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1 Ahwas™ This document presents the results of an dnalvsls of thu fvatuvos of the
Upgraded Third Generation ATC System in a program of evaluation of the impact of the
implementation of Area Navigation on the other features of the UG3RD System. This
analysis includes evaluations of the impact of RNAV on the performance and costs of
these UG3RD features and,in turn, their impact on the performance, costs and benefits
attendant to the implementation of RNAV.
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As a part of this study the UG3RD System has been examined from the systems inte-
gration point of view. One result of the study is the establishment of the effects
which RNAV could have on UG3RD feature implementation schedule tradeoffs and
interactions. These judgements were based upon a study of the problems
of the existing ATC system, and the capabilities of each UG3RD feature, including
RNAV, for solving each of these problems.
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Earlier studies of RNAV implementation costs and beneNits have been reviewed and
any areas where UG3RD implementation plans would affect these cost/benetit tigures
have been identified, and the earlier figures recalculated.= Overall RNAV implemen-
tation costs and benefits (airline, general aviation, ATC system and airline passen-
ger) are projected annually tn the year 2000. These annual figures have been
discounted to present value totals (1976), according to guidelines issued by the
Office of Management and Budget, and the resulting benefit/cost ratios ot RNAV
are presented herein}_
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PREFACE

The Systems Research and Development Service of the Federal Aviation
Administration has undertaken a program to assess the technical and economic
impact of Area Navigation on the ATC System and the users of the National
Airspace System. This work was performed under the RNAV Technical Support
Contract to Systems Control, Inc. (Vt), Contract No. DOT-FA72WA-3098, Task
Order No. 013. The work was performed by the Champlain Technology Industries
(CTI)(and Aeronautical and Marine Systems (A&M) Divisions of Systems Control,
Inc. (Vt).

The FAA Technical Monitor for this work was D. M. Brandewie and the
Technical Support Program Manager was D. W. Richardson of Systems Control,
Inc. (Vt). The Project Manager and principal author of this document was
Es H.(Bo}z of Champlain Technology Industries, Division of Systems Control,
Inc. (Vt).

This document is a final report containing the results of studies of
the interactions of RNAV and the other features of the Upgraded Third Generation
ATC System.

The following members of the technical staff of the CTI and A&M Divisions
of Systems Control, Inc. (Vt) contributed to the conduct of this study:

E. H. Bolz (CTI) Project management; study methodologies;
cost/benefit analyses; analyses of DABS,
IPC, Upgraded Automation, and ASTC
interactions

R. W. Scott (CTI)
Analyses of MLS and WVAS interactions
W. Heine (A&M)

A. R. Stephenson (A&M) Analyses of FSS interactions
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1.0 EXECUTIVE SUMMARY AND CONCLUSIONS
1.1 INTRODUCTION

This report contains detailed analyses of the interactions to be expected
between Area Navigation (RNAV), which is an Upgraded Third Generation System
program, and the remaining programs of the Upgraded Third Generation ATC System
(UG3RD). These are to include identification of RNAV effects on those programs,
the effects of those programs on RNAV, and the overall impact which RNAV will
have on the functioning of the UG3RD ATC system. As a result, this study has
included a detailed investigation of each of the domestic UG3RD system programs.

The improvements which comprise the UG3RD ATC system are designed to alle-
viate the several operational and economic limitations associated with the present
Third Generation ATC System, both as it presently functions and as it would be
expected to function as traffic grows over the next decade. It should be empha-
sized that the operational and economic problems affect both the users of the
ATC system facilities and the ATC system itself. Other than to improve the
margin of safety, the primary motivations for ATC improvements are economic:

e For the aircraft operator the motivations are to improve routing
efficiency, reduce delays and improve operational reliability

e For the ATC system the motivations are to reduce operating costs-
per-service rendered through enhancement of employee productivity

The following list summarizes the limitations of the existing ATC system
as discussed in detail in Reference 52:

Manual routine control-decision-making process

Usage of voice communications for routine control instructions

Limited ATCRBS surveillance radar accuracy and target reliability

High airborne and ground delays due to terminal capacity limitations

(wake vortex problem, visibility limitations, runway separation

requirements, noise abatement constraints)

e Airborne and ground delays due to surface traffic control visibility
limitations

e Severe operational and economic constraints on further Category I
and II ILS deployment

e Inefficient flight services provision capability

e Continuing accidents, including midair collisions

These problems will be aggravated as traffic density increases. In response
to these problems, and as a result of the recommendations of the Air Traffic
Control Advisory Committee [13], the FAA has embarked on implementation of the
following list of measures, which comprise the UG3RD system 152]:

e Discrete Address Beacon System -- to overcome the limitations
of ATCRBS system

e Intermittent Positive Control -- an automated VFR/IFR separation
assurance system

e Flight Service System Modernization -- including automation to
improve productivity

o Upgraded ATC Automation -- to enhance safety and improve controller
productivity

1-1
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e Ihcrowave Landing Systew -- to overcowme the operational and cost
limitations of ILS

e Area Navigation -- to improv routing efficiency and facilitate
terminal operations

e Airport Surtface Traffic Control -- to improve surveillance sensors
and automate control functions

e Wake Vortex Avoidance System -- to allow closer in-trail separations
under normal conditions
e Aerosate -- to improve oceanic communications capability

anmle these features form a complementary set of improvements, thev are in
varying stages of development and so will be implemented over a wide time span.
Also, 1ndividual features may undergo change as they are developed and refined.

The remainder of this Executive Summary introduces RNAV functions, summa-
rizes overall RNAV costs and benefits, reviews the effects which RNAV has been
found to have on the overall UG3RD prograuw, and presents the conclusions of this
study.

1.2 APPLICATION OF RNAV TECHNIQUELS 70 THE UG3RD ENVIRONMENT

The basic capability of Area Naviaation is to provide course quidance
riong arbitrary, pre-defined routes without constraints such as flving toward
or over navigation stations., etc. The classic benefits attributed to RNAV are
that (1) 1t can provide more direct routings from one airport to another since
1t operates with fewer constraints, and (2) 1t can improve the efficiency of
terminal procedures by virtue of the fact that radar vector procedures may be
supplanted by published RNAV arrival and departure routes, which would be self-
navigated. The end result is more efficient operations and reduced ATC con-
troller workload. Recent studies [6,8,15.37] have shown that there are many
other benefits as well. Costs of avionics procurement have also been estimated.
These costs and benefits are projected cver a twenty-five year period in Section
1.3. The present section is oriented towards showing the effects of RNAV in an
operational sense on cockpit and ATC procedures, and introducing the ways RNAV
will interact with the other UG3RD programs.

RNAV provides the ability to program an arbitrary route. This can range in
complexity from specifying a single waypoint over an airport and flying to 1t,
all the way to pre-programming a departure route, the enroute phase, a terminal
arrival route and an RNAV instrument approach procedure. This freedom and diver-

sity brings with it a price which must be paid in terms of avionics cost, cockpit x
workioad and data input blunder potential. RNAV operational problems and flight

crew performance are examined in great detail in Reference 31. 1hese problems
interact, in that higher avionics cost brings lower cockpit workload, etc., and .

s0 the system can be matched to the requirement and to the expected economic
payoff (costs versus benefits are detailed in Reference 8). User benefits are
rore than just those associated with flying shorter routes, as will become
evident later.

To the ATC system, RNAV, on the surface, appears to complicate matters since
new route structures will overlay existing routes (in the high altitude environ-
ment the existing structure would eventually be eliminated), and a "mix" of RNAV
and conventional traffic will have to be tolerated. However, RNAV provides the
notential for significant reductions in ATC controller workload, particularly in
the terminal environment through the substitution of self-navigated procedures for

)
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radar vector procedures, thereby reducing that aspect of the radar controllers' {
workload associated with providing navigational quidance. These overall bene- I
fits are reviewed in Section 1.3; however, i1t is of interest here to introduce !
other ways in which RNAV will interact with the operations of the ATC system.

In the enroute environment, several advantages may be obtained in addition
to shorter routes. First of all, a well-ordered route structure, designed to
reduce conflict points and ease controller workload, may be designed. This
particularly applies to the high altitude environment where RNAV will probably 1
become the exclusive navigation technique. Such a structure can contain
alternate routings for major traffic flows in order that ambient wind conditions
b i may be used to advantaqe. The preplanned direct (or arbitrary) route concept |
will allow users greater flexibility, although initially it may make the »
controller's job more complex. As automation is eventually expanded to relieve
much of the controller burden, direct routes may be used to even greater advantage.

4t

s

RNAV provides the controller with added tactical control options (parallel g;
offset and direct-to-next-waypoint procedures) which may be used for airspace '
conflict resolution purposes. The parallel offset (which would be most popular)
is easier for the controller than radar vectors since the surveillance require-
ment and message counts are reduced. The offset is better than an altitude
reclearance for the aircraft operator since the latter usually means operating
at a non-optimum altitude.

The primary applications of RNAV to the terminal area are that it (1)
allows airspace to be allocated to the various arrival and departure routings
more efficiently, and (2) promotes self-navigation of the routes, therefore
reducing controller workload by a considerable extent. 1In addition, the terminal
controller's set of control options is further enhanced by such procedures as _
the delay fan and base-leq extension techniques, as well as the parallel offset f
and direct-to procedures. One of the advantages of the reduction to workload, 4
besides the eventual impact on staffing requirements, is that the controllers
are free to more carefully sequence the arrival traffic, resulting in improved
capacity and reduced delays [37].

The usage of RNAV terminal routes also allows special routes to be desig-
nated to satellite airports in major hub areas. This reduces workload and may
quarantee conflict-free paths to these minor airports. RNAV can also be used
for defining IFR noise-abatement routes. These would avoid noise sensitive

o areas and would be designed o intercept the ILS (or narrow-beam MLS) approach
course. Departure noise-abatement routes can also be implemented.

e SAWAUT S

. RNAV capability may also be used for conducting non-precision instrument
approach procedures. Primary candidates for RNAV procedures are non-1LS run-
ways at major airports, particularly when they are used extensively for GA
and STOL operations, and primary runways at the many smaller airports which
do not have ILS capacity. .

Many of the above benefits, as well as costs, have been quantified, the
results of which are presented in the following section.




1.3 OVERALL RHAV BENCFITS AND COSTS

This section summarizes the resulls of a detailed analysis of RNAV costs
and benefits projected over the period of years from the present to the
year 2000. The intent of this study, which is described in Section 4 1in
detail, 1s to provide the basis for making educated decisions regarding
the implementation of area navigation routes and procedures. An important
factor in these decisions is the ratio of benefits to costs. In order to
properly compensate for the passage of time encountered between the points
where system implementation costs are expended and benefits are realized,
overall costs and benefits must be presented in terms of their present
(discounted) value. Guidelines for present value computation promulgated
by the Office of Management and Budget have been used in this analysis [43].

In References 8 and 15, earlier studies of the costs and benefits of area
navigation, detailed methodologies were developed for RNAV cost/benefit
assessment. Reference 8 calculated projected benefits and costs for a typical
implementation year (1984). However, these calculations have been revised
and expanded in this report for three reasons:

1) To accommodate any changes in expected benetits
or costs which have resulted from the present
study of the interface of RNAV and the UG3RD.

2) To allow projections to be based upon the revised
traffic and fleet projections data contained in
the Baseline and Implementation Scenario [1].

3) To project, and to discount to present value,
all benefits and costs from the present to the
year 2000.

As a result, comprehensive and current assessments of overall RNAV benefits

and costs, and present value benefit/cost ratios, may be made. In the followina
all air carrier benefits and costs are expressed as industry totals. Interested
parties are referred to Section 4 which lists all benefits and costs by individual
aircraft type cateqory, which is of interest since the benefit/cost ratios can
vary widely from type to type. Care should, however, be exercised in interpreting
the benefit/cost results for individual aircraft categories. They express
industry aggregate results over a fixed time period, and SO express more conser-
vative results than would be expected from benefit/cost analyses of individual
aircraft in a given fleet, where the analyses would be carried over the aircraft

Tifetime.

1.3.1 RNAV User Costs

The costs to airspace users of RNAV equipage have been computed for the
projected air carrier fleet and for those general aviation users most Tikely
to equip. In general, air carrier aircraft were assumed to equip over three
year periods, with wide-body aircraft starting in 1982 and narrow-bodies in
1983, although certain exceptions (two-engine, four-engine standard body)
were nade due to declining fleet size projections. RNAV equipage costs were
taken to include equipment costs, spares inventory, one-time installation cost
and crew training, plus annual maintenance and data base update costs. These
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cost values are detailed in Section 4. A standard ARINC MK13 RNAV contfiqura-
tion was assumed for standard body aircraft, and more sophisticated and expen-
sive units were presumed for the wide body aircraft. Dual (redundant) installa-
tions were presumed throughout, although dual installations are not required

to obtain RNAV benefits. The summary airline equipage cost data arve presented
in Table 1.1. Costs from the present date are included since a few airlines are
now equipping.

Table 1.1  QOverall Air Carrier Lquipage Costs, 1976-2000

/Note/ Dual (redundant tauipage Presumed

Units Installed | 4442
Acquisition Costs |$1069M
Malntenancv Coxts 367M

Prpsent Va]uv Total|$ ddfM

[t is difficult to predict which general aviation operators will be wost
likely to equip with RNAV capability. The dollar payoff is not nearly so large
as in the airline case, but other operational benefits may be realized by GA
operators. The relatively large number of GA RNAV units sold to date attests
to their utility. The earlier cost/benefit study [8] quantifies dollar benefits
of RNAV available to GA users; however, overall benefits to the GA segment have
not been projected in this study since data sufficient to establish such a pro-
jection were not provided in Reference 1. To maintain an overall conservative
estimate of RNAV benefit/cost ratio, the RNAV equipage costs applying to those
GA aircraft most likely to be equipped have been computed and are included in
this analysis. Those judged most likely to equip include all turbine aircraft,
and all piston operators who are based at high or medium density hub airports.
Single (non-redundant) equipage is presumed, with initial equipage starting in
1982 and continuing for four more yedvs Total acquisition, maintenance and
present value costs are listed in Table 1.2

Table 1.2 GA fquipage Costs, 1982-2000

/Note/ Single Iqu1pdqe Presumed

e 7 4Turh1np P\xton!
Units Instnllvd 29, 345 7032

Acquisition Costs 8’09 1M QJW.oMg
Malntenancp Costs 86.4M | 20.0M

P esent Value Totai!éh;g-dM $18. th

=

1.3.2 Air Carrier Benefits

In Section 4 detailed explanations are given describing the data sources,
methods and assumptions used in projecting the benefits of RNAV to be roalized
by air carrier operators. All analyses have been conducted separately for each
aircraft type category. Four RNAV benefit types have been studied: terminal area
route and procedure benefits, enroute route length savings: VNAV descent procedure
benefits, and 4D (time control) RNAV arrival benefits in an M&S environment.
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Fleet size and operations data were taken irom Reference 1, while benefits
methodologies were taken from Reference #. Also, the most recent (1975)

CAR data concerning operating costs, fuel costs, stage lenqths and departure
rates was used (Reference 45). A scenario was developed describing the order
and timing of the implementation of RNAV (and of 4D) in terminal areas. Over-
all benefits are stated in Table 1.3. Fuel and time benefits are stated directly.
The cost value implications of these savings have been expressed in terms of
maximum and minimum potential values. Stating two values was deemed necessary
in order to account for the wide potential variation in future fuel prices,
and to account for varying airline interpretations of the incremental cost of
aircraft operating time. Specific values used for fuel and for time value for
each aircraft category are listed and explained in Section 4. [t should be
mentioned that the higher of the two cost levels more closely represents
probable future fuel prices and common airline costing policy.

Table 1.3 Overall Air Carrier RNAV Benefits, 1982-2000

| " Terminal | FnrouteT VNAV. [ 4D with | To7aL
! | Procedures ' Descent M&S
Fuel Savings (gal) ! 50‘25&"“”}"3'7'3534’ T osaam | o277am [ 10,371M |
Time Savings (hr) | 1844k | 1945k | 592K | 2355K 6.,736K
TOTAL DOLLAR VALUE: & SR !
| Low Cost Assumption $1627M [ $1919M  § 447M !$1823M $ 5,816M
: High Cost Assumption 2738M | 3259M | 726M | 3118M 9.841M
1976 PRESENT VALUE : TRReTERE W A T

Low Cost Assumption $ 371M 1§ 425M  |$ 105M $ 401M $ 1.302M

L High Cost Assumption 672M 718M 170M 683M ?.193M_1

Preqsent value costs and benefits having now been calculated, the airline
Lenefit cost ratio may now be computed, as in Table 1.4. The resulting ratio,
wnith ranges as high as 5.0, is far in excess of that required simply for justi-
frration and suggests a large potential payoff to the airlines. 1t should be

entioned that benefits pricr to 1962 of several types will be available to
equipped atrcraft.  These were left out of this analysis for purposes of
stplification.

Table 1.4 Air Carrier Present Value Benefit/Cost Ratio, 1982-2000

—— - -
Present Value Costs $442M
PRUSENT VALUE BENEFITS: $1302M

Low Cost Assumption 2193M

1976 B/C RATIO:

Low Cost Assumption 2.9
High Cost Assumption 5.0
| -6




1.3.3 ATC Benefits and Costs

Section 4.2 discusses in detail the results summarized below. Major ATC
benefit areas include the ability of RNAV to allow certain VORTAC stations to
be removed from terminal areas, resulting in savings in maintenance costs, among
others, and the ability of RNAV to reduce controller workload and increase pro-
ductivity, resulting in ATC staffing reductions. Major ATC cost areas include
certain improvements to the enroute VORTAC coverage network for RNAV route
structure coverage, and the costs of implementing area navigation in the NAS.
There are also other areas of minor cost or benefit impact, such as in the area
of ATC automation costs (see Reference 8), which are not included in this
analysis.

The terminal VOR maintenance savings benefit derives from the finding [8]
that forty-eight stations could be remaved from the fifty-four high and medium
density termminal areas included in that analysis. While many types of savings
could be realized from this removal, a conservative estimation was pertformed
utilizing only the savings in maintenance cost expenditures. The total savings
(1985-2000) amounts to $36M, or an $8M 1976 present value.

Terminal and enroute controller productivity improvements have been the
subject of several studies [49,8], where 1t was found that the implementation
of RNAV could result in 10% (terminal) and 14% (enroute) productivity improve-
ments. A recent study of UG3RD feature productivity improvements and resulting
staffing levels (Reference 50) was used as the basis of a projection of overall

impact on staffing requirements. The results of these projections are stated
in Table 1.5.

Table 1.5 RNAV Controller Productivity Benetits, 1982-2000

Man-Years | Dollars | Present
oo Seeed L Seved | Nailue
26 Terminal Areas 1063 $ 26.4M $ 8.0M
’0 Enroute Center

17,018 422 .0M 210.7M
The major ATC cost areas studied were for enroute VORTAC improvements and
RNAV implementation costs. Required VORTAC improvements include two new stations

plus conversion of five existing low altitude stations to high altitude status,
resulting in the following costs:

Capital Costs (1982) $597K
Annual Maintenance 97K
1976 Present Value Total 841K

The RNAV implementation costs over a ten-year implementation period have been
estimated [44]. These costs amount to a total of $19.825K, with a 1976 present
value of $12,949K. This cost data is broken down in detail in Section 4.2.

The ATC benefit cost ratio may be computed from the present value data,
as in Table 1.6. These results, a ratio of 9.9, show that RNAV 1s extremely
attractive from the ATC economics point of view.




lable 1.6 ATC Present Value Benetit/cost Ratio, 19/7-000

Present Value Benefits $136.7M

Present Value Costs 13.8M
1976 Benefit/Cost Ratio 9.9

Passenger delay time savings benefits have been computed from the aircraft
time savings data discussed earlier, plus average per-flight passenger load
data from the CAB report [45]. The resulting savings were costed out at $12
per passenger-hour, from Reference 51. The total savings, shown in Table 1.7,
from 1962-2000 are 588 million passenger-hours (67,000 passenger-years), worth
over $7 billion to the passengers affected.

Table 1.7 Air Carrier Passenger Benefits, 1982-2000

Aircraft Hours Saved 6736K
Average Passenger Load 87.4
Passenger Hours Saved H88.5M
Value 0 $12/hr $7062M
1976 Present Value §1572M

1.3.5 Overall RNAV Benefit/Cost Assessment

Table 4.29 from Section 4.4 is repeated below, for convenience, as Table
1.8, It includes all of the present value data (abbreviated "PV") presented
in this section. Two values of overall RNAV benefit/cost ratio are shown,
which differ based on the two airline fuel/time cost assumptions mentioned
carlier. These are ratios of 5.5 (low costs) and 7.1 (high costs), either of
which 11lustrate the extreme attractiveness of RNAV trom the point of view of
cconomics.  As discussed in that section, these become sianificantly higher 1f
air carrier aircraft equip only with single, rather than dual, RNAV installations.

An additional point of interest due to the fuel crisis, which is also dis-
cussed 1n Section 4.4, is the magnitude of total fuel savings to year 2000. This
was found to be (Table 1.3) in excess of 10 billion gallons, which exceeds the
1975 total annual domestic air carrier fuel consumption of 7.3 billion calions [45].
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lable 1.8

Overall RNAV Benefit/Cost Ratios

Low Cost High Cost

Assumption Assumption
PV Air Carrier Benefits $1302M $2193M
PV ATC System Benefits 13/M 13/M
PV Passenger Benefits 1572M 1572M
TOTAL PV BENEFITS $3011M $3902M
PV Air Carrier Costs $ 442M $ 442M
PV GA Costs 95M 95M
PV ATC System Costs 14M 14M
TOTAL PV COSTS $ H51M $ 55H1IM

e T — e ——. 'ﬁﬁ;:.‘ S

BENEFIT/COST RATIOS 555 7.1
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1.4 UG3RD FEATURE INTERACTIONS

This section discusses relative UG3RD feature priorities and plans, and
reviews how the several UG3RD features will interact, given the beneficial
influences which RNAV will provide. The results of this study are discussed
from the point of view of the effects of RNAV on the AIC Timitations which the
several UG3RD features are designed to resolve.

1.4.1 UG3RD Implementation Priorities

While all of the UG3RD programs are being pursued on a priority basis,
more recently some of these programs have been assigned even higher priority.
This was formalized in a list of the ten high priority FAA programs (research
and otherwise) published by the Office of the Administrator [41] on October 14,
1975.  The resulting high priority proarams which are part of the UGIRD set are
the following:

Conflict Alert

Central Flow Control Automation
Metering and Spacing

Minimum Safe Altitude Warning

Flight Service Station Modernization

This study has determined that there is no reason, from the point of view
of RNAV implementation, to disturb the priorities which have been assigned to
each UG3RD feature, and has reaffirmed the importance of each UG3RD program
area. In the course of this study several areas have been discovered where
RNAY and other UG3RD features interact and complement each other to such an
extent that certain ATC limitations which have been the motivating force behind
development of certain UG3RD features may be relieved, or partiaily resolved in
the short-term environment, through implementation of RNAV techniques. This has
no impact on the overall need for any of the UG3RD features, but it does provide
the fortuitous benefit of somewhat alleviating certain of the problems associated




with the ATC system until certain longer lead-time programs are tmplemented. A
particulariy pertinent example 15 the tontraol Message Automation and Date Link
combination, which will require a long lead time betore providing the controller
productivity improvements expected of them.  Section 1,40, which tollows,
discusses where this interaction was, and was not, tound to exist, The results
presented are described in more detarl an Section 3.4,

Besides interacting with other UGIRD features, RNAV will interact with
the existing VOR route structure., VOR and RNAV high altitude route structures
will coexist for a transition time period: low altitude Structures may coexist
mdefinmitely.  Such satuations have existed before, such as when VOR routes
were introduced into the LE Range route structure.  The resulting dual structure
may be more ditficult to chart and comprehend, but as shown in Reterence o 1t
tends to reduce arrspace conflict rates, and so doesn't burden the controller.
n order to be antroduced most efficiently, an RNAV master route structure,
designed to be wnplemented in a phased manner, should be carefully developed
in arder to realice RNAV benefits while optimzing traftfic and route inter-
actions. In Reterence 8 the implementation of RNAV 1s discussed in detail,

1.4.2 UG3RD Feature Interactions with RNAV

The following 1s a list of the UG3RD features along with a brief dis-
cussion of the findings of the study as to the interactions of each feature
with RNAV from an implementation viewpoint. In wost cases no divect interaction
exists.  In each case the major motivation behind the development of each UGIRD
feature 1s stated.

NOTE: Explicit definitions of MLS Category I, 11 and 111
approach criteria have not yet been specified by
ICAQ. Usaqge of the terms “Cat 1", etc., are meant to
refer to levels of performance equivalent to existing
Cat 1, etc., ILS capabilities.

e MS at Dense Terminals -- Wide Beam or (possibly) narrow-beam
MLS will be installed at all major terminals so that Category
L1711 capability may be instituted, allowing improved operational
reliability and reductions in weather-induced delavs. 1t as
assumed that a narrow-beam Category /1L MLS configuration could
be made available, although this is not a currently-planned
configuration.

o Wide-Beam MLS -- RNAV provides the area coverage capability
in the terminal area to accurately navigate arrival routes
and transitions to precision final approach gquidance. As
demonstrated in Appendix D, the RNAV capability can satisty the
noise abatement procedure requirements at many, but not ali,
terminals.  Therefore, the wide-beam MLS implementation reguire-
ment could be eased; this might allow acceierated wmplementation
of the basic and Cat 1I/111 narrow-beam configurations.

e MLS at Small Airpoarts -- Category 1, narrow-beam MLS capability
is needed at airports where an operational reguiroment exists
This is particularly true where non-precision approach minimums
are high, and where RNAV approach procedures will not adequately
meet the operational requirenent.
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be required tor certain automation tmproverients and [PC. It s
theretore an tmportant UGIRD feature; however, DABS 1s not
required to support RNAV.

o Intermittent Positive Control -- IPC is primarily intended for
the VER and mixed environments and will provide emergency :
separation service to non-controlled aircraft. 18
o (ontrol Mescaqge Automation -- Signiticant reductions in ATC
controller workload are expected to result as RNAV 1s introduced. |
The basic reasons are the usaqe of RNAV SID/STAR procedures, of ’
RNAV with M&S, and of an enroute RNAV route structure. (MA (with ’

DABS Data Laink) is the malor long-term UG3RD program intended for
controller workload reduction. The benetficial aspects of RNAV in
this area will help ease that problem until CMA s fully implemented.

o HNear-Term Automation Enhancements -- Development of these b
enhancements (Conflict Alert, Conflict Probe, MAS, MSAW, etc.) |
15 well under way. They primarily will tmprove safety and i
NAS/ARTS reliability.

o Metering & Spacing -- M&S should significantly 1mprove capacity
and reduce delays, and will also function well in an RNAV or
mixed RNAV/radar vector environment, as demonstrated in detail
in Appendix C.

e [nroute Metering -- This program should result 1n significant
fuel savings.

o Central Flow Control -- Several UG3RD programs., such as M&S,
WVAS, ASTC and RNAV, should produce significant airport and
airspace capacity improvements, which should result in reductions
to delay over the fong term.  RNAV terminal capacity improvements
were demonstrated by real-time simulation [3/7]. These capacity
improvements should help to case the flow control problem.

e Airport Surface Tratfic Control -- Since ground operations must
continue during Category [1/111 conditions at airports where
Cat 1I/111 landinas are being conducted, ASTC improvements
are needed, particularly as Cat 1I/111 capability becomes more
widely implenmented,

o Wake Vortex Avoidance <- WVAS is critical to improve terminal
capacity and reduce delays. WVAS, RNAV, M&S and MLS Cat. 11/111
will work together to result in a very significant overail
improvement to terminal capacity. RNAV capacity impacts are
addressed in Section 2.3.1.

e [light Service Station Modernization -- This program promises
that a large potential cost savings will be available upon 1ts
successful completion.

It should be emphasized that none of these UG3RD programs are in any way
necessary for the successful and beneficial implemenation of RNAV as the
primary navigation system.




L4, 8 (xtended Capability RNAV Concept Recommendation

A rationale for implementing an txtended Capability RNAV concept (ECR) is
presented in Section 3.3.3.  The tCR ecquipment would be required to meet
certamn pertormance standards for approval which are considerably higher than
present standards [10].  [xpended Capability and standard RNAV-equipped aircraft
would be fully compataible and coexist in all phases of the NAS environment,
with the following exceptions:

e ixtended Capability would be required for the conduct of 40D
M&S procedures (Standard RNAV aircratft would be integrated
with 4D aircraft and conventional radar vector aircraft by the
M&S logic).

o A new category of LCR Instrument Approach Procedures would
be Created.

e (R capability would be required in order to use the 4D
function to achieve reduced in-trail separations under an

enroute metering concept discussed in Section 3.3.1.

1t should be emphasized at this point that the Extended Capability RNAV
concept requires no new or improved navigation aids (DVOR, PVOR or PDME not
required). It samply would be an official recognition of the capabilities
presently being demonstrated in high quality Area Navigation Systems.

A prancipal advantage of the ECR Concept is that instrument approach
capabilities would be significantly improved, allowing lower decision
heraghts and reduced visibility minima in comparison to standard RNAV
procedures.  Such a capability would allow operation to minimums which
would be, 1n many cases, significantly lower than existing non-precision
approach minimums; this could provide enhanced operational capability at
atrports prior to deployment of small community MLS systems, and for remaining
non-instrumented runwavs after MLS 15 installed at primary runways.

1.5 SUMMARY OF CONCLUSTONS

The conclusions of this studv are presented in detail in Section b. The
principal findings of this study are presented below.

o The trend to RNAV route structures and the usage of pre-
planned direct flight plans will not detrimentally affect
DABS site coverage requirements, DABS data link channel
usage, or IPC requirements (Section 2.1 Appendix A).

e DABS/IPC could easily transmit control instructions in
RNAV terms to equipped aircraft. This could be extended
to the point of providing route definition data (Route
Data Delivery concept) to aircraft desiring such service
(Sections 2.1.2, 2.1.3: Appendix A).
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The only facet of Flight Service Station Modernization
plans that would be affected would be that, during the
transition to an RNAV envivonment . a qreater number of
voutes would be stored in the route data base (Section 2.7
Appendix ).

RNAV procedures may be inteqrated with metering and spacing
technigues without causing any significant procedural or
software problems and without affecting arrival time control

)

capability (Section 2.3.1;: Appendix C.1).

The integration of RNAV with M&S improves time control-
lability (range of delay available) and reduces controller
waorkload. The intearation of 40 RNAV procedures will
improve arrival time control, time controllability and
controller workload (Section 2.3.1: Appendix C.1)

The logical design of control message automation software
will be affected somewhat by the need to service RNAV
aircraft, but therve will be no significant impact to
computer storage or utilization requirements (Section 2.3.2;
Appendix C.2)

Central flow Control system plans should not be significantly
affected by RNAV. Also, RNAV may provide increased holding
atrspace, which may reduce the dimension of the flow control

>

problem (section 2.3.3; Appendix C.3).

RNAV provides sufficient accuracy to interface with MLS
approach guidance. It may serve as a substitute noise-
abatement approach navigation reference 1n many cases,

which may reduce wide-beam MLS implementa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>