
AD AOS’4 2145 MITRE CORP MCLEAN VA METREK DIV F/S 17/7
IPWACT OF FAA E AND 0 ELEMENTS——EIGHT AIRPORT SL*U*ARY. YOU.*E S—ZTC(U)
JAN 78 A L HAINES DOT—FA78WA—1075

(JNCLASSIF lED MTR— 735D-VO4 ~~8 FAA— EM—78~~ —VOt. 8 NI.

_ _ _ 1!
p _ -i

a uoucun~ni
D~~~~~Q~

_

T. Ofl E’
~~~~~~~~~~ flUmu _ 1

END
DAT’

__________________________ t~L•EO

LLL .



I .
11111 ~:1. 1

________________ I 8

______ 

I .4 I

\~ \ ‘  I, ’



:~ ).L~ ~
T ,T~ : 

•‘

REPORT NO. FAA-EM-lU

IMPACT OF FAA E & D
ELEMENTS — EIGHT
AIRPORT SUMMARY -

JANUARY 1978

This document is available to the public through
the National Technical Information Service

Springfield, Virginia 22161

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
Office of Systems Engineering Management

Washington, D.C. 20591

— . —— 

~~~



—. 
W~J ] _ , .~~~-~~

/ -.

I

N O T I C E

This document is disseminated under the sponsorship
of the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for its contents or use thereof.

L



~
—_afl ~i.~~ Lwr nr~ Thr. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

Technica l Repo rt Docum ent ation Page

(
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
\~~‘L- t

-~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7O

9. rgan . ~ 0t ,On  Nam e ..nd Add,.;, 
- — - - 

1 0 W o m k  U nm t  No ~ RA I S I

The MITRE Corp orat ion 
______________________________

METREK Division / 
. 

—

1820 Dolley Madison Blvd . (u’.) ~ DOT — FA7 8WA—4 ~~
L-±~ 

1 i 2 2  101 • d Co •d 
-

~~~~

12.  S ponso c. ng A gency Name an d Ad d ies .

Department of Transportation (1 FINAL
Federal Aviation Administration 

______________________

Office of Systems Engineering M anag ement  ~4 Spon.o rmn~ A~ .nry Co d e 
— - - -

W a s h i n g t o n , DC 20591 AEM—100
15 So pp leme nta ry  Note .  

— — - -  - -

116. A b . t ra c t  
__________________________________________________________— -

The po ten t  La I b e n e f i t s  of imp lement lug t h e  p r o d u c t s  of selec ted FAA Eng i nee r  i t ig
and Development Programs at ei ght m a j o r  a i r por t s  are survey ed .  Best est im a t  es
of  t he expected p er fo rmance  of t h e  Vor tex  Adv i so r y / W ake  Vor tex  A v o i d an c e  Sy s t ems
(VAS/WV AS) , Meter ing  and Spac ing ( M & S — — p a r t  of the  ATC .Sys t e r n  A t i t  out.i ( i on p r o g r a m)
and the  D i scre t e  Address Beacon System a re  used as b a si s  fo r  est ima t t u g  t i t e  i l l—

crease  in a ir po r t ca pa c i t y  t h a t might be r ea l ized f r o m  t h e  c o l l e c t i v e  use of t h o s e
systems in a pre—1985 cas e and a po st— 1985 case .  Best est Imat es  ot  t h e  e xp e c t  o~I
pe r fo rmance  of the  A i rpo r t  Sur face  T r a f f i c  C o n t r o l  (ASTC) sy s t e m , t h e  M i c r o w a v e
Landing System (t~fl.S) , and Area Navi g a t i o n  Equ i pment  (RNAV)  p i t i s  r e s t t i  t s of  r ec e n t
FAA/TSC s tudies  a r e  used as the bas is f o r  es t  m a t  thg t lie [flit i v  i dua l i fllp.i ’ t S 0

those sys tems  on c o n t r o l l e r  work Load , changes  in  a i r r o u t e s  t o  reduce  t i inc and
f ue l  , and IL S i n ter  fe  rence p rob 1 ems at  the  e 1gb t a i r p o r t s .  Tb is r ep o r t  stimm a r 1 lOS

the  p o t e n t i a l  b e n e f i t s .  ~~ - -~~

~~~~~~~~~~~~~

\~ 
~
) 

~

17 . K.~ Wo r d. 18. D..t r ,b .,t ,o n Stat.m .n I 
- _______ __________-

E n g i n e e r i n g  and Development , Al r por t  Document is  a va i l a b l e  I o t i l e  p u b l i c  t hr o t t g h
Capac i ty , Benc f i t s  the  N a t  t o n a l  Techn 1 ca l  I n f o  rmat  ion SI ’ rv i c e ,

S p r i n g f i e l d , VA 22161

19. S.curit y CIa.s i f . (of th.. rs pott ) ~~~~~~~~~ CIo . . , f . (o f t h, . paget 21. No . of P.0.. 22 . Pnc; 
- -

Unc las s i f i ed  U n c l a s s i f i e d
j  -

Form DOT F 1700.1 (8 72( Reproduction of comp l .red pog. outh o r ized

~~7/ / 7/
-• .



~ 
- -  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

ACKNOWLEDGMENTS

Many persons and organizations contributed to the process leading to
the evaluation of benefits at the eight airports. The 1~~JTSC 

program
office personnel for the various .~~~_elements provided the basic pro—
grain descriptions and performance capabilities.

The details of the operation at the airports drew upon the work done
by the Airport Improvement Task Forces and FAA contractor , Peat,
Marwick, Mitchell & Co. (PMM).

The details of capacity model input specifications and data were
coordinated with the Airport Improvement Task Forces and the Office
of Systems Engineering Management (OSEM). The airport capacity values
used for evaluating the E&D elements were generated by the PMM/FAA
capacity model, based on the inputs specified by MITRE METREK . Model
runs were made by PMM or the AEM—lOO Division of OSEM.

The evaluation of the impacts of ASTC , RNAV and MLS was based on pre-
vious reports , with airport specific additions as appropriate.
On—site evaluation of MLS benefits was made jointly by members of
the FAA ’s MLS program office and METREK. TSC provided a draft ASTC
evaluation based on site specific analyses.

The details of the analysis for each of the eight airports are given
in MITRE Technical Report MTR-7350:

Vol. I Chicago O’Hare December 1976
Vol. II New York (JFK and LGA) April 1977
Vol. III Denver July 1977
Vol. IV Atlanta August 1977
Vol. V Los Angeles August 1977
Vol. VI Miami September 1977
Vol. VII San Francisco September 1977

The following METREK staff members contributed s~gnif1cantly to one or
more of these studies: A. L. Avant , Dr. A. L. Haines, Dr. R. R. Iyer ,
Dr. A. N. Sinha and W. J. Swedish.

- I PREGXDI)G P~~~ ~&~AI~~

-



r 
~~~

.- .

EXECUTIVE SUMMARY

This report summarizes an evaluation of the potential benefits of
imp lementing the products of selected FAA Engineering and Development
(E&D) programs at eight major airports that have been subjects of
special Task Force efforts.

The following E&D elements were included in the analyses:

— Wake Vortex Advisory/Avoidance System (VAS/WVAS)

— ATC System Automation , i-~cluding Metering and Spacing (M&S)

— Discrete Address Beacon System (DABS)

— Airport Surface Traffic Control (ASTC), including improved
Airport Surface Detection Equipment (ASDE-3) and Tower
Automated Ground Surveillance (TAGS)

— Area Navigation (RNAV )

— Microwave Landing Systems (MLS)

APPROACH TO EVALUATION OF E&D IMPACTS

The evaluation of the impacts of the E&D elements at the eight air-
ports was divided into two parts. One part consisted of the evalua-
tion of the impacts of ASTC , RNAV , and NLS. These impacts were
developed , for the most part, from previous studies by several
organizations as to the expected benefits of each of these elements.
The studies were augmented as necessary by new site specific analyses.

The other part consisted of the evaluation of the impacts of WAS, ATC
System Automation and DABS on airport capacity . For this purpose
several likely future ATC environments were defined . These environ-
ments reflect implementation of E&D elements in the order in which
they might be realized In the operational system.

1. In the near term, the Vortex Advisory System (VAS) and Basic
Metering and Spacing are expected to improve M&S delivery
accuracy and permit reductions in the 4, 5 and 6 nmi IFR wake
vortex separations when VAS observations of meteorological con-
ditions indicate it is safe to do so, while maintaining the
current 3 rtm i minimum IFR separation standard for aircraft
pairs not impacted by wake vortex .
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2. In the intermediate term, Basic Metering and Spacing is
expected to be supplemented by the Wake Vortex Avoidance System
and some improved surveillance capabilities for the controller
(e.g., digitized display of separation measures , computer
generated alarms). In this analysis , the basic 1FR arrival
separation standard is reduced to 2.5 nmi for those aircraft
pairs currently governed by a 3 nmi separation standard .
Other aircraft pairs , separated by more than 3 nmi today be-
cause of wake vortex hazard , are assumed to have significantly
reduced separation requirements as well , but to a level above
2.5 nmi. Reduced departure separation requirements are also
assumed .

3. In the far term, it is anticipated that the lietering and
Spacing system will evolve to an improved capability, and the
Discrete Address Beacon System will be introduced. The basic
IFR arrival separation standard is assumed to be reduced to as
low as 2 nmi for the least vortex impacted aircraft pairs (e.g.,
large aircraft following small aircraft). For other aircraft
pairs , spacings are also further reduced in this analysis , but
remain at values larger than 2 nmi . Departure separations are
assumed to all be reduced to 60 seconds. Obviously, this far
term capability requires extensive E&D effort to arrive at an
implementable state.

Comparable inputs were also developed to reflect the application of
E&D elements in VFR conditions for the near , intermediate and far
term.

IMPACT OF VORTEX SYSTEMS, ATC SYSTEM AUTOMATION AND DABS

The impact of WVAS , ATC System Automation , and DABS through reduced
spacings on airport capacity is summarized in Table 1. The percen-
tage capacity gains shown in the Table compare the specified future
ATC environment , with and without E&D systems Implemented .

The ranges of capacity gains result from the wide variety of airport
specific runway configurations and other operating conditions .
Largest VFR gains are for ORD and JFK which have efficient parallel
or Intersecting runways. Gains of the order of 20—25% could occur
by the far term and could provide significant relief at these
airports. Smallest VFR gains are for MIA , LGA and SF0 which are
limited by the inefficiencies of intersecting runways or single
runway mixed operations . Gains in these conditions are less than 10%.

Under IFR conditions the largest capacity gains are for LAX , JFK ,
ORD and SF0. These airports can conduct IFR operations with dual
lanes or efficient intersecting configurations. Gains of 34—51% in

vi 
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TA BLE 1
SUMMARY OF IMPACT OF E&D ELEMENTS ON AIRPORT

CAPACITY AT THE EIGHT A iRPORTS’

NEAR INTERMEDIATE FAR
T E RN TERN TE RN

WVA S
+ WVAS

BASI C M~S +
VAS + LML’IWVED ~-ISS

+ IMPROVE(t S1 KVEJLLANCE 4
BASIC M&S CAPABIL [~ Y DABS

CAPACITY iMPR OV EMENT (PER CENT) *

VFR NO VORTEX HAZARD 2—10 2 S-1~~. 9- . l ~.

VORTEX HAZ A RD 0—4 % 2 - 1O~. 4—12 %

IFR NO VORTEX HAZARD 0—15% ~-31~ 5-S1~.

VORTEX HAZARD 0—4% 1-I5~. 2 -2 7k .

“NO VORTEX HAZARD ”: VAS/WVAS MINIMU M SEPARATIONS ACCEPTABLE

“VORTEX HAZARD ” : HAZARI) OBSERVED FOR VAS/WVAS MINIMUM SEPARAT iONS;
INCREASED SEPARATIONS REQUIRE D

~‘COMPARI SON OF FUTURE ENVIRONMENT WITH VERSUS OPERATIONS WITHOUT E&D IMP L EMENTAT iON

vii
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the far term for these airports would provide significant relief from
present and future IFR capacity limitations and resulting congestion .
Even in the intermediate term , substantive gains of 13—31~ are
achievable. Smallest IFR gains are for M1A wh ich has mixed operations
on a single runway and for LGA when operating as a single runway . The
gains , even in the far term , are 5% or less in such configurations.

Under the increased spacings that must be used when VAS MVAS indicates
a vortex hazard may be present , capacity gains are significantl y less.
Typically, the gains are about half of  those seen when VA S/WVA S
indicates the full limit of reduced spacings may be emp loyed.

The single most critical determinant in the level of capacity benefit
is the runway use configuration , noted in the discussion above . The
second major determinant is arrival runway occupancy time. If cur-
rently observed runway occupancy times hold in the future (as assumed
by Task Forces), they will determine the minimum interarrival spacing
on many runways. Some airport specific improvements , as well as
emphasis on pilot motivation and techniques , are likely to achieve
decreases in runway occupancy times not accounted for in Table 1, and
thus could result in further capacity gains .

IMPACTS OF ASTC, RNAV, AND MLS

Impacts of ASTC , RNAV and MLS were evaluated on an airport specific
basis , drawing upon previous studies and analyses, as well as on-
site visits.

For two airports currently without ASDE (DEN, LGA) there are signifi-
cant benefits to providing airport ground surveillance via ASDE—3 .
At LGA , ASDE will help the local controller to increase capacity and
reduce workload at those times when runway intersections or exits
are not visible to the controller. At DEN , similar benefits are
possible when the controller is working with the long sighting
distances (up to 3 miles) to the far ends of the north/south
runways. For both DEN and LGA there is a needed improvement of 3O~-
in ground controller capability versus position reports.

ASDE—2 , where deployed , provides significan t benefits. However , the
reliability, maintainability and display improvements represented
by ASDE—3 are necessary to insure that an ASDE is usable when it
is needed . The availability of any ASDE results in a ground control—
ler capability increase (up to 30%) above that of position reports
at ORD, JFK , ATL and SF0. Ground and local controller workload
reductions are experienced at JFK when arrivals must cross an activ e
departure runway . There are also significant local and ground control
runway capacity benefits at ATL where arrivals must taxi across one
or two active runways.

viii
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FAC S w i l l  enab le  the ground controller to work as et feet ively during
periods of low visibility as he does today during VFR conditions.
T h i s  w i l l  he a necessary Improvement at those airports needing a
capabilit y , during low visibilit y conditions , above 60 o p e r a tI o n s !
hour (one ground controller) or 85 operations/hour (two ground
c o n t r o l l e r s ) . Conservative traffic projections and TAGS establish-
ment criteria p r e sen t ly  i n d i c a t e  such a need at O ’Hare , At l an t a ,
Los .\nge les , and poss i h lv  Denver.

S i m u l a t ion  s tud ies  at JFK have i n d i c a t e d  21) or 31) RNAV w i l l  pe rmi t
r educ t ions  in con t ro l l e r  workload , both  in the  number  of cont ro l
i n s t r u c t i o n s  (up to ~~~~~

‘ r e d u c t i o n)  and in r a d i o  t a l k  t ime  (up to 42.
r educ ~ ion + . These s t u d i e s  i n d i c a t e d  t h a t  substantial r educ t ion in
controller workload will be possible even when only par t  of the  a i r-
c r a f t  t Iect is RNAV equipped. The magnitude of the workload benefit
is h igh l y s e n s i t i v e  to the  de ta i led  design of the RNAV r o u t e  s t r u c t u re ,
requiring specialized route designs  to a l l ow the  c o n t r o l l e r  to emp loy
KNA\, effectivel y . These designs  do not s i g n i f i c a n t ly  reduce rou te
leng ths  or t imes f o r  e i t h e r  RN.\\ ’ or conventionally equi pped aircraft
h u t  rather al low f o r  b e t t e r  corrrol and reduced communica t ion s between
p i l o t s  and con t ro l l e r s .  These work load  b e n e f i t s  were not d i r e c t ly
t r an s l a t a b l e  in t he  s i m u l a t i o n s to a i r p o r t  c a p a c i ty  increases .

‘t he more sop hist i cate d  3D RNAV , i f  fully implemented , max ’ also prov ide
I or more fuel and time e1 f it’ ient  ut  ii izat ion of the t e r m i n a l  a i r s pa ce .
Tii t ~ potential f or  s hor t e r  r o u t e  1 eu~ tlis in an RNAV r ou t e  s t r u c t u r e
ci ) V i ronment con 1.1 possi b ly v ~ t’ id t uci and t ime sav ings ~ t up to L .
annual lv at .1 FK . ‘these savings ar e  maximum e s t i m a t e s  pred icted on
fu 11 einp I ovmen t of an opt Irni  zed RNA V /~t~ S route st rue t nrc . Even vi  t t i
1OU” ~ 3D RN:~\’ equi ppage , t h e  per air craft: savings are small ( $ l O — 2 0  per
j e t  t r a n s p o r t  a i r c r a f t  op e r a t i o n) , w h i c h  b~ i t s e l f  may f a i l  to pro—
v i d e  s u f f i c i e n t  j u s t  if icat ion for investment in expensive airborne
e q u i p m e n t .  In mixed  (i.e. , less than 11)0 ’. equ ipped)  RNAV ‘~n v i r on m en t s
there appears to be a sharp t r a d e o f f  be tween  r ou t e  l eng th  s a v i n g s
and con t ro l  1cr work load  benefits , at least In the Ne w York me t rop lex
env ironment. The t r a d e o f f  se~’ereiv limits tile real iz ah i e  user d o l l a r
benefits for RNAV in the  t e r m i n a l  area  in the near or i n t e rm e d i a t e
terms.

~I1S p r o v i d e s  for a range of b e n e f i t s .  The most s i g n i f i c a n t  i s  the
a b i l i t y  of ~U,.S to pros’ ide f o r  p r e c i s i o n  curved approach/departure
P a t h s .  This may result In :

— reduced airspace c o n f l i c t s  between LGA and JFK , leading to
reductions In annual noise exposure at both airports , and a
31 average annual capacity increase in LCA (with higher
percentage  values of potential delay r e d u c t i o n )
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— reduced d e p a r t u r e  a i r space  and noise problems at SF0
(Runways 28L and 28R)

— reduced arrival noise at SF0 (Runways 28L and 28R), and to
lesser extent , ATL

— extended use of efficient VFR procedures to lower minima at
JFK (including Canarsie) and ATL .

t h e s e  capabilities are of significant assistance tc noise or capacit y
limited airports.

Other useful MLS benefits at  specific airports are:

— availability of new instrument landing frequencies in LAX , SF0
regions (where none are now available within present VHF 1LS
channels , and significant future needs are projected)

— reduced ILS glide slope critical areas at LGA , leading to 9
operations/hour capacity recovery when on single runway 13
operations.

?ILS may also provide benefits to several of the eight airports in
reduced localizer interference , ease of siting , and operational
efficiency.

CONCLUSIONS

1. There is a major capacity benefit at most (but not all) of the
eight airports , made possible largely with the implementation of
WAS and M&S systems . The IFR benefit of the packages of E&D
improvements for efficient runway configurations, when compared
to the future environment with no E&D implementation , ranges up
to 15% in the near term (3 mini minimum standard), 3O~ in the
intermediate term (2.5 nini min imum standard) , and 50~ in the
far term (2 nmi minimum standard), A 2 nmi minimum IFR separa-
tion represents a significant E&D effort. The comparable
benefits of M&S and vortex systems under VFR conditions are 10%
(near term), 15% (intermediate term) and 20% (far term). These
are significant benefits for the heavily congested airports
examined in the Task Force work.

The single most critical determinant in the level of capacity
benefit is the runway use configuration . Independent runways ,
dual—lanes and efficient intersecting runways offer the greatest
benef it. The second major determinant is arrival runway occupancy
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t inc . ~u r r e n t  l v  observed runway o c c u p a n c y  t i m e s  , cent i n ued i n to

t h e intermed iate and f a r  t e r m , d e t e r m i n e  the  m i n i m u m  i n t e r a r r i v a l
spa cing on many runways.

2 .  t h e r e  is  ..i continuing mcci I or reliablt ~SL)I. at seven ot  e i gh t
airports. For I i ye of these seven a i rports , ASI)E—3 would pro\ i d e
reli a bilit y , maintainabilit y and disp lay improvements over the
e x i s t  ing  ASIII —2 and thus  a l l o w  s i g n if  i can t l v  enhanced o per a t  l u g
ef t i c i e n c v  (compared to ASI )E—2) . For two ot these  seven ,ii r;~ )rts
not present lv ASDE equipped , the ,ivailabil itv of a new ASDE—3
e t  t e r s a nee d ed t’ui:,lnccment to IFR capabilities. TAGS w i l l  pro—
v ide a ground conti oiler capabilit y which w i l l  h ot degrade  ~s
w e a t h e r  worsens . This w i l l  he needed at three  of the e igh t
airp orts where low visibilit y demand will exceed present capability.

3. RN AV , i t  widely implemented , could p rov ide  f o r  s i g n i f i c a n t  con t r o l -
l e r  workload reductions. With an RNAV optimized route structure ,
t ime and f u e l  s a v i n g s  f r o m  reduced rou te  l eng ths  m i g h t  a c c r u e
(as  much as $ 17 . I M  a n n u a l ly  for JFK in a f u l l y  implemen ted  3D RN A \ ’ /
~I&S environment). These total savings are , however , based on small
per aircraft savings and might not in themselves justify invest-
ment in expensive airborne equipment. The savings are highly
sensitive to both the detailed structure of the RNAV routes and
the abilit y of the  c o n t r o l l e r  a n d / o r  ~I~S to effective lv employ the
optimized route geometries.

MLS could p r o v i d e  s i g n i f i can t a i r p o r t  s p e c i f i c  benefits , particu—
larlv in the areas of:

— reduced noise and airspace conflicts largel y arising from
the curved approach capabilities of >IS

— reduced glide slope critic al areas/ILS interference.

In addition , in the regions surround ing three of the airports ,
there is a need for the additional landing system channels
available with ~U..S.

The FAA is em b a r k i n g  on a p r ogr~lm to do compute r  s imu I at  ion  mode I lug i t
th~~ e ci gIft , p ins other , ,li rports . ThiH program will g i v e  a more ~~~
tailed understanding of the  r e l at  ionsh ip  of capac its’ to  d e l ay , i t
w i l l  p e rmi t  q u a n t i f i c a ti o n  of the potential benefits of  E&D products
In t e rms  of dollar savings in reduced dcl av .
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I . I NTRODUCT ION

1.1 Background

in 1974 , the FAA decided to sponsor a series of Airport Improve-
ment Case Studies , at eight airports , to investigate what
actions could be undertaken to plan implementation of a number
of suggested airport improvements. These studies were to
include actions that could be taken in the immediate future
to improve capacity and reduce delays and an examination of
the potential benefits ol longer term improvements , including
the installation and use of the products of current FAA
Engineering and Development (E&D) programs . Seven Task Forces ,
with representatives of the Federal Aviation Administration
(Headquarters and Regional) , the Air Transport Association of
America (ATA), a i r l i nes , and airpor t opera tors , were formed to
conduct the studies (one Task Force dealt with both JFK
and LGA). The MITRE Corporation (METRE K Division) and Peat ,
Marw ick , Mitchell and Company provided support to the FAA ’s
Off ice ot Sy s tem Engineering Management (OSEM) . MITRE METREK
was tasked by the FAA ’s O i l  ice  of System Engineering Manage-
ment to prov ide a separate report to each of the Task Forces
on the potential benefits ot implementing the products of
selected FAA E&D programs (called E&I) elements for convenience
throughout the report) at t lie a i r p o r t  of concern.

1 . 2 
- 
Purpose

‘E’Lte purpose of this report is to provide a summary of the
potential bend its ot E&I) elements at each of the eight airports.
‘I’he seven Task Forces considered the id lowing eight airports:
Chicago O ’Hare , New York JFK , New York LGA , Denve r Stap leton ,
A t1ant~ Hartsf icEd , Los Ange It s international , Miami inter-
national , and San Franc isco In t e r n a t i o n a l .

1.3 Scope

The a n a l y s is  of the potential benefits of the FAA ’s EM) prog rams
on operations at each of the eight airports was limited to the
six EM) programs expected to have the most effect on termina l
area and a i r p o r t  o p e r a t i o n s .  Those s ix  program s are :

• Vortex Advisory and Wake Vortex Avoidance Systems (VAS/WVAS)

• Arc System Automat  [on features related to airport capac it v
(Metering and Spac ing (M&S) Plus automat Ion aids to the
con t r o 11cr)

1—1
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• Discrete Address Beacon System (DABS)

• Airport Surface Traffic Control (ASTC) —— including
Airpor t Surface Detection Equipment (ASDE—3) and Tower

Automated Ground Surveillance (TAGS)

• Area Navigation (RNAV)

• Microwave Landing System (MLS)

Section 2 describes the six E&D elements. The genera l methodology

followed in analyzing the impact of these elements is given In

Section 3. Finally the potential benefits of the EM) elements at
the eight airports are summarized in Sections 4 and 5.
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2.  DESCRIPTION OF E&D ELEMENTS

Program descriptions for WVAS, ATC System Automation , DABS ,
ASIC , RNAV and MLS are contained in the following subsections.
Addi tional information is found in References 3—6 , 15—17 , 23 , 28.

2.1 Wake Vor tex Avoidance System (WVAS)

The major objective of the FAA ’s wake vor tex pr ogr am is to
develop ground—based predic tion/de tec t ion sys tems wh ich w ill
allow for decre ased long itud inal spacing between aircraft when
t rail ing wak e vor t ic es do no t pres en t a hazard to f o l l o w i n g
aircraft. To develop a system capable of reducing separations
by predic t ing vor tex mo t ion it was f irs t nec essary to learn
enough abou t the l i f e , decay and movement of vortices as a
function of genera t ing a i rc ra f t and me teorologi cal condi tions
so that such predictions could be made. Using predictive data ,
the appr oach con trol ler  can then es tablish a i rc ra f t spac ing
based on the expected vortex transport and decay conditions in
the runway approach corridor.

Curren t ly ,  there are two levels of WVAS installations envisioned.
The first level called the Vortex Advisory System (VAS) utilizes
wind speed and direction information to permit the controller to
reduce aircraft separations during those times when vortices
ei ther qu ickl y decay or move from the approach corridor. As shown
in Figure 2—1 , the pro totype O ’Hare meteor ological  network cons ist s
of six 50—foot towers , one of which is loca ted near the middl e
marker at each of the operating approach corridors , which are used
to measure wind parameters. Multiple towers are considered neces-
sary since tes ts at O ’Hare and at the JFK International Airport
have shown that the inhomogeneity of the atmosphere precludes the
use of a single cen tra l ly  loca ted sensor for  the measuremen ts o f
the wind parameters.

A multi p lexer successively samp les the sensor outputs and con-
ver ts these to a par allel d igi tal da ta word which In turn is
serialized and transmitted over standard existing FAA lines t o
a central facility where receivers reconvert the data to a
parallel format for input to a VAS processor. The sensor o u t p u t s
arc sampled at two samples per second with a one minute running
average maintained on each sensor. The averaged meteorological
da ta f rom the runway in use is then compared to a me teorologi cal
vortex advisory system algorithm and the vortex separation
requirements determined . Long term samp l ing and h ys teresi s are
used to prevent frequent and erroneous changes in the indicated
vortex condition . It should be noted that the vortex advisory

2—1
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system design represents a “first—cut” system design . It is
anticipated that both hardware and software changes will be
required during the operational feasibility evaluation phase.

Wake vor tex pr ogram p lans also include the developmen t of a
more sophisticated automated system with detection and predic t ion
capabilities , called the Wake Vortex Avoidance System . Figure
2-2 shows a conceptual block diagram of the automated wake vortex
avoidance system .

Prelim inary design thinking indicates that the WVAS may operate
in the following manner. Vortex detection and meteorological
data will be continually input into the WVAS dedicated VAS
processor. Stored within the VAS processor would be the vortex
behav ior algorithm and aircraft spacing criteria. Spacing be-
tween var ious aircraf t types wou ld be specified as a func tion
of the vortex behavior algorithm and the hazard associated with
each aircraft type. A spacing matrix is generated and prov ided
to the ARTS III computer where it would be used along with
metering and sequencing criteria to establish minimum spacings
in the term inal area compa t ible with safe ty and opera tions
requirements. The predicted information should be provided to
ARTS Ill with a lead of about 10—15 minutes to allow for proper
me ter ing and handoff  procedures in the terminal areas.

The spacings provided must also be sufficiently insensitive to
minor meteorological variations so that the spacing matrix is
not continually chang ing , since this would prevent orderly
sequencing and metering operations.

Concurrent with providing spacing information to ARTS Ill , the
WVAS minicomputer would be continually mon ito ring wake vor tex
sensors which are tracking the vortices in real time . When a
vor tex moves contrary to that previously estimated by the pre-
d ict ive algori thm and remains in the f l i gh t pa th , a signal
cou ld be simultaneously sent to ARTS III , the tower and the
affec ted aircraft. For the predictive system to operate
e f f e c tively , the probabil ity of such a si tuation occurring must
be quite low . To de ’ ermine the probability of a vortex moving
counter to the prediction requires knowledge of the sensitivity
of the vortex behavior model to minor changes in its critical
parameters. Once tIi~ s sensitivity f i gure is established , it
should be possible to reduce the probability of a vortex moving
counter to the prediction by adding an additional safety margin
to the cr itical behav ior model parameters.

2 — 3
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To obtain maximum benefit from the WVAS , an effec tive metering
and sequencing program is essential, since con trollers wou ld
not have the capability to fully utilize the matrix output.
The matrix conceivably would be complex and change relatively
freq uen tly ,  requiring a computer to store, utilize , and dis—
p lay op timum spac ing data.

2.2 ATC System Automation

The automation aids to the controller , when f u l l y developed ,
could include digitized displays of aircraft separations ,
computer genera ted alarm s, and WVAS informat ion display. The
ATC System Automation program plans to develop metering and
spacing (M&S) systems evolving from the curren t manual system
to an improved (Advanced) M&S system through a Basic
(imp lementable) M&S system. The purpose of the M&S systems
is to decrease the delivery error of aircraft at the gate of
the final approach in order to provide higher precision for
the aircraft separations uniformly over time.

An initial M&S system for Denver is currently under test
design and evaluation. It will address a single approach to
a single runway. It employs path stretching and shortening
(with some speed control) between way points defined on
arrival routes. The system will provide control instructions
to the controller displays for voice transmission to the pilot.
The path control of aircraft over the way points on the
arrival routes will increase the delivery accuracy of the air-
craft. Such an increase will help reduce the buffer required
to ensure non—violation of the separation standards. The
reduction in the required buffer decreases actual spacings
between aircraft and thus aids in increasing the capacity.

An implementable M&S system will evolve from the first Denver
design. It will be based on the ARTS lilA (enhanced) system
and will be oriented toward controlling traffic for a single
airport (i.e., satellite airports are not considered). The
system will incorporate the ability of handling changes in
runway configurations. With the basic (implementable) M&S
system, the controller will be required to manually input the
desired separation between arriving aircraft to obtain
appropriate departure gaps. The controller has the freedom
to change the desired departure gaps to accommodate changing
traffic situations through appropriate input to the M&S system.
The interface with the Vortex Advisory System is also conducted
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• ~~~~ 
-



II

manual! v t h r o u g h a p p r op r  i ate two state (RED/GREEN) input depend-
ing on the indication ot  the VAS o u t p u t .  The basic  (implementabict
M&S system is expected to decrease the interarrival error bet wee n
aircraft from the current 18 seconds (one standard deviatiou ) t o
11 seconds (one standard deviation) (Reference 7).

An improved M&S system , expected to evolve from the basic
(implementable) sy s t e m , enhances the performance with better
del iver s ’  accur .icv and added s y s t e m  c a p a h i li t  it ’s. l’his svst cm
w ill be able to con t rol multiple dependent arriv als (up t o  3
st r e am s) .  in add It  ion , the handling of the depart nrc queue
i.e. , creating departure gaps) will be automated , as will th e

interface with the WVAS installation. The presence of t h e  data
l ink may be used to provide routine contro l messages to the pi l ot
in an automated mode. The improved M&S system is expected to
interact with the ASTC system to provide a more efficient inter-
leaving of arrivals and departures. The interarrival error
between aircraft is expected to decrease to 8 seconds (one
st andard deviation) under the improved M&S system (Reference 7).

2 . 3 Discrete Address Beacon System (DABS )

DABS provid es a t echn i cal  improvement to today ’s . \ ir  T r a f f i c
Contro l Radar Beacon System (ATCRBS) which will he fully com-
p a t i b l e  w i t h  ATCRBS a i rborne  t ransponders  and ground—based
in t er r ogat o r s . DABS is designed to reduce the surveillance error
and provide a ground—air—ground data link with the capabilit y of
addressing each aircraft in a discrete manner. The data link w i l l
assist in reducing the voice communicat ion workload of the control-
ler , and will provide the means of automating the t r ansmiss ion  of
routine messages between the ground and the aircraft. The pos si—
hilitv of using the data link for the a u t o m a t i c  transmission of
t h e  metering and spacing messages will be investigated as a way
further decrease cent roller workload and i n su re  t he  t imely
delivery of those messages.

2. -i Airp ort Surface Traffic Control (ASTC)

The ASTC program is being developed to provide the ground control-
ler with Improved automated disp lay of airport surface traffic.
The need for an automated improved airport s u rf a c e  traffic c on t ro l
becomes more import .in t in limited v is lb ii i tv cond it lens . There
are two basic aids being developed.

2—6
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ASDE—3 (Airport Surface Detection Equipment), a new ground
su rve i l lanc e radar , will disp lay the posi t ion of each surf ace
veh icle on the airport surface to the ground controller. In
heavy tr affic , however , some degree of pilo t pos it ion rep or t ing
may be required due to lack of identity (on ASDE—3 display).
The same basic information that is given to the ground control-
ler may also be given to the local controller. ASDE—3 is to be
a modern solid state radar. The specified MTBF will be 2,000
hours , a 10 to 1 improvement over the modified ASDE—2 . The
unit will operate at about 15 GHz versus the 24 GHz of ASDE—2 ,
and have a redesigned radome to improve performance during rain-
fall. It will also have display enhancement features to eliminate
surface returns (except for valid targets).

TAGS (Tower Automa ted Ground Survei l lance) is a longer term
program for improving airport surveillance . Its operation is
to restore the ground control capacity lost through bad cab
visib ility even when an ASDE is available . TAGS will be
designed to present a clear uncluttered plan view display of
the airport and labe2 each ATCRBS (DABS) beacon equipped target
with flight identity. Target detection and identity correlation
problems present with ASDE should be eliminated . In addition ,
since TAGS will be a cooperative system (relying on an on—board
beacon), it will be virtually weather immune , eliminating rain-
fall penetration problems associated with passive radars (even
ASDE—3) .

Mechanization of TAGS will probably be based on new sensor
technology to interrogate existing ATCRBS transponders on board
the aircraft and determine their surface location and Identity by
trilateration . Figure 2—3 presents a possible display forma t fo r
TAGS. The figure shows a wholly synthetic disp lay such as wou ld
be used if TAGS were to rely solely on the ATCRBS (DABS) sensor
for information and thus replace ASDE .

The decision as to whether ASDE should be replaced by TAGS or
used in conjunction with TAGS has not yet been made . A TAGS
system which would use ASDE—3 for an analog radar target and
the ATCRBS (DABS) sensor for flight identity to tag the radar
image is under consideration . As currently planned , the com-
bined sensor system (hybr i d system) would be an op tion in the
TAGS engineering model development program . One advantage of
such a hybr id sys tem is tha t i f ei ther subsys tem f a i l s, the
othe r system would prov ide a backup display presen tat ion —-
either ASDE target or direct interrogation tags with leaders
pointing to the approximate target locations.
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The E&D element closel y tied to TAGS is Metering and Spacing.
The current local control problems arise when the demand forces
the controller to try to release departures between the closely
spaced arrivals on dependent runways. In order to increase
arr ival rates , ~1~ S wil i space more arrivals closer together.
This will expand the problems of local control. Unless timing
aids can be supp lied (i.e., TAGS) , the departure capacity may
not be maintainable ~it the current levels. Excess arrivals
can bog down the airport and may not be of value without the
ability to interleave arrival and departure use of the runway
in a manner more precise than is necessary in today ’s environ-
ment. This problem has not been examined in detail.

2.5 Area Nav igation (R.\A V )

In the present ATC system , navigation is performed along a
series of straight line courses known as radials which extend
outward f r om VORTAC and VOR ground stations. This constrains
all routes to a series of straight line segments joining one
VOR/VORTAC to another. The term Area Navigation (RNAV ) refers
to an airborne navigation system which provides navigation along
a direct course to any destination or to any intermediate way
point. The tcrm 2D is commonly used to refer to RNAV systems
(c urren tly in use) which  provide navigation in the horizontal
plane to a point defined in two dimensions by latitude and longi-
tude or a bearing and a distance from a VOR/VORTAC ground station ,
or through use in INS or Omega systems . The 3D—RN AV (or VNAV)
system adds the third vertical dimension of altitude , and 4D—
RNAV systems add the fourth dimension of time . RNAV will enable
aircraf t to f l y  from one designated way point to another within
the terminal area without being told when and where to turn and
change altitude by the controller by using (1) delay fan ,
(2) direct to next way paint , (3) parallel offsets on base leg,
and (4) multip le discrete parallel departure paths . Figure 2—4
illustra tes the concep ts for  use of RNAV in terminal area.  The
RNAV routes may interact with the M&S system in de f in ing  the M&S
way points , and the RNAV system may provide better aircraft
location data to the M&S system . RNAV avionics are available on
the market and there are limited provisions for 2D RNAV routea
in the ATC system .

2.6 Microwave Landing System (IlLS)

MLS is to be an air—derived precision navigation system operating
in the microwave (C—band) region of the frequency spectrum
which provides precise azimuth and elevation angle data as well
as range (DIEE) data over a wide coverage volume (azimuth and
elevation angles). The data is suitable for visual disp lay to
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3. MF ,TIIO DOLOGY

Eva I i t ~t t ion of the impac to  of ASTC , RNAV and MLS was made on an
a i r p o r t  spec i f i c  bas is. Where p o s s i b l e , r e s u l t s  front prey ions
a i r p o r t  s pe c if i c  stuel t e s  conduc ted  b y the FAA or other con t  ra .’ tors
under  FAA sponsorshi p were  used. V i s i t s  to some of t h e  a t  t’po r t s
for an oii—s I te aria lvs is were used to s u p p l e m e n t  p rey  ions St tu d I i’s
and current analyses. Such v i s i t s  we re i - s pe c  jail y useful i i i

m a k i n g  an a p p r a i s a l  of MLS betie f i t s .  The summary of results of
i_ h i,s eva l nat ion for t h e  eigh t  a i r p o r t s  is g iven in Sect i o n  5.

Eva luat  ion of the impact of WVAS , ATC Sys tem A u t o m a t  ion and I)Ab~S
on airport eapac  i t  v r e q u i r e d  a characterizat ion of the performance
tlt these i- lemon Is to refl ect the changes in performance tli at is
expected as e v o l u t i o nar y  imp rovements arc real ized. For this
purpose , at  the  s t a r t  of t h e  a i r p o r t  s tud ies , the  A EM — l OO Div i -
s ion ot t h e  O f f i c e  of  Systems E n g i n ee r i n g  Management , FAA , desi g-
n at e d  certa in g r o u p i n g s  of imp rovements  to r e f i  eel expected t inie
of ova ilab fif t y. These group ings are shown iii Tab Ic 3— 1

In tile nea r term (Group 1) ,  the Vortex Advisory Sy stem (VAS) ari d
Basic Metering and Spacing ar~’ expec ted to imp rove M&S delive ry
a c c u r a c y  and permit  r educ t ions  in the  4 , 5, and 6 nmi 1FR wake
vortex s e p a r a t i o n s  when VAS observa t ions of m e t e o r o l o g i c a l  coil—
d it b u s  indicate it is safe to do so, while maintaining tIm e
current -) nmi minimum IFR separation standard for air craft pa irs
not impacted by wake vortex.

In the  i n t e r m e d i a t e  term (Group 3), Basic Metering and Spac ing is
expected to be supp lemented by the Wake V o r t e x  A v o i d a n ce  Sy s t e m
and some improved s u r v e i l l a n c e  c a p a h i l  i t  it’s for the control icr
(e. g. , di gitized disp lay of s e p a r a t i o n  measures , computer
g e n e r a t e d  alarms). In this analysis , the b a s i c  I F R  a r r i v a l
separa  t ion st a n d a r d  is reduced to 2. 5 nmi for these a i rc r ,t  f t
pa i r s  c u r r e n t ly governed 1w t h e  3 nm i  sepa ra t  ion s t anda rd . Othe r
i i i  ri’ r a f t  pa i r s , s e p a r a t e d  by mo re t han  nmi  t od ,t v  because of
wak e v o r t e x  haz ard , are assumed to have sign i 11 c ,tutt Iv reduced
separa t  IOU r e q u i r e m e n t s  .is well , hut  to  .i level ;tbove 2. 5 nmi -

Red need depar t  tire separ o t ion m’equ t rernen t s are also assumed

T i m  t he  t ’. tr  t erm  ( G r o u p  4), it is  a n t  icip iuted that the Metering
and Spa . ’ ing system w 11 I ( ‘V. 1  I ye to an imp roved e’ap,mh i lit v , and
tIme Discrete Address Beacon Svst em w i l l  hi’ m t  r e d u c e d .  The
h~ms t i ’ I FR , t r r  lvii i s epa ra t ion  standa r., is assu m ed to be reduced
to .~o low a 2 nml b r  t he  I t ’, m s t  v o r t e x  impacted a i rcraft pa i rs
(e.g., large aircraft following smal l ,m i t ’ .’ r a t  t ) . For o t h e r
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aircraft pairs , spacings are also f u r t h e r  reduced In this analy-
sis , but remain at values larger than 2 nmi. Departure separa-
t ions  lire assume d to al l  be reduced to 60 seconds. Obvious l y ,
this far term capability requires extensive E&D effort to arrive
at an imp iementable  state.

For each of these t ime frame s , per formance  character is t ics  have
been developed in detail in Reference 2 for VFR as well as IFR
conditions , and are given in Appendix A. These performance
measures , p lus a i rpor t  s p e c i f i c  runway opera t ing  s t r a t e g i e s,
exi t  locat ion and usage , and a i r c r a f t  mix , can then  be used as
inputs to the FAA capacity model to estimate future capacities
under both  sa fe  (green ligh t )  and f a l l  back (red li g h t )  condi-
t ions of WVAS .

The capac i ty  ca lcu la t ions  fo r  the  Task Forces were genera l ly
made onl y for  near term (Group 2) and f a r  term (Group 4) cases.
These are reported in the body of this report . Some intermed iate
term (Group 3) values were run la ter ;  these are inc luded  in
Appendi x B.

It needs to be emphasized at this point that the assumptions used
in th i s  analysis  as to the reduc t ion in longitudinal  spacing
under IFR condi t ions due to VAS/WVAS were s u b s t a n t i a l l y  less
than the  reduc t ions  s ta ted  as being the  goals of the VASIWVAS
E&D programs . For example , the  ob jec t ive  of the  VAS program * is
to allow a spacing of 3 nmi between all pairs of a i r c r a f t  on
f ina l  approach under  VAS “ green light ” condi t ions . The assump-
t ion made in these a i rpor t  s p e c i f i c  analyses was t ha t  larger
separa t ions  would s t i l l  be required between cer ta in  types of
a i r c r a f t , up to as much as 5 nmi fo r  a small a i r c r a f t  f o l l o w i n g
a heavy a i r c r a f t .  S imi lar ly , the  s ta ted  object ive  of the  WVAS
program is to reduce separat ions to as l i t t l e  as 2 nmi.  Tile
assumption made in this study was that while 2 nmi might be ac-
ceptable between some aircraft pairs , larger separa t ions wou ld
be requ ired between other pairs——for example , 3.7 mini for a small
aircraft following a heavy aircraf t , and 3.0 nmi for a large
aircraft following a heavy aircraft. The exact separations used
are shown in Appendix A.

For convenience in describing impac ts in Sec t ions  4 and 5 , a
sketch of runway layouts ~it the eight airports is given in
Figure 3—1. This fi gure is reproduced as Figure E—1 , whi ch may
be folded out for convenient reference in reading the remainder
of th is  repor t .

As of January 1978.
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3. I~tPACT OF WVAS, Arc SYSTEH_AUTOMATION AND DABS

F The impact of WVAS , ATC Sys tem Au toma tion and DABS thr ough changes
in a i r c ra f t spa cing on a i rpor t capac ity Is given in this section
for the time frames representative of Groups 2 and 4 E&D equi page .

The capac it y loss resul ting f r om an increasing per cen tage of
heavy aircraft in the future , assuming no E&D dep loymen t , can
be very significant at some airports. This is illustrated in
Figure 4—1 (a detailed table is provided in Appendix B). The
capac ity losses , which generally range from 3—10% , are par ticu-
larly significant in VFR at DEN , where the increases in heavy
aircraft result in a 17% decrease in airport capacity. This is
due to the close parallel runways which cause vortex separation
rules to be applied to approaches on separate runways (as well
as to approaches to the same runway). Thus , the inser tion of
a heavy aircraf t increases spacing on both runways. In this
case , E&D elements provide little or no actual capacity improve-
ment versus today ; most of the Group 4 VFR capac it y ga in is to
recover the capacity that would otherwise be lost in the future ,
due to the increasing percentage of heavy aircraft.

The capacity gains at tile eight airports , as a result of the
implementation of these E&D equipment groups , are sh own in
Figures 4—2 and 4—3. Values are shown for Groups 2 and 4 with
the reduced spacings permitted with VAS/WVAS . Values are also
shown f or “failback” cond itions of larger separations when VAS/
WVAS indicates hazardous vortex conditions at the lower spacings.
Capacity gains are calculated as a percentage , by comparing the
capacity of the appropriate future ATC environment (Group 2 or 4;
full E&D or failback vortex rules) with the capacity of today ’s
ATC sys tem , bu t reflec ting fu ture aircraft fleet mix . For each
airpor t , the gain shown In the figures represents the midpoint
of the capacity values for the several configurations chosen by
the Airport Task Force to he representative of the norma l
range of capab ilities. For the Group 4 time frame , average
capacity gains range up to 21% in VFR and 51% In IFR . Further
discussion of these values Is given in subsequent paragraphs .
Detailed values are provided in Appendix B.

For VFR , the capac ity gains are modes t in the Group 2 E&D t ime
frame . In the Group 4 time frame , the gain is in the 10—20%
range. The gain under increased vortex separation rules (fall
back) is approximately half this amount. For IFR , the ga ins are
much larger. This reflects in large part the fact that E&D
elements primarily address an IFR capacity need , and only
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seconda r i ly  assis t  the VFR case. The VFR sy s t e m  today also
opera tes  much closer to time c o n s t r a i n t s  of runway  usage (ve rsu s
the  o f t e n  l a rge r  IFR s e p a r a t i o n  r e q u i r e m e n t s ) .

‘i’he va lues  of a i r p o r t  c a p a c i t y  ga ins  are l a r g e l y  d e p e n d e n t  on
the significant runway configurations evaluated by the Task
Forces.  A r r i v a l  only runways , d u a l — l a n e  c o n f i g u r a t i o n s  and
cross ing  con f i g u r a t i o n s  w i t h  shor t  t imes to c ros s ing  pe rmi t  t i l l ’

greatest decreases in separations , and thus  e x h i b i t  t i le  l a rges t
c a p a c i ty  g a i n s .  Thus , under  IFR c o n d i t i o n s  LAX , JFK , ORD and
SF0 have such c o n f i g u r a t i o n s  and show large b e n e f i t s .  The DEN
capacity values represent averages of an arrival only/departure
only value on one hand with a dua l—lane  wh ich  is r e s t r i c t e d  to
look l ike  an a r riv a l/ d e pa r t u r e  runway on the o ther  hand . The
f i r s t  is a good con f igu ra t i on  ( f r o m  an E&D impact  point  of v iew) ;
the second is a poor c o n f i g u r a t i o n .  The remaining three  a i rpo r t s ,
ATL , LGA and MIA , are dominated by an arrival/departure runway
(poor from E&D impact point of view). ATL , in p a r t i c u l a r , shows
a balanc ing of depar tures  between n o r t h  and south runways today
which will not be possible in the future. The r e l a t i v e  impact
of d i f f e r e n t  runway conf igu ra t ions  is f u r t h e r  i l l u s t r a t e d,
based upon the me thodology of Reference  8, in Appendix C.

It should be noted that the average capacity gains shown represent
a mid point of a wide range of values at many of the airports.
This is i l l u s t r a t ed, for  Group 4 , in Fi gure 4—4 . This  shows t h a t
part icularly in IFR at ORD and LCA , there is a wide range of
capacity gains. For ORD , this reflects a wide variety of crossing
c o n t i g u r a t i o n s .  For LGA , i t  r e f l e c t s  the d i f f e r e n c e  between a
good crossing configuration (high capacity gains) and an arrival/
depar ture runway (low capacity gains).

Finally , it should be remembered that the capacity values shown
reflect not only c o n f i g u r a tion type , E&D pe r fo rmance  c a p a b i l i ty ,
and aircraft mix , but also other airport specific considerations
that impact capacity. Notable among these is runway occupancy
time. Today ’s observa tions of occupancy times have been used in
the capacity calculation for all equipment groups. That is, no
accoun t was taken of possible future improvements due to high—
speed exits and/or pilot technique. At some airports (for
example DEN) runway occupancy times today are large . This limits
the estimated E&D impact , par ticularly in the Group 4 time frame
where arrival standards are as low as 2 nmi . Any fu ture
reduc tion in runway occupancy time , due to ref ined techn ique ,
additional exits and/or new technology , would help maximize the
potential benefits of the capacity related E&D programs .
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The c a pa c  i t v  impac t s  of time Group  2 and Group  4 E&1) elements
are summarized in Table 4—1. The Group 2 e l ement s  (\‘A S ,
Basic M&S) provide up to 10% capacity gain In VFR and up to
i.5”~ ga in  in IF R .  Fall  back gains are up to 4~~. ‘rime Group  3
EM) e lem e n t s  ( W V A S , improved M&S , DABS ) p rovide  up to 2J~
c a p a c i ty  gain i n  \‘FR and up to 5l~ gain in IFR .  Fall  back
capaci ty gains are about ha l f  these values.
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TABLE 4-1
SUMMARY OF IMPACT OF E&D ELEMENTS ON AIRPORT

CAPACITY AT THE EIGHT A IRPORTS*

— 

GROUP 2 - GROUP 4

WVAS
- 

+

VAS IMP ROVED M&S

+ +

__________________________________ BASIC M&S DABS

VFR — FULL E&D** 2% to 10% 9% to 2 1,~

— FALL BACK 0% to 4% 4% to 12%

IFR — FULL E&D 0% to 15% -5% to 51~

- FALL BACK 0% to 40/ 2°!.. to 27~

*COMJ’ARED TO TODAY ’S ATC SYSTEM WI TH FUTURE AIRCRAFT FLEET MIX.
**THE TERM “ FULL E&D ” REFERS TO THE CONDITION WHERE VAS (GROUP 2

OR WAS (GROUP 4) INDICATES THAT REDUCED SEPARATIONS ARE SAFE.
THE TERM S “FALL BACK ” REFERS TO CONDITIONS WHERE VAS OR WAS
INDICATES THAT ADDITIONAL SPAC ING IS REQUIRE D TO AVOID ENCOUNTERS
WITH WAKE VORTICES.
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‘ . IMI’M”l’S OF AS’t’C 1 RNAV 1\N l )  M I S

A stirnina I’’’ 0 t t lie I rn p ii t ’ Is o f ASTC , RNAV and MLS at t hi’ t’ I gil  I , I  I F  —

Ports is  presented t i m  t i m  I s  sect  t o n .  The det ailed dev t’ iOpfl lt’im t of
I liest- t iupac to I s I ound I I i  the I ;md lv  I I IUJ 1 .i I r port repo its , M’i R— 7 3  ~()

Vol nines I t iirou gli V i I . ‘the rt’su 1 to . i i & ~ has t’d upoim a I r p or t  s pt ’c I I I c
aima ly ses  done fo r  the t~ilst ’ study ci torts , and on prey kIlls ~tt t i 1 i t ’s
t’ i t  h er  p e r i l  ormed by the FAi\ or unde- r t ime  sponsorsim I p of the FAA
(Retcrc -ni - es -10—lb t or AS IC , 17—23 for RNAV , and 24—12  f or ~ILS)

the art-as of potent I a I lrnpth - t. o I’ A S I C  , RNAV ,t imd t ’ILS .1 Fe sununa F I t ’ tI
ti m Table  5—I. Time i m pa c t s  ideni If led at the e l  g u t  a i r p o r t  s a l t ’
di st ’t isset l  In the t o  I lowing subse t ’ t Ions.

- !~J~-~ 
Impa ct s

The Airp ort Surf at-c ‘I ra I f  Ic Control ( A S I C )  5vo  tern c - ch it i s i s  f_ l i t ’
nmovemt-n t of I r a t  I Ic to , f_ l i rough , on aiid of I a I rpor t runways and
t ax I W a y s  ; i t  e’ncolupa sses pe,op .1 c , p rot-ed cares • :iiid equ I I) Ili&’ll I

Time areas of potent t a l  imp act as suiiunarized lim Table ‘I—i , ai’e
d e s ’ r  filed below .

‘rt ’dav , wfi ’n the I oca I anti groun d con f_ ro ll ers I OCJI I t’d in  t lit-
Lowe r cab at a L i  but I we I Vt ’ - I rpo F t  s , are unab Ic to st,i- a l l  or
port ioii~ of I he .11  I’port surf a c t - dut’ to bad w e at h e r  ( t o g ,  snow ,
e c . ) , I hey m u st  i-cl v 011 1 Iii- p i l o t  ‘ ye  r i l a  I 1105 i t  I oi’i i’ t ’ i ) O F  f _ s

Issued v La Vt) Ice r a d i o  to ma inta t i m  a mt - n t  a 1 ‘‘ p l c  I u i- c’’ of tim e
t r a t  I i i ’ flow. Tiic’ otlici- t w e l v e  i li-po rts have  A i r p o r t  Su i  t a c t-
i) i - t  et- t  i on  Equ i pment (AS1 ) E— 2 ) (a primary ground surve ii lanci-
r ad ar  g I v  I im g .i p l a n  v i e w  cl i  spi av oil time surf act ’ I i’at I ic 5 i f _ t i —

itt 11)11) to assist tilt ’ cont roll t-r dtii’ i img per  til dS O f  poor V tslL’i i ii v
A new i-ada r , des I gna I i’d ,\ Si ) l1— I , w i l l  prov Ide improveinc’imt s i i i

ru t n l a  i i  penet  r a t i o n , re L i a b t i l  I v  and m a i n t a i n a b i l i t y , and
d iso l a y  eni~ int -erne-n t . I lit’ u se of ASPI- ; ( t’ i t  lit ’ r A SI) i- —2 o F AS1)i- — I
is desert bed IlL’ low .

‘lim e use ’ of p i l o t  11110 i t  lou  ~ t’ p° i t  s I oil a v as I ime 5~) it’ Illt~~i i1 5 01

survt- i 1 i auce  thu r  t u g  pci’  tods ot low V is  ibt l i t  v l i m i t s  t i m e  (‘aflaclt \-
d l  hot Ii lot-al and ground cont iol l er s  . For 1 t l t I I t ’ c l u i t  r o t  , t ime
proh 1 cm Is one of di’ I eflUl il l i~g wiit ’im anti wIi&’ Ft ’ c t ’  V I .u in C Vt ’U Is are
oce u u ’ r i  ng - In  hand I ing ar r  I ~‘~u Is , I oc a I cont  ro l  mus t be ab le Ic
de t -  rm tnt ’ w iti- im ulu a i r  1 v .i I is at  I he runw ay I, i t r e ah o  I d , wlit ’ii It
lois landed , wiwim It is commit ted to I t s  t u r n o f f - 

, and when I t
has c R-ui red t he runway. In h ou nd I ing dep at-tui it’s , I lit’ I sea I
c 0 1 1  I ro lit- r must he ab It ’ to ilet e rmine  t hut t t lie next (lepa rturt-

‘I — I

~
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TABLE 5-1
POTENTIAL IMPACTS OF ASTC , RNAV . MLS

AS it ’

ASI)E— I —— REI. LAB IL1TY , MM NT AI N AII I LI ‘I’Y , 1)1 SPLAY u~Ii ’Rov i-:Mi -;N’r S

-- LOCAL CONTROLLER — CAPACITY RECOVERY
REDUCED WORKLOAD

—— GROUND CONTROLLER — IMPROVEMENT IN CAPAB iL I T Y
VS POSITiON REPORTS

— RE I)U CEI ) WORKLOAD

‘FAGS — — GR OII N I )  CON TRU LI ,E R — CAPAB IL1 TY I)OES NO’I’ Iwt :RADE
IN POOR \ ‘ I S I B I L I T Y

RNAV

FIT EL AN!) ‘ I I  Mi-~ S ,W I N( S

ct)NTROLI ,FR WORK LOAI ) RE [)IIC ’F I ONS

> 11. 5

ADI )I T 1ONAL FREQUENCY ASS 1 ( ;NM ENTS lEASE OF MA I NTENAN C1-:

EASE OF S I I IN C

REI)IICE 1) LOCAL E ZE R MULl’ I PAT h I NTERFERI - :NCF :

RE I )U CE I) G LIDE SLOPE CR11 ’ ICAL AREAS

REI)t ICEI ) Al  RSPACE CONFL I CiS

REDUCED NOISE I MPACT BY USE OF CL T RVE I ) PAT h S

ADD ITIONAL REI ) I I CEI )  M I N I  MA w i - r n  P R E C i S I O N  Gi l l  DANCE

EN HAN CEI ) FAIL  Oi’ERAT I ONAL CAPA1I IL  ITY

ENHAN CEI ~ P R E C I S E  TURN CAPA Bi L I TY
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is in position on the runwa y and holding, that i t  has p r o m p t l y
started its roll wimen given takeoff clearance , and that time’
departure has lifted off. To the extent tlmat the local controller
cannot visually obtain t i m i s  timing information , lie asks time
p i lo t s  to provide time i n f o r m a t i o n  by means of t ime  voice  c h a n n e l .
Time p i l o t  i n f o r m a t i o n  is not as p rec i se  as t i ma t  obtained by d ir e c t
observation , and runway capacity is lost. Tue extent of t i i ~
capae- ity loss depends on time type of runway c o n f i g u r a t i o n  be i ng
opera ted  and t ime p e r cen t age  of  heavy a i r c r a f t  t h at  operate into
the airport. A SDE provides t ime  r equ i r ed  t i m i n g  i n f o r m a t i o n
and essent ia l ly  al lows the  local controller to h andle as many
a i r c r a f t  under low v i s i b i l i t y  as ime can imand le  w i t h o u t  ASI)[
under good visibility conditions.

For ground control , t ime problem is one of m a i n t a i n i n g  a mental
“p i c t u r e ” of time s u r f a c e  t r a f f i c .  To the ex t en t  ground c on t r o l
is not in visual contact with t ime su r face  t r a f f i c , re l iance is
p laced on position reports from time p ilots a t  cr i t i c al  j u n c t u r e s
in their assigned routes in order  to m o n i t o r  t i m e  t r a f f i c  and
m a i n t a i n  c o n t r o l .  W i t im ASDE , the controller can now see time
surface traffic hut  imas t r oub l e  a s soc ia t ing  the r i g h t  f i i g i m t
number w i t h  time r ight  radar  t a r g e t .  E r r o r s  in the  a s soc ia t ion
of f I  ig i mt  numbers w i t h  t a r g e t s  can lead to cont ro l l e r  c o n f u s i o n
in c o n f i r min g  tha t  each a t  r c r a f t  is fo l lowing  i t s  assigned route- ,
c o n f u s i o n  as to wimo to cal . 1 in response to some c r i t i c a l  t r a l  —
t i c  s it u at  ion simown on t I m e  d i s p l a y ,  or c o n f u s i o n  as to w h i c h
t a rge t  on the  d i s p l a y  shows the c u r r e n t  location of a p i l ot
c a l l i n g  fo r  new/rev ised  routing i n s t r u c t i o n s .  To reduce t h is
c o n f u s i o n , time c o n t r o l l e r  uses his  commun ica t  ion channel  once
a g a i n .  The r esu l t  i s  t ha t  ASI)E improves g round  co n t r o l  capac i t > ’
in low v i s i b i l i t y  cond i t  ions but  t ha t  t ime v o i c e  c hannel  satu-
r at es  b e f o r e  the c a p a c i ty  i’ e’ac - i i e ’s i t s  good v i s i b i l i t y  l eve l .
To r e t u r n  the ground c o n t r o l  c ap a c i t y  to  i t s  good v i s i b i l  i tv
l e v el ,  t ime d i sp layed  t a r g e t s  must  be tagged w i t h  t h e i r  I l i g h t
numbers. This is time purpose of the TAGS (Tower Automated
Ground Surveillance) s\’stenm and its asseic kited  d i s pl a y .

The potenti al impacts of A SIC Identi fied at the eight airports
are summarized in Table 5— a .  I” or t ime a i r p o r t s  w i t i m  a current
ASDE , t h e r e  are sign I f  l e a n t  i m p r o v e m e nt s  in re I t i l l  i i  i t  Y

m a i n t a i n a b i l i t y  and d i s p l ay  by eupgrad ills to  ASPI - . — I .
enable  the b e n e f i t s  of an A SPI -I to be more , v t  1,11) 1 e’ and no l~
tel iab le .  For the l o c a l  c s i mt  r o l l e r , c’apac  i t  ~ r e c o v e r y  is
exper ienced  at ATL , under  those c o n d i t i o n s  when tIme ui  I- cut
AS D E— 2 experiences  w h i t  eon t or rc I l ab  t i l t  v p roll I ems.  Work I c lad
r educ t ions  would a iso resu 1 t at  ATI~ as I he c u r r en t  degree of
necessary coord m a t  ion bet Wt ’ t ’ n  ground and l O t ’ a! I ’ll I ro 1 is



TABLE 5-2
ASIC IMPACTS

ASDE-3~~
1
~~ TAGS

GROUND
LOCAL CONTROL GROUND CONTROL CONTROL

Capacity Reduced Controller Reduced All Weather
Recovery Workload Capability Workload Capability

ORD

JFK A4R /D4L A4R/ D4L (2)

A 22L/D22R A22L /D22R

LGA (3) +22% A22/Dl3 Al3/D13 +30% (2)

+11% A22/D3 1

DEN (3) +30% (2)

ATL S

LAX

NIA (3)

SF0 (2)

(1) ASDE—3 PROVIDES RELIABILITY , MAINTAIN ABILITY AND DISPLAY
IMPROVEMENTS OVER ASDE-2 -

(2) TAGS NOT CURRENTLY PLANNE D FOR IMPLEMENTATiON , B1JT MAY HAVE BENEFIT
(3) NOW OPERATES WITH OUT ASDE
• SOME BENEFIT

5—4
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reduced . For JFK , as well , coordina tion is reduced for  those
cases when arrivals on 4L/R or 22L/R have to cross active
departure runways. For the ground controller , ASDE—3 offers a
better capability than position reports. This capability
increase may range up to 30% versus position reports. Reduced
workload will be experienced at JFK and ATL , due to a red uced
need for coordination with local control , as noted above.
Benef its may also be available at LAX , whi ch curren tly opera tes
with a non—FAA version of ASDE. For DEN and LGA , curren tly
operating without ASDE , there will be significant benefits.
For local control at DEN , due to long sigh t ing d istances on the
north/south runways , ASDE—3 would provide capacity recovery under
IFR and certain VFR conditions. For LGA , with arrivals on 22 at
minimum visibility, the local controller is unable to observe the
intersect ion , and capacity is lost. Recovery of 11% to 22% capacity
is possible with ASDE—3. At LGA , the reliance on position i’eports
for arrivals and departures on 13 would be reduced , as the control-
ler can now direc tly determine when aircraft have left the runway .

For ground con trol , an increase in controller peak handling capa-
bility of up to 30% versus the capability based upon reliance on
position reports may be available. Reduced workload at JFK is
achieved due to decreased need for coordination of arrivals
crossing active departure runways. MIA does not have an
identifiable need for any ASDE at this time .

The main impact of TAGS is to provide the ground controller
with a traffic handling capability that does not degrade as the
visibil ity declines. The good visibility capability is main-
tained , or improved up to 10% according to TSC. This benefit
is necessary at those airpor ts where the demand under poor
visibility conditions exceeds the currently estimated non—TAGS
ground controller capability of 85 operations/hour (2 ground
controllers) or 60 operations/hour (1 ground controller).
TAGS imp lemen tation is curren tly expected at ORD , ATL and LAX ,
and possibly later at JFK, LGA , DEN and SF0 , if demand during
periods of low visibility increases to the limits noted above.

5.2 RNAV Impacts

Area navigation (RNAV ) refers to navigation avionics tlmat can
provide navigation along a direct course to any des t ina tion or
to any intermed iate way point. The term 211 R’~AV ref ers to an
RNAV system which provides navigation in the horizontal p lane
to a point defined by la t i tude and longi tude or a bearing and
distance from a ground s tat ion (VOR/DME) . T ime term 3D RNAV
adds the third vertical dimention of altit-~de , and 4D RNAV refers

5—5
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to a system that includes time as the fourth dimension. The
major advantages of RIIIAV in the terminal area are the return of
time navigation task to the pilo t , reduction in the number of
con t rol ins truc tions issued and the amoun t of communica tion
between pilot and controller , and frequen tly,  reduc tion in
fl ight miles when compared with radar vectoring. Area naviga-
tion not only affords increased capability to the pilot to
control his flight path , thereby reducing the requiremen t for
radar guidance , but also provides the controller with additional
tools (e.g., tracks parallel to time base track) for implementing
control techniques for the spacing of aircraft.

Several studies of a terminal RNAV environment have been done .
For JFK , two extensive simulations were previously performe d
that evaluate controller workload reductions due to RNAV .
For the 2D RNAV case , reductions of 36% in number of control
instructions and 23% in radio talk time were observed . For
the 3D RNAV simulations , these reductions were 54% and 42%,
respectively. For ORD , the FAA estimated that a 30% decrease
in arrival control instructions , and a 60% decrease in depar-
ture control instructions would occur. Similar benefits may
be present at the remainder of the eight airports , although
airport specific studies and analyses are not available .
Fur ther , these benefits may also be present to a significant
degree in environmen ts with only partial RNAV equipage.

There may be some savings from the Impact of RNAV in reducing
route length. Previous studies estimated savings in fuel
(pounds) and time (minutes) from reduced route length and
altitude restrictions. Comparisons were made between a 1972
0% RNAV (VOR/Vector) environment and a 1982 100% 3D RNAV
design environment . The incremental time savings per air-
craft were converted to dollars. The savings reported on in
the referenced studies are shown in Table 5—3. They vary
from $2.7M annually for DEN to $l7.1M annually for JFK.
These estimated savings , however , are aggregated from small
per aircraft savings and are based on an RNAV route structure
optimized to maximize these savings.

5.3 MLS Impac ts

The areas of potential MLS impacts were summarized in Table 5—1.

In some cases, MLS can be sited where ILS has ground plane siting

problems . MLS will provide improved reliability and maintainability

compared to ILS, and will have a greatly increased number of assign-

able frequency channels. This will , in some cases , permi t more
frequency assignments for major airports , reducing the problems asso-

ciated with approach guidance outages due to maintenance.

5— 6
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TABLE 5-3
RNAV IMPACTS*

ANNUAL AIR CARRIER
3D RNAV ( l ) ( 5 )

FUEL AND TIME SAVINGS 20 /3D RNAV WORKLOAD RE D U C I’I ON

CONTROL TALK
FUEL TIME TOTAL INSTRUCTIONS TIME

01W $ 2 . l M  $3.6 M $5 .7 M —30% ARRIVAL (2 )
— 66 % DEPAR t URE

JFK $ 7 . 4 M  $9 .7M $ l 7 . l M  -36%/-54%~~~ -23 % / -42~~~~

LGA $3. OM $ 7 . 7 M  $ l O .7 M (2) (2)

DEN $ l . l M ~
3
~ $ l .6 M ~

3
~ $ 2 . 7 M ~

3
~

ATL ( 2) (2) (2)

LAX 
4, 4, 4,

MIA $ l . 5M $2.6 M $4. 1M

SF0 $ 2 . 4 M  $4 . lM $6.5 M - 
-

j

~
1
~ COMPARISON 0—100% RNAV ENVIRONMENTS EXCEPT JFK 20 SIMULATION (25—100%)

~
2
~STt1DY NOT AVAILABLE , BUT BENEFIT LIKELY

~
3
~ PREV I0US AIRSPACE GEOMETRY (PRI OR TO 4—POST , PROFILE DESCENT STRUCTURE )

~
4
~ 2D/3 D SIMULATIONS

~
5
~ CALCUL A TED FROM RESULTS OF REFERENCE 21 , BASE D UPON FUEL AT 3 . 6 c / L B

AND COST OF DE LAY TIME AT $9 .62 / M1N (AIR CARRIERS )

5— 7
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MLS may provide for reduced localizer interference due to
reflections from buildings and other ground objects. It may
also provide for operational benefits in taxiing departures
throug h reduction in glide slope critical areas. With its
ability to define precision curved paths, MLS may provide
for both noise relief and reduced airspace conflicts, in
addi tion to those benef its, MLS may provide fo r  the con t inu—
ation of additional operationally efficient curved or segmenttd
terminal procedures to lower visibility minima than otherwise
possible. Finally, in conjunction with other E&D elements
(M&S , RNAV) , MLS may help provide for an enhanced fail opera—
tional capability and more precise turn capability within ~-tLS
coverage.

MLS can provide a siting where the lack of an adequate ground
plane makes an ILS installation impossible , or of poor quali ty
(resulting in very high approach minima). This is app licable
to one existing ILS (MIA 9L) and one desired future installation
(ORB 4L). In some geographical areas , there is a requ iremen t
for more than the 19 ILS frequencies available . MLS, with 200
frequencies , will eliminate this problem (ORD, LAX , SF0).  In
addition to providing frequencies for new users at other air-
ports in the reception region , this will enable the major
airport to be assigned unique frequencies for each runway end ,
reducing the maintainance outage impact. Reduced localizer
interference will have benefit at those airports with existing
interference problems (LAX, MIA 9L and SF0 28L/R ) , and airpor ts
with an ticipated future construction in areas likely to cause
such interference (DEN 28L, 35L). Reduced glide slope critical
areas may lead to operational efficiency in taxiing of aircraft
at ORB (A/D runways in CAT II), JFK (A/D on 4L), LGA (A/D on 13,
y ielding a 9 operat ions/hour  capacity recovery) ,  ATL (8 , and in
future on 9L), MIA (9L , 30) and SF0 (28R in CAT II). In all
these cases aircraf t  taxiing f or departure currently must pass
through the ILS glide slope critical area , wh ich can be done
by only one aircraf t at a time, causing operational inef-
ficiencies. Reduced glide slope critical areas would allow
this problem to be lessened or eliminated .

The ability to define precise curved paths with MLS serves in
some cases to reduce or eliminate airspace conflicts and
reduce noise. Major airspace confl icts  between JFK and LGA
may be resolved with a set of four curved approaches (LGA 13,
22 , 31 and JFK l3L/R) . This yields a capacity increase
(averaged over the total spectrum of yearly operating conditions)
of 3% at LGA and average noise reductions of 6% at LGA and 2% at
JFK . The provision of precise missed approach guidance may

5—8



pe rmit independent IFR and marginal VFR operations on l3L/R
at JFK , and help to permit independent IFR operations on 4L/R
(3000 foot separation between runways) . Precise curved
approaches may help to reserve conflic ts of ORB 32 parallels
wi th Midway, and to keep parallel approaches at ATL within the
TCA. At SF0, the precise depa r tu r e guidance ava ilable f r om
MLS may permit shoreline departures from 28L/R in IFR and poor
VFR conditions, with a resul tan t 30 operations/hour capacity
increase in VFR , and noise reductions. Additional curved MLS
approaches , generally following existing VFR approaches , may be
applied fo r noise reductions at ORB , ATL , LAX (24L/R Northwest
Approach , “Big Tank”) and SF0 (28L/R Visual). In addition to
the se applications of MLS for reduced minima for existing VFR
approaches , MLS may provide for an additional arrival stream
on JFK 22L or 13R when l3L/R or 22L/R , respectively , are being
used for arrivals. The JFK l3L/R (Canarsie) approach may also
be able to be employed to lower minima .

5—9
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APPENDIX A

CAPACITY MODEL INPUTS AND RESULTS

The inp uts used to compute the capaci ty and the E&D capacity impact
results at the eight airports are given in this appendix. The
inputs can be divided into two sets: standard input set obtained
f rom Reference 7 and case specif ic  inputs for  par t icular  configura-
tions at the eight airports. These latter are given in the reports
on the individual airports.

Tables A—l through A—4 show the standard inputs used in the capacity
computation. These inputs were developed in Reference 7. Table
A— i shows the IFR arrival—arrival separation standard for Today and
the four ATC Groups under safe conditions (Green Light), as well as
their failback position under vortex condition. Table A—2 shows the
VFR arrival—arrival separation standards. These are only anal ytic
constructs to appropriately represent operations under VFR conditions
in the modeling process and , hence , should not be considered regulatory
in nature. Table A—3 shows the predicted departure rules for the
four ATC groups. The M&S buffer and the Wake Vortex System utiliza-
tion are shown in Table A—4. Although the basic (b c) and the
advanced M&S system reduce the delivery error , the number of standard
deviations (siginas) to be protected against is increased from 1.65
(0.05 probability of violation) to 2.33 (0.01 probability of viola-
tion). This is due to the fact that in the current system the con-
troller is able to an ticipa te si tuations in advance and reduce the
probability of operational violation . The increase in the number of
standard deviations in the M&S buffer assures a suitably low violation
probability under a tighter , less flexible automated system. The
estimates of Wake Vortex System utilization are based on some pre—
liminary analysis of vortex data.
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APPENDIX B

DETAIL OF CAPACITY VALUES

This append ix presents more detailed capacity values to support the
presentat ion in Section 4. All capacity values were calculated based
upon 50% arrivals. The terms “Full E&D” and “Fall Back” refer to con-
di t ions  of reduced or increased separation requiements indicated by
VAS/WVAS .

Table B—l gives the detail of the evaluation of capaci ty  loss in the
fu tu re  resulting from the increasing percentage of heavy a i r c r a f t
in each airport ’s t r a f f i c  mix.

Table B— 2 gives the values of the average f u t u r e  capacity gains at
each of the eight a i rpor ts .  Included in the Table are par t i a l  resu l t s
for  Group 3 provided by AEM— 100 .

Tables B—3 and B—4 present the detailed capaci ty values and percent
increases , by configurat ion at each of eight a i rpor t s , as reported
in the seven individual task force reports .

Table B—5 presents the partial  Group 3 values prepared by AEM— lOO .

B—l



~~~~~~~~ . H H )~~~ t 
- - _-_

~~~~~~~~~
,-

~~~~~~~
- 

-~~~~~~~~~ 
-

TABLE B-i
CAPACITY L OSS DUE TO INCREASING NUMBER OF HEAVY AIRCRAFT

AVERAGE PERCENTAGE ( :APAc I l l
LOSS TODAY VS GROUP 4 Tl ~ l I - ~

PE RC ENT HEAVY FRAME DUE TO I N C R E A S I N C
A IRCRA Ft’ IN MIX NUMBERS OF HEAVY A1RC :RAFT

GROUP 2 GROUP 4
At RPOR r TODAY TIME F RAME TIME FRAM E VF R I FR

ORD 13 25 48 7 5

JFK 62 67 72 1 0

LGA 3 9 15 5 3

DEN 9/1 3*  15/22* 25/35* 17 4

ATL 13 33 46 I I  10

LAX 31 50 70 9 6

M I A  15 36 48 4

SF0 18/20* 24 39 3 2

*JFR/ I FR

3—2
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TABLE B-2
AVERAGE PE RCENTAGE CAPACITY INCR EASE

________ 
GROUP 2 

________ 
GROUP 3** 

________ 
GROUP 4

Full Fall Back Full Fall Back Full Fall ,.i~ k

VFR

ORI) 4 1 21 10

JFK 10 1 20 12

LGA 2 9 6

I)EN 2 2 22 10
AlL 5 0 18 10

4 3 
- 

13 11

M1A 5 3 9 7 12 8
SF0 5 2 7 9 4

IFR

0R1) 5 2 13 36 17

JFK 15 3 28 38 22

LGA 3 2 2 14 8
DEN 9 3 15 24 17

ATE 9 4 13 18 10

LAX 15 3 31 51 27
1 0 5 1 6 2

SF0 11 2 19 34 2 1

*COMI)ARED TO TODAY’S ATC SYSTE M WITH FUTURE A I RCRAFT FLEET M I X .
**GROUP 3 VALUES WERE PART OF TASK FORCE EFFORT ONLY AT Ml.\ AN!) AT SF0 .

PARTIAL GROUP 3 VALUES WERE SUPPLIED BY THE FAA FOR OTHER AIRPORTS
FOR SINGLE CONFIGURATIONS (SEE TABLE B-5).
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APPEND IX C

IMPACT OF E&D ELEMENTS ON BASIC
RUNWAY CONF IGURATION S

The E&D elements a f fec t ing  runway capacity have a greater  impact on
some runway use configurations than others.  This may be fu r the r
illust rated with  the aid of Table C—i and Figure C—i .  These show
the pe rcentage capacity gain in various types of runway use for  the
Group 4 time frame versus today . They are based on parameter
values genera lly used by the Task For ces , with the exception of
arrival runway occupancy times. These have been set at values
representative of the presence and use of high speed exits. The
range in each estimate reflects the variation in the percentage of
heavy ai rc ra f t  In the fleet mix at the eight airports.

The capacity gains rep resented reflect  a runway and terminal system
with no major internal constraints apart  from ATC system performance.
The arrival/departure runway configuration shows the least benefit ,
due to the fact that the basic timing between a irc ra f t  can nit be
fu r ther  reduced from today . The gain that occurs is due to
performance , and some reductions in spacings for heavy a ircra~~~.
Two runways in a crossing configuration may vary in actual opera—
tional appearance from the equivalent of a single arr ival /departure
runway to a dual—lane , depending on the geometry of the intersection.
For a case between these extremes , the potential gain is around
20—35%. The dual—lan e is the best mixed operations conf igura t ion ,
and of fers  IFR gains up to 60% . For arrivals only,  VFR gains are
less than IFR , due to the fact  that curr en t spacing cr iter ia more

C closely reflect feasible spacings. Finally , the relaxation of
dep arture—departure spacin g requirements may y ield a la rge impact
for  a departure only runway with a large percentage of heavy a i r c ra f t .

These illustrations serve to underline the conclusions in the text
of this report as to the most e f fec t ive  app lication of E&D products.
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TABLE C-i
PERCENTAGE CAPACITY GAIN IN FUTURE FOR

VARIOUS RUNWAY USE CONFIGURATIONS

VFR IFR

ARRIVAL/DEPARTURE 13-16 12—18

CROSSING** 17—39 17—37

DUAL—LAN E 17—39 39—61

ARRIVAL ONLY 17-30 52-61

DEPARTURE ONLY 5—44 5—44

*BASED UPON MODEL OF REFERENCE 8 , WITH ASSUMED OPTIMUM
RUNWAY OCCUPANCY TIMES, AND EIGHT AIRPORT REPRESENTATIVE
AIRCRAFT MI XES .

**A “ SHORT/LONG ” CROSSING C O N F I G U R A T I O N  WAS M ODELED - OTHER

CROSSING CON FIGURAT IONS WILL HAVE DIFFERENT RESULTS.
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APPENDIX E

Al RI’ORT LAYOUT SKETCHES

Figure  F — I  prov ides , for  reference , sketches ot the runway lay out- S

at the eight a i rpo r t s.  It may be pu lled out for reference as the

repor t  is read .
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FIGURE E.1
EIGHT AIRPORT RUNWAY LAYOUT SKETCHES

E—3

r ‘

~~~~~~~~~~~~~~ 

-

- .  _______________  
~~ZGZAU4G P~ Z I~A~AJ~1 

—

~~~~ 

- - - - - _
— 

—
~~~~~ _ ,-~~ ——  .

~ 

- I ~

JI’ — - - -
- -  ~~~— - -‘— -‘5-- -— - _,- _._± ‘~~ -~~-

-
~
—- 

~-


