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I. INTRODUCTION

A. Pumose: This report provides the resuits of noise data analysis recorded during the
11-16 Apr 88 noise survey conducted by USAFOEHL and the noise data the Holloman 833
Medical Group/SGPB coliected 20-30 Apr 88. This survey evaluated the noise characteristics ot
the Holloman Rocket Sled Test Track Operations at Holloman AFB NM. The 6585th Test
Group had requested a noise survey be pericrmed by the base biosnvironmental shop. Since
this particuiar noise survey was beyond the bicenvironmental shop's capabiiities, they in turn
requested USAFOEHL send a noise team to do on-site monitoring and assess the noise from
the test track operations.

B. Problem: The 1972 environmental assessment for the 6585th Test Group was no longer
valid, and a new assassment had to be compieted ‘n order to continue mission essential
operations. The 6585th Test Group needed to include an assessment of test track noise in the
new environmental assessment. :

C. Scope: This report provides the resuits of an in-depth community noise survey and
impuise noise lavels from a worst case sied run. The report discusscs the most current
measurement and evaluation tachniques of impulse noise created by sonic booms. The report
recommends reducing the number of people being exposed and requiring test track parsonnel
within six miles ot the tast track wear earmuffs or plugs. Also, sonic boom measuring
equipment shouid be purchased to document noise exposures.

il. DISCUSSION

A. Methodology. There were several different measurements required to assess the impact
of sonic booms including composite average day-night sound level (CLdn) and sourd exposure
level using both A- and C-weighiing (SEL and CSEL). (Compiete definitions of these
Measurements can be found in Appendix E.) CLdn, SEL and CSEL measurements were used
to determine annoyance due to auditory stimulation and building vibration while peak pressure
Measurements were made to determine possible structural damage and heaith effects. Two
ditferent types of noise surveys were performed: ClLdn measured at ten sites with noise
dosimeters, and noise recordings at two of the ten sites to determine the impuise noise
generated by the rocket sled. A:jpendix A, Figure A.1 shows the ten locations. Table A.1is a
listing of the sites. When appropriate, corrections ware made for meteorological conditions.

1. Day-night Levels: The average day-night sound level (Ldn) was measured at the ten
sites chosen by representatives of Holloman AFB and USAFOEHL personnel to represent
locations where people work or rest. Locatiuns in close proximity to the test track were aiso
selected where impacts might be produced by test track noisa. Noise dosimeters were used at
each site to measure the Ldn by recording 24 hour periods. Each dosimeter was attached
approximately 1.75 meters above the ground to poles, fences, or treee. The dosimeters used
one hour averaging intervals. in ordar to calculate a Ldn, the dosimeter used a doubling rate of
3 decibels (dB). Ten dB was acded ' each hourly Average Sound Levei (Lavg) from 2200 to



0700. Each dosimeter aiso caiculated a peak noise level, an intrusive no.se level, a median
noise level, and a background noise level. (The definitiona of these noise leveis are defined in
Appendix E.) It shouid be noted only four ot the ten sites are reported due ‘o egquipment
problems. Appendix A, Figures. A.2 through A.S show the location of these four sites.

USAFOEHL coliected three nonconsecutive 24 hour periods betweaen 1900, 11 April
88 and 2100, 15 April 88. The 833rd Medical Group/SGPB collected data on five more
nonconsecutive days between 20 and 30 Aprii 88. Appendix B, Tables B.1 through B.4 list the
Lavgs for each hour of the Ldn data and the Ldn for that site and time period. The hourly values
shown do not incitde the 10 dB added for the 0700 to 2200 time period to compute Ldn. In
Appendix B, Tables B.5 through B.8 the peak (as defined by the ievel sxceeded 1% of the ime
during the sampied period), intrusive, median, and background noise leveis are aiso reported.

2. Impulse Noise Lavels: .\n additional noise measurement technique was used at sites
1 and 3. These noise Measurements were made during times when the rocket sled was being
fired. Appendix C, Figure C.1 shows the actual measurement points at sites 1 and 3. The noise
data were collected on audio tapes using portable tape recording systems. The tapes were
later analyzed at USAFOEHL. The microphones of the systems were attached to tripods at an
approximate height of 1.75 meters. At site 1, the microphones were paraliei to the ground and
pointed parallel to the test track. At site 3, the microphones were perpendicular to the ground
because the exact location of the test track was not known. After returning to USAFOEHL.,
these recorded noise data samples were then transfarred to a Nicolet digital storage scope-and
the peaks were determined and recorded on a digital storage disk. Figures C.2 and C.3 are the
waveforms created by the sonic boom on 13 April 1988 at nositions 1 and 3. Also, a tast fourier
transform was performed on these waveforms to determine which frequencies contained the
most energy.

3. Composite Day-night Levais: A composite day-night average sound level (CLdn) was
determined by logarithmically adding the Ldn for the day of interest and the individually
imeasured CSEL for the event. The CSEL for t1ie event was detsrmined by playing the racorded
tapes through a sound level meter which calculated CSEL and SEL. The combined Ldn and
CSEL are reported in Appendix C, Table C.1.

B. Standards: There have been several groups, including the ERA, which have discussed
the measurement and limitation of noise associated with sonic booms. No one standard has
been adopted as law. However, the information contained ii! this report is based on the
methodologies deveioped by these groups.

1. Military: The impuise noise limit used by the Air Forcs', Army7 and OSHA® 1o preserve
health in an occupational setting without protective equipment is 140 dB or 200 Pascais (Pa)
(4.18 pound per square foot [psf]) pe.ak sound oressure level. Howavar, there are no
nonoccupational criteria.

2. National Aeronautics and Space Administration (NASA): NASA studies show no
structural damage, excluding glass or wirdow breakage, will occur at pressures below 11 pstf
(527 Pascale or 148.4 dB). As for glass breakage, an average of only 1 pane in 833 panes can

be expecied to be broken by sonic booms of 4 pst.® Appendix D has a full discussion of
damage assessmaent for health and structure damage including glass breakage.

2
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3. EPA: The EPA has recommended a Ldn criteria of 55 dB. For sonic boom peak
sound pressure ievels, the following formula is used by EPA to determine littie or no public
annoyance ior daytime levels:

Peak Level = 35.91/ N°° Pascals
N = the number of events in a 24 hour period.

For a single event this would be a level of 35.9 Pascais or 125 dB peak. There is no legal
standard for impuise noise. There are only studies of possibie hearing damage and nonauditory
effects of impuisive sound with recommendations based on theae studies.

a. Hearing: EPA conciuded a peak sound pressure iavel of 145 dB shouid not be
exceoded. This would prevent a parmanent hearing loss no greater than 5 dB after 10 years of

daily exposure.'?

b. Nonauditory effects: Impulses 10 dB greater than background noise are potentially
startling or sleep-disturbing. However, there is no clear evidence of any permanent effect on
public health and weltare.

4. HUD: The Department of Housing and Urban Development (HUD) usaes a standard of
65 dB for a Ldn criterion around airports. Also, Bolt Beranek and Newman, Inc. (BBN) prepared

a noise assessment guidetine for HuD." Appendix C, Figure C.4 is the recommendation BBN
made to determine whether or not an area is acceptable for a housing development sponsored
by HUD. The number of avents aliowed versus the anergy average sound exposure level is
used to uefine a line between acceptable and unacceptable levels. A singie evant producing
107 dB is one limiting point.

C. Resuits:

1. Military: The peak sound pressure at site 1 was 148.5 dB and site 3 was 140.3 dB
(Appendix C, Tabie C.1). Sites 1 and 3 exceeded the military standard of 140 dB for impulse
noise.

2. NASA: The peak sound pressure at site 1 was 11.1 psf and site 3 was 3.4 pst. NASA
tests show building structures in good repair shouid not be damaged at boom overpressures
less than about 11 pst. Site 1 axceeded this value while site 3 aid not. Also, at site 3, the
probability of window breakage was approximately 0.00075 or 1 pane in 1333 panes. At site 1,
a probability was not defined for a boom of that magnitude but was greater than 1 pane in 250
panes.

3. EPA: Both the Ldn and the CLdn at all sites measured and reported exceeded the
EPA standarc of 55 dB. The mec¥an Ldn for site 1 was 73.6, site 2 was 61.2, site 3 was 63.0,
and site 6 was 63.0. (Appendix ©, Table C.2).

4. HUD: The sites located off base were witlun the HUD standard for acceptable housing
areas of 65 dB. A CLdn was calculated for sites 1 and 3. The CLdn for site 1 was 73.8 dB and

———— s iy




for site 3 was 63.1 dB. (Azpendix C, Table C.2). The SEL at site 1 'vas 89 dB and 65 dB at site
3 (Appendix C, Table C.1). The SEL at both locations were accepiable according to the guide-
lines developed for HUD of 107 dB for a single event SEL (Appendix C, Figure C.4). For Sites 1
and 3, the majority of the energy was locatec below 70 Hertz (Hz). The peak energy for site 1
was concontrated at 10 Hz, and for site 3 at S Hz.

D. Obaservations: Rather than measure a lange number of sonic booms produced by various
types of sleds it was decided to measurs the iargest expected sonic boom produced in rcent
history. If this worst case run produced littie or no effect, the most practical and cost efficient
noise impact survey of the test track wouid have been accompiished and lesser booris would
be expected to creste significantly less impact or no impact. Therufore, on 13 April 88, ~
USAFOEHL personnel measured une of the worst cases of noise expected by test track
parsonnel. Also, it shouid be noted, peak prassures from sonic booms increase as vehicie
speed increases from Mach 1 to Mach 1.5 and then start to decline. In this case, the test track
vehicie speed was appioximately. 1.5 Mach.

1. Sites: Even though Ldns were oniy obtained on four of the ten sites, sufficient data
was collected to make decisions about noise from rocket operations.

2. Ldn: Due to the way the Ldn is mathematically caiculated, the peak from the sonic
boom will have little effect on this daily average. Also, the primary energy created by the sonic
boom is low frequency. An A-weighted Ldn will not weigh this energy as significant. ClLdn or
composite Lan takes this into account by adding the CSEL of the svent imes the number of
avents to the Ldn. Since the CSEL uses a C-weighting scale, low frequencies are more heavily
weighted than with A-weighting. However, since there is only one sied run per day, the peak
still has little effect.

3. Impulse measurement: In Appendix C, Toble C.1 and Figure C.2, there appears to be
minor electronic overioad or clipping at site ~. The clipping was due to the wrong attenuation
setting on the tape recorder. Also, listed in the same tabie is information obtained by Air Forcs

\Weapons Laboratory (AFWL) at site 3.5 The difference is less than 3 dB for peak leveis and
less than 1 dB for peak to peak measurements.

4. Propagation cf Sound: The sound generated by the test vehicle approximated the
sound propagation of a line source. The sound created by a line source decreases 3 dB for
every doubling of distance. Using this assumption, a peak levei can be determined at different
sites around the test track. This was done to caiculate the peak level at the property boundary
in Appendix C, Table C.1.

5. Standards: There is no standard for nonoccupational impulse exposures. Therefore,
the guidelines used to determine whether or not an area is acceptabie for habitation wouid be of
greater concemn. The test track noise at the property line of the White Sands Missile Range
does not exceed any HUD impuise standards. The most widely accepted and used standard is
HUD standard of 65 dB. The once a year worst casa rocket sled will probably not do any
structural or permanent health damage to anyone in the surrounding community because of the i
infrequency of the loud sonic boom. ‘*
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6. Vibration: Hounse vibration typically occurs in the 10-30 Rz frequency range. .
Therefore, the sonic booms created by tha rocket sied runs can be expected to inuuce vibration
in surrounding bulicings.

7. Sonic Boom Measuremant Equipment: if in the fiture, there is liigation by home
owners about glass and structure damage. the Holloman test track shouid be prepared to
confirm or deny thesa allegations. This can be accompilished by buying sonic boom measuring
equipment and documenting all tuture sled runs. The Armstrong Aerospeac s Medical Research
Laboratory (AAMRL) at Wright-Patterson AFB OH s currently depioying this type of instrumen-
tation. The name of the instrumem is Boom Event Analyzer and Recorder Syswum (BEARS).
Appendix F has a description of the squipment. In addition, there is taik ot bigger and louder
sleds combined with detonation of high explosives. It in the future, these possbiiities become
reglity, the test track could document them and be abie to update the envi-onmental impact
statement.

. CONCLUSIONS

A. Community dutside Holloman AFB and White Sands Missile Range: Even the worst
cases of noise cregted by rocket sied runs would have minimal stfects on the community. The
community around the test track would nat be expected to have any permanent or temporary
heaith affecis created by the sonic boom. However, there couki be a startie effect on
unsuspacting individuals up to 10 miles away from the track when a large sonic boom occurs.
There are no known heaith effects related to the startie effect. The snergy from tha sonic
booms will not do any structural damage to any bulldings located off the miasile range. There is
a chance that large sonic booms might damage windows. However, the chance of glass
breakage at the property line of the missile range sast of the test truck is only 1 in 100 and six
miles away from the test track it is 1 in 833. Therefore, it is safe to say that on the majority of
test track runs there is no impact at all, and, in the worst-case scenario, there is only a small
chance of window breakage.

B. White Sands Missile Range Reservation and Holloman AFB: Test track personnel
exposed to the noise created by the rocket sied and located within six miles of the test track
should wear hearing protection. Those individuails on the base or military reservation who are
incidently exposed--that is those who do not work at the test track on a continuous basis do not
require any protection. Also, there is a chance of window breakage of buildings on the base
and miltary reservation.

IV. RECOMMENDATIONS

A. Limit the number of military personnsl and families within six miies of the test track when a
large sonic boom is expected.

B. As a minimum, require individuais routinely associated witn test runs and located within
six miles of the test track wear earmufts or plugs.

C. Purchase sonic boom measuring equipment such as described in Appendix F and use it
to document all sonic booms.




1. AFR 161-35, Hazardous Noise Exposure (9 Apri 1982)

2. AFM 19-10, Planning in the Noiee Environment (18 June 1978)

3. "Assessing Noise impact of Ale Foroe Flying Operclions.” USAF/LEEVX (Mar 1984)

4. Carrol, michael M. “Intoduction to Nolee and Acoustic Terminology.” Community Noise
Control: Prediction, Measurement, and Reguiation, A two day conference/Dec 2-3, 1978/San
Francisco CA, Continuing Education in Engineering, University Extension, and The College of
Engineering, University of California, Berkeley (Dec 1978)

5. "Far Field Airbiast Measurements on the HEDI Sied Test Event." AFWUNTESG, Kirtland
AFB NM (Jun 88)

6. Johnson, Daniel L. "Highlights of the Guidelines for Environmental impact Statemens with
Respect to Noise." Aerospacs Medical Research Laboratcry Technical Report No.
AMRL-TR-78-14, (Dec 1979)

7. MIL-STD-1474B(Ml), Noise Limits for Army Materiel (18 June 1979)

8. Thackray, R.l., R.M. Touchstone, and J.P. Bailey, "Reaction to Sonic Booms: A Report of

_ Two Studies and a General Evaiuation ot Startie Effects.” Aviation, Space, and Environmental

Medicine (April 1975) .

9. Thuman. Albert and Richard K. Miller, Fundamentais of Noise Control Engineering. New
Jersey: Prentice-Hall, (1986)

10. U.S. Army Comps of Engineers, Construction Engineering Research Laboratory (CERL).
"Community Reaction to Impuise Noise: A Final 10-Year Research Summary.” CERL
Technical Report N-167 (Revised), (June 1985)

11. U.S. Department of Housing and Urban Development, Washington DC, Otfice ot Policy
Deveiopment and Research, "Technical Background for Noise Assessment Guidelines," pp.
11-48-55, HUG0002272 (Jan 1980)

12. U.S. Environmental Protection Agency. “Information on Laveis of Environmental Noise
Requisite to Protect Public Heaith and Welfare with an Adequate Mergin of Safety.” EPA
Report No. 550/9-74-004, (Mar 197)

]
B
#

\ﬁ




APPENDIX A

Noise Measurement Locations
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FIGURE A.2. SITE 1: TULA PEAK
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FIGURE A.3. SITE 2: TULA GATE
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FIGURE A.4. SITE 3: TULAROSA
(MAJ WILDMAN'S POSITION)
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FIGURE A.5. SITE 6: LA LUZ
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Site 1:

Site 2:

Site 3:

Site 4:

Site 5:

Site 6:

Site 7:

Site 8:

Site 9:

Site 10:

TABLE A.1. Holloman Test Track Site Locations
Tula Peak _
Dosimeter mounted on building south of and lower in elevation than main parking pad.

Tula Gate
Dosimeter mounted on telaphone pole behind guard building.

Tularosa/Maj Wildman's position
Drive from Tula gate on road 86 tum right on BS go 1.6 miles and mount on fence

post

Tularosa/Sgt Willlams' House

Tularosa/B&C Pipe Fitting

La Luz .

Drive highway 82 towards Cloudcroft and turn ieft on to N. Florida St., drive for
1/2 mile. On left side of road, mount dosimeter on telephone pole.

Ratscat Gate

Alamogordo
North Park Housing Development on light pole in front of main office.

Holloman AFB, Lt Hewitt's House, 3412 Sequoia

White Sands National Park (Visitors Center)
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Table B.1. Hourly Lavg (dB(A)) Messured by Metrosonics (ioise
Dosimeter to Determine Ldn

SITE 1: TULA PRAK, HOLLOMAN AFB NM

DATE: 4/13-14 4/14-15 4/20-21 421-22 4/25-26 4/27-28
START

TIME: 16:00 21:00 07:00 14:00 13:00 13:00
Ldn: 755 67.4 70.6 89.4* 742 729
TIME:

07:00 47 1 57.3 58.7 67.1 54, 55.5
08:C0 60.3 57.0 66.5 68.0 5741 69.5
09:00 73.4 60.8 64.1 70.4 60.5 724
10:00 72.8 57.5 70.0 80.8 66.2 72.6
11:00 75.2 63.3 735 85.7 62.4 71.8
12:00 825 62.9 71.6 81.7 61.7 72.1
13:00 79.7 61.3 73 " 89.6 68.0 "59.4
14:00 760 623 71.1 91.8 68.6 60.8
15:00 70.7 56.8 71.0 96.8 715 58.3
16:00 62.8 57.0 70.3 101.0 . 73.0 51.8
17:00 51.9 439 729 82.2 77.6 50.9
18:00 62.9 44 4 741 80.2 78.7 54.0
19:00 57.1 55.1 61.7 78.3 75.5 57.1
20:00 64.4 775 55.4 69.5 81.1 55.6
21:00 576 55.7 50.8 56.5 79.2 56.5
22:00 64.1 51.2 47.6 50.8 723 65.3
23.00 64.2 449 50.6 66.5 64.6 53.5
00:20 65.4 59.1 63.3 55.9 48.2 60.5
01:30 70.3 579 57.4 57.6 441 65.5
02.00 70.9 50.3 58.2 64.C 46.9 60.8
03:00 64.7 51.2 56.7 53.4 46.3 68.1
04:00 69.8 45.7 57.7 59.0 43.3 73.4
05:00 §3.4 51.0 674 56.5 46.2 40.4
06-00 45.6 65.4 63.8 64.2 46.9 56.5

* This was an unusual day due to an increase of approximately 20 sorties
pertormed by Fighter Wing and Training Wing.

Note: Values shown do not include the 10 dB added to Lavgs between 2200-0700 to compute
Ldn. : '

17




Table 8.2. Hourly Lavg (dB(A)) Mesasured by Metrosonios Nolse
Dosimeter to Determine Ldn

SITE 2: TULA GATE, HOLLOMAN AFB NM

DATE: 4/11-12 4/13-14 41415 4/20-21 4/21-22 4/28-26 4/27-28 4/29-30

TIME: 19:00 16:00 21:00 07:00 14:.00 13:00 13:0 16:00
Ldn: 59.2 60.9 59.1 619 726° 622 61.4 58.7
TIME:
07:00 50.7 49.6 573 55.5 55.3 649 577 527
08:00 58.9 54.9 60.2 60.3 60.5 63.1 644 8521
09:00 60.3 62.1 61.3 59.5 67.4 616 613 479
10:00 53.6 60.8 51.5 59.6 75.7 625 613 539
11:00 52.6 62.5 62.0 61.9 69.6 61.0 64.4 52.5
12:00 55.3 64.8 58.7 63.6 73.8 595 597 567
13:90 57.7 67.6 54.4 63.3 722 593 576 572
14:00 ~ 544 63.5 54.3 61.2 79:6 579 563 593
15:00 53.1 61.7 = 554 62.8 79.0 599 555 623
16:00 536 = 595 60.8 60.7  80.7 613 512 559
17:00 58.4 54.7 529 60.4 741 63.2 61.8 55.3
18:00 50.8 54.5 45.3 59.1 69.8 620 488 5441
19:00 45.7 46.3 46.7 46.6 66.6 553 463 494
:20:00 46.8 46.9 49.6 45.8 50.7 48.5 50.0 454
21:00 471 45.8 46.1 45.7 55.4 48.1 47.8 46.2
22:00 51.4 49.5 47.5 49.6 g1.2 514 49.6 45.7
23:00 47.9 50.9 49.3 505 496 488 462 512 }
00:00 47.2 50.2 52.8 52.7 51.1 522 537 520
01:00 52.1 50.7 52.1 54.6 50.8 539 476 53.2
02:00 454 449 43.7 50.6 52.1 4856 443 573
03:00 475 452 45.7 51.8 54.1 528 467 436
04:00 50.1 49.9 50.8 49.1 518 51.8 52.9 4.6
05:00 56.1 52.1 548 59.4 483 57.9 58.4 47.8
06:00 56.9 54.7 52.3 54.6 53.0 569 579 477
* This was an unusual day due to an increase of approximately 20 sorties
perfonned by Fighter Wing and Training Wing. ) ,
Note: Values shown do not include the 10 dB added to Lavgs between 2200-0700 to compute i |
Ldn. :
18
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Table B.3: Hourly Lavg (dB(# Measured by Metrosonics Nolee
Dosimeter to Deternine Ldn

SITE 3: TULAROSA NM (Maj Wildman's Position)
DATE: 4/11-12 413-14 414-15  420-21 4/21-22 42S5-26 4/27-28 429-X0

START

TIME:  19:00 16:00 2100 07:00 14:00 13:00 13:00 16:00
Ldn: 53.2 585 887 689 148 620 9 623
TIME:

07:00 58.0 49.7 50.4 477 62 492 538 498
08:00 48.4 52.1 48.2 547 663 520 65.0 499
09:00 55.0 49.0 45.1 93 608 545 6768 5386
10:00 47.9 54.1 471 678 732 542 T1.0 576
11:00 553 - 59.0 49.3 701 747 558 705 619
12:00 50.6 65.3 50.8 719 740 567 688 644
13:00 46.9 66.0 48.8 763 764 626 488 649
14:00 48.9 62.1 52.7 79 783 663 537 686
15:00 50.4 59.6 57.7 733 819 673 588 719
16:00 52.2 55,1 51.6 730 823 669 569 626
1700 . 508 55.6 468 724 800 67.0 514 626
18:00 55.3 514  47.7 734 7785 688 464 619
19:00 56.8 46.2 64.0 636 747 603 473 577
20:00 48.2 49.0 522 44.1 669 485 473 503
21:00 46.3 46.9 45.0 465 588 494 480 487
22:00 = 425" 46.6 432" 465 513 489 434" 464
23:00 42,5 425 432" 438 589 441 434" 435
00:00 425" 425" 432" 440 585 436 434" 465
01:00 425" 425" 432" 439 474 435 450 444
02:00 42.5" 43.4 432" 441 447 517 435 436
03:00 42.5* 517 - 432" 437 434 435 440 500
04:00 42.5" 43.1 45.6 437 436 436 434" 449
05:00 425" 49.4 51.1 519 478 482 501 453
06:00 48.4 487 52.4 483 585 525 519 454

* This was an unusual day due to an increase of approximatety 20 sorties
performed by Fighter Wing and Training Wing.

** Lowaer limit of detection of the noise dosimeter

Note: Values shown do not include the 10 dB added to Lavgs between 2200-0700 to compute
Lan.
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Table B.4. Hourly Lavg (dB(A)) Measured by Metroscnics Nolse

Dosimeter to Determine Ldn
SITE 6: La Luz NM
DATE: 41112 413-14 421-22 4/28-286 4/27-28 4/29-30
START
TIME: 19:00 16:00 14:00 13:00 13:00 16:00
Ldn: 62.4 67.1 73.3° 812 584 63.1
TIME:
07:00 60.1 58.5 88.7 88.1 51.8 45.2
18:00 48.7 575 57.6 50.7 50.9 444
09:00 48.2 58.5 64.7 524 87.2 44.5
10:00 . 492 61.8 68.6 852.2 60.6 52.4
11:00 51.7 64.8 72.7 80.3 61.9 54.6
12:00 48.3 69.6 72.1 $0.1 55.4 54.8
13:00 47.5 66.6 73.0 54.1 456 58.5
14:00 49.7 60.2 76.4 52.3 49.6 61.1
15:00 48.1 54.9 80.4 495 52.9 62.7
16:00 51.5 526 = 81.0 52.4 49.0 54.8
17:00 519 52.6 80.9 543 46.4 543
18:00 55.9 49.5 72.7 36.3 45.4 574
19:00 745" 52.4 70.4 50.8 47.4 57.9
20:00 549 55.0 571 85.3 55.8 48.2
21:00 55.9 56.4 51.5 56.3 48.6 55.8
22:00 454 47.2 52.4 51.8 58.8 60.4
23:00 444 65.2 48.7 55.5 444 56.6
00:00 46.3 60.8 49.5 47.7 44.4 57.4
01:00 43.2 61.9 46.4 88.1 52.2 53.7
02:00 476 58.2 46.2 442 45.1 52.4
03:00 455 64.7 48.2 45.0 454 58.5
04:00 46.0 48.8 48.7 61.7 45.5 56.9
05:00 451 48.7 49.0 451 442 56.5
06:00 58.5 53.2 54.6 47.3 49.0 49.4

* This was an unusual day due to an increase of approximatety 20 sorties
performed by Fighter Wing and Training Wing.

** High level caused by mounting on pole after turn-on time.

Note: Values shown do not include the 10 dB added to Lavgs between 2200-0700 to compute
Lan.




Table B8.3. Background, Ln(90), as Determined by Metrosonics Noise
Dcsimeter for Four Sites In April 1988 at Holloman AFS

Sttes
Date 1 2 3 6
411412 " 2 2 42*
413-14 42 43° a2 a3
41415 4 43 43 .
4/20-21 a4 3 43 "
42122 42 43 43 a3
4/25-26 42 a3 43 a3
/27.28 re e 43 a3
4/29-30 43° 43" 43"

* Lower limit of detection of noise dosimeter
** No available data
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Table B.6. Median, Ln(50), as Determined by Metrosonics Ncise

———— -

Dosimeter for Four Sites in April 1988 at Holloman AFB

Sites
Date 1 2 3 6
4/11-12 e 44 42* 44
4/13-14 59 47 42* 50
4/14-15 43* 43" 43" b
4/20-21 58 49 44 e
4/21-22 64 54 62 54
4/25-26 49 48 43" 45
4/27-28 51 44 43* 44
4/29-30 b 43" 48

*  Lowaer limit of detection of noise dosimeter

** No available data
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Table B.7. Intrusive, Ln(10), as Determined by Metrosonics Noise

Dosimeter for Four Sites in April 1988 at Holloman AFB

Sites

Date 1 2 3 6
4/11-12 b 53 42 58
4/13-14 75 59 54 64
4/14-15 61 54 46 "
4/20-21 72 61 70 "
4/21-22 90 76 79 75
4/25-26 77 61 61 57
4/27-28 69 57 62 56
4/29-30 . 57 62 60
“* No available data

23



i - e s

Table B.8. Peak, Ln(01), as Determined by Metrosonics Noise
Dosimeter for Four Sites in April 1988 at Hoiloman AFB

Sites

Date 1 2 3 6
4/11-12 b 64 58 74
4/13-14 85 71 68 72
4/14-15 75 67 57 *
4/20-21 79 70 81 b
4/21-22 102 84 85 85
4/25-26 83 70 74 63
4/27-28 79 67 75 65
4/29-30 " 66 74 66 .

** No available data
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TABLE C.1: A LISTING OF PEAKS AND SELS FROM 13 APRIL 88 SONIC BOOM

USAFOEHL Data

Site 1, 13 APRIL 88

PEAK SOUND PRESSURE = 148.5 dB
PEAK TO PEAK SOUND PRESSURE LEVEL=  152.5dB
SEL = 89.0 dB
CSEL = 103.0 dB
Site 3, 13 April 88

PEAK SOUND PRESSURE = 138.2 dB
PEAK TO PEAK SOUND PRESSURE LEVEL =  144.2dB
SEL = 65.0 dB
CSEL = 90.0 dB
LEGEND

* POSSIBLE CLIPPING

AFWL/NTESG Data (5)

Site 1, 13 APRIL 88

PEAK SOUND PRESSURE = 145.1 dB
PEAK TO PEAK SOUND PRESSURE LEVEL =  152.3dB
Site 3, 13 April 88

PEAK SOUND PRESSURE = 140.3 dB
PEAK TO PEAK SOUND PRESSURE LEVEL = 145.8 dB

(530 Pascais)
(843.4 Pa)

(163.1 Pa) *
(324.7 Pa) *

(359 Pascals)

(845 Pa)

(207 Pa)
(391 Pa)

Estimated Values at Property Line of Missile Range East of Test Track

PEAK SOUND PRESSURE = 145.0 dB
PEAK TO PEAK SOUND PRESSURE LEVEL =  148.0 dB
SEL = 92.0 dB

CSEL = 106.0dB

27
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FIG C.1. RECORDING LOCATIONS FOR SITES 1 AND 3
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Table C.2: A-weighted Ldns Measured by Metrosonics Noise Dosimeter

for Four of the Sites on Several Days in April 1988

Date 1 2 3 8
41112 . 59.2 53.2 62.4
413-14 755 60.9 58.5 67.1
41415 67.4 59.1 55.7 -
4120-21 70.6 61.9 68.9 -
42122 80.4 72.6 74.8 73.3
4/25-26 742 62.2 62.0 61.2
4/27-28 729 61.4 62.9 58.4
4/29-30 - 8.1 62.3 63.1
Median: 73.6 61.2 63.0 63.0
CSEL 103 %0
Composite
LON 73.8 63.1
** No available data
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information on Sonic Booms

The following excerpts from the cited references are provided as a summary of the key
information provided in the literature which was used to asseas rocket sied opérations.

A. Sonic Booms:

“An intensive survey was conducted at White Sands, New Mexico, where structures of
various design and construction were instrumented and then exposed to more than 1500
sonic booms with overpressures as high as 20 pat. Except for glass, no damage was
detected for overpressures up {0 5 paf, nor was there any cumuiative damage effects
after a series of 860 successive flights at about 5 pst. The only evidenca of damage at
the conclusion of the teats, other than glass breakage, was three bricks that had
loasened beneath a window ledga."(3)

"The resuits of the three large-scale sonic boom structural tests and several other tests
were analyzed by NASA. In their conclusion, they make the following statement:

The extensive series of overflight tests have provided valuable data on the order of
magnitude of responses to be expacted. These tests show that building structures in
good repair shouid not be damaged at boom overpreasures less than about 11 pst.
However, it is recognized that considerable loading variability occurs, owing to
atmospheric effects, and that the residual strength of structures varies according to
usage and natural causes. Thus, there is a small probability that some damage will be
produced by the intensities expected to be produced by supersonic aircraft.

One additional investigation is worthy of mention. In 1977, an adobe house in southem
Arizona was instrumented and evaiiated while supersonic training was taking place
overhegd. The conclusion of the evaluation was that the adobe structure reacted similar
to a conventional style structure. Based on this analysis, thers shouid be no difference
in the probability of damage to an adobe structure as compared to a conventional
structure.”(3)

B. Glass Breakage:

"By far, The largest percentage of sonic boom claims stem from broken or cracked
glass. All of the tests conducted in the United States have confirmed that glass damage
is the most pravalent caused by sonic booms. Because the microstructure of glass is
amorphous rather than crystaliine, the practical design strength of the glass is
dependent on the surface scratch condition. Glass that has been sandblasted,
scratched, or nicked will not exhibit the same strength as a property installed relatively
new pane of glass.

in addition to the variation due to surtace scratch condition, there are also variations
with loading geometry, loading rate, atmospheric moisture content, and composition.

T e T




Glass also exhibits a property known as "static fatigue” in that it is weaker for loads for
" longer duration. Thus for sonic boom loacing, which has a duration of the order of 0.1
SEC, the strength of glass will be roughly twice that obtained in typical laboratory
\ assessments.” '

"By using a data base of unpublished static resuits provide by Libbey-Owens-Ford
Company, a statistical analysis was performed to determine the probability of glass
: breakage for various overpressures. The following probabilities of breakage for good
: glass at various nominal overpressures is based on an aircraft approaching from a
E head-on or perpendicular direction to the window. Even though this information uses
3 aircraft sonic booms, it is a good approximation for the test track.”(3)

L Overpressures Probability of Breakage
3 1pst= 47.88 Pa=128dB . .000023
i 2 psf .000075

3 psf = 143.64 Pa = 137 dB .000300

4 psf = 191.52 Pa = 140 dB .001200*

5 pst .002300

6 psf = 287.28 Pa = 143 dB .004000
* 1 pane in 833 panes
Estimation of the number of window panes to be broken by sonic booms based on the
following formula.
G =3.85x 10 dxp -7 x [N(P)2.78]

P = the boom overpressure in psf
N = number of exposed panes

NOTE: All these quotes were taken from reference 3 and they were worthy of repeating.

>
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GLOSSARY OF TERMS

Average Day-night Sound Level [Ldn]: “Sound level used to determine community noise. A 24
hour A-weighted equivaient sound level, with a 10 dB penality applied to the nighttime levels
from 2200 to 0700.

** LDN = DNL = Ldn: Ldn is used in the squation.

Ldn Formula: (Ld/10)  (Ln+10/10)
Ldn=10log 1/24 [15X10  +9X10 ]

Ld: Daytime equivalent A-weighted sound level between the hours of 0700 and 220C.
Ln: Nighttims equivalent A-weighted sound level between the hours of 2200 and 0700.

A-Weighted Sound Level [dB(A)]: The ear does not respond equally to sounds of ail
frequencies. The ear is iess efficient at low and high frequencies than it is at mid-range or
speech range frequencies. In order to obtain a single number representing the sound pressure
level of a noise containing a wide range of frequencies in a manner approximating the response
of the ear, it is necessary to reduce or weight, the effacts of the low and high frequencies
relative to the mid-range frequencies. Therefore, the low and high frequencies are
de-emphasized with A-weighting.,

C-Weighted Sound Exposure Level [CSEL]: The C-weighted SEL is the SEL (see definition
below) based on the C-weighted level rather than the A-weighted level. '

C-Weighted Sound Level [dB(C)]: The C-weighting scale Weights the avible spectrum with
more emphasis on the low frequencies than the A-weighting scale.

Composite Average Day-night Level [CLdn]: The CSEL for the event is logarithmically added to
the L.dn for each number of events.

*Exceedance Levels [Ln(x.x%)]: The noise leveils equaled or exceeded x.x% of the {une.

Ln(1.0%): Peak noise level - Noise levels exceeded 1% of the time.

Ln(10.0%): Intrusive noise level - Noisa levels exceeded 10% of the time.

Ln(50.0%): Median noise level - Noise levels exceeded R)% of the time.

Ln(90.0%): Background ambient noise level - Noise levels exeeec;e& 90% of the time.
Sound Exposure Lavel (SEL): The A-weighted sound level measurement of a single noise

event integrated over the duration of the noise event (reterred to a reference time of one
second). In othe: words, the event is equivalent to a level of a signal of one second duration.

* Definitions for Metrosonics db-310 Sound Analyzers
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Sonic Boom Measurement Equipment
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Sonic Boom Measurement Equipment

The Boom Event Analyzer Recorder (BEAR) is a 16 bit microprocessor based instrument
that continuously samples the noise then captures and stores the digital waveform of any loud
impuise noise. The recorder can discern a sonic boom from the normal background noise and
capture it in permanent solid state random access memory (RAM) storage for later analysis.
The RAM modules can then be interfaced with a Data Retrieval Unit (DRU) and the information
on the DRU transferred to a Zenith Z-100 microcomputer. The microcomputer displays each
recorded avent, time of occurrence and summary information for all the data stored.

The BEAR digitizes the noise environment at 8 kHz and analyzes it during the downtime
between the sampling intervals giving it real time screening for sonic boom events. The BEAR
examines the event level, duration and risetime to determine if it should be stored as a boom
event These three parameters are salectabie via the input keypad to make the BEAR a very
flexible instrument with which to capture a wide variety of impuisive events. Along with setting
the boom evaluation criteria, the keypad allows input of data, time, test number, location and
serial number of the unit. This information is stored in the same RAM modules as data every
time any parameter is changed. The operator can aiso select three other modes from this
keypad: calibration, clear memory or data save. In the calibration mode the BEAR simply
displays the root-mean-square level of two seconds of the input signal to the microphone tor
checking against a standard 124 dB sound pressure lavei pistonphone calibrator. No data is
saved to the RAM moduies in this mode. The clear memory mode asks the operator to input a
special code and, when entered, simply erases the RAM modules and runs the BEAR unit
through the internal self-test routines that verify all the hardware components are working
properly. The third mode allows the operator to collect one and oiie-half seconds of data with
no screening. This allows the operator to collect and store background noise on the calibrator
signal or anything that is desired. The BEAR has a frequency response of 0.5 Hz to 2,500 Hz
for  producing a sonic boom time history adequate for environmental impact analysis. The
Tizumum overpressure the BEAR is designed for is 155 dB (23.4 pounds per square foot or
1120 pascal) with a 90 dB dynamic range. The RAM modules on a single unit have 512K of
. memory allowing the BEAR to store over 100 "normai” sonic booms. The BEAR Is designed to
operate with a PCB Plezo resistive microphone that is totally sealed and extremely rugged
making the BEAR abla to operate in the enviromental extremes of temperature present in the
Southwest U.S. (0-65 degrees C).
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Distribution List

HQ AFSC/SGPB
Andrews AFB DC 20334-5000

HQ USAF/SBPA
Bolling AFB DC 20332-6188

HQ ANGSC/SGB
Andrews AFB DC 20331-6008

USAF Regional Medical Center Wiesbaden/SGB
APQ New York 09220-5300

OL AD, USAFOEHL
APQ San Franciso 96274-5000

USAFSAM/TSK
Brooks AFB TX 78235-5301

USAFSAM/EDH
Brooks AFB TX 78238-5301

HQ HSD/EV
Brooks AFB TX 78235-5000

Defense Technical Information Center (DTIC)
Cameron Station
Alexandria VA 22319

833 Medical Group/SGPB
Holloman AFB NM 88330-5300

HQ 6585th Test Group/WE
Holloman AFB NM 88330-5000
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