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ABSTRACT

The Advanced Automation System (AAS) is a proposed replacement for
the hardware and software that function as the current real time air
traffic control computer system. For purposes of system performance
wodeling, capacity management and system performance testing, a
system workload is defined. This report, Volume II, describes the
rationale for all workload parameter values. The workload parameters
bave values determined for the years 1985, 1990, 1995, 2000, and
2010. For the AAS time period, 1995 to 2010, the workload includes
values for two AAS states, "Prepare for Backup" and "Handle Backup'.
Facility-specific values are estimated for key workload parameters.

A summary of workload parameter values for the AAS is presented in
Volume I, "Workload Definition." In addition, the workload
parameters are briefly defined.

Volume III, "NAS Operational Data,' describes some of -the
operational data which are the bases for the workload values
described in Volume II and summarized in Volume I.
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1.

INTRODUCTION

The FAA's Advanced Automation Program Office has established
the Modeling and Simulation Program Element (MSPE). One of its
charters is the creation and maintenance of a set of system
workloads to be used throughout the procurement of the Host and
Advanced Autoration System (AAS), including the Initial Sector
Suite System (ISSS). The MITRE Corporation has been tasked
under the MSPE with the development of system workload
parameters and workload scenarios for use in the design,
testing and implementation of the AAS, including the ISSS.

1.1 Background

Volume Il of this three-volume MITRE Technical Report,
Workload Definition, presented the numerical results of the
System Loads Definition and Analysis work effort. Numerical
results consist of quantifications of workload parameters,
which are used for creating workload scenarios. Volume I also
presented an overview of the methodologies used in determining
workload parameter values.

This report, Volume II, documents the workload develcpment
effort. The methods used to obtain each scenario are described.
Modeling efforts are used where minimal data are available.

The workload scenarios are subject to refinement and revision
as further analyses are conducted.

Volume III,2 National Airspace System (NAS) Operational Data,
presents workload parameter values obtained for the Air Route
Traffic Control Centers (ARTCC) for which data was available.
Samples of current Air Traffic Control (ATC) field data were
reduced and analyzed in order to derive these values. The
site-specific workload parameter values were then used to
formulate a current workload scenario—-a single set of workload
parameter values that would represent the computer system
loading not expected to be exceeded at an ATC facility today.

1.2 Workload Definition

The MSPE has defined Workload Modeling as a major subprogram of
the system capacity planning and management efforts.3 This
subprogram has as its goal the production of "workload
parameter" values which are projections over time of air
traffic, interfacility messages, and controller activities
related to the use of automated ATC aids. A workload parameter
characterizes a demand for computer system resources. A




"workload scenario" is represented by a complete and consistent
set of workload parameters which, taken as a whole, character-
ize a peak condition ATC environment as handled by a processor.
In this report, workload scenarios are time-dependent, i.e., a
workload scenario is developed for each of the years: 1985,
1990, 1995, 2000, and 2010.

The approach to parameter evaluation is an attempt to compromise
between the requirement to reflect peak system load and to avoid
an unrealistically high worklcad. In the majority of cases the
maximum value determined from field data was taken as the
scenario value. In those cases where the maximum value was not
used, it was felt that there was a compelling reason for not
choosing the maximum; this reason is fully described.

1.3 Woikload Scenario Valuation Methcdology

The methodology used for workload parameter evaluation and
scenario construction consisted of a number of steps. These
steps are briefly described here: a more complete description
of the methodology process appears in Section 2.

1.3.1 Selection of Parameter Set

The selection of the parameters to be used in representing the
AAS workload is fully described in the System Loads Deveiopment
Plen.3 The process is reviewed here for the reader's
convenience.

The AAS workload is characterized by two types of parameters:
external load characteristics and system messages. Although
the external load characteristics, such as track level, sig-
nificantly affect the use of system resources, they do not
represent specific transactions processed by the system.
Therefore, the evaluation of those attributes to be included in
the workload definition was, of necessity, qualitative in
nature. The system messages, on the other hand, are directly
related to a transaction which requires a fixed amount of
processing and were evaluated quantitatively.

The selection procedure first involved the compilation of ATC
workload characteristics from many disparate scurces. This
inventory was then divided into two sets: external load
characteristics and system messages. The two gets were each
ranked with respect to significance of load on the ATC
computer. The ranking of set one was based upon MITRE expert

PO,



opinion, as well as Reference 4. The ranking of set two was
also based upon MITRE expert opinion and upon previols studies
of NAS message use. A cut—off level, based on system load
impact, was established for each set: parameters falling below
these levels were discarded from the inventory. Full details
are provided in Reference 3. ’

The parameter set selected for evaluation is described in
Appendix A. '

1.3.2 Valuation of Parameters

It became clear that a vast amount of operational data is
available to evaluate certain key parameters. This is
especially true where the parameters in the AAS are also
represented in the present NAS Stage A En-Route system. In
cases where an AAS function was not implemented in NAS (e.g.,
Trajectories in Conflict), a model of the AAS functiom was
theorized, and current data was used or extrapolated as a basis
for estimating the parameter. In this way, current data was
used as building blocks to determine parameter values for which
no real data exists. Section 2 of this report provides a
detailed valuation of these parameters.

1.3.3 Requirement for a Workload Scenario Parameter Set

The data collection and analysis effort produced parameter
values (and sometimes projections) from each of the facilities
studied. Once these values were obtained, it was necessary to
choose a single value to represent each of these parameters.
The choice of this set was based on representing a hypothetical
facility with a combined workload as great as any current or
future facility. The parameter values for this hypothetical
facility are determined for five points in time - 1985, 1990,
1995, 2000 and 2010. FEach of these parameter sets is called a
workload scenario; the conditions for the scenario are
determined by the air traffic environment at each of the
specified times.

Parameter values for each scenario are determined by rules
which dictate that a compelling reasom must be given to choose
a value other than the maximum expected value for each
parameter. The chief candidate for compelling reason was the
incompatibility of one maximum parameter value with another
maximum parameter value. Other candidates for compelling
reasons are listed in Section 2.1.2.1.
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1.3.4 Projection of Parameters

After the workload set was evaluated, it was necessary to
project these values to the five time periods of interest:
1985, 1990, 1995, 2000, and 2010. A variety of estimating
techniques was used to perform this projection.

1.3.5 ACF—Specific Parameters

Each Area Control Facility (ACF) was analyzed to obtain
workload data for the years 1995, 2000, and 2010 (i.e., the
Consolidation Period). Information obtained during this
analysis pertained to: surveillance sites, TCCCs, control
positions and sectors. This information has been added to the
list of workload parameter values as numbers 3, 28, 29, and
30. A brief description of each of these parameters is
presented in Appendix A.

The current workload scenarios have been determined using the
best available data and analysis techniques. Future updates to
these scenarios are planned to take advantage of the ongoing

program to improve the analysis techniques and expand the data -

base used to develop workload scenariocs.

1.4 Organization of This Document

Because much of the methodology and purpose of the workload
project was explained in prior editions (References 1, 5, and
6), this volume contains only one section to explain the
analysis. This is Section 2, the first part of which (2.1)
provides the background to the analysis. Sections 2.2 and 2.3
provide the rationale for maximum stress and ACF-specific
values, respectively. These sections are further divided
according to the parameter number for which a rationale is
being provided, e.g., Section 2.2.15 presents the analysis for
- Parameter 15, Sectors Penetrated.

1-4
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WORKLOAD SCENARIO RATIONALE

The methods used to obtain workload parameter values varied
considerably. Where the use of NAS data was appropriate,
operations data were collected from the 20 ARTCCS throughout
the conterminous U.S. The data were analyzed through data
processing techniques to extract maximum stress values.
Adjustments were made to the maximum stress values to project
an ACF value during the Consolidation Period and to augment the
values to allow for the additional load required for backup.

Where operational data vere not available or were not
applicable, other means were used to obtain workload data. In
some cases, simple models were prepared to determine the
workload scenario. Information on AERA was used in estimating
workload values for the consolidation period. Statistics omn
growth rate of General Aviation and commercial aircraft were
used as a basis for projecting current scenario values to the
future years.

Certain workload parameters (i.e., Peak Aircraft Track Load,
Parameter No. 2.0 and Radar Site Messages, Parameter No. 27.1)
were estimated by determining the workload on each facility and
by selecting the maximum facility load. These parameters,
defined as "ACF-specific" parameters, were obtained through
preparation of an analytical model for the Consolidation
Period. Much of the data used to build the model was obtained
from the results of analyzing many of the other workload
scenarios.

This section describes the methodologies used in scenario
development, the detailed analysis used in scenario preparation,
and the analysis used in determination of ACF-specific
scenarios.

2.1 Methodology

For all methods, the objective was to determine workload
paremeter values associated with peak IFR traffic conditions.
For the majority of the parameters, the National Airspace
System (NAS) Stage A En Route computer systems were an
important source of current data, from which future values
could be projected. Most of the remaining parameters
represented functions not currently implemented in RAS so those
values could not be established from current NAS data. Data
sources for the latter parameters were FAA statistics and
studies of the particular functiom.
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During this study certain three letter facility designators are

used to identify ARTCCs and ACFs. Table 2.1-1 presents two
designators; note the practice of using the Z-- code for ARTCCs
and a non-Z code for ACFs. '

2.1.1 Data Sources

The primary source of data for this effort was the 20 centers
controlling en route traffic in the conterminous United States.
The Federal Aviation Administration (FAA) and FAA contractors
provided technical reports on past performance and forecasts of
aircraft activity.

2.1.1.1 The National Airspace System as a Data Source

Since data was obtained for over 60% of the psrameters using
existing NAS Stage A En Route software, the data collection
procedure deserves particular mention. Two NAS data collection
programs were used to extract current data (1982-1985) for
analysis. With the exception of some 1982 data compiled by
Jacques Press, FAA-ACT-130, from the annual computer
utilization study, most of the NAS data was obtained by
requesting samples from each Air Route Traffic Control Center
(ARTCC) during the busiest three hours of the day that was most
likely to reflect peak IFR traffic conditions ~ always a
Thursday or Friday. See Table 2.1.1.1-1.

Two programs were operated in conjunction with the normal NAS
software to produce 9-track tape files of data. The program
called System Analysis Recording (SAR) recorded alil NAS message
transactions as they occurred end, at specific intervals,
recorded the contents of specified tables relating especially
to flight plan processing and tracking. The second program,
Common Digitizer Record (CD Record), recorded (on 9-track tape
files) all radar target reports upon receipt at the NAS common
digitizer interface.

MITRE used the FAA's Data Analysis and Reduction Tool (DART)7
and NOSS Recording Data Processor Subprogram (ULR)8 to

extract flight plan, track, message, and conflict alert
processing data from SAR. Further, parameter-specific analysis
software was written to determine parameter values for each
ARTCC by running the programs using the DART and ULR reports as
inputs.

The radar data from CD Record was processed by the FAA's
reduction program, coMDIG,? to obtain files of time-stamped
‘radar messages stratified by initiating radar site. MITRE

2-2



ARTCC AND ACF DESIGNATORS

TABLE 2.1

Facility Name

ARTCC ID ACF ID
Albuquerque ZAB ABQ
Anchorage ZAN ANC
Atlante ZTL ATL
Boston ZRW BOS
Chicago ZAU CHI
Cleveland 208 CLE
Denver yANY DE
Fort Worth ZF FIY
Honolulu 2H0 HON
Houston ZHU HOU -
Indianapolis 21D IND
Jacksonville 2JX JAX
Kansas City 2KC MKC
Los Angeles LA LAX
Memphis ME MEM
Miami ZMA MIA
Minneapolis nMp MSP
New York (A) — NYA
New York (B) . ZNY NYB
Oakland Z0A 0AK
Salt Lake City Z1LC SLC
Seattle 1SE SEA
Washington YAV DCA

2-3

L v g



-

TABLE 2.1.1.1-1
STATISTICS OF SAMPLED CENTERS

TYPE TINE PEAK TRACK LOAD
OF DATE | (LOCAL) | TYPE OF 1
CENTER SAMPLE| SAMPLED | SAMPLED | PROCESSOR |EXPECTED | SAMPLED
ATLANTA SAR | 7/29/82 |1541-1650| 9020-D 270 246
CLEVELAND | SAR | 8/11/82 {1301-1408| 9020-D 304 197
MINNEAPOLIS | SAR |10/22/82 |1254-1354] 9020-A 226 - 156
e |11/15/84 {1300-1400
NEW YORK SAR |12/30/82 |1506-1616| 9020-D 225 149
SEATTLE SAR  |11/06/82 | 806-1107| 9020-A 235 130
(Est.)
cp - |11/08/84 |1000-1100
ATLANTA saR  |10/11/83 |1611-1747{ '9020-D 282 259
CLEVELAND | SAR |10/11/83 {1713-1846| 9020-D 315 261
CD |11/15/84 |1440-1540
FT WORTH sAR | 8/26/83 | 952-1110| 9020-D 329 204
cd  |11/09/8%4 |1345-1445| 9020-D 329 204
KANSAS CITY | sAR | 5/26/83 [1446-1548] 9020-D 314 224
e |11/02/84 [1457-1557
|wasaIncToN | sAR |10/20/83 |1556-1906| $020-D 262 278
cD 7/20/85 | 620-720
CD 1/24/85 |1505-1605
ALBUQUERQUE | SAR | 4/06/84 | 600-1159| 9020-A 298 218
HOUSTON SAR | 4/06/84 |1310-1534| 9020-A 262 219
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TABLE 2.1.1.1-1

-

{Concluded)

TYEE TIME PEAK TRACK LOAD |

OF DATE | (LOCAL) | TYPE OF 1
_CENTER SAMPLE! SAMPLED | SAMPLED | PROCESSOR |EXPECTED | SAMPLED
INDIANAPOLIS| SAR | 4/05/84 {1529-1807| 9020--D 294 251

cD 4/05/84 |1126-1236] .
JACKSONVILLE| SAR | 3/30/84 |1000-1607| 9020-D 224 251
MEMPHIS SAR | 3/30/84 [1357-1703| 9020-A 298 223

cD 3/30/°% |1400-1500
BOSTON SAR " | 4/16/85 |1758-1601] 9020-A 191 132
CHICAGO SAR | 6/14/85 |1140-1643] 9020-D 384 230
DENVER SAR | 2/26/85 | 845-1214| 9020-A 380 213
LOS ANGELES | SAR | 2/06/85 | 914-1008| 9020-D 297 186
MIAMI SAR | 5/03/85 [1140-1623] 9020-A 279 151
NEW YORK SAR | 4/09/85 |1453-1801] 9020-D 248 245
OAKLAND SAR | 3/21/85 | 855-1200| 9020-A 274 154
SALT LAKE SAR | 3/09/85 | 850-1205| 9020-A 266 165
CITY cp |11/15/84 |1242-1342

lpeference 10




further organized the data by message and beacon type and wrote
software to determine the values of radar~dépendent parameters
such as Parameter Number 4, Primary Moise.

2.1.1.2 FAA Data Sources

The FAA provided other key data sources, notable among them
being the forecast for IFR traffic by ARTCC from the present
year to year 2010.10 This source is notable because the
traffic forecast is the single most important workload driver.

The message rates (including radar reports) and the values of
many other parameters are a function of controlled traffic
level.

Other FAA data sources provided information on VFR traffic
forecastll, and statistics on individual airport activitylz,
and terminal area forecastsl3. The VFR forecasts were used
along with IFR forecasts to determine total traffic activity
for future years. Terminal area forecasts and individual
airport activity statistics were used in determining the
contribution to aircraft workload made by approach control
traffic during the consolidation years.

Statistics on General Aviationl% (GA) were used to determine
transponder equipage for those aircraft which were not air
carrier or military. These statistics are published period-
ically by the FAA.

2.1.1.3 Other Data Sources

An analysis of Leesburg FSS data by McClintonl3 was used as
the basis for determining the airborme characteristics of VFR
aircraft. These characteristics include average velocity,
travel time, and altitude.

2.1.2 Aaalysis

The type of analysis used to determine workload depended on the
type of data used. For those parameter values determined by
examining NAS data, a current scenario was created and these
scenario values were projected into the future. Most of the
remaining parameters required analysis of new functions or new
control configuration (formation of ACFs) and each of the

. future values was determined directly.



2.1.2.1 Analysis of NAS—derived Parameters

Each SAR data sample yielded estimates of facility-specific
parameter values. These estimates are presented in Volume III
organized by sample, i.e., the 1984 Albuquerque sample values
appear in a separate appendix from the 1983 Atlanta sample
values. The codes used throughout this Volume to identify
particular ARTCCs by the year in which they were sampled are
presented in Table 2.1.2.1-1 ’

When the reduction of all NAS-derived parameters was complete,
a workload value existed for each ARTCC. The next step wag to
evaluate those parameters to determine current scenario values
(for this report, current scenario = 1985 scenario). The test
for these values is easily stated but implementation is
complicated because the "workload scenario concept” includes
two kinds of requirements. There is a requirement that the
maximum value be chosen for each parameter (unless a compelling
reason can be found not to select this value); the other
requirement is that the set of parameters must represent a
consistent workload scenario. This second requirement became
one of the “compelling reasons” to reject a maximum value.

Other "compelling reasons"” include the following:
1. The suspicion that data is inaccurate or biased.

2. The sample from which the data was taken represented a
traffic load too low to reflect a demanding load. For any
sample, this factor may be true for one parameter but not
true for another.

3. The key descriptor of the workload scenmario is the
track load which was chosen to be the highest load
forecast for any facility. Analysis of IFR track
forecastl0 shows Denver is projected to be the high load
facility from 1995 to 2010. An effort to construct an
internally consistent workload scenario might use an
argument to favor values from facilities that better
represent the Denver traffic environment. This was done,
for example, to determine values for Message Origin,
Parameter 24.

2-7
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TABLE 2.1.2.1-1
ARTCC CODE USED TO REFERENCE NAS SAMPLE DATA

Sampled Year of Sampled Year of
ARTCC Sample Code ARTCC Sample Code
Albuquerque 1984 AB4 Jacksonville 1984 DE4
Atlanta 1982 AT2 Kansas City 1983 MK3
Atlanta 11982 AT3 Los Angeles 1985 LAS
Boston 1985 BOS Memphis 1984 MES4
Chicago - 1985 CH5 Miami 1985 MI5
Cleveland 1932 CL2 Minneapolis 1982 MS2
Cleveland 1983 CcL3 New York 1985 NYS
Denver 1985 DES Oakland 1985 0AS5
Ft. Worth 1983 ¥T3 Salt Lake City 1985 515
Houston 1984 HO4 Seattle 1982 SE2
Indianapolis 1984 ING Washington 1983 Dc3
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2.1.2.2 Projection of NAS-derived Parameters

Given that a workload parameter value was derived using NAS
data for the current workload scenario, it was necessary to
project the current value to the future years of interest,
1985, 1990, 1995, 2000, and 2010. It was originally thought
that sufficient data would be reduced and aralyzed in order
that a relation could be determined whereby future traffic
level would predict future workload parameter value:

P = £(T)

where P 1s the pacameter of interest,
T is the traffic level,
and £f(T) is the prediction function.

As it happened, too little data was collected to determine
these relationships, so a rather simple projection methodology
wag used.

First, the workload parameters were categorized as to whether
projection of the current value to future years would be
appropriate. For example, there is no reason te believe that
altitude distribution will change in future years, so the
current workload parameter value is probably a good value for
all future years of interest. Oa the other hand, there is good
reason to believe that conflict alert rate will chenge (perhaps
increase as traffic increases) and projection to future years
ig appropriate.

Secondly, for the workload parameters for which projection is
appropriate, simple scalar multiplicative factors were
developed where possible, (using NAS-derived data) for
converting from the current year value to future years. In
some cases, projection factors could not be found and so =2
gradual growth or diminishment of the value was conjectured.
Algsc considered for the projection process were the future
impacts on the ATC or aviation eanvironment. For example,
conflict slert rate would increase with traffic level, but be
mitigated by future AERA functions. Projection methodologies
are presented for each parameter in the following sectionms.

2.1.2.3 Analysis of Parameters Representing Future Functions

Many of the parameters represent functions which are unrelated
to those which occur in the current NAS system. Parameters of
this type are represented by Trajectories in Conflict (No. 17)
and Probebility of Flight Trajectory Conflict (No. 21). These
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parameters were evaluated using current AERA research as a
basis. A mathematical model was prepared to evaluate
Trajectories in Conflict. The expertise of AERA modellers was
the basis for evaluating Probability of Flight Trajectory
Conflict. -

Other parameters representing future functions are
modifications of parameter values used in the current NAS
system. As an example, Resynchronization/Flight (No. 18.4) is
an AERA extension of the parameter Updates/Flight (No. 18.2).

2.1.3 Facility Back-up

The AAS SLS requires provision for a back-up capability.
Essentially, each ACF must be prepared to provide AIC services
for adjacent facilities in case of failure.

Two types of factors are needed to reflect the impact that
facility back-up will have on performance characteristics.
During normal operating conditions, it is assumed that each
facility will control traffic within its assigned airspace as
well as monitor a portion of airspace equivalent to its
airspace (e.g., a facility may be required to monitor 25% of
each of four adjacent facilities or 17% of each of six adjacent
facilities). This condition is called "Prepare For Back-up"

- and is represented by an expansion factor of 2.0.

During back-up mode, each facility is assumed to have
sufficient capacity to service 30% more airspace. The 302
figure reflects 25% of the airspace of an average adjacent
center plus some extra amount to handle unique local ,
situations. The expansion factor for operation during back-up
mode (“Handle Back-up") is assumed to be 1.3. These factors

were especially helpful to calculate ACF-specific values.

2.2 Determination of the Maximum Stress Scenario

The following is a description of the process by which maximum
stress values for each parameter were determined. The order of
presentation follows that of the parameter numbering sequence
used in Volume I, Workload Definition, e.g., Flight Plan Load
is ghown as Parameter 1 in Volume 1l; in Volume II, it is
discussed under 2.2.1.
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.2.2,1 Flight Plan Load

The parameter is measured in units of flight plans/controlled
track. It is an estimate of the number of flight plans in the
system at the time that controlled traffic peaks. The data for
this parameter is provided by the NAS system, at 1 minute or 5
minute intervalg. At the time when the number of controlled
tracks is at a peak, the number of active and pending flight
plans is counted. Parameter values for each sampled ARTCC are
shown in Table 2.2.1-1.

2.2.1.1 Active Flight Plans/Track

The scenario value previously assigned to this parameter was
2.0036 Table 2.2.1-2 shows the results of an analysis done to
test the applicability of this value compared to new data. The
conclusion remains that 2.00 represents a FP/Track storage
value unlikely to be exceeded by an ARTCC. This value is
assumed not to change significantly over time.

2.2.1.2 Total Flight Plans/Track

This i. the sum of active and pending flight plans/controlled
track. The scenario value previously assigned to this
parameter is 4.00.6 New data, however, reveals that values

as high as 6 have occurred, undoubtedly the effect of oceanic
airspace in Miami, New York, and Oakland. To determine a new
scenario value, an analysis of the effect of this parameter on
storege vas done (Table 2.2.1-2) for all ARTCCs with parameter
values of 4.00 or higher. The highest storage load occurs at
Miami and the scenario value of 4.30 was calculated to provide
the Miami level of flight plan storage in 1995. This value is
assumed not to change significantly over time.

2.2.2 Peak Track Load

This parameter is the total number of controlled and
uncontrolled tracks on a facility va. sector basis at a peak
instant, a basic measure of load on the system.

2.2.2.1 Facility Peak Track load

The facility peak track load is comprised of the next two
parameters.
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TABLE 2.2.1-1
DEVELOPMENT OF VALUES FOR PARAMETER 1
USING OPERATIONAL DATA

1.1 1.2
ACTIVE TOTAL
FPs/ FPg/
ARTCC TRACK TRACK
AT2 1.77 3.60
CL2 1.51 3.18
MS2 1.49 3.24
SE2 ®
AT3 1.82 .10
CcL3 1.77 3.56
DC3 1.59 3.27
FT3 1.47 2,93
MK3 1.43 2.72
AB4 1.38 3.75
HO4 1.61 3.92
ING 1.88 3.60
JAL 1.79 3.16
ME4 1.58 2.98
BOS 1.92 4,64
CHS 1.62 3.64
DES 1.40 2.35
LAS 1.61 4,02
MIS 2.31 6.43
NY5 2.01 5.22
0AS 2.81 3.47
SLS 1.57 2.57
AVERAGE 1.75 3.63
CURRENT
SCENARIO 2.00 4.30
1990 2.00 4.30
1995 2.00 _ 4.30
1995 2.00 4.30
2000 2.00 5.30
2010 2.00 4,30
*No data.
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ANALYSIS OF FLIGHT PLAN STORAGE

TABLE 2.2.1-2

1995 DATA CALCULATIONS
FORECASTED|  ACTIVE FPa/ | TOTAL FPs/ STORED FPs

FACILITY IFR TRACKS| IFR TRACK IFR TRACK ACTIVE  TOTAL
Boston 265 1.92 4.64 509 1230
Miami 424 2.27 6.11 962 2590
New York 330 2.01 5,22 663 1723
Oakland 364 2.81 3.47 1022 1263
Scenario 600 2.00 4.30 1200 2590
Value

2-1
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2.2.2.1.1 Facility Peak Controlled Tracks

This parameter is calculated using an FAALO forecast of ARTCC
traffic levels (Appendix D), and a methodology to reapportion
ARTCCs into ACFs (Appendix L). An adjustment is required that
considers the approach control track level (Appendix L). The
maximum stress values during the Consolidation Period were
taken from Volume I, Table 2-8, Kansas City. These "Prepare
for Back-up" values were multiplied by the factor, 1.3, to
determine ""Handle Back~-up".

2.2.2.1.2 Facility Peak Uncontrolled Tracks

At the current time MAS does not track VFR aircraft. In 1990,
Conflict Alert will be implemented against IFR and Mode-C (and
Mode-S) equipped VFR traffic, necessitating the tracking of
Mode-C/Mode-S, VFR aircraft. During the Consolidation Period,
all transponder equipped VFR aircraft are required to be
tracked. To calculate values for this parameter for all years
but 1985, multiply Parameter 2.2.1, Facility Peak Controlled
Track by Parameter 7, VFR/IFR Target Ratio and 5.2, Transponder
Equipage of uncontrolled aircraft.

2.2.2.1.3 Facility Peak Total Track load

This parameter is calculated by adding the peak controlled plus
peak uncontrolled tracks.

2.2.2.2 Sector Peak Track Load

This parameter is the peak tracks controlled by a single
maximum-stress sector, for AAS only, i.e., not applicable to
the Host/ISSS period.

2.2.2.2.1 Sector Peak Controlled Tracks

Although the FAA has forecasted peak track load for each en
route facility, an equivalent sector peak track projection has
not been made. This analysis develops estimates of average
sector traffic loading and an estimated peak-to-average sector
traffic ratio to estimate the sector peak controlled track
count for the Consolidation Period.

Table 2.2.2.2.1-1 is a summary of calculations made throughout
the 1985-2010 interval. Although the peak track estimate is

not applicable for the Host/ISSS Period (1985-1995) this period
is used to establish a trend. In rows D - G, average
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controlled track values are calculated from both the forecasted
maximum stress facility traffic loads and the maxjmum stress
sector counts for each year. The values in rows D and F are
used just to calculate the values of interest in rows E and G.
The average en route controlled tracks/sector (row E)
represents average values for the sectors with the most
controlled traffic, i.e., the high altitude, en route sectors.
The average en route uncontrolled tracks/sector (row G)
represents average values for the sectors with the most
uncontrolled traffic, i.e., the transitional sectors. These
values are multiplied by a peak-to-average ratio (described in
the next paragraph) to determine maximum stress sector load.

Rows H through J are multiples of the average en route
controlled track level. In order to determine the
peak-to-average ratio, air traffic controllers and central flow
control personnel were consulted and results from a MITRE
(unvalidated) track counting program were evaluated. The
conclusion was that a peak-to-average ratio of 3 to 4 was
realistic; therefore peak sector track levels of 3 and 4 (and
2) times average were calculated.

This analysis results in sector load estimates as high as 65
controlled tracks for 2010 using a peak-to-average ratio of 4.
However, a decrease in peak-to-average behavior is expected as
the average track load per sector increases. A sector track
load of 50 represents a peak-to-average ratio of &4 in 1995 and
decreases to 3 in 2010. This conclusion appears to be
consistent with the field controllers' opinion that, from an
operational perspective, 50 controlled aircraft is the most a
sector controller could handle at any time and still be able to
provide back-up assistance should the automation fail.

Considering that the controllers' estimate was made relative to
current traffic and was verified by the calculations for 2010,
the "safe" estimate of peak track load/sector for all of the
Consolidation Period is set at 50.

No addition to the peak track value is anticipated for the
handle-back-up case because facility back-up plans are expected
to be formulated with busy sectors as a criterion for combining
gectors during transition-to-back-~up.

2.2.2.2.2 Sector Peak Total Tracks

The peak total number of tracks was determined in a manner
similar to peak controlled tracks. This peak is expected to
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occur in a low altitude or transition enroute sector where a
moderate number of controlled and a significant number of
uncontrolled ajircraft would be present.

Asguming that the peak value for controlled traffic is twice
the average value in such a Sector, and that the ratio of
peak/average value for uncontrolled traffic is 3, the sector
peak total load is calculated as:

2x(average con-tracks) + 3x(a§erage uncon—-tracks)

The calculations are shown in Table 2.2.2.2.1-1, rov K.

The value for total tracks per sector is rounded upward to 120
for 2010 and is considered as the peak value for the 1995 to
2010 period.

3,2.3 Number of Surveillance Sites

This parameter provides an expected count of long and short
range surveillance sites reporting to both the maximum stress
ACF and the maximum stress sector. An additional count was
made of all the geographical areas including the maximum stress
sector and a strip 150 nmi beyond the sector boundary per the
AAS System level Specification29 requirements (Section
3.2.1.1.2.1.2.1, Response to Local Message Inputs).

There are two sources of values for the facility total: an
analysis of the NAS Radar Surveillance Network Plan33
determined the maximum number of long and short range radars by
ARTCC projected for the years 1985-1995; a further analysis of
that data source (Appendix C) determined the maximum number of
gites for each ACF. The maximum stress values for Parameter
3.1, 1995-2010, were taken from the ACF-specific data presented
in Volume I, Section 2.3.

The sector values (Parameters 3.2 and 3.3) were determined by
considering two nominal sector sizes, a low-altitude sector
sized at 50 x 50 nmi and a high-altitude sector sized at 100 x
100 nmi. Using a map of sensor site locations nationwide, the
nominal low-altitude sector was placed within the ACF-B where
the most radars, both short and long range, would provide
surveillance. Likewise, the nominal high-altitude sector was
placed within the ACF-A where the most radars would provide
surveillance. Included in the count were short range radars
within 50 nmi of the sector, and long range radars within

100 nmi of the sector. The maximum sensor count for both short
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and long range radars for the above two cases was taken as the
parameter value. The above procedure was repeated for nominal
sector sizes plus 150 nmi beyond the sector boundaries.

2.2.3.1 Facility Total

Table 2.2.3.1-1 lists the uuuber of long and short range radars
by ARTCC and by date of implementation. As can be seen, the
Minneapolis-St. Paul ARTCC has the maximum number of long range
radar sites during the period 1985-1995. Table 2-4.1, Volume 1
presents an ACF-specific list of long and short range radar
sites. It can be seen that the ACF with the maximum number of
long range radars is Seattle with a total of 36. This value
reflects an actual count of 14 radar sites located within the
facility boundary plus & sites outside of the boundary. The
outside radars consisted of all those sites within 100 nmi of
the boundary but which did not provide duplicate coverage
within the facility. This count was doubled to account for
“Prepare for Back-up" conditions. 'Two more long range radars
outside the boundary were added to the count because it was
conceivable that they may be linked to Seattle.

Minneapolis-St. Paul is the ACF with the maximum number of
short range radars with 36. For the ACF consolidation time
period, it was assumed that no radar site growth occurs and the
maximum stress value for short range radars = 36. For "Handle
Back-up" conditions, the maximum values, attributed to Seattle
and Minneapolis (Volume I, Table 2-4.2) were used. Like th2
"Prepare for Back-up" calculation, two more outside long range
radars were added to the Seattle total.

2.2.3.2 Sector

It was found that the nominal high-altitude sector, when posi-
tioned inside the Cleveland ACF-A, would yield a higher radar
count then in any other ACF. The sector would be surveilled by
7 long range radars and 9 short range radars.

2.2.3.3 Sector Plus 150 nmi Beyond Boundary

Extending the boundaries of the nominal high altitude sector by
150 nmi, and positioning it inside the Cleveland ACF-A (again,
the maximum over all facilities), a count of 17 long range
radars was made. For the short range radars, the problem
became one of finding the ACF with the most short range radars,
since 400 x 400 nmi (100 x 100 nmi plus 150 nmi extension) will
completely cover most any ACF. The Fort Worth ACF was
selected, as it has 14 short range radars.
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2.2.4 Primary Noise Rate

Primary noise is that set of search target reports that consist
of non-aircraft reflections. However, the primary radar cannot
distinguish primary noise from the returns of real aircraft so
any primary target report not correlated with a beacon target
report could be noise. Data has been collected from long range
radars (CD-record tapes) and reduction and analysis programs
have been constructed tc separate these two categories of
targets.

The data reduction and analysis programs conaist of various ex-
traction and counting programs as well as a primary track-all
tracker. A manual step for counting primary tracks is also
involved. Four centers were selected for reduction: Los
Angeles, Minneapolis, New York, and Washington, DC (ZDC). Two
ZDC samples were taken: a weather-intensive sample during
summer thunderstorms, and a clear-day sample, referred to below
as "non-veather."

The approach to determine primary noise rate was to examine all
the radar sites for several centers and to discern which of the
primary (search) radar messages were attributable to aircraft,
and which were not. The latter category was considered primary
noise.

Two techniques were employed. First, the automated primary-
only track-all tracker was used against the entire surveillance
area of each site. Second, areas of size 20 x 20 nmi were
selected at random from the entire surveillance area of the
radar site, the primary returns for these areas were plotted,
and visual identification of trails was used to discern
aircraft from noise. These sampled results were then adjusted
to represent the entire population (entire surveillance area of
the site}. Since the automated tracker was in the validation
and verification stage of development, it was decided that the
manual results should be used to represent the parameter.

The results for the five samples are presented below.

Primary Noise/Radar/Radar Scan
Average for all Radars Maximum Site

DCA (non-wesather) 61 90
DCA (weather) 117 234
LAX 46 99
' MSP 47 96
NYC ’ 27 48
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Using the results, a normal or ambient noise level for long
range radar is 100, with a maximum value of 200 during
nyeather". For short range radar, the ambient noise level is
taken as 100 and the value of 350 is taken as the maximum noise
rate, the Airport Surveillance Radar (aSR)~9 Specification
value of 300 plus 50 to compensate for uncertainty.

These maximum values, however, are highly unlikely to affect
all radars simultaneously. A scenario is proposed to reflect
an unusual weather front activity that affects 75% of the
facility area simultaneously. This gcenario was used because
it was considered feasible by the westher specialist of the
2DC ARTCC. During this storm conditiom, 752 of all radars will
produce maximum noise returns. The remaining 25% will produce
noise only at the normal or ambient level. ’

2.2.5 Transponder Equipage

Data has been analyzed to determine the percentage of both VFR
and IFR aircraft which operate transponders*. The data for VFR
aircraft came from radar reports and for IFR aircraft from
flight plan informationm.

2.2.5.1 Controlled Aircraft Equipage

The transponder equipage field is examined for all flight plans
filed by IFR aircraft during the sample periods enumerated in
Table 2.1.1.1-1. The percentage of field flights in 3 equipage
categories was then determined for every ARTCC sampled (Table
2.2.5-1). Berause the trend from 1982 to 1985 shows decreasing
percentages of "Mode-A Only" and "No Transponder”, the average
of 1985 values was chosen to represent the following current
scenario:

1% Mode A only
98% Mode C only
1% Ko transponder.

*The data used to determine IFR and VFR transponder equipage was
obtained during the analysis of “Primary Noise" in Secticn 2.2.4.
See the section for a description of the data collection and
reduction procedures.
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TABLE 2.2.51

DEVELOPRIENT OF YALUES FOR PARAMETER 5.1

USING OPERATIONAL DATA

% CONTROLLED AIRCRAFT

5.1.1 5.1.2 5.1.3

ATCRBS ATCRBS NO
ARTCC MODE A Only MODE C TRANSPONDER
AT2 4 95 1
CcL2 3 97 0
MS2 4 96 0
SE2 7 92 1
AT3 3 97 0
CL3 3 96 1
DC3 1 97 2
FT3 1 99 0
MK3 2 97 1
ARG 1 99 0
HOA4 4 95 1
ING 2 97 1
JAL 4 95 1
ME4 2 124 1
BO5 1 99 0 -
CH5 1 99 0
DE5 0 100 0
LAS 1 99 0
MI5 1 98 1
NY5 0 98 1
0AS5 1 99 0
SL5 0 100 0
AVERAGE 2 97 1
CURRENT
SCENARIO 1 98 1
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2.2.5.2 Uncontrolled Aircraft Equipage

The data source for-VFR flights was radar reports. A count of

all radar reports (beacon and primary) at each samplc’ radar (see
Table 2.1.1.1-1) yielded an estimate of total VFR traffic plus the
distributicn of transponder equipage.

Transponder equipage was calculated for a number of centers. The
analysis consisted of examining the beacon codes used by VFR
aircraft to determine whother they emanated from either Mode A or
Mode A/C transponders. Primary aircraft radar returns which could
not be paired with beacon returns were considered to identify VFR
aircraft without a transponder. A summary of the results of this
effort is shown below. -

VFR Transponder Equipage

ARTCC Mode A Mode A/C Ro Equipage

ZNY 35.6 46.2 : 18.2
Mp 1.2 44.7 54.1
Z1A 41.6 49.9 8.5
YAV 23.9 27.9 48.2
Average: 25.6 42.2 32,2

Consistent with the criterion for selecting date which represents
a stressed center, the data for the ZLA (Los Angeles) center was
selected as the workload values. ZLA is generally considered a
very active VFR area. The stress is shown by the relatively low
value of "No Equipage'" for that center.

There is no known forecast for the growth rate of Mode-S
transponders. Rather, a growth rate of General Aviation and of
controlled aircraft has been derived from FAA-published
informationl®. Interposed onto these growth rates are
assumptions concerning:

1. inauguration of Mode-S operation

2. equipage of new GA aircraft

3. the rate of introduction of Mode-S into commercial and
military (i.e., non-GA) aircraft

4. attrition rate of current transponders
These assumptions are used as the bases for determining a scenario

for transponder equipage for future years.
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In order to estimate the distribution of transponder equipage for
later years, the following aircraft growth rates are assumed:

vl.‘ an average increszse in active GA aircraft of 2.8% per
year (calculated from Reference 16, Table 6)

2. an average increase in controlled aircraft other than GA
of 1.9% per year (calculated from Reference 16, Table 2)

3. an average increase in controlled GA aircraft of 3.9% per
-Jear (calculated from Reference 16, Table 16) :

The bases for transponder installation during subsequent years
follow:

1. Mode-S transponder grounﬁ stations begin operation in
1989. This assumption is interpreted from information
presented in the National Airspace Plan.

2. After 1989, all new aircraft will be equipped with Mode-§
transponders. :

3. All non-GA aircraft will be equipped with Mode-S within
ten years after the ground stations begin operation.

4. Both Mode-A and Mode-C transponders will have an annusl
attrition rate of 5% after 1989. Replacement will be made
with Mode-S. '

5. A total of 5% of controlled GA aircraft will operate
without transponders through 1990 due to malfunctions.

These data were algebraically combined in a spreadsheet program to
produce the transponder equipage values shown in Table 2.2.5-2.

2.2.6 Flight Filing Status

The route filed in the flight plan is the source for this
parameter. For every flight plan in each sample, the
route~of-flight field is examined to determine the following
statistics: ,

1. % of routes that are direct route only
2. ¥ of routes that are adapted route o1y

3. % of routes that are both direct & adapted
" 4, number of segments in direct route only flights
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TABLE 2.2.5-2
TRANSPONDER EQUIPAGE FORECAST

- Percent Transponder Equipage

Host/ISSS Years Consolidation Years

TRANSPONDER TYPE 1985 | 1990 | 1995 1995 | 2000 | 2010

Controlled Aircraft

ATCRBS Mode A Only 1 1 0 0 0 -0
ATCRBS Mode C 98 87 37 37 9 4
Mode S . 0 i1 62 62 90 95
No Transponder 1 1 1 1 1 1

Uncontrolled Aircraft

ATCRB3 Mode A Only 42 35 24 24 16 8
ATCRBS Mode C 50 51 35 35 24 11
Mode S 0 7 33 35 54 77
No Transponder 8 7 6 6 6 4
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5. number of segments in adapted route only flights
6. number of segments in both direct and adapted route
flights

Table 2.2.6-1 shows a summary of parameter values for each ARTCC
sampled.

2.2.6.1 Route Distribution

Because the processing of direct routes is the most demanding, the
maximum value (40) was chosen for the current scenario. Im
apportioning values to the other two route distribution
parameters, relatively more weight was given to the direct and
adapted routes for the same reason - greater processing load
because of the presence of direct routes.

2.2.6.2 Route Segment Count

There is no compelling reason to use values other than maximum.

2.2.7 VFR/IFR Target Ratio

This parameter is a ratio of VFR to IFR targets. For a given ATIC
scenario, IFR and VFR aircraft are distributed throughout that
airspace volume surveilled by the radars reporting to the AIC
facility. At any point in time, some aircraft are detected by
multiple radars and some are not detected due to the
horizon/line-of-sight phenomenon. This parameter is the ratio of
VFR to IFR targets, considering that an aircraft is counted at
most once, i.e., multiple redundant observations of a target are
not considered.

The values for this parameter are as follows:

HOST/ISSS CONSOLIDATION

1985 1990 1995 1995 2000 2010
0.8 0.8 0.8 0.9 0.9 0.9

The values for the consolidation period apply to both "handle
back-~up” and “prepare for back-up” modes.

The approach for computing this parameter is to determine the
VFR/IFR target ratios for single radar sites, and then to compute
an average target ratio weighted by number of radars of each type
and their respective unique target return rates.
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TABLE 2.2.641
DEVELOPMENT OF VALUES FOR PARAMETER 6.0
USING OPERATIONAL DATA '

6.1.1 6.1.2 6.1.3 6.2.1 6.2.2 6.2.3
DIRECT DIRECT ADAPTED DIRECT RTE
DIRECT | ADAPTED | RTE AND ROUTE ROUTE AND ADAPTED
ROUTE ROUTE ADAPTED SEGMENTS | SEGMENTS | ROUTE
ARTCC | ONLY ONLY ROUTE ONLY ONLY SEGMENTS
AT2 42 14 44 1.98 1.82 3.44
CL2 19 11 70 2.16 2.09 3.93
Ms2 36 15 49 2.28 1.55 3.65
SE2 37 30 33 1.63 1.51 3.42
AT3 38 14 48 1.98 1.92 3.28
CL3 28 8 64 2.15 1.88 3.90
DC3 25 14 61 2.02 2.99 3.83
FI3 24 24 52 2,22 1.68 3.46
MK3 33 14 53 2.46 1.95 3.73
AB4 14 22 64 2.20 2.03 3.04
HO4 29 24 47 2.08 1.90 3.50
X4 33 11 56 2.16 1.84 3.55
JAL 29 18 53 2.17 2.11 3.94
ME4 40 19 41 2.02 1.89 3.63
BOS 27 18 55 1.97 1.71 3.75
CH5 35 4 61 1.95 1.59 3.75
DES 19 29 52 2.20 1.81 4.09
LAS 24 20 56 2,25 1.76 3.77
MI5 23 23 54 1.84 1.61 3.81
NY5 16 24 60 2.16 2.26 3.79
0AS - 33 16 51 2.17 2.01 3.47
SLS 28 26 43 2.12 1.73 4.40
AVERAGE| 29 18 53 2.10 1.89 3.69
CURRENT
SCENARIO 40 15 45 2.3 3.0 4.4
1990 40 15 45 2.3 3.0 4.4
1995 40 15 45 2.3 3.0 4.4
1995 50 10 50 2.3 3.0 4.4
2000 40 10 50 2.3 3.0 4,4
2010 40 10 50 2.3 3.0 4.4
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The following steps are used to effect this approach:

1. Determine the VFR/IFR ratios for single radar sites,
long and short range ' ‘

2. Assign representative target levels for these ratios

3. Determine radar coverage for IFR and VFR, with LRR and
SRR

4, Choose appropriate ACF radar count
S. Multiply number of targets by _umber of radars
6. Divide by average radar coverage

AN

2.2.7.1 Single Radar Site Ratio

; ~ The VFR/IFR target ratios for a single site are presented in
¢ Appendix J. and are as follows:

VFR

VER
Z SRR IFR = .64

2.2.7.2 Target Level

; Representative target levels are computed using radar data from
i field sites. (See Appendix J.) It was found that the LRR site
i QRW at the LAX ARTCC kad a high target level (average number of
! targets detected per scan), and is therefore considered appro-
: priate for use in developing the maximum stress VFR/IFR target
[ . ratio. An estimate of the SRR target level was obtained by

i counting only the returns at the QRW site that were within a

‘ 60 nmi radius. The target levels are the following:

i

LRR = 198 targets*
SRR = 54 targets*

#*Primary and beacon targets. Only beacon targets were counted.
‘ Primary target counts were estimated using Parameter 5, Equipage
Mix.
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Given the VFR/IFR ratios above, the total targets are
distributed to match these ratios.

-

For LRR:
~VFR targets, as a proportion of total targets = .35/(1.C+.35) =
0.26; total VFR targets = 0.26 x 198 = 51, total IFR targets =

198 - 51 = 147.

Similarly for SRR:

VFR targets, as a proportion of total targets = .64/(1.0+.64) =
.39; total VFR targets = 0.39 x 54 = 21, total IFR targets =

S4 - 21 = 33. '

2.2.7.3 Radar Coverage

Average radar coverages for short vs. long range radar and VFR
vg. IFR traffic are the following:

Radar Coverage
HOST/ISSS CONSOLIDATION
1985 1990 1995 1995 2000 2010

Combined

LRR+SRR
VFR 1.2 1.2 1.4 2.3 2.3 2.3
IFR 2.8 2.9 3.5 5.2 5.2 5.2

NOTE: the values for radar coverage were computed using a
variant of Program RADCOV (see Appendix I). Minneapolis is
taken as the representative facility.

'2.2.7.4 Radar Count

A maximum stress target ratio must be calculated for each year
in which the radar count is unique. The following maximum
stress radar counts are taken from Parameter 3.1, Table 2.1,
Volume 1. For the Consolidation Period, the radar counts are
for "ACFs Data Only", i.e., no back-up mode.

Radar Count

HOST/ISSS CONSOLIDATION
1985 1990 1995 1995 2000 2010
LRR 13 14 16 21 21 21
SRR 1 2 4 18 18 18
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2.2.7.5 Final Calculations

The equation form to compute the parameter for the years of

interest is:

LRR x VFRL + SRR x VFRS
VFR _ COVERAGEy
IFR
LRR x IFRL + SRR x IFRS
COVERAGEY

where

LRR is number of lcng range radar

SRR is number of short range radar

VFRy, is VFR target level for LRR
VFRg is VFR target level for SRR
IFR;, is IFR target level for LRR
IFRg is IFR target level for SRR

COVERAGEy is the average coverage
and SRR) for VFR targets

COVERAGEy is the average coverage
and SRR) for IFR targets

{combined LRR

(combined LRR

The calculations for each year/period follow:
*CONSOLIDATION 21 x 51 + 18 x 21
PERIOD 2.3
v _os0
IFR 21 x 147+ 18 x 33 708
5.2

For Host/ISSS years:

*Since the mix of LRR vs. SRR for "Handle Back-up" is not
substantially different, the value for Prepare for Back-up,

0.9, is used.
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13%51 + 1x21

VFR 1.2
1985 1w = 13%147 + 1x33 = .8
2.8
14x51 + 2x21
VR _ 1.3 .
1990 R = Thx147 + 2x38 = .8
2.9
. 16351 + 4x21
- VR 1.43
1995 1m = T6x147 + 4x33 = .8
3.3

2.2.8 Altitude Distribution

The altitude distribution of controlled flights is determined
from the assigned altitude field of each flight plan for every
ARTCC sample.

2.2.8.1 IFR Altitude Distribution

The values for each altitude stratum can be seen in Table
2.2.8-1. The average of 21 samples was so closre to the pre-
viously computed average that the latter was retained. This
made it possible to avoid changing other analyses that proceeded
at the same time as the 1985 data was being analyzed; these
analyses necessarily used the altitude distribution published in
February, 1985.

2.2.8.2 VFR Altitude Distribution

Data for VFR Altitude Distribution is taken from McClinton's
analysis of flight plans filed at Leesburg FSS15. A total of
1628 VFR flight plans were filed. The VFR altitude distribu-
tion listed below was taken from this analysis.

VFR Altitude Percentage
Stratum, ft MSL Occurrence
0 - 6,000 78.3
6000 - 8,000 14.5
8000 - 12,000 6.6
over 12,000 0.6

2.2.9 Speed Distribution

The distribution of speed for contrclled flights is determined
by reading the speed field of each flight plan for every ARICC
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TABLE 2.2.8-1
DEVELOPMENT OF VALUES FOR PARAMETER 8.0
USING CPERATIONAL DATA

ALTITUDE DISTRIBUTION — % OF IFR AIRCRAFT AT THE
FOLLOWING ALTITUDE INTERVALS

0- 6,000- 12,500~ ABOVE
| _ARTCC 6,000 FT/MSL | 12,500 FI/MSL | 18,000 FT/MSL | 18,000 FT/MSL
AT2 10 29 8 53
cL2 10 28 11 51
Ms2 6 26 8 60
SE2 12 21 13 sS4
AT3 11 31 9 49
CcL3 14 26 8 52
DC3 11 21 8 60
FT3 6 16 14 64
MK3 6 20 8 66
ABY 1 11 21 68
HO4 6 21 10 63
ING 10 27 11 52
JAl 11 26 13 50
MEG 4 25 9 62
BOS 19 28 13 41
cH5 7 24 9 59
DES ()} 10 8 81
LAS 7 19 4 69
MIS 1% 26 6 54
NYS 15 21 12 52
0AS 11 15 9 65
SLS 0 7 14 79
AVERAGE 9 22 10 59
CURRENT
SCENARIO 10 24 10 - 56
1990 10 24 10 56
1995 10 24 10 56
1995 10 24 10 56
2000 10 24 10 56
2010 10 24 10 56
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sample. The values for each speed interval can be seen in
Table 2.2.9-1. There was no compelling reason to use values
other than average for each scenario. This average wspeed is
assumc:d not to change significantly over time.

2.2.10 Flight Life

This parameter is a grouping of three parameters: 4IFR track
life, VFR flight life within a facility and IFR flight plan life
in the computer system. : .

2.2.10.1 IFR Track Life

The IFR track life was determined from examination of the DART
 Track Report for each of the sampled facilities. This report
gives detailed information on the track status of each flight
from track initiate to track terminate. Only track reports from
flights proven to be complete by the presence of the appropriate
start and stop control messages were examined. (There is one
exception: an arrival flight without a terminate message but
with a final track message recorded significantly before the end
of the sample period is determined to be complete.)

2.2.10.1.1 Host/ISSS Period

The average track life for all samples varies from 22 minutes to
47 minutes. The most demanding value for track life is the one
that produces the highest message rate. Message rate is a
function of number of messages/flight, flight (track) life, and
number of tracks in the system (track load). For any particular
value for messages/flight, multiplying by the "R" factor (track
load/track life) will result in message rate:

messages X track load = messages
track track life (minutes) minute

Therefore, the methodology used to determine the most demanding
value of flight (track) life requires the "R" value to be
calculated for each sample, the highest value identified, and
the maximum stress track life calculated that would produce the
highest message rate. :

A summary of track life can be seen in Table 2.2.10-1. Note

the highest "R" values are found in the two Cleveland samples.
The average of these values was chosen to calculate the meximum
stress track life. The equations that follow illustrate the
calculation of "R" for CL2 and the calculation of maximum stress
track life using the average of the two Cleveland samplea:
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' TABLE 2.2.9-9
DEVELOPMENT OF VALUES FOR PARAMETER 9.0
USING OPERATIONAL DATA

SPEED DISTRIBUTION — % OF IFR AIRCRAFT AT THE FOLLOWING
SPEED INTERVALS:

, UNDER 250~ 400~ OVER
ARTCC 250_KNOTS 400 KNOTS 600 _KNOTS 600_KNOTS
AT2 %0 15 45 0
cL2 36 18 46 0
MS2 33 18 49 0
SE2 39 17 44 0
AT3 42 18 : 40 0
CL3 38 21 41 0
C3 33 18 49 0
FT3 24 19 57 0
MK3 30 21 Y 0
AB4 14 23 63 0
HO4 29 25 46 0
ING a1 Y 42 0
JAL 24 19 57 0
ME4 29 18 53 0
BOS 42 21 36 0
CH5 33 17 50 0
DES 16 12 72 0
LAS 23 15 62 0
MIS 38 12 50 0
NY5 35 19 46 0
0A5 23 19 58 0
SL5 15 16 69 0
AVERAGE 31 18 51 0
CURRENT
SCENARIO 30 18 52 -0
1990 30 18 52 0
1995 30 18 52 0
1995 30 18 52 0
2000 30 18 52 0
2010 30 18 ' 52 0
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TABLE 2.2.40-1
DEVELOPMENT OF VALUES FOR PARAMETER 10.0
USING OPERATIONAL DATA

10.1 CONTROLLED g
ARTCC TRACK LIFE SR
AT2 30 6.0
22
cL2 ; 21.7
MS2 26 15.8
SE2 : 39 . 1.3
28 .
AT3 1.1
CL3 24 .
3 33 12.7
Dsga 37 14.0
MK3 28 17.7
AB4 43 9.1
28 15.6
EO4 _
29 16.0
INA §-0
42 .
JAL 29
34 .
ME4 3.7
BOS 33 .
5 31 19.3
oe &7 12.4
e 13.6
LAS 31 .
36 11.8
MI5 1.8
NY5 27 .
36 10.1
ot 7.7
SL5 47
STATISTIC 28.8% 21.7%=
CURRENT
SCENARIO 30
1990 30
1995 30
1995 35
2000 35
2010 35

%Average of CLZ and CL3. (See section 2.2.10.1 for calculation)

whkMaximum.

2-35

[




X0, YO
Alrport Site
Center Area = SH x SV

sV

X0, Y0 = Starting Coordinates

" X1, Y1 = Ending Coordinates

o = Flight Direction
L = SV/SH

D = Total Distance Flown
DI = Distarce Flown In
the Center

FIGURE 2.2.10.2- ,
VFR FACILITY FLIGHT TIME ANALYSIS
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A value of VFR Facility Time was estimated for each of 15
facilities. A mean VFR Facility Life of 64 minutes was
estimated. »

For the years 1995 through 2010, it is estimated that an ACF can
pe approximately 30% greater in area than an average -
facility.18 It is estimated that the VFR flight life will
increase marginally to 65 minutes.

2.2.10.3 Active Flight Plan Life

The parameter is calculated by multiplying parameter 1.1, Active
Flight Plans/Controlled Track, by parameter 10.1, Controlled

_ Prack Life. Ex. 2.0 x 30 = 60, 2.0 x 35 = 70.

2.2.10.4 Total Flight Plan Life

This parameter is calculated by multiplying‘parameter 1.2, Total
Flight Plans/Controlled Track, by parameter 10.1, Controlled
Track Life. Ex. 4.3 x 30 = 129, 4.3 x 35 = 150,

2.2,11 Flight Type

There are four flight types: arrivals, departures, overflights,
and withins. The NAS flight plan data base is examined for each
ARTCC to determine the source and destination of each flight
listed within the sample period. By comparing a scurce and/or
destination with an adapted internal airport, the flight type
can be ascertained.

Table 2.2.11-1 shows the flight type distribution determined for
each ARTCC. Also shown are the average and curreant scenario
value for each type. The average of 21 samples was so close (5
to 7%) to the previously computed average6 that the latter was
retained. This made it possible to avoid changing other
analyses that proceeded at the same time as the 1985 data was
being analyzed; these analyses necessarily used the old altitude
distribution.

The value for Handle Back-up was presumed not to change.

2.2.12 Flight Generation Process

Flight Generation is measured by the number of new tracks
initiated in a given period of time. Each ARTCC data set was
analyzed and the distribution of new track starts vas plotted.
This plot was compared to a plot of a Poisson Distribution with
the same data. The fit was determined by inspection.

2-40




TABLE 2.241+1
DEVELOPRMENT OF VALUES FOR PARAMETER 11.0
USING OPERATIONAL DATA

DISTRIBUTION

FLIGHT TYPE
ARTCC ARRIVALS DEPARTURES OVERFLIGHTS WITHINS
AT2 21 28 26 25
CL2 18 30 26 26
MS2 19 21 38 22
SE2 14 20 9 57
AT3 22 29 25 24
CL3- 12 28 29 31
pC3 21 28 28 24
FT3 22 26 22 30
MK3 16 20 44 20
AB4 14 19 18 49
EO4 23 30 9 38
ING 21 30 33 16
JAL 20 22 40 18
ME4 17 24 39 20
BOS 18 28 13 40
CHS 29 35 19 17
DES 22 22 35 20
LAS 26 30 4 40
‘MIS 24 26 2 48
NYS 33 37 11 19
0AS 22 31 10 37
SLS 14 17 47 22
AVERAGE 20 26 24 30
CURRENT
SCENARIO 21 27 24 28
1990 21 27 24 28
1995 21 27 24 28
1995 20 24 34 22
2000 20 24 34 22
2010 20 24 34 22

2-41




(TSR

2.2.13 Alrport Operations

Airport operations refers to two airport-related parameters:

the first is an estimate of the percentage of controlled flights
that depart, arrive and/or overfly an approach controlled
airport; the second is a measure of the distribution of coded
routes to all arrivals and departures. Flight plans were
examined to estimate both parameters.

2.2.13.1 Digtribution of Controlled Flights to Approach
_Controlled Airports

Table 2.2.13-1 shows three columms labelled ARTS ARRIVAL, ARTS
DEPARTURE, and ARTS OVERFLIGHT. ARTS refers to Automstic Radar
Terminal System, the computer system used by TRACONs and TRACABs
for controlling traffic in the approach area. All arrivals and
departures of controlled flights utilizing these approach
facilities were counted; the parameter value was calculated by
dividing this count by the total number of arrivals and
departures, respectively. Note that "within" flights count as
both an arrival and a departure. The record of converted route
segments was examined to determine the instances of overflight
of an ARTS facility. A count of ARIS overflights was made and
divided by the total flight count to determine parameter 13.1.3,
ARTS overflight.

The current scenario values were determined for ¥ ARTS arrivals
and departures by adding the sample values and dividing by two.
Both Atlanta samples and the New York sample yielded average
values of 80%. There was no compelling reason to use any other
than the maximum value for any of these parameters. This value
je assumed not to change significantly between 1985 and 1995.

2.2.13.2 Coded Arri—al and Departure Routes

Arrivals and departures at busy airports are commonly handled
through the use cof predetermined routes called coded routes.
The NAS table showing converted routes of flights was examined
to determine coded route usage. FEDRs and SIDs are coded
departure routes; PARs and STARs are coded arrival routes.
PDARs are coded routes that provide for the departure from one
airport to the arrival at another. The use of a PDAR was

counted both for the departure and the arrival of the flight to

which it was assigned.
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. TABLE 2.2.931 '
DEVELOPMENT OF VALUES FOR PARAMETER 13.1
USING OPERATIONAL DATA .

13.1 DISTRIBUTION OF IFR FLIGHTS
TO APPROACH CONTROLLED AIRPORTS

% . z 2
‘ ARTS ARTS ARTS
ARTCC ARRIVAL DEPARTURE OVERFLIGHT

AT2 89 72 *

CcL2 74 61 - ®

MS2 * * *

SE2 42 37 *

AT3 83 73 *

CL3 74 62 *

DC3 74 76 *

F13 77 72 *

MK3 * * *

AB4 45 75 2

HOL 61 68 5

ING 65 64 9

JA4 56 60 14

ME4 53 50 - 6

BOS 68 77 13

CHS 77 78 9

DE5 59 62 2

LAS 67 . 70 14

MIS 66 65 10

NY5 77 81 9

0A5 69 75 12

- SLS 53 54 6

AVERAGE - 66 67 9
CURRLNT

SCENARIO 80 80 14

1990 80 80 14

1995 o 80 80 14
*No data
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Table 2.2.13-2 shows the distribution of coded routes for all
arrivals and departures. The approach used to choose the
current scenario value was to examine the ARTCCs with the
largest number of coded routes in order to determine the maximum
number of flights using coded routes. For the candidate ARTCCs,
the coded arrival route percentages were summed, as were the
coded departure route percentages. These values were multiplied
by the number of flights expected to arrive or depart an ARTCC
airport. The latter is determined for arrival by multiplying
the 1995 flight arrival rate (taken from peak track load,
Appendix D) by the percent of all flight types (Table 2,2.11-1)
that are arrivals and by the percent of all flights that are
ARTS arrivals (Table 2.2.13-1). The same is done to determine
total departures using coded routes. (See Table 2.2.13-3.)

2.2.14 Metering Arrival Rate

. The peak-hour arrival rate of IFR operations at both metered

airports and ACFs is to be determined. Figure 2.2.14-1 depicts
the rationale for making an estimate of the peak-IFR arrival
workload for metered airports. Daily operations data are
provided for airports from the 1978 Tower Airport Statistics
Handbookl2, This data is insufficient for three reasons.
First, the data does not separately identify VFR and IFR rates;
secondly, it does not provide peak-hour rates; and finally,
since peak hour rates are not addressed, no distinction between
arrival rates and departure rates at the peak hour are.made.

To obtain the IFR operations rate, information is derived from a
study of VFR and IFR operational at Los Angeles Airport. The
peak-hour activity information on Peak-Hour/Daily operation
ratios was gathered from a report on Hourly Airport Activity
Profiles for 30 Airportsl9., These data provided an estimate

of the peak-hour IFR operations. The peak-hour arrival rate was
estimated b{ analyzing arrival/departure data from seven (7)
airportalg‘ 5, :

2.2,14.1 Airport Arrival Operations

Sample arrival data were taken from a series of FAA reports

(References 20 through 26) describing the detailed operation at
specific airports on a busy day (Friday). Table 2.2.14-1 :
summarizes some of this data for metered airports. The purpose

. of this table is to show the maximum number of arrival opera-

tions experienced during an hour. The time periods selected for

"evaluation were those hours in which the total number of

operations was within 70% of the maximum number of operaticns
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TABLE 2.2.13-2
DEVELOPMENT OF VALUES FOR PARAMETER 13.2
USING OPERATIONAL DATA

13.2 CODED ARRIVAL AND DEPARTURE ROUTES

-DEPARTURES- -ARRIVALS~
ARTCC PDR PDAR SID PAR PDAR STAR
AT2 29 15 0 26 17 11
cL2 37 12 0 58 15 1
MS2 31 3 0 32 3 0
se2 | 271 2 0 39 2 0
AT3 24 12 0 18 13 | 15
CL3 37 7 0 57 9 4
nc3 35 19 4 59 22 0
FI3 | 43 25 1 32 27 0
M3 | 45 10 2 43 11 3
ABS 63 4 10 17 4 5
HO4 40 21 3 40 23 13
ING 25 5 0 17 6 0
JAL 32 2 4 27 2 0
MEL 42 5 12 36 6 5
BOS 22 16 0 26 18 2
CHS 48 10 0 48 12 0
DES 54. 12 0 58 12 0
LAS 39 17 1 38 18 2
MIS 48 15 0 38 16 7
NYS 25 17 36 54 19 15
0A5 16 16 27 30 19 4
SL5 31 5 4 36 5 0
AVERAGE | 36% 11% 5% 37% 13% 43
CURRENT
SCENARIO | 44 14 6 47 16 5
1990 44 14 6 - 47 16 5
1995 44 14 6 47 16 5
1995 &4 14 6 47 16 5
2000 | 44 14 6 47 16 5
" 2010 A 14 6 47 16 5
2-45
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TABLE 2.2.14-1
SAMPLE ARRIVAL STATISTICS FOR METERED AIRPORTS
Max. Date Eour Average
Airport Opns/Hr.* {MM/DD/YY]00-23]Arr/DepiX Arr.}! % Arrc.
Atlanta 9819 08/06/76] 09 | 53726 | 67
. 11 | 57727 ] 68 71
15 }s4730 | 64
19 | 72/15 | 83
Chicago—-0'Hare 10820 08s05/77f 09 | 61/48 | 56
12 | esru9 | 57 56
13 | 78/64 | 55
16 | 71/54 | S7
Cleveland 3321 os8/05/78] 11 | 17710 | 63
: 17 ] w11 | ss 60
Houston 3322 08/06/76] 14 | 19/12 | 61 60
19 | 18/13 | 58
Los Angeles 8423 08/05/77f 11 | 35724 | 59
: 14 | 42/730 | s8 59
18 | 49/32 | 60
19 | 46735 | 57
Philadelphia 6224 08/05/77)1 07 | 25/18 | 58 :
19 | 26718 | S9 s7
20 | 28/26 | sa
San Francisco 5825 08777 | 12 |} 3ar22 | 61
18 | 30/20 { 60 58
19 | 29/25 | sa
20 | 31721 | 60
‘Average 60

#*Superscripts refer to the reference used.
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and the number of arrival operations was greater than the number
of departure operations. (The “70%" criterion was-selected as a
reasonable measure of significant activity.) The "Pesk
Percentage Arrivals" number represents an hour when the airport
is experiencing the highest percentage of arrival operations
relative to the total operations. The mean value of these
percentages (i.e., 60%) was used to characterize those airports
where arrival/departure data were not available.

Table 2.2.14-2 describes the peak arrival characteristics at 12
airports. The peak operations rate and average daily operation
count was calculated for each of the airports. For each of the
airports, data showing peak operations per hour were gathered
from Reference 19, Measurements were made for the airports on
the ratio of: :

Peak Operations Per Hour
Average Daily Operations

4n average value of 0.094 was calculated for this ratio from
these eleven pieces of data. This number will be used as a
factor to calculate peak hourly rates from known daily
operations ratesl?,

Although the statistics on airport arrival data are minimal, the
corresponding data on IFR operations (i.e. - IFR arrival
operation rates) are very rare. Some data were gathered from
tower operations at the Los Angeles (LAX) airport.* The data
showed that 55% of the airborne traffic were IFR operatioas.
Thie data represents a lower limit on percentage of IFR
operations, since Los Angeles is known to have a relatively high
level of VFR activity.

As a consequence of the paucity of IFR arrival data, estimates
of the percentage of operaticns which were VFR were made for
each airport. Low values (i.e. 55%) were considered to be
characteristic of the California airports. IFR percentage
values for the east coast area were considered to be relatively
high (i.e. 70-752). Most other areas were estimated to be in
between the 55 and 75% values. Table 2.2.14-3 includes the
estimates made for all of the 50 airports.

*The dafa, gathered from the long range radar (QLA) nearest to
LAX, were part of a larger data set which was used to determine
VIFR/IFR ratios. The study is repcrted in detail in Appendix J.
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PEAK-ARRIVAL CHARACTERISTICS

. TABLE 2.2.14-2

OF BUSY AIRPORTS

ARTCC - PEAK AVERAGE PERCENT,
AIRPORT LOCATION OPNS/HR OPNS/DAY PEAK HR/AVG DAY
ATLANTA ZTL 123 1543 8.0%
CEICAGO O'HARE ZAU 169 2203 7.7%
CLEVELAND Z0B 73 624 11.7%
HOUSTON ZHU 75 766 9.8%
KANSAS CITY 2KC 65 573 11.3%

" LAS VEGAS LA 114 992 11.52
LOS ANGELES ZLA 129 1543 8.42
NEWARK ZNY 49 402 12.2%
PHILADELFHIA ZNY 88 942 9.3%
PITTSBURGH Z0B 99 928 10.7%
SAN FRANCISCO Z0A 99 1013 9.8%
WASHINGTON-DCA YALY 86 887 9.7%
AVERAGE 97 1035 9.4%
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TABLE 2.2.14-3

.

PEAK-ARRIVAL RATES FOR THE £0 BUSIEST AIRPORTS

Peak Peak
IFR & VFR IFR Only
Arrivals/ { Terminal { Arrivals/ | ACF3
ACF Airport Hour IFR 32 Hourl Total
Albuquerque PHX 57 60 34 59
LAS 47 60 28
Atlanta ATL 87 65 (59) 59
Boston-Logan BOS 54 70 38 66
BDL 23 70 16 :
BUF 23 70 16
Chicago ORD 95 70 (67) 84
MKE 32 70 22
Cleveland DTW 42 70 29 89
CLE 41 70 29
PIT 52 70 36
Denver DEN 72 65 (56) 56
Fort Worth FIW 24 60 4 99
DFW 64 60 38
HOU 46 60 28
IAR 41 60 25
Houston SAT 32 60 1¢ 38
MSY 27 60 (21)
Indianapolis | IND 33 70 23 66
CMH 29 70 20
CcvG 19 70 13
DAY 20 70 14
Jacksonville TPA 34 75 26 36
MCO 17 75 13

KOTES:

lyalues without parentheses were calculated from 1978 sample statistics
on hourly airport operations (sce Ref. #22). Values with parenthesecs
were observed from recent sample data.

2yalues weze on the basis of observing 1429 target reports from the lomg
range radar clesest to LAX. The value for other facilities was estimated
from thig base.

3A Reduction Factor (RF) of 0.94 is multiplied by the peak arrival rates
for those facilities with more than one metered zirport.
Where RF = Peak Arrival Rate for & Facility

Sum of Peak Arrival Rates for Metered Airports
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TABLE 2.2.14-3

(Conciuded)
Peak Peak
IFR & VFR IFR Only ]
: Arrivals/ | Terminal | Arrivals/ | AcF3
ACF Airport Hour IFR %2 Hourl Total
Kansas City MCI 29 70 20 74
STL S4 70 38
OKC 29 70 20
Loa Angeles LAX 76 55 (48) 58
SAN 25 55 14
| Memphis MEM 54 70 38 38
Miami MIA 56 60 34 75
PBI 29 60 17
FLL 48 60 29
Minneapolis MSP 39 75 29 29
New York JFK S& 70 (39) 139
EWR 29 70 (33)
LGA 58 70 41
PHL 50 70 35
Oakland SFO 57 55 (35) 81
SMK 16 55 ]
0AK 37 55 20
sJC 41 55 23
Salt Lake SLC 35 60 21 21
City :
Seattle SEA 30 65 20 23
PDX 8 65 S
Washington DCA 52 70 (41) 100
BWI 33 70 (25)
IAD. 21 70 (17)
CLT 34 70 24
Anchorage ANC 31 60 19 ‘19
Honolulu HNL 52 55 29 32
LIH 10 55 6
0GG 14 55 8

Sce notes on previous page.
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The peak IFR arrival rate is equal to the peak operations rate
multiplied by the Average Percentage Arrivals listed in Table
2.2.14-1 multiplied by, the percentage of VFR operations also
shown in Table 2.2.14-3. Table 2.2.14-3 lists the peak arrival
rate calculated for each of the 50 airports. The maximum

‘value, 67 IFR arrivals/hr., represents & peak arrival rate,

which value is used to represent the workload scenario arrival
rate for a metered airport.

The peak arrival rate for an individual airport is limited by
airport runway capacity. It is assumed that traffic into hub
airports will begin using adjacent, smaller airports during
busy traffic conditions and metering will expand to integrate
servicing a hub airport with adjoining airports. Metering for
Chicago O‘'Hare, for instance, could include metering for Midway
Airport.

The determination that Chicago O'Hare represents the workload
airport for IFR arrival metering gives some verification of the .
statistical method used. O'Hare is known to have a very high
level of IFR operations.  In terms of total arrivals rate (i.e.
VFR & IFR) O'Hare was nearly 10% higher than Atlanta. On this
basis, there was no compelling reason to select the Atlanta
statistics as the workload data.

The growth of metering capabilities is assumed to start
coincident with AERA (circa 1992) and a growth rate of towered
airport operations is assumed to be 1.9% per year17. The
workload scenario values for Airport Metered Arrival Rate are:

Year Rate, Arrivals/Er.
1985 67
1990 67
1995 71
2000 78
2010 94

2.2.14,2 Facility Arrival Operations

Most facilities currently have an average of two hub airports
within their boundaries although one facility (i.e., NY-B) has
four such airports. Table 2.2.14-3 also summarizes the peak
arrival rate for those facilities in which the airports are
located. At facilities that have more than one metered
airport, the pesk arrival rates for each of the airports do not
necessarily occur simultaneously. To compensate for suspected
differences in peak arrival time between metered airports im
the same facility, information was gathered from arrival
datal? to determine the reduction factor:
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RF = Peak Arrival Rate for a Facility
Sum of Peak Arrival Rates for Metered Airports

The reduction factors for each facility with multiple metered
airports was calculated and the average value of RF is shown in
Table 2.2.14-3. The peak value of the Facility Arrival Rate is
estimated to be 139 IFR arrivals per hour.

The growth rate for arrival operations at facilities is
consideted similar to that for airports. A growth rate of
1. 9Z/yr is used to adjust arrival rates after 1992.

Back-up for facility arrivals is estimated on the basis that
the facility must be capable of handling 302 of a neighboring
ACF arrival traffic space. It is assumed that the backed-up
facility has the next highest arrival rate, i.e. Washington at
101 arrivals/hr (the workload scenario assumes the highest
arrival rate for the facility required to back-up).

The workload scenario values for Facility Metered Arrival
values are:

Rate, Arrivals/Hr
Year Without Back-up With Back-up
1985 ' 139 N/A
1990 139 N/A
1995 147 170
2000 - 162 188
2010 195 226

2,2.15 Sectors Penetrated/Flight

For the HOST/ISSS time period, a sector was defined as an en
route sector and NAS data was analyzed to determine the en
route sectors penetrated by flights of each type. This
information is available, for each ARTCC sampled, in Volume III
of this report. Table 2.2.15-1 shows the average sector
penetration for each sampled ARTCC.

During the ACF consolidation period, approach control becomes
an ACF function so sectors penetrated reflects the additional
approach sectors for arrival, departure, and within types. A
typical approach control structure is assumed to consist of omne
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or more “feeder" approach controllers whose sectors begin at
about 30 miles from the airport and end at 10 miles from the
airport. One or more “final" approach controllers are assumed
_to control close-in traffic from 10 miles to the outer marker.
Departure traffic is handled by one controller providing
separation in a sector that covers that airspace from the end
of the runway to en route airspace. Traffic at satellite
airports is handled by no more than one controller/airport.

2.2.15.1 Determination of Parameter Value for Sectors
Penetrated

Parameter values for average number of sectors penetrated per
flight at sampled ARTCCs can be seen in Table 2.2.15-1. Note
that Denver has the maximum value of 2.87. Although this
is—by a large margin——the highest value recorded, Denver
currently has a very high traffic load and is the facility with
the second highest traffic load in the ACF Consolidation
Period. No compelling reason could be found to accept a lower
value for this parameter.

The value for the ACF Congolidation Period was determined
(Table 2.2.15-2) by using Denver's sector penetration values
for each flight type and adding sectors to account for the
consolidated approach control function. The following
assumptions were made:

1. Parameter 13.1, ARTS Arrivals, Departures, and
Overflights identifies the percent of all flights using
approach control. Assume that 20 percent of all ARTS
arrivals require satellite airport approach control.

2. Parameter 11.0, Flight Type, identifies the
distribution of flights in the four control categories -
arrival, departure, overflight, within.

3. The values for Flight Type and ARTS (Approach Control)
Penetrations are unlikely to change during the ACF
consolidation period (1995 - 2010).

2.2.16 Trajectory Length

No value was calculated for this parameter because information
about AERA design is aot yet detailed enough to permit the
analysis needed to determine its impact on workload.
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TABLE 2.2.15-1
DEVELOPMENT OF VALUES FOR PARAMETER 15
USING OPERATIONAL DATA

ARTCC SECTORS PENETRATED/FLIGHT
AT2 2.11
cL2 2.06
MS2 1.82
SE2 2.19
AT3 T 2.11
cL3 1.49
Dpe3 1.89
FI3 2.07
MK3 1.89
AB4 2.18
HO4 2.17
IN4 1.97
JAL 2.26
MEL 1.97
BOS 1.95
CHS 2.03
DES 2.87
LAS 1.80
MIS 1.95
NYS 1.56
0AS 2.38
SL5 1.95
AVERAGE 2.03
CURRENT

SCENARIO 2.90
1990 2.90
1995 2.90
1995 4.10
2000 4.10
2010 4,10
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2.2.17 Trajectories in Conflict

Preliminary studies were recently made on an algorithm for
estimating the rate at which conflicts discovered by flight
probes are generated in AERA. This method can be used as a
means of determining the AAS workload for Trajectories in
Conflict.

A subject aircraft is considered to be travelling through cells
in an x-y-t coordinate grid, where the basic cell dimension for
x-y is equal to SEPH (i.e. - horizontal separation criterion),
and the basic dimension for t is SEPT (i.e. — time separation
criterion). The cell(s) in which the aircraft is passing
through is termed the sparse grid chain, and a contiguous set
of cells which includes the sparse grid chain and every
orthogonal and diagonal neighboring cell is termed the buffered
grid chain. The aircraft is considered to be travelling in
level flight, in en route airspace (i.e. - above 18,000 feet)
at a flight level between 180 and 450.

An object aircraft is considered to be resident in a sparse
cell of the planning region. The model calculates the number
of conflicts generated per unit time between a subject and the
object aircraft.
The model designed is basically the formula:

K, # Conflicts/Min = bzprN/CZI

Where:

N = Number of controlled aircraft in a Planning Region
(steady state),

I = Interval between successive aircraft entries/exits
into/from the planning region,

C = Number of grid cells gpanning eithef the x or the y
dimension of the planning region (x, y axes),

L = Number of grid cells spanning the look ahead time (t
axis),

b = Ratio of number of cells in buffered grid chain to
the number of cells in sparse grid chain,
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z = fraction of x-y-t co-occupancies which overlap
vertically,

p = fraction of i-y—t—z co—occupancies which represent
distinct object aircraft (encounters),

f = fraction of encounters declared conflicts by the fine
filter.

Estimates of these variables are calculated in the following
description. In some cases the estimates are based on
parameter values determined within this report. In other
cases, "reasonable" values have been used because no comparable
background exists in the present NAS system. The reasonable
values are based on the experience and expert judgement of AERA
modelers. i .

Description
The following values are used for the variables in the model.

N - The number of controlled aircraft (tracks) in the planuning
region is identical to the track level values used in the
workload estimate (Parameter 2.1.1 Controlled Tracks).

For this analysis the planning region is equivalent to the
Ares Control Facility (ACF). The values are:

Year N
1995 910
2000 1060
2010 1310
I - The average interarrival time can be estimated from the

controlled track life (Parameter 10.1), which was
estimated at 35 minutes and the track level valueg from
above:

I= ¢t Where: t = Track Life in the controlled
N region

C - In a coarse filter, the grid cells are square and have a
dimension no larger than SEPH. The number of grid cells
in the x - y dimension of a planning region can be taken
to be equal to:
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c= A __
SEPH

Where: A = Average area of

a planning region

Horizontal separation -
criterion

SEPH

The average area of an En Route Center was determined in
the calculation of Paramweter 10,2, VFR Facility Flight
Life (Section 2.2.10.2), at 300,000 NMI2Z. The planning
region, in AERA time, is an ACF which has approximately
25% more area than an En Route Center {i.e. - 375,000
NuI2). :

The time-dimension of a cell with regard to look-ahead
time is equal to at least the time required by an aircraft
to traverse it — i.e., SEPH/Vmax. The optimum conflict
probe look-ahead time (SEPT) is still under study, but is
expected to be between 10 and 20 minutes.

L can be approximated as:

SEPT/(SEPR/Vmax)
Where SEPT = Time separation criterion
Vmax = Maximum aircraft velocity (Parameter

9.0)

A minimum size sparse grid cell (i.e., one) has a buffered
grid size = 27 or a Buffered/Sparse ratio of 27/1. As the
number of sparse cells increase, the ratio of Buffered/
Sparse decreases. The value of b ranges between 27/1 to

‘12/1; a 15/1 ratio (i.e., b = 15) is reasonable.

Except for flights in transition from one altitude to
another, an aircraft maintains a prescribed altitude. If
the aircraft were uniformly distributed over the 18 useable
flight levels* in the en route airspace, the total

#*In the present en route airspace, there are eleven 1,000 foot flight
levels between 180 and 290 and seven 2,000 foot levels between 290
and 450 for a total of 18 levels.
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trajectory problem would be reduced by 1/18th. To allow
for lack of uniformity in distribution of IAC and for
aircraft changing altitude, values of z as high asz 1/4 are
possible., A reasonable value to use is:

z = 1/10

p - Object aircraft can co-occupy with the subject aircraft
anywhere from 1 to 5 grid cells where their respective
- flight paths are not nearly parallel or their speeds are
significantly different. Most combinations would tend
toward the larger value. A reasonable value to assume is
4 cells. The resulting value, therefore, is:

p=1l/4

f - Given only that a sparse and a buffered grid chain
intersect, what is the probability that the two
trajectories come within SEPH horizontally at some point
in time? A reasonable guess is that 1/3 of all pairs
reaching the time filter have predicted separation less
than SEPH — that is, conflicts. The estimate is:

£f=1/3

Summary

As sfated, the model for estimating "Trajectories in Conflict"
is:

K, #Conflicts/Min = bzpfLN/C2I

The first four factors, b, z, p, and £, are dimensionless.
Substituting values from the "Description':

b mee)

= 0.125 SEPT x SEPH x Vmax x N2
: Axt

-Assuming the following:

SEPT = 15 mia.

SEPH = 10 miles

Vmax = 600 miles/hr.
t =35 min.
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A = 248,000 nmiz

. We get: .

K =0.125 [ 15 min x 10 mi 600 mi hr N2
248,000mi x 35 min hr 60 min |

= 2.16 x 10> N2, conflicts/min

K can be calculated for the following years:

K
. (Prepare K
Year | N |for Back-up) | (Handle Back-up)
1995 910 18 30
2000 1,060 24 - 41
2010 1,310 37 62

e

2.2.18 CTA Updates Per Flight

It is currently expected that manual Calculated Time of Arrival
(CTA) updates will be very infrequent, almost zero. Newman
reports that CTA will be automatically updated two times every
hour on the average. An adjustment of +1 is made to allow for
above-normal conditions, yielding an expected CTA update of
three per hour per flight. This number translates to a CTA
update frequency of 3*(30/60) = 1.5, round to 2.

In AERA 1, a resynchronization will accomplish the same
function as CTA updates. The following is a very simple
derivation of the relationship between the error in the
predicted longitudinal velocity of an aircraft and the
resynchronization rate of that aircraft. The relationship
leads directly to an estimate of the lower bound of the
resynchronization rate.

Let S

the predicted, longitudinal ground speed in knots of
an aircraft since the aircraft's last
‘resynchronization

dg = the error in the predicted, longitudinal ground
speed, knots

t = the time since the last resynchronization, hours
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¢ = the maximum allowable longitudinal deviation from the
predicted position before resynchronizetion must be
performed, nautical miles; the parameter vatue that
has been most often quoted is 2.5 nautical miles

Resynchronization will occur when the actual distance ttaveled
differs from the predicted distance traveled by ¢, i.e.,

(5 + dg)t-st = ¢
or :
Solving for t,

The maximum longitudinal velority error due to wind and pilot
error is expected to be about 25 knots. Using the above
relationship, an approximate lower bound for the resynchroni-
zation frequency of an aircraft is 0.1 hour (i.e., six minutes).

The resynchtonizatidn rate is, in turn, 10 per hour per
flight. Considering a flight life of 35 minutes (Parameter
10.1), a resynchronization rate of 6 per flight is calculated.

For the "Handle Back-up" scenario, the flight iife is increased
to 37 minutes yielding a resynchronization rate of 6.2 per
flight. The scenario value for "Handle Back-up" is rounded
upward to 7 per flight.

2.2.19 Special Use Aircpace Blocks

Special use airspaces are areas where aircraft operation is
restricted either entirely or during specific times and under
specified operating conditions. To determine the likelihood of
a requested profile penetrating a Special Use Airspace block,
the following methodology was used:

1. Divide up a facility into equi-area squares.

2. Estimate the fraction of the facility area covered by
Special Use Airspace.

3. Determine the number of Special Use Airspace blocks in
the facility.

4, Assuming a 150 NMI flight probe, use a Poisson
distribution to calculate the probability that the ptobe
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" will encounter at least one Speciel Use Airepace block.
The probe can be initiated from any block within the
facility.

Asguming that a facility is divided up into equi¥area blocks,
the probability that an aircraft conflict probe will encounter
"a" Special Use Airspace blocks is given by the Poisson

relationship:

p(n) = exp(-m) m?
n!

When p(n) = the probability that "n" Special Use Airspace
blocks will be encountered, and

m = the mean number of encounters expected
throughout the facility.

Since we are concerned only with the probability that no
Special Use Airspace violations occur (i.e., n = 0), the
equation reduces to:

p(0) = exp(-m)
The probability, in percent, that a violation will occur is:

P = [1 - p(0)] 100

100 [l-exp(-~m)]

Treating m further yields:
= F.X

Where F = the probability that a given block of airspace is a
Special Use Airspace block

= Area of Special Use Airspace
Center Area

X = Number of blocks probed by a conflict probe.

2.2.19.1 Number of Special Use Airspace Blocks

Information for calculating "F" has been published in a paper
by Mundra?? describing problems and solutions with respect to
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wUser Preferred Routes in the Current ATC System.' Some
characteristics of Special User Airspace in the conterminous
U.S. are included in the table below:

SPECIAL USE AIRSPACES IN CONTERMINCUS U.S. IN 1983

Type of Special Use Humber of This Type Total Square
Airspace of Airspace in U.S. Miles
Prohibited Areas 7 39
Restricted Areas 306 81,316
Warning Areas 94 386,272

Military Operations .

Areas (MOA) 311 361,427
TOTAL 718 859,054

The fraction of total area represented by these airspaces,
assuming 21 ACFs with a mean center area of 176,000 nmiZ is:

F = 859,054 = 0.23
21 x 176,000

Algso, the number of Special Use Airspace blocks in a facility
is calculated to be 718/21 = 34.

2.2,19.2 Probability of Airspace Conflict

During the AAS impiementation, when the present centers will be
replaced by Area Control Facilities (ACF), which are larger end
fewer in number, it is assumed that the total number of Special
Use Airspaces in the continental U.S. and the value "F" will
not change.

X" can be calculated by assuming that all of the Special User
Airspace is composed of uniformly sized blocks. A4s shown
below, the number of blocks probed by a flight of distance "d"
is a minimum when the flight proceeds diagonally through a
block; 718 is a maximum when the flight parallels an axis. The
average number of blocks probed is approximated as the mecan of
the maximum and minimum.

Maximum # Blocks encountered = 2, Blocks
v2B nmi

Minimum # Blocks encountered = 1 , Blocks
B nmi
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Average # Blocks encountered = 2+
V2B

o0 | =t
e
Mol

= 1.21, Blocks
B nmi

X =d ami x 1.21 Blocks = 1.21 d, Blocks
B nmi B

The mean block size can be estimated as:

B = /859,054 - 35 nmi
718

Assuming a flight probe of 150 cmi (i.e., d)

X = 1.21 x 150 = 5.19 Blocks
35
P = 100 [1 - exp( - 5.19 x 0.14)]}

52%

The probability that an airspace probe will intersect a Special
Use Airspace block is 52%.

2.2.20 Track Life by Flight Type

The IFR track life was determined from examination of the DART
Track Report for each of the sampled facilities. Only track
reports from flights proven to be complete by the presence of
the appropriate start and stop control messages were examined.
(There is one exception: an arrival with a final track message
recorded significantly before the end of the sample period).

The values for each flight type can be seen in Table 2.2.20-1.
(Note that the average of ali types is calculated and presented
in Section 2.2.10.1.) The average for the 19 samples was so
close to the previously computed average6 that the latter was
retained for the 1985-1995 time period. This made it possible
to avoid changing other analyses that proceeded at the same
time as the 1985 data was being analyzed; these analyses
necessarily used the old track life values.

Parameter values for the ACF Consolidation Period were
determined by adding to the current computed track life an
estimate of the time required to traverse the approach control
airspace to major airports. This analysis can be seen in
Secticn 2.2.10.1.2.
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"TABLE 2.2.20-1
DEVELOPMENT OF VALUES FOR PARAMETER 20.0
USING OPERATIONAL DATA

Average track life in minutes for the following flight types:

ARTCC ARRIVALS DEPARTURES OVERFLIGHTS WITHINS
AT2 26 29 38 25
CL2 21 21 24 21
MS2 23 20 33 22
SE2 48 40 52 32
AT3 29 28 31 22
CL3 21 24 28 24
DC3 31 28 39 33
FT3 27 50 37 32
MK3 32 28 27 28
AB4 43 37 65 38
HO4 28 27 41 30
IN4 24 26 37 22
JAL 36 29 48 42
ME4 30 29 38 32
BOS 46 25 - 33
CH5 31 27 42 -_
DEJ 39 38 65 36
LAS 34 28 - 23
MIS 31 40 - 38
NY5 24 3t 34 27
0AS 38 37 41 30
SLS 41 37 59 24

AVERAGE 31 30 40 28

CURRENT

SCENARIO 29 29 35 27
1990 29 29 35 27
1995 29 29 35 27
1995 41 29 35 39
2000 41 29 35 39
2010 41 29 35 39
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2.2.21 Probability of Flight Trajectory Conflict -

An investigation to determine workload for "“probability that an
event which incurs a flight probe may result in a conflict" has
turned up no historical data. In addition, no convenient model
can be built in the time frame required. The only alternate
available is to obtain some expert judgement on sizing the
parameter. )

Workload data are listed in order of increased probability

values:
Conflict as a Probability of
__Result of: Conflict
1, Longitudinal Deviations 0.10
2. Return to Conformance 0.10
3. Filed Plan Activation : 0.15
4. Requested Flight Plan Checking 0.15
5. Request for Metering 0.15
6. Controller Request (Trial Plan 0.15
Probe)

2.2.22 Conflict Alert Frequency

The conflict alert parameter consists of the following five
measures:

1. The number of unique conflict alerts declared/hcur/100
tracks. Conflict Alert (CA) messages are examined to
determine the highest alert rate for a ten minute period.
This rate is then normalized for one hour and for a track
load of 100.

2. The number of aircraft pairs that are candidates for
conflict alert declaration. The conflict alert algorithm
uses successively finer filters to screen potential
violators; the number of zircraft pairs that enter the
final filter are found in the HC table of the NAS
software. The highest count over the sample period yields
the.value that is normalized for one hour and a 100 track

load.
3. The peak number of simultaneous conflict alerts. As CA

messages are examined, a count of simultaneous alerts is
kept. The value of the maximum count is reported.
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4. The average duration of conflict alerts. All conflict
alert intervals in the sample period are identified in the
file of CA messages and the mean and standard deviation are
calculated.

5. The average duration of candidate pairs. All candidate
pairs in the sample period are identified in

the EC table and the mean and standard deviation are
calculated.

The current values for Conflict Alert and Candidate Pairs will
be affected by the following future changes:

1. Modifications to enhance effectiveness of the CA
algorithm that are currently being implemented

2. Addition of software to detect potential conflicts
between controlled flights and Mode-C equipped VFR flights
(in design stage)

3. Conflict alerts in the terminal area. Present data is
restricted to en route airspace experience.

2.2.22.1 Conflict Alert Rate

Current values for CA rate can be seen in Table 2.2.22.1-1. The
maximum CA rate was experienced at Fort Worth; however, the
circumstances were sufficiently unusual that this sample was
temporarily discounted. The next highest rate (120 CcAs/100
tracks/hour) experienced by Oakland and Washington was chosen as
the current scenario rate.

The values (CAs/hr/100 tracks) for each sample are plotted by
track level to detect a trend (Figure 2.2.22.1-1). As can be
seen, no correlation clearly stands out and it is suspected that
differences in airspace enviroament among ARTCCs obscure any
trend. The approach taken to predict future values was to use
the projected values Zrom the only two ARTCCs with repeated
samples, New York and Cleveland.

Obviously, there can be no statistical significance to the
result but it is at least intuitively satisfying to report that
the rate of CAs/traffic unit appears to increase slightly as
traffic increases.

Using the current scenaric value (120), the 1985 maximum stress,
controlled track load (380), and the slope of the New York and
Cleveland data, a linear function (f(x) = 100 + 0.056X, X =
controlled track load) was created to project the conflict alert
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TABLE 2.2.22.1-1

DEVELOPMENT OF VALUES FOR PARAMETER 22

USING OPERATIONAL DATA

2-70

22.1 22.2 22.3
Number of Candidate Peak Conflict
Conflict Alerts/ Aircraft Pairs/ Alerts/100 Tracks
100 Tracks/Hour 100 Tracks/Hour (Instantaneous)
ARTCC
AT2 18 99 2.29
CcL2 52 109 2.31
MS2 42 159 2.73
SE2 110 121 6.14
AT3 * * *
CcL3 76 * 2.52
Dc3 120 * 3.47
FT3 212 * 6.07
MK3 83 * 4.59
AB4 25 * 2.96
HO4 55 * 2.84
IN4 44 R 2.12
JASL 76 * 3.28
ME4 34 * *
BOS 71 * 6.25
CH5 66 * 5.05
- DES 13 * 1.51
LAS 40 * 3.45
MIS 88 * 7.69
NY5 89 * 7.75
OAS5 120 * 7.57
SLS 43 * 5.71
AVERAGE 70 La 4,32
CURRENT
SCENARIO 120 600 4.00
*No data
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rate to the future years. The following table shows the
initial projection of conflict alert rates:

1990 - 1995 1995 2000 2010

127 134 148 156 172

However, this rate will te increased by the addition of the
Mode-C Intruder logic which increases the population of
affected flights and, ultimately, the number of conflict alerts.
Table 2.2.22.1-2 illustrates the calculations done to determine
the rate of confiict alerts including VFR Mode-C intruders.

The assessment of conflict alerts was made for aircraft at
different altitude strata because the distribution of Mode-C
equipped VFR flights revealed that a disproportionate number of
these flights were found in altitude strata with a history of
high conflict alert rates. Because the parameter is measured
in units of CAs/100 tracks/hour, the analysis used 100 IFR
tracks as the base.

Table 2.2.22.1-2 is a summary of the VFR Mode-C Intruder (MCI)
calculations. The small table at the top of Table 2.2.22.1-2
"4s a list of conflict alert parameters that vary by year.

These are used to calculate the conflict alert rates in the six
subsequent tables. Each of these tables is organized to
calculate the conflict alert rate for a particular year by
aititude stratum.

The values in column A have been calculated by evaluating
current operational data (see Table above). The next two
columns of data (B & C) are workload parameter values needed to
calculate the number of Mode-C/S equipped VFR flights. Values
for colum B represent Parameter 7; values for column C
represent Parameter 5.2.

Column D represents 100 IFR tracks distributed in altitude
according to data from two radars: QRW from the Los Angeles
ARTCC and QBE from the Minneapolis St. Paul ARTCC. The Mode-C
report count forming the basis for the altitude distribution
was assumed to be cerrect. E contains a typical altitude
distribution of conflict alerts taken from over 2000 actual
conflict alerts recorded from 1983 to 1985, (Table
2.2.22.1-3). There was no "Floor" in force at these times.
Using the conflict alert rate for each year and the altitude
distribution of conflict alerts, the number of CAs for each
altitude strata was determined (Column F).
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A VFR Mode-C altitude distribution was determined by examining
returns from two radars in Los Angeles (QRW) and Minneapoiis-
St. Paul (QBE). Using parameters B and C in the first table
with the VFR Mode-C altitude distribution, the number of VFR
flights were located in each altitude stratum (H). Total
Mode-C tracks were determined by summing columms D (IFR) and H
(VFR).

Total ‘conflict alerts are estimated by using the following

relationship:

IFR:IFR conflict alerts _ Number of IFR:IFR Pairs

IFR:IFR and IFR:VFR ~  Number of IFR:IFR Plus
conflict alerts IFR:VFR Pairs

This relationship is used in calculating the values for

Column J.

There are two final modifications to this calculated value of
conflict alerts. The reduction in alerts (most of which are
called nuisance alerts) by software currently being implemented
has not been studied exhaustively. However, it appears likely
that 30 percent of the conflict alerts described by MITRE28
could be eliminated by this software. Accordingly, beginning
in 1990, conflict alerts are reduced by this amount.

AERA will contribute toward the reduction in conflict alerts by
implementing & flight plan trial probe that will seek to avoid
conflicts at the planning stage. An adjustment to the
remaining conflict alerts has been made by assuming that all
alerts over 18,000 feet in altitude could be avoided by
implementation of this function in 1995. This allows another
12 percent of the conflict alerts to be eliminated.

The reductions described above result in the following values
for conflict alerts:

CAs (with
Mode-C New CA Flight Plan
Intruder Software Probe
from 1990) Reduction Reduction Net CA Rate
1985 120 - - 120
1990 182 55 - 127
1995 197 59 - 138
1995 221 66 27 128
2000 = 2356 71 28 137

2010 264 79 32 ‘ 153



TABLE 2.2.22.1-3
ALTITUDE DISTRIBUTION OF CONFLICT ALERTS
OBSERVED AT 7 ARTCCs

AVERAGE
ALTITUDE FT3 | AB4 | MIS | LAS| NY5 | BO5 | OAS | DISTRIBUTION
0-6000 32 21 50 35 40 56 60 42
6000 to 8000 19 12 17 11 23 15 14 16
8000* to 12,000 20 20 18 22 24 16 15 19
12,000* to 18,000'} 12 >19 9 | 17 9 9 4 11
18,000° 17 28 6 15 4 4 7 12
Number of
Conflicts 157 11724 1329 198 | 870 }217 |4l9
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2.2.22.2 Candidate Aircraft Pairs/100 Tracks/Hour

The parameter measures the number of track pairs subjected to
the fine lateral filter of the conflict alert algorithm. This
information is ciored in the HC table of current NAS software
wvhich is periodically read by SAR. The ULR software reduces
the SAR output to more easily readable form and the MITRE
Workload Analysis Software calculates the parameter value.

Anaiysis of Table 2.2.22,1-1 shows that only four values of
this parameter were obtained. ULR does not currently work on
. the NAS Level 13 or 14 version so no values for 1983-1985

samples were obtained. Ratios of aircraft pairs/conflict alert

were calculated in hopes of using a relationship to predict
future parameter values. However, these ratios varied from 1.1
to 5.5. A cautious approach was taken and a ratio of 5 was
asgumed for the current scenario value. Values for future
years were also calculated using the ratio value = 5. The
following values for parameter 22.2 result:

Parameter 22.1 Parameter 22.2

1985 120 600
1990 120 650
1895 140 . 100
1995 140 700
2000 140 ' 700
2010 150 750

2.2.22.3 Peak Conflict Alert Count/100 Tracks

Table 2.2.22.1-1 shows the values of this parameter for each
ARTCC. These values are also shown in Figure 2.2.22.3-1 in a
more revealing fashion. However, it is hard to discern a trend
from this data. The value, 4, was chosen as a logical upper
bound for a 1985 track value of 380. The data does not help in
projecting this value go it was assumed not to change signifi-
cantly over time.

2.2.22.4 Conflict Alert Duration

For every unique conflict, the elapsed time was determined and
the average was calculated for each of four ARTCCs. No further
calculations were done for other ARTCCs because the ULR
software would not operate on the HC tables from NAS level 13
or later data sources.
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Table 2.2.22.4-1 shows values for this parameter. Note that
‘the scenario value is less than the maximum value. The highest
value was not chgsen because it was felt that the low traffic
- level contributed to an unusually high conflict alert duration.

2.2.22.5 Capdidate Pair Duratidn

For every unique candidate conflict, the elapsed time was
determined and the average was calculated for each of four
ARTCCs. No further calculations were done for other ARTCCs
because the ULR software would not operate on the HC tables
from NAS level 13 or later data sources.

The current and éubsequent scenario value (Table 2.2.22.4-1)
approximates the most demanding condition.

2.2.23 MSAY Alert Frequency

This parameter is estimated only for enroute airspace because
the data from which the value derives is obtained via SAR. The
MSAW message rcuted to the high speed printer is examined for
unique alerts. Messages are produced every 12 seconds; if a
series of messages concerning the same aircraft is interrupted
for longer than 60 seconds, the continuation of messages is
interpreted as another &alert.

There was no compelling reason to accept any value other than
the maximum (See Table 2.2.22.4-1). Too few samples were
obtained to encourage consideration of a less demanding value.

2.2.24 Megsage Origin

The table of message sources (Table 2.2.24~1) reflects the
pattern of a large (traffic and airspace) ARTCC located away
from the geographic corners of the U.S. An attenpt was made to
provide a typical allocation of messages to source.

2.2.25 Converted Route Segments (CRS) Per Flight

An estimate of the maximum number of Converted Route Segments
(CRS) for a flight within an ARTCC was made through
consultation with MITRE staff. The scenario value chosen was
25 CRS per flight.

The maximum number of CRS per trajectory in a facility during
the consolidation period is calculated as follows:
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TABLE 2.2.22.441

DEVELOPIENT OF VALUES FOR PARAMETER 22 & 23

USING OPERATIONAL DATA

22.4 22.5 23.1
Conflict Alert Candidate Pair MSAW Alerts/
Duration Duration 100 Tracks/hr

ARTCC

AT2 1.10 1.50 1
CcL2 1.26 1.83 2
MS2 1.55 2.30

SE2 1.90 2.40

AT3

CcL3 33
DC3 22
FI3 20
MK3

AB4

HO4 24
ING 7
JAL

ME4

BOS

DES

LAS 11
MIS 14
NYS 39
OAS

SLS
AVERAGE 1.45 2.01 17
CURRENT o
SCENARIO 1.50 2.50 39
19¢0 1.50 2.50 39
1995 1.50 2.50 39
1995 1.50 2.50

2000 1.50 2.50

2010 1.50 2.50
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Maximum Converted Converted
Number Route Segments Rout.2
Item Expected Per Number Segment o
Route Converted Fixes 10 1 10
Speed PA's 2 2 4
Altitude PA's 2 8 16
Vector PA's 1 10 10
Hold PA's 1 3 3
NOTE: PA = Planned Action Converted Route
Segments/Flight 43

The workload scenario value for Converted Route Segments/Flight is
thus 43, for the AERA 1 time frame. ’

Converted Route 1985 ~ 1992 1993 - 2010
Segments/Flight 25 43

Converted Route Segments including back-up, where back-up area
is 30% of an ACF area, is represented by an increase of 14%
(i.e., v1+0.30), or 49 CRS/Flight.

2.2.26 Target Peaking

This parameter is currently in the state "to be determined.”

The previous definition of the parameter was target peaking, on
a facility-wide basis, but this definition has been found to be
inadequate.

The parameter has recently been redefined to be the target
peaking characteristics of certain gubsets of the set of
sensors associated with a faciiity. The new definition would
support modeling and design decisions for a wider range of
computer system architectures. Due to this recent redefi-
nition, new analysis was undertaken and is not yet completed.

2.2.27 Message Rates

Radar messages were obtained from CD Record and reduced by
COMDIG. ACF-specific target report rates were determined and
the most demanding was used to represent maximum stress.
Controller and interfacility messages were obtained from SAR
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and reduced by DART and MITRE workload-specific software to
obtain current scenario values.

2.2.27.1 Radar Site Messages

These messages are of-two types: aircraft target reports and
weather map messages.

Appendices L and M describe the methods used to calculate the
ACF facility-specific aircraft target report message rates.
These message rates are expressed in target report
messages/second for conditions reflecting the most prohable
radar type mix of Mode-S and ATCRBS. The maximum stress target
report rate is derived from these ACF-specific values.

The message rates for each of the kinds of weather map messages
are estimated without using field data.

2.2.27.1.1 Target Reports/Radar Scan for IFR (and-VFg) Flights

The approach used to calculate this parameter which is
expressed in units of messages/radar scan/flight is the
following:

1. Assuming 100% ATCRBS radars during the Host/ISSS
Period and 100% Mode~S radars during the Consolidation
Period, calculate facility-specific radar reports/second
for each of the years of interest using the same methods
shown in Appendices K and L.

2. Choose the facility with the highest messge rate for
each year. ,

3. From the chosen facility, identify the IFR and VFR
target reports/scan.

4. Using maximum stress values for IFR and VFR traffic
load (Parameters 2.1.1 and 2.1.2) and the facility-
specific values for target reports/scan, calculate the
maximum stress number of target reports/radar scan/flight.

5. Develop an equation to calculate the maximum stress

message rate for any long range radar mix of Mode-S and
ATCRBS.
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Tables L.3-4 and K-4 show the facility-specific radar message
rate for years 1985 through 2010. It can be seen that Kansas
City has the highest radar message rate for all years. Because
the previous version of this document reported this parameter
in terms of IFR {and VFR) target reports/radar ,scan, it was

_decided to translate the Kansas City total target report values

into these terms. If the Kansas City values for target
reports/radar/flight were used for maximum stress however, one
would not be able to multiply them by the maximum stress values
of track load to calculate total target report message rate
because the Kansas City ACF experiences a smaller VFR track
load than does maximum stress. The following calculation uses
the Kansas City values for target reports/radar/flight and
modifies them to obtain values which assure that the Kansas
City value for total target reports can be determined using
maximum stress values for track load (see Tables 2.2.27.1-1 and
2.2.27.1-2 for the data used to calculate this parameter). As
an example of this procedure, the modification done to 1985

"data follows:

1. Calculate the message rate/second using maximim stress
traffic loads and Kansas City's parameter values.

IFR VFR
[(5.4 x 380) + (1.8 x 304)]/10 seconds/scan = 260 messages/second

9. Calculate the difference betweea desired message rate and
calculated rate. Reduce the IFR and VFR target report/scan
value in a 1 to 2 proportion, i.e., assign a reduction to the
VFR rate that is twice that of the IFR rate. This reduction
proportion was chosen simply to weight the VFR reduction more
heavily than the IFR, reflecting the relative discrepancies in
the traffic loads between Kansas City and the maximum stress

case.

260 messages/second
-212
42 messages/second
x 10 140 IFR messages/scan
420 messages/scan
280 VFR messages/scan

3. Adjust the equation in step 1 using the two differences.

5.4 x 380 = 2052 messzges/second
- 140
1912 380 = 5.03 = 5.0

-t
———
———
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1.8 x 304 = 547
-280
267 304 = 0.88 =

. -»
The result is two values that, when used with maximum stress
track load values, will allow a maximum stress target report
message rate to be calculated that is as high as that
experienced at the most demanding facility.

A set of values was calculated for each year. The most demand-
ing value of the 1985-1995 values was chosen to represent the
Host/ISSS Period. A most demanding value was similarly chosen
for the Consolidation Period.

Message Rate Correction for Scenarios Containing Neither All
ATCRBS nor All Mode-S Radars - The scan rate (SR) for Mode-S§
radar is 5 seconds per scan and for ATCRBS type is 10 seconds
per scan. Consequently the message rate for a given target is
twice as slow for an ATCRBS as for a Mode-S radar. This is the
reason that the workload scenario for radar target message rate
specifies that all of the long range radars are of Mode~S type.

To determine the radar target message rate per aircraft for a
facility with a mixture of ATCRBS and Mode-S long range radars,
the maximum stress radar message rate (Parameter Number 27.1.1
and 27.1.2) can be used in conjunction with a scan rate which
ig characteristic of the radar mix. For instance, the radar
target message rate per IFR aircrait for a scenario with 100%
long range Mode-S for the year 1995 is equal to:

Max Stress IFR Target Report Rate/Radar Scan
Mode-S Scan Rate

= 5.1C target reports X scan
scan/IFR aircraft 5 seconds

= -1.02C target reports
IFR aircraft/seconds

For a facility with a mixture of long range Mode-5 and ATCRBS
radars the equivalent scan rate used would be greater than five
(5) seconds. It is not correct to interpolate between the
ATCRBS radar scan rate (i.e., ten (10) seconds per scan) and
the Mode-S radar scan rate during the Comsclidation Period,
since all of the short range radars, irrespective of mode, have
a scan rate of five (5) seconds per scan, and are included in
the overall calculation of message rate.
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To calculate scan rate (SR) as a linear function of the
percentage of long range Mode-S radars, data are obtained for
Kansas City from Table L.3-3, and are shown on the left side of
the table below. Equivalent scan rates are calculated and a
linear formula is derived which expresses scan rate as a
function of percent long range Mode-S radar. The formuvla is
derived for both IFR and VFR aircraft using the y = mx + b,
equation form and the two values of SR and percent of Mode-S.

Equivalent
Scan Rate
Equivalent as a func-
Aircraft | Target Rate, Scaa Rate, tion of %
% Mode S Type Messages/Sec | Seconds/Scan Mode-S
100 IFR 928 5.0 SR =
13.3 IFR 742 (928/742)5 6.45-1.45
) = 6.25 (2 Mode-S)
100 VFR 151 5.0 SR =
13.3 VFR 124 (151/124)5 6.26-1.26
= 6.09 (% Mode-S)

To determine the radar target mesage rate per IFR aircraft for
a scenario of 50% Mode-S and 50% ATCRBS long range radars, the
following scan rate is calculated from the above equations:

SR = 6.4 - 1.4 (0.50) = 5.7 seconds/scan.

Target message rate/IFR aircraft

= 5.1C target reports x scan
scan/IFR aircraft 5.7 seconds
= 0.89C target reports

IFR aircraft/second

During the Host/ISSS period, the message rate incurred by short

‘range radars is not included in the overall message rate load.
.For the Host/ISSS years, the scan rate is interpolated between

values of five (5) and ten (10) to reflect the mix of Mode-S
and ATCRBS long range radars. For instance, where the mix of
long range radars is 50% Mode-S and 50% ATCRBS, the scan rate
is equal to 7.5.
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- 2.2.27.1.2 Target Reports/Radar Scan for VIR Flights

The determination of this parameter value was presented in
Section 2.2.27.1.1 because the calculation of bo*h parameters
was concurrent.

2.2.27.1.3 Weather Map Message Rate

The AAS System Level Specification29 states that the AAS
computer system will process Weather and Fixed Map Unit (WFMU)
and ASR-9~generated weather map messages, as well ag Central
Weather Proceasor (CWP) weather data. The WFMU weather load on
AAS, as a maximum stress:

32 msgs/radar/radar scan (Reference 18)
The ASR-9 weather message load on AAS, as a design limit:

85 msgs/radar/radar scan (per Reference 30 value of 256
msge/3 scans)

A shortcoming of the above estimate is that using the design
1imit value for messages per radar per scan will overstate what
should be a representative workload parameter value. Hence,
this analysis should be considered preliminary.

CWP estimate is determined from conversation with MITRE
personnel involved with FAA's CWP project. Empirical
measurements shows that a single Radar Remote Weather Display
System (RRWDS) sensor experiencing a worst case weather
scenario would sense 10,000 vectors in its 72,000 cells
(bins). The largest ACF (Seattle) will contain 230,000 4km x
4km cells. (10,00G/72,000) x 230,000 = 32,000 vectors.
Assuming a CWP refresh rate of 5 minutes for the entire ACF,
32,000 vectors/5 minutes equals approximately 100 vectors per
second.

2.2.27.2 Track Control Messages

2.2,27.2.1 Accept Handoff

An Accept Handoff message is entered by a sector controller
each time that control of a flight is accepted. Because each
sector penetrated by a flight requires this message, the '
parameter, Sectors Penetrated, is a good estimate of the
message rate for Accept Handoff.
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2.2.27.2.2 Initiate Handoff

The message rate for Initiate Handoff comprises controller
entered messages only. Automatically initiated handoff
messages are not counted, therefore the Initiate Handoff
message rate can be expected to be less than the Accept Handoff
rate. The maximum value (2.5) occurs at Oakland (Table
2.2.27.2-1); the rate for Denver, a high traffic facility, is
nearly the same. i

There is no compelling reason to choose a different value for
the Host/ISSS period. The value for the Consolidation Period
is calculated by assuming that the ratio of Accept Handoff
values for Host/ISSS and Consolidation Period (2.9:4.1) is also
appropriate for Initiate,Handoff (2.9/2.5=4.1/x, x=3.5). This
same technique applies to the calculation of "Handle Back-up"
values.

As explained in 2.2.27.2.1, the values for Initiate Handoff
message rate are assumed to vary with Sectors Penetrated.
Accordingly, the "Handle Back-up" value is determined by a
ratio of Sector Penetrated values for "Handle Back-up" and
“prepare for Back-up" (4.2/4.1). Applying this ratio to 3.5,
the “Handle Back-up' value of 3.6 is calculated for Initiate
Handoff.

2.2.27.2.3 Track

2.2.27.2.3.1 Track Initiate

The highest rate for this message was observed at Seattle, an
ARTCC with a moderate traffic load. The value (0.2 messages/
track) will provide a message rate equal to that experienced at
Seattle and greater than that observed at any other facility.
Tracks for all aircraft with beacon transponders will be
jinitiated automatically in the Consolidation Period.

2.2.27.2.3.2 Track Terminate

The highest rate for this message was observed at Scattle ARTCC
with a moderate traffic load. The value 0.2 messages/track
will provide a message rdte equal to that experienced at
Seattle and greater than that observed at any other facility.
As traffic density increases over time, the PVD will be
displaying more traffic per unit area. This situation will
encourage an increased use of this message to eliminate
unneeded track information.
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'DEVELCPMENT OF VAL

TABLE 2.2.27.2-1

) UES FOR PARAMETERS 27.2.2 70 27.2.3*
USING OPERATIONAL DATA
27.2.2 27.2.3.1 27.2.3.2
INITIATE TRACK TRACK
ARIC HANDOFF INITIATE TERMINATE
AT2 - 1.83 0.06 0.10
cL2 1.60 0.04 0.08
MS2 1.25 0.04 0.23
SE2 1.94 0.31 0.36
AT3 1.72 0.05 0.09
cL3 1.26 0.15 0.09
pc3 1.91 0.08 0.05
FT3 0.98 " 0.06 n.01
MK3 1.69 0.13 0.12
ABA 2.10 0.22 0.12
HO4 1.46 0.10 0.14
ING 1.63 0.07 0.10
Jab 1.89 0.09 0.10
ME4 1.49 0.07 0.13
BOS 1.94 0.1 0.14
cis 1.66 0.05 0.09
DES5 2.40 0.09 0.04
1AS 0.97 0.11 0.02
MIS 2.40 0.43 0.08
NYS 2.01 0.06 0.07
0A5 2.52 0.16 0.09
SLS 1.69 0.14 0.18
AVERAGE 1.74 0.12 0.11
CURRENT
SCENARIO 2.5 0.2 0.2
1990 2.5 0.2 0.2
1995 2.5 0.2 0.3
1995 3.5 0.2 0.3
2000 3.5 0.2 0.3
2010 3.5 0.2 0.3

*)essage rates are expressed in messages/controlled flight,
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2.2.27.3 Flight Plan Dats Messages

2.2.27.3.,1 Flight Plan . -

EveryAcontrolled flight is assumed to require one flight plan.

2.2.27.3.2 Flight Data Modifications

These parameters consist of the sum of the message rates of two
messages: the amendment (AM) and the "quick™ modification
(QN,Q2). See Table 2.2.27.3-1.

No compelling reason was found to choose less demanding current
scenarin values than the maximum.

There is no reason to change the growth estimate made in 1985
for route and altitude modifications. This estimate was based
on the assumption that relatively more route and altitude
modifications will be made as traffic becomes more and more
dense. No sophisticated traffic analyses were made because of
the uncertainty of the effect of AERA functions on
controller-issued messages. Due to the uncertainty over how
traffic will be routed during the Handle Back-up situation, the
Handle Back-up value was based on the assumption that message
rate is proportional to flight life.

2.2.27.3.3 Interim Altitude

The maximum recorded value (Table 2.2.27.3-1) was chosen
because it was observed at a busy ARTCC (Atlanta). The
rationale for message growth rate is the same as that for
Flight Data Modifications, parameter 27.3.2.

2.2.27.3.4 Departure

' Every departure flight is assumed tc gemnerate a departure

message. Add the proportion of departures and withins (0.27 +
0.28 for the JOST/ISSS Period, 0.24 + 0.22 for the
Consolidation Period) to obtain the proportion of flights that
require a departure message. Note that field data show an
average of 0.47 messages/flight. :
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TABLE 2.2.27.34
DEVELOPMENT OF VALUES FOR PARAMETER 27.3*
USING CPERATICNAL DATA

27.3.5
: 27.3.3 Drop
27.3.2.1 27.3.2.2 27.3.2.3 |iInterim }.27.3.4 |[Flight
Altitude Route Other Altitude|Departure|Plan
ARTCC |Modification|Modification|Modification|Message Message [Message
AT2 8,41 0.24 0.04 1.69 0.50 0.10
CL2 1.09 0.25 0.03 0.80 0.45 0.08
MS2 0.28 0.08 0.07 0.68 0.43 0.23
SE2 0.44 0.18 0.22 1.15 0.72 0,37
AT3 0.43 0.29 0.38 1.97 0.42 0.10
CL3 1.09 0.25 0.13 0.80 0.43 0.00
DC3 0.74 0.33 0.20 1.40 0.43 0.01
FT3 0.30 0.14 0.04 1.05 0.57 0,11
MK3 0.33 0.11 0.18 0.83 0.45 0.00
AB4 0.45 0.18 kx - 0.90 0.57 0.01
"HO4 0.39 0.16 0.11 1.24 0.57 0.00
IN4 0.68 0.45 0.15 1.09 0.34 0.00
Jas 0.98 0.39 0.45 1,02 0.26 0.00
ME4 0.34 0.28 ¢.09 "1.06 0.34 0.00
ROS 1.23 0.42 0.32 0.656 0.70 0.03
CHS 0.52 0.28 0.13 0.89 0.51 0.01
DE5 0,33 0.16 0.10 1.10 0.37 0.03
1AS 0.16 0.18 i 0.61 0.37 0.03
MI5 0.95 0.11 R% 1.48 0.70 0.01
NY5 i.18 0.43 0.16 1.28 0.47 0.00
OAS 0.63 0.20 0.14 1.12 0.46 0.06
SLS 0.39 0.35 0.12 0.61 0.29 0.01
AVERAGE 0.61 0.25 0.16 1.07 0.47 0.05
CURRENT
SCENARIO 1.2 0.4 0.4 2.0 0.5 0.1
19390 1.6 0.5 0.4 2.4 0.5 0.2
1995 2.1 0.6 0.4 3.0 0.5 0.2
1995 2.8 0.6 0.4 3.4 0.5 0.2
2000 3.3 0.7 0.4 3.9 0.5 6.3
2010 3.7 0.8 0.4 4,2 0.5 0.3

*Message rates are expressed in nessages/controlled flight.
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2.2.27.3.5 Drop Flight Plan

The current scenario value was heavily influenced by what
appears to be currenmt practice during heavy traffic of not
using this message. Accerdingly a nominal value of 0.1
messages/flight was assigned. The rate of change of this value
is assumed to be the same as that established earlier’.

2.2.27.3.6 Traffic Management

Because of the lack of experience with this function, an
estimate of 1 message for every overflight and arrival was
made. Approximately 50% of all flights are either overflights
or arrivals.

2.2.27.4 Metering, Flow Control, and Other Automation Messages

These messages are To Be Determined.

2.2.27.5 Sector Workload Probe

This message is To Be Determined.

2.2.27.6 Display Function Pelated Messages

2.2.27.6.1 Force Data Block

The largest value for this message (Tzble 2.2.27.6-1) was
observed at one of the busiest ARTCCs so it becomes the current
scenario value. No reason is known for the value to chauge in
the future. For "Handle Back-up", the value was increased
proportional to the increase in Flight Life (3.6x 37/35 = 3.8).

2.2.27.6.2 Data Rlock Offset

The highest value for this parameter was sbserved at Oakland
(6.37); the next highest was cbserved at Denver (5.69). Since
the projected 1995 traffic rate for Denver is 1.6 greater than
Ozkland, it is clear that the Denver message per flight rate
results in more messages/minute.

This rate will change when the function is automated. The
assumption was made that the message rate/minute would double
(5.7/30 min = 0.5%/35 min, x = 13.3). For "Handle Back-up",
the ri.te was increased proportional to the increase in flight
life. {13.3 x 37/35 = 14.13.




DEVELOPRENT OF VALY

TABLE 2.2.27.64

v

ES FOR PARAMETERS 27.6 TO 27.7.2
USING OPERATIONAL DATA

27.6.1 § 27.6.2 | 27.6.3 27.6.4 27.6.5 27.7.1 27.7.2
Foree Data Data Route Flight ,
Data Block Block Display | Data Accept Initiate
ARTCC Block Offset | Fojutout | Reguest | Readout | Transfer | Transfer
AT2 2.37 2.20 0.62 0.49 0.36 0.89 0.85
. CL2 0.82 2.69 0.31 Q.16 0.40 0.88 0.93
Ms2 0.76 1.55 0.30 0.29 0.15 0.75 0.74
SE2 1.70 4.29 0.24 0.66 0.55 0.65 0.67
AT3 2.08 2.5¢% 0.38 0.36 0.38 0.85 0.90
CL3 0.80 3.50 0.27 0.09 0.32 0.92 0.92
DC3 1.66 | 2.36 0.25 0.10 0.40 0.96 1.02
FT3 2.53 2.47 0.41 0.68 0.19 0.88 0.8¢9
MK3 1.61 2.35 0.29 0.37 0.36 0.85 0.84
AB4 2.75 2.96 0.28 0.71 0.51 n.86 0.86
HO& 1.59 2.38 0.492 0.30 0.40 v.86 0.85
ING 1.77 3.05 0.33 0.22 .59 0.84 0.91
JAY 1.55 3.07 0.37 0.29 0.48 0.90 0.62
ME4 2.45 2,98 0.47 0.86 0.32 0.89 0.84
BOS5 1.88 3.89 0.47 0.14 0.61 0.87 0.95
CH5 2.96 .2.18 0.55 0.24 0.53 0.94 0.90
DE5 3.63 5.69 0.41 1.38 0.48 0.93 0.84
LAS 1.95 2.09 0.48 0.09 0.67 0.16 1.11
MIS5 3.18 3.56 0.55 0.11 0.46 1.12 0.84
NY5 2.87 2.97 0.03 2.10 .63 0.%0 .20
0A5 2.63 6.37 0.86 0.77 .80 0.89 .89
SL5 2,65 4.34 .19 1.48 .39 0.80 0.80
AVERAGE{ 2.10 3.15% 0.39 0.45 45 0.85 0.87
CURRENT
SCENARIO 3.6 5.7 0.6 1.4 0.5 1.0 1.0
1990 3.6 5.7 0.6 1.4 ¢.5 1.0 1.0
1995 3.6 5.7 0.6 1.4 0.5 1.0 1.0
1995 3.6 13.3 1.2 2.0 0.5 0.5 0.5
2000 3.6 13.3 1.2 2.0 0.5 0.5 0.5
2010 3.6 13.3 1.2 2.0 0.5 0.5 0.5

“Message rates are exprecsed in messages/controlled flight.

2-85



2.2.27.6.3 Data Block Pointout

The highest value for this parameter was found in Oakland
(0.86) but the value found in Atlanta (0.62) was chosen for
current scenario value because the message/minute rate would be
just as high in Atlanta.

It is assumed that controller discretion currently prevents

about half of the possible pointcuts from occurring, therefore,
after automation of this function, the message rate will double.

2.2.27.6.4 Route Display Request

Although Salt Lake City experienced the highest message rate/
flight (1.48), Denver (1.38) was chosen as maximum stress
because it produces the largest flight message rate/minute due
to the higher traffic level in Denver. An increase in the use
of this message is projected because of the greater use of
user-preferred routes. This value was increased proportional
to the change in flight life (37/35) to provide

"Handle Back-up" values.

2,2.27.6.5 Flight Data Readout

None of the high traffic facilities experienced large values
for thie parameter. The following table shows that a current
scenario value of 0.5 would result in the maximum stress value:

1995 Parameter

Traffic Flight Value-Msgs/ Messages/
Facility Projection Life Flight Minute
Los Angeles 421 51 .67 9
Oakland 364 36 .80 8
Scenario 600 30 .50 10

No change is expected through 2010.

92.2.27.6.6 Data Field Highlight and Mark

This message <uostitutes for handwritten checkoffs on flight
strips. Sin:e the message has not yet been implemented, the
value of 3.C has been chosen based on observation of the
control process31. Multiply by flight life proportion
(37/35) to estimate "Handle Back-up".
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2.2.27.6.7 FDE Pointout

This message is used to inform adjoining sectors about
characteristics of flights of interest to each sector
controller. Since the message has mnot yet been implemented,
the value of 0.5 has been chosen based on observatiom of the

.control process31.

2.2.27.6.8 EKRequest Other FDEs

This meséage‘initiates an FDE Pointout. Since the message has
not yet been implemented, the value, 0.5, has been chosen based
on observation of the ATC process31.

2,2.27.6.9 Select Legical Display

To be determined.

2.2.27.6.10 Sector Data Modifications

This message substitutes for handwritten notes now made on
flight strips. Since the message has not yet been implemented,
the value, 2.0, has been chosen based on observation of the ATC
process. Multiply by [light proportion (37/35) to estimate
"Handle Back-up".

2.2.27.6.11 Acknowledge New Flight Data/Flight Data Updates

This message will be implemented with the ISSS and the intent
is to acknowledge the following messages:

Prepare
For Handle
Back-up Back-up
Interim Altitude 4.2 4.5
1? Amendments 4.9 5.2
Departura 0.5 0.5
Automatic Time Update 1.0 1.0
10.6 11.2

2-97




2.2.27.7.1 Accept Traunsfer

Table 2.2.27.6-1 contains Accept Transfer message rates for
each ARTCC sampled. However, to calculate a maximum stress
value, one need only assume that each departure to an adjacent
NAS facility and arrival to aa ARTS facility creates an Lecept
Transfer message. The following table shows the calculation
using maximum stress flight types: '

(Param. 11) (Param. 13)
FLIGHT DISTRIBUTION 1 ARTS MESSAGES/
TYRE (%) PENETRATION FLIGHT
Arrival 21 80 0.17
Departure 27 G.27
Overflight 24 0.24
Within 28 80 - 0.22
All 100 10 (overflights) 0.10
1.00

During the consolidation period, all ARTS facilities will be
integrated into AAS, so the only flights creating Accept
Transfer messages will be those departing to another NAS
facility - departures (0.27 messages/flight) and overflights
(0.24 messages/flight). The sum of thesve messages rates = 0.5.

2.2.27.7.2 Initiate Track Transfer

The logic used in Section 2.2.27.7.1 is also used to calculate
this parameter value.

2.2.27.7.3 Track Update

The largest vzlues for this parameter (Table 2.2.27.7-1} are
not experienced by the busiest facilities so a comparison of
total messages/minute was made (Table 2.2.27.7-2). The rate at
Washington was greatest and a value for messages/flight was
calculated for the current scenario. This value is not
expacted to change until consolidation.

After consolidation, nc transfers will be made between ARTS and
445 go this value must be adjusted. The ratio of NAS Track
Updates to Total Track Updates {(13.31/19.29) for Washington was
used to modify the current scenario value (0.69 x 12.3 = 8.45
messages/flight).
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DEVELOPIIENT OF VALUES FOR PARALIRTING 27.7.3 TO 27.8
URING GBERA L DATA
27.7.3 27.7.4 27.7.5 27.8.1
. Terminate
Track ransmigsion Beacon Genzral
ARTCC Update Accept Code Information
AT2 5.17 3.25 G.67 0.10
CL2 10.91 3.86 .65 0.02
KS2 4,49 2.44 0.30 0.08
SE2 3.40 2.57 0.77 0.28
AT3 7.62 3.11 0.63 0.10
CL3 10,34 3.74 0.89 0.32
DC3 19.29 4,31 0.67 0.07
FT3 5.24 3.07 .74 .00
HK3 4,35 .17 0.51 0.31
ABL 8.68 3.59 0.83 w%
RO4 6.14 3.41 0.9 0.50
IN4 8.87 3.48 0.43 0.04
JAb 9.66 3.83 0.42 0.06
ME4L 4,97 3.18 0.37 0.00
BOS 14,50 6.25 1.12 sk
CHS 7.62 5.04 0.73 0.09
DES 6,25 2,25 0.54 0.08
LES 10.84 2.94 0.43 ek
MI5 6.98 3.66 Ao A%
NY5 16.71 3.28 0.692 0.19
QAS 10.97 2.93 1.02 0.16
815 11.51 2.70 0.30 0.02
AVERAGE 8.84 3.46 0.69 0.13
CURRENT
SCENARIO 12.3 4.0 1.0 G.5
1930 12.3 4.0 1.0 0.5
1995 12.3 4,0 1.0 0.5
1995 8.5 4.0 N/A 0.5
2000 8.5 4.0 N/A 0.5
2010 8.5 4.0 N/A 0.5

*Message rates ave expressed in messages/controlled flight.
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1995 FESSAGES/

FORECASTED FLIGHT FOR MESSAGE/

TRACK FLIGHT TRACK MINUTE
ARTICC LOAD LIFE UEDATE (A/BxC)
CLEYELAND 477 23 10.632 220
WASHINGION 420 33 19.29 245
NEW YORK 330G 27 16.71 204
SCENARIO#® 600 30 12.25 245

# The scenario value is calculated using the Washington value for
total message rate
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L2.27. 7.5 Tranzmission Accept

The largest values for this parameter (Table 2.2.27.7-1) are not
experienced by the busiest facilities so a comparison of total
meczages/minute was made (Table 2.2.27.7-3). The rdte at

Cle s/flight was
caleulated for the current scenario. This value is not expected
to change significantly. -

2.2.27.7.5 Te.minate Beacon Codz

The high value was experienced iu Boston, a particularly low
traffic facility. A value of 1.0 reflects experiences in
Oakland, Houston, and Claveland. As this message is sent from an
ARTS facility upon dropping a track, this function will be
unnecessary in the ACF Consolidation Period.

2.2.27.7.6 Initiate Flight Data cn Aircraft Entering Back-up
Airspace

It is necessary to provide flight data for those flights that
will enter back-up airspace. Flight plans for some of those
flights will be received because their route will take them
through nermally controlled airspace. For those flights with
routes not penetrating normally controlled airspace, a flight
plan message must be received. The fellowing calculation
estimates that message rate:

(a) (B)
Flipht Type &  Assumed Flight Disposition (A x B)

20 25% of all back-up departures 0.05C
arrive at “our' ACF

24 20% of all back-up arrivals comre 0.0648
from "our" ACF

34 40% of all overflighte go to or G.136
come from "our" ACF

22 0% of all withins affecct "our" ACF 0.000

23.4% of back-up flights arrive, depart or overfly "our' ACF.

For uormal operations, message rate = 1.0 - 0.234 = 0.8; no
message during back-up.
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: TARY E2.2.27.7-3
ANALYSIS OF MESSAGE . ATE FOR TRANSKISEION ACCEPRT

A B c b

1995 MESSAGE/FLIGHT

FORECASTED FOR MESSAGES/

TRACK FLIGHT TRANSMISSION MINUTES
ARTCC LOAD LIFE (MIN) ACCERT (A/B5C)
BOSTOH 265 33 6.25 : 50.19
CLEVEL/ XD 477 23 3.80 78.90
WASHINGTON 420 33 4,31 54.85
SCENARIO*
(1985 & 1995) 600 30 4,00 78.90

* The maximum message rate (Cleveland) was used te calculate the
scenaric parameter value.
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2.2.27.7.7 Update Flirit Data on Adrcraft in Back-up Alrspoce

o

If the volume of back-up alrspace is egqual to eme ACE, the
update message rate is the same as "our' ACF less that
percentage (11.8%) of Ilights that are updated anyway because

they will enter "our" airspace after leaving back-up alrspace.

*departures from back-up to "our" ACF (20% = 25%) 5.0%
*overflights from back-up to "our'" ACF (34% x 50%) _6.3%
11.8%

The affected messages are FP amendments or modifications of the
following types:

Altitude Amendments 3.7 messages/flight
Route Amendments 0.8 messages/flight
Other Amendments 0.4 megsages/flight

4.9 messages/flight

Therefore, 88.2% of 4.9 = 4.3 messages/flight.

2.2,27.7.8 Delete Flight Data on Aircraft Leaving Back-up
Alrspace

pheomdiodhiadh wiamhodhd

This message applies to the same flights as does Perameter
27.7.6.

2.2.27.8.1 General Information

There was no compelling reason not to chocse the highest rate.

2.2.28 Number of TCCCs

The number of TCCCs located in each facility wes determined and
the procedure is explained in Section 2.3.25 Table 2-5, Volume
I, presents the TCCC count for each ACF. The ACF with the
greatest number of TCCCs connected (Boston) was chosen as
maximum stress.

*See calculation in Section 2.2.27.7.6.
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2.2.29 HKumber of Control Positions

The number of Contrel Positions/facility for the congolicdatior
period is explained in 2.3.3. ‘Table 2-6, Volume I, presents
the count of control positiens for each ACF. The maximum
stress number of control positions for the Consolidation
Period, both en route and appreach, represent¥ conditions in
Kansas City.

For the analysis of the Host/ISSS Pericd, a MITRE3?Z projection
of en route positions was used. This study used 1982 as the
base year and projected to 1995, bore recent data vas made
available for 1985, stimulating a modification of this initial
projection. Table 2.2.29-1 presents the MITRE32 values in
columns headed 1982, 1990, 1995. The values for 1985 are taken
from an FAA-AT memo of 11-21-85, reproduced in Appendix G,
Table G-3. Upon inspecting Table 2.2.29-1, it was seen that
Atlanta has the highest sector count in 1985 and this count is
about seven sectors higher than the earlier MITRE projection.
Accordingly, the expected value for 1595 wae increased by seven
to &5 and five more sectors were added to account for
uncertainty.

2.2.30 Number of Sector Suites

For the Consolidation Period, the number of Sector Suites for
each ACF was determined by the procedure explained in Secticn
2.3.4; Table 2-7, Volume 1, presents the sector suite count for
each ACF. Kansas City was projected to be the ACF with the
greatest number of sector suites. To compensate for
uncertainty, five sector suites were added to the total.

The number of sector suites during the Host period (1990-1995)
were calculated in the following way:

Positions
Airspace Sectors 50
Training 8
Metering/THU 6
Area Manager 1
En route Automation Specialist 1
CWst 1
Maintenance Console 1
Special Facilities Use 1
69 = 70
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1962 1665% 1990 1a%
ALRUQUERQUE 27 33 31 30
ATLANTA 37 45 41 ag
BOSTON : 25 24 28 25
CHICACO 33 43 41 40
CLEVELAND 34 38 36 33
DENYER 33 36 36 33
FORT WORTH 36 37 L1 3
BOUSTOR 35 37 43 50
INDIANAPOLIS 22 27 27 27
JACESORVILLE 31 29 33 30
RANSAS CITY 32 35 37 33
LOS ANGELES 30 33 34 32
MEMPDIS 28 28 33 32
MIAMI 21 24 o4 23
MINNEAPOLIS 28 29 k1A 33
NY/ 30T (A) 29 30 31 28
HEW YORX (B)
QARLAND 25 30 28 25
SALT LAKE CITY 19 22 19 17
SEATTLE 22 ok 26 24
WASEINGTOH 34 38 38 35
ANCHORAGE 12 wek 13 12
HOWOLULU 8 #k 8 7

FTnis column ccatsins data recently obtained from FAA-AT.
It has not been used to calculate the vzlues shown in 19%0

end 1935.
#%No data.
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2.3 1

During pxésent ARTCOs will be

reconfi 93 AGFs (21 &n the

contarm agka, and one fox Howaiil
e types: Tyece A and Iype E.

and th¢

It is assweed that Type 3 ACFF will control aircraft ia lew
altictude etvata up Lo approwima ately 18,000 ft. The Tyre A AUTs
will be responsible for en route traffic and will hondle

e

P 3

<

approach control traffic for airperts located outside the
boundaries of Type B ACFs

Because of the eventual necessity to ta Jiior the system to the

needs of specific ACFs, an estimate was made of the values of

certain key par"mﬂupzs for all CONUS facilities uring the ACF

consclidation period. The key paravesters are the ones that are

expscted to vary significantly between facilities as well as

prov1dV a large worklosd at any facility. The following key
rawcters are analyzed:

1. number of qurveillance sitese

2. runber of TCCC

3. number of cont 01 positions

b, number of sector suites

5. number of controlled and uncontrolled aircraft
6. tarcet report message rate '

2.3.% Guevelllanc: Sites

From the March 1985 versiop of the NAS Radar Surveillanee
Network Plan {Preliminary Copyo¥, the locations cf all cvadar
A ad

sites were plotted on 2 inited States map and assigned to ACFs
on the following bases:

1. A1l leng range radars located within the boundsries of

en ACF were assigned to the ACF. All leng range vadacs
located outside the ACF boundary but within 160 miles of
the boundary were considered as candidates to be COﬁLectod
to the ACF. COf those radars, 211 sites that duplicated
coverage inside the ACF housnidary were not assignes to the
AUY,

2. AllL short range racars located within the houndaries
of ACF-Bs were assigned co that Type B ACF.
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3. Alil short renge radars located within the boundaries
»f on ACF-A, in that airspace controlled by the ACE-4 £ rom
the ground te 60,000 feet, were assigned to the ACT-A.

A1l short range radars located in that ACE-RB airspace ovar
which an ACF-A has jurisdiction were not consigered to be
connected to the ACF-A. Gap filler radars ware assumed Lo
be sited to provide coverage belew 18,000 ft., therefore,
they were treated the same as other short range radars.

L. The determinaticn of Mode-S sites was made by
assigning Mode-S capability to those sites indicated in
Reference 34.

5. The nuwber of sites under the "Prepare For Back-up"
scenaric is determined by multiplying by two the number of
redar sites within the ACF boundaries (as calculated using
Steps 1-3)., Tobis is not the same as doubling the number
of radars reporting to the Facility because radars
reporting to the ACF include radars outside the
boundaries. It was thought that doubling the total number
of radars reporting to the ACF would introduce a
double-counting bias because it is likely that the racars
cutside the boundary (but reporting tec the ACF) are in
back-up airspace in any case.

6. The number of sites under the "Handle Back-up" scenaric
is determined by multiplying the number of radar sites
within the ACF boundaries by 1.3.

A list of rader sites by ACF is included as Appendix C.

2.3,2 HNumher of Tower Covputer Control Centers {TCCCs)

The FAA furnished the contractors with a list of 300 towers
designated to become Tower Computer Control Centers (rCccls). A
gchedule of implementation was also provided. MITRE identified
the ACF with which the towsr would be associated and tallied
the numbers. See Appendix F for the list of towers and the
implemantation schedule. :

2.3.3 Number of Control Positions

The number of control positions appropriate to each of the ACTs
was determined by adding the projected number of en route
gectors and the projected number of approach control radar
positions. The following methodology was used:
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1. For en route sectors, the scurce for current data is
FaA's Area Control Facility Impls statdcn Plan (Drafi)

(Reference 35). This report descr the 4CFaz sceording
to number of’sestcrs by en route, terminal, oceanic, radar

and non-radar.

v
S
a
s

2. MITRE3Z egtimated the number of en route gectors
required for each ARTCC through 2010. After Congolidaticn
in 1995, the en route sectors associated with each ACF
were projected for the years 1295 and 2010 according to
the rates of growth originally projected for the same
named ARTCCs.

3. To determine the number of approach positions, MITRE
used the ACF Implementation Plen's assignment of approach
facilities (to ACFs) to determine the specific towers
being provided approach service by each facility. The TAA
Terminal Area Forecast (1984)13 provided values of
instrument operations/tower through 1995. Upon
jnstructions from FAA*, we extended the forecaszt to
include 2000 and 2010 by using the average growth rate
from 1990-1995. To insure that airport capacity was not
exceeded, projected instrument operations were not allowed
to exceed an I0 (Instrument Operations)} ceiling deternined
in the following way: FAA Tower Airport Statistics
Handbook, 1978, 2 contsins tower opzrations statiaties,
among which ig the "peak to average operations ratio"
which was used as a surrogate for determining airport
capacity. The I0s for 1980 ware multiplied by this ratio
which provided a ceiling estimate for tower I10s., This
process implies that no new ruaways Or procziures ¥ill be
used to increage airport capacity. In some cazes, it was
necessary to decrease the FAA projections for 1995 because
the ceiling was exceeded.

L. The forecasted instrument operations for the years
1995, 2000, and Z010 were used to determine the Grade
Level at each facility. This calculaticn wag made
according to current AT criteria (See Appendix G). Hourly
Traffic Density Factor weas determined by multiplying ICs
by 0.6%% to adjust for the busiest 183 days of traffic and
dividing by 183 dayz and 16 hours. The resulting factor
was applied to traffic renges for Crade Levels of Radar

L s P e 8

e R T

e
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*Gene Mercer, Branch Chief of Aviatiom Forecasting
#%Factor provided by Cary Bryan, MITRE, Wak,
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Approach (Appendix G). The approach control facility
grade level was associated with an average productivity by
caleulating I0s/contrel positien by Grade Level. This
valus, tempered by the maximum number of Control Positions/
Facility/Crade Level, determined control positicns
assigned to each Facility. The maximum control
positions/ievel was determined by accepting the current
maximen value, excepting the N.Y. TRACON which is an
unusual, highly consolidated Facility. Values used for
average 10s/Grade Level and Maximum Control Positions/
Grade Level follow:

Grade Average Maximum
Level I0s/Position Positions/Grade level
2 30 2
3 55 5
4 65 7
5 75 13

The number of control positions for each approach facility
wae calculated and summed for each ACF. Beginning at
coasolidation, two reducticnm factors were applied to
reflect efficiencies due to consolidation and use of
sector suites. These factors consisted of a 10% reduction
to account for efficiencies due to use of sector suites
and ACF-specific reductions (see Appendix G) caused by
congolidation. These factors were obtained from the
analysis done for the AAS Benefit/Cost Study36. Tablies
showing calculations for each ACF are found in Appendix H.

5. The approach and en route control positions were
examined by ACF and year. Because of the belief that
efficient transition planning will eliminate large
varistions in sector staffing, the 1945 and 2000 values
for co.trol positionz were adjusted to alleviate these
variations. See Tahle 2,3.3-1 for the final set of
control position values for 1982 {(not adjusted}, 1995,
2000, and 2010.

The Prepare for Back-up value for each ACF is the sum of
the en route and approach values shown in Table 2,2.3-1.
It is assumed that conditions under Handle Back-up will
pnot require more than the 24 trzining positions that each
ACF will be alloted.
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2.2.4 MNumber of Sector Suitss

The values for sector suites were determined by assuming the
following:

1. Every coatrol position is assigned a sector guite.

2. Each supetvisor is assigned a sector suite
{supervisors = (control positions/6) + Ll.

3. The following specialist positions are agsigned a
gsector suite:

a. Flight data specialist: 2 per ACF.
b. Traffic management specialist: 1 for each
airport for which upstream metering is provided plus
1 for each metered airport within the boundaries of
the ACF.
4., Metering will apply to the current busiest 50 airports.
5. All ACFs will have 2& training positions and iwo
monitoring and comtrol positions, each of which will have

a sector suite.

6. Total sector guites are determined by summing the
pogitions identified in 1-5.

Table 2.2.4-1 shows the distribution of gector suites
calculated for every ACF.

2.3.5 Number of Controlled ani Uncontrolled Flights

IFR and VFR instantaneousg track forecasts were determined in
three parts: adjustment of tle FAA forecasts for ARTCCs to
include additional tracks for aircraft under approach control,
reapportionment of the resultant ARTCC en route aircraft counl
to a comparable count for ACFs, and an apportionment of IFR en
route aircraft to both high and low altitudes. The methodology
used is described belew:

1. Approach Control Aircraft During the Conseolidation
Period, the ACF will centrol approach airspace. Estimates
of the level of approach control traffic for the
Consclidation Period is described in Secticn L1 of
Appendix L.
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a

2k IFR day {i.e., T1) are forecastad by FAA for
2z for the year 139510, values of Ly, Lp

and Ty - Tp are listed for each ARTCC in the

contigucus U.5. in Table L.1l-1.

2. Apvorticoment of ARTCS Adr Traffic to AC¥s During the
consolidation period, ACFs will provide control of
aircraft in both en route and approach control sectors.
The geographical coverage of the ACFs are shown in Figures
9-2 z2nd 2-3 of the Kational Airspace System Level II
Design37. Altitude coverage for the Type B ACFs was
censidered to range from ground level to 18,000 feet. The
higher altitudes are covered by the Type A ACFs. The

Type A ACFs cover all altitude levels where there is no
Type B coverage.

Table 2.3.5-3 shows how aircraft from major airports in
the ARTCCs were apportioned to each ACF. The apportion-
ments were estimated by calculating the total operations
rates from all the major airports located within each
facility and determining the fraction these represent from
each ARTCC. That is:

Fractional apportionment

of Approach Control = Operations of ARTCC airports in ACF
Operations in ACF Operations of ARTICC airports

3. Fn route Aircraft Tables 2.3.5-1 and 2.3.5~2 show
how ARTCC en route aircraft are apportioned to the nigh
and low altitude strata in the ACFs. The apportionment is
based both on estimates of area apporticned to each ACF
from ARTCCs, and on an estimate of relative density of
aircraft in each part of the ARTCC. For instance, in
Table 2.3.5-1, the first entry for the Chicage ARTCC ia an
appertionment of 0.3 x 1.2 to the Cleveland ACF. The
£irgt term "0.3" is the fraction of ARTCC arez apportioned
to the Cleveland ACF. The second term '1.2" is a measure
of the aircraft density in that area relative to the other
aress in the Chicago ARTCC. A density of 1.0 is
considered average. .

L. Alititude Apportionment A total of 56% of all IFR
en route aircrait and 0% of VFR aircraff operate at the
kigh altitude levels (i.e., at flight levels above the
contrel limits of Type B ACFsj.
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2.3.6 Tarzet Report Rate

This parameter is expressed in radar
allowance for primary or beacon noise
This section describes the calculatio

.

1. Calculate the target repert messcos rate for the AC

controlled airspace only.

2. Calculate the additional target reports recelved from
airspace outside the control airspace.

3. Combine the values and adjust for “'Prepare for

Back-up'" and "Handle Back-up".

These three steps are described in Sectiocns 2.3.6.1, 2.3.6.2,

and 2.3.6.3 below.

2.3.5.1 ACF Controlled Airspace

The target report message rate comprises the following five

components:
A; Instantanecus Flight Count

A1 Controlled (IFR)
As Uncontrolled (VFR)

B:; Flight Life Distribution

By Proportion in en route airspace
By Proportion in terminal airspace

Cym Radar Scan Rate

Cy,1 ATCRBS long range

*

c Mode-S long range
2,1

Cy,2 ATCRBS short range

Cp,2 Hode-§ short range

Dyq PRadar Distribution

D;,1 ATCRES long range/total long range
DZ,I Mode-S long range/total long range
Dj,2 ATCRBS short range/total short range
D2,2 Mode-S short range/total short range

2-117
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Eijm Radar Ccverage

El,lyl IFR Ffic, en route airspace,

Ey. 1,2 IFR ffic, en route alrspace,
sty P . -

EZ;l,i YFR treffic, en route airipace,

E2'172 VFR traffic, en route airspace,

E{ 2.1 IFR traffic terminal alrspace, long range raders
LR

Ej,2,2 IFR traffic, terminal airspace, short range radars

EZ,Z,Z VFR traffic, terminal airspace, leng range radals

Ez 2.2 VFR traffic, terwinal airspace, short range radars
9 k] =

The equation,

A B3 Cym Do Eijms

i=1,2
j=1,2
k=1,2
m=1,2
where:
i indexes flight count for IFR(1l} and VFR(2)
j indexes airspace for en route{(l) and terminal(2)
k indexes radar type for ATCRBS(1l) and terminai{2)
m indexes radar range for leng range(l} aud short range(2),

is summed to produce the target report arrival rate for the
airspace controlled by each ACF.

A& description of the components {(4,B,C,D,E) with reapect to
units and values foliows:

4 - This is a measure of the number of flights wit
controlied atrspace (not in back-up airspace) expressed as an
instantaneous count. Values for controlled and uncontrolled
flights for the years 1995, 2000, and 2010 are found in
Volume I, Table 2-8.

B -~ Radar coverage for flights in terminal ai
different fraom that for £lights in en route airs
factor, G.7, is used to modify radar target regport
reflect the average time (703} that a flight spende in en route
airspace. An average of 307 nf flight life is gpect in
terminal airspace.




e ag

adare varies with twe variables. One of
adar. Scasn rate (in seconds/scan) is

srt range ATCRBS radsars. The
gcan rate is 10 g ¢ radars and
all primary radars.

D - The distribution of radars among ATCRBS and Mode~53, long
and short range, is a device to weight radar scan rate. It is
calculated for every ACF from the list of radars (located both
inside and cutside of the ACF) reporting to the ACE (Table
2.3.6~1).

E - Radar coverage is a parameter measured in target reports/
fiight/scan. It has been determined for en route and terminal
airepace, long and short range radars and IFR and VFR flights.
See Table 2.3.6-2. This parameter is the source of target
report information; all other variables and factors serve to
modify it. An explanation of the computaticnal approach for
radar coverage may be found in Appendix I.

The eguaticn used to determine target report message rate
requires the calculation and summation of 16 values. The

calculation for one such value is {llustrated in Figure 2.3.6-1.

2.3.6.2 Target Reports from Non-Cortrolled Airspace

Because many radars must report to more than one ACF, target
reports are received from non-controlled airspace. The
following three situations require the initial value for target
report arsival rate to be increased:

1. For ACF Type A facilities with airspace above ACF Type
B facilities, additional target reports come from radars

ies,
~ traffic in the Type B airspace and sending reports
to the Type A.

2. For those Type B facilities, all of which are located
below Type A's, additional target reports come from radars
sensing traffic in the Type A airspace located directly
above the Type B.

3. Because there are radar sites-located in close
proximity and on both sides of the ACF (horizontal)
boundaries, reports ave sant to the ACF of interest from
targets outside the boundaries.
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DISTRIBUTION
FOR THO 55

> 61
“u‘«eh TYPR

!na‘rTCREE«&Fﬁﬁf :
"Cﬂwtﬂﬁmhrﬁsdﬁﬂﬁﬁfw

LOHG R RANGE

SHORT R

i
i

ACT TATORES % MODE-S 1% ATCRBS % MODE-5
Albuqucrque 45 55 33 67
Atlanta 100 0 53 47
Boston 50 50 47 53
Chicago 83 17 50 50
Cleveland 91 9 67 33
Denver 45 55 60 40
Fort Yorth 30 10 35 65
Houston 78 22 50 50
Indianapolis 100 0 120 80
Jacksonville c3 7 56 L
Kansas City 87 13 29 71
Los Angeles 25 75 11 89
Memphis 89 11 54 L6
Miami 83 17 63 37
Minneapolis 42 58 L4 56
New Yor: (&) 54 46 0 0
New York (B) 63 37 45 55
Qakiand 0 100 25 75
Salt Laks City 13 87 5C 50
Seattle 39 61 50 50
Washington §8 12 1¢ 81
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EN ROUTE AIRSPACE TERNMINAL AIRSPACE
IFR AIRCRATT VFR_ATRCRAFT ALL, AIRCRAFT
LONG SHORT LOWG SHORT LONG SHORT
ACF * RANCE RANGE RANGE RANCE RANCE RANGE
Albuguerque 2.95 0.38 1.03 0.16 1.12 1.00
Atlanta 0.95 1.69 0.54 0.82 0.54 1.34
Baston 2.13 1.81 1.02 0.7% 1.07 1.72
Chicago 2.07 2.03 0.94 0.82 1.18 2.60
Cleveland 5.11 1.40 1.49 1.04 1.63 1.98
Denver 3.16 0.27 1.05 0.14 1.11 1.26
Fort Worth 1.27 1.41 0.77 0.64 0.51 1.46
Houston 3.18 0.37 0.89 0.32 0.51 1.25
Indianapolis 1.64 1.93 0.81 0.81 0.79 1.35
Jacksonville 3.24 0.44 0.51 0.76 0.95 1.33
Ransas City 3.73 1.40 1.09 0.54 0.91 1.25
Los Angeles 1.58 4.08 0.86 1.71 1.13 3.74
Memphis 2.53 1.11 0.90 C.59 0.66 1.36
Miami 2.72 2.05 1.01 0.71 0.82 1.59
Minneapolis 2.93 0.84 0.87 0.36 0.85 1.22
New York {A) 5.43 0.00 0.00 0.00 0.00 0.00
New York (B) 2.84 2.42 1.33 0.97 1.30 2.87
Oakland i.19 2.25 0.61 0.92 .63 1.95
Salt Lake City 3.04 0.21 0.99 0.08 1.29 1.00
Seattle 3.27 0.58 1.07 - 0.30 0.85 1.38
Washington 1.82 2.29 0.92 1.01 0.84 1.99

#Pecause traffic forecasts for Anchorage and Honclulu were not available, radar
coverage was not calculated.
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CALCULATION
1000

x 0.6

1600
0.7

0.1

0.6

4.0

scans/second (10 seconds/scan)

Instantaneous IFR flights

Proportion of ATCRBS long range radars to all
long range radars

IFR flights sensed by ATCRBS long range radars

Proportion of en route flight life to total
flight life

En route portions of IFR flights sensed by
ATCRBES long range radars

Target reports/scan/IFR flight in en route
airspace sensed by long range radars

Number of long range radar target reports/scan
for IFR flights in en route airspace

ATCRBES long range radar scan rate in
scans/second

Number of long range ATCRBS radar target
reports/sec for IFR flights in en route airspace

FIGURE 2.3.61

SAMPLE CALCULATION OF TARGET REPORT MESSAGE R&TE
FOR ONE CONDITION ~ L4, K, M = 1
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2.3.6.2.1 Type A Facilities
Y|

The target report message rate of an ACF-A ie inereased by a
fraction of the message rate from those long range radars
reporting to the vertically adjacent ACF-B. This fraction has
been estimated (Table 2.3.6-3) and should be applied to-the
ACF-B target report rate represented by the following equation:

T
? Aj B3 Cxm Dim Ejjms

2
2
32
2

2.3.6.2.2 Tvpe B Facilities

The target report arrival rate of an ACF-B is increased by a
fraction of the message rate from those long range radars
reporting to the altitudinally adjacent ACF-A. This fraction
has been estimated (Table 2.3.6-4)

This fraction has been estimated (Table 2.3.56-4) by considering
the area of the ACF A that overlaps the ACF B and the prebable

distribution of aircraft in the ACF A airspace.

2.3.6.2.3 Radar Coverage Outside ACF Boundaries

It has been assumed that all radars reporting to an ACF will
have no masking applied at the site to eliminate coverage of
airspace not controlled by the ACF. Accordingly, a source of
radar target reports from outside the ACF boundaries has been
determined.

The basis for evaluating the radar coverage outside an ACF
attributable to a single radar is a formula which evaluates the
average radar coverage at a given (x,y) point, by considering
the aircraft altitude distribution (per Volume I), the horizon/
line-of-sight phenomenon, and the distance from the radar. The
formula is as follows:

#Coverage = 1.4231077 - 0.2184681 Valt

vhere alt is the minimum altitude at which an
aircraft can be surveilled, in thousands of feot.

#Taken from Appendix I.
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The relation for canvegting tha &bo
the familiar relation3® between hed

223

ve to a distsnce formula 2
ght and distance for

surveillance:

p = 1.23 J{(h) .
where: D = ground distance in finbh .
h = lowest altitude (in feet) at which an aircraft can

be seen

To convert the coverage equation to be a function of distance
from the radar rather than minimum altitude for surveillance,
it ig mecessary to state alt in terms of D. The relation of h
and alt is:

alt=h/1000.

Substitution and algebra yield:
alt = h/1000; h = (D/1.23)%

alt = (D/1.23)2/1000

[}

p2/(1.23% x 1000)

p2/1512.9

]

o —
o o Radar coverage = 1.4231077 - 0.2184682 XVBZ/ISIZ.Q
= 1.L231077 ~ 0.2184682 x L/38.9

1.4231077 - 0.0056156%1 x D

Using this equation, the cadar coverage for an area outside an
ACF could be assessed in several ways. For example, a random
sampling scheme could select points in the outside area,
evaluate the coverage at each point, and then calculate an
average coverage for the points. Anotrer method would be to
assess the coverage at all points vsing caleulus. That is, the
coverage for a contour with constant coverage could be assessed,
and the coverage for the set of all contours could be summed
using integraticn. The latter technique is used for this
analysis and is further explained below.

2--126

S AT AR e e




where,

e e e

The contours with constant coverage are arcs centere
radsr for the case of the radar located within the &

located cutside the ACF boundary. Thess nwao
iocation inside or cutside the ACF boundary represent twWo
distinct cases for this mathematical approach to coverage
assessment.

Given a distance from the radar, a contour with constant
coverage is generated as the set of points equi-distant to the
radar. (These contours are arcsg or circles.) 7The length of
the contsur is evaluated using geometry and multiplied by the
appropriate coverage. This product is evaluated for the set of
all contours using integration. The horizontal area is then
divided out to find the average coverage for the area.
Equations for the two cases are given below.

For a radar located within ACF boundaries (see Figure
2.3.6.2.3-1), outside coverage is as follows:

Average Coverage of Outside
Area with Kadar Located
Within ACF Boundary

= (dIZOO g(x)dx)/horizontal Area

where; d = distance from racar site to facility boundary in nmi.

£f(x)s(x)

Hj

glx)

Loy
-~
]
~
1]

radar coverage, i.e., proportion aircraft
seen (0.0 to 1.0) at a distance of x nmi
from the radar

= max (0., mian {1.,1.4231077 - 0.0056161x))

(the max and min operations simply bound the result between g.
and 1.0)

s{x) = length of arc S subtended by chord b, given
radiue x and distance d to boundary (see
Figure 2.3.,6.2.3-1)
'—'1 _b Yo}
=% x sin 7% /60
b=2V(x" —a")



Araz of Interest
is Shaded

ACF Eoundary

Radar Site

-
S+t

FIGURE 2.3.8.2
QUTSIDE-ACF COVERAGE FOR RADAR SITE INSIDE ACF BOUNDARY
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T boundaries (

w

e

Averaze Coverage of = {(Ofd glxydw/area 1} * volum& 1)

Outside Area with
Padar Located Qutside
ACF Beundary + (deJO g(x)dxfarea_2)* volume _2))°

/(volune 1 + volume_2)

where f(x) is function definition as before
d<x<200: 27x - xusin * (EE)IQO

) = 5

2 .2
where b is the chord length 2 #* J{x" - ¢")

~
"

and s

x < d: 2 7 x (entire circumference;

In this case, two areas had to be evaluated separately, since
the standard arc length equation:

s(x) =7 x sin"1 (2-3;)/90

only holds for arcs equal to less than halfl a circle, For x =
0 to 4 (see Figure 2.3.6.2.3-2) the iso—coverage contours are
circlec centered at the radar site. For x = & to 200, the
iso-coverage contours are arcs greater than one half a circle.

2.3.6.3 TFinzl Calculation and Adjustment

The target report message rate for "prepare for back-up" and
"handle back-up" is calculated by adding the message rats for
controlled airspace (2.3.6.1) plus the additional message rate
for radarg reporting traffic in non-centrolled airspace
immediately above or below the ACF (2.3.6.2.1 or 2.3.6.2.2}.
This sum is doubled for "prepare for back-up" and added to the
message rate from coverage outside the bowndaries €2.3.6.2.2).
For "Handle Back-up,” the same procedures are fcllowed with one
exception: multiply by 1.3 instead of doubling.
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Area of Inlerast
is Shaded

ACF Boundary

QUTSIDE-ACF COVERAGE FOR RADAR BIVE

FIGUHRE 2.8.6.2.3
CUTRILE ACF BOUNDARY
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2.4 Facility Back-up Zaleulsbiom

In order to explain the irmplicaticns of facility back-up to
flight life, flight type, snd secltors penstrated, & simple
analytical model was constructed. The model assumes that
adjacent ACT airspace eguzl to 30% of the maximum stress ACF i
size arnd traffic load must also be controlled during back-up
mode. -

y
ds

o

To simplify analysis, the disposition of 1600 flights
contrclled by ACF 1 was evaluated as well as the nuwber of
flights entering and/ox leaving the back~up airspace withiam
ACF 2. Assumptions made about £light 1ife and sectors
penetrated in the back-up airspace aliowed conclusions to be
drawn about total average flight life and average sectors
penetrated during back-up.

2.4,1 Flight Distribution During Back-up

Sinmce there are four potential back-up areas, the common
boundary between ACF 1 and the back-up airspace (30Z of ACF 2)
is assumed to represent 25% of ACF 1's perimeter. It was
acsumed that 25% of all ACF 1 departures leave one side of the
facility and enter the back-up area (formerly ACF 2). It is
also ascumed that 25% of ACF l's arrivals crossed the former
boundary from ACF 2. Because Cverflights can move in both
directicns, 50% of all Overflights cross the boundary. It was
asguned that 100% of all Withine stay within ACF 1.

Using the flight type and life parameter values for the
1995~2010 period, the distribution of ACF l's 1000 flights was
determined. Table Z.4.1-1 identifies those flights that
crossed the boundary of ACF 2 {the back-up airspzce). Also
jdentified is the flight tyse of all boundary crossing flights,
from the perspective of ACF 1 (Celuma F) and ACF 2 (Column G).

Using & similar calculation, the number and distribution of
flights in the back-up airspace was determined (Tzble

2.4.1-2). The flight type distribution was alterad by assuming
that 30% of normal airspace would contain only 10% of the
"within' flights, not the maximum stress value of 22%.
Accordingly, the values for the other three types were
increased.
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The nusber of £lights/hour was calculated by azsuming that the
instantsneous flight count was 30% of 5¢0, the ACF 1 wvalue, avd
flight life in the back-up airspace was S0% of maxin
value. Subtracting boundary crossing flights (Columu B)
jdentified in Table 2.4.1-1, the number and type of

non~boundary crossing flights were calculated (Columm F).

2.4.2 Calculate "Handle Bsck-up" Values for Flight Life and
Sectors Penetrated

Table 2.4.2-1 is composed of three sections: section 1
comprises Colunmg A-D and presents inforrmaticn about those
flights using ACF 1 airspace; included are the number, L¥pe,
life (within ACF 1), and sectors penetrated {(within ACF 1} of
all those flights using ACF 1 airspace. Section 2 (Colunms
E~J) presents similar information for those flights using the
back-up airspace. The last columns, K~P, represent couwbined
airapaces and calculate the combined values to represent the
"Nandle Rack-up" situatioca.

In lieu of information about back-up and because of the nsed to
viypify", many assumptions were made to build this table.
Typical values were sssumed for sectors penetrated, Column D3
the average, weighted by flight type, is equal to the maximum
stress value (Parameter 15). YFlight 1ife in Back-up Airspace"
(Column H) was estimated by draving candidate airspace
boundaries and assuming uniform distribution of arrivals,
departures, aud overflights. vgectors Penctrated" was
gimilarly estimated in Column J. Shown below ig the final

%5

distribution for f£iight type during “Handle Back~up™:

TYPE 2
Arrival 19
Departure 30
Overflight 27
Within 24

Note that the calculated values for the pavamsters, Flight
Life, Sectors Penetrated, end Flight Type are, by various
degrees, different than those veported in the current version
of Volume I. This arose from two gources: Flight Life and
Secters Penetrated are conservative interpretaticns of the
calculated values; the values for Flight Type were calculated
after other parameter values had been determined on the basis
of previous estimates. Since the difference between calculated
and reported values are relatively small and since the back-up
model incorporated some rather arbitrary assumptions, it was
not felt necessary to report the precise calculated valves.
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WORKICAD PARAMETER DESCRIPTIONS -

N

Detailed descriptions of each parameter used in the National
Akirspace System (RAS) Alr Traffic Comtrol computer workload
definition are preovided in Appendix A. Further comments are
provided, where needed, to clearify the composition of the workload
parameters. For the convenience of the reader, message designator
symbels as used in NAS are given in parentheses following message
nepee under parameter number 27. Mo implications regarding future
design or implementation are intende¢ by this associatiou.




o R CRE

rajex

czyon presonw v FoyovsjIcdxo uUsYd YIv awpuEl TIV IO (52

Sagayruar oyy
o x5y SUIIOLIZQ TOTIPIILITLAT [TIV-IIYIBIA YIBIQ ¥

Ti#

~TE§CE000 ‘OsYY

soTzveade payor L:varad o4l 4% GISpR3

332 ‘guzniaz yawdilTng ‘euOTIDAIA:

o3 onp #IIeXy 303wl 93woiTdap ©q Avm azeyy ‘LqTe

+pe¥owRIl 92® IIITIOIFV FWIOQIFE TP 304

*33930aTE LT O3 STQFINGYIIIW IcU BT
$ te82us Azvarad wuyey W CInPUS Qoon
£q meicla oyl o3 perovred zisdars
Zaveyzd aatzy Jo I9qund 2RTITal BUL

Lavpunoq 103030 pucing

yeu 0§T 03 popmudxe walId 3Ing ‘2°C O%¥1
*26730€8

uoal® @ 01 wiry ovuwTTIEAIng EUIpla

~c3d @533 UDPY JO asqunu TE303 TYL
ceazsdy oyndzod £3FTIOR

3yl 03 ©IPD POTCI[ISAXnS TUIPTA

034 WOIFR JBPEI O JvgEan (U303 WYL

cxcioes oyjzesds 9 jo suzae

~prock 43 BIYITA fenosx3 FOTIoIIUCOLR
PUD HITTOIILOD UICG SPEOT oI [LI0L
~103558 3LF

| ~y5ads ® 70 ISTTOIITGY TIXINII IFT DY

JO Yol3uod By3d JSPUn OYIVIF O a34EMY

*20V 2yl ¢3 Suyyaedox exwpus jo
32239000 TIYITR IVY JOV Y3 JO OPIEING
3JEITATR WOIF TROVII BLOYI IPRTIAT

10U #z0p enywA €74y *3Iusisul xosd Jw
89348 Oy ©Y H3OVIY IIFADITE peITOIL
~0OTUN PUB PITTOIIVOT JO ITQURG [UIOL

*PROT YOI SRODULITHIZUY IY3I
4q papTatp suwiouy yved 39 a3sle Iy
uy sceyd y81y3 30 Zeqmwnu Y[en3Id® TTI0L

3
aevpra ofuvg sioyg
Laspens
proLeg YET 5L + 20
zepoy eSaoy Booy 2
awpey ofuvy 3asyg Y°
203323
2upny +Bouwy Eoo z*
avpay #fuwy 10us T°
epe~L37TI524
2TITE
PYWPTLFILING JO ZTQINY

.

.

) 3 07 0% OV €1 &) )

“

o
.

.

< ot et @) G0 S Y

Py
¥OWIL 3FeADITY TWI0L LT

eaosay PITTOIIVOY 1°2°Z
P3O ¥383%
IIBIDITY AVIG 393098 LT
pray
Yooxy 3IvAAITY Ie30L €°1°¢
SEIVIL DITIOIILOOWN  TIT
02y PRITOIITO)  1°1°T
PEOT %5OAL
1383037y Yeod 43¥TIoEd T2
ProT WU IFEINLITY AT 0°

woeay/euwlg UYL 18301 I°1
AOBIL/TUBTY IYSITL ATV T°1
peoT wery IYBTYd 0°1

SINAKHOD

Ho0YrdIxN3sad

YEILAHYEY L

SHOILZIBOS3T HALIRVHVL QVOTIHEOM

LY 2TEVL

£l
{
i
H
¢
i
§
i
:




ISH 33 QUO'BT P40QY y°1°8
TSR 33 000°8T ~ 005°2T €°1°6
TSW 33 005°2T - 0C0'9 TU1°8
ISH 33 050°9 -0 T°T78
seyeazaiur
apnITITe SuynolIoy ayi 1¥
vg10a7g PPATTITE YACTIGLA 3% (WA 33eIDaIW WIT Jo wddaag 1°g
: PUR YAT) 3ynIvaFE Jo wlwiusdivd suy TOFINGFIISTA SPNITITV Q°8
*AITTFOUF YT YITA DHIVEICBET DTG
S0UWTTIPAING FXTIUD BT PIIFPTSUGD :
oondeary  *9@nzsaod Jupex jo L33271d
<pa3unod 10T AL BUINIAI 23woyTdnp fuvde Xepoa| -~73(nd I0y TOFILIITIWION YITA ‘3328a83 i
1sd ©OUO PIIUNOD BT IFJVIDITe PITTTSAINE yoej DATTIRAINE WIT 03 WIA JO OBl YL 0y33y 2981wy WAL HIA 0°L i

gjuondug o1noy
posdupy @ 3D0Y 193154 £°2°S
ATe0
jusulasg ain0y pPuidupy U209
Lro3nox awd siusz¥as AyuQ 3uswlog wincy IV0XYL 1°2°9 H
jo asquau, 2Iv z*g I9pun 2i1v3dweind 03 BIFUM YL Juno) juswBag 3Ny 2°9
ERLEN
pa3dupy 9 sinoy paIdEarq £'1°9
ATuy snoy psidapy z01‘e X
8348 TI3 TTv 30 auodzad AY8Q 23IN0Y 1I09:IYQ (*T°8 = :
% gy saydy(y, @1v [°9 Jepun £i1dldwesvd IOF BITUR Y rved (X) UOTIRQTIIOQ P3IN0Y I°9 i
38Tt © £q pOITF ATTCTIFUF 23IN0L 3y sn3e3g Buyivd WEIL 0

sopucdsavy off §°
S °poK €7
) 0 8POH SQUDIV Z°
AT20 V 9pod STEOLV T°

sy3ts paddrebz a3wadayy
pafrozinoouy ofwiwodavy ¢*
JepucdsuRl) Of $°1°
S SPUX £ L
[
Tt

.
.
.

™~ citE N
Vi Yy Wy

saopordsuway ou 3¢ ‘ATud ¥ Opo 2 2PCK SAULV

‘5 opol ‘g @poy 13yay2 Jo »3wddynba Lpu0 ¥ 9poy SUNDLY
xapuodsuely parog-uo YIfw (PITTOIITOVTN sy3ja paddynbg 33exd
pu® pSYTOAINOD) LIVPEX DIV £q PIIDIIVIP{-ITV PITT0aIV0Y o3riuvdzad 1€
uoyyeyndod 2IRIdITE 3O uogiaodoxd auy o8udinby aspucdeuwvi) (°¢

Wy W ey

'

SINAHWHKOD NOTiLdYdysida d4dLINYIVA

(@anniLNoD)
SNOILdIYOS3Q HALINVHYd AVOTHEGM .
bV 378Vl



*Lyuo wiesp OFIWTIOS I0F OF za3suweavd 9yql

*godi3

sLruo sosodand
t§ys0p OTITAPDE 203 ST g°0Y IIoWDIBy *Q°(7 ILIsWIIWY ~13083
JO eonTBA °y3 29A0 ITTIDAR dY3I 8F [TQT IsIdwvIiwvdy ~u0d 83

*A1uo uSysap 07IVUADS 203 ST ao3emeaed ATYL I

*233T #0823 Fo Suruuileq sui 0w POuIIIP
ey wopawyIIwy ‘sdil IySyry youw aog
sou3 3o porxrd AT W IWAO PAIWIITUT

9343313 AU Jo IHqunl JTUIDAY

3ygyTy Inoy 3 Fuouww 3yvidayE
paT023U0D JO WSFINGTIICTD YL

93IT a4 Burpuag

PU® SATIOY SIPNTOUT ST 4 (V0L

-433
usAl® ® 19 poYoTII pud POTICII
3BTy ® yoTya BupInp SWFI Y

*greaza2ul poads snoyiza
3IRIATT WII 30 asejuesied @y

} oow2031y
uojIvadusy IWITd 0°ZT

EUTHATMN ¢
B3B3 TIaes) ¢
goaniavdxy ¢
oqeaATaIv 117
[CE L 2i-0nE0E §
Botangy3stq °d4g IFITL 0°TL

(eo3nuIR) 81T &4 TTOL 9 0L

(SI3nuTH) O3 44 ATV £°01
Aauuﬂﬂuzv

9FT1 IuBIT A3PTIov4 BdA T'0L
(2eInnTH)

2JFL AOTIAL POTICIITD  1°¢1

9371 3n8ytd  0°07

$305Y OG5 2940 3

BIcuy (0% - QU¥ £°6

2306Y Q0% - 052 276

230UY (L7 I°PUd 1°6
$9T242975F

paods TuLoTIoY 2wl 3@
IIRIDIFE YAT IO IVIILTY
©OYIRQIXIFTG peads

L

c.
qmz.ooa.uduooo.mm.m.
89 L000°8 - 03379 T'T*
ISR (000°9 . - T 1
umﬂQWHQunw
oprITATY SupsoTrol
U2 39 JIBIDINY YIA XC % T8

8
8
8

.

o

SILNIHWRKOD

NOTILJAdIBISHG

AELARVATS

(@INRILNGD)
SNONIMOSIA BLANVYEYD QVODIEOM
1 BTEVL

]
]
i
;
i
:



*3y31T3 29d 5303938 ‘OFFT IUSITI
‘uoyyngyaieyp peasds  :81333wwIed I9Yilo 03 pIery

«pojasd nOFIRPTIOEULD Sulinp §103999 yowoadde sspnydul

+103U58
® 10 A3Y7To97 oyl uyyais iy v
£q paszea¥il (Jau) Iovsisyp ofuiday

*a4BrTy ® 4q

poivisuad 920309u JO ASQUAN IBIATAY
sButavyon IoF 9IqITITR

A33TTow3 © 38 anoy/e3uSTry [eAjlae
30 JegEOU IYY OF g'y¢T 19300viEd
*$uyyezea 1oy osyailyre

230dz3® ue 38 Inoy sIyBITF TUAFIIV
30 Iwqunu Xead Y3 8y TTHT £eIsTFIRg
R -5S AL T

peawmolny 1u3 37qT3¥1Z 03IYSTTE T83I0Y

“693IN01 PIPOD
Suren (SUTYITH PUB) STRA[IIY [I¥ JO ¥

©T3IN0X DIPOY
Supen (suyyIjM pue) oandzedsg TT? 30 ¥

*aouvdeife paTyolld

~uod grIuv BuyL1IavAc I{ITTF TI¥ 30 %
*oaygITy (oTHITH

puw) sanjxedsq oy T'I*LT 03 ITTIRYS
*BITITTIORY Y633

~uod yoieoxdde paddmba-gryv 3w Cojaraae
9IRFITI (UTYATH POB) TPATIIV YTV 3O g

yiduaT foaszme) 103085 79T
Juwcv‘m 033200 huﬂ.ﬁﬂumm 151
3382 {62300y §°3T

34BIT4/PO3IBIIDURY 9203098 (°¢1

a3®y TRATITV A3FT002  ¢U4T

31vy

Teataay sxodayy Weed 191
ap/3TEATIIV

‘a3ey TTATIIV JuTI0IBH  Q°H1

ARSI A AL 4
wad TTTULUET
WwWd 172°0°€1

BTRATIXY  X°T°€T
ars £ 1Tetet
T™d 2°T'27eT
L TUTTTET
soanyaedsy 1°2°¢T

92300y <arzivdag
pue [PATIIY PILOD  Z°:Ii

YSTTIIOND SIVY €°1°€T
eanjaedag SL¥VY Z2°T1°€T

TUATAIY SIMV T°T°¢1
s3z0daty pPFYI013L0)

yowvoaddy o3 uwopINgIaILId I°€T

suogIrzadg 310413V 0°f1

STHAHHOD

HOY1dar¥gdsgdd

LR AR AN

{GznaLNoD)
SNOILAIROSIA YR I3NVEYY QYO TIHEOM

bV 3TVl




*3usw (3gqoxa weld
-puswe w@ aroyrq weyd 3yIyry TEII V {®331) Isenbay 281Y02300) 9717
*33910130 PBIIIIW ¥ OF TWYI

TeATAI® 10 DWW XFJ B JU IuTUBYNBY fupaeysi a0y jsenbay 1z
Suynoeyd

sgoyieaTIve 2z03j9q uweid 3ulITy TEYIL ueyd IY3¥Td persenday v IT

rpozeayIow 6y merd IQEITT PEIIF Y UOTIVATIDY URTI PATTI €712
Th-i WYY UF LTUO ‘BACQE ®E DLl 2000BIO3VOY 03 uINITY YT :
ruoTaRTAp TTUFpRIiUUeY ¥ a933W !
@OUPRIOFUOD 03 BLINIIL ITHADIFY UY uotanTASY T¥uzpnaiducy 117 i
2319 87UBAD YRS *3DTLITI0 @ 103 onp (a¥vyvaoaed) |
uy e3rneax sgoxd 3IIFYIVOL ¥ SINTTY 35373u03 Aiosoafesl X
YSTuA 1u3as av 37yl A3IT(TEOLd YBTT 3o L3TTIqEQUId 0'TL :
CuUTYIEA !

eIyBIT31940  £°0¢
saanzxndeg 70T
£TBAZIXY  T"(0T . ;

~p2diy 182dil H

JuBYY3 InoJ Y3 Fo yore 03 wa3sds {SuproOTIOY YL 105 BIINUTY
2u3 uy YLl ® JO IIIT 2BLABAY WYL up 9337 Rowal TwaSAVY 90T o :
+42017q @ordolage dLa Teyeeds ofejuading *IDTIIUL) AW :
e Buysvrieuad aytryosd @ 3o AIFTIGeQOL sosdaary 30 A3PTIQUQesd  Z°E€T |
: W33 JUO R

¥ QATION (OTUTULp [UP DTAVIG) BADOTYQ $R20(g VOTUE2IFY

oondaafy eun (pidody Jo xvqauu efvuoay asp Tvyosds yo aegany TU41

avedsaty o853 TUIVodS o.wa

5

(oT3vacIny B4
\mco«uasa=owsu=>mum '8t :
. +ayd713 awd BuUOTIWRTUOIYD b
’ ~uf§31 ¢F oanswiu sroSoywuz oyl v (oT3vwoIny) g
wr  cayf1yy zed (Tvajaze Jo a2 poind ydy1d/e03epdn 1U6T 4

~wod) $33@pdn VID 3O Louanboay pazoadxy y8374 aed s9avpd] VID 0°8i

* (2qoxd
suuTy I9A0 99%VIDUT 03 PoIdadxo 9q AV »aInod JIITd 30F13ucd £q poserdap ¥m) IDFLIUOD UG (OINUTH/$IDTTIN0D)
vo9n feainol 3091 JO xjw ‘A3fsUsp I7IIVIY Kaq paivayyv| eJv $0720199{ Bx3 IYBTIF HOYyA 1w 9IVY| ITIYIVOJ UY safro3dafual 0°41
SLIXHAKMWOD NO011a1¥0Ss8d 3ALAHVEVAL

]
?

(G3NNILNGD)
SNOILdIYDS3G HALINWVEYd QVOTHEDA
Y 318vL

3
ww
i
4
§
)




13upawag edavy ¥U6e
PUODBS 1INSZ-IUQ
w33 FAS ABINCT/OD YD ‘gurxeog 328181 T1°62
1w poajedel 8w ‘A3FT(¥OEI Syl uy $3319
2epR1 TY® BuFIIPTURCD ‘9321 330dax BPIM-AIFTTIRA
. 103181 WhOPIEG 9yl 3O SInsEIW U 8T BIYY - 8apyedd eBael (°9C
1Y
‘qied GBI
e Juore sjusuBom IY3yTy-—2013wUIEd aydyrd aad
guyseavoad ©woyd IVTFIF OF8Lq ¥ slnauseg 2INOY palivauoly (0‘Se
«3d43 vSvaeou
angI1dA ujByro vSessouw JO XTIIVA Y uy@ya0 olewmdyd (°yI
cay aed gxyowil
o3upfpuws z2d wpuail
~-RTOTA JO JoqQuny I2BIBAY €£°€Z
anoy xad
oyvBa2 00T 28d BXPuly
$ITPIPULD IBQENL THEIVAY  Z2°€T
anoun 33d 9youxl N0TY
1o BIISTB MYSH 9INOI
*gBujnITN SPNITITY -ud 3o zequnu paroddzm 1°¢Y
aFeg UPUTUTH FO £dUanbaiy 3x3Te WYL Aouanboig 335TY AVSH 0°EZ
goynuya ‘uvxjed IZuIdILT
930PTIPUID 3O uOTIVANG  §°ZZ
oIV
fuoTIvIND IISTR IFFTLIVOD  9°72
(£HOIUBITTIFVY)
gxocay Qg1 asd ejzeye
ID7TIUGD JO IIqERU AR €L
cuyijIc3te
1I91® 22FTIUOD 2y Jo ZIITTF (valier; Inoy zed sx0z13 QT 3ed
*303TIU0D OIVT {YBY scyy ey o1 paasefqns sxjwd 3jeIdale 33220139 o uated 18P
mos 03 dxsA ITvd 9yl FT ‘pe3unod sq prnoa 17ed 20773 oy3 &q 03 udYE O2w 8IFRd EPIPUTIL-TPA¥D Jo IsqEnu po3dadly  2*ZZ
~UOD GIE T UIYT ‘EpUCOR8 gy UBYI 1238318 103 3IDTTIUOD anoy v 9YSRI3
jo ano exsa a7wd 3IDTTIVOI € JT  :9M0TTOF BW ey s8deld oot 19d s3z2°TF ISTET
suTd UIbA €170 3TLIUCD FUIIWRCD I0F VOTISITID YL suopioung 3a37y| -ueu 3o aqmau pordsdiy T°2T
407yIu0) oyl o £dudnbaay IIDTY YL Alwondsay IISTY WDITIV0D Q47

$A633Y BUO

SINIKKOD

NOIJXdITAuDSIA

AL IRYUY S

SHOILZIYOS530 U3L2

{@snNIANSD)
YUY GYOTHED
LY 378VL

¥
}




sggeoead Bupyoeal 2 sdozo L{yemunnl(xh) voyivuyEIdy Woviy T'LILL
spgozoad GuyyoEsl Byl 3283 AYYENAW] (LD) UOTIRYIFUL WOBAL 1TELVLil
¥R ¢UTLE

ezoyicus 03 £ITTYO®Y 20 101036 U0
©OXF IFVIDITW PEAIVAI ¥ JO [OITOD O (zd .
Joysueal Syl ATIENUBY IIEIIFUT O3 pasg ‘ND) F3oprey IBIITULI T°2°LT

+1013U0D 3O IGISUTIY
gyl FO UCTIOPIIBI B $¥ paldadadlu;

87 37 ‘o%=ssew oyl Pujaaqve L3yryvel
10 103028 Y} JO [OIIWOD sapun LpEsiye
33WICI[Y UB IO POIDIVS BF wUNesIT

sY3 37 °I03IVY 03 203098 § ‘103038 03
SISV ‘103038 03 SVN ®I1Y Sugssed 343313
aybuge w Jo 023002 EUIVE 0% pIQ (Z0'KD)33opumy 34223V 1°2°LT
ga8Esaa TOAILODY WITIL LT

s3vagoy sBvey 309480 ©F 0 TTIR T3P IFYITIA 4AD 1ayreRn QM) EUECTVLL
IIYIWIA 6-ESY '€ T1°LT
2y1EIM OKIA T°¢ 1722
gaeBessan deyl IsuIBTH €142 § e -
Lcdnyorq 03 ®awdaxd, [o'e)
Ispun 3JBIDITE WIT 103 TIVY ITPOI 15d 8343114 Am

gyzodaz 353191 UY 93Ty oPeesdy IEPEY] WIA 107 s3jxoday 338x0l Z°T°LZ
rdmopeq 103 eawdaad,

12puUn 3FBIDATY YII JOF TEdP I8PEI 15€ 83uditd
CEIVPBI s3gez PuoT (SAYDIV *8BA) S-9POH IO 28e3ueoasd s33cdos 388193 UT ©3I9Y OLusSBIY IvpTY| YII 203 gixodoy 3o8avy Y1142
Y3 3O TOTINMJ § B2 PIUTWAIIVP SF 0IY IBIUSIN Iupwy #sSussoR 9375 IRPVY  T°LT

asfussay EROJUGTIIVITR
sofesasy A3IFTTORIIAIVL
goSesssy peivTey uorivdung Leydsig
so3es: ¥ A10sTazadng
833°869T UOYITT
~o3ny A9Y3Q ¥ TO3IIW0) #0TF ‘Burasisy
eo8grazy vavg wETd IUBIT4
9988983y TOI3G0D ADeIL

g32%B83 I3FS ITPVY (P30T dISYs 3dav~
1g029g00n IyBy13 aed soSessoa
yo ppury BRynolj0J 93 I0F I39: TUALIAV] S1¥ g1yug) 823wy odssadn  0°/2 .
SINIHKHOD NOILJIdITYISAA B4 LIANVIVL

(GznMLNO0D)
SNOILJIEOS3a YILINYUYd GVOTIUOM
Y 318Vl




*9qexd pworRIoa
203328 poR 3qo1d IDTTIGOD Ylog STTEY T1°2 yLz Beseay

+peyyIoeds og Awva opnijiTw psufisew uw ‘Lyyvuoyido

3

*(yeytgtzzy 2D Cud pUE (1°2°€LT) KY
03uF ITI ¥WNTOA UF PIIvB2a83earp axe sonywa I8IYL

*E30IUPUSG? INOX PUY FPNITIT? 9I¥ @#Imo (3Iusnbsay
380w fe3+7) Jurizoduy 10w 9yl A(QEQOlg ‘CTOTIWDITITPOE
jo saddy eyqyssed ¢ s3vdsaadox ATTINIOV enyl WY STYI

«aqoad

ey £q punc) emstqesd Luo Fuyqrace

~9p 191T6I3U0S Y3 ©3 papyAcid sq Tim
goleraon antodusa einfprdordd *apio
~GORIYT PROTHION IO2IVD YITA PuUP HOITAY
9y af aaw 3syl seancy UIITF 29ulo
YA DUTI IDA0 BIN0I [EACTLVBUTP-IVINI
pescdozd 10 3T1IND 6, IYLTTF YL SOy
TITA Ws3648 Byl *IUIWHRIIW IpnIF3TE 20
23n0a peecdoxéd v Juyan 10 werd IYSYII
3ue1IND Sy3 Fupdn 330IdaF7 aviRdpiasd

v uo wqoxd uwvyd Twiil v wicjyied o3 a9y
~T0I3MCY Y3 OTYVLR TTUYL FwsEaw syyy
“3FRAIITR VTIIOwIz

® 20§ wopidang vgosd 1IYTIVID Byl
(TTVO) D3BATIOW 03 ISTTOAIUOD ¥ Ay poop
*2ITNS J03D95 Y I® BT TTAU

e 7TIqedTo earrovavavel oy Bujen
woy3ysod BTY 38 GHT IRTIT v I

03 19[T02380D 2?GI IITYWud cEesuel GYY

|

*XDITOIIVOT IHPUA TUCY O3 [OIINGT
#0Ty 8007 woiy olrasdw AX09T4py

%01

paiToxjuodun g2 o3 ‘4uzr IT ‘Rowii psie
~}dosEv ay3 Ipwziwwop pue ueld Y3
DAYIVIUDY JO pUIsITA ww 107 2P 3y3FyI
19 &21848 dYJ UOIF IACTSI 03 PR
covrd IYBFLI POTTIXTW pozodoad » I0
oanzivdap pasodoxd © J3IWATIOP 03 paizg
YBPTI ¢ A0F DPNITITY WTIDIUF

u? Juwyd> 10 vAOWAI ‘I8 03 DIEQ

*yoeq wawp uwid 3ySyys
agy JO 3awd AHWOLDG WIVP WeYILDIIIpow
sy3 *‘poidodse ooug  celrd uetd WITTI

Seyaetxd 9IdTep J0 ‘ppw ‘AIypom o3 poug
*ulsq woTd IRIFLY wOUSYTQEIST

8101g TUNIdY T°T°9°LT

@qoxq uweld IPINL TTYLT

PITNE OUTE TOSIL T4 LT
02oy] UCYITTOINY ASYIC ¥
1033000 AoTd ‘SurralnN 4 /Z

sugyslenay STIIVIL 04T

(54 ‘x0)
cerg 3484 doxq §°giT

(xa) san3awdaq  v°£°LT

(3D) 3TV BIIINT £°€°LT
(THY 39410 TIV) I9U30 £°2°C*L2
(V) »Inoy 2647

{2b ‘ND ‘HV) SPITITY T°2°€"L2

0033
~WOTFFPON wIVQ DITL T°E° LT
(ag) wvia agPyrg €4

€8sy wawq vy Iudyid €47

SINIAHHKHOD

HOTLdI¥udsgad

FILIAVEYL

(@2ANILNOD)
SNOILAIHOSEA YILIWYHYS QVOTHEOM

bV 3T8VLE

A~9

e b




g

¥

{..qoao Tenuwa Yija o57863W DYIVTOING U¥ IWIDIQ TTIr STYL

2740 TEOREA YITH ODUGSIW OJIWNOINT UB 2WOD TTIA SIYL

shwpdnyd wavg STy =)

up polapdsyp wawp oy Vo 309f3a WY
rTuE DI eryy Tperdepe o3 gy
su3ep twexdoad JuRyry pur uwid

IYBILT ©3 PIIVYII OPTITF UFPIIVD ©O
IYSTTYSTY & 939Top 20 ‘Azjpom ‘pp? 03
29TTOIIUAY BYI ELTGURY 2¥wsosT UL

+pexois se ueyd 3ydjyy petyyceds
v jo 3nogujad o Awrdeyp v s3ewnbay

CypRaInluy

swya patIioede v 2w 35 by TTTA YOyus

sujod ® 03 ‘pasmenbax ¥y JA¢ ‘ernda wul
BuoT¥ ©ojnuld Yo 1oqunu rayseeawd ¢ 3¢
99w7d sayed YOjuR Juted @ 03 uoyiysod

uetd 34837y pererodealxd Ayl WOIY IFALI
8,33Ux01F% paj3yoeds 9y: jo wcjiaod
oyy Keydayp 03 pesn ¥y woriteE syYr

*38]7 UOTIVITIS SPOD PRUTVTOCELR I
Y P9 LT B¢ 03 ¥ORAI dYI JO IpOT TOD
-B9q peLS}IqUIsd 3y ssnwd ‘syeradoadde

3% pus LuwdeTp TVOTIFNIFE 8,302003
auylouy 37 Rooyq wIsp v o Leldsin
9yl 3ssnbax 03 pesn B 23BESEI ITUL

*CHET WY VT2

“gD0Tq BIVP IYCU
0 om3 yo Purddeyreso poawm o3 ‘s
¢4p1deIp WOTIWNITI BYI UTYITH SHOOYQ

wlsp 2M0m 03 puen 87 ofezoiT STy
*fe7dgIp TOTITVAITE ¥ VO
IIVIDATY TURPYATPUT B® 10 WDUTQ vIvDP

v jo £vydsyp °YI JO TEAO@RI I0 Fuya03y

sy wened o3 pusn 8% alvesem BIYL

e

*ge61 Uy 932

STOAST A03-83 DY 3 gaIne
~99m pRIe{al-proTHIcA 3Wos Zuypricad
£q (°939 *wosysd ¢ ‘vosaed g ‘ucwiad

1) Supveerd Teeofrysod puw wOTIFITIOD
~2%9 BuTRAILIAP €3 Acstazwing © 44 poon

TR pUR

YBTTUBTH PISTI B3q 9°9°LY
{3d)

Inopeay vIsQ IYBITI €°9°LT
(O0)

aganbay Aepdayg @Inoy $°9°.Z
(a)

Ing uyod YROTL wIRA €'97LT
(zb *xb)

198330 HOOTE ¥I°Q 2°3°LT
(zd

‘Rb) WooTd wiBQ 22104 1LY

sslweuey

pe3wIay vorIvung £e1dsIC 9°/LZ

©qoxd PUOTHION I0IVVE  §LT
83nEdY ©qoId PRI0sy

03 woyoual Avydsyn 79ty Ll

SILNZHHOD

FELIRNVUYS

{oan
SNOILLIEDSTRN H2LIRVEYL GVOTHECMA
1y 3I8VL

A-10




'

casyzed
eyepdy ©2yl OyIvacy
WOFAEITFPIH UPNTI
FITETHTOUY
IPRITITV BrISIUY
[ N E-Rlennd
8GY#OT{OY @Yl JO IAFITLX SUTPITROGIY

+9320 2ubyun
3030ed 3juanipe Bupkyypow Icy pIeq

esvq I4¥yTd 1oXIB0 RSty -~
PEOTHION ACIIVG -
woyIyuog LUTIRITH -
TOYIENITS DTRWDIIQ -
GOTITRITE ToI3Ung AUl =
JSATEE
WOTITUIOFUY DFIVIS ~-
w1vg @n323g wauls -
w39 remucIyacy 3rodayry -
osuodusy pue woplisodno) ITusEoR -
g1977 [e7osds -
WoYINTOSIY PuT IV -~
1951307010330 pPUP YEOFINCUOILZY -
8387 IWIITL -
DSIIEHIATS -
© 13ugRdta x0T
afeydep TeoySor 3o 33dL3 5T Bumcyroy
2431 3o d10ow X0 .o TupIVITIE I0F pus[f

+363%98 Bupisanbex vyl v SV
v IYTyTa 943 uF pelerdeyp ¥q 03 203
~598 IDY10uP WOIY £IJ4 Igenbaz 03 pasn

*303538 ISYIoUP IV
woIy vIvg 3GSETL Y3 03 103509 PuyiLius
oyl 3% peduydeyp A UE IDI0Y O3 POBY

sasxpdg
vazq 398TTs/vIvd
U233 Ml eBpeIROEYIY

£0033
~8353IPON ¥IVE 103303

Lerdsyq 101807 30979S

2,394 (I9Y3I0) 3sandbay

. INY-30T0L
{Fa8) Lazuy vavg 34S¥IR

178

019" L2

6°9°L¢

SINXNIHKEKOD

NOYTLIJIITUWDISAA

AILIRVIVYA

e e At S A vk it b AL

(33NRLMOD)

SKNOULAINOS3A ¥ILINIVEYd CVCDIHOM

Y 218YL

NN NS POROEDS LA RSP NS o

A-11

N



e S S g

TIT R I Uy Ay i s 1 B, LR AT 08 iy B o R S L

A-12

©204y 03 9i%
~uws azacufpe v Bayiwailiic wulusaum
S TY woyawcioyuy 10 ‘vanizvdep ‘ROTIEY
ECER SR LEE Y uaaqumqnnx DYFFEAY,, POTIUO ST TusAvE BTQYL -Teoued veyd IYBPYY pavaicy 03 pIeq Tox3e0) AGTI TRIILI) Z°8°L2
*EOTITIEORY
uedefpe puw £33YIOEI oYy GY mno«u«won (19)
+SyY ©F _TTEH DIV. POTIUY o7 3Esssem syyli TIv aC Lug o1 ofecsum » 9300 O3 poEf TSFIVAIOFUY [BIDTDS (gL
uT/Aofresdn
N 998TIEIY n:onmm.ﬂu 1) 471 82z
R , ‘ wavdusyy duyong
¢ SuraweT 3FTADITY
' uo eIvwg IYTFLI eILTRQ QL L
soede 1ty
dmpug o) 3321027V
uo vazg wAITd MIwpdn LoL0LY
*8apem IF0STTIL
pur feuciiviedp vy slLp uxo~(
TUaYIEad J0 eFurydme supIned Aq dngouy :uwuam dnAcvg
A3y17ouy 3xcddnz (= 307 Y3 wuul mu«gnu IBIDITY 0O
821838 UOTIPITFIOCAS TeAT] WISLT SYV e3vd u:w«ﬁh SIBYITRT €LY
*IPOD WOIV2Y Byd O « SITTIATEITR
9q1 @ILAYIOWSI 03 pozp CIYWIIF ¢ 7O L)
19AT22T By1 roedn IV ®OIF SVR 01 IGR§:  9p0) U00IDY 3UTLISL [SFAT &4
()]
pe1de00y UCYIBTRIVELY, §L° LY
eggyyeurojuy wopijvod pazepdn
3DIA sezd €3 ANITIT [IIISSOID qT AATTIG
233 £33730¢3 3uTpUSs wC1J pOATRIN (agy @aepda AL €°L%LT
~e332r27ay Fupeg 8 FIoPREY ¥ ITYI 239
~ipuy o3 £33Trovy Suypwns moaj peataddy] (IX) asysuTiy AWITITLI TULOLT
sg3suaiva Futen ST FIOPULY AW
~ypny 03 Lyjyyvey FurpuEs wesy mm>awuuu
Jo fpIITYITUT oAl uu s318 YWRUIR 20
p21d59D0 TLYY rYY JIOPTIY IFLD DIROTP
~a3 03 K3TTI003 FITATOOLZ WAIG PRATIVIY
i SLHIHNHOD




-3D¥ 12d 823THS I03V08 FO 19QENT T¥I0Y

{ *BOFITTIQUCD

fue uy svop3vecd OTUWIDQ IO ‘yoeoxddy
38pea-noy ‘uswoxddy awpwy ‘eanocruy)
suoT3yeod 1CI3VOY 30 IGEAT TRIVL

sJoy aw 03
Sasopzasiuy (B305L) sIWaTdwo) I33nd
o7 1013TC) TUTIWIDL 3O 22qEni 8I0%

s@3fng 101995 O Iogany

§3073780d
1013000 JO 2PquUNY

§300L 30 I3qU0N

0762

0°82

SINIRHGD

NOTI1dId5874G

BI LB HRVYIY g

(122

NOLLAINOSAT

o~

3
s
LJ
nEe
:3
§ wed
=1 CJ
e
<3
\
v

A-13

NEXT PAGE

BLANK

v
i




45 50

P EP AT S TSR SV B e Yt 0 st e

i
i




AAS
ACE
AERA
ARTCC
ARTS
ASR
ATC
TCRBS

CA
CTA
CONUS
cwr
Cco
COMDIG

DART
FAA
FDE
F?
F88
G4

IFR
ISES

LRR

MSPE

HNAS
NOSS

PAR
FDAR
PDR

RBUDE

APPFRDIY B

ACRONYM LIST =

Advanced Automation System

Area Control Facility

Advanced En Route Automation

Air Route Traffic Control Centers
Automatic Radar Terminal System

Airport Surveillance Radar

Alir Traffic Control

Air Traffic Contrcl Radar Beacon System

Conflict Alert

Calculated Time of Arrival
Conterminous US

Central Weather Processor
Common Oigitizer

Comnon Digitizer

Data Analysis and Reduction Tocl
Federal Aviation Administration
Flight Data Recdout

Fligit Plan

Flight Service Station

General Aviation

ingtrument Flight Rules
Initial Sector Suite Systen

Long Range Radar
Modecling and Simulation Program Element

Natioral Airspace System
NAS Operational Support System

Preferred Arrival Route
Preferred Departure and Arrival Route

Preferred Departure Route

Renmote Radar Heather Display System

w
{
—



SAR
Sib
SLS
SRR
STAR

TCCC
TRACOH
TRACAB
ULR
VFR

WFHU

System Analysis Recording
Standard Instrwrent Deparvture
System Load Specification

Short Range Radar

Standard Terminzl Arrival Route

Tower Computer Control Center
Terminal Radar Approach Control

Terminal Radar Approach Control in the Tower Cab

KOSS Recording Data Process Subprogram
Visual Flight Rules

Weather and Fixed Map Unit

;
|
!
|




The compilation of radar sites by ACF was dcone ueing the preliminary
report, NAS Surveillance Radar Network Planl? and the Moude-8

Project HMaster Plan.33 Racars were plotted om a msp showing the
proposed ACF boundaries3d go that ACF assignmeants could be made.

The radars located were those vlanned to be implemented by 13995.
Short range radars located within the boundaries of an ACF B were
sssumed not to be connected to the overhead ACF 4. All long range
radars were assumed tc be shared, with both ACF B and overhead ACF A
connected. Long range radars located within 100 nmi outside the
boundaries of a facility were considered to report to that facility
unless double coverage within the facility was provided as &

consequence.




ALBUQUERQUE ACT

LONG RANGE RADARS SHORT RANGE RADARS
ATCRRS HORE-S ATCRBS  MODE-S
Db ABQ Lsv3 £5Q
ING> AJG LuF3 LAS
QLA cogt ' PHZA
QxE cup TUS
Y43 g4st

QRY
ATLAKTA ACF

LONG RANGE RADARS SHORT RAKGE RADARS
ATCRES ODE-S ATCREBS  KODE—S
AT ABY2 AGS
QEC AMG2 ATLA
QRI AVL BEH

CSG CHA
GSP MGE
HSY TRI
HXF TYS
qey3 WRB
7403

Ipader located ouzside (but within 100 nmi) of ACF boundary.
2npdar used as a gapfillar,

ncdar vsed 23 a gapfiller, but located at a defense terminal,
bpsder identifier provided by MITKE.

SBeacon only redar.



ROSTON ACF

-LONG RANGE RADARS SHORT DANGE RADARS

ATCRBE MODE~S ATCRBS  MODE-S
qcrl DSV EGHM ALB
QHA axcl BTV BDL
T . Q34 ELM BGR
Quitt Qxv Pl BOS
JAKY QYA LIZ BUF
MHT 0QU
NHZ P
RME ROC
SYR

CHICACGO ACTF

LONG RANGE RADARS SEORT RANGE RADARS
ATCRBS ~ MODE-S ATCRBE .  MODE-S
inpl oJaal AZO GRR

ontl GUS MKE

QBZ HKG MSN

QJF RFD ORD

QTZ SBN QXM

" TRadar located outside (but within 100 nmi) of ACF boundary.
2Radar used as a gapfiller.

3Radar used as a gapfiller, but located at a defense terminal.
4padar identifier provided by MITRE.

S5Reacon enly radar.



CLEVELAND ACF

LOKG RANGE RADARS

ATCRRS

CLE
IND
PIT
QCFt
QDT
qEYls3
QJF
grIl
QTZ
Quo0

DENVER ACF

HODE-&

asT!

LONG RANGE RADARS

ATCRES

ALSS
ASPA,5
penl
cpL4
mﬂ_‘l,k
KS2
MCA4
NELL
puTl.%
ROW

MODE-S

AVAA
GCK
GJT
cupl
LSK
NE2l
NE3
QJBlt
QPK
Que
RKS
TAD

SBORT RANGE RADARS

ATCRES

CAKA
FNT
LA
MRS
KFD
MTC3
TOL
YNGA

MODE-§

CLEA
DIWA
ERI

PITA

SEORT RANGE RADARS

ATCRBS  MODE-S
AMA DEHA
CoS ELP
CPR LEH
M3 HAF
EUB

RCA3

TRadar located outside (but within 100 nmi) of ACF boundary.

2Radar used as a gapfiller.
3pedar used as
bpadar identifier provided by MITRE.

a gapfiller, but located at a defense tezrminal.

5Beacon cnly radar.



FORT WORTE ACF
LOKNG RANGE RADARS

ATCRBS MODE-S
ADH THK
Epzl

1cH

Mcal 4

PSN

PUTL 4

P¥5

Qrml

rRsGL

HOUSTON ACF
LONG RANGE RADARS
ATCRBS MODE-§

ADM Qsal
BWD qucl
GDL? QzZA
HBZ TYK
KTl

LCH

MCAY

NEW

PSN

puTls4

PXS

Qi

ROW

RSG

SHORY DRANCE RADARS

-
ATCRES MODE--S

AEXS ACT
BPT AUS
CLL BAD
GRA3»G DFW
REZ3 DYS
sEp3 GGG
HOU
I4H
LCH
MLY
QZB

SHORT RAXGE RADARS

ATCRES MODE~S

BTR CRPA
HRL LFT
NIR3 MSY
SJT SATA

IRzdar located outside (but within 100 nwi) of ACF boundary.

2 .
“Radar used 2s a gapfiller.

3padar used as 2 gapfiller, but located at a defense terminal.
bpadar identifier provided by MITRE.

SBeacon only radar.



INDIARAPOLIS ACF

LONG RANGE RADARS SHORT RANGE KADARS
ATCRES MODE-§ ATCRBS  HMODE-S
IND HUF2 CHE
Quyl LE? CVG
Qril DAY
Qrzl EVYe
Qo FWAZ
HTS
INDA
SDF

JACKSONVILLE ACF

LONG RANGE RADARS SHORT RANGE RADARS
ATCRBS MODE-S ATCRBS  MODE-3
ATLl QPL CAE CHSA
COF DAB JAX
CTY : FLOZ NCZ
NEN MCO TPA
OCE SAV

paml

pitl

QBE

QFF

QHY? '

QIT,

QrIt

QRJ

TRadar located outside (but within 100 umi) of ACF boundary.
2Radar used as a gapfiller. ‘

3padar used as a gapfiller, but located at a defense terminal.
dpodar identifier provided by MITRE.

Spescen only radar.
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KANSAS CITY ACF

1.ONG RANGE RADARS

ATCRBS

MCDE-~S

K51
KS2
MOl
NELL
PUTA
QAF
quyl
quol
QUZ
STL

Gext
IRK

LOS ANGELES ACF

LONG RANGE RADARS

ATCRBS MODE-2

QLA prRBL
QRW
quel

SHORT RANGE RADARS

ATCRRS  MODE-S

cous CMI
DAKZ Fsi
SPY ICT
TOP LIT
MCY
CKCA
PIA
SGF
STLA
TUL

SHORT KANGE RADARS

ATCRBS  MODE-§

PSP BUR
GRV%
LAY
LAXA
NKX
NZJ
ONT
SBA

Inadar located cutside (but within 100 nmi)} of ACF boundary.

2Radar used as a gapfiller.

3Radar used as a gapfiller, but located at a defense terminal.
bpadar identifier provided by MITRE.
SBeacon only radar.

c-7



MEMPIIS ACE

LONG RANGE DADARS SEORT RANGE RADARS
ATCRBS HODE-S ATCRES = HODE-S
ATL QPB

cTy! BuG2 BNA
gzl GPT JAN
NEWL Hop3 HIH

PAM _ MOB 1A

QrM Mve2 PNS

QPG NQA. TLY

QRI : 0zZR3

MIAMI ACF

LONG RAMGE RADARS SHORT RANGE RADARS

ATCRBS MODI-S ATCRBS  MODE-§
corl NQX PRI FLL
GDT? QJs MIA
MIA RSH 5RQ
QJQ SJU

Q3! STT

Radar located outside (but within 100 nmi) of ACF boundary.
2Radsr used as a gapfiller.

3Rzdar used as a gapfiller, but jocated at a defense terminal.
bpsdar identifier provided by MITRE.

SBeacon only radar.
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MIERZADCGLIS ACF

LONG RANGT RADARE SHORT RENGE RADARS
4TORES HODE-S AYCRBS  MODA-8
EGV AST ALO BIS
1AL CAL, FSD cID
QEZ IREL LK DLE
0JE NEL MIB3 DSH
qIFt NE2 MLI_ FAR
QI0 QriI osc3 GRB
QTzl QJAA rpR3 M5P
guzl 0JB ' Stw3 OFF
QJC RST
QiD SUR
qualt

KEW YCRK (ACF-A)

LONG RANGE RADARS SBORT RANGE RADARS

ATCRES MODE-S ATCRBS  MODE-S
GI3s DSV

JaRS qrnl

PIT QRC

GCF QsS4

QHA Qv

QNT QYA

QUE

ipadar located outside (but within 100 nmi) of ACF bomdary.'
2Radar used as a gapfiller.

?R&dar veed as a gapfiller, but located at a defense termipal.
4padar identifier provided by MITRE.

Jpeacon only radar.



NEW YORE (ACF-B)

LONG BANGE RADARE

ATCRES HODE-S
GIB psyl
prrl qrit
QCF QRC
qual

QVH

OAKLAND ACF
LONG RANGE RADARS

ATCRBS HODE-S
PRB
Qv
quel

e
GRORT RANGE RADARE

ATCRYS EODE-S
ABE EWR
ACY AR
AVE HPN
X ISP
SWF JFK
PEL

SHORT RANGE RADARE

ATCRBS MODE-~S

MRY BAB

STK BFL
FAT
HcC
NIQ
QAKA

TRadar located outside (but wiithin 100 nwi) of ACF boundary.

2padar used as a gapfiller.
3padar used as & gapfiller,
bppder identifier provided by MITRE.

5Beascon only radar.

nut located at a defence terminzl.
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CALT LARE CITY ACF

LONG RANGE RADARS SHORT RA&HGE RADARS

ATCRBS

BRLLsH -
iwrl

SEATTLE ACF

HODE-S ATCRES HODE-§

BAM EDY RN
cDC. tcads4  sLca
cect
FIX
cyrt
PRB
QAS
QMY
qQup
RBL
Rksl
SLC
TPH?

LONG RANGE RADAXS SHORT RANGE RADARS
ATCRBS MODE-S ATCRES  MODE-S
BRLA panl BOI BIL
BUMS CEC HIO EUG
A rixt Mos2 GEG
MAK GFAA psg2 GIF
oMY LT TCM PDX
SALE,S QCK wBI3,4 SEAA
SEA QLS
SLE QSI
SPR% Qus

QVN

QA

aBLl

rrsl

sicl

IRedar located cutside (but within 100 nmi) of ACF boundary.
?Radar used ag a gapfiller.

3Radar used as a gapfiller, but located at a defense terminal.
bRadar identifier provided by MITRE.

3Beacon only radar.
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WASHINGTON ACF

LONG RANGE RADARS, SHORT RANGE BADARS
ATCRZS HODE-S ATCRES  HUDE-S
OCE QPL TAY 8]
pItl GSO BAL
QBE QRi2 CKB
QFF CLT
QRY? CRY
Qrrl XCA
Qrs! 14D
114
LFI
ORF
EDU
RIC
RCA

TRadar located outside (but within 100 nmi) of ACF boundary.
2padar used ne a gapfiller.

3padar used as a gapfiller, but located at a defenae terminal.
4padar identifier provided by MITRE.

Speacon only radar.
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ANCHCRAGE ACF
LONG RANGE RADARS SHORT KENGE RADARS

ATCRBS MODE--S ATORBS  MODE-S
AKN ANG
PKAS BET
BTYS : ENA
CBD FAI
C2F2

FRM?

ENA

FYud

GAL

LURY

HONOLULU ACF

LCKG RANGE RADARS SHORT RANGE RADARS
ATCRBS MODE-S ATCRBS  MODE-§
QKK? ITC HNL
QXA LIin
urp 0GG

van

LY

iRadar locatcd outside (hut within 100 nui) of ACF boundary.
ERadar used as g gapfiller.

JRadar used as a gapfiller, but located &t s defense terminal,
YRadar identifier provided by MITRE.

SBezcon enly radar.
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AVPENDIX D

ROM FAA FORECAS

i

PROJECTED TRACK LEVELD TAKEHN

The table presented in this appendix contains FAA forecszste of co
trolled track levels on a facility basis, for the years 1985, 129
1595, 2000, and 2910. They are taken from Reference 10, a June 1
report where IFR aircraft handles and IFR ingtentanecuz airborme
counts were forecast from 1981 thurough 2011 uvsing an econometric
model.

Thege track levels are used in this report to determine the workload
scenario parametcr 2.1, Peak Track Load: Controlled Tracke. TFor the
years 1985 and 1990, the maximum across the 20 centers (Chicage} is
used. For the yeara 1993, 2000, and 2010, after consolidation, an
amalgam of current ARTCCs trackloads is used.

D-1



ROECTED
PROJECTED

PROJECTTION Y E AR

ARTCC 12355 1960 1685 2000 2010
ZAB (Albuguerque) 298 346 392 432 430
2TL (Atlanta) 313 392 479 569 734
Z3W (Boston) 181 227 255 301 353
224U (Chicago) 384 486 587 714 937
Z0B (Cleveland) 340 408 477 541 640
ZDV (Denver) 380 476 581 687 879
ZF¥ (Fert Worth) 359 437 517 595 721
ZHU (Houstom) 277 355 438 527 697
2ID (Indianapolis) 308 383 465 550 703
ZJX (Jacksenville) 233 283 335 386 467
ZKC (Kansas City) 346 422 496 568 682
Z21A (Los Angeles) 297 357 421 482 577
MR (Memphis) 314 g7 467 550 696
ZMA (Miami) 279 349 424 500 635
74P (Minneapolis) 263 333 412 496 G657
ZNY (New York) 248 290 330 365 410
204 (Qakland) 274 31¢ 364 404 455
ZLC (Salt Lake 266 315 363 407 468

City)

2Z8E (Seattle) 27¢ 357 439 527 635
7DC (Washington) 296 357 420 L79 571

X 297.2 364.0 534,11 504.0 €22.
Maximum 384 486 5¢7 714 937




CALCULATION OF IMETERING POSITIONS

The metering positions for each ACF are presented in the following
tables. These estimated positions are based on the definition of

two kinds of metering:

Destination metering - providing sequencing and geparation to
flights requesting petering assistance to airports located
within ACF controlled airspace.

Upstreanm metering < providing sequencing and separation to.
flights requesting metering assistance to airports located in
an adjacent ACF. No limitation in distance to the airpert in

an upstream ACF was considered.

It was assumed that one metering position would be assigned to each
airport receiving upstream metering service by an ACF and one
position be assigned to each destination airport depending on the
proxinity to ancther airport. only one position was assigned to
provide metering to HEOU and -IAH, for example.

The fifty buasiest IFR alrports were chosen to represent the demand
for metering. No assumptions about future growth in airports
ueeding metering were made.



POSITIONS

e N
LR PORTS

TOTAL
UPSTREAM DESTINATION | METERING
ACF HETELING SETERING POSITICKS
Albuquerque DEN PEX 5
SLC LAS
LAX/SAN
Atlanta ATL 1
Boston JFK EOS 4
1GA BDL
EWR BUF
Chicago KSP ORD 3
MXE
Cleveland OPD  MSP DY 15
MFE  MCI CLE
XD STL PIT
CVG MEM
CE¥H BUF
DAY OKC
Denver 1C  MSp DEN 11
- PEX SAT
LAS SEA/PDX
HCI MSY
STL OKC
Fort %orth M3Y FTW/DFW 7
SAT BOU/TARE
Houston DFW  DEN SAT 11
1A MCI MSY
PHEX STL
LAS MEM
Indienapolis oW  PIT IND CMH 7
CLE CUG DAY
Jacksonville HiA  BWI TPA/KCO 14
FLL PBI
ATL MEM
CLT CLE
DCA DTW
IAD PIT
Kzangas City DEN  SAT MCI 11
HSP CLE STL
HEM DT OKC
MY PIT




e e e 2o
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g ey e TR AT

e AT T

—
TOTAL
UPSTREAN ESTINATION METERIKG
ACT METERIRG METERING POSITIGNS
Loa Angeles ‘ LAY,  SAN 2
Mewphisg MSY EAT MEX 12
MCI CLE
STL PIT
ATL DY
TPA OXC
MCO
Miami HMIA  PBI 3
FLL
Minneapolis ORD DEN MSP 8
MKE SEA/PDX
KMCI OKC
ST
New Yark (A) JFK PIT iz
LGA BU¥
EWR SYR
PUL BDL
DT BOS
CLE MCO/TPA
New York {(B) BDL JFK EWR 5
16A  PHL ]
Oakland SFO SF 4
0AK SIC
Salt Lake City DEN SAN SLC 10
PEX SEA
LAS PDX
LAX )
Seattle MSE SLC SEA 5
DEN PDX
Waghington PIT BCA BWI 5
IAD CLT
Ancharage ANC 1
Hounolulu HBNL 3
Lig
oGe
E-2
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TCCC LOCATICHS

-

The identification of ATCTs at which TCCCs will be installed was

derived from the FAA answers to AAS contractor questions. Tie FA4L

divected the contractors to consider the busiest 300 ATCIs as
candidates for TCCCs. These cities are listed in thig appendix with
agsociated ACFs identified.



FAA OPERATED AIRPORT TRAFFIC COKT
BY RAMNK GREBER OF TOTAL AIRPORT ©F

TOWER | TOWER TOWER j TOWER

_ID | KAME ACF 1D | NAHE ACE
ORD Chicago CHI EWR Newark H{B
ATL Atlanta Intersaticnal ATL Chu Caldwell NYB
LAX Los Angeles Internaticoal |LAX HWD Hayward CAX
VNY Van Nuys LAX VT Dee Valley ABQ
DEN Denver Stapleton Intl DEN BWI Baltimore Wash. Intl. LCA
SKA Santa Ana LAX OPF Opalocta MIA
DFW Dallas Fr. Worth Regional } FIW FLL Ft. Lauderdale HIA
LGB Long Beach LAX TUS Tucson 4BQ
SEA Seattle Boeing SEA CMN Colutbus International IMD
OAK Qakland Internmational 0AK ISP Islip MecArthur NYR
APA Denver Arapahoe County DEN PRI West Palm Beach MIA
SFO0 San Francisco 0AK TUL Tulsa International MKC
STL St. louis Iaternational MKC ANC Anchorage International | ANC
JFK John F. Kennedy Intl. NYB MLB Melbourne JAX.
PHX Phoenix Sky Harbor Intl. ABQ MDW Chicagce Midway CHI
MIA Miami International MIA REW New Orleans Lakefront HOU
LGA La Guardia NYB MYF San Diego HMentgomery LAX
BOS Boston Logan BOS BED Bedford B80S
BMRI Anchorage Merrill ANC SBA Santa Barbara Lax
IAH Bouston Intercontinental HOU ABQ Albuquergue Intl. ABQ
DCA Washington Naticnel DCA SKO Santa lionics LAX
HNL Bonolulu HON SAT San Antonio Iatl. EoU
PHL Philadeiphia Intl. HY CLE Clevaeliand Fopkins Intl. CLE
sJC San Jose Funicipal L&X RVS Tulsa Riverside MKC
PIT Pittsburgh Creater Intl. |CLE SEA Seattle Tacoma Intl. SEA
FIW Fort Worth Meacham FTHW CCR Concord OAX
noy Houston Eobby HOU PDX Portland International SE&
THMB TA Yiami MIA ROC Rochester Monroe County | BOS
DAL Pallas Love Field FIW PDK Atlanta Dekalb Peachtree y ATL
MSP Minneapolis St. Paul Intl.}MSP FRG Farmindale 503
LAS Las Vegas McCarran Intl. SLC BEM Birmingham ATL
MEM Memphis International MEM BNA Nashville Metropolitan MEM
TEB Teterboro NYB DAB Daytona Beach J&X
PTK Pontiac MSP SEE San Diego Cillespi LAY
CLT Charlotte Douglas DCA FAT Fresno Air Terminal 0AK
SLC Salt Lake City Intl. SLC DWH Tomball D 8 Hooka FTUW
TPA Taempa International J&X PVD Providence BosS
DTW Detroit Metro Wayne CC HSP CRQ Carlsbad Palomar LAY
TOA Torrance Municipal LaX AUS Austin FIw
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TABLE F-4

(Continued)
TOWER | TOWER
BUR Burbank LAX RHV San Jose Reid Hillview nca
HWO Hollywood MIA | IAD Washington Dulles Intl. DCA
ELP £l Pasc International DEN sUs St. Louis Spirit of St. Lou.]HKC
CNO Chino LAY VRB Vero Beach JAX
GF¥ Grand Forks Intl. MSP HYA Eyannis BOS
HPN White Plains VWegtchester | NYB PWK Chicago Palwauvkee CHI
RDY Raleipgh Durham DCA ADS Dzllas Addison FT®
MU Morristown KYB BTR Baton Rouge Ryan Field Bou
LPA Chicago Du Page CHI LIT Little Rock Adams Field MKC
LFT Lafayette HOU SQL San Carlos OAK
FXE Fort Lauderdale Executive | MIA ORL Orlando Jetport Jax
RHT Renton SEA cos Colorado Springs DEN
PIE St. Petersburg Clearwater| MIA RIC Riclusond Byrd Intl. DCA
IND Iudianapalis Intl. IND SDL Scottsdale ABQ
M3Y New Orleans Moisant HOU BOI Boise SEA
DWD Rorwood BOS MSN Madison CHI
EMT El Monte LAX KCI Kansas City International MKC
Loy’ Louisville Powman IND ALB Albaoy County BOS
LYK Livermore Municipal 0AK RNO Reno International SLC
SJu San Juan Internaticnal MIA FTY Atlanta Fulton Coualy ATL
EDR Bricgeport BOS HVN New Haven BOS
PAO Palo Alte 0AK DAY Dayton IND
ICT Vichite Hid Continental MKC OMA Cmaha BCS
PRE ¥orth Philadelphiz NYB MAF Midland DEN
ORF Horfolk Regiomnal ICA SYR Syracuse Hancock Iatl. BOS
TIN Trerton NYE YI? Detroit Willow Run CLE
SQR Serasota Bradenton JAX K10 Iillsboro SEA
DSM Des Moines Municipal MSE BJC Broomfield Jefferson Co. DER
FUL Fullerton Municipal LAX SDF Louisville Standiford IND
FCH Minnespolis Flying Cloud | MSP BDL Windsor Locks BOS
BOC lLaVerne Brackett LAX SAN San Diego Lindberg L&Y
WA ¢klahoma City Wiley Post | MKC MIC Minneapolis Crystal HMSP
MKE Milwaukee Mitchell CHI MKC Kangas City Municipal MKC
CvG Cincinnati Greater IND FAI Fairbanks ANC
BUF Buffalo International BGS VGT North Las Vegas ABQ
PHF Mewport News DCA JAX Jacksonville Inmtl. JAX
osu Columbus Ohio St IND GSO "Greensbore Regional DCA
OKC Oklahoma City Will Rogers| MKC LU Cincinnati Lunken IND
MCO Orlando Intl. Airport JAX ILG Wilmington Gr Wilm DCA
F-3
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APPENDTE G

.

MISCE

This appendix contains data sources that, by themsalves, are not of
gsufficient stature or size to warrant a separate appeundix.



FLIGHT SFRVICF, STATIONS (FSS)

Criterfa: 12 month Total of Flight Service activity Factor (Two times Filot friefs plus Atrcraft Contacted)

Note:

or 12 Momth Total of Pilot Brief:

i FPL T VFITHLR: HECY I

} Level Crade | Flipht Service Activity Factor (5% nuifer) | Pilct Sriefs (5% Buffer)
- I i |

[ 1 cs-9 1 0 - 74,999 - H 0 - 24,999 - {

|11 ¢5-10 | 75,000 - 299,999 (71,250) | 25,000 - 124,993 (23,7%0) |

|1 ¢s-11 | 300,000 - or ncte (285,600) 1 125,000 ~ or core  (118,750)

i | i i

For F58a which provide EFAS service, the activity actributstle to the EFAS position is deleted from the
total facility count to determine the grade level for the faclifty, For determining the grade level of
the EFAS epecizlist, the combined activity count of EFAS plus the rest of the facility ie used.

TERMINALS ANT CINTFRS

Criteria: Hourly Traffic Memsity Factor (Su3 of daily traffic for the busiest 183 days; divided by 183 days;

{ ) = 5% Buffer
Dovngrading action nust be initfated If a facility's grade Tevel criteris

oonths,

divided by 15 hours or acrual houre of cperation if & factlity £s opsu less then 16 hours). Traffic
data to be used is determined by facility type.

TERMINAL TYPES 1 CENTERS
Terminal  FPL Non-Approach | Non-hadar | Limited Radar Radar 1 Center  FPL Density

Instr. Ops

|
I i T
{ Jevel  Grade } VFR Tower | Approach 1 __ Approach § Approach } Level Grade Factor
I
11 65101 0 -34.9 | 0-26.91 - | -
i | | ! | |
| T T I T |
[ 1x ¢s-11 1 35-869.9 | 25-79.9 1 O -24.9 it 0-19.91!
| | (33.25) [ (23.75) | |
{ 1 | | !
| j ] I |
i GS-12 | 90 or more | 80 or morel 25 - 59.9 | 206-5%.9| 1 6S-12 0 - 165.9
| I (85.5) i (76.0) | (23.75) I (19.0)
| ! | ! | I
{ T I T I T
| v cs-12 | - { — 60 or mere | €0 - 99.9 | II  GS-13 170 - 274.9
| 1 I (57.0) A7 2D B (161.5)
| ! ! ! i
| I i T I
1 v G6S-14 | — ! - | -— | 190 or more] III GS-14 275 or more
! | ! | I @5.00 | (261.25)
1 | | ! 1 |
I 1 1 i I
TRAFPIC DATA [ Atrport | atrport | Instr, Ops. | Imstr. Ops.! IFR Alrcreft Handled
USED: | Operations | Ops. & i H
i 1 | { |
I |
£

o FIGURE G
ATC FACILITY GRADE LEVEL CRITERIA — QUICK REFERENCE

z515 Lelow the buifer for & consecutlve



"~ CONTROLLER

REBUCTIONS ASTRISED 70
SCALE DUE TG CONSOLIDA

TABLE G-1

YEAR OF S0SITION
ACF CONSOLIDATION REDUCED
Albuguerque 1993 0
Atlanta 1996 7
Boston 1998 6
Chicago 1997 3
Cleveland 1997 A
Denver 1994 4
Fort Worth 1996 4
Houston 1995 2
Indianapolis 1997 4
Jacksonville 1996 3
Kansas City 1995 4
Los Angeles 1994 2
Memphis 1996 &4
Miami 1997 1
Minneapolis 1995 G
New York/Boston (A) —— 0
New York (B) 1998 4
Oakland 1994 3
Salt Lake City 1994 0
Seattle 1993 6
Washington 1998 5
Anchorage 1996 0]
Honolulu 1996 1

G-3




ACF-ARELS CAL

Eh
# 8 F

AREA )
ACF (M) 2
Albuquerqgue 218,988
Atlanta 97,020
Boston 105,335
Chicago 44,352
Cleveland 118,272
Denver 317,856
Fort Yorth 134,904
Houston 386,232
Indianapolis 58,212
Jacksonville 303,072
Kansas City 182,952
Los Angeles 20,328
Memphis 239,316
Miami 66,528
Minneapolis 333,564
New York (A) 178,332
New York (E) 70,041
Qakland 26,036
Salt Lake City 221,760
Seattle 403,788
Washington 144,148
L

G4




TAELE G-3
CURDSHT GECTORS AUTHORIZED FOR 1848

NATIGNAL RESECTORIZATION PROGRAM ATO-330 DATE 11-21-85

FACILITY FULL- PaRT- NON- OCE&N AREALS PRE-~ EESECTOR- CURRENT
-~ I.D. TiME  TIME  RADAR STRIKE  1ZATION AUTHORIZED
1. ZTL 45 0 o 0 6 53 39 45

2, 23X 29 0 i) o 5 37 25 29

3. 2MA 1% 3 0 2 4 31 20 24
4. IHME 28 0 0 0 5 36 23 28
5. 21D 24 3 0 0 4 35 22 27

6. Z0B 37 1 0 0 6 47 34 38
7. 24U 36 6 ¢ 0 6 A 31 42

8. zp 28 1 0 0 5 35 28 29

. 2KC 34 1 0 ¢ 5 37 27 35
10.ZA8 26 7 0 0 5 34 28 33
11.2F% 37 0 0 e 5 50 34 37
12,25y 35 0 1 1 5 39 35 37
13.23¥ 24 0 o 0 4 32 24 24
14.ZNY* 25 o 1 A 6 &4 29 20
15.2DC* 32 6 o 0 6 36 30 38
16.2LA 30 3 ¢ 0 5 39 29 33
17.20¢ 2 i 0 7 5 29 24 30
18.20V 34 2 0 0 5 37 . 33 36
19.2SE 23 i 0 0 4 25 19 24
20.21C 19 3 0 0 3 21 19 22
TOTALS ~ 588 38 2 14 99 721 588 642

® 2ZNY + 3 departure sectors not inciuded or authorized. MINUS WOODSTOWN.
® ZDC ~ Woodstown sector frem New York Center.

* 0004R

G-5
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APPENDIX X

e

CALCULATICON OF APPROACH CONTROL POSITIONS

This appendix contains the results of a spreadsheset used to
determine the number of apprcach control positions needed in the
period, 1995-2010. A description of the algorithm used to create
this output is found in section 2.3.3.
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APPENDIX 1

g

CALCULATION OF RADAR COVERACE

Radar coverage is the average number of radars detecting an
aircraft at any one time. This value depends on the relative
positions of the radars to each other as well as the altitude
distribution of aircraft. Radar coverage is lowest vhere
radars are spaced far apart and traffic ig bunched in the low
altitudes--below the radar borizon. Coverage is highest where
radars are closely spaced and aircraft are assumed to be flying
at high altitudes; aircraft over 27,000 feet can be detected at

A value for radar coverage was calculated for every 4CF.
Because of the various uses of radar coverage values, the
following categories of radar coverage vere calculated:

A total of eight radar coverage values was calculated vsing the

The algorithm for calculating radar coverage allows the
determination of a value for any latitude/longitude location.
The approach is to use the proximity of radars to the specified
point and the altitude distribution of sircraft at that point
to calculate the sum of the probabilities of beirg detected by

I. CALCULATICN OF RADAR CQVERAGE
200 nmi, the full range of a long range radar.
IFR and VFR
Long range radars and short range radaxs
En Route ajrspace and terminal airspace
FORTRAN program listed in this appendix.
1.1 Radar Coverage Algorithm
the radars located within range of the point.
i.2 Sampling Plan

Fach ACT was modeled as a number of radars, each with sea level
latitude/longitude location and a maximuwm range. A set of
40-50 sample points, systeomatically located within the
geographic bovadaries of the controlled airspace, was

sclected. Using the folleuving rules at each of these points,
radar coverage was deterwined:

I-1



1.3

1. Fzch radar was assessed for range; long range radars must
be closer than 200 nmi; Mode-§ short range radars must be
closer then 100 nmi.; non-Mode-§ short range radars must be
closer than &0 nmi:

2. ACF-As located zbove an ACF-E were not eligible to receive
reports from short range radars.

3. Linear regression equations were craated from both IFR and
UFD maximum stress altitude distributions. The dependent
variable is the proportion of aircraft above a certain
altitude; the altitude being the independent variable. These
equations were used by calculating, for each sample point, the
lowest altitude surveilled by a radar. This altitude is used
as the independent variable. The assumpticn was made that no
IFR aircraft fly below 3000 feet. Therefore, although the
altitude distribution equation for IFR can be evaluated at 0
altitude to vield a value higher than 1, the radar coverage
program aseumes that maximum radar coverage for that radar at
that point is 1. The sum of contributions from all radars was
determined to be the radar coverage at that sample point.

4., The coverage at each sample was used to calculate an
average coverxage for each of the eight radar coverage

categories.

Determination of ACF-gpecific Values

The zlgorithm for calculating radar coverage required
information cn radar site location and samples of aircraft
position. Latitude/longitude of all radars planned to be
deployed33 by 1995 were entered as were the latitude/

longitude of sample aircraft positions. A typical output sheet
js presented in Figure I.3-1. ACF-specific radar coverage
values can be seen in Table 2.3.6-2.
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En Reute Radar Coverage Report

MKC
Long Range Radars Used Short Range Radars Used
GCK CHl
HEZ cov
HTI DAK
1Al FSM
IRK ICT
KS1 LIT
KS2 MCI
MOL OKC
NEL PIA
PUT . SGF
QAF SPl
QHJ STL
QHO TOP
Quz TUL
STL
The entire center was sampled with 58 points.
For IFR
Average En Route Radar Coverage by LRR Radars was 3.73191
Average Ea Route Radar Coverage by SRR Radars was 1.40451
IFR altitude distribution
0-£000  ft. 10%
6000-1250  ft 10%
12500-18000 ft. 10%
18000~-26000 ft. 22%
26000 and up 34%
For VFR
Average En Reute Radar Coverage by LRR Radars was 1.09112
Average En Route Radar Coverage by SRR Radars was 0.53985
VFR altitude distribution
0-6000 fr. 70%
6000-8000 ft. 20%
8000-12000 ft. 10%

FIGURE L34
EXARPLE OF RAD-COV QUTFUT
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APPENDIX J

ANALYSIS OF RADAR SITE DATA
TO OBTAIH VFR/IFR TARCET RATIQ

Radar-site-specific ratios of VFR to IFR targets are nresented
in Table J-1 with corresponding target counts, computed by
examining beacon messages from CD-Record tapes. Each target
count represents an average over 20 to 30 scans at a busy IFR
hour for the ARTCC to which the radar site reports.

An adjustment was made to the VFR target count to account for
the number of non-transponder-equipped VFR aircraft, since only
beacon reports (with the assumption that non-discrete beacon
are VFR aircraft) were considered from the source data. This
adjustment was made by dividing the beacon-only VFR target
count by the proportion of VFR traffic equipped with trans-
ponder. The maximum stress value for parameter 5, Table 2-1,
Volume I (0.92) was used. For example, if 80 beacon-only VFR
targets were counted, this count was adjusted upward via
division by 0.92 (i.e., 80/.52 = 87) to account for the
(uncounted) primary-only aircraft targets.

Table J-1 presents two columns of data. The first colum
contains ratios and target counts for the range 0-60 nmi from
the radar site, i.e., only reports within a 60 nmi radius vere
used to produce these counts. This radius is used as an
estimate of the short range radar surveillance area, as if a
short range radar were sited at that location. Column two
contains ratios and actual target ccunts for the long range
radar sites. (One exception is the LAX site at ZLA ARTCC--1it
is a short range radar. Note that its surveillance range
exte~ds beyond 60 nmi.) A number of radar sites are presented.
For the ARTCCs ZLA, ZDC, and ZNY, all of the reporting radars
were evaluated, so that center-specific average ratios could be
developed. Others sensors were also selected for this analysis,
from various locations around the country.

Presented at the bottom of the table are the average and
maximum of VFR/IFR target ratios for each columm, average total
targets (VFR + IFR) per scan, and center-specific average
‘ratios.

R 2 i



Range 0-60 nmi

Range 0-200 nmi
nange Y-sLuy nml

Center: Site ge
ZAB PHX(Beacon-only) .51 =
284 psv .30 =
ZDbC HAL 29 =
QCF .01 =
QRC 04 =
QDP .36 =
QBA A9 =
QHA .26 =
QYA .36 =
YA FTW .92 =
28U QzA 31 =
ZKC STL .87 =
ZLA CDC .28 =
TPH 11 =
QAS .30 =
PRB .55 =
QRY 1.34 =
QSR 78 =
QLA .68 =
LAX .56 =
ZMA FTL .76 =
P EGV A4 =
QJc .56 =
QJE A6 =
QHO 34 =
QJIDp .0C =
iRK .22 =
QHZ L2k s
QuA 3.06 =

21.5/62.5
10.9/36.2

5.2/18.2
.22/21.8
1.1/28.5
27.9/77.5
13.3/27.2
6.5/25.1
28.2/78.3

55.8/60.5
3.2/10.3
L6.4753.2

3.2/11.4
1.2/10.8
6.3/20.8
15.9/24.2
40.8/28.2
25.4/32.5
51.2/75.6
93.2/165.8

34.2/45.1

J3u/z.48
5.9/8.7
5.3/37.5
6.6/19.4
0/.6
L2/14.6
.1/33.7
7/1.2

L G0 (Y

.24

.14

.06
.01
.05
.16
.27
.15
.16

.17
.4l

.16
.07
.15
.29

°r
. ’

.31

b

.37

.01
.17
.07
.15
.01
.11
.06
.26

[ T S R T I ) i

LI VR O 1 (I

[

TR T (| O 1O [

33.7/141.1
24.1/173.3

10.5/165.3
1.5/147.5
8.4/167.1
32.8/204.8
14.9/55.0
15.0/100.1
32,7/204.3

81.4/191.1
11.2/65.4
75.9/186.3

13.4/81.7
4,7/65.L
13.4/91.4
35.1/120.5
90.8/134.8
40.3/7127
63.0/168.2
96.1/217.3

52.7/141.8

.33/32.6
11.9/70.1
6.2/88.3
15.1/100.4
0.2/22.2
13.6/123.3
11.6/192.7
4.1/15.9

*Table entries

are of the form:

Ratio = VFR target count (beacon plus primary)

IFR target count (beacon only)
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TABLE 441
{(Concluded)

o

Center: Bite Range 0-60 nmi Rznge 0-200 nmi
ZHP (Concluded!
QFI 1.06 = 11.9/11.2 .18 = 12.6/70.2
QJA .09 = .32/3.6 01 = .7/70.4
QJB 1.05 = 2.1/2 .22 = 7.3/733.3
QJH .33 = 3.9/11.8 .07 = 7.1/101.1
ZNY QVH .33 = 12.6/38.6 .16 =-22.0/135.6
QPL b= 21.5/48.6 .18 = 36.9/204.0
2SE SEA .59 = 19.5/33.2 .28 = 21.1/55.4
ZTL ATL .10 = 9.5/93.9 .06 = 13.9/251.8
MGH .20 = 6.0/28.5 .08 = 13.0/165.0
Average Ratio 0.48 0.19
(all sites in table)
Manimum Ratio 3.06 0.67
(over all sites in table)
Average Targets
(VFR+IFR) per scan 50 155
(all sites in table)
Average Ratios for Centers
ZLA%R .64 .35
ZMP 34 .08
YALH .30 .12

#%Center with largest average ratio.

J-3
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APPENDIX K

CALCULATION OF ARTCC-SPECIFIC RADAR MESSAGE RATES

Determinstion of the radar message worklcad for the Host/1SSS years
for IFR ajircraft is similar to the method used for the consolidation
period. Exceptions include that: 1) apportionment of forecasted
traffic to high and low altitude strata is not necessary, 2) the
apportionment of adjacent facility zircraft counts for the Host/ISSS
period will be different than that for the consolidation pericd, and
3) approach control traffic is mot handled by the ARTCCs.

The number of aireraft detected by ARTICC radars which are ocutside of
the center boundaries is determined by:

1. calculating the aircraft density in each of the adjacent
centers (i.e., aircraft per 100 mi?).

2. estimating the average density of aircraft outside the
ARTCC.

3. multiplying iLhe average aircraft density by the "outside™
area of the ARTCC.

The average aircraft density is calculated by dividing the average
IFR and VFR count for each ARTGC (Table X-1) by their respective
areas. The average density of traffic cutside the ARTCC is
estimated by apportionment of the aircraft densities of the adjacent
ACFs. Table K-2 shows the percentage of each of the adjacent
facility aircraft densities used to calculate the average aircraft
dencity of the aircraft outside of the ARTCC. The table shows that
the aircraft density outside of the Bostea ARTCC is equal to 80% of
the aircraft density of the New York ARTCC pilus 20% of that of the
Cleveland ARTCC. Table K-3 shows some of the calculations used to
calculate the number of outside IFR and VFR aircraft.

The calculations performed are identical to those performed in
Appendix L for the consclidation period. Table K-3 shows the
detailed results of calculations performed for the ARTCCs in 1985.
Table K-4 shows a summary of the radar target message rates for the
ARTCC: in the Host/ISSS periocd. From this table, the maximum stress
center for each of the three years is seen to be the Kansas City
ARTCC. Kamsas City's relatively high radar coverage causes it to be
the maximum stress center over candidates with high track lcads such
as Chicago.



TABLE K4
R

VFR & IFR TRAFFIC FORECARY, 19831855

YR=1985 YR=1990 YR=1295
ARTCC ID IFR VIR IR VFR IFR VFR
ALBUQUERQUE 298 129 346 157 392 178
ATLANTA 313 219 392 28¢ 475 352
BOSTOR 191 187 227 233 265 272
CHICAGO 384 324 436 430 567 529
CLEVELAND 340 87 408 109 477 128
DEKVER 380 126 476 165 581 202
FORT WORTH 359 338 437 432 817 511
HOUSTON 277 97 355 131 438 161
INDIANAPGLIS 308 186 383 242 465 294
JACKSCNVILLE 235 61 283 77 335 91
KANSAS CITY 346 147 422 18& 496 221
LGS ANGELES 297 327 357 413 421 487
MEMPHIS 314 112 387 145 467 175
MIAMI 279 118 349 155 424 188
MINNEAPOLIE 263 110 333 146 412 180
NEW YORK 248 271 290 340 3390 387
OBKLAND 274 261 319 319 364 364
SALT LAKE CITY]266 116 315 145 363 167
SEATTLE 276 126 357 171 439 210
WASHINGTON 296 243 357 3407 420 361
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APPEEDIX L

CALOULATION OF ACF-SPECIFIC WORKLOAD DATS FROM N5S-BASED INFORMATION

.

In 1995, the FAA is scheduled to divide the conterminous US (CONUS)
into 21 Area Control Facilities (ACFsz). A Type B ACF will control
low altitude airspace {up to approximately 18,000 ft.) where several
high activity alrports are in operation. They will hendle both
approach centrol and low altitude en route control. Type A ACEs
will be responsible for high altitude en route contrel and will
handle the low eltitude functions where Type B ACFs do not operate.

Because both en route and approach control functions are
consolidated in the ACFs, FAA forecast data pertaining to the ARTCCs
are not directly ussble to determine some workload parameter values
for apecific facilities. Table K-1 shows the forecast of IFR & VFR
aircraft for the year 1995. In order to use the available data to
estimate ACF worklosd, methods were devised to:

1. eastimate the level of approach control traffic to be added
to the current forecasts for IFR and VIR traffic in the ARICCs

2., allocete the resultant traffic to the ACFs and

3. calculate the level of radar target reports asscciated with
each facility for the comsolidation period.

Each method used involved construction of a mathematical model in

the form of a computerized spreadsheet. The advantage of using the
spreadsheet wag that: the model could be built in a modular fashion,
and results could be easily verified. Figure L-1 is a flow diagram
which depicts the three modules along with their associated inputs
and outputs. A detailed description of each of the spreadsheets
follows:

Ll. Approach Control Traffic Estimate (SPREADL)

Aircraft in the approach control area are to be controlled at the
ACF in the counsolidation period. An estimate of the number of
aircraft tracks in the approach control areas of ACPs is based oo
the ascumotion that the traffic operating solely in the approach
control areas is negligible compared to the traffic passing into
(out of) approach control areas from (inte) en route areas. In this
case, the activaticn rate of tracks in the approach areas is the
game &s the sctivaticn rate of tracks in the en route areas. This
can be expressed mathematically:

1-1
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wvhere T = track count
L = track life
1, refers to en route track count/track life ratio
2, refers to track count/track life ratio after major
terminals are consolidated
= . + . L, + . +D . L
Ll Do Lo Dd é Da La W Iw
vhere D = flight type distribution respectively for “Yover,“
"departure," arrival, and within flights.

Table L.1-1 contains data to calculate Ll' For the Albuquerque
ARTCC (ZAB):

D = 0.44, L = 40
(o] [¢]
- ) =
Dd = 0.20, Ld 30
Da = 0,16, L_ = 30
D = 0.20, L = 30
A4 v

resulting in Ly = 34.4 minutes.

After consolidation, the track life for arrivals and departures
into and out of terminal areas can be estimated by adding to Lj
the sdditicnal track life in the terminal areas as follows:

LZ = L1 + Pd . Dd . Id + Pa . Da + Ia . ?d . Dw . Id + Pa . Dw . Ia

where P = fraction of departures/arrivale using major airports
D = flight type distribution
1 = increase in flight life as a result of comsolidation.

Values of P and D are to be found in Table L.1-1.
(Ig = 3, Iz = 12 minutes)

Having cbtained Ty, Ly and L, Ty can be estimated using

the basic assumption of equal activation rates. The regulting
To must be apportioned between ARTCCs based on the location
and capacity of major airporis. The increase in tracks, Tg -
T}, due to consolidation is made in the low altitude region of
an ACF.

L-3



T O

NEILL TR R AT

6°LE (L7 0717 | 8°C¢ 9°€32 139 $° 0T 1€ 8T g2 §° L2 [ 1% ucIFUTyIeH

1°2% 0°2% gLE | 9°LE 0°L8 [43 991 8 2761 oy £'8 4 2133895

kAR 0°09 0°09 | 0°4¢ 0 9% 0t 0 <l oS 0oz ov 0°01 CS  (£3TD AMFT 319§

L°g¢e 0769 [V AR V4 £ 9t 3'9¢ 02 [y 63 °1e 43 8°6 02 puerneQ

982 0°94L 6*6L | 6°¢€T €91 k{4 nret kx4 6°e% £T Y63 [%4 430}, avy

170e 0gl 0°0S | 6762 0°Te (44 £°67 £2 £71c 0¢ 7 LE cE syrodssuuty

§°8¢ 0°sL 0'6L } 6°EC 041 k14 0°62 (1 0°tt £t 0°62 144 TEBTR

£°9¢ 0°tS ¢°0s | €°tE €707 [4% [ 0€ 6°tZ 6% 8°8¢ 8¢ sTuluay

601 [ A 0°L9 0724 | 2792 '8¢ 0z 917 43 9°'6% ot 9 og wa7a3duy SOT

(73 €72t 0°6L 0°6L § T°82 §°61 82 1ot (43 L°81 87 (] % £3yp sesuey

e st en 079 0°0% | £°0% 0° 31 N 0°0¢ 2L 0°¢2 62 0°0% 4 ITTTAUCSAIRE

19 A2 0769 0'%9 | 9°8¢ 091 (14 0 1e e 0°Ce 922 0°€g¢ A% syreduunypul

8% $T6E 0°19 069 | 6763 %°8¢ 0t %°€2 14 0°0¢ {Z 238 iv 1038M0

e 3Ty Q%L1 0°ZL | 8°9% 0°0¢ e 9°1e %4 %°92 03 0°¢e A% qiaof 1204

06 9°6T 0729 0'55 | 9°52 012 E1 G ee €2 07¢e V14 0°ct 23 Taauag

%6 L7632 (174 0'¢9 | §8°72 £°1¢ b4 511 12 9°L3T 72 G°6¢ 87 PUITILITD

21 £°CE 0°sL R U ¥ G662 0°92 Ccz 012 <2 0782 194 0°8¢ 0e 0dsaTYd

174 170t 6°L9 0°LL | 8°ET €7 0% 72 %81 27 8°1LT €2 °ET x4 uojsog

Cot £°EE £°ee 0°¢d L7 09t [14 62T 62 A 14 8¢ 0°6¢ 1€ 2IUBTIV

BE LANAY 0°09 0°0S | 7Nt 0°ce ot G 91 ce 002 ot 0%y o enbIsnbRQIV

I SNIK | % ¥uy weqad | SNIW | %°ISIQ  3IIT | ¥ISIC  FIIT § TUISIA ATT %°I1SId  3IIT 2018V

-zl |t ‘et LY¥0JUIY ‘11 SNIRIIM STVAIYNV SIYNLEVEId SYZAC

SGEL = YA ‘SODLNY MO SILYPNHLSH LITYIUIY TOMLNOD HOYOUILY
-1 aTEVLE

e

=




ITR inestantapsous track levels (i.e., Tp) for the peak IFR hour of
the pear [FR dey at each ARICC are forecasted by FAA for the year
1995 (Reference 9). Values of Ly, Lgp and Ty - Tj are listed

for each CONUS ARTCC in Tahle L.i-l.

As an gxample, for ZAB,

resulticg in Ly = 37.7 mins. The increase in IFR tracks due to
consolidation is represented in the following equation:

(L2 - Ll)
271 1 L,

(37.7-34.4)

= 392 * 344 = 37.6 tracks

A sumzary of these calculations for each ARTCC is found in Table
L.1-1.

12. 1IFR & YFR Eetimate for ACFs (SPREAD2)

The peak IFR track levels forecasted for each of the ARTCCs for the
years 1995 throogh 2010 azre presented in Table D-1, Appendix D.
Since the ARTOOs are scheduled to be replaced by ACFs during these
years, Lhe problem exists to determine the allocation of en zoute
IFR tracks predicted for the ARTCCs to the ACFs. VFR tracks must
also be z2llocated, as well as the approach contrel traffic estimated
in SPREADL.

IFR track estimates (for each ARTCC) are obtained from Table D-1 and
reproduced in Table L.2Z-1. VFR traffic estimates are based on
unpublieheé VFR traffic estimates for each ARTCC for the year
1995§11 znd VFR/JFR ratios estimated in Parameter 7.2. The
uapublished VIR traffic estimates are made for each ARTCC at the
peak IFR-hour on the peak IFR-day. The ratio of VFR/IFR was
caleulated Tor each ARTCC and an cverall CONUS sverage of 2.4 vas
caleulsied. The relative values of the ratio for each ARTCC was
retained throughout the model. The actual value for each ARTCC and
ALCF for a specific year was scaled to the average VFR/IFR ratiocs in
Psrameter F.2. For imstance, the VFR/IFR ratio for the Indianapolis
AETOC, hased on forecast data was calculated to be 1.54. For the
yesr 195¢, the overall CONUS average was estimated (Parameter 7.2)
to be 1.2. The YFR/IFR ratio for Indianapolis for 1990 was
recestimated as the following:

L-5



VER & IFR ARTCC FORECAST, 1995-2010

ARTCC_ID

ALBUQUERQUE
ATLANTA
BOSTON
CHICAGO
CLEVELAND
DENVER

FORT WORTH
HOUSTON
INDIANAPOLIS
JACKSONVILLE
KANSAS CITY
LOS ANGELES
MEMPHIS

MIANI
MINNEAPQLISG
NEW YORK
OARLAND

SALT LAKE CITY
SEATTLE
WASHINGTON

TABLE L.2-1

YR=1995
IFR VFR
392 292
479 241
265 222
597 425
477 241
581 138
517 337
438 472
465 2190
335 41¢
496 324
421 446
467 259
424 245
421 320
330 201
364 321
363 192
439 336
420 285

YR=2000
IFR VFR
432 322
569 2686
301 252
714 5908
541 387
687 163
595 388
527 567
550 248
386 482
568 372
482 511
550 305
500 286
49€¢ 378
365 333
404 356
467 215
527 404

79 325

¥R=2010
IFR VFR
480 358
734 369
353 295
937 657
640 4538
8§79 208
721 470
697 751
703 310
467 584
682 446
577 612
696 384
535 366
6§57 500
414 374
455 401
468 247
695 533
571 388




1.2
1.5 x 357 = 0.77 -

.

Apportionment by Altitude

Since separate ACFs may control different altitude strata over the
game land area, the forecast for each ARTCC is divided intec a high
and low aititude sector, {i.e., above and below 18,000 £t.). From
Parameter 8.0, it is estimated that 56% of all IFR traffic occur in
the high altitude sectors, and the remainder in the low altitude
sectors. For instance, the IFR track forecast for Washington in
1995 was estimated to be 420. It is estimated that :

0.56 x 420

235 tracks occur at high altitudes and

O.44 x 420 185 tracks occur at low altitudes.

VFR traffic estimates are caleulated from the product of the IFR
track level and the appropriate VER/IFR ratio. Since the airspace
above 18,000 feet is positive contrclled airspace; no VFR traffic
occurs above 18,000 ft. (i.e., in the high altitude stratum}.
Therefore, all VFR traffic is allocated to the iow altitude. As a
consequence the New York Type A ACF, which controls high altitude
traffic exclusively, will monitor nc VFR traffic. Approach control
traffic will also be acsigned exclusively to the low altitude
sectors.,

Apportionment of High Altitude Trafiic to the ACFs

In the spreadsheet model, the high altitude traffic from the ARTCCz
was apportioned to the high altitude sector of the ACFs. the
apportionment is shown in Table 2.3.5~1 and is baced both onm
estimates of area apportioned to each ACF from an ARTCC and on an
estimate of relative density of aireraft in each part of the ARTCC.
The arsss were estimated from a mep of the US with overlays of ARTCC
and ACF boundaries. Relative densitics were assigned to the partis
of the AKRTCC commensurate with the known aircraft activity. GSectora
of the ARTCC which roatained relatively largs hubs {i.e. ~ Los
Angeles & Chicago) were assigued high densities, and the rcpainder
of the ATCC was assignazd comparably lower valuss.



For instancs, in the teble, the entry for the Cleveland ARTCC
shows an epportionment cf 0.65 x 1.0 to the Cleveland 4CF. The
first term "0.65" is the fraction of ARTCC area apportiosed to
the Clevelend ACF. The second term “1.0" is a measure of the
asircraft density in that area relative to the cther areas in
the Cleveland ARTCC. A density of 1.0 is considered average.
From Table D-1, the projected track levels for 1995 for the
Chicago ARTCC is 597. The Cleveland ARTCC apportionment to the
high altitude Cleveland ACF ig

477 x 0.56 x 0.65 x 1.0 = 174,
Comparable calculations are done for the other ARICCs and the
results for the ARTCC apportiomment to the high altitude sector

of the ACFs in 1995 is shown in Table L.2-2.

Apportionment of Low Altitude Traffic to the ACFs

In the low altitude secter of the ACFs, apporticnments are made

from:

e low altitude IFR aircraft
e approach control aircraft
@ VFR aircraft

Tablz 2.3.5-2 shows the apportionment made of the forecasted
ARTCC zircraft tc the ACF. In comparable fashion to the above
calculations, the apportionment of IFR forecasted traffic from
the Cleveland ARTCC for 1995 to the low altitude sector is

477 = 0.44 x 0.65 x 1.0 = 137.

Table 2.3.5-3 ghows the apporticnment of approach control
traffic from the ARTCCs to the low altitude sector of the

ACFs. From Tsble L.l-1, an approach control estimate of 94 IFR
aircraft is obtained for the Cleveland ARTCC. The
apportionment of approach control traffic from the Cleveland
ARTCC to the Cleveland ACF is 0.79 (Table 2.3.5-3). The
approach control IFR traffic is calculated as:

94 x 0.79 74,

Total IFR traffic apportioned from the Cleveland ARTCC to the
low altitude sector of the Cleveland ACF is:

137 + 74 = 211.
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Table L.2-3 i3 a swmssry of the apporti nt of IFR teaific
from the ARTCC to the low altitude sector of the ACFs.

P

VFR traffic is handled in a similar ton teo thz low zltitude
IFR aircraft From Teble L.1-1 the VFR aircrait forecast is
823 for the t leveland ARTC i rtionment to tne
ClevelanL ACF in the low a

b——-* <2
o
fu

se M3 0
(o]
C‘

823 x 0.63 = 1.0 = 535.

[N
[
i

The upporyxanpwnt of VFR treff zgual to
ra

¢ in the approach coutrol
the IFR value x the VFR/IFR » :

tio
74 x 1.73 = 128.

The total VER traffic aprortiocned from the Claveland ARTCC to the
Cleveland ACF in the low zltitude sector is:

535 + 128 = 663

Teble L.2-4 is 2 summary of the apporticnaent of UFR traffic from
the ARTCEs te the low altitude sectore of the AC¥s.

swimstcion of the zpporiionment of ARTCC sircraft
tio

Table L.2-5 i4 2
poth IFR znd VFR, to the ACFs for the consolidation pericd.

traffiz,

L.3 Calculation of Radar Tarzet Bepovt Messape Rotes Tor ACFs

Determination of the radar tarzet report message vite for

is a fumction not only of the charscteristics of the facility, but
also of the aircraft activity in adjacent facilities. in the current
NAS system, radars reporting.io an SRTCC detect aiveraft waich are
outside of but in the proximity of the ARYTCC bo rders. This is also
Lrue in the consolidation period, but the gecmstric architecture of
the ACFs adds an additional load since vadars reporting to Type B
facilities will also detect aircraft in the high sltitude sector and
radars reporting to the Type A& will detect aircraft in the low
altitude szetor,

[
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INCONTROLLED (VER)

}

ACE ID ; CY 1995 oy 2000 CY 2010

TR VER TFR VFR IFR VIR
ALBUQUERGUR 476 285 538 334 629 360
ATLANTA 307 308 363 365 466 468
BOSTON 259 364 293 411 342 480
CHICAGO 279 338 333 403 436 528
CLEVELAKD 713 262 826 303 1020 374
DENVER 892 424 1036 492 1281 608
FORT VORTH 270 365 315 426 395 534
BOUSTON 761 383 893 450 1127 568
INDIANAPOLIS 229 198 27 235. 347 300
JACKSONVILLE 643 239 744 276 213 339
KANSAS CITY 913 557 1061 648 1314 802
LOS ANGELES 149 236 171 271 204 323
MEMPHIS 603 308 712 364 904 462
HIANIT 540 223 63 385 801 487
MINNEAPOLIS 673 373 747 447 @83 589
NEW YORE{A) 400 0 449 0 517 o
KEW YORK(RB) 213 342 225 379 267 428
CAKLAND 144 200 162 221 183 250
SALT LAKE CITY 677 426 763 480 885 556
SEATTLE 746 408 876 573 1109 725
WASHINGTON 336 396 387 456 469 552

NOTE: Track forecasts for Anchcrage and Honolulu are not available.




Determination of the radar target report message rates iz made first
by determining the workload caused by aireraft operating within the
cenfines of ezch facility and, then, by adding te that lead the
aircraft cutside the facility which are detected by the facilities
radars. As an example, since the Memphis and Jacksouville facility
are horizontzlly adjacent to each other, they detect a gignificant
ausber of aircraft within the other's boundaries. These '"outside™
aircraft contribute a worklead to each facility. Also, since the
Waslington Type B facility is entirely within the land area of the
Jacksonville faciiity, the Jacksonville facility detects all of the
aircraft detected by Washington long range radars. Coaversely, the
Washington facility seces all of the aircraft in high aititude
gtrata, outside of its control area. The overlapping of the
facilities in this regard provides additional lecad on sach facility.

Figure L.3-1 is a diagram showing the ateps used to calculate the
radar target report message rate for a facility. A distribution of
radar sensors consisting of either ATCRBS or Mode-S types is shown
in Table 2.3.6-1. The scan rate for the long range Mode-§ is

5 seccads/scan, and for long range ATCRBS, is 10 seconds/scan.
Because the facility receives more scans from a Mede-S radar than
from an ATCRRs radar in a fixed amount of time, the Mode-8 radar
generates & higher message rate for a given number of eircrait.

Radar coverage is the number of radars that detect a given

aircraft. Appendix I describes the method of estimating radar
coverage and Table 2.3.6-2 shows the radar coverage for both IFR and
VFR aircraft from both long and short range radars in both en route
and terminzi airspace. Radar coverage on VFR aircraft is lower than
on IFR aireraft because VFR aircraft tend to stay at lover sititudes
where the "visibility" to radars is lower. Radar coverage for
flighte in terminal airspace is different from that for flights in
en route airapace. The factor, 0.7, is used to modify radar target
report rate te reflect the average time (70%) that a flight spends
in en route airspace. An average of 30% of flight life is spent in
terminal airspace.
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The nuwmbsr of target revorte per aiversaft is calewlated bacsed on
radar coverage and scan rate. The product of the sircvaft traffic
count and the number of target reports per aivcraft is calculated
for each radar type (i.e., long and short ronge) and each ajrcenfi
type (i.e., IFR and VFR). Allocations from other facilitizes (.24,
horizontally adjacent and vertically zdjacent) are added to obtain
the total radar wessage vate for the facility. Table L.3-1 is a
sumuary of these calculatious for the Cleveland ACF in 19%95. The
projiected count of Cleveland radar senszors for 1995 is shown in
Column A. The target reports per aircraft is calculated in Columm F
and the total message rate shown in Column L. The calculations are
wodularized to separate IFR and VFR aircraft and long range and

short range radars.

Long range radars detect aircraft not only within the facility
confines, but zlso outside the facility. Table L.3-2 shows the
apportionment of eircraft in horizontally adjacent facilities which
are cdetected by facility radars. The nurwber of aireraft shown was
determined for a radar coverage for outside aircraft that was
equivaleat to 1.0. For instance, Table L.3-2 shows that of the
aircraft detected by the Cleveland ACF (#5) outside of its centrol
area, 407 of the aircraft were in the Minneapolis ACF (#15), 30% of
the aircraft siere in the Jacksonville (#10) and 20% of aircraft im
e New York-s (#16) facility.

Table 2.3.6-3 shows the percentege of radar messages which represent
aircraft in the lower altitude sector and which are also sent to the
Type A facility which is adjacent in altitude. The Cleveland ACF,
for instance receives 50% of all messages sent to the Chicago ACY
and 105% of all radar messages sent to the Indianapolis ACF. Table
2.3.5-4, in turn, shows the percentage of radar messages which
detect aircraft in the upper altitvde sector which are also received
by the Type B ACF which is adjacent in altitude. For instance, the
Chicago ACF receives 253 of all wessages pertaining to aircraft in
the Clevelaznd ALF. '

Table L.3-1 is a summary of the wmessagee representing IFR and VFR
aircraft both inside and cutside of the contrel airspace of the
facility of the Cleveland ACF. Similar cszlculations were perforwmed
for all 21 of the CONUS ACFe. Table L.3-3 shows the results of this
analyzsis.
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Tabla L.3%4 is a sumsary of the target report message rates for =ach
of the ACSz for each of the consolidation years, and assuwing that
all of the long range radarxs are Mode-5 type. Xote that for esch of
the three years, the Houston ACF has the maximun loadiang. Table
L.3-5 shows a similar set of figures but for the situation wnere
each ACF has a mix of Mode-S and ATCRBS long raunge radars.
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