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EXECUTIVE SUMMPRY

This report develops revised investment criteria for the Airport
Surveillance Radar, Air Tcaffic Control Radar Beacon System, and
Automated Radar Terminal System (ASR/ATCRBS/ARTS) for publication in FAA
Order 7031.28, Airway Planning Standard Number One. Airway Planning
Standard Number One contains the policy and summarizes the criteria used
in determining eligibility of terminal locations for establishment,
discontinuance and improvements of air navigation facilities and air
traffic control services. The investment criteria addressed in this
report include ASR establishment, ASR discontinuance, improvements,
remoted radar bright display scope, establishment of terminal radar
approach control in tower cab (TRACAB), establishment of terminal radar
approach control (TRACON) and TRACAB to TRACON conversiocn.

The ASR establishment and discontinuance c¢riteria developed in this
report are baeed on a rigorous computerized benefit/cost analysis. The
other supplemental criteria, however, are not readily adaptable to
benefit/cost analyses for system-wide application because benefits and
costs may vary significantly from case to case. 1In lieu of detajled
benefit/cost analyses for these supplemental criteria, activity levels
are identified at which marginal benefits are expected to exceed costs.

The primary benefits of ASR quantified in this report include reduced
delays to aircraft operating under instrument flight rule (IFR)
conditions made possible by reducing separations below those required by
manual procedures and reduced risks of midair and terrain collisions in
the terminal area through the application of radar separation services.
Other benefita, such as visual flight rule (VFR) radar advisory service,
radar flight assists, and convenience have not been adequately quantified
and therefore have not been included in the criteria developed in this
report., Life-cycle costs are based on investment in and operation and
maintenance costs of the ASR~S in TRACAB and TRACON configurations.

Of particular interest are enhancements introduced into the benefits
methodology for the ASR establishment and discontinuance criteria. Th2
revised methodology extends credit for radar services provided to all
user classes., The previous criteria focused more on the air carrier user
class. Additionally, the revised benefits methodology introduces the

"area concept" of providing qualified radar service to multiple airport

si1tes having a common need for radar survelllance. Under this concept,
qualified radar service provided to secondary or satellite airports is
taken into account in quantifying total benefits, Additionally, the
revised benefits methodology is more site-specific. 1In the previous
criteria, benefits were based only on the aviation activity for the first
year of the ASR's operation and costs were annualized. Changes in
aviation activity growth were not represented in the benefits
calculation. The revised benefits methodology uses official aviation
activity forecasts by quantifying the benefits independently for each
year of an ASR's estimated 15-year economic life and discounting the
benefits for each year to thueilr present value. These are summed to
represent the present value life-cycle benefits. Capital costs and
operations and maintenance costs are approached on a similar present
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value life-cycle basis. Lastly, the revised benefits methodology
incorporates updated critical value elements, including the value of time
of aircraft pasgsengers/occupancs, the value of a statistical life, the
cost of a statistical serious injury, aircraft replacement and
restoration costs and aircraft variable operating costs.

The revised ASR criteria, in relation to the previous ASR criteria,
identify more establishment candidates and fewer discontinuance
candidates. Based on projections through FY 1987, 19 FAA approach
control towers presently without ASR equipment or service will meet the
reviged establishment criteria, while 13 meet the previous establishment
criteria. Two existing ASR installations meet the revised discontinuance
criteria, while 5 meet the previous discontinuance criteria. It is
impossible to assess the actual budget impact of the revised criteria on
agency resources for several reasonrs, First, meeting candidacy levels
does not by itself entail automatic qualification. Benefit/cost
screening is but one of several inputs to the FAA decisiommaking process
ralative to investment in ASR facilities. Investment decisions are made
on the basis of all pertinent factors. Second, neighboring airports
having a common need for radar surveillance may collectively qualify for
an ASR undar the "area concept.” Qualifying sites in the category will
he determinad on a case by caase basis by the Air Traffic Service. And
third, actual costs vary from site to site. Estimated site-specific
costs will be applied in actual application of the criteria.

11
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SECTION I - INTRODUCTION

This report develops revised investment criteria for the Airport
Surveillance Radar, Air Traffic Control Radar Beacon System, and
Autamated Radar Terminal System (ASR/ATCRBS/ARTS). These criteria
replace the ASR investment criteria that are currently contained in FAA
Order 7031.2B, Alirway Planning Standard Number One (Reference 1), as
developed in FAA Report Number ASP~75-2, Establishment Criteria for
Alrport Surveillance Radar (ASR/ATCRBS/BDS) (Reference 2). Airway
Planning Standard Number One contains the policy and summarizes the
criteria used in determining eligibility of terminal locations for
establishment, discontinuance and improvements of air navigation
facilities and air traffic control services. The investment criteria
addressed in this report include ASR establishment, ASR discontinuance,
improvements, remoted radar bright display scope, establishment of
terminal radar approach control in tower cab (TRACAB), establishment of
terminal radar approach control (TRACON) and TRACAB to TRACON conversion.

The ASR, used in conjunction with the ATCRBS and ARTS, upgrades a manual
approach control facility to a radar approach control facility. The ASR,
itself, is a primary surveillance radar which provides aircraft target
information on air traffic controllers' display scopes. The ATCRBS is a
cooperative secondary radar system which facilitates the identification
of radar targets by interrogating transponder-equipped aircraft. ARTS is
a minicomputer-based system that facilitates the display of alphanumeric
identification data on controllers' display scopes. For convenience and
simplicity, the ASR/ATCRBS/ARTS system will be referred to simply as
*ASR" in this report.

The ASR establishment and discontinuance criteria are derived from a
rigorous life~cycle benefit/cost analysis. Benefit/coet analysis, as
applied to FAA facilities, equipment and services, is a quantitative
evaluation in which the life-cycle capital, operating and maintenance
costs of a facility or service are compared with the dollar value of the
life~cycle benefits that are expected from that facility or service,
Intujtively, benefit/cost ratios of one or more are good investments,
while those of less than one are poor investments. Since the capital
costs of an ASR system are sunk, the only relevant costs for an ASR
syatem being considered for discontinuance are its recurring operations
and maintenance costs (ignoring salvage value, relocation costs, etc.).
The other supplemental criteria ar» not readily adaptable to rigorous
benefit/cost analyses for system— ide application because benefits and
costs may vary significantly fro case to case. In lieu of detailed
benefit/cost analyses for these syplemental criteria, activity levels
are identified at which there is expected to exist reasonable
relationships between bhenefits and costs. Meeting candidacy levels will
not mean automatic qualification. Benefit/cost screening will be but one
of several inputs to the FAA decisionmaking process relative to
investment in ASR facilities. It will in no way affect the
responsibilities of the operating services for the validation of
candidates.
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SECTION II - REVISED ASR INVESTMENT QRITERIA

This section summarizes the ASR investment criteria addressed in this
report, The previous ASR investment criteria are reproduced in

Appendix A. As discussed in Section I, the ASR establishment and
discontinuance criteria are derived from a rigorous benefit/cost
analysis, while the supplemental criteria for improvements, remoted radar
bright display scope, TRACAB establislment, TRACON establisiment, and
TRACAB to TRACON conversion are based on activity levels at or above
which marginal benefits are expected to exceed marginal costs. The
previous criteria for TRACAB establishment, TRACON establishment and
TRACAB o TRACN conversion remain unchanged.

Meeting candidacy levels will not mean automatic qualificatia.
Benefit/cost screening will be but one of several inputs to the FAA
decisiomaking process relative to invistment in ASR facilities,
Investaent decisions will be made on the basis of all pertinent factors.
These criteria will in no way affect the responsibilities of the
operating servioes for the validation of candidates.

A. ASR Establishment

1, Phase I

ASR establislment criteria for PAA approach control towers are

two-phagsed. Phase I is a set of simple generalized criteria designed to
Initially identify potential candidates. Under Phase I an airport ratio
value is cauputed by sunming the relative contributory benefits of ASR.
If the airport ratio walue obtained is equal to or greater than 1.0, the
lecation satisfies the Phase I criteria for ASR/ATCRBS/ARTS establisiment.

If radar coverage will be provided at or below initial approach altitude
at secondary or satellite airports, an area ratio value is camputed by
suming the airport ratio wmlues of the airports making up the radar
service area., The Alxr Traffic Service will determine eligible locations
under the area concept on a case~by-case basis. ASR ocoverage
encanpassing two or more airports may dictate changes in the operational
responsibilities within the radar service area. Prudent management of
resources may require that radar service ultimately be provided from that
location, regardless of its current facility status, which can best serve
the area.

The computation procedure and nomenclature far Phase I establishment
criteria are outlined on the fallowing pages.

.
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Contributing Benefit Ratio Value

Delay Reduction:

ACPRIM - xxxx
‘ 3,400 - (.0013 x PRIM) *
ATPRIM = AXXX
v 26,000 - (.0096 x PRIM) *
. GAPRIM - Kxx
53,300 - (.0196 x PRIM) *
MLPRIM - AAXK
8,600 ~ (.0032 x PRIM) *
Safety:
I ACTTN - AXAX
. 107, 400
=
. ATITN = AXXK
ﬁ 539,600
) GAITN + GALCYL - XXX
! 847,200
L
MLITN + MLLCL = XXX
376,200
Sum of Ratio Values If 1 or greater, Tocation ‘

gatisfies Phase I criteria

*If the denominator for any user class results in a value equal to or
less than zero, disregard all denominators and use all of the following .
instead. For the air carcvier user class: 9,300 - (.0034 x PRIM); for T
the air taxi user class: 71,200 - (.0262 x PRIM); for the ganeral i
aviation user class: 146,000 - (.0538 x PRIM); and for the military user
clasa: 23,400 - (.0086 x PRIM).

sak

PP A

ACPRIM, ATPRIM, GAPRIM and MIPRIM, for a primary airport, are the numbers |
of annual primary instrument operations of the air carrier (FAR 121, 127 - -
and 129), air taxi (FAR 135), general aviation (FAR 91) and military

(FAR 91) user classes, respectively. Por a qualified secondary airport,

these terns are the numbers of annual primary instrument operations of

the secondary airport by user class, or the respective numbers of

secondary instrument operations by user class of the primary airport

assoclated with or allocable to the secondary airport, whichever are S_—

greater.
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PRIM, far a primary airport, is the number of total annual primary
instrument operations (i.e., the sum of ACPRIM, ATPRIM, GAPRIM and
MLPRIM). PRIM, far a qualified secondary airport, is the number of total
annual primary instrument operations of the secondary airport, or the
number of total annual secondary instrument operaticns of the primary
airport associated with or allocable to the secondary airport, whichever

is greater.

ACITN, ATITN, GAITN and MLITN are the numbers of annual itinerant
operations of the air carrier, air taxi, general aviation and military
user classes, respectiwely.

GALCL and MLLCL are the numbers of annual local operations of the general
aviation and military user classes, respectively.

2. hPhase II

Phase II is a site-sgpecific computerized benefit/cost screening process
under which candidates identified under Phase I are further evaluated.
If an airport benefit/cost ratio or an area benefit/ocost ratio of 1.0 or
greater is camputed, the location satisfies the Phase II1 criteria for
ASR/ATCRBS/ARTS e¢:“ablishment. The ASR subroutine, integrated into the
Terminal Area Forucast Data System, requires the following manual input
data:

1. System acquisition and installation costs (FAA Form 2500-40, F¢E Cost
Estimate Summary).

2. Percent of time that IFR weather prevails at the proposed location,
if available. For the pwpose at hand, IFR weather is defined as
weather in which visibility is less than 3 miles and/ox the ceiling
below 1,500 feet.

3. Praction of the alr carrier user class represented by each of the
following aircraft type categories:

Turbof an, 4-etigine, wide body
Twbojet, 4-engine

Tur bof an, 4-engine, regular body
Turbofan, 3-engine, wide body
Tur bof an, 3~engine, regular body
Tw bofan, 2-engine, wide body
Twbof an, 2~engine, regular body
Tw boprop

Piston

If this data is nmot available fram local sources, the Official
Airline Guide, or the Terminal Area Forecast Data System, national
averages will be used as default values in the Phase II screening
process .

-1
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4. Fraction of secondary instrument operations of each user class (air
carrier, air taxi, general aviation, and military) of the primary
airport allocable to eacn secomrxlary or satellite airport. NOTE:
This data is required only for those secondary or satellite airports
that are provided "qualified" radar ooverage by the proposed
candidate airport at or below initial approach altitude.

B. ASR Discontinuance

Like ASR establishment criteria, ASR discontinuance criteria are
two~phased. To determine whether an ASR facility meets the Phase I
disoontinuance criteria, a ratio value is calculated by the same
sum-of-ratios approach described above for Phase I establishment
criteria. 1If the ratio value so obtained is less than 0.35, the location
satisfies Phase I discontinuance criteria. The 0.35 figure is an
approximation of the level where the benefits just offset recurring
annual coperations and maintenance costs, after allowing for salvage
value, relocation costs, etc. Initial acquisition and installation costs
are irrelevant when an ASR system is being considered for discontinuance
since they are sunk costs. Locations satisfying Phase I disoontinuance
criteria will be further screened under the Phase II benefit/cost
screening process. If the benefit/cost ratio so obtained is less than
0.35, the ASR installation may be considered for discontinuance.

C. Improvements

Existing FAR approach oontrol facilities equipped with ASR systems
frequently require improvements (e.g., ARTS implementation, relocation of
facilities to oorrect siting problems, component replacement, etc.).

Such improvements are normally made when the operational benefits
expected to be realized exceed the costs involved.

1. An FAA radar approach control facility recording 25,000 or more
annnual instrument operations qualifies for those improvements that
satisfy an operational equirement and/or facilitate the provision of
terminal area radar gervice. A benefit/cost study may be required
for "major™ improvements to terminal radar facilities in this
category.

2. An FAA radar approach control facility recording between 15,000 and
25,000 annual instrument operations may be a candidate for
improvements, It qualifies foar those improvements that satisfy an
operational requirement and/or facilitate the provision of terminal
area radar service. A benefit/ocost study may be required for "major™
improvements to terminal radar facilities in this category.

e Me ke e ke
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3, An PAA radsr approach ocontrol facility recording less than 15,000
annual instrument operations is not a candidate for improvements. At
that activity level, the additional cost per operation rasulting from
the improvement is not commensurate with the benefit derived. Any
improvement to terminal radar facilities in this category will be
limited to the correction of a critical situation and shall be
justified by an individual staff study.

NOTE: Improvements to FAA-staffed RAPCON's/RATCF's may be considered on
an individual basis btut the above criteria shall remain a major
determinant in considering FAA civil facilities for improvement.

D. Remoted Radar Bright Display Scope

An FAA VFR control tower at an airport, which is a satellite of the
primary airport of a radar approach control facility, is a candidate for
a remoted radar display scope in the tower cab when:

1. At least 30,000 annual itinerant operations are recorded; and

2, Operationally adequate low altitude coverage is assured at the
satellite airport.

E. Terminal Radar Approach Control in Towet Cab (TRACAB) and Terminal
Radar Approach Control (TRACON).

1, Establishment. An initial ASR/ATCRBS/ARTS installation shall be a
TRACAB facility consisting of appropriate displays placed in the
tower cab except when any of ‘he following situations prevail:

a. If the official agency forecasts indicate an ASR/ATCPBS/ARTS
candidate location will exceed 125,000 annual itinerant
operations or 60,000 annual instrument operations within 2 years
of the year of budget submission for the facility, the initial
installation should be planned as a TRACON rather than a TRACAB,
subject to an operational determination by the Air Traffic
Service. Instrument operations at secondary airports may be
included in this forecaat provided radar coverage at these
locations 18 expected to exigt at or below initial approach
altitude.

b. If an ASR/ATCRBS/ARTS candidate location cannot physically
accommodate radar approach control in the tower cab, then
individual justification shall be required to go directly to a
TRACON facility.

c. When the complexity of the facility operation warrants,
individual justification and consideration shall be given to
locating the ASR/ATCRBS/ARTS in a TRAQON rather than a TRACAB.

L4
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Discontinuance. A TRACAB will be discontinued when the ASR system is
decommiesgioned or when the radar approach control function is
transferred to a TRACON.

Conversion to TRAODN. A TRACAB location is a TRACON candidate when

the facility has at least 125,000 annual itinerant operations or
60,000 annual instrument operations. Instrument operations at
secondacy airports that receive radar service at or below initial
approach altitude may be included in thia count. Also, when the
camplexity of the facility warrants, individual justification and
consideration should be given to relocating from a TRACAB to a TRACON,
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SECTION III ~ ASR COSTS

ASR costs and their life-cycle counterparts are shown in Pigure 1 for an
ASR installation configured as a TRACAB and in Figure 2 for an ASR
installation configured as a TRACON. The total cost of an ASR system
consiasts of facilities and equipment costs plus operations and
maintenance costs. Facilities and equipment costs coasist of equipment,
installation and commissioning flight check costs. Operations and
maintenance costs consist of such annual recurring costs as air traffic
staffing, support (airway facilities staffing, spares, training, etc.)
and utilities. It may be noted that while the average installed system
acquisition cost of the solid-state ASR-9 i3 higher than that of the
earlier vacuum-tube ASR models, the operations and maintenance costs are
significantly lower. Life-cycle costs are calculated by discounting
total operations and maintenance costs over the assumed 15-year economic
life of an ASR system to their present value and adding them to
facilities and equipment costs, which are assumed to occur at the
beginning of the installation year. An ASR's economic life, as opposed
to its physical life, provides a more relevant measure of its useful
service life. A fifteen year economic life is consistent with published
guidelines on transportation-related capital stocks (e.g.,

Reference 30). BEven if a longer life was assumed, the impact would be
noninal, because the costs and benefits in the out years are heavily
discounted.

The facilities and equipment costs in FPigures 1 and 2 include no
allowances for remoted radar bright display installations or
*leap-frogging" (i.e., the practice of replacing an already existing
older generation ASR with a gtate-of-the-art ASR and relocating the older
generation ASR to a newly qualifying site). When either or both of these
actions are contemplated, appropriate adjustments should be made to
facilities and equipment costs.

Once an ASR is established, the terminxl air traffic control facility is
organized as either a TRACAB (where the radar control area is located in
the air traffic control tower with the usual cab positions) or a TRACON
{(which entails a separate IFR control room). Early difficulties were
experienced with the utilization of the radar display scope in the tower
cab due to the high ambient light level and space congestion. With
existing improvements in BRITE display performance and tower cab layout,
current opinion suggests that the TRACAB concept is feasikle at some
maximun level of hourly operations. Thus, the impact of adding a
separate TRACON or IFR room is simply to relieve any congestion in the
tower cab that might exist.

The addition of an 1FR cnntrol room to a TRACAB increases costs in two
ways, FPirst, an extra flight data position (located in the TRACON) is
generally required because of the coordination problem created by the
physical separation of the controllers. Second, the additional
construction and remoting costs of the IFR room must be added. The
manpower cost is relatively constant, but the construction and remoting
costs of the IFR control room are highly site-dependent. 1In some cases,
existing structures might be used and/or space may be available close to
the tower. 1In others, new construction may be required, possibly at some

all,
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i distance from tie tower. Thus, a TRACAB is more economical and
= preferable if it is operationally feasible. TRACAB/TRACON criteria are
: outlined in paragraph E of Section II.

The decision to organize as a TRACAB or TRACON reats on current and

' projected traffic activity, and whether the less coatly, but capacity

I limited, TRACAB configuration is adequate. The criteria developed in

: this report presume the establishment of the TRACAB configuration unless
) one or more of the criteria for establishing a TRACON (as outlined in
paragraph E of Section II} are satisfied.

The assumed initial staffing level of five controllers per ASR facility
l is based on the Air Traffic Staffing Standards System (Reference 3).

. Thia Standard reflects Alir Traffic Service judgment and experience in
determining staffing levels necessary to provide safe separation and

R efficient flow of traffic., 1t is important to note that the assumption
N is not that there would be five air traffic control specialists assembled
around the radar displays in the tower cab. The Standard provides that a e
ninimum of three controllers is needed to operate the radar over a
two-shift operating day. To allow for seven-day staffing and trairing, =z
standard factor of 1.6 is applied. Three times 1.6 yields 4.8, showing
that five additional controllers must be smployed to initially staff the
least elaborate terminal radar configuration in the aystem.

Current PAA policy establishes Expanded Radar Service (ERS) at each new vo4
ASR/TRACAB facility within six months after commisaicning. When the ERS o
is established (either Stage II which provides sequencing and advisory L
gservices or Stage III which provides sequencing and separation services), J
the services provided contribute toward the total instrument count at the R
g facility, and therefore, require 2 concomitant increase in staff. It is
ﬁ current practice to request three additional controllera (in addition to
the five necessary to initially establish radar approach control service)
for the ERS capability when a new facility is established as a TRACAB,
1 making a total of 8 controllere.




i FIGURE 1

Typical Life-Cycle ASR/KTCRBS/ARTS Costs — TRACAB Configuration (ASR-S)

B 108 i5-Year
g Cost Discount Discounted
H (1980 $) Factor __Costs
. Facilities and Equipment:
) System acquisition cost (installed)l/  $6,200,0p0 1.000 $6,200,000
i Operations and Maintenance:
Air Traffic staffing $ 288,608
(8 additional controllers @ $36,0762/)
Support (Alrway Pacilities staffing, 54,600
spares, training, etc.) .
Utilities 4,700
Total O&M § 347,908 7.94763/ 2,774,914
Total Discounted Life-Cycle Cost $8,974,914
or
$8,970,000

1/poes not include costs for remoted radar bright display installations and
leap~frogging (see text).

2/%5-12/5 salary of $27,995 over 9 months ard $30,543 over 3 months equates

to a weighted 1980 salary of $28,632. Inflating this salary level by a fringe
benefits overhead factor of 1.26 (per Reference 4) yields $36,076 per
controller in 1980 dollars.

3/ruture year costs are ETacounted to their present values using mid-year

iaggeisfhan end-of-year discount factors ( (1/(1.1)y-0.5)), for y =

Sources: AAF-356 and Referencn 3.
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FIGURE 2

Typical Life-Cvcle ASR/ATCRBS/ARTS Costs - TRACON Conflguration (ASR-9)1/

10% 15-Year
Cost Discount Discounted
{1980 $8) Factor Costs
Total Discounted Life-Cycle
Cost of TRACAB (from Figure 1) $8,970,000
] Incremental Costs of TRACOM:
o Additional £light data
: positions (2 @ $36,0762/) $ 72,152 7.976Y 575,484
i ) Building of IFR roomd/ $180,000 1.000 180,000
:, Equipment relocation and $ 19,000 1.000 19,000
% cabling
: Additional support & utilities $ 2,000 7.9764/ 15,952
Total Discounted Life-Cycle Cost §9,760,436
‘ or -
$9,760, 000 o
1/As explained in the text, actual costs may vary considerably from site to site. o
Site-specific costs should be used.in actual practice. As with the TRACAB cost i
estimates in Figure 1, no allowances have bean made here for remoted radar bright n

display inatallations and leap-frogging (see text).

2/5ee Pootnote 2 of Riguve: 1.

3/ New building: -

Conatruction of a minimum $300,000 - j
3,000 sq. ft. base building ‘

@ $100 per sq. ft. 1

Site preparacion of existing !

leaged spaca for TRACON 39,000
Total _ $330,000 -
x Assumed incidence rate of 50% x,.50 $165,000 -
Modification of existing facilities: .
$30,000 x assumed incidence rate of 508 $ 15,4000
Expected cost . $180, 000

4/ruture year costs are discounted to their present values using mid-year rather than
end-of-year discount facvors ( 2:(1/(1.1)Y‘°°5)), for y = 1 to 15).




SECTION IV - METHODOLOGY FOR ESTIMATING ASR BENEFITS

A. Introduction

An ASR approach control facility, as opposed to a manual approach control
facility, can provide benefits through two primary sources: reduced
delays to aircraft operating under instrument flight rule (IFR)
conditions made possible by reducing separations below those required by
manual procedures; and reduced risks of midair and terrain collisions in
the terminal area through the application of radar separation services.
Secondary benefits vrovided by an ASR include visual flight rule (VFR)
radar advisory service; radar flight assists and convenience. Thia
section detalls the methodology used to quantify these benefits. Before
addressing the benefits in detail, however, the more significant
differences in benefit methodology are highlighted between the previous
and revised criteria.

First, unlike the previous benefits methodology, the revised Phase I
methodology extends credit for radar services provided to all user
classes, rather than focusing on the alr carrier user class.

Second, in response to many suggestions that ASR establishment criteria
be modified to allow credit for radar coverage provided to secondary or
satellite airportn, this report introduces the "area concept" of
providing qualified radar service to multiple airport sites having a
common noed for radar surveillance. Under this concept, benefits will be
ascribed and computed for the gecondary airport(s) as well as the primary
airport when the airport traffic areas are in a proximity which causes
constant overlap of arrival and departure routes. The activity of
secondary airports may be included if the siting of the ASR can be
expected to provide coverage at or below initial approach altitude at the
secondary airport(s). The Air Traffic Service will determine eligible
locations in this category,

The methodology employed in determining total benefits of multiple
wirport sites having a common need for an ASR system is as follows.
Because both delay reduction and safety benefits outlined in this report
are non-linearly related to activity, each of the airports in the
potential radar service area will be addressed independently, i.e., a
benefit/cost ratio will be computed for each airport making up the radar
service area. An area ratio will be computed by summing the respective
airport ratios. ASR coverage encompassing two or more airports may
dictate changes in the operational responsibilities within the radar
service area. Prudent management of resources may require that radar
service ultimately be provided from that location, regardless of its
current facility status, which can best serve the area.

Third, the revised benefits methodology is more site-specific. 1In the
previous criteria, benefits were based only on the aviation activity for
the first year of the ASR's operation and costs were annualized. Changes
in aviation activity growth were not represented in the benefits
calculation. The revised benefits methodology uses official aviation
activity forecasts by quantifying the benefits independently for each
year of an ASR's estimated 15-year economic 1life and discounting the
benefits for each year to their present value. These are gummed to
represent the present value life~cycle benefits. An ASR's economic 1ife,
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as oppesed to its physical l1life, provides a more relevant measure of its
ugeful service life. A fifteen year economic life is consistent with
published guidelines on transportation-related capital stocks (e.q.,
Reference 5). Even if, a longer life were assumed, the impact would be
nominal, because the benefits and costs in the out years are heavily
discounted, '

Lastly, the revised benefits methodology incorporates updated economlc or
critical values, including the value of time of aircraft
pasaengers/occupants, the value of a statistical life, the cost of a
statistical serious injury, aircraft replacement and restoration costs
and aircraft variable operating costs.

B. IFR Delay Reduction Benefits

The establishment of an ASR at an approach control tower provides
controllers with a visual representation of their traffic. It permits
the use of reduced separation standards during IFR conditions and
provides ccntrollers with the capability of vectoring arrival and
depar ture traffic, thereby increasing the utilization of the terminal
area airspace and expediting the flow of traffic.

A National Bureau of Standards report, A Concept for New Establishment
Criteria for Airport Surveillance Radar (Reference 6), prepared under an
interagency agreement with the FAA, derived radar-preventable delays for
various traffic mixes and levels of operation. When used in conjunction
with unit delay costs, IFR delay reduction benefits attributable to an
ASR can be readily obtained. NB5's DELCAP simulation model was used to
obtain estimates of delay with and without ASR available. Since delay
reduction benefits of ASR are realized principally under IFR conditions,
IFR separation rules were used. It was assumed that ASR would permit
minimuwn spacing (3 nautical miles for the type of airport relevant to
this report) to be maintained at high levels of traffic, while without
ASR various manual procedures would result in average spacings of 7.5,
10, and 15 nautical miles at the game traffic levels. It was further
assumed that the airports in question would be operating in a single
runway configuration when IFR corviitions prevailed.

Two user classges, whose pertinent flight characteristics are given below,
were used in the simulation runs. The flight characteristics of the
general aviation user class are alaso attributed to the air taxi and
military user classes in this report.

Flight Characteristics

speed (Knots) Runway Occupancy (Seconds)
User Class Landing Liftoff Landing Takeoff
General Aviation (GA) 90 90 35 25

Air Carrier (AC) 125 120 4 32

13
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Four mixes of iLihese user classes were run: 10 percent GA -~ 90 percent
AC; 20 percent GA - 80 percent AC; 40 percent GA - 60 percent AC: and 80
percent GA - 20 percent AC. Five traffic activity levels were simulated:
10, 15, 20, 25, and 30 operationes per hour. The distributions of the
number of arriving aircraft was assumed to be Poisson., In wach case, it

was assumed that half of the operations are landings and half are
takeoffs.

Delay wag calculated for each aircraft, takeoff and landing, as the
difference of the flight time actually required from that which would
have occurred had no other aircraft been present. The calculations of
the delays in landings plus the delays in takeoffs are shown in Figure 3.
The values listed in Figure 3 are the average of the results obtained
from 20 simulation runs utilizing different strings of random numbers for
generating the arrivals. They represent total delay per hour of airport
operation of aircraft landing and taking off for each of the 4 mixes of
aircraft for airports cperating in 4 different approach environments)
i.e., 3, 7.5, 10, and 15 nautical mile separation of aircraft.

The ultimate capacities listed in Figure 3 were calculated as shown in

the following example. At the 10 nautical mile separation, the average
time between thes touchdown of one aircraft and the touchdown of a
following general aviation aircraft is:

10 nautical miles = 0.1l1 hour
90 knots

and the average time between the touchdown of one ailrcraft and the
touchdown of a following air carrier aircraft is:

10 nautical miles =~ 0.08 hour
125 knots

At the B0 percent AC traffic mix, the probability of the landing aircraft

being AC is 0.80, and the probability of the landing aircraft being GA is
0.20.

Therefore, the average time required per landing aircraft is:
(.08 x .80) + (.11 x .20) = 0,086 hour

which ylelds an average rate of 11.6 landing aircraft per hour with no
takeoffs. 1In this example, i.e., 10 nautical mile separation, the
separation between landing aircraft is great enough to permit takeoffs
without affecting the sequence of landings., Therefore, since half of the
operations are landings and half takecffs, the total potential operations
per hour is 23 under the conditions stated, Since these conditions can
be congldered as “ideal"™ relative to the actual conditions under which an
airport operates, the capacities computed in this manner are considered
*ultimate.” A slower alircraft landing ahead of a faster aircraft will
generate a delay. This factor becomes evident when the plots of the
total delay for a 60 percent AC mix are compared with higher and lower
percentages of AC aircraft, as illustrated in Figure 4.

14
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FIGURE 3

Total Minutes of Alrcraft Delay Per Hour of Airport Operation

for Varying Numbers of Operations Per Hour

Operations
per Hour 90% AZC 80% A/C 608 A/C
3 Nautical Mile Separation
10 8.7 10.6 11.6
15 15.7 22,3 31.6
20 32.5 41.5 52.7
25 56.7 68,1 79.0
30 83.8 95.1 102.8
7.5 Nautical Mile Separation
10 14.7 16.9 21.2
15 30.0 39.3 49.1
20 R1.5 106.3 185.3
25 2B3.6 472.2 1,061.2
30 744.0 1,549.0 2,620.0
Ultimate Capacity
{(opns./hr.) (32) (31) (30)
10 Nautical Mile Separation
10 21.9 28.1 33.5
15 48.6 ' 51.5 82.6
20 299.1 444.4 889.4
Ultimate Capacity
{opns./hr.) (24) (23) (22)
15 Nautical Mile Separation
10 57.0 65.3 79.4
15 153.8 171.1 o/C
Ultimate Capacity
(opns./hr.) (16) (15) (14)

0/C = over capacity
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208 A/C

18.8
34.1
54.4
86.2
111.8

29.9
68,2
194.8
1,701.0

o/c

(26)

43.2
119.9
o/C

(19}

129.5
a/c

(12)
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FIGURE 4
Time Saved By ASR: 3 Mile vs., 7.5 Mile Separation
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In general, at the lower levels of operations per hour, the delay for
takeoffs is greater than that for landings since the landing aircraft
always have priority. However, as the ultimate capacities are
approached, the simulation model permits landing delays to exceed delays
in takeoffs to avoid an excessive departure gueue.

Additional simulation runs were mzde at the 3 and 7.5 nautical mile
separations increasing the runway occupancy for landing AC aircraft from
34 seconda to 60 seconds. No significant differences in the total delays
were apparent for this increase. However, the data suggests that runway
occupancy periods of over 60 seconds can become critical when computing
delays for a 3 nautical mile separation distance.

For purposes of this repor:, total delay differentials shown in Figure 3
between the 3 and 7.5 nautical mile separation standards have been
converted to average delay savings per aircraft for varying numbers of
operations per hour of airport operation, as illustrated in Figure 5,
Figure 4 graphically illustrates total aircraft hours saved by ASR per
hour of airport operation by lowering the separation standard from 7.5 to
3 nautical miles for the 20%, 60%, 80% and 90% AC mixes.

Given the NBS methodology described above for deriving hourly IFR delay
differentials between radar and non-radar environments for various hourly
activity levels, the following additional data must be determined in
order to compute IFR delay reduction benefits for a specific site:

l. Number of operations during a busy IPR hour;
2, Hourly cost of delay of the aircraft type mix, and
3. PFrequency of busy IFR hour

An "IFR hour" is defined as one during which instrument approach weather
conditions prevail, usually a ceiling of 1,500 feet or less and/or
visibility of 3 miles or less. It is recognized that radar can reduce
delays by reducing separation when instrument conditions exist at high
altitudes as well. However, data on the frequency of occurrence of
*better" IFR weather, e.g., 4000-5, iz not available and the 1500-3
observations, which are available (Reference 7), are thought to
approximate total IFR conditions closely enough for this purpose. A
"busy" IFR hour, as the term connotes, is as an hour during which high
instrument operations activity takes place. To estimate the number of
operations during a busy IFR hour, a regression analysis between reported
busy IFR hour operations and annual instrument operations was performed
for 252 towered airports (after omitting outliers). The results of this
analysis are presented in Appendix B and summarized in Figures 6 and 7.
The data upon which this regression analysis is based were obtained from
periodic counts made by tower personnel during periods of known high
instrument operations activity (Reference 8). After determining the
number of operations during a busy IFR hour and the percent of instrument
operations represented by the air carrier user class, the time saved per
aircraft per hour of airport operation can be found by referring to
Figure 5.
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| FIGORE 6

Relationship Between Buig_Irn Hour Operations and Annual Instrument
Operations Based on Regression Anaiysis of 252 Towered Alrports

| ' . IFR RANGE OF’ IFR RANGE OF
: BUSY HOUR ANNUAL BUSY HOUR ANNUAL
! OPNS INSTRUMENT OPNS OPNS INSTRUMENT OPNS
X 0 0-43 32 47,557-50,133
' 1 44-277 33 50,134-52, 766
| 2 278-658 34 52,767-55,453
: 3 §59-1,163 35 55,454-58,194
4 1,164-1,778 36 58,195-60,989
. 5 1,779-2,495 37 60,990-63,838
6 2,496-3,309 38 63,839-66,739
7 3,310-4,214 . 39 66,740-69,692
| . 8 4,215-5,206 40 69,693-72,697
. 9 5,207-6,281 a 72,698-75,754
10 6,282-7,438 42 75,755-78, 862
1 7,439-8, 673 43 78,863-82, 021
12 8,674-9,985 4 82,022-85,230
. 13 9,986-11,371 a5 85 ,231-88,490
: 14 11,372-12,829 46 86,491-91,799
X 15 12,830-14,359 7 9%,800-95,157
16 14,360-15,958 48 95,158-98,564
17 15,958-17,625 T 98, 565-102,020
18 17,626-19,359 50 102,021-105,525
\ 19 19,360-21,159 51 105,526-109,078
r 20 21,160-23,023 52 109,079-112,678
B 21 23,024-24,952 s3 112,679-116,326
- 22 24,953-26,943 54 116,327-120,021
p 23 26,944-28,996 55 120, 022-123, 764
- 24 28,997-21,110 56 123,765-127,553
- 25 31,111-33,284 57 127, 554-131,388
| 26 33,285-35,518 58 131, 389-135,270 T
g 27 35,519-~37,810 59 135,271-139,198
; 28 37,811-40,161 60 139,199-143,171 ;
29 40,162-42,570 61 and over* ]
3 45,036-47, 556

*Busy hour instrument operations for higher activity levels may be found
by solving the formula in Figure 7.

ey
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FIGURE 7

Relationship Between Busy IFR Hour Operations and Annual Primary Instrument Operations
Based on Regression Analysis of 252 Towered Airports
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Basing estimates of annual delay costs on the relatively few hours of
the day that are "busy" may appear to understate those costs.
However, delays increase exponentially with increases in traffic
activity, and the rise is very rapid as the operations rate
approaches capacity. Omitting the lower activity hours, therefore,
will have little impact on total annual delays, and that impact will
be offset on those occasions when higher rates of operation are
experienced.

, Total hours of aircraft delay per hour of airport operation multipled

: by average delay costs per hour yields the total cost of delay

l generated during one hour of airport operation. Delay costs include
ailrcraft variable operating costs and the value of aircraft
passengers'/occupants' time. "Aircraft variable operating costs," as
used in this report, include the costs of flight crews (for air

. carrier and air taxi), fuel and oil, and direct maintenance of

. airframe, avionics and engine. Depreciation, amortization of capital

I . leases, insurance, hangar and tie-down fees, and other costs of a
fixed or semi-fixed nature are considered irrelevant for purposes of
measuring the cost of delay. The value of time of aircraft
passengers/occupants and aircraft variable operating costs used in .
this report were taken from Reference 9. HKourly delay costs by

- aircraft type are illustrated in Appendix C and weighted and

| summarized by user class in Figure 8.

FIGURE 8

Delay Cost Per Hour By User Class
(1980 Dollars)

T R .

Weighted
- Alrcraft
> Variable Weighted Value of Occu- S
. User Operating Number of pants' Time Total Delay -
Class Cost/Hour Passenggrg[Occupantsl/ € $17.50/Hour Cost/Hour :
Air Carrier $1,169 45.7 $800 $1,969
Air Taxi2/ 174 4.8 84 258
General 79 2.7 47 126 -
Aviation
;
Military 709 4.2 74 783 :
3
]
[ Sources: Appendices C, E-1 and E-2. Data are weighted by the expected mix of aircraft i
types within each user class at potential establishment candidate airports. f

1/Because crew salaries are included in air carrier and air taxi variable operating
'l costs, "passenger” load factors are used. "Occupant" load factors are used for the - .
' general aviation and military user classes. :
2/Air taxi includes air commuter aircraft.
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Reference 10 pro.ides an indication of percentage of traffic activity on
an hourly basis for air carrier, general aviation, and military
aircraft. Examining the data, he vy airport activity with respect to
operations takes place for about 4 hours a day during weekdays and 2
hours a day during weekends, or about 1,252 hours a year. Reference 7
documents the percentage of IFR weather from samplings of hourly airport
weather observations segmented on a monthly basis and on an annual basis
by 8-hour differentials for 271 airports. The Terminal Area Forecast
Data System, maintained by FAA-APO, also contains IFR weather data for
many locations. Multiplying 1,252 hours by the average annual IFR
occurrence rate gives an estimate of the number of times a year a busy
IFR hour occurs.

In order to determine the annual delay reduction benefits of ASR, the

delay time avoided per busy 1FR hcur is multiplied by the frequency that

the busy IFR hour occurs in & year. The product yields the total time of
preventable delay. This prodiuct multiplied by the hourly cost of delay

(Figure 8) yields the dollar benefita of annual IFR delay reduction. The
1life~cycle value of IFR delay reduction benefits is derived by computing .
2-1 aumning this value for each year of an ASR's l15-year economic life

and discounting to the present value equivalent, or:

15

) { DELTOTy, x 1/(14d)¥-0.5 }
y=1

where 'y' is each of 15 years of an ASR's economic life, 'DELTCT' is the
nondiscounted IFR delay reduction benefits in year 'y', and 'd‘' is the
OMB-prescr ibed discount rate of ten percent. In cases where qualifying
radar service is provided by the airport to secondary airports under the
*area concept” outlined in the introduction to this section, delay
reduction benefits are computed independently for each of the respective
airports.

An application of the above methodology in a manual computation of the
benefits of IFR delay reduction is illustrated in Section V. 1In actual -
practice, this computation will be performed by a computer program in the Lo~
Phase II benefit/cost screening process. ’
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C. Safety Benefite

This section examines the meisurement of safety provided by an ASR from
the standpoint of avertable midair and terrain collisions, VFR radar
advisory service and radair flight assists,

1. Collision Analysis

T™wo kinds of aircraft accident risks can potentially be reduced by ASR
systems - midair collision and terrain collision risks. The benefits of
the expected reduction of these types of accidents are outlined in this
section. Midajir collisions, while not the most common form of accident,
are a major oconcern of all facets of the air traffic control process.
The air traffic control system maintains specified separation minima
between aircraft while trying to expedite the movement of traffic so as
to decrease delays to users of the system. The large number of aircraft
flying under visual flight rules in the typical ARTS terminal compounds
this problem, especially during peak periods. The second kind of
accident which can be potentially reduced by ASR systems is terrain
collision accidents. ARTS II enhances the ability of the terminal air
traffic control system to reduce the incidence of such accidents by its
Minimum Safe Altitude Warning (MSAW) and Conflict Alert (CA) features.

a. Midair Collision Analysis

The availability of an ASR/ATCRBS/ARDS system provides a mechanism for
reducing the risk and incidence of midair collisions. The basic data
used to derive ypper bound midair collision avoidance benefits in this
report is from the Civil Aviation Midair Collisions Analysis

(Reference 1ll), performed by the MITRE Corporation in 1973, and the 1974
addendum to that report (Reference 12). The data was derived from
National Transportation Safety Board accident reports for the nine year
period between January 1964 and December 1972. Although the analyses sre
somewhat aged, their results are generally consistent with those of more
contemporary analyses, as indicated in the footnote to Figure 9. The
total midair collisions (and associated fatalities) were segregated
according to the place of occurrence (airport, enroute, or terminal
area), circumstance of collision (runway, midair, nature of ATC control,
etc.) and, in the case of airport area collisions, whether the airport
was controlled or not.

Pigure 9 provides a tabular summary of the results of regression analyses
of airport area collisions over an eight year period at uncontrolled,
controlled and VFR-‘wered airports from Reference 1ll. “Airport area" is
defined as the airspace within 5 nautical miles of the airport. 'The
general focm assumed was ¢ = anP, where 'c' is the average number of
collisions per airport over the period January 1964 - December 1971, 'a!
and 'b' are the coefficients which yielded the least error between the
actual and estimated numbers of collisions, and 'n' is the average number
of aircraft operations per airport in 1971 in units of 100,000. The 1972
collision data provided by Reference 12 did not change the formulae.
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FIGURE $

Summary of Alirport Area Collision Regression Analyses*

i Airpo&t Best Collision Estimator (c)
g Category For January 1964-December 1971
% Uncontrolled 0.13n0.92
Controlled 0.048nl.54
'. VFR Towers 0.028n2.3

- *These formulae are applicable only over a relevant range of activity.

When scaled to an annual basis by a scaling factor of 7 te account for
activity growth over the eight year period, the airport collision
formulae become .019n0:92 and .007nl-54 for uncontrolled and

controlled airports, respectively. The latter is consistent with more
contemporary but preliminary work done by Graham and Faison

(Reference 13) which yields a formula of (n/10)2/2.3902 for controlled
airports, again with n in 10° operations. The rationale for the third
category, "VFR ‘towers,"” is that none of the collisions at controlled
airports occurred between aircraft which were sequencad on radar by the
approach control facility. Rather, the collisions typically occurred at
very busy general aviation airports where a busy local controller,
without the benefit of & BRITE display, was responsible for procedurally
sequencing all aircraft to the runway. Thus, this category represents an
attempt to get at the subset of all controlled airports which actually
produced the observed collisions, i.e,, the "VFR tower® airports. It is
this formula upon which the benefits of radar-preventable midair
collisions are based in this report.

-
.

The data base from which this relationship was derived included 296
nidair collisions between January 1964 and December 1972. Thirty-four
ASR-preventable midair collisions occurred within five miles of
controlled airports: 2 IFR-VFR collisions and 32 VFR-V¥R collisions.
The airport area is defined as the airspace within 5 nautical miles of
the airport. An additional 52 ASR-preventable midair collisions occurred .
in terminal areas outside the airport area: 1 IFR-IFR cvollision, 12
IFR-VFR collisions and 39 VFR-VFR collisions. The terminal area is
defined at the airspace within 30 nautical miles of the airport. Thus,
for a nine year period, there were 86 airport and terminal area midair
collisions potentially avertabie by today's ASR-9. If terminal area
collisions are distributed approrimately in proportion to airport
ocollisions, an upper bound for the expected number of annual midair
collisions avertable by ASR can be estimated by:

.. 1
a2l a aaa LLAJ

86 x 0.028n23 = .010n2.3
34 7

wherc n is the number of annual aircraft operations in units of 100,000
or 105. Based on this farmula, Figure 10 outlines expected numbers of
ASR-preventable midair collisions within the relevant range of activity
for new ASR establistment locations.
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FIGURE 10

Relationship Between Total Aircraft Operations and Number of
Avertable Midair Collisions Expected by ASR

Expected Number of Annual

Annual Aircraft Operations Avertable Midair
(000) Collisions*
50 .002
55 .003
60 .003
65 .004
70 .004
75 . 005
80 .006
85 .007
90 : .008
95 .009
100 «010
105 . .011
110 .012
115 .014
120 .015
125 .017
130 .018
135 .020
140 .022
145 .024
150 .025
158 027
160 .029
165 _ .032
170 .034
175 .036
180 : .039
185 . 041
190 .044 3
195. .046 :
200 .049 :
Source: Reference 11 =

*The expected number of avertable midair collisions may be approximated )

by solving for .010n2.3, ywhere n is the number of annual aircraft
operations in units of 100,000. 4
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The equation used to estimate the number of preventable midair ocollisions
as a function of total operations in this report yields significantly
fewer ccllisions than the equation used in the current establishment
criteria (Reference 2). Appendix F of Reference 1l contains a complete
discussion of the merits of the formula used here versus the one used in
Reference 2.

The costs of a midair collision include damage to aircraft, the value of c

lives lost and the costs of injuries. Collision losses used in the {~id

development of the criteria in this report are based on the unit values RN

and costs outlined in Reference 9 and illustrated in Appendix D to this s

repoct. Expected midair collision costs per aircraft per involvement are teo

illustrated in Figure 1ll. The expected number of preventable midair

collisions multiplied by the appropriate collision costs for various

classes of aircraft yields the estimated midair collision avoidance

benefits credited to the establishment of an ASR. The life-cycle value D

of midair collision avoidance benefits is derived by computing and -
I summing the expected value for each year of an ASR's 15-year economic R
; life and discounting to the present value equivalent, or:

15

y=1

13

{ MACTOTy x 1/(14d)¥~0.5 }

where 'y' is each of an ASR's l5-year economic life, 'MACTOT' is the
nondiscounted midair collision avoidance benefits in year 'y,' and 'd' is
the OMB-prescribed discount rate of ten percent.

: The application of the above factors in a manual computation of the -

I safety benefits of ASR is illustrated in Section VII. In actual -
practice, this computation will be performed by a computer program in the '

Phase II benefit/cost screening process. o

FIGURE 11 :
I Expected Midair Collision Costs per Aircraft per Involvement -
v {Thousands of 1980 Dollars)
? Costs of Fatalities Cost of Air-
b User Class and Injuries craft Damage Total Costs
Air Carrier $12,446 $1,871 $14,317 -
Alr Taxir 1,176 111 1,287
General Aviation 553 66 619

Military 1,038 1,108 2,146 -

Sources: Appendices DB, E-1 and E-3, Data are weighted by the expected mix of
aircraft types within each user class at potential establishment candidate
airports. -

*Air taxi includes air commuter aircraft.
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b, Terrain Collision Analysis

The major sources of safety benefits provided by ARTS was found in a
report entitled ARTS II Enhancements Costs and Benefits (Reference 14) to
be its Mininum Safety Altitude Warning (MSAW) and Conflict Alert (CA)
features. Benefits generated from MSAW result from the prevention of
terrain collisions while those from CA result from the prevention of
midair collisions. Since the preceding section on midair collisions
derives the total expected difference in incidence of midair collisions
between radar and non-radar environments, no further benefits are
ascribed to CA because to do otherwise would potentially result in double
counting. The benefits attributable to preventable terrain collisions
outlined below are from the above referenced report, updated to reflect
the value of a statistical life and aircraft replacement values (from
Reference 9). The analysis of aircraft accidents used a series of
National Transportation Safety Board files for accidents occurring near
ARTS II candidate airports between 1967 and 1972 (during and at which
41,540,000 aircraft operations took place). There were 104 fatal
accidents at or near the ARTS II sites during this period. Nineteen of
these were collisions with the terrain or obstructions and were
considered potentially preventable by MSAW. In this group were 44
fatalities and 19 general aviation aircraft destroyed. No air carrier
aircraft were involved in any of these preventable accidents.

The benefits associated with MSAW can be calculated using the annual cost
of preventable terrain collision accidents. The total value of the lives
and aircraft lost in the 19 fatal accidents over the six year period was
$24,384,000 or $0.587 per operation, calculated as follows:

44 fatalities x $530,000 = $23,320,000
19 GA aircraft x $56,000 = _1,064,000

Total $24,384,000
Operations 41,540,000
Loss per operation $ 0.587

Since all of the fatal terrain collision accidents involved general
aviation aircraft, MSAW would only be effective if the alrcraft were
equipped with altitude encoders. The preventable loss must be adjusted
since MSAW works only with altitude data., Figure 12 outlines percentages
of all aircraft (including air carrier, air taxi, general aviation and
military) which are estimated to be equipped with altitude encoding
avionics over the next several years at a group of ARTS-II sites, as
developed in Reference 14.
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FIGURE 12

Forecasts of Mode C Usage (Total Aircraft Population)

Year Mode C Factor (%)

1982 48

1983 , 52

1984 56

1985 60

1986 64

1987 ' 68

1988 72

1989 76

1990 80

1991 ' 84

1992 88

1993 92

1994 94

1995 ' 95 (extrapolated)
1996 96 (extrapolated)
1997 97 (extrapolated)
1998 98 (extrapolated)
1999 99 (extrapolated)
2000 100 (exts~nolated)

Thus, the present value benefits of MSAW over a 15 year life-cycle at a
10 percent discount rate can be defined as:

15

Z $.587 x OPS x MODECF x (1/(1+d)Y-0.5)
ye=1

where 'y' is each of the 15 years of an ASR's economic life, °'OPS' is
the total aircraft operations in year 'y,' 'MODECF' is the Mode C
factor in year 'y,' and 'd' is the OMB-prescribed discount rate of
ten percent.

2, VFR Radar Advisory Service. VFR radar advisory service is provided
on a work-permitting basis at towers which have terminal radar. 1It is a
service provided primarily to general aviation aircraft. The service
consists of radsr traffic information, separation betwcen an aircraft
receiving radar traffic information and observed traffic, safety advisory
to radar-identified aircraft when a situation appears to affect the
safety of the aircraft, altitude conflict separation, weather and chart
information and radar navigation assistance to avoid those areas, bird
activity information, holding pattern surveillance and navigation
guidance. All of these activities contribute to an absolute improvement
of the level of safety in a radar environient compared with a terminal

g




environment without radar, but none are easily quantified. Towers record
the number of times the service is given, but the significance of each
: event is not recorde? and would obviously be very difficult to
: ascertain. Accordingly, no attempt has been made in this report to
l gquantify and value these services. The significance of thisz omission is
rather immaterial since the pilot can still resort to other FAA-provided
means of assistance such as VHF Direction Finder and emergency services
offered through flight service stations (FSS), air route traffic control

. centers (ARTOC) and tower facilities. ASR can be classified as only an
: alternative and limited means of offering navigation assistance to pilots
I in the immediate area of the airport.

3. Radar Flight Agsists. Primary reasons for flight assists include the
pilot being lost, low on fuel, caught on top and equipment malfunction.
Flight assists can and are perfoarmed without the aid of radar, but the
. user of flight assistance during an emergency enjoys a definite advantage
l when he is helped by a radar-equipped tower. The user, predominately a
. general aviation itinerant pilot, is in a relatively safer position from
the time radar contact is established until the time he is in a safe .
- position on the ground. This relative safety is due to the fact that the T:,‘
. user is an identified target .on the radar scope. He can be followed, "
\ guided and landed at the nearest suitable airport, or sent on his way. S
i As in the case of VFR radar advisory service, radar flight assists afford -
an absolute improvement on the level of safety over that of a terminal "o
environment which has no radar, but their value is not easily
X quantified, Again, these intangible services are not taken into account
3 in the benefits developed in this report because of the difficulty of s
their measurement and valuation. Again this omission is not significant, ]
i since ASR should be viewed as only an alternative and limited means of , ey
offering navigation assistance to pilots in the immediate area of the o 1
bl

airport., The pilot can still resort to other FAA-provided means of
i assistance such as VHF Direction Finder and emergency services offered
. through FSS, ARTOC and tower facilities,

' D. Convenience .

- A third major benefit of ASR, both to the controller and the user, is
; that of cunvenience. The user benefits from the feeling of having added
ih protection with radar. Convenience to the user arising from reduced
-, flying time is addressed in an earlier part of this section dealing with
b IFR delay reduction. For the controller, convenience is realized from
the reduction in the difficulty of retaining a mental image of the M
activity he is controlling, or more simply, a reduction in the mental t
: strain of moving traffic. Because there is insufficient data upon which
to attach a monetary value to these aspects of radar, they have not been
quantified in the benefits developed in this report.
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SECTION V - DEVELOPMENT OF PHASE I ASR ESTABLISHMENT
AND DISCONTINUANCE CRITERIA .

i This section explainc how the Phase 1 ASR establishment and ——
. discontinuance criteria were derived. Phase I criteria, published in {_.1
g Airway Planning Standard Number One (Reference 1), are a set of ' ]
generalized criteria designed to initially identify potential 4
r candidates. Phase I rcriteria are easily applied with available data
b without the aid of a computer. Phase II'is a site~specific computerized T
! benefit/cost screening process under which candidates identified by e
Phase I are further evaluated. Figure 14 of Section VI provides Phase I !
and II results for all principal FAA approach control towers (other than ]
CIFFR's, CERAP's, RAPCON's and' RATCF's) based on extrapolated Terminal 1
Area Forecasts over the 15 year period Fiscal Years 1982 through 1996. -
{
]

i At any given site, the respective contributions of IFR delay reduction
and safety benefits to the Phase II benefit/cost ratio can be expressed *
as

Delay Reduction = TSAVEy; x PRIM; x BHIO; x VOC; x (PIFR/100) x BHPY x NDF
. Component of Ben- DISCST S
i ) efit/Cost Ratio ——

B Accident Reduction w (MACBEN; + TRCBEN]) x OPS] x NDF
. Component of Ben- DISC%T

efit/Cost Ratio

where for the first year of operation: s

BC is the Phase II benefit/cost ratio,

TSAVE is the number of delay hours saved per ailrcraft per hour of airport

operation (a function of airport capacity busy hour operztions and user ‘
class mix), L
PRIM is the number of primary instrument operations,

BHIO is the number of operations during a busy IFR hour,

VOC is the hourly variable operating cost of the aircraft mix,

PIFR is the percent of time that IFR weather prevails,

BHPY is the number of busy hours per year,

NDF is a factor by which first year benefits can be inflated to their
life-cycle equilavent, taking into account discounting and activity =
growth,

DISCST is the life-cycle cost,

MACBEN is the expected benefit per operation of averted midair collisimns,

TRCBEN is the expected benefit per operation of averted terrain
collisions, and

OPS is the number of total aircraft operations.
30
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The objective in developing Phase I criteria is to derive a simple
relationship that when applied to first year activity data will produce a
reasonable approximation of the Phase II benefit/cost ratio. This
relationship should be sensitive to activity by user class camposition
because the value of ASR benefits differs by user class. Note in the
above formulae that the activity measures used to determine the benefits
of IFR delay reduction and collision avoidance benefits are primary
instrument operations (PRIM) and total aircraft operatioms (OPS),
repcectively.

Par each FAA towered airport, valuss of PRTM; and OPS] for wtach user
class required to achieve a life-cycle benefit/cost ratio of unity (i.e.,
where benefits just break-even or offget costs) were calculated using the
camputer program described in Appendix P. The range of values derived
foar OPS was narrow, with medians of 107,400 for alr carrier, 539,600 for
air taxi, 847,200 for general aviation and 376,200 for military,.
Unfoartunately the results obtained for PRIM were disparate because site
specific weather (PIFR) and PRIM are unrelated and there is an
exponential relationship between TSAVE and BHIO on the one hand and PRIM
on the other. This poor correlation result could be overcome by making
PIFR a separate part of the Phase I computation and by using exponents in
the Phase I criteria or constructing a tahle look-up for the relationship
between TSAVE, BHIO and PRIM. Unfartunately, this enhancement conflicts
with the ideal of keeping the Phase I criteria as simple as possible and
met with resistance during coordination of preliminary draft versions of
this report. Th2 Phase I criteria finally adopted, the camputation
procedure and nomenclature for which are outlined below in Pigure 13,
ocorrelate very well with the Phase II criteria results in the area of
Bafety bhut ot as well in the area of delay reduction.

FIGURE 13

Phase I Criteria

Contributing Benefit Ratio Value

Delay Reduction:

ACPRIM = AAXXX
3,400 - (.0013 x PRIM) *

ATPRIM - XXXX
26,000 - (.0096 x PRIM) *

GAPRIM - XXXK
53,300 - (.0196 x PRIM) *

MLPRIM = RAXK
8,600 - (.0032 x PRIM) *

31




FIGURE 13 (Continued)

I . Safety:
g ACTTN_ - —
3 ATITN - HXXX
iy 539,600

GAITN + GALCL - XXXX

847,200

& MLITN + MLLCL - XXX
; ~ 376,200
- Sum of Ratio Values If 1 or greater, location T

satisfies Phase I
establishment criteria

*If the denominator for any user class results in a value equal to or
less than zero, disregard all denominators and use all of the following
instead. Por the air carrier user class: 9,300 - (.0034 x PRIM); for

the air taxi user class: 71,200 - (.0262 x PKIM); for the general 4
aviation user class: 146,000 - {.0538 x PRIM); and for the military user -
class: 23,400 - (.0086 x PRIM). —

ACPRIM, ATPRIM, GAPRIM and MIPHRIM, for a primary airport, are the numbers .
of anual primary imstrument operations of the air carrier (FAR 121, 127 v
and 129), air taxi these terms (FAR 135), general aviation (FAR 91) and = A
military (FAR 91) user classes, respectivwely. Por a qualified secondary :
airport, these terms are the numbers of annual primary instrument
operations of the secondary airport by user class, or the respectiwve
nunbers of secondary instrument operations by user class of the primary
airport assoclated with or allocable to the secondary airport, whichever

dre greater. i

PRIM, for & primary airport, is the number of total annual primary
instrument operations (i.e., the sum of ACRIM, ATPRIM, GAPRIM and
MLPRIM). PRIM, fa a qualified sacondary airport, is the number of total
annual primacy instrument operations of the secondary airport, or the
number of total annual secondary instrument operations of the primary
airport associated with or allocable to the secondary airport, whichever

is greater.

ACITN, ATITN, GAITN and MLITN are the numbers of annual itinerant
operations of the air carrier, air taxi, general aviation and military
user classes, respectively.
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GALCL and MLLCL are the numbers of annual local operations of the general
aviation and military user classes, respectively.

When an ASR facility i8 being considered far discontinuance, initial
acquisition and installation costs are irrelevant since they are sunk
costs. The only relevant costs are recurring operations and maintenance
costs, ignoring salvage value, relocation costs, etc. To determine
whether an ASR facility meets Phase I discontinuance criteria, a ratio
value is calculated by the same sum-of-ratiocs approach described above
fa Phase I establishment criteria. 1If the ratio value so obtained is
less than 0.35, the location satisfies Phase I discontinuance criteria.
The 0.35 figure is an approximation of the level where the life-cycle
benefits just offset recurring life-cycle operations and maintenance
costs.

IGeally, there slhould be a close relationship between candidates
identified in Phase I (simple criteria) and candidates meeting a
benefit/ocost ratio of 1 or more in Phase II (computerized benefit/cost
analysis). If not, one or both of two undesirable situations can occur.
First, locations may show up as candidates under Phase I but fail to
reflect an acceptable benefit/cost ratio under Phase II, a situation
which is termed "false alarm.” Secondly, and more critically, locations
may not show up a8 candidates under Phase I but attain a benefit/cost
ratio of 1 or more under Phase II screening, a cituation termed
"non-identification.™ 1In the development of the Phase I establishment
cxiteria, the emphasis was primarily to keap the Phase I criteria as
simple as possible and pecondarily to maintain a reasonable relationship
between the benefit/cost ratics derived from both phases. As a result of
this approach, Figure 14 shows 24 instances of false alam hbut no
imstances of non-identification of ‘over 200 PAA approach control towers.
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SECTION VI - RESULTS OF APPLYING PREVIOUS AND REVISED ASR CRITERIA
TO ALL FAA APPROACH CONTROL TOWERS AND IMPACT ANALYSIS
OF REVISED ASR CRITERIA

The computer program described in Appendix F, based on the benefit/cost
methodology described in Sections III, IV and V, was used to compute
Phase I and Phase II benefit/cost ratios for all FAA-operated approach
control towers (excluding CIFRR's, CERAP's, RAPOON's and RATCF's) in the
Terminal Area Forecasts (TAF) (Reference 25) over the 15 year period
Fiscal Years 1982 through 1996. The results are outlined in Figure 14.
Figure 14A outlines the results by descending Phase II benefit/cost
ratio, Figure 14B in LOCID sequence, and Figure 14C in state sequence.
Also included are the Phase II benefit/cost ratios derived from applying
the previous ASR criteria. The benefit/cost ratios outlined in Fiqure 14
are based only on activity at the primary airport and do not reflect any
benefits that might be attributable to radar coverage provided to

gualified secondary airports, if 'any, under the "area concept" outlined
in Section IV. The Air Traffic Service will determine eligible locations

in this category.

Order 1320.1 requires an assessment of the impact of the revised criteria
on agency resources, It is impossible, however, to "precisely" assess
the impact for several reasons. First, meeting candidacy levels does not
by itself entail automatic qualification. Benefit/cost screening is but
one of several inputs to the FAA decisionmaking process relative to
investment in ASR facilities. Investment decisions are made on the basis
of all pertinent factors. Second, neighboring airports having a common
need for radar surveillance may collectively qualify for an ASR under the
"area concept” introduced in Section IV of this report. Qualifying sites
in this category will be determined on a case by case basis by the Air
Traffic Service. And third, actual costs vary from site to site.

Estimated site-specific costs will be applied in actual application of

the criteria.

Aside from these qualifications, the relative impact of the revised ASR
establishment and discontinuance criteria may be assessed by comparing
the number of FAA approach control towers which qualify under the
benefit/cost provisions of the revised criteria with the number that
qualify under the previous criteria. JFigure 14D summarizes Figure 14A by
ranges of Phase II benefit/cost ratios of FAA approach control towers
(other than CIFRR's, CERAP's, RAPOON's and RATCF's) under the revised and
previous ASR criteria. The revised criteria result in 13 new
establishment candidates and 2 discontinuance candidates, while the
previous criteria result in 9 new establishment candidates and 5
discontinuance candidates. Projections through FY 1987 suggest an
additional 6 new establishment candidate:s under the revised criteria and
4 under the previous criteria. Again, potential establishment candidates

that may qualify under the "area concept" are not reflected in these
impact assessments. A sensitivity analysis is provided in Section IX.
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FIGURE 14D

Summary of Results of Applying Previous and Revised ASR Criteria
to all FAA Approach Control Towersa/

Phase 1I
Benefit/Cost
Ratio Previous Criteria Revised Criteria
) 0.00 - 0.34%/ 320/ 30k/
b/

] 0.35 ~ 0.74 : 158/ 120/
P 0.75 - 0.99 24/ 3
i 1.00 - 1.34 2¢/ 28/

. . 4
| 1.35 and above 1538/ 1578/ .

K
o)

3/ source: Figure 14A. Excludes CIFRR's, CERAP's, RAPOON's and ‘
RATCP's and benefits that may be attributable to radar coverage - -
provided to qualified secondary airports, if any, under the “area
concept” outlined in Section IV.

b/  As of September 1981, 3 of these locations had radar equipment and
gervice (Reference 26).
¢/ As of September 1981, 2 of these locations had radar equipment -
and/or service (Reference 26). o
4/ As of September 1981, 1 of these locations had radar equipment and g
gervioce (Reference 26). . :
-
e/ As of September 1981, 144 of these locations had radar equipment or -
service (Reference 26). .
£/ As of September 1981 145 of these locations had radar equipment or

service (Reference 26).

/ Range of discontinuance criteria under the revised criteria. Of the .
30 locations that fall in this range under the revised criteria, 3 s
had ASR as of September 1981. Tentatively applying the "area
concept” criteria discussed in Section IV reduces this to 2
discontinuance candidates.

b/ Range of discontinuance criteria under the previous criteria. Of =
the 47 locations that fall in this range under the previous
criteria, 5 had ASR as of September 1981 and therefore satisfy the
previous discontinuance criteria,
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Se:TION VII - A MANUAL METHOD FOR COMPUTING
THE PHASE II ASR ESTABLISHMENT BENEFIT/COST RATIO

In actual practice, candidates found to satisfy Phase I criteria
(simplified criteria) will be further screened under Phase II criteria
{site~gpecific benefit/cost analysis) by a computer program. To
facilitate understanding of the logic incorporated in the Phase II
screening process by program analysts, auditors and others, this section
describes in detail a manual method for computing the Phase II ASR
establishment benefit/cost ratio. Figures 15 through 24 are designed to
serve as worksheetc for manually computing the Phase II benefit/cost
ratio. Additional copies of Figures 16, 18 and 21 may be required in
instances where there exist secondary airports qualified under the “area
concept" discussed in Section IV. It may be noted that several of the
worksheets include 4-engine turbofans/turbojets. Obviously, terminals
that serve these aircraft types are already equipped with and/or served
by ASR. Conversely, airports within the range of interest in this report
for new radar establishment do not serve these aircraft types. Their
inclusicn here is without impact and only for completeness of
presentation,

The step-by-step methodology outlined in this section is supplemented
with an illustration in Figures 25 through 34 for Binghamton Broome
County Airport, NY (BGM) (which already has an ASR), including one of its
secondary or satellite alrports, Endicott Tri-Cities Airport (N17), which
for purposes of this illustration is assumed to meet the “area concept”
criteria outlined in Section II. 1982 activity forecasts are used.
Application of the manual approach to computing the Phase II benefit/cost
ratio should be based on site-specific data since these program inputs,
if available, should be used for the computerized Phase II benefit/cost
screening process. In addition to being specified in the following
steps, Appendix F provides a checklist for those program inputs which
should be site-specific, for those which are fixed for all candidates,
and those for which default values may be used in the absence of
site~specific data. The manual computation of the Phase II benefit-cost
ratio described in this section quantifies the expected life-cycle
benefits by discounting future year benefits using a site-specific
compound growth rate. The computerized Phase II benefit/cost screening
will rely on official agency traffic forecasts specific to the potential
candidate site over fifteen years to derive the present value of the
expected life~cycle benefits,

TFR Delay Reduction Benefits

Btep 1

Enter the annual number of primary instrument operations by user class in
Colunn A of Figure 15 for the primary airport. 1In Column A of each copy
of Figure 16 for each qualified secondary airport, if any, enter the
number of primary instrument operations by user class or the number of
secondary instrument operations of the primary airport allocable to the
secondary airport, whichever is larger. 1In the Binghamton/Endicott
illustration (Figures 25 and 26), Binghamton (the primary airport) has
42,480 primary instrument operations. Assuming Endicott is its only
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qualifying secondacy airport by satisfying the “area concept" criteria
outlined in Section 1V, 100 percent of Binghamton's 7,668 secondary
instrument operations are allocable to Endicott. Since Endicott
generates no primary instrument oprrations on its own, Endicott's
instrument operations total 7,668.

Step 2

iIn Column B of Figure 15 for the primary airport and Column B of each
copy of FPigure 16 for each qualified secondary airport, enter the percent
of annual instrument operations represented by each user class by
dividing the annual instrument operations in Column A by the respective
totals. The sum of the percentages should equal 100 or approximate 100
in the event of a rounding effect.

Step 3

Disaggregate each user class by aircraft typé in percentage terms and
enter the percentages in Column C of Figure 15 for the primary airport’
and Cclumn C of each copy of Figure 16 for each qualified secondary
airport. 'The sum of the percentages for each user clagss should equal 100
or approximate 100 in the event of a rounding effect. For purposes of
the Binghamton/Endicott illustration (Pigures 25 and 26), the
distribution of instrument alrcraft by aircraft type within the air taxi,
general aviation and military user classes are based on national norme,
aB illustrated in Appendix BE-2. For the air carrier user clasa, the
distribution of aircraft by aircraft type is site-specific based on
published statistics from References 15 and 16. In the computerized
Phase II benefit/cost screening process, only the air carrier user class
requires dissaggregation by aircraft type. The aircraft type
disaggregation of the other user classes are fixed based on national
norms (Appendix B~2).

Step 4

Reference Figure 6 to determine the estimated number of instrument
operations during a busy hour at the primary airport and each qualified
secondary airport. Enter this (these) values in the space(s) provided in
the heading(s) of Column D of Pigure 15 for the primary airport and
Column D of each copy of Figure 16 for each qualified secondary airport,
In the Binghamton/Endicott illustration (Figures 25 and 26), 42,480
annual primary instrument operations equates to 29 instrument operations
during a busy hour at Binghamton, the primary airport; for Endicott, the
gecondary airport, 7,668 annual instrument operations equates to 11
instrument operations during a busy hour.

Step 5

In Figure 15 for the primary airpurt and each copy of Figure 16 for each
qualified secondary airport, find the expected mix of aircraft during a
busy IFR hour by multiplying the results from steps 2 (Column B), 3
{Column C) and 4 and dividing the product by 10.000 for each aircratt
type. Enter the quotient(s) in Column D.
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Step 6

Transcribe the instrument aircraft mix of the primary airport from
Column D of Pigure 15 to Column A of Figure 17 and from Column D of each
copy of Figure 16 to Column A of each copy of Figure 18 for each
qualified secondary airport.

Step 7

In Figure 17 for the primary airport and each copy of Figure 18 for each
qualified secondary airport, determine the hourly aircraft variable
operating cost for each aircraft type mix by multiplying the number of
ingtrument aircraft (Column A) by tre respective aircraft hourly variable
operating cost (preprinted in Column B). Enter the product(s) in

Column C,.

Step 8

Enter the average number of passengers for the air carrier and air taxi
user classes and the average number of occupants for the general aviation
and military user classes for each aircraft type in Column D of Figure 17
for the primary airport and Column D of each copy of Figure 18 for each
qualified secondary airport. For purposes of the Binghamton/Endicott
illustration (Figures 27 and 28) and the computer-generated Phase II
benefit/cost ratios outlined for all FAA approach control towers in
Section VI, passenger and occupant load factors are based on national
norne, as derived from References 17, 18, 19 and 20. These are
illustrated in Appendix C.

Step 9

In Figure 17 for the primary airport and each copy of Figure 18 for each
qualified secondary airport, determine the value of passengers'/occupants'
time per hour for each aircraft type mix by multiplying the number of
alrcraft (Column A), the average number of passengers/occupants per
aircraft (Column D), and $17.50 (the hourly value of time of aircraft
passengers/occupants in 1980 dollars). Enter the product(s) in Column E,

Step 10

In Figure 17 for the primary airport and each copy of Figure 18 for each
qualified secondary airport, find the sum of aircraft variable operating
costs (Column C) and the value of occupants'/passengers' time (Column E)
to arrive at the total hourly operating cost of each aircraft type mix.
Enter the sum(s) in Column F. 8Sum all values in Column F to find the
total cost of operating the instrument aircraft mix for one hour.

Step 11

Find the percent of total annual instrument operations represented by the
alr carrier user claas from Column B of Figure 15 for the primary airport
and Column B of each copy of Figure 16 for each qualified secondary
airport. Round to the nearest 10 percent. If less than 20 percent,
round up to 20 percent; if greater than 90 percent, round down to 90
percent. With this (these) percentage(s) and the number (s) of total
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instrument operations during a busy hour from Column D of Figure 15 for
the primary airport and Column D of each copy of Figure 16 for each
qualified secondary airport, refer to Figure 5 to find the number of
hours saved per aircraft per hour of airport operation. Enter this
(these) value(s) in the appropriate space(s) in Row A of Figure 19.
Applying Binghamton's 29 instrument operations per busy hour and a 20%
alr carrier instrument mix (rounded up from 6.68) to Figure 5, we find an
expected savings of 1.931 hours per aircraft per hour of airport
operation (Figure 29). Similarly, applying Endicott's 1l instrument
operations per busy hour and a 208 air carrier instrument mix (rounded up
to lower limit) to Figure 5, we find an expected savings of .021 hours
per aircraft per hour of airport operation (Figure 29).

Step 12

Transcribe the total hourly cost of aircraft operation and
passengers'/occupants' time from Column F of Figure 17 for the primary
airport and Column F of each copy of Figure 18 for each qualified second
airport to the appropriate space(s) in Row B of Figure 19.

Step 13

In Pigure 19, €ind the total delay savings per busy IFR hour at the
primary airport and each qualified secondary airport per hour of airport
operation by multiplying the aveiage delay savings per alroraft per hour
of airport operation (Row A) by the total hourly operating cost of the
aircraft mix (Row B). Enter the product(s) in Row C.

Step 14

From local statistics or Section VI, find the proportionate hours of the
year that instrument approach weather pravails at the primary airport and
each qualified secondary airport. Enter the value(s) in the appropriate
space (8) of Row D of Pigure 19.

Step 15

In Figure 19, find the number cof busy IFR hours per year at the primary
airport and each qualified secondary airport by multiplying the
percentage of time that IFR weather prevails (Column D) by 1,252 hours,
The 1,252 value is the annual national norm of IFR weather prevailance
based on 4 hours during weekdays and 2 hours during weekends. Enter the
product(s) in Row E.

Step 16

In Figure 19, £ind the value of annual delay savings for the primary
airport and each qualified secondary airport by multiplying the total
delay savings per busy IFR hour (Row C) by the number of busy IFR hours
per year {Row E). Enter the product(s) in Row F.

Step 17

Find the value of total annual delay savings for all airports (primary
airport and qualified secondary airports) by summing Row P of Figure 19.
Enter the sum in the space provided.
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Safety Benefits
Step 18

Enter the number of annual aircraft operations for each user claas in
Column A of Figure 20 for the primary airport and Column A of each copy
[~ of Figure 21 for each qualified secondary alrport. Sum the values of the
!. ugser clasases to determine total annual aircraft operations at the primary
alrport and each qualified secondary airport.

i Step 19

Disaggregate each user class bg alrcraft type in percentage terms and
enter the percentages in Column B of Pigure 20 for te primary airport
and Column B of each copy of Figure 21 for e&ch qualified secondary
airport. The sum of the percentages for each user class should equal 100
or approximate 100 in the event of a rounding effect. FPFor purposes of
the Binghamton illustration (Pigure 30), the diatributions of aircraft by
aircraft type within the air taxi, general aviation and military user
tlasses are based on national norms, as illustrated in Appendix E-3. For -
the air carrier user class, the distribution of aircraft by aircraft type
is site-apecific based on publighed statistics {rom References 15 and

16. In the computerized Phase II benefit/cost screening process, only
the air carrier user class requires disaggregation by aircraft type. The
aircraft type disaggregations of the other user classes are fixed based
on national norms (Appendix E-3).
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Step 20

In Figure 20 for the primary airport and each copy of Figure 21 for each
qualified secondary airport, £ind the mix of alrcraft in all operations

by multiplying Column A by Column B and dividing the product by 100 for

each aircraft type. Enter the results in Column C. Sum Column(s) C in

Figure 20 and any copies of Figure 21.

Step 21

Cross sum the annual operations by aircraft type over the primary and
qualified secondury airports in Columns C of Figure 20 and all copies of
Figure 21. Enter the sum for each sircraft type in Column A of Figure 22.

Step 22 oo

type within the air carrier and air taxi user classes by making

allowances for crews to the passenger load factors used in Columns D of

Figures 17 and 18. The occupant load factors for the general aviation

and military user classes used in Figures 17 and 18 should be transcribed s
directly to Column B of Figure 72, v

Enter in Column B of Figure 22 the occupant load factor for each aircraft —
Lo
{




Step 23

In Figure 22 find the expected contributory costs of fatalities and
serious injuries per aircraft for each aircraft type by multiplying the
aircraft mix (Column A), the number of occupants per alrcraft (Column B),
the expected costs of fatalities and serious injuries per occupant
{preprinted in Column C) and dividing the resultant product by the total
aircraft mix. Enter the result for each aircraft type in Column D.

Step 24

In Figure 22 £ind the expected contributory cost of aircraft damage per
alrcraft for each aircraft type by multiplying the aircraft mix

(Column A) by the expected cost of aircraft damage per aircraft
(preprinted in Column E) and dividing the resultant product by the total
aizcraft mix. Enter the result for each aircraft type in Column F.

Step 25

In Figure 22 sun the expected contributory costs of fatalities and
gerious injuries (Column D) and the expected contributory cost of
aircraft damage per aircraft (Column F) for each alrcraft type. Enter
the result foxr pach aircraft type in Column G. Sum Column G to determine
the expected cost of a amidair collision per airoraft.

Step 26

Transcribe the number of total annual aircraft operations from Column A
of Pigure 22 to both spaces provided in Row A of Figure 23.

Step 27

In Row B of Figure 23, enter the expected number of avertable midair

collisions by referring to Figure 10 or by solving the formula outlined
in the footnote to Pigure 10.

Step 28

Multiply the total expected cost of a midair collision per aircraft in
Column G of Figure 22 by the factor "2" (i.e., two aircraft per midair
collision).. Enter the product in Column C of Figure 23.

Step 29

Refer to Figure 12 to determine the Mode C usage factor. As an
approximation of the average factor over the l5-year economic life of an
ASR system, use that factor corresponding to the base year plus seven
years. Enter the factor in Column D of Figure 23, 1In the
Binghamton/Endicott illustration (Figure 33), the Mode C usage facter is
found to be 76%.

Step 30

Find the expected value of annual avertable midair collisions by
mul tiplying the expected number of annual avertable midair collisions




{Column B) by the expected cost of a midair collision (Column C). Enter
the product in the space provided in Column E. Find the value of
avertable terrain collisions by multiplying the number of total aircraft
operations (Column A), the cost of terrain collisions per operation
(preprinted in Column C) and the Mode C usage factor (Column D). Enter
the product in the space provided in Column E. Pind the expected value
of all avertable collisions by adding the respective values in Column E.
Enter the sum in the space provided.

Benefit/Ccst Ratio

Step 31

Transcribe the expected annual value of IFR delay reduction from Row F of

Figure 19 to Row A of Figure 24 and the expected annual value of
avertable collisions from Column E of Figure 23 to Row B of Figure 24.

Step 32

Add Rows A and B of Figure 24 to arrive at total expected annual
quantified benefits of an ASR in the base year. Enter this sum in Row C.

Step 33 .
Compute the site-specific net discount factor by solving the following
formula;

' Projected Total aircraft Opns in
1 *Bage Year + 7 years"
NDF = \ (1 + a)7.5 \ Actual Total aircraft Opns-in 15
“Base Year"

where,

NDF' = net discount factor
d = OMB-prescribed discount rate of 10 percent

For the Binghamton/Endic6tt illustration, assume there are 191,000 total
aircraft operations in the base year and 224,000 total aircraft
operations projected for the seventh year thereafter. The net discount
factor is then computed to be:

1 270,000 f15
NDF = |\ (1.1)7.5 185,000 = 10.71

Enter the result in the space provided in Row D of Figure 24.

This step is only a short-cut method of discounting the total approximate
life-cycle benefits over 15 years to their present value. The
cowputerized Phase II screening benefit/cost process is more specific in
that each year is addressed separately and independently of the others.
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Step 34

Multiply the total annual benefits in Column C of Figure 24 by the net
discount facter camputed in Step 34. Enter the product in Row D.

Step 35

Enter the site-gpecific discounted life-cycle cost of an ASR system in
Row E of Figure 24 based on the methodalogy outlined in Figure 1 for a
TRACAB configuration or Figure 2 for a TRAOON configuration, as
appropriate. The criteria for TRACAB/TRAC(N are outlined in paragraph E
of Section II.

Step 36

In Pigure 24, find the ASR Phase II benefit/cost ratio by dividing the
total discounted life-cycle benefits (Row D) by the discounted life-cycle
ocosts (Row E). Enter the quotient in Row F. As illustrated in

Figure 34, Binghamton/Endiocott easily qualify for an ASR with a
benefit/oost ratio of 6.51. Note how similar this manually computed
Phage IX benefit/coat ratio is with the computer-generated Phase Il
benefit/cost ratio of 6.36 computed far Binghamton in Figure 14 of
Section VI. The difference can be attributed principally to the fact
that the computer-generated benefit/cost ratio was derived for Binghamton
only and includes no credit for radar coverage provided to Endicott,
while in the benefit/cost ratio computed manually in this section does
include Endicott. Also, the computer-generated benefit/cost ratio is
based on discwounted traffic farecasts specific to Binghamton, while the
benefit/cost ratio cemputed manually in this section is based on a less
precise net discount factor concept.
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FIGURE 24

N
E
b
L Worksheet for Camputation of Phage II Benefit/Cost Ratio

h Annual Benefits of IFR Delay
Reduction (Base Year)

: g | Annual Benefits of Averted
| . Collisions (Base Year)

’I‘ota}. Annual Base Year

€ | Quantified Benefits (A + B)
D Annual Benefits (C) x
Net Disco_unt Factor of
E Total Discounted Life~Cycle Costs -

F Benefit/Cost Ratio (D / E)




00°62 0° 001 08y ‘Y TVI0L

80°0 6°LE 3IFRID30304
10°0 9°s uoIeId
T0°0 $°s doadoqang
ot°o oLy J@r
Lo L1t i Ttun
ze°0 z°0 3Fe1030308
R ) & 6°LS uoystd uybuva-aTbuYS
A 4 L uwo3s§d WibwW-TITMH
€°0 8t i doadoqang
1€°0 »E€ 8L
0°TE 98T’ ET Tyxwy 37V DUTpnToNg) WOTIRTAY TRIIUMD
e1° 0 0°1 IFRIDI00NA
or't 0°61 uo3sld WTbW-ITBUTS
6L°11 6°59 w3sd U TEW-TITN
1S 2B 8 1°0T doadoqing
Lo o*® 3
L°19 161792 (Fymmmn) I7Y BUTpaIouI) Xl IfY
vo3IsTd %
$$°0 6°8T doadoqany
ST°1 £°%9 Apoq ienbaa ‘suybua-y ‘uejoqiny
Kpoq apia ‘aujbue-z ‘uejoqinl
11°0 8°'S Xpoq aembaa ‘aujbus-¢ ‘uejoqing
Kpoq apim ‘wuibuR-f ‘urjoqiny
Apoq 1ernbaz ‘wibua-y ‘uerjoqing
sutbua-y ‘39foqing
Zpoq spn ‘autbue-y ‘uwjoqing
%79 98L°Z @71I0) ATV
I IFCIDITY pum sSSeTD IIsN
{ooo 0/ {spxoxa)) anod SB[ 3990 3O 33k3 VOITIeAp JUsENISU]  SUDTIRIadp Jusmn asul
w1l Asng ¢ buyang 3FRIDITY JUDDIAZ Aivwyaa fenuuy Krom11g Tenuuy
IJRIDITY O ISquny Te0L JO JUIDING 30 J3quny
(G ) @ )

ST TWNOIX

- r R o . . i - i e eTeTeEr] . e e N T I TR o P ...




00°11 0°00T $99°L

TVIOL
3FRa020308
uoIsTd
doadoqiany
bLdy

0°0 £ TIeITITR
Z0°0 t'o 3IFeIdI0308
14 Ad A T EL wisTd WISUR—ITHUTS
oLt 9°92 uc3std FUTEW-TITOH
doadoqing
330

T°te wWo'L ¥X®L ITY BUIpn{oXg) UOJINTAY [eI2U3D
10°0 z°1 33m101303%04
61°0 1T uoysyd autbue-aTbuss
$9°0 L*9L uo3sTd autbud-1ITNN
doadoqang
k1]

Lo €65 {Z9nem0) I7Y DUTpnTouI] IX®L 1TV

™~
UOISTd Nt

doadoqang,
Apoq awinbez ‘auibue-z ‘r2joding
Apoq 9pIA ‘autbua-z ‘ueyoqIng
Apoq Jeinbax *suibua-g ‘uejoqing
Apoq apIA ‘autbud-g ‘uwjoqing
Apoq 1eTnbaz ‘uTbue-p ‘uvjoqang
autbue-y ‘39foqing
. Lpoq spya ‘wibua-y ‘uvjoqmy

09 ¢ 29y IINY ITY

odX3 3Fe30ITY puv SSelD 3I9sN

1606707 {T1%0%a)] anod ssel) 1380 O ¥dAL FUDTILX T3xay aPs)
a1 Xsng » Suyang IFRIDATY IJUIOINE Tenuuy suoyiezadp IuaWN I3SUI
3FRIDITY JO 29qunN e300 FO IWOIWI Tenuuy o ISqENN
Q@) () ({:V] )

TH0TEIV AUWANOOES GATATIVOD — 3hoH 43l Aend ¥ BUFIng X{A 3723031V jo uoTawandmo) 3AT3exSnTlI

97 IWOLI

e e gy ety e s gL -, 3 1~ v~ EEEEE . <, ST TN
e~ 7 F . LU 9 s T e ve




PRI (I SRR SR COU PN VoL EURUPT P | P

Cw i O T e

*0Z PUR 6T ‘ST ‘LI SPOUIIIFAY 28901005 °*AIRITTTH PUP UOJIRTAY [RIIUIS 307 S3UednOO0 {IXRZ IV DUP J9TIiRD 1TV 203 siebuessed /3

‘6 DUIININ  :90INOS,/T

PET’ 0TS 00°62 0L ;
23 € o'z 6 (384 80 0 3je1d30308
z 1 o't 1 L6 10°0 uo3Istd
6 z 0°s L 09t z0°0 dozdogmy
1121 1t 09 £ET (3334 ¢ 01’0 39
XIe3TITH
£ 1 | &4 z 73 z0°0 IFvI02030Y
M S£Z T €81 o€ 0otT°9 w38yd suibue-e1buys
SYE ort v 9°¢ ST €6 T uoastd suTHuw~TITON
m €€ 9°s 6L €€z r®-o doxdoqmy
1774 4 Tr 424 z8L 1€°0 Ey
(Txer I7Tv BurpnIoxg) WRETAY TvIdUID
62 y 1 08 § sz BET 81°0 33®303030%
s1t 1141 12 06T 9% (1 2 3 uwas}d uibue-atburs
0L9°T 't r's 956°T F43 6L°TT uoastd JUTHW-TITIN
668 1£2 €L $99 69¢ 18°1 doxdoqany
oL (14 35 4 8L9 (47 o I8P
(393nmm0) 11V Duypniouy) yx®l 17V
11 uoIalg - oS
§09 [ 144 (34 4 zec 1) 55°0 dozdogany
££2'¢ S¥E‘T 919 ses’t 805°1 sT°1 Apoq 1eInbaa ‘sutbus~z ‘uwjoqiny
- $59°2 Kpoq pya ‘wibkR-z ‘TEgoqng -
L9t $ ST § 1 2474 I ¢ 96’1 110 Apoq 1ernbaa ‘aurbue-¢ ‘uejoqany
‘e Apoq PR ‘wutbSue-f ‘urgoqmy
€99°C Apoq yenBaa ‘auybue-y ‘uejoqany
088’z sutbue~p ‘afoqmy
LoL’ys £poq IpIA ‘uTHUR-p ‘URjoqInyg
eIy a1V

JdAL 3IJEIDITY pU® SEWTD Iagn

(@) ¥IW 339307 T¥ /A0S LISXN)  /P33vaoiTe Jod  (am) XTH /73900 B3 Taz eanbra woig)

7O W1 ,s3uednoop il ,sjund s3uwdnoop FVI0ITY -vzadp I1qe anoH ¥4I Asng @
/.81abuassey pue uoT3wIadp -nody/,s13buss /sa1sbuasseg 30 *D°0°A <7Tep A1anom fuying IJeId
IJRaDITY 3O IPCD ATINOH  -sBd JO Infea 3o I9quny IFRIBATY -17V¥ JO ISqENN
) (@) (1] ) {q) \ &

JYOJUIV XUVWINE -~ InOof WJI Astg @ Suping W71l ,FuedndoQ/,$136USEsed JO F0NTEA PUR 3I80D DUTIRIIAD ITQEIIRA FJRIDITY JO UWORAIMINCEO) IATIRIISOT(I

LT aNOLd

.......




*0Z PU® §T ‘@7 ‘LT S9OUSIRIIY :990In0S *AIRITITH PUR UOTIRTAY TRIdUadH 103 $Iuednoop (xRl ITV puU® IITIIeD ITV 07 SIebuessed /7

*§ WOUIIIFBY  :ADINOS /T

860°18 00°T1
T¥IOL
£ET. 3IFeI010308
L6 uo3std
09€ dozdoqing
EE€E’Y L
XIe3ITTIIH
€ 1 e 4 LtL 7070 3jeIcaozoy
60S 98T LA 4 X4 4 (123 [4 A0 3 uo3std Juibua—aTbuls
e OLY 9°t 15T €6 oL uo3sTd UTbUI-1ITON
EET doadoqiny
TBL L
{1xel ITY BUIPNTOXA] UOCTIVTAY TRIIUSH
0 0 1 1 BEl 10°0 33%1230304
81 L 12 11 95 61°0 uolsid JUTBW-IT5UTS
IA 4 S 1 $ | 98 $ ZEl 59°0 uoystd auybwR-1ITMH
69¢ doadoqinl
k4 43 Y
Tasaamo) IV buipn(odl) 1Xel I7Y |
13 uo3sTd o !
69 dozdoqing e _
a0s’1 Kpoq IwInbaz ‘Iuibus-z ‘uwjoqinlL _
559°7 Zpoq WPIA ‘wuTbUS-7 ‘uRjoqInL _
¥985°T Apcq Ivnbax ‘autbus—¢ ‘uerjoqing
Tye's fpoq Ipia ‘wTbwe-g ‘uejyoqiny
£¥942 Kpoq zernbai ‘autbua-y ‘uejoqing
088°T b~y *39foqany
L92'v$ Xpog apya ‘auibua-p ‘uwjoqinp
adXy 17eIDITY puw SSRTD I9s0
[@+3) XTH 33€203T¥ /705 LT5%0W) /E33v3oaN 394 T xR JO%5 Ty (3¢ eanbid woid)
30 Jmyl ,93juednodQ Jwyl ,sued 83uRdnd20 AJRIDITY -e33dg Ilqe inog ¥i1 Xsng ®
/813buw@sseg pur uolyvIado -n000/ , 8396098 /sI135ueesna 30 *2°0°A -1rep ATanog fuyIng IFRID
3J®IDITY JO 180D ATINOH -sed JO InTWA 30 19qenN IFRIDITY -ITY JO QNN
{a) (& 9] (a) ) {q) ()
TACIUIV JAVGNOIAS GALd1INOD - inom dal _

FIQETIPA IJ¥IOITV JO UDTIeIndeo) JATIZIISNTITL

Xung » Bujang smIL ,#IUvdnO00/,s13budsseg Jo In[wA pu® 380D TINT:

87 TUNOLE

[ »




. N ccna¢ (I x D) uworonpey Lerea
0£L°162°6% GL2 Sy | 025°S32°S$ AT 30 STIRg d

(sanoy 262°1 x @) 4edp
GLe 07 49d Sanoy 341 Asng jo aaquny 4

STreAd1d IoU3eaM dI1
9°1e 9°Le =R WL JO JuSdIDd

. (8 x V) JnoH ¥iI | O
€2 $ | 95°6L $| fsng ued sbujaeg Keyag (e30l

auyy, ,s3uednoop/, sbuss
. « == anye, burye
860‘1$ | se1‘ol  $ L&M wwgﬂﬂ» mﬂuwwmouo wg g

uorjexedp 3RodaTy JO InoH

70

120°G 1£6°1 T2d 3yexoITY I8d poavs SINOH
|
T®30L LIN Woe "
s3a0dry ATepuooss ,POTITTeND, yzodaTY
Krevrrag

saxc” ., . Xaepuoces pue ATemrig 3 UOTAINDS ARToQ B4l 30 SITFOUSE TeTUUY JO UOTIEINRD SATIeIISTTTI

6c JunNSI1d




o T v

zZoL‘sy

69€
£
S0t
186

SEE’'T
699°Se
144 ]
T00°T
SEO’T

818’s
015’9
[24 3411
898°¢€
8Z6

so8
618°T

791

{00t/ (8x¥))
XTH 3FRI0ITY TeNUY
)

PR IR gl

~

~

w0 o~
. o 0
W NWN
-

K- - N-J

*«

"mm -
AR

QN IN®
r WIS
MHHINA

6°8T
£°S9

8°s

SSEL) JeeQ 3o AL
FRIDITY JUBDIM
(a)

Z8L°99

6991

oBE‘EE

LY6' 0L

L't

SV damn Ad $OOTINIHI0
Tenuay 3O J3gENN
i)

TNLOS

3FeA030308
uoIstd
doadoqang
e
TINTOH

Fern20308
uo3sjd suibue-3THUTS
voastd HTHWR-TITNR
doidoqing
39rC
(Txel 3TV Buipnioxd) UOTIPIAY TRIJUD

3IFRIDICI0H
uoystd IuibhR—-ITHUTS
vo3syd uT5E-73I M
doxdoqany
L
TIo3nmmw0) 17V Ewipni{oul) IXRL JITVY

uo3istd

doadoqin],

Kpoq JeTnbas ‘sutbus-7 ‘uvFoqIn

Apoq ¥pIA ‘auibue-7 ‘uURFOQINT

Zpoq 1eInbax 'aujbus-f ‘uejyoqind

Kpoq A ‘suibus-g ‘urjzoqany

Apoq reTnfa1 ‘utbus-y ‘uevjoqIng

suiSus-y ‘3I9(oqing

Kpogq IpIA ‘TbUS-y ‘URIOQING
IeTIIRD IV

IVIDITY puw SSWID I9SN

e — i e et e e e e o

THOGHIV IUGHINd - XFN 3J¥ISITV [POUUY IA[IF(3E JO TO1IRAnANOD IATITIISNTLY

0f PIOIL

R B T4

71




LLE' 91T LLE* 91T Taol

133 s 9L 339103030%
T¢L [ 14 uo3lIgTd
doadoqany
e p

113 XITIIN

£95°? {2 J 33e1030308
£06°98 [ 38 (] w3sjd suphue-aTbuts
911 8 €1 uoisyd uybus-TITON
doadogqinl
@0

60T°90T {T%v3 31V DUTPNIoxg) UOTIVIAV TeIeusd

14484 3 44 1FR103030%
ore’e S°zZE uowyd upbua-aTbuTs
905’?Y z°sr uoysyd sufbue-TITON
doadoqing

»r

Fo3nwm0s IT¥ BATpoToul) TXel

8966

72

w3istd
doadoqzng
kpoq xwinbas ‘autbus-z ‘uejoqing
Agoq IpTA ‘bR~z ‘umjoqing
Apoq renbel ‘wibus-g fUROQII
Apoq A ‘utbwe-g ‘wegoqing
Apoq mnbez ‘sutbas-y fuRFOqINE
sutbue-p ‘33foqang
Kpoq WA ‘wWiSuI-y ‘WeIOqINL
0 oYIIe) IV

adX1 3JPIOITY pU® SSEID 1asN

{ooi/ (&x¥)) SSE1D Jeen 3o 34T “SseD 396n Zg suoTa®Iiedo
XTH 13121}y [Enuuy AFJEIDITV IO Jenuuy FO Isquny
)} (a) wn
TEDIEIV XUVaM0OES GAIATIV00 — XIN 3J9I0ITV [POUUY JO UOTININAWOD IATIEINTIL

1t ZU0OLl




r8€’ €968
3 €8 000°LsT {1 A
€L 99 000°99 Fag)
605°'¢ 80E‘T 000°580°C 102°1
910’1 w'e 000’ ¥PE’T 56879
L¥0'8T 11120 000 9% 78591
6¥y’00f 9£€’ 0T 000°LT €117 06T
11998 1959 000°Y9 05008
5L9°9 801’2 000 06€E 1959
0SS’0T 6L5°'S 000866 we'y
06952 £80’¢t 000°TL 09’22
SL8’EY 902’1 00061 699y
[ ZNGHA 34 ¥9’s 000’99 ors 121
60P‘6¥ oLT’L 000°8%E (13844
SL'8 080°Y 000?19 178
000 ‘8LT
£EQ'TE SeD’E 000°S0L 89L ST
LY’ 16T L60°82 0007098‘C £LE'E9T
00070TT‘ 1T
seg’oz 4 9261 § 000’1022 6E¥‘8T $
000“0T¥’TT
0000022
000688
0007695 TT$
(a+a) (6517581 »33€ID {6sT7S8T
3I3RIDATY IN /(@xe)) -~IT¥ 393 7 (oxaxy})
UoISTITIOD Ibvwmq 3JRIO Ibeweq so33nfuy
293 380D -17¥ JO 380D 3FeIDATY 2007398 pue
Kio3nqrajuod A103nq1aI3ua)d 3o 380D SITITTRING
pa3oedxy pe3oadxg padada Jo s3Isad
308 £3030qp13U0D
padaday
6] ) m @

006912

006°91Z

006*9TZ

0oL‘6¥ES

e
133 sevanfux
$NOTIIS puR
sIPITIRING
3o 3500
payoedxy

()]

T3FEIOITN

19g mued

200 3O
JIqunN

{d)

§5T°SBT

665

L£:1 8
502
186

863s
szt
B6'91
100°T
GEO'T

190’8
LT
8ze’91
e98’c
143

S08
618°T

91

XN

AFBIDITY

o

q x1puaddy :IDINOSs
TNIOL

3IJ9ID303094
vOIBTd
doxdoqing
Jar

K TTH

AFRIDIIN

woysyd TbUI-ITHUTS

uo3std IUIHWI-TATIN

doadoqing
3L

T7xe3 IV Buipn(oxa] UOTITIAV 1¥IWUeD

3Fe1070304

vo3std SUTbUR-ITBUTS

uo3s1d UTHUR-TITNR

doadoqanlg,
il

Apoq reInbaz
Apoq IpIA
Kpoq senbaz
Apogq IPIA
Apoq JeTnbai

Apoq IpIA

IV butpnToul) FXeL ITV

uoystd
dozdoqang,
‘uthua-z ‘urjoqang
Jqtbua~z ‘urjoqIing
‘uibua-g ‘urjoqany
‘ubue-¢ ‘uwjoqang
‘uTbul-p ‘uRjoqIng
wbua-y ‘3afoqing
uTbue-y ‘uevjoqind
I3T7ITE) ITY

3J%ISTTY I94 UOTHTIION JTPPIN ¥ JO 330D peadadad 943 3O UOTININAWO) IATIRIISAIL

¢ T4ONOLd

3IJRIDITY pUe Sse1) 1950

73




* (UOTSTITCO ITEDTW
1od 3FeI0ITe 7 /*0°T) 7 X (O WMN{oD ‘7€ SXM6TI wnij) 3FeroIre Iod UOTSTTTOO ITEPTW B JO 3S00 po3oad® Te30Le

[ 4
009°191$ 2301
SUOTSTTTOD
£09°28 ¢ 39L 185" $ 651681 uTeIIa],
aTqeIBAY
SUOTSTTTICD 2
..58L % 89/°926°1$ 1po- 651681 ITEePTH
aTqe3IeAY
SUOTSTTTOD 10300g budo/TIOD UTe1id] FUGTSTTIOD ITePTH suotye1ado JTyouRd
SYqeIIBAY TenULY ) po 3500 pue suotrs | STqeITAV JO 1geIoITY K3azes
3O SnteA 9POW ~TTT0D ITEPTW © | oquny pa3oadxy Tenuuy
poyoadxd 3O 30D pojoadxy
a a o q ¥

SUOTSTTIOD STEIIBAY TeNuUY JO SN[eA Po3osdxd au3 JO UOTIEINAND) SATIBIISTTII

€€ JANO0I4




FIGURE 34

Illustrative Computation of Phase IT Benefit/Cost Ratio

Z A Annual Benefits of IFR Delay $ 5,291,730
I Reduction (Base Year)
p | Annual Benefits of Averted $ 161,600

Collisions (Base Year)

To Annual Base Year
¢ Quat:tified Benefits (A + B) $ 5,453,330

- d
p | Annual Benefits (C) x $58,405,164
Net Discount Factor of _10.71 ]

E | Total Discounted Life~Cycle Costs $ 8,970,000 L

v g

F Benefit/Cost Ratio (D / E) 6.51
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SECTION VIII - DEVELOPMENT OF SUPPLEMENTAL CRITERIA

In addition to revising ASR establishment criteria, this report reviews
and/or revises the supplemental criteria relative to ASR facilities.

This section outlines the development of the ASR supplemental criteria
outlined in Section II: discontinuance, improvements, remoted radar
bright display scope, establishment of terminal radar approach control in
tower cab (TRACAB), establishment of terminal radar approach control
(TRACON) and TRACAB to TRACON conversion. Like the establishment
criteria, the discontinuance criteria are based on a detailed
benefit/cost analysis. The other supplemental criteria, however, ace not
readily adaptable to rigorous benefit/cost analyses for system-wide
application. Rather, they are based on activity levels at which there is
expected to exist reasonable relationships between benefits and costs.

A. Discontinuance

Since initial ASR acquisition and installation costs are sunk costs, the
only relevant costs when an ASR system is being considered for

decommi ssioning are recurring operations and maintenance costs, ignoring
salvage value, relocation costs, etc. An ASR system should be
decommissioned if the present value of the life-cycle operating and
maintenance costs exceed the present value of the benefits expected over
the remaining useful life of the system. Using the life-cycle cost data
in Figures 1 and 2 as a hasis, it is estimated that this condition is
reached whenever a benefit/cost ratio of less than 0.35 is derived when
applying the detailed benefit/cost methodology for new radar
establishment.

B. Imp rovements

Existing radar approach control facilities frequently require
improvements to satisfy operational requirements and/or facilitate the
provision of terminal area radar service. The varying and diverse nature
and costs of such improvements prohibit a meaningful and rigorous
benefit/cost analysis for system-wide application. However, experience
suggests instrument activity ranges where the marginal benefits are
expected to exceed costs. This approach was used to derive the revised
improvements criteria outlined in Section II.

C. Remoted Radar Bright Display Scope

Remoted radar bright display scopes are occasionally installed in VFR
towers of secondary or satellite airports receiving radar service from a
primary airport. As with the improvements criteria discussed above,
cxperience can be relied upon to identify an activity level at or above
which a remoted radar bright display scope can be expected to be
economically justified. 1In addition to changing the qualifying level of
itinerant operations, the revised criteria outlined in Section II

76

L]




A

NS

™. s

eliminate the requirement that the secondary airpark he within twentss

PP

milas and within microwave link r.nue of ibn ~axinting sorvallianc cndag
gystem, because microwave link repeaters can he nned o nttepd Zhe panns
almost indefinitely or diqital rematinag iray Fe peod, vinally, cinos o

FAA control tower which iz satellite to 2 military radar approach centrol
facility can benefit from a remoted radar bright display scope, the
previous requirement that the radar approach control facility be an FAA
facility has been eliminated.

D. TRACAB and TRACON

Radar service can be configured into either of two housing designs -
TRACAB cr TRACON. A TRACAB (Terminal Radar Approach Control in Tower
CAB) is a facility that provides radar approach control service from
positions located in the tower cab, as opposed to a TRACON (Terminral
Radar Approach Control} in which radar approach control service is
provided from positions located in a separate IFR room.

Aistorically, the principal technical questicius of TRACAB feasibility
revolved around the adeguacy of the BRITE radar scope display and spacs:
congestion in the tower cab. Rarly difficgultiss were experisnce with
utilization of the BRITE display in the tower cab due to the high amhjient
light level. FEowever, with existing improvemerits in BRITE display
performance the consensus currently ic that the TRACAB concept is
feasible and can work effectively at some meximum level of operations.
Currently, the only impact of adding a separate TRACON or IFR room is to
relieve congestion in the tower cab. As more rzdar positions are
required due to increased sectorization demanded hv qrowing traffie
counts, it becomes impossible to sgueeze the mhysical space raquired for
these radar positions into the tower cab. Wikhont soma radical vevision
of cab design concepts, the physical size of the cab limits the veak hour
operations that can be accommodated.

An earlier benefit/cost analysis of the TRACAB concept (Reference 21)
found that tlie major cost savings made possible by the TRACAB was a
reduction in controllers required. This reduction is due primarily to
eliminating flight data positions in the IFR room. Reduced coordination
effort is also an advantage when all radar controllers and cab personnel
are co-located. Thus, there is normally a positive cost advantage to
utilizing a TRACAB configuration. The cost of converting a TRACAB
facility to a TRACON is highly site dependent. In some caszes, adaquate
space may be available close to the tower. In o&bar cases, now
construction is required, possibly at some distance from the tower.
Thus, each site should be surveyed to determine a reliable cost impact
prior to an establishment decision. Typical TRACAB and TRACON cost
differentials are outlined in further detail in Section III.

Review of several evaluations of towsr cab configurations (References 22
through 24) and Air Traffic Service experience suggests that the current
provisions in Airway Planning Standard Number One, Order 7031i.2B, are
valid operational and economic determinants for determining how a radar
approach control facility should initially be established and for
determining when a TRACAB should be converted to a TRACON. Therefore,
the current provisions of thesc supplemental criteria, in effect since
8/13/80 by Change 18 to the subject order, remain intact.
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SECTION IX -~ SENSITIVITY ANALYSIS

&

In the computation of the benefit/cost ratio for ASR, there are a number
of constants and variables which are used to quantify benefits. This
section addresgses the sensitivity of the benefit/cost ratio to variations
in those factors which are defined by uncertain or judgmental

parameters. These factors include the number of instrument operations
during a busy hour, the percentage of time that IFR weather prevails, the
value of time of aircraft passengers/occupants, the probability of a
midair collision, the cost of a midair collision, the cost of a terrain
collision and the value of a statistical life. To get some indication of
the sensitivity of these factors on the benefit/cost ratio, sample
selected airports with Phase II benefit/cost ratios of 0.56 (ABY), 0.71
(GNV), 0.87 (HUT), 1.21 (LSE), 1.38 (EIM) and 1.50 (MWH) were examined
with specific percentage increases and decreases in these variables.

Airport With B/C Ratio of:

0.5 0.71 0.87 1.21 1.38 1.50
Number of Instrument QOperations During a Busy Hour
50% decrease 0.05 0.07 0.08 0.28 0.32 0.35
20% decrease 0.10 0.13 0.16 0.39 0.44 0.48
108 decrease 0.22 0.28 0.34 0.65 0.74 0.80
When computed or standard value used 0.56 0.71 0.87 1.21 1.38 1.50
10% increase 1.09 1,39 1.70 1.%0 2.17 2.36
20% increase 1.66 2.10 2.58 2.46 2.80 3.04
50% increase 2,34 2,96 3.63 2.82 3.22 3,50
Percentage of Time that IFR Weather Prevails
50% decrease 0.30 0.38 0.47 0.74 0.84 0.92
20% decrease 0.46 0.58 0.71 1.02 1.17 1.27
10% decrease 0.51 0.65 0,80 1l.12 1.27 1.38
When computed or standard value used 0.5 0.71 0.87 1.21 1.38 1.50
10% increase 0.61 0.78 0,95 1.30 1.49 1.62
208 increase 0.66 0.84 1.03 1.40 1.59 1.73
50% increase 0.82 1.04 1.27 1,68 1,92 2.08
Value of Time of Aircraft Passengers/Occupants
50% decrease 0.48 0.61 0,75 1.03 1.18 1.28
20% decrease 0.53 0.68 0.83 1,14 1.30 1.41
10% decrease 0.55 0.69 0.85 1,17 1.34 1.46
When computed or standard value used 0.5 0.71 0.87 1,21 1,38 1.50
10% increase 0.57 0.73 0.89 1.25 1.42 1.54
20% increase 0.59 0.7% 0.92 1.28 1.46 1.59
50% increase 0.64 0.81 0.99 1,39 1.560 1.72
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Probability of a Midair Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

Cost of a Midair Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
10% increase
20% increase
50% increase

Cost of a Terrain Collision

50% decrease
20% decrease
10% decrease
When computed or standard value used
108 increase
20% increase
50% increase

Value of a Statistical Life

50% decrease
20% decrease
10% deciease
When computed or standard value used
10% increase
20% increase
50% increase

0.71

0.87

1.21

1.38

0.55
0.56
0.56
0.56
0.56
0.56
0.56

0.55
0.55
0.56
0.56
0.56
0.57
0.57

0.55
0.56
0.56
0.56
0.56
0.56
0.57
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0.70
0.71
0.71
0.71
0.71
0.71
0.71

0.70
0.71
0.71
0.71
0.71
0.71
0.71

0.69
0.70
0.71
0.71
0.71
0.72
0.73

0.70
0.71
0.71
0.71
0.71
0.71
0.72

0.86
0.87
0.87
0.87
0.87
0.87
0.87

0O0O0O0OOO0Oo
*« o ® o o

@ M o® oo

NSNS

0.85
0.86
0.87
0.87
0.87
0.88
0.89

0.86
0.87
0.87
0.87
0.87
0.87
0.88

1.30
1.34
1.37
1.38
1.39
1.42
1.46

1.30
1.34
1.37
1.38
1.39
1.42
1.46

1.41
1.46
1.48
1.50
1.51
1.54
1.59

1.41
1.46
1.49
1.50
1.51
1.54
1.59

1.43
1.47
1.49
1.50
1.51
1.53
1,57

1.43
1.47
1.49
1.50
1.51
1.53
1.57
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APJENDIX A - PREVIOUS ASR INVESTMENT CRITERIA

The previous investment criteria for ASR, as outlined in Airway Planning
Standard Number One (Reference 1) are reproduced below. Except for the
criteria for TRACAB establishment, TRACON establistment and TRACAB to
TRACON conversion, these criteria have been superceded by the revised
criteria outlined in Section II. The TRACAB egtablishment, TRACON
establishment and TRACAB to TRACON conversion criteria remain unchanged.

"AIRPORT SURVEILLANCE RADAR WITH AIR TRAFFIC CONTROL RADAR BEACON SYSTEM
AND BRIGHT DISPLAY SCOPE {ASR/ATCRBS/BDS)

a. Establishment. Aan FAA approach control tower which records a minimum
of 45,000 annual itinerant operations and 4,000 certificated route
air carrier operations and records 18,000 instrument operations at
the primary and secondary airports is a candidate for ASR/ATCRBS/BDS
if it satisfies any combination of the three parameters which equals
or exceeds a linear sliding scale defined by the following limits:

(1) 45,000 annual itinerant operations, of which 10,000 are

certificated route air carrier operations, and 18,000 instrument
operations at the primary and secondary airports; or

(2) 105,000 annual itinerant operations, of which 4,000 are
certificated route air carrier operations, and 27,000 instrument
operations at the primary and secondary airports.

(3) Numbers of cperations required for candidacy... may be

determined either by interpolating the sliding scale or by
satisfying both of the following equations:

N > 145,000 - 10AC
I 2 33,000 - 1.5AC
Where N, AC, and I are the annuazl numbers of itinerant, air

carrier, and primary plus secondary instrument operations,
respectively.

b. Discontinuance. An ASR/ATCRBS/BDS at an PAA radar approach control
facllity is a candidate for decommissioning if the facility records
less than 75 percent of the levels specified... above for at least
one parameter. In lieu of deriving these levels, discontinuance
candidates must satisfy st least one of the following five equationss

AC < 3,000
N < (108,750 - 1lOAC) for 3,000 < AC £ 7,500
N < 33,750 for AC < 7,500
I < (24,750 - 1.5AC) for 3,000 < AC £ 7,500

T < 13,500 for AC > 7,500

g0




c. Benefit/Cost Screening. ASR/ATCRBS/BDS candidates identified...
above will be screened using the benefit versus cost technique
described in Report Number ASP-75-2. FAA Regional Offices shall
submit data required for screening purposes as specified in the
annual Call for Estimates...

d. Improvements. Existing PAA approach control facilities equipped with
ASR/ATCRBS /BDS frerquently require improvements. Such improvements
are normally made when there exists a reasonable relationship between
the operational benefits to be realized and the costs involved in
accordance with the following provisions:

TN - A T B Te WA e T

[ JC

i (1) An FAA radar approach control facility recording 30,000 or more
annual instrument operations qualifies for those improvements
that satisfy an operational requirement and/or facilitate the
provision of terminal area radar service. This activity level
normally assures a cost per operation that is commensurate with
the benefit derived from the improvement.

(2) An FAA radar approach control facility recording between 20,000
and 29,000 annual instrument operations may be a candidate for
improvements. It qualifies for those improvements that satisfy
an operational requirement and/or facilitate the provision of
terminal area radar service provided the additional cost does
not result in a cost per operation that exceeds the benefit
derived from the improvement.

(3) An FAA radar approach control facility recording less than
20,000 annual instrument operations is not a candidate for
improvements. At that activity level, the additional cost per
operation resulting from the improvement is not commensurate
with the benefit derived. Any isprovement to terminal radar
facilities in this category will be limited to the correction of
a critical situation and shall be justified by an individual
staff study.

NOTE ¢ Improvements to FAA staffed RAPCON/RATCCs... may be
considered on an individual basis but the above criteria for FAA
civil facilities shall remain a major determinant in considering
them for improvement.

e. Remoted Radar Bright Display Scope. An FAA VFR control tower at an
airport, which is a satellite of the primary airport of an FAA radar
approach control facility, is a candidate for a remote radar bright
display scope in the tower cab when:

(1) At least 35,000 annual itinerant operations are recorded; and

(2) The airport is located within 20 miles and within microwave link N
range of an existing surveillance radar system.

(3) Operationally adequate low altitude radar coverage is assured at
the satellite airport.
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f. Terminal Rada:. Approach Control in Tower Cab.
s (1) Establishment. An initial ASR/ATCRBS/BDS installation shall be
; a TRACAB facility consisting of appropriate displays placed in
. the tower cab.
h (2) If the official agency forecasts indicate an ASR/ATCRBS/BDS

candidate location will exceed 125,000 annual itinerant
- operations or 60,000 annual instrument operations within 2
5: years of the year of budget submission for the facility,
- the initial installation should be planned as a TRACON
., rather than a TRACAB. Instrument operations &t secondary
airports may be included in this forecast provided radar
coverage at thes2 locations is expected to exist at or
below initial approach altitude.

(b) I1f an ASR/ATCRBS/BDS candidate location cannot physically
accommodate radar approach control in the tower cab, then
individual justification shall be required to go directly .
to a TRACON facility.

(c) When the complexity of the facility operation warrants,
individual justification and consideration shall be given
to locating the ASR/ATCRBS/BDS in a TRACON rather than a
TRACAB.

(2) Discontinuance. A TRACAB will be discont.nued when tha
ASR/ATCRBS/BDS is decommiusioned or when the radar approach
control function is transferred to a TRACON.

(3) Conversion to TRACON. A TRACAB location is a TRACON candidate
when the facility has -at leart 125,000 annual itinerant
operations or 60,000 annual instrument operations. Instrument
operations at secondary airports that receive radar service at
or below initial approach altitude may be included in this
count. Also, when the complexity of the facility operations
warrantse, individual justification and consideration should be
given to relocating from a TRACAB to a TRACON."
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i APPENDIX E=-3

NORMATIVE DISTRIBUTION OF AIR TAXI, GENERAL AVIATION AND MILITARY AIRCRAFT
BY AIRCRAFT TYPE USED IN THE DEVELOPMENT OF MIDAIR COLLISION AVOIDANCE BENEFITS

Total Hours Percent
Flown~1978 Dictribution
) Air Taxi (Including Air Commuter)l/
Jet 132,449 3.0
. Tur boprop 550,283 12.5
g Multi-engine piston 1,683,862 38,2
. Single~engine piston 1,210,388 27.5
: Rotorcraft 828,107 - _18.8
- 4,405,094 100.0
g General Aviation (Bxcluding Air Taxi)l/
" Jet 1,061,797 3,1
;‘_ Turbopr op 1,055,995 3.0
y Multi-engine piston 4,502,028 13.0
Single-engine piston 26,646,920 76.9
Rotorcraft 1,399,544 4.0
34,666,284 100.0
Military2/
Jet 2,843,000 58.8
Turboprop 595,000 12.3
piston 328,000 6.8
Rotorcraft 1,071,000 22.1
4,837,000 100.0

%/Source: Reference 19
/Source: Refecrence 29
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APPENDIX F - PROGRAM LOGIC OF ASR ESTABLISHMENT
" AND DISCONTINUANCE CRITERIA

The ASR establishment and discontinuance criteria described in this report will be
integrated as a FORTRAN subroutine into the Terminal Area Forecast Data System,
This appendix provides a centralized algebraic description of the logic used to

¥ compute the Phase I and II benefit/cost ratios (in Section VI), a description and
source of variables and comnstants used in the subroutine, and uppropriate default
values.
A. Phase I Ratio
ACEBE = ACPRIM;/(3,400 - (.0013 x PRIM;))*
ATEBE = ATPRIM;/(26,000 - (.0096 x PRIMj))*
GAEBE = GAPRIM]/(53,300 - (.0196 x PRIM)))%
MLEBE = MLPRIM;/(8,600 - (.0032 x PRIM]))*
ACSBE = ACITN;/107,400
. ATSBE = ATITN}/539,600
GASBE = (CAITN] + GALCL})/847,200
MLSBE = (MLITN; + MLLCL})/376,200

*If the denominator for any user class results in a value equal to or less than
zero, disregard all denominators and use all of the following instead. For the -
air carrier user class: 9,300 =~ (.0034 x PRIM); for the air taxi user class: o
71,200 -~ (.0262 x PRIM); for the general aviation user class: 146,000 - (.0538 .
x PRIM); and for the military user class: 23,400 - (.0086 x PRIM). 1

PHASE I = ACEBE + ATEBE + GAEBE + MLEBE + ACSBE + ATSBE + GASBE + MLSBE

If PHASEI > 1,0, then location satisfies Phase I establishment criteria. L, -
If PHASEI < .35, then location satisfies Phase I discontinuance criteria,
In cases where qualifying radar service is provided by the primary airport to
secondary airports, the Phase I ratio value shall be the sum of the airport :
‘ ratios of the airports comprising the radar service area. *
B. Phase II Benefit/Cost Ratio
1. Compute Life—Cycle Benefits
15 -
DISBEN = 3. (ANNBENy, x 1/(14d)¥=0.5)
y=1

where DISBEN is the life-cycle benefits discounted over 15 years, 'y' is

2ach of 15 years of an ASR's estimated economic life, 'ANNBEN' is the
nondiscounted sum in year 'y' of benefits of IFR delay reduction, midair L
collision avoidance and terrain collision avoidance, and 'd' is the
OMB~prescribed discount rate of ten percent. In cases where qualifying

radar service is provided by the primary airport to secondary airports,

the Phase II benefit/cost ratio shall be the sum of the airport ratios of

the airports comprising the radar service area.

a. IFR Delay Reduction Benefits

(1) Compute delay costs (aircraft variable operating costs and value
of passengers'/occupante' time) of aircraft mix during an busy
IFR hourt
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