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OPERATIONS IN TRE SEATTr,E-TACOWA AREA 
S I W U T I O N  TESTS OF AIR T R A P F I C  

S W Y  

Thss report  describes a study  of  various methods of  controlling 
IFR air t r a f f i c  In the Seattle-Tacoma area. Thzs study was conducted through 
the use of simulation  facflities  located at the FAA Technical Development 
Center, 

Tests of the  present airway system showed that it was poorly  adapted 
t o  the  use of radar procedreres and would not  be  able t o  accommodate predicted 
increases m t r a f f l c  demand. Modlflcations to  the  present  route  layout  offered 

minor changes m the  present  layout of navlgatlon f ac l l l t i e s ,  Additional 
some Improvements ~n t ra f f ic  flow which can be  gained  immediately with only 

improvements can be obtained thro*ugh the installation of new navigatlon afds  

heaviest   traffic flow. 
t o  provide a bet ter  system of preferentzal one-way auways for the  routes  of 

During the last phase of the study, the proposed Tacoma Municipal 
Airport was introduced. Three proposed r u n w a y  alignments for  th i s   a i rpor t  
were tested t o  detemne  wbch would be most conrgatible with t raff ic  opera- 
t ions at the  adJacent  airports. It was found tha t  a r u n w a y  alignment approx- 
imately paral le l  t o  the instrument runw~y a t  &Chord  would produce the   l eas t  
mount  of interdrport  interference and, consequently, the   l eas t   res t r lc t im 
on potential IF'R trafflc  capaelty at each  of the  three  azrports concerned. 

Simulation tests of  a  cormon IFR room for  the  entire  area  indicated 

Seattle-Tacoma, Boefng, PlcChord, Tacoma Municipal, and Sand Point Naval Air 
tha t  such a f ac i l i t y  would be w e l l  adapted t o  handle IFR operatbns at 

Station. 

I m O D U C T I O N  

I n  May 1958, the CAA Offfce of Air Traffic Control  requested the 
Technical Development Center (TDC) t o  conduct sfwiLation  studies of the 

TIC controllers  spent a week in  the  Seatt le  area.  On October 14, 1958, they 
Seattle-Tacoma mea. In  gathering background materzal  for  this  study,  three 

met  krith representatives of the Washmgton office, the Fowrth Regional Office, 

pr0b;Lyos of the  area and t o  define  the  objectives and assumptions of the 
and local  ARE, RAPCON, and tower personnel t o  discuss the  present and fWnre 

simulation program. 

Present Problems. 

handled In the  Seatt le  area l ies In a combmation of factors which r e s t r i c t  
One reason  for  the  Pelatlvely law volume of IF'R t raff ic   present ly  

t r a f f i c  flow and greatly  ucrease  the averaQe controller workload per air- 
craf t .  The most impoptant factors  are  lfsted below. 
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1, El@ te r r an   ea s t  aad west of the a-.a res t r ic t s  approach md 
departme  routes 7-1 a relativeQ- n31'rc'w vallrx area and a l s o  tends t o  cow 
fine airway routes  mto narrow cbamels. 

the i r  use i n  cert-tarin desirable locations. As a result ,  almost a l l  routes 
2. Poor s i t i n g  eha ra t ens t3cs  of present  navigation aids prevent 

converge over the  Seattle Airpo~%, creating mtud interference between 

workload. An insufficient number of navigation aids prevents  the  estab- 
a r r i v a l ,  departure, and en mute traffic, greatly  increasmg  controller 

t ra f f ic .  
lishment of one-way arways which are  necessary t o  move a high volume of 

Program Objectives. 
The objectives of the s a d a t i o n  program  were defined  as  follows. 

1. Determine zhe a b i l i t y  of the  present  roate  structure, aided by 
Air Route Traffic  Control [ARE] radaP, i n  acomcdatug at least 30 per 
cent  increase m IFR t r a f f x  densxty. 

high terrain WlthoMt  bemng inzeprmrrgled wfth  terrmnal and en mute   t ra f f ic  
2. Establish a procedure to enable eastbound departures to  clear  the 

in   the   r lc ln l ty  of the a i rpor t .  

3 .  Witbout employing any(additlonal VOR facilities, mdio and t e s t  
a route  structure  for  the immediate fi ture  to provide bypass airways and 
one-way t r a f f i c  flow on maJor routes. 

vectorirg procedures a t  Seattle-Tacoma International (ISEATAC) and Boeing 
4. Improve the arrangement of feeder  fixes t o  f ac l l i t a t e  radar 

Airports.  

as  necessary, t o  provide the  capability of accommdatmg a t   l e a s t  85 per 
cent  increase  in IFR traffic  density.  

5. Devise and t e s t  a rou te   s tmctue ,  using sdditional VOR f ac i l i t i e s  

would a l l o w  the addition of the proposed Tacoma  lvhpnleipal Airpork at   the  
6. Determine wbether a possible combination of system mprovements 

PenFnsula site,  mthont  seriously  affecting  the flow of other IFR t raff ic  

xithin a range of 336" tso 003" magoetlc, t o  determine effects on arr ival  
in  the  area.  Isvestfga$e  various runvay alignments a t   t h i s  airport, 
and departure  operations a t  McChord M r  Force Base (AFB) and SEATAO. 

jurisdiction: 
7. Determine the  effects of the follovnng changes in  control 

a. Chmging McChord RAPCON t o  a conventfonal radar approach f ac i l i t y  
with the  Seattle ARTC Center assanrmng Jurisdiction of all air- 

McChord. 
space above 4,000 feet  in the  area  presently  controlled by 
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b. Combining, i n  one WIEUIQII IFR %he terminal  area  traffic  control 
f rmr , e t i~~~s  presently handled. by SEUAC approach control, McChord 
RAPGOI?, and the  Sea t t le  ARE Center. 

Test Assrrmptlorw. 

as follows: 
The general assrmmptlons governing the  simulation  tests were defined 

Seatt le area for  years, muld be solved by hnplementation of the new Doppler 
1. It w a s  assumed that   the  VOR s i t ing problems, which have plagued the 

VOR. This 5% development1 has demonstrated a eonslderable improvement in 
accuracy  over the  conventional VDR I n  t e s t s  a t   d i f f i cu l t   s i t e s ,  and i n l t i a l  
FAA procurement of Doppler VOR eqa$ment now AS under way. 

miles of the Seattle-Tacoma Internatmnal Airport. Adequate ARE radar eov- 
erage, as we= as e a p b i l i t y  for  d i r e c t   d r / g r o u / a a r  communications, w d d  
exis t  throughout t h i s  area. 

2. The study would embraee the area wPthin a redius of apgroximately 80 

and MeChord. Pdne  and whsdbey Island t r a f f i c  a lso  would be simulated beeease 
of i t s  effect on t r a f f i c  i n  the  Seatt le eonplex. 

3. Airport   traffic flow w Q d d  be studied at SEATAC, Boeing, Sand Pointt, 

4. The  Olympia j e t  penetration, proposed by the 25th A l r  Division, USAF, 
would be used a6 the primary penetration  for McChord. 

5. The AD2 jet-clfmb  corridor at  McGhord would be t e s t ed   mi t i a l ly  wpth 
an alignment of 293” magnetic. 

6. A new IIS wodd be  codsgyoned at SEATAC for  approaches t o  R w w e y  16. 
The primary approach dfseatkaon would be south at all airports  in  the area, 
except McChord, which would utlllze north approaches. 

Center. 
7. The An: rad= beacon sptem would be commissioned at the  Seat t le  ARK 

Rlver, would be 2,560 feet. 
8. The ceiling on the Fort L e d s  restrfcted  mea,  south of the  Nisquslly 

9. The &imensions of the  standard TSO holding  area wuld be increased, 
a6 shown i n  Fig. 1, to anticapate a regulatory change  which n o w  appears 
inaninent . 

10. Civi l   je t  airesaf’t w u l d  be controlled  in a conventional manner unless 
holding de lws  were excessive,  an which ease holdlng would be accomplished at 
alt l tudes of 20,000 feet  o r  above. 



4 

Trafflc Samples. 

were obtained f r o m  the  Seattle ARE Center f o r  analysis t o  determine the 
distribution of traff-zc by mute.  a x p o r t ,  and amcraft  type. The resulting 

Although the  route  distrlbmtlon, by percentage, was maintained, the   t ra f f ic  
data were used t o  construct the ~ r a f f a c  samples used in the simulation tes t s .  

density, in  operations  per  hour9 was increased  ~n  order t o   t e s t   t he  various 
systems d e r  loads  representative of predicted  future  traffic. The per- 
centege of j e t   t r a f f i c  was increased t o  reflect  a  predicted  future trend. 
Details of the t r a f f i c  samples are smnmrized fn Table 1. 

Plight  progress strips, recording 3 recent days' of IFR operations, 

EVrnUrnHON m o m  

Measurements. 

RAPCON , end two from SEATAC Tower, were detailed  to TDC for  the sirmilation 
tes ts .  Because some of these  controllers had no previous  radar  experience, 
it was necessary t o  devote  a  considerable  portion of the samalation  time t o  
training  activit ies,  Although only tBe l a s t  runs of each phase were used 
for ccuuparative  measurements of system perPoolmance, the wide variation i n  
controller skill made a lwge  difference  in   the  tes t   resal ts .  Subsequent 
examination of aircraft  delay  data showed that  the  effects of having a 

rule  out  the  differences which nanaally would be expected between the  delays 
certain  controller  at  a  certain  positfon during a speclf ic   tes t  run could 

of different systems. The time available  for  the  test program did not  per- 
fit these overshadoving effects   to  be eradicated.. As a  result, much of 

this report. 
these  data  are not  considered to be of sufficient  value  to be included i n  

Subjective Qpiruons. 

reasons e x p l h e d  above, the   t es t  program did provide a very good oppor- 
tunity  to study the air t r a f f i c  flow characterfstics of the  entire  area, 
and t o  develop and refine  a number of improvments i n  route  layouts,  feeding 
systems, and control  procdwes. The effects of these changes vere obvious 
to  controllers and test  obsemers, These modifications were evaluated by 
the  tes t   control lers ,  who recorded the i r  sUbJective  opinions on questlon- 
n d r e s  which  were prepared f o r   t h i s   p q o s e .  A t  the conclusion of the 
program, a critique was held,  using  a  tape  recorder to  obtain a permanent 
record of the proceedings. The information  thus  obtained w a s  used t o  sub- 
stantiate  the  findings, which are v i z e d  i n  thfs report. 

Six controllers from  %he Seatt le ARE Center, two from &Chord 

Althou&h the reeorded tes t   data  were disappointing,  for  the 

Phase I - Present System. 
Control Procedures. 

route  structure and terminal  area  proeedmes, t o  determine what effect  the 
The first week of simulation was devoted t o  a study of the  present 
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edditlon of radar a% t,he EeaTtle ARE C c  re- wodd have on the  t raff ic  flow, 

radar  to  the %.Uest extent. 
and t o  determine if any mediate xnprrbemtets could be wade t o   u t i l i z e   t h i s  

me route s t r u c t w ~ ,  which 1s shown i n  Fig. 2, w a s  divided into tuc 
Center radar sectors with assoelated mmud sectors  to provide ANC b a c k  and 

Seattle. The other ~ e c t o r  canLrolled the area south and east of Seatt le from 
data h a n d l ~ n g ~  One sector  controlled Amber 1 and Vlctor 23  A u w a y s  north of 

pass- the  route f h e s  t o  the  south and east to provide  a more r ea l i s t i c  
Victor 27 t o  Victor 2 n o m .  A peripheral sector was established encom- 

worUoad for the sectors xn the t e d n a l  area. It was the  duty of the pe- 
ripheral  sector  controllers to descend arpivals to  suitable  al t i tudes  before 

departure  altitude data with the  Sea-ttle  sector  controllers. 
entry  into  the  radar  sectors of the  Seattle AFiE Center, and t o  coordinate 

During the first phase sf t h i s  program, the  mea  presently  controlled 
by McChord RAPCON r emned  unchanged. However, the facilities and personnel 

nator t o  accomplish a task that  m actatel praetzce  requlres  considerably more 
available at TDG p e m t t e d   t h e  'me of ~ d y  tm radar controllers ana a  coordi- 

personnel. This required  the  e ldnat ion of some phases of the  operation. 

l'he Seatt le ARE Center  operation remained basically unchanged from 
present  procedures, v i t h  the exception of eastbound departures fmm SEATAC. 
These departures were cleared t o  a flx fn the  vicinity of the  present Monroe 
H faci l i ty .  SEAW departure  control performed a  radar hand-off to   Sea t t le  
ARTC Center  northeast of the a u = p o ~ % ~  aBd the Center radar controllers  estab- 
lished  the  aircraft on a soarthbor\lad course t o  intercept  Victor 2 or Green 2 
aFter  sufficient  altitude  to  clear  terrain had  been reached. See Fig. 2. 

Equipment 

using one superimposed panoramic radar display (SPAPTRAD) as shown i n  Fig. 3. 
SPMiRAD i s  a radar trac!&ng device whxch uses  television  techniques t o  super- 

radar target, on a bright t2be  dtsplay. 
impose the  picture of a manually posltioned  target marker, with that  of the 

The two radar sectors of the  Seattle ARE Center were simulated 

and ar r iva l   t ra f f lc  am3 one fox deparbure control. A third  position o f  oper- 
ation coordinated t r a f f i c   i n fomt fon  with the  Seattle ABTC Center and SEATAC 
!Power, llsing a conven%ional fl~ght progress board t o  dlsplay  traffic.  

McChord RAPGQN nti l ized two simulated ASR soopes,one for en route 

Two scan-conversion radar monitor scopes were Installed in another 

were simulated  as a side-by-side operatLon, !the tower personnel who paptie- 
location  to  sxmlate  the SEATAG Tower arr ival  a d  departure  positions which 

ipated in  the planning of t h l s  sirmelation agreed tha t  it would be necessaq 
t o  move their  present depar-tapre posit,fon  out of the tower cab and into  a 
location  adjacent t o  the appival position i n  order to  control  the volume of 

Figs. 4 snd 5. 
t r a f f i c  tha t  w a s  t o  be sfmbelated. The areas wed for  vectoring axe shown in 
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Phase II. 
System Modifieatlons. 

The second and th%rd weeks of the slmaalation program were used i n  
a study of the system modiffed as foI.Lows: 

1. The Shelton homing f ac i l i t y  w a s  increased i n  power t o  provide a by- 
pass route, Blue 86, west of Seattle. 

route for northbound depmtwes  out of SEATAC, Boeing,  and Sand Point Naval 
2. A homing f ac i l i t y  was installed at Monroe t o  provide  a one-way 

Air Station (w). 

Seat t le   to   es tabl ish independent one-W  arr ival  and departure  paths  for  the 
3. Preferential mutes were deslgnatd  nodh, south, and east of 

major portion of the IFR trafffe.  

4. A VOR intersection  at H a r p e x  W&B established as a feeder f ix  f o r  
radar-vectored approaches t o  SEATAC and Boeing. 

5. The  McChord jet-clfmb  eomldor was realigned t o  a headin@; of  336" 
mgnetic. 

6. Approach control vas -implemented at Paine. 

7. An additional  arrival scope was implemented a t  S W .  

control  agencies and a common IFR room. These t e s t s  were designated as 
Phase IIA and IIB, respectively. 

Phase IIA - Separate Agencies. 
Control Procedures. 

Comparative t e s t s  of thfs route layout were made, using separate 

The route s t m t u r e  1s shown i n  Fig. 6. This area was divided 
into four Center radar sectors with associated manual sectors  to provide 
AITC backup and data handling. One sector  controlled  the t r a f f l c  on h b e r  1 
northwest of Seattle, meludrEng the  Kitsap h o l m  pattern at 4,000 feet  and 

bound t r a f f i c  en route to   t he  Seattle-Tacoma complex (Boeing, Seattle-Tacoma, 
above. Kitsap intersection was used as a clearance limit for dl smth- 

and Sand Point NAS). This sector a lso  controlled  the arrivals and departures 
at Whidbey Island NAS. 

north of Seatt le,  Victor 2 north, Green 2, Victor 2, and Victor 2 southeast 
of Seattle, and the  Seatt le LF range holding pattern at 5,000 feet  and 

bound t r a f f i c  en route to   the Seattle-Tacoma complex. This seetor  also con- 
above. This holding pattern XSE used as a clearance U t  for all west- 

t rol led  the  arr ivals  and departwes a% PaLne AFB and the northbound departures 
from the  Seattle-Tacoma conrplex. 

The second sector  contmUed  the  traffic on Victor 23 and Green 10 
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was primaril,  south- and esLboapnd depwtwes f p o m  the Seattle-Tqeoma coqlex  

McChord AFB. and &Chord &?E.. Th~s sector &so conzsolled the westbound arrivals to 

third sector  canzrolled t,, t r a f f i c  on Victor 23 east, which 

Victor 23 west to Victor 27, vhxh was pramarily northbound t r a f f i c  with the 
The fourth sect,or controlled  the  traffic southwest of Seattle from 

Olympia C*T Hoquim. The Harper mtersection was lased as  the  clearance  limit 
exception of a few low-altltmte westbomd f l z g h t s  frm SEA7XC and Boeing t o  

t o  10,000 feet .  -The use sf alt i tudes above  10,000 feet  was restricted because 
for all northbound flights en route  to  the Seattle-Tacoma complex from 4,000 

of the McChord j e t - c u b  cospsdor. Because of the bgh volume of r ad io  com- 
munications required 1n operatmng th is  sector, it w a s  necessary t o  use twu 
radio controllers t o  handle % u s  t ra f f ic .  I n  actual  practice,  the  extra com- 
rrmnicatlons worklosd fo r  which the second controller was needed would normally 
have been handled by a  Mgh-altitude  sector. 

I n  Phase 113 the HcChsrd W G O N  Functioned as an approach control 
f ac i l i t y  but retained jtwls&ct%on of 4,000 feet  and below in the  area shown 
fn Fig. 6. The  pr- 1md.u-g directLon was north. Conventional a i r c ra f t  
departing McChord were cleared to either  the Carbonado intersection or the 
Case mtersection. The departure  eontroller  established a i r c ra f t  on course 
t o   t he   f i x  and handed them off tr, the  Seattle ARE Center radar controliter. 
Jet  departares were cleared t c  the McChord LF range or TPOR t o  make 8 left 
tarn after  takeoff, climbmg to an altitude  previously  assiged by the Center, 
and subsequently were  handed off t o  the Center en route  to Carbonado or 
Svanson intersections. ADC Jet  secoverles were effected from the Hoqufam VOR 
via  the recovery corridor. StraLght-in approaches were made from  Toledo and 
Olympia by all types of ahcraf t ,   a f te r   the   a i rc raf t  were clear of the 
respective airways, as shown in Flg. 6. 

Tacoma AFrport, Boeing Field, and Sand Polnt NAS. The prlmary landing  direc- 
SEATAC Tower controlled all arrivals snd departures a t   Seat t le-  

t ion was south. Three clearance l d t s  were used in  the  terminal =ea t o  

intersection and the  Seattle LE? were controlled a t  one a r r iva l  positlon and 
serve  as  feeder axes   for   the arrlveil  controllers, as shown i n  Fig. 7. Kitsap 

bound t raff ic   departhg Seattle-Tacoma or  Boeing was tunneled a t  4,000 feet  or 
the Harper interseetion was cuntrolled at  the  other  arrival  positlon. North- 

below by the  departwe  contmlles, and a radar hand-off to the  center w a s  
effected when t h e   a r c r a f t  was clear of the  Seatt le LFR holding pattern, A 
buffer l ine  between Sesttle-Tacoma and Pafne Tower w a s  established to define 
their  respective  areas of jwlsdiction  as shown in Fig. 6. North lmdings 
were simulated a t  SEATAC rstfl izbng the same clearance limlts. A l l  vectoring 
u&s accomplished on the west side of the a i rpor t  as shown i n  Fig. 8. 

Equipment 

two north sectors shared one SPAKMD and the two south  sectors  shared  another. 
Each sector  utilized an associated fl ight progress board for ANC backup Bnd 
data htmdling. Figure 3 shms a t n i c a l  sector  control  layout. 

Four radar sectors of the  Seati;le ARE Center were simulated. The 
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controi  facil i ty,  using one S Z - T L V ~ ~  scope an& one departuPe scope as shown 
The  McCh-m.3 RAPCOX operated as a eor,wentional a i r p o r t  approach 

in Fig. 9. 

The single scope used for Pdne and WhLdbey Island operations i s  shown in 
Fig.  10. 

Phase IIB - Common IFR Room. 
Control  Procedures. 

The SWAC Tower used two arrival scopes and one depaxture scope. 

In this portion of t he   t e s t  psogrm, the four sectors of the 

SEATAC, and P&.ne/Whidbey Island, were located  in  the same room. Coordina- 
Seatt le Center, as well  as the m ~ l ~ a l  and departure positions of McChord, 

t ion between the Center and the other agmcies was h d e d  by a  single con- 
t ro l l e r ,  due t o  a limitation in the nPlmber of personnel  available. In 
actual practice, it would be desirable  to add another  coordination  position 
t o  share this workload. 

used in Phase ILA. 
Control  jlarisdlstioa and procedures  remined  the same as %hose 

Equipment. 
The Seatt le Center ut i l ized two SPANRAD units as in prevlous runs. 

Whord and Seattle-Tacoma approach control used four scopes with the two 
departure  positions and the  three  arrival  positions  adjacent  to each other 
as shown in Fig. 11. Although it was necessary f o r  the two SEATAC arrival 

tions,  the over-all operatlon was not  impaired by th i s  arrangement. 
controllers t o  share a single scope becanse of space and equipment limits- 

The procedures and m t i n g s  used  TI testing  the common IFR room 
concept were Identical to those used III the previous runs o f  the Phase I1 
system. 

Phase 111. 
System Modifications 

The fourth week of slnmlation WBB devoted t o  a study of a  future 
6ystem for  eontrolling t r a f f i c  in the Seattle-Tacoma mea. During t h i s  
phase of the  tests,   the proposed Tacoma Municipal Airport  was simulated at 
the Peninsula s i t e .  

The route  structure,  navigational  facilities,  preferential  route 
system, and procedures, which are shown le Fig. 12, were based on t h e  instal-  

Toledo, Wenatehee, Paine, Dungeness, and Neah Bay.  The Seattle VOR was 
lat ion of new VOR f a c i l i t i e s   a t  Shelton, Lebem ( 4 0  miles west of Toledo), 

relocated t o  a s l t e  appro-tely 7 mles  east  of SWAC. Feeder fixes were 
established at Rainier and N e t   t o  serve Tacoma Municipal and McChord. 

The route   s tmtlere  was modifled farther by the  addition of new 
airways and bypass routes to  create a  =re  desuable  preferential  route  sys- 
tem. The LF airwsys were abrogated and replaced by VOR routes where  needed. 
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The Mcchrd Jet-clmb  corridor was aligned t o  a heading of 336' 
m-etic a 

Control Froeedrares. 
The equipment a t  TIE was arranged for  a common IFR room operation. 

The four radar sectors of the  Seattle ARE Center each controlled the same 

mind area on Vlctor 99 were held a t  5,000 feet  mtll clear of t r a f f i c   a t  
geographical  areas  as fn Phase 11. Northbound arr ivals   to   the  Seat t le   ter-  

Shelton. D u r m n g  the simulat3on, it became apparent that   al t i tudes through 
the 5,OOO-foot level were  needed a t  Shelton  for Tacoma  and  McChord departures. 
Therefore, Sea t t le   a r r lva l   t ra f f ic  on V99 was roazted a t  6,000 feet  or above 
i n  l a t e r  m s .  

Seattle approach control had jurisdiction of t he   a r r ivds  and 
depsrtures a t  Boeing and Sand Point  as i n  Phase 11. The three  clearance 
l imit   f ixes and vector  areas  are shorn ~n Figs. 13  and 14. When north  landings 
were being made a t  SEATAC, the Harper intersection wan used as  the p r i m  
clearance limit. It was necess- t o  use the  area  north of Tacoma Municipal 
joint ly  by Seatt le and MeChord approach control. Within this area,  Seattle 
arrivals were held a t  3p000 feet  and above, while Tacoma  and  McChord 
departures were restricted t o  mamtain 2,000 feet. 

The  McChord operation again was simulated as an approach control 
tower ut i l iz ing 4,000 feet  and below within  the  area shown in  Fig. 12. The 
arrivals and departures a t  T a e m  were under jur i sdxt ion  of  &Chord appraech 
control. Puget and Ralnier  mtersections were established t o  serve  as  clear- 

t o  the Carbonado,  Swanson, or  Shelton intersections.  Traffic between SEATAC 
ance lMts for  Tacoma Manleipal and WcChord arrivals. Departures were cleared 

Seatt le and McChord approach control. 
and Tacoma Municipal was simulated  as  a tower  en route  operation between 

Paine was simulated as  STI approach control tower. Departures and 
arrivals were cleared on preferential routes  as shown i n  Fig. 12. Je t  arri- 
vals made TACAN approaches frm a flx 25 dies north of the Paine  outer marker 
on the  localizer  cowse ami maintained 15,000 feet  until clear of Victor 23s. 

Traffic  at  Whfdbey Island w a s  controlled i n  much the sane manner as 
an ARTC Center would operate. However, specific procedures for  this  operation 
were not hcorporated  in  the  smwlation because of time limitations, and 
also because Whidbey Island is far e n o w  away from the  Seattle complex t o  
operate  independently. 

Municipal were tested  to determine what effect each runway alignment would 
have on IFR t r a f f i c  flow In  the  area. 

During t h i s  phase, three a r p o r t  configmations  for Tacoma 

Equipment 

ident ical   to   that  used In the Phase II common IFFi room tests .  The four radar 
sectors of the  Seattle ARE Cen%er  were simulated on two SPAiWAD m t s .  Eaeh 
sec.tor used an associated flight progress board for AIVC backup and data 
handling - 

The equipment and operational arrangement used i n  th i s  phase was 
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Sea t t le  and McChord approach contro’ arr ival  and departure 
positions  utilized  four scopes Located in   the Center room. 

TEST RESULTS 

Phase I. 
Qeneral . 

affect  the  control of IFR t r a f f a e  In the Seattle-Tacoma area: 
Analysis of th i s  phase pmpointed  four major problems uhlch 

1. Excessive coordination between fac i la t ies  was required. 

2. Two-way t r a f f i c  flow on the  major routes  created  high workloads 
for  the Center controllers. 

3. Convergence  of m J o r  routes on the  Seattle  area produced 
diff lcul ty  in climbs, descents,  crossings, and radar identifacations. 

located  for radar vectoring. Ccngestion of arrival,  departure, and over- 
t r a f f i c  in the  vector  area compelled Seat t le   arr ival   control   to   rever t   to  
M C  separation because of inability t o  secure and maintain identification 
of radar targets. 

4. The clearance  limits  in the Seattle-Tacoma complex  were poorly 

Seatt le ARE. 

via Monroe, restricted IFR operataons a t  Sand Point BAS. Since S a n d  Point 
Eastbound IFR dep&ues from Seattle, clFmbing t o  the northeast 

had no approach control  authority, a few aircraft .   in this area could create 
a high workload for the Center controllers. The departure  route from 
SEATAC via Edonroe was a usable  interfm  route a t   the   t raff ic   densi t ies  
test.&. 

The use of radar  procedures provided means for a continuous  flow 
of eastbouud departures t o  reach t e m a m  clearance alt i tudes without the 
necessity of climbing west of Seattle.  Pigare 2 shows t h i s  route. The 
control of IFR t r a f f i c   a t  Paine AFB and Whadbey Island IiAS was expedited 
by the  use of Center radar, however, the  present  route  structure  limited 
the  application of radar procedures fn this area. 

SEATAC and Being. 

t h e  SEAIEAC &rth IIS and Boeing Field  for a clearance limit from vhmh t o  
use radar procedures. Congestion of arr ival  end en route t r a f f i c  over 
these a i rpor ts  lhited the use of radar  separation because of difficulty 
in establ ishhg and maintaining posftive radar identification. The pro- 

Because  of the  proximity of Boe- t o  SEATAC, IFR operations a t  Boeing 
cedures for  control of Seatt le soaathbouad departures were satisfactory. 

alwaysrwill  require very close  cocrdlnation between the SWAC arr ival  
and departure  controllers,  as  well’as  the Boeing fewer controllers. The 

Tests showed that  the Harbor Island lntersection wa$ too close t o  
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runway  alugment  at Boe1n.g daffers 30" %om tha t  of SEATAC. The interference 
created by t a s  difference in m w a y  dlgnment niakes it very d i f f icu l t   fo r  
radar controllers  to acbibeve nigh arpival and departme  rates  at  these 
d r p o r t s  # 

MCCJlOrCl. 

procedures were adequate for the  v d m e  of traffic  tested, except for the  
area  northeast of McChord used for  vectoring  aircraft  for south landings. 
This mea was too confined t o  pronde spacing ailJustments, particularly with 
high-speed aircraf t .  The Fort Lewis restricted  area (R-503 - R-504 - R-505) 
and the  departure  route _?om SEATAG precluded  use of the  area west  of McChord 
for  arrival  vectoring. Pigarre 2 shows Mechord RAPCON area. 

Under the  present system, the MsChord RAPCOW area and control 

Sand Point,  Paine, and Whidbq Island. 

terminal  areas  with  the t r a f f l e  densities tes ted  in  this phase. 
No changes  were found necessary in the ?&idbey Island and Paine 

in   the S W  and Send Point  areas could be bet ter   u t i l ized i f  operations a t  
Analysls of the procedures wed  a t  Sand Point showed that  airspace 

Sand Point were controlled. by SEAUG approach control. 

Phase 11. 
General e 

The route  structure used i n  this phase waa much improved over tha t  
in Phase I. The segregation of arrival and departure t r a f f i c  f l o w  was of 
great  benefit t o  both t d a l  and air route  controllers. As shown in Fig.6, 
@e departure f l o w  to  the south and east from Seattle-TBcoma airports vas 
practically  restriction-free and ldeally s d t d   t o  radar control. These 
roates were of particular  benefit eo high-performance jet  atrcraft,  permitting 
unrestricted  clhb  to  cruise  alt i tudes.  

Carbo-  o r  continue southbound to  Swanson, depending on climb performanee 
Eastbound departures f r o m  the  Seattle area could proceed east from 

Toledo to  take advantage of a low-dtltude  route or from Swanson d i r ec t   t o  
of the  a i rcraf t .  Southbound dep&ures  could proceed from Swanson direct   to  

Portland  for a higher  altitude  route. 

Of necessity, some routes had to remain two-way a i w s y s .  These 
routes in most instances were routes with lower traffic  densit ies.  

The reversal of t raff le  flow between Seatt le and Portland would 
necessitate a change in Por t land  control procedmes. 

Seatt le AFiTCo  

Controller comments regardlng  the t e s t s  i n  t h i s  phase were 
-ly i n  favor of the mcdlfied system when  compaxed with Phase I. I n  
every  case, the  controllers stated that  many of the major problems had  been 
alleviated d r  t o t a l ly  eliminated. Problems  of -or nature were s t i l l  pre- 
sent but all controllers  stated  that a full complement of personnel would 
reduce these problems in acta practice. 
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The t r a f f L s  congestlcn over Sea t t l -  vas relieved by providing a 
clearance limit a t  tne Harper mterseetion west  of SEAW, aad by providbg 
a bypass route (Blue hrway 86) for   t raffac  a t  Paine end Whidbey Island. 

All the  terminal  clearance  limits  at SEATAC were adequately 
separated t o  provide the  sector  controllers w i t h  independent t e m n a t i n g  
points  for each major arrival  route. This greatly reduced coprdination 
between these  controllers I n  the ARTC Center. 

c d d  be controlled from the  Seattle ARE Center  provided adequate redax i s  
avallable.  Since  there is  a hi& percentage of j e t  a r c r a f t  operating from 

beacon  equipment. The sector mU be a very busy  one and may require 
McChord., it w L i L  be necessary for  the Center  radar t o  be equipped with rad= 

subsequent rearrangement as  experience  as  acquired. 

Tests  mdicated  that  the  area now controlled by McChord RAPCON 

SEATAC, Boebg, and Sand Point. 

should be controlled by  one facil i ty.  Smce  both Boeing end Sand Point 
have precision radar, It 1s feasfble  for them t o  accept  hand-offs on f ina l  
approach. By placing Sand Point  arrivals under the  Jurisdiction of Seattle 
approach control,  better use of arspace was realized.. 

Phase I tests  lndlcated  that  the IFR t r a f f i c  at   these  airports 

Vectoring areas shown u1 Flg, 7 were considered  necessary for 

on both sides of the ILS course for south  landing OB R u n w a y  16. The buffer 
eff ic ient   ut i l izat ion by Seatt le approach control t o  provide radar vectoring 

l i ne  between Sand Point and Everettrauges  established a mimum limit for 
the SEATAC radar area- 

airports.  One controlled  the  traffic  at  Kitsap and the  Seattle range. The 
other  controlled  the  traffic  at Harper. 

Rro Seattle approach controllers vectored a i rc raf t  t o  these 

operations were necessary a t   Be ing  and SEATAC due to   the following factors: 
Airport acceptance rates  were reduced greatly when north 

1. Because  of t h e   d e p h u r e  route south from the  Seattle LF renge, 
there was not  sufficient room t o  vector a r r iva l   a i rc raf t  on the  east  side 
of Seat t le ' s  south localizer  courseo This required all vectoring t o  be 
accomplished on the west slde of Seattle. 

2. Controllers had t o  limit the   to ta l  number of a i rcraf t  on the 
down- comse of thls area because there was insafficient room for   las t -  
minute spacing adjustments on the base leg course.  This was caused by the 
proximity  of the McChord RAPCON area. 

3. Aircrart cleared t o  Harper, destined  for Sand Point,  vere 

vectoring  aircraft from Kitsap and Seattle LF rauge.  Figure 8 shows the 
coordinated between controllers and handed o f f  t o   t he  radar  controller 

vectoring  areas used with t h s  lan- directmn. 
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Coatrol of departure t r a f f i c  was satisfactory m these  tests.  
East- and southbound flights taking off  south proceeded straight  out on course 
and were able t o  climb uerestiicted under radar control. These f l igh ts  took 
off  north, crossed the  Seattle LF range at 3,000 aM 4,000 feet  and were 
tracked 160' from the range ugder radar control. Upon leaving 5,000 feet ,  
these  alrcraft  transitfoned  to  the normal southbound route. These restr le-  
tions reduced the flow of depmtwe  t raff ic  by approximately five  aircraft 
per hour. 

Mcchord 6 

of an approach control  facility. The  McChord area was redwed in physical 
size  as shown in Fig. 6 .  Altitudes controlled  also were reduced t@ 2,000, 
3,000, and 4,000 feet. 

In this phase, the  functlon of McChord RllpcON was r&ed t o  that 

the operations. Seatt le ARTCC used Olympia VOR and Toledo Y range as 
clearsace  limits  for McChord AFB t ra f f ic .  

Lack of space for holdin@; pattern  feeder  fixes tended to complicate 

The Je t  recovery  route from Hoqulam required  altitude  restrictmn 
a t  20,000 feet  until clear of WjW. 

Carbonado intersection, Swanson intersection, and Olympia VOR. As soon as 
DeQarture t r a f f i c  from McChord  was cleared t o  Shelton  Intersection, 

practicable,  these  aircraft were  handed off to   Seat t le  ARE radar controllers 
t o  be integrated  into  the normal preferential flow of t r a f f i c .  

In  order t o  obtain an improved flow of a r r iva l  and departure 

t r a f f l c  t o  eu3d from the  airports  north o f  Seattle, it w a s  desirable  to move 
t r a f f i c  ia the  Seattle  terminal  area, and t o  prov?.de b n a s s  routes  for 

the &Chord jet-clmb  corridor t o  336" magnetic. By so doing, aOe Jet air- 

resulting from this change  were a top  altitude lhit of 10,000 feet   a t   the  
cr& were required t o  make  no t m s  a t  low alt i tude.  The only restrictions 

Harper intersection and a lkt. of l5,OOO feet  on Vgg arway between Kitsap 
intersection and Rosedale mntersection. These restrictions did not  affect 
operations  adversely in these  axeas* 

P a h e  and Whidbey Island. 
Blue 86 was used as a bypass mbound and outbound route from the 

south for  these  areas. The use of t h i s  airway reduced the   t r a f f i c  congestion 
considerably in the ixomedxate area. 

Canrm~n IF3 Roam Tests. 
Phase I1 comparative t e s t s  of separate  control  egencles  versus a 

t r a f f i c  in t h i s  complex terminal  area. 
common IFR room showed tha t   the   l a t te r  method was fa r  swerior   for  handling 

Coordination  procedures were simplified  greatly when controllers 

target   ident i t ies  v i s u a l l y .  Interphone tieups were elbIjJl8ted. Each 
c a d  talk direct ly   to  each other and coeiLd make positive  transfers of radar 

http://prov?.de
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controller had a better undersZandLng of the  traffic  picture in the  adja- 
cent  sector so that he could make better 'Ise of the  airspace  near  his 
sector boundaries. As a result ,   traffic  delays were reduced greatly, as 
shown i n  Fig. 15. 

Phase 111. 
General. 

The basic route  systun of Phase I1 i s  retained,  but some routes were  added 

A comparrson of the  three systems indfcates how the  mute  structure was 
for  greater flexibility while others were deleted  for  lack of usefulness. 

expanded t o  eliminate  congestion in the termia6L areas. 

The air route  structure used i n  Phase I11 IS shown i n  Fig. 12. 

Definite t r a f f i c  flow  improvirmanl; i n  handling satisfactorily a 

route  structure mainly because it prodded for independent departure and 
t r a f f i c  load 85 per  cent above present densities was acheved  with t h i s  

arrival  routes  to  the ma~or terminal  meas. 

Tacoma kn ic ipa l .  

r e s t r i c t ive   t o  westbound departwre aircraft f'rom McChord AFB, reqdring 
coordination  for each of these flights between arrival and departure 
controllers. 

As shown in Fig. 12, the  location of Tacoma Municipal w&8 

westbound departures from Seattle, and limited  severclythe radar vectoring 
The 003" magnetic runway alignment a t  Tacoma W c i p e l  restricted 

area from the Harper intersection  to  the  Seattle south outer marker, as 

t h i s  radar vectoring  area, and the 003' alignment at Tacoma Municipal 
shown m Fig. 16. The north boDndary of the NcChord mea presently  restricts 

redueed this area and necessitated  altitude  restrictions which complicated 
the  operation  into SEATAC. 

The seeond runw elignment tested WBS 348" magnetic. It was 
necessary to change the alignment approxbately 15" because the water area 
between Vashon Island and the a i r p o r t  sxte  precludes  the  possibility of 
placing am outer m k e r  between 348" and 003" m e t i c .  As shown in 
Fig. 16, the  348" -tic a l i m e n t  was less rest r lc t ive  to   Seat t le  
approach controllers because it pmvPded approximately 2 mles gf addi- 
tional  vectoring  area. This was considered t o  be the  easterly 
alignment acceptable from an air traffic  eontrol viewpoint. 

"he third runway aliment t e s t  was 336" magnetic, placing it 
p a r a l l d  with the instrument r u n w a y  at &Chord. As s h m  in Fig. 16, t h i s  
a l i m e n t  VBB the most efficient fYm an air t r a f f i c  control standpoint  for 
the following lemons: 

1. It provided the m a x h m  radar vector  area  for  Seattle approach 
control 

2. It provided the  best  solution f o r  e s t a b l i w n g  Tacoma Municipal 
operations lsdependent of Seattle. 



Mungcipal and McChord. This woad become a n  Importent factor when opera- 
t ions at Tacoma Municipal increase to that  of a major terminal. 

3. It provided simurltanewas, inder-endent arrival operations a t  Tacoma 

Seatt le AR'R: - 
t o  previous systems tested. The preferential  route system provided improved 
departwe and m i v a l  routes which sirnplifled  the use of radar procedures. 
The barpass routes  eliminated  traffic  congestion over Seatt le and expedited 
the w a n t  of arrivals and departures i n  the Seattle  terminal  area. 

The Shelton VOR area was congested by high-dt i tude  t raff ic  

The over-all operation of the Phase I11 route  layout was superior 

proceding  to  terminals north of Seattle. However, i n  actual practice, 
much of the workload required in these  tes ts  would be absorbed by high- 
altitude  sectors. This workload c o d d  be reduced further by the  segregation 
of departures and arrivals un&er the  jurisdiction of two controllers. "mc 
Saa personnel limitations prevented any attempt t o  .alleviate t h i s  @rOblem 
during the  simulation  tests. 

indicated  that this route structure w a s  capable of  accommodating a high 
t r a f f i c  wolme and w a s  extremely well suited to   t he  use of radar procedures. 

The opinfons of the controllers who participated in this study 

SEATAG, Boeing, and S a r d  Point. 

phase 11. 
The departure t r a f f i c  flow basically was the same as  that used in  

accomplished i n i t i a l l y  from Harper, Kitsap, and the  Seatt le VOR, u t i l i z ing  
Radar vectoring t o  f i n a l  approach for north landings was 

the vector  mea west of the  Seattle IIS courseD This proved t o  be restric- 
t ive  for the reasons  described in Phase 11. Simulation  studies  indicated 
that it was feasible  to  vector  arrivals from both  sides of the 3% course as 
&om In  Fig. 14. The descent  area f r o m  the VOR holding  pattern'was usable, 
although sumeuhat restricted.  Figure 17 shows a suggested meens of increasing 
the  size of t h i s  vector  mea by mnng the  Seattle VOR qpmximately 4 miles 
east of the  location used i n  Phase 111. This would not  affect departures 
adversely and would provPde more axea for vectorhg from dual stacks. Air- 
c raf t  from Kitsap  then could be  cleared to   e i ther  holding pattern  for 
subsequent vectoring t o  final approach. 

with one controller  vectoring from Harper and another controller  vectoring 
South landings at these a i r p o r t s  were controlled  satisfactorily, 

fror~ Kitsap and the  Seatt le VOR, as shown In Fig. 13. 

k C h O r d .  
Wing t h i s  phase, McChord RAPGON continued t o  operate  as an 

epproach control  facil i ty.  

arrival flow a t  UcChord and permitted  segregation of Tacoma Municipal t r a f f i c .  
However ,  the Fort LerJis restricted area precluded the  possibility of 

Clearance limits established at Rainier d Fuget hproved  the 
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eatabhsMng  clearance limits i n  more desirable  locations. The Puget clear- 
ance lidt provided a method for vectormg from both sides of the final 
approach course for south landlugs as shown i n  Fig. 13. 

pl The departure  vector  mea between McChord and Carbonedo was 
lncreased because of the  relocation of Airway V23. This provided more area 

r d n  clear of V23. 
on the  east  aide of McChord for departure aircraft t o  climb unrestricted and 

Westbound depmtures f r o m  McChord required  close  intra-agency 
coordination because of t r a f f i c   a t  Tacoma Municipal. 

Jet  penetrations and ADC j e t  recoverifh were accomplished from 
Toledo VOR as shown in Fig. 12. This proved t o  be advantageoua and allowed 
unrestricted  descent d e r  radar control. 

Paine and Whidbey Island. 
The route  structure wed UI t h i s  phase provided these  airports 

with  a much improved t r a f f l c  flow system. 

The straight-in TACM Jet  penetration at Paine was considered t o  
be  the m e t  desirable approach mth tlus route  structure. 

coIicLwsIoIis 

1. Excessive coordination i s  a limiting  factor  to IFR operations in 
the  present system. 

are poorly located and the  vector  areas  will3ot accommodate predicted 
t r a f f i c  volwme. 

2 .  The present  clearance  lirmts in the Seattle-Tacoma teralnal  area 

3. In  Phase I, the  route for eastbound departures t o  a f i x  in the 

preferential  routes can be implemented. 
vicLnity of Monroe is usable a8 an interim procedure unt i l   the  Phase I1 

4. The present  route  structure is inadequate and lb i t s  the Center 
radar capabilities. 

5. The Phase 11 route  structure and preferential one-way route system 
I s  m r e  compatible with radar  procedures  than is  Phase I and wil l  
acc-ate increased t r a f f i c  volwne. 

&Chord approach control  area  before implementing Phase II. A suggested 
method of accampllshing this is shown in Fig. 6. 

6. Consideration should be given to including  the OlynrBia VOR In the 

7- The AM: climb corridor at &Chord is  less   res t r ic t lve   to  IFR 
operations i n  Phases 11 and I11 vhen placed on a heading of 336" magnetic. 
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8. Operational  procedme should be considered. which wotlld permit jet 
recoveries froIll Boquism t o  NcChord AFB 'to cross Vgg as low as 15,000 feet  i n  
Phase II. 

provides good preferential  routings  that  are  adaptable  to  either  radar or  
nonradar procedures, 

9. The reversal of t r a f f i c  flow south of Seatt le in Phases I1 and III 

10. The clearance l d t s  in the Seattle-Tacoma terminal mea provided 
improved. radar vector  areas in Phases I1 and 111. 

11. The bypass routes that were implemented al leviated  t raff ic  congestion 
wer   Sea t t le  and expedited t r a f f i c  movement throughout the area simulated. 

12. "he base of the  restrzcted  area west of Seattle (R-241) i s  a limiting 
factor  t o  IFR operations and becomes progressively more restr ic t ive with the 
advent of conmtercbal j e t  aircraf't. 

possibil i ty of locating satisfactory clearance limits in the kilcchord approach 
control  area, 

13. The Fort  Lems restricted  area (R-503, R-504, R-505) precludes tbe 

14. The  recomaended location of the  Seattle VOR, &B ehow Fn Fig. 17, 
w a d  provide Seatt le approach control v i th  a m r e  usable  vector  area  east of 
the airport  for   a r r ivds .  It also would provide mre   f lex ib i l i ty   for  McChord 
departares en mute t o  Carbonado and Swanson. 

expedited IFR t r a f f i c  m-ts. This type of facVi ty  be necessary to 
15. The  common IFR loom concept simplif&ed  controller eoo+ation and 

proW#ed by the  activation of the proposed Tacoma Hvpicipal Airport. 
M e  the  iacreased  complexities of t e m n a l  area-coh&lrill-?bh wlllllbe 

16. The Phase 111 route  stracture  refined and im@roved the Phase 11 
system without ch- the  preferential  route  pattern. 

R E C O J @ ~ T I O N S  

1. Implement the  radar  departure  route t o  Monroe as an interim 
pmcedwe ko exgedite eatltbomd departures. 

2 .  Bnplement the Phase I1 r a t e  structure and preferential  route 
system at  the  earliest  possible  date. 

3. Retain the &Chord RAPCON area and operations Ln the  initih 
changeover to   t he  Phase I1 system. McChord RAPCON should continue  present 
operations =til the  Seattle ARTC Center radar has beacon capEmility end 
controllers have attained sufficient radar experienae. 

4. Remove the  departure radar scope from SEA!lW Tover and place it 
adjacent to  the arrival scope in the downstairs location. 
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5. SEATAC approach  control  should  assume  jurisdiction of IFB traffic 
at Sand Point It& as soon as practicable. 

336' magaetic he&% when  Phase I1 is implemented, Condderation  should 
be given to placement of the  corrldor  beginning  at  the end of the rnnvay 
instead of at  the  control  zone boundary. 

6. m e  AX! jet7climb  corridor  at McChord should  be  realigned on a 

7. If the Tacoma Hunicipal Airport i s  developed on the  peninsula  site, 
it is  r e c e e d  that  the m w a y  be  aligned  parallel  with  the  instrument 
runway at M c C h o r d .  With  this  alignment,  the  trafflc  at the higher  density 
a i rpor ts  would be  less  restrictive  to  lncreases in traffic volume at  Tacoma. 

8. Study  the  usage of the Fort Lewis restricted  area to detellPine 
whether any one or a combination  of  the following could be accomplished- 

a. Remrne all restrictions. 

b. Loner  altitude  restrxctions. 

C. Reduce  size of area. 

9. Raise  the  lower  limit of restricted  area B-241to a m i n m  of 
21,000 feet  to  accommodate  air  traffic  at  altitudes of 20,000 feet and 
below. 

10. Action  should  be  started  to  implement  the  route  structure  or 

be iqplemented 5aduaLly as facilities are  provided Fn the  area  with no 
sbilar structure  as  described  for  Phase 111. l b s  route mangement can 

change in the  basic  traffic flow of Phase 11. 



19 

TABLE I 

DISTRIBUTION OF AIRCRAF’T I N  T R A F F I C  SAMPUS 

Phase I No. Arrlvds 
Alrport 

McChord 
Seattle-Tacoma 
Boeing Fleld 
sand Point 

Midbey  Island 
Paine  Field 

Phase I1 

McChord 

Boeing Field 
Seattle-Taroma 

Paine  Fleld 
Sand Pomt 

Whidbey Island 

Phase III 

McChord 
Seattle-Tacoma 
Boebg  Fleld 
Sand P o m t  
Paine  Field 
Whidbey Island 
Tacoma Peninsula 

Per Eour 

16 
12 

2 
5 

4 
3 

16 
14 

2 
5 

4 
3 

17 
20 

7 

4 
5 

5 
6 

SUMMARY 

No. Departures Total Traffic 
Per Eour Per Hour 

20 
13 
4 
2 
3 
5 

20 
14 
4 
2 
3 
5 

22 
21 
7 

4 
4 

6 
5 

Phase 
Total a1rcraf-t 
Approxmate rmFng time 

Percentage or Je t  aircraft 
Increase over present t raff ic  density  (percentage) 

36 
25 

9 
4 
7 
8 

28 
36 

9 
4 
7 
8 

39 
41 
14 
9 
8 

11 
11 

I 
169 

I1 
177 240 

III 

2 hr. 2 hr. 2 hr. 
30 35 85 
35 35 35 
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WLE I1 

LOCATION IDEmTIZTERS 

Astoria VOR 
Annette  Island,  Alaska 

Auburn  Intessection 

Bandera  Intersection 
Black Dxamond Intersection 
Boeing Fleld, Seattle 
BellFngham,  Wash. 
Boise,  Idaho 

Camp  IntersectLon 
Carbonado  Intersection 
Case  Intersection 
Cle ELm Intersection 
Ch&ehs-Centralia A i r p o r t  
Clinton  Intersection 
Cumberland  Intersection 
Colorado Sprlngs, Colo. 
Castle  Rock  Intersection 
Cheyenne, Wyo. 

Denver ~ 6010. 
Dungeness  Fan  Marker 
The Dalles,  Ore. 

Easton  Fan  Marker 
Wenatchee Alpsort, Wash. 
Ne& Bay, Wash. 
Elmendorf AFB, Alaska 
Ellensburg , Wash. 
Everett,  Wash 
Ephrata,  Wash. 

Fairbanks,  Alaska, Ladd AFF! 

Geiger  Field,  Spokane,  Wash. 
Malmstrom AFB, Great  Falls, Mont. 
Graham  IntersectLon 
Gordon  Head,  Canada 

Harper  Intersection 
Hobart Fan Marker 
Hill Field AFB, Ogden, Utah 
Honolula 
Boquam, Uash. 
Harbor  Island Fan Marker 
Humphries Intersection 

Wtsap Intersection 

m 
AUB 
AST 

BAN 
BDI 
BFI 
BLI 
Bo1 

CAM 
CAR 
CAS 

CLS 
C W  

CMB 
CIX 

cos 
CRK 
CYS 

DEN 
DGS 
DLS 

EAN 
EAT 
EBY 
EDF 
m 
Em 
m 
FBK 

GEC 
GPA 
GEM 
Go 

HBT 
HAR 

HIF 
WTL 

HRI 
HQM 

HUM 

M T  
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TABLE PI (eontlnued.) 

LOCATKIN IDENTIFIERS 

Lo5  Angeles,  Calif. 
Lebm IntersectLon 
Lapsan AFB, Wash. 
I a w y  AFB, Denver,  Colo. 
Nellfs AFB, Las  Vegas,  Nev. 
L o w 1  ew, Wash. 

MeClellan AFB, Sacramento,  Calif. 
M u d  Lake  Intersection 
Midway Airport, Chicago, Ill. 
Castle AFB, Merced,  Calif. 
Medford, Ore. 
Mm’tora  Intersection 
Mosspock Intersection 
hmeapolis, f i ~ ~  
Movmt Stuart  Intersection 
Mowt Vernon  Intersection 
Monroe  Intersectlon 

Sand Point NAS, Seattle 
Alameda NAS, Calif 
Miramar NAS, San Diego,  Calif. 
Nellton  Intersection 
BuGlrley NAS, Denver, Colo. 
Loa Aldtos NAS, Calif. 
Point Mugid NAS,  Calif. 
Olathe  NAS Kan. 

Oakland, Calif. 
Olympia, Wash. 
OntaPao, Calif 

Paekwood  Intersection 
Paine AFB, Everett,  Wash. 
Portland, Ores 
Peninsula Airport, T a c m ,  Wash- 
Palmer  Intersection 
Port Interseet~on 
Port Gamble  Intersection 
Pasco,  Wash. 
Port Madason 

Pwdy Intersectlon 
et  Intersectlon 

Puydlup Wash 

Queen  River  Intersection 

Red BltafT, Calif. 
Ellsworth AFB, Rapid  City, S. D. 
Rochester  Intersection 

LAX 
LEE 
m 
LRY 
LVS 
LVW 

NICC 
MDK 
MDW 
MER 
m 
M2R 
MOS 
MSP 
MTS 
MYN 
MWG 

NEJ 
NGZ 
MKX 
NLT 
WE 
IBm 
NTD 
m 
OAK 
OLM 
ONT 

PAC: 
PAE 
PDX 
m 
PLM 
PRT 
PRW 
PSG 
PTA 

PUR 
PUG 

P W  

Qm 
RBL 
RCA 
RCH 
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TABLE II (continued) 

LOCATION DENTITIERS 

Ranger Creek Intersection 
Renton In'tersection 
March AFB, Riverside, Calif. 
Rolling Ef+y Intersection 
Rosedale  Intersection 
Rainier Intersection 

Sacramento, C a l l f  
Salmon Intersection 
Seattle-Tacoma braternational Airport 

Shelton REIH 
Farchild AFB, Spokane, Wash. 
Hamilton AFB, Calif. 
Sunrfse  Intersection 
Swaman %atersection 

&Chord AFB, Tacoma,  Waah. 

Taylor Intersection 
Toledo,  Wash. 

Branerton Intersection 
Vancouver, Bntish Columbia 
Vashon Intersection 

White Pass Intersection 
Winlock Intersection 
Warm Beach  Intersection 
Wdbey Island MAS, Ault Held, Wash. 

Patricla Bq, Canada 
Y a k l m a ,  Wash, 

s a  Fpanasco, Calif. 



INNER  PATTERN  PRESENT TSO-NZOA HOLDING 

OUTER  PATTERN  AREA ASSUMED FOR  SIMULATION  TESTS 

ALL DIMENSIONS ARE IN STATUTE MILES. 

AREA  FOR  I-MINUTE  PATTERN. 

FIG. 1 HOLDING  AIRSPACE  RESERVATIONS 





FIG 3 CONTROL ROOM SETUP  FOR  TYPICAL AIR ROUTE CONTROL SECTOR 













FIG 9 CONTROL  ROOM  SETUP  FOR MCCHORD RAPCON 



FIG. 10 CONTROL ROOM S E T U P  FOR PAINE,  WHIDBEY,  AND  SEATAG 
APPROACHCONTROL 



FIG 11 EQUIPMENT  ARRANGEMENT FOR COMMON I F R  ROOM 
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MC CHORD  SEATAC  BOEING SAND POINT MC CHORD SEATAC  BOEINC SAND POINT 

ARRIVALS  DEPARTURES 

FIG. 15 EFFECT O F  CONTROL SETUP ON ALRCRAFT DELAYS - PHASE I1 





SEATAC 

\ 
BOEING 
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\ 
SITE  ASSUMED 
FOR  SIMULATION 
TESTS 

SEATAC 

\ BOEING 

\ 
RECOMMENDED 
SITE  PERMITS 

/ LONGER  BASE 

FIG 17 RELOCATION O F  S E A T T L E  VOR 


