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1.0 INTRODUCTION

1.1 Motivation and Method

Results of a CONUS—scale surveillance coverage stud y are presented . The

study was motivated by a need to better understand the trade—of fs behind such

questions as these :

— W i l l  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 a l t i tude?

— Are DAB S 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 simp ly as the region of space

tha t could be seen without terrain obstruction up to some maximum rang’~.

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].
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I t  is impor tan t  to r ecognize  the limitations of this model. First ,

Section 2 shows that the terrain model used is not  a p p l i c a b l e  to a low altitude

coverage study; i . e . ,  MSL a l t i t u d e  where some t e r r a i n  f e a t u r u - s  a re  above the

alt itude 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 t h e  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 hig h 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 Triang le

(Boston — Chicage — Atlanta), the Eastern United States , and thL 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. Tile Golden

Triangle was considered separately due to the high traffic volume . The

Eastern United States , including the Golden Triang le , was considered only for

5000 ft. and 10,000 ft. MSL altitudes . CONUS , including the Eastern United

State s, was considered only for altitudes of 10,000 ft. >1ST . and above . Lower

/ I l t i t U(f t 5  were not considered for CONUS since much of the ground in the Western

United States is between 5,000 and ~O ,0O0 ft. MSL

.3
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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 stud y combining the present and proposed sensors.

Sensor maximum ranges (R ) of 60, 100 and 150 nmi are also consid ered
max

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 R greater than 105 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

excellen t coverage of the Gold en Tr iang le is supp lied by the ASRs and that

litt le add itional coverage is gained by includ ing the ARSRs . Therefore in

this region the ARSRs would not be needed in a netted DABS dep loyment. 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

prov ide little additional coverage over what would already he provided by

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

5
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J~~C_ 75( l .2) L

100 R = 100 nmi ’\ 100

50 ~~ 

~~~~~~~~~~~~~~~~~~~~~ l0O nmi

(a) ASR] ~ (b ~ AR sRI

0 ________________________________ ________________________________
5 10 0

Alt itude Above MSL Altitude Above MSL
( thousands of feet)  (thousands of fee t)

100

max

~ 50

(c )  ASR p lus AR SR

5 10
Altitude Above MSL
( t housands of f e e t)

Fig.1.2. Percent coverage in Golden Triang le
(Boston—Chicago—Atlanta) — existing sensors.
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1~T C-75 (l .3a -b )J~
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~~~~ 
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100 l50
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50 
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Easte rn I : .S .  CONUS.

~~~~~ -~~~~~
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0
0 5 10 15 20
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100 r
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Lb) AR SRI

Eastern U.S. CONUS
_ _

0
0 5 10 I S  20

Altitude Above Mean Sea Leve l (thousands o t  f e e t )

Fig.1.3. Percent coverage in Eastern United States and CONUS —

existing sensors.
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l0O~~~~~~~~~~
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Fig.1.4. Percent coverage in Golden Triangle
from existing and proposed sensors.
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Flg.l.5. Percent coverage in Eastern United States and CONUS
from existing and proposed sensors.
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deployment of sensors. However , in this reg ion , increasing the maximum range

to 100 omi has a significant effect on coverage .

Fig. 1.3 also considers altitudes of 10,000 ft. and above over COI4US.

It shows tha t in the West many of the existing ARSRs will be needed to fill

in the gaps between the ASRs. The missing reg ions can be f illed in w ith a small

number of new sensors.

Figs. 1.4 and 1.5 show the percent coverage where the 117 proposed

ASR s hav e been added to the exis ting 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 CONIJS basis, a comparison between Figs. 1.3 and 1.5 shows tha t

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) In the Eastern United States and espec ia l ly  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) In the Western United States , sensors at many of the ARSR sites

will be needed .

11 
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(3) Build ings can be a far greater limiting factor on coverage than

terrain.

(4) The model used here is not valid for a low altitude coverage study

and is only sl ightly better than a smooth 4/3 earth model at high

altitudes .

(5) 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.

I
12
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2 . 0  CO VERAG E MAPS

Graphi cal coverage da ta has been suppl ied 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 composi te

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 refrac tivi ty is mod eled b y assuming an effec-

tive earth ’s radius which is 4/3 the actual earth radius 
[1.) This allows

rad io waves to be drawn as stra ight lines over a 4/3 radius earth.

2.1 Composite Coverage Maps

Line of sight coverage is illustrated in Figure 2.l.a. The unshaded

region represents the covered volume for the region in which the DABS sensor

can detect aircraft. The Target Acquisition Model (TAM ) [2j ,[3],[41 coverage

approximation used by ECAC for this study is illustrated in Figure 2.1.b.

Coverage is assumed to be provided for all alt itudes (even altitudes below

ground level) between the sensor and the terrain feature subtending the

greatest angle to the sensor. The results are thus not app l icable for  a

de tailed low altitude coverage study. For example , a nea rby airport In the

valley between the two peaks in Figure 2.la 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.

13 
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Fig.2.l. Line of sight coverage and TAM approximation .
Maximum sensor range = 60 n m i .
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For results presented here , a simp le model was adopted in which the

s e l ) s ) r  antenna characteristics and nearby buildings limit the coverage to

0 *
e l e va t i o n  an g l e s  in excess of 1/4 above the horizontal . If ~, the elevation
ang le of t h e  t e r r a i n  feature limiting the horizon , is less t han  1/4

0 
then

c o v e rag e  is as illustrated in Figure 2.2 . I f  ~ > 1/4° then Figure 2.11) is

app l i.c ib l e .

The ASRs and ARSRs existing in 1974 and the proposed ASRs and ARSRs are

listed in Tables A .l—A .4 and located on a map of the U.S. in Figs. A.l—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 des i red  map , the figure numbers

and c~ rresponding parameters are listed in Table A.5. Summary coverage

stati st ics appear in Figs . 1.2—1.5 of Section 1.

Fi gure 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

l - i g .  2 . 3 .

*
A u t t e r  ch o i c e  fo r  the ARSRs might  have been a e t i t — o t  f an g l e  on t h e  o rde r  of

— 1 ‘4~ s ince  ARSRs are  usual l y well  s i t e d  — f r e q u e n t  lv on top  ot  a h i l l  or
m o un t  i n  wi tli few b u i l d i n g s  around them. 
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Fig .2 .3 . Minimum coverage altitude above sensor level for a
smooth 4/3 earth model and 1/40 elevation cutoff angle .
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Sensor hei ght 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 f t. wa s 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 p lots par t ia l ly  determine : (1) the minimum MSL a l t i t ude  at

wh ich con tinuous coverage is prov ided , and (2) how extensive are the regions of

airspace visible from multiple sensors .

Fig. 2.4 is a “route coverage plot ” dep icting present—day coverage

on a route from Boston to Washington , D.C. which passes very near to New York ,

Philadelphia , and Balt imore at intermediate points. In a route coverage

plot , attention is limited to a one—d imensional 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 reg ion of Fig. 2.l.a.

The term “route coverage plot ” should not be taken to imp ly tha t only en ro ut e

coverage is of interest , for in fact terminal coverage was of no less interest

in this Investigation. The limitation to a sing le ground track in any one

plot is only a means of limiting attention to two dimensions for plotting

purposes.

The sensors In ques t ion are the 1974 ASR sensors w I t h o u t  any range

limitation . A map showing the route and the sensors is given in Fig. 2.5.

Fig . 2.6 gives cumulative coverage distributions , der iv ed from

Figure 2.4. At least single coverage is provided at all points above 1300 ft .

(above MSL), ~nd at least triple coverage is provided at all points above

3700 f t .  (above MSL) .

R o u t e  coverage p l o t s  p r o v i d e  a good means f o r  d i p i - t i n g  the  r e s u l t s  of

this analysis technique for t h e  heavily used routes.

18
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3.0 BOSTON ASR STUDY

3.1 E f f e c t  of Nea r —In  Buildings

To assess the effect of not including nan—made obstructions in the ECAC

terrai n 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 fo r  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

re semblance between measured and computed results. Much of this difference

is obviously due to the close proximity of the bu i l d ings  in downtown Boston ,

br id ges , buildings at the airport , and trees.

Attempts were made to improve upon the ECAC model b y more real is t ically

a c c o u n t i n g  for  the buildings. These methods, tried on the Boston ASR coverage

ca lcu la t ions, met wi th  limited success* and are discussed below.

The e f f e c t  of buildings at short range on the hor izon  angle is depicted

in F ig .  3 .2 .  As expected , small buildings close to the  sensor have a s ignif i -

cant  e f f e c t  upon the horizon ang le. The ECAC model of the  terrain surrounding

- the  Boston ASR is characterized b y shor t  ranges to the t e r r a i n  fea tures

l imiting the line—of—sight (see Figure 3 .3) . This  i s  reasonable since there

are few tall hills at long range. Small buildings at shor t  range would thus

be expected  to have a s igni f icant  e f f e c t  upon the hor i zon  angle .

To test  the sensi t ivi ty  of the ECAC model to c l o s e — i n  small bui ld ings , t l ic

radio horizon angle was recomputed with two cli~in g e s :  (I) all terrain greater

*
They were not used in the CONUS coverage p r oj e c t  Ions presen ted  in Sec t ion  1 ,

and 2 .

2 1
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ATC-75 (3.I)

0 8
L*0 ta l l  bu i ld i ngs
___________________ Boston sky l i ne

bldgs range *
0.? — fromO .8° tO2 .6~

0.6 -

0.5 - * * *
* Measured with transit *

*

ECAC model

0.0 - F
~~~4J

•
1! 41.

-0.1 - C 81 . °
0’ A’ .

~~

-0.2 ...._...resfdent fal—...J

0 90 180 270 360
Azimuth (deqrees (torn true no rt h)

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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Fi g . 3 . 2 .  E f f e c t  of bui lding s at short ranges on the  hor izon  ang le .
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Fig.3.3. Distance to the line of sight terrain feature in the ECAC model

for Boston ASR.
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than 4 nm i  f rom the  sensor was raised 50 f e e t  when computing the radio horizon

angle , and ( 2 )  i f  t he  terrain feature limiting the radio horizon ang le was

less than 4 nmi f r o m  the sensor (with the assumption in ( 1) ) , then 50 fee t

we re added to t h e  h e i g ht of th i s  t e r r a i n  f e a t u r e  in compu t ing  the radio  hori-

zon ang le. These ECAC model results are compared to the measured data in

F i g .  3 . 4 .  Note  t h a t  there  is b e t t e r  bu t  s t i l l  not good ag r e e m e n t .

3. .~ Ter ra in  Sampling Gran ularity

F i n a l l y ,  the method used to compute terrain heigh t  was cons idered  as a

possible source of e r ro r .  As i l l u s t r a t e d  in F i g .  3 .5 , t h e  ECAC t e r r a i n  model

takes po in t s  on a 30 sec x 30 sec gr id , and a 4 po in t  l i nea r  i n t e rpo l a t i on

is used to e s t i m a t e  t e r ra in  height  between grid p o i n t s .  Thus , as i l l u s t r a t e d

in Fi g.  3 .5 , the es t imated  and ac tua l terrain height for Point A can differ

si g n i f i c a n t l y .  To determine the signi f i cance  of this difference , the radio

hor izon  ang le was reca lcula ted  using the maximum of 4 p o i n t s  to  estimate the

terrain (i.e., Point A in Fig .  3.5 was taken to be 700 f t .  ins tead  of 575 f t . ) .

These r e s u l t s  are compared in Fi g.  3 .6 .  N o t e  t h a t  the d i f f e r e n c e s  are smal l ,

and thus  it may be concluded tha t  the linear 4 poin t  i n t e r po l a t i o n  was a good

techn ique considering the close spacing of grid points. This method should

also he checked in mounta inous  t e r r a i n .

tfl j ~~~~nr~~1 — —. - J
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Table A.l . (continued)

I(O.~. NY 431341N 752527w 578. 1+ 1.
SYr~~CU~~ N Y  ‘43flô44N 760620W 400. ~5.
w,-jITE ~ L.AL~~S NY 41fl340N 734255w ‘490. 41.
A~~IiLV IL...E N IC 352 63 1N 823226w 2230. 70.
C~iu~ LOT1E -~C 351236N 8056?QW 600. 70.
F~~Y~..TT E ’~LE ~‘lJNI Nc 345824 N 785228~i 170.
GR,~~NS . ~~~~ tiC 350536’j 7956~~lw 932. 50.
N,.~_~~I G - j N(. 355313N 784707..I 417.

I L  465513N 0964812w 1498. 30.
Al%r\OIJ O h  4O~~505N 81263°,~ 1210. 30.
C...L.v’EL ,e.&) ne~ 412’449N 8151p7~ 789. 31.
Ci.)i.. Ji~it3 j ..~ (l~~ 395959N 825344W 812.
LI,~Y T 0N ~H 3949Oc1N 84 02 0 0 ”  926. 72.
IOLCL O CH 412S515N R3~~8 l f lW  670. 30.
YuU J(,ST..,.i.~ flH 411528N 804040k 1156. 47.
T I .KER AFu OK 352535N Oy7231’4~J 1270. ~ 1.

361206N 0955328w o42. 30.
P~~r~TLA~~ INTL o~ 45345e1N 1223612w 23. 53.
ErU L PA 420500N 801O3R~i 732. 30.
H~~ 1~ISj.~l’~, PA 40132’+ N 76523Q-’~ 494. 29.
Pt-IILADELPrITA PA 39’~232N 75140130 0,

P I T T S B~.)R&H PA 402953N 801440 W 1243. 30.

~ LLK~.S b A R ’~r~ PA 412009N 754310w 1037. 47.
QuONSET PT RI 413608N 712440W 10. 28.
ClIAI~LESTO N SC 325425N 800225W 45. 55.
c,1-~LENV LLLt. cc 345059N 82212 1W 1007. £4 7.
W COLU~ L-i1 A cc 3356 58N 81O 75 O~ 236. bO ’
Si o U X  F A L L S  SO 433436N Oq644~~7’~ 1428. ~ 4 .
M~~CJA 1:4 35L&829eh 83591i5W 989. b’ ’
BrU. T0 ... IN 36282 2N A224114~ 1537. ~5.
Ci-IMTTA~~GOo~ TN 350155N 851227w 698. 47.
M~.i~PHI , TN 35n354N O8957l3~ 291.
NAS~vLLL T’-~ 360725N 86L4O52~ 597.
A IULL.., T~ 35l341N 1fl1 42~ 5~ 3b02. 30.
AuSTI N TX 301244N 0q739.-~~~ 500. 17.
CQLLEY~~iLLF’ T~ 3?5250N 097O7~~7’; 650. 34.
C~~~PUS CH)~T C T I  TX 274357N 0972348W 32. ‘+ 1.
D~kLLAS TX 325435N ~9645q l~ 487. 50.

UAI_ LAS I X  32’~~11 4 1N  0g645n1w 633. 40.

~ i d  T ’~ 322~~0fl~ j 0qq50~~o .  1753. ,~o.
~.L PA SD TA 314~~~2N 1~~~~i~~0o) 3955.
FT. wO,~ J H T”t 322’+19k 970244. . I  s°6. 30.
i-iOu,.,TO,. TX 29u~~4 0 r 1 Q95145p~ 42 .  y o) .
LJ~~a OCr ~ IA ~3 ’40fl ~’ I 1fl l 511 I )~, 33fli~

’i.

.,,..,
T ~ 
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Table A .l. (continued)

,~j o~ ANu TA 31~~74RN IO2 l lc f lW 2730.  .~0.

~~~ AN~~-O ’4Ln T~ 293125oi 0982841W 805. 55.
HII..L A Fi uT ‘+1~~710~ ‘115945W ‘4770.
S,~..T L~.Kt: cTTY liT 404b23N 111’~833~1 ‘+220.
bcNLIN~~TOI~ INTL VT 4L4,~ 8O Oj - j 7309nflW 335. sO.
CIIANTI LLY ‘ii i 385724W 772750W 295. .~7.
NO h~FO L.~ ~~ 365344 N 761 137w 25. s5.
Rj ~,.:lM0 L ~A 3730 19N 77t 928W 157. 35.

~‘W MhjOK4.. Vii. 371932N 795856w 1137. 37.
FAIkCH1LL ) ~~ i-’, ,~~ 473721N 11739773,’ 2462. 55.
MC ~HOa.~ AFt-~ W A 47n819N 1~~228 1~,~ ‘420.
SLATTLL. ~M 472?07N l?21850W ‘+06. ~ 1.
hu~ rIN~ 1J;J ~V 382227N 8 234 02 W  84’4 .
Cr-~M.-~LEST~ v4 I.iV 38214’4N 813523w 982. ~0.
Gn~.2N :j, .Y ‘iT 4’42935N 8807i°~ o75. 90.

~iAL.~iSON ~~ 430822N 0892016w 862. 30.
Mi~~~AU K~~ W T  42570’4 N 8753~ 2W 667.

~~~ ~~~‘‘~~~-
~~~‘ 

~~~~~~~~~~ ~~~~~~~~~~~~~
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Table A.2 . ARSR Listing — 1974

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

NAMER AL 321238N 0861001w 276. 60.
PHOENIX AKSR AL 335848N 1114742w 5239. bS•
RUSSELLVILLE AR 352400N O925950w 1093. 72.
TCXARKA IIA AFS ~R 33271iN 0935954w 367. ~+5.
bORON CA 350’455N 1173453w 2994. L3.
HALF MOON bAY CA 3731’l-’+N 1~ 22535w 1930.
MT. LA~ UNA AFS CA 32s433N 1l624~ 1w b269. ~6.
PASO RUbLEs CA 352344N l202112W 3625. 66.
RRED BLUFF AFS CA ‘4OOb47N 1221813W 483. ~3.
SACRAMENTO CA 38331’4N l2j16~ 9w 130. 45.
SAN PEL~~O tI ILL CA 33444bN 1182009W 1480. 60.
DENVER CO 393539N lfl’44135w ô150. ~5.
GRMND JUNCTiON Co 390’l-I8N 1083327W 9000. ~6.
TRINIDAD ARSR co 373230N 1040020W 5503. 59.
KEY wE:,T FL 243501N 814118W 9.
MACOIL... AF~ FL 275005N d22 820W 10. 66.
PA IRIC AFL~ FL 281250N 0w03558w 10. ~2.
RICHMO,40 AFS FL 253124N Ob02’~1RW 12. 97.
TYIhL)ALL. AF6 FL 300’4’33N ~53b32w 28. 52.
WHITEHCUSL FLELUFL 302U4 5r ~i 0315225W 91. ‘+6.
ATLANTA GA 33~ 339N d’+2955W 1090. 70.
VALCIOS IA ~~ 30s831i~ 

(3831249w 325. 50.
MSriTON ID 1443341N 1112b35~ 9904.
bO ISE IL) 432b40N 116O8O8~ 8320. 57.
CHICAGO IL ‘4 14750N 875129w 615.
I-~ANNA CITY A FS IL 404000N 8945 00W 650.
INJIMN ,\ POLIS I~1 3944L4 f~ J ~o17o’+ w 784.
LAGRA III L,E 1N 413?52N 852’453W 979. 110.
W b~ ANC;i LA U’1i.4221N O911505W 600. ‘+8.
H UF C HIN SO~4 Al- S i~S 37552’4N O975’#14W 1536.
O~ ATHE KS 38~ 012N 0945413W 1055. 90.
SU6LETTE r~; 373953N 10052m w 2940.
LYNCH j4~Y 365458N 825326w 4150. 1~~

6.
AL~ XANJRIA LA 31ib53N 0923141w 89. 78.
NE* ORLEANS LA 30205O~ Ub94bSOw 28. 75.
bUCKS h ARbOR ML ‘4437’41N bl2344 W 221. lIP.
FT HEAT 1I MA 422321N 7U58i1~ 60. 95.
SULT LA IL M0 385114N 765622W 285. ~0.

~j t .1ROIT MI 42L 636N 8326 2 7W o83. 77.
t.MPIRt AF~ MI 44480 7N 860303w 1003.
MI,~N EAP OL I~ MN L4 L4 I4S1O N (J93 1338~ 1110.

A- 6
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Table A.2 (continued)

UYHALIM MS 34slObN O8~ 4556W 390.
MQ~ COW MS 32’+iO8N 885040w 667.
UXIRKSVILLE AFS MO 401752N 0923431w 982. ~0.ST LOUIS Mo 38’4204 i~.1 0902326w 706.
KAL I SP ELL MT 4800’41N l1421’+9~ 6785. i+0.
MALMSTWM A F U  ~iT 473007N 1111209w 3s25. 71.
HASTING. NE 403448N 981720W 1900. b8.
NO PLATTE NE O’+956N 1004452W 3161.
O;~MHA NE 412137,~ 0960 130w 1305. ~1.
ANGEL i~LAK NV 361907N 1153430W 8865. 5~~

.
BATTLE MOUNTAIN NV ‘+02’41IN l1b5202w 9601. 12~~

.
FA LLON AFS r~iv 39~ 420i~ 1184.516W 3926. j~~8.
TONOPA11 N~I 38Qb 3Ot~ 1171158W 7200. 1~,0.
ELW000 CITY NJ 393519N 744156W 119.
ALdUOULRQUE NW 350’417N 1065412w 5933. 30.
GALLUP ARS~ N~1 360’435i~ 10851354 9373. 72.
ML~ A RICA NM 36].’417N 1041214W 5373. 62’
SILVER CITY NM 32L4700N lU81bOO~ 7620. 58.
DAI ’4 SVILL E N Y 42381b~ 773914w 2027. b5
NEa YOt~K NY 403945N /34o45w 10. 130.
SAr (ATO’,A SPR AFSNY t43’)U37i~j 734057W 605. 72.
u~~ SON NC 353U3u,~ 783330w 282. 68.
MAIDEN NC 35ib1+2t~ 811424w 889. 77.
bRC.CKS~~1LLE OH ‘+11805N 814103w 1247. 135’
LONDON OH 395O’4SN 832848W 1086. 118.
OKLAHO 4A CITY OK 352’-402N 0973711W 1284. 69’
OKLAHO~44 CITY AF S 352408W (3972133W 1331. 75.
KE NO A~ S OR ‘*20’#1ON 1215815w óbOO. 42.
SALEM OR ‘445524N 1233424W 3740. 70.
BENTON AFS PA ‘412126N 761736w 2381. 1~~2.
OAKOALE Al) SITE PA 4O23~ bN 800926W 1270. 1~~0.Tr(Li/OSE PA 400805i4 7459 14W 200.
A IKEN AFS sc 333847l~ 0814037w 530. 7?.

SC 330’+12N 8013 14w 50. 83’
Gt.. ITSBuRG A FS SI) 450303N 0995720w 2400 . 1~~0.
JOt.Lt O~4 TN 3620101- 1 865140W 846. 72.
A MA R ILLO AFH TX 351448N 1O1391Qw 3618. ‘40.
EL PASO TX 314O53N 1001150W 4019. 90.
FT WORTH TX 325b40N O971312W 684. 70.
HOUSTO’l TX 293715,~ U951021w 42. to8.
OOt.SSA TX 3233 15W 102254 5W 3117. ~3.O ILTON TX 272955N 0985805W 880.
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Table A.2. (continued)

SAW ANTONIO TX 292308W 0983800w 784 . .~3.
CEOAR CiTY UT 373536W 1125144W 10ó91.
SALT LA KE CITY UT 410201N 1115016W 9515. 70.

bEDFORD AFS VA 373102W 79303gw 4226. 46.
CAPE C~-lARLEs AFSVA 37o802,~ 755704W 9. h O .
MICA PEAK AFS wA 473426W 11704~ 0w 5205. ‘+2.
SEATTLE WA 473922W 1222443w 355. 1u5.
HOF~ICON WI. £e3d 64bN 882930W 1188.
LOVELL ~Y 44’+900N 1075406w 9557. ~6.
LUSK Wi 423535W 1O’+3515~ 

6100. 40.
ROCK SPRI I’it,S W Y 412b05~1 l090?QOw 8663. ~ 5.

— r ~ ~~~~~~
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Table A .3. Proposed ASR Listing

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

OLJHAN AL .5li900k U852 (ijOn ‘400. 50.
FLASSTAFF i~~ 350800W L11’4000W 7012. bu .
PRESCOTT MONI ,.~L 3444091-4 1124027W 5042. 50.
FAYETTEV ILLE Ar~ 3b~~~39N U940bj9~ 1361. 50.
FT SMITH ~ILJW1 ~~~ 352000W U9424OO~ ‘468. 50.
HOT SPr(INGS AR 434900N UY306QOw 535.
TEXARKA NA A~~ i~~~ 332/UON 0935900w 389. 50.
A RLA TA CA 40~~’900N L440btj 0 ,V 218. 50.
t3AK ERSt IELL~ CM 35~~~h 0Uh J 1190300w 491. ~0.C~~iCO MUNI CM 39.412411 1415046W 238. ~0.E~ CENT RO s~MF CM 324657N 11540 14W ‘43. ~0.PuL~4 SPRINt., MU~~i 33~~U U 0 N iio30ü0~ ‘448. 50.
RE~~5JN. . ~4UNL CM 4030l7j~ i4 2 1(26~ 500. 50.
/A 1-~TA BARU~~~M i~1UWj 342b0UN 1195000W 10. ~0.
~ T O CKT O!J ~A 375400N 1211500w 29. 50.
A SP EN CO 39 1300W 10b5200w 7793. 50’DJr-~At~GO CU 370900W ~074b0Uw 6684. 50.
~ r A ~Jl) JU.~CfjQN cv 39u100N 1Ub31u0W ‘+857. 50.
Pt EJLO MEM CO 381/00W iU430 U0~ 472 5. ~0.
nRAJt ,EPORT ~T ~411U0QN 730800w 9. t~U.
*ILi~ IN~~TQN Oc. 39~~iDUhj iS3tvOW 79. 50.
~A Y TON A B~~ Ct~ FL 2911UUi~ U~~103~)0~ 34. 50.
Fr ~Y ER S FL 2b~~bU 0N 0615200W 18.
MLL~ OUNNE bL 280~ UUN 0603600W 32. 50.
PA NAMA CIT ( rL 301300W Ob5~ 1O0w 20. 50.
SARASOTA BRAUEN1UN 27&+0u~ U~ 2.53U0W 27. 50.
TA LLAHASSEt . MUNLFL 3044 00W U842100w 81. 50.
T ITuSV ILL~. -L 2~33 lO U N  Ub0’4600’4 35. 50.
A LL3ANY GA 313200W 8’+12O0i~ 196. 50.
AJ~,JSTA GA i3~ b0ON U8202uO ,~ 424. 50 .
r.iO ZS E M A R  r tj ~M 1.u 43i400N fl. o 1’4 oow 2858. 50.
IIJAHO FALLS ID ‘+33 100W 11404 00W 4740 .  ~0.
LE~~ISTQN P~ kLE LU 46d~ 00t~ L 1 1 V 1 o 0, -~ 1438. 5U.
POCAT ELLO MUNI LU ‘+25~ 0UN 1143oo0~ 4448. 50.
CHAM1~A~ GN IL 400400W 881(u0~ 754. ~~~I)ECATUR IL 395000W 685200w 679. ~0.
~UINCY MUNI IL 395o0ON 091l2uQ~ 769. 50.
6LOOM I NGTO i’J IN 3Y0600N 8b 3 fU 0 ~~ 847. 50.
LV I~N SV~ LLE IN 380200W 8/32 00w ‘-#18. ~0.LA F A Y E r T E  ~~ 40450(J~ 8b5 b00W 605. 50.
~~LLN~,T ON j,.

~ 4 0 4 / 0 0 W  0910 / 00w b97.
UUU~JGUE MUNI Lu 422405W U9U44j2~ 1016. 50.
L E X I N G T O N  L A 38O200N d’+36(jUW 979. ~0.w A TERLOO MUNA IA ‘-+2. 300N 0922400w 870. 50.
LIL3ERAL MUNI Ks .i7u4’-4 tfl~ 10058 15w 2887. ~0.
TOPEKA KS 3YU400N 0953(00W 880. sU.
PAU’JCAH KY 370400W 864o00w 410. 50.
L~ LER FIEL~ LA 51.~o50N U941919~ 108. ~0.LAF AVE ITE LA 301400W U 9200UQ~~ 42. 5(1 .
LM~ E C~1ARLES Lu 3UU IOUN U9313Qu~ 16. 50.
~,ONRUL LA 323~iuU ~ U920~~iJ0n 79. 50.
LAW (,OR INTL p.

~ ‘+4L~-OOUN 0685000w 192. 50.
PORTLA 4 ) Mp- ‘-43 ~~~-Iku /0  ldHl )* 74. 50

~ LEST ~~~~~ ~~~ ~~~
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~~~~ I.e A , ~ ( t -c ii .:1nu~ d)

8ANNST A~~~~~ -R~NL st ., ‘+l 3’~.iUi~ 7 0 1 ’~~3W 5 . 50.
NAN T UCKEr ~~M ~iu L~~~~~~~~~~j-~ 7tW~).38w 4 • 50.
T EW KSb U RY ~~ ‘~~~ LU~.N L 5 t J 0 W  1009. t,0.
wOr ~CHE h~N ~~Hj  v~ ~~~~~~ ~l5256w 1009. 50.
b A T T L E  CkLt rc, ~~ .& ~~~~~ ~~.1 -iUOW 941 • 50.
SEIITON HARt~ )k ~I C t~j 00 i -~ ~~2b0U~4 643. ~0.r%ALAMA ZOO t~ L ‘~2~ 4UUW b53300w 874. 50.
i~1USKEG3 -4 ~ 1 ~

- i1wi~N bt -.I4()Ow 628. bo.
LJULUTH iNTL ~• 4  ~~ t ’ . ’ . ~Ui~~-~ 

1~’~~.1 100w 1429. 50.
GULFPOi-~T Crj . ~~~~ ~~~~~~~~~~~~~ 

0~~it)4Q0~ 28. U .
SPNINr.~- IL~.u ;e ;- ~)U,;N U’~.i~~~ 10w 1267. U .
HtLENA MT ~~~~~~~~~~~~ 1j159 (~U.~ 3873. ~0.
~IS~ OUI_ f\ M[ ~~ t~~~~b t J ~~. i .~4l,5Q0W 3201. ~U .GRA ND I’~LA~ j NL ‘+~~5t~~ JH U981900w 18L#6. ~U.s.LARNE~ 1J1ij ~~~~ ~~~~~~~~~~ ~-9Y ! 1 tJ~~7w 2130. 50.
KELNE ~ 4 ,~~~~~~~~ L’ L ’ ’4 ,~~~hUO w ‘487. 50.
LEUANO~ kL~~~LU14MLNH ~~~~~~~~~~~~ ?~~1~~- 9w 1243. ~0.
~1At ~LhL~~TL~ 14H ‘~2~,~ tio~ / ~~~~~~~ 233. 50.
TRc.NTO~ NJ 41 ) .~ ~~~~ I~~-~~00w 213. 50.
EL~~Ir~A ~Y -

~~ .-- ~~~~~ - i~~~~u0~ 980. 50.
ISL.IP I~ ~~~~~~~ ~~U ’ i ~~~’~~ 98. ~0.ROS~ LLL Ik~, IL ~ ibu ~~~ - •i 3~~j (jr, 3669. 0 •
~A N T A  FL LU ~~J1~~~~’.t - ~ ~‘-3� .-’c~.. £ uo~j 3~~ 2 ,~ ô344. 0.
HILKORI NL ~~~~~~~ ~, ~~~~~~~ 1189. 50.
NEn BLr-~ ~~ ~~~~~~- D t ~~U~~, / / ; ‘-.uU ,~ 19. 50.
R O C K Y  - I -“U iC • ‘ ~~; ~-)~~N 7 /~~~ 14w 97. 50 •
*ILMIN-~~~U~ i~~~. ~~~- W - - ~ ‘- i’+U0s~ 31. 50.
W I N S T O  SL~ Id~ ~~: ~~~~~~~ ‘uJN ~,UL~~~0A 969. 50.
6ISM AR- ..J\ ‘U~~! ~~~. 

‘-.- - .~~/ U L -j - j i 4 ~~~ - J ’~ 16/ 7. ,U.
t~1IWO1 J ’ 4 1L ~~~~~~~~~~ t jl 1f1 ~~ 1715. ~O.

- - 
~-. ~~vL ‘~iJ 4~~:fJ ~~~ ‘-~ -‘1 1 u Oi ~ 8144. ~0.U t L ~.5V IL~.L C,. j~~- , v J  ~‘ U-~~~~L~~5~ 715. ~o.

L Aw  TON ~j ,’ ’ s:r 314 ~~~~ , ~~~~~~~~~~~~ 1109. ~0.
Ev~~LNE ~~ ‘

~~
‘ - ( )  / - -

~~~ ~~~~~~ -~~ -~~~~ 3b5. ta o.
l~IE~.1F QRj  Ok •.~~~~~~ -~-J -- ~ i~~ j~— . ~~~~~~

- 1330. ~0.1 40 ,~~i H -  / ‘  ~ -2’ 0~ - 1000. ~ tl.
Lt~~i&: 

X L ~ .~ 
-
~~~ - - 

.
_
~~. - 1 I _  :~~~- - - 732. ~Q .LA -’~Ci~.:I - - ~ ~u ‘-~- -~~~~~~ “‘ -_ ‘~~ e- ~

;
~~’~ - ’ J- .~ 403. ~0.w1LL1 A .SI- ~t I_ T~~-J r S ~ ‘-~- - . ) U U s  f~~~~ 4i~ (p ~~ 1000. 30.

MYr ~TLL ~~. - - u  .~C - ~~~~~~ - ‘~~ -~ -‘ - 33. 50.
51 ~~~~~ ~~~

- ‘ ~~~~.~~u - ~~-~~11-’, 3162. 50.
bLAu~~O 1  ~~~~; I A  .:~

) - ( i~ -~-’. J- ~’- ~~iij ’ ,’ 16. ~O.LULLE(.,t. ~ r i  A - ) - ~~~ J - -~~ ~‘‘i ’ - ~~~~~~ 319. ~0.
I-~~~L1N - H IA  ~

- ‘ ‘i~~~~~~~~~
- -

~~ ~/ .~
5 u ~ 35. ~0.‘- ..~~uu ’. t~~~~~jU -~ ‘+33• 50.

L U s~~ ii~ . ‘ 
‘
~~~

-
~~~~~~~-~~~ u- -,~~ ~ - r j~ 365. ~0.

MILLE .
~ ~~~~~ t L  I A • t - ,4 j ,;-~; - %1~~j~i~ 107. ~O.SA-4 ~1I- ~~L~ . ) IA  , -: ‘l~ - £ 

~~~~~~~~ 
1q 15. 50.

1’ -~ -, . v-~ ~~~~~~~ j O  A b82 • ~0.TI’ s.. -~~ r~ ~~~~~~~~~~ U- ,-’~uQ~ 544 .  ~,0.wAC . ~&i ~I I ; - - .~ U 
~~
.‘ 

~~~~~~~~~~ 
516.

W I ( _ r 1 1 T 4  ~~~
A L L _ . I A  4 U - ~

4 .-~~~~~ W 1015. ~0.
Lr~M~~ L.~ IL ~~-V~~ L ._ L  ‘. -

~ .~) - ‘~~~kJ~~I i r S 10’~~ s o4O.
L~~~C~ ib _i~ 

‘ c 0~~~~~ -. ~~~~~~~~ 942• ~0.1~~ e - if ~T -~~‘~~
-
~ v~. - u - j u  s~~ ’ t ’ t .-j . , ‘+1. ~0.

A ”  ~~~) o 
~~- ‘ , -~ 

1 .~ ~~- ~~~~~~ L+06. ~U.YAK L - ’.~ ~~-J i. _ ,-J~ J ~~-u :~~~~n 11)89. 50.
LI_ Mr-~r~’L,~ -u’- ’ ,~~ .‘i ~.~~~~~-J i a  i~~’ ’~~~~, t - j , ,  1203. ~O .Mu’-~ ,A r. I -.~~~~. v - ~~iU~

)
~-i F

~~~~~I tir 4  1248. ~U
~~~ ,-~J l~~ i . h - , ~ ~1 • t~~J ) - ~ 858. 50.

LA C I \ U - )~~ L -~ ‘~~~i i .~~ 
, .+ 55.~~i~~i U- ~i i u ~ 653. ~O.

OSr~’~- 35 w 
~~~ ~ 

-fl ) 
~ ~~ 5 ~~ 805. 50.

L~~
_
~~Lk - Y  ‘, ~- - - kJu~ ijU,~ ’ijjA 51438. ~U.CrIL Y . 4 t . MU J A  ft T - ‘ ~~~HU- , iI, ’-44bU~~~ 1353. ~U.

c . r ~~~T ~a i  ~ ~~~~~~ 
(‘

~~~~ ~
‘
~~~!

S
__ ,~— - , _~~ )

L) I_J I t ~~i ~ ~~~~~~~~ ~..- - .  - .
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Table A.4. Proposed ARSR Listing

Location (Lat, Long , Ground Level (ft. MSL)
Sensor Height (ft. above ~~ound level)

GR AN D ~‘~~Y AL 30203.1W UOO2U2OW 100. ~U.
HAL EYVLL Ir< A AL 341200W U~~(3800w 925. ôU .
HAVA SU cITY AZ 344(00W 1142200W 480.
HAN TFORL) Ci 414500W 07242 0 0w 19. ~U.LNuSS CI TY FL 293600W U~ j U( u Uw 40.
BALDW IN GM i3u800N U8i1bO0~ 385. ~U.
HANIIA CITY M~ S IL ‘403200W U~ 94(50w 724.
wAT ERLO o ‘~‘u~~i A M  42i33UN U942315w 920. 60.
5N0W MTN Af- 5 KI i7~~i5UN 0060009w 900. b U’
FINLANu AF5 MN 47~ 5O0N 09 11440w 1520. ~U.
NE*PORT MS 32s6jUN 0o94615w 420. ~U.LE8ANON MO 37~ U0UN 0944000W 1323. lOU .
BEACH NI) ‘465400W i u4UUO0~ 2950. 80.
FINLEY AFS NO L473j0(ji~ 0975000w 1450. 80.
uFTON OK 36440 0W 0945 (00w 800. 50.
vU :3OI~ PA 410bUUi~i 0764600w 1817. 80.
CRvS SV iLLE M~~M [N 354o0Ur~ 850000w 1881. 50.
T IPTON~~ILLL TN 3621U1JW U~ 93UQ0 w 280. ~U.
AI-JSON TX 32 .+SOOW U’i9540 (Jw 1.710. oO .
ROGERS TX 30~~b10i~ U9/ 1 3 3 0 w  550. 80.
9UTHRI~.. ~ V 382539N 0814100w 1179. 80.
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Table A .5. Coverage Map Listing and Parame ters

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 15 >133
A.8 ASR 15 100
A .9 ASR 15 60
A.lO ASR 10 100
A.ll ASR 10 60
A .12 ASR 5 > 71
A .13 ASR 5 60
A.14 ASR 3 > 52
A.15 ARSR 20 >156
A.16 ARSR 20 150
A .l7 ARSR 20 100
A.18 ARSR 15 >133
A .19 ARSR 15 100
A.20 ARSR 10 106
A .2 l  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 > 71
A.31 Proposed ASR 5 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 S > 71

*
Coverage maps for ranges greater than values preceded by “ > “ would be identical.

(Due to ea r t h  curva ture ;  see Sect ion 2 . 1  and Fi g .  2 . 3  f o r  f u r t h e r  e xp l a n a t i o n . )
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