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IA.
The findings of a cost/benefit analysis of the deployment of a

new a i rpo r t g rou nd su rve i l l ance  sys tem TAGS (Tower Au toma ted Ground
Surv eillance ) are presented . TAGS will provide a plan view display
of aircraft on the airports taxiways and runways like ground
surve ill ance radar  (ASDE) ; bu t unl ike ASDE , TAGS wi ll  pe rfo rm in
heavy precipitation and automatically acquire and display aircraft
fli ght identity. The findings indicate that a TAGS deployment of
between four and nine systems is cost/beneficial. The deve lopment
pla n , system costs , ana l y s i s  appro
porting the findings are provided .~~ r~
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PREFAC E

This work was performed as part of the Airport Surface Traffic

Control (ASTC) Program at the Transportation Systems Center. This
program is sponsored by the Department of Transportation through
the Federal Avia tion Administration (FAA), Sys tems Research and
Development Service (SRDS) .

The work consists of a cost/benefit analysis of the deployment
of a new airport ground surveillance system , TAGS (Tower Au toma ted
Ground Surveillance). TAGS is currently in an exploratory develop-
ment phase includ ing preliminary system design , feasibil ity analyses

and component field testing . Prior to ini tia ting advanced system
developmen t of an engineering model , the results of the exploratory

developmen t will come under FAA and Office of the Secretary of
Transportation (OST) review . This cost/benefit analysis supporting

the development and estimating the subsequent field deployment

costs is an essential element of that review.
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ABBREVIATIONS AND GLOSSARY

A ir Carrier Operation (A/C) - Aircraft operating under certificates
of public convenience and necessity, issued by the Civ il
Ae ron au t ics Board , au tho r iz ing the performance of scheduled
a i r t ranspor tati on over speci f ied  rou tes and a l imi ted amoun t
of nonscheduled operations.

A ir Taxi Operation (A/I) - Air taxi and commuter airline operations
carry i ng passenge rs , m a i l and cargo for revenue in accordance
w ith FAR Part 135 or Part 121.

A ir Traffic Control Radar Beacon System (ATCRBS) - The present
beacon surveillance system which depends upon a network of
ground interrogators and aircraft equipped with transponders.

Airport Surface Detection Equipment I~~DE) - A passive skin
tracking ground surveillance radar. Max imum range about
3 n mi.

A irport Surveillance Radar (ASR) - A passive skin tracking radar
des igned for use by a terminal radar approach control
faci l i ty.  Maximum range about 60 n ni.

ATL - At lanta International Ai rport.

Au tomated Radar Terminal System (A RTSJ - A digital processing and
display system for terminal air traffic control.

SOS - Boston-Logan International Airport.

Busy Hours - The number of hours in the busy period at an airport

dur ing a typical weekday . At large air commerce airports

the busy hours number from 13 to 15 hours.

Busy Period - That portion of a day in which the operations rate
is within 40 percent of the peak hour operations rate. At
l a r ge a i r  commerce a irpor ts the busy per iod is from
approxima tely 0700 to 2200 hours and accounts for 80 to 90
percen t of all daily traffic.

CAT - Category of weather in visibility and ceiling .

vii



DEN - Stapleton International Airport , Denver , Colo rado.

DFW - Dallas-Fort Worth Airport.

DTW - Detroit-Metropolitan Wayne County Airport.

EWR - Newark International Airport.

Itinerant Operations (ITN) - All aircraft arrivals and departures

other than local operations. Local operations are performed

by aircraf t which (a) operate in a local traffic pattern or
within sig ht of the airport , (b)  are known to be dep ar ting
for , or arr iv ing from , flight in local practice areas

located within a 20-mile radius of the airport , or ( c )
execu te s imu la ted ins t rum en t approaches or low pa~~ es at
the airport.

JFK - 3 . F .  Kennedy In te rna ti onal A i rpo rt , New Yo rk , New Y o r k .

LAX - Los Angeles International Airport.

LGA - LaGuard ia A irpor t , New York , New York .

Me ter ing and Spac ing (M~ S) - Automation aids to terminal approach

control.

MIA - Miami International Airport.

ORD - Chicago O’Hare International Airport .

Peak Hour - The hour of day during a typical weekday in which the

mos t opera ti ons tak e p lace .

P1-IL - Philadelphia International Airport.

PIT - Greater Pittsburgh Internationa l Airport.

SF0 - San Franc is co In terna ti onal A i rpor t .

STL - Lambert-St. Louis International Airport.

TAGS - Tower Automated Ground Surveillance.

ICA - Terminal Control Area.

UG 3RD - Upgraded Third Generation Air Traffic Control System .
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EXECUTIVE SUMMARY

• This report presents the finding s of a cost/benefit analysis

and plannin g alternatives performed for the development , deploy-

ment and field operation of a Tower Automated Ground Surveillance

(TAGS) system. TAGS is a proposed surveillance aid for airport

traffic control tower cab controllers in conditions of poor

visibility. It is planned for deployment in the 1980’s , at wh ich
t ime ASDE-3 (the new ground surveillance radar) will be the

p rimary ground surveillanc e aid. The report describes the

capabilities which the ASIC system will have once ASDE-3 is de-

ployed and the additional impact TAGS will have on the system

beyond the capabilities of ASDE-3. TAGS will be an advancemen t

over gr ou nd surve i l lance radar , bu t it is more expens ive and is
intended for application only at the busiest airports. The

major advantages of TAGS over ASDE-3 are :

I. Its performance is immune to bad weather (e.g., heavy

rainfall)

2. It provides flight identity on all cab-controlled

airc:aft .

The basel ine TAGS program for which the cost/benefit analysis

was performed calls for the development of a TAGS engineering mode l

at Chicago O’Hare airport between FY77 and FY80 , wi th the engineer-

ing model being commissioned for use between 1980 and 1985. In

1986 , fou r production units would be deployed on a single buy to

Chicago O’Hare (replacing the engineering model) , A t lan ta , Los
Ang eles , and New York (JFK) airports and operated through the year
2000. Benefits in reduced surface delays accrued by the system

engineering model at O’Hare between 1980 and 1985 would pay for the

ent ire TAGS cost of development. The baseline program would accrue

a pre sent value (base year FY76) net benefit of $18.7 million , with

a benefi t/cost ratio of 2.9.

A sens itivity analysis was performed to determine the impact

of var iation s in several basic study parameters. Parameters con-

sidered included deve lopmen t , production and installation costs ,

ix
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V

service demand (i .e., which users required service durin g bad cab
v is ib il ity  cond i t i ons) ,  fo recas t  t r a f f i c  growth , and control
system capacity assumptions. In addition , an alterhative to

commissioning the eng ineering model at O’Hare was considered. In

each instance , the results indicated a solid requirement for
system development and a production deployment potential of up to

nine airports. Even the worst case scenario was cost beneficial.

The worst case scenario assumed the development would beg in at

O’Hare but:

1. Traffic would grow as forecast only through 1980 and

the n would leve l off.

2. Development would slip by 2 years with a SO percer .t

cost increase.

3. Production costs would be SO percent higher than

estimated.

4. Cost of passenger delay would be 50 percent lower than

e St i mated.

With these assumptions it was found that only O’Hare would

need TAGS but that commissioning the development model would pay

for all development cos ts  by the mid- l990’ s. Accrued cos ts  and
benefits for both the baseline program and the worst cas e scenario

are shown in Figure S-i.
30

BASELINE PROGRAM
25 • WO RST CASE SCENARIO

‘j - 20
ACC RU E D

/ 14F.NEFITS

2 1 5 .
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FIGURE S- l. ACCRUED BENEFITS AND COSTS FOR TAGSx
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1. I N T R O D U C T I O N

1 . I CURRENT SYSTEM DL SC RI PT ION

Control of aircraft on final approach and initial departure

paths and on the sur face of t he airport  is current ly managed
manual ly  by c o n t r o l l e r s  s ta t ioned in the cab of t he a i rpor t
con t ro l  t ower .  At the major  a i rpo r ts , the control  function is
usual l y d iv ided into loca l  con t ro l , for management of the runways ,
approac h , and ini t ial  departure;  and ground control , for management
of the t a x i w a y s .  Each posi t ion is s ta f f ed  by one or more con-
t r o l l e rs . Communications between pilot and controller are by voice

radio. The location of aircraft is obtained by the controllers

v i s u a l l y , when weather permits , or by p ilot position reports via

voice radio when the controllers are unable to see. The only

controller aids currently available are the analog ground sur-

veillance radar (ASDF-2) at 11 airports , television cameras

at a few airports to cover blind spots due to physical obstructions ,
and the A i rpor t  Survei l lance Radar (ASR), which covers airborne

a i r c r a f t  between 1 and 60 mi les of the airport .

The ASDE-2 radars were installed in the early 1960’s. ASDE-2
has had severa l  l im i ta t ions and problems ove r the years. Attempts

to overcome these limitations have been and continue to be made ,
but limitations will remain even when the improvements are com-

pleted . For this reas on , ASDE-2 will not be a part of the UG3RD

system but will he rep laced by a new radar , A SDE-3.

1 . 2 UG3RD E’II’ROVEMFNTS

ASD1;-3 will be a new analog ground surveillance radar. It

w i l l  be a “skin t rack ing ” radar , li ke ASD E-2 , wi t h a bright scan
converted PPI display . Solid state components will result in hi gh
re l iab i l i t y  and low maint € ri ince. New antenna design and a drop in

operating frequency to iC, ,Hz wil l give improved rainfall penetra-
tion. The un it will be atailable for deployment as required 

in1



the late 1970’s. The L-\~\ has approved AS DE-3 establishment crite-

ri a which reflect a 1~)76 requirement for approximatel y 23 AS I)L-3’s ,
with approximately 14 more required Nv 1986 (Reference 1).

While ASDL-3 w i l l  meet the needs of most airports , a more

sop hist icated system is requi red at the maj or airports. This

new sYstem , TAGS (‘l ower Automated Ground Surveillance) , will

likely he cooperati v e , locating each aircraft by receiving a

S i g n i l  transmitt e d by the aircraft at several receivers and

solving t ri l ateration equations . The sensor w i l l  use the exist-

ing ATCRBS t ransponder onboard each aircr a ft hut will he DABS-

compatible. Because it is cooperative the sensor will be

weath er immune . Since it is inherentl y a multi-sensor ~> s ~~~rn ,
it will provide a simple means for reducing blind spots to the

cab caused by ph y sical obstructions. However , most importantly,

the system wi ll be able to receive the coded aircr a ft identit y

fruo eac h beacon , correlate the code w ith fli ght identity, and

automaticall y d i spl a y flight identity as well as aircraft

location.

A candidate TAGS disp lay foraai is show n in Figure 1-1 for

O’Hare Air port. The TAGS display shown is a wholl y synthetic

computer-driven disp lay , althoug h consideration is being g iven to

combining analog radar targets w ith com l )uter—generated identity.

(he tar ge t c in the example are simple circles with a tr a i l  drawn

i n  a direction opposite to the direction of travel with a length

proport iona l to the aircraft ’ s speed.

I . 3 H I -  NI  I’ I I S  ) \ ‘ f  N V  Ii W

W hen  the cal , controll e rs cannot ~cc t h e  airport surface (e.g.

Jur i ng Cat I I) , th ey must rely on p
~ 

lot posit ion reports to get a

“pic ture ” of the sur fac e  t r~~f f  i c . Such p osit ion reports t e nd  to

satu rat e the voice rad io  channel and the c o n t r o l l e r s ’ infr~rmat ion
processing capabi l ities , especi ally for ground cont ro l. i n addi-

t ion , the reports can come late (e.g., an arrival repor t ìng clear

of a runway a few seconds at ter clearing) , which has a pronounced

e f f e c t  on the loca l  c o n t r o l l e r s ’ o~ e r i t i o n  of the runways. In both
I I 1S t ; I I I C C S  the ca pa~ i t y  of the’ c o n t r o l l e r s  i~~ d i m i n i s h e d .
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Exper ience w i t h  ASD E- 2  ind icates that although posi t ion re-
por ts  cont inue to play an important role in the cont ro l  funct ion ,
the ava i lab i l i t y  of a good radar p resen ta t ion  can provide good
runway c learance assurance and can res tore nearl y all the

c apac ity los t to  local  cont ro l .  However , such is not the case
w ith ground control. Even wit N an ASI)E presentation , the use
of verbal position reports to provide the identity required for

con t ro l  continues to bog down the ground cont ro l le r .  The impac t

to date has not been critical (except at O’Hare) since two ground

con trollers are capable of matching the capacity of one Cat II

runway. However , as more a i r c ra f t equi p wi th Cat I T  and other
major airports install two independent Cat II runway s , the

capaci ty of ground contro l  becomes a problem.

TAGS w i l l  provide the in format ion required by ground cont ro l .
Had v i s i b i l i t y  c a p a c i t y  for ground con trol equipped with TAGS

should approach that under good v i s i b i l i t y  cond i t ions .  In f ac t ,
the c lear  p resen ta t ion  of flight i den t i t y  for each cont ro l led
t a r g e t  could increase even the ground c o n t r o l l e r s ’ good v i s i b i l i t y
c a p a c i t y . In addi t ion , t he di g i ta l  nature of TAGS and an ARTS
in te r face  w i l l  permit an integrated d isp lay for local control
cove r ing  t a rge t s  on final approach , on or near the runways , and
on initial departure . Whi le ana l ys i s  to date ind icates local
con troller benefits for such a display are limited to certain

runway confi gura tions , i t is an added plus for TAGS and , like

f l ight iden t i t y ,  should be useful even under good vi s i b i l i t y

c ond it ions.



2. COST/BENEFIT ASSUMPTIONS

This section sets forth the assumptions of the analysis and

their rationale and re ferences. To summarize ,

1. The’average capacity of two ground controllers in good

v isibility is 175 operations per hou r (see Section 2.2.1).

2. Even with an ASDE in operation , the avera ge capac ity of
two g round controllers in bad cab vis ibil ity falls to 85 opera t ions
per hour (see Section 2.1).

3. TAGS , wit h a clear , uncluttered presentation of each
target and its identity, will pe rmit ground control capacity in

bad cab v isibility equal to that in good visibility.

4. Traffic will grow in accordance with the most recent FAA
(AVP) terminal area forecast , dated October 1975.

5. Bad cab visibility is equated to Cat II or Cat lil a

conditions and its frequency and duration obtained from past

cl imatological data sources (see Section 2.5).

6. TAGS benefits will accrue by eliminating delays which

would otherwise result from traffic demand exceeding ground

control capacity during conditions of bad cab visibility.

~ . Delay reductions due to TAGS can be converted to dollar

benef its by estimating user costs of delay . User costs include

airline operating costs and passenger costs (see Section 2.7).

8. The TAGS cost estimate is $4 million for deve lopment

and $1.4 million per production unit (installed) (see Section 2.6).

9. The analysis follows a 10 percent discount procedure

(see Sec tion 3.3.1).

2.1 GROUND CONTROL PERFORMANCE WITH ASDE

While a good ASDE presentation tends to restore nearly all

capac ity lost by local control due to bad visibility , this is not

the case for ground control. In References 2 and 3, the workload of

ground control dur ing bad visibility was examined. In both studies ,

5
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two ground controllers operating with an ASDE-2 were forecast

to saturate at operations rates as low as 65 operations/hour.

(he saturation would occur for at least 5 minutes out of an hour ,
and beyond saturation the controllers would be forced either to

w ithhold clearances to taxi or reduce requests for p ilot position

reports (which the cont roller uses to correlate the ASDF presenta-

tion w i t h a i r c r a f t  i d e n t i f i c a t i o n  in order to mainta in a “p ict u re ’s
of his tr a ffic)

I)enying tax i requests results in aircraft delays. These de-
lay s can be readi l y computed w i th  a simple delay model , but the
e f f e c t  of reduced pos i t ion  repor ts  and sa tura ted  information pro-
cess i ng  is more difficult to measure . During such busy per~ ’~ds ,

the ground traffic can become congested and quite mixed up

( a r r i v a l s  w i t h  departures , e t c . ) .  liven when t a rge t s  would normally
be recognizable their identity can become confused . Position re-

ports are useful to help draw the controller ’s attention to an

aircraft at a critical location , as well as to provide identity

and an open communication link just whe n he needs it. Cutting back

on such reports can increase the possibility of lost targets , missed

critical events , and mistaken indentities. The impact of satura-

tion , th ere fore , has the dual role of causing delays and possibly

impacting on safety.

Althoug h the dual role of the saturated capacity estimates in

Re ferences 2 and 3 is recognized , here the capacities are applied

to a simple delay model as if the total penalt y of saturation was

dela . The resulting delay costs w i l l  then represent a combination

of actual delay costs and the pressure broug ht to hear on the

controller to operate at and beyond his saturated capacity.

The capacity estimate of ô5 operations/hour for two ground

controllers with ASDE in bad visi bility given in References ~ and 3

is a worst case estimate. It represents the operations levels for

which saturation began to be observed , although some cay”s were

observed w it h h i gher oper ations rates without saturation . In this

analys i s , a less conservative capacity estimate of 85 operations/

hour is used . This represe nts the mean value between when

6



satura tion w i l l  first show up and when satur ation is virtually

guaranteed . This was done so as to present a more average situa-

tion in which a limited degree of saturation is permitted without

delay costs being accrued . The more conservative estimate of 65

operations/hour is examined in the sensitivity analysis .

2.2 TAGS BENEFITS

2.2.1 Primary Benefits —

ihe basic TAGS display will p resen t a clear , uncluttered
p icture of the location and identity of all surface vehicles

under control. The maj or user of the system will be ground

control in bad cab visibility conditions. This study will assume

that the display is of sufficient quality to restore virtually all

capacity lost to ground control in bad visibility. As with the

ASDE cap acity estimate , the mean between the capacity at onset of

saturation and the capability which will guarantee saturation g i ven
in Reference 3 is used to present an averag e situation. That mean

capac ity is 175 opera ti ons/hou r for two ground con tro l l e r s  in good
visibility.

2 . 2 . 2  Secondary Benef i ts

Al though only improvements to ground control during bad
vis ibility will be considered in this analysis , TAGS w i l l  prov ide
features which will be of added benefit to the controllers. First ,

the identity feature so useful in bad visibility to ground control

will also be useful to local control. In addition , it will be

usefu l to ground control in good visibility conditions as a

quick-look reference on identity for use in conjunction with visual

observa tion . As previously stated , TAGS w i ll also be capable of
cover ing blind spots to the cab .

Nex t , the TAGS receivers will be capable of detecting activa-

tion of the Ident button on the ATCRBS beacon in each aircraft.

Ac ti va ti on can be d isp layed to the controllers (e.g., by a f l a s h ing
identity leader) and will provide a digital downlink front pilot to

7
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cab cont ro l lers .  This  link could he used in place of verbal taxi
requests and to acknowled ge ground/loc al handoffs . This would re-

duce voice communication loading in all visibi li~ y conditions and

provide a more efficient method of operation. However , since

ground control capacit y in good v i s i b i l i t y  conditions is not cur-

ren t ly  a l im i t ing  f a c t o r , t h i s  improvement was  not considered in
this stud y .

Finall y, TAGS w i l l  be capable of presenting an integrated dis-

play to local control covering aircraft on f inal approach , on and
near the runway , and on in i t ia l  depar tu re .  It is possible that it
w i l l  he able to fill in the airborne coverage within a mile or so

of the airport currently los t to the ASR , thus improving safety.

Airborne data will be supplied to TAGS from ARTS on an automate d

da ta  t rans fe r until coverage is los t.  The key information to he
displayed to local control is estimated time-to-threshold for tLe

ar r i va l  s t ream . The TAGS processor  w i l l  utilize position , speed ,
and a i r c r a f t  type to provide the e s t i m a t e .  When fac to red  into
controller strateg ies , it has been estimated (Re ference 3) that

accurate time-to-threshold information could increase local

cont ro l/ runway capac i ty  by about 10 percent on certain difficult-

to-operate runway configu rations with strong arrival/departure

dependence. On conf igurat ions where a r r i va l s  and departures are

fa i r ly independent , no improvement would currentl y be rea li zed .

Because airports try to avoid the difficult-to-operate

dependent confi gurations , many of the high volume airports would

not cur ren t ly  benef i t  from t he local cont ro l  fe ature  ( e . g . ,  Los
Angeles , At lanta , New YorL (JFK)). For this reason , althoug h some

airports mi ght make use of the feature (e.g., O’}lare , approximatel y

50 percent of the time , Re ference 3), the benefits were not in-

cluded in this analysis. However , when Advanced Meteri n~ and

Spacing is installed and the minimum interarriv il separation

st andard is reduced , the timing on arrivals and departu~~ re leases
will become much more critical than is currently the ca~~~. TAGS
may he required to aid lu al control even on the less dependent con-

f igurations and to provide Al (4 S with real time departure demand

.8



Therefore , th is analysis should be considered as presenting a

minimum requirement for TAGS (based upon current procedures and

equipment) , and a revised analysis should he conducted when

Advanced Metering and Spacing is better defined.

The omission of local controller benefits is the major dif-

ference between this study and Reference 2. In Reference 2, a 10

percent capacity improvement was ascribed to TAGS for even weakly

dependent configurations (e.g., dual  lane runways) . Th i s l ed to a
relativel y wide TAGS deployment (i.e., 15 systems) for local con-

trol in good visibility conditions . However , the analysis in

Refe rence 2 was based upon limited data available at the time

of the study. Since that study, added da ta and analys i s done in
Reference 3 indicate that the improvement estimate was quite good

when applied to strongly dependent configurations (e.g. , s ingle
runway-mixed arrivals and departures) but was not applicable to

the weakly depe ndent conf igura tions.

2.3 DELAY MODEL

The del ay mode l used is similar to that used in Re ference 2.

The model assumes that f times a year a period of bad cab

visibility of duration t hours occurs during the airport ’s busy
period (i.e., roughly 0700-2200) . Pr ior to the occ u rrenc e the
a i rport i s operati ng in good cab v isib ili ty at a capaci ty of P2
(175 operations/hour) with no delays. The good visibility mean

busy hour demand , N 2, is assumed to be su f f icien t ly bel ow the
good visibility capacity to prevent delays . When bad v is ibilit y
sets in , the c apac ity fal ls to p1 (85 operations/hour) . Wh i le some
demand is also likely to drop out (e.g., unequipped general aviation

ai rcraf t ) ,  it is assumed tha t the resul t ing bad v i s i b i l it y demand ,
N1, w ill exceed bad visibility capacity and de lays will begin to

accrue. For ground control these delays would be in the form of

depar ture gate holds or arrival holds just off the active runway(s)

in some holding station (e.g., an unused runup pad). When the bad
visibilit y lifts , the demand and capac ity revert to N2 and P 2 , and
the excess capac ity ,  P2-N 2, is used to clear up t r a f f i c  holds
accumulated during the bad visibility period .

9



The resulting delay equation for the model is:

30 t~ f (N 1-P 1) (N 1 -P 1+P 2-N ,)
Delay (minutes) 

~1 -N
~~2 2

Demand and capacity are specified in operat i ons/hour. The various

f ac to rs  in the equation are t f , t he had cab v i s i b i l i t y  f a c t o r ;
the bad cab v i s i b i l i t y  excess  demand ; and P 2 -N 2 , the good

cab visibility excess capacity.

~ . 3 DEMAND

.2 .4.1 Good Cab Visibility Demand (N)~~

The demand used in the analysis is based upon the most recent

FAA (AVP) terminal area forecasts portion of the UG3RD Baseline

Scenario (dated Octobe r 1975). Only the top 15 air carrier traffic

airports (as of 1990) were considered in the analysis. The forecast

information for each is presented in Table 2- 1 . In computing the

mean demand over each airport ’s busy period , three types of traffic

were  considered. These were air carr ier (local , domest ic , and
international), air tax i , and itinerant general aviation. Non-

itinerants were insignificant at the major airports and would be

more a problem to local control  ( c o g . ,  w i t h touch-and-gos) than
ground . Itinerant general aviation was taken to be the total fore-

cast itinerant less the air carriers and air taxis.

The estimate of the busy period for each airport was made using

the Profiles of Scheduled Air Carrier Airport Operations (Reference

5). For each airport the peak hour was determined. Then those

hours for which the operations rate was within 40 percent of the

peak were determined and used for the busy hour period . This 40

percent definition produced a busy period of approximatel y 0700 to

2200 hours but allowed airports to begin somewhat later and /or

end somewhat earlier without a severe reduction in mean ~~ rnd.
U sing mean demand and not accounting for peak period s is quite

L onservative in itself , and an added reduction in demand was

deemed inappropriate. The busy hours are g iven in Table 2-2.
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t A B L E  2-1 . FOR E CAST DATA

OPERATIONS PER YEAR (IN THOUSANDS)

AIRPORT AN D — _______ 
_________ _________ ______ ______

SERVICE TYPE 1974 1980 1985 1990 1995 2000
ORD

~ 7c 573 656 658 660 662 664
A/I 59 79 85 90 95 97
ITN 680 735 743 750 757 761

Total 681 735 743 750 757 761

AT L
422 515 565 607 659 ~00A/I 18 23 30 35 40 45

ITN 488 587 640 685 720 745
Total 502 590 640 685 720 745
J F K
~~7C 306 376 425 453 475 490
A/T 30 40 48 56 64 70
u N  360 434 485 525 565 600

Total 360 434 485 525 565 600

LAX

~ 7c 351 431 442 445 448 451
A/i 54 72 85 95 100 105
ITN 460 513 539 572 590 600

Total 466 515 539 572 590 600

SF0

~7c 275 344 389 438 450 467
A/T 16 21 28 38 49 55
ITN 336 407 442 500 530 550

Total 338 407 442 500 530 550

DEW
283 340 384 430 477 525

A/T 45 57 67 72 77 82
ITN 346 422 481 532 584 607

Total 346 422 481 532 584 607

M IA
~ 7c 232 281 318 351 381 413
A/T 23 30 40 54 68 82
FIN 327 363 402 447 476 500

Total 327 363 402 447 476 500

DEN
~~7C 196 245 276 310 341 375
A/I 15 25 33 41 50 67
ITN 345 391 411 427 442 45 8

Total 379 401 420 440 460 480

11
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TABLE 2-1 .  FORECAST DATA (CONTINUED)

OPERATIONS PER YEAR (IN THOUSANDS)

AIRPORT AND
SERVICE TYPE 1974 1980 1985 1990 1995 2000
LGA
~ 7c 265 300 303 306 309 312
A/T 15 21 27 33 40 45
1T~ 339 360 380 390 395 400

Total 339 360 380 390 395 400
PIT
~~ 7C 185 227 257 288 320 350
A/T 40 53 70 94 100 110
FiN 277 353 400 450 17 500

Total 288 360 405 450 475 500

B OS
~~ 7C 199 234 260 282 307 331
A/T 51 60 73 78 84 89
IT N 295 349 370 380 39’ 420

Total 295 349 370 380 391 420

STL
~~7C 168 206 230 253 2;9 300
A/I 30 40 52 70 82 90
tIN 323 378 428 478 528 540

Total 334 399 448 488 528 540

DTW

~7c 169 203 2 2 7  2 5 2  277  300
A/I 15 21 27 32 37 4 2
1TN 257 313 340 350 360 370

Total 257 313 340 350 360 370

P I lL
160 195 216 238 262 288

A/T 66 88 100 110 115 120
tIN 316 393 415 450 ~+75 500

Total 316 393 415 450 475 500

EWR
150 180 220 217 236 255

A/I 24 31 42 57 73 89
u N  210 250 292 330 37 400

Total 220 260 310 340 385 4 10

12 
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TABLE 2-2. BUSY HOUR ESTIMATION

BUSY BUSY % A/C IN % A/T IN
A I R P ORT - PERIOD HOURS BUSY PERIOD BUSY PERIOD

ORD 0700-2200 15 93 87

AlL 0600-2100 15 78 100

JFK 0800-2200 14 84 90

LAX 0800-2100 13 80 82

SF0 0700-2200 15 88 88

DEW 0800-2100 13 79 77

MIA

DEN 0800-2000 12 86 89

LGA 0700-2200 15 95 100

PIT 0800-2200 14 88 84

0700-2100 14 84 92

IL 0700-2000 13 82 91

0800-2100 13 83 72

PIlL 0700-2200 15 88 95

0700-2 100 14 82 79

Mean 13 85 88

13
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vi
They generall y beg in between 0700 and 0800 and run to 2100 or 2200 .
The mean busy period is about 13 hours , although it is higher for
the busier airports.

Af te r  the busy period was established , the fraction of daily

air carrier and air taxi operations which occurred during the busy
period was computed (again using Reference 5). These are g iven in

Table 2-2 and average 85 and 88 percent respectively. The mean

hourly demand in good vis ibility during busy hours was then
estimated using the following equation:

Annua l A/ C Fraction daily A/ C
(Mean hourly 

— 
Operat ions 

~ 
in busy period

Demandi - 
3~3 days Number of
per year busy hours

Annual A lT Fraction daily A/ T
+ ~perations ~ 

in busy period
365 days Number of
per year busy hours

Annual Itinerant Fraction daily C/A
C/A Operations X between 0700-2200

+ 365 days per (15)
year

In this equation annual operations divided by 365 day s gives

an average daily demand . This demand averages hi gh weekday traf-

f ic and will tend to give a conservative demand estimate . However ,

the weather data were taken over the entire week , and wh ile
occurrences during the wee k might be somewhat worse than the delay
equation might indicate , occur rences  on weekend s wou ld be less
si gnificant. Since these differences tended to be offsetting , the

simple yearly average was considered acceptable. Also in the

equation , the fraction of daily general aviation between 0700 and

2200 was taken as approximatel y 0.9, fol lowing the CONU~ air traf-

f ic ac ti v it y repo rted on in Re fer ence 1.

14



2 . 4 . 2  Bad_ Cab Visibil ity Demand (Ni)

The good cab visibility demand equation is composed of three

produ cts involvi ng air carrier operations , air tax i operations ,
and general aviat ion operations. For bad cab visibility demand it

was assumed (fo1lc ~ iug Reference 1) that 60 percent of the general
a v ia t io n  t r a f f i c  would drop Out as unequipped for Cat II and l i la
oper ation. The had cab visibility demand equation , therefore , is

thc same as for good cab visi !ility except a 0.4 factor is applied

to ‘ic general aviation operations product. It was further assumed

that the a i oi n ing ATC elements would have a capacity adequate to

p~~ -~ on the bad cab visibility demand to ground control. This

appears to he the case for local control with an ASDE (Reference 3)

and is t irecast for the terminal area with ARTS enhancements

(Re ference

2.5 K1A T IU~R th~TA

The de lay equat ion cal ls for two weat her parameters , the

~‘early frequt -ricy of bad cab visibility and the mean duration of

each occurre:~ce. Since the weather must be quite severe for
surface (i.e., taxiwa ys) visibility from the cab to be impaired ,
bad cab vi~~ b il i i y  for ground control is taken as Cat II or Cat

li la weather conditions. Worse than Cat lIl a were not considered
due to the improbability of such operations even in the 1990 time

frame . In addition , onl y period s with duration exceeding 90
minutes Wt~~~C included to avoid brief periods of bad visibility

which could be local to the RVR instrument ation and/or present

little or no problem to ground cont ro l .  The es t imates  were taken
from Re fer r.Le 2 , a 10-year data base. The parameters cover the

period from 0~0O to 2200. The basic source for the data is

Reference 6. The estimates are ~,iven in Table 2-3.

2.6 SYSTEM COSTS

The sys tem cos ts are  fo r  a TAGS sys tem bas~’d upon an ATCRBS

multilateration sensor. The costs are summarized in Re ferenc e 3.
The sys tem is composed of three bas ic subsys tems , as shown in

15



1-\h l . I :  2 — 3 .  1~1 A T IfER I1ATA

LON ; DURAT I ON CAT II ANO BAD
- \ IRPOR1 lilA (>90 ~‘ IN) V I S I B I L I T Y

AV E RA G L YEARLY FACTOR
DURATI ON (FIR) FRFQUENCY (t 2 f)

ORI) 2 . 8  4 .9 38
ATL 3.0 11.3 102
.JFK 2 . 6  13. 4 91

2 .7 8 .3  61
SF0 2 .8 3.7 29

2.2 1.9 9

1.8 0.5 2

J u N  2 .1 1.3 6
LGA 2 .7 5.2 38

iii 2~~~~
9 4 .6 39

BOS 2 . 2  10.9  53
STL 3.1 3 .0 90
l)fl~ 3. 3 7 .3 7 9
PIll. 3 .1  b . 2  60
I.WR 2 . 8  6. 1 48

Fi gure 2-1. For this analysis the confi gur ation made use of fiv e

combination interrogator /receiver st a t i o n s , fou u receive-onl y
sta tions , and fou r display and data entry Units (two for ground

and two for local). This coii fi gur ation is ap pl i ab le to Chi~~ago
O’ l ( a re  hut could be so mewhat e x p c f l s i v e  for sma l l e r  a i r p o r t s .  The
production and development cost e~-tin iat es are given in Tahle 2-4.

For TAGS to be able to disp lay ~ ll c ont  rol led veh  ic  I r’~

controlled vehi clc~ w i l l  have to he equi pped u i t h  in i n e x p e n s i v e

heacon . A low cost commerc ial Mode A transponder could Lie used

and would cos t approximatel y $500 installed. Towei and rcg ini ~ u l

es t imates  of the maximum nu iber required at the likely TAGS sites

are 40 vehicles. This would add at most $20 ,000 t o the TAGS

16
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TABLE 2-4. SYSTEM COST BREAKDOWN

EN G I N E E R I N G PR ODUCTI ON
MODEL (TH OUSANDS
(THOUSANDS OF OF 1975

1 \(;s SUBSYSTEMS 1975 DOLLARS) DOLLARS )

AICRB S Multilatera tion Sensor

Interrogator/Receivers - 2 2 5
Receivers - 20

Control , etc . - 30

Subtotal 1000 335

Central Processor 1670 165

luisplay and Data Lnt ry 1300 250

Tota l  Cos ts  3970 750

Source: References 4 and 5

system costs . For the purpose of this analysis the system costs

(including added transponders) were rounded off to $4 million

deve l opment costs and $0.8 million per unit production costs .

Product ion c o s t s  do not include s i t e  prepara t ion , insta l la-
t ion  eng ineering , installation , check out , and certification pro-

cedures . For these costs a “ball park” estimate of $0 .6 million

given in Reference 3 was used . This  b r o u g h t th total production

costs to $1.4 million per unit.

2. 7 USER COSTS

The user costs due to the estimated delay were t aken as a

c ombination of airline operating costs and passenger cost.~. Th e
costs were computed based upon forecast aircraft mix at eaJi

airport as part of the UG3~ f) Baseline Scenario. The estimates

for the a irp lC r ts conside red are given in lahie 2-S. The

parameters used are given in Table 2-6.

18
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TABLE 2-5 . USER COSTS

COSTS PER MINUTE OF DELAY - 1975 DOLLARS

AIRPORT 1975 J 1980 1 1985 1990 1995 2000

AIR CRAFT _ OP E R A T I N G _COST S

ORD 16.98 17 .75 18.80 20.11 21 .36  22 . 46

~\IL 15.13 15.79 16.57 17.43 18.54 19.91
JFK 19.06 21.01 22. 25 23.60 25.07 26.62
LAX 19.41 20.27 21.52 23.17 24 .32 25.71
SF0 17 .10 18.10 19.05 20.43 21.80 23.19
DFW 15.76 15.95 16.33 16.94 17 .83 18.94
M IA 17. 79 18.74 19.59 20.45 21.40 22.78
IllS 15.93 15.94 16.23 17 .07 18.00 19.33
LGA 13.90 14.30 14 .94 15.66 16.24 16.88
P1 )  14.19 14.09 14.66 15.51 16.39 17 .32
BOS 16.01 16.91 17 .31 17 .81 18.33 19.87
SI). 14.52 15.45 16.47 16.53 17.57 18.91
DTW 16.91 17.24 18.11 19.03 20.29 21.92
PIlL 15.67 15.57 15.75 16.65 17 .17 17 .99

15. 22 15.35 16.19 17 .13 18.47 19.18

PASSENGER COSTS
OR!) 14.42 15.36 16.52 17 .43 18.33 19.13
AlL 13.51 14.04 14.70 15.31 16.06 17 .03
JFK 16.38 16.79 18.86 19.95 21.18 22.38
LAX 16.67 17.44 18.42 19.70 20.60 21.64
SF0 14.53 15.44 16.05 17 .15 18.19 19.32
DFW 13.70 14.05 14 .49 14 .97 15.57 16.38
MIA 15.26 16.08 16.86 17 .53 18.25 19.98
DEN 13.29 13. 71 14 .47 15.08 15.71 16.66
LG,\ 1 1.74 12.29 12.84 13.30 13.67 14 .05
PIT 11.95 12.62 13.59 14.20 14.79 15.42
BOS 1 3.21 14.34 15.00 15. 78 16.17 17.23
STE 12.72 13.96 14.95 14.74 15.44 16.39
IJTW 14.07 14.91 15. 79 16.51 17.78 18.66
PHL 12.79 13.44 14.26 14.96 15.26 15.83
EWR 12.42 12.96 13.73 14 .48 15.61 16.04

LOTAL (AIRCRAFT OPERATING AND PASSENGERI COSTS
ORD 31.40 33.11 35.32 37.54 39.69 41.59
AlL 28.64 29.83 31.27 32.74 34.60 36.94
JFK 35.44 37.80 41.11 43.55 46.25 49.00
LAX 36.08 37.71 39.94 42.87 44.92 47 .35
SF() 31.63 33.54 35.10 37 .58 39.99 42.51
DFW 29.46 30.00 30.82 31.91 33.40 35.32
MIA 33.05 34.82 36.45 37 .98 39.65 42.76
DEN 29.22 29.65 30.70 32.15 33.71 35.99
LGA 25.64 26.59 27.78 28.96 29.91 30.93
PIT 26.14 26.71 28.25 29.71 31.18 32.74
BOS 29.22 31.25 32.31 33.59 34.50 37.10
STE 27 .24 29.41 31.42 31.27 33.01 35.30
DTW 3 0 . 9 8  3 2 . 1 5  33.90 35.54 38.07 40.58
PHL 2 8 . 4 6  29.01 3 0 . 0 1  31.61 32.43 33.82
EWR 27 .64 28.31 29.92 31.61 34.08 35.22
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3. BENEFITS  A NALYSIS

3 .1 PROGRAM D E F I N I T I O N

A preliminary screening of airports was made to develop a set

of ~andidates for which cost/benefit analysis should be done .

First , the bad visibility demand at the top 15 air carrier airports

between 1975 and the year 2000 was estimated . Then , the years  whe n
the hour ly  ra te would (1) jus t reach satur ati on (85 opera tions/
hour) and (2) exhibit an over-demand of 5 operations/hour were

estimated . The results are given in Table 3-1 . Only seven air-

ports (excluding MIA) even reach saturation in the UG3RD time

frame (i.e., through the year 2u00) and since some over demand is

required to justify deployment it would appear that operations

rates alone narrow the candidates to five key airports - OR!), ATL ,
JF K , LAX , and DFW. If the amount of prolonged bad cab visitility

is also considered , even DFW becomes ques tionnable. Table 3-1

shows the average yearly frequency and duration of long duration

bad cab visibility conditions at each airport , along with the bad

visibility factor of the delay equation. M I A , DEN , and DFW all

ex pe ri enc e very few long duration bad cab visibility conditions.

MIA and DEN were not considered further in the baseline analysis.

DFW was considered but was expected to drop out with inadequate
cost savings.

From Table 3-1 it is seen that only O’Hare now requires TAGS

and will have the most severe requirement through the early

1980’s. Therefore , the basel ine program in this analysis will

deploy , test , and eva lua te the TAGS engineer ing model a t O ’Hare.
Furthe r , since we aie dealing with only four likely sites in

all , it w il l  be as sumed tha t ( 1) a single production buy will
be made for all sites , (2)  the eng ineering mode l will be c’m-

m i ss ioned for  use at O ’Hare un t il the produc ti on buy i s • r~ e ,
and (3) the timing of the production buy will be established by

the requ irements of the l ike ’y TAGS s ites other than O’Hare .

Us ing 90 opera tions/hour  as a sc reening  cr iter io n , it appears

that two of the three likely sites will require TAGS by 1986.

- 
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Rather than wait for the requirement to mater ialize at JFK , a 1986

production deployment was assumed. The baseline program considered

in this stud y is defined as fol1ow~ :

Engineering Model I)eveloped at O’Hare 1977-80

Eng ineering Mode l Operational 1980-86

Production Buy (4 units) 1985-86

Production Units Operational 1986-2000

3.2 PROGRA M COSTS

The costs for the baseline program are given in Tai~l’ 3-2 .

While the base year for the TAGS program is taken to be FY76 , no

costs are assigned to the TAGS program , since funding throug h

FY76 has been appropriated and is considered spent. A FY76 deci-

sion will little effect these funds . The cost assumptions are

described in footnotes to the table. In general , they reference

Section 2.6 , System Costs.

3 . 3 BA SE L I N E  ANALY S IS

3.3.1 Development at O’Hare

The cost/benefits analysis in this stud y w i l l  fo l low the dis-

count procedure in Re ference 4. Table 3-3 shows the yearly cost!

benef its for the eng ineering model development at O’Hare. -\n

example of the benefits computation for 1985 is g iven in the

appendix. The table indicates that because of the severe demand

it O’Hare , the use of the eng ine ering model for o years pays for

the entire TAGS deve l opment activit y , with a present valuc (base

year 1976) net benefit of about $3 million and .1 ben e fit/c-st

ra tio of about 1.5. This result provides a s t inii ~, 1.ncenti.c to

develop TAGS at O’Hare .

3 . 3 . 2  Production Un it s

Table 3-4 shows the yearly cost/ben e fits b r  the production

units at each of the candidate airports. Lft’velopment cost ’- are not

24

- — —..— 1~~~~l - - ‘~ - . -I- — - .i
~)



1 -\ RI I 3— 2 . I’A (;s BASE!. I NE PIUXUtA M CoS t’s

TAGS COSTS PER YEAR (THOUSANDS OF 1975 DOLLARS )

L AND D N UNITS F AND E 0 AND M TOTAL
Y EAR COSTS I N S T A L L E D  COSTS COSTS COST S
1976 - 750

750a 2750
~s 2750 b 2~ SO
- g 2750b 970

1980 750a lO O u 120e 120
81
82
83
84 f85 5600 5720
86 4 480 480
87
88
89

1990
91
92
93
94
95
96
97
98

2000 
_________ ______________ ______________ 1

TOTAL 7000 5700 7920 20620

aS7SOK,year average costs for government support personne l
(approximately 15 manyears).

bGovernment support personne l p lus half of the required develop-
men t contract costs (see Section 2.6).

C
Engineering model to be commissioned.

d 25~ of commissioning and installation costs estimated for the
production model (see Section 2.6).

e15% of production model basic equipment costs (Reference 2).

~$800K basic equipment costs plus $600K installation cost
estimate (see Section 2.6).
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TABLE 3-4. PRODUCTION BENEFITS AT CANDIDATE AIRPORTS

_____ 

PRESENT VALUE a (TH OUSANDS OF 1975 DOLLARS )

ORD ATL J F K  LAX DFW
YI:AR COSTS BENEFITS BENEFITS BENEFITS BENEFITS BENEFITS

1985 596 - - - - -
86 46 1192 179 - 197 -

8 4 1094 221 - 194 -
88 38 1006 253 - 190 -

89 35 925 278 - 186 -
1990 32 853 297 32 181 2

91 29 791 3 2 2  62 181 6
92 26 733  340 86 179 9
93 24 679 352 106 176 12
94 21 629 359 121 172 13
95 20 584 363 133 168 15
96 18 544 368 146 157 16
97 16 506 368 157 148 17
98 15 462 363 163 138 17
99 13 428 359 168 129 18

1000 12 397 352 171 121 18

lo tal  983 10 ,8 2 3 4 ,7 7 4  1,34 5 2 ,517 143

a
FY76 base year.

considered in this table . As with Table 3-3 , the base year  is

1976. It is evident that the four likely sites all pay for a

production unit. In descending order of payoff they are ORD , ATL ,
LAX , and JFK. As was anticipated DFW does not justify a production

unit due to the infrequent bad visibility conditions .

3.3.3 Prqgram Cost/Benefits

Table 3-5 summarizes the overall program cost/benefits. If

the baseline program given in Section 3.1 is followed with develop-

ment at O’Hare and production units to ORD , AlL , LAX , and JFK , the
p rogram ’s presen t value net benefit is $18.7 million and the

benefi t/cost ratio is 2.9. The cost savings are substantial.
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V

TABlE  ~- 4- . BASELIN E PROGRAM B[NFFITS/ Cf l STS

l’Rl SI NT VALU E”
(T HOUSA N DS OF 1975 l)OLLARS )

NET BENEFIT S!
PROGRAM ITEM COSTS BENEFITS BENEF ITS C O SI  -

~

O’Hare flevelopment 5 ,994 9 ,182 3 ,188 1. 5
O ’ila re Production unit h 983 10 ,823 9 ,840  11. 0
.- \t la nta Production un it b 983 4 ,~~74 3 ,791 4 .9
Los An geles Production u~~ t b 983 2 ,5 17 1 ,534
\c L.  Y o rk  Produc t ion u~ 1t b 9 8 3  1,345 362 1. -I

Tot-i l Program (Baseline) 9 ,926 28 ,641 18 ,715 2. 9
_—

a
1)B a e  year l~ .6.
Production buy for all four sites in FY86.

3.4 SENSITIV ITY ANALYSIS

If the engineering model is not developed at O’Hare , or for
some reason cannot be commissioned for use , the baseline program

must he altered . Two production buys would be required , the first

to satisf y O’Hare ’s pressing need as soon as Possible (FY81) and

the second to satisfy the remaining :uirpor ts requirements (in

FY86). The resulting cost/bene fits are shown in Table 3-b . The

present value net benefit is $16.3 m illion and the benefit /cost

ratio is 2 .5. Ihese are s t i l l  suhs taii t ial benefits. Iii— chiof

1 -t -na l ty is the i1! - Ie d c~~m pl i c a t  i - h  of ‘ .- - ‘- i’ r oduct ion buys.

ihe sensit ivity to system cost is shown in Table 3-7 for a

50 percent increase in development , production , and installation
costs . These cost inc reases  are ve ry  ext reme but S e r v e  to show

the — trength of each program item. Even with the extreme increase

each program item pay s for itself and in the worst c.ise ~ ‘velop-

m cnt not at O’Hare) the program obta ins a present  value net bene f i t
of $11.9 million ~C t a henefi~~/cost ratio of 1.8.
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TABL I. 3 - b .  S E N S I T I V I T Y  TO DEVELOPMENT SITI .

PRESENT VALU La
(THOUSANDS OF 1975 DOLLARS

NET ~ENLF ITS
PROGRA M l’rEM COST S BENEFIT S BENEFIT S COSTS

Development 5 ,994 0 -5 ,994 0
O’Hare Production Unit 1 ,~CSS 18 ,220 16 ,565 11.0

FY81 Hop I oymen t

Atlanta Production Unit 983 4,774 3 ,791 4.9
FY86 I)eployment

Los Angeles Production Unit 983 2 ,517 1 ,534 2.6
FY86 Deployment

New York Production 983 1 ,345 362 1. 4
tJ nit
F:Y86 Deployment

Total Program 10 ,598 26 ,856 16 ,258 2.5

aBase Year , FY76.

TABLE 3-7. SENSITIVITY TO COST

PRESENT VAL !JE a
(THOUSANDS OF 1975 DOLLARS

NET BE NE F I TS ,
PROGRA M ITEM COSTS BENEFITS BENEFITS COSTS

O’hare Development 8,991b 9 ,182 191 1 .0
O’hare Production Unit l ,282~ 10 ,823 9,541 8.4

Atl anta Production Unit 1 ,282 4,774 3 ,492 3.7

Los Angeles Production Unit 1 ,282 2 ,517 1 ,235 2.0
New York Production Unit 1 ,282 1 ,345 63 1.1

Total Program 14 ,119 28 ,641 14 ,522 2 .0

Total Program (I)evelopment 14 ,970 26 ,856 11,886 1.8
at Other Than ORD)

aB e  Year f~~~7~ 4~

~50% increase in deve lopment over baseline.
50% increa~ t- in production and installation over baseline .
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Ihe sensitivity to service dei ’~ in~1 i s  ~;h own in Table 3-8 . As
w i t h  cost an extreme position is taken . l a t h e r  than inc l uding a l l

ai r tax i and 40 percent of general aviation traffic in the bad cab

v i s ib iii  t v de m and , a 11 ai r taxi and ~~~ r ae  ra I av i - i t ion t ra If i c i s

~~~ sumed to drop out as unequi pped for low vi sib iii  ty operat ions.

lhe result is quite si gnific a nt — New York (JFK) and Los Angel a-

ILA \ ) drop out of the program . As can he seen in Table 3- 1 , Nc’~
York and Los Angel e s air carrier traffic is well below that of

O’Hare and Atlanta (approximately 450 ,000 operations/year versus

~0O ,0O0 in 1990). Hot%cv er , the remaining prog ram remains cost-

henefic i a l  whether or not developm ent is performed at O’ h are.

~~a vj n g s  acrued by the baseline program amount to a presert value

net benefit of $3.9 million , with a benefit/cost ratio of 1.5.

lA BE l 3—8 . SENSI TI VI TY TO S ERV IC F I)LMANI )

PRESENT VALU Ed
(TH OUSAN DS OF 1975 DOLLARS )

NET WN EFIT S ,
Pk~~;kA -I I IbM ( OSTS BIN I FITS BENEF ITS COS T S

O’Hare Development 5 ,994 1 ,7 96 b -1 ,198 0 . 8
O’Hare Production Unit 983 5 ,448h 4 ,465 5.5

Atlanta Production Unit 983 1 ,65 b 669

Los Angeles Production Unit - - - -

~~~~~ York Production Uni t - - - -

l o ta l I ragram 7 ,9o0 11 ,8Db 3 ,936 1 . 5

l o t a l  Program (Deve l opment 8 ,032 10 ,9-1 8 2 ,3 1b 1.3
i t Othe i Than ORD)

~Base Year FY70 .

a i r  t:J ,~ iS or kene r - i l avi a tion traffic in bad visibility.

30



The sensitivity to forecast data is examined in Table 3-9.

Cost/benefit analysis was not performed for all conditions. In-

stead , the preliminary screening criterion (demand exceeds capacity

by 5 operations/hour) , which worked quite well for the baseline

case , was examined for various differences in traffic growth rate .

Column 1 simpl y repeats the baseline screening with four airports

requirin g TAGS prior to 1995. DFW was not included because of

infrequent bad visi bility conditions and the late requirement

date. The next three columns give the requirement dates for re-

ductions in the growth forecast at each airport. It was assumed

that airports wi th an excess demand of 5 operations/ho ur prior to

1995 would accrue adequate benefits to warrant a TAGS. On this
basis , with a 10 percent reduction in growth JFK would be dropped

from consideration. Deployment at AlL and LAX could be delayed

until the late 1930’s if the eng ineering model could be commis-

sioned at O’hare. The same conditions are generally true for a

• 25 percent reduction in growth , except that the AlL and LAX de-

ployments could be delayed to the early 1990 ’s. A 50 percent

reduction in growth produces the same result as a no growth situa-

tion; onl y at O’Hare will the TAGS remain a potential requirement.

TABLE 3-9. SENSITIVITY TO FORECAST DEMAND AND SYSTEM CAPACITY

YEAR BAD V I S I B I L I T Y  DEMAN D = 90 OPS / HR 70 OPS /HR
90% 75% 50% 125%

A I R P ORT BASE L I N E  GROWTH GROWTH GROWTH GROWTH BASELI NE

OR!) 1974 1974 1974 1974 1974 1974
AlL 1986 1988 1990 1998 1984 1974
JFK 1994 1998 1988 1978
LAX 1984 1988 1995 1980 1974
SF0 1995 1985
DEW 1992 1995 1988 1981
DEN 1996 1987
LGA
PIT 1999 1990
BOS 2000
STL
DTW 1992
PHL 1996
EWR
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• 
Mu le the ba~ eline program appears strong with respect to

each  p a r a m e t e r  considered separ ate l- a- , a ~orst case scenario in -
volving several parameters together was hvp othesi~~ed. The a- nrs~
c ase assumed that:

1. L)evelopment would be ini tiated on the baseline progr a

at O’hare .

2.  T r a f f i c  would grow as fo recas t  for a few years ( i . e .,
through 1980) but would then leve l of f .

3. Development would slip 2 years with a 50 percent increase

in cost.

4. At development completion , production costs i~Oa~l~ be 70

percent greater than currently estimated .

5. Passenge r time cos t savings per hour would be 50 percent

lower than those used in the baseline anal ys i s
With these assumptions , onl y O’hare could warrant TAGS . Therefcre ,

it was further assumed that :

6. No production models would be built and O’Hare would

opera te with the engineering model. Maintenance costs of

TAGS were doubled to reflect the long term operation

of an eng ineering model.

The worst case scenario results in a program which costs

approximatel y $9 million and accrues approximately $11 million in

benefi ts for a benefit/cost ratio of 1.2. The accrued costs and

b eire fits f r  both the bas el m e  and worst case scenari a are sh r -cTI

i i ’  Fica r a S—I . Ihe f i gu r e ira ~i c a t e s  t h a t  ! hae l eva-a opm e:u t l r u ~~r~1

will likely beg in accruing net hene i its by 1983 and in the ~or st

case by the mid- l 990 ’ s. The probability for net los s i s low .

To examine the effect of hi g~re r than fo recas t  grrn~t 1 , the

screening criterion was applied to a demand re~ ulting from a

25 percent increase in growth. The results are g iven in Table 3-9.

It appears that SF0 would he added to the prog ram.  In addition ,

al though h a d  v i s i b i l i t y  ~s infrequent , I)FW mi ght al so be added
be c a u- ~e of the e a r l y  requ i l-en ier t d a t e ;  the ear ly  date would
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indic ate severe problems (delays) in the 1990’s whene ve r the bad

visibility conditions did occur. Total deployment , therefore ,
would be increased from four to six systems .

Finally, the sensitivity to the capacity estimate of 85

operat ions/ hour ( for  2 ground contro l lers in bad cab v i s i b i l i t y
condi t ions w i th  ASDE) was examined. As mentioned in Sect ion 2 ,
it could be argued that this estimate is high . Saturation of

ground control can occur with operations as low as 65 operations/

hour in bad visibility conditions. When it does , operations in

excess of this capacity will increase the likelihood of missed

targets and problem situations. To examine the impact of using

the more conservative capacity the screening criterion was

applied to the airports of Table 3-1 for 70 operations/hour (5

above the more conservative capacity estimate) . The results are

g iven in the last column of Table 3-9.

The results indicate that three airports presently require

TAGS : ORD , ATL , and LAX . By 1995 six additional airports would

requ ir e TAG S : JFK , SF0, DFW , DEN , PI T , and PIlL. While the in-

• clusion of DEN mi -~h t be questionnable because of its infrequent

bad weather , th e early date , as w it h DFW , would indicate severe

problems in the 1990’s whenever the bad visibility did occur. On

that basis the total TAGS dep loymen t could reach nine airports.
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L~, HY BRID SYSTEM CONCEPT

In Reference 1 , an ASDE-3 cost/benefit analysis was performed

based upon improvements only to local control. In that analysis
3~’ airports were found to require ASDE-3 by 1986 . This deploy-
ment covered all likely TAGS sites.

The ana lys is  contained herein has been for an ATCRBS multi-

lateration-based TAGS and depended upon improvements only to ground

contro l . This analys is  and the ASDE-3 analysis , therefore , are

independent , imp lying that both systems could exist at the TAGS

s i t es  and be cos t- e f f ec t i ve . At first glance however , this would

seem fool ish, since TAGS can provide the same kind of informat i on

to local control as AS D E-3.  It would seem reasonable to remove

eac h ASD E-3 once TAGS is installed and use the unit at another
ASDE-3 desi gnated airport. In this way the local contro benefits

of the ASDE-3 (less its movement costs) could be added to the ground
control benefits of TAGS , resulting in a more cost-beneficial TAGS

deployment. Howeve r , TAGS , based solely on ATCRBS inultilateration ,
doe s not provide as much information as an ASDE-3.

The most notable differences between TAGS and ASDE-3 are that

lAGS displays only ATCRBS-heacon-equipped vehicles and does not dis-

play a target image (e.g., vehicle shape , heading and location of

nose , tail , wing tips) . At the TAGS sites all aircraft wi l l be

beac on-equipped (i.e., Terminal Control Airspace (ICA) airports)

but not all surface vehicles can be. If a “hybrid” system combin-

ing radar - derived targets and the s pe c  m l  TAGS features (e.g.

vehicle identity for beacon equipped targets ) were employed all of

the advantages of both systems would be realized. In addition , the

cost  of the hybrid would be cheaper than the sum of th~ two

individual systems due to shared displays and les s stringent re-

quirements on the TAGS vehicle positional accuracy. Accurate posi-

tion and target image would be provided by ASDE-3 , not ~ac TAGS

t r i 1 ate ration sensor.
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The Transpor tation Systems Center is currently analyzing and

evaluating the TAGS hybrid concept . It is likely that the TAGS

eng ineering model will be installed at an ASDE site (e.g., O ’Ha re
w ith an ASDE-2) and have a hybrid option for evaluation . The

developme nt cost impact should be neg ligable. When a hybrid system
is def ined  well  enough to es t ima te it s cos t , if it is found

advan tageous , a revised cos t/benef it study w i l l  be done for TAGS
on a hyb ri d implemen ta ti on bas is to ascer tain whe ther or no t a
wider deploymen t is warran ted.
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I

5. CONCLUSIONS

I . The baseline LAGS program calls for the development of

a TAG S eng ineering mode l at Chicago O’hare Airport between FY77

and FY80 , with the engineering model being commissioned for use
between 1980 and 1985. In 1986 , four productio n units would be

dep loyed on a s ingle buy to Chicago O’hare (replacing the eng ineer-

ing model) ,  Atl anta , Los Angeles , and New York (JFK) airports and

operated through the year 2000. Benefits accrued by the system

eng ineering model at O’Hare between 1980 and 1985 would pay for
the entire TAGS cost of development . The baseline program wo u ld
accrue a present value (base year 1976) net benefi t  of $ 1 8 . 7  mil-
lion with a benefit/cost ratio of -‘.9.

2. If , for any reason , t he engineering model c annot he corn-
mis- ,ioned at O’Hare , two production buys are assumed , one for a
FY81 deployment at O’hare and the second for a FY86 deployment at
A tlanta , Los Angeles , and New York (JFK). This a l te rna t ive  progra m
would accrue a present  value net benef i t  of $16 .3  million , w i t h  a
benefit/cost ratio of 2.5. This is slightly less cost-beneficial

t han the baseline program , but benef its  are still subs tan t ia l

3. If the development , production , and installation costs

should run 50 percent over the current estimates , the base l i ne
program would accrue a present value net benef i t  of $14 .5 m i l l i on .
w ith a b e n e f i t/ c o s t  r a t i o  of 2 . 0 .  Sav ings  remain su bsta~lt i u 1  ic
pu • e (1 t be d ras Ic •a~ um ;~ inn r -~os t ci

4 . If only air c a r r i e r s  equip for Cat II and/or Cat L I l a , a i r

if all general aviation and air taxi traffic is eliminated , New

York  (J FK) and Los Angeles would not require TAGS. Howe ..er , the

basel ine program for O’hare and At lanta would accrue a present
value net benefit of $3.9 million , with a benefit/co st ratio of

L5. Such a drastic deci sion on the part of general aviat ion and

air tax i users would substantially reduce overall savings; however .

the development program with a limited production deployment would

remain cost-beneficial.
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S. Should the growth in air traffic be 10 to 25 percent less

than forecas t , Ne w York (JFK)  would  no t require  TAGS . O ’Hare  would
need TAGS as soon as possible since it has a current need .

Atlan ta and Los Angeles would require TAGS by the late 1980’s.

6. If deve lopment at O’Hare is initiat ed and a worst case

situation should deve l op ,

a. No traffic growth after 1980

b. Two year development slip

c. 50 percent increase in system costs

d. Loss of 50 percent of baseline passenger cost saving s

use of the engineering model at O’hare with no production buy would

accrue adequate benefits to pay off development costs by the mid-

1990 ‘s.

7. Should the grow th in a ir tr a f f i c  be 25 percen t grea ter
than forecast , San Franc isco and Dallas-Ft . Worth would likely

become TAGS si tes , and the total deploymen t would increase from
four to six.

8. Should a more conservative capacity estimate be made for

ground control under bad visibility conditions in order to
virtually guarantee elimination of bad visibility problems ,
the deployment of TAGS would extend to nine systems. TAGS

sites would consist of the baseline four plus San Francisco ,
Dallas-F t. Worth , Denver , P itt sburgh , and Philadelphia.

.
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APPENDIX
O’HARE BENEFITS , 1985 (EXAMPLE COMPUTAT ION)

P1 (Bad v is ib i l ity capacity of two ground control lers
with ASDE ; assumed for this stud y f rom previous
analyses) 85

p
2 (hood visibility capacity of two ground control-

lers; assumed for this study from previous
Onsanal yses) = 175 
~
TrtF

01 (Annual air carrier operations; from forecasts
- Table 2-1) = 658 ,000 Ops.

F1 (~ raction of daily air carrier operations in

busy period ; from current traffic profiles -

Table 2-1) 0.93

0-, (Annual air tax i operations; from forecasts -

Table 2-1) = 85 ,000 Ops.

(Frac tion of daily air tax i operations in

b usy pe ri od; f rom curren t tr a f f ic prof iles -

Table 2-2) = 0.87

04 (Annual itinerant operations; from forecasts -

Table 2- 1) — 743 ,000 Ops .

03 (Annual itinerant general aviation

opera t ions) — 04 - (01 + 0
2) 

— 0 Ops.

F3 (Frac tio n of d a i l y  i ti neran t gene ral av iati on
operations in busy period ; approximated from

Reference 1) — 0.9

B (Number of busy hou rs ; from curren t traffic

profiles - Table 2-2; 0700-2200) — 15 Hr

I
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N , (Mean hourl demand in good cab visibility 0 F ~- 

conditions; from Section 2.4.1 cqu~ tion) = ~~-~~-~~- X +

F 0 F2 3 3 , _ O p sX -
~~ 

+ X = 1_ h

N
1 (Mean hourly demand in bad cab visibility

conditions ; from Section 2.4.2) =

0 F 0 F 0 F.x + + j 4 X = 1 26

t (Mean duration of each long term ( i.e. ,  >90 m m .)
bad visibility occurrenct~; from clina tolog ical

summaries) = 2 . 8  Hrs

I (Yearly frequency of long term (i.e., > 90 mm .)

had visibility between 0700 and 2200; from

climatolog ical summar ies) = 4 . 9

1) (Yearly delay experienced during long term bad

visibility; from Section 2.3 equation) =

30t 2f (N 1 - P1
) ( N

1 - P1 + P2 - 
N 2)

(P 2 
- N2) 

-

= 86,346 Aircraft Mins.

C 1 (Total cost per aircraft minute of delay ;

1 m m  Table 2 - 5 )  $ 3 5 .  32 /A i r c r a f t  ‘~h in.

C 9 ( Y e i r l y  delay cost  — 60 C-1- 1)) — $3 ,050 ,000
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