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ABSTRACT

During a Titan I D launch 4t Vandenbery AFB, sovund pressure levels
were recorded on tape as o tunction of tine at teur distances varying from
3.400 1t v 44,000 it iruom the launch site. One-third octave band data were
ubtained froun: the recordings using real tine analysis technigques. Some
linited vibration (acccleration) duta werce also collected at the La Purisima
Mission, u historical park locuted approsimately cleven miles from the
launch site.

These duta are discussed in relation to the environmental impact
un communities surrounding Vandenberg AFB, und the damage potential
of these luunches o the Lo Purisinag Mission State Historic Park. The
environmental inipact of noise at distances of cight miles or greater was
insignificant.
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SECTION 1
INTRODUCTION
1. Purpuse:

a. On 29 Octuber 1974, nouise data were coliected at selected sites
on and near Vandoenberg AFB, Culifornia, during a Titan I D luunch.
This survey wa: requested by the bivenvironmental engineer, USAF
Houspital, Vandenberg AFB, Cualilurnia. These ddts were required to
estiniate the acoustical impact v missile launches un communitics
adjacent to Vandenberg AFB . Lin.iled vibraticn data were collected in
the chapel of the La Purisiina Mission State listoric Park to determine
the eatent of vibrativn mduded in thesc histurical structures during
launches.

b. Bucausce of the sinilarity between the Titan 1 D and launch
ve.icle systems for the space shuttle, these data are also to be used
by persunnel ot the Space and Missile Systems Crganization (SAMSO)
to cstiniate the acoustical inipact eapected frum space shuttle luunches.

2. Scope of Study.
a4, Overall and one-third ortave band sound pressure levels as a
function of tin.e were neasured at four sites. The frequency distribu-

tion of peak and background nuise was n.casured at cach site.

b. Omne-third uvctave band acceleraticn levels were measured on
a roof bean. of the La Purisima Mission Chapel, having the longest free span.

3. Personnel Contacted:

a. LtColLynn R. Channell: Chief, Environmental Health Service,
USAF Hhospital, Vanpdenberg AFL .

b. DMr Clark Peasc: Programs Support Manager, Programs Divi-
sion, Range Operations, SAMTEC, Vandenberg.

¢. Mr Mason, Area Director of State Historic Parks, La Purisima
Mission,
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4. Personnel Conducting Survey § Survey Responsibilities:

4. Maj Ronald B. Burnett, USAF Environmental Heelth Laboratory
{USAFEHL), McClellun AFB: Project Engineer and Vibration Measure-
nents.

b. Cuapt Larry Shingler, SAMSO/SGX, Los Angeles AFS: Noise
Measurement at Oak Mountain Site.

¢. 1st Lt Harry P. Guy, USAFEHNL, McClcllan AFB: Noise Measure-
nient at Tranquillen Peak,

d. S8Sgtkd Cox, USAFEHL, McClellun AFB: Noise Measurement
at Range Operations (Building 488) .

¢. Mr Philip Diamond, USAFEHL, McClellan AFB: Nuise Measure-
n.ent at SLC-3 Bluckhouse.
SECTION 11

SURVEY DESCRIPTION

1. Measurcn.ent Siwes.  The jocation of the measurement sites in rela-

tion to the launch site are shown in Figure 1. Taole ! indicates the
name of the measurement location and its designation on Figure 1,

TABLE 1
IDENTIFICATION OF MEASUREMENT SITES

Figure 1 Designation

Moasuretient Site Radial Location
SLC-3 Blockhouse 2 A
Range Operations (Bldg 488) 3 A
Tranquillun Peak 3 B
Oak Mountain K| C

La Pu:risima Mission 2 D
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2. Basic Measuromont and Analysis Technigues:
a. Noisc.

(1) Measurcn.ent: Missile noise levels were recorded on
Ampex 434 low noise tape and analyzed in the laboratery te ¢btain one-
third vcteve band sound pressure levels as o function of time. A 114
decibel (dB) ., 1000 Hertz (He) calibration tune wias recorded prior to and
following the actual noise measurenents. The frequency gistribution
(1/3 octave bands) of peak noise levels was also detormined.  Overall
sound pressure levels were caleulated trom the 1/3 octave band dats and
presented as a function of tine, A bluck diagram showing the nicasure-
ment equipment set up is presented in Figure 2.

(2} Analysis: The taped dutu were analyzed using a real time
nuise und vibration analysis system. The 114 dB, 1000 Hz, calibra-
tion tone recorded crnocach tape was used ax a reference level for analysis
u! the taped noise. A frequency response curve [or cach recording and
playbuck system was also develuped to align data output during analysis
in the laboratory. The recording and analysis systems accuracy was
determined by @ simplified uncertuinty analysis (see Appendix A) and the
uncertainty (hmit of error) in the resulting date was + 1.9 dB. A block
diagram of the nuise analysis system is shown in Figure 3.

b. Vibrauon:

(1) Measurcment: Two vibration pickups (accelerometers)
were placed un a roof beam appearing to have the longest unsupported
length. Vibration data (acceleration) werce recorded on a dual channel
tape recorder. The taped data were analyzed in the laboratory to obtain
acceleration and lrequency distribution data. Figure 4 shows a block
diagram of the vibration measurement system.

(2) Analysis: The taped data were analyzed using the real
tinie noise and vibralion analysis sysivin., A une g (g = acceleration of
gravity), 100 liz, calibration signal was recorded on the tape to be
used as a reference signul during analysis of the taped vibration data.
A frequency response curve ior each measurement and playback
channel was also developed to align the data cutput during «lalysis.
The vibration analysis systen: was identical to thatl used for nojse
analysis (Figure 3) .




FIGURE 2

NOISE MEASUREMENT SYSTEM:S
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FIGURE 3

NOISE ANALYSIS SYSTEM

Note: Only the noise data taped at Tranquillon Peak were played back
for analysis with the Nagra recorder. The other tapes were played

back with the Ampex AG-359.
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FIGURE 4 :
VIBRATION MEASUREMENTS
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SECTION I

DISCUSSION AND RESULTS

[EURPPRAVET - A TORR ORI P et )

1. Gueneral: The predominantly low frequency noise, characteristic
of rucket engines, was difficult to measurc and analyze with the labera-
tory's noise analysis systen:s which are normally used lor a {requency
range of 25 Hz to 10 KHz. However, by recording the noise levels

dt 7 1/2 inches/second (ips) and playing them back at 15 ips, which
essentally duubled the iregquency ot the recorded noise, it was possible
to obtain 1/3 octave band suund pressure level data trom 15.75 Hz to :
8 Kliz. The vibration ddaia werc lin.ited by the frequency characteristics
of the medsuring cquipnivnt to a range ot 25 Hz to 2 KHz. These eguip-
nient limitations, the lack of experience of laborutury personnel in
neasuring and cvaluating vibration, coupled with a lack of existing
vibraticn criteria specilying sun.c level at which structural danage
might be expected W occur, severely limits the confidence which can be
placed upon the vibration data and their interpretation.

2. Nuise:

a. One-third octave band and uverall sound pressure levels:
Thesc data are presented as  function of tinie in Tables Il thru V.
Since the exact noise levels uccurring at cdach site were not precisely
kunowu prior o the luunch it was necussary w adjust the sound level
measuring and recording equipment such that expected peak levels
would not uverdrive the instrumentation and saturate the tapes. This
prucedure increased the noise fluur ol the measurement instrumenta-
tion. Therefore, the lower noise lcvels measured in the high fre-
quencies and during the first and last seconds uf the launch may repre-
sent inherent instrumentation noise rather than actual ambient noise
levels. Where this was clearly the case the levels in the Tables are
identified by less than or equaul signs ( £ ). The values presented in the
Tablces are root mean squared (RMS) sound pressure levels over a sample
tir:c of 7.6 seconds (8 seconds at Tranquillon Peak site) . Although the real
time analysis system is capable of integrating noise data in each fre-
quency band every 1/8 seconds. the data printer associated with the
system cannot assimilate the data this rapidly; therefore, a 4.0
second integration time was used. This is eguivalent to 3.8 seconds
actual launch dne because there is a slight diiference between the
recurd speed of the Uher ficld recorder and the playback speed of the
Ampex laboratory reproduction systen:. Thus, at 1§ ips playback speed,
7.6 seconds of actual range time elapsed during the 4 second data nte-
gration period. The Tranquillon Peak data were played back with the
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TABLE I

RANGE OPERATIONS (BLDG 488)

AS A FUNCTION OF TIME

\VE BAND (Hz) LEVELS (dB re 20uN/m?)

TRE LEVELS AND FREQUENCY DISTRIBUTION
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1/3 OCTAVE BAND (Hz) LEVELS (dB re 204

TABLE IV

TRANQUILLON PEAK

SOUND PPRESSURE LEVELS AND FREQUENCY D
AS A FUNCTION OF TIME
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TABLE V

OAK MOUNTAIN
SURE LEVELS AND FREQUENCY DISTRIBUTION

AS A FUNCTICON OF TIME
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ficld recuxder (see Figure 2), thus record and reproduce tape speeds
were the same. At this site a 4 second integration time was equal to an
actual 4 seconds of launch or range tinie at 7 1/2 ips and 8 seconds of
range tine at 15 ips playback speed.

b. Peak Noise and Frequuency Distribution: The tinie that peak
noise levels occurred was deternmined frum the overall levels presented
in Tables Il thru V. The tapes were then analyzed at that time using
a 1/8 second integration time to obtain peak instontaneous noise levels
and their frequency distribution. Figures 5 thru 8 present peak noise
levels as a function of frequency (1/3 octuve bands) . The peak levels
and frequency distribution arc a little moure accurdte because the averag-
ing ume, i.e., integration timc¢ (1/8 second) wus much shorter.

c. Comparison of Measured With Predicted Noise Levels: The noise
levels measured were within the range predicted on the basis of Titan
III C. D and E nouise data provided by SAMSO/LVRQ personnel (see
Appendia B) . Table VI shows muasured and piedicted noise levels
at each measurvment site,

TABLE VI

ASURED § PREDICTED LEVELS

Ground Distance Peuk OSPL'S (dB) re 20uN/m?
Location From Launch Site {t) Predicted Measured
SLC-3 €.,400 124 124
Runge Ops 16,200 118 120
(Bldg 488)
Tranquillen Peak 24,000 114 111
Oak Mountain 44,000 107 108

These overall peak sound pressure levels are plotted as a function of
distancce in Figure 9 to facilitatle extrapolation of these data to distances
greater than measured. Since low {requency noise is difficult to
attenuate, the use of existing data for application at different

13
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sites and under different weather conditions should result in reasonably
accurate predictions. However, the weather data during the measure-
ments are shown in Appendix C so that correction for sound attenuation
by air can be applied, if desired, when extrapolating tl.ese data to difier-
ent weather conditions.

d. Estimated Environmental Impact:

(1} The impact of any singlc noise event is difficult to determine
when one is concerned about levels and exposure times below those
normally considered hazardous to hearing: however, perceived noise
levels (PNL's) and elfective perceived noise levels (FPNL's) are com-
monly used to define single event noise levels, e.g., aircraft flyovers.
The maximum PNL's calculated from 1/3 cctave band data (50 Hz - 10,000
Hz) are shown in conjunction with exepcted responses or judgements of
personnel exposed in Table VII (Ref. 1) .

TABLE VI

MAXIMUM PNL'S AND EXPECTED RESPONSE

Ranges of
Location Max. PNL (dB) Response
SLC-3 118 Unacceptabie, annoying,
- noisy

Range Operations 114
Tranquillon Peak 110 Uniacceptable, intrusive,

moderately noisy
Oak Mountain 165 Barely acceptable, intrusive,

moderately noisy

The PNL is calculated from a subjective unit of noisiness cilled the "noy ."
A sound of two noy is said to be subjectively twice as noisy as a sound

of one noy. Curves of equal noisiness, with sound pressure levels plotted
as a function of frequency, are shown in Figure 10. Considerably higher
sound pressure levels are required in the lower frequencies than in
middle and high frequencies to produce a subjectively equal level of
noisiness. The PNL is calculated from these type curves and is basically
a translation of the subjective noy scale to a B scale. Therefore, the

19
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frequency or spectral characteristics of the noise significantly influence the
" value of the PNL calculated and may appear to be lower or higher than
¢ ' might be expected on the basis of overall sound pressure levels,

(2) The Noise Exposure Forcast (NEF) which is used to estimate
comnunity response to a series of noise events can be calculated from
PNL's and EPFNL's. The basic equations used for determination of EPNL
and NEF are shown below:

EPNL =PNL +10log 1
15

where: PNL = maximum PNL calculaied from 1/3 octave
bands (56 Hz - 10,000 Hiz) sourd pressure levels

t = duration, in seconds, of noise within 10 dB
of maximum PNL
NEF =EPNL + 10lcg / Nd + Nn \ - 75
\ 20 1.2

where: Nd = number of day operations (0700 - 2260 hrs)

Nn = number of night operations (2200 - 6700 hrs)

The NEF at each site was determined by assuming one Titan Il D missile
launch per day. This is prubably an uveresiimate of activity. These
NEF's are shown for cach measurement site in Table VIII.

TABLE VI

| NEF'S AND ESTIMATED COMMUNITY RESPONSE

Approximate
Locaticn NEF's Estimaled Community Impact (Ref. 1)

SLC-3 34 Individuals in private residences
i- may complain vigorously.

Range Ops 30 Commercial use - OK
(Bldg 488) ’

!

Tranquillon 27 Saticfactory for all uses except
L Feak ] possibly schools. churches, hospitals,
etc.

[ . Qak Mountain 23




It should be realized that the NEF was developed primarily for aircraft
noise after studying the reactions of laxge numbers of individuals to
specific aircrait noises. Also, individual tolerance varies considerably
as demonstrated by survey around London Heathrow Ajrport which
determined that approximately 10 percent of the population were ultra-
sensitive to nuise and objected tu any outside neise intrusion while 25
Lercent of the population were unafiected even by very high community
noise levels {Ref. 1,2). Thercfore, these two portions of the population
{35%) will not be significantly affected by noise abatement efiorts; only
the remaining 65 percent of the population will be helped by noise control
and characterizin 3 the noise environment. Some of the important factors
otier than the actual noise environment which affect human response to noise
intrusion include:

{a) Socioeconomic status

{b} Relative importance and necessity of noise source

{c) Relation of neuise source tc individual, i.e., an individual
who is economically dependent on the noise source is less likely to be

anncyed

(d Activity being dune during noise exposure

A
~
4
3
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3} Acuustical damage to structures can be estimated

and 12. No ddamage is cxpected at distances

Do}
-
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Figures 1
24,000 ft.

3. Vibration:

a. Peak Vibrativn and Frequency Distributions (La Purisima Mission):
Only the peak vibratiun {acceleration) levels were reported as other levels
were not significantly above background. The peak vibration levels
uvccurred ¢ssentially simultaneously with the peak noise levels, 92 - 100
seconds alter lauach, indicating that the vibration was induced by
airburne noise. Thus, noise at this site would also be a satisfactory
measurement parameter for damage estimation as there are single event
noise criteria relating noise lovels at various frequencies to structure
daniage (see Figures 11 & 12) . Peak and background acceleration from
25 Hz to 2000 Hz (limiting frequencies of measurement equipment) are
shown in Tables IX and X,

b. Effects un Ls Purisima Mission:

(1) Examination of the accelcration dat: indicates that peak
values were only slightly above background and in somc frequencies
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TABLE IX
VIBRATION DATA
ACCELEROMETER A

1/3 Octave Center

Ergquencxiﬂz) Peak Acceleration (g's) Background (g's)

2.0K 7.8 x 107° l.4x107¢

1. 6K 9.8 x 107° 2.8x10°%

1. 25K 6.3 x 10°F 1.6 x 107%

1. 0K 5.7 x 10-° 7.5 x 10°*
800 4,9x 10°°F 5.0 x 1078
630 4.5 x 10°F 5.8 x10°°
500 5.8 x 107° 8.2 x10°F
400 1.5x 107* 1.7 x 10-%
315 1.5 x 107¢ 1,9 x107%
250 1.8 x 107% 8.0 x 107°
200 3.8 x 107% 1.3 x107¢
160 1.6 x 10-° 4,2 x 107*
125 4.1 x107° 4.9x 107¢
100 6.7 x 167" 1.6 x 107%

80 5.3 x 1074 6.7x 1074

63 2.2x107° 4.8x10°

50 1.1 x107° 1.2x107°

A0 2.0x 107* 4.2x107%
31. 4 2.1 x 1¢-* 2.8 x107% \:
25 4,0 x 107° 1.4 x 107%
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TABLE X
VIBRATION DATA

ACCELEROMETER B

1/3 Octave Center

Frequencies (Hz) Peak Acceleration (g's) Background (g's)
2.0K 2.9 x 10°¢ 1.1 x 10°¢
1. 6K 2.9x 107¢ 1.4 x107*
1. 25K 2.9x107¢ 1.1 x 107 ¢
1. 0K 2.9x 107¢ 1.0 x107*
800 2.9x 107% 9.2 x 107°
630 2,.9x107* 9.2 x 10°°
500 2.9x 10°* 9.2 x 107°
400 2,9 x10"* 9.2 x107°
315 4.1x107* 9.2 x 107°
250 5.2 x 107% 9.2 x 1078
200 1.2 x 10°° 3.2 x 107"
160 2.3x 1073 9.2 x 107°
125 4,1 x 10-2 9.2 x107°
100 1.5 x 1073 9.2 x 10°®
89 3.8 x107* 9.2 x 107°F
63 3.8 x107¢ 9.2 x 10°°
50 3.8 x 10-* 9.2 x 10°°
40 2.9 x 10-% 9.2x10""
31.5 2.9x 1074 9.2 x 10-°

25 5.2x 107¢ 9.2 x 10°F




the buckground fluctuated above peak levels.

(2) The magnitude of these acceleration values are roughly
an order of magnitude or more below levels where individuals begin
to perccive vibration. On this busis, the vibration would appear to be
inconseqrential. Seismic shock limits (Rei. 3} fur building structurcs
define a caution zone of approxinately 0,01 g's which is well above the
maxinmum acceleration level measured st the Mission., The nicasured
vibration levels were also well below the structural damage threshold
criteria adopted by the US Burcau of Mines (Ref. 4) . If one assumes
simple harmonic motion (sine wave) the displacemcnt can be easily
calculated from the acceleration values using the following relationship.

Displacement = Acceleration (inches/sec® )
4 7? (irequency)?

The resulting displacement values were orders of magnitude below dis-
placement liniits specificd for safcty trom seismic shuck damage.

(3) The Civilian Conservation Corps (CCC) restured the
Mission ruins from 1934 to 1941. During the restoration certain con-
struction modifications were miade to make the buildings stronger,
saier and more resistant (0 carthguakes. These mudificativns included
the use of reinforced cuncrete columns, girders, beams and massive
wouden beams. These constructiun modifications significantly reduce
the vibration damage potential to the restored Mission as compared
tu the original adobe construction and the vibration levels measured
during the missile launch would have little if any eficct on the Mission.

SECTION 1V

1. These noise data and sin.ilur data can be used to predict noise levels

at distances uther than those specified in this repert and for future launches.
The effects of varying atmuspheric conditions are minimized because low
frequency noise is not significantly affected by normal variations in
atmospheric conditions; however, any cxtreme deviations from average
atmospheric conditions should be considered when extrapolating these

data.

2. No significant envircnmental impact is expected to result from these
launches at distinces of eight miles (44,000 ft) or greater from the
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launch site. The relatively short duration of noise and infrequent occur-
rence of these luunches further reduces the acoustical impact. These

launches would probably be tolerated by personnes residing at closer :
distances, i.e., four miles from the launch pad. i

3. The acceleration (vibration) levels, ¢ven-though unsophisticated
and measured at only une location within the Mission, were sc small

that it is inconceivable that any damage to the Ly Purisima Mission
buildings could result from the vibration caused by these launches.
However, noise levels were also measured at the Mission by personnel

of the Bivacoustics Division, Aeromedical Research Laboraturies and
these data should also be considered with regard to information presented
in Figures 11 § 12 before any delinite conclusions are drawn regarding
the damage potential of these launches.
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ATPENDIX A

SIMPLIFIED UNCERTAINTY ANALYSIS
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A simplified uncertainty analysis wuas performed un the recording and
analysis systems. Sources of error in recording include variations in
micruphone it.cidence angle, tapc characteristics, non-linearity character-
istics of the octave band snalyzer, recorder, playback unit and real time
analyzer, and calibration instrumentation uncertainties. The uncertainty
in the incidence angle has the potential for the largest single error in the
system as it seriously alfects microphone sensitivity , especially at high
irequencies. The limit of error calculation ior the system is listed below. The
final uncertainty (limit of crror) in the daw presented is the rms uncertainty
of the components and was calculated to be £ 1.9 dB.

Limit of Error (dB)

PARAMETER (RE: 26 KN/m?2)
Ampexr 434 unilormity (recl to recl) £1.0
Ampex A(i-350 reproducer (estimated 0.1

non-lincarity)

Uher 2000L resorder (ostimated non- 0.5

linearity)

1508 Filler uncertainiy 1.8

Microphone Angle of Incidence *1.0

Redi Time Analyzer non-linearity *0.5
data limitof eciror = A = 1.9
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APPENDIX C

WEATHER DATA 29 OCT 74
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