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DYNAMIC SIMULATION TESTS OF SEVERAL
TRAFFIC~CONTROL SYSTEMS FOR THE
SAN FRANCISCO-CAKLAND AREA

SUMMARY

Thia report describzs the evaluation of several proposed methods
for increasing the IFR traffic cepacity of the Sen Francisco-Oskland area,
This program wpe conducted at the Technicel Development Center of the Civil
Aeronautics Adminlatration through the use of the dynamic air-traffic sim-
ulator. Tests were directed toward the following major objectives:

1, Reassigrment or relocation of arrival routes end depearture routes
to make them as Independent of each other es possible,

2. Establishﬁent of preferential routings to reduce center/tower
coordination end to expedite the traffic on the most heavily traveled
routes.

3. Egteblishment of independent dual-feeding systems for radar
approaches to San Francisco and Oskland atrports,

k. Rearrengement of routes to permit independent operation of a
Redar Air Traffic Control Center (RATCC) in the Moffett NAS arca.

Additionsl tests were made to study the application of distance-
meesuring equipment, application of dunl-lane express airways (based on
uge of gourse-line or piotoriel computers), and effects of possible
reallgnment of the proposed Oakland IS runway.,

' Based on the results of this tesf program, recamendations ere
made fort '

1, An improved alrway system which can be implemented in the neay
wiure with very Little chenge in the layoub of rodio-navigation aids,

2+ A further ilmproved sysiem which Involves relocation or addition
of several facllitlea. '

3« A number of gontrgl procedures for expediting traffic flow and
reducing sontrpller workload,



TNTRODUCTION

In February 1956, the CBA Office of Federsl Airways requested
the Technical Development Center to conduct a simuletion study of the
San Franclsco~0Oakland area eir-traffic problem. In April, two TDC air-
traffic-control specislists epent several days in the San Francisco-
Ockland area observing traffic operations, gathering background meterisl
~ for the study, end discussing the proposed test progrem with representatives
of the CAA Reglon 4 and the Weshington office, The Reglon 4 office
eryanged to detail eight asir-traffic controllers to TDC for the simwlaticn
runa, Franklin Institute Laboratories were requested to assist in the
progrom by preparing trafflc samples, drawing up new criteria for system
evaluation, and anslyzing the test resulte., The mgtual simuletion runa
were conducted throughout the month of May. During thet period, meny
hours were spent by the controllers in conferences, discussing verious
1deas for changes in sirwey routings and control procedures, and detailed
planning of the required tests, As a result, the final recamendations
of this report represent ideas obtsined from a large number of the per-
sonnel who participated in the progrom,

The various methods of airway arrangsment amd cdntrol procedures
tested are referred to as "systems" in this report.

PRESENT PROBLEMS

A number of factors seriously restricet alr-traffic flow in the
San Francisco bay aren, The most important factor is the high terrain
which surrounds the ailrport area and dictates high minimum altitudes on
most errival and departure routes, The high terrain forces arriving air-
oraft to enter the terminal aren at ebnormelly high altitudes, It also
limits the coverage of terminal-area radar, apd 1t seriously restricte
the area avallable for rader-opproseh mancuvarw, The high terrgin tepds
to force departures into restricted chammels, thersby lengthening deperture
routes and limiting the emount of control flexibility which can be employed.

Becpuse the mountainous portions of the ewryounding terraln are
unguiteble for eirport sites, the existing airports are clustered around
the shore of the buy where their proximibty to each other gousss additional
© traffic problems., [The major termina) sirparts at Sse Prenciscq and Qalte
lond are only ten miles apart, Moffett NAS ie very close to the San Frane-
cleco localizer courge; Alomeda NAS and Hayward Alrpart both are within
six miles of Oakland Airport, directly on its normel arrival and depa.rture



~ paths. San Jose Airport 1g locoted within approxim&ﬁ&}.y five miles of

© Moffett NAS, Other military air beses locaked within a radius of less

" thep 100 miles of the bay nrea ars reapnn&ihle for a mmbar of the ta‘a.ﬁ'in
problema af the bay arsa, - ,

‘Due to heavy loads, 1mr rotes of ¢limb, end the limited nmhar nf
a.ccaptable routes, transocesn flights operating from Travis AFS onuse &
- difficult problem because they conflict with northbound depariures from
l~b0ﬁ1 the San Frenoisco and Oakland Airportss At Hemilton AF!B, located
- approximately 25 miles north of the Sen Franciseo Airport, o large nmmber
- of low-frequency (L¥), radio-equipped aircraft are bpsed. Theee airoraft
' operate through the bay ares and ceuse & control pmhlem m:d;er IFR '

- waokher ecnditiom. ‘ ‘

‘I‘he altitudes below 10,000 feet on ?ic":m' ﬁmy 23, within the -
_E&sﬂe AFB RAPCON ares, have been allocated to that faotlity, Thie glloca~
 %ion hea the effect of relsing. the Oakland ARTC Centay's minimum usable
" altitude to m,aao feet on this aireny between Modedto and. Fresno} con-
sequently, it causea trai‘fic crossing this ares to fly et ﬁxoeaaiwly high
ﬁltim@ﬂt

. A large percentage of the military aircraf‘b opcra,ting from

Eamilhon, Trovis, Moffett, and Alameda, sre equipped with LY radio

- peceivers only, This works an adﬂitional hardehip on the gonirollers -
because. the LF- radimaﬁ&a rou‘bes do not- eoimide with the VOR aim:r .

strugture, I

Restrictéﬂ a::aa;a’ alcmg the wvest ccast present a serious proble'm
' %o the rearramgement of the alrwsy routes, It appears thet any major
improvement in the airwny structure will require ~the eliminotion ct
alteration of some of himaa regtricted arens,

mﬁar tba m‘esent aystem, aqatbaum aw Fﬂmiaoo dﬁmtwea arg
- routed over the Oakland renge, This prosedure tends o hold weptboumd ~
Sen Frangisco arrivals ab undesirably high altitules until they are close
te their destination, Also, 1% mevents the eoatbound d,ﬂimﬂums from

clipbins $o their sruleing altitudes inmadia.‘baly. - ,

 {the present delineation of aruthm,'it}' bﬁtﬂ'ﬁﬁn the Delcland ARCD} o
Center omd %he approsgh~control towers causes lengthy interphong caorﬂinpv .
tion dwe Yo & lagk of ptandard center/tower trensfer progedwres, In.
- sddition, & large amount of inftertowsr ogordinetion is negespary In
rhamling tranabay flights, in clearing Ban I’ramime eastbomd deparhn‘ea



© across the Cokland range, end in feeding GcA-. appronchea into Alumeda NAQ.
- ‘fhese goordination prosedures bulid up to & very high warkload at the
; towver'!s flight-da.‘ba positiom. o

: The Om=kland and San Fremaiano towers m ha.ndicapped by their
'1&01: of authorization to use radur control fcr eny aprrivals exoept trans- ‘
- bay £lights. Other arrivula are gpaced on final approsch through the use
_of timed-approoch procedures,  The tremsbay shuttle flighta, ¥hich require
-¢ansiderable reder guidance, muat be fitted. into té:e tiwd-appmuah
aequam;a at their destinations, : ,

: _ The d:Lrection of tokeoff nt the Sen B‘ramisco Alrport 18 ‘
-partigularly critical, Becauge of restrictions due to terrain, departures
- are Jimifed as to the direction of climb, The lack of stundard departure
. route in-the bay area mekes it diffioult for the tower to assign conoiat-
' em;l.y the most desirable runvay far takeoff,

‘ Szm Franglsco end Ocklend . towera are faced with difficult
;traffie-flov problems during weather conditions which dictate takeoffs
- ang 1and.ings to the south, Such weotbar exists a.pproximtely gix per .
-oent of the time Iin which IFR conditions preveil in the bay area. Ockland
—arrivels encounter high terrain.north end northeast within five miles of
- the pirport, Southbound departires from Ouklond must make & right twumn -
to stay away from the approach courses, and this can easlly take them
“into the Sen Francisco cantrol zone ., ‘ ‘

L San Framieco urrivala, circling for ‘south landings, have &
' clear approach; but they can easily extend their pattem into the Oakla.nd
oentrol Zone, South departures from Sen Francinco camnot make a right |
‘turn sfter takeoff due to the high terrein, Therefare, they must turn
“left and then parellel or cross the ILS approach couree. This is very .
“restriotive, and it inoreases the approagh interval 4o the Sen F;ranciaco
Alyports ALl ¢f these fagtops pedutse alrport capscity when south ‘
:ioperationa are necessary, - Little improyement was ehown in the' aimulation
.tcste of gouth operaticns, evep when raaar-mim and -departure control
.wee uged for all flighto, :

EVALUATION Pnocmnum :

wﬂquimﬂt-
The basic simulaotion teata of the San. meiaco bay ares wm
. condun‘bad on the dynamic B:Lmula'bor.- Three flight-progress boards were



avellable for the ARTC Center,  Center operati'ng positicns were equipped
with interphone boxes and air/growmd commmications. The display boards
were arranged as ap arrivel sector; D5; & departure sector, D6; and an

en route sector, D8, Figure 1 shows the simulated Oakland ARTC Center
sector and fix-posting arrangement. The simulated San Francisco tower |
wes equipped with an arrival and departure radarscope, radio channela, and
Interplione communications. The Oakland tower weo similerly equipped.

General Procedures,

In ginmulation testa aubsequen’c to those on System 1, the Oeklend
and San Franclsco towers were provided with duel holding stacks, Both
stacks were controlled by a single controller woing an ASR gcope, Due to
the lack of equipment, separate arrivel scopes could not be provided for-
ench stack.

With the use of arrival redar in the terminal areas, it often
was possible to reshuffle the alititudes of arriving aeircraft. This helped
to prevent Inverse stocking at the holding fixes, and it permitted the
controlier Yo bring first arrivals in first, ‘

' Both the San Francisco and Ockland Airports have the distinct
adventage of wide taxl strips and large runup mats., This makes it poseible
to rearrange the aircraft into the most desirsble departure sequence, thus
reducing departure delsye, For these simulation tests, departures at
San Francisco end Onkland were cleared for takeoff without regard to the
inbound flighta, Becouse both airports are equipped with dual runways,

T waa belleved that this pro¢edure would cause no apprecilable difference
in the comperative results,

The only weather conditions considered in the simulation tests
were those at or below circling minimume, It alao was assumed that no
on-top VER altitules were available, and all alrcraft were assigned
 dafinite TFR eltitudes.

During the initiel test runs, simulation wos based on the use of

present runweys and TS courses, Subsequent dfsoussions with Reglon L
pepgounel disclosed that plans for a new runway ot Oaklend were well
~formulated, Therefore, In Systems 5 and 7, slmuletion tests were based
on the new runway and ILY course of 293°, The gontemplated ILS courge

will very nearly parallel the present Newerk approach; and becauwse aof
terrain, an II8 approach will be started in the vicinity of the Newark
marker,



: ,"h'ui'fic Sﬂmylea. ' ‘ -
‘ Flight-progress an‘:[pa were obtained from the Oakla:rd AH’IC B

Center,' the Son Francisco tower, end the Ga.klami “tover, covering 8 mcetrk Lo :

day of typical IFR operauicns, Those records were anslyued to de*bemim
the period of heaviest treffic flow. in the San Fronclaco bey. areo, A

- four-hour peck period, extending Trom 0800 %o 1200 PSP, wes selected o ..

_ forn the input of the first traffic problem t-es":naﬂ. Agtund tr&ffie
conatituted only 23 cperations per hour, Additdonnl flighte were adﬁet‘l
‘%o incrensé the density of the problem to 30 operations per hm:r 80 4§
' to emphaﬁize any botileneck in tae sys'bemﬂ being teated. o

. Sa.mple 1, _with o denaity of 30 operations per hour, aid mt
' aisclose ‘the pystems' bottlenecks to the desired degree on the ﬁrsﬂ runs B
thz'ough the gimulator; therefore, Sample 2, uhieh had 38 operatjons per
. hour, was constructed, Thls sample vovered a peak period from 16190 ‘bc -
2000 PST, with additional flights ndded. s

The finnl traffic amnple from which the delsy mauammnba were

" token ran for 2 hours, l&5 minutes, ﬂveraging 49 operationﬂ per howr ih ﬂl&

bay area.

, The following is a braab:dawn of the 'hraﬁic at each airmt:

San  Omk-  Ala-  Mof- sa;; Hay- S
Franciseo land meda  fett - Jose  ward  Total
Avrivele b9 1k 3 .7 3 1 : .
Deparfuréﬂ; 315 16 5 : 3 2 0 60
Operations 83 30 8 10 5 1 137
'.Pér Qent | . S o .
of Total . 61 22' 6 T3 1 100

Qakland ARIC Center atatiatics revealed thot of the flights

aptering apd lenving the bay. areu 50 per cent operated on routes %o the i

- soyuth, 25 per cent to the east, 15 per cent ta thq north, and 10 per ce,nt. S
%0 the. waa‘;, {oceanic).

- ‘I'he actusl traffic sample, ob'baimd from the original fl:lsht*
-prog:ess str:ipa s, contaired o nmber of flights ﬂ:ioh Foeaed thmugh the



bay area without landing, or which departed from alrports immedlately
adjacent to the bay area, These flights were run through the system to
provide o more reclistic workload for the control sectors of the Ookland
ARTC Center,

Controller Personnel,
In order to utilize the operationel experience of controller per-
sonpel in the San Franclsco bay aorea, eight controllers were detalled to
¢ t0 assist in the evalustion., ZFour controllers from the Oskland ARTC
Center, two from Oskland tower, and two from San Franclsco tower manned
the pesitions of operution during the aimuletion tests.
Control Facilities., |
Cakland ARTC Center, ARTC simulation was confined to three
flight-progrese hoards because of limitations in available facilities and
personnel, Two controllers were asalgned *+o each sector as ghown in
Fig. 1. Eoch of the bay arean'd orrival and departure sectors had one
gontroller who hendled oir/ground communications and another who hendled
Interphone trarffic,

The D8 sector, which combined portions of three nctusl sectars,
contained the strip postings for the fixes lmmedlately adjJacent to the bay
area. All of the flights to or from the bay area operated through the D8
sector, Deportures from Travis AFB and fronm Sacremento Airport to the boy
oresn were posted and were coordineted with the appropriocte beay-area sectar,
Flights en route over Sacremento, Modesto, and Williems were posted in the
78 sector to simulate all en route operations which would affect the ¢limbs
and descents of boay-orea traffic.

OeXland Approach Control, Tweo radar indlcetors simulated ASR
coverage within o range of 30 miles of the Oeklend Alrport. As shown in
Fig, 2, one controller handled arrivels, one controller handled departures,
and an aspietant controller posted flight data apd handled interphore
communications with Oskland ARTC Center and Sen Frangisco approach pontrol,
In eddition to the Oekland Alrport treffic, Oakland approach control
hapdled earrival and departure operations at Alnpedc NAS apd Hayward
Alrport,

Sen Francisco Approach Control, Two refor indicators simulated
ASR goverage within a rangs of 30 piles of the San Fransisce Alrpart, -
A8 shown in Pig. 3, one controller handled arrivols, one controller handled
departures, and an asslatont controller posted f£light date and handled
interphone communications with Oakland ARTC Center and Qakland epprosch
control,



Because of the limited cmount of equipment enmd persomnnel avail-
cble, it was necessory for Sen Franclsco approoch centrol to hondle
departure clearances for operations ot Moffett NAS and Sen Jose Alrport.
These operations esupplied the ARTC Center with the treffic negessary to
simidate normal traffic flow during tests of all except Systems 5 axd Ts
Procedures set up for Systems 5 and 7 assumed that operations et Moffett
and Sen Jose would be handled by an independent RATCC located at
Moffett NS, '

Measurements., _

In order to compare new route systems with the present route
systerm, it was necessary to make several tests of the present system., The
eiroraft delay times of the present syotem then were compored with the
delays of the new route system. It must be pointed ocut that the numerical
results of thsse teste should not be compared with those of actual opera~
tions becouse of the differences between laboraotory ond actunl operating.
conditions,

Arrivel delays wers computed by compsring the theoreticel time
at which each orriving aircraft should be inbound over the npproach fix
(1f no other treffic wos involved) with the u.ctu.a.l arrivol times of the
aircraft over the approach fix,

Departure delays were compiled by ccmpariaon of the proposed
departure time and the actusl departure time, Departure delays wexe
incurred only when the routes were saturated or when the center and tower
controllers could accept no more aircraft because of coordination work-
load. Figure 4 chows the average delays in each system,

One of the primary objlectives of the simulatlon tests was %o
deternmine the moet satisfactory routings. Becaues delay measurenents
elone are not indicetive of the tiue value of a route system, the working
controllers were asked to express thelr perscnal route wvaluations and
comparisons in chaort-questionnaire form., In discussions ot the end of the
rimuation program, it wes found thaet there wne general agreement between
the verbol opinions expressed by the controllers concerning ench route
 syaten opd the ratings which they hod given on the rating forms, The
results of this questicmnaire ere shown in Flg, 5.

The comparntive system charts were used only for Systems 1
through 7 becouse only brief tests were ponducted on the DME system ond
the multiple-route sfiten.



TESTS WITH RADAR

Syﬂfen 1 (Present Route Systen).
The following illustrotions pertaln to System 1:

1. Alrway configuration end nevigation aids - Fig. 6,
2, Arrival routes - Fig. 7.
3y Deperture routes -' Fig. 8.
4, Delay messurements - Fig, b.
Additiuné and changes in navigation uids.

1, To keep the mep display oe simple as possible, it was decided to
- use VOR feeilitles end routes wherever the 1ow-frequency/hedium-frequency
{L./4®) route system parslleled the VCR routes,

2, Mo new focilities were added to the area for this phase of the
tests, ,

Obegervetlions,

1, Except for arrivals from the south, there were few inbound routes
vhich were independent of depnrture‘routes. San Francisco and Qekland .
lacked independent dual holding fixes for radar epproaches, There was no
aree available for an independent BATCC operation at Moffett NAS.

2. The major departure delays to c¢ivil alrcraft occocurred to aircraft
at San Francisco which were routed emstbound via the Oakland VOR, Modesto,
and so forth, This routing required coordinetion between three agencics:
‘Sen Franglsce tower, Oakland tgwer, and Onklend ARTC Center, Most of the.
delay wns due to intertower coordination; however, the delay wag under-
stendeble in view of the congestion which opourred in the vicinity of the
Qakland Alrport due %o the arrival traffic, tronsbay treffic, and '
Oakland/Alomeds departures.

: 3. Departure delays to Moffett NAS gnd San Joge Airport were
extremely high due to the heavy arrival traffic from the south on V25



11-. Dm'ing peck perioda of arrival traffic, a holding gteck w‘mﬂ.lly
formed at the Sen h-mwisco out.ar marker, u.nd 'the contmllers reverted to
' 'timd—approach prooedurea. T

5. Due to Moffett NAS emd Qa.kland/ﬂmda trareio, inbomﬂa to
Ban Francisco frag the south and east often cowld not descend below 8000
feet until within 10 miles of the alrport, This: produc:ed large deacent
' delaye oand innreaaed the vorkloeﬂ of t.he Ban Frumi&co redar controller.

6 Du:t:ing the first few testa, ;Lt was. evident thn'h the mtalla‘ﬁm N '

of grrivel redar at the two eivil terminals would be of considerable o
benefit ot the prepent traffio denaities. Efficient . use of rudar‘-mtaring

. procedures- aunno*b be realized, hmver, il ﬂne sreas ore male more o
.;indepenﬂent, - .

7. Tha *adar disploy beiween Son ‘.E‘ransisco and Oakland Airporta woa
- very confusing due to arrivals, depurtures and the - t;ransbay ‘operations
O in the same. gen.eml Oreh., ’ ~

'8, In t.his teat -most of the npproachee vere node on- the ILS cam'ags
o at the two eivil airports, During some of the bests, however, certain
 Qnklond orrivals mode approoches from the Newark merker. With an appronch

such as this, Sen Franciscols radar-vectoring urea on the ~north aide of the e

PR v cour:se mn.s very restricted,

Oy During the simuletlion teer‘t-s in which arriva.l redar wos ;Ln use, -
. the trengbay. operctions did not interfere- spprecisbly with the other -

arrival teaffic, When arrival radar wan not in ocperation, houever, trans-
bay aircreft caused considerabl.e delay. in other tz'ai'fiz. R

10.. ﬂieﬁ:tu w&atbmmd. from Trovie AFB et hooo feet t.he mrmcl alti- |
tuds aasigne& o ‘theae sircraft, restricted the efficient use of the

. Geyserville of Willlsms northbound departure routes from Oukland/San

© Franclsco, Moving traffic through sltitudee used by the Travie AFB

- weatbound departures reguired comsidernble use of radar control ugplyirg

- sone of the m;ent procedures outlined in the redar menunl,

1l. Southbound traffic from Ocklond wos routed east to the Sun Joaquin T

velley before. Imaeaaziing gouth, Oncaaimauy, gome of the southboimd
troaffic fron Oskland wos routed over San Frangisco Gop and wos merged with
the San Frmmiaco daparhma The 1at'bar procedure again reqmed t.hree-mg-
coordimtianp
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12, Aimra.ft frcxn the two- Zmrge oiviY uirpcrts deairing to ﬂy to

Sen Jose in IFR-oonditions had mo desirable route available withoub eauaing-"{i' o

 congiderable Interfeérence with. zﬁ.rriv:lng uircmf‘b. 'Enere 4id not nppea;f ’bn
be an udequa‘be Eolution to- this p:roblam. :

13, Rautinga were o.dequnte ’between the bey o.raa and no::ﬂmern ee&a’bal ‘

cities such os Santo Rosa and Areots; however, the two-way traffie fIOw om - \ -

the ailrways usde 1t impossible to use these airways for praferential
' d;epar'bure routes from the bay area.. ,
-3k, The departure and o.n'ival sectorization of the bey erez, in ‘E.he B
ARTC Center, required considerable coordinaiion between airsroute eantml
lers; however, the terms "arrivil sector” and “departure sector! ore.

. nipleading, In reclity, the departure sector was doing & gonsidercble

.. amount of work for the errivel sector because mony of the arrivaleroute

- £ix postings had to be displayed on the departure. sestor board. With

* the: present routae- ﬂ*tructure, there appeared % be no better method of
. mectoring, : . :

. 15, The Soorsmento sector 1s one of the bueiieat ggctors in the Opk--
" “land ARTC Center. North/south traffic wos heavy, end spproximately 30

- per cent of the bay-a.raa arrivels r.rossed over Seeromento. :
16, The Onklund/Alamada traffic moved tﬁrﬂugh the sya‘bem smooﬁhly _
“-beonuse 1t was poseible far the Onkland controller to vector aircroft -
- 'Zram Bay Point ond Nevark to the Haywa.rd morker for on ILS spproach, '

17,  The ‘southbound aircraft from Sem Iiranciaco ha.d a.n emellan’c
, depaﬂm routing,

18. Routinga to and from the weet were aatiafaetary.- ALl errdivsl
tmffic from the mst wos routed mrer Farallom, -

System 2,
'Ihe follqwing ﬂ.luatratima. partain to Sya'ban 2:

e Airway conﬁmtion and nﬂvigatim alds - Fig, 9.
2. Arrival routes - g, 10,
3.7.‘ Depamre rou'bas - Fis 1.

4, Delay. measurements Pig. b4,



o 1e

| Amifiqns a:nﬂ pha.ﬁg'é& :Ln ,havigatién_ aidsr., '

L. New WIR a.‘t Fura]_lon. : |

2, Fw VR at Camp Benle.

37. ‘Hew'LFR &t HBIailton AFB".' |
b, New ra.dio beacon at Bichmond, )

5. Relocate Salina.s VOR to Hontere;}r-

6. Relooa'bé Dixun mam beacon.

Te. Belocate San Francisco VOR to Pacheco.

This long~range proposal wns sutmitted by persomml of Region ha :
The originel.proposal tnoluded some modificntions to the Homilion RAPEON =

. orea, These chenges, which consisted of removing the Celistoga hening

facility ond install:l.ng a low-freguency range station near Hamil‘ban AFB,
‘were mode to-provide shorter departure routes from the Point Reyes VOR

enatword to the Cemp Benle VOR, Instellotion of these voutes also requj;-ea o

thot the Dizon homing facility north of Travis AFB be eliminated, The
purpose of these alterations was excellent in thot eastbound trafflc from

the bay orea ¢ould hove preferen'bial routings with very 11'btle add:.ts.oml s

- route mileage.

Ji'or the pt:rpoees of this progrmn, it wns mt considered &esira'b};a ‘
to base & system on nlteration of these RAPCON arens becouse information
was 11.mited regarding the requirements of the jet niroraft operating In the
Hemilton area, Should it be found later that this ares oan be altfered in

" total size, however, it would be of considersble adventage to utilize

- these shorter routes to the east.
Obaemibim.
1. -In'bermr coordination was. 'no:isidem‘b‘ly reduced - begause fow of

the Son Francisco departures ware routed over Ogklond, Those which wepe
routed in that direction were destined for Sgoromente or other points in -

the Son Joaquir volley. Considershly more of the eastbound traffic from :;.‘
San Franoisco could have been cleared over the V6 routing because tne_ e

Ooklend/Alemeda treffic d4id not keep this route busy ot all times.
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2, V2TW provided o convenient bypass route for north/south traffic
not lending in the bay ares,

3. BSouthbound aircraft from Sen Francisco were provided dual routes,
Va7 and V2TE,

L, Both Oskland end Son Francisco Airporte had two radioc fixes to
be used as clearaonce limits by ARTC. The Woodside and ILeslle fixes were
located in en excellent position to employ radar procedures into San Frane
clsco, '

If the Leslie pattern were to be used ot minimum altitude, the
Newark approach at Cekland could not be uwsed, In this test, however, it
was assumed that all approaches at Qakland were being conducted on the
present Ookland ILS couree, and the southemst course of the Oaklerd L/MF
range hod been moved to provide a straight-in approach from the Heyward
merker beacon to the Oaklend Airport, The two holding fixes for the Oak=
land Airport were not positioned as well as the two for San Francisco
because both holding points were located on the same side of the IIS
courge; thils mede it difficult to vector ailrcraft o the Hayward marker
with the proper specing, At the traffic densitles tested, Qaliland tower
rodar controllers were able to do an excellent Job from theee patterns,

5. The tronsbay operation wos considerably Improved. Traffic fram
the east to San Pronolsco wes rerouted over Modesto Instead of QOskland,
The elimination of Newnrk approoches resulted in additionsl space for
vegtoring and a less congested radar picture between the San Francisco
end Qeklend airports, |

6, The use of short-range, clearance-limit procedures appsared
edvantoageous, In the initiel stages of using these procedures, the towers
were glven & specifled block of anltitudes to be wsed at certain inter-
sactions, and they could clear ailrcraft to these points witholt consulting
the ARTC Center, Once the alrcroft were arrenged in safe order, and
generally, while they were still en route fo the short clearance point,
the pilots were instructed to change to the ARTC frequency for further
clearance., Although this procedure was expeditious when properly used,
more g¢fficient operation resulted when the ARTC controller issued the short
clearance, Becawe this agency had more gomplete information comeerning
nll present and future traffic, 1t often eliminated potential conflicts
or tock better advantage of vecant airspace.
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7. Arrivals from the east were well segregated compered with
results from the present system, The area over Sacromento was lees
congested becaunse of this rerouting.

8. Arrivels from the south were well segregated far San Francilsco
Alrpart,

9. Arrivals from the north were well routed into the area. The use
of these routes left Victor Airways 6, 197, end 27 open foar use ae
preferential departure rcutes,

10, As in the present system, troffic at Moffett NAS ond at San Jose
continued to interfere with traffic arriving at San Francisco elthough
not to the same degree as iIn the firet bests becawse the ares southeast
of Moffett wes bypessed by cbout cne alrway width in this ocrrengement.
The Almeden holding pattern in the Moffett area was used by conventional
alrcraft awaiting approaches into Moffett or San Jose, O(nce Moffett
treffic had left Victor 302W alrwoy en route to Almaden, 1t no longer
affected traffic en route to San Francilsco,

The Almsden holding pettern was not separated fram the Jet
approach area at Los Gatos, but this could be remedied by moving Almaden
further southesst in the valley. Moffett snd Sen Jose depertures still
were very much restricted.

11, 'The sdditionol intersections creected in routing arrivale fran
whe ezst on Vistor Alrways 303 and 28 would increase the workload in the
ModestowStockton sector,

12. Oskland orrivals from the south crossed Sem Francisco arrivals
from the east at the Boardman intersection, This croseing point was too
close to the terminal aress for airvcraft to be arranged in optimum order
or to degcend to the minimu altitudes by the time they arrived at the
ternminal area,

The necesslty of this crossing was obvious in view of the efforts
to nnke the Qalkland area independent of the San Franclaco area. In sub-
sequent systems this crosgsing point was moved further sast,

13, Tis syotem did mot provide es good e route for traffic from
the boy ares to the Sen Joasguin valley ag does the present system.
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14, The incremse in flying distance on some of the preferehtial -
routings such as the Geyserville route for enstbound flights out of
Sen Frenclsco, although good from on oir-traffic-control viewpoint, wos
poor from an econcmicol viewpoint, If these routes were used by aireraft
flying long distances, however, the advantages of their use would ou'b- '
weigh the disadvantage of the increa.sed flying i.nvolved.

15, This systen would require the elimina.tim of Restricted Area 280
and a portion of Warning Area 283, .

ﬁ?ﬂf&n 3!
. Bysten 3 wae not simulatecl hmrever, the -dealrsble featwuwres of
this syaten were incorporated in Syaten 5, o

Systen k, .
The following illustrotions pertein to Systen s

1, Aimy configwration and novigetion aids - Fig, 12,

2, Arrival routes - Fig, 13.

3. Deperture routes - Fig.‘ 14,

b, Delay measurements - Flg. k.

Additions a.nd changes in novigatlion aids,

1, Sm Francieco V(R was relocuted 15 niles sou‘bheaat and wos
redenignated Caupbell VOR.  Because no mew facilities were reguired by
this syster, 1t probebly could became avallable with very little delay,
Observations,

1. Traffic fron the east destined for Oaklend wne diverted so as to
fly over Modesto and Liverore to the Fleaganton holding pottern, This
reroved o portion of the tra.i'fic fron over Sacranento. :

, 2, Although this route atructure wos easentioally the sane as that of
the present systen, departure deleys were reduycsd by utilizing praferential
routes similar to those used in Systenm 2. o
3. 'Ihe only San Francisco departures routed -over Oakland were those

destined for Stockton, Modesto, Reno, end other airports in. the Sen Joaquin:
vallays
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%k, Two holding patterns were provided for San Eramiaoo and Oeklond
~ Alrports, .

5, Traffic from the south destined for Sen Franciseo wes routed over

. the Cempbell TR to the Woodzide pattern. This provided the arrivels with

" an pdditional 15 miles in which to descend, ' -

. 6, This system had the following disadvantages: Moffett arrivels .
and depnrtures st{ll were restricted ceriously because of the heavy traffic
using V25 and V107 into the bay oren, San Francisco arrivals from Ookland
were very difficult to control for the seme remsoms listed in the discussiom’
of the present system, San Jose mrrivals and departures were difficult to -
sontrol, This was caused by the proximity of Moffetd NAS and by San Frah-
clsco tnbounds from the south, The use of preferantial routes ingreased
the mileage for meny aircraft., The Woodside holding fix was a VOR-ADF
intersection, and the route to thig fix was on ADF route from the Moffett'
- L/MF range at.a.ticn, : :

Bystem 5, - o , ' _ '
: This eystem, which represented the combined suggestions of all.
personnel engaged in the tests, includ.ed Bome of the be‘b'ter features of
the other sysbems,
The following illustrations pertaln to Syatem 5%

1. Atrwoy configuration and navigation aids - Fig, 15,

2, Arrival routes ~ Fig, 16.

3.:“1)eparture rbut-ea - Flg, 17.

L. . Delay mea.smements - Fig, k.,

Additions mnd changea In navigation alds imluded the following
nev¥ facilities:

1, VR at Hmtarey;
2, VR at Stockton,
3« VOR at Farallon.
. VOR at Camp Cocke,

5. TWR .ot Sen Jose Airport.
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6. .VCE nm Loe Bance 'intarsgétion.
7+ VOR peer Grimcs intersectior,
8, -"I‘ACAN at Moffett NAS. '

In &d.dition, the Modesto VOR was reloce.ted to a point near. Gopper
interaection and wep redesignated as the Copper VOR. :

Obﬂemtionﬂ .

AN Independent routinga t.o e.nfi from 'hhe bﬂy aree were provlde& for
a distance of at least 45 miles, .

2. Sufficilent apace was provided to permit & Navy RATCC to expedite
- traffic to and from Moffeit NAS and Sen Jose Airport,

3. Dual routes were provided in the Sen.Joaquin valley to sid in the
contrcl of the additliomal traffic routed into the valley from the south,

s Caetle RAPCON was provided with additionsl ares by relocsting the
Modesto VOB, . The edditional space was not oonsidered a requirement” in $he -
Initial plamning; but as cen be seen in Fig. 17‘, it is & desirable featuwe
. of the dual-airvu.y strueture, -

. 5., The addltion of Grimes VOB extended the duel valley routes to the
ncrth and it provided a dual east-weat alrway parallel with V200,

g 5. Son Franciseo and Oekland tower oPerations were 1nﬂependent for
- those routes wﬁ:h the heaviest traffic.

'F- The control of tramba.y flights was improved slthough Oskland
approaches were slmulated on the new runway heeding,

8, The use of short-range clearsnces and blocked altitudes at gprtain
interaections reduced coordination among controllers., The blocked altltude
plen was found most effective for the crossing of the dusal vulley routes
by westbounde destined for the bay crea.

9. A sufficient nmumber of altitudes were available on the dual San
- Joagquin routes to hondle the traffic in this sample, When dusl olrways
were simulated, 14 additional north-south ﬂig;hta vere added to the

San Joequin volley traffic sample, ‘
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10. The system had the following disadventages: Portions of
Restricted Area 260 and Warning Area 283 were utilized to provide nacessary
routes to and from the bay aree., There wos an increasge in traffic flow
over the Modesto-Stockton aree facilities, This added to the Modesto
gegtor workload., The Mission holding steck serving San Franciaco, and
the Pleasanton atack serving Oakland, have TSO geparation. Dus to
nowtainous terrain, however, Oskland approach control must exsroise care-
ful control of eireraft while vectoring from Pleosanton to the Qakland
cuter marker in order not to infringe on the San Francisco radar zone,
The increase in flying distance due to preferential routings still was
epparent, 2s in previous systems tested. Traffic from San Francisco and
Qakland destined for San Jose still interfered with exrivales from the
east and southeasgt, ‘

System 6¢
System 6 was not simulated} its desirable features were
incorporated In System 7.

Systen T.
The following illustrations pertoin to Eystem T:

1. Airwsy configuraticon end navigation aids - Fig, 18,
2., Arrivel routes - Fig, 19,

3., Departure routes - Fig, 20,

k. Delay ‘méasurements - g, 4.

Additione and changes in novigation aids included the following new
facilities:

1. V@ et Stockton,

2, VOR at Monterey,

3. VOR at Farallom,

L, VCE a% Canp Cooke,

5. VOR north of Sacromento,

6. TVCR at San Jose (programmed).
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To TACAN at Moffett NAS,

In addition, the San Francisco V(R was moved to Los Banoas; and
the Modesto VOR was moved Lb miles NNE of ite present poslition.

Observations.

1. Dusl routes were provided in the Ssn Josquin velley. San Fran-
claco eastbound departures were routed around the Qakland terminal area
by sending them via Geyserville and Williems,

2, Oskland ond San Frencisco arrivel routes from the south were
independent and were adequate for the simuleted flow of traffic,

3. The Ookiond and San Francisco towers were provided with dual
holding fixes,

k., Moffett NAS was provided with an RATCC area, (Castle AFB wos
provided with o RAPCON ares,

5. A shorter departure route for southbowrd aircraft £rom Oakland
wag provided by utilizing R~-60 to Stockton.

. .6, 7This system had the following disedventages: San Frencisco's
Belmont holding pattern, located at midbay, was too cloae to the

San Francisco and Ookland ILS courses, Its proximity restricted the
avellable vector orea into both sirports., This restriction was particulor-
- 1y notlceable when Cokland errivels were meking LF spproaches into the

noW PURWEY .

The additional congestion caused by aircraft holding at Belmomt
was tndesirable when vectoring transbay flights, These additional targets
were quite confusing when weather conditions dictated south tekeoffs and
landings,

San Froncisco arrivels from the east vie V6 were routed over
the OCokland range., Sen Francisco eastbound departures hed an inerease in
mileage when routed vio Geyserville and Williems, Oaklord arrivals and
departures were forced to crose the Dow intersection which wes too elose
Yo the terminnl area to permit optimum spacing.
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TESTS WITHOUT RADAR

Sirmidation testa without rodnr were run on Systems 1 and 5.
Delay conparisons of these tests ore shown in Fig. 4, In these tests,
Oakland arrivals were held at:

Nework at %000, 5000, and 6000 feet.
Pleasanton at 6000, 7000, and 8000 feet and above.
Danville ot 6000, TO0O, 8000 feet und above,

Ban Franciacq orrivais were held atb:

Ban Francisco outer narker ot 2000, 3000, 4000, 5000,
and 6000 feet,

Miseion at 7000, 8000, 9000 feet and above.

Woodside at 6000, 7000, 8000 feet ond above,

Trafflec from the Misslon holding pattern en route to the San
Francisco outer marker was held at 7000 feet until two minutes past
Misgion., It was found that If San Fronclsco's oryival rader folled, 1t
would hove no effect on Onkland's orrival operatiomns, If OQekland errival
vodar falled, however, it was found that Ookland would have to cease
operations until San Frencisco's Mission pottern was cleared of aircraft
nt altltudes up to 7000 feet,

CONCLUSICNS

Sirmidation tests indlcated that the system which nost nearly
nects the criteria of obJectives a2 set forth in the summary of this
report 1s designated Systenm 5,

Implementation of arrivol roadar contrel at Qokloand and San
Ironcisco towers would help to alleviote some of the traffic delay now
occwrring ot these terninnla. It woe apparent that unless the present
systen structure and procedures were changed, efficient use of radar-
vectaring procedure gould not be reslized,

There seers to be no adequaote solution avallable to the aouth
takeoff and landing problen, although the use of rodar will be of some
help.,
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_ Using the present route etructure ’ air route traffic corcrol was
nost effective vhen preferential routings were used for the aircraft
naking long-distange flights.

An enolysie of the present route system points to & need for
additional VCR focilities along the west coast.

The niniram reception eltitudes (MRA) within 100 miles of the
bay oren, in nony instances, are nuch higher than the mininum obstruction-
clesrance altitudes (MOCA)., This results in the loss of several usable :
altitule levels to alrecraft flying these routes. The MRA's could be
- lowered appreciably with the Installation of additional VCR facilities.

‘For instance, a VR a% +he Geyserville intersectlon would lower the MRA
on V25 between Polnt Reyes and Geyserville to 4000 feet, an increase of
four uscble altitwle levels; between Geyserville and Lekeport, TOCO feet,
an increase of six altitudes; between Lokeport and Red Bluff, G000 feet,
an Inoresse of four altitudes. A VOR at Farallon would allow an MRA of
2000 feet between the Farsllon ond the Monterey eres; and the route now
" sgrved by V2TW between Pedro and Davenport would have an mm of 4000 feet,
an inerease of three usable eltitude levels,

- In the tests of the present syeten, eacessive iInteragency co-.
Ordination wap evident., It is desirable to aliminate ss much coordination
aa pogalible, All of the recormendations which follow have a bearing on
thia ohblective.

Many military asircraft, operating from west coast bases, pres-
en‘bly are not adequately equipped with the necessary commmunicatlons and
navigation equipment to be controlled efficiently in the recomnended
systen, *

The aligmment of the proposed ILS runway to be built et Onkland
Alrport reduces the airspace availeble to San Francileco and Ooklend towers
for vectoring arrlving aircraft,

Several parte of the recormended system can be incorporated
Into the present system 1f 1t is possible to utilize certain ADP routes
end portions of R-280 and W-283. Figure 21 indicates these possibllitles,

At the present time there 1o o question as to where the San
Franoisco VOR should be relocated., The site selected ghould serve the
present systenm and still should satisfy the requirements of the recon-
nended -ayaten, With the installation of a TVOR at Son Jose and the
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retention of the Moffett LF ronge, the aren in the vicinity of the present
San Froncisco VOR eite will not be without navigotion nidse,
RECOMMENDATIONS
It is recommended that:

1. Systen 5 or & similar system be implemented ns rapidly aos the
necessary equipnent becones availeble,

2, Consideration be given to implerentation of & route structure,

- o8 shown in Fig. 21,

, 3. Oakland ARTC Center be provided with at lemst en 80-uile sur-

velllance rodar and suitsable large horizontal indicators. Past experience
indicates that ARTC redar can be used nmost effectively when the arrivel
and departure routes are segregated ne in System 5.

4, fThe bay area and adjolning sectors of the Oakland ARTC Center
- be furnished with direct-cormnmication equipment to facilitate the control
~ of nireraft within 125 niles of the bay area,

5, Radar-arrival control at San Froncisco and Qekland be implemented
at the earliest possible date. :

6, Action be token to require military aircraft opersting in the
~-bay oren to be equipped with adequate communications for the proposed
&ya'ben.

Te As on Interin nessure, agsuning that tower radar-arrival control
_ Boon can be Implemented:

a, Oakland ARTC use the Moffett L/MF range and the Odkland
VOR or IL./MF range as clearonce points far Sen Framoisco traffic,

be QOakland ARTC use Bay Point intersection and Newark marker
a8 clearance points for Cakland and Alameds NAS traffic,

. 8. Provided that sufficient pilot/controller commmicetions
- equipnent 1s installed in the Oakland ARTC Center:

4. Ounklaond ARTC Center utlilize pegreganted preferentlal routings
in those directicms heving the heaviest flow of traffie.
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b. In the interest of standardization, Osklend ARTC Center
uce short-range clearance whenever possible.

9. The proposed runwey &t Ocklond Alrport be realigred to approx-
imately 283°, Figure 22 shows the inprovenent in the area between
Mission and Pleasenton holding potterns.

10, The San Frencisco VOR he relocoted to the Los Banos area as o
facility for providing duel routee in the San Joaguln valley.

11, Additional VOR facilities be sited within 100 miles of the boy
area to provide VIR reception ot the nminimun cbstruction-clearmmce
‘altitude, This recormendetion also was nade by the Alr Coordinating
Camittee a8 set forth in a letter deted May 2, 1956, REF: ACC 59-5LC,
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APPENDIX I

DME SYSTEMS

The simlator setup for the San Franclsco bay study, comprising
conplex air-route ond terpinel-area layouts with an edequate number of
experienced controllers, provided an excellent opportunity to evaluante
two hasic applicotions of DME in the traffic-contrael aysten.

Single-Lane DME Alrweye {(System D).

The objective of this phase of the progron was to deternine the
edvantage of supplerenting the present structure of single-lane VOR radial
elrways with range Informaetion obtoined from DME., To ainulate thie
feature, System 5 wos modified by adding distance checks every 10 niles,
as shown in Fig, 23. These checks were designated as distances from
gpecific VOR's; for example, 40 MR indicated 40 miles from MR (Monterey)
VOR. Using this systen, the simuletor pilots were sble to interpolaté
their positions to the nearest mile,

Although five miles DME separation would have been anple for most
of the system, a very conservotive minimum of ten miles DME separation waos
used in this test. For sdrcraft established on specific courses, it was
fournd that this application of DME provided pany of the advantages of
rador to the alr ftraffic comtrol system, ¥No problems wers encountered in
opplying DME ceparntion, In sope cases, departing pllots established
their own seporations through the controllers’ use of the phraseology,
"Maintain ten miles separation behind (airoraft identification) until
reaching (altitude or point of divergence),”

: Short clearance linmite and speclel holding points were estobe
lished, as needed, by reference to DME readings. One controller reported
thot cammon DME reports were extremely useful in changing the oltitude of
ppposite-direction traffic. In alrway-crossing operations, an aircraft
could be assigned a definite crosseing altlityde to mointain between the two
fore~-or-aft DME readings which defined the linits of the crossed airwvay.
For direct flights, a definite point for crossing an airwny could be
specified by reference to a DME reading from a specific atation on the
alrvey. In raodar-control operotlions, specific DME-positlon reports
saaigted In obtaining definite target identification without the use of
Involved commnmications or turning procedures. All controllers agreed
that DME wos a very useful tool for treffic-¢ontrol operations.
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Only one run wos made on this phose, Controllers had no previous
prectice in epplying DME procedures. Results are shown in Flg, L,

Dual-~Lone Express Alrways {Systen 5X).
The obJjective of this phage of the progran was to deternine the
 edventage of supplementing the present V@R-nirwaey structure with addi-
tional alrweys which could be defined through the use of a relatively
‘simple, WR-IME, off-course computer in each alrerofi., Sysfen 5 was used
‘68 the basis for thie route structure, and a single pernollel route Was
~offset five niles from the centerline of each of the nain airwoys, as

ghown in Fig, 2k, Multiplylhg the number of airways by two multiplied the
number of intersections by four, For convenience in defining flight routes,
the nev intersections were designated by number, The new offset alrways
carried the same basic Victor Alrway numbers as the alrways they paralleled,

 together with the letter A as & suffix, A new offset airwny parellel to

V150 wes called V1S0A. On the maps, the offset alrweys were shown by
dotted lineg and the basic airwnys by sclid lines,

This layout produced passing lones sinilar to passing lanes on
four-lane highways. To expedite thie operation, e standard 30° lane-
changing maneuver wes employed, as shown In Fig. 25. Obviously, in this
systen DME-range information would have been available cn all lanes, To
lsolate the advantoges of the offset-asirway feature, however, DME~-position
infornation wns not employed in this test.

Adr-route controllers who used this eystem agreed that the dunl
lenes provided greetly increesed capacity end simplified control operations,
The use of short-range clearances was greatly reduced, es in most cases
depertwres could be cleared to destination et flight-plmn gltitude, The
dual-lane intersectlions, which looked complex on the map, proved quite
aimple in operation, A single fix posting usually sufficed far a block
of Pour Intersections, 'The only speclal posting procedure negegsary was
. an Indication of which lone the aircraft occupiled,

In the terminal area, each dusl lane terminated in & separate
. holding pattern, This feature usuelly permitted independent traffice
feeding operations in each lone, except in the case of the secondary
pattern on V1134 at Livermore (LV) which overlapped V113 and required

~ ultltude sepamtion from traffic on the laotter airway,

Only one run was nade on this phase, Controllers had no previocus
~ practice In handling dual-~lane airway procedures, Results are shown in
Fis. L,
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