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Chapter 1
DESCRIPTION OF THE PUEBLO ARMY DEPOT ACTIVITY
ENVIRONMENTAL NOISE SURVEY
The Pershing II missile elimination noise was evaluated by
the Army Environmental Hygiene Agency (AEHA) as a part of an
Army Installation Compatible Use Zone (ICUZ) Program, and
summarized in the Pueblo Army Depot Activity (PUADA) Report
(Ref 1).
"The purpose of the ICUZ Program is to safeguard
the installation's mission capabilities from offpost
encroachment of land uses which are not compatible with the
noise environment" (ibid p.9).
In order to achieve this
goal, a conservative approach to estimate the noise
environment was planned.
The measurement protocol called
for monitoring noise only when the measurement sites were
downwind of the missile firing stand.
The A-weighted
Day-Night average sound Level (DNL) contours were calculated
using the highest recorded noise levels, assuming five
50-second firings per day.
A limited amount of information was given in the PUADA
report to define the propagation conditions.
The only
documented source of information regarding the source height
was a diagram of the missile firing stand, from which a
source height of between 5 and 7 meters was inferred.
The
rocket motor plume is actually a volume acoustic source, so
an assumption of a point source was made for modeling the
far acoustic field.
The site locations and propagation
distances were determined by examining the map provided with
the PUADA report, as follows: Site 5 = 790m, Site 6 = 1610m,
Site 7 = 2540m from the source.
The ground surface's
effective flow resistivity was estimated empirically based
on the acoustic measurements, see Chapter 4.
The receiver
height was assumed to be that of a typical hand-held noise
monitor (l-l.5m).
The modeled source and receiver heights
of 5 and 1 meters, respectively, were based on estimates
given by Army personnel.
Additional information was provided by Dr Nelson Lewis
(AEHA) to document the atmospheric propagation conditions
and the measured average 1/3 octave band Sound Pressure
Level (SPL) spectra.
The atmospheric data were collected at
a nearby meteorological station on a 10 meter tower, and
averaged over 5-minute intervals.
The temperature, wind
speed and direction were recorded at 2 and 10 meter heights.
The dew point and atmospheric pressure were also recorded.
The noise and atmospheric data relevant to the events under
study are summarized in Tables 1, 2 and 3.
Six noise events (Shot # = 1, 2, 4, 5, 6, and 7) were
recorded at three sites. The Sound Pressure Level spectra
1

were derived as follows (ibid p.8):
"The Larson Davis
Laboratories (LDL) Precision Integrating Sound Level Meter
(SLM) (model 800B), with a LDL 1/2-inch condenser microphone
(model 2559), was used to manually monitor the noise
environment... The (attenuated) signals from the LDL SLM
were recorded on a Racal Store 4DS instrumentation
recorder.. with a frequency response of 0-5000 Hz.
A
Nicolet Scientific Corporation 660B Dual Channel FFT
Analyzer.. was used to obtain the 1/3 octave spectrum of the
noise" (averaged over 40 seconds).
The reference spectra
for the purposes of this study were taken from the noise
measurements at Site 5.
Due to various anomalies in the measured noise data, not all
the available noise spectra were deemed suitable for
comparison purposes.
Shots 1 and 7 had data missing from
either site 6 or 7.
Shot #4 showed a distinct shadow zone
at site 6, resulting in 25 dB Overall SPL (OASPL)
attenuation.
(It is possible that this phenomenon was due
to local refraction of the sound waves.
Sites 5, 6 and 7
laid in a line on level terrain, on top of a 70 foot high
plateau, and gave rise to a possible acoustic shadow zone
due to the topography and micrometeorology.)
A plot of each shot's OASPL site-to-site attenuation versus
its scalar wind component (at 2m height along the array) was
created (Figure 1).
The attenuation due to spherical
spreading for each inter-site propagation distance was
calculated and used for comparison.
This information was
used to select optimum noise events to examine in the model
comparison.
Only shot #2 showed little
anomalous
propagation effects, that is, it most nearly approximated
spherical spreading.
It was chosen as a "best case" and to
help establish the appropriate modeling techniques.
Shot #5
was also chosen to provide a "worst case" and in keeping
with the plan to analyze the loudest noise events.
Shot #6
could also be studied but was considered unnecessary.
The LDL 800B allows different settings of signal attenuation
prior to output to the recorder.
At Sites 5 and 6 the
attenuation settings were 30 dB higher than at Site 7.
For
Shot #2, this had no noticeable effect on the Site 5 noise
spectrum; however, at Site 6 the noise floor is evident
around 70 dB and at Site 7 it appears around 40 dB (Table
1).
This can be seen to have a noticeable influence on the
1/3 octave band SPL difference spectra above band 34 (Figure
2).
For this reason, the A-weighted Overall Sound Pressure
Levels (OASLAs) used for comparison are calculated from
bands 11-34, in all cases (Figures 5-10).
The SPL
difference spectra (Figure 3) for Shot #5 clearly show that
2

some anomalous propagation exists, since the SPLs in bands
23-25 actually increase from Site 5 to Site 6.
This pr-blem
will be discussed further in Chapter 5.

3

Chapter 2
COMPARISON OF OMEGA 1 MODEL PREDICTIONS
The Omega 1 model was developed by the Air Force's Armstrong
Laboratory Noise Effects Branch (AL/OEBN) and is empirically
based on the extensive aircraft no~se propagation database
collected during the Overground Excess Sound Attenuation
(ESA) study (Ref 2).
The ESA study includes 415 ground
runup events collected over a 15 month period.
The ESA
measurements thus irjlude a variety of atmospheric
propagation conditions and, therefore, considerable scatter
in the noise measurements at distant sites.
The ESA site at
2087 meters from the source provides some insight into the
amount of scatter that can be expected in noise attenuation
measurements similar to those recorded in the Pershing II
noise measurement survey.
The standard deviation of excesr
attenuation at this distance for all events in the ESA study
was about 10 dB, Figure 4 (Ref 3, Figure 6).
This value is
somewhat higher than it would be if only atmospheric
propagation conditions similar to those in this study were
included.
The results of the ESA study provide a substantial basis for
the formulation of a noise propagation model which
represents typical airbase noise propagation conditions
(Omega 1).
An acoustic energy-averaged propagated noise
level will be mathematically biased toward the higher
measured levels.
Therefore, any model of excess attenuation
which will predict average propagated levels must give a
commer-urately lower attenuation as a function of distance.
The Omega
model was constructed as recommended by
Reference 2, Figure 21, using (roughly) a 2+1 m/s downwind
propagation model.
It also allows a variable effective flow
resistivity, although that parameter does not enter into the
propagation calculations examined here.
it accounts for
atmospherc absorption based on surface temperature,
relative humidity and air pressure, in accordance with the
Society of Automotive Engineers Aerospace Recommended
Practice (SAE ARP) 866A.
Ground impedance, source and
receiver heights are not included in the model, but are
effectively defaulted to the values typical of an aircraft
engine during ground runup, propagating noise over level
grassy terrain, and a standing observer.
The Shot #2 simulation predicted OASLAs which are 5 and 10
dB high at Sites 6 and 7 respectively (Figures 5 and 6).
The Shot #5 simulation appears a little
better since the
OASLAs are 3.8 dB low at Site 6 and 6.8 dB nigh at Site 7
(Figures 7 and 8).
The wind speed assumed by the model is
higher than those recorded during the measurement study,
indicating a commensurate increase in sound speed gradient.
4

The stronger downward refraction of sound waves will, in
theory, enhance the refractive effect which mitigates
attenuation.
This effect is evident for Shot #2, even
though the wind speeds are not very different (Table 3).
The Shot #5 result is inconclusive, considering that the
Site 5 reference spectrum may be misleading (Figure 3).
The
refractive effect will be discussed in more detail when
comparing results (Chapter 5).
Since there are no
alternatives to the input data used, no "best fit"
Omega 1
simulations could be conducted.

5

Chapter 3
COMPARISON OF ACOUSTIC DETECTION RANGE PREDICTION MODEL
(ADRPM) PREDICTIONS. (Pre-release Version 7)
The Acoustic Detection Range Prediction Model (ADRPM)
program was developed by Bolt Beranek & Newman Inc, under
contract to the Army Tank Automotive Command (TACOM),
for
the purpose of estimating target detectability (Ref 4).
It
provides detailed source, receiver and propagation condition
characterization via a menued input.
It uses the SAE ARP
866A atmospheric absorption model and incorporates selected
refractive weather conditions using predetermined raytracing calculations to estimate propagated noise levels.
ADRPM's predictions are also force fitted to empirical data
from studies of low-frequency noise propagation (Ref 5, p
17).
There are several aspects of the model parameters which must
be explained to provide a fairly complete portrayal of the
simulation effort.
ADRPM requires that the maximum distance
from the source to the reference spectrum be 500m, thus
necessitating the use of a reconstructed source spectrum,
force-fitted to the site #5 (790m) measured data.
There are
14 possible choices of atmospheric profile, each with a
default wind speed and surface temperature.
Although an
option exists to change temperature and humidity, the
temperature is forced back to the default value during
calculations for all the non-isothermal profiles.
The available atmospheric profile choices did not closely
match the field measured temperature or wind speed.
The
Mid-Latitude Summer Day profile was a best approximation to
Shot #2, whereas the Isothermal profile could be used for
Shot #5.
The ground impedance was characterized by the
effective flow resistivity typical of a grass field.
The
value chosen makes no difference since the ground impedance
model is shut off for distances beyond 500m (Ref 2).
The
"best fit"
propagation conditions did not require the use of
the Barrier or Foliage models which ADRPM provides.
A few
simulations were carried out with Barriers, to determ±ne if
this could explain anomalies in the measured noise data,
such as that previously mentioned concerning Shot #5.
The ADRPM ground impedance model calculations "cease at
distances greater than 500 meters from the source, on the
pragmatic grounds that users are unlikely to have detailed
knowledge of ground surfaces at greater distances, and that
stable conditions assumed for phase-related calculations
are unlikely to obtain at greater distances" (ibid, page
18).
This cutoff is reasonable from an engineering
standpoint since acoustic waves do become incoherent with
6

However, a step-like change in the assumed
distance.
coherence of the acoustic waves is not physically realistic.
The work of Wiener and Keast (Ref 15, figure 3) concludes
that such scattering effects begin gradually in the upwind
Research toward developing an analytic model
shadow zone.
of turbulent scattering in the shadow zone is ongoing (Ref
16).
A proposed empirical formulation of this phenomenon is
discussed further in Chapter 6.
Note the missing 1/3 octave band SPL predictions which
occurred for Shot #2 at higher frequencies (Figures 5 and
6).
This anomaly is due to a numerical error within the
model, in the spectral propagation matrix associated with
The anomaly is known to be
the non-isothermal profile used.
related to the source height and could not be remedied
during this study.
The best ADRPM simulation for Shot #2 predicted an OASLA
only 1.6 dB high at Site 6 and 6 dB high at Site 7 (Figures
The Isothermal (zero wind) simulation used for
5 and 6).
Shot #5 predicted an OASLA which is 6 dB low at Site 6 and
3.6 dB high at Site 7, not unlike the Omega 1 result
These predictions are consistent with
(Figures 7 and 8).
The Shot
results of the theory of atmospheric refraction.
Day
atmosphere
Summer
the
Mid-Latitude
used
#2 simulation
This profile will tend to
with a wind speed of 3.6 m/s.
to its increased downward
levels,
due
noise
higher
predict
seen in the actual Shot
the
levels
refraction, relative to
#2 atmosphere with wind speed of 1.05 m/s.
Although the
wind speed cited in the ADRPM model is somewhat higher than
This
in the Omega 1 model, the predicted OASLAs are lower.
fact is interesting in that it reflects on the different
approaches taken by the models.
The Omega 1 model incorporates an atmospheric sound-speed
profile to the extent that it is coupled to the acoustic
The wind
average of the measured propagated noise levels.
and temperature gradients are unknown, but in order to
produce higher level predictions than ADRPM, they must be
The choice
(on average) more strongly downward refracting.
of the Mid-Latitude Summer Day conditions within ADRPM does
not, then, mean that the sound speed gradient being used is
higher than the effective sound speed gradient of Omega 1.
The predicted level differences cannot be fully explained
without greater knowledge of the explicit treatment of
atmospheric refraction in ADRPM.
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Chapter 4
COMPARISON OF THE FAST FIELD PROGRAM (FFP)
MODEL PREDICTIONS. (Version 3)
The Fast Field Program was originally developed for
predicting sound propagation in the sea.
It has been
adapted to atmospheric propagation and further developed by
the University of Illinois and the University of Mississippi
under contract to the Army Construction Engineering Research
Laboratories (CERL),
(Ref 6).
It has been validated againstI
data collected at Bondville, Ill.,
for medium to low-i
frequency tone sources.
It has demonstrated some value for
long-range average noise level prediction (Ref 7).
The
program includes an elaborate menu of input choices,
including four choices of ground impedance model and
complete description of the atmospheric sound speed profile.i
It is a computationally intensive program developed for
detailed sound propagation modeling.
The FFP analyses used the previously stated propagation
distances, source and receiver heights in all simulations.
In this model, some sensitivity to the effective flow
resistivity was noted, with 200,000 mks Rayls/meter being
the best fit
for this parameter.
The method recommended by
Embleton, et al (Ref 8), was used to arrive at this
effective flow resistivity value.
The measured 1/3 octave
band SPL difference spectra (Figure 2) show a distinct
ground impedance effect in the appropriate 1/3 octave bands.
Figures 6 and 7 show that the measured effect of this ground
impedance model (absorption in bands 21-25) was much less
than predicted for Shot #2 at Site 7 and for Shot #5 at Site
6.
For Shot #5 at Site 7, no noticeable ground impedance
effect is evident (Figure 8).
Therefore, the Shot #5
simulation always used an effective flow resistivity of 2E+8
mks Rayls/meter to suppress the ground impedance model from
the calculations.
This approach was also tried for the Shot
#2 simulation (Figures 9 and i0).
Certainly it is possible to adjust the predicted effects due
to ground impedance by application and adjustment of more
advanced models.
Attenborough's Exponential Porosity ground
impedance model was tested using the parameters derived from
measured acoustic data taken at White Sands Missile Range
over a short dirt range (Ref 9).
The agreement with
acoustic data from the PUADA site was still
poor due to
large impedance dips in the predicted spectra.
It was
concluded that ground impedance effects do diminish
significantly at these long ranges, as discussed in the
previous chapter.
This effect is due to (distance
dependant) incoherent propagation which cannot be modeled in
the Fast Field Program formulation.
8

The atmospheric absorption model was chosen to make maximum
use of the information available.
The acoustic absorption
coefficients for each band were determined from the relative
humidity and measured temperature.
The relative humidity
was calculated separately, based on the measured dewpoint.
The FFP program uses the ANSI S1.26-1978 standard as its
source of atmospheric absorption coefficients.
The atmospheric refraction calculations are dependant on two
types of menued input, the atmospheric profile (which
determines the sound speed profile) and the layering method,
which increases accuracy and computation time.
Several
variations of the atmospheric profiling/layering approach
were tried.
All atmospheric profiles were generated using
the measured data at both the 2 and 10 meter heights (Table
3).
The atmospheric profiles are required to be linear for
the first
height segment (up to 2m in this study), but
beyond that, a logarithmic profile option may be chosen.
A
logarithmic interpolation to the 10m height and
extrapolation to 80m was tried for both wind speed and
temperature.
This is consistent with meteorological theory
for a neutral atmosphere (Refs 11 and 12).
A preliminary
comparison indicated that a totally linear temperature
profile yielded a better approximation of measurements.
Some improvement may also have been achieved by use of a
stable atmospheric profile (Ref 13), which could not be
tested in this study.
In all cases, the (linear or
logarithmic) fitting coefficients determined by
interpolation were also used for the extrapolated segment.
The atmospheric layering was also required to be linear for
the first
height segment and was chosen to be logarithmic
above 2m.
This choice was made due to the decreasing
importance of the upper layers as contributors to the
predicted SPLs.
The sound-speed profiles for Shots #2 and
#5 were downward refracting up to around the 10m and 4m
heights respectively.
In this study, forty layers were
created in the linear region and sixty in the logarithmic
region extending to 30m height.
For best accuracy, the
layer thickness needs to be approximately equal to the
wavelength.
A test case was run in which the atmospheric
layering was defined as in Reference 13 (400 layers below
loom), with only minor improvement in the resulting spectra
and OASLA (Figures 12 and 13).
The upper 50m of atmospheric
(soundspeed) profile were usually incorporated as a single
layer, since sound waves propagated to these heights added
very little
to the predicted noise levels.
This would not
be true if a temperature inversion existed at these heights.
The numerical methods used in the formulation of the FFP
require that an artificial

attenuation
9

("extra loss") be

applied to broaden the peaks in the k-spectrum.
A reliable
approach to determining this parameter based on the sourcereceiver geometry and ground impedance is given in Reference
13.
An artificial
attenuation value of 0.0001 is accepted
as a default.
For this study, low-frequency FFP runs used
values of 0.001

(12.5 - 80 Hz)

or 0.0003

(100

-

160 Hz)

to

decrease computation time.
The format of the FFP's acoustic data output is not readily
comparable to the measured acoustic spectrum.
A file
containing SPL attenuation as a function of distance is
given for each of the 27 1/3 oct-.ve bands.
These must first
be converted into SPL attenuation spectra for each Site,
then interpreted via the level difference spectrum method.
The level difference spectrum method is also used
(internally) in the previous models.
The Site 5 measured
spectrum is assumed to contain whatever effects exist in the
Site 5 predicted SPL difference spectrum, since the true
source spectrum is unknown.
The 1/3 octave band SPL
differences are applied to the Site 5 measured spectrum to
derive the Site 6 and 7 predicted SPL spectra (using a
spreadsheet).
A VAX DIGITAL Command Language (DCL) program
was devised to execute a series of FFP band center frequency
runs.
The DCL program also enabled the FFP output to be
examined near the Site distances, and SPL attenuation
spectra to be derived by application of a separate FORTRAN
program named SPEC (Appendix A).
The SPEC program can be
rewritten to accomplish more complex analyses of the FFP
output.
The best Shot #2 simulation predicted OASLAs only .1 and 1.2
dB high at Sites 6 and 7 respectively.
This result tends to
hide some significant errors due to the ground impedance
model (Figure 6) for frequencies in the 100 - 500 Hz range.
The Shot #5 simulation made noise propagation predictions
similar to those of the other two models.
The predicted
OASLA at Site 6 was 7.1 dB low, and at Site 7 it was only .5
dB low (Figures 7 and 8).
This good comparison tends to
support the modeling of atmospheric effects, in spite of the
apparent problems with the ground impedance model used.
Since all three models had similar difficulty in modeling
the Shot #5 noise measurements, a further analysis was
conducted to determine if the reference Site 5 measured SPL
spectrum was the source of error.
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Chapter 5
COMPARISON OF METHODS AND THEIR PREDICTIONS
It is obviously difficult to validate a universally accurate
prediction model, given the assumptions pertaining to the
propagation conditions which are necessary in environmental
The small amount of noise
noise measurement studies.
measurement data examined in this effort (two events)
precludes any quantitative assessment on the validity of any
Some qualitative observations are nonetheless
model.
As expected, the more complex models showed
valuable.
better agreement between predicted and measured levels.
The Omega 1 model provides very rapid SPL predictions in a
manner which is easily applicable to the existing programs
used for airbase environmental noise prediction (NOISEMAP in
Detailed acoustic propagation conditions,
particular).
other than the atmospheric absorption parameters, are not
Such limitations may cause
included in the model.
significant errors when detailed interpretation of specific
Measured noise data is often
noise level data is required.
recorded after having propagated through atmospheric (sound
speed profile) conditions which are significantly different
The data
from the "normal" conditions assumed by the model.
reduction and normalization process adjusts the measurements
to remove the effects of Excess Sound Attenuation (Ref 2).
Under "abnormal" atmospheric conditions, this would result
in an inappropriate adjustment being applied.
Furthermore, an airbase which is surrounded by hard-packed
soil or desert sand will experience overground propagated
noise levels that differ slightly from predictions based on
The typical wind
the ground impedance of grassy terrain.
direction at a particular airbase location may influence
its long-term average noise level contours, particularly in
the upwind direction or if the downwind speed noticeably
The Omega 1 noise level predictions compared
exceeds 3 m/s.
to measured OASLA data reasonably well in the two cases
examined here partly because the measured data were
collected in a moderate downwind atmosphere, which is the
assumed condition incorporated in the model.
The ADRPM approach also produces rapid SPL predictions which
The results
are in good agreement with the measured SPLs.
indicate that refractive effects do exist in the measured
noise data, but the limited choices of model atmospheres
ADRPM
don't give the capability to accurately model them.
does allow upwind or downwind propagation, but only in the
14 specific cases which have been analyzed and included in
The application of previously analyzed sound
the model.
speed profile conditions enables rapid application of the
11

level difference spectrum method to arrive at noise
predictions.
The ADRPM report file output could be
reconciled with the format requirements of other (Omega
series) programs with a little
postprocessing.
Close
examination of the (Site 5 or 6) measured ground reflection
effects in comparison to the predicted SPL spectra indicate
that the assumption in ADRPM that ground reflection effects
are negligible beyond 500m is not altogether true.
These
observations lead to the conclusion that ADRPM's ground
impedance modeling at longer distances could be improved.
The FFP model gave very accurate SPL predictions, although
at the expense of much longer computation times.
It is
clearly necessary to allow longer computation times if the
real atmospheric profile variables are treated as variables.
[Research is ongoing to reduce the computation time required
by the FFP (Ref 14).]
The advantages to including
atmospheric profiling are thus twofold:
The predicted noise
levels are very accurate and are reasonable in that all
relevant, accessible acoustic propagation parameters are
included.
The FFP approach does have a drawback relative to
the needs of long-term environmental noise predictions,
since only basic knowledge of the sound propagation
conditions can then be assumed.
Primarily, it requires
input of several numerical methods parameters.
In
particular, it requires that the number of points used in
the Fast Fourier Transform be input and is sensitive to the
"extra loss" used to avoid poles in the complex plane during
numerical integration.
These parameters (and the
atmospheric profiling/layering used) are not totally
independant of the basic propagation condition variables.
It therefore may be possible to automate such input,
alleviating the need for the user to define the various
parameters.
A systematic method for accomplishing the
required tasks is outlined in reference 13.
The FFP ground impedance formulation severely overestimates
the magnitude of the ground reflection effects at long
distances.
To investigate the effects of the ground
impedance model separately, an additional simulation of Shot
#2 was conducted with the ground impedance suppressed
(Figures 9 and 10).
The simulation is similar to that used
for Shot #5, with an effective flow resistivity of 2E+7
Rayls/m.
It is evident that the magnitude of the
attenuation maximum at 125 Hz is overpredicted by the
standard Delany Bazley Chessell (DBC) ground impedance
model, by comparing the result to the previous Shot #2
simulation (Figures 5 and 6).
The most reasonable
theoretical explanation is that the acoustic wavefronts
become incoherent as they propagate through turbulent air
and local temperature fluctuations.
The ADRPM model assumes
that the acoustic waves are coherent up to 500m, then
12

incoherent for longer propagation distances.
It is evident
from the small amount of data presented here that no model
accounts for this phenomena very well.
These observations
lead to a recommendation for further study of this effect.
It has been observed throughout this study that the Shot #5
propagated spectra reveal some anomalies, particularly in
that the band 23-25 SPLs increase from Site 5 to Site 6
(Figure 3).
Another diagnostic test was carried out to
better understand the measurements for the purposes of this
comparative study.
In this test we assumed that the Site 6
measured SPL spectrum is a suitable reference spectrum.
The
level difference spectrum method was then applied using all
three model predictions to give a predicted SPL spectrum for
Site 7 (Figure 11).
Under these conditions, the shapes of
the predicted and measured SPL spectra are somewhat more
similar.
All models now overpredict the 1/3 octave band
SPLs above 500 Hz.
This observation implies that several
assumptions inherent in the models are violated.
The
Pershing II missile was mounted with the rocket exhaust
plume pointed upward at about a 20 degree angle.
This
necessarily will generate a complex acoustic directivity
pattern.
This pattern is influenced by the crosswind at 80
degrees relative to the propagation path in an unknowable
way.
The atmospheric variables were also rapidly changing
at 9:07 in the morning.
These factors cannot be accurately
simulated based on the available knowledge of the field test
atmospheric conditions.
It may be possible to deduce the effective sound-speed
profile from the acoustic data, but not from the normal
meteorological measurements.
The acoustic spectrum is so
sensitive to micro-meteorological propagation conditions
that standard atmospheric measurements never give enough
detail for extremely accurate site specific noise event
predictions.
Nonetheless, the long-term variation of longrange propagated noise levels can be modeled reasonably well
as a function of standard wind and temperature measurements
and existing ground conditions, particularly in the downwind
direction (Ref 13).
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Chapter 6
CONCLUSIONS
Although this study was limited to a small database, it
provides a number of significant insights into the problems
of accurate noise propagation modeling.
A primary concern
for environmental noise assessment purposes is to have
available a relatively simplified model (in terms of the
input parameters and output format), which has been
demonstrated to give reasonably accurate predictions over a
broad range of frequencies and propagation distances.
Many
valuable efforts to demonstrate such models have been
undertaken over the years, with numerous results published
in the public literature.
Many of these efforts have
resulted in computer programs which are demonstrably able to
model their respective databases.
Occasionally these
programs are compared one to another to show relative
merits; but in many cases they are empirically validated
only by small, disparate, measured noise databases.
The
respective noise databases often include only short range
measurements, or are limited to selected (low) frequencies.
Based on the foregoing comparison of the relative merits of
the three models studied, it is concluded that a simply
defined modeling method is necessary that includes variable
atmospheric refraction effects and improved ground impedance
characterization (algorithms).
RECOMMENDATIONS
A much more significant validation and/or comparison effort
is warranted.
Toward this end, an effort to demonstrate the
utility
of the Fast Field Program in comparison to a few
selected samples from the AL/OEBN Overground Excess Sound
Attenuation (ESA) database has been conducted (Ref 13).
The
results will be published to provide serious investigators
the opportunity to conduct comparable studies using other
models.
A more comprehensive exaUmindtion of the ESA
database is planned.
An improved model approach which meets the necessary
conditions to specify the propagation of environmental noise
must eventually be developed.
It should not require the
user to specify numerical methods parameters, choose the
ground impedance formulation, or to devise the atmospheric
layering used.
The input could be similar to that used in
ADRPM or BASEOPS (Ref 10), but also able to simulate a
source at significant altitude and allow the computation of
variable atmospheric refraction effects.
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Development of an improved ground impedance model is also
Several selections of ground conditions are
recommended.
The reduced
needed for various airbase environments.
influence of ground impedance seen in this study (and Ref
13), particularly in the crosswind direction over long
It is known that turbulent
ranges, needs to be considered.
scattering has a similar, but much more pronounced, effect
Several
on noise levels in the upwind direction (Ref 15).
detailed theoretical models of turbulent effects have been
Such
proposed to account for this phenomena (Ref 16).
computer predictions are complex, time-consuming and have
not yet been proven against sufficient long-range measured
(mid- to high-frequency) noise data.
It is recommended that research be undertaken to define an
acoustic coherence length (D) using a proposed formulation
such as:
Z=Zc[tan 1 (D-d)+90]/180

,

D=D(f)

Where d is the propagated distance, f is the frequency and Z
Such an approach could, in
the effective impedance.
principle, model the slow disappearance of the ground
impedance effect seen in this study and in other long-range
A single parameter (D) to characterize the
noise databases.
measured effects of turbulence would certainly be partly
Such
dependent on the prevailing atmospheric profile.
functional dependence must be consistent with older results
(Ref 15, etc) so that the relationship is meaningful to
researchers developing theoretical models of the phenomenon.
Any proposed ground impedance formulation should also be
validated for Air Force purposes based on the available ESA
environmental noise data.
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TABLE 1: Shot #2 1/3 Octave Band SPL spectra
Pershing II second stage rocket .aotor
13 Sept 1989, 16:47 hours
Band #
(dB)
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
,6
37

Frequency
(Hz)
12.5
16.0
20.0
25.0
31.5
40.0
50.0
63.0
80.0
100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0
1000.0
1250.0
1600.0
2000.0
2500.)
3150.0
4000.0
5000.0

elimination,

Flat-weighted Sound Pressure Levels
Site 5
73.2
76.5
78.4
81.9
82.4
83.3
85.4
86.1
87.2
89.1
87.7
84.0
81.2
79.0
79.9
80.6
77.8
81.2
82.2
84.3
83.7
82.0
79.3
78.9
78.7
79.8
76.9
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Site 6
70.7
71.6
74.4
76.4
79.4
79.6
79.0
79.9
77.4
72.9
66.7
69.6
73.1
68.2
73.7
72.1
69.8
68.0
67.8
65.7
68.7
69.3
64.9
67.4
69.4
75.5
72.4

Site 7
61.2
66.0
68.9
69.4
70.7
72.9
74.1
73.8
71.3
68.9
63.5
61.9
61.9
62.5
61.4
60.8
63.1
58.7
56.9
56.0
53.3
50.2
44.8
42.6
43.0
44.5
41.8

TABLE 2: Shot #5 1/3 Octave Band SPL spectra
Pershing II second stage rocket motor elimination,
14 Sept 1989, 09:07 hours
Band #
(dB)
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Frequency
(Hz)
12.5
16.0
20.0
25.0
31.5
40.0
50.0
63.0
80.0
100.0
125.0
160.0
200.0
250.0
315.0
400.0
500.0
630.0
800.0
1000.0
1250.0
1600.0
2000.0
2500.0
3150.0
4000.0
5000.0

Flat-weighted Sound Pressure Levels
Site 5
89.6
91.6
89.8
92.6
95.0
96.0
96.5
96.2
97.4
98.6
97.3
93.0
90.6
87.7
89.9
96.0
93.1
97.3
91.6
93.9
95.2
90.9
89.7
86.8
83.2
81.1
80.0

19

Site 6
77.6
82.2
84.6
87.5
91.3
92.3
94.4
94.3
93.1
89.4
87.0
91.6
94.3
92.0
90.8
91.6
90.8
94.2
93.4
89.9
87.3
85.2
81.2
76.1
72.4
75.8
72.8

Site 7
75.1
76.6
77.5
78.9
80.8
81.8
80.9
79.7
79.1
77.9
79.0
82.8
80.0
81.1
81.3
80.7
78.6
73.3
68.1
65.3
62.8
60.5
53.4
45.4
40.9
42.3
40.6

TABLE 3: Atmospheric data

(2 meters)
Wind Speed
Direction
Along Array
Temperature
(10 meters)
Wind Speed
Direction
Along Array
Temperature
Dewpoint
Rel. Humidity
Pressure

(5 minute averages)

Shot #2 9/13/89
Event at 16:47 MDT
Data ave 15:45 MST

Shot #5 9/14/89
Event at 9:07 MDT
Data ave 8:05 MST

4 MPH
216 deg
1.05 m/s
10.9 C, 51.6 F

3 MPH
347 deg
0.23 m/s
10.4 C, 50.7 F

5 MPH
219 deg
1.41 m/s
10.6 C, 51.1 F

5 MPH
350 deg
0.39 m/s
10.1 C, 50.2 F

3.7 C, 38.7 F
62 %
862.1 mb

5.6 C, 42.1 F
74 %
935.3 mb
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APPENDIX A
$! DCL Program for running FFP3 program on all input
$! (*##.DAT, where ## is the band number) files contained
$! in the .input subdirectory.
Output is directed to the
$! .ffpout subdirectory.
The program currently drives the
$! SPEC program upon completion of each FFP3 run, but could
$! be revised to process a group of FFP3 output (*##.lev)
$! files.
$loop:
$ ffinp = f$search("[.input]*.dat;")
$ if ffinp .eqs. "" then goto done
$ pl = f$parse(ffinp,,,"NAME")
$ band = pl
$ band[O,f$length(pl)-2] := "o
$ band = f$edit(band,"TRIM")
$ runx = pl - band

$ call runband 'p1'
$ goto loop
$done:
$ ren [.ffpout]sp.*
$ exit

'band'
[.ffpout]'runx'sp.*

$

$runband:
$ subroutine
$ assign/usermode [.input]'pl' sys$input
$ run ffp3
$ ren levels.o [.ffpout]'band'.lev
$ ren wavnum.o [.ffpout]'pl'.wav
$ assign/usermode [.ffpout]'band'.lev FOR010
$ run spec
$ ren [.ffpout]'band'.lev [.ffpout]'pl'.lev
$ ren [.input]'pl'.dat [.ffpout]'pl'.dat
$ exit
$ endsubroutine
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PROGRAM SPEC
C
C
C
C
C

Converts FFP level-vs-distance output files
into a level difference spectrum at sites
by data in file
sites.dat
CHARACTER*36
CHARACTER*30
CHARACTER*2
INTEGER
REAL
DIMENSION

C
C

(levels.o)
specified

fname
FIL
BAND
N, M
DIS
DIS(15)

Reads site
distances and counts the number of sites
OPEN (9,
FILE = '[.input]SITES.INP',
STATUS='OLD')

6
7
C
C

8
9
C
C

10
11
C
C

C

DO 6

,

READ
M=N-I

(9,*,END=7)

N=1,15

DO 9

,

DIS(N)

N=I,M

Converts the index to an ASCII number.
FIL='[.ffpout]sp.S'//CHAR(N+48)
Uses M files
for generating site
Atten. spectra.
OPEN (10+N, FILE=FIL, STATUS='UNKNOWN',
>CARRIAGECONTROL= 'LIST')
READ (10+N,*,END=9)
GOTO 8
BACKSPACE (10+N)
Opens the current levels.o file
and selects Atten.
data at the specified distances.
OPEN (10, STATUS='OLD')
INQUIRE (10, NAME=fname, ERR=21)
BAND=FNAME(INDEX(fname, ']')+1:2)
DO 15 N=I,M
READ (10,11,END=19) Dist, Ref_l, Atten
FORMAT (3F15.0)
IF (Dist .GE. DIS(N)) THEN
Select data nearest to DIS(N) and append band #
and other data to each site
file,
in turn.
BACKSPACE (10)
BACKSPACE (10)
READ (10,11) D less, R_less, Aless
IF ( D~less .EQ. Dist ) GOTO 22
IF ( DIS(N)-D less .GE. Dist-DIS(N) ) THEN
WRITE (10+N,*) BAND, '
',Dist, '
',Atten
GOTO 15
ELSE
WRITE (10+N,*) BAND, I
',Dless, I ',Aless
GOTO 15
ENDIF
ENDIF
GOTO 10
Next site
35

15
C
19
20
21
22
25

READ (10,*)
Close all site files prior to next run.
DO 20 N=I,M
ENDFILE (10+N)
GOTO 25
WRITE (ii,*)
>'I/O ERROR, is levels.o ASSIGNED to FOR010?'
GOTO 25
WRITE (Ii,*)
>'Nearest predicted level is further than first
STOP
END

36

site.'

*U.S. Goveranment. Printing Office: 1992 - 648-069160223

