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DYSANIC SINULATION TESTS OF
SEVERAL TRAFFIC CONTROL STSTENS
FOR THE LOS ANGELES ARRA

SUMMARY

This report deacribes the evaluatiem of several proposed methods
for increasing the air traffic capscity of the Los Angeles area under in-
strment rlight rule comditioma. This progrem was comducted at the CAA
Technical Developmsnt Center through the use of the dynsmic air traffic
control simulator. Tests were directed toward the following major
obhjectives:

1. Reassigmment or relocaticm of arrival routes apd departure routes
to make them a8 independent of esach other as peasible.

2. Establishment of preferential routings to reduce the center/tower
axd center/sectar coordination and to expedite the traffic on the most
heavily traveled routes.

3. To establish operating procedures for use with the new route structure.

Based on the results of this test program, recommendatioms are made
Tor:

1. Some procedures which, if implemented, will improve the pressnt
syntenm,

2. An improved airvay system to be used in the interiwm period before the
long-range plsn czn be readied.

3. A long-rsnge plan vhich involves the installatiom of seversl nevw
navigation facilitiea,

IRTRODUCTION

Barly in 1957, the CAA Office of Air Traffic Control requested the
Technical Development Center (TDC) to comduct a simmlation study of ithe Los
Angeles orea air traffic, In September, four TPC air traffic comtrellers spent
several days in the Los Angeles area observing traffic operations, gathering
background material for the study, and discussiung the proposed test program
with representetives of CAA Reglon 4, The Regicm b office arranged to detail
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13 eir traffic controllers to TDC for the simulation runs, Franklin

Institute Laboratories (¥IL) wers requested to assist im the program by pre-
paring traffic semples, drawing up criteria for system evaluation, and ana-
lyzing the test results. The actual simulation runs were conducted throughout
the month of February. During that period, many hours were epent by the con-
trollers in conferences, discuseing various 1deas for changes in airwvay routing
and control procedures, and in detalled planning of the required teats. The
conclusions and recomeendations in this report are based on numerous ideas
obtained from a large number of the persommel who participated in the program.
The various methods of airway arrsngement and comtrol procedures tested are
referred to as “"systems” in this report.

TEST ASSTMPTIORS

In ordsr to simulate properly route systems vhieh are not in
existence, it is necessary to make essumptions in regard to equipment avail-
able and in some cases, in regard to changea in regulations governing traffic
comtrol cperationa. The folloving assumpticmp were made for the simulation
teats of the Los Angsles area:

1. The Los Angeles Air Route Traffic Control (ARTC) Center had a
deperndable primary radar with coversge within a radiue of 70 nautical miles
of the Loa Angeles Imternational Airport.

2. The Los Angeles ARTC Center hed dependable and adeguate peripheral
communications throughout the ares within 100 miles of the airport in order
that all instrument flight rule (IFR) sircraft could be in direct comtact
with the radar sectors.

3. All towers simulated, namely, Los Angeles, Long Beach, and Burbank,
were utilizing both arrival and departure radar in the approach control area.

L. "The Loa Angeles Intermaticnal Airport had sufficient runways eo
that departures could be handled without any ccordination with arrival
controllers.

5. Civil Jet aireraft would be controlled in the same manner as
conventionel aircraft; that iz, cleared to clearance-limit points at the
loveat open altitude and would hold if required,

6. Civil jJet aircraft would make 1 1/2°-per-second turns whewve
5,000 feet, and 3°~per-second turns when below 5,000 feet.
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7. The navigation aids used in thie simulation would be operating by
the time the Los Angeles ARTC Center is equipped with & commissioned redar.

8. A joint-use egreement could be effected between Air Traffic Control
(ATC) and the Naval Air Missiles Pest Center for the use of warning area
Ho. 289.

9. Warning areas Fos. 290 and 291 would be altered to provide room for
flight operations by ATC.

10. The IFR traffic operating presently from E1l Toro Marine Air Statliem,
Los Alamitos Naval Air Station (HAS), Point Mugu NAS, and Oxnard Air Force
Base (AFB) counld continue to operate in the same airepace as at the present
time, It is realized that the Los Alamitos KAS air traffic hardly cen be
dissociated frem the air traffic at the Long Beach clvil terminal, but due
to & limited number of aircraft targets aveileble with the present ATC
eimulator, it was not possible to conduct operaticms at this airport or the
others which are listed, However, care was taken not to encroach upon the
alrspace presently used at these airports.

11. During the Los Angeles terminsl area tests, a controlled rate of
flow of 60 alrcraft per hour was maintained. To lemd aircraft at this rate,
it was sassumed that, from e sefety point of view, simultaneous and independent
approaches-could be mede to two parallel runways.

EVALUATION METHODS

Traffic Ssmples.

Peak-day flight progress strips were obtained from the Los Angeles
ARTC Center and the Los Angeles Airport Traffic Comtrol Tower. FIL snalyzed
the strips to, determine traffic flow characteristics, and to provide the
basic information uwsed in building Traffic Samples I snd II.

Los Angeles terminal area Sample I consisted of 62 aireraft, and
by varying the entry time flowv rates, from 20 to 60 operations per hour were
generated., This sample -also wes altered In 4 tests so thet 60 per cemt of
the aircraft would be eivil Jet trameports., Table I showe the distribution
 of aircraft.

Traffic from the k busiest hours vma compressed intc a 2-hour test to
form alr route Sample II. From this sample, air route strips were constructed
for the Los Angeles arrival and departure sectors, and for the periphersl
nonradar sectors. IFR traffic, vhieh 4id not appear in the 2-howr sample
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because the routes were more than 60 miles from Los Angeles, was posted at the
nooradar sectors to block usable altitudes and thus create a more realistic
traffic picture for the controllers.

The simulaticn of both arrivals and depertures at lLos Angeles,
Burbank, and Lomg Beech precluded the possibllity of saturating emy cme air-
port or route with the 23 target projectors avalleble during these tenta.
However, it was desirable to run the tests at less than the maximum airpert
acceptance rate in order to evaluate the over-all radar sontrol amd Troute
syaten.

The most important index of e system's efficilency is the acceptance
rate of the airport. Because Los Angeles Intermational Airport is the pri-
mary terminsl in the metropolitan area, initiel eimuiation wes used to de-
termine the best srrengement for a radar vectaring ares at this terminal.
Tests were conducted using 2, 3, and U4 clearance-limit points, with both
aingle end duel instrument landing systems (II3).

Controller Workload.

Controller worklosd is an importent element governing the capacity
and safety of a traffic control system., At the present time, the commumni-
cation weasurements are the omly porticn of the entire loed that can be
determined sccurately. 4 high-density iraffic sample must be progrmoﬂ, )
however, before the commmication measurements begin to reflsct the relative -
vorklosd of a system., During the terminal area iteste, a traffic sample of
high density was used, but during the air route tests, the limited simulator
target capacity preciuded any chance of securing meaningful resulta., A
vsaful method to supplement quantitative messurements of the controller work-
load has been to employ subjective analyeis by the working controllers, This
wvae done by questionnaires f£1lled ocut by the coniroller teams at the
termination of the aimulation tests.

Controller Questionnaire.

The present and recoumended route systems were rated by the Center
controllers with respect to the difficulty or ease of control on the major
routes to and from Los Angeles, Burbank, and Lomg Besch., A four-point rating
syatem was used: very diffieult, difficult, moderate, and easy. Explamatory
comments were made with each rating, and the ratings snd comments were dis-
cussed in a conference at the end of the simulation program. In order to
evaluate the two systems, the following numerical values were assigned
arbitrarily to the degrees of difficulty: very difficult - 3; difficult - 2;
moderate -~ 1; and easy - O.



Cligb and Descent.
One of the principal improvemente in the route structure tested in

the pimulation was the provision for ome-way descent and climb routes to and
from the Los Angeles metropolitsn area, One-way airways eliminate the
problem of planning altitude changes with respect to fast-closing, opposlte-
direction traffic. I addition, in nonradar areas, separation minims are
much smaller for ssme-direction traffic than they are for opposite-direction
traffic. It hes been foumd through actual coperational experience thet cne-
way climb and descent routes are a major factor,in imcressing the capacity
of a terminal area. At Los Angeles, the area in which altitude chenge can
be made 18 limited by high terrein so that free climb and descent are a
necessity. Besides setting up cne-way airwsys, every effort was mede to
keep major c¢lixb and descent routes from crossing each cther and en route
traffic.

A quantitative compariscn was made between the presemt route
gtructure and the recomended route structure by rating each major arrival
and departure route from Los Angeles according to the number of miles of
unobstructed descent or c¢limb within 100 miles of Loa Angeles. There are
5 major arrival routes and 5 mejor departure routes so that the maximim
score obtainable by this rating is 1,000. A breakdown of the ratings is
shown in TPable III.

It should be pointed out that, in order to provide independent
¢limb and descent routes, some of the proposed routes are longer than at
present; for example, to the north and esst. EHowever, in the present sys-
tez, aircraft often have to gain or lose altitude in holding patterms,
ard the resultant time en route may equal or exceed the time consumed in
the circuitous routing.

TERMIHAL AEEA TEST PROCEDURES

General.
An analysis of Los Angeles area traffic indicated that the
greateat percentage of IFR traffic utilized Imternational Airport. Terminal

area tests were conducted to determine the optimum location and mumber off
clearance-limit rixes.

Planning.

The entire Los Angeles area was considered when clearance 1imits
and vector areas were plamned., Routes, both arrival amd departwre, were
not restricted needlessly. The proximity of airports and mountaincus ter-
rain precluded the poasibility of a completaly ideal tpproach configurstion
for each airport.

FAA Libmrzf



Assumptlons,

The JLS was used as the final approech aid. Dual ILE approaches
sleo were aimulated. It vas assumed that separstion was sufficlent to pro-
vide dusl independent approaches. Altitude seperaticm provided at glide
slope intercepticn would diminish gredually to touchdown. See Fig. 1.
Military Jet pemetrations were started at 20,000 feet, as shown in Pigs, 2.
and 3. Civil jets and propeller aircraft utilized common altitudes and
clearance liwmits, All sircraft entered the airwvay system 10 to 15 miles
from the clearsnce limit., All clearance limits were assumed to be VOR

ranges.

Traffic Analysis.

' Density rates were 30 and 60 aircraft per hour, as showm in
Table I. Arrival aircraft only were simulated, By analysis of actuml
Los Angeles flight progress strips, the percemtage of aircraft from all
directions wes established. The same percentage was used in all tests. .
In final terminal area tests, 60 per cent of the propeller aircraft were
~ changed to civil jets. Civil jJet turn rate was 1 1/2* per second. Other
rates for jet aircreft are showm in Table IV.

Approach Controller Pesitione.

The four epproach controllers from the Los Angeles area interchanged
positions dwring these tesis. Two approach comtrollers vectored traffic to
1 IS runway with the present 3-fix feeder system, as shown in Fig. 4. Witk
a 2-fix feeder system, 2 approach controllers also vectored to 1 IS rumwey,
Fig. 5. A h-rix feeder system employed 2 approach controllers vectoring to
2 indeperdent TLS rumways shown in Fig. 6. A4 revised 4-fix approach system,
show in Fig. 7, utilized L epproach centrollera, werking as 2 teems,
vectoring to 2 independent IS8 runways.

Redar Pregentation.

The approach control area was presented on two radar scopes showm
in Pig. 8. Curved spacing reference lines at 3, 5, and 7 miles from the
outer marker were etched on the radsr maps. Spacing chargs, as phown in
Table V, were used as an additiomal aid to eastablish optimum separation
between arrivals.

ATR ROUTE TEST PROCEDUEES

Figure 2 shows the primary ARTC aree simulated, This area was
divided further into srrival and departure radar sectors. In order to pro-
vide a more realistid workload for the radar sector comtrollera , another
sector wvas simulated encowrpassing sll route fixes cn the periphery of the
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redar sectors. It was the periphery sector controller's responsibilily ta
descend aircraft, where rractical, to a realistic altitude bafore entry imto
the rader sector of the Los Angeles ARTC Center, and %o coo:rd‘.lmte witk the
departure controllers cencerning e satisfactory altitude for departing
alrcratt,

The b radar sectors of the Los Angeles ARTC Center were simulated,
using 2 superimposed pencramic redar displays (SPANRAD). SPANRAD is a radar
tracking device which uses TV techniques to superimpose the plcture of a
manually generated target marker, with that of the rader target, on a
bright tube display. Figure 9 shows the SPANRAD's in use during the
gimlation teats,

Two rader arrival sectors opersted from 1 SPARRAD, apd 2 redar
departure sectora operated from the second SPANRAD. Each air route sector
used an associated flight progress board for ite tabular display. The
arrival controller identified and itracked all I¥R over-flights in addition
to his terminating traffic. Target markers at the arrival SPANRAD, 1 inch
by 2 1/4 inches, were superimposed cn the depsrture SPANRAD scope vhich
used emaller markers (3/k-inch by 1 1/4 inches), permitting one to differ-
entiate betwsen each control sector. The markers also were color coded,
vith a differsnt color for the two operations. Figure 10 shows & close-up
of the SPARRAD console. Target markers for the arrivals and over-fllghts
carried flight ldemtity, rout:, aeltitude, and clearance limit. The de-
parture target markers carried flight identity, altitude, and one fix to
determine route of flight.

Nire sxperienced controllers from the Los Angsles ARTC Cehter,
2 from the Los Angeles Tower, and 1 each froam the Burbank and Long Beash
Towers, were detailed to TDC for the tests. Since the Tower personnsl
were experienced radar operators ani the Center controllers wers not ex-
perienced in rader technigues, the first five air route tests were run
primarily to train the Center persomnel in the use of radar. Each ARTC
controller used direct commmioatioms with the aircraft, and was aided by
an sssistant comtroller wheo handled data-collection snd tabular-displey
duties. Also, the esaistant controller prepared target markers for the
radar gontroller, and used the interphone system to exchange infermation
vith the three towers and the periphery sector.

The Los Angeles ARTC Center radar arrival comtrol area was split
into two geographicel sectors. Ome sector hendled Burbank arrivels and e
portion of Los Angeles Internatiomal traffic. The other arrival sector
handled the remaining Los Angeles traffic, in addition to the Lomg Beach
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arrivals., The sectors varied slightly from one test to another, depending
on route structures end procedures being tested, The depertwre rg.du‘ sectors
wvore similarly divided. The division of control for the reccmmended system

is showm in Fig. 11l.

Military jets were issued their long-range clearsnces prior to
departure; all other dspartures from Los Angeles, Burbank, and Long Beach
were issusd short-range clearances to an altitude and fix sufficient to
allow an uninterrupted c¢lixb while being handed off from tower to center
rsder. Los Angeles ARTC radar was utilized for omly 40 to 35 miles on ar-
rivels and departures in order to obtain maximum utilization of the
svailable simumlator targets. However, ANC posting was performed at per-
imster fixes to evaluats the adequacy of the various route struotures.
Clearances to fly visual flight rulss (VZR) on-top were not issued, All
saircraft had positive IFR separation, as would be the case in the Los
Angeles area vhen storm ¢onditlons exist.

Blocked altitudes were wsed at saveral fixes to minimize
coordination and simplify the radar departure procedures., In all systems
tosted, departure tunneling wes held to a minimum. ZEvery effort was 4i-
reoted toward providing, vherever poesible, an uminterrupted climb to
cruising altitude, |

To genersate departures and control the arrivels effectively,
three terminal ares IFE rocms were simulated during the air route tests.
Ses Fige., 8, 12, and 13. Los Angeles Tower used two approach controllers,
one handling all srrivals, the other handling the dspartures. Dus to lack
of squipment, one approsach coatroller handled all operations from Burbank
Alrport and ancther approach comtroller handled all operations from Long
Beach Airport.

In the latter portioms of the air routs tests, "Tower En Route
Control"” was simulated between the Los Angeles and Burbank Airports, ant
between the Los Angsles and Lomg Beach Airports. No attempt was masde to
extend this typs of operation between the Burbank and Long Beach Airports ,
due to the small demand for this service and because of the sdded worklosd
1% would plece om Los Angeles Approech Control.

TERMINAL AREA TEST RESULTS

Present Clearance Linits.

The present clearance limits, Baldwin, Hermose, and Dovmey, are
shown in Fig. 2. Lateral separation is inadequate hetween en route traffic
on Victor Airway 107 and holding treffic at Baldwin., In faot, Baldwin
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seldom is used because i1t is difficult for the pilots to mavigate to the
intersection and equally difficult for the comtrollers to vector alreraft
Prom the holding pattern to the ILS course., With few exceptione, pilots
will accept an exigent, high rate of descent, end a straight-in approach,
rather then take a circultous route over Baldwin. Thie is one of the
factora contribunting to a high-density traffic flow at Dowmey.

Two-Clearance Limite.

A two-fix syetem is shown in Fig. 5. A more acceptable
trombone-type vector pattern resulted from this arrangement. Traffic
was more evenly divided, because betier routes were established into both
Tixes.

Four-Clearance Limits. i

Figure 6 ghows the traffic divided between four clearsmce limita.
The fixes accommodated a greater volume of traffic, The location of the
clearance limits and the aligmment of the holdling patterns did not prove
optimum for expeditions movement., A revised system was suggested.

Four-{learance Limits (Revised).

The relocated clearsnce limits are shown im ¥Fig. 7, A high velume
of traffic wea moved with little difficulty. The Los Angeles Tower
controllers preferred this to the other systems tested.

AIR ROUTE TEST RESULTS

Present Route System.

The present route syotem, shown 1n Fig. 2, wvas utilized to provide
radar equipment and procedural training for the Los Angeles ARTC perscmnel.
These tests also were conducted to provide a basis for comparative measure-
ments of succeeding syetems, to confirm inadequacies previously pointed out
by Region 4 persommel, and to note further traffic bottlenecks caused by
increased traffic densities.

During the simulation tests, the rolldwing Problems were considered
to be of major importamce:

1. Alrcraft at Baldwin blocked Victor Alrway 23, and forced over-traffic
to elimb to an altitude above the holding pattern or to gtop short and weit
for an altitule through the holding pettern airspace.

2. Los Angeles srrivals vie Victor 8N, because of high terrain, reached
Downey Marker at altitudes prohibiting straight-in approaches.
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3. Meshing of traffic from Victor 8 and Victor 16 at Ontario. This
combined flow meshing with Victor 8N at La Habra is very difficult to
contrel because of the high minimum en route altitudes.

. Los Angeles arrivals from the north, via Fillmore and Victor 107,
are restricted to 8,000 feet or above until 5 miles south of the Burbank
localizer due to Burbank arrivels and depertures.

5. All Los Angeles departures en route to the ocean intersections,
vhich include Eel, Dolphin, Carp, Bonita, San Pedro, and Albacore, must
tunnel under the arrivels from the northwest en route to the Hermosa
pattern.

6. Los Angeles departures, proceeding northeast via Victor 210 and
Victor 8, presently are required to climb to high sltitudes in holding pat-
terns at the ocean intersectione to clear Victor 23 en route trefflic and
Los Angeles or Long Beach arrivals.

T. West and northwest-bound departures from Burbank cannot operate
independently of Burbank arrivals because of terrain restrictions. Burbank
departures via E1 Monte intersection are required to climb to high altitudes
before proceeding on course. This procedure forces Los Angeles departures
using Victor 210 to climb to very high altitudes before leaving the Los
Angeles VOR.

8. ILong Beach departures and missed approaches are confined to a
smwall area at low altitudes, due to the locatlon of the Hermosa pattern and
the alrspace used for rader vectoring by Los Angeles Approach Control.

9. Heavy over-traffic snd high terrain on Victor 23 make 1t very
difficult to descend arrivals or climb departures in and out of the
metropolitan alrports.

During the inttial tests, departures from Los Angeles and Long
Beach were cleared at random to slx fish intersections in the seme manner
presently employed. This method was dlscarded for use with rader due to
the numerous crossing coursegs that were created when the alreraft departed
the fish intersections en route to Camarillo, Los Angeles, Long Beach, or
Oceenside. To remedy this problem, a regimented traffle flow waes imple-
mented, as shown in Fig. 2A. This system reduced coordination between
the departure controllers, and simplified the radsr tracking problems.
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The next major problem encountered, following the initial teets
on the present system, was caused by excessive coordination between the
redar departure controllers and the arrival controllers who were tracking
the over-traffic. Thie occurred when the departure controllers wanted to
clear esstbounds across Victor 23. To alleviate this problem, altitudes of
11,000, 12,000, 13,000, and 14,000 feet were reserved on Victor 23 for ihe
use of departure aircraft omly. Thie solution was adequate, but en route
flights were forced to altitudes higher than dssirable. A list of location
identifiers used on route maps is presented in Table VI.

Interim Route Syatem.

The interim route system utilized navigation alds presently
progremmed for installation. The number and location of these aids were
sufficient to provide a dual route structwre for the major flow of traf-
fic. Tests of this system comsisted of two basic plans, Nos. 2 and 3.
Because the terminal area system, &3 originally planned, did not coincide
with previous tests, plan Fo. 1 was never simulated.

Plan Fo. 2 incopporated twin trombone-type feeder fixes for
Los Angeles International Airport. Northbound en route over-traffic was
routed via the relocated Victor 23, and southbommd fraffib fros' Xl sorth wvas
routed via Victor 501. Arrivals from northwest were routed to Baldwin vis
Fillmore, and the departures were routed via Oxnard. Detalls of the traffic
routings are shown In Figs. 14 and lha, ‘

Plan No. 3 evolved vhen it was learned that Region )4 had
programmed omniranges for the Las Cruces aml Avelon sites., Flans for ob-
taining portions of warning aress 289, 290,and 251 had been formulated,
making it poselble to implement an off-shore airway, yisflding a dual flow
of traffic along the north ceoastal route. This structure reduced the con-
gestion at Fillmore, and eliminated two-directiomal traffic over Santa
Barbare. The Los Angeles Internatiomal terminal area was altered to in-
clude fowr feeder fixes, and traffic flow from the northwest (coastel
route) vas reveraed by clearing the arrivals to Hermosa instesd of Baldwin.
Details of plar Ko. 3 reuting system are shown in Figs. 15 and 154.

Recomended System. :
The recommended system, shown in Figs. 3 and 3A, included the
better features of all maps submitted, and it 15 believed that it either

sqlveu or materially reduces the nlne problems of major importance listed
upder the present route system,

Prior to simulation tests of the recommerded system, the
following changes were made:
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1. Thirty per cent of Los Angeles Internatlonal Airport traffic was -
changed to ¢ivil jJet tremsports. Speeds and degscent and twm _raua are shown
in Table IV.

: 2. Three primary clearance limits, Baldwin, Maywood, and Artesia, were
provided for Los Angeles Approach Control.

3. Clearance-limit fixes at Los Angeles were restricted to altitudes
of 8,000 feet and below.

4, Los Angeles arrivel traffic from Palmdale was rerouted to the east
via Victor 8, or to the west vie Lake Hughes and Fillmore, It was not
practicsl to use V165 between Palmdale and Baldwin because of high terrain,
departures croseinmg Victor 23 at 9,000 and 10,000 feet, and the heavy flow
of north coastal traffiec into Baldwin.

5. Burbank departures, climbing to the southeast, then bagk to Burbank
range, were restricted to cross the Burbamk range at or below 7,000 feet
unless coordinetion was effected with the arrival controller.

6. Long Beach arrivals from the north, via Victor 501, were handled
by the ARTC departure conitroller after e¢enpasing the Los Angeles VCR.

T. The Long Beach V(B was relocated approximately 20 miles southeast
of its preaent loeation. However, subsequent to the simulation runs, a map
study indiceted that the VOR could serve a dual purpose i1f it was located
on the Long Beach ILS course, approximately five miles from touchdown. It
then could serve as an en route navigation aid for Victor 23 and as an outer
marker, sc located as to provide TS0 separation from the Artesia holding-
pattern alrspace,

The three clearance-limit fiyes, as shown in Figs. 3 and 34, were
cons ldered adequate for the traffic densities gimulated. By eliminating
the Hermosa patiern, Long Beach was provided a more equitable despartuwre and
missed-approach area. However, if at seme futwre date the traffic densities
ot Los Angelee grow in greater proportioms tham those at Long Beach, it may
warrant. reestablishing Hermosa as a clearance limit,

The arrival flovw from the northwest again wes rerouted, so as to
terminate at Baldwin. This eliminated all tummeling by Los Angeles depar-
tures and reduced the mumber of aircraft crossing FMllmore and the Burbank
IS course. The traffic flow required that arrivals and departures cross
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paths somevhere between Los Angeles and San Francisco. However, it wea
felt that this would resclve itself north of Santa Barbara and Las Cruces,
since the northbounds would be at an ®»dd altitude and the southbounds at an
even altitude,

Departures frem the Los Angeles area utilized blecked altitudes of-
9,000 and 10,000 feet when crossing Victor 501 amd Victor 23. En route traf-
fic had reserved altitudes of 11,000, 12,000, and 13,000 feet between Val
Verde and Avalon on Victor 501, and between Long Beach and Saugus on Victor
23, The blocked altitudes were used by the appropriate comtroller without
coordination. This was en effective method of reducing intrasector workloead
in the ARTC redar area,

The dual-airwey configuration to the east and northeast wes a
flexible routing system for clearing aircraft to the Maywood and Artesia
patterms., The sector supervisor could divide the arrival flow evenly be-
tween the patterms by specifying the routing from as far out as Daggett and
Palm Springa. Last-minute changes could teke place in the Ontarie-Arlington
area, as shown in Fig. 3. These routes also trawverse terrain low encugh to
provide arrivals with a straighi-in epproach to the airport when permissible.

Several problems were alleviated by the addition of a secend route
for en route flights to supplement Viector 23. Treffic was split up with north-
bounds on Victor 23, and southbounds on Vietor 501, thus doubling the number
of usable altitudes., This arrangement permitted an easler integration of
departures with over-flighte, due to the absence of cpposite-direction traf-
fic on thepe eirways. This type of routing helped in expediting the descent
of arrivals into the Los Angeles area from the north and from the southeast.
The one-way flow of traffic also provided Burbsmk with a syestem, permitting
a contimmous flow of arrivels and departures.

Tests of Recommended System Without ARTC Radar.

After the optimum route structure had been determined and foumd to
vork well under radar comtrol, it was decided that comparative rums should
be made with and without radar in the cemter. Delay measurements showed
that there were 452 minutes of delay when mo radar ves used and only 61
minutes of delay im the full radar system. In additiem, it was mecessary
to eliminate completely seven flights in the no-radar rune because the tar-
get consoles were not available, having been delayed on their preceding
flighta. If these seven targets had flown, it is reasonable to assume that
the delays in the no-radar rms would have been even greater,
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Workload in the no-rsder rums was much gregter than in the redar
russ. The air/srownd cemmmicstions times were spproximataly 32 per seat
higher im the air route center snd 28 per ceat higher in the tarmimal ares.
Although the sdvantages of ralar are wvpll Imows, the oomntrasst betwesn ithe
high vorklosd nowrsdar control anl the relazed radar coatrol was iupressive,

CONCLUBIONS

1. Tests showed that there 1s excessive coordimatica required bhetween
the arrival and departwre air route seotors in the pressnt systea.

2. Alr traffic at Burbank, even though of moderate density, exparisnces
exoessive delay due to lack of a system vhich will permit & continuous arrival
and departure flovw,

3. Long Beach Towar controllers are very restrioted in authoriming
aireraft movements asorthwest of ths airport dus to the use of Eexmoes &8 &
oclearante limit sad the proximity of the Los ingeles Towr radar vester
ares. No solution to this problem is apperent with the present system,

k., The straight-in approsches from Downey Marker to the Los Angeles
sirportd for oivil aireraft ave undesirable with heavy traffie densities, -
ssuse little path-stetching ean e scocmplished t0 provide fims-grain
spaoing., Uatil a mewer route struoture oan be devised, there appears to be
20 aolution to this yeoblem.

5. : The militaxy Jet pemetradion utilizing the area vest of the Les
Angeles cmnirange severely restriets the departure routes from Los Apgeles
Alrport, o

6. The routes providsd for en route sver-flights in the interim system
88 Well as the recemmenided systen are much betvter than these provided in the
resent systen. JNowever, the routes contiawe %0 restrict daparture treffis
ad terminal-sres arrival traffic becsauss of their proximity to the terminal
aress. Iscause of terraia restristions to the east of this aves, ne Detter
selusica to this predlem was resched during this simulatiom.

7. Testa imdisated that the recommanded system cauld De used vithout
ARTG radar. Zowmver, the total traffio mevemsnte were reduced coasidersbhly
vhen sompared to tests usiag AR relar.
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8. The westbound radar-enly departure route from Burbank, as shown
in Fig. 3A of the recommended syetem, appeared to be very questionable from
a safety point of view, and i1t created a high conircller workload.

RECOMMERDATIONS

1. A system of hlocked altitudes, similar to that used in these tests,
should be implemented as soon as possible to minimize cocrdination between
air route sectors. '

2. Procedures should be implemented to provide the Burbank comtrollers
with a system vhich will permit 2 continuous exrival and departwre flow of
treffic in their area. _

3. VWhen the necessary navigation alds become aveileble, the
recommended eir route system described in this report should be installed
a8 rapidly as possible, The procedures used in these tests, or similar
progedures, should be adopted.

. P

L. As soon 28 the route structure permite, the military jet aircrafi
destined for Los Angeles Internatiomal Airport should make a straight-in
approach from 20,000 feet, starting at the (ntarie VCR.

D« Long-range radar should be installed at the Los Angeles ARTC
Center as repidly ms possible.

6. The terminal-srea arrangement for Los Angeles International
Alrport, as described in the recommended system, should be installed ms
soon as practicable. It is believed that three clearance-limit points
will suffice for this airport at the present time., When traffic densities
varrant, a fourth clearsnce-limit fix car be added to the aree,

T. In the reccmmended system, the Long Beach ILS clearance limit
should be moved far enough southeast to provide TSO separation from
Victor Airvay 64.
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TABLE I
TERMINAL AREA ARRIVAL SUMMARY

100 Per Cent Civil
Propeller Aircraft

Propeller Military Jet
Per Cent Fo. of
Origin of Total Alreraft Slow Medium Feast
North 18 11 2 6 2 1l
Northeast 13 8 1 6 1
Ragt 32 20 4 14 2
South 18 11 ! 1 8 1
Horthwest 19 12 2 10
60 Per Cent Civil
Jet Aireraft
Propeller Jet
Por Cent No. of :
Origin of Total Alrcraft 8low Medium Fest Civil Military
Rorth 18 11 2 2 1 5 1
Northeast 13 ' 8 1 3 3 1
Esat 32 ‘ 20 2 b 12 2
South 18 ‘ 11 1 1 3 5 1
Northweat 19 12 1 2 9
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TAEBLER II

CONTROLLER RATINGS OF TWO SISTEMS

Pregent System Recomeended System
Route Alrport Airport
Arrival Los Angeles Long Bea.ch Burbank Los Angeles Long Beach Burbank
North Coastal M M M ) D )
North Valley D B D ) ; D E
Hortheasgt M M M M M M
Eagt - M M | M | M
South M | - B E -
Departure
North Coastal M D M E E M
Kerth Valley D ) v . M M
Noftheast D D D | | N
East v v D E E D
South M 1 - E X -
Total 3V, 10D, 15M, OF OV, 3D, 13, 12E
When Vw3 and Los Angeles = 2
Dm2 Long Beach = 1 Present System Rating . =59
Hm] Burbank = 1 Recommended System Rating -23
E=0
Legend:
¥ - Very Difficult
D - Difficult
M - Moderate

- Ragy
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PARLE III

MILES OF FREE CLIMB AHD DESCENT ON NAJOR ROUTES WITHIR
100 MILES OF LOS ANGELES INTRRHATIONAL AIRPORT

Route Pregent System Proposed System
(miles) (miles)

Arrival

North Coastal 0 100
Horth Valley 0 Lo
Northeasat 25 T0
Bsat 0 100
South 50 50
North Coastal 60 100
Korth Valley 0 70
Northeast 20 80
Eeat Q 100
South T5 100
Total 230 810

TABLE IV

titude M3L Cruige Holding

Teet) - (FAS-Enots) (TAS-Knots)
20,000 or above k50 315
18,000 340
15,000 330 290
10,000 305 270
6,000 245
5,000 260 220
k,000 200
3,000 190
2,000 160

Descent Rate; 3,000 feet per minute, reduced slowly
to 500 fpm belowv altitude of 6,000 feet.
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TABLE V
OPTIMUM AIRCRAFT SPACING LOS ANGELES INTERRATIONAL IS

5 Milea from Aireraft Sequence Outer Marker
Outer Marker Separation
Ro. 1 No. 2 (miles)
6.6 s | 5.1
T.5 3 r 5.5
10.0 s J 6.6
3.6 M s 3.1
5.7 M E 4.5
7.8 M J 5.8
3.0 ¥ s 3.0
3.h r X 3.5
7.0 r J 5.2
1.7 -2.9¥M-3.07 J SHF 3.0
5.0 Same Type
Alrcraft Category Approximate Approach Speed
(mph) (knots)
Slow 120 104
Medium 140 - 122
Fost 150 130
Jet 180 156

GERE®N
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TABLE VI

LOCATION IDENTIFIRRS USED ON SIMULATION MAFS

Albacore

Baldwin
Bal%flower
Bonita
Broome
?arntow
Burbank
Cataldnala
Camariilo
Cucaﬁonga

Cenoga Park

Nevberry

Carp

Costa Mesa
Corons
povina
Cuyana
Daggett
Dieblo

bolphin

5 EKEEEEEFEABREERR g A2 yannmy s

DOW

Downey

~Henderaon

Edwards A.Y.B.
Rel

Rl Monte
Fellows
Fillmore
Flounder
Fontana
Pacoima
@uir
Gorman
Helendale
Bawkins
chtor
Hermose
Harvey
Kingfish
Los Angeles
Las Cruces
Long Beach
Lake Hughe¢s
Ling
Lucerne
Shoreline

Maywood

Morrow

Bt R eSS F§SsadIieenepEgRIgegg g

Hines
Oxnard
Oceangide
Ontario
Bullion
Perch
Phelan
Pacifie
Palmdale
Reyes
Santse Barbera
Soledad
San Pedro
Xeareg
Point Dume
Ventura
Val Verde
Victory
Vhite Fish
Hbodlaﬁd Hills
Woolston
Wright
White Oaks
Pinos
Berry

Saugug
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FIG. 8 SIMULATION ABRANGEMENT OF LOS ANGELES APPROACH CONTROL



FIG. 9 SIMULATION ARRANGEMENT OF LOS ANGELES AIR ROUTE CENTER




FIG. 10 CLOSE VIEW OF LOS ANGELES CENTER SPANRAD DISPLAY
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