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SIbULATIOiT TESTS OF THE FACTCIRS 
AFFECTiXG IFR TRIIE'FIC CAPACI!FY 

CHICAGO 0 'FIDE ALiPOIiT 

SUI,JWURY 

Thls report  describes a slmuiatlon  study of hlru&-denslty a n  
traff lc   operat ions ar. Chcago  3'Eare  Alrport under  Instrument f l l g h t   r u l e  
condstlons.  In >Le cxr-le,xt O'iiare  filrpo;t  master  plan, s lx   tangenclal  
r u w a p  are  pro9osc.l w l i ?  the  termlnal tu l ldx ig  In  the  cerlter of the 

tllrs-. runways and assoc;ar.ed alrways s t ruc tu re   t o  accomod&te  the m a x m ~ ~ ~ ~  
flr=-!3. %e ,;J>a.e of thls  s;ud;. wzs t o  detei-ane the  co,lflgura,ttlon  of 

flcw O P  a r r lva l s  and d e p r t u r e s  at O'Hare Plrqort  Ali t e s t s  were con- 
&.&ea throuch  the  use  cf  %he  dynwlc alr t r a f f l c   s l n u l a t o r   a t   t h e  Clvll  
k;.ronau",cs fdmnls t ra t lon  Teci-xncal Development Center 

hl,her  than  the  capacltf of a s m g l e  approach lane.  Tvo asproach  lanes 
opeL-atmg smulmneously apppnared t o  be  the practical m a x m u n  for  zhe  area. 
FJO d u e  agTrcach sys tem we:-e studled. a convergmg  system and a 
p- ra i ie l  system The convergmg  system  appeared t o   o f f e r   t h e  best possl-  
bil i t :es  for  hlgh-capaclty  operatlons.  However, nei ther  systern 1s 
authorized uncier present  raLr  separat-on  stzndards.  Before a lar&e 

ln4" IT- 

mount  of  funds 1 s  s p a %  on a f a c l l l t y   t o  handle a sustained volurne of 
- u L ~ , e n t   f l l g h t   r u l e  t rdf fx  :n z):cz=s oP the  nurber achlevabAe with 

0-e zpproach  lane, It would be w s e  TO make sure  that  simultaneous dual 
a,sproaches wlll be ~ p p - 0 ~ 3  by the  C l v l l  Aeronautics Admnlstratlton  Offlce 
o l  Flrgnt  Cpelatlons a d  Alrvorthlness and 1ndustr;r. 

The t r a f f L c  dexand ra tes   forecas t   for  O'Hare Alrport were 

The t e s t s  showed t h a t  an a n p o r t  capable of handllng e0 t o  100 

t ia f f lc   cont -o l   ins ta l la t ion ,   wl th  m a n y  more control lers  znd radlo chan- 
Instrument filch', rule operatlons  per how wlll requlre a hlghiy complex 

ne15 tndn d e  presently ~n use at  i n y   c l v l l   a l r p o r t  In t he  world  today. 
A hl,h ae;ree o f  control  reglmentatlon and coordlnatlon r n l l  be requlred 
II such a complex operatlon 1s t o  functlo,l  s-feiy a d  ef f lc len t ly .  

Tests showed t h a t  a marlred mprovement I n   a r r l v a l   r a t e s  of J e t  
t r anspor t   a r c ra f t   cou ld  be real lzed If these   a l rc raf t  commenced t h e n  
asproaches from lower l n l t l a l  approach altitudes. The bes t   r a t e  vas 
achleved  wlth  Jets integrating w l t h   o t h e r   a n c r a f t   l n   t h e  normal m e r  
leavlng feeding f lxes   a t   a l t r t udes  of 4,000 f ee t  and  below. The best  
arrival rate  achleved In simulatlon  for a saqple of 60 per   cent   je t  
a l r c r a f t  was 55 per hour  o2eratInz  onto two lndependent runways. 

restricted conslderably by operatlons  at   Glennew Naval An- Stat lon.  To 
a lcss2r  de&ree  they w l l l  be restricted by operatlons at  Chlceso  fidway 
x i rgor t .  Because of l r te r fe rence  between  O'hare  and Ivkdway, there  appears 

Tests showed t h a t  zhe u t l i i za t lon  of  O'Hare A1rp01-t wlll be 
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t o  be no p rac t l ca l  use for  two prw2osed runways, Nos. 23-20L end 14L-%?R, 
a t  O'Bare, therefore,  as  long  as b!l&way Airport remalns  actlve, It 1s 
recornended tha t   these  two ru~ways be omltted from the  constructlon 
prosram. 

I~VTRODUCTION 

runway coaflju,-ations at O'Bare d r p o r t  and t o  mves t lga t e   t he   roAe  
struckure  requlred  to  handle  the l a z e  voiune of  t r a f f l c   p r e d x t e d   f o r  
the Chicago &Tea. 

The pluqose of t h l s   s x u i a t l o n   p r o y a m  was t o  evaluete  varlous 

the  civil J e t  zlrpo~-i ,  for   the Chicago area,  slnce Chlcago bkdwqr Alrprt 
O'Hsre  Airport,  whxh 1 s  shown I n  F-g. 1, 1s bemE Ceveloped as 

w~ll noz  accommodate la=g:- c l v l l   J e t  transportsdue t o  runway 1en;th Ilml- 
t a t l ons  It appeals th-r. t h e   t o t a l  mounc of t r a f f l c   fo fecs s t   fo r  O'Eare 
w l i ;  exceed t'le  msl,rument f h L h t  - 4 2  (IFE1) capaclty xw'nch can  be  handled 
by a s ~ l i ~ i e - l a n e  app7oLch syst?!q wl th   p re sed  d a y  r a d a r   s r p a - a t n l s  
However, as long as present  separatlon  standards alply,  the  a&dltlGn of  a 
second  approach laic w 1 2 1  not  lmrease  the  acceptance  rate ebove tha t  of  a 
sln,le l a e .  I n  order  to  proceed  wlth  the  slmulztion  study, It was 
necesstsy t o  i s s ~ m e   t h a t  spec;& sepa rauon   c r l t e r l a  would be mthorized 
t o  take sd~~an tage  of t h e  mc;eased f a c l l l t l e s .  For dual  &pproaches, t he  
O'Ha-e AlriJort   des13  offered t-m 5as1c posslbl1ltle.s: a converglng  approach 
system 2nd a psl-allel approach  systeln. 

A study of t he  Chlcego metropolltan  area  wlth O'Eiare Alrport 

i955.l I n  Septezber 1955, a t  The request of the  Offlce  of A m  Traff ic  
o p e i a t m j   a t  33 per  cent of t he  MIdw3y t r a f f i c   l oed  wzs conducted ear17 I n  

Control,  the  Technlcal Development Center (TEj began an addlt1ona.l slmu- 
la t lon  s tudy of t h e  Chlcago termlnal  area. By December 1956, A t o t a l  of 
23  t es t s   lnvolvm& fllghts of 1722 s l r c re f t ,   mc luC~ng  292 Jet-type,  VLD 
conqleted. It was necessary t o  stop  the work az t h l s   p o i n t   t o  modlfy 
commm1catlons  equipment and expand simulator capacl ty   to  accommodate the  

1.n l n t e r m  report, vhhlch  coTrered the   resu l t s  of the  smulat-on t e s t s  up t o  
incrpndfd t r a f f l c  denslt les  necessary  far  the en roEte  phase of the study 

t h a t   t m e ,  was pre2areL. The second  phase of the  Chlcago t e s t s  was post-  
poned untll Xovernber,igj~, due to  the  asslgrment of 0th-r  2roJects of 
hl&er priority. Meanwhile, these  proJect;  provlded much valuzble 
ex2erlence on clv13 J e t  pzocedures whlch were applled TO the  O'ha-e  study. 

Ine forecest  percentage of c l v l l   J e t   t r a f f l c  at O'Hare Increased rm 

t o  60 per  cent by t h e   t m e   t h e  second  phase was s ta r ted .  The t r a f f l c   s m p l e s  
used m t h e  second  phase  reflec-ced th l s   lncrease  

1 

of Several  Trafflc  Control  Sfstems f o r  the Chlcago Metropolltan Area," 
TeZhnLcal Development Report No 270, Aprll 1955 

C .  M. Anderson and F M. McDemoCt, "Dynmc S m d a t l o n   T e s t s  
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for   the second  phsse  of  the  sxmlzttlon progrim whlch began on Deceaber 2, 
Four radz--quallfled  CeEter  controllers  nere  detalled  to TDC 

1357. In  addltlon, 11:ustry regcrresentat-tlves were consul ted   to   p rovde  
forzczsts of f u t u r e   t r a f f l c   d m a d  md j e t   a l r c r a f t  operatmng  procedures. 
Fr f ty- four   t es t s  involv:nz f l l g h t s  of 3925 a l rc raf t ,   o f  whlch  2501 were 
ctl~11  Jets, were completed ln t ne  second  phase of the slmulattlon. Thls 
mete a t c t d .  of 77 z e s t s ,   m t h  a to t21  of 5547 flights of  whxh 2793 were 
Jets.  Tests Icere concluded  on December 12, 1957. 

WiDMNTAL; OF W I C  C P A C I T Y  

Present  reguLatlons  reqvlre  the u e  of at  leas t   th ree   mi les '  
rac.2 s.?parattlon b e h e e n   a l r c r i f c .  To avold  vlolatlnz th;s mn-xrum 
s~x~;a- f l ,  It 1 s  necessxy   t o   e s t ab l l sh   dd l t l ona l   s epa ra t ion  when a f a s t e r  
a ; L ; m ? : G  1 s  turned on i o  f i n a l  approach  behlnd a skewer one, s lnce  the 
s q a r - f l o n  bezireer, t h e   a l r c r a f t  -rill decrease oa t he  f l n a l  appoach. f.11 

d k t i o n d  d.lovauce 1s neesed tc compensate fql- t he  ' sp-nd ' '   or   var la t1on 
1.1 a22rxch  speeds of the a,rcra:t. ~ L S  a resul-1,  tlie  averaze  approach 
s2pa:ztlon whrch ca1  be  mamtalned  usm& m u d  rsda- s2aclng  procedwes 
1 s  a-omd 4.5 rnles. h X k n  in average  ap21o~ck  speed  around 140 .qh,  the 
theoLet lcal   capacl ty  of a sln:le  runway (traf;rc  lane) 1 s  Zverqe  gromd 
speed dlvlded by the  averaje  separatlons  or 140/4.5, or about 31 approxhes 
pel- hour. 

holdlr:: f ix ,  the  acceptance  rate 1 s  l irmted by the  cmulatlve  efyects  of 
coIzmn:crLttlons lag  and slo-: descent  rates of s o l e   a r c r a f t .  These effects  
car? be ez t ly  reduccd by use  of a dual-feed  arrangement .2 

If the fxml approach 1s fed by rad=  control frcm a s ln , le  

n jor  sustelned  o2eratlons  over a Lon& perlod, It IS necessary 
t h f t   t h e   t c e o f f   c q x c i t y  equual the   lmdlng  capactlty. If an 1n:epcndePt 
rumway 1 s  avzl lable   for   taxeoffs ,   th ls   capabl l l ty  c a  be maintained n t h -  

the 12ndinz mma;?, o r  a runway whlch lntersects  the  landlnl:  runvay, mLst 
ou t  a:iy reduct ion In the   lmdmg  capacl ty   Just  mentloned. Hovever, If 

he vred  for takeo:fs, It IS necessa-y to   increase  the  sepa-at lon between 

l s n i l ~ n g s .  Tie amount of s e p z a t l o n  requulred t o  d l o w  f o r  thls fac tor  vlll 

lnndm; a l r c r a f t   t o  d l o w  tlme t o  "san6\nch"  takcoffs between successive 

vc-y vl&h the  speclflc l-unvay confl,uratlon  used,  but It wxll seldom 
average less   than sur  mlles. Continuing from t'ne move example, t h l s  wlll 
allow a m a a r n u m  of 1!+0/6 01- about 23 lnstrumfnt  approaches  per  hour, l a t h  

t s  hmdle a sustalnzd de=& r a t e  greater  t h m  20 t o  75 app=oaches per  
the same nubel- of takeoffs.  It follows then that m y  alrpoi-t whlsh ~ E S  

hJ1x requlres a Independent  takeoff rtmray, l f   t h e  demand exceeds &out 
3s approaches  per  hour under ?resent separation rules ,   cddl t ional  
approdch path and landlng runmy 1 s  required. 

2 

Techniques xn the  Std.7 o€ Temnal-Area 41r YraXlc  Control  Problems," 
Tecimlcal Development Report $10. 192, November 1953. 

C .  M. Anderson and T. K. Vlclrers,"~~ppllcattlon of Slmulatlon 



Tkemver w;nd co.1dltlons r equ l r e   a l r c ra f t   t o   c i r c l e   t he   a i rpo r t  
before  landmy;, add1ho.m.l se12aration nust be  used  between  appro&ches t o  
gJ&-d ai ;dnst   the   po;s lbl l l ty  of a mssed  ap&-oach c l m h n g  head-on ~ n z o  
wother   an-crazl  on the ie-Ldo%m peth. To avmd  large  reductrons l n  the 
acce;,Lmce rate under c e r t a n  rand  condltlons, It IS deslrab.'o;e TO eataiblish, 
for  each a i r p o r t ,   m s t m e n t  approach  peths  In two dlrect lons whlch are 
=qpro?.mzteLy  opposlte from eech otber. 

Slnce  tce   lorccast  demand r a t e  at O'Eare exceeds 30 approacbes 
p x  hour, t h e   p x l c l p a l  ObJectlve of t n l s  simulation program was d:rected 
toval-d  s'kdymf,  trle rites ob';alne2 w-th -garlous ducl s;mLtaneous  approach 
sys tem - 

c? %he mAnber of ind~per ,de~l t  illght pzchs which can fdnctron s ~ ~ ~ u l ~ m e o u s l y ,  
+s t he   ove r -e l l   c aFx l ty  of a t r a f f l c  system  depends  conslrlerably 

o l e  axn 111 se t&m&  the  ro1r.e d.3. te rn lne l  sy,terns f 3 r   t h e s e   t e s t s  i ~ z s  t o  
l i r i c - ~ i z , ?  tils :mount o€ l x e r f e x n c e  Setveen a l r p w t s  PC;. !cee?in,- tne  ro2tes  
t o  eGc: a:r~osz d5 1nCegendeat OJ? the   -cutes   of  t n e  o t t e r   a n p o r t  as gosslble. 
"~15, 12 turn,  tended t o  Keep the  csmninel  tel-mnal-area  acceptarxe  rate 
at a n a x m u ~  

.Ss.other alm of t h l s  progx-am was t o   s e t  up runway conflgu;atiocs 
whlc:~ woLld p e m t  O ' E z e  i h r p o r t  to   malntaln maxmmm capacity under two 
qproxmete ly  opSos,te vlnd  &-rectlons Th;s sorce l t  was adopted  Sezzuse 
xi was real lzed  that   sshedule   re l labl?xty wlll become lncreaslngly Impor- 
t a t  7 v k . m  J e t  s;,eeds &-d operat1ona.i c o s t s  are  conslTerel,  therefare, it 
wlll bccwe oven more nee-ssasy  that   alrport   ca2acit les  rcvaln bs hl& as 
$oss:ble re tL-dless  of the  P-re-tjon of tne  pi-evzlilng kind. The locattion 
0: Ikdwiw-y Clrport  p?eveilts  ideal application of thls  obJective.  Consider- 
a'"1on W'US Li-rex t o  tle use of a secord   oserahng  d l rec t lon   for   exh   a l ;Tor t ,  
and the   cb l l l t y   o f  one e l r p o r t   t o  shift operating d l rec t lon  InTepenLently 
of the   other .  

Othw  Important  factors  that  have a besrmz on the  capacxty  of 
the O'Zare An-poL-t include  the  effect  of facll l t les  havm&  varylna  debrees 
O r  des l rab i l l sy  or usabl i l ty .  For excmple, If Jet   takeoff  ;equlrements 
r e q u r e   t h e  extension of runways beyond the  baslc  8,OOU-foo'; length  pro- 
$oS-d. on the   o r ig l i l s i  O'Hare n a s t e r   p i a ,  It may be p h y s x a l l y  1mpos;lble 
'a c:Ct?nd a i l  1-unr:q-s a n  equzl   d l shnce  The resuitln,  compllcrtlon  vould 
be t h a t  on:: of a pa-r of ruxrays rmg:ht be unde,:r.Yble or  unusable Cue t o  
~-:c:L?G gross weight. The probabdl ty   o f  one of a p i r  of nonparallel 
LUIWL;S becom-n:: undesirable  or unusab'e tu:: t o  cros3-v;.1d components cauls  

12th h'p,h intemslty  approach l y h t s  8116- runway and tai l l z h t s  of equsl 
.%I sa . lrmt the  Lxport   czpzci ty .  If all a - r l v a l  runways are  not  equlpped 

u i t b l l i t y ,  onc asy  be  ore desirable than  another 

The hlLh1y complex control system  necessary t o  handle a lsrLe 
Tlol>me of t r a f f l c  canLiot  fur-ctlon e f f i c l e n t i y  lf conzrollers  2se  forced 
l n t s   n e z o t x h o n s  wltn p l l o t s  for a runway other  then  the one assigned. 
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I f  cei-teln rxnways at O'Hare e r e  extended to   In te rsec t   o thers ,   the  
run7:ays crossed nlll no lonzer De ;nEependent, and the  capaclty wlll be 
reduce.: axord1ngl;r. 

=ST ASSUTPTIONS 

3dhr m d  Somunlcetlons Coverage. 

covera;.e :roLd oe avcllable m t h x  8 ra$&s of 79 r - z u t l c d  mlles of 
it WPS assuned t h a t  3ependable p l r m r y  or secondary L-adar 

Mldx.y A~-poi-t &id that   alrect   elr/gro?u?d/slr  comnuncet;os vould be 
p o s x b l e  w;th 311 alrcreft oseretlng ?=der lns t ruvxk  flight i -des   v r th in  
t k s  area.  

J e t  C2eL-akm11. 

a t  O'Ha-e Pl-port  ana the. rur-rny o c a ~ p x y  tl~.:es f o r  J e x  a l r c r s f c  voul? 
not excec-d those of tce   p rope l le r  (prop) d l x r a f t .  Ti was a.sameJL thcf J e t  
d]--ci-af* W O L X  be 2ble t o  "hold" :r_~k.,ln the  dlr'lm'jlons specLfied by YSC)-PQOa 
f o r  halcin;, r e se rva tml  2-eas. Je?; o9eratr;C  char8cte;:stlcs  nsed 12 these 
t e s i s  n r?  sur iar lzed 112 Table I. 

It vas assuned tl-at a l l  c lv l i   Je t   opera t ions  rrould be h a d l e d  

operztsrz civil :et a l r c r z f t  on ln s t rmen t s  under  hlGh-3ensity t r a f f l c  
condltlons. One of t h e   c r l t x a l  operztln: charoc ter l s t lcs  of these all.- 
c r i = t  whxh have not been deflned comGietely as yet, is the  turnlng raLe 
'vni-h such  aircraf", will use  In approach pa t t e rns .   X thoueh   suh   a l r c r - f t  
1'111 ube c 1 l/2°-per-second hrnlng r z t e  at  hlbh a i t l t udes  a d  speeds,  the 
a l t i t ude  and s,eed lmxts beloir x h c h  t:ley wlll be ab le   to  m.re stend&rd 
3O-per-second turns  w e  nbt hokin.  I n  lleu of  th1s  mEormation, all turns  

nade approach control operat-ons more d l f f l cu l t .  Eowever, It 1 s  belleved 
of :ec n ~ r ~ r a f c  vere rcde az the  1 l/Zo-per-second r a t e  T h s  assumed r a t e  

t h a t  LIP?; error  Int-oduced b~ this proce-lure would be on the  conse--vatl-Je 
sldel 51nce the  ?o stsx%rd r a t e  or̂  a l l   a r c r a f t   I n   t h e  approach  paxtern 
would t end   t o   l nc rease   a lqo r t  ?-ccept&nce ra tes .  

Shat t le   Fl lghts .  

betrreen  O'Hare a d  Mdway Airports. It  a l s o  wis azsurled t h a t  d l  h e l l -  
copter  f l lghu  paths would be  Independent of flxed-wing f i l .h t   paths  

Other A1rpo;ts ma ).reas 

Glenvl-w a r r lva l s   fo r  a straiAht-ln app,ozch t o  Iiunway 17 e t  Glenvlev. It 
':as assumzd that Bong AFB, Melzs iilr20rt, and Dulade  County h r ? o r t  :rould 
not  be opwatln, u d e r  lnstiument f l q h t  rulLes. It vas assumed t h a t  
Detrolt,  Clwelend, and the  outer Chlcado A x  Route Trafflc  Contlol  (ARTC) 
secto,*s would be able   to   handle   the  t raff lc   Inputs  and outputs  slmdated 
In   t hzse   t e s t s  

Vi, t o   t he   p re sen t   tme ,  no experience hes  been a t t a n e l   i n  

It -vas assumed tha t  no flxed-wing s h u t t i e   f l l a t s  would operate 

It was assumed t h a t  O'Hsre App-osch Concrol wodd  vector all 



Gene.-&. 

m e t r o p o h t a  area is  Ae>edenx t o  a large  degree upon the  pircemeni of the 
holdm,; fl;ies I n  the  termmal area:, the   t e r rmnd  a rea  wzs studled f u s t .  

Slnce  the  en  route elrway s t ructure   surromdmg  the ChlcaLo 

O'Xzi-e IFR room 1s shown I n  F:g 2. Cont-ol ler   s tdffmg  var leS eccoi"dl% 
t o   t h e  +,e,-nlnal a rea   conf l tuo t lon  'zeelng slnulated.  

30 teimlnal  are= IFR rooms were smdlated.  The layout of the  

a;,d usually worked  two t o  a scope. The layout used f o r  t he  Plldvay IF2 
rooa 1s shown I n  Flg .  j. One radar  controiler opel-ated  from thLs  loc&tion.  
S n d l  f i q ,hc  p r o g e s s  boards were used for ? o s ~ l n g  f l l g h t  dLta. To obtaln 
opt,o,un axepltance  rates,  each  appoach  controller used a segsrat lon  table  
ueslrned for the  pdrtlculaz system hem, smuiated.  An example 01 t h l s  
tLbl2  1 s  shown l n  h g .  i;. 

I n  nost t e s t s ,  fodr O'Hare approach control lers  were requlred 
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The separatlon  table was computed t o  make allowance for   the 
following factors .  

1. The tlu-ee-rmle  radar  separatlon m n m u  

2 .  N o d  var la t lons  In  gpproach  speed  betveen  alrcraTL of tLe same 
s2eed catezory. 

3. The speed d l f f e ren t l e l  betireen succcsslve  a l rcraf t  02 dlffere-It 
speed categories. 

Curved yeference  llnes,  spaced a t  rad11 of  three,  five, and seven mlLes 
from the  approach  gates, were marked on the radar m p s  t o  serve e s  &Ides 

requred  for   the  vanous  phases   Tested w2.s applled from other  czbles, as noted 
1s seru_-lrx= the   s leclf led  separat ion between alrcraft .   Mdltlonal  separatlon 

lil the  descrlptlon of these tests. 

&J naut lcd   ml les  o f  Chlca~o were slmulated. Four experlenced  radar con- 
t r o l l e r s  f;om the Chlca_o STC Center   control led  thls   t ra€f lc   ut l l lz ln: ,  
two supei-unposed panoramic radar dlsplays ( S P A i i )  as  shown m F&s. 5 and 
6. Thls t r a f f l c  was segregated by radlo  fiequencles so  as t o  allow two 
control lers ,   operatub from one SPANFJLI, t o  con t ro l   a l i   t he   a r r lvx lz  
t r a f f l c  at  O'Iiare, hdvay, and Glenvlew A l q o r t s .  Depzrtln;  fll!@ts from 
these airports wre   con t ro l l ed  from the  other  SPANE4.D by the  other  two 
c o n ~ r o l l e r s .  Small t a g e t  markers were used t o  combme radar posl t lon 
lnfolrnatlon v;th the  alrcrzft's f l lght-$lan  lnfomt-on.   Fl lght-Ident i ty ,  
!ou+,e, and a l t l t u d e   m f o m t l o n  was posted on these  markers iJhenevel- 
practlcable,  short-range  clearances were Issued  to  the  towers  for  departme 

Isrlvals and departures  operatln, on routes  wlthln a raddlus of 

f l l & t S .  

BlocKed a l t l t udes  were used at cer tam  route   ln te rsec t lons   to  
mlnlmze  the  mount of coordlnatlon  necessary. Whenever posslule,  tunnelmg 

traveled  routes  had unrestrzcted  cllmbs 
Of depzrtui-es was h e l d   t o  a very  short distance and the  more heavlly 

Trafflc Samples. 

based upon trafPlc  denslt le;   forecast  for  the 1962 t o  1965 perlod.  Thls 
forecast  was provlded by the   a i rpor t   consul tan ts   to   the   c l ty   o f  Chicago 
as well as from published predlctlons.  Table 11 shows the  composltlon 
Of Xhls sample, as well as the samples  used In  the  terrmnal-z;ea  slmdatlon. 

The t r a f f l c  sample used i n   t h e  en rou%e  slmulatlon  tests was 

!L'EFWXAL-.ARU mSTS 

P z r d l e l  fipproach  Courses. 

aplroach  lales  Thls l andmg direction was selected  because of lvhdway 
alrs,?zce  requlrements.  Three modes of operatlon were tes ted   as   de ta l led  
below, 

Runways 14L and 14R a t  O'Hare were used In a l l  tests of pa ra l l e l  





Con-vergins Epproach Courses. 

s m e ; h x .  A i  l e a s t  o x  of tne  aJproach co>.w;es usually can  be fed rrom 
170th sacs 1mte22 o f  fAom the  outslde  only,  as rn.h a p x a i l e l  csnfi;d- 
: G ~ ~ Z A .  Tvo node; OF oper;tlon are possible, either  lndep?ldent oi 
coorhnzte!, LS dcsc r~bed  beloi:. 

Zhc use of convc-:,l,l; :mvays  sLmphfies  the fecdln:, problen 

IL Ixlc2endent  Operailon. See F?&. EA. I J o m l  separ3tLon wo7Jld 
bc  proviLcd  bctveen zlrcra.'-t ;n the  ssae lane, but m5nmJt I-egcrd to air- 

noz %sted, as no opzra'donel  problems  exlsted 12 th1s moat t h z t  '~el"c not  
elcown-red vi s h e   t e s t s  of top coorrknated mode or* opre i lon .   Tncore t i cd ly ,  

TL" hour, q-proxln!atelJ doublz t n a t  of t-do lndepndent  sznLle runways. 
t h e  t o t a l  ca%xl'q of the  ln&%yerdent system was bctvecn 55 and 63 operations 

Th? con--cr,.lr, a,?proaci.. sy-sttn p r o x d e s   e x e l l e n t  scpara12:on 

"--* --=-z tk orhe: lane I n  order GO savc smmulattlon time, t h l s  moCe i?es 

3et-b?cn L l  n o r a d   t r e f i l c   l a e s ,   a s   l o n g  as z11 ap-rozaes ere  corlplebed 
noi-m:,lly.  The tuo approe.cl pa ths  are  xdcpendent of e u h  other. ToLch- 
do.11 points  for  the two rdmays  arc  apyc?:>nately 1 i/. miles apar t .  
E c m  the  safcty zt&ndpo-,Lt, z5e only q.Jes5londb2.c asgect of this operetlon 
1 s  t he   f ac t   t he t  an a l r c ra f t  mlssln,: approacn on one o f  t he  trro r'mxzys, 
ax3 plocesdlnz straight ahead, w o d &  cross  the  other  rmvay. For  thLs 
rezzon,  srmlL,aneous  mlssed ap:1,-roaches by tvo a l s a r a f t  on opJoslte runbrays 
cor;cclvzbly could r e su l t  -II a coll;slon  hzzard. 

m 

syxhromzc2  In  such a fashloz mzy be l e s s  than,  for  cxanple,  the  lC:ell- 
n o d  of i. f o u - e n t l n e  a;rcrafc lcsinz ell four en2:nes s;muI_taneously. A 
Ydrther  deter;c.lt t o  t 2 w  coll.lslon  hEzzrd iil t h l s  system IS thc fac t   tha t ,  

be  posslb-.e for  the radr ' r   costrol ler  Lo Ea& one Fircraf t   s l f ,ht ly   of is ide 
even I n  the  event 0: two slmultzneous mlssei approaches, It st111 sr,ould 

md thus  prcverh 2 co1l:slon 

lhe  ll-zcllhood of ever   Sef t inl  trro m1ssc.l qprozches  perrect ly  

fcaslljlc t J  prnt lndepende-lt  operetion of tvo conv-rglng  but  nonmter- 
3e:tlng rmways down t o   s x h  T'cithcr mnlmu;1s a t  irhlch the   poss lb l i l t y  of 

%age of the  hich  acce2tarce  rates  posslblc  wltn  mdependmt dual-appprocck 
2 msscd zpproach 1 s  s'al1 very  remote. ThLs procedure vould take advm- 

operatlor,;  an6 yet. not exsose a l r c r - f t   t o  a measurable collision hazard. 
- L  is belie-.&. that  the  pro-nslon of  :nplrved rodlo  apyroxh and h~ntntln, 
&?as, as   wel l  as the growing use of ILS approach codpplers, vouid t e n d   t o  
lcwer Lhcse mlnmms. Tthcne-ier webther condltlons would fa l l  below these 
aLb1trai-y llmlts, Independent  approach operations would ceaic and the  
sys'en VoLd revert   to  the  coordlnated mode Cescrljed belo-,r. 

!!o approach t h l s  problem I n  a Trac t lca l  rnenler, It m y  be 

IL 

vouid be prov:dcd a l r c r c f t  12 t he  sane lane.  I n  addition, special procc- 
B Cooralaated  Operattlons. See Flz. 8B. Normal separattlon mlnxms 

dures WoUlir be u t i l l zed  I n  clearing approacnes In  opposltc  lm.es,  to m;n- 
t e i n  a deslrcd  two-mle  scparatlon beiween a l l   a l r c r a f t  2t t he  runway 
crozsovcr  point.  Tnrs  sepzratlon >rould be  provlded  by  the  approach 
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runways.  Takeoff delays  oull t  up exorbitantly u n t i l  an addltlonal 
departure ~*unwzy TZZS provlded. m-ls l e d   t o   t h e  practical concluslon  that 
LZ o1r;or t   whch  rquxres  a d i a l  zppoach system a l s o  requlres d u d  
xde;m3ent departu--e run-rhys. 

The O'iiare  Raster plan, even as rndifled,  does  not  pfovlde 
space for ti-0 1nLependent degartm-e runvaya ;uen  aay  parallel  approzch 
systen is used. Hovever, a converging aTprocch systea  prondes  the  neces- 

thz'; the co-xzrging ap roach  system offered  the ‘nighest over-all  c22aclty 
s a y  depcr 'ure   faci l l t les .  931s factor  resulteed i n   t h e  ?mal declslon 

for  O'iinre Airport. Tbe corvergln: appoach  cilniq,uration was used ~n the  
subseqent  ar route t-sts. 

C m L v l l e r  Vorlclod. 

e f? lc len t ly  f;-o,n two I"+r.es w i t h  a. 1 c m l m C  of 2j t o  30 azrcraf t  ?e7  hour 

10.d~ 3 1 s  fact resul ted 1- t he  assiLnmFnt OS b ~ t  one flx t o  a c x c r o l l e r .  
even t m u g h  111s comun~c~tt lons  channel  ~ p , ~  be A l z  :u accr~moaz5e  the 

'.!lt'n a system r e q u ~ r m g  f a x  h x e s ,  thls i w l l e s   t h e  use  of four  a r r ivd  
cori t rol le-s   vl th   separde frequencies. 

It 1,'as f o u d  tkt one control ler  zould not  cont--ol t r e f f l c  

mcIaen2ently,  the  coordlnatlon bet-ween each p a r  of a r r lva l   con t ro l l e r s  
I n  systems m whlch two  appproach l u e s  vere controlled 

\ x  t he  sane as tha t   requl red   for  any twa-controller  radar  system, however, 
i-he,l r e s t r l c t lons  were a;lpl;ed t o  che udependent  approach  courses, 8s 
pre--lously  descrlbcd, :t r-as necessaq  to   es ta 'a l lsh a defun;:e  rotation 
or  sequence  betrreen conzrol lers   in  orc?er t h t  coordlnatlon  could  be 
mlnmized a d  >roper  control  exelclssd t c  eomly wltn t h e   s e p z a t l o n  
sta?dzrds  used. 'hen 2 1 ~ s  sequence 1.1~s not  followed  the  capaclty  sufPered 
eccordlngly. 

too much for  one control ler  and one runway. To handle thls volume, t'to 
n n w g s  were necessa-ry,  each wlth a separate  departuse radar conzroller. 
Vhen dwer   perscmel   wae   re tun-ed   to  issue long-rante  route  cleazance~, 
an cd*-ililonaL cont rc l le r  -cas necessary. It was assumed t h a t  ground colz'rol 
dutres  \Ere performed by other  personnel. 

Controlling degartures  at  a ra2e  of 40 t o  60 per hour proved 

Table I11 gives some lndlcatlon of t he  complex approach control 

t o  dLal  approzch lanes.   Tests  indlcated  thaz  the tdTC CenLer a l s o  would 
f a c l l l t y   t h a t  vas n e c e s s a r y   t o   h a d l e   a m  traffic froq  four  feeder P-xes 

r eGure  borne e q a n s l o n   t o  cope n t h   t h m  volume of t i - E f A C .  

Jet Lqproach Procedures. 

t ha t   t he   a i t l t ude  from 3rhi-h J e t s  %-ere fed t o   t h e  IIS affected  the arrlral 

veYe I n  \filch the only var :able   vas   the  dt l tude from whhrch t h e   J e t s  
r z t e ,  1.1 order t o  obtaln  data on th l s   e f f ec t ,  a se r i e s  o f  smulattlon t e s t s  

vere fed, The L'eedln, altitudes were 23,000, 10,000, and 4,000 f ee t .  
1rr~vz. l  rztt-s and eomunicatlons  dztt-  are summarized In F1;. 13. It was 

Eurlng  the  O'IIa-e  termmal  area  sm[?latf,lon, lt became evldent 
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approach al t l tude  leavmg  the  holdlng f l x  was reduced. Thls was due t o  
found that   the   acceptance  ra te  became progresslvely  hlgher   as   the  inl t la l  

several   factors  whlch are  dlscussed below. 

The length  of  the  ap2roach  path 1 s  a functlon of the   a l t l tude  
whlch must be l o s t  For example, an approach from 20,000 feet   requlres  
an  approach path  about 40 mlles  long Long aTproach. paths  require a la rge  
number of a l rcraf t  on approach simultaneously I n  order   to  keep t h e   f i n a l  
approacb  lane  operatlng at   top  capacl ty .   Tests  showed tha t   the  more alr- 

workload  and the more Inaccurate the   f l na l  approach spaclng Thls 1s 
craft  there a re  i n   t h e  approach pattern,   the  higher the  comunlcatlons 

because the   con t ro l l e r ' s   a t t en t lon  i s  dlvlded  betxeen a l a rge r  number of 
a i r c r a f t  so  t'lat .le does not  have enough tune t o  do a precise  spaclng  Job. 
I n  aAdltlon,  longer comnon paths  lncrezse  tke  opportunlty f o r  devlatlons 
I n  speed t o  affect   the  spacmg between success ive   a r c ra f t .  

cbarac te r l s t lcs  of t h e   a n c r a f t   F l r s t  1s the   re la t lve   l ack  of maneuvera- 
bi l l ty   assoclated  wlth  the  very slow turnlng  ra te  of 1 1/Z0 per second 
Thls requl res   cont ro l le rs   to   p lan   the   f l lgh t   pa ths  of  such a l r c r a f t  much 
further  ahead. Much  more tlme and  maneuvermg room a r e  rsquiaed  than f o r  
a l r c r a f t  whlch can make t u r n s  a t  30 per  second 

Addltlonal problems of j e t  operat lon  are   caxed by t h e   f l l g h t  

Conversely,  as shown in  Flg.  14, a c r l t l c a l  problem can be  posed 
If the  controller  plans  hls  vectormg  procedure on the  expectatlon  that 

makes a 3O-per-second turn,   Thls   pomts up the  need for  standardlzatlon of 
the   a l rc raf t  w l l l  make a 1 1/2°-per-second  turn,  but  Instead  the p l l o t  

f l l gh t   cha rac t e r l s t l c s   In   t he  approach pat tern.  

h l g h   i n l t l a l  approach a l t l t udes  concerns t h e   v a n a b l e  speeds of such a n -  
craft during descent.  Thls  characterlstic makes predlctlon and spacing 

mmimlzed  by  havlng the  a i rcraf t   leave  the  holding flx a t  low a l t l t udes  
operations  extremely d l f f x u l t  f o r  the   cont ro l le r .  The problem  can  be 

where normally it would be slowed down t o  a speed  close t o  approach  speed. 

Another Je t   cont ro l  problem whlch i s  ln tens l f led  by the  use  of 

1s poorly  adapted  for  radar  spacing  operatlons. From t h e   t m e   t h e   t u r n  
1s s ta r ted  by an   a l r c ra f t   a t   t he   ou te r  end of t he   pa t t e rn ,   ve ry   l l t t l e  
can  be done to  adJust  the  spaclng of thks  allrcraft  behlnd  the preceding 
a l r c r a f t  The teardrop  penetratlon  approach  requlres more airspace  than 
16 ava i l ab le   i n   t he   v i cmi ty  of O'Hare  under the   t r a f f l c   dens i t l e s   t e s t ed .  
NO sa t l s fac tory  way was found t o  fit a teardrop  penetrat lon  into  the 
Chicago complex. For these  reasons It 1s recomended  that any mll i tary 

Clv l l   Je t s .  
j e t s   us lng  O'Hare conform to  the  s tandard approach  procedures  used for 

Slmulat lon  tes ts  showed that  the  mlll tary-type  teardrop  pattern 

o r  secondary  radar,  plus the  use of a new traffic control computer whlch 
It 1s believed tha t  It wlll be posslble,  with Improved p rmary  

i s  under  development, t o  slow J e t s  t o  an lntermedlate  speed  durlng  their 



l a s t  100 miles  of  f l ight and thus  be  able  to  absorb most of  t h e n  delay 
during a crznsing  descent.  Jets fieri c o 2 d  enter   the  termlnal   area  a t  
low altitudes ant thus   f ac l l l t c t s   t he  attainment of a h@ accep tace  
r a t e  L ~ T  t he  approcch control system. 

Interference Between h r p o r t s .  

of O'Hare. Thls w&s due p r m a r l l y   t o  The pxoxlmlty  of  the two airports ,  

-gas h a d l e d  by tlie O'Hare tower and vectored t o  a posl t ion  for  handoff 
Glenvleu bemg SLX nules no-theast  of O'Hare 411 Glenvlew 13% t r a f f l c  

t o  GlenvLew %A fur a stralgbt  -In  landlne on 8unTway 17. it was found 

Glenvlev -.n the   fo l lowln~   maxer  
I n  smulzttlon  that  O'hare  oyerattlons were affected by operations a t  

No way  was fmnd  In  slmulatlon t o  operate Glenvlew rndependently 

1. During easterly  mnd  condltlons,  a Glenvlew ar r lva l   o r   depar ture  
Interrupted 01- stopped O ' H z - e  Zepartures 

2 Gurlng westerly  mnd cond:nons, a Glenvlew ar r lva l   o r   depar ture  
m t e r r q t e d  c r  stopped O ' X a r e  arrivals. 

3. Arrlvals wers Interrupted  a t  O'liare f lxes  as alrcraI%  arrlvlng 
fron an upmnd dlrectron were handed off through the   a rea  of other   f lxes  
whle   be lng   vec tored   to  Glenvlew. 

Urder s a t u r a t e d   t r a f f l c   c o c d l t m x ,  ea:b IFR operat ion  a t  
Glennew  cost at least, one, and sonetlmes  rore,  operatlons at  O'IInre. 
3 f  m x l y n g  appraaches wze  necessery  at  Glennew,  thls  caused  adrl1tlonal 
aelay e n d  svosequent  redkctlon of capacl ty   a t  0 Hare. 

There 1 s  barely enough space  betveen Mldway and O'Eare to   spe ra t e  
southeast a2F--oaches a t  h1;h r a t e s  at both  alrports  today  :hen  east 

be  sqleezed  further  Study showed that   Interference between the tm 
approaches  are cormnlsslmed at  O'Hare, Mldway approach  operatlons wlll 

a l r r o r t s  could  be  reduced  greatly If the  present  southeast  approach at 
MLGI~~L:~  could be replaced 5;. an east  approach t o  Runway 9 o r  a northeast 
zpgroach t o  RLnway 4. Ob-cously, t h l s  would requlre an expensive con- 
s t ruc t lon  pl-ogram.  However, t e s t s  Indicated. tha t   t he  change wculd enable 
&away to  contlnue  operatlons at the  o:esent r a t e  even when O'Hare was 
opcratmg a dual approach  system at maxmum capaclty. 

no reason  for   construct~ng Runways 2R-2OL and 14L-32R at O'Hare, as these 
Tests  lndlcated that  as  long as hdway  remzms  actlve,  there 1 s  

runways could not  be  used mder  IFR condltions. 

Durlng the  s lmulat lon  tes ts ,  It was assumed that  radar  guldance 
of  mssed approaches  always would be  posslble. However, no aLrspace 

or  Glenvlew. 
could  be designated exclusively for  missed appmaches at  e l the r  O'Hare 
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AIR ROLTE TESTS 

02 a map study  to  determme m opt1m.m a l r  route  structure  for  the Chicago 
area under east  an&  west X m J .  condltlons  Thls  scudy was conducted  wlth 
the  asslstrsme or" coA1trol  personqei  fromthe Chlcago ARTC Center. As a 
re su l t  of t h l s  szudy, a rod*te s t r x t d r e  10: each wmd condltlon was 
selected  for slmulat;on puqoses.   Flgures lj and 16 show these  routes 
A 11st  of locs t lon   ldent l f le rs  1s presented In TaXe IV.. Chages  In  the 
pres-nt  rouce  structure were kept a t  a mnlmum, as sho-fl In  Table V 

Prior t o  t he   a l r   rod te   smula t lon  rims, may  hours were spent 

tne r o u t e  uecavse or the  revlsed dls t r jbu t lon  of t r&f f l c   u smg  O'Hsre 
It wss necessery  to change the   d l rec t lon  of f low on some of 

FCC- l,?s%nce, t o  balance the  lakound O'Hel-e trafrAc volume more evenly, 

o the r   t r a f f l c  from t he  we36. Ea-l,le t he   a i r   rou te  phase of the  study, 
ali:-aft fiom the  southcpst werc: rerouted  over  Peotone and fed 111 wlth 

;t was assmed  tnat  O'Iiars IFR operatlons woul3 be  conLtcted on the 
follsrTln&  rmways- 

East wlnd conclltmll - Landln:: amway 9R and 14R 
Tawoff Runway 9L and 25 

West  wlnd condltlon - La.ndlqg Rw.rray 20R and 2 m  
TaLeoTf  Rumrzy 27L an3. 32L 

Insofzr as posslble, flxes  used for opposlte wlnd condLtlons were on 
eiAeL:s1ons uf the   rou tes   to  former f lxes .  

D r m g  slmulattlon  the  area  under  study was dlvlded geogra9lllcally 
i n t o  two sector;, lata the  exact  boundwles varymg somewhat, deGendlng 

l l m l t a t ~ o n  of i hc   sumla to r  which permltted  only 24 a r c r a f t   t o  be 
on the  systems and f l q h t  operatlons belng t e s t ed .  Because of a baslc 

o2erated  slmultaneously, It wes not always posslble  to  handle all arrival 
and degarturc  operattlons  slmultaneously.  In some cases  only  arrlvals 
were run. In othcr   tes ts   orJy  the  departures  were operated. I n  any 
case, fd1 dlowance was  made for  the  arcspace whlch would be  used by the  
o t h z r   a r c r a f t .  

outer   sectors   to   handle   the  t raff lc  vo1m.e simulated wzs not  analyzed. As 
t r a f f l c  increases a t  O'Hzre Amport, It 1 s  expected that   fur ther   s tvdy of 
t he  en route ITOW from other  centers wlll be necessary. 

Outer AJSC sectors were not  simulated and t he   ab l l l t y   o f   t he  

t h e   a l q o r t s  They were controlled  through  the fBTC t e r r i t o r y  by radar 
and hanaed off t o  approach cont ro l   z t   the  appproprlate t ransfer   polnts .  
Each control ler  was teamed wlth an ass l s tan t   cont ro l le r  who handled  thc 
data-coliectlon 2nd d1spla.y functlons  uslng  fll&t  progress  boards and 
the  lnterphone  system. 

Arrlvals  appeared I n  the system approximately 80 mlles from 
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The Eur route  tests  indlcated  that   the  routes  deplcted  in 
Flgs. 15 and 16 appeared  pract:ca??le, however, at t h e   t r a f f l c  densities 
tested,  It appeared tka% an a%ditlonal Independent  eastbound route would 
be desirable t o   r e l l e v e   t h e  traffic load on the   s lng le  O'Hare eastbound 

provlded by t h e  reassignment o f  exlstlng  routes east  of Chlczgo. 
rcutf   whcb 1 s  I l l u s t r e t ed  It 1s beheved   tha t  t h l s  route  could  be 

T!ze movement o f  IFR t r e f f l c   a t  t ' le   denslt les  slnulated was 
henvliy  dependent on the  use of a l r  route  radar  throughout  tse  area  covered 
by   t he   sun la t lon   t e s t s .  l o  expedlte Jet operatlons, It would be 
deslra3le   to   exten3 the hlgh-altltude  rcdar  coverage TO approxlmatciy 
120 mlies,   partlcirlarly  for  the  routcs  east  of  Chlcago. 

'1. Tie  locatlog of Vldwsy Alrpor t  w l l l  not  permlt IFR u t l l l z a t l o n  
of  ~ l l  rumays I n  t h e  O'Hare maszer t a n g a n l a 1  runway p!.an Placenmt of 
O 'h re   f eedmg  f lxes   In  an op -~a~ lm  pos l t l on   cema t  be reelized  because of 
the  close  proxlmlty oi M2dway. 

pract lcal   vector   area  for  M1dwa.y and would reduce  lnterference betrreen 
the  two a n p o r t s  It a lso  would enable O'Hare t o   s h l f t  o p r a t m g  dlrcct lon 
wlthout  rcqulring a slmlar s h l f t   a t  Mldway. The present  southeast 
a2proach at btLdway e l m n a t c s  any posslb..llty of departure  trafflc  usrng 
tne   a rea  between the  two alrports .  

2 East and north-Jest  asproaches at Mldway would permlt a more 

Even then, one operatloll 2t  Glcnvlew wlll reduce  capaclty a t  @'Hare 
3. Navy Glenvlew IFR traf f l :  should be  controlled by O'Hare tower. 

by  one opcratlon and under certaln  condltlons  perhaps by f ive  oporatlons 

I+ .  The mllltary j c t  (teardrop  penetratlon  approach) 1s not  compatlble 
n t h  a high-dcnslty operation at O'Hase. Ml l l t a ry   J e t   t r a f f l c  should 
conform to   c lvA  Je t   p rocedures .  

sequence -rf tbey  are descended t o  lower altitudes en route,  A hlgher 
5 .  Clvl l  J e t  arrivals a re  easier t o  in tegra te  i n t o  an approach 

l m d l n g  r a t e   t hen   cm be  accompllshcd. mis p r m a r l l y  1 s  due t o   t h e  lower 
t rue  airspeeds posslble, whlcb r e s u l t   I n  a smaller  radlus o f  tu rn  and 
l e s s  mllezge to   d l ss lpa te   In   dcscent  If J e t   a r c r a f t   b e z i n  approach 

the  slow tu rnmg  r a t e  make It d l f f l c u l t   t o  space a r r lva ls   e f f lc len t ly .  
€rom higher d i h t u d e s  such as 20,000 fec t ,   the  wlde range of speeds  wlth 

This r e su l t s  m a marked reduction I n  landing r a t e .  During the  slmulatlon 
tes ts ,   the   best   landlng  rz te  was aeconplrshed when J e t   a l r c r a f t  were 

pat terns  at  tile  lowest  altitude avz&,ble. However, t es t s   ind lca ted   tha t  
handlcd m tne  norm& manner of propel le r -dr lven   a l rc raf t   in  approach 

small spaclng  adjustments were ve ry   d l f f l cu i t   t o  accompilsh  wlth j e t  
a l r c r a f t  due t o   t h c l r  slow  turnlng  rates and hlgh  speeds. A s  a resu l t ,  
spaclng inaccuracies rsduce  the  acceptance  rate of t he  approach  system. 
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6 .  The departure  rates sLmulate3 Indicate   the  necessl ty   for  two 
Independent alrways t o   h a d l e  0'Hd-e  eastbound f l l g h t s  

7. RoLtlng for   ves tboud O'Hare t r a f f l c  wlll r equre   u se  of t he  
a11spLc? ln   t hc   v l c ln l ty  o f  t he  proposed BonE AJJ. 

8 From the  safety  stendpolrt ,  t5e converging approech  system 

a,yJect of thls   opcratmn 1s t he   f ac t   t ha t  a n  alrcraf t   mlssmg an approcch 
appccrs  su2erlor t o  a o a r a l l e l  approech systzm Th? only questionable 

on o x  rummy and Yroceedlnq; s t ra lght  ahead wlll cross ibe center l lne of 
the o t h e r  r'mway, therefore  approaches by t w 3  a l r c r a f t  missed slrult2neously 

p e m l t  lndcprndcni  operatlon of t he  two approach l a n e s  & o m  t o  somo 
conceivably could r e su l t  l n  a colllslon hazard It may be fe rs lb le  t o  

vei;'-er mln-aume a t   whch  the   poss lb l l i ty  of a mlssed  approach 1s s t i l l  
vcly re.not?. Below these mbLtraxy l lmrts ,  a control  procedure could be 
inposed whlch vould provlde poslt lve  sdperetlon  at   the crosso-ver polnt 
;n the  event of a n16sed +preach by zny a l r c r s f t .  

of ddpendence 011 rcdnr, creatlng 2 ve-ry hl&h  controller workload per 
a l r c r a f t .  Comunlca<lons c:lannel loading and con t ro l l e r   t t t en t lon   t o  
eccompllsh optlmum epaclng h c t z t e d  a m a n m u m  of one stack  per   control ler  
for  hlgn-dens1  ty  operattlons.  Durlng high-density -crafPlc operatlons one 
controller was requlred per  deperture  runwy  wlth  addltlonal  personnel 
for  Srourd  control duties. knen  tawor p r s o n n e l  were requlrcd t o   d e l l v e r  
lon[-ra,lgc all- lout2  clezsances,  an  addltlonnl  tower  posltlon was necessary. 

9. The control system used I n   t h m  s-Lmulatlon >lazed a hl&  deeree 

10. Cozplex multiple runway Psedlng flxes requu-e a large mount of 
nlrspacc end a large nuT3er of control lers  wlth dlscrete  frequenclcs.  
Sustalncd  hlgh-tr&fllc hanrlllng copaclty by approach controllers  vec-orlng 
to   mul t lp le  r u n w q s  requires closc rdherance t o  a predetermlned  order of 
szquenclng 

11. Usme a 60 per cent J e t  a l r c r a f t  sample, the mxlmum  number of 

l a s s  wcs cbout 55 a r l v a l s  per hour .  Any slgnl€lcant  Increase  In IFX 
ar r lva l s  obtalried In  sunulatlng  the  lndcpendent  operattlon of two approcch 

x r p o r t  capzw-~ty wlll require radical chmses 13 opcratlng  concepts and 
conti-ol equipment. 

1. As soon as possible, steps  should be taken  to  determmc  the 

by the Offlce of F h @ t  Operations znd hrwor th lness  and accepted by 
condltlons under which dual smultmeous  approaches c m  be  approved 

Industry. 

ln adJacent en route  centers  should be accompllshed. 
2 .  As t r a f f l c   m c r e a s e s   a t  O'Harc an analysis of  t h e   t r a f f l c  flow 
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smultaneous  approaches at O'Hare Alrport,  the  followlng  phases of 
constructlon  are  suggested. 

3. If It 1s declded t o  provide  for  bldlrectional  coverage and dual 

Phase I Bulld Runway 9R - 27L 

Landmgs on Runway 14R 
Takeoffs on Runways 9 C  or  92 

Phase 11. I n s t a l l  ILS on Runway  27C (exlstlng  east-west runway) 

Easterly wlnd condltlon  Westerly wind condltlon 

Takeoffs on Runways 9R o r  9 C  Takeoffs on Runways 2i'L or  32L 
Landmgs on Runway lkR Landlngs on Runway 272 

Phase 111. Bulld Runway  2L - 20R 

I n s t a l l  ILS on  20R and 98 

Easterly wlnd condltlon  Westerly n n d  condltlon 

Landlngs on  Runways 9R 
and 14R 

Landlngs on Runways 20R and 27C 

Takeoffs on Runways  2L 
and 3~ (Optional on 9~ a t  

Takeoffs on Runways  27% and 32L 

expense of  a r r l v d s )  

Phase IV Replace Runway 9C - 272 m t h  Runway 9L - 27% 

Move ILS from gC - 27C t o  9L - 27H 
Operations remaln same as Phase 111 by subs t i tu tmg 
9L - 27R I n  11-u  of 9 C  - 27C. 

4. Before  Phase 111 operat- a r e  commlssioned, conslderatlon should 
be  glven to the  ellmlnatlon o f  the  present  southeast  approach  at Mldway, 
replacing It with an approach to   the  east   or   northeast  

Run.rrty ZFi - 20L and 14L - 32R be o m t t e d  from the  constructlon program. 
5 A s  long  as Mldway remalns actlve,  It IS recommended t h a t  O'Hare 
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TmIz I 

JET SPEED PIIOGRAM USED FOR C H I  - OFK SIMULATION 

J e t  Arrlvals 
Cruse  Into  termma1  area until qproachmg  clearance l l m i t  flx. 

Altitude 
Alrsseed m Knots 

I n d x a t e d  True 

20,000 a d  abcve 330 450 
1c, 003 260 345 
15,020 260 339 
10, 0rx 2Gc 335 

5> 033 24c 260 

J?t Eoldmg. 
A t  clearance lmlt flx and imedlate   area.  

Altl tude 

20,000 and above 
S t a y t  dcscent 
15,000 
10,000 
6, goo 
5,000 
4, oo'r 
3,000 
2,000 

J e t  Descent  Rates. 

Alrspeed m Knots 
Itxllcated True 

315 
3 40 
2 90 
260 
2 45 
220 
200 
190 
160 

Temperature, "C 

-20 
-10 
- 5  
+ 5  
+15 

Temperature, 'C 

-20 
-20 
-10 
- 3  
+ 5  
+15 
+15 
+15 
+15 

Nct In holding Fattern. Three thousand f ee t   pe r  mlnute, slowly 
reducm.g t o  500 f e e t  per mlnute  below an altitude of 6,000 fee t .  

I n  holding pattern.   Standard  rule o f  m a m r n m  normal r a t e  of descent 
untll 1,000  feet  akove asslgned altitude, then 500 f e e t  per mmute. 
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T- I (cont’d) 

Jet Clmb Fates m d  Speeds. 
Speed lncreasmg t o  230 knots  true a t  two m l e s  from alrport. NO 

tu rn  o r  clm.’c above 2,000 f e e t  untll beyond two-mlle pomt.  After two-mlle 
pomt  c l u b  a t  an average of 1,500 f e e t  per mlnute slowly increasmg speed 
to  290 knota t rue,  Use 290 h o t s  untll c r u x i n g  altltude  reached,  then me 
c r u s e  speed noted above, If held down below 5,000 for 20 or so miles, use 
speed of 260 true. 
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TABU I1 

250 a l r c r a f t  m 2-hour sample 

75$ a t  O'Hare (Glenview) - 188 a l r c r a f t  

168 at o ' H ~ E  
60s Jets  or 100 a l r c r e f t  
I;o$ pro2eller or 68 a l r c r a f t  

20 a t  Glenvlew 
19 Je t s  
10 propeller 

188 a i r c r a f t   a t   are (Glennew) 
100 arrivals 
88 departures 

2%; a t  Mldway - 62 a l r c r a f t  - a l l   p rope l l e r  

36 a"r;vals 
26 departures 

PercentBge  of t r a f f l c  by dlrectlon  of fllg3.t: 

501, t o  and from the East - sector  between 
Muskegon and Washmgton, 
D. c. 

30$ t o  and from the  Southeast,  South and Southwest 

lO$ to and from the West 

lC% t o  and from the North and Northwest 

1956 60 fllghts rn 2-hour sample 
17s j e t s  or  10 a m c r a f t  
83% propeller o r  50 a l r c r a f t  

1957 67 f l l g h t s  In 70-mmute sample 
605 J e t s  or  40 a i r c r a f t  
k3$ propeller or  27 a l r c r a f t  
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T B E  I11 

1. E quipnent . 
4 ILS loca l lzers  
4 ghde  paths  
8 compass locators 
Two or  f o u r  75-M~ f m  markers (2 probably m l l  aufflce on 

pa ra l l e l  system) 
4 s e t s  apprc-ch lights 
Prmary  o r  secondary radar  complete w l t h  mdicators  as requlred. 

2. Radlo  Frequencles. 
4 dlscre te  approach control  vector  frequencles 
2 dlscrete  depzrtme  frequensles 
2 dmcrete g u m d  con+zol  frequencles 
1 discrete route  clearance delivery frequencg. 
2 dlscrete  local  controller  frequenclec 

3. Personnel.* 
4 approach  cor-trollers 
2 Separture  controllers 
2 g,-oLnd control lers  
1 route   c lex-ace  del lvery  control ler  
2 local   control lers  

*If monltorlng  functlon 1s requlred, 2 more controllers  necessary. 
Does not  mclude supervisors, who are  necessary  to  coordmate,  and flight- 
deta  personnel  requlred. Does not  mclude  personnel,  equpment o r  f r e -  
quencles for Alrport  Surface  Detectlon Equipment ( t z r  radar) .  Does not  
includ? any of the  requnexents of the a l r  route  control  +mmsltion 
f i r n C t 1 6 T l f i .  



CAR - C A P  
CGT - CHICAGO HTS. 
CST - CUSTER 

DPJ - DWAm 

GZN - Q3NOA 
GSH - GOSHEN 

CIIISAGO ABEA IDENTIFIERS 

OBK - n'!IRDIBROOK 

PAF - PAP1 
?CH - P E X B  
PIA - PEOPIA 
PLL - POLO 
Pml - PuLLmuV 
mT - PONTUC 
P!CW - PITTWOOD 

SGV - S U G m  GROVE 
S€E - SHELBY 
STB - Sl'EI;EBOAT 
SYC - SYCAMORB 

TAY - TAYLOR 
m - TrnPON 
TRI - ?IRIUPIPH 

UNO - UNION 
ma - KNOX 
LhF - LAFArnTTE 
LEEI - LEMONT 
LOP - LOGP 



1. 

2. 

3. 

4. 

5.  

6. 

1. 

2. 

3. 

4. 

5. 

PROPOSD VOR C B Z I T G X  

NORTL3RC3K VOR moved approxi- 
mately 6 miles  northeast. 

O'IIare WOE o r  VG3 cormiss:med 
on a i rpor t .  

MEYDON, tllch. VOR cmmissloned. 

McCOOL, Ind. VOR comlssioned. 

JOLIZT, Ill. VOR relocated  as 
programed. 

ELGEV, Ill. VOR Comxwmned. 

AIR BOLZE MODIFICAIPIOE 
MU3 fCIDITIOiG 

VLctGr 97 extended from Hebron 
e a s t  t o  Vlctor 7. 

Vlctor E O  relocated between 
Ovaare TTOR and Keeler VOR. 

Victor 115 relocated between 
0 'IIare TVOR and Mendon VOR. 

Victor 213 relocated from Perch 
t o  radlal from O'Hare W O R .  

Vlctor 84 relocated from Perch 
t o  r a d l a l  from O'Hare  TVOR. 

REM ON 

To provide a n  space f o r  2 holdmg 
flxes e a s t  of O'Hare  Rmway 14. 

Navigatim md. fcr paral le l   mde-  
pendent routes  f o r  O'Hare and t o  
establ lsh holdmg f l x  rad le l s .  

Navigation a l a  for  pa ra l l e l  mde- 
pen2ent  routts Tcr 0'Hm-e. 

?Ievlgatl.on a d  f o r  paral le l   mde-  
pendent routes for Midway. 

Basis of independent  route  systen 
w e s t  of Chicago. 

REASON 

To provlde westbound route f r o m  
O'Eare - Glennew. 

To provide  mdependent  eastbound 
O'liar'e departure  route. 

To red l rec t  Chlcago t r a f f l c  toward 
0 'Hare. 

To divlde t raff ic  arr lvlng O ' H a r e  
f rom the  east .  

To d lv lde   t ra f f lc   a r r lv ing  O'Hare 
from the   east .  



5. 

7. 

a. 

9. 

10. 

11, 

12, 

1 3  

Vlctor 92 relocated between 
Goshen VbR and I~IcCool VOR. 

Vlctor 8 re loca ted   to  go fro3 
PcCcol VOR - I ~ O X  Intersect ion 
t o  Xcrccr VOR. 

V x t o r  10  relocated  to  go from 
Sradford Vo1. t o  S u g a  G i - m e  In t s .  
ta E l g a  VOR. 

V-ctor 172 t o  go  fro^ Polo VO3 
t o  Sycanore t o  E l g m  G'UE;. 
Vlc to r  100 North z d d d  between 
Rockfora VOR and TJortnbrook V9R. 

Vlctor 9 relocated between 
Mllwaulrfe VCR and Jollet VOR. 

Victor 7 relocated  approximately 
over exls t lng  Vlctor  7 East.  

REASON 

Pa ra l l e l  independent  route. 

Parallel independent rou te .  

To r e a l r e c t  Chlcago t r a f f l c  toward 
O'Hare, 

Shorter  route to O'Yare durlng 
westerly wlnd conaltlons. 

To promfie holdlng  pattern and 
vector  alrspace. 

To p r o n d e  holdm& pat te rn  and  
vec tor   a l r spce .  
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FIG I EXISTING bND PROPOSED CONSTRUCTION OF CHICAGO OHbRE bIRPORT 







OPTIMUM 
AIRCRAFT  SPACING 

DISTANCE,  APPROACH  GATE 
TO TOUCHDOWN, 5 M I L E S  I 

APPROACH 
GATE 

$ O N 0  2 AIRCRAFT 

I AIRCRAFT I GATE I 
(MI L E S I  

5 5  

v-"'-i 
F M 3.5 

SAME TYPE 4 0  

CATEGORY 
APPROACH 

APPROX 

CATEGORY 
APPROACH 

SPEED 

FIG 4 SPACING TABLE USED 
I N  APPROACH  CONTROL 180 
OPERATIONS l"O,**.lll,. d:F%::;,,m ,l,l,.*. 







OVERSHOT T L K Z  TO \ - 
FIYAL  APPROACH CAN 

IIAZARD 
PKODUCE COLLISION 

----+- 
ADJACENT  LANES  PROVIDED 
NO SEPARATION CETM. EEU 

MODE A - INDEPENDENT  OPERATIONS 

OVERSHOT  TURN 

IMMEDIATE 
PRODUCES  UO 

HAZARD 

3 i-4l-J -+- 
-. ~-@-b---- 

3 MILES SEPARATION  PROVIDED  FROM  AIRCRAFT 
IN OPPOSITE L'VE UUTIL  AIRCRAFT  ESTAi  LISHED 
ON FINAL  APPROACH  COURSE 

MODE B - USE O F  LOUGITUDINAL  SEPARATION 

?NE  INTERCEPT 
RCRAFT IN T F . 5  

LTITUDE AT LEAST 
JCALIZEK  AT AN 

LNAL APPROACH 
0 0 0  F E E T  AEOVE 

LTITUDE \ m 
OVERSHOT  TURY I 

IMMEDIATE 
PRODUCES NO 

HAZARD - - +++- 
AIRCRAFT IN THIS  LANE INTERCEPT  LOC4LIZER  COURSE  AT 

GLIDE  SLOPE 
FINAL  APPROACH  ALTITUDE, FLY LEVEL  UNTIL  INTERCEPTING 

hlODE C - USE O F  ALTITUDE  SEPARATIOR 



MODE  A - INDEPENDENT  OPERATIONS 

OPERATIONS IN EACH  APPROACH L A N E  
C O N D U C T E D W I T H O U T R E G A R D T O  
OPERATIONS  IN  OPPOSITE  LANE 
NORMAL  TOUCHDOWN  POINTS  ARE 
APPROXIMATELY 1 1 / 2   M I L E S   A P A R T  

MISSED  APPROACH 
B Y  TWO  AIRCRAFT 

COLLISION  HAZARD 
CAN  CAUSE 

AT CROSSOVER  POINT 

9R '\ m GATE  SEPARATION 

OUTER  MARKER %\ 
MODE B - COORDINATED  OPERATIONS / 
GATE  SEPARATION  SPECIFIED  IN  
TABLE  AT  RIGHT  PROVIDES  POSITIVE 
SEPARATION  AT  CROSSOVER  POINT 
IN CASE  OF  MISSED  APPROACHES 

OUTER  MARKER 

GATE  SEPARATION 
I I 

RUNWAY  14R 

w 1 2 LANE  LANE 

TYPICAL  SPACING 

WITH FIG 4)  
T A B L E   ( C O M P A R E  

FIG 8 CONVERGING  APPROACH  OPERATIONS 



4 
i 

W 
.) JET FLIGHT PATH 

FIG 9 PARALLEL RUNWAYS  SOUTHEAST OPERATIONh 



NORTHBROO 

VY  GLENVIEW  AIRPORT 

- R A D A R   B U F F E R   L I N E  

/ MIDWAY  AIRPORT 

LEGEND + 
AREA  USED FOR RADAR 
APPROACH  SPACING  ADJUbTMENTS 

.) JET 

P R O P  

5 0 5 10 
1 

NAUTICAL  MILES 

FIG 10 COhVERGING RUNWAYS  EASTERLY  OPERATIONS 



MIDWAY  AIRPORT 

k 
\ L E G E N D  

AREA  USED FOR RADAR 
APPROACH  SPACING  ADJUSTMENTS 

+I PROP 

f( J E T  

1 1 1 1 ' -  
5 0 5 10 

NAUTICAL  MILES 



T H E O R E T l C A L  
ARRIVAL  RATE 

A R R l V A L   R A T E  
D E T E R M l N E D  
BY SIMULATION 

IN A C T U A L   O P E R A T I O N S  
A L   R A T E 5   5 H O U L D  BE 
1 0  T O  LO P E R   C E N T  LE% 

THOJE IN 5IMULATION 
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3 
d 

0 30 z 

d 
4 0  t . '3 

Yy 

2 0  10  4 

IN THGU-IANDJ  C F  FEET 
F E E D I N G  ALTITUDE 

!z 
2 

F E E D I N G  A L T I T U D E  
IN THOUsANDS O F  F E E T  

FIG.  1 3  AVERAGE  ARRIVAL  RATE AND  COMMUNICATIONS TIME 
P E R  A l R C R A F T  FOR  ILS F E E D I N G   O F  JET2 
FRCM 20 ,000 ,  10,000,  AND 4 , 0 0 0   F E E T  

.DI.UaYr ,*D,.*. 

Y n C * " I L  
D.r- rslrr" 



ACTUAL  POSITION 
TOO  CLOSE  TO  AIRCRAFT 
AHEAD, POOR TRANSITION I 

TO  APPROACH  COURSE 

I 
I 

3 ”  PER  SECOND  TURN 

DESIRED  POSITION 
ADEQUATE  SPACING 
GOOD  TRANSITION T 
APPROACH  COURSE 

/ 1 1 / 2 ”  PER SECOND  TURN 

AIRCRAFT  STARTS  TURN  TO 
INTERCEPT  F INAL 

APPROACH  COURSE 

0 

FIG. 14 E F F E C T  O F  TURN  RATE ON GATE  SEPARATION  AND  APPROACH  INTERCEPTION 

-n”l ,*.I.W 

w x * * r . L  
DIFL0-I ‘man 






