AD=AO45 940  MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB F/6 1/2
DABS COVERAGE . (U)

AUG 77 S I KRICH DOT=FA72WAI-261
UNCLASSIFIED ATC=75 FAA=RD=77=77 .

END
DATE
FILMED
12-77
ooc




”l 10 I Nz

22
122

kI = flzo
= m

22 it e




0V6CHOV W







.

Technical Report Documentation Page

| 40 Repon No. s-,
[9 FAA- RQ-77 -77 %

2. Government Accession No.

3. Rccup-am's Cufulog No

4. Title and Subtitie

5 Rlpor' Date
I’ /16 Augmes #8977

it S.1yKrich

i

b oass
~ .
B DABS CDV&I_'ag(— 5 } 6. Per‘ormnng Orgonizotion Code
7. \Auvhor/s) 8 _Performing Organization Report No.

g won 7

9. Performing Organization Name and Address
Massachusetts Institute of Technology
Lincoln Laboratory
P.O. Box 73
Lexington, Massachusetts 02173 /

10. Work Unit No. (TRAIS)

H-—Contract ar Grant-Nor—-. /

(4=  DOT-FA72EW Al-261

e ot Répo(' agd Period Covered
\

12. Sponsoring Agency Name and Address

Department of Transportation

Federal Aviation Administration

Systems Research and Development Service
Washington, D.C. 20591

\

775N\
\i\:’roject Repost, |

14. Sponsoring Agency Code

15. Supplementary Notes

The work reported in this document was performed at Lincoln Laboratory, a center for research operated
by Massachusetts Institute of Technology under Air Force Contract F19628-76-C-0002.

16. Abstract

/

Washington corridor.

i

DABS sensors are to be installed at FAA ASR and ARSR sites throughout continental
U.S. as a part of the evolutionary upgrading of the third generation ATC Radar Beacon
System (ATCRBS). It is therefore important to establish: (1) the degree of 3D coverage
which would be provided by such deployment; and (2) a reasonable balance between number
of installations, sensor maximum range, and coverage.

This paper reports on a coverage study m which DABS coverage within CONUS was
projected on a statistical or "percent coverage * basis by purely geometrical considerations.
Results are given for CONUS, the eastern half of the U,S., and for the Golden Triangle.
Profile coverage (®line-of-sight coverage down to ....%) is given for the Boston-NYC-

17. Key Words

Surveillance

Coverage

ATC Radar Beacon System
DABS

Terrain Modeling

18, Distribution Stotement

Document is available to the public through
the National Technical Information Service,
Springfield, Virginia 22151,

19. Security Classif. (of this repor?)

Unclassified Unclassified

20. Security Classif. (of this page)

21. No. of Pages
90

Form DOT F 1700.7 (5-72)

Reproduction of completed page authori ced




CONTENTS
Page
1.0 INTRODUCTION 1
1.1 Motivation and Method 1
1.2 Composite Coverage Summarized 3
1.3 Conclusions 11
2.0 COVERAGE MAPS 13
2.1 Composite Coverage Maps 13
2.2 Route Coverage Plots 18
3.0 BOSTON ASR STUDY 21
3.1 Effect of Near-In Buildings 20
3.2 Terrain Sampling Granularity 25
APPENDIX A: SITE DATA AND COVERAGE MAPS A-1
‘ ACGESSION for
—‘;Y.IS S —“—-WI‘;;'VEAV.'\;:'_!-!.“I- ¢
soc gutf Section (]
UNANHOTHCED ] i

11

....... DDC
St D [Pe)2n

SRR
NOV 8 1o77

" AVAIL. and,or SPECIAL

_oist__

il

S

e ———

LIS
D

it s T

i ~ PRECEDING PAGE ELANK-NOT

S




Fig. L.

3.

3.

3.

3.

3.

(3%

1

2

3

4

5

Figures

Eastern United States and Golden Triangle (Boston-
Chicago-Atlanta).

Percent coverage in Golden Triangle (Boston-Chicago-
Atlanta) - existing sensors.

Percent coverage in Eastern United States and CONUS -
existing sensors.

Percent coverage in Golden Triangle from existing and
proposed sensors.

Percent coverage in Eastern United States and CONUS
from existing and proposed sensors.

Line of sight coverage and TAM approximation. Maximum
sensor range = 60 nmi.

Modified TAM coverage with 1/4° cutoff angle.

Minimum coverage altitude above sensor level for a
smooth 4/3 earth model and 1/4° elevation cutoff angle.

ASR route cov§§age plot for Boston to Washington.
(1/4  elevation cutoff angle)
Map of sensors and flight path.

Cumulative coverage distributions over the Boston-
Washington contour.

Horizon angles from ECAC model compared to optical
measurements for a point 63 ft. west of Boston ASR
at ground level.

Effect of buildings at short ranges on the horizon angle.

Distance to the line of sight terrain feature in the ECAC
model for Boston ASR.

Horizon angle from ECAC model with terrain raised 50 feet
compared to optical measurements.

Interpolation of grid points for hypothetical terrain.

iv

Page

10

15

16

17

19
20

20

22

23

26

27




A.7

A.8

A.10

A.11

A.12

A.13

A.l4

Figures (continued)

Horizon angle from ECAC model using (1) maximum of 4 points
terrain interpolation and (2) 4 point linear interpolation.

Existing ASR locations.

Existing ARSR locations.

Proposed ASR locations.

Proposed ARSR locations.

ASR composite coverage
R = 100 nmi.

max

ASR composite coverage
R = 60 nmi.

max

ASR composite coverage
R > 133 nmi.

max
ASR composite coverage
R = 100 nmi.

max

ASR composite coverage
R o 60 nmi.

ma

ASR composite coverage
R = 100 nmi.

max

ASR composite coverage
R = 60 nmi.

max

ASR composite coverage
R > 71 nmi.

max —

ASR composite coverage
R = 60 nmi.

max

ASR composite coverage
R > 52 nmi.

max —

ARSR composite coverage

R > 156 nmi.
max —

map,

map,

map,

map,

map,

map,

map,

map,

map,

map,

apy

20,000 ft.

20,000 ft.

15,000 ft.

15,000 ft.

15,000 ft.

10,000 ft.

10,000 ft.

MSL,

MSL,

MSL,

MSL,

MSL,

MSL,

MSL,

maximum

maximum

max imum

maximum

maximum

maximum

max imum

range

range

range

range

range

range

range

5,000 ft. MSL, maximum range

5,000 ft. MSL, maximum range

3,000 ft. MSL, maximum range

20,000 ft. MSL, maximum range

Page
28

A-13

A-14

A-15
A-16

A-17

A-18

A-19

A-21

A-22

A-23

A-24

A-25




Fig. A.16

A.17

A.18

A.19

A.20

A.21

A.22

A.23

A.24

A.25

A.26

A.27

A.28

A.29

A.30

ARSR

R
max

ARSR
max

ARSR
R
max
ARSR
R
max
ARSR
R
max
ARSR
R
max
ARSR
R
ma

composite

Figures

coverage

= 150 nmi.

composite

coverage

= 100 nmi.

composite

> 133 nmi.

composite

coverage

coverage

= 100 nmi.

composite

coverage

> 106 nmi.

composite

coverage

= 100 nmi.

composite

> 71 nmi.
Lot

Proposed ASR

maximum range R =
max

coverage

(continued)

map, 20,000

map, 20,000

map, 15,000

map, 15,000

10,000

map,

map, 10,000

ft. MSL, maximum

ft. MSL, maximum
ft. MSL, maximum
ft. MSL, maximum
maximum

ft. MSL,

ft. MSL, maximum

range

range

range

range

range

range

map, 5,000 ft. MSL, maximum range

Proposed ASR composite coverage map,
maximum range Rmax = 60

nmi.

Proposed ASR composite coverage map,
maximum range Rmax > 133 nmi.

Proposed ASR composite coverage map,
maximum range Rmax = 100 nmi.

Proposed ASR composite coverage map,
maximum range Rmax = 60

nmi.

Proposed ASR composite coverage map,

maximum range R =
max

100 nmi.

Proposed ASR composite coverage map,
maximum range Rmax = 60 nmi.

Proposed ASR composite coverage map,

maximum range R
max

> 71

nmi.

vi

composite coverage map, 20,000 ft. MSL,
100 nmi.

20,000 ft. MsL,

15,000 ft. MSL,

15,000 ft. MSL,
15,000 ft. MSL, .
10,000 ft. MSL,
10,000 ft. MSL,

5,000 ft. MSL,

Page
A-28

A-29

A-30

A-31

A-32

A-33

A-34

A-35

A-36

A-37

A-38

A-39

A-40

A-41

A~42

T —




Fig. A.31

A.32

A.33

A.34

A.35

A.36

A.37

A.38

A.39

A.40

Figures (continued)

Proposed ASR composite coverage map,

maximum range

R = 60 nmi.
max

Proposed ASR composite coverage map,

maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

Proposed ARSR
maximum range

R > 52 nmi.
max

composite coverage
R > 156 nmi.
max —

composite coverage
R > 150 nmi.
max —

composite coverage
Rmax = 100 nmi.
composite coverage
R > 133 nmi.
max —

composite coverage
R = 100 nmi.
max

composite coverage
R > 106 nmi.
max —

composite coverage
R = 100 nmi.
max

composite coverage

R > 71 nmi.
max —

vii

map,

map,

map,

map,

map,

map,

map,

map,

5,000 ft. MSL,

3,000 ft. MSL,

20,000 ft. MSL,
20,000 ft. MSL,
20,000 ft. MSL,
15,000 ft. MSL,
15,000 ft. MSL,
10,000 ft. MSL,
10,000 ft. MSL,
5,000 ft. MSL,

A-45

A-46

A-47

A-48

A-49

A-50

A-51

A-52




Tables
Page
Table A.1l ASR Listing - 1974 A-2
A.2 ARSR Listing - 1974 A-6
A.3 Proposed ASR Listing A-9
A.4 Proposed ARSR Listing A-11
A.5 Coverage Map Listing and Parameters A-12 ;
viii




1.0 INTRODUCTION

1.1 Motivation and Method

Results of a CONUS-scale surveillance coverage study are presented. The
study was motivated by a need to better understand the trade-offs behind such
questions as these:

Will a network of DABS beacon sensors located at present and proposed

ASR and ARSR sites provide surveillance and communication coverage
of all major airlanes within CONUS? - if so, down to what altitude?
- Are DABS sensors at every ASR and ARSR site planned really necessary?;
what fraction might be eliminated?
- What free space maximum range must DABS provide?
- Will ARSR long range sensors be essential should surveillance data from
ASR type radars eventually become available to other facilities via a
network?
Coverage patterns were calculated for sensors located at each of the 146 ASR
sites and 94 ARSR sites existing in 1974 and those 117 ASR sites and 21 ARSR
sites being proposed at that time*. These were superimposed to form composite,
national-scale, coverage maps. All coverage calculations were made by the
DOD Electromagnetic Compatibility Analysis Center (ECAC), based upon computer

stored representations of the topography surrounding each site. Topography

*
Proposed sites identified by ECAC.
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data were provided by ECAC and sensor characteristics and specific altitudes

of interest by Lincoln Laboratory. Analysis of the resulting composite coverage

maps was performed at Lincoln Laboratory.

Coverage for a given sensor was defined simply as the region of space
that could be seen without terrain obstruction up to some maximum range.
Coverage at a given altitude represents a horizontal slice through this
coverage volume. Coverage, thus obtained, is usually circular in shape with
circumferential scalloping in the direction of interferring terrain. Con-
stant altitude above mean sea level (MSL), rather than above sensor or ground
level, was used since aircraft generally fly at a specified "above MSL
altitude" based upon a pressure altimeter.

The method employed by ECAC* to calculate sensor coverage for given
maximum range cut-off, and given altitude takes into account terrain features,
but does not take into account the effects of obstructions such as buildings
or other man-made objects visible along the horizon. In some locations, e.g.,
the Boston ASR site, airport and skyline obstructions reduce coverage much
more than the hills of the surrounding terrain. Thus it was necessary to
partially take the effects of obstructions along the horizon into account by
arbitrarily setting the sensor elevation coverage lower limit to a small
angle above the horizontal (i.e., by setting the sensor elevation cut-off
angle at 1/4 degree). Refractivity due to the earth's atmosphere was

handled by assuming an earth of radius 1/3 greater than actual.

*
See References [2], [3] and [4].




It is important to recognize the limitations of this model. First,
Section 2 shows that the terrain model used is not applicable to a low altitude
coverage study; i.e., MSL altitude where some terrain features are above the
altitude being considered. Secondly, for many sensor locations, buildings
have a far greater affect upon coverage than does topography. This is more of
a problem for the ASRs located on the airport surface than the ARSRs. An
example of this is the Boston ASR where building obstructions far exceed
that due to terrain or the 1/4° cut-off angle; see Section 3.

The assumed model, along with a sensor maximum range cut-off, resulted
in most coverage patterns at high altitudes being circles. In retrospect,

a model which simply draws circles of coverage around each site where the
radius of the circle depends upon the sensor altitude, and maximum range
would have been nearly as good for this study.

1.2 Composite Coverage Summarized

Percent coverage statistics have been computed for the Golden Triangle
(Boston - Chicage - Atlanta), the Eastern United States, and the entire CONUS
(see Fig. 1.1). By percent coverage is meant the percent of a geographic area
at a given MSL altitude that can be seen by at least one sensor. The Golden
Triangle was considered separately due to the high traffic volume. The
Eastern United States, including the Golden Triangle, was considered only for
5000 ft. and 10,000 ft. MSL altitudes. CONUS, including the Eastern United
States, was considered only for altitudes of 10,000 ft. MSL and above. Lower
altitudes were not considered for CONUS since much of the ground in the Western

United States is between 5,000 and 10,000 ft. MSL.
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Percent coverage predicted by these models are summarized in Figs. 1.2
through 1.5 for various sensor deployments and geographic regions., Figs. 1.2
and 1.3 describe ASR and ARSR coverage separately and combined. The left
hand side of Fig. 1.3, below 10,000 ft., summarizes only the Eastern United
States; the right hand side above 10,000 ft. summarizes the entire CONUS.
This accounts for the coverage discontinuity at 10,000 ft. Figs. 1.4 and 1.5
repeat the study combining the present and proposed sensors.

Sensor maximum ranges (Rmax) of 60, 100 and 150 nmi are also considered

in Figs. 1.2 and 1.5. Due to earth curvature and the sensor model no addi-

tional coverage would be provided at 10,000 ft. for Rmax greater than 1905 nmi.

A concept under consideration includes the netting of all DABS sensors
within a given region. This will tend to remove the distinction between ASRs
and ARSRs since enroute centers may very well receive surveillance data from
a network of ASR sites. For good low altitude coverage, a sensor on or
near the airport would be required at many airports. Fig. 1.2 shows that
excellent coverage of the Golden Triangle is supplied by the ASRs and that
little additional coverage is gained by including the ARSRs. Therefore in
this region the ARSRs would not be needed in a netted DABS deployment. In
addition, due to the large number of sensors in this region, increasing
the sensor maximum range to 100 nmi instead of 60 nmi yields only a small
increase in coverage. The increased range may be desirable to provide back-
up coverage in case of sensor outage.

Fig. 1.3 also shows that in the Eastern United States, the ARSRs would
provide little additional coverage over what would already be provided by

the ASRs, and thus many of the ASRS's would not be needed in a netted

i
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deployment of sensors. However, in this region, increasing the maximum range
to 100 nmi has a significant effect on coverage.

Fig. 1.3 also considers altitudes of 10,000 ft. and above over COWNUS.

It shows that in the West many of the existing ARSRs will be needed to fill
in the gaps between the ASRs. The missing regions can be filled in with a small
number of new sensors.

Figs. 1.4 and 1.5 show the percent coverage where the 117 proposed
ASRs have been added to the existing ASR's and the 21 proposed ARSRs have
been added to the existing ARSRs. A comparison betwcen Figs. 1.2 and 1.4
for the Golden Triangle shows that little increase is gained with the proposed
ASRs added; coverage above 5000 feet was already good. The extra ARSRs do
help. On a CONUS basis, a comparison between Figs. 1.3 and 1.5 shows that
the extra sensors help.

Results presented here should be viewed as a rough approximation to
coverage on a national scale. Sensor location selection requires detailed
on~site analysis and should not be made solely on the basis of terrain models.

1.3 Conclusions

Broad conclusions which follow from the study are:

(1) 1In the Eastern United States and especially the Golden Triangle,

DABS sensors at the ASR sites would provide good surveillance data
for both terminal and en-route Air Traffic Control with netting.
Sensors at most ARSR sites will not be needed.

(2) 1In the Western United States, sensors at many of the ARSR sites

will be needed.

11




(3)

(4)

(5)

Buildings can be a far greater limiting factor on coverage than
terrain.

The model used here is not valid for a low altitude coverage study
and is only slightly better than a smooth 4/3 earth model at high
altitudes.

Selection of a particular site for sensor installation requires
detailed on-site analysis and should not be made solely on the basis

of terrain models.

12
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2.0 COVERAGE MAPS

Graphical coverage data has been supplied by ECAC in the form of: (1)
Composite Coverage Maps at specific altitudes above MSL, and (2) Route Cover-
age Plots of minimum coverage altitude along specific routes. Route coverage
plots represent vertical slices through the coverage volume, whereas composite
coverage maps are essentially horizontal cuts at fixed altitudes. These
graphical results are based upon quantized topographic data (ignoring buildings¥*)
for a grid spacing of 30 sec latitude x 30 sec longitude (roughly 1/2 mile x
1/2 mile). A four point linear interpolation estimates terrain altitudes
between grid points. Atmospheric refractivity is modeled by assuming an effec-

[1]. This allows

tive earth's radius which is 4/3 the actual earth radius
radio waves to be drawn as straight lines over a 4/3 radius earth.

2.1 Composite Coverage Maps

Line of sight coverage is illustrated in Figure 2.l1.a. The unshaded
region represents the covered volume for the region in which the DABS sensor
can detect aircraft. The Target Acquisition Model (TAM) (21,031, 14] coverage
approximation used by ECAC for this study is illustrated in Figure 2.1.b.
éoverage is assumed to be provided for all altitudes (even altitudes below
ground level) between the sensor and the terrain feature subtending the
greatest angle to the sensor. The results are thus not applicable for a
detailed low altitude coverage study. For example, a nearby airport in the

valley between the two peaks in Figure 2.1la would not be well covered but the

TAM model would indicate that it is.

*
See Section 3 for the effect buildings have upon coverage provided by the
Boston ASR.
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Fig.2.1. Line of sight coverage and TAM approximation.
Maximum sensor range = 60 nmi.
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For results presented here, a simple model was adopted in which the
sensor antenna characteristics and nearby buildings limit the coverage to
elevation angles in excess of 1/40 above the horizontal*. If 3, the elevation
angle of the terrain feature limiting the horizon, is less than 1/40 then
coverage is as illustrated in Figure 2.2. If B > 1/4° then Figure 2.lb is
applicable.

The ASRs and ARSRs existing in 1974 and the proposed ASRs and ARSRs are
listed in Tables A.1-A.4 and located on a map of the U.S. in Figs. A.1-A.4.
Each of these four groups of sensors are considered separately in the composite
coverage maps in Figs. A5-A40. Each coverage map is for a constant altitude
above sea level; altitudes 3000, 5000, 10000, 15000, and 20000 feet have been
considered. Maximum sensor ranges of 60, 100, 150, and 200 have also been
considered. To permit quick retrieval of the desired map, the figure numbers
and corresponding parameters are listed in Table A.5. Summary coverage
statistics appear in Figs. 1.2-1.5 of Section 1.

Figure 2.3 depicts the lowest altitude above sensor level (or above
sea level for a sensor at sea level), as a function of range, that a sensor
can cover for a smooth 4/3 earth model under the above assumptions. For a
given MSL altitude, the coverage ranges in Figs. A5-A40 (which include terrain
blockage and sensors above sea level) will always be less than depicted in
Fig. 2.3.

*
A better choice for the ARSRs might have been a cut-off angle on the order of

-1/4° since ARSRs are usually well sited - frequently on top of a hill or
mountain with few buildings around them.
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Sensor height used was the present ASR or ARSR height above ground level
(from the ECAC data file). For the proposed ASR locations, the sensor height
used was 50 ft; 50, 80, or 100 ft. was used as the sensor height for the
proposed ARSRs. Changes in sensor height may be expected to have a signifi-
cant effect upon coverage.

2.2 Route Coverage Plots

Route coverage plots partially determine: (1) the minimum MSL altitude at
which continuous coverage is provided, and (2) how extensive are the regions of
airspace visible from multiple sensors.

Fig. 2.4 is a "route coverage plot' depicting present-day coverage
on a route from Boston to Washington, D.C. which passes very near to New York,
Philadelphia, and Baltimore at intermediate points. 1In a route coverage
plot, attention is limited to a one-~-dimensional ground track, which together
with altitude constitutes a vertical slice through airspace. An aircraft is
assumed to be covered if it falls in the unshaded region of Fig. 2.1l.a.

The term 'route coverage plot' should not be taken to imply that only en route
coverage is of interest, for in fact terminal coverage was of no less interest
in this investigation. The limitation to a single ground track in any one
élot is only a means of limiting attention to two dimensions for plotting
purposes.

The sensors in question are the 1974 ASR sensors without any range
limitation. A map showing the route and the sensors is given in Fig. 2.5.

Fig. 2.6 gives cumulative coverage distributions, derived from
Figure 2.4. At least single coverage is provided at all points above 1300 ft.
(above MSL), and at least triple coverage is provided at all points above
3700 ft. (above MSL).

Route coverage plots provide a good means for dipicting the results of

this analysis technique for the heavily used routes.
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Fig.2.4. ASR route coverage plot for Boston to Washington
(1/4° elevation cutoff angle): (a) Coverage provided by
present FAA ASR sites, (b) Coverage multiplicity.
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3.0 BOSTON ASR STUDY

3.1 Effect of Near-In Buildings

To assess the effect of not including man-made obstruections in the ECAC
terrain models, the horizon elevation angle, as measured with a transit, and
the radio horizon angle as computed using the ECAC terrain models, have been
compared for a sensor at ground level (transit and hypothetical sensor both
placed 63 feet west of the present Boston ASR location). These results are
illustrated in Fig. 3.1. Note that over much of the horizon there is little
resemblance between measured and computed results. Much of this difference
is obviously due to the close proximity of the buildings in downtown Boston,
bridges, buildings at the airport, and trees.

Attempts were made to improve upon the ECAC model by more realistically
accounting for the buildings. These methods, tried on the Boston ASR coverage
calculations, met with limited success* and are discussed below.

The effect of buildings at short range on the horizon angle is depicted
in Fig. 3.2. As expected, small buildings close to the sensor have a signifi-
cant effect upon the horizon angle. The ECAC model of the terrain surrounding

- the Boston ASR is characterized by short ranges to the terrain features
limiting the line-of-sight (see Figure 3.3). This is reasonable since there
are few tall hills at long range. Small buildings at short range would thus
be expected to have a significant effect upon the horizon angle.

To test the sensitivity of the ECAC model to close-~in small buildings, the

radio horizon angle was recomputed with two changes: (1) all terrain greater

*
They were not used in the CONUS coverage projections presented in Section 1,

and 2.
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Fig.3.1. Horizon angles from ECAC model compared to optical measurements

for a point 63 ft. west of Boston ASR at ground level.
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Fig.3.3. Distance to the line of sight terrain feature in the ECAC model
for Boston ASR.




than 4 nmi from the sensor was raised 50 feet when computing the radio horizon
angle, and (2) if the terrain feature limiting the radio horizon angle was
less than 4 nmi from the sensor (with the assumption in (1)), then 50 feet
were added to the height of this terrain feature in computing the radio hori-
zon angle. These ECAC model results are compared to the measured data in
Fig. 3.4. Note that there is better but still not good agreement.

3.2 Terrain Sampling Granularity

Finally, the method used to compute terrain height was counsidered as a
possible source of error. As illustrated in Fig. 3.5, the ECAC terrain model
takes points on a 30 sec x 30 sec grid, and a 4 point linear interpolation
is used to estimate terrain height between grid points. Thus, as illustrated
in Fig. 3.5, the estimated and actual terrain height for Point A can differ
significantly. To determine the significance of this difference, the radio
horizon angle was recalculated using the maximum of 4 points to estimate the
terrain (i.e., Point A in Fig. 3.5 was taken to be 700 ft. instead of 575 ft.
These results are compared in Fig. 3.6. Note that the differences are small,
and thus it may be concluded that the linear 4 point interpolation was a good
technique considering the close spacing of grid points. This method should

also be checked in mountainous terrain.
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Table A.l.

ASR Liscing - 1974

Location (Lat, Long, Ground Level (ft. MSL),
Sensor lieight (ft. above ground level)
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Table A.1. (continued)
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Table A.2.

ARSR Listing - 1974

Location (Lat, Long, Ground Level (ft. MSL),
Sensor Height (ft. above ground level)
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Table A.2 (continued)
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Table A.2.

SAN ANTONIO Tx 292306N
CEVAR CITY uyT 373536N
SALT LAKE CITY UT 410201N
BEOFORD AFS VA 373102n
CAPE CHARLES AFSVA 370802n
MICA PEAK AFS wA 47354260
SEATTLE WA 473922n
HORICON Wl 43.646N
LOVELL wY 444900N
LUSK Wt 423535
ROCK SPRINGS WY 412005\

=~ T Pala\d)
\laezpa~ . T

%ES‘ A Y B b b

(V]!

(continued)

0983800W
11251644W
1115016w
793039w
755704w
1170450W
1222443wW
382930w
1090700w

784
10691 .
9515.
4226+
9.
5205
355.
1188.
9557.
6100
8663.

23
a3
70
46
110,
42
145
T8
56
40
55




Table A.3.

Location (Lat,

Proposed ASR Listing

Long, Ground Level (ft. MSL),
Sensor Height (ft.

above ground level)

UuTHAN AL 311900 Ugbely0w 400 50
FLAGSTAFF Ay 35u800N  411i4000wW 7012. SU.
PR§5COTT MuNl Al 3442091 L124027w S042. 50

ETTEVILLE AR 36¢b3YN UY40b19w 1361. 50

SMITH MUNI AR 352000iv  U942200w 468 50
HOT SPRING 432900 U9Q30600wW 535. 50
TEXARKANA Arb AR A32/00N U935Y00wW 389. 50
ARCATA CA 405900  Leou0byOw 218. 50
BAKERSFIcCLyu CA 352000 11Y0500W 491. 50
CnlICO MUNIL CA 39q /241y LelbUyew 258 50
EL CENTRO wAF Ch 3240657y llb4U14w 43. 50
PALM SPRING MUi 335000N  Llodupy0w 448, 50«
REUOING MU CA 4030171 Lz2lizew 500 500
/ANTA_BARBAKA MUNI  S42000N 1195UQ0W 10. 50.
STOCKTQI! CA 375400 1211500w 29. 50
ASPEN CO 591300N 1ubb200W 7793. 50
DUKANGO Cu 370900  Lu74500W 6684 . 50
ORAND JUNC[ION Cu 390y /00N  1uB31(00W 4857 S50
PucsLO MEM CO 381/00in  1Q4duyow 4725, 50
BRIJGEPORT (T 411U00N 7T350800wW 9. 50
wILMINGTON (e 394100N I950y0wW 79. 50
UAYTONA BrACH Fu 29110018 Usl0300W Sk 50
FT MYERS FL 20000UN Uglb5200W 18. 50
MELSOURNE kL 280000  UgUu3BQ0W 32« 50
PANAMA CIT¢ rL 301300M UgS4100w 20 50
SARASOTA BRAUENTUN 27240uUn  Us235(00w 27. S50
TALLAHASSEE MUNLFL 302400 UB42100w B1. 50.
TITUSVILLE Fi 28310UN  UBO4BQ0W 35. S0.
ALSANY GA 3152000 841200n 196. 50
AJOUSTA GA 332600iv UB202004 424 . 50
UQISE AIR TerM Lo 433400 1161400w 2858, 50
IDAHO _FALLS 1D 433,000 L1120400W 4740 50
LEWISTON PereE Lo LoeloUUN 11701¢00w 1438. S0
POCATELLO MUNI 1D 425000N 1123000wW 4448 50
CHAMPAIGN [ H0u<c0uUN 881790w 754, S0
DECATUR IL 39500 0N 885200w 679 S50
QUINCY MUN[ L 395000 U911200Ww 769. 50
BLOOMINGTON IN 390800N 863700W 847 50
tVaNSV{LQt IN 380200 873200w 418 50
LAFAYETTE iwn 402500iv 865600wW 605. 50.
BURLCINGTON A 404 /UUN  U9LO/7Q0W 637. SU.
UUGUQUt MUNI 1A 422400 U9U432wW 1076 50
LEXINGTON IA 380200N d43000W 979. 50
WATERLOO Myuni LA 42550UN  U922400W 870 50.
LIBERAL MUNI KS 370240 Lyub8l5w 2887. 50
TOPEKA KS 39400 UYDS/700wW 880« HUe
PAUIJCAH KY S7U40UN 384000w 410. 50
toLER FIELY LA Sl2050N UY21919wW 108. 50
LAFAYETTE LA 30120UN  UY20UQ0w 42. 50
LARE CHARLES LA S00/00UN  U9QS13Quw 16. 50
MONRQE LA 323000 UJ20c00w 79. 50
LANGOR INTL ME 444b0UN UBBHUQGOW 192. 50
PORTLAND My G349 7U18110w 4. 50
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Location (Lat, Long, Ground Level (ft. MSL)
Sensor Height (ft.

GRAND ©AY AL
HALEYVLE TKA AL
HAVASU CITYy AZ
HARTFORD C3

CRUSS CITY FL
BALOWLN_GA

HANNA CITY AFS 1L
WATERLOO MunL 1A
SNOW MTN AFS KY
FINLANL AFS MN

NEWPORT MS
LEBAN04 MO
BEACH |
INLLY AFS NU
AFTON Ok
vU B0l PA
CRULSVILLE MEM (N
TIPTONVILLe THN
ANSOiv TX
ROGZRS T«
GUTHRIL WV

Table A.4.

302031Iv Upgocu20w 100«
341c¢0UIN Ug /3800w 925
342700N L142200w 480
414500n UT724200w 19.
29580UN Up30/7ylw 40.
3308001 UBS1500wW 385.
4005200UN  UB9OL4 /50w 724 .
B2593UN U9Ye2315w 920.
375950 UsblUQ9W 900.
47c500N  UYL1440wW 1520.
325650 UpY4bl5w 420.
374000 U924Up0W 1323.
4oH400N  LQ040UQ0W 2950.
47010Un VU97?HU0UW 1450,
3604<00N U945 /700w 800.
410600 UY7B4bYOW 1817,
S540U0UN 850UQ00wW 1881.
362100In  Ugvsupnw 280 .
324500 UYY5LQ0W 1710.
30o501lun  V9/1330w 550
382539N U314100w 1179.
DT"T /w:nu
1Y/
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Proposed ARSR Listing

above ground level)
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Table A.5. Coverage Map Listing and Parameters

Figure Number Sensor Type MSL Altitude Maximum
(thousands of feet) Range*
(nmi) '
A.5 ASR 20 100
A.6 ASR 20 60
A.7 ASR its: >133
A.8 ASR 15 100
A.9 ASR L 60
A.10 ASR 10 100
A.11 ASR 10 60
A.12 ASR 5 2 1L
A.13 ASR 5 60
A.14 ASR 3 > 52
A.15 ARSR 20 >156
A.16 ARSR 20 150
A.17 ARSR 20 100
A.18 ARSR 15 >133
A.19 ARSR 15 100
A.20 ARSR 10 106
A.21 ARSR 10 100
A.22 ARSR 5 > 71
A.23 Proposed ASR 20 100
A.24 Proposed ASR 20 60
A.25 Proposed ASR 15 >133
A.26 Proposed ASR 15 100
A.27 Proposed ASR 15 60
A.28 Proposed ASR 10 100
A.29 Proposed ASR 10 60
A.30 Proposed ASR 5 =i
A.31 Proposed ASR 9 60
A.32 Proposed ASR 3 > 52
A.33 Proposed ARSR 20 >156
A.34 Proposed ARSR 20 150
A.35 Proposed ARSR 20 100
A.36 Proposed ARSR 15 >133
A.37 Proposed ARSR 15 100
A.38 Proposed ARSR 10 >106
A.39 Proposed ARSR 10 100
A.40 Proposed ARSR 5 3 il

*
Coverage maps for ranges greater than values preceded by '">" would be identical.
(Due to earth curvature; see Section 2.1 and Fig. 2.3 for further explanation.)
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MSL, maximum range

55000 ft.

ASR composite coverage map,
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Fig. A.12.
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