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DYNAMIC SIMOLATION TESTS
OF SEVERAL AIR TRAFFIC CONTROL SYSTEMS
FOR THE KARNSAS CITY AREA

SUMMARY

This report describes a study of various proposed air traffic
control procedures and en route layouts for the Kamsas City area, in prepa-
ration for am anticipeted increase in IFR traffic and the full operation of
the Mid-Continent Internationel Airport. These studies were conducted
through the use of the dymamic air traffic conmtrol simlstor at the
Teclnical Development Center, Indianapolis, Ind.

Teste indicated that the present system carmot accommodate a
large increase of traffic at Mid-Continent Intermatiomal Airport. Modifi-
cations to the feeding systems and the departwre routes produced a much
more efficient laycut. An approach proceduare tested for morth landings at
Kansas City Municipal Airport functioned setisfactorily, and produced a
decided increage in traffic capacity over the circling approach procedure
presently used for north landings.

Fumerous changes in the rgute structure provided the Qlathe radar
fecility with segregated departure and arrival routes for Forbes, Olathe,
and Grandview. Predetermined departure routes reduced coordination between
arrival and departure controllers, and reduced controller workload further
by allowing pilote to take over most of the respomeibility for mavigating
their alrcraft to the exit polmts..

Testr of a common IFR room for the Kansgas City-Olathe area
eff'ected large reductions in coordination time, and alsv improved the
utilization of available airspace.

INTRODUCTION

6 In May 1958, the CAA Office of Alr Traffie Comtrol requested the
Technical Development Center (TDC) to conduct a study of possible improve-
ments to the air traffic control (ATC) system in the Kansas Ciiy area. In
Decenmber 1958, TDC representstives spent four days observing traffic oper-
ations at the Kansas City Air Route Traffic Contrel (ARTC®) Center, Tower,
and the Olathe RAPCON to gather background material for this study. Dis-
cussions with the local ATC and Third Regional office perscmnnel indicated
that several of the problems could be solved lecally without recourse to
the TDC dynamic ATC simulstor. It was decided that the following
Principal problem areas were to be considered in the simmletion tests:

l. The Kansas City terminal area soon will be complicated by a
oonsiderable increase of activity at Intermatiomal (¥id-Continent
International Airport).
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2, Militery Jet traffic generated in the Olathe area creastes an
unwieldy coordination problem between the Center and the RAPCON, and within
the confines of the RAPCON itself

3. The ccnvergence of over-traffic in the Kansas City terminal area
creates a difficult problem for the Center in descending errivales, in
¢limbing departures, and in separating terminel traffic and over-traffic

4. The lack of an instrument approach to land north st Municipal
(Kansas City Municipal Airport) requires the use of & very inefficient
circling approach under certaln wipd conditions

Objectives.
The followlng objectives for the simulation were established-

l. Provide improved arrival and departure routes to serve either
Municipal slone, or both Municipal and International when the volume of
traffic inerempes substantially at the new airport. Locate sultable ter-
minal area feeder fixes to serve each airport as independently as possible.

2. Develop procedures within the Olathe RAPCON which wowld.

a. BSegregate operations of Forbes, Olathe, and Grandview to such
& degree that intrafacility coordination would be minimized.

b. Develop sultable departure routes, bagsed on navigational
facilities, which would minimize radar vectoring by the
departure controllers.

¢. Channel arriving Jet sircraft over fixes that would serve
best the airport of intended landing, and at altitudes thsat
would not conflict with the Jet deperture procedures.

3. Devise an sirway structure as compatible as possible with existing
traffic flow, yet designed to bypass most of the over-traffic around the
terminal are=z.

4. Using present safety criteria, establish instrument approach
procedures for north approaches to Muniecipal, and for both north and south
approaches to Intermational.

5. Study the operation of & common IFR room in which the functions of
the ARTC Center, the Olathe RAPCON, and Kansas City Tower IFR control
positions would be incorporated.

Ground Rules

At 2 meeting with Third Regiomal office perscnnel on December 19,
1958, it was decided that the simulation tests should be based on the
following essumptions-
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1. The area simulated would include the airspace within a radius of
80 nautical miles of the Kansas City VOR.

2. Adequate air/ground commnicetions will exist between control
facilities end sll IFR flights within the area simulated.

3 Adequate rader or radar/beacon coverage will exist throughout
this area.

L. Civil Jets will operate at Municipal and Intermational Airports.

5. The future airway structure will be based entirely on VHF
nevigational aids.

© Anticipating a probable change, the holding airspace area defined
in TSO N20A will be increased in width by 50 per cent for all altitudes
below 20,000 feet, as shown in Fig. 1.

T. Civil jJets will be controlled in e conventional manner, except
that any extended delay willl be absorbed at high eltitudes when possible.

8. A large percentage of the over=-traffic will be rerouted to bypass
the Kansas City terminal ares.

Simulation tests commenced on January 12 and were concluded on
February 6, 1959. A total of 34 runs were mede in which approximstely
6,000 aircraft flights were similated. Time limitations prevented the
etudy of a system of an improved ajrwasy structure utilizing aress now
delegated to the 0lathe and Whiteman RAPCON's.

EVALUATION METHODS

Aircraft delays, arrival rates, and commmications data were
recorded during each run of the simlation. However, due t¢ the msny un-
controllable variasbles in a simmlation study of this magnitude, it was not
always possible to accomplish a sufficlent nurber of runs to secure statis-
tically valid resulta. The controllers from Kensag City Tower and Olathe
RAPCON were experienced in the use of radar However, the controllers from
the Kansas City ARTC Center had received little or no training previcusly in
radar vectoring or procedures, sc¢ that the test results were affected
ennslderebly by the learning factor.

A questionnaire was completed by each controller after each run
that was concerned with & chenge in route structure or procedures At the
conclusion of the simulation study, a meeting was held at which a tape re~
cording was made of all the opinions expressed by the controllers who par-
ticipated in the program. The opinions and recommendations were relied upon
to a lerge degree in the evaluation of the tests.



Traffic Samples.

Semple 1, which was used in connection with System A, was based
on an actual peak traffic condition whieh occurred in the Kansas City control
area between the hours of 2000 and 2200 GMT on September 23, 1958. To create
the desired traffic density for these tests, the traffic between these hours
was compressed into a 1 1/2-hour sample. Additional traffie then wes in-
Jected to build up the desired arrival and deperture rates for the alrports
concerned. This resulted in & sample containing 204 flights, distributed
as follows:

Alrport Arrlvals Departures
Municipal Lo 38
Forbes 22 16
Grandview 16 19
Olathe 15 17
Phillip Billard 2 3
International 5 1]

11 Overflights

Sample 2, used in tests of Systems B and C, was deslgned to
similate future traffic conditions in the Kensas City terminal area. This
required an ilncrease in the number of operations at International, so that
approximately 75 per cent of the operations at Intermational and 25 per
cent of the operations at Municipal would be jet-type. Thie 1 1/2-hour
sample contained 206 flights, distributed as followa:

Airport Arrivals Departures
Municipal 32 33
Forbes 19 21
Grandview 15 15
Olathe 15 14
Phillip Billard 1 3
International 20 18

No Overflights

As a result of the developméent of new Jet procedures for the
0Olathe RAPCON, the need was felt for a high-sltitude simulation study. This
study was designed to determine if the ARTC could adapt its high-altitude
operation to handle jet alrcraft departing the Olethe aree at "straight"
altitudes; that is, 24,000, 25,000, 26,000, and 27,000 feet, and blend this
traffic with the existing high=-altitude traffic.

In order to simmlate this type of traffic situation, e high=-
altitude sample was devised for use in conjunction with the present Jet
route structure. This l-hour sample comtained 85 flights, distributed as
follows



Airport Arrivals Departures
Forbes 9 21
Grandview 8 19
Olathe 3 13

12 Overflights

In the high-altitude sample, all overflights were at assigned
altitudes other than VFR conditions on top. Approximately 67 per cent of
&)1l the departures and 60 per cent of all arrivals requested, or were as-
signed, an altitude of VFR corditions on top. Tops were defined as being
315,000 feet. The location identifiers used in this samalstion study are
iisted ip Teble I.

Equirment.

Kansas City approach control utilized three simmlated airport
surveillance radar {ASR)} scopes, as shown in Figs 2 and 3. Olathe RAPCON
wtilized four simulated slant scopes, scan~conversionetype displays {CONRAC ),
as shown in Figs. 4 and 5 The Kansas City ARTC Center used two superimpossd
paroramic redar displays (SPANRAD), as shown in Pigs. 6 and 7. During the
commonn IFR room tests, the ARTC, approach control, and Olathe RAPCON all
ut1iized SPANRAD's, s shown in Figs. 8 and 9.

Interphone lines were provided for commnicetione between the
tnree facilities. Radioc channels were available and assigned as needed tc
the positions of control. Flight progress boards for tebular dieplay were
Purnished

For approach spacing cperations, curved reference lines at 3, 5,
gad 7 miles radius from the outer markers were marked on the radar maps.
Spacing charts, as shown in Fig. 10, were used as an ald to establish
optimom separation between arrivals

KANSAS CITY TERMINAL AREA TESTS

Gereral.

Tests of the Kansas City terminal ares procedures were accomplisoed
simgltaneocusly with the tests of the ARTC Center and 0lathe RAPCON procedurss
Une obJective of this program was to determine the optimum locetion and mum-
ber of clearance limits. Whenever possible, unrestricted arrival end depar-
ture routes were provided. Due to the close proximity of Municipal and
International Airports, arrivals and departures for both airports were con-
trolied by the same facility. An approach from the southwest with a 27°
turn to runway 36 at Municipal was provided during the gimulation This
allowed a more compatible system for Municipal and Internmational.

The geographicel relationship of Municipal and International
Airports requires that several of the arrival and departure routes for each
airport cross. When these crossings were accomplished by approach control,
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two methods of comtrolling arrivals and departures were evaluated. The
first method divided responsibilities by ailrports. Both arrival control-
lers vectored from ldentical fixes. One controller vectored to Municipal
snd the other to Intermational. Departures were divided in a similar man-
ner. This method required coordination between the respective comtrollers
whenever crossings were lnvolved. The second method divided the resgponsi-
bility by direction, eest and west. Each arrival controller was assigned
separate feeder fixes. Both controllers vectored to Municipal and Inter=-
national. Departures also were divided by directior. Weei and northwest~-
bound departures were controlled by one controller; all south, east, and
northeastbound departures were handled by the other controller.

Controller opinion favored arrivels being divided by airports.
This wes based on the fact that it was easler to vector to only one final
approach course. Due to the number of altitudes avallable, departures
were controlled more effectively and easily when the responsibility was
divided east and weet. This method required less coordination and enabled
the controlier to devote more time to a smaller area.

Procedures for each system required that all arrivals maintain an
altitude of at least 5,000 feet until clear of all departure routes. De-
partures, when neceasary, were restricted to 4,000 feet or below until
clear of the arrival routes. When separstion from arrivale was assured,
departures were changed to Center control upon completion of a radar
handoff.

For north operations at Municipal, delays were reduced
substantially when utilizing the approach from the sounthwest as compared
to approaching from the north and ¢ireling to land. These data are
illustrated in Fig. 11.

System A.
Procedures.

Bystem A 18 the present system as shown im Figs. 12, 13, and 1k.
For comparative purposes, & small amount of traffic was simmlated tco and
from International. Approach control controlled altitudes of 4,000 feet
and below at all feeder fixes with the exception of Blue Bprings, at which
altitudes of 7,000 feet and below were utilized. This was due to the fact
that Olathe RAPCON controlled Kansas City arrivals to the Blue Springs VOR
from the south, and southbound departures were changed to Olathe-OGrandview
departure control prior to entering the Olathe area,

Regults.

The present feeder fixes are located to serve the cnly
instrument approach system provided at Munieipal, which is for south land-
ings. A north operation requires arrivals to¢ approach from this direction
and, when contact, to circle and land. FExcessive delays therefore are in-
curred by both departures and arrivals. Arrivals to International from the
east create ope or more crossing and possible confliction pointa with
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arrivals to Municipal. Due to the above, this system is incompatible with
IFR operations et Intermational and will nct be able to supply the traffic
demand of each alrport.

If the standard holding airspace 1s increased, as shown In Fig. 1,
the location of Kearney and Missouri City ae feeder fixes will not meet the
criteria for simultaneous holding at common eltitudes.

System B.
Procedures.

This system is illustrated in Figs. 15, 16, and 17. The number
of feeder filxes was reduced from the present system, end the altitudes at
Blue Springs controlled by approach control were reduced to 5,000 feet and
below. During this phase, traffic tc and from International was increased.

Regults.

System B eliminated several of the eroseing points; however, a
completely independent arrival system for each airport could not be pro-
vided with the route structure and location of the feeder fixes serving
this system.

System C.
Procedures.

This system is illustrated ir Figs. 18, 19, and 20. System C
evolved from findings of Systems A and B, end requlred the addition of a
new VOR at Trimble It elsc was necessary to realign apd reverse the flows
of traffic on Victor 10 and Victor 116 Airwasys. This allowed the ARTC
Center to accomplish all necessary crossings outside of the terminal, and
provided approach control with independent arrival systems for Municipal
and International Airports.

To achleve the desired segregation and meshing farther out, the
traffic flow between Chicago and Kansas City was reversed. Depertures now
proceeded via Viector 10. Arrivals for Intermatiomal were routed via
Victor 116. Municipal arrivals were routed via Victor 116 to the Macon
VOR, thence via Victor 206 to the Lexington Intersection and Victor U4 to
Missouri City. Traffic from the east via 8t. Louls destimed for Inter-
national proceeded from St. Louls directly to the Macon VOR, where it
meshed with the Victor 116 treffic.

Results.

The tests indicated that this system, if implemented in the near
future, would serve present needs efficiently. During the interim period,
the reversing of the traffic on Victor 10 and Vietor 116 would not be nec=-
essary. A gradual changeover to System C could be accomplished when the
number of operations at International increases to a point where erossings
in the terminal area no longer are feasible.
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OLATHE RAPCON TESTS

Geperal.

The major problems in the Olathe RAPCON areas are created by the
large number of turbojet aircraft operating from Forbes Air Force Base (AFB),
Olethe Naval Air Station (NAS), end Grandview {Richards~Gebaur) AFB, and
their relationship to the heavy flow of intermediete and high=-altitude
traffic operating in the ARTC area.

Four control positions were established as shown in Fig. 5. These
included an Olethe-Grendview departure controller, an Olathe-Grandview ar-
rival contrcller, a Forbes-Fhillip Billard departure controller, and a
Forbes=Phillip Billard arrival controller. An extension of the present
Olathe area Ro. 1, to include all of the area northwest of & line drawn
from the southwest cormer to the northeast cormer of caution erea 198, was
asgumed for the entire test pericd. At Olathe esnd Grepdview, approaches
were made only from the south. When landings to the south were necessary,
it was assumed that the respective GCA units would vector the aircraft from
the approach lapne to landing. Low-gltitude control between Phillip Billard
and the Kansas City Airports was exercised on am approval request besis for
each flight.

System A.
Procedures.

These tests were made to determine the ability of the present
system to absorb the increased traffic demand imposed by Sample 1. Olathe
areas Nos. 1 and 2 are shown in Fig. 21. As in the present system, Olathe
RAPCON controlled all sltitudes within these areas as well as 4,000 feet
and below in the Topeka srea. Jet arrivals were fed by the ARTC Center to
Emporia, Butler, or St. Joseph VOR's, or the Chamutie, Forbes, or Kansas
City low-frequency (ILF) ranges, usually at cruising altitudes. Propeller-
driven {prop)} arrivals were fed to Topeka VOR, Butler VOR, Chanute LF
range. Forbes LF range, Maple Hill Intersection at 5,000 feet and above,
and to Bonner Springe at 6,000 feet and above Props from the east landing
at Grandview or Olathe were cleared to Blue Springs at 8,000 feet and
above. From these fixes, the arrival controller normally vectored the
aireraft to the appropriate final approach course.

Although on-course coded departure routes are 1n existence, the
ARTC Center normally requires aircraft to elimb to cruising altitude be-
fore leaving the Olathe RAPCON areas. Departures were vectored within the
Olathe areas to cruising altitude before being released to the ARTC Center.
Coordination was effected between facilities when over-traffic proceeded
through the Olathe areas. Five test runs were made, totaling 8 hours
35 miputes.

It became apparent during initial test runs that the present
procedure of heving the Olathe departure controllers vector departures
around the area until they reached cruising altitudes creeted & serious
coordinetion problem. Traffic patterns were complicated further by the
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large number of arrival fixes being fed by the ARTC Center. This created
mtnal interference between the departure and arrival patterms for all
three major airports in the Qlathe ares.

The meny crossing points required the comtroller to coordirate,
or at least give his special attention to the situation. This coordination
created a progressive time loss which was reflected throughout the system,
since any excessive vectoring or lengthy attention which the comtreller has
to give an aircraft reduces the time which he has available for monitoring
the over-all traffic picture or for adjusting the spacing between aircraft
under hisg control

The proximity of Vietor 10 and Vietor 12 Airways to the Forbes
approach and departure paths caused some difficulties in that departing
aireraft were forced to tunnel out at low altitudes uptil reaching ereca
No. 1 or area No. 2. Arrivals also were forced to leave these sreas at low
altitudes and tumnel approximately 30 miles to the airport.

Because of freguent potential conflictions between Forbes-Olathe
traffic and Amber 4 traffic, it was decided that Amber %4 should be
eliminated and the traffic rerouted via Victor 161.

Traffic flying that portion of Victor 13 and Victor 71 Alrweys
between the Kansas City and Butler VOR's restricted alreraft arriving end
departing Grandview and Olsthe NAS to a very great degree. That segment of
the airway was deleted and traffic was rerouted via Victor 161. Even though
it appeared desireble for Grandview and Municipal to operate in the same
direction, definite overieps in flight paths pointed to the need for well-
defined altitude restrictions in the area morth of Grandview.

System B.
Procedures.

To simplify the coordination and rader vectoring workload, Olethe
area Wo. 1 was subdivided into a number of smaller areas, as shown in
Fig. 22, to accommcdate a number of segregated arrival and departure routes.
These routes were set up sc thet the pilots could perfeorm most of thelr own
navigation, with very little assistance by the radar controller Following
is & 1i8t of the subdivided aress.

Aree A: Used to provide transition routes for the Qlathe-
Grandview arrivals coming from the north and northeast. These flights
were restricted to 6,000 feet and above until reaching area C. Departures
were restricted to 5,000 feet and below until reaching the climb areas.

Area B: Controlled by the (Olathe-Grandview departure controller,
and used for departures climbing out to Butler or Blue Springs, and over=-
traffic on Victor 161 and Victor 205W.

Area C: A descent area for traffic landing at Olathe or
Grandviev.
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Area D- Southwest departure route for Olathe traffic and some
Grandview traffic. Traffic was restricted to 14,000 feet and below until
reaching area E.

Areas E and G Extension of the southwest departure route.
Choice of routes over Emporla or Butler wes available. This area was
regtricted to altitudes of 27,000 feet or below.

Area F: This ares was used by traffic to and from Forbes. When
Forbes was operating morthwest, arrivals utilized this aree and maintained
en altitude of 15,000 feet snd above until clear of area D. When operating
southeast, area F was used for departures. They were regulred to enter
area D at 15,000 feet or sbove.

Five VOR's were used as feeder fixes for Jet arrivals. These
were Chanute, Butler, Blue Springs, Topeka, and 5t. Jogeph. Feeding alti-
tudes were 28,000 feet and sbove. Prop arrivals were fed to the Blue
Springs, Butler, and Topeka VOR's, as well as the Maple Hill and Benner
Springs Intersections Altitudes for all but Blue Springs were 5,000 feet
and sbove. Blue Springs was fed at 7,000 feet and above. The upper limit
of the Olathe arees was determined by the highest sltitude the ARTC Center
fed gbove 27,000 feet. Jet departure procedures were designed to follow
specific routes and gltitude restrictions to the exit fixes, glving the
controller more time to concentrate on separation and expediting other traf-
fic. With the aid of operatlions representatives from Forbes, routes were
designed to make maximum use of aircraft performance capaebilities, thereby
reducing the time the aircraft remained within the Olathe erea. Throughout
most test runes these jet aircraft were cleared to leave the Olathe areas at
2k,000 or 25,000 feet. However, high-altitude test runs indiceted that &
blocked altitude system was necessary to prevent conflietions from oe-
curring within the ARTC area between jet departures leaving the Olathe
areas from different fixes. Departing jets then were given clearances at
24,000, 25,000, 26,000, or 27,000 feet, depending on the exit fix. That
portion of Viector 10 and Vietor 12 between Bonner Springs and Emporie wes
relocated to extend from Bonner Springs to the recommended Pomona VOR
(located at the Forbes southeast outer marker site) to Emporia VCR.

Resulits.

Within area No. 1, System B had three less major crossing poiats
snd three less convergence peints than System A. By limiting the number of
feeder fixes, and designating segregated routes for arrivals and departures,
an immediate reduction in coordination was moted. The controllers ocutlined
their respective areas on the face of the television screen and were sble to
keep their traffic within these defined areas.

All controllers agreed that the predetermined jet routes
eliminated excessive vectoring and orbital climbs, thereby reducing the
workload. Realignment of Victor 10 and Victor 12 provided more room for
depertures turning out of 0Olathe NAS. Also, 1t eliminated the climb
restriction to Jets departing Forbes. No apprecieble lncreases in
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workload or delay times were noted when the landing direction was changed.
Qlathe RAPCON departure delay data, System A as compared to System B, are
illustrated in Fig. 23.

System C.
As far as Olathe was concerned, no change: from the System B
procedures wae necessary when System C was tested.

EN ROUTE TESTS

General.

Limitations of the TDC dynamic ATC similator confined the
simulated rader coverage area to a radius of 80 nautical miles from the
Kanses City VOR. The ARTC area was split geographically into two sectionms,
east and west, with the boundary line running north and south of the
Kansas City VOR. Each section was divided into two sectors. Each sector
wes staffed with a team composed of a radio/radar contreoller, an ARC manual
controller, and an assistant controller. Two coordinators were asBigned
for llaison between the sections and sectors.

The radar arrival controllers identified and tracked all IFR
overflights in addition to terminating traffic. Their assoclated manual
controllers kept them informed es to altitude avellability at the approach
control fixes. They also advised as to what altitude the arrivals could be
descended without radar separation. In addition, they msintained current
rostinge on the flight progress boards.

All flights departing from either Intermational or Municipal
Airports were assigned a short-range clearance limit and altitude by the
eppropriate ARTC menual controller. Common preferential departure routes
were used for both International and Municipal. Radar handoffs on all de-
partures were made by the Kansas City approach control facility to the
appropriate ARTC radar departure controller.

Departures lesving the Olathe RAPCON area to enter the ARTC area
were handled in several different ways, depending on the system being
tested. Detalled information om the departure procedures is contained in
the Olathe BAPCON section of this report.

System A.

Tests of System A, which is shown in Fig. 24, provided redar and
procedural training for the ARTC personnel, and also provided a basis for
comparetive measurements of succeeding systems.

System A was based on existing eirwaye, navigational facilities,
and preferential routes, modified as follows,

1. Vietor 13 and Victor 7T1E, between the Butler and Kensas City
VYOR'a, were abrogated to give the Grandview and Olathe Airports more
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traffic-free area for arrival and departure traffic and to provide a
greater degree of segregation between militaery Jjet and civil traffie.

2. Victor 45 was extended from the Admire Intersection to the Pomona
Intersection and deleted from the Admire Intersection to the Topeka VOR to
give the ARTC Center a one=way airway for westbound departure traffic.

3. The preferential route for westbound treffic departing
International or Municipal was changed to Victor 10 to the Pomona Inter-
section, thence via Victor 4S. The inbound preferentisl route from the west
for Internatiocnal or Municipel was via Victor 4, Topeka VOR, Victor LN.

Results.

With gocd redio and radar coverage, the ARTC Center encountered no
major problems and had little difficulty in controlling its traffic. The
System A route structure appeared adequate to serve the needs of Munlcipal
and Olathe even with an increased amcunt of traffie provided, however, that
traffic at International did not increase.

System B.
This system is 1llustrated in Fig. 25. Existing alrways,
navigational facilities, and preferential routes were chenged as follows

1. Victor 13 vas realigned to lie due north of the Kensas City VOR in
line with & proposed VOR site located approximately 30 miles due west of the
Lamonn VOR. Victor 13E from the Kansas City VOR to the Lamoni VOR, Victor
15E from the St Joseph VOR to the Lathrop Intersection, and Victor 15 and
Victor 205 from the St. Joseph VOR to the Kemsas City VOR, were deleted
The realignment of Victor 13, and the deletion of the airways as outlined
above, provided & three-airway syster to serve the Kansas City terminal ares
and the ailrports in the north section of the ARTC Center control area

2. Victor 206 from Kirksville to Blue Springs was not used because
Victor 10 was able to handle the departure traffic.

3 Victor 13 and Victor 71l were deleted from Kansas City to Butler.
Traffic normelly flying this route wes rerouted via Victor 161. This gave
the Grandview and Olathe Alrports more room for vectoring arrivels and de-
partures, and provided more separation between military and ecivil traffic

k. Green 4 and Amber 4 were deleted because all the route structure
wes based on VOR navigastion

5. Victor 10 and Victor 12 were realigned from the Bonner Springs
Intersection to a proposed Pomona VOR. The simulation site selected for
this new VOR was at the Forbes AFB ILS ocuter marker. This realignment gave
the Forbes AFB more traffic-free area for arrivals and departures.

6. Vietor 77 was realigned to the 191° magnetic radial of the
St Joseph VOR to provide greater segretation between the Topeka VOR
teardrop penetration to Forbes and en route traffic on Vietor 77.
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In revamping the route system, every effort was made to conform as
closely as possible to the interim criteria for VOR route structure. The
System B route structure was tested with Traffic Sample 2 to simulate the
forecasted increase of traffic activity at Internmational.

Jet aircraft arriving at or departing from airports within the

Olathe RAPCON areas were cleared in accordance with the progedures devedoped
during the first phase of this simmlation. These procedures are ocutlined in
detail in the Olathe RAPCON section of this report. In the Syetem B tests,
the ARTC sector arrangement was changed by positioning all the controllers
concerned with arrivals around one SPANRAD and adding another radar control-
ler to aid in the control of the traffic arriving from the east. All con-
trollers concerned with the departing traffic were positioned around another
SPARRAD .

Results.

The sector configuration worked satisfactorily because the route
structure and procedures for departing traffic required little or no co-
ordination between the arrival and departure controllers  Furthermore,
this arrangement facilitated feeding operations at all the approach control
fixes.

The first mejor ARTC problem encountered in this phase of the
simlation study wae the convergence of traffic at the Miegsouri City Inter-
section, which wasg the ultimate clearance limit for &ll Vietor 116 snd
Vietor 4 traffic from the east destined for either Mumicipal or International.
The congestion of traffic at Missouri City pointed out the immediate need for
an additional feeder fix on the east side.

The Trimble VOR gppeared eatisfactory as & clearance limit for
flights destined for Intermational if the landing direction at Internmaticmnal
were south. If the landing direction changed to north, the ARTC Center
would clear these flights to the Lansing Intersection.

The second mejor problem that evolved from this phase of
simiiation was the difficulty experienced by the ARTC Center in attempting
to crossfeed traffic from the Missourl City Intersection to elther the
Trimble VOR or Lansing Intersection This crossfeeding was accomplished
for flights destined to land at Intermatiomal

In all tests when ARTC was performing the fumction of crossfeeding
in the terminal area, the arrival controllers' workloaed increased
substantially and coordination between controllers was approximately doubled.

System C.

Thie system is illustrated in Fig. 26. The preceding phases of
simlation pointed out the obvious need for separate arrival routes from the
east t0 serve Municipal and Internetional. System C was based on the con-
cept that the process of segregating these fllights could be accomplished
best outslde the terminal transition area, that 1s, 100 miles away from the
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destination airport. Meshing of these same flights converging at & common
point from different routes would be done in the perimeter control sectors
where the controllers were concerned solely with en route traffic and not
burdened with the complex problem of terminal traffic. After the segre-
gation and meshing control functions were effected, the radar arrival con-
trollers would be concerned only with getting their treffic down to the
desired altitude at the approach control feeder fixes. Consequently, the
controller workload per flight would become more evenly distributed in the
ARTC Center, the end result being more efficient operation.

Results.

This system design relieved the ARTC Center of the necessity for
ehuttling arrivals arcund in the Kemsas City terminal area in order to get
these flights to the primary feeder fixes for the individusl eirporte.
Because of this independent route structure, the radar arrival controllers
were able to operate independently, reducing coordination and controller
workload substantially. ILittle or no delays were registered at the feeder
fixes at the traffic densities encountered ln Sample 2.

The major disedvantages disclosed by this similation study were:

1l VWhen the direction of takeoff at Intermational and Municipal was
to the north and a departure desired to proceed east via Victor 12, under
peak traffic conditions it became necessary to restrict the departure to
an altitude of 4,000 feet or below until clear of the holding treffic at
the Blue Springs VOR.

2. When the direction of takeoff was to the socuth, departures
desiring to proceed northeast via Victor 10 were restricted to 4,000 feet
or below until clear of the errival traffic on Victor 116.

The only apparent solution to the problem outlined in item 1,
above, was to change the preferentisl departure route from Victor 12 to
Victor 4 Such a change appeared undesirable for the following reasons.

a. The reversal of the traffic flow on Victor 4 and Vietor 12
would be contrary to the existing traffic flow on these
two mairways in the adjecent 3t. Louis ARTC Center control
area and beyond

b. If such a traffic reversal were accomplished, the arrival
flights would accrue the penalty formerly borne by the
departures.

A great deal of thought was given to the problem outlined in
item 2, above By reversing the traffic flow and making Victor 116 the
preferential departure route for northeastbound traffic, s reduction of
approximately 10 miles of tunmeling could be achieved. BHowever, the value
gained by this reduction would be offset by the crossing of this departure
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route with an arrival route within 30 miles of the terminal area. This
crossing point would impose an additionsl climb restriction on the
departing aircraft.

Subsequent to the simulation tests and before preparation of this
report, TDC personnel made additional map etudies, searching for a way to
reduce the tunneling distance for east and northeastbound departures on
both Victor 10 and Victor 4. Attention was centered on the proposed
location of a VOR in the vicinity of the town of Trimble, Mo. A VOR is
necegsary because of the digtance between the Topeka and Kirksville VOR's.
The suggested Trimble VOR site is deplcted in Pig. 26. This location was
selected because it would provide the necessary separation from the holding
airspace at the Missouri City Intersection and serve as an excellent
approach control feeder fix for either International or Mumicipal.

Realigning Victor 161 from the proposed Jameson YOR to the
Trimble VOR, thence to the Blue Springs VOR, would provide the following
minor advantages:

l. The tunneling distance for east and northeastbound departures
18 reduced.

2. The descent distance for the eapt and northeast arrival traffic
13 increased.

3. A north-south route 1s provided for over-traffic thet does not
cross the major departure and arrivel routes.

COMMON IFR ROOM TESTS

In this phase, the IFR functions of the Olathe RAPCON, Kansas
City epproach control, and the Kansas City ARTC Center were combined in a
single feclility. Two additiomal SPANRAD's were added to the Center to
acccmmodate thie function. Equipment and persomnel were arranged as shown
in Figs. 8 and 9. This layout permitted direct verbal commmnicetion
between the various controllers, or through coordipators. The common IFR
room concept was tested with Systems B end C, using Trafflic Sample 2, in
15 runs totaling about 20 hours of operation.

Repults.

The common IFR room permitted total discontimuance of
interphones for coordinsation between controllers of the three agencies in-
volved. All coordination was hendled directly from controller te coatrol-
ler, or through the use of a coordinator. Identified redar targets were
handed off from sector to sector by removing the target marker from the
SPANRAD poeitiopn relinquishing control and superimposing the marker on the
approprlate radar target shown on the SPAMRAD peslitior assuming control of
the flight. The net result was a large reduction in coordination time
end coentroller workload. Because of the ease with which speeisl arrange-
ments could be coordinated, the utilization of the available alirspace was
increased substantislly.
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Although time limtations precluded a complete study of this
factor, the simlation tests indicated that the reasrrangement of control
sectors in & common IFR room layout, t¢ place each controller in the most
effective spot in relation to the other controllers, could increase the
capabllities of the common IFR room further For exemple, the grouping of
all departure controllers might reduce the amount of coordination required.
Further study of this factor would be desirable.

HIGH-ALTITUDE TESTS

The cblective of thns phase was to study the effect of the
propeosed Olathe jet deperture procedures on the ARTC Center. This test was
conducted using the high-altitude traffic sample, end the Jet route
structure, which is shown in Fig. 27.

Results.
PTests indicated that with a high top condition, that is, above

35,000 feet, the entry of 0Qlathe jet traffic into the ARTC area et altitudes
of 24,000 or 25,000 feet would be difficult but workable. Unquestionably,
1%t would introduce additional controller workload to teke Jet departures at
24,000 and climb these flights to their requested altitudes. However, it
appeared that the over=-all gein achieved by giving the military segment of
the flying public better service cutweighs the additionel controller
vorkload factor

The need was evidenced for an extensico of the coded Jet departure
routes beyond the exit fixes described in the Olathe jet-procedures section.
Such an extension should be planned with the idea of keeping the flights pro-
ceeding &8s closely on course as possible, but away from heevily traveled Jet
airways. This would enable the high=-altitude controllers t¢ base thelr pre-
Plenning on & longer predetermined route of flight which, in turn, would
facilitate getting flights to the desired altitude before Joining the flow
of traffic on the established Jet airways.

Another advantage gained by the ARTC Center In this syetem is the
sharp reduction ir coordination between the high~ and low-altitude sectors.
Jet aircraft would leave or enter the Olathe asrea at an altitude within the
Jurisdiction of the high-altitude sectors. Coordination with low=altitude
sectors seldom would be necessary

To implement these high-altitude procedures effectively, the ARTC
Center representetives felt that thelr present high-altitude sector arrange-
ment would have to be changed. In the existing sector configuration, certain
high-altitude sectors sre interspersed among assoclated low-altitude sectore
to ease coordination between these areas of control. Generally, this inter-
spersion 1s done in areas where a considersble amount of military traffic is
being generated By eliminating coordination between high- and low=-altitude
sectors, intersperslion becomes unnecessary, permitting the high-altitude
sectors to be grouped together. Consclidating all control sectors concerned
with high-altitude traffic reestabllishes the contimuity in control desired
for high~-speed traffic
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CONCLUSIONS

It is concluded that.

1. The existing airway structure ia incempatible with an increased
traffic volume for the International Airport. System C would serve effi-
ciently either Municipal Airport alone or together with Internmationsl
Alrport under peak traffic conditions.

2. An increase in International Airport traffic, or in the size of
the standard holding airspace, would require the relocation of some of the
present feeder fixes

3. A safer and more efficient operation can be obtained by making
one approach control facility responsible for both Municipal and
Internationsl Airports

L  Until the present volume of traffic increases st the International
Airport, approach control can crossfeed arrivels to both airports effi-
ciently When the traffic volume increases, the crossing and segregation
of traffic can be accomplished best by the ARTC Center outside of the
terminal transition area

5. The addition of an instrument approach system from the south
increeses the traffic cepabilities of Municipal Airport.

6 The present location of that portion of Victor 10 and Victor 12
Airvays between Bonner Springs end Fmporia, and Green 4 between Kensas
City and Wichita, restricts Forbes AFB departures and arrivels
unnecessarily

7. Over=traffic on that portion of Viector 13 and Victor 71 Airwsys
between Butler end Kansas City restricts Grandview Airpert arrivals and
departures and puts civil traffic too elose to military Jets.

8 Several problems are created by the remaining low-frequency
airways. Over-traffic on Amber 4 in Olathe aree No. 1 creates a hazard
with the military terminal traffic. Because Green 4, east of Kamsas City,
lies about midway between Victor 4 and Victor 12, yet dces not have com=-
Plete separation from either of these two airways, needless control
problems are created

9 The procedures developed and tested for the control of Jet traffic
in the Olathe RAPCON area are beneficial to both contreol and pilot personmel
alike.

10. The common IFR room concept appears to be highly suitable for all
three Kansas City facilities simulated.
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RECOMMENDATTONS
It 1s recommended that-

l. An instrument approach system from the south be provided for
Municipel Airport.

2. The responsibility for the control of IFR traffic at Municipal and
International Airports be combined in a single facility.

3. Procedures of the type developed for the control of Olathe RAPCON
Jet traffic be implemented. The northwest portion of caution ares 168
should be made aveileble for flight traffic to provide & more weorkable area
for thls system

4. The following airways be gbolished in the Kansas City control area
Green Y4, Amber 4, Victor 13, and Victor 71 between Butler and Kansas City.

5. The route design, preferential airways, and feeder fixes as depicted
in System C be used as a gulde for future planning

6. BSerious consideration be given to the common IFR room concept while
plans for a new ARTC cperational leyout are being formulated. Further study
of the optimum arramgement of comtrol positions should be profiteble in
reducing the cocrdinator workload.
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TABLE I
LOCATION IDENTIFIERS

ADE Admire¥® NEV HNevada¥®
NUU Olathe NAS

BON Bomner Springs¥*

BUM Putler VOR 08K Oskaloogae®

BWR Blackwater VOR

CAM Camden®* PAW Pawnee City VOR*
CNU Chanute VOR and LF/R PLH Pleasant Hill¥
PLT Plattsburg¥
DAO Dalton¥* POM Pomona¥*
IMP Emporis* SGF Springfield VOR
EXT, Excelsior¥* SHA Shawnee*
SHC Schell City*
FRY Farley SIN Salina VOR
STJ St. Joseph VOR
GVW Grandview AFB STL St. Loulis VOR
S5TR ©Santa Rosa*
HUT Hutchinson VOR SZL Whiteman AFP
ICT Wichita VOR end IF/R TBL Trimble VOR*
IRK Kirkeville VOR TIN Tina#® i s
TOE| Forbes AFB and Ottawe TVOR
JAM Jameson¥* TOG Tonganoxie
TOP Topeke VOR end Phillip Billerd
KNY Kearney*
WIN Winchegter®
LAT Lathrop*
LIY Liberty Homer
ING Lansing®
IWN Lawson®
MBY Mosby*
MCI Mid-Continent Intermstiomal
MCM Macon VOR
MCY Misgsouri City*
MHL, Marshall VOR
MHX Maple Hi1ll
MKC Municipal, Kansas City VOR and LF/R

¥Denotes unofficial designator.



INNER PATTERN DEPICTS
PRESENT TSO-N20A HOLDING
AIRSPACE RESERVATION

SHADED AREA SHOWS 50 PER CENT
INCREASE IN WIDTH ASSUMED
FOR SIMULATION TESTS

ALL DIMENSIONS ARE IN
STATUTE MILES

FIG, 1 ONE-MINUTE HOLDING PATTERN AREA
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FIG 3 KANSAS CITY APPROACII CONTROL OPERATIONAL LAYOUT

GROUND
CONTROL




FIG 4 OLATHE RAPCON



OLATHE - GRANDVIEW

DEPARTURLS FORBES - PHILI JP BILLARD

DEPARIURES AND GROUND CONTROL
OLATHE - GRANDVIEW

DATA AND OLATHE - GRANDVIEW FORBES - PIIILI [P BII LARD
GROUND CONTROL ARRIVALS ARRIVALS

ARRIVAL DEPARTURE
DALA DalA

Q Q

LEGEND
[:I CONTROLLER POSITIONS
(Q DATA POSITIONS

FIG 5 OLATHF RAPCON OPERATIONAL LAYOUT
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FIG 8 OLATHE RAPCON AND KANSAS CITY APPROACH CONTROL
(COMMON IFR ROOM)
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OPTIMUM
J AIRCRAFT SPACING

DISTANCE, APPROACH GATE
i TO TOUCHDOWN, 5 MILES

AIRGRAFT GATE
APPROAGH SEQUENCE | SEPARATION
GATE No ([no g| (MILES)
s | M 51
E Bno s | F 55
| 5 J 6.6
AIRCRAFT
§, "B 31
M| F a5
g & M| J 58
— o !
S o F | s 30
¥ ' ,
¢ & x F | wm 35
g_f o
w < F J 52
E’ J |SMF 30
2 SAME TYPE| 40
APPROX.
‘f\ L N0 2 AIRCRAFT AIRCRAFT | o APROX.
CATEGORY | ° SPEED
MPH]| KT |
s| sLow | 120 | 104
M{MEDIUM | 130 | 122
F| FAST | 150 | 130
J] VET 180 | 156

FIG. 10 SPACING TABLE USED IN APPROACH CONTROL OPERATION



18
g 16 il
= o
Z N
q‘f\
3 1 el
Z %s%
= Fa ¥y
- e
= 12 IR
% !
EI
10 G
@ it
S e
o} 8 g;%gﬁn
b :ﬁ%‘a‘%%
j g*%’%ﬁ
q 6 (i
A i
[ 3
? 4p ;
m ¥
=
2 2 ;‘g_{
P £
ok

g o :
ARRIVALS DEPARTURES
LEGEND
CIRCLING APPROACHES

ANGULAR APPROACHES R
FROM SOUTHWEST

FIG, 11 MUNICIPAL DELAY DATA - NORTH OPERATIONS



(y Pl m-rsrmm:-

ARES gsED FOR
A ADAE APERC ACH
SPAGIFG Aﬂ]‘“STHEﬂ"IB

Q::Z::‘ DEPp.mugss
5 10

[
NAUTH:AL WMILES

POMNER
SPH.IHGE-

FiG W 'l'slll'mblu S‘i‘S'!.’Eh'A . souUTH OI’EP-ATIONE



PLATTSBURG

AREA USED FOR
RADAR APPRDACH
SPACING ADJUSTMENTS

DEPARTURES
a L 10

NAUTICAL MILES

KEARNEY

EXCELSIOR

MID-CONTINENT
INTERNATIONAL

MISSOURI
CITY

OUTER
MARKER

MUNICIPAL

4

BONNER
SPRINGS

FIG 13 TERMINAL SYSTEM A - NORTH CPERATIONS



() PLATTSBURG

N
EXCELSIOR

MID-CONTINENT
INTERNATIONAL

CUTER
MARKEHR

¢y OUTER C

MARKER

L=

AREA USED FOR
RADAR APPROACH
SPACING ADIUSTMLNTS

(;: DEFAATURES

o 5 10
[l T —

NAUTICAL MILES

MUNICIPAT

BONNER
SPRINGS

BLUE HPRINGS

FIG [4 TERMINAL SYSTEM A - NORTH OPERATIONS AT INTEANATIONAL
SOUTH CYERATIONS AT MUNICIPAL



TRIMBLE

MID-CONTINENT
INTERNATIONAL

MISSOUAI
CITY

AREA USED FOR
RADAR APPROACH
SPACING ADJUSTMENTS

Q:I DEPARTURES

MUNIGIPAL
4 0 5 10
) NAUTICAL MILES
35
>
BLUE SPRINGS
0
BONNER - — —
SPRINGS H -

FIG 15 TERMINAL SYSTEM B - SOUTH OPERATIONS



¥

TRIMBLE

MID-CONTINENT
INTERNATIONAL

AREA USED FOR
RADAR APFROACH
SPACING ADJUSTMENTS

Q:l DEPARTURES

0 5 10
[ —

NAUTICAL MILES

BLUE S5PRINGS

FIG 16 TERMINAL SYSTEM B - NORTH OPERATIONS




Q) TRIMBLE

Iy

MID-CONTINENT

INTEANATIONAT MIS50URI
CITY

LANSING
AREA USED FOR

RADAR APPROACH
SPACING ADJUSTMENTS

[{ DEPARTURES

1] 5 10

MUNICIPAL

NAUTICAL MILES

BLUE SPRINGS

Eb

FIG 17 TERMINAL SYSTEM B - NOATH OPERATIONS A€ INTERNATIONAL,
SOUTH OPERATIONS AT MUNIGIPAL



(J FARLEY MID-CONTINENT

INTERNATIONAL
/
OUTER
MARKER
o]

MISSOUR.
cITY

y AREA USED FOR
{ RADAR APPROACH
SPAGING ADJUSTMENTS

Q;::: DEEARTURES

5 10

MUNICIPAL J,
0

NAUTICAL MILES

::D

BLUE SPRINGS

SYSTEM C - SOUTH OPERATIONS

FI1G 18 TERMINAL



AREA USED FQR
RADAR APPROACH
SPACING ADJUSTMENTS3

OUTER {— | DEPARTURES

WMARKER
a 5 10

NAUTICAL MILEbS

MID-COMIMENT
JNTERNATIOMAL %

MISSOURT
CITY

MUNICIF AL

BLUE SPRIMGH

LANSING
APPRQAGIH

GATE

ATIONS

FIG 19 TETMINAL SYSTEM C - NOBRTH OPFR.



OUTER
MARKER

MID-CONTINENT &
/ INTERNAIIONAL 3§

QUTER
MARKER
AREA USED FOR
RADAR APPROACH
SPACING ADTUSTMENTS

k DEPARTURLS

[+] 5 10
[ a—

NAUTICAL MILES

MUNICIPAL

SHAWNEE

BLUE S5PRINGS

FIG 20 TERMINAL S5YSTEM G - NORTH OPERATIONS AT INTERNATIONAL
SOUTH OPERATIONS AT MUNICIPAL



g

NUL aREA MO |

<
B
E]
A AT
b,
B cLitie oranoyinw DERARTUAES
I oL~TEX SRANDVIEW sRAIVALS g hf,,
EENUS FOARES NEFARTURES K .
Fin ] rORmESs sdAIVALS >
L] ] 10 n £
mw—T——— -
enu
NAUTICAL MILES
Fluo 31 RECOMMENDED 5T5™EM TO3, OLATHE AADAR  ACILITY

Yizz






IN MINUTES

AVERAGE DELAY PER FLIGHT

LEGEND
SYSTEM A
sysTEM B HH
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