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This report presents the findings of a cost/benefit analysis of
the deployment of a new Limited Surveillance Radar (LSR). An LSR is
an inexpensive , single channel , short-range (about 20 miles), primary
radar for use at approach control facilities which cannot economically
justify an Airport Surveillance Radar/Radar Beacon System (ASR/RBS).
An LSR can also be used in tower cabs to aid in VFR operation where a
BRITE display is not feasible due to coverage limitations dictated by
obstructions or distance from the parent radar facility.

The study is preliminary in that it is brief and uses rough esti-
mates and assumptions for both benefits and costs. Its purpose is to
give a gross estimate of the current deployment potential of the LSR
and to aid in decisions regarding further system analysis , development ,
and testing .
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1- PREFACE

This work was performed at the Transportation Systems Center
under the sponsorship of the Federal Aviation Administrat ion , Off ice
of Aviation System Plans. The work consists of a cost/benefit
analysis of the deployment of a new Limited Surveillance Radar
(LSR) for terminal area surveillance.
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EXECUTIVE SUMMARY

This report present s the findings of a brief cost/benefit
analysis performed for a Limited Surveillance Radar (LSR) concept.
An LSR is an inexpensive , single channel , short-range (about 20
miles), primary radar for use at approach facilities which cannot
economically justify an Airport Surveillance Radar/Radar Beacon
System (ASR/RBS). It can also be used in tower cabs to aid in VFR
operation where a BRITE display (fed directly from a collocated
ASR/RBS or remotely from a parent radar approach control facility)
is not feasible. The LSR’s annual cost is estimated at about 1/3
that of an ASR/RBS (when used for radar approach control) and
about 2-1/2 times that of a BRITE/TML (when used only to aid VFR
operation). The purpose of this analysis is to g ive a gross esti-
mate of the current deployment potential of an LSR to aid in
decisions regarding further analysis , development and testing.
This study is not considered adequate to support an establishment
criterion or a production procurement decision.

The analysis considers an LSR deployment for the year for
which the most recent traffic activity data exists , calendar year
(CY) 1975. The results indicate that as an upper bound , approxi-
mately 15 to 17 LSRs might be deployed. The deployment breakdown
is:

a. Of the 146 tower cabs which do not have a BRLTE display
(because they fail to meet current establishment criteria), approxi-
mately 11 to 13 could justify an LSR and its associated bright dis-
play on economic grounds (i.e., the benefit/cost ratio is greater
than one).

b. Of the 11 to 13 tower -cabs which could economically justif y
an LSR, approximately four to six could economically justify insti-
tuting radar approach contro’ with the LSR. These sites currently
operate approach control without radar. The LSR at the remaining
seven cabs would be used primarily to aid in VFR traffic advisories.

vi i i



c. Of 79 of the 93 TML sites in operation , perhaps four have

sufficien t traffic and deficient enough low altitude coverage to

justify economically an LSR to aid in VFR traffic advisories .
The major assump t ions lead ing to thes e resul ts are ( 1) tha t an LSR
would prov ide benef its equivalen t to an ASR/RBS when used for
approach control at small facilities at which it might be deployed ,
and (2) that an LSR driven BRITE display would provide benefits

equivalent to a BRITE display driven remotely from an ASR/RBS when

used for VFR separation advisories by the local controller.

A sensi t iv ity analys is was made to exam ine the e f f e c t of
increased F~E costs. With a 20 percent cost increase , six of the
eleven basel ine sites using the LSR only for VFR operations failed

to qualify . This suggests a minimum deployment of nine to eleven

LSR5 , approxima tely hal f  of which would be for radar  approach

• control.

To estimate overall system benefits , an LSR program was hypo-

thesized which would (1) deve l op the LSR in f iscal year (FY) 1978
and 1979 , (2)  deploy f i f teen LSRs in FY 1980, and (3) opera te
the units for the next fifteen years. As traffic grew , LSR-equipped

airports which qualified for ASR/RBS would be so equipped and the

LSR moved to a newly qualified LSR airport. The unit would be

easily and cheaply transported. This program would have a present

value (base year 1977) cos t of $ 9,444,000 and a presen t value
benefit of $14 ,619 ,000 resulting in a benefit/cost ratio of 1.55.

If the program start were postponed the benefit/cost ratio would

be unchanged but the present value benefit and cost would be

divided by 1 1 N
, where N is the number of years the program

is pos tponed .

ix/x
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1. INTRODUCTION

1.1 CURRENT SYSTEM DESCRIPTION

The pr imary purpose of VFR roz:trol towers is to prevent a

col l i s ion  be tween ai rcraf t oper ating in the immedia te area of the
a irpor t , and to expedite the flow of traffic. Aircraft are

normal ly  rad io con trol led wi th in ten miles  of the a i rpor t and
visually separated within the airport traffic area. The tower

establishes the sequence and clears aircraft to land and take off

to prov ide safe runway utilization . Airborne separation exclusive

of runway use (e.g., af ter takeof f  or on the downw ind approach leg)
is the responsib il ity of the p i lo ts al thoug h the tower doe s provide
a land ing sequence and advise users of threatening traffic and

potential collisions if they are observed.

During IFR cond iti ons , VFR towers can clear aircraft for take-
off and landing using prescr ibed procedures. However , VFR towers
do not provide approach control service. Approach control service

is provided by a nearby parent facility such as a TRACON , TRACAB
or ARTCC . The VFR tower will intermix VFR traffic operating

below ceiling with IFR arrivals , and will report visual acquisi-

tion of IFR arrivals to the controlling facility.

The capac ity of the ATC sys tem at an ai rpor t withou t its own
radar is a f f e c ted by the radar  coverage of its paren t approach
control facility. If the controlling facility has good low-

altitud e radar coverage (e.e., no terr ain b lockage ) ,  the capac ity
can approach tha t wh ich would occur if the a irpor t d id , in fact ,

• have its own radar approach cOntrol . Howeve r , if the appro?ch

control radar is far away or has low-altitude coverage limitations ,

• success ive arrivals must be adjusted to compensate for the separa-

tion needed to cover the time interval between loss of radar

coverage and visual acquisition . This results in a reduction of

capacity. Althoug h radar  separa ti on in peak cond it ions can resul t
in 30-40 arrivals per hour on a runway , approach control service

provided from a fac ility without low altitude radar coverage can

reduce capac ity to 4-5 arrivals per hour.

1
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When instrument operations into an airport with a VFR tower

become sub s tan tial , and its capacity (due to radar coverage) is

low , non-radar approach control authority may be delegated to the

tower (or primary tower) for the airport(s) within the area of

jurisdiction. In this case the tower will accept transfer of

control and handoff from the ARTCC , and will control the arrivals

using pilot position reports derived from radio navigational aids.

Aircraft can be held and stacked by the tower and routed from the

stack to the final approach fix for timed approaches. Capacity

will depend on the locations and number of the radio navigation

aids (i.e., the stack and approach route) and weather. The FAA

has estimated arrival rates of from 6 to 16 arrivals per hour

(varying with pilot and controller proficiency levels) for non-

radar approach control.~~
1
~

When non-radar approach control canno1t satisfy the demand for

instrument operations , efficiency is increased by installing an

A irport Surveillance Radar/Radar Beacon System (ASR/RBS) and

implementing radar approach control. Approach control is either

conducted from the cab (TRACAB) with Bright Radar Indicator Equip-

ment ( B R I T E )  d ispl ays , or from a separate approach control facility

(TRACON). When the TRACON is used , BRITE di splays  are employed in
the cab to ai d the loc al con tro l l e r  in prov id ing VFR serv ice and
in coordinating with the TRACON. Safety increases thanks to IFR

separ ation assurance and VFR separatio fi advisories , and IFR delay

is reduced thanks to in creased ca pac ity associa ted  wi th radar
separa tion standard s . The resul ti n g capaci ty can be qu ite h igh
(e.g., 30 a r r iva l s/ho ur per indep end en t runway) and is gener al ly
adequa te excep t a t the h ighes t volu m e a irpor ts.

Once radar  approach con trol is establ i shed and BRITE d i sp lays
are furnished to the cab w ith -a direct line from the ASR/RBS, BRITE
d isplays can normally be furnished to other nearby tower cab s

(within 20 miles of the ASR/RBS). The equipment used for doing

this  is the Telev isi on Microwave  L ink  ( T M L ) ,  wh ich ...onsists of

BRITE equi pmen t and a microwave communication link for transmitting

the TV picture to the nearby (staellite) airport. Digital remoting

is also currently under test . Safety is increased thanks to VFR

separation advisories and improved coordination with the TRACON.

2
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1 .2  CURRENT SYSTEM COSTS

The ASR/RBS is a fairly expensive system to install and
opera te. The c5timated costs (based on 1975 report) are summarized
in Table ~~~~~~

TABLE 1-1 . ASR/RBS ANNUA L COSTS

BasiL establishment costs - $2 mjllion*
amortized over 15 years at 10% $263 ,000

Oper ation and Ma intenance Cos ts 14 1,000
Staffing Costs (5 additional controllers

for radar approach control) 96.000
$500 ,000

*
These Costs will increase. FY7 9 F~ E cos ts are
estimated at S2.7 million.

These Costs assume an installation ii a TRACAB mode with service
provided from the cab. If space lim i~~a tions in the cab preclude
the installation of the required Co~ st les , rada r approach control
rece ives its own separate facility (TR\CON) , in wh ich case some
building expan~ ion may be requireu. No such costs are included
in the above estimate.

The TML is a fairly inexpensive system to install and operate.
The costs are estimated in Appendix A and summarized in Table 1-2.

TABLE 1-2. TML ANNUAL COS rS

4 [asic establishment costs - $163 ,400

I amortized over 15 years at 10% $21 ,500
Opera tion and Maintenance Costs 

______

~~~300

1.3 PROBLEM

In 1975 there were 233 approach contro l facilities .~~
2
~ G iven

the loca t ion of ASR /RBS sys tems , it is estimated that of these
fac ili ties , 174 are radar approach control and 59 are non-radar
approach control unable to qualif y for an ASR/RBS. The non-radar

~
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approach control sites would not derive benefits which exceed the

cost of an ASR/RBS. Appendix B estimates that the 59 non-radar

approach control facilities accumulate approximately $8 million

per year in delay and accident costs which radar coverage could

elim inate. However , the high cost of the ASR/RBS ($29.5 million

per year to equip all 59 facilities fo: radar approach control)

makes the realization of these potential savings impractical.

In 1975, there were 146 airport cabs without a BRITE installed
or programmed. Based upon the assumptions in this study , these
cabs accumulate approximately $9.5 million per year in accident

rela ted cos ts , which could be eliminated by the installation of
BRITE displays (see Append ix B). To equip these cabs with BRITE

driven via TML would be comparatively inexpensive . This would

cost $4 million annually, resul t ing in an annual net benefit of

$5.5 million . However , deployment at these locations has not been

prac t ical , due pr imar i ly  to the remo t ing range or l ine of si te
limi tations of the TML .

1.4 LIMITED SURVEILLANCE RADAR (LSR)

The LSR is an inexpensive , all  digi tal , pr imary radar for use
at approach control facilities which do not qualify for an ASR/RBS

and at cabs which cannot receive a BRITE display via TML because

of inadequate radar coverage or excessive remoting range. Costs

can be reduced fu r th er (beyond dropp ing secondary radar)  because
the radar has only a singl e channel and reduced range (20 nmi
versus 60 nmi for  an ASR/ RBS) , and beca use of the an ticipa ted
simplicity of installation . The current best estimate of basic

costs for the LSR are estimated in Appendix A and summarized in

Table 1-3.

Relative to the problems cIted in Section 1.3, the cos t of
the LSR seems reasonable . The cost of full deployment to non-

radar approach control facilities with radar approach control

staff would be $9.5 mill ion , abou t 20 percen t higher  than the
potential benefi ts of $8 million . Some cost effective installations

could be anticipated. Similarly, the cost of full deployment to

4
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TABLE 1-3. LSR ANNUAL COSTS

Basic establishment cos ts - $362 ,000
• amortized over 15 years at 10% $47 , 500

Opera ting and Main tenance Cos ts 18 ,300

Sub - total $65 ,800

Staffing costs if the LSR is used for

radar approach con trol 96,000
To tal $161,800

I

unequipped cabs for VFR use (without radar approach contro l staff)

would be $9.5 million , which is approximately equal to the poten-

tial benefits. The question remaining is “Which and how many of

the individual cabs and control facilities could support an LSR?”

• 1.5 STUDY SCOPE AND PURPOSE

Th is study represen ts a br ief  analys is  aimed at es tima t ing
the current deployment potential for an LSR . The year examined is

CY 1975 since traffic data for CY 1976 was not available at the

time the report was being developed. The analysis did not make

extensive use of present value discounting techniques but did
amortize initial costs over 15 years at 10 percent. Present value

discounting was used at the end of the study to provide a gross

estimate of presen t value net benefits for a hypothetical LSR

development/deployment program. Assumptions made in the analysis

are rather gross an d tend to favor deployment (e.g., it is assumed
that the LSR , a pr imary only sys tem , will be equivalen t to the ASR/

RBS in providing separation assurance/advisories). The deployment

may therefore  be cons idered an upper bound . The purpose of the
study is to develop a preliminary deployment estimate for an LSR

so that management can decide if further activity is warranted.

The study is not considered adequate to support an establishment
criteria or a production procurement decision .

5
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2. ASSUMPTIONS AND APPROACH

This section sets forth the assumptions and approach used in

the analys is. A summary of key assumptions and estimates is pre-

sented below. The assumptions are discussed in Section 2.1.

a. An LSR and an ASR/RBS would provide equivalent benefits

for approach control at the small approach control

facilities at which it would be deployed.

b. A BRITE display, driven by either an LSR or a TML from

a nearby ASR/RBS , would provide equivalent benefits to
the local controller in the cab for providing VFR separa-

tion adv isories and sequencing .

c. An LSR would only be installed at an airport for approach

control if the airport was not already provided radar

serv ice (by an ASR/RBS or ARSR).

d. An LSR would only be installed at an airport for cab use

by local control if the airport could not be provided with

a BRITE via TML from a nearby ASR / RBS.

e. It is estimated that 95 percent of midair collisions occur-

ing at non-radar approach control facilities could be pre-

vented by providing the facility with a BRITh display for

local controller use since they involve at least one VFR

a ircraf t in con tac t wi th local con trol and , therefore ,
would be preve ntable simply by providing local control

with a BRITE display . This is to say that few midair

collisions occur between IFR aircraft under non-radar

approach control (e.g., only one such acciden t occurred
between January 1964 and December 1971).

2.1 DISCUSSION OF ASSUMPTION S

All ASR radars now equipped with an RBS have some form of

beacon processing (i.e., beacon decoder or ARTS-3). Thu s, as a
minimum , target enhancemen t (and in many cases identity) is avail-

able for approach control and on BRITE displays for beacon equipped

6
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targets. Because of this and the fact that the LSR has no broad
band capability, assump tions (a) and (b) may be overly optimistic .
If further work is done on the LSR , the differences between its

operational parameters and those of an ASR/RBS should be examined
more closely.

Assumptions (c) and (d) may resul t in a deployment estimate

on the low side. LSRs may be applicable at existing and planned
ASR/RBS sites. However , these si tes were no t considered in this
analysis. In addition , existing and planned sites for BRITE TML
equipment may suffer from low altitude surveillance limitations

which an LSR would rectify. These sites are not considered in

the basic analysis (although treated in a sensitivity analysis is

Section 3 .4 ) .

Item (e) is an estimate which was made in the following manner:

- 
1. Each midair  collision occurring between January 1964 and

December 1971 involving ATC services was examined using the acci-
dent summaries provided in Reference 3. This represented a total

of 50 midair collisions . A breakdown of these collisions is given

in Figure 2-1.

2. Those accidents were identified which might have been

prevented by the deployment of a new radar/BRITE system . This set

excluded accidents involving existing radar approach control , ARTCC
control , and tower cab control where the tower and existing ASR
were collocated permitting direct BRITE deployment to the cab.
Twenty-three accidents were excluded , leaving 27 for further
considerat ion.

3. Of the 27 accidents iden t i f i ed , an es t ima te was made of
• whi ch could conceivably have been prevented by the ins talla tion of

a radar and cab bright display at the airport/terminal facility
involved. Examples of accidents conceivably preventable are
accidents between VFR aircraft in radio contact with the ~ab but
outside the visual range of the controllers which went undetected
or were detected too late for corrective advisor ies  to be given ,
and accidents between IFR aircraft under non-radar approach control
in which instructions were not followed by an aircraft but went

7
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undetected , re su l t ing  in a co l l i s ion . It was e s t imated  tha t  22
of the 27 accidents  were conceivable  preventable  through estended
radar di splay deployment .

4. Of the conceivably preventable accidents , only one in-
volved non-radar approach control (over the 8-year period examined)

wh ereas 21 involved a cab-cont rol led  VFR a i r c r a f t . Thus , it was

estimated that 95% of the preventable accidents associated with

ins ta l l ing  a radar and a BRITE display at the unequipped airports
wi l l  be real ized by use of the B RI TE at the local con t ro l le r  posi-
t ion , wi thou t  in s t i t u t i n g  radar approach control .  Radar approach
control will p-rovide safer IFR operation , but few accidents occur
under non- radar  approach control due to the conservat ive pract ices
employed. The chief benef it of radar approach control is to in-

crease capac ity (reduce delay) while maintaining a safe operation.

It should be noted tha t while there were no radar displays
cover ing the 22 accidents at the time of the accident , that is

no longer the case. Since then , ASR /RBS a nd TML systems have been

• deployed.  The one accident under non-radar  approach control
occ urred at Ashevi l le  NC , wh ich now has an ASR/RBS . The 21 VFR-

related accidents occurred at 18 d i f f e r en t  a i rpo r t s , of which 14
now have a cab BRITE via TML. However , the 95 % es t imate  w i l l  be
used later in this analysis applied to current non-radar approach
control facilities and unequipped tower cabs.

2.2 ANALYSIS APPROACH

The analysis  approach taken in this  study is shown in Figure 2 -2 .
The analysis begins wi th  the examination of a sample of approximately
100 airport  towers cons i s t ing  p r imar i l y  of the towers s imi l a r ly
considered in the ASR/RBS Establishment Criteria report.~~~ Data
used in this preliminary examination are for CY 1973 , to be consi~;-

tent with Reference 1 and to permit using computations already made
in that  ana lys is .  In add i t ion , the bene f i t s  models developed and
used in Reference 1 are us ed in this preliminary analysis. Those

models include methods for estimating the costs associated with
midair collisions which would be prevented with the installation
of an ASR / RBS / BR I TE system ( i . e . ,  safe ty  bene f i t s)  and the costs

8 
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Mid-Air Collisions Involving ATC Services so
Under Existing Radar/BRITE Control 23
Not Cover ed by Radar or BRITE 27 )
Not Conceivably Preventable by Addition of
Radar/BRITE Coverage 
Conceivably Preventable by Addition of
Radar/BRITE Coverage 22)

Under Conventional Approach
Control (Not Cab Control) 1(5%)
Under Cab (Local) Control 21(95%)

F IGURE 2- 1. CLASSES OF M I D - A I R  COLLISIO NS ,
.JANU.\RY 1964 TO DECEMBER 1971

f SECTION 3. 1-PRELIMINARY A NALYSIS
OF SAMPLE AIRPO RTS

I F R  APPLI CATION
VFR APPLICA TI ON

r UYPOTHESI .ED LSR
I I LSTA BLISI I’IENT CR11 ER! \
j  SE CTION 3 . 2 - A P P L I C A T I O N  OF C R I T E R I A

TO ALL TOW E R CABS WI T h OUT A
I RA D A R/ B R I T [ i  DISPL A Y

C A N D I D ~ 1’E [OhER C~ BS
FOR LS R D EPL OY ’ 1I :NI[ SECTION 3 .3— COMPUT ~ T 1OX OF B/C RATIOS 1 ‘~~~~~~~~~~~~~~~~~

VFR A PPLICATION J 1
BAS LI,  I NE I.SR
DLPLOY’ILNT LIST

• 

[ 

SECTIONS 3. 4~~~~3 . 5 ’S I NS I1’ tvI I-y ANALYS ES } ~~~CURRENT TML SITES

DE PLOYM ENT LIST
~ SECTION 3 . 6 -L S R  PROGRAM - - PR E SENT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~ VALUE OF NET BENEFITS

FIGURE 2-2. ANALYS IS APPROACH AND PRODUCTS
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assoc iated with IFR operations delay which would be prevented

(i.e., delay benefits).

The p r e l imina ry  a n a l y s i s  considers  the deployment of an LSR
at unequi pped a i rpor t s  in two ways .  The f i r s t  is for  radar  approach
con t ro l  w i t h  a BRITE d i s p l a y  ( I F R  a p p l i c at i o n )  and radar  approach
contro l  s t a f f  r e s u l t i n g  in an annual  sys tem cost of $161 , 800 (see
Table 1 - 3 ) .  The second is to be used as a BRITE d i sp lay  wi thou t
radar  approach con t ro l  fo r  VFR ope ra t ions  only  (VFR appl ica tion)
r e s u l t i n g  in an annua l sys tem cost  of $65 , 800 (See Table  1-3) .
B e n e f i t/ c o s t  ( B / C )  r a t i o s  are  computed for  each applica tion a t
each unequipped  a i r p o r t  t owe i  in the  sample .  B e n e f i t s  for  the LSR
in an IFR a p p l i c a t i o n  are  assumed e q u i v a l e n t  to those from an ASR/
RBS (Assumpt ion  ( a ) )  and are s i m p l y  taken f rom R e f e r e n c e  1. The
b e n e f i t s  fo r  the LSR in a VFR a p p l i c a ti o n  are  computed by us ing
95 percent  of the  s a f e t y  b e n e f i t s  for  an ASP ./ RBS / BR I TE (Assumpt ion/
e s t ima te  ( e ) )  f o l l o w i n g  the  model in  Re fe r ence  1. Based upon the
B/C r a t i o s , establishment c r i t e r i a  are h y p o t h e s i z e d  for  the LSR in
each app l i ca t ion . In a d d i t i o n , s ince  i t  was a s imple a d d i t i o n  to
the  a n a l y s i s , B/C r a t i o s  a re  computed  for  the  BR I TE/ TML with the
assumpt ion  that  i ts  b e n e f i t s  are e q u i v a l e n t  to those of an LSR in
VFR a p p l i c a t i o n  (Assumpt ion  ( b ) ) .  This p e r m i t t e d  examination of the
cu r r en t  BRITE / TM L e x t a bl i s h m e n t  c r i t e r i a .

The second step in the a n a l y s i s  app l ies  the hypo thes ized  LSR
e s t a b l i s h m e n t  c r i t e r i a  to a l l  towered a i r p o r t s  us ing  the most
recent  a i r  t r a f f i c  a c t i v i t y  data ( f rom CY 1975) .  But be fo re  apply-
ing the criteria , towers are el imina ted from cons idera t ion which
have an ASR/RBS on site permitting a BRITE cab display and radar

• approach con t ro l  (Assumpt ion  ( c ) )  or a cab w i t h  a BRITE d i sp lay  via
TML ( A s s u m p t i o n  ( d ) ) .  The 400 ful , l t ime  towers  are taken from
Refe rence  2. The ex i s t i ng/prog rammed  ASR/RBS and TML s i tes  were

obta ined  from the ATC Systems Progra m D i v i s i o n , Term i nal B r anch ,
and are listed in Tables 2-1 and 2-2 , respect ively. The results

of the  screeni ng es tabl ish a strong set of candidates for an LSR .

In t he t h i r d  s tep of the  ana lys i s  the B/C ra t ios  are computed
fo r the LSR ( in  both app l i ca t i ons)  for the candidates  iden t i f i ed

10 
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by th e hyp o th esi z ed establishment criteria . CY 1975 air traffic
activity data are.used. The B/C ratios are then employed in a
fina l screening of the candidate airports using the following
rules:

a. If the candidate airport  is already provided with radar
• approach control from a parent TRACON or nearby ARTCC , the LSR

can only be deployed at that airport for VFR application.

t • b. If the candidate airport is within range of a TML (i.e.,
within 20 miles), an LSR is not required.

c. If the B/C ratio is less than one for either application ,
the candidate airport would not qualify for an LSR for that
application.

d. If the B/C for an ASR/RBS is greater than one , the candi-
date airport would recieve an ASR/BRS and not an LSR.

Based upon the final screening a list of potential LSR~ sites
was drawn up. The analysis concludes with a sensitivity analysis
and overall deployment benefits estimate.

11
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TABLE 2-1 . ASR/RBS SITES

FAC iLITY LOCATiON /NAM E FAC iLITY LOCATION/NAME

Abilene TX (Dyess RAPCON) Day tona Beach FL
Akron-Canton OH Denver CO
Albany NY Des Moines IA
Albuquerque NM Detroi t MI
Allen town PA Dulles-Washington DC
Amar illo TX Duluth MN
Anchorage AK (Elemendorf RAPCON) Edwards RAPCON-Palmdale CA
Andrews RAPCON-Washing ton DC Elmira NY
Asheville NC El Paso TX
Atlan ta GA Er ie  PA
Atlantic City NJ Evansville IN
Augusta GA Fairbanks AK
Austin TX Falmouth MA (Otis RAPCON)
Bakersfield CA Fargo ND
Balboa CZ Fayetteville , NC
Baltimore MD Fl in t M I
Bangor ME For t Lauderda le  FL
Baton Rouge LA Fort Smith AR
Beale AFB-Marysvi lle CA Fort Wayne IN
Beaumont TX F resno CA
Bill ings MT Grand Rap ids M I
Binghampton NY Great Falls MT (Maistrom RAPCON)
Birmingham AL Green Bay WI
Boise ID Greensboro NC
Bos ton MA Greer SC (Greenv i l l e )
Br istol TN Guam
Buffa lo  NY Gulfpo r t MS
Burbank CA Harrisburgh PA
Burl ing ton VT H ilo HI
Casper WY Honolulu HI
Cedar Rap ids MI Houston TX
Champa ign IL Hunting ton WV
Charleston SC Huntsville AL
Charles ton WV Indianapol is IN
Charlo tte NC I sl ip  NY
Chattanooga TN Jackson MS
Chicago IL (O’Hare) Jacksonville FL
Chicago IL (South ) Kahului HI
Cleveland OH Kalamazoo HI
Colorado Springs CO • Kansas Ci ty MO
Columbia SC Knoxv il le  TN
Columbus GA Lafayette LA
Columbus OH Lake Char les  LA
Corpus Christi TX Lansing MI
Covington KY (Cincinnati) Las Vegas NV
Dallas TX (Addison) Lexington KY
Dallas TX (Colleyville) Lincoln NE
Dayton OH (Wright-Pat. RAPCON) Little Rock AR

Long Beach CA

12
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TABLE 2 -1 .  ASR/RBS SITES (CONT. )

FACILITY LOCA TION /NAME FACILITY LOCATION /NAM E
Longview TX Saginaw MI
Los Angeles CA (#1) Sal t Lake City UT
Los Angeles CA (#2) Santa Ana CA (El Toro RAPCON)
Louisvi l le  KY San An tonio TX
Lubbock TX San Diego CA
Macon GA (Robins RAPCON) San Juan PR
Madison WI Santa Barbara CA
Memphis TN Sarasota FL
Me r idian MS Sa van nah GA
Miam i FL Sea tt le WA
Midland TX Shreveport LA
Milwaukee WI Sioux City IA
Minneapol is  MN Sioux Falls SD
Mobile  AL Sou th Bend IN
Moffet NAS-San Jose CA Spokane WA
Moline IL Spr ingfield IL
Monroe LA Sp r i n g f i e l d  MO

• Monterey CA St. Louis MO
Montgomery AL St. Thomas VI
Muskegon MI Syracuse ~iYN a s h v i l l e  TN Tacoma WA (McChord RAPCON)

- Newark NJ Tallahassee FL
New Orleans  LA Tampa FL
New York (JFK) NY Toledo OH
Norfolk VA Tuscon AZ
Oakland CA Tulsa OK
Oklahoma City OK (Tinker AFB) Washington DC (National)
Omaha NE Waterloo IA
On tar io CA (March RAPCON) Wes t Palm Beach FL
Orlando FL Wh ite Plains NY
Palm Springs CA Wich ita KS
Pensacola FL Wilkes Barre PA
Peo r ia IL Wi lming ton NC
Phi lade lphia  PA Windsor  Locks CT
Phoenix AZ Youngstown OH
P i t t sbur gh PA
Portland ME
Portland OR
Providence RI (Quonset RATCC)
Pueblo CO
Raleigh NC

• Reno NV
Richmond VA
Roanok e VA
Rochester , MN
Rochester NY
Rockf ord IL
Rome NY (Griffis RAPCON)
Sacramento CA (MeClellan RAPCON) 
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TABLE 2 - 2 .  TML BRITE SITES (EXISTING AND PROGRAMMED)

AIRPORT LOCATION /NAME AIRPORT LOCATION /NAME
Austin TX (Mueller) New Orleans (Lakefront) LA
Abile ne ix Newport News VA
Al ton IL Niagra Falls NY
Anchorage AK (Merrill) North Philadelphia PA
Arapahoe CO (Denver) Norwood MA
Beford MA (Hanscolm) Ogden UT
Beverly MA Orlando FL (McCoy Jet Port)
Broomfield CO (Jefferson Co.) Oklahoma City (FAA Academy) OK
Ches terf ie ld  MO (Spirit of St. Louis) Oklahoma City (Wiley Post) OK
Chicago Dupage IL Oklahoma City (Will Rogers) OK
Chicago Meigs IL Omaha (Eppley) NE
Cincinnati (Lankin) OH - Opa Locks FL
Cleveland OH (Burke Lakefront) Oxnard CA
Cleveland OH (Cuyahoga Co.) Palo Alto CA
Columbus OH (Ohio St.) Panama City FL
Chino CA Phoenix AZ (Litchfield)
Carlsbad CA Pittsburgh PA (Allegheny)
Cen tral Isl ip NY Providence RI
Chicago (Dalwaukee) IL Pompano Beach FL
Dallas (Addison) TX Riverside CA
Dallas (Redbird) TX Sacramento (Exec.) CA
Dekalb Peachtree GA Sacramento (Metro.) CA
Detroit City MI San Carlos (Oakland) CA
Do than AL San Diego (Lindbergh) CA
Detroi t  MI (Wil low Run) San Diego (Mon tgomery) CA
Farmingdale NY San Franc isco CA
Ft. Lauderdale (Exec.) FL San Jose CA
Ft. Wor th (Meacham) TX San Juan PR
Fullerton CA Santa Ana (Orange Co.) CA
Ful ton Co. GA Santa Monica CA
Fresno (Chandler)  CA Sea tt le (Boeing ) WA
Great Falls MT Shreveport (Downtown) LA
Greenville SC Shi evepor t (Regional) LA
Hartford CT (Brainard) Spokane WA
Haw thorne CA San An tonio TX
Hollywood (North Perry) FA San Jose CA (Reid Hillview)
Hyannir MA (Po st) Spartanburg NC
Jackson (Hawkins) MS Tamiami FL
Kansas Ci ty KS (Fairfax) Teterboro NJ
Kod iak AK 

• 
Torrance CA

Knoxville (Downtown) TN Troutdale OR (Portland)
La Verne (Brackett) CA Tuscon AZ
Louisville KY (Bowman) Tulsa OK (Riverside)
Melbourne FL Utica NY
M iddletown PA Van Nuys CA
Minneapo l is MN (Flying Cloud) Westfield MA
Montgomery AL (Dannelly Field) Wilmington DE
Macon GA (Lewis B. Wilson) Winston Salem NC
New Bedford  MA
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3. BENEFIT S ANALY SIS

3.1 PRELIMINARY ANALYSIS OF SAMPLE AIRPORTS

3.1.1 LSR for VFR Application and TML

The LSR for VFR appl ication and the TML deployment were con-

sidered f i rst in the ana lys is. The 100 a irpor t sample in Reference
1 was considered and those a irpor ts wh ich qual if ied for an ASR/ RBS
which did no t warr ant deco mmi ss ion ing were omi tted from fur ther
cons ide ra t ion. Th is represen ted 55 a irpor ts , leav ing 45 airpor ts
for potential LSR/TML deployment. To these 45 airports , the 15

airports listed in Table 3-1 were added. These airports were

selec ted randomly , to include one s wh ich have either low it ineran t

operations or high itinerant and low air carrier operations . These

classes of airpor t were no t adequa tely represen ted in the Reference
1 sample. For the 60 airport samp le the B/C ra tios for an LSR
(VFR appl ication) and TML were computed using 95 percent of the

safety benefits obtained from the Reference 1 model and the costs

presented in Section 1. The results are given in Table 3-2. The

airports marked with an (*) in the TML column have or are programmed

for a TML.

In order to derive simple establishment criteria , the da ta
shown in Table 3-2 were plotted in terms of annua l itinerant opera-
tions and annual air carrier operations in Figure 3-1. In that
plo t , each da ta po in t represen ts one of the 60 airpor ts in the
sample. The dis tribution of the data points suggests the establish-
men t criteria depicted by the two two-segment curves. Airports
with traffic characteristics below the lower curve would receive
no surveillance aids . Those with , charac teristics between the
curves would receive a BRITE via TML if within range. And , those
airports with characteristics above the upper curve would receive
a BRITE via TML if within range but , if a BRITE were not possible ,
would receive an LSR. The f i l l e d - i n  symbols show the a i rpor ts  for
which  the B/C computa t ion  does not agree  w i t h  the c r i t e r i a .  In
mos t cases , the B/C correlated quite well with the criteria.

15
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TABLE 3-1. AIRPORTS ADDED TO SAMPLE

ANNUAL OPERATIONS
AIRPORT AIRPORT INSTRUMENT WEATHER
IDENTIFIER LOCATION/NAME ITINERANT INSTRUMENT OPERATIONS 0700-2100

HGL Wheel ing WV 29585 5807 8
ROW Roswell NM 28852 9976 11 10.6
PDT Pendleton OR 2 7 7 2 6  3994 12 6 . 5
HOB Hobbs Lea NM 20424  1312 6 5 .0
DET Detroi t  C i ty  MI 27183 43429 21 16 .2
SLN Salina KS 35387 12915 18 7 . 7
EWB New Bedford MA 53426 6390 19 -

PMD Palmdale  CA 30849 17015 22 -

HUF Terra Haute IN 42386 16164 22 1 2 . 2
JVL Janesvil le  WI 43637 6296 14 -

MOD Modesto CA 64690 3478 10 -

GNV Ga insv i l l e  FL 55286 8896 12 -

PIE St. Pe te rsburg  FL 81379 13031 16 -

[AG Niagara  Fa l l s  NY 70010 14148 19 15.9
OXR Oxnard CA 79816 14046 23 -

(4)Missing weather data not available.
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TABLE 3-2 .  SUMMARY OF SAMPLE RESULTS

AIRPORT AIRPORT ANNUAL EXPECTED VFR ONLY • TML B/C IFR
IDENTIFIER LOCATION/NA ME IT INLR~NT SAFETY COST APPLICAT ION RATIO APPLICATION

OPERATIONS SAVINGS LSR B/C LSR B/C
(thousands$) RATiO RATIO

FSM Ft. Smith AR 53559 79 1.2 2 .8  2.8
PSP Palrnsprings CA 72934 138 2.1 4 .9  .9
TX K Texarkana AR 41910 47  .7 1.6 .9

• GJT Grand Junction CO 39746 66 1.0 2.3 .6
TW D New Haven CT 80868 78 1.2 2.8 1.6
ILG Wilmington DL 96488 175 2 . 7  6 .3* 1 .2
FMY Fort Meyers FL 55386 22 .3 .8 1.9
MLB Melbourne FL 80364 77 1 .2  2 .8* .6
MDT Middleton PA 50801 77 1.2  2 .8* .9
uI~.I Yakima WA 62172 54 .8 1.9 1.6
HOT Hot Springs AR 53554 51 .8 1.9 .6
DAB Daytona Beach FL 138892 318 4 .9  11.4 2.8
PFN Panama Ci ty  FL 51665 47 .“ 1.6k .6
ABY A lbany GA 61609 4 2  .6 1.4 .6
CID Cedar Rap ids IA 53485 2 1.1 2 . 6  .9
SUX Sioux C i t y  IA 56702 00 .9 2 . 1  .9
ALO Water loo IA 45173  58 .9 2. 1 1.2
MLU Monroe LA 98556 48 .7 1.7 1.6
ORII Worces te r  MA 5 1849 32 .5  1 .2  .3
AZO Kalamazoo MI ‘ 908S 107 1.7 3.8 1 .2
BIL Billings MT 68985 176 2. 7 6 .3  1.9
‘ISO Missou la MI 46432 37 .6 1.4 .3
ELM Elmira NY 50775 55 .9 2.1 .6
UCA Utica NY 4158 6 54 .8 1.8* 6
BIS Bjsii,ark ND 39058 75 1.1 2.6  .9

• RA P Rapid C i ty  SD 39068 59 .9 2.1 .6
IllS Hunt i~ngton WV 4 5 4 2 3  69 I .1 2 . 6  .9
CPR Casper hY 38555  72 1.1 2.6 2.8
CY S Cheyenne WY 3485 0 48 .7  1.6 .6
DHN Dothan AL 76152 133 2.1 4 9 *
BFL Bakersf ie ld CA 111287 199 3.1  7. 1 2 . 2
PIH Pocatel lo ID 32175  64 .9 2.1 .6
TOP Topeka KS 8386 8 115 1.8 4 . 2  .9
ABE Al lentow n PA 84041 149 2 . 3  5 .3  1.9
MKG Muskegon MI 40936 41 .6 1.4 .6
PIIF Nc~~por t News VA 6 1407 67 1.0 2 .3*  .0
KOA Kona III 30253  149 2.3 5.3 1 .2
IDA Idaho Falls ID 2 9 042  58 .9 2. .6
SCK Stockton C \  71 76 3 69 1.1 2 . 5  1.2
MFD Mansf ie ld Oil 45 6 07  4 1 .6 1.4 .6
LHY Lynchbur g VA 43278 65 1.0 2 . 1  .6
FAR Fargo ND 553 6 7 46 .7 1.6 1 .2
AV E As hev i l l e  NC 53 5 63  78 1 . 2  2 . 8  .~~
LUG Eugene OR 7 2 3 4 9  75 1.1 2.6 .9
GSP Greet  SC 4 3 9 9 3  101 1 .6 3. 7 .9
IIGL W hee l ing WV 2 9 5 8 5  24 .4 .9

• ROW Roswel l  NM 28 852 52 .8 1. 9  .4
POT Penditon OR 2 ’358  24 .4 .9 .2
1108 Hobbs Lea NM 2 0 4 2 4  4(1 .6 1 .4  .3
DLI Det r io t  C i t y  Ml 2 183 • 159 2 .4 5~ 7* 2.3
SIN Salina KS 55 387 4 1 .6 1.5 .5

• EWB New Bedford MA 5 3426  35 .5 1.3* -

PMB Palmda le CA 30849 44 .7 1.6 -

HUE Terra h aute IN 42386 23 . .* 2 .U
JVL •T~ nesvil 1e WI 43637 10 . 3 .7 -

MOD Modesto i tv 64690 25 .4 .9
CW Gainsvi lle F L  5 5286  25 .4 .9 -

PIE S t .  Pete rs burg FT 8 l 3~~ 13 . ‘ 1.5
I~.C Niagra I.~I1s Xl . 

- 1.6k
1XR O~ nj rd C\ 798 1t. 60 .9 2 .1k -

*Air port has or is programmed for a TML .
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To ra t ional ize  the dependence of the establ ishment  cr i teria
on the two traffic parameters , it is necessary to examine the
safety model used . In that model the expected number of prevent-

able midair collisions is a fairly linear function of annual
itinerant operations. The more operations there are, the more
l ikely it is that  there will be acciden ts some of which will be

preventable.  Therefore , annual itineran t opera tions is one im-
portant parameter. Also as part of the model , the average cost

per collision is estimated based upon the mix of aircraft (i.e.,
air carrier , air taxi , general aviation and military) at each
airport. Due to the expense of the aircraft and the large number
of passengers , the cost of an accident involving an air carr ier
is much larger than , say , an accident involving a general aviation
aircraft (e.g., $4 million versus $200 thousand). Therefore , as
the number of preventable accidents decreases (i.e., annual itin-
erant operations are lower), a certain level of air carrier traffic
is required to o f f s e t  the e f f e c t  of the reduced accident ra te  with
higher costs per accident. Therefore , air carrier operations is
another important parameter .

This p re l iminary  ana ly s i s  is the only t r eatment  of the B/C
for TML in this stud y. Ac tual TML deploymen t is used in the nex t
step of the analysis. However , it seems appropr iate to no te here
that current TML establishment criteria involve only annual itin-

eran t opera tions , with a required level of 35000 annual itinerant

operations.~~
5
~ Al though this criterion may result in deployment

to some general aviation airports for which the benefits are

marg inal , the overall program benefits should still be quite high.

Of some concern is the fact that some airports having a relatively
- high level of air carrier activity, which  should be equ ipped , may

be excluded by this criterion (see Figure 3-1).

3.1.2 LSR For IFR Application

This study considered LSR for IFR application with approach

control. As with the VFR application , the ASR/RBS sites were

subtracted from the 100 airport sample of Reference 1 , leaving 45
airports. To these 45 were addeJ seven of the 15 airports added to

L _  
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the sample for VFR application. Only seven could be added since
weather data required in the IFR benefits computation was not

available for eight of the airports. The resulting IFR sample

contains 52 airports. The B/C ratio for the LSR (IFR application)

was then computed using the results and/or models from Reference

1 and the cost estimate from Section 1. The results are given in

Table 3-2.

In order to determine s imple es tab l i shmen t cri ter ia , the
results in Table 3-2 were plotted on a chart of annual instrument

operations versus annual air carrier operations as shown in Figure

3-2. In the plot , each data point represents one of the 53 air-

ports in the sample. The distribution of the data points suggests

tha t an es tabl ishmen t cri terion based upon only two parame ters is
not very accurate in the IFR application. Other factors in the

model are also important . However , since airports meeting the

criteria were to be reexamined using B/C ratio computation , a

criterion was chosen that tended to favor selection. The criterion

was simply tha t the a irpor t should handle more than 15,000 annual
instrument operations a year .

3.2 APPLICATION OF ESTABLISHMENT CRITERIA

The establishment criteria defined above were appl i ed to all
towered airports in CY 1975. Airport towers a t which there was an
ASR/RBS or a BR I TE via TML were f i r s t  removed from the sample.
Table 3-3 lists all towered airports in CY 1975 in rank order of
itinerant operations . For each airport , it is noted whether the
airport is an ASR/RBS site (A), has a BRITE cab d i sp lay  from an
on-s ite ASR/RBS (B), has a BRITE cab display from a TML (1), or is
unequipped and so is a candidate for an LSR (C). ASR/RBS and TML
locations were obtained from Tables 2-1 and 2-2. The TML s ites
include sites for which the equipment is programed , but not yet
installed. The BRITE displays from on-site ASR/RBS systems were
taken from Reference 3. The list indicates that only 138 of 160

ASR/ RBS sited airports  have BRITEs i’l the cab . However , Reference
3 is several years old , and this information should simply be
taken to indicate that most towers with an ASR/RBS on site are

furnished with a BRITE in the cab .
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TABLE 3-3. FAA-OPERATED AIRPORT TRAFFIC CONTROL TOWERS BY
RANK ORDER OF ITINERANT AIRCRA FT OPERATIONS W ITH EQU I PMENT
DISTRIBUTION - CY 1975
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TABLE 3-3. FAA-OPERATED AIRPORT TRAFFIC CONTR OL TOWERS BY
RANK ORDER OF ITINERANT AIRCRAFT OPERATIONS WITH EQUIPMENT
DISTRIBUTION - CY 1975 (CONT.)
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RANK ORDER OF ITINERANT AIRCRAFT OPERATIONS WITH EQUIPMENT
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From Table 3-3 , a list of 146 candidates for LSR deployment is
obtained. The application of the establishment criteria to these
candidates resulted in the list of 31 potential LSR qualifiers
that would require further screening . These sites are shown in
Table 3-4 along with the applications(s) for which each might be
qualified.

3.3 FINAL SCREENING OF LSR QUALIFIERS

The f inal  screening was applied to the 31 po ten t i a l  q u a l i f i e r s
using the rules set down in Section 2.2. Prior  to computing the
appropriate B/C ratios , the airports were checked for existing
coverage. Two airports , although not programmed for a BRITE via
TML , were well within TML range and so LSR B/C ratios were not
computed for them. Two others were found to have existing radar
approach control from a nearby facility, and LSR B/C ratios were
not computed. Three others were provided with radar approach
control service but were out of TML range. Since these three
airports qualified for both VFR and IFR appl ication , the LSR B/C
rat ios for VFR applica t io n were computed.  The type of coverage
and parent facility are given for each of these airports in Table
3 -4.

The B/C ratios were computed for each VFR application using

the Reference 1 model. The ratios for the IFR application posed
a problem since the Reference 1 model for delay savings requires

weather data which was not available on all airports. To solve
this problem , it was necessary to alter the model. An example of
how the model was altered is Fort Myers Page Field , Florida . The
B/C computat ions for Fort  Myers Page Field are dep icted in Table

• 3-5. The resulting B/C ratio is greater than one , suggesting an LSR
deployment for radar approach control. However , in CY 1975 , Fort
Myers only experienced 211 ins t rument  approaches .  This  would sug-
gest that for the small airports considered in this study , the
estimate of delayed aircraft (item (6) in Table B-S) may be in
error. In addition , in that estimate it is assumed that departures
are delayed as much as arrivals , which is unlikely. When operating
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TABLE 3-4. FULL-TIME TOWERS QUALIFYING FOR LSR - CY 1975

AIRPORT AIRPORT APPLICATION CURRENT LSR B/C LSR B/C~~IDENTIFIER LOCATION/NANE FOR WHI CH COVE RAG E * FOR VFR FOR IFR
Q~~Ll F I ES 

— . .

BDR Br idgeport CT VFR 1.2k
MMU Morristown NJ VFR 1.0k
CCR Concord CA V IR 1.4k
SEE San Diego Gillespi CA VFR TML (1)
APC Napa Cou n ty CA VFR 1.0k
VRB Vero Beach FL VFR .9
EMT El Monte CA VF R TML ( 2 )
ENS Lancaster PA VFR 1.2k
PTK Pontiac MI VFR/ IFR TRACON (3) 1.lt
TTN Trenton NJ VFR/IFR TRACON (4) 1.7k
SCK Stockton CA VFR/ IFR 1.9 1.8/1.9k
TOP Topeka KS VFR/ IFR ARTCC(5) l.St
MFR Medfo rd OR VFR/ [FR 1.1 6.1/4.1
EUG Eugene OR VFR/ I FR 1.4 3.8/2.8k
LIU Lihue HI VFR/IFR 2.8k .2/1.2
KOA Kona Ke HI VFR/ IER 2.3k .0/ .9
RDG~ Reading PA IFR 1.5k
MIIT Manchester NH IFR .7
PAE Everett Paine WA IFR ARTCC (6)
FMY Fort Meyers FL I F R  .5
SJT San Angelo TX IFR 2 . 6 k
CYS Cheyenne WY IFR .4 A

RIS Bismarck ND I F R  .6
DEC Decatur IL IFR .9
IPT Williamsport PA IFR .3
MFD Mansfield OH IFR 5.2
LSE La Crosse WI IFR .4
ACT~ Waco TX IFR .4
MG W Morgantown WV IFR .4
CKB Clarksburg WV IFR .3
!‘M B Palrndalc CA IFR RAPCON ( 7 )

1Potential Coverage from
(1) Mirimar RAPCON
(2) Ontario TRACON

Existing Coverage from
(3) Detriot TRACON
(4)  P h i l a d e i p h i s  TRA CON
(5)  Ka nsas  C i t y , ARTCC
(6) Seat t l e  ARTCC
(7) Edwards RAPON

11J Incremental B/C for / Overal l  B/C with 
~
, 

~~ VFR B’Cl 4dding Approach Control / Approach Control (

kAirports which are candidates for I.SR deployment ( nn t  potential ASR/
RBS sites).

/Scheduled for ASR i n FY ‘ 7 8.
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TABLE 3-5. EXAMPLE , B/C COMPUTATIONS U SING ASR ESTABLISH-MENT CRITERIA MODELS - FORT MYERS PAGE FIELD , FLORIDA

(1) EXPECTED COST/COLLISION $1 .S79 ,000

USER ANNUAL OpLRAT IONS t
~~ AVI. RAGI : COST P ER FRACTION USER CLASS X

CLASS NU I4IBER F R A C T I O N  CUL L I S ION 1 OUSAND~J AVG. COST PER COLLISION
Air Carr ier 400 5 .04 19,822 793
A i r  Taxi  71% .08 3 , 349 268
GA Itin . 54984 .58 625 363
GA Local 28808 ,3(7 517 155
Military 382 .00 3,349 0

1.00 Total $l T7~ A v erage Cost/
Coil ision
(Thousands)

(2) EXP E CTED P R EVEN T~ BLI. t;oLLl sIoNst*L\R RJ — . 0 3 2
(2.1) Annual itinerant Operations~ ”~ 66,407

(3) SAFETY BENEFITS — ( 1)  x ( 2 )  $S (1 ,500/Y[AR

(4) EXP E CTED COST/HOUR OF DELA Y $425

USER ANNUAl. 1NSTRUM . OPS~~~ AVER A GE HOURLY E x PECTED COST/ HOUR
CLASS NUMBER FRACTION COSTS /AI RCR AF T ~~~ OF DELAY
Air Carrier 4594 .19 1250 238
Air Taxi 7528 .32 375 120
GA 11330 .48 131 63
Military 189 .01 375 4

(5 )  EXPECT E D DEL AY SAV INGS/AIRCRAFT DELAY E D = .1 83
( 5 . 1)  Bu sy Hour IFR oper at ion s~~~ 21

(6)  EXPEC TED A I R C R A F T  D EI . AY E D/Y EA R = ( 6 . 1 )  x ( 6 . 2 )  x ( 5 . 1)  — 1578
(6.1) Busy h ours/Year = 1 2 5 2  (4 Hours  Weekdays  f, 2 Hours  W e e k e n d s )
(6.2) Fraction of Time Instrument Approach Weather Prevai 1s~~~ • .06

(7) DELAY BENEFITS — (4) x (5) x (~ ) = $122 ,700/YEAR

(8) B/C FOR LSR (1FR APPLICATiON) — ( ( 3 )  + (7))/(8.l) 1.07
(8.1) LSR Costs (h R  Application) $161 ,800

(a) From Refere nce 2
(b) From Reference 1 , Table 5
(c) “ “ Table 4 based upon item 2.1
(d) “ Table 3
(ci “ Table 6 based upon item 5.1 and fraction of GA from item 4 Table
(F) From Reference 4

• BEST AVA1 tABLE - COPY
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to successive departures between widely spaced arrivals , resulting in
a h ign er departure than a r r iva l  rate .  Becau se of these factors  and the
l ack  of wea ther da ta on a l l  a irpo rts , the delay benefit model was

altered by using the reported annua l instrument approaches in place

of the estimated aircraft delayed per year. Of the airports with

weather data (13 airports), thi s change  a f f e c ted the dep loy men t

results only at Fort Myers. In this instance , w it h so few repor ted
i n s t r u m e n t  approaches , the e f f e c t  a pp ear s benef ic ia l .  The B/C
r a t i o  for  For t  Myers  w i t h  t he  rev ised  model was  .4 , which  r e s u l t e d
in i t s  b e i n g  dropped f rom the dep loymen t  l i s t .

The B/C r a t i o s  a re  l i s t e d  for  each airport in Table 3-4. For
tho se a i rpor ts which q u a l i f i e d  for bo th appl ica tions and whose B/ C
fo r VFR exceed s one , the marginal B/C resulting from adding radar

app roach con trol is al so shown . I n the se case s , the marginal B/C

was used to  d e t e r m i n e  dep loymen t .  Thus , a i r p o r t s  w i t h  h i g h  s a f e t y
b e n e f i t s  bu t  little or no IFR weather would not recei ’.’e rada r

approach control bu t would receive a BRITE display for separation

adv isories and sequencing .

From Sec t ion 1 , the annua l  cos t o f an ASR / RBS is a bou t thre e
times the annual cost of an LSR with radar approach control. There-

fore , Table 3-4 , two airports having LSR B/C ratios greater than

three might warrant an ASR/RBS . These two airports might thu s

receive an ASR / RBS r a the r  than an LSR and m i g h t  not be LSR cand i-
dates . The LSR deployment , therefo re , is reduced to 14 to 16 out

of 31 airports , with four to six LSRs installed with radar approach
control and to LSRs installed for VFR application. The 14 airports

(excluding the po ten t ial ASR/RBS s i tes)  are marked  w it h a ( k ) i n
Table 3-4 .

3 .4  SENSITIVITY TO BRITE / TML BLOCKAGE PROBLEMS

Fo r the b e n e f i t s  a n a l y s i s , it  was assumed tha t  if an airport

had or was programed for  a BRITE via TML , it would not he a cand i-

date for an LSR . However , at some airports which may have cover-
age problems , although a TML provides  some ass ist ance , an LSR

might  be much p re fe r r ed . This possibility was investigated for
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terrain shielding using an analysis presented in Reference 6.
I t  is pointed out that  th i s  is only  a p a r t i a l  ana lys i s , since
shielding due to man-made obstructions (e.g., bu ild i ngs , towers)
is not included and may be s ign i f ic an t .  Also , not  al l  s i tes we re
considered .

In Reference 6, 79 of the 93 TML sites in Table 3-3 were
addressed.  For each a i rpor t , topographical  maps were used to
es tab l i sh  l ine-of - s igh t  to the parent a i r po rt ’ s ASR from a gr id  of
392 locations at each of 10 altitudes from 0 to 1800 feet in 200-
foo t incremen ts. For each al tit ude , the number of gr id  loca t ions
without line-of-sight was determined and the percent of the total

(392) locations computed. The results are shown in Figure 3-3

versus percen t line-of-sight blockage at 4 0b feet. Four hundred
fee t was chose n as the mi n imum al tit ude for wh ich coverage would
be required. From Figure 3-3 , it can be seen tha t all bu t nine
airpo rts  have be t te r  than 80 percent coverage. For this study,
these nine airprots were coit~ idered to have una cceptable  cov era ge
and were examined to see if the benefits exceeded the LSR costs.

The nine airports considered are listed in Table 3-6 with

their pertinent characteristics. Of the nine , four fail to meet
the hypothesized criteria presented in Figure 3-1. All of the
remaining five have an LSR B/C ratio which exceeds one , and so
would j u s t i f y an LSR. Of the f i ve , one is San Franc isco , with an

ex t reme ly  h igh B/C ratio. However , until it received its BRITE

via  TML ( in  the ear ly  l970s)  San Francisco had its own ASR-2. It

is unlikely that such a major airport would have given up its

radar  for  the TML if coverage was not adequate. Therefore , San
Francisco  was not added to the LSR deploymen t l is t . The four other
ai rports  were added to the l i st , as shown in Table 3-7. A cost

s e n s i t i v i t y  ana lys i s  was then pe rformed for  the a irpor ts on the
list. It is presented in Section 3.5.

3.5 SENSITIVITY TO COST ESTIMATES

Table 3-7 presents a summary list of the 18 airports which

m ight receive an LSR. The two airports which might warrant an

ARS/RBS are not included . Development (R~D) costs have not yet

29 
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TABLE 3-6. B/C RATIOS FOR TML AIRPORTS
W ITH LESS THAN 80 PERCENT COVERAGE

AIRPORT PER CENT ANNUAL CY 1975 QUALIFY VERLOCATION /NAME COVERAG E I T I N E R A N T  A I R  C A R R I E R  LSR A P I ’L I CA T I ON_____________ - 
O P E R A T I C~~S OPER AT L ON S - 

LSR B/C
RA TIO

San Francisc o CA 70 326667 267627 Yes 4 3 . 6
Torrance Munj CA 70 175966 0 Yes 1.5Tulsa Rivers ide  OK 60 138000 0 Yes 1.3San Jose Reid CA 70 123347 0 Yes 1 . 2Troutdale OR 60 69947 1 No -Greenville Muni SC 60 62363 0 No -

M iddle to n PA 60 49304 11612 Yes 1 .2Ogde n Muni UT 40 42901 55 No -Sparta nburg Sc . 
30 38125 16 

- No -
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TABLE 3-7. SUMMARY AND SENSITIVITY TO COST

BASE CASE LSR B/C RATIO > 1
AIRPORT LSR B/ C BASE PLUS R~ D

LOCATION/NAM E RATIO 
cA~E COSTS 10 PERCENT 20 PERCENT*

IFR APPLICATION
Stockton CA 1.9 X X X X
Reading PA 1.5 X X X X
Eugene OR 2.8 X X X X
San Angelo TX 2. 6 X X X X

Sub total 4 4 4 4

VFR APPLICATION
Topeka KS 1.5 X X X x
Pontiac MI 1.1 X
Br idgeport CT 1.2 X X
Morr i s town  NJ 1.0 X
Tren ton NJ 1.7 X X X X
Lihue Hi 2.8 X X X X
Kona Ke H I 2 . 3  X X X X
Concord CA 1.4 X X X
Napa Co. CA 1.0 X
Lancaster  PA- 1.2 X x
Torr ance Mun i CA 1.5 X X N X
Tulsa Riverside OK 1.3 X X 

-

San Jose Reid CA 1.2 X X
Middle ton  PA 1.2 X X

Sub total 14 11 6 5
Total Un its 18 15 10 9

*Increase in F~ E cos t s .  O~M, con tro l l e r  ( in  IF R appl icat ion) , andR~ D costs assumed cons tan t . —

32
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been considered in the analysis since it was not known how many
systems would share them . R~D costs have been estimated by the
Systems Research and Development Service , Detection Systems Branch ,
to be approximately $1.5 million. If these casts are amortized
over 15 years at 10% , and spread over the LSR deployment , th r ee
of the LSR ca ndidates drop out .  The result ing  deployment would
be at 15 a i rpor ts , four of which would be used f or radar approach
control (see Table 3-7).

Of course , if each unit’s share of the R~D costs were offset
by a red uction in its F~ E costs , all 18 airf,orts could continue to
justify an LSR economically. This would be true for increasingly
higher RGD costs until even a reduction to zero F~E costs would
not offset them. Therefore , there is a range of R~D and F~E costs
which will produce an economically justifiable deployment of 18
systems. In fact , the re is a range of cost~ which wi l l  p roduce
any of the poss ible LSR deployments which result as the system

cost s increase . This is show n in Figure 3-4.

Figure 3-4 permits the estimation of the LSR deployment as a
f unction of -total R~D and per uni t  F~ E costs.  With  R~ D costs of
$1.5 mi l l ion , if the nomi nal F~ E cos ts ($ 362 ,000; see Table A-3)

we re reduced by $ 83 , 000 ( i . e . ,  $1 .5  million/l8 units) to $279,000,
18 units could be economically justified. In the figure , the
nominal values of $362 ,000 F~E and $1.5 million R~D are depicted
by dashed li nes. I t  can be seen that  the deployment to 15 a i rpor ts
is very sensi t ive  to an increase in e i ther  R~ D or F~ E costs .  Once
to the r igh t  of a l ine , the deploym ent should drop to the uni ts
specif ied by the ne xt l ine and the 15 unit  a i rpor t  deployment would
drop to 11 units. (Costs would cause the four a i rpor ts  wi th  B/C
ratios of 1.2 to fall below 1.0.) Similarly, the nominal deploy-
ment is quite insensitive to co’st reduction. A reduction in R~D
of 90% or a reduction in F~E of 10% will not increase the deployment.

Also from Figure 3-4 , it is apparent that as R~D costs in-
crease , the sensitivity to F~E costs increases (i.e., the l ines
converge). Table 3-7 (using Figure 3-4) shows that for a 20%
increase in F~E costs , the LSR deployment falls to nine .
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3.6 NET BENEFITS ESTIMATE

Although this study considers only the CY 1975 LSR deplo> .ncnt
potential , it is possible to estimate the net benefits of a pro -
gra m which would (1) develop the LSR in FY 1978 and FY 1979 , (2)

• deploy the LSR in FY 1980, and (3) operate the units for the next
fifteen years. Based upon the results presented in Table 3-7 ,
fifteen units might be deployed and maintained. As traffic grows ,
unequipped airports would qualify for LSRs while LSR-equipped
airports would qualify for ASRs. It is assumed that LSRs would be $1
moved from the ASR-qualified si tes  to the new LSR sites , keeping
the net number of LSRs at 15. In making the estimate of benefits ,
it is assumed that the average B/C ratio for the 15 airports will
approximate the average B/C ratio of the 15 airports qualifying
for the LSR in CY 1975 (See Table 3-7). Costs required to relocate
LSRs in this arrangement are taken as the non-radar F~E costs from
Table A-3 and are $165 ,000 per relocation. It is further assumed
that there would be one relocation every 2 years, beg inning 5

• years after the initial deployment .

The benefi ts estimate is made in Table 3-8. The results
indicate that for a present value cost of $9,444,000, a present
value benefit of $14,619,000 is accrued over the 15 year period.
The program has a present value net benefit of $5 ,175 ,000 and a
benefit/cost ratio of 1.55. If the program start is delayed , the
benefit/cost ratio would remain unchanged . However , the present

value (base year 1977) net benefit would be divided by 1~ 1N , where
N is the number of years the program is postponed.
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4. SUMMARY OF RESULTS

The following is a summary of the results from Section 3.
The first five items apply to CY 1975 , the year for which the study
was performed .

1) The CY 1975 analysis suggests a total LSR deployment at
approximately 15 to 17 airports (see items (2) through (5)

below). Four to six of these would be for radar approach
control . Cost increases could lowbr the potential deploy-
ment.

2) Of the 59 non-radar approach control facilities in opera-
tion , six appear able to justify economically (with
benefit/cost ratios greater than one) radar approach
control with an LSR. However, two of these might justify

an ASR/RBS and thus may not be LSR candidates.

3) Of the 146 tower cabs without a BRITE display, seven
appear to justify economically a BRITE display without
radar approach control via an LSR.

4) Of 79 of the 93 TML sites in operation , approximately
four have sufficient terrain obstructions and adequate
activity to justify an LSR economically.

5) If F~E costs are 20 percent higher than those used in the
analysis , six airports which were to receive the LSR for
VFR would probably be dropped from the deployment list
as no longer cost beneficial .

6) If F~E costs are 20 per cent lower than those used in the
analysis , one airport would probably be added to the
deployment list for VFR application.

7) A benefit/cost analysis has indicated that if 15 LSRs are
deployed in 1980 and operated for the next 15 years , the
program (See Section 3.6) would accrue a present value
(base year 1977) net benefit of $5,175 ,000, with a bene -
fit/cost ratio of 1.6.
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APPENDIX A

EQUIPMENT COST ESTIMATES

A.1 TELEVISION MICROWAVE LINK (TML)

Th e TML consists of three major elements. The TML Indicator
(TMLI) includes the TV video reciever , antenna , BRITE display and
anci l la ry  in ter face  equipment. The TML Transmitter (TMLT) is
provided in two classes: a basic single channel unit  (Class A)
including a PPI, TV came ra wi th  a s’ow decay ra te  vidicon , a trans-
mitter , and ancillary interface equipment; and a dual channel input
(Class B) including two PPIs , two TV cameras , a video mixer , a
transmitter , and ancillary equipment. The Class A TMLT provides
only radar targets (primary and secondary), while the Class B TMLT
provides for alphanumerical data from an A)~TS site. The TML re-
peater (TMLR) is a repeater for use when total transmission range
exceeds 10 miles or when line-of-sight transmission is not possible.
The TML is a complete turnkey system except for site preparation ,
which is accomplished by the individual region.

The unit whose costs are estimated here is a standard Class A
system with 1 repeater . Data in Reference 6 indicate that the
majority of TMLs require a repeater. Basic F~E costs are drawn
from the F~E Cost Estimates Summaries Handbook and are presented
below .

TABLE A- i. FY76 BRITE-TV REP4OTING WITH ONE REPEATER - F~ E COSTS

Regic’nal Costs $43,800

Equipmen t Costs 119 ,600

- 

$163 , 400

The annual O~M costs are drawn from the data developed under Order
1380.32 , Ai rway Faci l i t ies  Maintenance S t a f f i ng  Standard Study,
dated November 1975. Average costs are presented below .
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TABLE A - 2 .  TML ELEMENT ANNUAL O~ M COSTS

TMLT Cos ts $3,300
TMLI Cos ts 1,600
TMLR Costs 1 900

A .2 LIMITED SURVEILLANCE RADAR (LSR)

The p r imary e lements  of the LSR are the transmitter/receiver ,
ante nna , sig nal processor , and d isplay . The signal p rocessor wi l l
be d ig i t a l  and wi l l  include a - new system of c lu t te r  re jec t ion
called Moving Ta rget  Detect ion (MTD) . Due to the d i g i t a l  na ture
of the target  data , an improved (over BRITE)  d ig i t a l  display wi l l
be possible , as will a conven ien t telephone l ine remo t ing from
almos t anywhe re in the immediate  a irpor t area . The fo l low ing is
a list of per t inen t fea tures/paramet ers :

a. Single chan nel system (not dual channel) MTBF estimated at

500 hours .  MTTR e s t ima ted  at one hour .  System ava i l ab i l i ty
estimated to be 9 9 . 8 % .

b. Frequency allocation is with S band (3500-3700 MHz).

c. Coverage is as follows :

Ra nge = 20 nmi
Altitude = 10000 ft.

Mi nimum Range = 0.5 nmi

Azimu th = 360 deg r ees

Elevation = 1 to 20 degrees.
d. An tenna - 5.5 feet wide , 5 feet high.

Es t ima tes of the F~ E and O~M costs are made in Tables A-3 and A-4 ,

respectively. 
-
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TABLE A-3. LSR F~F. COST ESTIMATE

Radar Procurement costs -

a Transmitter/Receiver $64 ,000
Antenna/Pedestal 38 ,000
Signal Processor 30,000
Shelter 5,000
Built-in Test Equipment 10,000

Assembly and Tes t 20 ,000
Remoti ng and Displays 30 , 000

Total Radar Costs $197,000

Establishment Cost
Radar $197 ,000
Spares (30%) 59,000
Tes t Equipmen t 10,000
MTI Reference Targe t 1,000
Co nt rac tor  Turnkey and Shipping 30 , 000
Installation (Regional

related costs) 50 , 000
Documentation 10,000
Factory Inspection 5,000

Total Establ ishment  Costs $ 362 , 000

TABLE A -4 .  LSR ANNUAL O~M COST ESTIMATE

Maintenance Costs
Personnel (0.43 manyear at $19 ,600) $8,400
Spares attrition at $100/failure and

MTBF = 500 hours 1,700

Equipment Refurbishment 1,000
Maintenance Training 3,000
U t i l i t i es (8 K W 8 .05 /kwh)  3 , 500
Test Equipment Replacement and Refurbishment  700
Total Maintenance Cost $W,3Oi~
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APPENDIX B
POTENTIAL SAVINGS ESTIMATE

This section uses the results of the sample airport analysis
to project potential  savings.

B.i FULL COVERAGE ON RADAR APPROACH CONTROL

There were 233 approach control faci l i t ies  in CY 1975. (2)

Given the location of ASR radars , it i.s est imated that of these
facilities , 174 are radar approach control and 59 are non-radar
approa ch control. In the sample of 52 airports
considered in the LSR IFR applica tion analysis, 19 are towers

which conduct non-radar approach control. Table B-l shows the

distr ibution of the 59 f ac i l i t i e s, th e sample of 19 faci l i t ies,
and the average B/C ratio for the LSR (under IFR application) for
each segment of the distribution. As would be

TABLE B-i. DISTRIBUTION OF CONVENTIONAL APPROACH CONTROL FACILITIES

Annual Number Number Average
Instrument Approaches 

- 
In Total I n Sample B/C

0 to 1000 27 4 .78
1000 to 2000 19 8 .86
2000 to 3000 8 6 .93
Over 3000 5 1 .90

expected , the average B/C increases as the volume of instrument

approaches increases.
To estimate the overall potential benefits , the average B/C

ratio for each segment (based on the sample) was multiplied by the

number of actual facilities in each segment, the products combined ,

and the sum multiplied by the LSR cost estimate. The resulting
estimated benefits, assuming fun radar approach control , are $8

million per year.
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B.2 FULL COVERAGE ON REMOTE BRITE DISPLAYS

a As indicated in Table 3-3, there are 146 unequipped cabs which
could utilize a BRITE display if remoting were possible (or cost-
justified). In the sample of 60 airports considered in the LSR
VFR application analysis , 11 have or soon will have a BRITE display
via TML. Table B-2 shows the distribution of the 146 unequipped
cabs , the sample of 49 unequipped cabs , and the average B/C ratio
for the LSR (under VFR application) for each segment of the dis-
tribution. As would be

TABLE B-2. DISTRIBUTION OF CABS WITHOUT A BRITE DISPLAY

Annual Number Number Average
Itinerant Operations in Total In Sample B/C
0 to 50,000 96 24 .79

50,000 to 100,000 46 23 1.16
100,000 to 150 ,000 4 2 3.98

Over 150,000 0 0 - 
-

expected , the average B/C increases as the volume of itinerant
operations increases. The estimated benefits assuming full BRITE j
deployment , computed similarly to those for approach control
above , are $9.5 million per year.

I
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