 7000, 8ooO feet and above. 

Traffic from the Misslon holUng pattern en route to the Scn 
Frmcisco outer narker was held at 7000 feet until two minutes paet 
Miselon. It wa.8 found tit if &in Fmnaiaco~s arrival radar failed, it 
would. have no effect on Oakland's arrival operatims, If oaklosld arrival 
,mdar failed, however, it was found. that~&klmd vould have to cenae 
operations until San Frmciaco~s Miesion pattern vcm cleared of aircraft 
at altitudes up to 7ooO feet. 

c0Nc!LlB1om 

Sbnii.ation tests indicated that the aysten which nod. nearly 
neete the criteria of objectl=B as set forth in the summy of this 
report is designated Syeten 5, 

Inplemntation of arrival radar control at Oakland and 3an 
lm~~~iaco towers would help to alleviate aone of the traffic delay nm 
occurrIng at these terniwle. St wag appnrant that v&em the preeent 
syaten struoture and procedures were chaqed, efficient me of radar- 
vectoring procedure could not ba redllzad. 

There aeena to be no adequate solution available to the couth 
takeoff and landing Foblen, @.thou@ the use of radrzrwlll be of ame 
help, 



Using t&z present route fftructure, air route traffics control wa8 
meet effective when preferential routing8 were used fcr ,+232 aircraft 

~' naking l,ong-dietenw flighte. 

An cmdynis ~of the present route s@tem pointe to 8 need for 
edd$tional VCW facilities alongthe Feet coast. 

!Qx nir&w2 reception altitudes (KU.1 within 100 miles of,the 
bay area, in many inetraqces, are much higher t&n the rninkux obotrwtion- 
a+mXXe altitudee'(MCCA). This results in the lees of several usable 
altitu& levels to airoruft flylng these routea, Be MElA', could be 
lovered appreciably with the inetallation of additfmal VCW facflitiee. 

'~ 'Far in+ame, a VCW at +he Geyaerville intersection ~xoula &m-m the FIRA 
:' on V25 between loint &yes and Geyaerville to 4GOO feet, an increase Of 

four usable altittie levela; between Geyaerville and Lakeport, 7QOO feet, 
an increase of six altitudes; betwenL&eport and Red Bluff, 9CCO feet, 
an innTease 6f four dtitudee. A VCR at Farallon'xould allow an NRA of 
2ooO feet between the Far+llon and ne Mokterey area? at-&the route now 
6er'ved by V.27W between Pedro an8 Davenport wwJ.d have m MRA of k@YJ feet, 
an inoreaee of three usable altitude levela, 

In the teete of the present syetem, eweeeive interagency co-, 
> ordiaation wne evident. It is desirable to eliminate aa nuch coordination 

na possible. All of the reconnendntione which follw~have a bearing on 
this objeatlve. 

Muny military nircraft, operating from west oonst baeee, pres- 
ently me not udequntely equipped tit& Me neoeseary ccsnzmloatione nnd 
,+vigation equQr2ent to be controlled effioientlg in the reccusended 
apteil. 

Tha~alieprment of the proposed X.3 runway to be built at O&l&~ 
Airportreduces th6airspace available to SanFranciscaand Oakland towers 
for vectoring arriving aircraft, 

Several parts of the reocazxended syetzm canbe Incorporated 
into klie present syst.en if it ie poesible to utilize certain ADF rontea 
and poStions 0f ~-280 ti w-283. Figure 21 indicates these pos~e~bilitiee. 

At tha'p-es@nt time there ie a~question as to,where the San 
mmoisco VOR should ba relOC&ed~. The site aelected should eerve the 
preeent system eM still should eatlefg the requirementa of the recon- 
mendedqaten. Witi the installation of 4 TVCB at Snn Jose and the 



22 

retention of the Moffett Y range, the ~esea in the vicinity of the present 
San Francisco VOR cite m not be wlthout navigation aide.' 

It 1.3 reconnended tJmtr 

1. Syateen 5 or's sinilar system be inplemnted ns rapidly as the 
necessnry equlpxent becones available, 

2. Coneideration be given to implementation of a route structure, 
as shown Fn Fig. 21. 

3. Oaklmd AR'IC Center be provided with at ieast an 80-nile sur- 
veillance radar and euitable large horizontal inc&xtors. Past experience 
indfca,ks that ARTI: radar cm be used nost effectively when the arrival 
enddepartme routee ore semegated m FnSyatem ~5. 

4. The bay area and &joining sectors of the Oakland AR!IC Center 
be furniehed with direct-comunication equiment to facilitate tie control 
pf afrcmft \*t.hin 125~1~ih of the bay -a. 

~~ 5. 'Radar-arrival control at Son hancisco and Oakland be inplenented 
at '& earlieet poesible~ date. 

6. Action be taken to require nilitmy aircraft operatFng in the 
~bn,y; area to be equipped with adequate ccmmnioatione for the proposed 

1~~ &jysten, 

7. As an Fnterinneaavre, ase~tigthattower radar-errival control 
awn can be tiplenentedr 

a. OuklM AR!X we the Moffett L/W range w-d the Ooklatj 

VOR or L/KF range a.9 clearance points for Sen lWc8noieCo traffic, 

b. O&&and ABE uee Buy Point intersection Ona Newark narker 
aa clearewe points for Oakl.an~ nnd Uarxda NAS traffic. 

~8, Provided that sufficient pilot/controller o~uuicatione 
:epnipent is installed in the O&l.andAFilT Center: 

a. Oakland ARE Center utilize segregated preferential routings 
in those directione having the heaviest flow of traffic.~ 
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b. In the interest of standardization, CaUmxl ARTC Center 
uoe ehort-rtmge clearance wfienever poeeible. 

. 
9. The proposed runmy at O@.kld A5rpmt be reeSig~cl ta approx- 

inately 283”. Figure 22 shows the inproverkrk Fn We 8rea~betWEen 
Mis6ion and Pleosantiu holding patterw. 

10. The SnnFrmcisco VGBbe relocated to the LmBmos ezeaw,a 
fncility far providi~ dual routes in ,5&e San Joaquin valley. 

11. Additional VCR facilities be aited within 100 nilee of the bay 
area tom pro-e VCR reception at the nininm obstructian-cleermce 
~altitude. !Chle recom.end.ation also ~0s mde by the AFt CoordinatlDg 
Ccmittee OS' set forth in a letter dated Mny 2, 1956, REP: ACC 59-5U, 
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APPEmIx I 

!l?he etiulator setup for the Sm lWancisco bay sttiy, comprising 
canplex air-route end ternino;l-area layouts with an adequate nwker of 
experienced controllers , provided en excellent opportunity to evaluate 
two basic applications of DMX in the traffic-control sgsten. 

Singls-LCne D&B Airwaye (System 9). 
The ob$ctlve of this phase of the progranwae to determine the 

advantage of supplementing the present structure of single-lone VCW rodin 
airwuya with range Worn&ion obtained from DME. 9s ainulate this 
feature, Syeten 5 was modified by adding distanze cheake every 10 milee, 
as shown in Big. 23. !I!keae checcBa were designated ne diaknces frCm 
specific voR’s; fOl’ example, 40 MR Mloated~ 40 miles from MR (Monterey) 
VOR. Using tile ayeten, the oimulator pilots were able to interpolate 
their poeiticma to t!!e nearest mile. 

Although five melee D&T separation would have been ample far moet 
of the eyatem, a very conservative nJnimm~ of ten miles I&E eeparation wn8 
ueed in this test. For airoraft established on specific coupaea, it Was 
found that this application of IBE provided many of i&? &dvantages of 

1 radar to the air traffic oontrol system, mo problema were encountered in 
applying DME oepaxation. In e~3e caees, departing pilots eetablished 
*heir am eeparntione +-hrough the controllers’ uee of the phraeeology, 
“M~lntiln ten miles eeparation behM (airaraft tientiflcation) until 
reaching (altitude or point of divergence ,” 

Short aleezanoe llnits and special holding pointi were astab- 
liehed, ae needed, by reference to D44E readings. One cc&roller reported 
that ccmmon DME reports were extrewly useful in ahanging the @ltiW.e of 
(eppoaite-direction trnfflc. In airway-crossing operations, an alrarpft 
could be assigned a definite crossing al,tit#z to malntaln between the two 
fare-or-aft DME readinga which defined the linits of the orossed airway. 
Bor direct flighte, a definite point for cromine; an airway could be 
epeoified by reference to a DME rending from a specific et&ion on the 
am. In radar-control operations, specific rr&poeition report0 
wsigted iu obtaining definite target identdficstion w$thout the UBe of 
involved ccnmzwz&atione or twning procedurea. Au oontrollere agreed 
that DEB una a very useful tool for traffic-control operations. 
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or!Ly one rim was l3ad.e on this phmQ. Controllers had no previolm 
p%ctice in applying DME prooedurea. I+zsulti are shown in Big, 4. 

I~ lX+nl-Lane Express Airways (Qeizn 9). 
!&e objective of this phoee of the program ma to 8.&-e& the 

advmtage of aupplezienting tie present V&YHhway structure with addi- 
in tional airveye~tiich could be &find t&rough the u8e of a relatiWy 

sinple,VLlR-IDtIC, off-oourse cmputer ineaohaircr@Pt. Syetengwns used 
%!a oha b&i8 for this rode BtZUCtUre, an8 R Sin&Z pEim?&l rob3 YBB 
,Offaet five nilee frakl the centerline of each of the nain airway-e, aa 
Wwn in R& 24,~ Multiplying the nuder of a&wage by two multiplied the 
nuraber of intersections by four, Ear oonwnieme in defining fli&t routea, 
the new intereections were desi@ated by nmber. The new offset aiZ?iaye 
carried the 6ene baelc,Viotor AFrvay runnbere a8 the ainmye they metid., 
together with the letter A a8 a~euffix. A new off'eet alrvay parallel. to 
VI.% WBB oalled. TLyoA. 0n the pusps, the offeet a>rnaye wire ehown by 
dotted lines and the baelc airwnye by solid 1Fnes. 

This layout producedpatleing lance sinilnr to paeeinglanes m 
four-lane highways. To expedite this operation, a sfmdard 30” law- 
&waging nmeuver ma employed, a8 ehmn in Big, 25. Obvlou&g, in this 
eptenIX%-range tiornatlonMuld have been available on& 1.%X%. To 
lsdldtwthe advantages of the offeet-airway feature, however, IME-position 
infornntion was not enployeed in thiE teat. 

Air-route controllers who used this ~eysten f&peed. that the duril 
lome pr0dd.d greatly inmeaeed capacity end sinplifled control operaticah 
lPhe uee of short-range olearances vas greatly redwed, aa in nest oaeee 
depwbmee could be cleared to &3stinatlon at flight-plnn attitu3.e. !W 
dual-lane irrtersectione, which looked omplex on the map, @roved quite 
atiple in o+ration. A single fir posting ueuelly sufficed. for a blmk 
of four Fntereections, !the only special poetingprooedure neueeearyvae 
'an Mloation of which lane the aircraft occupied, 

In the terninal area, ew bal Lart2 teminabed Fn a eeparete 
.~hoUfng pattern. This feature umallg pernitted inaeperdent traffic- 

feeUng operations ineaahlane, except in the caee of the eeooM.ary 
pattern on JCL.3 at Livernore (LV) whioh overlapped VU3 and required 
altitude segaratlon from traffic on the latter almay. 

only one runwas n&e on this phaee. contrdllera +ano previoue 
~pMtio@ Lnh8ndlingdwl-lane airwayprmedures. Results 6z-e shown in 
rlrJ, 4. 
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HIGHER RATLNG 

SHOWS GREATER 

,INTOLERABLE - 20 POINTS; DIFFICULT - 10 WINTS; MODERATE 
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