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SIMULATION  TESTS O F  AIR TRAFFIC 
OPERATIONS IN THE  DENVER - 

COLORADO  SPRINGS  AREA 

SUMMARY 

This  report   describes a study of various  methods of controlling 
IFR air trafflc  in  the  Denver - Colorado  Springs  area  This  study  was 
conducted  through  the  use of slmulatlon  facllltles  located  at  the  Federal 
Aviation  Agency  (FAA)  Technlcal  Development  Center  (TDC)  at 
Indianapolis,  Indiana 

Although  simulation  studles  were  conducted  for  the  Denver  and 
Colorado  Springs  terminal areas, the  maximum  effort  was  directed  toward 
establ ishing  the  best   en  route   and  terminal   s tmcture   to   handle   the 
greatest   amount of air traffic  within  the  Denver  metropolitan  area,  

Certain  Inherent  factors  exlsted  in  this  slmulatlon  which  do  not 
ordmarlly  exlst   in  studies of other  terminal  areas.   The  mountainous 
terrain  immedlately  to   the  west  of both  Denver  and  Colorado  Springs 
imposed  l lmitations  to  the  radar  maneuvering  areas  available  wlthln  the 
terminal  control  zones at the  Denver  and  Colorado  Springs  Airports.  The 
high  altitude  levels  necessarily  associated  with  the  mountainous  terrain 
were  pertinent  factors  to  be  consldered  in  the  designation of arr ival   and 
departure  routes  and  vltal  to  the  location of the  most  functional  feeder 
fixes  to  handle  maximum  trafflc  flows  into  the  alrports  studled 

Operational  procedures  capable of handling  maximum  traffic 
were  hampered  great ly  by the  close  proximity of the  Denver  Stapleton 
Airport  and  the  two  military  airports  serving  the  Denver  area  (Lowry  AFB 
and  Buckley NAS) The  close  relative  locations of these  three  a i rports  
and  their  conflicting  runway air paths,   became a maJor   par t  of this  study 

Tests   in  all phases  clearly  indicated  that   the  use of all air space  
within  the  existant R-195 r e s t r i c t e d   a r e a  1s vital to provide a maximum  flow 
of air t raff ic   to   and  f rom  the  Denver   terminal   area 

Test   resul ts   fur ther   indicated  that   an  increase  in   arr ival  
capacity  could  be  obtained  by  reducing  the  number of feeder  f ixes  serving 
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the  Denver,  Lowry  and  Buckley  Airports.  Arrival  and  departure  traffic 
at  Denver  could  be  greatly  expedited  by  the  establishment of preferent la i  
airways  north  and  south of Denver to by-pass   the  terminal   area.  

Studies of Jet  type  penetrations  indicated  that  such  approaches  could 
be  greatly  speeded  up  by  provldlng  one  ideally  located  feeder flx to   serve 
the  three  a i rports   in   the  Denver   area  This   act lon would also  Justify  the 
elimmation of the  present  low-frequency  range  jet  penetration  procedures 

During  the  last  phase of the  study,  the  proposed  new  Stapleton 
north-south  runway was Introduced  Several   different  systems of terrnlnal 
feeder  f ixes  and  departure  routmgs  were  tested  to  determine  whlch  would 
be  most  compatible  with  traffic  operations at the  adjacent  airports It 
was  found  that a runway  alignment of 340 "trLe" at Stapleton,  approxl- 
mately  paralleling  the  north-south  runway at Buckley   Arpor t ,  would 
produce  the  least  amount of interairport  interference  and  consequently, 
the  least   res t r lc t ion on potential IFR trafflc  capaclty  at  each of the 
airports  concerned. 

0 

Tests  conducted  for  the  Colorado  Springs  area  clearly  indicated 
that a relocation of the  Colorado  Springs VOR statlon  would  simplify  the 
route  structure  and  provide a commor,  clearance limit fo r  all a r r i v a l  
a i rcraf t ,   thereby  reducing  radar   vector ing  to  a minimum  Such  relocation 
would a lso ,  in all probability,  lower  the  Mmimum  Reception  Altitude 
( M R A )  on  Victor  Airway 81 f r o m  11, 000 to 9, 000 feet  In  addition,  such 
VOR relocation  would  elimmate  the  long  departure  tunneling  which 1s 
necessary  under  current  operations 

INTRODUCTION 

In  September,  1958,  the FAA Offlce of AIr  Traffic  Control  requested 
the  Technical  Development  Center  to  conduct  simulation  studles of the 
Denver - Colorado  Springs  area  To  gather  background  material   for  thls 
study,  three  TDC  controllers  spent a week  in  the  Denver  area On 
January 28,  1959, they  met   with  representat ives  of the  Washmgton  Office, 
the  Fourth  Reglonal  Office,  and  local  ARTC  and  tower  personnel  to 
dlscuss  the  present  and  future  problems of the  area  and  to  defme  the 
obJectives  and  assumptions of the  simulation  program. 

Present   Problems 

A comblnatlon of factors,   which  restrlct   traffic  f low  and  greatly 
increase  the  average  controller  workload  per aircraft, are  l isted  below. 
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1. Mountainous  terrain  to  the  west of the  area  imposes  alt i tude 
restr ic t ions on approach  and  departure  routes 

2. The  location of the  Restricted  Area  southeast  of the  Denver 
Airport  (R-195) r e s t r i c t s   a r r iva l  and  departure   routes   to   a   narrow  area 
for  u6e  in  radar  vectoring. 

3 The  physical  layout of the  Stapleton  Airport  and the llmltations 
Imposed  upon  taxiing  trafflc  greatly  reduces  the traffic capacity of the 
alrport  during  IFR  weather. 

4. The  use of only  one  radar  arrlval  controller  to  vector all 
approaches  from  four  feeder  f ixes  reduces  the  traffic  f low  under the present  
system. 

Simulation  Objectives 

The  objectives of the simulation program  were  defined  as  follows 

DENVER 

1. Test   the   present   arr ival   and  departure   procedures   a t   Denver  
with  the  addition of the  proposed  Victor  Airway 8 South  between  Kremling 
Omni and Denver. 

2. Determine  the  operational  abllity of the present   arr ival   and 
departure  routes  to  the  north of Denver  with  a  reverse  flow of traffic 
as  presently  used. 

3 Study  the  merits of conducting ILS approaches  to  the  Stpaleton 
north-south  runway f r o m  the  south  to  the  north. 

4 Determine  the  effects of uslng a common IFR room  for  the 
multiple  airports  within  the  Denver  terminal  area. 

5. Submlt  recommendations for revmlona  to  the  preferential  route 
structure,   terminal  feeder  f lxes,   relocation of existing VOR facll i t les 
and  the  installation of additional  navigational  facilities If needed. 

During  the  third  week of thls  program,  the  Washington  Office 
requeated  that  studies  be  made on the  following  additional  runway 
allgnmenta  and  airport u e  
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A.  Conduct ILS approaches at Stapleton  and  Buckley  Airports  using 
ea t -wes t   runways  at both  locations. 

B. Use  northwest-southeast  runway  at  Buckley  meld  for all an- 
carrler  and  mill tary  jet   operatlons,   and  use  Stapleton as the 
general   aviatlon  anport .  

C. Determine if any  increase  in  termlnal  traffic  capacity  can  be 
gamed  by  the  construction of a  gew  northwest-southeast ILS 
all-weather  runway  aligned 340 t rue at Stapleton  Airport. 

With the concurrence of the  Washlngton  Office  the  concept of the 
Common IFR Room waa not  studied. 

COLOK4DO SPRINGS 

1. Study  exmtmg  arrival  and  departure  routing6  and  procedures 
and  test  alrport  capaclty  with  and  without  the  uae of a TVOR facdi ty   a t  
Peterson  Fleld.  

2 Submlt  recommendations  for  revmiona  to  the  preferentlal  route 
s t ructure ,   termmal  feeder  flxes,  relocation of exlstlng VOR facllltlea,  and 
the  lnstallatlon of additional navigational facll l t ies.  

Test   Assumptlons.  

The  general   aasumptlons,   under  whch  these  slmulation  testa  were 
conducted, a r e  as follows 

1. T h e s e   s t u l e e  would  embrace the a r e a  withln a radlua of 80 miles  
of the  Denver  Stapleton  Airport. 

2.  Adequate ARTC radar  coverage would  exist  wlthln  a 60 mlle  radius 
of Denver. In adhtlon,  Center  radar  departure  service  would be  provlded 
for  north  and  eastbound  departures  from  Colorado  Springs. 

3 Adequate dnect air/ground  communications  would  exist  through- 
out  the area being  simulated. 

4.  Low-Fkequence (L/F) airway  systems would  be  included In 
almulatlon  studies of Phases  I and 11. 
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5. The  dlmensions of the  s tandard TSO  holdlng  pattern  alrspace 
would  be increased 50% in  wldth, as shown  in h g .  1, to anticipate a 
regulatory  change  which is under  conslderatlon. 

6. Clvil   Jet   alrcraft   would  be  controlled In a conventlonal  manner 
unless  holding  delays  were  excesslve,  in  whlch  case  holdlng  would  be 
accomplished at altltudes of 20, 000 feet  or  above. 

7. The  Restr ic ted  Area R-195  would  be used  only  for  occasional 
departure   a l rcraf t .  

8 The   ra te  of climb  for  departing  alrcraft  would  be  based  on  the 
standards  Indicated  In  Table I 

Slmulatlon  tests  were  commenced  on  March 4, 1959,  and  concluded 
on March 26,  1959 A total of 70 tes t   runs  were  made  in   whlch  approxl-  
mately 5, 000 alrcraft fllghts  were  slmulated. 

EVALUATION  METHODS 

Measurements.  

Trafflc  delay,   airport   acceptance  rate,   and  communlcatlon  data 
were  taken  during  the  slmulatlon  tests  and  used as a means of determining 
the   mer i t s  or weaknesses of the  various  systems  tested.  

Slx  controllers  from  the  Denver  ARTC  Center,  two from  the  Denver 
Tower,  and  two  from  the  Colorado  Springs  Tower  were  detalled  to  TDC  for 
the  simulation  tests.   Because  some of these  controllers  had  no  previous 
radar   experience,   I t   was  necessary to devote a portion of the  slmulation 
t ime  to  tramlng  actlvlt les  to  al low all personnel  an  opportunity  to  acqualnt 
themselves  wlth  the  equipment  and  procedures  used In these  tes ts .  

A comparative  analysis of communlcatlone  tlme,  number of air- 

craft  contacts,  and  average  delay  tlmes  for  each  phase  tested, 18 

i l lustrated  In Figs 2,  3, 4, 5, 6,  and 7. VarlatLon  in  controller  sklll 
1s a factor  to  be  considered  when  analyzing  the  difference  in  test  results 
Illustrated.  Exammation of alrcraft   delay  data  showed  that   the  effects of 
havlng a par t icular   control ler  at a certaln  posltion  during a speclf lc   tes t  
run  could  rule  out  the  differences  whlch  normally  would  be  expected 
between  the  delays of the  ddferent  systems. 
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Controller  Opinion 

During  the  plannlng  perlod of thls  slmulatlon,  routes,   systems, 
and  procedures  were  f irmly  established  for  studies of Phases  I, 11, and 
III. The  tes t   s tudies  of the first three  phases   provided  ample 
opportunlty  to  observe  the air traffic  f low  characterist lcs of the e n t r e  
a rea .  As a result, addltlonal  refinements  and  changes  were  made  In 
route  layouts,   feedlng  systems,  and  control  procedures  to  provlde  extra 
phases  for  study  and  slmulatlon  The  effect  of the  modlflcatlon to sys tems 
used In Phases  I, II, and I11 were  evaluated  by  the  test   controllers.   At 
the  concluslon of the  program, a crltlque  was  held and the  oplnlons  and 
recommendatlons  expressed by the  partlclpating  controllers  were  used 
to a large  extent in the  final  evaluation of the  results of the  tests  and 
the  recommendatlons  whlch  are  summarized  elsewhere  in  thls  report  

F l igh t   p rogress   s t r lps  of recent,   moderately  busy  days  were 
obtained  from  the  Denver  ARTC  Center  These  str lps  were  analyzed 
for  use  in  determlnlng  the  dlstrlbutlon of traffic  utillzlng  the various 

amways  in  the area The  density of the  traffic  simulated  was  approxl- 
mately 50% greater  than  that  indicated In the  analyzed  operatlons.   Three 
traffic  samples  were  used  In  the  tests.   Each  sample  consisted of 79 
alrcraft   operatlng  durlng a one-hour  period.  However,  approximately 
85  minutes  were  required  to simulate all fllghts  to  concluslon.  Alrcraft 
ldentlflcatlone,  types  and  altltudes  were  the same m both  samples  but 
differed In airway  routlngs,   clearance llmits, and  the  locations at whlch 
the fllghtm entered  into  the  problem,  dependmg  upon  the  partlcular  phase 
being  tested. 

TEST  PROCEDURES 

Systems  Tested. 

Nine  basic  syeteme,  designated as P h a s e  I through  Pase IX, were 
tes ted  These  tes ts   were  conducted  using  current   rules   and  res t r lc t lons 
When necessary,   the  rules  and  restrlctlons  were  revised  to  improve  the 
system  belng  tested.  

Phase  I, Flgs .  8 and 9, was a study of the  en  route  and  termlnal 
system  to  be  used  effective  June 1, 1959 
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Phase  11, Figs 10 and 11, was  a  variatlon of Phase  I. modlfled 
to  reflect  a reversa l  of trafflc  flow on arr ival   and  departure   routes  
north of Denver 

Phase  111, h g s  12 and 13, introduced  a  new  north-south  runway 
at  Stapleton  Alrport  with a l l  Instrument  approaches  belng  conducted from 
south to north R-195 alrspace was used  for  a  termlnal  area  feeder fix 

Phase  IV, Figs  14 and 15, was a varlation of Phase  I ,  In  whlch 
the  termlnal  area  feeder  f ixes  were  reduced  from  four  to  two.  Phase 
IV  Modifled,  Figs 16 a d  17, was  a  varlation of P h a s e  IV, in  whlch  the 
eas te rn  half of R-195 was used  for  control  purposes 

Phase  V, R g s  18 and 19, was a varlatlon of Phase  I11 wlth all 
operatlons  remaining  clear of R-195 alrapace 

P h a s e  VI, h g s  20 and 21, was a modlflcatlon  of  Phases I and 
IV,  wlth  one terminal  area  feeder  flx  located  within  the  alrepace  presently 
designated as R-195. 

Phase  VII, F lgs .  22 and 23,  was a study of the  feaslblhty of using 
the  Buckley  Airport  for  scheduled alr car r ie r   a i rc raf t   and   ml l l ta ry    et 
aircraft,  and  Stapleton  for  general  avlatlon  aircraft 

Phase  VIII, Figs.  24 and 21, was a variation of Phase  VI Thls 
phase  incorporated an instrument  landing  system at Buckley  aligned  for 
approaches  from  east   to  west  and  provlded facllltles to conduct  simulta- 
neous  approaches to Stapleton  and  Buckley  Alrports 

Phase  IX. Flgs 25 and  26, was a variation of Phase  III  wlth  the 
new  north-south  runway  at  Stapleton,  allgned  northwest  -southeast 

Trafflc  Samples 

Three  trafflc  samples,   wlth  the  same  trafflc  dlstrlbutlon,  were 
complled  Trafflc  Sample I was  designed to study  Phase I, IY, VI, and 
VI11 Sample I-A was  deslgned  to  study  Phase 11, Sample I1 was used  to 
study  Phases 111. V, VII, and IX. The   a rc raf t   rou t lngs  In Samples  I-A 
and I1 were  revised, as necessary,  to  colnclde  wlth  the  route  structure 
of the  partxular  phase  being  tested.   Traffic  dlatrlbutlon In these   samples  
1s shown  in  Table 2. 
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Equipment 

Denver  Approach  Control  utilized  three  simulated ASR scopes,  as 
shown  in R g  27 One  was  used  for all arr ival   t raff lc   f rom  the  west   and 
north,  one  for all arrival  traffic  from  the  east   and  south,   and  the  thlrd 
scope  was  used  for all departure  control  at  Stapleton,  Lowry,  and 
Buckley  Airports.  

Two scan-conversion radar   monltor   scopes  were  instal led  in   another  
location  to simulate the  Colorado  Springs  Tower  arrival  and  departure 
positions  whlch  were  simulated as a side-by-side  operation, as shown  in 
F ig  28 

The  two  radar   sectors  of the  Denver  ARTC  Center  were  slmulated 
usmg  one  superlmposed  panoramic  radar  dmplay  (SPANRAD), as shown 
In  Flg 29 The  Colorado  Spmngs  radar  sector of the  Denver  Center  was 
simulated  uslng a ecan-convers1on  radar  monltor  scope as shown in 
F ig  30 

PHASE I 

The  purpose of simulation In this  phase  was  to  conduct  slmultaneous 
tes t s  of the  Denver - Colorado  Sprmgs  en  route ard terminal   systems,   using 
only  facllltles  which  are  expected  to  be in operation  by  June 1, 1959 

I 

The  Denver  area  portlon of Phase  I, shown  in  Figs 8 and 9, 
was  tes ted  with  three  terminal   radar   control lers ,   four   ARTC  Center   con-  
t ro l le rs .  of which two wexe radar  positions,  and  four  data  positlons 

The  Center  control  area  was  dlvlded  geographlcally  by a north-south 
l ine  over  the  Stapleton  outer  marker All Center  control In this  Phase  was 
predicated  on ANC separat ion,   us lng  radar  as a supplementary  aid  only.  All 
a i rspace  west  of the  north-south  dividing  line  was  controlled  by  an ANC 
controller  whose  functions  encompassed  arrlval.  departure.  and  en  route 
cont ro l   The   a i r space   eas t  of the  north-south  dlvldmg  line  was  likewise 
controlled by an  ANC controller  with simllar control  responslbil l t les 
In  addition.  indimdual  east  and  west  Center  radar  controllers,  each 
functlonlng In a dual  capacity of  arr ival   and  departure   control ,   provlded 
a supplementary  aid to the ANC rontroller  in  mamtaining  separatlon 
between  a i rcraf t  when ANC procedures  would  not  apply  The  ANC 
controllers  made all initial  radio  contacts  and  descended  Inbound 
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aircraft  to  the  lowest  avallable  altltude  prlor to  release  to  the  Center 
radar   control lers .  In addition, they  were  responslble  for  departure 
a l rcraf t .   af ter   re lease by  the  Center  radar  controller, as well as  the 
lsauance of departure  clearances  at  Stapleton,  Lowry,  and  Buckley 
Alrports 

All  Center  radar  control  was  conducted  from  one  SPANRAD 
display  sltuated  between  two ANC fllght  progress  sectors,   which  were 
patterned  after  exlstlng  sector6  in  the  Denver  ARTC  Center  The 
control  exercised by  the  east  and  west  radar  controllers was mnducted 
on the   same SPANRAD whlch was equlpped  wlth  alr/ground  communl- 
cation  facll i t les.   and  duect  TowerICenter  hand-off circuits. T o  ald In 
maintainlng  target  Identlflcatlon,  SPANRAD  target  markers  were  used  by 
the  radar  controllers f o r  both  arrivals  and  departures  Markers  for 
departure  trafflc  carrled  f l ight identity, altltudes  asslgned  and  requested, 
and  a flx ldentlfler  to  lndlcate  the  route of fllght  or  clearance  llmlt 
Arrival marker6  carr led  f l lght  ldenttlty,  route,  altltude,  type,  and 
clearance  l lmlt  

I 

The  Denver  approach  control  area  was  divided  by  a  north-south 
line  over  the  Stapleton  outer  marker In a manner  similar  to  the  ARTC 
Center  area.   All   airspace  west of the  north-south  dlvldlng  llne was 
controlled  by  one  radar  approach  controller who vectored all propel ler-  
drlven  (prop)  arrivals  from  the  perlmeter  feeder  f lxes at Dupont  and 
Westminster  to  the  flnal  approach  course  for  landmg  at  Stapleton  Anport. 
In  addltlon,  the west  arrival  controller  was  responslble  for  Jets 
penetrating  to  Lowry  and  Buckley  from  the  Denver L/F range,  untll  they 
were  released  to  Ground  Control  Approach  (GCA)  The  alrspace  east of 
the  dlvldlng  line  was  controlled by a second  arr ival   control ler  who 
vectored  prop  arr lvals   f rom  Strasburg  and  aowa  and  Jets   f rom  Kiowa 
to  the  Stapleton  ILS  approach  course. Thls sys t em la  Il lustrated In Flg 
8. The  departure  controller  cleared  and  vectored  all  departures  from 
Stapleton,  Lowry,  and  Buckley  Alrports  until  they  were  released  to 
the  west  or  east   Center  radar  controller,   or  to  the  Colorado  Sprlngs 
approach  controller.  

Denver  Approach  Control  operatlons  were  conducted  from  three 
slmulated ASR scopes ,   as   shown  in   Rg.  27. One scope  was  used  by 
the  west  arrival  Controller  for  al l   aircraft   arrlvmg  from  the  west  and 
north.  A  second  scope waa used by  the  east   arrlval  controller  for  al l  
alrcraft   arrlvlng  from  the  east   and  south.   The  thlrd  scope  was  used 
by a departure  controller who handled all departure   t raff lc   f rom 
Stapleton,  Lowry,  and  Bucklev  Alrports 
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Colorado  Sprlngs  approach  control  operations  were  conducted  from 
two  simulated  scan-converslon ASR scopes,  as shown  in R g  28,  wlth 
one arrlval  and  one  departure  controller  worklng  from  lndlvldual  scopes 

Denver  Departures 

All   departure   t raff ic   f rom  Stapleton,   Lowry,   or   Buckley  Anports  
was  controlled  by one tower  radar   departure   control ler .  who re tamed 
control until radar  hand-off  to  the  Center radar man Was accompllshed. 
Departures   were  Issued  short-range  c learances  to   an  a l t l tude  and flx 
that  would  allow  an  unmterrupted  climb  during  hand-off  from  Tower  to 
Center   radar .  When necessary,   blocked  alt i tudes  were  simulated at 
appropriate  flxes,  and  departure  tunnellng was w e d  

Departures  wlth  destlnatlons  northeast  and  east of Denver  were 
c leared  wa  Vlctor  Alrway 172 to  Hayes  Center (HCT), Table 111, at 
altltudes  asslgned  by  the  Center ANC controller.  An  addltlonal 
res t r lc t lon  of b 500 feet  was imposed  by  the  tower  departure  controller 
until  the  departure was past  the  Denver VOR statlon 

Southeastbound  departures  were  cleared via Vlctory  Axway 148 to 
Tkurman  Departures  on this rout ing  were  res t r ic ted  to   an  a l t l tude of 
8, 000 feet   unti l   tower  to  center  radar  hand-off  was  accompliehed.  The 
8. 000 foot restriction was  contmued  by  the  Center  until  alrcraft  was 
establlshed on  VI48 eix  and  one-half mlles eas t  of the  mowa VOR 

Southbound  departures  were  cleared  vla  two  possible  routes 
depending  upon  whether  they  proceed  vla VOR or low-frequency  alrways 
VOR departures   were  routed  vla   Vlctor   Alrways 148 and  19-East  to 
Pueblo,   and  were  res t r lc ted  to  an altltude of 8, 000 feet  until  establlehed 
on  Victor  Airway  19-East,  ten miles south of the EClowa VOR South- 
bound  departures,  using  Amber  Airway 3, were  c leared  to  the Colorado 
Springs  Homer  and  were  res t r lc ted to 8, 000 feet  until c lear  of the 
arr ivaI   radar   vector  area 

Departures  n t h  destinatlons  west of Denver   were  c leared  to   the 
Ward  Intersection ula Victor  Alrways 207 and  220  with an  altltude 
reetr lc t lon of 6 ,  500 feet  untll  past  the  Denver VOR atatlon 

Northwestbound  departures  were  cleared  to Laramle vla  Victor 
Airwaye 207 and  4-North,  northbound  flights  were  cleared  to  Cheyenne 
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via  Vlctor  Alrway  89-East  These  departures  were  also  restrlcted to 
an  altltude of 6,  500 feet  untll  past  the  Denver VOR 

Jet   departures   were  handled In the s a m e  manner  as conventional 
type  aircraft  and, In addltlon,  specific  coded  departure  procedures 
were  used as follows 

I .  

2 

3 

Northeast  Departure 
Northeastbound  Jets  were  cleared  to  destination  alrport   via  the 
Denver L / F  range  and  the 030 bearlng off the L /F  range  to 0 

cruising  alt l tude A restr lc t lon of 15, 000 feet  was  Imposed  until 
a l rcraf t   was  c lear  of Vlctor  Airway 8 

Southeast  Departure 
Southeastbound  Jets  were  cleared  vla  the 110 bearing off the 
Aurora  Homer  and  were  allowed  unrestrlcted  cllmb  to  asslgned 
cruislng  altitude 

Southwest  Departure 
Southwestbounds  were  routed  dlrect to the  Aurora  Homer  to   cross  
Auro ra   a t  7 ,  000 feet  or  above,  thence  on a 196 t rack  off Auro ra  
to 16, 000 feet  A complete  radar  monltor  was  conducted  during 
thls   procedure  to   insure   terraln  c learance 

0 

0 

All  radar  hand-offs of conventlonal  type  alrcraft  between  the 
Tower  and  Center  were  accomplished 10 miles  from  the  Denver VOR, 
with  the  exception of fl ights  proceeding  south  or  southeast   The  south 
and  southeastbound  hand-off  was  accomplished 10 miles   west  of Klowa 
for  VOR fllghts  and  at   Parker f o r  flights  uslng  Amber  Airway 3 

Jet  departure  hand-offs  between  Tower  and  Center  were  affected 
10 miles north  and  northeast of the  Denver VOR. 7 miles  west of Kiowa, 
and  at  altitude of 16, 000 feet  when  departlng  vla  the  southwest  departure 
route 

Departure  routlngs as descrlbed  above  are  i l lustrated In F ig  9 

Arr iva ls  

The  ARTC  Center  cleared  all   arrlvals  to  four  feeder  f ixes  at   an 
altltude of 10, 000 feet  and  above,  wlth  Jurlsdlctional  release  polnts as 
indicated 
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Clearance  Limlt  Release  point 

S t rasburg  (SG) Byers  (BW 
Klowa (IOC) Kiowa (IOC) 
Westmmster  (WM) Leaving 11, 000 feet  
Dupont (DUP) Dacona (DAC) 

Alrcraf t   arr ivlng  f rom  the  east   were  c leared  to   Strasburg,   f rom 
the  south  to  Kiowa,  from  the  west  to  Westmlnster,  and  from  the  north to 
Dupont 

Two  mlli tary  Jet   clearance  l lmits  were  used,  dependent upon  the 
navigational  equipment In the  alrcraft .   rather  than  the direction of 
fllght  Jets  equipped  wlth  low-frequency equipment were  cleared  to  the 
Denver LJF   r ange   s t a t lon  at 23, 000 feet ,   Jets  using VOR navigational 
gear   were  c leared to the  Klowa VOR at 20, 000 feet 

Blocked  altltudes of 16, 000 through 22, 000 feet   were  s lmulated 
for   east-west   en  route   t raff lc  on Victor  Airway 8 Arr lval   t raff ic  
was cleared  to  the  approprlate  clearance llmit flx and  released  to 
approach  control  in a real ls t lc   manner  

Slnce  the  highest  altltude  avallable  for  use  by  approach  control 
was 10, 000 feet ,   mlll tary  Jet   aircraft   al t l tudes  excepted, all a r r lva l s  
left  the  feeder  fixes  at  or  below that altitude  Alrcraft  holdlng  at  the 
perimeter  flxes  above 10, 000 feet   were  requlred  to   descend to the 
10, 000 foot  level In the  holding  pattern  and  were  released  to  approach 
control  leaving 11, 000 fee t   Mi l l ta ry   Je t   a i rc raf t   were   c leared   v ia   the  
published   et penetration  approach  paths 

The  approach  control  descent  area  in  thls  study  was  defined as 
that  alrspace  bounded on the   east   by a lme  orlglnatlng at the  Byers 
Intersect ion  dlrect   to  a point 5 nm  north of Klowa,  thence vla the  east  
and  north  edges of R-195 connectmg  wlth a north-south  hne  through  the 
Stapleton  outer  marker  to  the  northern  edge of Victor  Alrway 4 eas t  of 
the  Denver VOR, and via the  northern  edge of Victor  Alrway 4 to  the 
Byers  Intersection. 

Arr lvals   f rom  Strasburg  were  not   res t r ic ted  on  descent   below 
10, 000 feet   other  than by t raff lc   belng  vectored  f rom  the  other   feeder  
fixes  Arrivals  from  Kmwa  malntalned 9, 000 feet  until  establlshed  wlthln 
the  descent  area  Arrivals  from  Westminster  and  Dupont  were 
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res t r ic ted   to  8, 500 feet  untll  established  within  the  descent  area  Arrlval 
radar   vec tor   pa t te rns   a re   i l lus t ra ted   in   F ig  8 An  a i rcraf t   spacmg 
chart,  shown  in  Table IV,  was readdy  aval lable   for   the  control ler ' s   use ,  
and  was  provided  to  assist  him  in  maintainmg  optimum  separatlon  between 
successive  alrcraft   on  radar  vector  to  the  Stapleton ILS outer marker 

The  Stapleton I L S  was  used as the  f inal   approach  course  for all 
aircraft   landing at Lowry  AFB  and  Buckley  Alrport   These  aircraft  
were  vectored to the I L S  course  and,  after  passing  the  Stapleton 
outer  marker,   were  f lown  direct   to  the  destmatlon  alrport ,   thus  simulating 
the  contact  or  clrcling  type  approach now  being  used  at  both  Lowry  and 
Buckley  Mili tary  Jet-type  aircraft ,   executing a L /F   r ange   pene t r a t ion  
approach,  were  considered  to  have  completed  the  instrument  portion of 
their  flight  when  they  passed  over  the  Lowry  Airport  at  the  minimum 
field  elevation  altitude  Equipment  and  personnel  limltations  precluded 
any  simulatlon of GCA procedures 

Colorado  Springs  Departures 

All   departures at Colorado  Springs  were  controlled  by  one  Tower 
radar   departure   control ler .   Tower  control   Jur lsdlct ion of north  and  east-  
bound  departures  was  retalned  until  radar  hand-off was effected  with  the 
Center  Colorado  Sprlngs  radar  posltion  Southbound  departures  were 
released  f rom  the  Tower  departure   control ler  to the  Center  Colorado 
Springs ANC controller on en  route  radio  frequencies  wlthout  the 
benefit  or  use of a radar  hand-off. All departures   were  issued  short-  
range  c learances to an  altitude  and fix that would allow  an  uninterrupted 
climb  during  hand-off  from  Tower  to  Center When necessary,   blocked 
alt i tudes  were  simulated at appropriate fixes. and  departure  tunneling 
was  used 

Departurea  with  destinations  east of Colorado  Springs  were  cleared 
dmect  to  Ellicott,  thence  via  Victor  Airways 19 and 108 to  Hugo, a t  
altltudes  assigned  by  the  Center 

Southbound  departures  were  cleared  dlrect  to  Hanover,  thence 
via  Vlctor  Airway  I9  to  the  Pueblo VOR or ,   f rom  Hanover   dlrect  to the 
Pueblo L / F  range when  routing  was  via  low-frequency  alrwaya 

Twopossible  routes  were  used  for  northbound  departures,   depend- 
lng  upon  whether  they  proceded  via VOR or  low-frequency  airways. A 
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VOR departure  was  cleared  direct   to  Ell icott ,   thence  vla  Vlctor  Airway 
19 to  Kiowa If flying  Amber  Airway 3,  northbound  departures  were 
cleared  to   the  Aurora "H" facillty  Such  Amber  Airway 3 fl ights  were 
required  to  cl imb  to 9, 000 feet  on 035O track  from  the  Colorado  Springs 
"H" facility  before  proceeding  northbound on course  

Jet   departures   were  handled In the  same  manner  as conventional 
aircraft   and,  in addition, were  cleared  direct   to  Ell lcott   and  then 
turned  directly on course  after  passlng  Elllcott .  

All  radar  hand-offs of east  and  northbound  departures  between  Tower 
and  Center  were  effected  at   Ell icott   or when aircraf t   were  abeam  the 
Colorado  Springs VOR 

Colorado  Springs Arrivals 

The  Denver  ARTC  Center  cleared all conventional  arrivals to 
five  feeder  f ixes  at   an  alt i tude of 10, 000 feet  and  above,  with  release 
points as indicated 

Clearance  Limit  Release  Point  

Colorado  Springs VOR Spur 
Colorado  Sprlngs "H" Spur 
Hanover VIHII Crossing  Vlctor  Alrway  19-East 
Pueblo  LFR Pueblo  LFR  (PUB) 
Hanover IIHII Pueblo VOR (PUB) 

Arr lvals   f rom  the  east   were  c leared  to   Hanover ,   arr ivals   f rom  the 
south  were  cleared  to  Hanover  or  the  Pueblo L / F  range ,   a r r iva ls   f rom 
the  north  were  cleared  to  el ther  the  Colorado  Springs VOR or the 
Colorado  Springs I'H" facility,  dependent  upon  the  navigatlonal equip- 

ment  being  used In the   a i r c ra f t  

Mll l tary  Jets   arr ivals   f rom  the  north  were  c leared t o  the  Colorado 
Springs VOR or the "H" marker ,   and  f rom  the  south  to   the  Pueblo VOR 
o r  L /F  range  Clearance limit altltude was 20, 000 feet  and  above  with 
release  to  Colorado  Springs  approach  control  being  affected  over  the 
clearance llmlt fix 

The  highest  altltude  available  for  use  by  Colorado  Springs  approach 
control  was 10, 000 feet ,   mili tary  Jet   al t i tudes  excepted.  Therefore,  all 
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conventional  arrivals  left  the  feeder fixes at o r  below  that  altitude. All 
aircraft  holding at the  perimeter  fixes  above 10, 000 feet   remained  under 
Center  Control  until  leaving  the 11, 000 foot  altitude  level, at which  time 
they  were  released  to  approach  control.   hhli tary  Jet  aircraft were 
cleared  via  the  published  Jet   penetration  approach  paths 

The  Colorado  Springs  approach  control  descent  area  in  this  study 
was  defined as that  airepace  bounded  on  the  south  by a llne  originating 
at the  Hanover "HI' facil i ty,   thence  direct   to  the  southeastern  edge of 
R-194,  thence  north  along  the  eastern  edge of R-194  to a point  abeam  the 
Colorado  Springs "H", thence east on a direct   l ine  to the  Hanover  Homer. 

Arr ivals   f rom  the  Colorado  Springs  Homer  were  res t r ic ted to 
malntaln 9, 000 feet   untl l   established  within  the  descent  area  Arrlvals 
f rom  the  remaining feeder   f ixes   were  not   res t r ic ted  on  descent   below 
10, 000 feet  by  other  than  traffic  being  vectored  from  other  feeder  f ixes 
An  aircraft   spacing  chart ,   shown In Table IV. was  readily  available  for 
the  controllers '   use  and  was  provlded  to  assist   in  maintaming  optlmum 
separatlon  between  successive  aircraft   on a radar  vector  to  the  Colorado 
Springs I L S  approach  course 

PHASE I1 

The  purpose of simulation  in  this  phase  was  to  determine  the 
feasibility of reversing  the  present  traffic  f low on the  airways  north of 
Denver  In  Phase 11. i l lustrated  in  Figs 10 and 11, the  a i rway  s t ructure  
was  changed  slightly  to  gam  maximum  utlllzation of the  airspace  and a l s o  
incorporate  the  Gill  VOR Into  the  a i rway  s t ructure   The  area  north  and 
northwest of Denver  was  used  for  departure  traffic  and  the  airspace  north- 
eas t  of Denver  was  used  for  arrival  traffic 

The  personnel  requirements,   their   responslbll i t les.   and  the 
equipment  used  in this phase  were  the  same as thosed  used  in   Phase I 
The  geographic  dividing  llne  between  the  Center  east  and  west  sectors 
and  between  the  two  Tower  arrival  positions  was  defined as a north- 
east-southwest  l ine  extended  through  the  Denver  outer  marker so as to 
include  the  SeeBee  Intersection  in  the  West  Sector. 

Departures. 

Departure  routmgs  and  procedures  for  southeast  and  southbound 
t raff ic   were  the  same as those  used  In  Phase I. All  departure  routing8 
simulated  in  Phase I1 are i l lustrated In h g  11 
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Departures  wlth  destlnatlons  northeast  and east of Denver  were 
cleared  via  Vlctor  Airways 160, 220.  and 172 to  Hayes  Center  at  altltudes 
aaslgned  by  the  Center ANC controller  All  departures  along  these  routes 
were  res t r ic ted  to  an  altitude of 9 ,  000 feet  or  below  untll  past  Roggen 

Depar tures   wth   des t lna t lons   wes t  of Denver  were  cleared  to  the 
Ward  Intersection  via  Vlctor  Alrways 4 and 220  and were  requlred to 
reach  an  alt l tude of 14, 000 feet  before  turning  westbound  on  Vlctor  Airway 
220 Aircraft   wlth a s low  ra te  of cllmb,  not  able  to  reach 14, 000 feet  by 
Longmont  Intersection,  were  cleared to Long's  Peak  Intersection  via 
Victor  Alrways 4 and  220-North. 

Flights  wlth des tinatlons  north or northwest of Denver  were 
cleared  to  Laramle vla Vlrtor Airway  4-North  or  to  Cheyenne  vla 
Victor  Alrways  4-North  and  89-West. 

Jet   departure  routlngs  and  control  procedures  used In Phase  I were  
s imulated  in   Phase II studies 

All departure  radar  hand-offs  between the Tower  and  Center  were 
accomplished IO nm  from  the  Denver  VOR 

Denver  Arrivals.  

Arrlval  procedures  and  clearance llmlt f lxes   remalned  the same 
as those  used ;n Phase  I. except  that  the  SeeBee  Intersectlon  was  used 
instead of Dupont  for arrlvals from  the  north  and  northwest  The  feeder 
flxes  and  vector  area  used In thls   Phase  are   shown In Flg. 10 

The  approach  control  descent  area,  as deflned  in  Phase  I ,   remained 
the same In studies of Phase  I1 except  thatthe  northern  extremity of the 
area  was  extended  to  include  the  SeeBee  Intersectlon 

Arr iva ls   f rom  the   nor th   were   requl red   to   main ta in  10, 000 feet  
untll  over  the  SeeBee  Intersectlon  after  which  further  descent  was 
governed  by  traffic  belng  vectored  from  other  feeder  f lxes.  

Mlhtary   Je t   a r r lva ls   were   s lmula ted   In   the   same  manner  as In 
Phase  I 
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Colorado  Sprlngs 

The  Colorado  Sprlngs ar 
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ea  s tudy in  this  Phase  was  the s a m e  as 
in  Phase  I, except  that  the  Colorado  Sprlngs  TVOR  navlgational  faclllty 
was  used  to  deflne  routlngs  to  Elllcott  and  Hanover  Instead of the  dlrect  
routlngs  simulated  in  Phase I 

PHASE I11 

The  purpose of slmulatlon  In this phase  was  to  study  future  Denver 
termlnal  area procedures,  with  instrument  approaches  conducted f r o m  
south  to  north on an ILS aligned  on  the  proposed  north-south  runway  at 
Stapleton  Alrport 

The  Colorado  Sprlngs  area  study, shown in   Figs  31 and 13, 
Included  revls1ons  to  the a rway  s t ruc ture   and   te rmlna l   p rocedures .  

The  Denver  termlnal  area of Phase  111, Il lustrated In F igs  12 and 
13, was  altered  to  Include  an  addltlonal VOR facillty  deslgnated as 
Logan,  and  approaches  to  the  Buckley  Anport  were  conducted  using  an 
I L S  on  the  north-south  runway at Buckley.  In  addltlon, a new  feeder 
flx,  ldentlfled as Tltan  (TI)  was  establlshed In  the  airspace  presently 
designated as R-195 to  reduce  the  length of radar   vectors  as well as to 
provide  more  efflclent Jet penetrat ion  procedures .  

The  Logan VOR, located 18 nm  southwest of the  Denver  Omnl.  was 
used for  en  route  navlgatlonal  purposes as well as a termlnal   feeder  flx 
In  conJunctlon  wlth  the  Denver VOR and  the  Klowa VOR, Logan  was  used  to 
establish  addltlonal  lntereectlons In the  Denver   terminal   area 

The  Buckley I L S  was  Included In this  phase  to  study  slmultaneous 
ILS approaches at Buckley  and  Stapleton  Alrports, as well as p e r m l t   J e t  
penetratlons  to  begln at 15, 000 feet  Instead of 20, 000 feet,  wlth  the  flnal 
approach  belng  made  on  the  Buckley  ILS. 

The  alrway  etructure  and  procedures  used In this  study  were 
slrmlar to  those  used In t e s t s  of Phase  1. except  for  the  followlng 
revlslons. A Vlctor  Airway 152 was  designated  between  Thurman, 
Logan, and  Kremllng,  Vlctor  Alrway  4-North  was  deslgnated  between 
Denver  and  Goodland,  and  Victor  Alrway 160 was  deslgnated  between  Logan 
and  Gunnlson  In  addltlon,  low-frequency  alrways  were  not  Included In the 
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system  Vlctor  Alrway  152  was  used  as  the  arrlval  route  for  alrcraft  
from  over  Thurman  and  Kremllng  Vlctor  Alrway  4-North  was  used  as a 
departure  route  for a southeastbound  trafflc  Vlctor  Alrway  160  was  used 
for   arr lval   t raff lc   f rom Los Angeles 

The  Denver  area of Phase  111, shown  In  Figs  12  and  13  was  tested 
with  three  termlnal  radar  controllers  four  ARTC  Center  controllers,  of 
whlch  two  were  radar  posltlons,  and  four  data  posltlons 

The  Center  control  area  was  dlvlded  geographlcally  by a north- 
south  line  extending  along  the  eastern  edge of Vlctor  Alrway 207, to  the 
Denver VOR, thence  along  the  180°  radlal of the  Denver VOR, to,  and  In- 
cludlng,  the  eastern  edge of Victor  81  All  alrspace  west of the  north-south 
dlvldlng  line  was  controlled by an ANC controller,  whose  functlons 
encompassed  arrlval,   departure,   and  en  route  control  The  alrspace 
eas  of the  north-south  dividing  llne  was  llkewlse  controlled  by  an ANC 
controller  wlth slmllar control  responsibllltles  In  addltlon,  lndlvldual 
east   and  west  Center  radar  poslt lons  were  provlded,  each  functlonmg In 
a dual  capacity of arrlval  and  departure  control  The  two  radar  postlons 
afforded  supplementary  ald  to  the ANC control lers  In  provldlng  separatlon 
between  aircraft  when ANC procedures  would  not  apply  The  ANC 
controllers  made  all   lnlt lal   radlo  contacts  and  descended Inbound a r c r a f t  
to the  lowest  avallable  altltude  prlor to  re lease  to   the  Center   radar   con-  
t ro l le r  In  addltlon,  they  were  responslble  for  the  issuance of departure  
clearances  at  Stapleton,  Lowry,  and  Buckley  Airports as well as 
separation of departure   a i rcraf t  after release  by  Center  radar  control 

All  Center  radar  control  was  conducted  from  one  SPANRAD 
display  located  between  two ANC fl ight   progress   sectors   The  control  
exercised  by  the  east   and  west  radar  poslt lons  was  conducted  on  the  same 
SPANBAD  whlch  was  equlpped  wlth air /ground  communicatlons  facllltles 
and  dlrect  Tower/Center  hand-off  clrcults  To  ald In malntalnlng  target 
ldentlflcatlon,  SPANBAD  target  markers  were  used  by  the  radar  con- 
t rol lers   for   both  arr ivals  and departures  as In  prevlous  tests ! 

The  Denver  approach  control  area  was  dlvlded  Into  an  east-west 
area wlth  the  Stapleton  localizer  course  deflnlng  the  area of Jurlsdlctlon 
All   alrspace  west of the  localizer  course  was  controlled  by  one  radar 
approach  controller who vectored all arrlvals from  the  Logan VOR feeder 
flx to  the  Stapleton  flnal  approach  course  The  east  controller  was 
responsible  for  vectorlng all a i rcraf t   f rom  the  Tl tan  Intersect lon  to  
the  Stapleton  ILS,  and  for  mllltary  Jet  penetratlons  from  Klowa  to  the 
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Buckley  Airport .   This  system is i l lust rated in R g  12 The  departure 
controller  cleared  and  vectored all departures  from  Stapleton,  Lowry, 
and  Buckley  Airports  unti l   they  were  released  to  the  west  or  east  
Center  radarman  or  to  the  Colorado  Springs  approach  controller 

Denver  Approach  Control  operations  were  conducted  from  three 
simulated  ASR  scopes,  similar to   Phase I, as shown  in F l g  27 

Denver  Departures 

All   departure  traffic  from  Stapleton,  Lowry,  and  Buckley  Amports 
was  controlled  by  one  Tower  radar  departure  controller as in   Phase I. The 
use of short-range  c learance limits and  blocked  altitudes  was  aleo 
simulated  In  this  phase  Departure  routings In this   system  el lmlnated 
the  need  for  tunneling  fol  north,  northwest,  west,  and  southeastbound 
traffic  However,  south  and KOuthWeEt bound  departures  requlred 
tunneling  at  8, 000 feet   unt i l   c lear  of the  Logan  arrival  radar  vector 
a r e a  

All   departure  clearance limits and  routings  used  in  Phase I were  
also  simulated  wlth  this  system,  with  the  following  exceptlons. 

1 Southeastbound  departures  were  cleared  vla  Victor  Alrway 
4-North  to  Goodland at altltudes  assigned  by  the  Center ANC 
controller 

2 All southbound  departures  utilized  Victor  Airway 81 routing  wlth 
a clearance  l lmlt   at   Colorado  Springs  Amber 3 airway  was  not 
used  in  this  phase 

3 Southwestbound  departures  were  cleared  to  Cunnlson  vla 
Vlctor  Airways 81 and 148 

4 An  additional  routing  for  westbound  departures  was  studied In 

this  phase,  namely,  Vlctor  Airway 207 to  Gill VOR, thence 
Victor  Airway 202 to Ft. Collins 

Jet   departures   were  handled In the  same  manner  as conventlonal 
aircraft  and,  in  addition,  southbound  Jets  were  cleared  via  the  Denver 
VOR  180 radial   unti l   intercepting  Vlctor  Airway 81. 

0 
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All  radar  hand-offs  between  the  Tower  and  Center  were  accomplished 
10 mlles  from  the  Denver VOR, with  the  exception of south  and  southwest- 
bound  flights  Hand-off6 of south  and  southwestbound  departures  were 
accomplished at the  Parker   Intersect ion.  

Departure  routings,  as  described  above,  are  illustrated In Fig 13 

Denver   Arr ivals  

The ARTC Center   c leared all prop  and  civll  Jet  aircraft  to  two  feeder 
flxes at 10, 000 feet  and  above  wlth  Jurlsdlctional  release  points as mdlcated. 

Clearance  Llmlt   Release  Point  

Logan  (LOG)  Superior  (SP) 
South  Platte (SO) 
Leavlng 11, 000 feet  

Titan (TI) Strasburg  (SG) 

Arrivals   f rom  the  east   and  south  were  c leared to Tltan,  while 
those  from  the  southwest,  west,  and  north  were  cleared  to  Logan, 

All mili tary  Jet   arr ivals   were  c leared  to   the  Kiowa VOR at 15, 000 
feet   and  were  released  to  Approach  Control  over  Klowa 

Blocked  altltudes of 16, 000 through 22, 000 feet   were  s imulated  for  
east-west  en  route  trafflc  on  Vlctor  Airway 8 Arrlval  trafflc  was 
cleared  to  the  appropriate  clearance limit fix and  were  re leased to  
approach  control In a real ls t lc   manner  

Smce  the  highest  altitude  available  for  use  by  approach  control  was 
10, 000 feet ,   mlll tary  Jet   aircraft   al t l tudes  excepted, all arr ivals   lef t   the  
feeder  fixes at or  below  that  altitude  Alrcraft  holdlng at the  per lmeter  
flxes  above 10, 000 feet   were  requlred  to  descend  to  the 10, 000 foot  level 
In the  holdlng  pattern  before  belng  vectored  to  the  final  approach  course 
Mil i tary  Jet   a l rcraf t   were  c leared  via   the  publ ished  Jet   penetrat lon 
approach  paths 

The  approach  control  descent  area  in  this  study  was  defined as 
that  airspace  bounded on the  east  by a line  origmatlng at the  Titan 
Intersection  extendlng  to  the  Klowa VOR, on  the  south  by  the 265 radlal  

0 
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of Klowa  extended  to  the  polnt of lntersectlon  wlth  the  Stapleton  locallzer 
course,  on  the  west  by a hne  f rom  the  lntersect lon of the  265 radlal  of 
Klowa and  the  Stapleton  localleer  dlrect  to  the  Logan VOR, and on the 
north  by a llne  from  the  Logan VOR dlrect   to  the  Tltan  Intersectlon 

0 

Arrivals   f rom  Logan  maintamed  9 ,  000 feet   unt l l   east  of Logan  and 
establlshed  withln  the  descent  area.   Arrlvals  from  Tltan  were  not 
restrlcted  on  descent  below 10, 000 feet  other  than  by  trafflc  belng  vectored 
from  the  other  feeder  f lxes.   Arrlval  radar  vector  patterns  are 
Il lustrated In Flg.  12.  An arrlval  spaclng  chart ,   shown  ln  Table IV,  was 
used by  the  arrlval  controllers as In prevlous  phase  studies  to  malntain 
optlmum  separatlon  between  successlve  alrcraft   while on radar   vector  
to  the  Stapleton  or  Buckley  ILS  outer  markers  The  Stapleton  and 
Buckley  Alrports  were  both  equlpped  with  ILS'  In  studles of this  phase. 
Fllghts  that  were  landed  at  Lowry  Airport In tes ts  of Phases  I and 11 
were  landed at Buckley  Alrport In this  Phase  Verbal  coordlnatlon  was 
effected  between  arrlval  controllers  when  the  West  controller  vectored a 
fllght  from  Logan  to  the  Buckley  ILS 

Mllitary  Jet   arrlvals  were  controlled  by  the east radar   arr ival   con-  
troller  The  l lmlted  distance  avallable  for  descent  between  Kiowa  and 
the  Buckley I L S  localleer  course  necessitated  changlng  the  lnlt lal  
penetration  altltude  from 20, 000 to 15, 000 feet.  The  use of the 15, 000 
feet  altitude at Klowa  also  enabled  the  approach  controller t o  exerc lse  
ful l   radar   control   over   Jet   arr lvals   f rom  the  penetrat ion fix untll 
approach  was  completed  The  penetration  path  was  defined as the  278 
radial  of the Kiowa Omnl  and  the  Buckley ILS course   Je t   a r r lva ls   were  
res t r ic ted   to  15, 000 feet  until 5 mlles   west  of Klowa  before  start lng 
descent  and  were  required  to  Intercept  the  Buckley  localizer  at  9, 000 feet. 

Colorado  Springs  Area 

0 

In  thls  phase,  the  Colorado  Sprlnge VOR was  relocated  and  the 
alrway  structure  was  revlsed  to  obtam a more  eff lc lent   t raff lc   control  
conflguratlon  The  low-frequency  alrway,  Amber 3,  between  Pueblo 
and  Denver  was  not  included  in  the  alrway  structure of thls  phase. 

The  Colorado  Springs VOR was  relocated  from  Its   present  locatlon 
10-1/2  nm  northeast of Pe terson   F le ld  to a pomt 10-1 /2  nm  southeas t  of 
Peterson  Field,   and  the  alrway  structure  was  allgned  accordingly  Vlctor 
Alrway 19 was reallgned  to  overlay  the  alrspace  used as Vlctor  19-East 
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In Phase  I and I1 Vlctor  Airway  81-East  was  designated as an  a l ternate  
alrway  between  Colorado  Sprlngs  and  Pueblo 

Departures 

All departures  at   Colorado  Sprlngs  were  controlled by one  Tower 
radar   departure   control ler  as In  Phase I Tower  control  Jurlsdiction  of 
north  and  eastbound  departures  was  retamed  until  radar  hand-off  was 
affected  wlth  the  Center  Colorado  Sprlnga  radar  position  Northbound 
departures  were  cleared  to  Klowa  vla  Victor  Alrway 83 at altltudes 
specified In the  Center  clearance  Departures  wlth  destmatlons  east of 
Colorado  Springe  were  cleared  to  Hugo  via  Vlctor  Airway  108-North  at 
altltudes  assigned  by  the  Center 

Southbound  departures  were  cleared  to  Pueblo  via  dlrect  Tructon 
and  Vlctor  Alrway 19 at altltudes  asslgned  by  the  Center.  When arrlval 
trafflc  was a factor ,   these  departures   were  res t r lc ted t o  maintain a 
9, 000 feet  untll  clear of the  Colorado  Sprlngs VOR holding  pattern air- 

space   a r ea  

Jet   departures   were  handled  in   the  same  manner  as conventlonal 
a l rcraf t   The  departure   routmgs  descr lbed  above  are   I l lustrated In 
F lg  13 

Radar  hand-offs of eastbound  and  northbound  departures  between 
the  Tower  and  the  Center  were  affected 15 nm  from  the  Colorado 
Springs VOR 

Colorado  Sprlngs  Arrival 

The  Denver  Center  cleared all conventlonal arrlvals to  the  Colorado 
Sprmgs VOR at 10, 000 feet   and  above  Arrivals  from  the  north  were 
cleared  via  Vlctor 81 and  were  re leased at the  Black  Forest   Intersectlon 
Arr ivals   f rom  the  east   were  c leared  vla   Victor   Airway 108 to  the  Tructon 
Intersectlon  and  were  released  to  approach  control  over  Tructon 
Arr ivals   f rom  the  south  were  c leared  via   Victor   Airway  81-East   v la  
Edlson  Intersectlon  and  were  released at the  point 

Mlll tary  Jet  arrivals from  the  north  and  northeast   were  cleared  to 
the  Colorado  Springs VOR. Jets  from  the  east   and  south  were  cleared  to 
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the  Pueblo VOR The  clearance hmlt altitude  was  20,000  feet  and 
above,  and  release  was  made to Colorado  Springs  approach  control 
when arr ival   reported  over   the  c learance hmlt flx. 

The  hlghest  altitude  available  for  the  use of Colorado  Springs 
approach  control  with  conventional  amcraft  was 10, 000 feet   Therefore ,  
all prop  arr ivals   departed  the  Colorado  Springs VOR at O P  below  that 
altltude  All alrcraft holding  above 10, 000 feet   remained  under  Center 
contPol  until  leaving  the 11, 000 foot  altltude  level, at which time they 
were  released  to  approach  control  Approach  control  insured  that  
mi l i ta ry   Je t  aircraft were  cleared  via  the  published  Jet   penetration 
approach  paths 

The  Colorado  Springs  approach  control  descent  area  in thls phase 
was  defined as the  airspace  bounded  on  the  north  by a line  extending  from 
the iLS outer  marker  direct   to  the  Omnl  statlon,  on  the  east  by  the  Colorado 
Sprlngs lbbo radial extended  to a point 15 nm  south of the  Omni  station, 
thence  on  the  south  by a dlrect   lme  to  the ILS locallzer  course,  and  on 
the  west  by  the I L S  localizer  course  extended  to  the  outer  marker.  

Arrival  feeder  f lxes  and  radar  vector areas used In studies of this 
phase  are   i l lustrated  in  F i g  32 

PHASE IV 

Phase  IV is a modification of Phase  I, and 1s i l lust rated  in   Flgs  
14 and 15 

Studies  In  thm  phase  were  conducted  with  the  following  alterations 
to  the  Phase I sys t em 

1 The  Strasburg  Intersection  was  relocated 5 nm  eas t  of its 
position In Phase  I to provide  separat ion  f rom Jet  penetration 
paths of the  Kiowa VOR, heading 335' to the  final  approach 
course 

2 All Jet  penetrations  were  conducted  from  the  Klowa VOR 

3 Arrivals  from  the  north,   northwest,   and  west  were  cleared to 
the  Denver VOR holding  pattern  instead of to the  Dupont  and 
Westminster  Intersectlons as tes ted  in   Phase I 

1 
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Personnel  requirements,   responslbll i t ies.   procedures,   and  equlp- 
ment   used  in   tes ts  of thls   phase  were  the  same as those  used  in   Phase I 

Departures 

Departure  routlngs  and  procedures  were  the s a m e  as those out- 
l ined  in  Phase I 

Arr iva ls  

The  ARTC  Center  cleared all arrlvals  to  two  feeder  f lxes at an 
altitude of 10, 000  feet  and  above,  wlth  Jurisdictional  release  points as 
Indicated 

Clearance Limlt Release  Point 

Denver VOR (DEN)  Dacona  (DCN) 
Empire   (EM) 

St rasburg  (SG) Byers  (BX) 
Kiowa (IOC) 

Aircraf t   f rom  the  east   and  northeast   were  c leared  to   Strasburg 
via  Victor  Alrway  8-South  over  Byers.  and  via  Victor  Airway 4 over 
Byers ,   f rom  the   south ,   a r r iva ls   were   c leared   to   S t rasburg   v ia   Vic tor  
Airway 19 or  19-East o v e r   a o w a   a n d  a 006 radlal  off t h e   f i o w a  VOR. 
from  the  west,  lnbounds  were  cleared  over  Kremling  via  Vlctor  Airway 
8-South  to  the  Denver  Omni,  from  the  north  and  northwest,  via  Victor 
Airway 4 to  the  Denver  Omni 

0 

All   le t   a i rcraf t   were  c leared  to   the  Klowa VOR from  whlch  point 
penetrations  were  conducted 

PHASE  IV - MODIFIED 

Phase  IV  Modifled, 1s i l lust rated In F igs  16 and 17. 

The  changes  reflected  in  this  phase  are as follows 

1. The  Strasburg  Intersect ion  was  re located to a posltion  south of 
the  Stapleton ILS localizer  course  and  together  wlth  the  Denver 
VOR se rved  as the  feeder  fixes  for all arr ival   t raff ic   landing at 
Stapleton,  Lowry,  and  Buckley  Alrporta 
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2 Victor   Anway  4-North was deslgnated  and  was  used as a 
depapture  route  for  eastbound  and  southeastbound  traffic 

3 Vlctor  Airway 152 was  designated  between  Thurman  and 
relocated  Strasburg  and  was  used as an  arr ival   route   for  
t raff ic   f rom  the  east .  

4 The  Klowa VOR Jet  penetration  procedure  was  redeslgnated In 
order  to  uti l ize  the  airspace now  included  in  the  eastern  half 
of R-195 

The  personnel  requirements,   responslbll l t les,   procedures  and 
equipment  used  in  tests of this phase  were  the  same as those  used  in 
Phase  I 

Departures 

Departure  routlngs  and  procedures  were  the  same as those  out- 
l ined  in  Phase I, except that southeastbound  departures  were  cleared 
to Goodland  via  newly  designated  Vlctor  Airway  4-North 

The  ARTC  Center  cleared all prop   and   c lv l l   Je t   ancraf t   to  two 
clearance limits at 10, 000 feet  and  above,  with  Jurisdictlonal  release 
points as indicated 

Clearance  Llmlt   Release  Point  

Denver  (Den)  Dacona  (DCN) 
Empire (EM) 

Strasburg (SG) Byers  (BX) 
Kiowa (IOC) 

Arr lvals   f rom  the  west   were  c leared  to   the  Denver  VOR f rom  over  
Kremllng  via  Victor  Airway  8-South  Empire  to  the VOR, and  were  released 
to  approach  control  over  Empire  Intersectlon  or  leaving 11, 000 feet  

Arr lvals   f rom  the  north  were  c leared  vla   Vlctor   Airway 4 to  the 
Denver VOR and  were  released  to  approach  control at  Dacona 
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Trafflc  from  Chicago,  Kansas  City,  St Louis, and  other  points 
east   or   northeast  of Denver  were  routed via Victor  Alrway 152 over  Byers 
Intersection  to  Strasburg,  with  release to approach  control  bemg  made at 
Byers  

Arrivals  from  the  south  were  cleared  over  Kiowa  to  the  Strasburg 
Intersectlon  and  released  to  approach  control  at   the  Kiowa VOR 

Tower  en  route  control  traffic  from  Colorado  Sprlngs,  as well as 
all mil l tary  Jet   arr ivals ,   were  c leared  to   the  Klowa VOR and  were 
released  to  approach  control  at   Klowa  The  prop  arrivals  were  recleared, 
by  approach  control,  over  Kiowa  to  the  Strasburg  feeder fix f r o m  whlch 
radar  vectors  were  commenced 

Mili tary  Jet   arrivals  were  cleared  to  the  Kiowa VOR at  altitudes of 
15, 000 feet  and  above  All  mllltary  Jets  penetrated  from  Klowa  to  the 
Stapleton ILS localleer  course,  departing  Klowa on a heading of 320 
Jets  penetrating In thls  phase  maintamed 15, 000 feet  until 5 miles  
northwest of Klowa  Thls  penetration  procedure  utilized  the  alrspace 
within  the  eastern  half of R-195  and  the 320° heading  provlded  separatlon 
from  the  Strasburg  holding  pat tern  arspace area Jets  landlng  at   Lowry 
or  Buckley  Alrporta  simulated  clrcllng  approaches  to  Buckley,  and 
ei ther   c l rc l lng  or  GCA approaches  at  Lowry  after  they  had  passed  the 
Stapleton  outer  marker 

0 

The  Colorado  Springs  area  was  not  included  In  tests of thls  phase 

PHASE V 

The  purpose of simulation rn this phase  was  to  study  future  Denver 
terminal  area  procedures  under  the  same  condltlons  tested  In  Phase III. 
In  addltlon  to  simulating  instrument  approaches on an ILS aligned  wlth 
a new  north-south  runway at Stapleton,  mllltary  Instrument  approaches 
were  conducted  aligned  with  the  northwest-southeast  runway at Buckley 
Alrport  A further  obJective of thls  Phase  was  to  test   the  feaslbll l ty of 
simultaneous  northwest I L S  approaches at Stapleton  and  Buckley  Airports, 
with all Jet  penetratlons  and  radar  vectors  conducted  wlthln  alrspace  that 
was  clear of R-195 A study of the  Denver  Terminal  area  in  Phase V, 
i l lustrated In F ig  18, will  show  that  the  localizer  course of the  Buckley 
ILS  does  lnfrlnge upon small portions of the  west  and  southwest  corners of 
R-195 However,   penetration  and  radar  vector  alrspace  remalned  outslde 
of R-195 
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No studies of the  Colorado  Sprlngs area were  included In thls 
Phase  

Termlna l   sys tem  Phase  111, was  altered  to  provlde a feeder  f lx 
capable of servlng  both  Stapleton  and  Buckley,  and  by  Its  locatlon  provlded 
holdlng  pattern  alrspace  whlch  would  remaln  clear of R-195 T h s  demand 
was  achieved  by  locatlng  Box  Elder on the 7.69' radial  of Klowa  at a polnt 
20 miles   west  of the  Kiowa VOR 

The  alrway  structure  and  procedures  used In thls  phase  were  slmllar 
to   those  used In Phase  IV and  are   i l lustrated In Fig 1 9  

Personnel  requirements,   responslbil l t les  and  equipment  used  were 
the  same  as  In prevlous  phases 

Departures 

All departures   c learance  l lmlts   and  routmgs  used In Phase  111 
were  also  simulated  in  thls  phase  Departure  tunnellng  was  used  only 
for  south  and  southwestbound  departures  whlch  were  restrlcted  to 8, 000 
feet  untll  clear of the  Logan  arr ival   radar   vector   area 

Arr lva ls  

As ln  tests of prevlous  phases,  the ARTC Center   c leared all prop 
and  clvll   Jet   alrcraft   to two feeder   f ixes   a t   10,000  feet   and  above,   wth 
Jurlsdlctlonal  release  polnts  as  lndlcated 

Clearance  Llmlt  Release  Polnt 

Logan (LOG) 

Box Elder   (BE) 

Superlor (SU) 
South  Platte (SO) 
Leaving  11, 000 feet 
Klowa (IOC) 

The  Denver  approach  control  area was dlvlded  Into  an  east-west 
a r e a  wlth  the  Stapleton  locahzer  course  deflnlng  the  area of Jurlsdictlon 
All   alrspace  west of the  localizer  course  was  controlled  by  one  radar 
approac,., controller who vectored all arrlvals from  the  Logan VOR t o  
the  Stapleton  flnal  approach  course  The  east  controller  was  responslble 
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for  vectoring all aircraft   from  the  Box  Elder  Intersectlon to the  Stapleton 
and  Buckley I L S  courses,  and  for  milltary  Jet  penetratlons  from  Klowa 
to  Buckley 

Arrivals  from  the  east   and  south  were  cleared  via  Klowa  dlrect   to 
Box  Elder,  while  those  from  the  north,  west  and  southwest  were  cleared 
to  Logan 

feet   and  were  released  to  approach  control  over  Klowa  Jets  arriving  from 
the  north  and  northwest  proceeded  via  the  Denver VOR dlrect  to  Klowa 
This  routlng  required  passlng  over R-195  and such   a r r lva ls   remained   a t  
altitudes  above 22, 000 feet  untll  clear of the   res t r ic ted   a rea   Je t  
arrivals  descended  to 15, 000 feet  in  the  Klowa  holding  pattern  before 
departing on Jet  penetratlon  to  the  Buckley ILS approach  course 

All   mill tary  Jet   arrlvals  were  cleared  to  the  Kiowa VOR a t  20, 000 

PHASE VI 

The  purpose of simulatlon In this  phase  was  to  study  terminal 
operations  using a two-stack  feeder  system t o  se rve   the   eas t -wes t  ILS 
runway  at  Stapleton  Arrival  simulation of mll l tary  a i rcraf t   landing  a t  
Lowry  and  Buckley  Airports  was  conducted utilizing the  Stapleton ILS 
loacllzer  course,  with  approaches  being  made  to  the  Stapleton  outer 
marker   From  the   ou ter   marker ,   c l rc l lng   approaches   were   made   to  
Buckley,  arrivals  landing at Lowry  conducted  clrcllng  approaches  from 
the  Stapleton  outer  marker  or  were  released  to GCA 

The  geographical  dlvision of the  Center  and  Approach  Control  area 
was  the  same as that  studied In Phase  I The  termlnal   area  s imulated 1s 
i l lust rated  in   Fig 20. The  a i rway  s t ructure  of Phase  I was  modifled  to 
include  Victor  4-North. as in   Phase HI, to provlde  an  addltional  north- 
east   departure  route,   and is i l lustrated  in  Flg 21. 

The  personnel  requlrements.   their   responalbll l t les,   and  the 
equlpment  used In this   phase  were  the  same as those  used  In  Phase I 

Deoartures 

All   departures  from  Stapleton,  Lowry,  and  Buckley  Airports  were 
controlled  by  one  Tower  radar  departure  controller, as in  previous  tests 
Short-range  clearance limits were  used  via  routlngs  which  provided 
uninterrupted  climb  durlng  radar  hand-off  from  Tower  to  Center  radar 
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Again  in  this  phase,  the  use of the  Denver VOR as a te rmina l   a r r iva l  
feeder fix required  that east and  northeastbound  departures  be 
tunneled at 6 ,  500 feet  until  clear of the  omnl  holding  pattern  airspace 
a r e a  Southbound  departures  were  cleared  vla  Vlctor  81.  southwestbounda 
were  cleared  via  Victor  81-Victor148  to  Gunnlson.  Jet  departures  were 
handled  in  the  same  manner as in   Phase  I11 tests,  except  southbounds 
were  cleared  directly  on  course  to  Victor  Airway  81 

Arr iva ls  

The  ARTC  Center  cleared  all   prop  and  clvll   Jet   aircraft   to two feeder 
fixes  at 10, 000 feet   and  above,  with  Jurisdictlond  release  points as 
mdlcated 

Clearance Limit Release  Point 

Denver (DEN) Dacona  (DCN) 
Emplre   (EM) 

Titan (TI) Kiowa (IOC) 
Leaving 11, 000 feet  

Arr ivals   f rom  the  west   were  c leared  to   the  Denver  VOR via  Victor 
Airway  8-South  and  were  released to  approach  control at Empire  
IntersectLon 

Arrivals  from  the  north  and  northwest  were  cleared  to  the  Denver 
VOR via  Victor  Airway 4 and  were  released  to  approach  control  at  Dacona. 

Traffic  arriving  from  points  east   and  northeast  of Denver  were 
routed via Victor  Airway  148  over  Kiowa  to  the  Titan  Intersection,  and  were 
released  to  approach  control  over  Kiowa 

Arr ivals   f rom  the  south  were  c leared  via   Victor   Airway 19 over  Kiowa 
to  Titan  and  were  released  to  approach  control  at   Kiowa 

Mil i ta ry   Je t   a r r iva ls   were   c leared  to the  Kiowa VOR at altitudes of 
20, 000 through 23,  000 feet   All   mili tary  Jets  penetrated  from  Kiowa t o  
the  Stapleton  ILS  localizer  course,  departing  Kiowa  on a heading of 335' 
off the  Kiowa  Omni All mlli tary  arrivals  to  Lowry  and  Buckley  simulated 
clrcling  approaches  to  Buckley,  and  either  circling  or GCA approaches at 
Lowry, after they  had  passed  the  Stapleton I L S  outer   marker  
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PHASE VI1 

Phase  VII, shown In Flgs 22 and 23. used  the  same  baslc  clearance 
limits and  route  structure as Phases  I11 

The  changes  reflected In this  phase  were as follows 

1 Buckley  Alrport  was  used  for all Bcheduled alr car r le r   and  
mll l tary  Jet   a i rcraf t   The I L S  at Buckley  was  aligned  on  the 
northwest  runway  General  avlatlon  alrcraft  used  the  Stapleton 
Alrport   and  were  cleared  for  approach  vla the exlsting east- 
west  ILS 

2 A VOR faclllty,  deslgnated as Logan,  was  located  southwest 
of the  Buckley  Amport  and  became  the  primary  clearance 
l lmlt   for  all arrlvals  from  the  west  and  northwest 

Departures 

Departure  routlngs  and  procedures  were  the  same a8 those  outlined 
In Phase  111 

Arr iva ls  

The  ARTC  Center  cleared all props  and  clvll   Jet   aircraft   to  two 
clearance  hmlt   f ixes  at altltudes of 10, 000 feet  and  above,  with  Juris- 
dictional  release  points as Indicated 

Clearance  Limit Release  Pomt 

Logan (LOG) Superior (SU) 
South  Platte (SO) 
Leaving 11. 000 feet  

Titan  (TI)  Strasburg (SGI 

Mlll tary  Jet   alrcraft   were  cleared  to  the  Klowa VOR at  15,000  feet 
and  executed  the  same  penetration  approach as in  Phase 111 

Arrivals  from  the  southwest,   west,   and  northwest  were  cleared 
to  the  Logan VOR. as in  Phase I11 
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Arr ivals   f rom  the  east   and  south  were  c leared  to   the  Ti tan 
Intersection, as in   Phase  I11 

The  approach  control  descent  area  in  this  phase  was  defmed as 
that  airspace  within  the  following llmlts 

Beginning at a point 5 nm  mi les   wes t  of the  Kiowa VOR, 
the  descent  area  was  bounded on the  south  by  the 270° 
radial  of the  Kiowa VOR, on  the  west  by  the  eastern  edge 
of Victor  Airway  81  to  the  Logan VOR, then  by a lme 
extended  due  north  to a point  six  nm  north of the  Stapleton 
I L S  localizer course,  then  on  the  north  by a l ine  paralleling 
the  Stapleton ILS course  to  a point  dlrectly  north of the 
Titan  Intersection,  then on the  east  by a lme  extended 
dlrect  to  the  point of origin, 5 nm  west  of Kiowa 

Arr iva ls  at Logan  maintained 9. 000 feet  until  established  within  the 
descent   a rea ,   whereas ,   a r r iva ls   f rom  Ti tan   were   no t   res t r lc ted   on  
descent  below  10,000  feet  except  by  arrivals  being  vectored  from  Logan 
or J e t   a i r c r a f t  on  penetration 

PHASE VI11 

The  purpose of slmulatlon  in  this  phase  was  to  test  the  feasibility 
of east-west  approaches  to  an  ILS  facility  at  Buckley  Airport,  conducted 
slmultaneously  with  east-west  ILS  approaches at Stapleton  Alrpopt  All 
air carriers  and  i t inerant  traffic,   prop  and  Jet   type,   landed  at   Stapleton 
All  military  traffic  landed  at  Buckley 

The   te rmina l   sys tem  used  In this  phase is i l lust rated  in  Fig 24 

Personnel  requirements,   equipment  and  operatlonal  procedures 
used  were  the  same as those  used  in  Phase VI 

PHASE Lx 

Phase  IX, shown  in  Figs 25 and 26, was a modlflcation of Phase  
111 The  difference  between the two systems was the  allgnment of the 
north-south  runway at Stapleton  Amport  and  the  relocation of the  Logan 
and  Titan  clearance llmlts 
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TEST  RESULTS 

PHASE I 

DENVER 

The  Center  functions In  thm phase,  Fig.  9,  were  conducted  without 
any  appreciable  &fficulty  except  for  the  operatlons  west of Stapleton 
Airport  The  low-frequency  Jet  penetration,  the  Westminlster  feeder- 
flx  and  the  en  route  Amber  Alrway 3 over-trafflc  operations  were  conducted 
In the  aPea  west of the  Stapleton h r p o r t  Consequently.  when a Jet   was 
executmg a Pow-frequency  penetratlon,  it   was  necessary  to  stop  alrcraft 
on Amber  Alrway 3 $  and  a lso  refraln  f rom  clearmg  any  arr ivals   to  
Westminster.  Llkewlse  when  the  en  route  fllghts  were  operatmg  on 
Amber 3 the  Jet   aircraft   could  not  penetrate  to  the L0wj-y AFB, nor 
aircraft   holdmg  at   Westmmster  descend  through  the  alt i tude of an en 
route  flight 

The  approach  controllers  usmg  Phase I. shown  in  Fig 8, were  
hampered In maintaming a steady,  well-spaced  flow of traffic  during 
radar   vector   operat ions  f rom  the  feeder-f lxes .   The  west   radar   arr lval  
controller  cleared  and  vectored  the  arrlvals  from  Dupont,  Westminster, 
and  the L / F  Range  The  Dupont  Intersection  did  not  pose  any  particular 
problem.  The  arr lvals   f rom  Westminster   were  requlred to leave  the fix 
a t  10, 000 feet ,   and  were  vectored  south of the  Stapleton ILS localizer 
course.  This  procedure  demanded  the  controller's  attentlon  at all tlmes 
to   insure   that   the   a l rcraf t   remained  c lear  of R-195 a i r space   Je t  
arrivals  could  not  be  cleared  for a penetratlon  approach  whlle  an  am- 
craft   was  holding  at   Westmlnste?  or  untl l   the  Westminster  arrival  was 
c lear  of the  Jet   approach  path 

The East r ada r  arrival contpoller  cleared  and  vectored  the 
arr ivals   f rom  Strasburg  and  the  &owa VOR The  arr ivals  from 
Strasburg,  being  established  on  the  localizer  course 27 mi les   f rom  the  
airport ,   presented  spacing  difflcult les  These  aircraft   were  vectored 
to  the  north of the  locallzer to provlde  spacing  and  were  then  returned t o  
the   f inal   approach  course.   Prop  a i rcraf t  at Klowa  were  malntamlng 
9 ,  000 feet  and 10, 000 fee t   and   the   Je t   a i rc raf t   were   mantaming 20, 000 
feet  and  aboye  The  props,  upon  being  cleared  to  depart  IOowa,  were 
under  radar  control  Jurisdiction  for 40 miles  of flight  These  fllghts 
intercepted  the  localizer  course 20 ml les   eas t  of the  a i rport   and  then 
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presented  the  same  spaclng  problems as the  Strasburg  arr ivals   The 
Klowa Jet   penetratlon  procedure,   l lkewlse,   presented  spacing  problems 
on the  locallzer  course  inasmuch as they  intercepted  the  final  approach 
course 15 mi les   eas t  of the  outer  marker.  

The  north  and  northeastbound  departure  routes  proved  entlrely 
sat isfactory.  Only  the  southeastbound  departure  route  presented  any 
pyoblem  for  the  departure  controller  The  route  vla  the  western  and 
southern  edges of R-195  via the Klowa  Omni  requlred  considerable 
vectoring as well as an  alt i tude  restriction of 8, 000 feet   for  approxlmately 
40 mlles .  

COLORADO SPRINGS 

The  ARTC  Center  functions In the  Colorado  Sprlngs  area  were 
slmllar to   those  experienced  in   the  area  west  of Stapleton  Alrport.  The 
en  route  trafflc  operating  in  the  Colorado  Sprlngs  area  had  to  be  rerouted 
or stopped  when  Jet   arrivals  were  maklng  penetration  approaches 

The  approach  controller  in thls phase,   I l lustrated  in  Flg 31, was 
required to vector  the prop arrivals  for  dlstances of 20 to 30 ml l e s .   P rop  
arr ivals   were  requlred  to   hold  a t   the   feeder   f ixes   unt i l   Je t   arr ivals   were 
establlshed  on  the  localizer  course,  and  en  route  traffic,  whlch  would 
confllct  wlth  an  arrival  Jet,  was  also  held  clear of the  approach  path  until 
the  Jet   alrcraft   was  establlshed  on  the  localizer  course.  

The  Tower-Center  radar  hand-off  procedures  on  north  and  north- 
eastbound  departures   reduced  departure   delays  to  a mlnimum U s e  of 
Amber  Alrway 3 for  en  route  traffic  necessitated  lndlvldual  departure 
alrcraft  tunnellng. 

PHASE I1 

DENVER 

The  ARTC  Center  operatlons In thls phase  were  affected In the 
same  manner  as In Phase I En -route traffic on Amber  Alrway 3 and 
Victor  Airway  81  were  held  north  and  south of Denver,  at  Dacona  and 
Parker   respect lvely,   each  t ime a low-frequency  penetration  was  in 
progress .   The  reversed  f low of a r r lva l  and  departure  traffic  on a r -  
ways  north of Denver  in  thls  Phase  dld  not  function as smoothly as the 
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flow  tested  In  Phase 1 While the use of Vlctor  Alrway 4 was operatlon- 
ally  sound  for fast cl lmblng  departures ,   s low-cl lmblng  arcraf t   were 
penallzed  by a clrcultous  routlng  to  Loveland  and  thence  vla  Vlctor 
Alrway  220-North  to  western  destlnatlons A routing  vla  Vlctor  220-North 
was  necessary In such  cases  to  reach  an  alt l tude of 14, 000 feet  before 
turnlng  westbound  on  course  The  use of the  SeeBee  Intersectlon as a 
feeder flx for   arr ivals   f rom  the  north  and  northwest ,   ins tead of Dupont 
as used In Phase  I,  Imposed a long  tunneling  penalty  on  northeastbound 
departures  ~n order   to   provlde  separat lon  f rom  arr lvals   on  Vlctor   Alrway 
81 to SeeBee 

The  approach  controllers  uslng  thls  system,  I l lustrated in Flg LO, 
were  hampered In malntalnlng a steady,  well-spaced,  flow of trafflc 
during  radar   vector   operat lons  f rom  the  per lmeter   f lxes   Radar  
approaches  conducted  from  Westmlnster  requlred  very  lengthy  vector 
paths  and  maneuverlng  wlthln a llmlted  amount of alrspace  Although 
Flg 10 I l lus t ra tes   the   vec tor   a rea   f rom  Westmlns te r   to   the   south  of the 
Stapleton  locallzer  course,  vectors  were  also  slmulated  to  the  north of 
t he   l oca l i ze r   w th  a right-turn  Into  the  flnal  approach  course In elther 
Instance,   such  radar  vectors  were  lengthy,  restrictlve,   and  very 
dlfflcult  to  conduct In order  to  malntaln a steady  and  conslstent  flow of 
t raff lc   mth  approaches off SeeBee  and  arrivals  being  vectored by the 
East   control ler   f rom  Strasburg  and  Kiowa 

The  close  proxlmlty of SeeBee  and  Strasburg  reduced  the  area 
available  for  radar  spacing  north  and  east  of the  Stapleton  outer  marker.  
As Il lustrated In Flg  10, the  Strasburg  feeder flx was  located  at  a con- 
s iderable   dls tance  f rom  the  outer   marker   and  was  a l lgned  wlth  the 
extended  course of the ILS local lzer  All separatlon  between  approaches 
from  SeeBee  and  Strasburg  were  affected In maneuverlng  area  north of 
the  locallzer  course  and  requlred  excesslve  coordinatlon  between  the  two 
arr lval   control lers   Thls   meant ,  of course,   that   once  an  arr lval   had 
been  committed  for a stralght-ln  approach  and  had  departed  Strasburg, 
approaches  from  SeeBee  had  to  be  delayed  or  maneuvered  Into a 
poslt lon  behlnd  the  Strasburg  arrlval An additlonal  problem  was 
Imposed  by  Jet  penetratlons  conducted  from  the  Kiowa VOR Because 
of R-195, penetratlons  Joined  the  Stapleton  locallzer  course  approxl- 
mately 15 ml les   ou t   f rom  the   ou ter   marker   Therefore ,   to   a t ta in   radar  
spaclng  between  approaches  from  SeeBee  and  Strasburg  and  the Jet  
penetratlon  from  Klowa,  an  excesslve  number of clearances  and  complete 
radar  monitor  throughout  the  entlre  approach  was  necessary  As  the 
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traffic  increased, it was not  possible  to  feed  arrlvals In a systematlc  
manner  to  maintam  a  steady  well-spaced  flow of a r r iva l   t ra f f ic  on the 
final  approach  course  from  the  feeder  f ixes  uaed in  thls  system. 

COLORADO  SPRINGS 

The  ARTC  Center  operations  and  restrlctlons  were  the  same as 
those  used  in  Phase I. 

Approach  control  operations  showed no appreclable  lmprovernent 
over   Phase I. Radar  vectors  from  the  Colorado  Sprlngs VOR and  Hanover 
remalned  lengthy  and, In all instances,  props  were  held at the  feeder 
flxes  until  Jets  completed  penetratlon  and  were  establlshed on the ILS 
locallzer  course.  En  route  trafflc  at  altitudes In  conflictlon  wlth J e t  
arrlvals  were  l ikewise  held  short  of the  Jet   penetratlon  alrspace  unti l  
the  Jet  was  establlshed  on  the  flnal  approach  course. 

The  use of a TVOR faclllty,  located on Peterson  Fleld,   p lus   radar  
service, did  much  to  Improve  departure  operatlons. 

Little  use  was  obtained  from a newly  located VOR faclllty  ldentlfled 
aa Pinlon  The  Colorado  Sprlngs  termlnal area 1s i l lustrated  in  Fig.  31 

PHASE I11 

DENVER 

Phase  I11 provlded  several   features which  did  not exis t  In the 
previous  systems.  The  use of the  Logan VOR, was a terminal  as  well as 
an  en  route  ald,  enabled  the  deslgnatlon of the  most  functlonal  feeder-fixes 
for  the  approach  controllers  and  addltional  routings  for  the  Center 
controllers 

The  Center functions In this  phase,  shown in Fig 13, were  conducted 
without  any  appreciable  dlfflcultles  Arrivals  from  the  east  were  cleared 
via  Thurman.  Vlctor h r w a y  152 to  Strasburg  The  f inal   portion of this 
route  provided 55 mlles of unrestr lc ted  descent   area An addltlonal 
arrival route  from  the  West,  over  Cunniaon  to  Logan,  featured 75 mlles  of 
unrestr lc ted  descent   area  The  Kremling  arr ival   route   f rom  the west 
provided 55 mlles of descent   a rea  Je t  penetratlon  procedures, of 
beglnnmg  approaches f r o m  Klowa at  15, 000 feet  instead of 20,000 feet ,  
presented  few  noticeable  problems  in  this  study. 
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The  approach  controllers  area,  shown  in  Fig 12, was  reduced  to a 
minimum  The  west  radar  controller  vectored all fl ights  from  the  Logan 
VOR for  flnal  approach to Stapleton  or  Buckley  Alrports  The  location of 
Logan  simpllfled  the  controller 's   duties  to  the  extent  that   the  aircraft   was 
glven a heading  on  which  to  leave  Logan,  one  turn to a base  leg  and a final 
interception  turn  to  the ILS course 

The  east   radar   approach  control ler   c leared  and  vectored all a l rc raf t  
from  Titan  Intersection  and  the  mili tary  Jets  from mows Operations off 
Tltan  were  conducted slmllar to  those off Logan,  wlth  the  aircraft  leaving 
Titan  on  the  initla1  heading,  turning  to  base  leg  and  one  final  turn  for ILS 
lnterceptlon  The  Kiowa VOR penetration  allowed  the  controller  to  use 
complete  radar  separation  between  the Jet penetrations  and  those  arrivals 
being  vectored  from  Tltan  Minimum  verbal  coordination  was  affected 
between  the  two  arrival  controllers  without  dlfflculty 

This  system  provided  an  eastbound  departure  route  that  proved 
beneficla1  to  both  the  controllers  and  the  pilots  The  eastbound  aircraft 
were  cleared  via  Victor  Alrway  4-North  to  Goodland  All  departure air- 
craft   routmgs  were  thereby  confined to the   area  northeast  of Stapleton 
except  for  the  single  southbound  routing  vla  Logan  Standard  tunneling 
procedures  were  used  for  the  southbound  fl ights  whereas,   the  remaining 
aircraft   departed  without  cl imb  restrlctlons 

COLORADO  SPRINGS 

The  elimination of the low-frequency alr route   s t ructure ,   and  the 
relocation of the  Colorado  Sprmgs VOR, slmplifled  the  terminal  and 
en  route   procedures   in   this   area  The  Center   was  provided  lndlvldual  
northbound  and  southbound  airways  and  secondary  clearance llmlts along 
each  route of flight. 

With the  relocatlon of the  Colorado  Sprlngs VOR, shown  in R g  32 .  
a common  clearance limit was  provided all a i rc raf t   and   the   t e rmina l   radar  
vector area was  confined  to  one area The  relocation of the VOR fur thermore  
enabled  the  arrival  controller  to  provlde  optlmum  spacing  between alrcraft 

Relocation of the  Colorado  Sprlngs VOR also  provlded  excellent 
departure  routea  wlth  l l t t le  or  no  tunneling  requlred  The  southbound 
departure  route  in  thls  phase  was  the  only  routing  that   presented a problem 
of any  consequence  This  was  due  to  the  limitatlons  imposed  on  south- 
bound  flights  because of the  mountalnous  terrain  to  the  west of the  arr ival  
vector area to the south 
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As a resu l t  c 

37 

PHASE IV 

bf the tests in   Phase  I and II. ~ ~. this  system  Incorporated 
the  departure  and  aprival  routes  north of Denver a8 used In Phase  I 
studies  By  PevePtlng  to  the  west  departure  routings  vla  Vlctor  Alrway 
207 t o  Hudson  and  Vlctor  Alrway 220 to the  Ward  Intersectlon,  sufflcient 
altitude  was  gained by all departures  to  allow  crossing  Longmont  at 
14, 000 feet   and  above  The  departures  to  Laramie  and  Cheyenne  were 
routed  vla  Victor  Amway 207 to  the  Gill VOR, thence  vla  elther  Victor 
Airway  4-North  to  Laramie  or  vla  Hereford to Cheyenne  Flgs  4,  5,  and 
6, I l lustrate  the  departure  delays  lncurred In these  tes ts   and  c lear ly  
lndlcate  the  efficiency of the  Phase PV departure  routings  Departure 
tunneling,  chmb  restrlctlons  and  confllctlons  with  arrival  and  en  route 
traffic  was  encountered  on  the  southeast  and  south  bound  departupe 
routes  

The  approach  control  functions  was  mole  efflclent In t e s t s  of 
thls  phase as indicated  in  Flgs 4, 5, 6 33, and 36 The  reductlon In 
the  number of feeder  fixes  used  reduced  the  communlcatlons  and 
controller  workload  These  data  ape  Illustrated In Figs 2 and 3 

PHASE IV - MODIFIED 

During  the  course of the  slmulatlon tests, information  was 
received  that   alrspace  action  had  been  proposed  to  resclnd  the  eastern 
half of R-195 This   resclss lon would  pzovlde  sufflclent  alrspace  for 
additional  lmprovements  using  the  present  navlgatlonal  facllltles 
Phase  I V  Modified  lnrorporated  the  southeast  departure  routmg,  Denver 
Victor  Amway  4-North to  Goodland  and  the  arrlval  route  from  the  east ,  
Hayes  Center,   Thurman,  Victor  Alrway 152 to Denver.  These two 
routings  had  proven practicable during  the  Phase IT1 t e s t s  

The  Center  functlons,  Illustrated  In h g  17, were  Improved 
through  the  use of these  arrivai  and  departure  routes  Both of the 
routings  provided  sufflclent  &stance  for  unrestrlcted  descent  and  cllmb 

The  redeslgnatlon of the  Jet   penetrat lon  procedure  and  the  re-  
location of the  Strasburg  intersection  provlded  the  east   arrival  controller 
wlth  more  la t l tude  In   Interspers ing  arr lvals   f rom  Strasburg  wth  those 
f rom  the  VOR fix This  IS shown  In mg. 16 
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The  Tower  departure  procedures  were  simplified  and  improved 
through  use of the  Victor  Alrway  4-North  routing  This  departure 
routing  provided  mlnlmum  tunneling  and  unrestrlcted  climb  after  clearing 
the  holding  alrspace  area at the VOR In addition. all departures ,   except  
those  proceeding  southbound,  were  placed  in  the  same  geographical  area 
on the  departure  controller’s  scope,  and  concentration on target  identl-  
flcatlon  was  slmpllfled 

PHASE V 

The  ARTC  Center  East   sector  functions  were a modlflcation of the 
Phase I11 operations With the  Box  Elder  Intersectlon,  shown  in  Fig 19, 
being  used as a clearance  l imit ,   the   f l ights   f rom  the  east   were  c leared  via  
Thurman,  Victor  Airway  148  over  Kiowa  to Box Elder   The  Jet   penetrat ion 
fl ight  path  occupied  the  same  airspace  west of Kiowa  Therefore,  prop 
arr lvals   were  held east or south of Kiowa  when a Jet   was  released  to  approach 
control  This  system of alternately  clearing  elther a prop  or  a Je t   to   the  
approach  control  faclllty  showed a noticeable  Increase In the  Center  con- 
troller  workload 

The  approach  control  area,   i l lustrated  in F i g  18, was a l s o  modl- 
fled  In  the  east   sector  The  locatlon  and  use of Box  Elder as a feeder - f lx  
did  not  materially  affect  the  terminal  radar  portlon of th l s   sys tem How- 
ever ,   the   procedure of a l ternately  re leasing  prop  or   Jet   arr lvals   to   approach 
control  resulted  in  long  periods of waitlng  by  the  east  arrlval  controller  for 
holdlng  aircraft  ai Klowa  to  be  cleared  over to Box  Elder  The  maximum 
delay to arr ivals ,   therefore ,   was  greater   in   thls   phase  than  in   Phase 111, 
as i l lustrated In Fig 4 

PHASE VI 

Mo&flcation of Phase  IV resulted  in  the  Phase VI system  This  
system,  I l lustrated In Figs  20 and 21, was  tested  to  determlne if any 
benefits  might  be  derlved  from  the  use of R-195 a i rspace  if such  amspace 
was  available  for  trafflc  control  purposes 

The  ARTC  Center  functions  In  thls  phase  were slmllar to  those  in 
Phase  IV The  use of Titan  Instead of Strasburg as a feeder-fix  on  the 
eas t   s ide  of the  termmal  area  presented  no  dlfficult les  and  indicated 
advantages  over  Phase IV, by a slmpllflcatlon of the  vector  area  avallable 
from  Tltan,   thereby  enabling  the  controller  to  maintain a closer   interval  
between  arrlving  traffic  In  addition,  communlcatlon  workload  was  de- 
c reased  as indicated  in  Figs 2 and 3 
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PHASE VI1 

The  Center  procedures  and  airway  route  structure  tested In thls 
phase  are  I l lustrated In Fig 23,  and  were  basically  the  same  as  those 
studled  in  Phase 111 

The  convergence of the  Stapleton  and  Buckly ILS courses   in   this  
system  reduced  the  operatlng  efflclency of the  approach  controllers,  
and  increased  their  coordmatlon  problems  and  over-all  control  work-$ 
load  Logan  and  Tltan  contlnued  to  serve  this  system as the  feeder-f lxes  
for   west   arr luals  at Denver  andnorthwest  landlngs  at  Buckley, How- 
ever,  their  locatlon  was  altered  sllghtly In this  phase  In  order to provtde 
the  most  efflclent  trafflc  flow  posslble  Into  the  Buckley  Alrport  Trafflc 
dlstrlbutlon In this  study  Included 22 a r r lva l s  Into  Buckley  and 7 Into 
Stapleton 

The  west  termlnal  radar  controller  vectored  both  Stapleton  and 
Buckley  arrivals  from  the  Logan VOR holdlng fix The   eas t   r ada r   a r r lva l  
control ler   vectored  props  f rom  Tl tan to both  Buckley  and  Stapleton,  plus 
J e t s   f r o m  Klowa  to  Buckley 

Two  vector  paths  were  possible  from  Logan  to  the  Stapleton fmal 
approach  course  From  Logan  to  the  Stapleton  ILS,  conducted  to  the  north 
of the  localizer  course  wlth a rlght-turn  In,  requlred a lengthy  vector 
path  In  addltlon,  such  arrlvals  were  restricted  untl l   clear of the  Buckley 
mlssed  approach  path  and  requlred  constant  radar  monltor by the  controller 
untll  establlshed on an  mterceptlon  path  to  the I IS  course  An  alternate 
vector  path  was  provlded  ma  the  Buckley ILS course  to  the  Buckley  outer 
marker ,   then vla a fur ther   vector  to the  Stapleton  localleer  course  wlth a 
lef t - turn In This  operatlon  also  requlred  the  attentlon of the  west 
controller  untl l   arrlval  was  establlshed on a course  to   Intercept   the 
Stapleton  flnal  approach  course In addltlon,  thls  type of radar   vector  
requlred  constant  coordlnatlon  wlth  the east controller In order  to 
provlde  both  alt l tude  and  radar  separatlon  wlth  prop  arrlvals  from 
Tltan  landlng  at  elther  Stapleton  or  Buckley  Alrport,  and  those  Jets 
penetrating  from  Klowa  Into  Buckley  Alrport 

The  east   arrlval  controller  was  confronted  wlth  the  same co- 
ordlnat lon  problems  wlth  respect   to   hls   arr ivals   being  vectored  dlrect  
f rom  Tl tan  to   the  Stapleton  f lnal   approach  course or from  Tltan  to  the 
Buckley ILS, and  hls   Jet   arr lvals   f rom Klowa landlng  Buckley 

Over-all  operatlons  Into  Buckley  were  handled  efflclently  by  both 
east   and  west  arrival  controllers  However,   the  greatest   dlfflculty 
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encountered  was  the  lnablllty  to  establlsh a deflnlte  spaclng  pattern 
between  an  alrcraft on the  Buckley  flnal  approach  course  and  one  on  the 
final  approach  course  at  Stapleton, In order  to  provlde  separatlon  between 
the  two  arrivals  in  the  event of a mlssed  approach  at   Buckley  Such 
separatlon  spacing  was  obtalned  by  delaylng  the  Buckley  arrlval  untll 
the  Denver  arrival  was  deflnltely  establlshed  on  the  locallzer  course 
at Stapleton  and  was In such a posltion  as  to  no  longer  be a factor  wlth 
the  Buckley  arrlval In the  event  that a missed  approach  was  executed 
Thm  type of operatlon  left   much  to  be  deslred In the  way of efflclent  and 
expedltlous  operatlons 

The  departure  procedures,  although  baslcally  the  same as those 
used  in   Phase 111, presented  one  maJor  problem  Separatlon  between 
departures   and  arr lvals   requlred a very  hlgh  degree of coordlnatlon  be- 
tween  the  departure  controller  and  both arrlval controllers  Thls  was 
necessary,   partlcularly,   to  provlde  separatlon  between a Buckley  depar- 
ture  taklng off northwest  and  an  arrlval  at  Stapleton  landlng  to  the  west 

PHASE VI11 

The  Center  control  procedures In thls   system  were  the  same as 
those  used In Phase  VI The  route  structure 1s l l lustrated In F lg  21 

The  approach  control  functlons of Phase  VI were  modlfled, as 
shown In Flg 24, to  include  an  east-west  ILS at Buckley  Alrport ,  
thereby  making I t  posslble  to  conduct  slmultaneous  east  to  west  ILS 
approaches at Buckley  and  Stapleton  Alrports  The  approach  controllers 
were  able t o  malntaln a steady  flow of trafflc  to  both  airports  without 
excesslve  coordmatlon  The  resul ts  of thls  study, F l g  3 3 ,  lndlcated 
that  thls  was  the  most efficient east-west  operatlon 

PHASE IX 

Modlflcatlon of Phase  I11 produced  the  Phase IX system  In  Phase 
111, the  alignment of the  proposed  Stapleton  southeast-northwest  runway 
was 350' magnetlc, as requested  by  the  City of Denver  In  Phase  IX, 
studles  were  conducted  uslng a Stapleton  southeast-northwest  runway 
allgned 330 magnetlc In accordance  wlth  the  Washlngton  proposal  The 
reahgnment  of the  northwest  runway  In  thls  phase  placed  the  Buckley 
and  Stapleton  ILS  courses In a more  parallel   proxlmlty  than  the  con- 
figuration tes ted   in   Phase  I11 The  termlnal  and  en  route  alrway 
s t ruc ture  of Phase  IX was  basically  the  same as Phase  111, and 1s 
l l lustrated In F lgs  25 and 26 Tltan  and  Logan  contlnued to  s e r v e  as 
the  termmal  feeder  f lxes  and  were  relocated to positions  approxlmately 
4nm  southeast of locatlons  used  In  Phase I11 studles 

0 
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Center  functions  were  the  same as In Phase  111, except  that  an 
addltlonal  1, 000 feet  of altltude was avallable  for  control of a l rc raf t  In  the 
holding  pattern at Logan, as a resu l t  of relocating  Logan  in  thls  phase  The 
Phase IX location of Logan  placed It  in a positlon  whlch eliminated the  need 
of terrain  restrlctlons  whlch  were  present In  the  Phase I11 t es t s  

Approach  control  radar  vector  operatlons  were  conducted  wlthln 
a smaller  adJustment  and  maneuverlng  area,   and  the  paths  to  the  Buckley 
I I S  from  Logan  and  from  Tltan  to  Stapleton  were  reduced  in  length 

A comparison of data  informatlon,  including  average  arrlval  t lmes,  
communlcatlons  channel  loading,  and  control  messages, 1s I l lustrated In 
Flgs  2,  3,  34  and 35 Such  data  comparlson  indicated  that  the  Phase 
IX sys tem configuration was  the  most  efficient  for  the  conduct of dual 
ILS approaches  at  Buckley  and  Stapleton  Airports  durlng  north  operatlons 

CONCLUSIONS 

The  concluslons of this   s lmulat lon  are   placed In two  classlflcations, 
namely,   those  reached as a resu l t  of studles of exlstlng  facllltles  and  those 
concernlng  the  constructlon of a new  runway  at  Stapleton  Airport 

Denver  Termlnal  Area 

1 The  acceptance  rate of Stapleton  Airport  wlll  remaln  low  wlth 
the  present  surface  facll l t les F l g  37 i l lustrates  the  l lmltatlons lm- 
posed on taxung  a l rcraf t   and  the  lack of turnoffs on the IFR runway 

2 The  entlre  slmulatlon  study  was  tested  using two tower  radar  
arr lval   control lers  One arr lval   control ler ,  as presently  operatlng at 
Denver,  could  not  have  handled  the  traffic  simulated  In  these  tests 

3 The  Phase I a r r lva l  and  departure  routes as tes ted  are l e s s  
restrictive  than  the  Phase I1 routes 

4 Amber  Airway 3 ,  used  pr lmarl ly   for   en  route   t raff ic  In thls  
study,  dlsrupted  the  Denver  Center  west  sector  control  procedures 

5 Immediate lmprovement  ln  termlnal  trafflc  movement  can  be 
real lzed by  reducmg  the  number of arr lval   feeder   f lxes  as tes ted  In 
Phase  IV 

6 R-195, as presently  deslgnated,  precludes  any  further  lmprove- 
ments  after  lmplementatlon of Phase  IV sys tem Any alrspace  actlon on 
R-195 could  result  In further  improvements  through  lmplementatlon of 
procedures as tes ted In Phase  IV Mo&fled  and  Phase VI 
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7 The  procedure  developed  and  tested  for  southeastbound  de- 
partures,   Denver-Vlctor  Alrway  4-North  Goodland,  when  lnstl tuted,   wlll  
be  beneflclal  to  both  control  and  pllot  personnel  allke 

8 The  revlsed  arr ival   route   f rom  the  east ,   Hayes  Center ,   Thurman 
to  Denver  separated  the  arrlval  and  en  route  trafflc 150 ml les   eas t  of Denver, 
whereas,  the  present  Akron  Vlctor  8-South  route 1s a distance of 75 mlles  
The  use of the  Hayes  Center-Thurman  routing  allows  the ANC control ler   to  
exercise  considerable  control of the  arrivals  and  enables  the  Center  radar 
control ler   to   direct   h is   effor ts   to  flnal alt l tude  assignments  nearer  the 
te rmlna l   a rea  

9 A more  efficient  operatlon  can  be  obtained  through  deletlon  or 
redeslgnation of the  low  frequency  Jet  penetration  procedures 

10 Preferential  one-way  north  and  southbound  airways.  which 
conformed  with  the  termlnal  flow,  Improved  the  over-all  utlllzatlon of the 
Center   radar  

11 Altltude  saturation at the  Kremllng VOR was  encountered 
during  the initial studies of thls  area  The  deslgnatlon of an  a l rway 
between Gill VOR and  Meeker VOR for   departure   a l rcraf t ,   and  an  arr ival  
airway  from  Gunnlson to Logan VOR allevlated  aome of thls  congestlon 
Further   re l ief ,  at Kremllng,  was  gained  by  the  deslgnatlon of an  amway 
f r o m  Gunnlson.  Colorado  Springs  to  Goodland  for  the  use of t ra f f lc   en  
route  from  Los  Angeles to  Chicago 

12 Standardization of departure  routes,   lncludlng  Jet   type  aircraft ,  
reduced  coordlnatlon  wlthln  the  Center  and  expedlted  departure  movement 

Colorado  Springs  Area 

1 The  Alrway  structure  and  clearance llmits used  In  Phase I a r e  
mcompatlble  wlth  any  Increased  traffic  volume at Pe terson   F le ld   Phase  
I11 would more  eff lc lent ly   serve  e i ther   Peterson  Fleld  a lone or together 
with  Butts  Army  Air  Fleld  under  peak  trafflc  condltlons 

2 The  relocation of the  Colorado  Springs VOR in  the  Phase 111 
sys t em would,  In all probablllty,  lower  the  mlnlmum  receptlon  altitude 
on Victor  Alrway  81  to 9,  000 feet   north of Colorado  Sprmgs In additlon. 
thls  relocation  reduced  the  approach  control  workload  by  allowlng  fllghts 
t o  proceed  closer  to  the  airport   on  thelr  own navlgation,  thereby  reduclng 
the  length of the  radar  vector  path  The  advantage of th1s type of opera- 
tion  became  more  pronounced as the  trafflc  volume  Increased 
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3 The  relocatlon of the  Colorado  Sprlngs VOR, and  the  use of the 
TVOR  for  deflnltlon of the  departure  routes,   enabled  departlng  aircraft  to 
proceed  on  course  with  little  or no tunnellng 

RECOMMENDATIONS 

It 1s recommended  that 

1 Immediate  steps  be  taken  to  implement a second  radar   arr lval  
position  in  the  Denver  approach  control  faclllty 

2 The  present  Dupont  and  Westmlnster  feeder  flxes  be  dlscontlnued 
and a two-stack  feeder  system be  Implemented  lmmedlately  utlllzlng  the 
Denver VOR and  the  Strasburg  Intersectlon as slmulated In Phase  IV studles 
and  Illustrated In F l g  14 

3 All   mlll tary  Jet   penetratlons be  conducted from  the  Klowa VOR 
location  and  that,  In  addltlon,  untll  such  time as a l l   ml l l ta ry   a l rc raf t   a re  
omnl-equlpped, a homlng  facility  be  lnstalled  at  the  locatlon of the  Kiowa 
Omnl  for  low-frequency  Jet  penetratlons 

4 In  conJunctlon  with  recommendatlon (1) above,  the 077' radlal  
of the  Denver VOR be  designated  as  Vlctor  Alrway  4-North  between  Denver 
and  Goodland,  Kansas,  to  provide  an  unrestrlcted  departure  route  for 
east   and  southeast   departures 

5 The   res t r lc ted   a rea  R-195 be  cancelled  lmmedlately  and  that 
the  alrspace  wlthln  the  boundarles of R-195 be  made  avallable  for  control 
purposes 

6 In  the  event all of R-195 alrspace IS not  made avallable f o r  
control   purposes ,   the   eastern half  portlon of thls  area,  at  least,  should 
be  cancelled 

7 SubJect  to  alrspace  utillzatlon as set   for th  In (5) and (6) ,  
e i ther   Phase IV Modifled  or  Phase VI termlnal   and  a l rway  systems 
should  be  implemented  to  gam  maxlmum  operatlng  efflclency  for  east-west 
operat ions  in   the  Denver   Terminal   Area 

8 In  conJunctlon  with (7) above,  Vlctor  Alrway 152 be  deslgnated 
and  be  Implemented as a preferent la l   arr lval   route   f rom  Thurman  to   the 
Strasburg  holding  pattern 
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9 Victor  Airways 160  and  proposed  4-North  be  utilized  for  Jet 
departure   routes  

10 The  Colorado  Springs VOR be  relocated  southeast   to a point 7 nm 
eas t  of the  Colorado  Springs  outer  marker  on a bearing 091° magnetic 
f rom  the  Colorado  Springs  outer   marker  

11 Caution  Area  C-455  be  cancelled  immediately 

12 The  TVOR  located at Peterson  Field,   Colorado  Sprlngs,   be  
commlseloned  immediately  to  aid  departure  operatlons 

13 A preferential   west  to  east   cross  country  routing be established 
vla  Gunnieon-Colorado  Springs-Goodland 

14 In the  event  that a new  north-south  runway 1s constructed  at  
the  Denver  Stapleton  Airport ,  a VOR facility  be  installed  at  or  near 
the  locatlon of the  Logan VOR as used  ln  Phase IX, i l lustrated  in  Flg 25 

15 Procedures   and  route   s t ructure  of the  type  developed  in  Phase 
IX should  be  implemented  when a north-south  runway is constructed  at  
Stapleton  Airport 
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TABLE I 

RATES O F  CLIMB USED IN DENVER-COLORADO  SPRINGS  SIMULATION 
TESTS 

Denver  Elevation-5300 Feet Colorado  Sprlngs  Elevatlon-6200  Feet 

RATE O F  CLIMB  FOR  DEPARTURES 

DC-3 - 500 F P M  to 10, 000 feet  DC-7 - 750 F P M  t o  15, 000 feet  
then 300 FPM  then  500 F P M  

Convair  or  Vlscount - 750 F P M  C-119 o r  DC-4 - 500 F P M  

DC-6 o r  Constellatlon - 750 FPM T-33 - 2500 F P M  
to 12, 000 feet then 500 F P M  

T-86 or  F-100 - 3000 F P M  

TABLE I1 

DISTRIBUTION O F  FLIGHTS IN TRAFFIC  SAMPLES 

ARRIVALS DEPARTURES TOTAL 

P r o p   J e t  P r o p   J e t  P r o p   J e t  

Denver 22 2 21 2 43 4 
Lowry 2 3  2 1 4  4 
Buckley - - 2 

24 7 

Colorado 
Sprmgs 8  2 

EN  ROUTE 
OVER  TRAFFIC 

2 4 
23 5 47 12 
- - - -  

8 4 16 6 

8 
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AG 
AKO 
AUR 

BE 
B FC 
BX 

cos 

CYS 

DEN 

D U P  

ED 
E L L  
EM 
EKR 

FS 
F T  

GDR 
GIL 
GL 
GLD 
GO 
GUC 
GV 

HC T 
H F  
HGO 
HNR 

IOC 

KE 

Agate 
Akron VOR 
Aurora  "H" 

Box  Elder 
Black  Forest  
Byers  

Colorado  Sprlngs 
VOR & Peterson  
Fleld 
Cheyenne VOR 

Denver VOR & 
Stapleton  Field 
Dupont 

Ed1 s on 
Ellicott "H" 
Emplre  
Meeker VOR 

Fon&s 
For t   Col lms  

Garden  Ranch "HI! 
Gill VOR 
Glll  Intersectlon 
Goodland VOR 
Golden 
Gunnls on VOR 
Grover 

Hayes  Center VOR 
Hereford 
Hugo VOR 
Hanover "H" 

Kiowa VOR 

Keenesburg 

TABLE I11 

LOCATION  IDENTIFIERS 

LG 
LOG 
LP 
LRY 
L V  

NN 
NPE 

PE 
P E F  
PF 
PI 
PIN 
PK 
P N  
PUB 
P Z  

RG 
RLG 
RU 

SB 
SG 
S N  Y 
so 
S P  
su  

TI 
TR 
TXC 

WD 
WG 
WK 
WM 

Y O  

Longmont 
Logan VOR 
Longs  Peak 
Lowry  AFB 
Loveland 

Nunn 
Buckley NAS 

Payton 
Pe terson  TVOR 
Plnecllff 
Plke 
Plnon VOR 
P a r k e r  
Plnon  Intersectlon 
Pueblo VOR 
Pla t te  

Roggen 
Kremmling VOR 
Rush 

SeeBee 
Strasburg 
Sldney VOR 
South  Platte 
Spur 
Superior 

Titan 
Tructon 
Thurman 

Ward 
Wlgglns 
Watkins 
Westmlnlster 

Yoder 
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TABLE IV 

OPTIMUM  AIRCRAFT  SPACING  CHART 

DISTANCE,  APPROACH  GATE TO TOUCHDOWN, 5 MILES 

AIRCRAFT  SEQUENCE 
NO 1 NO 2 

S M 
S F 
S J 
M S 
M F 
M J 
F S 
F M 
F J 
J S 
J M 
J F 
Same Type 

OUTER  MARKER  SEPARATION 
(MILES) 

5 1  
5 5  
6 6  
3 1  
4 5  
5 8  
3 0  
3 5  
5 2  
3 0  
3 0  
3 . 0  
4 0  

AIRCRAFT  CATEGORY  APPROXIMATE  APPROACH  SPEED 
( MPH) (KNOTS) 

s - Slow 120  104 
M - Medlum 140  122 
F - F a s t  150 130 
J - Je t  180  156 
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FIG 9 - ROUTE  STRUCTURE - PHASE 1 
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FIG 11 - ROUTE STRUCTURE - PHASE I1 
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FIG 19 - ROUTE  STRUCTURE - PHASE V 
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FIG 20 - DENVER TERMINAL AREA PHASE VI APPROACH  FIXES AND RADAR VECTOR PATTERNS 



FIG 21 - ROUTE  STRUCTURE - PHASES VI AND VI11 
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FIG 24 - DENVEX TERMINAL AREA - PHASE VI11 APPROACH FIXES AND RADAR VECTOR  PATTERNS 
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FIG 26 - ROUTE  STRUCTURE - PHASE IX 



FIG 27 - DENVER APPROACH CONTROL 
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FIG 26 - COLORADO SPRINGS APPROACH  CONTROL 



FIG 2 9  - ARTCC EAST-WEST DENVER SECTORS 



FIG 30 - ARTCC COLORADO SPRINGS SECTOR 
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FIG. 33 - AVERAGE  ARRIVAL  TIMES - TERMINAL  RUNS  EAST-WEST 
RUNWAY  CONFIGURATION 

FIG, 34 - AVERAGE  ARRIVAL  TIMES - TERMINAL  RUNS  EAST-WEST 
AND NORTH-SOUTH  RUNWAY  CONFIGURATIONS 
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FIG. 35 - AVERAGE  ARRIVAL TIMES - TERMINAL RUNS  NORTH-SOUTH 
RUNWAY CONFIGURATION 

FIG 36 - AVERAGE  ARRIVAL TIMES - ENROUTE 
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