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I. INTRODUCTION

A. Purpose. This report provides results of analysis of noise data
recorded during the 22-26 June 1987 survey of an unsuppressed TF34-GE-100A
engine at Warfield ANG. In addition, it includes a noise barrier design
solution. The base bioenvironmental shop had requested an in-depth community
noise survey be accomplished.

B. Problem. At the time of the survey the Warfield ANG was responsible for
performing maintenance on the TF34-GE-100A engine of the A-10 aircraft for all
Air National Guard units. After engine maintenance was completed, an extensive
engine run which could last up to 5 hours was done. The noise from these engine
runs was creating complaints by the civilian community.

C. Scope. This report provides the results of an in-depth community noise
survey. The report recommends a solution to provide the quickest and best short
term, as well as long term, solution. Technical feasibility or cost associated
with actual construction of the solution was not considered. The final decision
is left up to the base,

II. FINDINGS

A. Methodology. Three different types of noise surveys were performed:
far field noise measurements in a- 100 meter circle around the unsuppressed
TF34~-CE-100A engine, day-night sound levels (Ldn) measured at five sites with
noise dosimeters, and nolse recordings at three of the five sites, as shown in
Figure A.1 of Appendix A. Also, meteorological data was taken approximately
every 15 minutes throughout the entire noise survey,

B. 100 Meter Circle. Far fleld noise data from the unsuppressed
TF34-GE-100A engine was to be collected at a radius of 100 meters every ten
degrees centered on the engine exhaust outlet. However, this was not possible
because of obstructions (the 120 and 130 degree positions) or rugged terrain
(the 140 thru 160 degree positions). Noise data collected at the 170 thru 200
degree positions was not usable because the microphone was being cverloaded by
exhaust blast. Therefore, only 27 locations were usable. The measurements were
made at times when air traffic noise was minimal. Figure A.2 of Appendix A
shows actual measurement points of selected sites. These sites were chosen to
show the highest values on the 100 m circle, Noise data around the circle was
collected on audio tape in 35 second segments by portable tape recording
systems. The tapes were later analyzed at USAFOEHL. The survey was
accomplished by using three teams to record noise data with separate systems at
different locations., The microphone of the system, attached to a hand-held
pole, was pointed at the source (zero degree angle of incidence) and vertically
scanned from 0.5 to 3 meters for approximately a 35 second period during data
acquisition at each measurement location to eliminate anomalies in using a fixed
microphone. These recorded noise data samples were then time-integrated on a
one~third octave band digital frequency analyzer to derive a root-mean~square
sound pressure level.
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1. Only the background noise level and highest noise level, which
occurs when the engine was running at 96% rpm, are presented. These two are the
only measurements required tc establish a credible solution. Background noise
levels were recorded at all measurement locations in order to determine the
ambient noise level at each measurement site, Background levels were at least
10 dB less than the total measured noise level, The correction applied to
background noise levels is a function of the difference between background noise
and total noise level. The results which list Overall Sound Pressure Levels
(OASPL) and Overall Sound Pressure Levels A-weighted (OASLA) values were
determined by third octave band analysis of the recorded data for the frequency.
range 5 to 10,000 Hertz (Hz). Meteorological data, which was recorded
approximately every 15 minutes, is reported in Table B.1, Appendix B. The
weather was within acceptable limits for performing accurate measurements.

2. Table B.2, Appendix B is a data summary of noise measurements taken
around the circle. OASPL and OASLA values are presented as a function of the
measurement location and power setting of the engine. Only those measurement
locations where acceptable (A-weighted sound levels (dB(A)) were attained are
presented, Figure A.,2, Appendix A lists these values on the circle.

C. Day-night Levels. The day-night sound level (Ldn) of major areas of
interest was measured at five sites, These sites represent locations which are
in the direction of, or close to, where people work or rest, Site 1 was located
at Building 5045, known as the KO building, where maintenance personnel work.
Site 2 was located on Mr Conrad's property where some of the complaints were
coming from. Site 3 (Lynbrook Road) was located on Air Force property close to
adjacent civilian property. Site 4 (POL Area) was located in the direction of
the maintenance hangar. Site 5 (Wilson Point Road) was located in the direction
of the fire station and residental area. Figure A.1 of Appendix A depicts the
site locations. Two Metrosonic dB-310 noise dosimeters were used at each site
to measure the Ldn. Two 24 hour periods were recorded. The dosimeters were
attached approximately 6 ft above the ground to poles, fences, or trees. One of
the dosimeters measured one minute intervals while the other dosimeter measured
one hour intervals. 1In order to calculate a Ldn, a doubling rate of 3 dB was
used. Ten dB was added to each hourly averaged sound level (Lavg) from 2200 to
0700. Each dosimeter calculated an intrusive noise level and a median noise
level. An intrusive noise level, Ln(10), is a noise level occurring 10% of the
time, and a median noise level, Ln(50), occuring 50% of the time. The intrusive
level, Ln(10), is the noise level many people perceive as intruding in their
lives and the median noise level, Ln(50), is the average noise level to which
people are exposed. The first 24 hour period started at 1800 on 23 June 1987
and ended at 1800 on 24 June 1987. The second 24 hour period started at 1100 on
25 June 1987 and ended at 1100 on 26 June 1987. Tables B.3 and B.4 in Appendix
B list the Lavgs for each hour of the Ldn data and the Ldn for that site and
time period. Values shown do not include the 10 dB added for the 0700 to 2200
time period to compute Ldn., 1In Table B.5, Appendix B, the intrusive and median
no{se levels are reported.
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D. Site Locations. Noise measurements were also made at sites 1, 2, and
3. This data was recorded exactly the same way as the data recorded around the
100 meter circle. This provided actual noise levels near areas/directions of
work or rest during engine operation. Table B.6, Appendix B reports the OASPL
and OASPLA at these three sites. No measurements were made at the two other
sites. Results of the one-third octave band analysis for sites 1, 2, and 3 are
reported in Appendix C and presented in both graphical and tabular form.

III. NOISE CONTROL

A. Maryland Law. Code of Maryland Regulations, Title 10, Health and Mental
Hygiene, Subtitle 20, Chapter 01 - Control of Noise Pollution is the local law
governing noise. This law establishes environmental noise standards using time
dependent allowable noise levels for three different zoning districts and is
summarized in Table D.1, Appendix D. Table D.2 of Appendix D shows the maximum
allowable noise levels depending on zoning districts. However, the provisions
of the regulation do not apply to airports licensed by the State Aviation
Administration. Therefore, the noise being generated by the Maryland Air
National Guard may be exempt from any noise standard. The Warfield ANG should
use the general rules established in the noise standard as a goal to show a good
faith effort to reduce adverse impacts on the surrounding community.

B. Noise suppressor. The best long term solution to almost any
unsuppressed engine run noise is a noise suppressor system. It provides a quiet
environment not only for the community but also provides good occupational
protection for the test cell personnel. The maximum noise level is 77 4dB(A) at
100 meters. This would provide substantial noise reduction at the Conrad's
property. 1In addition, the base will always know for sure what kind of
reduction will be achleved with a well established noise suppressor design and
nighttime runs could possibly be made. A noise suppressor system costs about
2.1 million dollars and takes 3-5 years to be approved and installed,

C. Noise Barrier. A noise barrier is less costly and can be installed in a
much shorter time. However, the barrier does not provide the noise reduction
afforded by a noise suppressor, nor does it protect test cell personnel from
hearing loss.

IV. DISCUSSION

A. The noise contribution by the engine runs on overall community noise
could not be evaluated using the Ldn values shown in Tables B.3 and B.UY,
Appendix B. There was toco much variance in the data. Airport and other noises
cannot be separated. The Lavgs used to calculate Ldns showed no correlation
between noise levels and site locations. However, the Lavg at the Conrad site
between 0700 and 2200 was approximately 55 dB(A) or greater. The Lavg was 61
dB(A)} at Conrad's during engine runs which was only a 6 dB(A) difference.
Therefore, short duration engine runs should have had little effect on Ldn
measurements. :
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B. The intrusive noise level, Ln(10), shown in Table B.5, Appendix B is the
noise level that people perceive as intruding in their lives. The Ln(10) for Mr
Conrad's was 59 dB(A) and the OQASPLA was 61.1 dB(A) at Mr Conrad's when the
engine was running at 96% rpm. This condition was probably causing all the
complaints. 1In order to stop the complaints, the noise generated by the engine
runs should be much less than Ln(10) and approaching the Ln(50). In addition,
if for any reason the engine should be run at night, the OASPL at Mr Conrad's
should not exceed the allowable nighttime residential noise level of 55 dB(A).

C. The noise barriers are designed to reduce the noise from 61 dB(A) at
Conrad's property line to 52 dB(A). The noise barrier design is described in
Appendix E.

V. CONCLUSIONS

A. Complaints were arising from jet engine run ups because intrusive noise
levels of 61 dB(A) generated from these operations were being produced. Control
measures should be designed to reduce these levels to as close to 47 dB(A) as is
practical, but at least to 55 dB(A).

B. The day-night sound levels measured during the survey all exceeded 55
dB(A), however, only two days were measured. These levels in themselves were
1ot the cause of the complaints. In addition, engine runs did not appear to be
a major contributor to noise levels.

C. Installation of two barriers provides the best interim solution until a
permanent noise suppressor can be built.

VI. RECOMMENDATIONS

A. 1Install the two barrier design as an interim noise control measure,

B. Pursue the justification for and installation of a noise suppressor as a
long term solution.

C. Continue to monitor day-night sound levels until an adequate charac-
terization of the airport noise enviromment is obtained.
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APPENDIX B
Noise Survey Data Summary
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NS
?c" TABLE B.1: Meteorological data taken during survey at Warfield ANG,
r:: Baltimore MD
Q Date: 24 JUN 87 Location: Trimpad ’
DY ’
)
:": Time Temp RH BP Wind Speed Wind Direction* )
(F) (Percent) (in. Hg) (MPH) (degrees) L
E :
4 18:00 80 56 29.97 <5 152 3
N 18:30 80 56 29.94 5-6 132 N
- 18:45 79 60 29.92 6 180 i
19:00 79 60 29.92 <5 180 ‘
o 19:15 79 52 29.91 <5 150 ;
2 19:30 78 56 29.90 <5 120
N 19:45 78 52 29.90 <5 98 2
o 20:00 7 55 29.89 <5 222 &
N 20:15 76 58 29.91 <5 172 A
) 21:45 72 76 . 29.89 <5 0 ‘
b 22:00 74 50 29.89 <5 0 y
\; 22:15 T4 64 29.89 <5 22 R
\ 22:30 70 76 29.91 <5 297 4
’ 23:10 70 80 28.89 <5 0 y
s 23:30 70 80 28.98 <5 89 3
1-’
N
‘ > Date: 25 JUN 87 Location: Site 2
: 5
e, Time Temp RH BP Wind Speed Wind Direction* 5
N (F) (Percent) (in. Hg) (MPH) (degrees)
o
) 3 .
VI G900 72 77 29.98 <5 268 y
0915 74 77 30.00 <5 220 :
M 0930 79 60 30.00 <5 269 :
(... 0945 77 69 30.00 <5 160 A
o 1000 77 69 30.00 <5 200 g
~° »
> * Magnetic Compass Direction 2
H -
b N
2 :
v N
4 N
v ]
,. ~
o .
: 3 3
-, b
", .

L)
0
Sete 1
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TABLE B.2: Noise Level Versus Angle for the TF 34-GE-100A Engine.

BACKGROUND 96% RPM
OASPL OASLA OASPL  OASLA
ANGLE DISTANCE dB dB(A) dB dB(A)
0 100 m 72.8 56.0 95.8 96.1
10 100 m 67.3 Uy 1 96.4 96.8
20 100 m 66.8 42,3 97.5 98.0
30 100 m 68.4 by .6 99.0 99.6
40 100 m 69.9 43,5 100.6 101.1
50 100 m 68. 45.6 101.0 101.2
60 100 m 67.3 42,6 98.2 97.6
70 100 m 66.4 45.0 97.2 96.3
80 100 m 67.0 45.6 98.6 981
90 100 m 69.1 43.3 98.1 97.4
100 100 m 67.8 40.3 96.3 95.0
110 100 m 65.7 41,4 95.8 91.9
140 71 m 64.3 55.3 107.7 100.1
150 56 m 64.8 u2.5 112.3 98.5
160 63 m 62.1 39.6 108.9 95.2
210 100 m 63.5 38.5 105.0 92.0
220 106 m 60.7 36.1 103.0 95.6
230 100 m 63.4 37.3 100.3 93.1
240 100 m 61.4 39.3 98. U 93.1
250 100 m 67.3 38.3 97.2 94,2
260 100 m 64.8 43.6 94,7 91.6
270 100 m 62.5 40.3 93.0 89.4
280 100 m 63.4 u3.6 99.4 99.9
290 100 m 62.9 41,4 94.5 94.0
300 100 m 67.6 k0.9 91.1 90.1
310 100 m 64.5 43.2 96.8 97.3
320 100 m 65.1 47.0 97.3 98.1
330 100 m 64.6 39.2 92.8 92.9
340 100 m 65.9 43.5 91.5 91.3
350 100 m 66.8 44,3 95.9 96.5

NOTE: Only acceptable measurement locations are shown. Distances

W .
Oty

.
-

-,

are with reference to the engine exhaust.
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Table B.3: Hourly Lavg (dB(A)) Measured by Metrosonics Noise Dosimeter to
Determine Ldn for All Five Sites on 23-24 June 1987

l,l -

Sites: Bldg 5045 Conrad's Lynbrook POL Wilson Point o
, -
Ldn: 78.9 58.7 62.2 72.5 63.6 2
&
TIME:
07:00 70.1 55.7 69.4 80.9 59.0 =
08:00 88.3 55.7 68.6 82.9 63.4 Ny
09:00 62.1 55.2 54,7 70.9 57.4 !
10:00 72.5 57.8 56.8 63.3 60.4 e
11:00 . 67.8 57.5 55.6 60.1 58.1 L)
12:00 89.7 63.4 57.2 71.5 59.8 N
13:00 77.4 56.0 51.5 58.7 57.1 o0
14:00 78.3 58.0 56.2 61.8 55.7 N
15:00 66.7 60.5 55.0 62.2 55.1 e
16:00 68.2 58.3 56.4 66.9 59.6 o
17:00 59.8 61.6 52.4 62.0 58.3 ®
18:00 53.5 59.5 52.2 55.1 53.7 ~
19:00 60.7 61.6 53.5 63.0 55.2 NS¢
20:00 49,7 58.9 50.4 56.4 50. 4 N
21:00 58.6 54.8 51.2 57.9 62.4 s
22:00 60.4 52.7 52.1 60.2 61.6 R
23:00 47.2 5.6 56.0 62.4 58.9 »
00:00 47.5 47.6 56.8 62.7 60.6 N
01:00 46.3 46 .4 53.8 60.9 57.1 oy
02:00 uy 1 44,3 51.0 55.7 52.9 s
03:00 43.3 43,4 49,7 51.8 47,4 e
04:00 45, 4 44,0 49.7 48.2 46.1 W
05:00 50.0 47.8 50.2 us.7 48.8 p.
06:00 69.2 49.7 54.7 54,2 48.4 "

' N
v,
e e h

oy
'l .‘. "'

Note: Values shown do not include the 10 dB added to compute Ldn.
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Table B.4: Hourly Lavg (dB(A)) Measured by Metrosonics Noise Dosimeter to :f"
Detarmine Ldn for All Five Sites on 25-26 June 1987 -y

e

‘o
Sites: Bldg 50u5 Conrad's Lynbrook POL Wilson Point L
::‘-

Ldn: 66.9 58.5 56.8 63.2 56.7 L
%

TIME: .
o
07:00 60.5 58.1 55.0 59.4 59.4 3
08:00 55.1 54,4 52.1 60.2 50.5 NS
09:00 69.7 57.8 54.8 61.4 56.8 4
10:00 75.4 58.0 55.7 75.3 56.9 .

11:00 63.2 54,7 55.3 54.3 53.4
12:00 75.3 55.6 54.1 59.3 56.1 -]
13:00 67.5 57.0 51.5 57.0 56. 4 “4
14:00 67.1 56.5 52.3 55.6 54,4 -
15:00 69.u 56.2 52.8 61.6 55.7 e
16:00 69.5 60.4 55.7 59.0 56.8 -
17:00 61.7 58.7 53.2 54.6 57.2 y
18:00 55.8 62.1 55.6 53.8 54.3 -
19:00 54.6 61.8 49.6 52.1 53.6 "
20:00 50.0 57.1 52.6 52.9 - 53.3 -
21:00 51.5 57.1 50.2 52.9 52.7 =
22:00 53.4 51.1 49.4 48.6 49.6 N
23:00 43.9 53.3 46.4 47.3 49.6

00:00 43,2 43.5 48.2 46.6 46.1 o
01:00 44,9 uy,2 49.8 52.8 48.0 o
02:00 46.3 4y, 9 48.1 49.1 49.7 >
03:00 44,0 43.5 48.4 47.0 46.2 . <3
04:00 44,4 43.5 50.9 48.9 43.9 ot
05:00 49.1 48.5 51.3 7.0 46.9 .
06:00 45.4 52.0 49.9 50.3 48.8 b
3
o
Note: Values shown do not include the 10 dB added to compute Ldn. e
¢

N

"
]
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TABLE B.S:

VOV U R AR RO OV U U RO A ORI OR PO OGO

Tat o pe el At tat et at ta¥ el et el alotat ‘el gty ab. oty gt ghy ol

Intrusive and Median Noise Levels Calculated by the
Metrosonic dB-310 Noise Dosimeter During Ldn Measurements

N1 \ )
v

Time Period: FROM: 18:00, 6/23/87 FROM: 11:00, 6/25/87
TO: 18:00, 6/24/87 TO: 11:00, 6/26/87
Ln(10) Ln(50) Ln(10) Ln(50)
Site dB(A) dB(A) dB(A) dB(A)
Bldg 5045 T4 48 71 45
Conrad's 58 u7 59 47
Lynbrook 57 19 52 47
TABLE B.6: Overall Sound Pressure Level (OASPL) and Overall
Sound Level A-Weighted, (OASLA) Versus Site Locations
from TF 34-GE-100A engine.
BACKGROUND 96% RPM
OASPL OASLA OASPL OASLA
SITE DISTANCE dB dB(A) dB dB(A)
Bldg 5045 125 m 65.6 59.9 87.3 82.5
Conrad's 735 m 67.3 u7.5 82.8 61.1
Lynbrook 455 m 6U.2 8.0 71.4 56.0
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APPENDIX C

1/3 Octave Band Analysis
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Table C.1z2 Measured Noise Spectrum Levels of the TF34
Engine Mounted on the RA/M377-20 Test Cell.

Sitez Bldg 5045. Uarfield ANG. Balt. MD.

Background Noise Measurement.

/-uT
OCTAVE
BAND SL
CdBC(R>]

C-urt
OCTAVE
BAND SL
€dB(¢C>1]

c-urt
SOUND
LEUVEL
£dB<C>1

OCTAUE
BAND
SPL
<dB>

A-uUr
SOUND
LEVEL
CdB<A>]

1000 49.4 49. 4 49. 49 54,9 54,7 54.9
1250 49, 4 c0.0 494 h
_1600 49,3 0.3 49,2

2000 47.6 48.9 47. 4 52.8 S4.Q §2.6
2500 46.9 48.1 46. 6

3150 46,3 47. 5 45.8

4000 45. 4 46, 4 44, 6 o0,1 Si.1. 49. 3

$000 44,1 44.6 42.8

63400 41,7 416 39,7

809U 38.7 37.6 35,7 44,1 43.9 41.6

10000 35.9 33.4 3t.5

*—w

neeQUERALL LEUVELS <S -~ 10000 Hz)wnwn

OASPL = 65.3 dB O0ASLA = §9.9 dB(A>
ORSLC = 64.0 dBC(C> C-R VUALUE = +4.1
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Figure C.1z Measured NHoise Spectrum (SPL us RA-Ut Levels) -

ot the TfF34 Engine Mounted on the RA/M377-20 Test Cell. "
Site: Bldg S045. Uarfield ANG. Balt. MO. -
Background Noise Measurement. :G'
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y Table €.2= Measured Noise Spectrum Levels of the TF34 -
Engine Mounted on the R/M3?T-20 Test Cell. oty
Site: @Bldg S5045. Uarfield ANG. Balt. MO. o)
Engine Power: 96X RPM. \,_-:
:j‘
SOUND A-UT C-utT OCTAVE c-ut
: PRESSURE | sounD SOUND BAND OCTRUE 0
1 LEVEL LEVEL SPL BAND SL NG
. £dBC(A>] JLdBCC>] <dB> £dB<C> ] 7
; 3 57.4 0.0 0,0 g;‘
6.3 £1.0 0.0 0.0 § 4}7
8 c2.4 0,0 g.0 [ 59.1 1.8 42.8 Py
10 57.1 0.0 42,8 1 1 3
12.5 9.5 g,0 48. 3 -]
16 £6.7 10.0 § 58.2 71.0 18,7 | Ve
20 68.S 18.0 62.3 A
25 64.3 19.6 59.9 1 .
31.5 70,0 30.6 67.0 73.8 37.1 _f 71.1 -
40 70.5 35.9 68.5 | wi
N SQ 77.0 16.8 75.7 I e
a 63 74.8 48.6 i 74.0 81.7 56.9 80.8 g
" 89 78.2 gs5.7 22,7 1 | NGt
100 79.7 60.6 lﬁ 79.4 Ai* :
125 75.8 59.7 75.6 82.0 65.2 81.9 4
160 ?4.4 sngg{’7m3 N
200 ?73.3 62.4 73.3 ~
250 71.5 62.9 71,5 76,4 67.5 76.4 NS
315 69.4 62.8 69.4 o
409 67.5 62,7 67.5 a
) 200 _67.6 64.4 67.6 72.5 69.4 72.5 .1
k- 630 68.0 66,1 68.0 o d
: 800 66,5 es.vggt' 66.5 e
. 1000 67.1 62.1 § 67,1 71.3 71.3 71.3 o
. 1250 66.1 66.7 66.1 I e
1600 65.0 66.0 64.9
: 2000 65. 1 66.3 64.9 70,6 71.8 70.4 : -
3 2500 67.0 68, 3 66,7 =
3150 ?29.2 89.4 78,7 | I
, 4000 67.5 68.5 66.7 79.7 80.8 79.1 23
_5000 _64.6 65.1 § 63.3 i
6300 _69.6 69,5 67.5 b
, 8000 61.3 60,2 58.3 70,6 70.2 68.3 -
10000 60.3 57.8 55.8 7
- Sme—— b ‘JM _:
. S
A #uxnQUERALL LEUELS <5 ~ 10000 Hz)wsns -
O0ASPL = 87.3 d8 OASLA = B82.5 dBCA) .
“ OASLL = 86.6 dB(L) C-A UALUE = +4.1 )
-"’.
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Table C.3:

Measured Noise Spectrum Levels of the TF34
£ngine Mounted on the A/M37T-20 Test Cell.

Site: Conrad Property Line. Balt. MD.

Background Noise Measurement.

A-UT
OCTAUL
BAND SL
£dBCA>1]

c-urt
OCTAVE
BAND SL
LdB<C>1

c-ut
SOUND
LEVEL
£dBcC>1

OCTAUE
BAND
SPL
<dB>

5 0.0 o
6.3 . 0.0 -
8 £6.2 0.0 0.0 60,9 4.8 44.0 o
10 08,3 0.9 44.0 o
12.S o1.2 0.0 40.0 v
16 o1.4 0.0 42.9 S6.4 _5.4 48,3 b
20 52,0 1.5 45.8 -
25 52,2 7.5 47.8 {
31,5 52.1 12.8 49.1 56.8 18,9 53.8 Ry
40 c1.8 17.2 49.8 w7
50 55.5 25.4 54,2 | 1 Ny
63 S5.6 29.4 s4.8 J 60,2 34.7 § 59,3 R
80 54.9 32.5 c4.5 | | '
100 $6.7 37.6 § 6.4 i, | '
125 56,9 40.8 6.7 60,3 43.6 }_gg;g___d - i
160 20,3 36,9 £0,2 N
200 47.6 36.7 47. 6 i | o
250 43.8 35.2 43.8 49.6 40.1 49.6 N
315 40,2 33.6 40.2 2
400 372.6 |  32.8 37.6 ;
500 _ 35.6 32.4 35.6 40,4 36.7 40.4 3
630 32.2 30,3 32.2 -
800 29.0 28.2 29.0 .-
1000 30.5 30.5 30.5 35.1 35.1 351 -
1250 31.1 31.7 31.1 /
1600 33.2 34.2 33.1 ,
2000 34,7 35,9 34.5 39.0 40.2 38.8 ot
2500 34,7 36.0 34.4 -
3150 28.6 29.8 28.1 .
4009 26.8 27.8 26.0 31.8 32.8 31.0 .
5000 24.5 25.0 23.2 .
6300 21,6 21.5 19.6 )
8000 19.2 18.1 16.2 24.3 23.6 21,7 =
10000 16.1 13.6 11.7 :
el ene— ’ e ————— .
wweQUERALL LEUELS (S - 10000 Hz)mww -
ORSPL = ©66.5 dB ORSLA = 47.5 dB<(A> )
OASLEC = 63.6 dBCC) C-A URLUE = +16.1 o
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Figure C.3: Measured Noise Spectrum (SPL us R-Ut Levels)>
of the TF34 Engine Mounted on the R/M37T7-20 Test Cell.
Site: Conrad Property Line. Balt. MO.

Background Noise Measurement.
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Yable C .4z Measured Noise Spectrum Levels of the Tf34
Engine Mounted on the A/M371-20 Test Cell.
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Site: Conrad Property Line. Balt. MO.
Engine Power: 96X RPM.
SOUND A-UT c-ur OCTAVE { A-uT c-urt
FREQ JPRESSURE | SOUND SOUND BAND OCTAVUE J OCTAUE
(Hz> fLEVEL LEVEL LEVEL SPL BAND SL | BAND SL
<d8)> €dB<A>] frdeccr>1 § «d.> £dB<A>] §CdBCC)]
g 2.0 0.0 0.0
6.3 53.7 1 Q9.0 0,0 |
8 58,5 0.9 g.g § 63.0 4,9:::t_3§&1____
10 64, 3 .0 16,0 |
0.0 48,7 l,
16 6.3 c4. S 68,9 16,9 61.8
20 16,3 60.6 1
2S 24.6 64.9 |
31.8 32,2 68.6 I 76.5 39,7 73.8
40 73.3 38,7 71, 3 A{
sQ 73. 4 43.2 22.1
63 73.4 ¥ 472.2 722.6 1 78.4 $3.3 77.6
g0 74.0 & s1.9 73,5 1§
100 73,2 1| s4.6 73.4 1 1 ’
125 70.9 76,0 c8.8 § ?5.7 £
160 65,8 65, 7 i 7}, ®
200 59,9 49.0 59.9 i
250 52. 4 _43.9 52.4 60,9 cg.8 1 60.9
319 49,1 42.5 49,1 |
400 45.8 42.0 46,8
S00 44,5 41,3 44 .S 49.8 46,2 ‘
630 42.8 40,9 42,9
800 41,6 40.8 41. 6 §
1.000 44,9 I 44, 44_9 47.7 47,7 I 47.7
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1600 38,5 39.5 38.4 | |
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2500 38.8 40,0 38,5
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800y 31,1 30,0 28.1 35,7 34.5 32.6 v
10000 31.0 28.5 26.7 °
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Table C.9: Heasured Moise Spectrum Levels of
£ngine Mounted on the A/M377-20 Test Cell.
Site: Lynbrook. Uarfield ANG. Balt. MO.

Backgound Noise Measurement.
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SPL
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c-ur
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LEVEL
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I 20
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Table C .6:
Engaine Mounted on the A/M37T7-20 Test Cell.

"4

N Site: Lynbrook. UWarfield ANG. B8alt. MO.
?: Engine Power: 96X RPM.
N
SOUND A-uT c-ur ocTAvE § A-uT

. prESSURE | souno | souno BAND 0CTAUE
4 LEVEL LEVEL  JLEUEL SPL BAND SL
) <dB> €dBcA>] frasccrl | ad> CdBCAY]
)
’--’

tMeasured MNoise Spectrum Levels of the TF34

C-urt
OCTRUE

160 46,2
200 41,3 30,4 41,3
250 40,2 1 31,6 40.2 45,0 36,2 45.0
319 38.7 32.1 38,7
400 37,8 33.0 37.8
500 39,5 36,3 39 . ¢ 44,3 41.4 44,3
630 40,7 33.8 40,7
800 42,7 41,9 42.7
1090 50,7 50.7 I Q0,7 53.2 53.4 53.2
1250 48,7 1| 49.3 48,7
5 ___11;5_17 44,6 43,9 *ﬁ
2000 43. 4 44,6 I 43,2 47. 7. 48.8 4[ 47.5
2500 41,5 42,7 41.2
3150 44,3 45,5 43.8
4009 33,4 34,4 32.6 451 46,2 44,5
$000 35,1 35.6 33.8
$300 42.5 42. 4 40.5
8000 24.1 23.0 21,1 42.5 42 .4 40.5
10000 18. 4 15.9 14.0
»unQUERALL LEUELS <S5 - 10000 Hz)w=s
ORSPL = 69.S5 dB OASLA = 56.0 dB<A
0RASLE = b7.5 dB<C)> C-A URLUE = «11.§5

BAND SL
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TABLE D.1: Summation of Maryland Envirommental Noise Standards * L
Al
2
Zoning District Level Measure
dB(A)
b
Industrial 70 Leq(2u) )
Commercial 64 Ldn B
Residential 55 Ldn :'.'_
' .
* Code of Maryland Regulations, Title 10, Health and Mental Hygiene, :‘_:::
Subtitle 20, Chapter 01, L
-
]
TABLE D.2: Summation of Maryland Maximum Allowable Noise Levels (dBA) R
for Receiving Land Use Categories # 2%
)
Zoning District Day Level Night Level o
dB(A) dB(A) A
Industrial . 75 75 "
)
Commercial 67 62 e
Residential 65 55 N
. S
* Code of Maryland Regulations, Title 10, Health and Mental Hygiene, N
Subtitle 20, Chapter 01. o™
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APPENDIX E

Barrier Design and Calculations
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Noise Barrier Design ;:
3
b
1. Purpose: The purpose of the two barriers is to reduce the noise from the o
TF3U4-GE-100A engine and C-130 aircraft engine. In addition, the second barrier :s‘
will also reduce noise at the KO building and provide a better workplace for the }ﬁ:
workers., Figure E.1, depicts the barrier design and Tables E.1 through E.3 list C;
the calculated values, Barrier 1 is 75 ft long, centered on the line of sight ;a
between the exhaust of the TF3U-GE-100A engine and site 2, 75 ft away from the Y
exhaust, and the top of the barrier is 40 ft above sea level. Barrier 2 is 60 3§
ft long, centered on the line of sight between the center of the C-130 engine o
and the center of the KO building door, 70 ft away from the exhaust, and 35 ft S
above sea level. The barrier can be made out of any material that meets the e
sound transmission loss requirements in Tables E.1 through E.3. Any width of o
earth greater than 1 inch should meet the requirement. Therefore, a possible )
material could be earth, The base will have to decide wrich i{s the most cost RE
effective material. Another possible material might be to stack metal o
containers like the ones already placed between the KO building and the trimpad. e
. Jes
2. Barrier Design: The barriers were designed, using a computer program to lji
determine their dimensions and placement, to reduce noise on the cther side by 5'
creating a noise shadow. The optimum barrier i{s as close as possible and as TN
high as possible. The program assumes a level surface and uses one-third octave L
noise data and source-to-receiver distances. This brings up two problems: 3;
2. At Mr Conrad’'s the OASPLA and one-third octave band data of the C-130 is :i:
not known for certain. The base BEE shop did not feel information on the C-130 )
was necessary. However, data taken by the Metrosonics dosimeters showed an e
overall noise level of approximately 51 dB(A). Therefore, to use the program, o
certain octave levels were assumed. By assuming the noise levels are related ;}:
proporticnally to the noise levels of the TF3uU-GE-100A, the C-130 aircraft o
engine noise levels can be found. - o
b. The mathematical equations used to determine noise reduction of a i\
barrier assume a level path between source and receiver. The land between the {:'
engine noise and noise receiver is hilly terrain. Therefore, a level aurface of }}1
20 ft, the trimpad's height of contour, is used. So in Tables E.1 through E.3 a RN
barrier height of 15 ft is equivalent to a 35 ft contour. ~$:
3. Barrier Limitations: The recommendations in this report are inseparable 2,A
from the conditions existing at the time of the survey. Change any parameter Lo
and the results will not be the same. iy
3. This solution only applies to a TF34-GE-100A engine on the test stand -:}‘
and cannot be expected to solve a noise problem caused by a plane being tested ‘ -
on the trimpad. Chel
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b. I” any physical objects are moved, the noise level at Mr Conrad's could j{
3 rise. Therefore, do not cut down any trees or move the metal containers., 1In oy
. fact, planting additional trees may be beneficial. ;u
T
¢. Using an outdoor barrier has several major uncertainties. The exact y
amount of reduction will not be known until after the barrier is built. These .
Y values will change with wind and temperature variations. ti
149
4., Barrier Results: The noise reduction values generated by the computer &V
program are shown in Tables E.1 through E.3. The firat barrier is predicted to hY
reduce noise level generated by the TF3U-GE-100A at Mr Conrad's to 52 dB(A). -
The second barrier is used to reduce the noise generated by the C-130 engine at :a
- Mr Conrad's to 44 dB(A). 1In addition, the barrier for the C-130 engine will h:
N reduce the OASPLA at site 1 (KO building) to 67 dB(A) ensuring worker safety. A 4
N 3 dB(A) allowance was built into the OASLA to account for imperfections in the N
' equations, barrier, and noise levels., This can be seen in the fact that the <
OASLA created by the TF34-GE-100 engine is expected to be 52 dB(A) at site 2, <
M instead of the 55 dB(A) goal. Even though the noise reduction will not be as ™
N great as a noise suppressor system, and barrier noise reductions will change 5}
. with conditions, a barrier design is a viable option. ﬁx
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L4
t TABLE E.1: EXPECTED NOISE LEVEL OF TF34-GE-100A ENGINE AT CONRAD'S :
:ﬁ WITH NOISE BARRIER IN PLACE
~ r)
Ny FIXED VALUES s

THE DISTANCE BETWEEN SOURCE AND RECEIVER IS: 2400.0 FT :
THE SOURCE HEIGHT IS: 6.0 FT pt
THE SOURCE WIDTH IS: 15.0 FT
THE RECEIVER HEIGHT IS: 0.0 FT .
»
| VARIABLE VALUES

. .
< THE DISTANCE BETWEEN SOURCE AND BARRIER IS: 100.0 FT 7
- THE DISTANCE BETWEEN BARRIER AND RECEIVER IS: 2300.0 FT g
3 THE BARRIER HEIGHT IS: 20.0 FT i

CALCULATIONS _

5 THE PATHLENGTH IS: 2.02 FT 4
< THE BARRIER WIDTH IS: 74.3 FT .
v EFFECTED RECEIVER WIDTH IS: 2859.0 FT N
o 80% OF CALCULATED NOISE REDUCTION “
R FOR A RECEIVER WIDTH OF: 880.0 FT
- 50% OF CALCULATED NOISE REDUCTION -
- FOR A RECEIVER WIDTH OF: 1659.2 FT -
A ;
< *
. OCTAVE FREQUENCY BAND, HZ X
'k‘. - n\
Ly 31 63 125 250 500 2000 4000 8000 )
-\.

- THE NOISE LEVELS MEASURED AT THE RECEIVER'S LOCATION  (dBA)
i~ 39.7 53.3 58,8 50.8  46.2  47.7 44,7 446 34,5
N'o

NOISE REDUCTION AT RECEIVER DUE TO BARRIER (dBA):

- &
e 6.1 7.6 9.1 10.6 12.9  15.2  16.7  171.5 18.2 N
»‘.‘ >

’ »

REQUIRED SOUND TRANSMISSION LOSS OF BARRIER (dB): :

5
),

')
r,

16.1 17.6 197 20.6 22.9 25.2 26.7 27.5 28.2

= EXPECTED NOISE LEVELS AT RECEIVER DUE TO BARRIER (dBA):
N 33.% 4s5.7 g, 7 40,2 33.3 32.5 28.0 271 16.3

Lavg = 52 dBA

o 42 ’




TABLE E.2: EXPECTED NOISE LEVEL OF TF34-GE-100 ENGINE AT BUILDING 5045
WITH NOISE BARRIER IN PLACE

AN, AR AIINL s

FIXED VALUES
THE DISTANCE BETWEEN SOURCE AND RECEIVER IS: 410.0 FT
THE SOURCE HEIGHT IS: 6.0 FT
THE SOURCE WIDTH IS: 4.0 FT
THE RECEIVER HEIGHT IS: 6.0 FT

VARIABLE VALUES

THE DISTANCE BETWEEN SOURCE AND BARRIER IS: 200.0 FT

THE DISTANCE BETWEEN BARRIER AND RECEIVER IS: 210.0 FT

THE BARRIER HEIGHT IS: 15.0 FT

CALCULATIONS

THE PATHLENGTH IS: 0.40 FT

X THE BARRIER WLDTH IS: 31.0 FT

EFFECTED RECEIVER WIDTH IS: 14,7 FT
FOR OF CALCULATED NOISE REDUCTION <
FOR A RECEIVER WIDTH OF: 40.7 FT o
50% OF CALCULATED NOISE REDUCTION -
FOR A RECEIVER WIDT" F: 77.2 FT s
o

e .

2
-
o
OCTAVE FREQUENCY BAND, HZ i
L
o
31 63 125 250 500 1000 2000 4000 8000 ®
______________________________________________________________________________ fo
Kl
THE NOISE LEVELS MEASURED AT THE RECEIVER'S LOCATION  (dBA) oA
37.1 56.9 65.2  67.5 69.4 71.3 71.8  80.8 70.2 g:a
A
NOISE REDUCTION AT RECEIVER DUE TO BARRIER (dBA):

o

5.8 6.7 8.6 9.6 11.5 14,4 17.3 19.2 21.1
REQUIRED SOUND TRANSMISSION LOSS OF BARRIER (dB):

15.8 16.7 18.6 19.6 21.5 24.4 27.3 29.2 311

« PR
i.'- Co
N N

% L

o
o

EXPECTED NOISE LEVELS AT RECEIVER DUE TO BARRIER (dBA):

hY
3

o

31.3 50.2 56.6 57.9 57.9 56.9 54.5 61.6 ug .1

A

P
<
"x

L3

Lavg = 67 dBA

.
@
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TABLE E.3: EXPECTED NOISE LEVEL OF C-130 AIRCRAFT ENGINE AT CONRAD'S o
WITH NOISE BARRIER IN PLACE N
)
FIXED VALUES -
A
THE DISTANCE BETWEEN SOURCE AND RECEIVER IS: 2400.0 FT P
THE SOURCE HEIGHT IS: 6.0 FT ol
THE SOURCE WIDTH IS: 15.0 FT RON
THE RECEIVER HEIGHT IS: 0.0 FT E:_:
~
o,
VARIABLE VALUES g-‘-‘
THE DISTANCE BETWEEN SOURCE AND BARRIER IS: 75.0 FT no
THE DISTANCE BETWEEN BARRIER AND RECEIVER IS: 2325.0 FT
THE BARRIER HEIGHT IS: 12.0 FT o
CALCULATIONS v
~
THE PATHLENGTH IS: 0.95 FT -
THE BARRIER WIDTH IS: 50. 4 FT
EFFECTED RECEIVER WIDTH IS: 2283.0 - FT
80% OF CALCULATED NOISE REDUCTION
UPVIEW MORE DATA UP 726.4 FT
50% OF CALCULATED NOISE REDUCTION '
FOR A RECEIVER WIDTH OF: 1388.7 FT

OCTAVE FREQUENCY BAND, HZ

3 63 125 250 500 1000 2000 4000 8000
THE NOISE LEVELS MEASURED AT THE RECEIVER'S LOCATION (dBA)
30.0 44,0 49.0 .o 37.0 38.0 35.0 35.0 25.0

NOISE REDUCTION AT RECEIVER DUE TO BARRIER (dBA):

5.3 6.1 7.6 9.1 10.6 12.9 15.2 16.7 17.5
REQUIRED SOUND TRANSMISSION LOSS OF BARRIER (dB):

15.3 16.1 17.6 19.1 20.6 22.9 25.2 26.7 27.5
EXPECTED, NOISE LEVELS AT RECEIVER DUE TO BARRIER (dBA):

28,7 37.9 4.4 31.9 26.4 25.1 '9.8 ‘8.3 A

Lavg = 44 dBA

44
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