
by 

Francis 11. iicDermott 
Cla i r  IT. Anderson 

Navlgatlon Aids Evaluation Divislon 



DYlTIIC SEI~SLATION TESTS CF SEVERAL 
!IRAFFIC COiTI'ROL SYSTEMS FCR THE 

CIIICAGO NETROPOLITAN AREA 

S m m Y  

Thls report  describes the  eaaluatlon of severa l  proposed route 
st ructures   for   increasing  the  t raff lc   capacl ty  of the  Chrcago metropolitan 
area through the  use of a second  maJor  commerclal terrmnal (O'Hare Inter-  
national  Airport)   to supplement the  present major termmal (Chlcago Midway 
A u p o r t ) .  Thls study was conducted a t   t h e  CAL Technrcal Development and 
Evaluation Center  through  the  use of t h e  dynamic a r c   t r a f f l c  sirmilator. 

I n  these tests, It was  assumed tha t  I I i d w a y  A i r p o r t  would continue 

W o u l d  handle an addltlonal  volune equivalent t o  30 per  cent of the  present 
t o  handle  100  per  cent of Its present  trafflc  load, w h i l e  O'Hare w o r t  

Elidway trafflc load.  Slmulation t e s t s  showed t h a t  the present  configuratlon 
Of kaff lc  routes would be madequate t o  handle  the  additlonal  compllcatlons 

changes m t ra f f ic   rou t ings  and feedlng  systems were evolved and t e s t ed  
in t r a f f i c  flow imposed by tne second maJor commercial azrport. Numerous 

throughout  the s M a t i o n  progran t o  secure  the most effectlve  configuration 
of f l ight   paths .  

r l v a l  and departure  routes t o  make them a s  mdependent of each  other as 
possible. Although it was geometrlcally  impossible t o  segregate dl de- 
p z t u r e  and arrival routes iz t h i s  manner, most of the   heanly   t rave led  
routes were so arranged t o  permit  unmterrupted  clmb-outs and descents 
within 80 t o  100 miles of the t e m a l  area  with a mmmum of tunneling i n  
the  termmal  area. 

The most important basic  changes molve'd  the  regrouping of ar- 

It was found t h a t  most of the  deslred  route changes  could be ac- 
compllshed  through t h e  use of prevlously  installed or  proposed VCR f ac l l -  
i t l e s .  The e l m a t i o n  of LF alrways greatly  sfmpllfied  the  route layout, 
although III some aPeas It i s  posszble t o   p a r a l l e l   t h e  VOR routes  with 
e n s t m g  LF ranges. 

t h e  Glenview r e s t r l c t e d  area and by the  necesslty t o   s e t   a s l d e  an area f o r  
The routing problem was complicated somewhat by  the  presence of 

fac tors   resu l ted  m shable   de tours  for t he   t r a f f l c   rou te s  between Mldway 
J e t  pene t ra t ions   to  O'Hare Airport and Glenview Navd Air Station. These 

f l ight   operat lons standpomnt, the t es t s   ind lca ted  that t h e  Glenview re- 
all Illlwaukee. Assuming that   these  detours  could be to le ra ted  from the 

t r o l  system, rovlded  the  shape of the  area  could  be  modifled t o  permit a 
s t r i c t ed   a r ea  would not  seriously hamper the  operatlon of t h e  t r a f f l c  con- 

crvil airway EFT- o e extended  across what 1s now the southern t l p  of the  area. 

pected within five  years,  nth i4ldway handllng 100 per  cent of its present 
Final t e s t s  were made s i n d a t i n g  operatlons which might  be ex- 
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capacity, and OlHare handlmg an addlttional volume equivalent t o  100 per 
cent of the  present  Miciiqay t r a f f i c  load.  Curlng these  tests,  procedures 
were developed for  handllng s h u t t l e   f l i g h t s  between N i d t a a y  and O ' H a r e -  

S imula t ion   tes t s   mdxated   tha t   the   use  of suitable  large  hori-  
zontal  plottlng  scopes In  t h e  4.w Route Traffic  Control  Center would be- 
su lk  rn considerable  xprovement m handling  large volumes of t ra f f ic -  

IXTRODUCTIOIi 

t o  a large  extent the route  structure  required.  The present air  t r a f f l c  in 
The nature of t h e   a l r   t r a f f l c  111 any particular area will dic ta te  

the  Chlcago area 1 s  predomiaantly arr ival  or departure,  with  approximately 
f l v e  pei' cent of overflights. O f  these  overflights, many are  of the  long- 
Ckstance var le ty  and would not  be  affected  adversely by a route Which would 
hST-pass t h e   c r l t i c a l  Chicago metropolitan  area.   In  addition,  the  dtnudes 
a t  t2nch   these   f l igh ts   t rwerse   the   a rea   a re  sufficiently h e h   a s   t o  be of 
h t t l e  concern t o   t h e  Chlcago metropolltan  area  controllerso !l%e auww 
c o n f i g r a t i o n  i n  t h e  Chicago area  has  been  developed t o  handle t h l s  par- 
t i cu l a r  mucture o: t ra f f lc .  

the  number of f l i g h t s  scheduled a t  J idwzy  &port  has  been the ava i lab l l l ty  

uhen ram? gates  could accommodate add1tr;lonal a i rcraf t ,  alrline schedules 
or' gate  space on t h e  ramp. Although there  are many periods dur lng  t h e  day 

are  designed t o  f l t  the  demands of the  passenger, and the  schedulmg 02 
Periodlc  f l ights  durmg off-peak  tunes b m u l d  not satlsfy the need of the  
publlc which generates  these gedc-hour demands for arr t r anqor t a t ion .  
'he  scheduled a b l m e s   a r e  aware of t h i s   s l t u a t l o n  and It 1s 1d:ely that ,  
a s   c e r t a m   f l l g h t s   a r e   t r a n s e r r e d   t o  OlHare Field,   o ther   f l ights  w d l  be 
scheduled ln t he i r   p l ace   a t  Nidway Airport t o  cope with  the demand f o r   a l r  
transportation  durlng  the peak perlods. Also, as addltlonal ground f ac i l -  
l t i e s  become available at OIHare Field,  the  scheduled a x  ca r r i e r s  nay 
increase  o?erations at  OlBare at  a r a t e  more rap id   than   the   ra te  at which 
operations  at  &Way are dYnin1shed. ' h e  end r e s u l t  of the  foregomg 
assumptlom wlll be a net  increase u1 the  number  of operations with111 the  
Chlcago metropolitan  area.  Slnce ary appreciable  increase  in  operations 
a t  Mldway A l r p O r t  (during peak periods) would tax the  present m route 
Ftructure, the division of such a schedule  between two a r p o r b s  in such 
TJrox&nty as  OlHare and ihdway would present m a q r  complexltles in the  f Orm 
oi lengthy  delays t o   a r r i v a l  and departing  alrcraft ,  m addl t ion   to  imposlng 
f-Lpcu1tous routlngs and a l t l t ude  restrictions of long  duration. 

Experience  has  denonstrated  that one of the  lmlting fac to r s  i n  

The establlshment of a second  major a- termmal 1 ~ 1  the  Chicago 
mztropolltan  area  creates  several  a i r  t r a f f i c   con t ro l  problems which ex- 

%nth the   rou te   pa t te rn  and t raff ic   f low  involved i n  mixing high-denslty IFR 
tend beyond t h e   m e d i a t e  te-al area. These  problems deal principally 

t r a f f i c   t o  and from a mult1ple-alrport  terminal  area. The present a l r  
route stmcture in t h e  Chicago control area  has  been quite adequate t o  
handle a marrdmwn number of operations  at  Chicago iKdway m o r t ,  and a 
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However, t hm  rou te   pa t t e rn  was designed  speciflcally f o r  the  handling Of 
small amount of itinerant and military  operations at O l H a r e  and Glenview.  

the  ihiway t ra f f lc .   F l lgh ts   opera tmg  in to  or from OtHare Field  today 
are r e s t r i c t e d   t o  a greater  degree  than axe those  operating  at Midway. 
Aror appreciable  increase m the  volume of operations at  OtHare F ie ld  would 

tial t r a f f i c   c o n f l x t l o n s  at m a n y  of t he   c r l t l ca l   i n t e r sec t ions  i n  t h e  en 
mtroduce some v e r  serlous  delays m the  terminal  area as well  as poten- 

r ler   operat ions from Ehdway k i rpor t  t o  OlHare Fie ld  is expected t o  exceed 
route  area. The proposed move of 30 per  cent of the  scheduled  air  car- 

operations at N d w a y  does not climb above the  remaining 70 per  cent. 
the   capabi l i t i es  of the  present route system, wen though the   l eve l  of 

It has been  reallzed  that  the  presence of t h e  Glenvlew re s t r i c t ed  

the Chlcago  area. To date, th i s   obs tac le   has  not been considered serious, 
area  consti tutes an obstacle t o   t h e  m a x i m u m  u t i l l a a t i o n  of a- space in 

smce   the  predommant rou te s   t o  and from the   met ropol i tan   a rea   l i e   to   the  
south of the  Glennew  reskricted area. The implementation of OISare h e l d  

restricted  area,   with  the  posslbll l ty  that   the  area  should be nodflied or 
a s  a major terminal demands t h a t  a further  study be made of the GlenvlerJ 

e l m n a t e d   e n t i r e l y .  

A t  t h e  time of t h l s  study,  the  Third  Regional  Gffice of t h e  CAn- 
had programmed c e r t a m  VOR s ta t ions  around the  Chicago area as  follows: 

1. Chicagoland Pxrport (north of O ' H a r e  i i l rport) 

3 .  Peotone, I l l lno ls  
2. Dixon, nlmois 

ir. Coyne, I lLmois  
5. Chicago Nui~ay  Bu-port 
6. Benton Harbor, I 'hchxan 
7. ROclcfo1-d, I l l i n o l ~  

Also, equipment was a v u l a b l e  for the i n s t a l l a t i o n  of one addltlonal 
homing f a c i l i t y  for the  area. 2ll of these equlpments were considered 
in  the  development of the  various  route arrangements  tested. A surveil- 
lance  radar a lso  was m the  process of' m s t a l l a t l o n   a t   t h e  OlHare Airport-  

vel l lance radar. 
The Chlcago MidWay A w o r t  and the Glenvlew 1LG are equlpped  with sur- 

The Chicago sumlat ion  tes ts   descr ibed i n  th l s   r epor t  were 
dmected towarc? t h e  development of a t ra€f lc   cont ro l  system possessing 
t h e  folloksing  characteristics: 

volume of IFR a r r   t r a f f i c   i n t o  Ikdway, OtHare ,  and Glennew  Airports, 
1. The route   s tmcture  should provide a means of feeding a hlgh 

pe rml t t i ng   r e l a t ive ly   f r ee   c lmb  and descent  paths  Inthin 80 m l e s  of 

f l e x l b i l l t y   t o  permit  the  orderly  transfer of scheduled  operations from 
the  terminal area. The amJay system should have a sufflclent  degree of 

I h d m y  t o  O l H a r e  wlthout  requlrmg  a maJor realignment  each  time an addl- 
t lonal  percentage of the  scheduled  f l ights change from one f l e l d   t o   t h e  
other. 
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from whlch t o  vector   arr ivmg  t raff ic .  
2. The s y s t e m  gho@pvide   su l t ab le  terminal area  arrangements 

3r The system should  provide for a t   l e a s t  two instrument  approach 
direct ions In  each of t h e   t e m n a l   a r e a s .  

i s  minimized. 
4. The system should be  such t h a t   c o o r d m t i o n  between control lers  

5. The system should  provide a means of cont ro l l ing   shut t le   f l lgh ts  
between the  two termmal'  u'eas i n  an expeditious manner. 

In addition,  these  tests were deslgned t o  deterrmne: 

1. The adequacy of the  proposed  locatlon of the  Chicagoland VCR 
f r o m  the  standpoint of a p  t ra f f ic   cont ro l .  

2. The adequacy of the  present  and proposed locat ions of other VOR 
range  stations, 

3 .  The degree of a l terat ion  necessaxy  to   Restr ic ted Area No. 76 
north  of  the Glenvlew Airport, rn order   to  meet the  requlrements for 
satlsfactory  routrngg  into  the OlIIare area. 

Equipment, 

on a mamic  s imulator1 which has been expanded t o  provide for a rnaxhum 
of 18 r a d a r  t a r g e t s  and t o  j.nclude poslt ions of operation 211 the  &TC 

mitted  the  establlshment of two d i s t inc t   a i rpo r t  tower  operations. The 
Center. The use of additional  radar displays rrith  the s m d a t o r  per- 

smula ted  I,Iiidway tower was equipped wlth  radar,  radlo  channels, and 

O'Hare tower was similarly equipped, the  number of approach control posl- 
lnterphone communications for two approach  control  positions of operation. 

t i ons  being one or two, depe9ding upon the  volume of t r a f f i c  operat- 
l n to   t he  QlHare  area in the  particular sample. Three f l lght   progress  
boards weere available m the  surmlated ARTS Center. The operating  posl- 
t l ons  were equipped  with  interphone  boxes and dlrect  alr/ground communi* 

than   tha t   Rresent ly   d i sp lved  on the  corresponding  posltions rn the  actual 
cations.  In most of the tests the  area  displayed on these  boards was  more 

f l l g h t s  were not run simultaneously wlth  the outbound f l l g h t s  due t o   t h e  
Chcago A?TC Center. It 1 s  pointed  out  that in these  tests the  inbound 

l imited number Q? radar targets,  Therefore, It was poss lb l e   t o   d l sp lw  

The basic  slnrulatxon t e s t s  of the  Chicago area were corducted 

a Dynamic Air Traffic  Control Sj,mulator,"Technical Development Report 
No. 191, October, 1953. 

'R. E- Baker, A. L. Orant, and TI K g  Vlckers, "Development of 
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more area on each  individual  flight  progress  board, and a l l o t  a la rger  
area of cont ro l   Jurxsdic t lon   to  each nRTC cont ro l le r   to   secure  a m a x m  
u t l l i z a t l o n  of l imlted equlpment  and controller  personnel.  Figure 1 shows 
the complete  simulation layout as used for these tests.* 

The area covered by the flx postings on the th ree   f l igh t   p rogress  
boards 1s shown rn Fig. 2. It w i l l  be  noted  that   this  area comprises all 

l a t l o n  of t h e  inbound f l l g h t s  alone, or t he  outbound f l l g h t s  alone,  repre- 
or   par t  of elght  sectors  as  presently  deslgnated a t  Chicago. The S ~ U -  

JRTC Center  radar, as tested  during  certam  phases of t h i s   s m l a t l o n ,  
sen ts   l ess   than  one-half the workload  under actual  operating  conditions- 

was s e t  up on a 30-inch horlzontal   dlsplay,   vith a range of approxmatew 
60 d e s .  This  range was l a t e r   i nc reased   t o  70 miles f o r  more adequate 
coverage t o   t h e  west and northwest of Chicago. 

haff  l c   S a q l e s .  
The fol lowing  t raff lc  samples were used: 

Traff lc  Sample I 
Hidway t r a f f l c   a t  Its present  level.  
OIHare t r a f f l c   a t  a l eve l   equa l   t o  30 per  cent 

of ifidway's present  level.  

Traff lc  Sample I1 
Nidway t r a f f i c  at  its present  level.  
OlHare t r a f f i c   a t  a level  equal t o  100 per  cent 

of I'kdway's present  level. 

Flgures 3, k, 5, and 5 lndlcate   the anount of t r a f f l c  by routes  under  the 
various  condltlons  tested. 

?laps and Charts. 

preceded  the s d a t i o n  testing.  independent  efforts of the Chlcago B T C  
Center and TDEC personnel were consohdated VI the  evaluation of t he  var- 
lous  route  systems. The evolutmn of t he  recommended arrangement of navi- 

below : 
gat lon  f ixes  and alignment of auwws progressed  through  the  steps  l isted 

].paper study or" t he  airway configuration in the Chicago area 

Map 1 The present system af arways rn t he  Chicago metropolitan 
area,  mcludmg  both VCR and  low-frequency  anways.  Figure 7. 

Map 2 VOR System Tlo. 1. Figure 8. 

Xap 3 Reflnement of Map 2, particularly wlth r e q e c t   t o  inbound 
and  outbound routes  west of OlHare Field.  Flgure 9 .  

and the   th ree   sec tors  m the  actual  Chicago  Center is not  valid,  nor is 
it lnrplled m thls report .  

+A comparlson of workload  between t h e s e   t h r e e   s m l a t e d   s e c t o r s  
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Hap b VOI? System )To. 3 .  Flgure 10. 

Hap 5 A composlte of  Xaps 2, 3 ,  and L, portraymg  the  consensus 
of Third Region and TDEC Tersormel, a r r lved   a t  after s w -  
e ra l   sumla t ion  runs on the  foregomg maps. Flgure 11. 

The deslgnators   appl led  to   the  var lous  radlo  a ids  and mter -  

a re   the  same as  the  deslgnators and nmbers  used  today i n  the  Chicago area. 
sectlons and the  numbermg oi the Victor Airways on m a n y  of  these maps 

These l o c a t i o n   l d e n t i f l e r s   a r e   l l s t e d  m Table I. The carry-aver of these 

sumlation. 
same oeslgnators and numbers from map t o  map was done f o r  convenience m 

Although most of toe route   pat terns  developed  during t h i s  study 
dea l   w i th   f l i gh t s   t o  and from the  terminal   areas   a t  Chlcago, a pa t te rn  of 
a m q r s  f o r  over-fllghts 1s easily  constructed, as shor~n i n  Flg. 12. 
Flgure 13 shows how a rearrangement of l o w  frequency  ranges can provide 
routes tha-c p a r a l l e l  m a n y  of the VOR routes i n  the recommended route 
structure.  

Arrival and  departure delays fo r   t hese   t e s t s   a r e  sho-m m 
FlgS- 1L and 15. 

Departure  Tests. 

departing OIHare and I f l r iway  a r e  Sepzcted m the  f igures   assoclated nth 
each spec=-ic t e s t .  In an e f f o r t   t o  reduce  center-tower  coordinatlon, 
the  following  techniques were t r l e d  111 the  issuance of departure  clearances: 

The route   s t ructure  and a l t l t ude   a l loca t ion   app l l ed   t o   f l i gh t s  

1. The entire  clearance  uas  Issued by the   Center   to  the tower, 
and repeated by t h e  tower t o   t h e   p f l o t .  

2. The Center  lssued  short  range  clearance t o  the tower. 

3 .  The tower  origmated and Issued  short  range  clearance t o  
the   p i to t   wi thout  pr lor  coordmation  wlth  the  Center. 

i;lthough Item 3 represented  the  least  amount of interphone  time, 
there  were occaslons when f l l gh t s   c l ea red  by the  tower would  be In  mverse 

the   f ac t ' t ha t   t he  tower did  not have t h e  complete route  of f l i g h t  of the 
al t l tude  order  when turned over t o   t h e  Center. T .hs  was la rge ly  due t o  

? . l r C r & t .  'he  most sa t i s fac tory  arrangement and the  one which permitted 
the highest degree of f l e x l b f l l t y  was the  procedure  wherem a short  range 

demands a d  exlgencles of t he  complete t ra f f ic   p ic ture .  
clearance was Issued by the  Center,  since  such  clearance  reflected  the 

Controller  Personnel. 

personnel a t  Chicago, ten control lers  were d e t a d e d   t o  TDEC t o   a s s i s t  in 
I n  order   to  draw upon the  operational  experience of control ler  

the  evaluatlon.  Five  controllers from the Chicago ARTC Center,  three 
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from I f i d w a y  tower, and two from O'Hare tower manned the  posl t ions of op- 
erat ion durmg t he   smula t ion   t e s t s .  These controllers  contributed  not 
only Yfle operational know-how necessary t o  smooth  and r e a l l s t i c  conduct 
of a s u d a t i o n  study, but a l s o  part1c;pated i n  discusslons and offered 
cmtical   analyses  of the  systems  tested. 

Eleasurements. 

posslble. The baslc problem data furnished the  theoret ical   t ime  a t  which 
each  arrivmg  arccraft  should be znbound over the approach flx and a t  
f i n a l  approach alt i tude,  if no o ther   t ra f f ic  was mvolved. Through the 
use of an Esterlme-Angus  recorder,  the  slmulation  piLots  recorded  the ' 

By comparison of the   theore t ica l   a r r lva l   tme  wi th   the  ac tua l  arrival tune, 
ac tua l   a r r iva l  times of each a l r c r a f t  over the  approprlate approach f i x -  

it was posslble  to  determme  the  absolute  delay  to each arr ivmg  a i rcraf t .  
This delay  lncluded all delays from appromate ly  100 miles from Chicago 
to   the  approprlate   outer  marker. 

These t e s t s  were made under condltions as nearly  standard  as 

off was delayed due to  arriving  aircraft .   Departure delays were mcurred 
Departure tests were conducted I n  a standard manner. ?lo take- 

o n l y  when the  departure  routes were saturated for the moment o r  when t h e  
departure   radar   control ler   fe l t   that   he  could no longer  accept more a l r -  
c r a f t   t o   c o n t r o l .  The l a t t e r  problem was more evldent in  the  0'Eki-e area 
than  a t  Phdway due to   t he   f ac t   t ha t   depa r tu re s  were being observed and 
controlled from two alrports   lnstead of from one. 

Due t o  the l m l t a t l o n  of the number  of target  proJectors, 3 t  

was not   posslble   to  lrflyll departure   a l rcraf t  beyond the  point  of the short  
clearance lmt. However, the m T C  control lers   contmued  to  "ghost" these 

control of succeehng  alrcraft .  
a i r c ra f t  through t o   t h e  outer l i m i t s  of t h e   s e c t o r s   t o  insure the  Proper 

the  present  comunicatlon  recordlng equiprmnt was not  deslgned t o  record 
from all of the  control  poslt ions  used in t h i s   s u d a t l o n -  

No cornmications measurements vere nacle in these t e s t s  because 

t e s t s  m a y  not  necessarily be dupllcated in  actual  operatlons  because of 
unavoidzble  dlfferences between la3oratory  condltlons and actual  operating 
Lmditions.  Since this  sumiiatlon  effort  was conducted on a much greater 
scope than any previously conducted, and smce  one of t h e  primary obJec- 

h a g h i n g   t h a t   d e l a y  measurements alone mgh t   no t  be i n d x a t i v e  of the 
h v e s  was t o  determme  satisfacton7  routings, It was r e a l z e d  at t h e  

value of a route system. Therefore, more emphasis was placed upon the 

t o  determine  the  relative  value of the  systems  tested. 
oginions of the  control lers   than on the   r e su l t s  of the  delay  measurenents 

It should be pointed  out  that   the numerical r e s u l t s  of these 



TESTS AND -WSULTS 

b e s e n t  Route System. 
Arrangement of Navigatlon Aids. 

Up to   the   p resent  time, two d l s t m c t  advantages  have  contributed 
g r e a t l y   t o   t h e  smooth and expedxtlous flow of t r a f f i c  m the Chicago LTTC 
area. The f i r s t  1 s  t h a t  95 per  cent  of  the air t r a f f l c  in the   a r ea   a t  
Chicago lands o r  takes  off  from Filich.'ay Alrport .  This  type  of traffic flow 
is readiLL7 assimilated b~ a  route   s t ructure   such  as   exls ts   a t  Chicago 
today.  Secondly, t he   ab l lh ty   t o  use  rlght-slde  separation on most of the 
axway  segments i n   t h e  Chicago area  has  been of great  beneflt ;  however, 
t h l s  advantage 1 s  practically  non-existent  durmg  the  mterim  perlod when 
both L/IF almrays and VOR m q y s  are being utilized. 

same as t h a t  m use at the  present  t ine  except t h a t  one H f a c l l l t y  was 
addec' in the  area  north of O'Hare airport   near  Crystal Lake. Figure 16 

a c e   p o m t s  t o  be used by the NITC cont ro l le rs  In   the  O'Sare  area, it was 
shows t h i s  arrangement of navlgattlon  alds. In order  to  provide two clear- 

decided t o  use  the  Rosel le   intersect ion  ( redeswated as t he  southwest 
course of the  Glennew low frequency  range  statlon and the  north  radlal  
f ron  the  Napemil le  VOR Station) and the H f a c i l i t y   n e a r  Crystal Lake. 

Posltion  of  @eratlon. 

1 s  out lmed m Fig. 2. In view of personnel and equipment limitations, It 
The portlon of the Chicago control  area  simulated in t h e s e   t e s t s  

was declded t o  confme  the  ep  route simulation t o   t h a t  whlch could  be dis- 
Played on three   f l igh t   p rogress  boards. The asdi t ional  workload incurred 

be  compensate6 fo r   by   t he   f ac t   t ha t   t he   con t ro l l e r  would not be  concerned 
UI the  display of a  larger  area on a  slngle  f l ight  progress  board would 

with  both  mbounds and  outbounds  during t h e  same svrmlation  test .  

The arrangement of navlgation a d s  used ln these tests was the  

FLK pos t lngs   for   the   th ree   sec tors  of operation  durlng  simulation 
of the  present   route  system  were- 

Vest  Sector  Center  Sector - I_ 

Fast  Sector 

%e control ler  in  each sector  simulated the  coordlnation  wlth  adjacent 
sectors  and HRTC Centers,  and also simulated the  lssuance of pre l imnary  
z l ea rances   t o   a r r lv ing   f l l gh t s   pnor   t o   r eachmg  the   t e rmmal  area. In 
the   smula t ion  of clearances,   the  controllers were requested t o  u t f i l z e  
average  communications  delays m instances  wherem  a  reply from t h e   p i l o t  
was antlclpated, particularly m those  cases where It was assumed t h a t  an 
mdirect  channel of conununlcation was used. The second control ler  i n  each 

t h e  f l i g h t  had  been  asslgned t o  an mdivldual console ln the  simulator 
of these  sectors  handled  the d l r ec t  rad lo   contac ts   l a th   the  p i l o t s   a f t e r  

I n  each of the   eas t  and west  sectors, two control lers  were used. 
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until t h e   f l i g h t  was re leased   to  approach control at OlHare o r  M i d w a y .  
One controller  operated  the  center  sector,   coordinating  the  activit les of 
the  east  and west sec tors   (wi th   respec t   to   a l t l tude   ava i lab ih ty   a t   c lear -  
ance lmits) and forwarding  data on inbound fl lghts  to  appropriate  towers.  

In   t hese   t e s t s  one sunei l lance   radar   cont ro l le r   pos l t ion  was 

t ra f f lc   des t ined  f o r  the  O’Hare or  Glenview hrports .   Figure 1 shows the  
established fo r  the O l H a r e  area. Thls controller  controlled arriving 

p h y s x a l  arrangement of the  control  poslt ions used in  the   en t l r e   s e r l e s  
of t e s t s .  The radar   control ler   a t  @Hare was provided w l t h  an ass i s tan t  
cont;.oller who posted and relayed  dormation  for   the  controi ler   concernmg 
a l r c ra f t   f l i gh t s   a r r lv lng  t h i s  area. These control lers  were l inked   v la  

purpose  of  coordmation. 
mterphme  to   the  I’Iidway tower poslt ion and t h e  IRTC positions f o r   t h e  

NidWw tcxrer. The dlvislon of control was the same as t h a t  used In the  
present  operation n t h  the  TLS localizer  course  belng  the  dlvidmg l m e  
hetueen  the  east and  west radar  sectors. A f l lgh t   da ta   pos l t ion  was used 
to   a ld   these   cont ro l le rs  m postmg and relaying  infornation on a l r c r a f t  
a r r iv ing  at ILlidway Airport. These control lers  were llnlred via  interphone 
t o   t h e  O’EIare and AETC control lers  f o r  purposes of coordination. 

Arrlval Control  Procedures f o r  Southeast Landmgs. 

Plg. 16. A cursory analysls of t h l s  t r a ” f l c  f low along  the  present con- 
A general   mdication of t h e   a r r l v a l   t r a f f i c   f l o w  1 s  shown m 

figurat ion of au-wGs  reveals a serious traffic situation wxth respect 
t o  delays  and undue restr lc t ions.  It was m p o r t a n t   t o   t h l s  study t h a t  a 
thorough a p p r a s a l  be made  of t h e   e n s t i n g   a m a y   s t r u c t u r e   t o  provlde a 
bas l s  of  companson wl th  the proposed a m a y   s y s t e m .  The blending of 
t r a f f l c   t o  and irom the  two amports ln the  Chicago metropolltan area 
created  several   crl t lcal   congestion  pomts in the en  route  area, and neces- 

f l l gh t s ,  pa- t lcular ly  from O’Haze Field.  Since the  amay structure m 
s l t a t ed  a l t i t ude   r e s t r l c t ions  of long  durat lm t o  m a n y  of the  departure 

the  Chlcago area was deslgned  pnmarily t o  handle   terrmnal   t raff ic   to  and 
from M i d w a y  Alrport, It 1s understandable  that an mcrease m OsIiare t r a f -  
f i c  would not  be  as  readlly  assirmlated  as would a camparable increase m 
ihdway t r a f f i c .  

Two survelllance  radar  controller  posltions were used at the 

t.udes t o   t h e  mbound f l i g h t s  m the  metropolitan  area, and therefore  should 
be  able t o  arrange  the  arr ival  sequence 111 any deslred manner, the  locat lon 
cf the  a l rports   wlth  respect   to   the maJor airway routes would demand t h a t  
the 01 Bare f l lgh ts   genera l ly   a r r lve   a t   h lgher   a l t i tude   l eve ls   than  
would the  Mldway fl lghts.   Thls 1s t r u e  particularly of the  lnbounds t o  
O1Hare arrlving from the  south and southeast, whose r o u t e   t o  OsHare must 
t raverse   the N~ldway radar  vectar  area. 

Although the  controller  has more l a t l t u d e  m assignment of altl- 

The metropolltan  area arrangement 1s shown i n  Fig. 16, along 
with  a l t i tude  res t r lc t ions normally mposed and areas of control 
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jur i sd ic t ion  used. 2L l ine is  inscribed on the map from the  biauconda inter- 
sec t ion   t o  the east  end  of the  Rosei le   holding  pat tern  a l r  space. TO t h e  
west of tnris l m e  OlHare controllers  could  vector  aircral 't  which were 
above h500 feet .  To t h e   e a s t   t h e s e   a l r c r d t  were r e s t r l z t e d   t o  b5@0 f e e t  
or  below because oE holding or a r r lv ing   t r a f f l c   a t   t he  ;".lson intersectloon* 

The jet  penetratlon  procedures  used in t h l s  test were sirmls t o  
those  currently in  use   a t   the  3'Kare - m o r t  t0da.y. It was assumed that 
IJaOy J e t  a!rcraft would make penetration I.II the  restrlctec '   area  north Of 
Glenviav When c l ea red   t o  do so by  the O'Hare Airport controllers.  

from the  south  en  route  to  Roselle  at  7500 fee t  and the   t r a f f  1c bemg vec- 
tored by the  i I l d w a y  con t ro l l e r s ,   t h l s   t r a f f l c  was r e s t r i c t e d   t o  a m->um 
of 6500 fee t   i n   t he   vec to r ing  area. 

Departure  Control  Procedures. 

routes and a l t i tude3  i n  use  today are shovn i n  Pig. 17. Tile routes NMch 
TJould suffer the most departure   res t r lc t lons m the Chicago area  are  as 
follows - 

Because of the  posslbblllty of conflictzon between O'Yare a r r iva ls  

Although no de?arture tests were made on t h i s  system, the  nornal 

1. Westbound departures from OfHare F ie ld  would be routed mer 
Roselle lntersect ion via t h e  southwest l e g  of Glenview range,  over Aurora 

on Green Airway 3 >rest  of  Aurora  Lntersectlon. At tha t   pomt ,   c l imb  to  
intersection, and would be r e s t r l c t ed  t o  a low a l t i tude   un t i l   es tab l i shed  

of course and with  respect   to  westbound t rar ' f lc  5rom Kidway Airport 
a l t i tude  coulcl be  accompizshed with a r e s t r i c t i o n   t o  remam we l l   t o   r i gh t  

merglng at Awora. 

lntersect lon would be the same a s  above, thence  southeast on Green Aizwa3r 
2. Southwest-bound departures from OuHare Field. ??outing t o  4.uroi-a 

way 5. The normal r e s t r i c t l o n  is t o  maintain a r e l a t lve ly  low a l t i tude  
3 t o   5 o h e t  range,  thence  southwest on e l ther  Xed Airway 12 or Amber Air- 

unti.1 f ive   minutes   pas t   Jo l le t  range. No rlght-side  separation IS applled 

t l o n  beyond J o l i e t  on im5er A i r w a y  5 pu t s   t he   a i r c ra f t  so c l o s e   t o   t h e  
on  Red Airway 1 2  between J o l l e t  and Bradford, and t h e  five-minute  restric- 

Pontlac  mtersection  that   additional  restrlctlons  are  frequently  necessary* 
As was the  case  h5th  the westbounds, t hese   f l l gh t s  are affected  not  only 
by the  opposite  dlrection  traffic  (on Red Almay 12 and mber Airway 5 )  
but also @ the  southwest  departures  generated by Illdway Airport. 

3 -  Southeast-bound departures from OlIIare Field. Rmtmg t o   J o l i e t  
would be the same as   the forego-, and t h e   f l i g h t  would proceed  from 
Col l e t   v l a  Red hrway h2 t o  Lafayette. The restriction t o  a low l eve l  
a l t i t ude  would end short ly   af ter   passlng  Joi le t ;  however, t h e  cont,roller 
has  the  additional problem of blendmg t h i s   t r a f f i c  wlth  southeast-bound 
t r a f f i c  from I k 5 w a y ,  merging a t  Nomence mtersect ion,   p lus   the additional 
task of f l t t i n g   t h e   t r a f f i c   m t o   t h e  opposlte-bound t ra f f lc   a t   Lafaye t te .  



11 

4. Eastbound  departures from 0rHax-e Field. Routed east  over Nid Lake 

v l a  Red A i r w a y  28 t o  Eenton Harbor; or v i a  Victor .brway 8k over Pullman 
l t e r s e c t i o n ,  thence v i a  Red .U.rway 5'5, or Victor .'iirway over  South Bend; 

VOR. Most of t hese   f l i gh t s  would be r e s t r i c t e d   t o   E d  Ldce i m t e r s e c b n  
at a low a l t l tude  because of inbound t r a f f i c   t o  OIHare, but par t icu lar ly  
because of inbound t r a f f l c   t o  Elidway Airport on  Red Auway 28, which is 
present ly  an integral  segment in the   p referen t ld   rou te   s t ruc ture  from 
the  east .  

Shut t le   Fl lght  Procedures. 

tested. 

Results and Observations. 

shown graphically in  Fig. lb. Resui ts   mdicated  that   whl le   this   route  

the  ihcMay h r p o r t ,  It was unsatisfactory for a l rc raf t  a.rrlving m the  
and termmal area arrangement worked very well for   a i rc raf t   opera t ing   mto  

the O l H a r e  area. 
OIIJare area. The greatest   delays  recorded  for any a l r c r a f t  were those UI 

No s h u t t l e   f l i g h t s  were included i n   t h e  first l eve l  of t r a f f i c  

Delays to  arrlving  a*craft  in each of the terminal areas are 

The holding  fixes from which t h e  O 1 H a r e  radar  controller vec- 
t o r e d   a x c r a f t  were  very awkward to   u se  and t h e   f l x h t   d l s t a n c e   t o   t h e  

marker. 
outer marker was excesswe,  result ing i n  poor in t ema l s   a t   t he   ou te r  

'Phe J e t  approach  procedure  did  not  mterrupt  the  flow of a r r iva l  
t r a f f l c  at O'Hare provided  the  radar  controllers  continued  vectoring axr- 

the  northeast. Once the   J e t  was below 9000 fee t ,  it was posslble for the  
c ra f t  toward the   ou ter  marker at O ' H a r e  mtll the  je t   reported t u r n i n g  t o  

radar   cont ro l le r   to  see t he   a i r c ra f t  and control It m the same manner as 
o t h e r   t r a f f l c  in the  vector  pattern.  Should It be considered  unsafe for 
the  controller  to  contmue n t h  vectorlng until t h e   J e t  i s  under  radar 
survedlance,  lt 1s probable  that a je t   pene t ra t lon  would delay  other 
a l r c r a f t  approximately t e n  minutes  whlle making the  descent and coming 
under  radar surveillance. 

The need f o r  a defini te   buffer  lme south of the  OISare h r p o r t  
t o  deflne  the  area  radar  controllers at N5dway m a y  use in vectoring traf- 

would clear   several   a l rcraf t  from the  Lake Shore mtersect ion,  and were 
f i c  was very  apparent in these   t es t s   s lnce   these   cont ro l le rs   f requent ly  

forced  to   vector  some of them very near t h e  O t H a r e  Airport- Thls  could 
l e a d   t o  a serlous situation in  case  of a rmssed approach a t  OlHare. This 
buffer line  should  provide a reasonable  &stance  for  aircraft t o  m&e a 
turn a t  OIHare, whether it is  a departing  alrcraft   or a missed approach- 

Aircraf t   c leared   to   the  Wllson in te rsec t ion   a t  5500 f e e t  in 
many cases were forced t o  use greater than normal descent   ra tes   to  arrive 
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a t   t he  Mldway outer marker at t h e  mtlal approach a l t i tude .  However, no 
lower  alt i tude was p r a c t i c a  U-I vlew of the  alt i tude  requirements of the 
O I H a r e  control lers  m vectoring arrivals and departures. 

VOR System A. 
The f o l l o m n g   i t i u s t r a t l o n s   p e r t a m   t o   t h i s   s y s t e m  

1- Lirway Configuration and Navigational  Lids,  Fig. 8. 
2. Arrival Routes,  Fig. 18. 
3- Departure RwJtes, Flg. 19. 

3elw Yeasurements, Fig. h. 

locatlon  provided a be t te r   s t ra lght -m approach t o  OfHarels runmy 17, 
A VOR s l t e  at the Palwaukee Airport was selected  because  the 

was necessa ry   t o   u t i l i ze  on ly  elght  mites of t he  Glennew r e s t r i c t e d  area- 
and in establlshing a r o u t e   t o   t h e  OIHare area from  the Fullman VCR, it 

tern are   as   fol lows* 
The advantages of t h l s  system when conpared to   the   p resent  sys- 

1. Aircraft   en  route  to and from Mdwaukee and p o m t s  north were 
provlded  routes which by-pass tne  OIHare-Glennew area. 

2-  Aircraft  arrlvmg on major routes were dlverged at points a 

descent. 
su f fx l en t   d l s t ance  from Chicago t o  allow  practically  continuous 

3 .  Aircraft departing along the  maJor routes of f h g h t  could  be 
climbed  continuously  wlthm 60 mi les  of Chicago. 

The f ea tu res  of t h l s  system whlch are  considered  desirable have 

VOR System D. 
been mco--porated ln the  recommended system  described m more d e t a l l  under 

Moline  caused by rout ing   t ra f f ic  from t h e  Kansas City  area vla Nolme; the  
r e s t r i c t l o n   t o   l o c a l  operations a t  Rockford  caused  by the convergence of 

routing southbound f l i g h t s  from  Ofifare F l e l a  and the  northbomd  f l lghts  
eepar ture   rou tes   a t   th i s   po in t ;   the   l aw  a l t l tude   res t r lc t ions   requl red  m 

departing from Nldway. 

VOR System E. 

The d l t f i c u l t l e s  found in t h i s  sJstern were the   bot t leneck  a t  

Listed below are   the  illustrations whlch p r t a m   t o   t h l s  system. 

1. - b r a y  Configuration and Navigatlonal  hds,  Flg. 9 .  
2. firrival Routes, Flg. 20. 
3. Departure  Routes, Fig. 21. 

Delay  Neasurements,  Fig. lh. 

%Skm A were. 
Najor  changes i n  the  route   s t ructure   over   that   tes ted in VOR 
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1- Reversal of the inbound and outbound routes on the west SI& of 

Rockford under the  former system. 
O'Hare. Thls was done i n  an  effort   to  ease  the  bott leneck  created at 

Peo5one t o   h r l e m .  It was believed  that  the  Nolme  area had been w e r -  
loaded i n  VOR S;.Stem A, and t h a t   t r a f f l c  from the  southwest  destined  for 
Hidway mght more easr ly  be  routed  mto  the tenninal a rea   v i a  Peotone. 

2. Routing of the Ilansas City-tc-i.Udway t r a f f l c  over Pontiac  and 

The arrangement  of f i xes  m the  OIHare area was an improvement 

f l c  through the  Rockford area was unproved. The bottleneck i n  the v l c in l ty  
aver VOR System A f rom the  radar  controllekfs  vlewpomt. The flow of t r a f -  

of iJ1olme was relieved. However, i n  the  process of re l ieving  the Iqolme 
congestLon, mother   pomt of confllction was created  a t   the  UnZerwood inter-  
section. The  recommended s o l u t i o n   f o r   t h i s  problem 1 s  contamed i n  the  
discussion under VOR SFstem D. 

VOX System C. 
Listed below a re   t he   i l l u s t r a t lons  whlch p e r t a k   t o  thls qstem: 

1. Route ConEguration, Fig. 10. 
2-  h-rlval  Routes,  Fig. 22. 
3. Departure  Routes, Fig. 23. 
4. Delay Keasurements, Flg. l b .  

Th i s  system  offered l l t t l e  advantage  over the two previous sys- 
tems tested. However, there  were some seriocs  disadvantages, as follow 

1. h r c r a f t  from the  west  destined for OIHare and  i4ldway shared  a 
c o m n   r o u t e  until past   the   Exon VOR. iIany such f l l g h t s  were r e s t r l c t ed  

were unable t o  descend so a s  to r each   t he   des red   a l t l t ude   a t   t he  
t o  a re la t ive ly   h igh   a l t i tude  untd past this polnt of dlvergence, and 

clearance lmit. 

2. Southwest-bound f l i g h t s  from Ml&ray were r e s t r l c t e d   t o  low altl- 
tude  unt i l  15 mlles  past  Coyne VOR due t o   t h e  northbound t r a f f i c  con- 
verging a t  Coyne.  Beyond Coyne, on the  routes  over  Peoria and Pontlac, 
there  was 2nsufficient  distance to permi t   f l igh ts   to  make unrestr lc ted 
c lmbs  and descents. 

3. The holding  fures m the  terminal  areas were not   wel l   sui ted  to  
radar  vectoring. The ilauconda intersection was particularly awkrrard I n  
r e l a t l o n   t o   t h e  f lnal  approach  course a t  OfHare Field. 

was Insuff ic ient  area f o r   t h l s  procedure t o  be  accompllshed  between the  
two holding  patterns in the  O'Hare area. 

4. The Jet   penetration  procedure was very  unsatisfactory  since  there 

Although thls t e s t  was predicated upon the complete abol i t ion of 
the  Glenview re s t r i c t ed  area,  actually on ly  the  southernmost 13 miles of 
the  area would  be  required.  Possibly  the  only  advantage t o  be  gamed i n  
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nlleage between  Ililwaukee  and Chicago. In fac t ,   smce  it IS poss ib le   to  
complete e l k n a t i o n  of t h e   r e s t n c t e d   a r e a  would be a saving in route 

have Kavy J e t   a v c r a f t  use t h l s  area ;or penetration,  there 1s an ad- 
vantage in r e t aming  t h e  northern  portion of t h l s  area. 

VOR Systen D. 
xrangenent of Navigation Aids. 

hs a result of p rwlous   t e s t s ,  It was apparent  that   the  best  of 
the  route  arrangements  tested was t h a t  shown In Flg. 9 .  This arrangement 
of routes was agam  studTed and fur ther  changes  were mcorporated as 
Shorm ~n Figs- 11 and 2L. 

Since  the  Chrcagoland ..lrport has  been under conslderation by 
the  Tnird Region as a s l t e   f o r  a VGR and smce   t e s t s   md lca t ed   t ha t  this 
was a sa t i s fac tory  fl;i from which t o  vector aircraft, It was retained i n  
this route  arrangement. I n  order  to  avold  posslble  confllctlon between 
J e t   a l r c r a f t   k i n g   p e n e t r a t l o n  and conventional a i rc raf t   ho ld lng   a t   the  
Chlcagolar_d TOR It was decided t o   h o l d   a l r c r a f t   a t  Chicagoland eas t  of 

Pul lman,  Richzgan VOEI w a s  re tames.  The Navy r e s t n c t e d   a r e a  was re- 
t h ~ s  station. h e  departure  route  from  the  Chicagoland VOR t o   t he  

takec'  except f o r  approximately 13 m l e s  of t he  southernmost  portion. 
The  Iqeelgs Intersect ion was moved t o  a p o m t   a p p r o w t e l y   e i g h t   m i l e s  

r a b a l  of NapervCLe VCR and t h e  147" r ad la l  of t he  Chicagoland VCR* The 
east-northeast of t he  P I i d m y  outer marker and  was formed  by the 070' 

jet   penetration  procedure was t h a t  shown m Flg. 24. A b u f f e r   l m e  Ifas 
mscribed on t h e  map to   c l ea r ly   s epa ra t e   t he  i:idway vectoring  area fror i  
the  OIHare Asport  area. 

t r a f f i c   u s m g   t h i s  ammy contlnued t o  dlverge  from t r a f f l c   u s m g  V38 
The route V97 to   the  south  f ron X ? w ~  was modified so  t h a t  

enablmg  a i rcraf t  on G97 t o  climb  without  regard t o   a l r c r a t t  on 038. The 

from Shicago  ileights VOX and t h e  053" rac?ial from t he   Cope  VCR- The 
Karlem in te rsec t ion  and holdmg  >attern were deslgnated  as  the 312" radlal 

Plgin  intersect ion and holding  pattern were deslgnated  as  the 21h0 radial 
from the Chicagoland TOR and the  f ront   course of t he  I h d w a y  ILS. 
P o s l t m  of Operation. 

fins configuration of radio  a lds  a new sample of t r a f f l c  was used 
Center were essent ia l ly   the  same as  those  descrlbed previously. y,hth 

vhlch  the amount  of t r a f f i c   l andmg and departing  the OlHare area was 
equal t o   t h a t   a r r l v m g  and departmg  the Pildway area. 

The aosl t lons of operation  for  the Air Route Trafflc  Control 

area. h e  control ler   control led arrlvmg t r a f f l c  m the  area west of t h e  
O i H a r e  ILS course. The o ther   cont ro l le r   cont ro l led   t ra f f lc  m the area 
ees t  of the OfBare ILS course,  and a l s o  vectored traffx to   t he   p rec l s lon  

was also responsible for the  control of Jet   a i rcra"t   dur ing  penetrat ion 
r ada r   f l na l  approach  course a t  Navy Glenvlew Ai rpor t .  Thls  controller 

and approach. The radar  depaiiure  control  poslt lon  for  the OlHare area 

Two radar  control positions were es tab l l shed   for   the  OlHare 



15 

Xidway area  since  thT<  currently nave two ar r lva l   cont ro l le rs  and for tE..e 
was re tamed as m the  other tests. €To ne:: positions were required in the  

purposes  of  these  tests, a radar  departure  controi  positzon was established. 

Control  Procedures f o r  Southeast Landmgs. 

1. Lrrival Control  Procedures. 

Traf f lc   a r r lv ing   v ia  rr42, Fig. Zh, was r e s t r l c t e d   t o  6500 f e e t   u n t i l   p a s t  
the  ilinnetka  mtersectlon. These alrcraft Yere nomally chanyed t o   t h e  

mntersectlon. 
control of the OlHare east   sector   control ler  when passmg  the Baker 

Tfle n m m n   a l t i t u d e   a t   t h e  Chicagoland Vm was 35OC feet .  

73e  mnirnun altitude at  the  I leigs  intersection was 3500 f e e t -  
Aircraft  arriving v l a  V9 were r e s t r l c t e d   t o   c r o s s   t h e  !Vid ia!:e Intersection 
at  6500 ?eet and  above.  The aircraft were  normally cnang5d to   the   cont ro l  
of  the PE&iay east   sector   control ler  after passmg  the  ihd Lake intersect~.on- 
Po a l t i tuc 'e   res t rwt ions  were placed on t r a f f l c   a r r i v m g   l n t o  Tlelgs from 
V6, except t o  observe  the r n i n m  a l t l t ude  of 3500 feet .  

The miicinirrmn a l t i t ude   a t  tine Harlem lntersect lon was 4500 fee t .  
Afrcrafr,  arriving  from  over Peotone  were normally changed to   t he   con t ro l  of 
the  Nest sec tor   cont ro l le r   a t  I I i d w q  af-cer passing the  Peotone VCR, pro- 
v ldmg  the   axcraf t   could  no longer   conflxt   wi th  arrivals destined  for  the 
OfHare  area. 

The minimum a l t l tude  at the  iraperville VOR was h500 fee t -  .'iii-- 

cra f t   a r r iv ing  at t h i s  fLx were normally changed t o   t h e   c o n t r o l  of the  west 
sector  controller at P l x M z y  after  passing  the  Fig Xoc!: intersection. 

The minsmUm alttltude a5 the Clgm intersect ion was &OO fee t .  

t o r   con t ro l l e r   a t  OIHare a f te r  passing t L e  Marengo intersection. 
Arcraf t   a r r iv ing  a t   t h l s  f ix  were changed t o   t h e  control of the west sec- 

uere  normally  routed over Peotone VOR, Harlem t o   t h e  Chicagoland VOF, o r  
t o   t h e  E l g l n  intersect ion.   &craf t  f r o m  the south destined fo r  G1env;ew 
! w o r t  were routed t o   t h e  Chicagoland VOR. Aircraf t   arr ivlng on t h i s  

f z e t  and abwe, and were m t r u c t e d   t o   c o n t a c t   t h e  O'Hare r a d a r  controller 
m u t e  f o r   t h e  OlHare area were r e s t r l c t ed  t o  cross the  Ibiihw  area at 6500 

men  pas shg   t he  ! l i d w a y  outer marker. However, cont ro l   ju r i sdxt ion   d ld  
n:t p a s s   t o   t h e  OsHare control ler   unt i l   these  a i rcraf t   crossed  the  buffer  
1-ne  dlviding  the two areas. 

2r lval  a r c r a f t  from the  south  6estmed  for  the O f H a r e  area 

Chicago Nidway control lers  were prohibited from vectoring axr- 
c r a f t  from the  1lldWa;y holding  stacks at a l t i t udes  above S%O f ee t .  
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2. Departure Control Procedures. 
Normal departure  routes  are shown 111 Fig. 25. Before a l r c r a f t  

from t h e  ARTC con t ro l l e r s   t o  a short  clearance lmt a t  a specif ic  alti- 
departed from the  airports,   the  departure  controllers  secured a clearance 

tude. A i r c r a f t  departing from the O f H a r e  area eastbound on V10 or 
northbound on V7E were normally  cleared t o   t h e   C h a r l i e   h t e r s e d l o n  at 
3500, LSOO, o r  5500 feet.   Aircraft   departing  the O l H a r e  area  eastbound 
o r  southeast-bound v i a  V E O  were cleared t o   t h e  Mi8 Lake lntersect lon at 

t o   c r o s s  t h e  Able in te rsec t lon   a t  3500, LSOO, o r  5500 fee t .  
a l t l t udes  of 5500 f e e t   o r  belov. These a l r c r a f t  were f u r t i e r   r e s t r i c t e d  

P i r c ra f t  from the Midray area northbound on V7E were no- 

from ihdWay were c l e a r e d   t o   t h e  South Bend VOR at any  reasor able   a l t i tude 
c leared   to   the   Char l le   in te rsec t lon  at 2500 fee t .  Eastbound a x c r a f t  

with  regard t o  other   departure   ancraf t .  These a r c r a f t  wer? r e s t r i c t ed  
t o  2sOO f e e t  untll past   the  Easy mtersection. Other e a s t b m d  and 
southeast-bound alrcraf t  €rom Jlci-day were cleared t o  t i e  Thomaston mter -  

placed on the  departure 111 the  munediate v l c m e f  of the  a-lrport. 
Section v l a  V38 a t   a l t l t udes  of 7500 f e e t  o r  below. No restrictTons were 

Aircraft  southbound from Midway were cleared  via  V97 t o   t h e  
Gifford  intersection at a l t l t udes  of 7500 f e e t  or below. No r e s t r l c t ions  

bound, westbound, a d  southeast-bound  departixes ~ w r e  all cleared   to   the  
were nlaces on these   a l rc raf t  i n  the   v l c ln l ty  of t he   aupor t .  Vorthwest- 

Co:ne VOR a t   a l t i t u d e s  of 5500 f e e t  of below. These a l r c ra f t  were re- 

Lircrbf t  en route t o  Rockford or northwest on V53 were generally  cleared 
s t r l c t e d  to 2500 and 390 f e e t  until past   the  Loclcport mtersectlon. 

Over Coyne t o   t h e  Big Rock intersect ion at a l t l t udes  of 25’00 or 390 feet .  

Southbound f l i g h t s  from  OfHare were c leared   to   the  X-Ray inter- 
sec t ion   a t   a l t l tudes  of 25’00 or 3500 f e e t  and rrere controlled  through  the 
Coyne area m r e l a t i o n   t o  I f idway  t r a f f i c  by the  LYTC controllers- Long- 
range sout11west-bound9 westbound, and northwest-bound f l i g h t s  from the  
OIHare area were c l ea red   t o   t he  Pox i n t e r sec t ion   a t  2500 or 3500 feet .  

3 .  Shut t le   F l lgh t  Procedures. 
In  th i s   sanple  of t r a f f i c ,   s eve ra l   shu t t l e   f l l gh t s  were sched- 

uled between the  two major a q o r t s .  fi. s h u t t l e   f l l g h t  from OfHare Was 
xmnally  c lea red   t o   t he  Stadium ln te rsec t lon   a t  3500 fee t .  The mfor- 
namon  concerning t h l s   f l i g h t  was forwarded t o   t h e  !I~G%w a r r iva l  con- 
t r o l l e r  by the  O’Hare  departure  controller. It was not  necessary t o  
contact  the ARTG controllers  concerning  these  Zllghts.  Control of t h i s  
aU-Craft became t h e   r e s p o n s l b i l l e  of the  Midmy radar a r r iva l  control ler  
m the east   sector  when the alrcraft was approachmg  the  Stadium  mter- 
section.  Smce  the  Edway  controllers had  been previously  alerted,  they 
re re   p repared   to   vec tor   th i s   a i rc raf t  from the  Stadium in t e r sec t lon   t o   t he  
P i i d w a y  outer markeL-. 

the  Stadium in te rsec t lon   a t  2500 feet .  T h s  a i rcraf t   fol lowed  the same 
A f l l g h t  from I . l idway Airpor t  t o  O1Ha-e Was normally  cleared t o  
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departure  route  as  aircraft  northbound  from Ni&w on Vn. Information 
concernmg t h i s   f l l g h t  was forXarded t o   t h e  O'Hare east   sector   radar  con- 
t r o l l e r   a s  soon as   the  axcraf t   departed  the  abport .   Control  of the  

proached the Stadium mtersect ion.  ;ihLle tins procedure seemed practical, 
a l r c r a f t  was charge6 t o   t h e  @'Hare r a m  control ler   as   the  a i rcraf t  ap- 

m t h   t h e   a l d  of radar  procedures, a confliction  with  other  departing 

not o n l y  rn th   the   a r r iva l   cont ro l le r  I n  each  area,  but mth the  departure 
t r a f f i c  m each area was possible   unless   these  f l lghts  were coordinated 

control1 e r  as  well. 

Another system which was considered  better was as  follows: 

a. A s h u t t l e   f l l g h t  from O'Hare was cleared by ARTC as a 
normal departure and  was cleared t o  the Xray intersect lon 
a t  an a l t i tude  of 25@0 or 3500 feet .  

b. Information  concerning t h l s  a l rcraf t  was forwarded t o  the 
Nldway west sector  ra6ar  controller by F3TC as  soon as the  
alrcraft   departed  the  airport .  

c.  After the   p l lo t   repor ted   tha t   h i s   au-craf t  had crossed  the 

was m e d i a t e l y   t r a n s f e r r e d   t o   t h e  :Ildww radar   arr ival  
Roselle  mtersectlon southbound, control of t h e   a x c r a f t  

controller. 

d. After   the   a l rcraf t  was Ident i f ied by the i'Ii&ay controlier 
and was mside  the  radar  vector  area  as shown by the  buffer 
l m e ,   t h e   a l t i t u d e  was re leased  for   fur ther   use  for   other  
depar tmg  axcraf t .  

e. A shu t t l e   f l l gh t  f r o m  the ihdway Airport was cleared  by 
ALE t o   t h e  Baker in te rsec t ion   a t  2500 f e e t  and the aw- 
craft   followed  the normal departure  route as other air- 
c r a f t  northbound on V7E. Informatlon on this f l i g h t  was 
coordmated  with  the @'Hare eas t   sec tor   a r r iva l  con- 
t r o l l e r  and the  OlHare  departure   control ler   smce  thls  
a l r c r a f t  would be  vectored through the  departure zone 
east  of t h e   a q o r t s .  

f. Control  of t h l s   f l i g h t  was t r ans fe r r ed   t o   t he  OlHare 
eas t   sec tor   a r r lva l   cont ro l le r   a f te r   the   f l lgh t   repor ted  
passing  the George intersectzon. I n  most ca ses   t h i s  S- 
c r a f t  was vectored from t h e   v l c i n l t y  of the George ylter- 
sec t ion   d i rec t   to   the  Chicagoland VOR and occaslonally 
the a w c r a f t  was climbed t o  k500 f e e t   t o   p r w l d e   a l t i t u d e  
separation between t h i s   a l r c r a f t  and others  departing  the 
OfHare  area. 
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g. ARTC control lers  were notlfied when t h i s   a i r c r a f t  had 
cleared V7E airway so tha t   the   a l t i tude   could   agam  be  
asslgned t o  other departures. 

!p Results and Observations. 
The following  results were mdicated and observations were made: 

a. Delays to   a i rcraf t   are   shom  graphical ly  m Fig. 15- 

b. ARTC controllers  emerienced no CXffxult7 in   rou t ing  
arrival alrcraft t o  bye respective  clearance  points 
even  though the  f low of t r a f f l c  was considerably  heavier 
than  that  of the  first sample. The route   lnto  the O'Hare 

apparently no perfect  solution was immediately  available. 
area  from Ithe south was t h e   l e a s t  desirable  route and 

c. The h i m y  radar control lers  were able  to  vector  adequately 
UI the  area  south of the  buffer line on the  map. 

d. The arrangement  of holdmg fixes in t h e  OIRare  area was tk 
best  of those  attempted UI t h i s  slmulatlon. 

e. The depa- twe  routes   for   the  major  db'ectrons of f l l g h t  
were adequate,  permittlng  generally  unrestricted  climbs t o  
crulsing altitude. The southbound route  from OlHare and 
the northbound route from b h d w a y  still requlred a consider- 
able amount of r e s t r i c t i o n   i n   t h e  form of ~ttunnelmg. " 

f .  The departure routes  from K i d w q r  are such t h a t  l i t t l e  radar 
vectormg 1s necessary  except t o  provide  radar  separation 
while  an alrcraft is climbing  through  the  altitude of 
another   axcraf t .  

g. It Kt1 be & s u a b l e  for the   departure   control lers   to  have 
a 30-mile range radar dlsplay so t ha t   t he  outer radlo fixes 
ca? be  covered. 

h. It was considerably  easier, wxth the  use of two radar con- 
t r o l l e r s  m the O'IIare area, t o   v e c t o r   t r a f f i c   l n t o  two 
aLrports and to  control  the  mlxture of j e t  and conventlonal- 
type  a i rcraf t .  

1. The control of s h u t t l e   f l l g h t s  between the two areas was 
sat isfactory.  The two methods descrlbed are only two of 
many possible methods of control l ing  these  f l lghts .  
Experience  here  lndlcates  that whatever method of routlng 
and cont ro l l ing   the   shut t le   f l igh ts  is agreed upon, It 

ordlnatlon t m e  between control lers  will become so great 
should  remain  standard at all t m e s ;  otherwise the  co- 

that   o ther   port ions of the  t ra f f lc  control system w i l l  



suf fer  from lack of attentlon.  Addltiond  information 
concerning  the  control of s h u t t l e   f l i g h t s  between aY- 
por t s  111 cLose proximity  can be found m another  repoh- 

control  Procedures  for Northwest  Landings. 

scribed, produced  +he most acceptable  results  for  landlng  southeast, 1% 
Since  the arrangement of navigatlon  aids, j u s t  previously de- 

was used  as  the  basls f o r  t e s t s   t o  determlne  the practicability of landing 

IL.5 systems were used  as  the  navigatlon  aids  for final approaches. 
alrCraft   to  the  northwest  at   both  alrparts.  The back cowses of the two 

To implement t h e  system, the  following  addltlons were made t o  
t h e  navigation  layout and are  shown m Flg. 26: 

a. ~ l n  intersect ion Was deslgnated  as  the ELmhurst  mtersec t ion  
a t  a pomt  approximately :ive miles southwest  of the OtHare 
Airport.  This  lntersectlon was formed by the  front course 

Slnce It 1s located 111 the  general v l c in i ty  of the  present 
of the Midway ILS, t h e  035" r ad ia l  of the Napemfile TOR* 

E l m h u r s t  intersection, It was cal led E l m h ~ r s t .  ThlS f i x  
was used a s  a clearance lmi t  for   a l rc raf t   en te r ing  the 
OlHare area from the  north, west, and south. 

b. A homing f a c i l l t y  was assumed In  operation on the back 

the  O'Hare A ~ p o r c .  Srnce thls polnt 1s near  the  present 
course of the ILS ap?roxxnately  flve miles southwest of 

Milson marker. 
Wilson mtersec t ion ,   th i s  ma2cer was deslgnated as the 

C. An intersectlon  deslgnated as the  Evanstm mtersec t ion  
was located  approxmtely six miles  south-southeast of 
the  O'Hare L T o r t .   T h i s   m t e r s e c t i o n  was formed by  the 
3u" r ad ia l  from t h e  Chicagoland VOR, and the  047" r ad ia l  
from the  Napervllle VOR. Since  the  intersection is near 
the   ioca t ion  of the  present  Branston  intersectlon, It 
was cal led Evanston. This fu:  was used as  a clearance 
lmit f o r   a r c r a f t '   a r r l v i n g  m the O'Hare area from the  
eas t  and southeast. 

d. A buffer zone was mscribed  southeast of OtHare 
to   c lear ly   def ine  the  area i n  whlch' t h e  O'Hare control lers  
were confined m vector- aircraft. 

e. An mter sec t ion  was formed by t h e  098O r ad la l  from the  
Hidway TVOR and t h e  007' r a d l a l  of the Ch-icago Helghts VCR 

Tests of Several Trafflc  Control Systems fo r   t he  For t  Worth-Dallas  Terminal 
Area," Technical Development Report 1\10. 239, August, 19%. 

2Cla1r Et. Anderson and T l r e y  X. Vickers, T3ynamlc S u d a t i o n  
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and deslgnated  as  the Lake Shore mtersect ion.  T h i s  

mtersec t ion   bu t  is located  approxmately  seven  miles 
mtersec t ion  1s not located  near  the  present Lake Shore 

southeast of t h e  ladway Airport.  Aircraft arriving 
from the  northeast  f o r  Plidmay used   t h l s  flx as a 
clearance l3mi t .  

f .  An intersection  deslgnated  as  the Calumet in te rsec t ion  
was formed by the 100' r ad ia l  from the  Mapemfile VQR 
and the  035Vadia l  of t h e  Chicago  Helghts VQR. This 

arr iving from the  east .  
mtersec t ion  was used a s  a clearance lmit by a i r c r a f t  

g. An intersect lon  deslgnated  as   the Harvey mtersec t lon  
was formed by t h e  019" r a d i a l  from the  Peotone VOR and 
the  31b0 r ad ia l  of the Chicago  Helghts TOR. ! h s  mter- 

the  present Barvey  L/F range  station. '&IS f u  was used 
section was cal led Narvey because of Its locatlon  near 

as a cleafance limit for a v c r a f t   a r r l v m g   a t  I l idwa from 
the  south. 

h. An intersection  designated  as  the Howell intersect ion was 
formed by the  059' rachal from the Coyne VOR and t h e  291' 
r a d l a l  of the Chicago Heights VOR. This fix was used as a 
clearance lml t  f o r   t r a f f l c   a r r l v i n g  at Ihdway from the  
northwest and west. 

i. The present  Iledzle homing f a c i l i t y  was moved southeast t o  
a pomt appro.'Snately f i v e  miles from the Midway a i rpor t  
on the back course of t h e  ILS. This fix vas  cal led  the 
Ryan marker. 

1. Arrival  Controi  Procedures. 
The m i n m  a l t i t ude  used at t h e  Elmhurst mtersec t ion  Was 3500 

f e e t  until on the   eas t   s ide  of t he  Illciway ILS course. Thls was a built- in 
fee t .  dlircratt Erom t h i s  f a  were normally  instructed  to  mamtam 3000 

take-off at  Midway and landmg  traffic  being  Vectored from t h e  Elmhurst 
safety rule t o  msure at l e a s t  500 f e e t  of separation between a northrJest 

Elmhurst  from the   nor th  were r e s t r l c t e d   t o  bSO0 f e e t  until passing  the 
in te rsec t lon   jn to  O 'Hare  o r  Glenview .airports. d h - c r a f t   a r r i n n g  at 

E l g m  mtersect lon.  O 'Hare  radar controllers  n0maIl.y assumed control of 
t hese   a i r c ra f t  when t h e   a i r c r a f t  were c l ea r  of VnJ and VlO airway% 

made. 4ircraft whlch were  pre-nously routed  over  the  Peotone VOFt, t he  
One maJm change in routfng trafflc i n t o  +he O'Bare area was 

Harlem Intersect ion,  and lnto  the OfHare area when landmgs were bemg 
conducted to   the   southeas t ,  were now routed  via  Peotone,  Iqapervfile,  then 
t o  E l m h u r s t .  Th~s was consldered  pract ical   smce  a l rcraf t   dest ined for 
Hidway w e r e  not using Napemrille as a clearance lmit when land- t o   t h e  
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6500 f e e t  until past  the  Napervllle TOR. This was necessary t o  a l l o w  a u -  
northwest. The minm al t i tude  fa OlIIare arrivals using t h i s  route was 

below en   rou te   to  Coyne. 
C r a f t  departing lLatJay t o   t h e  southwest  the  use of ~ ~ 0 0  f e e t   a l t i t u d e  or 

The m m m  a l t l t ude   a t   t he  Evanston intersect ion was 3500 fee t .  
Arrival a l r c ra f t  at t h i s   f i x  were fu r the r   r e s t r l c t ed   t o  cross the  Baker 
and North Shore  intersections at  5500 feet. These r e s t r i c t lons  were added 
t o  provide  alt i tudes for a n c r a t t  departing t h e  area. 

Aircraf t   dest ined  for  Glenvlew Airport were vec to red   t o   f i na l  
approach for runway 01 from e i t h e r  of the  two holdmg  fixes m the  OlHare  
area and  were  changed to   t he   con t ro l  of the Glenvlew radar  controllers 
when approzmately  elght miles from Glenview alrport on final approach 
course. 

The m m i n r u n  altitude a t  all of t h e  I i i & a y  clearance  f ixes was 
4500 feet .  

Aircraft  en rou te   t o   t he  ialce Shore intersect ion were r e s t r l c t ed  
to   c ros s   t he   i hd  Lake intersect ion a t  6500 fee t .  No special   a l t l tude 
r e s t r i c t ions  were applled on the  other  routes.  

s h o r ~ n  i n  Fig. 26. However, descent was macle t o  only  &GO f ee t .  Then these 
aircraf t   reported  as   arr iving back a t   t h e  O'IIare outer marker at h%O f e e t  
these   a i rc raf t  were then  vectored toward the  Elmhurst or the  Evanston 
markers and placed ~fl the  normal vec tor   pa t te rn   for  a northwest landmg. 
Navy Jet a i r c r a f t  would be  expected t o  follow the  same procedure as tine 
A i r  Force jets when lanfiings were bemg made t o   t h e   n o r t h   a t  Glenvie:<. 

J e t   a m c r a f t  m the OlHare area made penetration in the  area as 

The area  normally  used in  radar  vectoring and the  areas  of control 
ju r i sd ic t ion  are shown m Fig. 26. 

2- Bepartwe  Control Proceclures. 

c l e a r e d   m i t i a l l y   t o   t h e  Charley  mtersectlon at a l t i t udes  of &OO f e e t  
Eastbound amcra f t  from the OlHare a rea   v ia  Vu) were  normalW 

or hlgher. I n  many mstances  a i rcraf t   c leared on t h l s  route crossed  the 
Charley intersect ion at U , O o O  f ee t ,   smce  a relatively  unrestricted  climb 
could  be  obtamed from OlHare and Glenview. East- and southeast-bound a=- 

5500 f e e t  or below. These a l rc raf t  w r k  f u r t h e r   r e s t r l c t e d   t o   c r o s s   t h e  
craf t   us ing VU0 were normally  cleared t o   t h e  Ehd Lake mtersec t ion  at  

Able mtersec t ion  at 3500 and b500 fee t .  Eastbound amcra f t  from IlidWay 
on V6N were r e s t r i c t e d   t o  2500 and 3500 f e e t  ut11 past   the   Crib  mter-  
sectlon,  after which pomt  they were able t o  clunb.  Eastbound a l r c ra f t  
from 1IidWay on V38 were r e s t r l c t e d   t o  2500 and 3500 f e e t  Unti l  past  alrwaY 
V5. These amcra f t  were normally  routed  via  the Crib mtersec t ion  and 
the Ik€ool marker. 
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As shown III Fig. 27, some  of the traffx eastbound on 0-38 was 
route?  over  Lockport and the  13h0 r ad la l  from ITapervZUe u n t i l  reaching 
t h e  100" r ad ia l  from the  Cqme TOR, then  east   to  V38 alrway.  These a i r -  
Craft were r e s t r x t e d   t o  2500 and 3500 Feet  al t i tude until reaching a 
point   c lear  of the  Harvey holdlng  pattern. 

intersect ion and the  135"  raPlal  f r o m  the  Naperville VOFt t o  V37. West 
and southwest-bald  I l lghts from Ihdway were routed  via  Lockport and Cope  
at a l t i t udes  of 5500 f e e t  or below. These a r c r a f t  were r e s t r i c t ed  t o  

bound f l i g h t s  from Midway were cleared v i a  the  Coyne VOR t o   t h e  Big Rock 
2500 or  3500 f e e t  untll passing  the Loc!cport intersection. Northwest- 

intersect lon at 2500 o r  3500 feet .  Northbound f l l g h t s  from Phdway were 

the  Able intersect ion  these  a l rcraf t   could be  cleared t o  higher altitudes 
cleared t o   t h e  Charley  intersection  at  2500 feet.  Often  after  crossing 

below 5500 f e e t  because  departures  from O'Hare were normally  crossing 
Charley  intersect lon  a t   a l t i tudes above 5500 feet .  

Southeast-bound f l i g h t s  from Itidway were routed Over Locbor t  

Southbound a l rc raf t  from t h e  OlHare area were c l ea red   t o   t he  X- 
ray intersect ion at 2500 and 3500 feet .  These a l r c r a f t  were r e s t r i c t e d   t o  

bound a l r c r a f t  from the  OlHare area were cleared t o   t h e  Fox intersect ion 
2500 f e e t   u n t i t   c l e a r  of the E l & v r s t  holdlng  pattern. Northwest  and  west- 

a t  2500 and 3500 feet .  These a n c r a f t  were r e s t r i c t e d  to 25m f e e t  until 
clear  of the  Elmhurst  holdlng  pattern. 

Jet alrcraf t   depart ing from O'Eare or from Glenview climbed 
s t ra ight  north after  take-off  untl l   reaching an a l t i t ude  above other   t raf-  
f ic   before   tu rn ing  on course. 

3. Shuttle  Flight  Procedures. 
A s h u t t l e   f l i g h t  from  the O'Hare Airport was normally  cleared t o  

the  Stadium intersect ion at  3500 feet.  Informatlon  concerning t h i s   f l l g h t  
was coorimated  wlth l'hdway control lers  and t h e   f l i g h t  was r e l eased   t o  
the=  control   as   the fllght approached the Stadium intersection.  Since  the 
Nldway ea&  sector  controller was expecting thls f l l g h t ,  he m e d i a t e l y  
assumed control of t h e   a i r c r a f t  and v e c t o r e d   t h e   a n c r a f t   t o   t h e  Lake Shore 
holding fu: and from the re   t o   t he  Ryan marlrer. 

the Stadium mtersec t ion  at 3500 feet .  Informatlon concerning t h i s   f i l g h t  
A s h u t t l e   f l l g h t  from Kidway t o  @!Hare was normally cleared t o  

was coordinated  with  the O'Hare east   sector   control ler  immediately a f t e r  
dsparture  from IKdway. A s  soon as the   a l r c ra f t  Peached 2500 feet ,   control 
was changed t o   t h e  OfHare east   sector   control ler .  I n  most cases  shuttle 
f h g h t s  from >hdway Airport were ident i f led  by  the O1Ba-e controller  long 

placed 111 the radar pa t te rn  n t h  other  landing  alrcraft. 
before reaching  the Stadium mntersectlon and were turned  northwest and 

charslels untd the exchange of control was aompleted. 
S h u t t l e   f l l g h t s  from both  alrports  followed  the normal departure 
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Results and Observations. 
The following  results were mdicated and observations were  made: 

a. 

b- 

C. 

d. 

e. 

- f. 

Delays t o   a r c r a f t   a r e  shown graphzcally m Fig. 15. 

very  restricted.  However, It 1Tas believed  practical, 
The vectorlng  area used by t h e  OlHare control ler  was 

provided  arr ival   a i rcraf t  would q e r a t e  wlthin t h l s  
area at  or near  approach  speeds. % 

The four   f ixes   used III the  i l l a w a y  area were suitably 
located for the  purpose  of vectormg t r a f f i c  t o  the 
Ryan marker. 

The control of s h u t t l e   f l l g h t s  was sa t zgac to ry  assuming 

radar  these  shuttle  f l lghts would probably  encounter con- 
both a q o r t s  were  provvlded wi th  good raear. idithout 

siderable  delay  before  completing a f l i gh t .  

Jet   departures from O'Hare  and Clenvlew were in much be t t e r  
poslt ion 50 c l i n b   t o  hlgh a l t l tude  %mediately followilg 
take-off  than when landings were bemg  conducted i n  a 

0':Iare area was  ab?e t o   c l m b   t o  hlgh altitudes before 
southerly  dsrection.  Forth and eastbound t r a f f l c  from the 

from  the OfHare area were not  necessarily M h e r  r e s t r i c t ed  
r e a c u g   t h e  Charley  mtersection.  Other  departure  aircraft 

when landings were bemg made t o   t h e  northwest. 

Deyzrtures  from Xldway using a36 and V97 were very   res t r lc ted  
when compared with  the  use of these  routes when Landings 
were bemg made to   the  southeast .  However, a departure test  
was  ma2e with  the  use of radar  In  the +WTC Center and delaYs 
to   departures   usmg V38 and I397 were substant ia l ly  reciuced, 
as shown m Fig. 15- 

r a b o   f u r e s  m the  terminal area when landmg  northwest, 
Although It was n e c e s s a q   t o  s h l f t   a l r c r a f t   t o   d d f e r e n t  

it was s lgnlf lcant   thzt   only one route was changed as far 
as  en route  traffic was concerned.  That was the change 
in rou te   fo r  OfBare arrivals from over  Peotme. 

d a n s  t o  f l y  whlle maklng an mstrument approach. 
-+Approach speed m t h i s  case means th2t speed a t  rrhlch a p l i o t  
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TESTS USLUG ILSTC SURVXGLANCE R A E B  

was t h e  same as   tha t  described I n  VOR System D. I n  these  tes ts ,   the  a l r  
The arrangement of navigation  alds  used m these limited t e s t s  

route  controlkers were provided  with a horlzcntal  radar-type  dl@W 
approxmately 30 inches m &meter  and covermg an area  around Chicago 
Elidway A i r p o r t  of 60 miles  radius. A s  i n  all previous  tests,   these Con- 
t r o l l e r s  were  provided  with  dlrect  conmumcations  rdth  aircraft 
enter ing  thls   radar   area.  There was no change m the  termlnal  area  radar 
control  arrangement from that  2escrlbed under VOR System I). The Sample Of 
traffic used was the sample m which t h e  O'Hare area t ra f f lc   equa l led   tha t  
of t h e  Midrray area. 

A I L  previous  control  procedures were retamed  as  f a r  as minimum 
a l t i tudes  and routes were concerned,  except t ha t   a s  soon as the  P-S'C con- 
t r o l l e r s  had the  -craft  under  radar surveillance it was often  posslble 
to   t ake  m a n y  short   cuts  ln routmgs and t o  chmb  a l rcraf t   departmg  the 
area  to  hlgher  al t i tudes  through  the  alt i tudes of arr lvlng  a i rcraf t  by Use 
of radar  separation  standards. 

i h i l e  the  delays  for   these  tes ts   d id  not  show a rad lca l  change 
from the resul ts   obtained without h9TC ra6ar, 1% was the  opmlon of all 
the   cont ro l le rs  concerned that inbound t r a f f l c  was much more orderly m 
arriving m t h e   t e m m a l   a r e a  at the  proper   a l t i tude and sequence- 
Further  analysis of tine r e s u l t s  showed tinat the  greatest  advmtage of 
using  radar in the  Air Rou5e Traffic Control  Center was m controllmg 
depart- a i rc raf t ,   par t lcu lar ly  on t h e  routes havmg a number of con- 
f l lc t ing  intersect lons  v5th  arr ival   t raff lc .  It was the  opinion of The 
cont ro l le rs   tha t  a radar fo r  Center  use  should  provide a range of 70 miles 
or more i n  order  that   the  majority of the  depart ing  axcraf t   could be con- 
t r o l l e d   t o   c r u i s m g  level, and ar r iva l   a i rc raf t   could  be Cescended and 
properly sequenced before  reaching  the  metropolitan  area  flxes.  Jlth  the 
installation of the TOR ranges m this area It should be poss lb le   to  estab- 
llsh deslgnated  reportmg  points  near the edge of the rad& display t o  
serve  as  pomts where i d e n t c i c a t i o n  could be a c c q l x h e d .   h a l y s l s  of 
the  delays t o  arrlval alrcraft showed tha t   near ly  all of the  hlgh  delay 
times mere caused by alrcraf t   being clelayed pr lor   to   pass lng  South Bend, 
TIOllne, and other  outer  pomts, and not in the  area of radar coverage. 

EFFECT 03 G I E W B J  RESTRICTED ARF,A 
ON FLCKJ OF TRAFFIC 

airway s t r u c t u r e   l l e s  m the  present  boundaries of the  Glenview re s t r i c t ed  
area. Xumerous route  structures were consldered UI paper  studles  prlor t o  
t h e  start of t h e   s d a t l o n  runs. One point whlch was paramount  through- 
Out these p r e l h a r y  studies and trhxch ;qas confirmed in  t h e   a c t u d  simu- 
l a t i o n   t e s t s  was t h a t   t h e  Glenview restr lc ted  area,   as   present ly  
constitated,  crezted an untenable  situatiop m the  route   s t ructure   east  
of O'Hare, Glenvlew, and X A d w a y  texmmals. Although there   ex ls t s  some 

The most ser ious  deterrent   to  a sat isfactory realignment of the  
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difference of oplnlon  as   to   the  extent   to  which t h e  Glenview re s t r i c t ed  
area should  be  mohfied,  there was complete  unanimity on the   pa r t  of 
those  partlcipating i n  t h e   t e s t s   t h a t   t h e   r e s t r i c t e d  area must be  reduced 
t o  provide  the  route  structure  necessmr for the  O'Hare, Glenview, and 
Midway traff 1c. 

polltan  area,based on a c t u a l   t r a f f l c  samples  from the  Chicago ARTC Center 
coverme  the  period of 1630 t o  1930 CST, shows t h a t  50 per  cent of the in- 
bound f l l g h t s  t o  Ilidway Airport are from the  east .  Most of thls t r a f f i c  

presence  of  the Glenview re s t r i c t ed  area. IIowever, even t h e  lm:.ted 
1s ees t lned   for  I g i d w a y  Airport, and I s  not  seriously  affected by the 

amount of t r a f f l c   u t j h z m g  OfHare  and Glenmew is r e s t r i c t e d   t o  a con- 
slderable  degree  through  circuitous  routing  around  the  Glennew  re- 

t r a f f i c   t o  PI idway .  The full  mpact of t he   r e s t r i c t ive  rmtmngs generated 
s t r ic ted  area,   smce such t r a f f l c  must share  routes  with  the inbound 

by the   Glennew  rest r lc ted  area w l l l  be f e l t  when t h e   a i r l h e s  commence 
the   t ransfer  of the=  scheduled  operations t o  OlHare Fleld. 

h analysis 05 the   p resent   am  t ra f f ic  m the Chicago metro- 

ternunal metropolltan  area i s  a system  of r e l a t ive ly  mdependent routes 

in the  operation of the I;ew York and iiashlngton  control  areas. The sm- 
serving  the  respective  termmah.  Thls concept  has been well   estabhshed 

d a t i o n  study at TDEC has  drawn heavily upon the experience gained m 
previous  slmulation of these  areas 111 devlsing  the recommended route 
s t ructure  f o r  the  Chlcago metropolltan area. Nuch of the  route  struc- 
ture  phdosophy  applled t o   t h l s  study has  been  well   tested 111 the  oper- 
a t ion of t h e  'Jashmgton and >Jew York PRTC Centers. 

Basic t o   t h e   s o l u t m n  of a l r   t r a t f l c  congestlon m a m u l t l -  

and route   s t ructure   to   the  east  of the O f  Hare-Glenvlew-Kldway area. 
I l l u s t r a t ed  i n  Fig. 28 is the  recommended airway alignment 

which that  area  should  be  reduced  to accommodate tnese  routes. The 
The shaded portion of the  Glenvla:   restricted  area 1s the  mininnun by 

southern boundary of the  modified  restricted  area would be described  as 
a l i n e   p a r a l l e l  t o ,  and fi-re ni les   north of, the  en  route  radlal  between 
the Chlcagoland VOR (proposed) and t h e  Pullman VOR. It will be  noted m 
Fig. 28 t h a t  OfHare and Glenvlew have a departure  route  mer PIE1 and an  

parture routes u t i l l e e d  by  ILdway t r a f f l c .  F i f ty   pe r  cent of the  arrxvals 
a r r ~ v a l  route over EK, both of which a re  independent of a r r lva l  and de- 

at Glemew-O'Hare u t i l l z e   t h e  inbound route, and h2 per  kent of the de- 
partures from Elennew-OfHare uti lxae  the  departure  mute.   Point A In  
fig- 28 represents a clearance hnxt  f o r   f l l g h t s  mbound t o  liid??ay. 
Thrs  clearance l d t  1s en t l r e ly  independent of the  Glenvlew-O'Hare 

becomes the   foca l  point fo r  all eastbound  departures  from Glenvlew-CISare, 
t r a f f i c .  In  Fig. 29, w l t h  the   en t l re   res t r lc ted   a rea   re tamed,   pomt  A 

all mbounds  from the   eas t   des tmed  for  Glenview-OfHare, as  well  as ks 
per cent of the  inbound f l i g h t s   t o  HtdFray from the  east.  Speclflcally, 
unrier a sustalned  flow of t r a f f l c  over a route   s t ructure  similar t o   t h a t  
depicted m Fig. 29, t h e  minlmum al t l tude  avai lable  at point A for a 
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f l i g h t  en r o u t e   t o  OlHare o r  Glenview rrould not b e   l e s s  than 12,000 feet. 
I n  such a t ra f f ic   s l tua tzon ,   subsequent   f l igh ts   to  OlHare and  Glenview 
would be required t o   c r a s s   F a i n t  A a t  even  higher altitudes or would  be 
held  en  route .   In   e i ther   Instance,   ser lous  delays  to  trafflc UI tile 
systen would accrue. 

* The s w a t i o n   s t u d i e s  of t h e  Cnicago  Troblem proved  conclu- 

e r f i c l e n t l y  such a volume and n1,xbure  of tiqafllc, even n t h  the  best  of 
szvelg  that  a smgle flx clearance lmt w o u l d  be unable t o  accomodate 

radar  eqcipment.  Already  approachmg the s a t u r a t i o n   p a n t   m t h   o n l y  
?h&Zr t r a f f i c   t o  contend  with,  mch a foca l   pomt  of t r a f f i c  would 
mntrohce  delays  mto  the  inetropditan  area ;Jhich  rrould obviate any ad- 
vantages  expected  from  the  use of t he  O'Hare terminal  durmg IFR 
conditions. 

c a ~ r c m ~ o m  
Slmulation tests indicate   that   the   acceptance  ra te   for   a i rcraf t  

open~ng of t he  OlHare h q o r t .  However, i n  order t o  mwe a mass vdlme 
operatmg IFR in t he  Chlcago area  can be substantially mcreased with t h e  

from the Chicago  area. IT is also necessqJ   to   p rwlde   radar  arrival 
of FR t r a f f l c ,  lt is necessary t o   r e v m e  some of the  routings t o  and 

was the  oplnion of t he  XqTC control iers  &LO worked  on t h e s e   t e s t s   t h a t  
and  departure  control for  both  the C'IIare area and the Phdwav area. It 

the  routes  as shown m Figs. il and 24 were the   bes t  of those  tested.  
This system of routes worked well rrlthout  the  use of radar in the d T C  
Center. Ifowever, the system 1 s  dewgned so that  should  radar become a 
p a r t  of the  Center equlpment, the arrival an< departure   a i rcra"t  w i l l .  
operate in re lat ively  mdependent   areas ,   a t   least  for the  most heavily 
traveled  routes.  Thls wd.1 do much t o  smpldy the   radar   control lers   display 

ninmum. This  route  sJsten  9rovides relatively free  descent and c l m b  
and  keep coordination between arr-lval and departure   control lers   a t  a 

oaths  for a l r c r d t  I@ t o   d x t a n c e s  of 90 n?iles from  Chicago i n  dlrect ions 
most frequently used. 

The a l r   r o u t e   t r a f f i c   c o n t r o l   x a s  most effect lve when d l rec t  

90 miles of the  netropalitan  area.  Ljnute? t e s t s  have indicated  that  
comunlcations  could be  mamtamed n t h   t h e  maJority of t r a f f i c   w l th in  

when  more than  ten  per  cent of a r r l v d  t r a f f i c  i s  not m dlrect  contact 
rn th   the   cont ro l le r   the   e f fec tmeness  of d rec t   comunica t lons  i s  grea t ly  
?educed. 

volume of t r a f f i c   an t l c lpa t ed   a t  O'Hare and iabray Au'ports .  The r e s u l t s  
obtained through the   use of radar  contro;  procedures i n  the Washington 
ARTC Center  have  Justified  the  use of center  radar in  tha t   a rea ,  It 15 
signi_rxant t h a  ul immediate so lu t ion   t o   t he  New Yor!c t r a f f i c  congestion 
problem 1 s  belnng sought  through t h e  medlum of AFLTC Center  radar  (the 
Mi tche i l   P ie ld   radar   fac i l l ty  is  scheduled t o   b e  commissioned as a C.41.- 
operated  adJunct of t h e  Hew York &?TC Center on April 1, 19551, and it 

,GTC Center s m e i l l a n c e   r a d a r  nll be  requlred  to  handle  the 
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terrmnal area wdl be sunilar t o  t h a t  which nov ex i s t s  m the  Idlewild- 
should be consldered. t h a t   t h e   t r a f f l c   s i t u a t i o n  in the  O I H a r e - M i d w  

LaGuardla termlnal  area. 

of del-ay.  However, crith adequate  radar  coverage of the  areas  and standard 
procedures t o  be followed,  the  delays  can  be minimized. 

S h u t t l e   f l i g h t s  between t h e  two terminal areas mll be a SOUTCB 

One OsHare radar arrival cont ro l le r  will have a d d f l c u l t   t a s k  
i n  vectoring t ra f f ic  t o  two alrports  during peak traffic  condltlons. 

of providing  the Glenvlew :iAS mith  airspace jn which t o  conduct  mde- 
pendent  operations. From t h e   a l r   t r a f f l c   c o n t r o l v i e v o m t ,   t h e r e  1s 
some advantage m keepmg  the  northern  portion of the  Glenview re s t r l c t ed  
area I n t a c t   t o  be  used  as a J e t  cimb area  or  a p l ace   fo r  Navy j e t  a=- 
c r a f t   t o  make a penetration. 

There  does  not  appear t o  be an adequate  solutlon ta the  problem 

The present and planned  locatlon of VOR s ta t ions  was found t o  
be adequate for routes shown i n  VOR System D. 

1. 

2. 

3. 

4. 

5 

6. 

7. 

8. 

RFCOIUENDATIONS 

It is recommended tha t :  

The route   pat tern as presented i n  VOR System D be adopted- 

direct  comunicatlon with a l l  a l rc raf t   wi th in  5% T a e s  of 
A system of peripheral  communications be provided t o  permlt 

Chicago. 

Ike  Chicago &?TC Center be proncled With sumell lance  radar  
capable of a range of a t   l e a s t  70 rmles t o  be displayed on 
large  horlaontal  indicators. 

!he arrangement of radio  alds in the 0lHai-e area as show 
In Flgs.  2k and 26 be  adopted. 

Rad= arrlval and Ckpar ture  procedures be established a t  
O'Hare. The departure  controller  should be provided a 
radar  displa~r of a t   l e a s t  30-mile range- 

The OlHare tower be responsible  for  the  control of IFR 
t l - a f f l c   a t  Glenview NAS. 

The  O'Hzre tower be provlded  rnth a two-sectbr  radar 
o p e r a t l w  for the  control of a r r l v a l   t r a f f i c .  

me t e r rmnd arsa arrangement for PJidwq- m o r t  as  shown 
III Figs. 2h and 26 be  adopted. 





GZOSS4RY OF LOCATION IDZIITLFXERS  USED Dl JUUSTRATIOTJS 

ABE - Able Intersect ion 

ARL - tx lmgton  
API - Naperville VOR 

BFA - Beacon 1ntersect:on 
HEH - Benton Sarbor VOE 
BKC - Baker Intersect lon 
BDF - Bradford 
BIG - Blg Rock 
BLU - Blue Is land  
E& - Burimgton 

CGT - Chicago  Helghts YO3 

CHT - Chicago i?l&ay Airport 
CGX - i lelgs  Intersection 

C H Y  - Charley  Intersection 
CLD - Chicagoland VCR 
COT - Coyne VOX 

DIX - Dlxon VOR 

D l X  - Crlb Intersect ion 
W G  - Dog Intersect lon 

ELG - Elgin  Intersect ion 
ESP - Easy Intersect lon 

ELM - mmhurst  Intersection 
EVA - Evanston Intersect ion 
EDZ - Xedzle  ilarker 

FOX - Fox Intersect lon 
Fa: - &-arkfort   Intersectlon 
F Y A  - Fort  Vayne VOR 

GFD - Cifford Intersect ion 
GRO - George Intersect ion 
GqT - Gary Intersect ion 

HkR - Harlem Intersect ion 
F T  - Hem2 Xarlcer 
HTL - Hctel  Intersection 
€Wz - Harvey Intersect ion and Range 
HCL - Howell Intersect lon 

Io3.I - Iowa City VCR 

JOT - J o l l e t  Eange 
JVL - Janesvi t le  VOX 

LAF - Lafayetie VOR 
LPT - Loclrport Intersect ion 

LFD - Li tckf le ld  VOR 

KCL - f4cCool Marker 
KGO - Harengo Intersect ion 
rlm - PKd Lake Intersect lon 
ICE - PliLwaukee VCR 
1 5 1  ~ Holine TOR 

N - North Shore  Intersectlon 
NBU - Glenvlew Airport 

ORD - Offlare  Airport 

P%O - Peotone VOR 
PI& - Pal traukee VOR 

PIA - Peoria VoR 
El'I - Pomtiac VOR 
?ml - pu?lman VCR 

RFD - RocHord VOR 
ROS - Roselle  Intersection 
RST - Resort   Intersection 

STA - Stadium Intersect ion 
SEN - South Bend TOR 

TSP - Thomaston Intersect ion 

Vm - Virgi l   Intersect ion 

IrTN - Mjnnetka Intersect ion 
m u  - Tdauconda Intersect ion 

X-Ray Intersect ion 
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F I G  2 SECTORIZ&TION USED IN THL ARTC SIMULI\TION 











FIG 7 TRAFFIC FLOW --PRESENT A I R W A Y  S Y S I L M  
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