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SUMMARY

As noise propagates over the ground, the sound level decreases
with distance from the source. This reduction is due to phenomena
such as divergence of the sound waves, cbsorption of the sound
energy by the atmosphere, and interaction with the ground cover.

The losses due to ground effects are called excess ground attenuation.

The field data used to develop the excess ground attenuation
algorithm presently in NOISEMAP show cosiderable scatter. These
uncertainties impact the ability of NOIsrLHAP to predict with con-
fidence the noise exposure from ground runup operations. This
study examines the sensitivity of ground runup noise predictions
to the accuracy of the excess ground attenuation algcr-ithm used in

NOISEMAP.

Day/Night Level (DNL) noise exposure contours were forecast for
three types of military aircraft engines using four variations of
the excess ground attenuation algorithm. One hour of single engine
military power ground runup activity was assumed for the F-4, C-1ul,
and C-5 aircraft. These aircraft were chosen because they have
straight jet engines, low bypass ratio fan engines, and high bypass
ratio fan engines, respectively, having considerably different
noise spectra. A-weighted sound level versus distance curves were
developed for each aircraft for each ground propagation algorithm.
These curves were computed as a function of angle since the spectral
characteristics of runup noise vary around the aircraft. The propa-
cation algorithms studied were: no excess ground attenuation, stan-
dard NOISEMAP éxcess attenuation, and NOISEMAP excess attenuation
plus and minus one standard deviation of the field test data used to

develop the NOISEMAP algorithm.

The results showed DNL 65 area changes of approximately + 40

.percent for the straight jet, * 30 percent for tne low bypass ratio
fan jet, and up to 10 percent for the high bypass ratio fan jet due
to + one standard deviation changes in the attenuation algorithm.
Assuming no excess ground attenuation, the results showed the DNL
65 area increased approximately 100% for the F-4 and C-141 type
engines and 4% for the C-& type engines.

This study clearly substantiates the need for further field
measurements planned by AMRL in 1977 and 1978 ‘to refine or modify
the ‘excess ground attenuation algorithm and reduce, if possible,
the uncertainties associated with the algorithm presently used in

NOISEMAP.
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PREFACE i "

This report is one of a series describing the contractual and I

in-house research program undertaken by the Aerospace Medical N h

Research Laboratory under.Project/Task 723104, Measurement and - ' . N

Prediction of Noise Environments of Air Force Operations,; to a

: develop a procedur: for predicting the community noise exposure : .
resulting from aircraft operations. Other reports previously

published under this research program include: AMRL-TR-73-105, L y\

- "Community Noise Zxposure Resulting From Aircraft Operations: o

Application Guide for Predictive Procedure"; AMRL-TR-73-106, i \

"Community Noise Exposure Resulting From Aircraft Operations; )

Technical Review"; AMRL-TR-73-107, "Community Noise Exposure

Resulting From Aircraft Operations: Acquisition and Analysis i

of Aircraft Noise and Performance Data"; AMRL~-TR-73-108, i /

"Community Noise Exposure Resulting From Aircraft Operations: o !

Computer Program Operator's Manual"; AMRL-TR-73-109, "Community E o

Noise Exposure Resulting From Aircraft Operations: Computer Pro- ‘ T

grar. Description"; AMRL-TR-73-108, Appendix "Community Noise S

Expcsure Resulting From Aircraft Operations: NOISEMAP Program ‘

Operator's Manual'; AMRL-TR-73-108, "Addendum For Version 3.3 11 -
of NOISEMAP"; AMRL-TR-75-115, "Sensitivity Studies of Community- ‘ ’
Aireraft Noise Exposure (NOISEMAP) Prediction Procedure"; \"$Y§

'

AMRL-TR-76-111, "Validation of Aircraft Noise Exposure Prediction
Procedure"; AMRL-TR-76-115. "Aircraft Sideline Noise"; AMRL-TR-76-
116, "Further Sensitivity Studies of Community-Aircraft Noise _ - ;
Exposure (NOISEMAP) Prediction Procedure'; AMRL-TR-76-123, : o
"Calculation of Sideline Noise Levels During Takeoff Roll"; and
AMRL-TR-76-124, "Selection of Minimum Day/Night Levels for iﬁ\\l-
NOISEMAP Contour Calcula*tions". Technical monitor for this % .

effort was Mr. Jerry Speakman of the Biodynamic Environment Branch.




SENSITIVITY OF AIRCRAFT RUNUP/COMMUNITY
NOISE PREDICTIONS TO EXCESS GROUND ATTENUATION

I, INTRODUCTION

‘This study examines the sensitivity of ground runup nolse pre-

Zdictions to the accuracy of the excess ground attenuation algo-
jrithm. First, excess ground attenuation will be defined and the
‘general nature of the problem will be presented. Then the pro-.
cedure used to analyze the problem will be outlined and the :

conclusions summarized.

II. EXCESS GROUND ATTENUATION

As noise propagates over the ground from a source to a listener, v
the sound level diminishes with distance traveled. This reduction
is caused byphenomena such as divergence of thé sound waves, absorp-
tion of sound energy by the atmosphere and interactlon between

the sound waves and the ground. '

The losses due to ground effects have been termed excess ground
attehuation (EGA). Schemes to predict these losses have been
deVeloped'and are referred to in this report as ground atten-
uation algorithms.

Several such algorithms have been proposed!’? and one of these
is currently used by thé Alr Force in their land use planning
activities. However, the field data used to develop this
algorithm show considerable scatter. Conséquently, there has
been a lingering question as to the accuracy.of the algorithm
and the impact of possible inaccuracies on noise predictions.
Sevefal studies have been proposed to measure excess ground
attenuation more accurately in the field and refine the existing
ground propagation algorithms.

-3-
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This study, performed in support of the field measurement pro-
grams, investigates the sensitivity of noise predictions to the
accuracy of the algorithm. In other words, if we change our
1 current propagation model, will there be an appreclable change
- in the noise predictions rendered?

The general impact of incorporating excess ground attenuation into
sound propagation calculations 1is illustrated 1n'Fﬁgure 1. This
figure shows the frequency spect}a resulting from an F-4 runup

at both 3200 feet and 8000 feet. Spectra are presented that
assume no excess attenuation as well as assuming the standard
attenuation. These curves clearly show that for tvhis algorithm |
EGA 1s most 1mportaht at large distances and low frequencies.

III. PROCEDURE

To evaluate the sensitivity of noise predictions to the accuracy
of the zround propagation algorithm, a simple approach was taken,
Day-hight level (DNL) exposure areas were forecast for tnree

military Jjet aircraft using four variations of the excess ground

attenuation algorithm. The four exposure.predictions for each
alreraft were then compared to see 1if changing the ground atten-
uation algorithm caused substantlal changes in the predicted
noise expocsure. i

The measure used to assess the effect of the runup propagation
algorithm was the calculated area within a defined DNL contour

. orvequivalently, the area where the sound exposure is greater
than a defined level. For this study, one hour of military power
operation was assumed for each aircraft. This duration was chosen
since it is representative of daily runup times that actually
occur.

L
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The three craft chosen were the F-U4, the C-141 and the C-5

&3\

s
"3

i
These aircraft were chosen because they have stralght je
low bypass ratio fan engines and high byoass ratilo engines,
respectively. Each of these engine types has a different frequency -
spectrum as shown in Figure 2. Since ground attenuation is a . h\
frequency dependent phenomenon, it is important to investigate

~several sound sources having different spectra. , -

The first step in calculating exposure areas was to develop
A-weighted sound level versus distance curves for each of four : i
ground propagation algorithms, for each aircraft. These level
versus distance curves were calculated for a range of angles
around the aireraft since the spectral characteristics of runup
noise vary around the aircraft. Specira were developed for the
following ground propagation algorithms.

1. Standard air-to-ground propagation, with no excess
ground qttenuation.

2. Standard excess ground attenuation. This standard i

attenuation is that currently used by the Air Force's ;;§~

OMEGA 6.6 computer program. : 4

3. Stanrndard excess attenuation minus a frequency
dependent factor, o.

. Standard excess attenuation plus o additional

attenuation.
et b,
The standard ground attenuation is shown in Figure 3 and the ' LT
minus and plus o attenuation algorithms are shown in Figures 4 ,-T«..

and 5, respectively. The values of o were chosen to represent
the standard deviation of the test data used to develop the -5‘]
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standard ground algorithm. The plus and minus o algorithms represent
the range of the possible algorithms that might have been derived

from the original field data.

o~

The noise level versus distarce data for the three test aircraft,

for each of the four propagation algorithms are tabulated in

Appendix A. Flgure 6 shows the A-level versus dlstance curves

for the F-4 at 140 degrees. This figure is presented to show
‘graphically the general effect of the different algorithms on
the A-weighted sound level. : ‘ -

After calculating the noise versus distance profiies, the next
step was to use these profiles to calculate the exposure areas.
The NOISEMAP computer program was used to calculate these areas

with the results given in Table 1. Also shown in this table
are the area changes that result from using the "plus o" or
fminus o" curves instead of the standard curve. These area
changes are expressed as a percentage of the standard area.
The "no excess attenuation" areas are presented to show the

importance of the ground attenuation relative to standard air-

to-ground propagation.
IV. RESULTS

Table 1 indicates that a deviatlion of 2o from the standard
ground attenuation curve would result in an area change of ab
+40 percent for the F-4, 30 percent for the C-141 and from 1
to 10 percent for the C-5.

e

out

The percent area ~hange is a function of the frequency spectrum

of the noise source and of the distance f+om the sourc2 to the

v contour being examined. If a noise source has no frequency

Povem s
[

o~
noae
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than 1,000 feet from the source, then the predicted area within
the cpntour will be unaffected by the details of the ground

'propagation algorithm. The contour area is most sensitive to

the detalls of the ground propagacion algorithm when the sound
source produces significant sound energy pelow 800 Hz and is loud
enough to cause significant DNL values at distances greater than
6,000 feet from the source. Thus, the sensitivity of nolse
predlction, as‘melsured by the size of speciflic nolse contours,

is dependent on both source level: and source spectral characteristics.

Since the F-4 has the hlghest sound levels of the three aircraft
examined, and also has a good portion of its energy in the low

frequency bands, excess attenuation should‘have a greater 1mpact
on the size of its 65 DKL contour than the 65 contour for other

aircraft. “his was born out ty ‘calculations.

Figures 3 through 5 show that the EGA is most important for sound
sources with substantial low frequency (below about 300 Hz) energy.
Since the F-4 1is a straight Jet, it produces more low frequency
enargy than the other aircraft and its radiated noise levels are
more sensitive to the EGA algorithm than the C-141 or €-5. In
fact, the C-5 has so 1ittle energy in the iow frequency bands that
ground attenuation has little impact on the predicted exposure

area.

Figure 7 shows the 65, 75 and 85 DNL contours for the F-4 that
result when each of the four EGA algorithms 1is applied. It can
be seen from this figure that the position of the contours is

"most sensitive . to the EGA algorithm at angles of maximum noise

energy. Thls occurs because noise at the naximum energy angle

'typically has the most low frequency noise energy.

g




ve

\Y CONCLUSIONS

Since turbojet aircraft produce high noise levels containing
significant low frequency energy, €xcess ground attenuation should

) be modeled accurately in order to obtain good noise predictlons

_ for these alrcraft at large distances. However, due to the scatter

- ~ 4n the flelcd data used to develop the ground propagation model,

the current prediétion methcd cculd be calculating exposure areas '

that are in error by as much as fc. Wy pércent at distances greater

than 6,000 feet. Moreover, reducing this potential error due to .
| . scatter does not eliminate other possible inaccuracies 1in the ‘
model ?hat may have been intrcduced by other l1imitations of the‘ i
original mea.urements such as the absence of upwind attenuation

observations.

The combination of uncertainty in the nulel due to scatter as ,
well as the lack of data for a variety of measurcoent conditions :
cleably substantiates the need for further fleld measurcments

to refine or modify the ground propagation algorithm and estaSlisu

confidence in 1ts accuracy.
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AFPENDIX A

A-WEIGHTED LEVELS RESULTING FROM VARIOUS EXCESS

GROUND ATTENUATION ALGORITHMS




10000.0
12500.0
1600040
2000040
2500040

DlST

200.0
25040
31540
400.9
5009
630.0
8000
1C00.90
1250.0
1600.0
2000.0
2500.0
315040
4000.0
5000.0
630040
8000.0
10000.0
1250040
16600.0
20000.0
25000.0

FT
F1
F1
FT
FT
F1
FT
F1
F1

ANGLE

0.0 <200
101,46 165,98
49,3 lvl./?
Y142 10160
Y9 .0 P A
2.8 9Il.2
Yy, 6 Y5,.0
B8.3 Y2é7
86,0 90,3
B3.6 BT1,9
dlel 85,3
78,5 d2.7?
75.6 9.8
72,5 71640
69,1 713.1
69,1 0.1
00,8 04.7
50,9 0068
52,6 56,4
al.,8 bHlg7
42,95 46,5
36.7 “007
JU,3 4.4

IN utoktEd> Std.
1200 1300 14040

- " - Wy W wn - o .- - o -

30-0

ll2.l
110.0
10749
10547
103.%
101.2
98.9
9645
94,0
9] ¢4
888
8548
B2.6
72+0
75.0
70.6
66.6
6241
S57e¢3
52.1
46.3
0.0

110.0

1193
117.1
114e9Y
112.1
11064

10A. 0

105.7
103.2
10046
979
95.2
92l
B8.8
85.2
810
Toeb
72.5
6840
63.2
5840
5243
4640

1191
117.0
114.8
112.7
110.5
108.2
105.9
103.5
101.0
9865
Y5.8
Y29
8946
86.0
82.0
77.6
73.7
6Y.4
54,48

59.7.
S4el

48.0

i23.9
12045
11848
llo.7
11445
11243
'11000
10767
10542
10247
100.0
570
93.6
89.9
85.8
8le4
7746
73.5
69.0
bhed
5849
53,2

125.6
123.5
121.4
119.3
117.1
114.9
l112.6
110.3
107.8
105.3
102.7
G356
96.3
925
B88+4
B84.0
80.2
76.1
716
66.8
61.5
55.8

150.0

123,.9
121.8
119.8
1170
115.5
113.2
111.0
108,7
106.2
103.6
101.0

$7.5

94,5
90,7
8644
82.0
78.2
T4.2
69,6
6542
6040
54.S

ANGLE IN ULGHEEb No Excess Attenuation
300 11060 12040 13040 14040 150,0 160 0 180, 0

0,0 <2040
10l1,4 105.8
99,3 103.7
97.2 10146
95.0 99.‘0
92,9 97,2
V.6 Y5.0
88,4 9247
86,1 0.4
83,7 88,0
el,3 85,6
78,8 83.0
76,2 d80.4
73,4 17,6
70,6 Ta4,7
67.6 ,107
6bu,4 b8.'5
61.0 bb.l
ST.4 0le6
53.5 S7.17
49,4 S3,17
49,2 49.4
«0,6 44,8

11241
11040
10749
10547
103.5
101.2
9849
9645
94.1
91.6
89.0
86.2
83.4
804
‘4703
T460
70.5
66.8
6249
58.8
S4 e
49,48

F-U

119.3
117.1
11449
11267
110.4
1081
10567
103.2
100.7
98.1
9563
925
89,5
86.9
83.3
19.9
1267
68,7
64e5
60.1
553

119.1
117.0
11448
112.7
110.5
10842
105.9
10346
101.2
9847
96.2
93.5
90.8
87.9
B850
8l.8
1845
715.0
71.3
7.3
03.1
58.7

Alrcraft

123.40
17209
118.8
1167
11445
11243
1101
107.9
1055
103.2
10067
98.2
95,6
93,0
G0.2
87.c
B&4.2
80.9
77.5
73.8
69,9
65.8

125.6
123.5
121.4
1)9.3
1171
1i5.0
112.8
110.5
108.2
105.9
103.4
101.0
98.4
95.7
92.9
Y90.0 °
870

83.8

803

T6.7

72.9

68.8

123.9
121.8
119.8
117.6
115.5
117.3
111.2
108,.,9

106.6

104.3
101.9
99.5
96.9
9%43
91.0
88.7
85.7
B2.0
79.2
715.0
71.8
67.7

160,0

120,1
113,.1
116,0
143.9
111.7
109.5
107,.2
104,9
102.5
1V0,0
97.4
Q4,4
91.1
87,4
63.2
78.8
75.1
71,0
66,5
6l.1
56,64
50,6

120.1
118,1
116.0
113.9
1l11.7
109.6
107.4
105.1
102.8
100,5
98,1
5.6
93.0
90,3
87,5
84,6
81,5
78,2
74,7
71,0
67.0
.8

180.0

71.2
75.2
73.1
71.0
68.8
66.5
641
6l.7
59.0
56.2
53.3
49,9
46,3
42,2
37.9
33.4
29.8
25.%
21.9
17.6
13.2

8.9

‘--‘-—‘--- ---—--q-—--n--u------...----—-—--—-nll-------.---s------D---—---Q

77.2
7542
73.1
71.0
69.0
6649
64e7
62.6
60.4
58,2
55.9
53,7
51.3
48.9
4644
43.9
41.3
38.5
35.7
32.7
29.6
26.2




DiIsT

B m B Bamm & - > TP G T W A D AP S -

200.+0
250,.0
315.0
400.90
500.0
630.90
800.0
1000.0
1250.0
1600.0
2000.0
2500.0
3150.0
©000.0
500040
©300.0
8000.0
10000.0
12500.0
160000
20000.0
2500040

0lsT

200.0
25040

- 315.0
40040
5000
630.0

- 800.0
1000.0
1250.0
1600.0
2000.0
25000
3150.0
4000.0
5000.0
6300.0
8000.0
10000.0
12500.0
16000.0
20000.0
2500060

Fi
FY
)
FT
(]
FY
F1
FT
FY
FY
FY
FT
FY
£
FT
FT
F1
F1
F1
FY
FY
FT

FT
FT
FY
FTY
FT
FT

0.0

101,06
¥Yy,3
97,2
95,0
Y2.9
90.6
B &
d6.1
83,7
sl.3
78.8
1641
7Tl.3
10.¢
6.8
0Jd,.1
59,64
5Y,.5
51.1
a4b .4
4l,.2
IH.6

0.0

101,64
99,3
9T7.2
95.0
J2.8
90.5
B8.1
854
8246
719.6
16,6
12,9
69.1
64,8
ble.2
55.3
Sl.1
46 .5
41,5
35.9
2.8
23.1

ANdGLE IN UVEOREEDS

2040

105.8
13,7
1016
Y94
9742
Y50
Y2e?
J0e
8.0
85.6
83,0
80¢3
1.3
709
L7.1
03,5
3905
5543
5066
“5.5
39.9

ANGLE IN UEGREES *0 Attenuation L
140.0 150.0 160.,0 180.0

20.0

105.8
103.7
101.6
9944
Y71
94.8
Y244
89.7
86.9
83.9
8047
77.2
73,3
69.0
0443
59.3
5540
50.4
45,3
39.8
33.7
27,1

90.0

112.1
110.0
107.9
105.7
1035
101.2
98.9
9645
4.1
91.6
89.9
B86.2
83.2
80.1
7606
7249
69.2
65.2
60.8
S6.1
Sle0
4563

1100

119.3
117.1
1149
11267
1104
108.1
10567
103.2
100.7
981
95.3
525
694
B6.2
82617
7849
75.1
71.1
6068
‘)2.‘1
S56e9
51.2

-0 Attenuation
1300 14040 150.0 160,0 180.0

12040

9040 11040 126.0 13040

- D e W G e W > o ---—u-------—--u—-—----n----v---.‘---—--_é---——--‘--.-_------—

112.1 11943 119.1 123.¢C

110.0
107.9
10547
1034
101.1
98.7
G96.0
93.2
902
B7.0
83.5
719.6
75.3
T0.7
65.6
61,1
S6.3
51.0
45,4
353
327

1171
114.9
11247
11044
108.0
10545
102.8
1000
969
93.6
9040
861
8le
77.0
71.8
6742
622
5649
51.3
45.2
3346

117.0
114.8
112.7
1104
108.1
105.6
102.9
100.1
Y7.0
93,7
90.2
8642
81.9
772
72.2.
67.8
63.2
58.2
52.8
469
4065

F-4 Aircraft

12045
11d.8
11667
114,4
112.0
109.5
10647
103.8
10047
97.3
9347
89,7
85.2
805
71546
7164
6242
57.1
S1.5
456

- ap > o ooan v " w -

125.6
1235
121e4
119.3
117.1
1150
112.8
1105
10842
105.9

103.4
1nn.A

aQ0s2

97.9
94 .8
913
87 b
8B40
80.3
7603
7240
6743
2.2

125.6
123.5
1214
119.3
1170
114.6
1i2.1
10943
106.4
103.3
99.9
96.2
92.2
B87.8
83.1
78.2
T4.0
63.6
64.8
5Ge7
Sae.l
48.2

123.9
121.8
119.8
117.6
115.5
113.3
111.2
108.9
106.6
10643
101.9
99,3
9644
93.2
B89.7
85.8
78.8
T4.,9
7047
66,0
60.9

123.9
121.8
119.8
117.6
11543
112.9
110.4
107.6
104.6
101.5
9840
94,3
90.2
8547
81,1
76.1
7240
6746
6249
5749
5246
4648

120,1
118.1
11640
113.9
111.7
109.6
107.4
105.1
102.8
100.5
98.1
95,4
92.6
89.5
8640
82,2
78,8
75.1
71.1
66,8
6240
56,7
|

120.1
118.1
l1l6.0
113.9
111.6
109,2
106.7
104,0
101.1
9840
94,6
91,0
87,0
82.6
7.9
73.0
68,9
64,5
59.7
54,5
49,0
43,0

T7.2
75.2
73.1
71.0
69.0
66.9
b4
6206
604
58.2
55.9
53.0
49.6
5.8
41.9
37,7
34.6
31.2
27.7
2441
2043
16.4

T77.2
75.2
73.1

Tle0

68.6
6640
63.3
60.3
57.2
53.8
S0.1
Gbel
41.8
37.1
3244
27.4
23.4
19.2
14.8
10.2

S.6

1.1

[T




ANGLE IN UVEGRELS Std. _
LIST V.0 J30e0 500 60U 7060 800 1100 130.0 150.0 180.90
. 20040 FT 105,5 1U8+3 10540 106+ 1007 1070 110.9 112.,9 112.,1 92.1
25040 FT 103,2 10640 102.7 1061 98406 10647 10846 110.8 110,1 90.1
315.0 FT 100.9 103,7 10043 101.7 96.1 1024 106.3 108,7 108,0 88,0
400.0 FT Y8,5 101.2 9749 99,2 93.6 99,9 103.8 106,6 105,99 85.9
500.0 F7 96,0 987 .95e3 9667 9lel 9744 101.3 104.3 103,7 83.7
630.0 FT 93,5 Y6,0 927 9440 8BBe5 94e8 98e7 1019 10l.,4 B8l.4
"‘ 800-0 FT 90.8 93.3 8909 9102 8508 920‘ 9690 99.5 99.0 79&0
10000 FT 88,0 9Y0e4 B87.0 88.2 B3.0 89:3 93e2 96,9 96,6 7646
185000 FT 65.1 87.3 8440 5502 8000 6% 9002 9‘0.2 93.9 73.9
16000 FT 82,0 B4,2 H0.8 B8le9 77.0 83.3 87.2 9l.3 91,1 Tlel
9 2000.0 FT 78,8 B0.8 775 73,6 73.8 80.2 84.0 88.2 88,3 68,3
250040 FT 15,6 TTe3 1441 7541 T0e4 16.9 807 84,8 85,0 65.0
3150.0 FT 11,7 7346 T0s6 Tle4 6649 T3e4 77.3 8l.2 B8l,5 6l.5
©000.0 FT 67,8 6946 H6.5 67e5 6341 6946 T73.6 77.1 77,5 57.5
5000.,0 FT 63,46 65¢3 6263 63e3 58,9 65.5 09.5 7T2.8 73.2 53.2
6300.0 FT 58,8 60,5 57.7 5867 56,4 ©6ls]l 65.1 68,3 €8,7 48,7
8000.0 FT 54,6 5548 53,2 S4el 50,0 S6.7 60.9 64,7 65,2 45,2
10000.0 FT 50,1 50,9 48.6 49,2 65,3 52.0 56.4. 60,8 61,5 41,5
IESQOQO FT “5.4 45,7 93.“- Lol 4062 4069 S1.5 S56.60 57.5 37.5
16000.0 FT 40,3 “0e3 3840 38e6 367 4le4 46.2 S2.3 53.1 33.1
20000.,0 FT 34,9 34,6 32.6 32.8 2B.9 35¢5 48.5 47,9 48.5 28,5
25000.0 FT 29,1 28¢5 26¢5 2648 227 29e3 346 43.3 43,6 2346

ANGLE IN DEGREES No Excess Attenuatign
DIST 0.0 3040 5060 60eU 70.0 8040 1100 130.,0 150.0 180.0

2000 FT 105.5 10843 1050 10644 100.7 107.0 11049 112.9 112.1 92.1
250.0 FT 103,2 10640 102.7 104ei 98e4 10407 10846 110.8 110.1 90,1
3150 FT 100,9 10347 1003 1017 96,1 10244 1063 108.,7 108,0 88.0
! 40040 FT Y8,5 101e2 979 59¢2 93.7 99.9 103.9 106.6 106,0 86.0
£00.0 FT 96,0 YBel 953 9667 Yle2 97¢4 1013 104.5 103,9 #83.9
630.0 FT 93,5 96,1 92.7 940 B8B.6 94¢8 98.8 102.3 101,8 8l.8
800.0 FT 90,8 93e3 900 9162 B8S5:9 92+2 95.1 100.2 99,7 T9.7

1000.0 FT 88,1 9Y0.4 B87.1 B88.3 83.1 894 93.4 9840 97,6 77.6

1250.0 FT B5.,2 UBTe4 Bse2 853 80.2 B6eS 9065 95.8 95,4 75.4

1600.0 FT  H2.3 84,3 B8l.l 82.1 77.2 83.6 87.7 93.6 93,2 73.2

3 2000.0 FT 79.3 ©bla.l 7840 789 T4e2 B0e6 848 91.3 91.0 71.0
2502,.,0 FT 76,2 7178 7448 7T5¢7 1711 775 81.9 89,0 88,7 68,7

31509 FT 7302 740“ Tle7 7203 67.9 T444 T7€.9 B86.6 86.“ 6646

4000.0 FT 70,0 710 6844 69.0 06407 T1e2 TEe0 Bae2 B4,0 6440

3 *S000.0 FT 66,9 7.5 65.2 65.6 6le4 6840 73.0 8l.8 81,5 615
6300.0 FT 63,8 64,0 61.9 62.2 5840 6406 ©9e9 79,2 79.0 59.0

8000.0 FT 60,5 60.0 G6B.6 58.7 5446 6le2 6667 T6,6 76,3 5643

100000 FT 57,2 5648 5543 552 5le) 57.8 63.5 73.8 73,5 53.5

12500.0 FT 53.8 53,2 5149 Sle0 4746 54-2 602 70,9 70.5 5045

16000.0 FT S0e2 ©9¢5 4844 48.0 4.0 50,6 S56¢7 67.8 67,4 4l.4

200000 7T 46,4 45,7 4409 b4 04 460e6s 46¢9 531 64e6 C4.1 bbb

25000.0 FT 42.5 4l.7 4l.l 405 36e6 4301l 49.4 61,1 6U.6 40.6

C-181 Aircraflt
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DIsT

RGBS @ T w W -

105.5

20040
250.90
315.0
400.0
500.0
630.0

8300

100C.0
125040
160C.0
2000.0
2500.0
3150.0
%900.0
5000490

630040

8000.0
10000.0
1250040
1600040
2000040
25000.0

DIST

200.0
25040
315.0
46040

500.0

630.0
800.0
1000.0
1250.0
1600.0
2000.0
250040
315040
4000.0
500040
6300.0
800040
100000
12500.0
16000.0
20000.0
2500040

FY
FY
FY
FY
F1
FY
R
Fr
FY
FY
FY
FT
FY
FY
FT
FT
FI
ET
FY
FY
F1
FY

FY
FI
FY
Fr
FT
FT
FT
FT
FT
FY
FY
FY
FY
FI
FY
FY
F1
FY
FT
FT
FT
FY

Q3.
aves

100.9

ANGLE IN DEOREES

0.0 30.0

108.,3
2 1060
103.7
101.2
Y847
Yool
93,2
QJ e &
87.4
8443
8lel
R |
14,2
6644
62.2
S840
5367
49,2
44,6
39,7
3i 44

98.5
YHe0
93,5
G0.8
88,1
85,2
82,3
79,3
76.1
1247
69.1
65.3
61,3
S7.6
53,7
49,5
45,1
40,3
35.1

S50.0

105.0
102.7

svi s §

100.3
97.9
95.3
92.7
9C.¢
87.1
34.2
8l.1
78410
Tae?
T1e2
67.5
63.6
59.5
55.5
Sle3
4760
L2 4
37.7
3247

60.0

106.4
1041
101.7
99.2
96.7
94.C
¢1.2
88,3
8543
8241
78.9

'7505

7240
68.3J
6404
60.2
56.2

S1e9 .

474
4241
37.8
3246

70.0

10047
9H.b
961
93.7
91.2
88.6

' KW, 0

- &7

83.1
B80e2

77.2 .

TG.2
70,9
bT7.5
H3.9
6G.1
561
52.0
47.8
433
38.6
33.7
2845

80.0

107.0
106.7
10244
99,9
974

94.8
92:2
Beb
865
Bl.6
80.6
774
T4el
704
6647
62e7
58,7
S4e5
50,0
4562
Qo2
3540

-0 Attenuatioa

1109 112.9
10R.6 110.8
1C6+43 10847
103.9 106,6
1013 104.5
98.8 10243
0521 100.2
930" 98.0
$0.5 G65.8
HTe7 9346
848 9]1.3
8l1.6 88,2
‘8.3 B4.6
T4¢7 BQ.7?
71«0 7647
670 T2.5
633 69.3
S59.2 66.0
S4¢9 6244
S0els SBe7
45.6 54,8
40.7 50,8

ANGLE IN 'DEGREES +0 Atrmenuation
8040 130.0 130.0 150,0 180.0

P T S A I L L T T L R e T T b L L L

0.0 J0,0
105.5 108,3
103.,2 106.0
100,9 103,7
98,5 101.2
96,0 9YI8.7
93,4 Y640
90,6 93,2
87,7 Y0.2
B4,5 87,0
H4l,.2
77.6
73.7
69,5
04,8
59.8
S4,4
“9,4
44,3
39.0
53,5
2l.7
2l 5

80.0
1662
72.0
67.5
()2.5
57.0
Sle7
46,0
40,0
33.8
2746
2l.l

8346

5040

10540
102.7
1003
97.9
953
9246
89.8
86.8
83.6
80.2
1646
TCe7
68.5
h4e0
.59.0
S53.7
48.6
432
37.5
31.5
25.4
19.1

60.0

1064
10441
101.7
39,2
9646
9349
Yi.l
88.1
B4eY
81e4
77.8
73.9
69.7
651
002
S4.4
4947
Lael
JB.4
303
2549
19.5

70.0

100.7
9844
9641
93.7
Ylel
8845
85,7
82.8
79.7
76.3
72.8
69.0
6449
60.4
5565
50.2
4S5.3
40.0
34,3
c8.3
220
15.5

C-141 Aircraft

-22=

130740
10667
102.4
99,9
97.4
G4e8
92.0
89,1
8640
82417
79.1
753
7143
6648
6169
S6e7
S1.9
4667
41,1
35.1
287
2241

1109 112.9
108.6 110.8
1063 108.7
103.9 106.96
1013 1041
98+.6 101.5
95.8 98,7
92.8 95,7
89.7 92.5
86.3 89,0
82.7 85.3
789 Bl.2
748 76,9
7003 72.2
65.5 67.5
603 62.5
55.7 58,4
S0.7 54.1
4S5S4 49,6
39.6 45.0
33.5 40,3
2T.2 35.6

112.1
110.1
108.¢
106,0
103.9
101 .8
29,7

97,6 -

95,4
93,2
91.0
88,0
Ba,7
80,9
77.1
73.2
70.0
66.6
63,0
59.2
55,1
20,8

112.1
110.1
108,90
106.0
103,5
100.9
98,2
95.2
92.(
88,6
H6,8
80,7
76,3
71.5
66,9
62.0
S8,4
S4 .4
50.2
“5.7
40,9
35,9

11040 130,0 150,0 160,.0

- O o v S e T S e W Y W W G o Y AR B S R ee e TP g OV g e R e

92.1
90.1
£8.0
86,0
83.9
8l.8
19.7
77.6
1S/
73.2
7140
68.0
6be7
50.5
57.1
S3e2
50.0
46.6
43.C
39,2
35,1
30.8

92.1
90.1
88.0

86.0

83.5
80.9
78.C
75.2
7240
68.6
64.8
60.7
56.3
51.5
46.9
42.0
38.4
REPY
30.2
25,7
20.9
15.9




10000.0 F7
1250040 FT
16000.0 FT
2000040 FT

25000.0 FT

DIST

200.0 FT
250.0 FT
315.0 FT
400.0 FT
50640 FT
63040 FT
800.0 FT
1000.0 FY
1250.0 FT
1600.0 FT
200040 FT
2500.0 FT
3150.0 FT
4000.0 FT
500040 FT
6300.0 FT
8000.0 FY
1000040 FT
12500.0 FT
16000.0 FT
20000.0 FT
25000.0 FT

ANGLE IN DEGREES Std.

0.0 2060 4040

111.9 11444 11343
109.7 11242 111.1
107.4 109.9 108.8
105,1 107,6 10644
102,7 10542 10440
100.2 102,8 10145
97,7 10042 9849
95,0 9745 9642
92,2 9448 93.6
89.3 5148 9044
86,2 B3.7 87.2
82,9 85,4 83.8
79,3 81.8 8042
75,5 77,9 7642
71,2 73.6 7149
66,5 6848 6741
61,7 63,7 6119
56,5 58,0 5642
50.9 5147 5040
44,9 44,9 4343
38.5 37.8 3643
31.8 30,5 29.3

700

F0.0

-

100.0

10242
96,6
96.8
93,9
909
87,17
8443
BQ.7
7647
724
6717
6207
573
51.5
4542
38.7
32,90

1100

1168 -

120.0 150.0

117,1-106,7
1148 104.5

112.4 102,2
110.0 99.8
107.5 97,4
10409 94,9
102.3 92,2
99.5 89,5
96.5 86,5
93.5 83.4
90,2 80,1
86,6 16,6
82.8 72,7
78.6 68.5
73.9 63.8
68.8 58.8
63.5 53,7
57.9 48,6
52.2 #3.3
48.3_ 37,8
40.2 32.3
33.9 26,8

ANGLE 1IN DEGREES No Excess Attenuation

0.0 20¢0 4040

700

5040

111.9 11444 11343
109.7 11242 111:¢1
17,6 109,9 1088
105,1 107.6 1064
102,7 10542 10440
100,2 102.8 101.5
97.7 100.2 98,9
95.0 Y7.6 96.2
92,3 9Y4.,8 93.4
89,3 J1.8 9( « 4
86,3 B8.,7 87.3
83.1 85,4 83.9
79,6 Ble9 80e4
76,0 7841 7645
72,2 1440 7245
68,2 69,6 68.1
6h,0 65,0 63,6
59,8 60,1 58.9
55,6 55,3 54.4
5l.4 50,8 50.1
47,3 46,5 46,1
43,1 4243 42.1

117.8
115.6
113.3
111.0
108.5
106.1
100.8

97.9

94.9 .

91.8
88,4
84.8
81.0
76.4
7245
67.9
63.2
58,5
53.8
49,1
4445

116.2

11440,

111.6
109.2
106.8
10402
J01e5H
98.7
95.8
2.7
89.5
86.0
82.4
784
7443
7040
6546
6l.1
56.8
52.6
48,4
4443

C-5 Alrcraft
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10040

11443
11240
109,.7
107.3
1048
102.2
99,6
96.8
Q4,40
91,0
B7.8
845
81.0
773
734
69.3
65,1
60.9
S6.8
52617
46,8
4448

110.0

119.1
116.8
114.4
111.9
109.3
106.7
1040
101.1
981
95.0
91.7
88.2
8B40
80.3
T6.0
715
6649
623
58.0
S3.7
49,6
4544

120.0 15040

117.1 106.7
114.8 104,5
112.4 102,2

110.0 99.8
107.5 97.4
10409 94,9
102.3 92.3
99,5 89,5
96.6 86.7
93.5 83,6
90.3 80,4
86.8 11,1
83.1 73.5
79.1 69,9
749 €6,2
70.6 62,5
66,3 59.0
62.2 55.6
5802 5203
S4.4 49,0
50,6 45,6
46,7 42.1

180.0

T449

28.6

18040

L T T

86.7
84,5

82.2

79.8
774
T4.9
7243
69.5
667
63.6
60.4
571
53,5
49,9
4602
4245
35.0
35.6
32.3
29.0
25,6
22.1

ﬁ;::;L




ANGLE IN VDEOGREES -0 Attenuation

DXST 0.0 2000 400 7060 90.0 1000 110.0 120.0 15000 180.0

| 2000 FT 111,9 1l6.4 113.3 117.8 1162 11443 119.1 117.1 106,7 86.7
‘ 250.0 FT 109.7 1l2.2 111.1 115.6 114.0 11260 116.8 114,8 104.,5 8445
315.0 FT 107,64 109.9 108.8 11363 1116 1097 114.4 11244 102.2 82.2
400.0 FT 105.1 10746 10664 11140 109.2 10763 11169 110,0 99.8 79.8
500.0 FT 102.7 105.2 104.0 108:5 106.8 104.8 1093 107.5 97.4 774
©30.0 FT 100,2 102.8 10145 106e) 104¢2 102¢2 10647 104,9 94,9 T4.9
800.0 FT 97,7 100.2 98+9 103.5 101.5 99,6 1040 10243 92.3 7243
1000.C FT 95,0 Y746 9642 1008 98.7 9648 10161l 99,5 89,5 6945
1250.0 FT Y2.3 Y4.8 93.4 97.9 95.8 9440 98.1 96.6 86,7 6647
1600.0 FT BY,3 YleB 90s4 9449 92,7 9160 95.0 93.5 83.6 63.6
2000.,0 FY 86,3 BH,T B7.3 9le8 89.5 878 91«7 S0.3 80,4 604
2500.0 FT 83,0 85.4 B83.9 8BB.4 B86.0 B4.5 BBel 8647 T6.9 5649
3150.0 FT 79,5 Bl.9 B80e¢3 B4.8 B2.3 B0eS B4e3 83,0 T73.2 53.2
4000.0 FT 75,8 T718.0 76.4 809 78+.3 77.0 80.2 7848 69.1 49.1
5000.0 FT 71.8 7348 72,1 76e0 73.9 7249 757 Tl 64,8 44.8
6300.0 FT 67.4 6942 6T7¢5 7261 6943 68.4 T0:.9 69,6 60.2 4042
8000.0 FT 62,9 64,2 62.5 6743 5445 637 6569 64,8 55,7 35.7
;0000.0 FT 58,2 98.9 57.2 6272 59.4 58.8 60,7 59,8 51,3 31.3
125000 FT 53,2 5341 Sle6 569 54,1 5346 5505 54,9 46,9 26.9
16000.0 FT 47,9 4Te2 4549 OSlo4 48.T7. 4803 5062 49,8 42,4 2244
20000.0 FT 42,4 9l.2 40.2 45.6 43.1 42.8 44.7 Ghe6 37.9 17.9
25000.0 FY 36,7 35.3 34.6 39,5 37+4 3Te3 39.0 39.3 3.2 13.2

~ AnjbLEt N ULLKREES +0 Attenuation
DIST 0.0 2040 40.0 7040 90.0 10060 110.0 12040 150.,0 1800
200.0 FT 111,9 114.4 1133 1178 116.2 11463 1i9.1 117.1 106.7 86.7
250.0 FT 109,7 112.2 111.1 11546 11640 11260 31648 114,8 104.,5 84,5 .
315.0 FT 107.4 109.9 108.8 113.3 111.6 109.7 1144 11244 102.2 8202
400.0 FT 10541 10746 1064 11140 1092 1073 1119 110.0 99.8  79.8
50060 FT 102.7 10542 10440 1085 106.8 1048 109¢3 1075 97.4 7744
630.0 FT 100,2 1U2.8 101.5 1060 10402 10262 1067 104.9 94.8 74.8
800.0 FT Yl.6 1U0e2 98¢9 103+4 101¢5 99+6 103.9 102.2 92.2 T72.2
1000.0 FT 94,9 975 9641 1007 987 96.7 101el 9944 89,3 692
1250.0 FT 92,0 Y4.6 93.2 G7+8 95.7 S3¢7 98.0 96,4 B8B6.3 6643
1600.0 FT 88,9 91.5 90.1 94.7 9245 90.6 94.8 93,3 83,1 63.1
2000.0 FT BS5.6 ©68.2 8647 91.3 B8Y9.0 8742 91«3 89,8 79.6 59.6
2500.0 FT 82,0 Bb.b 83.1 B87.7 85.3 83,5 8746 86s1 75.9 55.9
3150.0 FT 78,0 80.7_ 79.2 83.7 B8l.2 79.6 83.5 82,1 T1.7 517
4000.0 FT 73.6 16,4 T4eB 7943 7607 75.1 79.0 77.5 HT7.1 4T.1
5000.0 FT 66,8 [T1s5 69.9 7463 T1.7 702 139 72.5 61,9 4l.9
£300.0 FT 63,6 b6.) ©4.5 6Be.8 66.1 64,8 68.2 6667 56,2 362
500000 FT 57,9 60.6 58,9 631 60e4 59,3 62:2 606 50.3 30.3
10000.0 FT L2.1 54e¢5 5267 S57.0 54,2 53.3 55.6 Sbo1 4b4sl 2441
12500.0 FT 45,8 477 65.9 503 47.5 46.8 48.6 47.2 37.8 17.8
16000.0 FT 39,1 40,2 38.4 43.3 60.5 39.8 415 0.4 31e5 1145
20000.0 FT 32,1 3242 305 359 33.0 3265 34.3 33,5 25,3 5.3
25006.0 FT C4e8 2349 2245 2842 2544 25.0 2669 26,7 19.3 -7
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