
TECHNICAL DEVELOFHENT  REPORT NO. 333 

An TF,@FIC SMULATION  TESTS 

W.4SHINGTCN SUPPLEMEPUG LIEPORT 
CIF THREZ ROPOSEJ SITES FSrR THS 

AIMINISTRATIVEZY  RESTRICTED 

FOR LImITID DISTRIE'JTTON - - 

by 

T.  E. Arnour 
D.  S. Sch lo t s  
T.  K .  Vickers 

Navzgatlon A l d s  Evaluation Dlvls lon 

R. E. )!Iller 

The F r a n k l l n   I n s t l t u t e   L a b o r a t o n e s  f o r  
Research and Development 

CTVIL AERONAUTICS  ADMINISTRATTON 
I t \ ;  TECH€EC& DEVELOPMENT CENTER 

II~TANAPOLIS 21, INDIANA 



AT3 TRAFFIC SINnATION TESTS 
OF THREE PPOPOSED SITES FOn THE 
WASHINGTOM S‘JPPL?PlENTAL AIRPORT 

sm4mnY 
Thls repor t  describes a s m u l a t l o n   s t u d y  o f  l n s t m e n t   f l i g h t  

r u l e  operation a t   t h r e e  proposed s l t e s   f o r  a supplemen$al c l v l l   a l r p o r t  

Belmont Bay, Burke, and C h a n t l l l y   s l t e s  were  lnvestlgated,  u s m g  t r a f f l c  
In   t he   Washug ton ,  D. C .  area.  The a l r  t r a f f l c  f1.m chai-acter ls t lcs  of t h e  

t o   d e t e r m n e  wnlch s l t e  xould he most des l r ao le   f rom  the   s t andpo~n t  o f  a l r  
samples   forecast  for t h e  1960-!96< penod.  The purpose  cf   th is  study was 

trz€fclc  control,  All tests  were  conducted  through  use of t h e  dynamlc a l r  
t ra f fw slmulat,or a t   t h e  G A L  Technlcal  Development  Center. 

E v a l u a t ~  on c r l t e r l a   I n c l u d e d  : (1) o-Jer-aL1 t e r m n a l - a r e a  
t r a f f l c   c a p a c l t y ,  as 1nd1 cated  by a r 3 e r t   P c c e p t a c e   r a t e s  and d e J  zy data  
under two opposlte  rnnd  cendltlons, ( 2 )  ease of control,  as ref lected  by 
comnlunicatlons  measureaeL,-& as well   as   the  subJect lve  oplnlons G f  t h e  tes t  
con t ro l l e r s ,  and ( 3 )  cemparatlve  route mileages. 

h i g h e s t   I n   e f f l c l e n c y ,  as th l s   conf lgura t lon   7erml t ted  a sustained hlgh 
Resul t s   ;na ica t ,ed   tha t   the   Chant i l ly  s l te  consls tent ly   ranked 

Alrport ,   regardless  01 m z d  cond l t~ons .   A l though   r e su l t s  :ndTcated t h a t  
accepcance r a t e   r l r t u a l l y   I n d e p e n d e n t  of a c t l v l t y  a t  Wash] ng ton  Natlunal 

t h e  Burkc SI t e  would be usable,  mntLal  Interference  between t r d f l  p. p a t t e r n s  
a t  Burke and Xat lona l   h rpor t s   reduced  tie over-al l   acccptance  ra te ,   par-  

I n  a souther ly  direction. The Belmont gay s l t e  proved t o   b c   l e a s t  efficient, 
t l c u l a r l y  when mnd  concht lons  requlred  takeoffs  and l a n d m g s   t o   b e  m<dE 

c h l e f l y   d u e   t o  I t s  awkward l o c a t l o n   I n   r e l a t l o n  t o  Restricted Areas 37 and 

Nat lonal   Alrport .   These  res t r lc t lons  requlred  the use of extremely 
38, as well as i ts  p rox lml ty   t o   t he   fma l   app roach   cour se  a t  Washlngton 

c l r cu l tous  fl:ght paths,   producmg a hlgh  rontroller  workload and a 
reduced  acceptance  rate  under a11 mnd  condltlons.  

I m O D U C T T O N  

The obJect ive o f  t h l s   p r o J ( ? c t  was t o   a n a l y z e   t h e  a l r  t r a f f i c  
flow c h a r a c t e r l s t l c s  of th ree   p roposed   s l tes   for   the   hashmeton   Supplementa l  
A w p o r t  I n  order   to   de te rmlne   the  functional advantcgm of Each, and thus 
c s t n b l ~ s h  a firm bas l s  f o r  t h e   s e l e c t l o n  of a s u i t a b l e   s l t c .  

Increased c l v l l  t r a f f i c   I n   t h e  Washlngton D. C . ,  area  has  been  glven 
The event,ual need f o r  a snpplcmental airport t o  handlc: 

-gas s t a r t e d   I n  1939. A f t w  a s tudy of s eve ra l   poss lb l e  s l t e s ,  t h e  CAA 
scrlous conslderatxon  by  the CAA evor  slnce  the  Washlngton  National  Alrport  

acqulr td  l,O,’O acrcs  of land  near Burke, Vlrginla,  f o r  f u t u r e   a r p o r t  
development. I n  19‘2, t h e  CAA Technical  Development  Center (TDC) was 



2 
requested t o  make a s lmulat lon  s tudy of t h e  proposed  Eurke s l t e   f o r   t h e  
purpose o€ dctcrmning  thc  most  sultablt :   arrangelnent of n a v l g a t l o n   f a c l l l t i c s ,  
f h @ t  routes ,  and a l r p o r t  runways. 

i t esu l t s  of t h i s   skady l   l ndzca ted   t ha t   t he  operatlen of R u k e  
h r p o r t  would tend to   r educe   t he   ~ms t rumen t   f l l gh t  rule (IFR) t r a f f i c  
capacl ty  of Washlngton  Natlonal  Alrport .   Also,   they  lndlcated  that   thc 

1nstruruc t lading system  (ILS) runw2y d l g m e n t  p a r a l l e l   t o   t h e  TLS run -  
ope(-atlon of Burke h r p c r t  could  be  improved somewhat b y   s h l f t m g   t h e  

way a t  Washington Natlonal  Alrport .   Thls c\an,:e wes made on  thc  englncering 
dramngs  but   the   proJc.ct   remancd  dormant   due  to  a l ack  GL" devclopmcnt funds. 

I n  1954, TDC was rcqucs ted   to  make a s l m u l a t ~ o n   s t n d y   t o  
d c t m n n e   t h e   c f f c c t s  of c nvcr t lng  Andrews F x l d  f o r  use a3 a supplcmcntal 
c l v l l   a l r p o r t .   T h l s  sL,LI~' lnd lca tcd   tha t ,   f rom  the  a r  t r a f f l c   c o n t r o l  
s t andpo in t ,   t h l s  s o l u t i o n  wozlld be   sa t l s fac twry ,   assumlng  tha t   the  m11ltaz-y 
Lra f f l c  dexacd  rcmalned smalL. 

Ibicanwhll?, t h e  c:nstln;: Ba l t lmorc   F r l cndsh lp   h rpo r t  was 
proposed f o r  use as a sqplcmental   Washmgtol  alrpoL-t. I n  1Y57, t h c  
Techmcal De-~el.opmont Cen:cr was requsgujlb t o  nn:,trtake a s imulzt lon  s tudy 

l a t i o n   s t u d y   t o   d e t e m l n c   t h e   o f f c c t s  of e s t a b l l s h m g  a n a v a l   a l r   s t a t l o n  
of t'ns optratlon.  Thls  prozect  vas  csnducted  concurrently m c h  a s m u -  

near  Davldsonvllle,  Maryland. 

Results of t he   Bd t lmore  study3 mdlca ted   the t   the   Increased  

buoy  Ycrk-Washln&on alrway r o J t e s .   L a t w ,  a C k i l  t r a f f l c   f o r e c a s t  
opcratlons a t  F r l c n d s h l p   L l T o r t  would requlre   c l rcui teus   rsrout ln: :  of t h e  

mdlca t ed  tha t  Fr lendshlp would be   unTJl ta3 le   for   cons ldera t lon  2s a 

would b e   f u l l y  used f c r   t r a f f i c   gene ra t ed   by   t he   Ba l t lmore   a r ea .  
supplemental   alrport  f w  Was:zlnston b e c a u x   w l t h l n  a few  year3 Its capacLty  

"Prclmnnnary  Study of Trafflc  Control  Systems f o r  t,he  Washington 
Supplenantal  A1 r p o r t  Uslng S l m l a t l  on Techniques,  Techrncd  Dcvelopment 
Report No. 187, Nwenbcr 1952. 

IC, P I .  Andcrson, F a  S. McKnight, T. K. Vlckers, and Pi. H. Yost, 

2C. Pia Anderson and T .  K ,  Vlclrers,  -Dynwlc  Slmulatlon  Tests 

Termlnal Area,"  Technlcal  Dcvelopment  Report No, 237, Lay 19%. 
of Scviral  Proposed  DuC-Alrport  Trafflc  Control  Systems  for  Washmgton 

3C, M. Anderson, T.  E. Amour, A. E. Johnson, and D. S. Schlots ,  

T r a f f l c  Densltles,Il Techmcal Development  Report No. 316, July 1957. 
"Dynammlc Slrnulatlon T,sts of Balltmore  Frlendshlp Au-port a t  Incrcascd 
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Results of t h e   D a v ~ d s o n v ~ l l e  stud$ polnted up t h e   c r l t i c a l  
shortage of usable   a l r spacc  I n  the   a rea ,  due p a r t l y   t o   t h e  l a r g e  al1ocat;tlons 
of a l r s p a c e   f o r   m l l l t a r y  and n a v a l   r c s t r l c t e d  arras. The s l m u l a t l o n   t c s t s  

wclrld h n e  a c r l t I . ca l   c f fcc t  on A n d r t w s  Fleld  operat lons.  As a r e s u l t  of 
a l so   lnd lca ted   thd t  a mcderate amount of IFF? a c t l v l t y  a t  Davldsonvillc 

t l l es t   t cs t s ,   thc   Davldson-n l lc   p roJcc t  was ahidoned  and arrangements  werc 
s t a r t e d   f o r   t h e   J o m t  use of BndrLzs F~.eld by t h t  Navjr and  AI^ Force.  Thls 
prospect,   togc%her  rnth  IncreFsed Alr F o r c e   f i l g h t   a c t l v l t y ,  made Andrcws 
F l c l d   u n s u i h o l e   f o r   c o m l d c r a L l o n  as a poss lb l e   supp lemen ta l   a l rpo r t   s l t e ,  

Burkc,,  and Chant11 ly. 
m d  thus  narrow6.d t h e   s c l c c t l o n   t o   t h r e e  main p o s s l b z h t l c s ,  Belmont Bay, 

wh~ ch wo~l ,d  requulre mnv?:rs longcr  tian those  aval lablr   a t   ldashington 
The  impcrldlrz  operatxon  of l a r g e  commercial  et t ranspor t s ,  

N,-t:onal ATzlport, spurrcd t h e  nced f o r  a f m a l   s e l e c t l o n  of a s u l t a b l e   s l t e .  
DJrlng  the suinmer of 195’Tj t h c  Congress appropriated 512 m>l l lon  t o  bcgin 
t h c  dcveloTment of a s ~ p p l c a e n t s l   z l r p o r t ,  and Gencral E. R .  Qncsnda, 
Spcclal  Assistant t o  the   Fres idcnt ,  was a s s q n e d  t,he task of ycparln!:  

T o  a s s l s t  i n  e a t h c r x g  the   necessa ry   f ac t s  fsr a dccis lcn,  a consulting 
a formal recornmendat~on t o  the i’resldent rcgardlnt ;  t,he cholcc of a s l t e .  

flrm was engaged t o  study the  cnglneer lng and economlc aspccts ,  m d  t h c  
Tcchnlcal Development  Center was rcquested t o   s t d d y   t h e  a r  traffic aspccts  
of t n e  problem. 

Haps of t h o   t h r e e   a l t e r n a t e   a l r p o r t  layovts were  secured 

were   d6 tmled   t o  t h e  TDC scaff f o r  t h e  d~ra t t l sn  of t h e  t e s t s .   A r t u a l  
from the   Of f l ce  of Alrports ,  and a n d m r  of add l t i cna l  control   personcel  

sxmuiat l in   mns  wcre  s tar ted on October 1, 1957. Twenty-fou? s lmulat lon 
runs, m c l u d m g  1,715 l n d l r n d u a l   f i ~ g h t s ,  were  cempletcd  durJng  the ttst 
pcrlod. 

TEST  ASSUMPTTONS 

Radar and Communlcations  Covcrage. 

Washzngton h t m n a l   P l r p o r t ,  and t h a t   d l r 6 c t  &-/ground a l r  communlcation 
coverage would be  ava1Labic m t h l n  a radlus of 70 nau t l ca l  mlles nf t h e  

would be   poss lb le  n t h  a l l  arcraf t  operatmg  under instrument f l i g h t  
r u l e s   m t h l n  t h l s  area. 

Control of C l n l  J e t  Aircraft. 

t h e  supplcmtnta l   a l rpor t ,   bu t   no t   a t  Washington Natlonzl.  It also was 
assumcd tha t   such   axrcraf t  would be a b k  t o  hold   for   shor t   pcr lods  a t  low 
a l t l t u d t s ,  If necessary, I n  a manner s l t n l a r  t o  p rope l l e r   (p rop )   a l r c ra f t .  

It vas assumed that  dependable  prlmary o r  secondary  radar 

I t  was assumed t h a t   c i n l  J C %  operatlons would bc   handkd a t  

and T .  K, Vickers,  IfSimulazisn  Tests of IFR Cperatlons a t  t h e  Proposed 
k .  M. Andcrson, T. E. Amour, A. B. Johnscn, D. S. Schlots,  

D a n a s - n v l l l c  Naval Alr Stat ion,”   Techrucal  Developmcnt  Report NO. 315, 
June 1957. 
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J e t   a r r l v a l s  were cle,ared from a l t l t u d c s  o€ 20,000 mean s e a  level  (IISL) 
and above by t h e  a n  route  controller a f t c r  rader contact  was establ lshcd,  
usually  bctwccn $0 and 20 ml lcs   f ron   tho   t e rmmal  area. P i l o t s  were 

whlch would pcrmlt, t h c   a l r c r n f t   t o  rcmaln m t h l n  the   confmcs  qf t h e  TSO 
rcqucs tcd   to   r tduce  speed, l n  ordcr t o   e n t t r   t h e  t e rmmal   2 rca  at  a spe6d 

holdmg  a l r space   a rea  If m y  holdlng was nccessary.  Holdlng altitudes varlcd 
bctwctn 5',030 and 10,000 MS!,, dcpendlng on t r d f i c  congestlon; In most 
cases   the   ho ldmg delays were quite shor t .  A t u m n g   r a t c  o f  1 l j 2 "  
per stcond was ussd by Jets a t  all a l t l t u d c s .  

T ra f f l c   Smples .  

Sampl? I, whlch was ussd I n  t h e  air route   s tud les ,  had ;.n Input  of 100 

p r c s c n t   t r n f f l c  acd e s t lnn tc s  of f u t u r e   t r a f f l c ,   t h l s  sample was used as 
arrivals and 100 d e p x t u r e s   m t h m  a p e n o d  o f  2 hours. Hascd on hoth 

the   bas l s   fo r   s lmu la t lon   rvns  Nos. 1 through 15. 

Two b a s i c   t r a f f l c   s a n p l e s  wcre used 1.n the   s lmula t lon   s tudy .  

capacl ty  tests. It comprlscd 5'0 ar r~v; . l s  mth2.n a 1 1 / 2  -hour   pa- lcd.  
Table I ShObrS t h e   d l s t r i b u t l o n  of a l r c ra f t t ,  bx ro?ltes and speed c a t e p r l c s ,  
I n  both  samples. Table 1: l i s t s  the. f l l g h t   c h a r a c t e r l s t l c s  assumzd f o r  
t he   va r ious  categories of a r c r a f t   t y p e s  used I n  t h e s e   t c s t s .  

Use of Andrcws F le ld ,  

t a r g r t   c a p a c l t y  d l d  not  pcrm-Lt a concurrcnt  study of Lndrcws F l d d   p r o -  
blems;  hcwcver, d l  thL  supplemcntal n l r p o r t  s l t c s  Involved m t h l s   s t u d y  
WC-TE wes5 of  the  Idashlngton  Natlond  Alrport ILS l o c a l l z c r   c c u r s e  and c l e w  
of t h e  Andrews Flc ld   a rea ,  Ir s c t t l c g  up r m t e s   f o r   t h e  vcarzT1ous systcms 
s tudled,   care  was taken   to   avcrd   e rc roachmg on t h e   a r c 2   p r c s c n t l y  blocKcd 
f o r  Andrews approach   cont ro l   cpera t lons .   In   these   t es t s ,  It was assuncd 
t h a t  a s l n g l c  s lde   s t ack  f o r  Andrews approach  control wcs establ lshcd l n  
t h e   v l c u n t y  of Croom, and t h a t   a l l  Andrcws zpproaches  were mag6 t o  
Runmy 36. 

Usc of  Res t r lc tcd  Ar'cas. 

por t lons  of t w o  r c s t r l c t e d  areas whlch p r e s e n t l y   a r c   a v a l a b l e  f o r  f l l g h t  
optrztlons  most of the   t lme st111 would be   ava l iab le   a f tc r   thc   supplementa l  
a r p o r t  1s cstabl lshed.   These  port lons  mcludc:  (1) the   nor th  end of 
S t s t r l c t e d  Area No. 38 ly lng   nor th  of a h n e  f lve  s ta tu te   ml les   south   o f ,  
and para l le l  to ,  a l lne   conncc t lng  t h e  Quant lso Range and the   Chmlo t t e  
H a l 1  hcmmg f a c l l l t y ,  ( 2 )  the   south  end  of Restricted Ama Vo. %, 
including and lylng  south o f ,  Red Anway 17. 

S a p l e  I1 was a hlgh-dcnslty arrival srmple  vscd I n   t h e   a l r p o r t  

The t l m e   a l l o t c d   f o r   t h l s  program m d  t h e   l a c k  of simulator 

For  the  purposo of t h c s e   t e s t s ,  It was  assumed t h a t   t h e  

N;.vlgatlon A1 dm. 
It w3s assumed tha t   su f f l c l en t   ve ry   h lgh   f r equency  (VIP) 

navlpat lon  a lds  would be   ms td lcd   t o s supp ly   t he   rou te   s t ruc tu re   necessa ry  
f o r   t h e   o p e r a t l o n  of e l t h c r  system. 
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E V f i U A T I O N  CRITERIA 

Trafflc  Capacity.  

i t s  capacl ty ,   or   acccptance  ra te ,  I n  operat lons  per   hour ,  Unllkc previoue 
s i m u l a t ~ o n  programs,  one alm of t h i s  program was t o  set up f low  pa t t e rns  
whlch would permi t   cach   a l rpor t  t o  m a n t a l n  maxlmum capaclty  under two 
approxlmately  opposlte  mnd  dlrections.   Thls  concept was adopted  because 
it was r e a l i z e d   t h a t   s c h e d u l e   r e l l a b l l i t y  m l l  become increasingly Impor- 
t a n t  when Je t   speeds  and J e t   ope ra t lona l   cos t s  n r e  cons~dered;   therefore ,  
It bnll become even  more necessa ry   t ha t  a n p o r t  capaclt ies  remnln con- 
s i s t e n t   r e g a r d l e s s  of t h e   d i r e c t i o n  of t h t  prevailing wind, For th l s   r ea son ,  
conslderable  study was g i v e n   t o  the use  of a second  operat ing  dlrect lon  for  
e r r h   a x p o r t ,  and t h e   a b i l l t y  of e i t h e r   a r p o r t   t o   s h i f t   o p e r a t i n g   d i r e c t i o n  
mdepepdently of the   o ther .  

Thc most  Important  functional  mdcx of a i r p o r t   e f f l c l e n c y  1 s  

on the number of Independent   f l igh t   pa ths  whlch  can funct lon  smmltaneously,  
A s  the   over -a l l   capac i ty  of a t r a f f l c  system  depends  considerably 

mize t h e  amount of m t e r f e r e n c c  bctween ampor ts   by   keeplng   the   rou tcs  
another a m  In  s e t t i n g  up t h e  rou te   sys t ems   fo r   t hese   t e s t s  was t o  m l m -  

t o  each  a l rport  as mdependtnt of the routes of t h e   o t h e r   a r p o r t   a s  
poss ib lc .   Thls   in   tu rn   t ended   to   keep   the   cmblned   te rmina l -a rea  
acceptance   ra te  a t  a manmum. 

Delays. 

a r c r a f t   d e l a y   d a t a  form a s o r t  of inverse  I n d e x  of t r a f f l c   c a p a c l t y   I n  
For  repeated runs of t h e  same h lgh -dens i ty   t r a f f l c  sample, 

t h a t  small decreases i n  acceptance rate can  cause  large  lncreascs  I n  
a i - rc raf t   de lays .   Thls   p r lnc lp le  1 s  shown g a p h l c a l l y  I n  Flg. 1. 

Control lcr  Workload. 
Prevlcns t e s t s  have shown t h a t   t h e  human f a c t o r  i s  one of t h e  

most c r l t l c a l   e l e m c n t s   I n   t h e   o p e r a t l o n  of t he   p re sen t  a l r  t ra f f f lc  con- 
t r o l  system.5  Therefore,  for  reasons of safety,   eff lc lency,  and  economy, 
It 1s d e s l r a b l e   t h a t   t h e   c o n t r o l l e r  workload  be  kept as low  as  posslble.  

co l lec tmn,   d l sp lay ,  and ana lys l s ,  From t h t s e   c m e   t h e  making  of decisions 
I n  accordance n t h  app l i cab le   ru l e s  and s t ra tegy ,   the   formula t lon  of - f *  7 

l n s t r u c t i o n s  o r  clearances,  and t h e  communlcatlon  of t hese   l n s t ruc t lons  
t o   t h e  aircraft. Thls  cycle 1s a contlnuous one. 

Control ler   workload  includes  the  baslc  functions of da t a  

por t lon  of t h e   e n t l r e   l o a d   t h a t  can  be  measured  accurntely. Howevcr, It 
A t  the  present  time,  the  communlcatlons  workload 1 s  t h e  O n l y  

Tcchnlques In the   Study of Terminal  Area Alr Trafflc  Control  Problems," 
Techmcal Development Sepor t  No. 192 ,  November 1953. 

SC. M. Anderson and T.  K. Vickers,  I'Appllcatlon o f  Simulation 
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forms a rough  comparatlve  index of con t ro l l e r  workload, as systems which 
Include a large nunbcr  of po ten t ia l   conf l lc t jons   be tween  f l lgh t   pa ths ,  
Implying a hlgh  degree of control ,   usual ly   tend  to   requlrc  a l a rge  numbcr 
of p o s l t l o n   r e p o r t s  and con t ro l   l n s t ruc t lons  and thus  produce a grca tc r  
amount of comunica t lons   ac t lv l ty .  

Pendlng the development of a quan t l t a t lve  method of  measurmg 
the   o the r   f ac to r s   mvo lved   In   t he   t o t a l   hman   con t ro l   work load ,  It has 
bcen  found  usoful t o  emplcy subJect ive andysls, by t h e   c o n t r o l l c r s  them- 
selves, to   de te rmlnr   the   re la t lve   workloads  of v a n o u s  systems. Usually 
t h l s  1s done  by means of spcc ia l   ques t lonnal res  which are f l l l e d  out  by 
coctrol   personnel  a t  t h e  end of a s p e c l f l c  scrles of t e s t s ,  

Routc Mlleagc. 

t h e o r c t l c a l l y ,   a t   l e a s t ,   f o r  all f l i g h t   r o u t e s   t o   b r  as d l r c c t ,  and therc-  

would be  Inherent whcn d l f f a e n t  ter 'ninal  si tes  are  consTdered. However, 
f o r e  a s  short ,  as possible .  O f  course, some d l f f e r t n c c s   I n   r o u t e  mlleagts 

l a r p c  dlffcrences  can  occur when cer ta ln   sys tems  r -qul re   c l rcu l tous  
r o u t m e s  zround m l l t a r y  restricted areas ,  hlgh t e r r a n ,  o r  nearby   a i rpor t  
opcratmg  areas .  

From t h c  flight opcratlons standpoint, it would be desirable, 

Alr Route  Control. 

slngle  apmmposcd  Panoramlc  Radar  Display (SP&WAD). Thls layout 1s 
(AYTC) Ccntcr  were simulated, usmg   th rec   f l i gh t   p rog res s   bomds  and a 

ti 'chnlqucs t o  superimpose a p l c t u r e  of a m;mually generated  t rackmg d m -  
s h m   I n  Flg.  2. SPANRAD 1s a new r a d a r   t r a r k l n g   u n l t  which  employs TV 

po r t ion  employs pointed  cardboard  target  markers  approxlmately 1 l/b Inches 
p lay  on a b r i g h t   d l s p l a y  of t h c   r a d a r   t z r g e t   d a t a .  The manually  gcnerated 

by  3/b-lnch on whlch mrc ra f t   l den tz ty ,   t ype ,  and a l t l t u d e   d a t a  are  postcd,  
Flgure 3 shows a closeup of t h e  SPANIiAD u n l t .  

Three  radar   sectors  o f  t h e  Washington Alr Routc  Traffic  Control 

Center were d c t a l l e d   t o  TDC f o r  t h e  tests, They handled  radar  control 
opcrat lons,   us lng  d2rcct  commurncatlons n t h  t h e   v a r l o u s   a i r c r a f t .  Each 
con t ro l l e r  w a s  teamcd n t h  an a s s l s t a n t   c o n t r o l l e r  who handled  the  data- 
co l l cc t lon  and d l s p l a y   f u n c t i o n s   u s m g   t h e  fllght progress board and t h e  
ln te rphone   sys tem.   The   ass l s t>ant   cont ro l la -   a l so   p rcpared   the   t a rge t  
ms rkc r s   fo r   t he  radar con t ro l l e r .  

Three  experienced  radar  controllers from t h e  Washlngton M T C  

The area  under   s tudy was divlded  geographical ly   Into  three 
sectors ,   wl th   tho  exact   boundarles   varylng somewhat, dependln? on t h i  
systems and f l igh t   opera t lons   bc ing   tcs ted .   Because  of a b a s l c   l l m l t a t i o n  
of t h e   s m u l a t o r ,  whlch  permltted  only 18 a i r c r a f t  t o  be  operated slmul- 
tancously,  It was no t   poss lb l e   t o   hand le  all a r n v a l ,   d e p a r t u r e ,  and en 
route t raff lc   operat lons  s lmultoncously.  I n  some cases, only arrivals 
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were run. I n  o t h e r   t e s t s ,  on ly  t he   depa r tu re s   i n  a glven  dlrectlon  were 
opcratcd.   In  my case, full  allowance was made f o r  the  'urspace which 
would be I n  usEd b y   t h e   o t h c r   a n c r a f t .  

Wcstmmlnstcr, Hcrndon,  Tzppahannock, and Brocke. They xcre control lcd 
throu& M T C  t e r r i t o r y  and handed  off t o  approach  control a t  t h c  appro- 
p r l a t c   t r a n s f e r   p o i n t .  P r l o r  t o   t a k e o f f ,   d q z t u r c s  were  glven  short- 
range  clearances  besed  on  the  use of ANC s c p a - a t ~ c n  up t o   t h e   t i m c   t h a t  
radar  sqxaratlon  could  be  cstabllshed  by  the  Ccntcr.  Normi.1 c x i t  f l x c s  
f o r  thc  departurcs  wcre  Baltlmorc,  Wcstririnstcr,  iqartmsburg,  Gordonsvllle, 
end Penole. 

Tcrmxnai-Area  Control. 

f o r  Washington  Nstionai  Alrport 1s shown at  the   cx t r cme   r lgh t  of Flg. 2. 
Thc layout   s lmulat lng the 1FZ R3om of t h e  Washington svpplcmcntd   a l rpor t  
i s  sho-m I n  Flg.  b m  Fcr t -an-s tack   qproach   cont ro l  operations, two ccn- 

dr-parture tcsts, one c o ~ ~ t r o l l c ~  ar.d one azsls tant   wcre used a t  each amport .  
t r o l i m :  and one assistant c o n t r o l i t r  wcre uscd a t  each  amport .   Far   the 

f l lgh t   p rogress   board .  
I n  c v u y  casc ,   ea rn   con t rd l c r  used an  mlndlvldwi  scopc n t h  a small 

Arr lva ls   appeared   In   the  system at  Gordonsvllle,  Front  Royal, 

Two tcrmlnal-area IF3 rooms wcrc  slmulatcd. The layout  used 

To m c l n t a n  o9tlmum acceptance   ra tes  2nd a l s o   t o  standardize 
approach  optrattlons,  each  approach  controller  utlllzed t h e  separa t ion  
tp.blc shown 7-n k g .  5. Thls t a b l t  wa3 c o v p t c d   t o  make allowance f o r  t h e  
foi lowlng  factors :  

1. The t h r c c - m l l e   r a d a r   s q a r e t i o n  minlmum. 

2. Normal v a n a t l o n s  I n  approach  speed  bctwecn a r c r a f t  of t h c  same 
spccd  catcsory. 

3 ,  Thc spcLd d l f f c r e n t i a l  between s u c c c s s ~ v c   a r c r a f t  of d l f f c r t n t  
spccd  categorlcs,  

Curvcd r e f c r c n c c   l i n e s  sgzced a t  rad11 of 3, 5, and 7 m ~ l c s  f r o m  the  
approach gates were ma-ktd on the  r ada r  maps t 3  serve   as  smldcs I n  
s ~ r u r l n g   t h e   s p e c l f l e d   s e p . l r a t i o n  bctwecn a r c r a f ' t ,  Theso a c s  estendcd 
exac t ly  23 O on each sldc of t h e   l o c a l l z e r   c o u r s e   t o  ass] s t  the   con t ro l l e r  
In   knomng when he  could s tar t  an a l r c r a f t  on an ILS lntcrcept lon  headlng 
20 from the localizer course. 

a11 approach  scparatlons and no ted   t he   t e s t   r e su l t s .  
In   t he   app roach   t e s t s ,  a supervlsor  at  each IF'R room monltored 

A lwt of l oca t lon  designators used on route  mapps 1 s  
pr t scn tcd   i n   Tab le  111. 



SYSTWI  TESTS 

Chentll ly.  

F I ~ .  5, and for  south  opcratt lons I n  Flz .  6. Approach pa t t e rns   fo r   bo th  
dlrect , lons of l a n d m z  are shown I n  Flg. 7. One f c a t u r e  whlch wcs scru-  

wtst, a t  6,002 MSL and sbove,  across tE,e exkrcnc south end o f  t he   Chan t l l l y  
t u n z e d   c l o s c l y  wes the  procedure of routlng  Washlngton  arrlvals from t h e  

very  wcl l  and protlucGd no a p p r e c ~ a b l e  confusion as f a -  as the   Chan t l l l y  
approach  vcctor area, Howcvcr, It was found t h a t   t h l s   p r o c e d u r e  worked 

approach  controllers were concerncd. 

The alrway  s t ructure   used  for   north  operat lons i s  shmm I n  

lt p e m t t c d   c r o s s   f e r d i n :  of a r r l v a l s  from  one s t ack  t o  t h e  ot)her.  Thls 
proccdurc  tcnded t o  equalhzt  the  workload  betwcen  approach  controllers and 
a l s o   p c r m l t t c d   b e t t c r   u t l l l e a t l o n  of a v a l a b l e  alt l t ,udes and commumcatlons 
clinnncls. 

The feed?ng syswm of t h l s   l a y o u t  was quite f l e x l b l e   I n   t h a t  

The route   l ayout   pcmi t ted   independent   revcrsa l  of t r a f f i c  
f low  (north or  south   opera t ions)   by   e l ther   a l rpor t .  As t h e   C h m t l l l y  
s i t e  was farther awa!, f rm 1JrLshlngton  Nat lonal   Anport   than  ol thcr  Burke 
o r  Bclmont Bay, and I n   a d d l t l o p ,   f a r t h e r  away from  any  res t r lc ted  area,   the  
Chantll ly  approach  vcctorlng arem wcrc l e s s   r c s t r l c t e d   t h a n   t h o s e  of the  

Washington t o  permlt  completely independent f l l g h t   r o u t e s ,   t h c   C h a n t l l l y  
othcr two supplemental   a l rport  s l t is .  Although  not far enough away from 

layout  produccd lcss  In t e r - a l rpo r t   l n t e r f c rence   t han   t he   o tha r  two Sites. 

T!le most   undesirable   fcaturc  of the  Chant l l ly   systcm was t h c  
c i r cu~ tous   rou te   r equ l r cd   fo r   Washmgton  National westbound dcparturcs  
when souther ly   a l rpor t   ooera t lons  were I n   p r o F a s s .  The a l t e r n a t l v c   t o  

Alrport   wl th  a right t u r n  t o  procced  west  vla  Vlctor Alrway 501. T i n s  
t h l s   p rocedure  would b e   t o   c l e z r   t h u s c   e x - c r d t   o f f  Washington  Nat,lonll 

procedure would rcqulre a high  degree of c o o r d m a t l o n   n t h   t h e   C h a n t i l l y  

low  s l t l t udc   un t l l   r eachmg  dn r ren ton .  A s  It was, t h e   r o u t m g  shown I n  
tower and i n  most  cascs, would necess l t a to  a long  "tunnel"  procedure at  

FIE. 6 usually p c n l t t e d   t h e   d c p m t u r e  t o  b e g l n   i m c d l a t e   c l i m b   t o   c r u i s i n g  
a l t l t n d c .  Ln some cases, a nore dlrcct   route ,   monltorcd by a x  r o u t e  

t r a f f l c  I n  t h e  v1cu-11 t y  of Baltimore. 
radar, cedd  bc  ess lgned after thp   depa r tu re   vas   c l t a r  of dl other  

South-southwest of Washmgton  Nat lonal   Axport ,   the   c lear  

r.arrow for   thc   cs tab l l shment  o f  dua l  s t n n d s d - m d t h  p a r a l l e l  a m a Y s .  
a v s p a c e  bctween Rcs t r l c t ed  Arcas 37 and 38 is  only lk milcs mdc ,  t oo  

Howcvcr, thc  Importance of this  gateway l e d  t o   t h c   c s t a b l l s h w n t  of t h e  
W?mona" (Radar b!onltored Blrway) concept  whlch  provcd t o  be a se.t.tlsfactory 
s o l u t l o n   t o   t h c  problem. Two pa ra l ld l   enways ,  shown as Vlc tor  3 and 
Vlctor  508 i n  P q s .  6 and 7, wcrc  cstebllsncd flvL miles  a art, us lng  
r z d l a l s  from t h e  Brooko vcry  hlzh  frcquency  omnirangt  (Vm P and t h c  
proposLd Hydc VOR. Pllots could be clexred  by  elthcr  deslgnntcd  route 
u s m g  VCR navleatlon. R a d a r  monltorlng was cstabllshcd  by  the  Centcr 
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t o   s e e   t h a t   a l r c r e f t   s t a y e d   i n   t h e n  own t r a f f i c  lane u n t l l  reachlng a 
po ln t  where ANC separatlon  could be apphcd .  The advantage of the  Ramona 
concept  over  the old procedure of v e c t o r l n g   a i r c r a f t   o f f   t h t  arway t o  a 
p m a l l e l   c o u r s c  was tha t  thc  ncw procedure   re l leved   the   cont ro l le r  of t h e  
di.?ect r s s p o n s l b l l l t g  for  nav lga t ing   t he   a l r c ra f t .   Th l s  rc, p o n s l b l l i t y  
rcmninl=d w l t h  t h e   p l l o t .  The c o n t r o l l c r ' s   f u n c t l o n   l n   t h l s   p r o c e d u r e  was 
s1mPl:r t o  main tam  scpara t lon   be twcan  a l rc raf t .  T h s  procedure  tended  to 
rcduco commumcEtlons, s lnco I n  m o s t  cases, no vec to r lng   l n s t ruc t lons  were  
necessary when t h e   a l r c r n f t  remmned In   t hem  a s s lgned   l anes .  

Bnrkc. 

two p a r a l l e l  north-south  runxays z t  Burkz, supplrmcntcd b y  an  east-wcst 
runwzy ncar the   south  end of t h e   m r p o r t   s l t e .  This conf lgwa t ion  1 s  
s'Iown in Fsg. 6, vhIch ais0 shovs  thc  route  layout  used f o r  north  landlnc 
optr,?tsons I n  t h l s  system. 

The map layoht   furmshcd bjr t hc   Of f l ce  of A ~ r p o r t s  showcd 

over t h L  c l t y  of Washmeton  preclude  the use of beck-course ILS approac!Ips 
to   t hc   sou th   a t   Yash lnz ton  Nattlonal  Amport,  Instcad,  apgroaches  have t o  
bc conductcd t o w r d   t h i .   c v t h c a s t   o v c r  Georgetown t o  Runwzy 15. Thls ron- 
f1gurat-Lor  places  the soutn approach  path t o  Burkc too  close t o   t h c   s o u t h -  

systems t o  be   cs tabhshcd  a t  b o t h   a r p o r t s .  Onc possibility would be t o  
e a s t  approach couzwc a t  Vas'lington  Natlonal t o  permlt  tmn-feed  3pproach 

Ins ta l l  2 tmn-f lx  systcm at  9urke and a s lngle-f lx  system at  Wcmhlngtcn. 

Was!ilngton showed tha t   t hc   acccp tancc   r a t e   w l th  the s ingle-f lx   system 
Coinparatlvc t c s t s  of slnglt and t m n - f l x  Epppproachcs t o  Runway lq a t  

droppcd from 31 t o  27 opcrakons   per  hour, while a r r lva l   de l ays   l nc rcas td  
as shown I n  Flg ,  10. 

The prcsencc o f  t h e  Washington "onumcnt  and the  p-ohlbited ?.reas 

To avold th i s   reduct ion   zn   t e r rnna l -a rea   capac l ty ,   the  

Inapnctlc, p a r a l l c l l n g   t h a t  at  TJashlngton.  This c o n f l g x e t i o n ,  which 
southerly  approach  path a t  Burke was r c a h g n e d   t o  approximately 150 

1 s  shorn 111 FlFs. 11 and 12, pcrrmttcd tvnn-fix operatlons a t  both 
nmpor ts .  

I n   t h l s  system, Washln_qton arrivals from  thc west were routed 
v ~ a  Victor  A m w a y  14k across   thc  Surkr a l r?or t  arm. To k t6p   t he  Burke 
holding f ixes  c l ~ a r  of t h ~ s  mrwry rcquulred t h a t  thc3y be pleccd a con- 
s lde rab le   d l s t ancc  away from t h e  approach gntc.5, nccess i t a t lng  a r a t h e r  
awkward vectormq  proctdure.  Th,s conf i .g ra t lon  a l s o  precluded easy 
cyossfccdlng  operat lons  to   equal ize   thr  Burke s teck   loadmgs .  

The p r o x m i t y  of Restricted Arc8 37 t o  t h s  Hoadley  holding 
f i x  had a r c s t r l c t i v c   c f f c c t  on radar vuctor3ng  opcratlons at Burke, p s r -  
t l c u l a r l y   I n   t h e   s p a c i n g  of J c t   a r c r a f t .  Thc most   undesirable   fcaturcs  
of th is   systen  involvcd  congcst lon i n  t h e  arca between  Rostrlcted  Arcas 
3 1  and 38. I n   o r d e r   t o   e s t 9 b l l s h  tmn-f lx  approach  pnttcrns 2t both 
a l r p c r t s   f o r   n o r t h   o p e r a t ~ o n s ,  It was ncccssaFJ t o   l o c a t c  one of t h e  
Burkc feedlnE  f lxes  a t  Potomac Hel$ts. Thls was far f r o m  an  Ideal   se tun 
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as far as Burke w a s  concerned, and  was even worse because It required 
Washington ar r lva ls   f rom  the   south  t o  ove r f ly   t he  Potomac Height6  holding 
s t a c k   b e f o r e   l e t t l n g  down f o r  approach. This route  congestlon a l s o  
required  the  Washington  Natlonal  southbound  departure  route t o  go around 
t h e   e a s t   s i d e  of Res t r l c t ed  Area 38, which not  only added add i t iona l  ml le -  

Andreus  Field. 
age bu t  would I n t e r f e r e  somewhat m t h  IFR o p e r a t i o n s   i n  and out of 

main a r r lva l   rou te s ,   V ic to r  144 and Victor 251, over  the  Burke  Airport .  

Belmont  Bay, 

due t o   t h e   p r o x l m i t y  of  Belmont B a y  t o   t h e  Washington ILS course and t o  
Rcs t r i c t ed  Areas 37 and 38. The or iglnal   south  approach  path  to  Belmont 
Bay had to   be   rea l igned  t o w a r d  the   southeas t  f o r  t he  same reason tha t  was 

i n  Flg. 13, and for south  operatlons I n  Fig.  14. Approach p a t t e r n s  are 
encountered i n  t h e  Burke  system.  Routes for   nor th   opera t lons  aro shown 

de ta l l ed  i n  Flg. 15. 

A d i f f lcu l t   cont ro l   p roblem was caused  by the  crossover  of two 

Th l s  system  proved t o  be even  more conges ted   than   tha t   for  Burke, 

The approach   pa t te rns   for  Belmont Bay were   qu l te   awhard   to  
operate ,   due  to   the odd shape of t h e  -space available f o r   t h i s   p u r p o s e .  

An "over-tho-shoulder"  procedure  had t o  be  used for  north  approaches from 
Crossfeeding  operations were not  possible  between  Dumphrles and Quantico. 

made the   approach   spacmg  func t ion   very   d i f f lcu l t  t o  handle,  due t o   t h e  
t h e  Dumphries pa t t e rn .  The verv  slow t u r m n g   r a t e  of t h e   j e t   a i r c r a f t  

l a c k  of f l e x l b i l l t y   p o s s l b l e   i n  path-stretching o p e r a t i o n s .   J e t   a i r c r a f t  
occas iona l ly   overshot   ln to   the   ac t ive   por t lon  of Rcstr lc ted  Area 38. The 
very  long  f lnal   approach from the   Quant ico   pa t te rn  made spacing  operat ions 
even more d i f f i c u l t .  

t o  and from  Washington  Natlonal  Airport  from  the  south. A d i f f i c u l t  con- 
t r o 1  problem w a s  caused  by t h e   l n t e r s e c t l o n  of  t h e   V x t o r  14k and Victor  
251 arrival r o u t e s   a t  Harndon. 

Llke  the Burke system, t h e  Bclmont Bay system had poor  routing8 

MEASUREEiENTS 

Acccptance  Rates. 

conditlons  produced  by Sample 11. Resul t s  for north  landings  were; 
Ai rpor t   acceptance   ra tes  were measured under t h e  sat!amkd 

Chan t l l l y  - 31 approaches pcr hour 

Burke - 28 approaches por hour 

Belmont B a y  - 28 approaches  per  hour 

Delays. 

and a l s o  a h w a  how t h e s e   d e l a y s   b u l l t  up during  the  course of t h e  problem. 
Figure 16 shows the  average  delays  encountered  with Sample I1 
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Communications. 

shown I n   F l g .  1 7 .  It m11 be no ted  t h a t  operation of the  Chant i l ly   system 
rcqulrLd l ess  commumcstlon  workload  than  elther of the   o ther  two systems. 

Cont ro l le r  Workload. 

rou te   con t ro l l e r s  renewed each conf lgma t lon  of f a c l l l t l e s   t e s t e d ,  and 
r a t e d   t h e   d l f f l c u l t y  of cont ro l  whlch  had been oxperienccd i n  handllEg  cach 
m q o r  r o u t e   I n  each of the three systems, A summary of t h c   r a t i n g s  1s shown 
i n  Table JV. Each en t ry   In   Tab le  I V  r ep resen t s   t he  conscnsus of t h o   t h r c c  
con t ro l l c r s .  Although some d l f f e r e n c c s   e x ~ s t e d   I n   t h o   r a t l n g s  of t he  m d i -  
v ldua l  con t ro l l c r s ,   a l l   t h ree   r a t ed   Chan t l l l y ,  Burkc, and Belmont  Eay 
i n  Irlcrcaslng  order of d l f f l c u l t y ,   a s  shown by t h e   t o t a l s  at t h e   r t g h t  of 

Resul t s  of  conrmumcatlons  measurements, us ing  Sample 1, a r e  

L f t e r   t h c  simulation t e s t s  were  completed, t h e   t h r e e  a n  

T&lc TV. 

3ouCe k leagcs .  

It ~111 be  notcd tha t   the   Chant l l ly   sys tem shows thc   l owes t   t o t a l   ml l cage  
systclns. Thcsc a -e   compomt lvc   f l gu r t s   t o  and from common rou tc   po ln t s .  

I n  b o 3  north and south  opcratlons.  T h l s  1 s  duo maJnly t o   t h c   c l r c u l t o u s  
routes requ~.red I n   t h e  Burke and Bclmont Bay systems t o  pt around t h e  
r t s t r l c t c d   a r e a s .  

Table V l l s ts  t h e  mlleages f o r  all maJor routes of t h t  t h r u  

a l r p o r t s  (Washington  Natlonal and t h c  second alrport) ,   assumlng  the same 
t r d f l c   d l s t r l b u t l o n  as t h a t  used i n  Sample I, mlloage flown I n  t h e  
Chantll ly  systcm would be  about 510 mJles less t h a n   I n   t h e  Burke systcm 
an2 about 780 mles l e s s   t h z n   I n   t h e  Belmont Bay systeln. 

Durlng a one-hour period m t h  50 operations a t  cach of t h e  two 

CONCLUSIONS 

Belmont Bay i n  each of t h e   c r l t e r l a  used in t h l s   eva lua t ion .  
1. The C h a n t l l l y   s i t e  showed c o n s i s t e n t   s u p c r l o n t y  over Burke and 

proposcd supplemental a l r p o r t  s l t e s   t o  permlt a standard J e t  pene t ra t ion .  
2. 'Exre 1 s  not  enough a r s p a c e  a v a l a b l e  at  any of t h e  t h r e e  

per  socond  only, it ml l  be necessary   tha t   they   en ter   the   ho ldme  pa t te rns  
3. If J e t   t r a n e p o r t s   a r e   a b l e   t o   t u r n   a t   t h e  r a t o  of 1 1/2' 

holding  alrspace  as  dcfined  by TSO-N-20-A. 
a t  reduccd  speeds i f  they  are t o  r tmaln  Fnthln  the  confines  of t h e  

delays lnll bc r e l a t i v e l y   s h o r t ,  It m11 be d e s i r a b l e  t o  dcscend J e t  
t r anspor t s  en route  s o  t h a t   t h e y  can cn tc r   t he   ho ld lng   pa t t e rns  at t h e  
l o w e s t   a v a l a b l e   a l t l t u d e s .  

k, These t e s t s   Ind ica t e   t ha t   unde r  normal condl t ions whon holding 
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RECCMNENDATIONS 

recommended as superlor t o   t h e  Belmont gay and Burke s l t e s .  
1. From t h e   a i r   t r a f f l c   c o n t r o l   s t a n d p o l n t ,  the C h a n t i l l y   s i t e  IS 

2. The Belmont Bay s l t e  1s not rerommended under  any  clrcumstances. 

3 .  Although t h e  Burke s i t e  could be considered usablo, It cannot 
be recommended un le s s   t he  l ayou t  i s  changed t o  pcrmxt  southeast   lnstead 

load  than  Chantllly,  because of Its g r e a t e r   I n t e r f e r e n c e   m t h   o p e r a t i o n s  
of south  operat ions,  &en then It would roqul rc  a h lghcr   cont ro l  work- 

be lower  than  Chantll ly.  
at Washlngton  National A l r p o r t .  I n  a d d ~ t l o ; ,  I t s  l n l t l a l   c a p a c l t y  would 

h. S l n c e   l l m ~ t a t l o n s  i n  time and s imulat lon capacities d l d  not 
p c m t  a s tudy of t h e  Andrews Flc ld   a rea  I n  thls   s lmulat lon  program, It i s  

nnned, another simulation stlldy be made t o  deterinme Lhe opt-~mi~m mthods  
recomnlended tha t ,   a f t e r   t he   supp lemen ta l   a i rpo r t   l oca t lon   has  been de te r -  

of hand l lng   t r a f f l c  In t h e  Andrews area.  



Alrpor t  

m 
rl NE&N 
$ 8  w j k SW&W 

TOTAL 

13 

TABU I 

s w m y  OF TRAFFIC s m s  

Sample I - 200 A l r c r a f t  1n 2 Hours 
(Used i n  A i r  Route  Studlea) 

WSA DCA Airpor t  WSA DCA 

11 19 S l a v  6 a 
22 16 Medium 25 49 
17 15 F a s t  59 40 

J e t  13 0 
50 50 

TOTAL 103 97 
9 16 

26 1 4  Dis t r ibu t ion  by A l r c r a f t  Types 
10 17 

53 47 

Dle t r lbu t lon  by Routes 

Sample I1 - 50 Al rc ra f t   pe r   A i rpo r t  

(Used in  Airport   Capaci ty   Teats)  
m 1 1/2  ours 

Alrpor t  WSA D€A Airpar t WSA E A  

A 
m 

NE&N 15 15 Slow 3 3 
17 17 Medium 13 13 

J e t  15 0 

> o  w d a  4 sw&s l a  18 F a s t  19 34 

TOTAL 50 50 
TOTAL 50 50 

Distribution by A i r c r a f t  Type8 

Dls t r lbu t lon  by Routes 

LEGEND 

WSA - Waehlngton  Supplemental  Airport 
DCA - Washington  National  Alrport 



P n e  

Civ l l  Jets* 

Dc -7 

Super- 
Constellation 

Constelletlon 
DC -6/ 

B-26 

Martln 4041 

Dc -4 
Convalr 

C - 4 6  

DC -3 

Twin Beech 

*Douglas X - 8  
Boeing 707 
Convalr 880 

Cruise 

450 

300 

285 

270 

220 

210 

180 

160 

140 

120 

14 

TABLE I1 

SUMMARY OF ALXRAFT  CHARACTERISTICS 

Speed (Knots) 
Inter- 

mediate Approach 

240 156 

220 140 

220 140 

180 140 

150 130 

150 125 

150 120 

140 115 

120 110 

110 100 

Vertlcal  Rates  (Feet Per Minute) 
Descent 

No-mal 

+* 

1000 

1000 

10@0 

1000 

800 

500 

500 

500 

500 

Maximum 

4000 

2000 

2000 

2000 

2000 

1500 

900 

900 

600 

800 

Cllmb 
Normal 

1000 

1000 

1000 

800 

900 

800 

500 

500 

500 

500 

Maxlmum 

2500 

1500 

1500 

1200 

1500 

1200 

1000 

800 

800 

800 

**4000 f p n  when above 10,000 MSL 
2000 Q m  when below 10,000 mL 
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TABLE I11 

AF& Arlington 
A D W  Andrew 
A L X  Alaxandrla 
ASH Ashburn 
A’pw Ashton 

BAL Baltlmore 
BET B2thesd.a 
BKE Brooke 
BRY Bryton 
BUC Buclmer 

CAR Char lo t te   Hal l  
CAS Casanova 
CES Chesterton 
COP Coles Point 
CX4 Croom 

DAW Dawsonville 
DUM Dumfries 

EMI Weetmmster 

LOCATION DESIGNATORS WISED ON ROIPPE MAPS 

FAX Fairfax 
FAL Fa l l a  Church 
FDR Frederick 
FIS Fishmg  Creek I 

FRR Front Royal 
F ’ I~   F l in t   S tone  

GVE Gordonsville 

HAY Haymarket 
JINT Huntingtown 
HCD Hoadley 

EYE Hyde 

IDH Indlan Head 
ING Ingle  E lde 

HRN Hrrndon 

MRB Marthaburg  

NOK Nokesvllle 
NRT Norris 
NYG Quentico 

PEN Penola 
PLN Plalns 
PTD Port   Deposi t  

QFiY Quarry 

R E M  Remugton 
RVD Rlverdale  

STV Standa rdsv i l l e  

TPP Teppahannock 
JEF Jef fe rson  

VIE Vienna 
KEY Keymar 

W A R  Worrenton 
LEE Lee 
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TABLE IV 

A I R  ROUTE 
CON5ROLLER WORJLLOAD SURVEY 

Route Arrlvals to  Departures from 
Sys tern Dlrectlon DCA WSA DCA WSA 

NE 

Total 
V D D  

Nw 
Chantll ly 

W D 

SW D 0 2  - 
NE D 

Nw 
Burke 

w D 

SW D VD 1 3  

NE VD VD 

Nw 
Belmont Bay 

w D D D 

sw n VD 3 4  

Legend 

DCA - Washington Natlonal A i r p o r t  
WSA - Waehington Supplemental A i r p o r t  

D - Diff1cd.t 
VD - Very d i f f l c u l t  
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TABLE V 

rl 

8 4 2 4  
G E  8 
5 8 Q  

' SW Gordonsvllle 69 66 50 81 70 73 

e 2 2 m NE I.loodstown 125 130 147 151 184 173 
g g  E 

9 9 W Martlnsburg 31 45 53 46 97 90 

n SW Gordonsville 

9 e 75 68 60 76 60 57 

hX Westmlnster 53 53 53 41 43 43 

W Peteraburg 105 118 110 117 112 105 

SW Gordonsville 76 82 82 89 93 100 

- 
i: r( gkz4 

NE Cheatertoan 45 45 45 47 47 47 

+, i W Martineburg 56 56 49 92 92 92 

sw b r d o n s v i l l e  98 105 120 90 63 124 
8 

System  Totals 078 934 974 971 1019 1077 
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2 4  

30 
.I 

I 

8.6 MIN. 

6.1 I' 

3.2 I' 

I y- 
0 

'- 

3 

11 f- NODELAY IN ANY CASE 
NOTE  NO. 1 P I R C R A F T   R E C E I V E S  

0 5 10 15 
TIME  IN  MINUTI 

LEGEND 
AIRCRAFT  NUMBER 

THEORETICAL  LANDING  TIME 
LEFT  EDGE  INDICATES 

LENGTH  OF   BAR  INDICATES 
AMOUNT OF DELAY 

RIGHT EDGE INDICATES 
ACTUAL  LANDING  TIME 

CONDITIONS 

A C C E P T A N C E   R A T E  20 A C / H R .  

FIG.  1 E F F E C T  OF A C C E P T A N C E   R A T E  ON  DELAY OF 

A TYPICAL  SEQUENCE  OF   ARRIVING  AIRCRAFT 









AIRCRAFT SPACING 
OPTIMUM 

I 

O N O .  2 AIRCRAFT 

ZERO  WIND  CONDITION 
WASHINGTON ILS 

AIRCRAFT 
SEOUENCE  SEPARATION 

NO I NO 2 (MILES) 

F 3 0  
F M 3.5 

 SAME  TYPE^ 4 0  

IM~MEDIUM I ;;I 1 ;!: 1 
FIG 5 SPACING TABLE  USED F FAST 

I N  APPROACH CONTROL J  JET 
OPERATIONS I80 











1-5  6-10  11-15  16-20  21-25  26-30  31-35  36-40  41-45 

AIRCRAFT IN GROUPS  OF FIVE 
FIG. 10 DELAYS FROM SINGLE-FIX  APPROACH  SYSTEM 

IN EXCESS OF DELAYS O F  TWIN-FIX  SYSTEM c.. rEc*"I"L 
0L"rLoP"E"T rr*rER 
l"nl.lA1oL,, /*o,.y. 
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ANDREWS 
A 6 8  

LEGEND 

JET  PATTERN 

P R O P   P A T T E R N  

SPACING  ADJUSTMENTS 
AREA  USED FOR RADAR  APPROACH 

_ _ _ _ - _  BOUNDARTOF  RADARVECTOR  ARE$ 

0 5 l a  I5 
NAUTICAL  MILES 

FIG I2 B U R K E S Y S T E M  
APPRO*CHCONTROI.RADARVECTORAREAS 

NORTH AND  SOUTHEAST  OPERATIONS 
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NORTH U N D I N G S  
SAMPLE U 

lo n 
IONT 

.F 

'TILL 

I 
I 

I 
I 

I 

I 

I 
I 

1 
\ 
\ , 

\ , , , 

AIRCRAFT IN G-ROUPS OF FIVE 

BUIWUP OF AIRCRAFT O E U Y S  

FIG 16 AIRCRAFT O E U Y  MEASUREMENTS 



TERMINAL  AREA  COMMUNICATIONS 

60 GROUND1 
TO AIR 

25 
GROUND 

- 

NUMBER  OF  CONTACTS ~ ~~ 

PER  AIRCRAFT 

AIR ROUTE  COMMUNICATIONS 

GROUND 

TO AIR 

NUMBER OF CONTACTS 
PER AIRCRAFT 

40 

30 

20 

10 

AVERAGE  COMMUNICATIONS  TIME 
0 

AIRCRAFT IN SECONDS 
LEGEND: n CHANTILLY  SYSTEM 

BURKE  SYSTEM 

BELMONT  BAY  SYSTEM 

PE R 

PER 

FIG. 17 COMMUNICATIONS  MEASUREMENTS 
SAMPLE I 

c" m * w  
I*_- m*m 
-I-IOYS I * I IY  


