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PREFACE 

This work was performed at the Transportation Systems Center 

under the sponsorship of the Federal Aviation Administration, Office 

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 presents 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 give 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 justify 

an LSR, approximately four to six could economically justify insti 

tuting radar approach controj 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 li 



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

sufficient traffic and deficient enough low altitude coverage to 

justify economically an LSR to aid in VFR traffic advisories. 

The major assumptions leading to these results are (1) that an LSR 

would provide benefits equivalent 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 sensitivity analysis was made to examine the effect of 

increased F§E costs. With a 20 percent cost increase, six of the 

eleven baseline sites using the LSR only for VFR operations failed 

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

LSRs, approximately half of which would be for radar approach 

control. 

To estimate overall system benefits, an LSR program was hypo 

thesized which would (1) develop the LSR in fiscal year (FY) 1978 

and 1979, (2) deploy fifteen LSRs in FY 1980, and (3) operate 

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) cost of $9,444,000 and a present 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 1.1N, where N is the number of years the program 

is postponed. 

ix/x 



1. INTRODUCTION 

1.1 CURRENT SYSTEM DESCRIPTION 

The primary purpose of VFR control towers is to prevent a 

collision between aircraft operating in the immediate area of the 

airport, and to expedite the flow of traffic. Aircraft are 

normally radio controlled within ten miles of the airport and 

visually separated within the airport traffic area. The tower 

establishes the sequence and clears aircraft to land and take off 

to provide safe runway utilization. Airborne separation exclusive 

of runway use (e.g., after takeoff or on the downwind approach leg) 

is the responsibility of the pilots although the tower does provide 

a landing sequence and advise users of threatening traffic and 

potential collisions if they are observed. 

During IFR conditions, VFR towers can clear aircraft for take 

off and landing using prescribed 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 wi]l intermix VFR traffic operating 

below ceiling with IFR arrivals, and will report visual acquisi 

tion of IFR arrivals to the controlling facility. 

The capacity of the ATC system at an airport without its own 

radar is affected by the radar coverage of its parent approach 

control facility. If the controlling facility has good low-

altitude radar coverage (e.e., no terrain blockage), the capacity 

can approach that which would occur if the airport did, in fact, 

have its own radar approach control. However, if the approach 

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

successive 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. Although radar separation in peak conditions can result 

in 30-40 arrivals per hour on a runway, approach control service 

provided from a facility without low altitude radar coverage can 

reduce capacity to 4-5 arrivals per hour. 



When instrument operations into an airport with a VFR tower 

become substantial, 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.^ 

When non-radar approach control canno't satisfy the demand for 

instrument operations, efficiency is increased by installing an 

Airport 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 (BRITE) displays, or from a separate approach control facility 

(TRACON). When the TRACON is used, BRITE displays are employed in 

the cab to aid the local controller in providing VFR service and 

in coordinating with the TRACON. Safety increases thanks to IFR 

separation assurance and VFR separation advisories, and IFR delay 

is reduced thanks to increased capacity associated with radar 

separation standards. The resulting capacity can be quite high 

(e.g., 30 arrivals/hour per independent runway) and is generally 

adequate except at the highest volume airports. 

Once radar approach control is established and BRITE displays 

are furnished to the cab with a direct line from the ASR/RBS, BRITE 

displays can normally be furnished to other nearby tower cabs 

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

this is the Television Microwave Link (TML), which consists of 

BRITE equipment 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. 
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1.2 CURRENT SYSTEM COSTS 

The ASR/RBS is a fairly expensive system to install and 

operate. The estimated costs (based on 1975 report) are summarized 

in Table 1-1.(1) 
TABLE 1-1. ASR/RBS ANNUAL COSTS 

Basic establishment costs - $2 million* 

amortized over 15 years at 10% 

Operation and Maintenance Costs 

Staffing costs (5 additional controllers 

for radar approach control) 

* 

These costs will increase. FY79 F£E costs are 

estimated at $2.7 million. 

$263,000 

141,000 

96,000 

$500,000 

These costs assume an installation in a TRACAB mode with service 

provided from the cab. If space limitations in the cab preclude 

the installation of the required coasiles, radar approach control 

receives its own separate facility (TR-VCON), in which case some 

building expansion may be required. 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 COSTS 

1.3 PROBLEM 

In 1975 there were 233 approach control facilities.^ ' Given 

the location of ASR/RBS systems, it is estimated that of these 

facilities, 174 are radar approach control and 59 are non-radar 

approach control unable to qualify for an ASR/RBS. The non-radar 



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 

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

per year to equip all 59 facilities for 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 

related costs, which could be eliminated by the installation of 

BRITE displays (see Appendix B). To equip these cabs with BRITE 

driven via TML would be comparatively inexpensive. This would 

cost $4 million annually, resulting in an annual net benefit of 

$5.5 million. However, deployment at these locations has not been 
practical, due primarily to the remoting range or line of site 

limitations of the TML. 

1.4 LIMITED SURVEILLANCE RADAR (LSR) 

The LSR is an inexpensive, all digital, primary radar for use 

at approach control facilities which do not qualify for an ASR/RBS 

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

of inadequate radar coverage or excessive remoting range. Costs 

can be reduced further (beyond dropping secondary radar) because 

the radar has only a single channel and reduced range (20 nmi 

versus 60 nmi for an ASR/RBS), and because of the anticipated 

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 cost 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 million, about 20 percent higher than the 

potential benefits of $8 million. Some cost effective installations 

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



TABLE 1-3. LSR ANNUAL COSTS 

unequipped cabs for VFR use (without radar approach control 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 

This study represents a brief analysis aimed at estimating 

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 present value net benefits for a hypothetical LSR 

development/deployment program. Assumptions made in the analysis 

are rather gross and tend to favor deployment (e.g., it is assumed 

that the LSR, a primary only system, will be equivalent to the ASR/ 

RBS in providing separation assurance/advisories). The deployment 

may therefore be considered 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. 



2. ASSUMPTIONS AND APPROACH 

This section sets forth the assumptions and approach used in 

the analysis. 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 advisories and sequencing. 

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

control if the airport was not already provided radar 

service (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 BRITE display for 

local controller use since they involve at least one VFR 

aircraft in contact with local control and, therefore, 

would be preventable 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 accident occurred 

between January 1964 and December 1971). 

2.1 DISCUSSION OF ASSUMPTIONS 

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

beacon processing (i.e., beacon decoder or ARTS-3). Thus, as a 

minimum, target enhancement (and in many cases identity) is avail 

able for approach control and on BRITE displays for beacon equipped 



targets. Because of this and the fact that the LSR has no broad 

band capability, assumptions (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 result in a deployment estimate 

on the low side. LSRs may be applicable at existing and planned 

ASR/RBS sites. However, these sites were not 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 

consideration. 

3. Of the 27 accidents identified, an estimate was made of 

which could conceivably have been prevented by the installation 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 cab but 

outside the visual range of the controllers which went undetected 

or were detected too late for corrective advisories to be given, 

and accidents between IFR aircraft under non-radar approach control 

in which instructions were not followed by an aircraft but went 



undetected, resulting in a collision. It was estimated that 22 

of the 27 accidents were conceivable preventable through estended 
radar display deployment. 

4. Of the conceivably preventable accidents, only one in 

volved non-radar approach control (over the 8-year period examined) 

whereas 21 involved a cab-controlled VFR aircraft. Thus, it was 

estimated that 951 of the preventable accidents associated with 

installing a radar and a BRITE display at the unequipped airports 

will be realized by use of the BRITE at the local controller posi 

tion, without instituting radar approach control. Radar approach 

control will provide safer IFR operation, but few accidents occur 

under non-radar approach control due to the conservative practices 

employed. The chief benefit of radar approach control is to in 

crease capacity (reduce delay) while maintaining a safe operation. 

It should be noted that while there were no radar displays 

covering the 22 accidents at the time of the accident, that is 

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

deployed. The one accident under non-radar approach control 

occurred at Asheville NC, which now has an ASR/RBS. The 21 VFR-

related accidents occurred at 18 different airports, of which 14 

now have a cab BRITE via TML. However, the 95% estimate will 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 with the examination of a sample of approximately 

100 airport towers consisting primarily of the towers similarly 

considered in the ASR/RBS Establishment Criteria report.^ Data 

used in this preliminary examination are for CY 1973, to be consis 

tent with Reference 1 and to permit using computations already made 

in that analysis. In addition, the benefits models developed and 

used in Reference 1 are used 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/BRITE system (i.e., safety benefits) and the costs 

8 



Mid-Air Collisions Involving ATC Services 

Under Existing Radar/BRITE Control 

Not Covered by Radar or BRITE -

Not Conceivably Preventable by Addition of 

Radar/BRITE Coverage -

Conceivably Preventable by Addition of 
Radar/BRITE Coverage 

Under Conventional Approach 

Control (Not Cab Control) 

Under Cab (Local) Control 

1(5%) 

21(95%) 

FIGURE 2-1. CLASSES OF MID-AIR COLLISIONS, 

JANUARY 1964 TO DECEMBER 1971 

SECTION 3.1-PRELIMINARY ANALYSIS 

OF SAMPLE AIRPORTS 

IFR APPLICATION 

VFR APPLICATION 

SHCTION 3.2-APPLICATION OF CRITERIA 
TO ALL TOWER CABS WITHOUT A 

RADAR/BRITE DISPLAY 

SECTION 3.3-COMPUTATION OF B/C RATIOS 
FOR LSR CANDIDATES 

IFR APPLICATION 

VFR APPLICATION 

SECTIONS 3.4 $ 3.5-SENSITIVITY ANALYSES 
SYSTEM COST 

ASR/RBS BLOCKAGE AT 
CURRENT TML SITES 

SECTION 3.6-LSR PROGRAM -- PRESENT 
VALUE OF NET BENEFITS 

HYPOTHESIZED LSR 

ESTABLISHMENT CRITERIA 

CANDIDATE rOWER^CABS 
FOR LSR DEPLOYMENT 

BASELINE LSR 

DEPLOYMENT LIST 

I 

FINAL LSR 

DEPLOYMENT LIST 

FIGURE 2-2. ANALYSIS APPROACH AND PRODUCTS 



associated with IFR operations delay which would be prevented 

(i.e., delay benefits). 

The preliminary analysis considers the deployment of an LSR 

at unequipped airports in two ways. The first is for radar approach 

control with a BRITE display (IFR application) and radar approach 

control staff resulting in an annual system cost of $161,800 (see 

Table 1-3). The second is to be used as a BRITE display without 

radar approach control for VFR operations only (VFR application) 

resulting in an annual system cost of $65,800 (See Table 1-3). 

Benefit/cost (B/C) ratios are computed for each application at 

each unequipped airport tower in the sample. Benefits for the LSR 

in an IFR application are assumed equivalent to those from an ASR/ 

RBS (Assumption (a)) and are simply taken from Reference 1. The 

benefits for the LSR in a VFR application are computed by using 

95 percent of the safety benefits for an ASR/RBS/BRITE (Assumption/ 

estimate (e)) following the model in Reference 1. Based upon the 

B/C ratios, establishment criteria are hypothesized for the LSR in 

each application. In addition, since it ivas a simple addition to 

the analysis, B/C ratios are computed for the BRITE/TML with the 

assumption that its benefits are equivalent to those of an LSR in 

VFR application (Assumption (b)). This permitted examination of the 

current BRITE/TML extablishment criteria. 

The second step in the analysis applies the hypothesized LSR 

establishment criteria to all towered airports using the most 

recent air traffic activity data (from CY 1975). But before apply 

ing the criteria, towers are eliminated from consideration which 

have an ASR/RBS on site permitting a BRITE cab display and radar 

approach control (Assumption (c)) or a cab with a BRITE display via 

TML (Assumption (d)). The 400 fulltime towers are taken from 

Reference 2. The existing/programmed ASR/RBS and TML sites were 

obtained from the ATC Systems Program Division, Terminal Branch, 

and are listed in Tables 2-1 and 2-2, respectively. The results 

of the screening establish a strong set of candidates for an LSR. 

In the third step of the analysis the B/C ratios are computed 

for the LSR (in both applications) for the candidates identified 
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by the hypothesized establishment criteria. CY 1975 air traffic 

activity, data are.used. The B/C ratios are then employed in a 

final 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. 

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. 
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TABLE 2-1. ASR/RBS SITES 

FACILITY LOCATION/NAME 

Abilene TX (Dyess RAPCON) 
Akron-Canton OH 
Albany NY 

Albuquerque NM 
Allentown PA 

Amarillo TX 

Anchorage AK (Elemendorf RAPCON) 
Andrews RAPCON-Washington DC 
Asheville NC 

Atlanta GA 

Atlantic City NJ 
Augusta GA 

Austin TX 

Bakersfield CA 

Balboa CZ 

Baltimore MD 
Bangor ME 

Baton Rouge LA 

Beale AFB-Marysville CA 
Beaumont TX 

Billings MT 

Binghampton NY 

Birmingham AL 

Boise ID 

Boston MA 

Bristol TN 

Buffalo NY 

Burbank CA 

Burlington VT 

Casper WY 

Cedar Rapids MI 

Champaign IL -

Charleston SC 

Charleston WV 

Charlotte NC 

Chattanooga TN 

Chicago IL (O'Hare) 

Chicago IL (South ) 

Cleveland OH 

Colorado Springs CO 
Columbia SC 

Columbus GA 

Columbus OH 

Corpus Christi TX 

Covington KY (Cincinnati) 

Dallas TX (Addison) 

Dallas TX (Colleyville) 

Dayton OH (Wright-Pat. RAPCON) 

FACILITY LOCATION/NAME 

Daytona Beach FL 

Denver CO 

Des Moines IA 

Detroit MI 

Dulles-Washington DC 
Duluth MN 

Edwards RAPCON-Palmdale CA 
Elmira NY 

El Paso TX 

Erie PA 

Evansville IN 

Fairbanks AK 

Falmouth MA (Otis RAPCON) 
Fargo ND 

Fayetteville, NC 
Flint MI 

Fort Lauderdale FL 

Fort Smith AR 

Fort Wayne IN 

Fresno CA 

Grand Rapids MI 

Great Falls MT (Malstrom RAPCON) 
Green Bay WI 

Greensboro NC 

Greer SC (Greenville) 
Guam 

Gulfport MS 

Harrisburgh PA 

Hilo HI 

Honolulu HI 

Houston TX 

Huntington WV 

Huntsville AL 

Indianapolis IN 
I slip NY 

Jackson MS 

Jacksonville FL 

Kahului HI 

Kalamazoo MI 

Kansas City MO 

Knoxville TN 

Lafayette LA 

Lake Charles LA 

Lansing MI 

Las Vegas NV 

Lexington KY 

Lincoln NE 

Little Rock AR 

Long Beach CA 
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TABLE 2-1. ASR/RBS SITES (CONT.) 

(#2) 

FACILITY LOCATION/NAME 

Longview TX 

Los Angeles CA 

Los Angeles CA 

Louisville KY 

Lubbock TX 

Macon GA (Robins RAPCON) 

Madison WI 

Memphis TN 

Meridian MS 

Miami FL 

Midland TX 

Milwaukee WI 

Minneapolis MN 

Mobile AL 

Moffet NAS-San Jose CA 

Moline IL 

Monroe LA 

Monterey CA 

Montgomery AL 

Muskegon MI 

Nashville TN 

Newark NJ 

New Orleans LA 

New York (JFK) NY 

Norfolk VA 

Oakland CA 

Oklahoma City OK (Tinker AFB) 

Omaha NE 

Ontario CA*(March RAPCON) 

Orlando FL 

Palm Springs CA 

Pensacola FL 

Peoria IL 

Philadelphia PA 

Phoenix AZ 

Pittsburgh PA 

Portland ME 

Portland OR 

Providence RI (Quonset RATCC) 

Pueblo CO 

Raleigh NC 

Reno NV 

Richmond VA 

Roanoke VA 

Rochester, MN 

Rochester NY 

Rockford IL 

Rome NY (Griffis RAPCON) 

Sacramento CA (MeClellan RAPCON) 

FACILITY LOCATION/NAME 

Saginaw MI 

Salt Lake City UT 

Santa Ana CA (El Toro RAPCON) 

San Antonio TX 

San Diego CA 

San Juan PR 

Santa Barbara CA 

Sarasota FL 

Savannah GA 

Seattle WA 

Shreveport LA 

Sioux City IA 

Sioux Falls SD 

South Bend IN 

Spokane WA 

Springfield IL 

Springfield MO 

St. Louis MO 

St. Thomas VI 

Syracuse NY 

Tacoma WA (McChord RAPCON) 

Tallahassee FL 

Tampa FL 

Toledo OH 

Tuscon AZ 

Tulsa OK 

Washington DC (National) 

Waterloo IA 

West Palm Beach FL 

White Plains NY 

Wichita KS 

Wilkes Barre PA 

Wilmington NC 

Windsor Locks CT 

Youngstown OH 
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TABLE 2-2. TML BRITE SITES (EXISTING AND PROGRAMMED) 

AIRPORT LOCATION/NAME 

Austin TX (Mueller) 
Abilene TX 

Alton IL 

Anchorage AK (Merrill) 
Arapahoe CO (Denver) 
Beford MA (Hanscolm) 
Beverly MA 

Broomfield CO (Jefferson Co.) 
Chesterfield MO (Spirit of St. 
Chicago Dupage IL 
Chicago Meigs IL 

Cincinnati (Lankin) OH 

Cleveland OH (Burke Lakefront) 
Cleveland OH (Cuyahoga Co.) 
Columbus OH (Ohio St.) 
Chino CA 

Carlsbad CA 

Central Islip NY 

Chicago (Dalwaukee) IL 
Dallas (Addison) TX 

Dallas (Redbird) TX 

Dekalb Peachtree GA 
Detroit City MI 

Dothan AL 

Detroit MI (Willow Run) 

Farmingdale NY 

Ft. Lauderdale (Exec.) FL 

Ft. Worth (Meacham). TX 
Fullerton CA 

Fulton Co. GA 

Fresno (Chandler) CA 

Great Falls MT 

Greenville SC 

Hartford CT (Brainard) 

Hawthorne CA 

Hollywood (North Perry) FA 
Hyannis MA (Post) 

Jackson (Hawkins) MS 

Kansas City KS (Fairfax) 

Kodiak AK 

Knoxville (Downtown) TN 
La Verne (Brackett) CA 

Louisville KY (Bowman) 

Melbourne FL 

Middletown PA 

Minneapolis MN (Flying Cloud) 
Montgomery AL (Dannelly Field) 

Macon GA (Lewis B. Wilson) 
New Bedford MA 

AIRPORT LOCATION/NAME 

New Orleans (Lakefront) LA 
Newport News VA 
Niagra Falls NY 

North Philadelphia PA 
Norwood MA 

Ogden UT 

Orlando FL (McCoy Jet Port) 
Oklahoma City (FAA Academy) OK 

Louis) Oklahoma City (Wiley Post) OK 
Oklahoma City (Will Rogers) OK 
Omaha (Eppley) NE 
Opa Locks FL 

Oxnard CA 

Palo Alto CA 

Panama City FL 

Phoenix A2 (Litchfield) 
Pittsburgh PA (Allegheny) 
Providence RI 
Pompano Beach FL 
Riverside CA 

Sacramento (Exec.) CA 
Sacramento (Metro.) CA 
San Carlos (Oakland) CA 
San Diego (Lindbergh) CA 
San Diego (Montgomery) CA 
San Francisco CA 
San Jose CA 

San Juan PR 

Santa Ana (Orange Co.) CA 
Santa Monica CA 

Seattle (Boeing) WA 

Shreveport (Downtown) LA 
Shreveport (Regional) LA 
Spokane WA 

San Antonio TX 

San Jose CA (Reid Hillview) 
Spartanburg NC 
Tamiami FL 

Teterboro NJ 

Torrance CA 
Troutdale OR (Portland) 
Tuscon AZ 

Tulsa OK (Riverside) 
Utica NY 

Van Nuys CA 

Westfield MA 

Wilmington DE 

Winston Salem NC 
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3. BENEFITS ANALYSIS 

3.1 PRELIMINARY ANALYSIS OF SAMPLE AIRPORTS 

3.1.1 LSR for VFR Application and TML 

The LSR for VFR application and the TML deployment were con 

sidered first in the analysis. The 100 airport sample in Reference 

1 was considered and those airports which qualified for an ASR/RBS 

which did not warrant decommissioning were omitted from further 

consideration. This represented 55 airports, leaving 45 airports 

for potential LSR/TML deployment. To these 45 airports, the 15 

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

selected randomly, to include ones which have either low itinerant 

operations or high itinerant and low air carrier operations. These 

classes of airport were not adequately represented in the Reference 

1 sample. For the 60 airport sample the B/C ratios for an LSR 

(VFR application) 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 data 

shown in Table 3-2 were plotted in terms of annual itinerant opera 

tions and annual air carrier operations in Figure 3-1. In that 

plot, each data point represents one of the 60 airports in the 

sample. The distribution of the data points suggests the establish 

ment criteria depicted by the two two-segment curves. Airports 

with traffic characteristics below the lower curve would receive 

no surveillance aids. Those with, characteristics 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 filled-in symbols show the airports for 

which the B/C computation does not agree with the criteria. In 

most cases, the B/C correlated quite well with the criteria. 
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TABLE 3-1. AIRPORTS ADDED TO SAMPLE 

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

•Airport has or is programmed for a TML. 
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To rationalize the dependence of the establishment criteria 

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 

likely it is that there will be accidents some of which will be 

preventable. Therefore, annual itinerant operations 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 carrier 

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 offset the effect of the reduced accident rate with 

higher costs per accident. Therefore, air carrier operations is 

another important parameter. 

This preliminary analysis is the only treatment of the B/C 

for TML in this study. Actual TML deployment is used in the next 

step of the analysis. However, it seems appropriate to note here 

that current TML establishment criteria involve only annual itin 

erant operations, with a required level of 35000 annual itinerant 

operations.^ ' Although this criterion may result in deployment 

to some general aviation airports for which the benefits are 

marginal, 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 equipped, 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 added seven of the 15 airports added to 
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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 simple establishment criteria, 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 

that an establishment criterion based upon only two parameters 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 that the airport should handle more than 15,000 annual 

instrument operations a year. 

3.2 APPLICATION OF ESTABLISHMENT CRITERIA 

The establishment criteria defined above were applied to all 

towered airports in CY 1975. Airport towers at which there was an 

ASR/RBS or a BRITE via TML were first 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 display from an 

on-site ASR/RBS (B), has a BRITE cab display from a TML (T), 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 sites 

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 in 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 AIRCRAFT OPERATIONS WITH EQUIPMENT 

DISTRIBUTION -CY 1975 (CONT.) 

A-ASR/RBS 

B-BRITE direct from colocated ASR/RBS 
T-TKL ranote BRITE 

C-None of the above-ctndid»te for LSR 
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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 final screening was applied to the 31 potential qualifiers 

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 application, the LSR B/C 

ratios for VFR application 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 computations for Fort Myers Page Field are depicted 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 instrument approaches. This would sug 

gest that for the small airports considered in this study, the 

estimate of delayed aircraft (item (6) in Table B-5) 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 

in IFR, lateral separation (i.e. diverging headings) can be applied 

25 



TABLE 3-4. FULL-TIME TOWERS QUALIFYING FOR LSR - CY 197S 

AIRPORT AIRPORT 
IDENTIFIER LOCATION/NAME 

BDR Bridgeport CT 
MMU Morristown NJ 
CCR Concord CA 

SEE San Diego Gillespi CA 
APC Napa County CA 
VRB Vero Beach FL 
EMT El Monte CA 
LNS Lancaster PA 
PTK Pontiac MI 
TTN Trenton NJ 

SCK Stockton CA 
TOP Topeka KS 

MFR Medford OR 

EUG Eugene OR 

LIH Lihue HI 
KOA Kona Ke HI 

RDG?* Reading PA 
MHT Manchester NH 
PAE Everett Paine WA 
FMY Fort Meyers FL 
SJT San Angelo TX 
CYS Cheyenne WY 
BIS Bismarck ND 

DEC Decatur IL 

IPT Williamsport PA 
MFD Mansfield OH 
LSE La Crosse WI 
ACT?* Waco TX 

MGW Morgantown WV 
CKB Clarksburg WV 

PMB Palmdale CA 

*Potential Coverage from 

(1) Mirimar RAPCON 

(2) Ontario TRACON 
Existing Coverage from 

(3) Detriot TRACON 
(4) Philadelphis TRACON 
(5) Kansas City, ARTCC 
(6) Seattle ARTCC 
(7) Edwards RAPON 

**/Incremental B/C for / Overall B/C with \ 
(Adding Approach Control / Approach Control / If VFR B/c >! / 

nnlp? which are candidates for LSR deployment (not potential ASR/ 
Rob sitesJ. 

^Scheduled for ASR in FY '78. 
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TABLE 3-5. EXAMPLE, B/C COMPUTATIONS USING ASR ESTABLISH 
MENT CRITERIA MODELS -FORT MYERS PAGE FIELD, FLORIDA 

EXPECTED COST/COLLISION = $1,579,000 

POST PFR 

19,822 

3,349 

625 

517 

3,349 

95375 1.00 

FRACTION USER CLASS X 
AVG. COST PER COLLISION 

793 

268 

363 

155 

0_ 

Total = $1,579 

12) EXPECTED PREVENTABLE COLLISIONS/YEAR 
U) _ 

Average Cost/ 
Collision 

(Thousands) 

(2.1) Annual Itinerant Operations s(a) 

= .032 

66,407 

(3) SAFETY BENEFITS = (1) x (2) = $50,500/YEAR 

(4) EXPECTED COST/HOUR OF DELAY = $4 25 

USER 

CLASS 

Air Carrier 

Air Taxi 

GA 

Military 

ANNUAL INSTRUM. OPS 
NUMBER FRACTION 

4594 

7 5 28 

11330 

189 

.19 

.32 

.48 

.01 

<-a) AVERAGE HOURLY, n 
COSTS/AIRCRAFTIUJ 

1250 

375 

131 

375 

EXPECTED COST/HOUR 
OF DELAY 

(5) EXPECTED DELAY SAVINGS/AIRCRAFT DELAYED = .183 

(5.1) Busy Hour IFR Operations^a) = 21 
(6) EXPECTED AIRCRAFT DELAYED/YEAR = (6.1) x (6.2) x (5.1) = 1578 

(6.1) Busy Hours/Year = 1252 (4 Hours Weekdays f, 2 Hours Weekends) 

(6.2) Fraction of Time Instrument Approach Weather Prevails = .06 

(7) DELAY BENEFITS = (4) x (5) x (6) = $122,700/YEAR 

(8) B/C FOR LSR (IFR APPLICATION) = ((3) + (7))/(8.U = 1.07 
(8.1) LSR Costs (IFR Application) = $161,800 

Xa"5 From Reference 2 
(b) From Reference 1; 

(c) » 

(d) " " 

(e) " 
(f) From Reference 4 

Table 5 
Table 4 based upon item 2.1 

Table 6 based upon item 5.1 and fraction of GA from item 4 Table 
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to successive departures between widely spaced arrivals, resulting in 

a higher departure than arrival rate. Because of these factors and the 

lack of weather data on all airports, the delay benefit model was 

altered by using the reported annual instrument approaches in place 

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

weather data [13 airports), this change affected the deployment 

results only at Fort Myers. In this instance, with so few reported 

instrument approaches, the effect appears beneficial. The B/C 

ratio for Fort Myers with the revised model was .4, which resulted 

in its being dropped from the deployment list. 

The B/C ratios are listed for each airport in Table 3-4. For 

those airports which qualified for both applications and whose B/C 

for VFR exceeds one, the marginal B/C resulting from adding radar 

approach control is also shown. In these cases, the marginal B/C 

was used to determine deployment. Thus, airports with high safety 

benefits but little or no IFR weather would not receive radar 

approach control but would receive a BRITE display for separation 

advisories and sequencing. 

From Section 1, the annual cost of an ASR/RBS is about three 

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 thus 

receive an ASR/RBS rather than an LSR and might not be LSR candi 

dates. The LSR deployment, therefore, is reduced to 14 to 16 out 

of 31 airports, with four to six LSRs installed with radar approach 

control and 10 LSRs installed for VFR application. The 14 airports 

(excluding the potential ASR/RBS sites) are marked with a (f) in 

Table 3-4. 

3.4 SENSITIVITY TO BRITE/TML BLOCKAGE PROBLEMS 

For the benefits analysis, it was assumed that if an airport 

had or was programed for a BRITE via TML, it would not be a candi 

date for an LSR. However, at some airports which may have cover 

age problems, although a TML provides some assistance, an LSR 

might be much preferred. This possibility was investigated for 
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terrain shielding using an analysis presented in Reference 6. 

It is pointed out that this is only a partial analysis, since 

shielding due to man-made obstructions (e.g., buildings, towers) 

is not included and may be significant. Also, not all sites were 

considered. 

In Reference 6, 79 of the 93 TML sites in Table 3-3 were 

addressed. For each airport, topographical maps were used to 

establish line-of-sight to the parent airport's ASR from a grid of 

392 locations at each of 10 altitudes from 0 to 1800 feet in 200-

foot increments. For each altitude, the number of grid locations 

without line-of-sight was determined and the percent of the total 

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

versus percent iine-of-sight blockage at 400 feet. Four hundred 

feet was chosen as the minimum altitude for which coverage would 

be required. From Figure 3-3, it can be seen that all but nine 

airports have better than 80 percent coverage. For this study, 

these nine airprots were considered to have unacceptable coverage 

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 justify an LSR. Of the five, one is San Francisco, with an 

extremely high B/C ratio. However, until it received its BRITE 

via TML (in the early 1970s) 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 deployment list. The four other 

airports were added to the list, as shown in Table 3-7. A cost 

sensitivity analysis was then performed for the airports 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 

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

ARS/RBS are not included. Development (R$D) costs have not yet 
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TABLE 3-6. B/C RATIOS FOR TML AIRPORTS 

WITH LESS THAN 80 PERCENT COVERAGE 

AIRPORT PERCENT 

LOCATION/NAME COVERAGE 

San Francisco CA 70 

Torranee Muni CA 70 
Tulsa Riverside OK 60 

San Jose Reid CA 70 

Troutdale OR 60 
Greenville Muni SC 60 

Middleton PA 60 
Ogden Muni UT 40 
Spartanburg SC' 30 

ANNUAL CY 197 5 

ITINERANT AIR CARR1HR 

OPERATIONS OPERATIONS 

326667 

175966 

138000 

123347 

69947 

62363 

49304 

42901 

38125 

267627 

0 

0 

0 

1 

0 

11612 

55 

16 

QUALIFY 

FOR LSR 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

No 

V1;R 

APPLICATION 

LSR B/C 

R.VTIO 

43.6 

1.5 

1.3 

1. 2 

1.2 
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TABLE 3-7. SUMMARY AND SENSITIVITY TO COST 

AIRPORT 

LOCATION/NAME 

IFR APPLICATION 

Stockton CA 

Reading PA 

Eugene OR 

San Angelo TX 

Subtotal 

BASE CASE 

LSR B/C 

RATIO 

1.9 
1.5 

2.8 

2.6 

VFR APPLICATION 

Topeka KS 1.5 

Pontiac MI 1.1 

Bridgeport CT 1.2 

Morristown NJ 1.0 

Trenton NJ 1.7 

Lihue HI 2.8 

Kona Ke HI 2.3 

Concord CA 1.4 

Napa Co. CA 1.0 

Lancaster PA 1.2 

Torrance Muni CA 1.5 

Tulsa Riverside OK 1.3 
San Jose Reid CA 1.2 
Middleton PA 1.2 

Subtotal 

Total Units 

14 

18 

LSR B/C RATIO > 1 

BASE PLUS R§D 

CASfi -COSTS 10 PERCENT 

11 

15 

6 

10 

20 PERCENT* 

, and 
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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 costs are amortized 

over 15 years at 10%, and spread over the LSR deployment, three 

of the LSR candidates drop out. The resulting deployment would 

be at 15 airports, four of which would be used for radar approach 

control (see Table 3-7). 

Of course, if each unit's share of the R§D costs were offset 

by a reduction in its F§E costs, all 18 airports could continue to 

justify an LSR economically. This would be true for increasingly 

higher R§D costs until even a reduction to zero F§E costs would 

not offset them. Therefore, there is a ran£e of R§D and F§E costs 

which will produce an economically justifiable deployment of 18 

systems. In fact, there is a range of costs which will produce 

any of the possible LSR deployments which result as the system 

costs increase. This is shown in Figure 3-4. 

Figure 3-4 permits the estimation of the LSR deployment as a 

function of-total R$D and per unit F$E costs. With R$D costs of 

$1.5 million, if the nominal F§E costs ($362,000; see Table A-3) 

were reduced by $83,000 (i.e., $1.5 million/18 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 lines. It can be seen that the deployment to 15 airports 

is very sensitive to an increase in either R§D or F§E costs. Once 

to the right of a line, the deployment should drop to the units 

specified by the next line and the 15 unit airport deployment would 

drop to 11 units. (Costs would cause the four airports with B/C 

ratios of 1.2 to fall below 1.0.) Similarly, the nominal deploy 

ment is quite insensitive to cost 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 lines 

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 

gram 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 

moved from the ASR-qualified sites 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, beginning 5 

years after the initial deployment. 

The benefits 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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TABLE 3-8. HYPOTHESIZED LSR PROGRAM BENEFITS ESTIMATE 

O\ 

PRESENT VALUE NET BENEFITS = $5,175,00 

BENEFIT/COST RATIO =1.55 

a Thousands of 1976 dollars 

b FY77 base year at 10% 

c Half the $1.5 million estimate each of two years 
d 15 units @ $362,000 per unit 
e 15 units @ $18,300 per unit 
f 4 units (IFR application) @ $96,000 per unit 

g 4 units (IFR application) * 2.2 (Ave. IFR B/C) * $161,000 + 
*1.6 (Ave. VFR B/C) *$65,000 

h Estimated relocation costs 

11 units (VFR application) 



4, SUMMARY OF RESULTS 

The following is a summary of the results from Section 3. 

The first five items apply to CY 197 5, 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 lower 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 F5E 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.I TELEVISION MICROWAVE LINK (TML) 

The TML consists of three major elements. The TML Indicator 

(TMLI) includes the TV video reciever, antenna, BRITE display and 

ancillary interface equipment. The TML Transmitter (TMLT) is 

provided in two classes: a basic single channel unit (Class A) 

including a PPI, TV camera with a slow decay rate 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 AE!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-l. FY76 BRITE-TV REMOTING WITH ONE REPEATER - F&E COSTS 

Regional Costs $43,800 

Equipment Costs 119,600 

$163,400 

The annual 0§M costs are drawn from the data developed under Order 

1380.32, Airway Facilities Maintenance Staffing Standard Study, 

dated November 1975. Average costs are presented below. 

39 



TABLE A-2. TML ELEMENT ANNUAL 0$M COSTS 

TMLT Costs $3,300 

TMLI Costs 1,600 

TMLR Costs 1,900 

F678W 

A.2 LIMITED SURVEILLANCE RADAR (LSR) 

The primary elements of the LSR are the transmitter/receiver, 

antenna, signal processor, and display. The signal processor will 

be digital and will include a'new system of clutter rejection 

called Moving Target Detection (MTD). Due to the digital nature 

of the target data, an improved (over BRITE) digital display will 

be possible, as will a convenient telephone line remoting from 

almost anywhere in the immediate airport area. The following is 

a list of pertinent features/parameters: 

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

500 hours. MTTR estimated at one hour. System availability 
estimated to be 99.8%. 

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

c. Coverage is as follows: 

Range ="20 nmi 

Altitude = 10000 ft. 

Minimum Range =0.5 nmi 

Azimuth = 360 degrees 

Elevation = 1 to 20 degrees. 

d. Antenna - 5.5 feet wide, 5 feet high. 

Estimates of the F$E and O$M costs are made in Tables A-3 and A-4, 
respectively. 

40 



TABLE A-3. LSR F§E COST ESTIMATE 

Radar Procurement costs 

Transmitter/Receiver $64,000 

Antenna/Pedestal 38,000 

Signal Processor 30,000 

Shelter 5,000 

Built-in Test Equipment 10,000 

Assembly and Test 20,000 

Remoting and Displays 30,000 

Total Radar Costs $197,000 

Establishment Cost 

Radar $197,000 

Spares (301) 59,000 

Test Equipment 10,000 

MTI Reference Target 1,000 

Contractor Turnkey and Shipping 30,000 

Installation (Regional 

related costs) 50,000 

Documentation 10,000 

Factory Inspection 5,000 

Total Establishment Costs $362,000 

TABLE A-4. LSR ANNUAL 0§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 

Utilities (8KW @.0 5/kwh) 3,500 

Test Equipment Replacement and Refurbishment 700 
Total Maintenance Cost $18,300 
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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 facilities in CY 1975. 
(2) 

Given the location of ASR radars, it is estimated that of these 

facilities, 174 are radar approach control and 59 are non-radar 

approach control. In the sample of 52 airports 

considered in the LSR IFR application analysis, 19 are towers 

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

distribution of the 59 facilities, the sample of 19 facilities, 

and the average B/C ratio for the LSR (under IFR application) for 

each segment of the distribution. As would be 

TABLE B-l. DISTRIBUTION OF CONVENTIONAL APPROACH CONTROL FACILITIES 

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 full radar approach control, are $8 

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

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 

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

operations increases. The estimated benefits assuming full BRITE 

deployment, computed similarly to those for approach control 

above, are $9.5 million per year. 
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