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1. I ntroduction

The U.S. Department of the Interior (DOI), National Park Service (NPS), and the U.S. Department of
Trangportation (DOT), Federd Aviation Adminigtration (FAA) are jointly Sponsoring a study to examine
the accuracy of exiging modd s used for predicting aircraft noisein Grand CanyonNationd Park (GCNP).
In particular, three modes will be included in the study, the NPS' Noise Overflight Decision Support
Sysem (NODSS), the FAA'’s Integrated Noise Model (INM), and a third model, the Noisemap
Smulation Model (NMSIM), which has been developed with funding from both the U.S. Air Force and
the National Aeronautics and Space Administration. A key component of the GCNP Noise Mode
Vdidation Study isthe collection of field datato support the vaidationeffort. Thisletter report addresses
portions of the field data collection activity.

During the daytime hours of September 10, 12 and 13, 1999, a contingent of acoustic researchers
conducted measurements at 44 locations in the vicinity of the Zuni Hight Corridor, which generdly runs
north-to-south in GCNP. These researchers included individuals from the NPS, the FAA, Wyle
Laboratories (Wyle), Haris Miller Miller and Hanson Inc. (HMMH), and the Volpe Center Acoustics
Facility (Volpe). Thisletter report presentsthe acoustic data collected at one of the Vol pesites, designated
as the Source Site. It also discusses aircraft observation data which were collected smultaneoudy &t the
Source Siteand at a second Vol pe site designated as the Cape Final Site. Figure 1 presents the location
of the two Volpe stes rdldive to the Zuni Flight Corridor.

Section 1 of this letter report presents abrief overview of the study. Section 2 presents a description of
the Source Site layout, dong with an overview of the instrumentation utilized. Section 3 documents the
development of the reference acoudtic datato be used in the study. Section 4 documents the reference
speed data. Section 5 presents acomparison of the noise-versus-distance (N-D) data developed as part
of this effort with that used in previous GCNP modding efforts. Appendix A overviewsthe data contained
within the summary spreadsheet used to devel op the reference information required for input to the three
computer models. Appendix B contains example reference spectrd time history data which will be used
for input to NMSIM. Appendix C contains reference N-D data which will be used for input to INM.
Appendix D contains reference spectral data which will be used for input to NODSS.
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Figure 1. Location of Volpe Sites Relativeto Zuni Flight Corridor
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2. Description of Source Site Layout and Instrumentation Utilized

Successful collectionof reference aircraft data at the Source Site was deemed criticad to the overal success
of the GCNP noise modd vdidation study. During the planning phase of the study, the Source Site was
carefully sdected so asto provide the highest-qudity, and most representative reference data for input to
the three models. Section 2.1 overviews the Source Site layout, including the characterigtics of the Site
which made it conducive to collection of reference aircraft noisedata. Section 2.2 overviewsthe acoustic
indrumentation utilized at the Source Site. Section 2.3 overviewsthe video tracking system used to obtain
arcraft time-space-position informetion at the Source Site.  Section 2.4 overviews some ancillary
equipment used a the site.

21  Source Site Layout

Figure 2 displays a graphic of the generd Source-Site Layout. It also includes the relative coordinate
system used for data reduction and the rdative position of the three microphones and video tracking
gysems utilized. The three-microphone array was oriented perpendicular to the north-to-south running
Zuni Fight Corridor. The microphones were designated as 1, 2, and 3, where 1 was the western-most
microphone, 2 wasreferred to as the centerline microphone, and 3 wasthe eastern-most microphone. The
gpacing between the East and West microphone was gpproximately 1500 ft. The signd from the three
microphones was fed to an observer located gpproximately 100 ft to the south of the centerline
microphone. The two video tracking systems, one facing east and one facing west, were setup
approximately 200 ft tothe east of the westernmost microphone (Microphone 1). Anaircraft observer was
dtationed at the approximate location of the video camera.

2.2 Acoustic | nstrumentation

Brie & Kjaa (B&K) Model 4155 and 4189 dectret condenser microphoneswereused to convert sound
pressurevariationsinto dectrica sgnds B&K Modd 2671 preamplifiersand Deltatron Moddl WB 1372
power supplies were employed with each microphone. A B&K Modd UA0207 foam windscreen was
placed atop each microphone to minimize the effects of wind-generated noise on the sound level
measurements. The microphone/preamplifier/windscreen combinationwas fixed onatripod a a height of
4feet above the ground. In addition, on-line acoustic data were recorded for the three source site
microphones on Larson Davis Model 820 red-time integrating sound level meters. One second equivalent
sound level (Laeq1s) data were measured. Data were also recorded, for archiva purposes and off-line
andyds, on Sony PC208AXx, digitd audio tape(DAT) recorders. Each DAT tapewas encoded with IRIG
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B timecodeto aide in off-line andyss. Figure 3 below presents an example of thisinstrumentation set-up
in the field, while figure 4 presents ablock diagram of the system.
Figure2. Overview of Source Site Layout
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Figure4. Block Diagram of Acoustic I nstrumentation
2.3  Time-Space-Postion Instrumentation

A digital video-based time-space-postion-information (VTSPI) system was utilized to determine the
positionof tour arcraft overflights dong an gpproximate 5 to 10 second segment of time directly over the
Source Site. Four Canon Opturadigital video cameras and four specialy-designed reference targetswere
deployed at known, fixed locations withinthe local coordinate system (see Figure 4). Post-processing of
the video data was then performed using classic triangulation techniques to determine accurate time and
position information for each aircraft event.
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Figure5. Digital Video-Based Time-Space-Position-I nformation System

24  Andllary Equipment

A differentid globd postioning system (dGPS) was utilized at the Source Site to establish the local
coordinate system and precisely determine relative microphone, camera and target locations. The dGPS
system conggts primarily of two NovAtel Model RT20E GPS receivers, two GLB SNTR150 data link
radios and an IBM 770 Thinkpad portable computer.
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Meteorological data were collected at the Source Site utilizing Quaimetrics Transportable Automated
Meteorological Sysems (TAMS). TheTAMSunitscollected averagetemperature, rel ative humidity, wind
gpeed and direction, as well as barometric pressure, a five-minute intervas throughout the study.

TrueTime Mode 705-305 GPS receiver/IRIG B timecode generators were used to precisdy time-
synchronize the video data, as well as al acoustic, meteorological and logging data at the Source Site.

3. Data Reduction

This sectiondiscussesthe development of the basdline acoustic data to be used as the reference database
for the GCNP Noise Modd Vdidation Study. Section 3.1 overviews the extensive quality control
measures that were employed to ensure the highest quality source data.  Section 3.2 discusses the data
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reduction process utilized in support of database development for NMSIM, INM and NODSS.
3.1 DataCulling

Strict quaity control measures were established to ensure that the reference source data was of the highest
possible quaity. These measuresincluded culling of datapotentidly contaminated acoudticaly aswell as
culling of data in which time-space-position information was potentidly in question.

During the three-day measurement period, over 270 individua aircraft events were logged by the aircraft
observer located at the Source Site. Based drictly on information included in the observer log, many of
these events were immediatdy diminated as candidates for indusion in the reference database. The
primary reason for cullinganarcraft by way of initid analyss of the aircraft observer log was for instances
inwhichthe event was not a GCNP tour, e.g., high-atitude jets or GA aircraft not traveling dong the Zuni
corridor. Another common reason for excluson was the lack of pogtive identification. For example, a
propeller arcraft may have been seen or heard, but the particular model may not have been positively
identified.

The next step in the acoustic culling process was to examine “by-hand” the sound level time history data
measured on-line at the Source Site. The sound level time history data measured by the LD820 at the
source-Ste centerline microphone were used in concert with the aircraft observer log to identify potential
acoudicdly “clean” events. Where a potentia acoudtically clean event was one in which data measured
at the centerline microphone had a minimum 15 dB uncontaminated rise and fal in the A-weighted time
history, and which had a correlated postive 1D onthe aircraft observer log. By the nature of how the tour
arcraft were spaced in time, most clean aircraft events had a rise and fdl in the A-weighted sound level
time history of at least 15 dB and more often 20 to 40 dB. In other words, alarge number of events had
to be culled due to ther close spacing (in time) with other events, however when aircraft spacing was
aufficient to support asound leve rise and fal rdaive to ambient, it wastypicaly onthe order of 20 to 40
dB. Figure 6 presentsatypical A-weghted sound level time history of a designated clean event. Asa
result of the “by-hand” culling process, atotd of 69 events were identified as potentiad acouticaly clean
events.
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Figure 6. Example of a Clean A-weighted Sound Level Time History,
Event 7: B206L, 9/12/99

The next step inthe culling process resulted fromthe acquisition of time-space-positioninformation (TSP!)
for the 69 events. Asit turned out many of the helicopter events and afew of the propdler events were
so digant relative to the position of the video camerasthat aircraft either could not be tracked with any
degree of certainty, or in afew casesthe aircraft could not be postively identified. Also, for severd of the
distant, low-angle hdicopters, their image was shielded from the camera by local terrain features. Asa
result of the TSPI culling process, 28 events were identified as potentialy clean events.

At this point in the culling process it is most appropriate to speak in terms of microphone events. For
example, 28 potentidly cleaneventsmeasured at three microphones, trand atesinto 84 possible microphone
events.

-10-
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The 84 microphone events idertified as potentidly clean events were then subjected to a more rigorous
acoudtic assessment. Spedificdly, the digitd audio tape (DAT) recordings of each event a each of the
three microphoneswere monitored and scrutinized for potential contamination. Any event with noticegble
contamination of any kind, e.g. bird chirps, was eiminated. In addition to audio observations, the signal
from the DAT was fed through a Hewlett Packard Modedl 35665a one-third octave-band andyzer. A
time-history of sequential, half-second, linear data records was stored for each microphone event. The
stored data for each event included the sound pressure level (SPL) for each one-third octave-band with
a nomind center frequency between 50 Hz and 10 kHz. Once processed through the analyzer, any
microphone event which did not meet a gtrict 15 dB riseand fall criterionwas also diminated.! Thesetwo
find steps in the culling process yielded 39 total microphone events. These 39 events were used for the
development of the reference database. The distribution of the 39 microphone events according to aircraft
type was as follows 4-AS350s; 1-B206B?; 8-B206L ; 13-C207; and 13 DHC-6. Table 1 presents a
summary of the 39 microphone events which were used in the development of the reference database.

3.2 Reference Acoustic Data

The linearly-averaged spectral time history data from the 39 microphone events were processed in a
manner conggent with the procedures in the Federal Aviation Regulations (FAR) Part 36, Noise
Sandards: Aircraft Type and Airworthiness Certification. As-measured processing was performed,

induding sound level calibrations, pink noise response corrections and afixed 3-dB per one-third octave-

band doping of al masked high-frequency data. In addition, smulated dow-scde averaging was
performed in the processing using the equationfor the continuous exponentia as required by FAR Part 36.

The net result of this process was deemed the as-measured corrected data.

! Note that this 15 dB rise-and-fall criterion was based on the processed tape-recorded data
for each individua microphone, whereas previoudy the 15 dB criterion was based on the data
measured on-line by the SLM at the centerline microphone only.

2 Even though there was only 1 microphone event represented by the B206B, it was
maintained as a separate entity from the B206L data because of a noticeably different spectra shape.

-11-
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Tablel. Summary of 39 Microphone Events Utilized in
Development of Reference Database

DATE EVENT ID A/C Type | Center Mic [ East Mic West Mic
09/10/1999 62 AS350 U U
09/12/1999 34 AS350 U
09/12/1999 59 AS350 U
09/13/1999 86 B206B U
09/10/1999 28 B206L U U
09/10/1999 54 B206L U U
09/10/1999 79 B206L U U
09/12/1999 7 B206L U
09/13/1999 85 B206L U
09/10/1999 31 C207 U
09/12/1999 18 C207 U U
09/12/1999 45 C207 U
09/12/1999 46 C207 U U
09/12/1999 95 C207 U
09/12/1999 97 C207 U
09/13/1999 9 C207 U U
09/13/1999 10 C207 U U
09/13/1999 72 C207 U
09/10/1999 59 DH6 U U
09/10/1999 60 DH6 U U
09/12/1999 26 DH6 U U
09/12/1999 44 DH6 U U
09/13/1999 14 DH6 U
09/13/1999 16 DH6 U U
09/13/1999 80 DH6 U
09/13/1999 81 DH6 U

3.21 NMSIM Reference Spectral Time History Data

No further processing of the as-measured corrected datawas required for input to NMSIM. NMSIM will
utilize the dow-scale-averaged spectra time history data for the 39 microphone events, along with the
associated TSPI data, and other event information included in the reference data spreadsheet whichis
outlined in Appendix A, and included withthisletter report. Appendix B, Figures B-1 through B-5 present
example spectrd time history data for each of the 5 aircraft types represented. No attempt was made to

-12-
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average these spectral time history data since thiswould in effect confound the sound leve versus emisson
angle rdationship which isintegrd to NMSIM.

3.2.2 |INM Reference Noise-Distance Data

A subgtantial amount of additiona processing of these datawas necessary to generatenoiseversusdistance
(N-D) vduesfor input to the Integrated Noises Model (INM). The process utilized was congstent with the
amplified correctionprocedure identified in FAR Part 36 aswedll asin SAE-AIR-1845. For each of the
39 microphone events, the as-measured, corrected, test-day spectrum obtained a the time of maximum
A-weighed sound level (MXSA, denoted by the symbol L, gmy), the associated test-day L, 5my a@nd sound
exposurelevel (SEL, denoted by the symbol L ,g), and the test-day distance at ¢l osest-point-of-approach
to the arcraft wereidentified. These datawere then used in atwo-step correction processto generate an
N-D curve for each microphone event. Aspart of thistwo step process, the as-measured, corrected, test-
day spectrum is effectivey corrected to the source arcraft (Step 1), and then to the ten INM reference
distances of 200, 400, 630, 1000, 2000, 4000, 6300 10000, 16000, and 25000 ft (Step 2). For
generating the reference L,g N-D curve, the correction process takes into account divergence, distance
duration, the effects of off-reference aircraft speed and atmospheric absorption.  For generating the
reference Lns.x N-D curve, the correction process accounts for divergence and atmaospheric absorption.
The distance duration correction and the velocity correctionare not applied since the spectrum a the time
of maximumsound level isindependent of aircraft speed and the duration of the event. Correctionsto be
gpplied to the test-day L, and L, 5y VAl Uesarebased onthe following generd equation, wherethe second
and third terms do not apply for Lagmy:

IL = 20109(0les/Th) + X10g(0hef Oher) + 10109(Veea/Vig) + Tl

where: TL isthe correction to be gpplied to the test-day Lag Or Lagmy (dB);
deq IS the test-day distance at closest-point-of-approach to the aircraft (ft);
d Is the reference-day INM distance of 200, 400, 630, 1000, 2000, 4000,
6300, 10000, 16000 or 25000 (ft);
X is@ther 10 for helicopters or 7.5 for fixed-wing aircraft;
Viest ISthe test-day aircraft speed (kts);
V.« IS the reference-day aircraft speed, which is 160 for INM (kts); and

-13-
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TLatm is the atmaospheric absorption correction computed usng the equations of
SAE-ARP-866a, assuming test-day temperature and relative humidity conditions
as measured at the Source Site, and assuming a reference-day temperature and
relaive humidity of 71.4 degrees F and 38.1 percent, respectively.®

Figures 7 and 8 present the N-D rdationshipsfor each of the five aircraft typesfor the L, and the Lagmy,
respectively. These curves represent the energy-averaged N-D curve taking into account al of the
microphone events. Table 2 presents a summary of the noise data plotted in these curves. Appendix C,
Figures C-1 through C-10 present the individual N-D curvesfor eachof the 39 microphone events, long
with the energy-averaged curves shown in Figures 7 and 8.

3 For each event, temperatures and relative humidity data were taken from the Source Site
meteorologica gation from the 5-minute sample that was closest to the time of maximum A-weighed
sound level. Some data on September 12 (Events 18, 26, 95 and 97) were taken from the Grandview
meteorological station, due to lack of data at the Source Site. Reference day conditions (71.4 degrees
F and 38.1 percent relative humidity) were determined by agebraicaly averaging the conditions
associated with the 39 clean microphone events.

-14-
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Figure 7. Reference L,e-Versus-Distance Curvesfor INM
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH

Figure 8. Reference L,g-Versus-Distance Curvesfor INM
Corrected to 71.4 degrees F and 38.1 Percent RH

Sengtivity analyses were dso conducted to determine if the measured data were dependent upon either
source-to-receptor devation angle or arcraft test speed. Figure 9 presents the reference L,z data
(corrected to 1000 ft and 160 kts) as a function of eevation angle. Simple linear regressions are plotted
through these data for each of the five aircraft types. Becausethedataare generdly clusteredinardatively
andl range of elevation angles between 10 and 30 degrees, a Satistical anadyss of the dope of the
regression lineis probably not appropriate. However, there does not appear to be a dependence of the
measured data on eevation angle for the range of angles represented.
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Figure 10 presentsthe reference L, data (corrected to 1000 ft and 160 kts) as a function of the origina
test speed for that event. Since the Le data are all corrected to areference speed of 160 kts, any effect
could be considered aresidud effect of speed onthe reference source levd, i.e., asource noise effect. It
was thought that this may be anissue withhelicoptersin particular, Sncetheir noiseleves have been shown
to closdly correlate with blade-tip-mach-number, which is directly associated with speed. Although one
could argue that there may be a dight effect, especidly for the B206L, there is not enough data to make
any type of meaningful correction for source noise. Further, sncedl of the data are averaged together, a
correction is probably unnecessary.

Table2. Summary of Reference Noise-Versus-Distance Relationships
Corrected to 71.4 degrees F and 38.1 Percent RH, and 160 ktsfor L ¢

Distanc

(ft)

AIRCRAFT

AS350

B206B

B206L

C207

DHC-6

I—AE LASmX

I-AE LA Smx

I—AE LASmX

I-AE

I—ASmx

I—AE LA Smx

200

400

630

1000

2000

4000

6300

10000

16000

25000
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Figure 9. Reference L, Versus Elevation Angle, Corrected to 1000 ft and 160 kts
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Figure 10. Reference L e Versus Test Speed, Corrected to 1000 ft and 160 kts
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3.2.3 NODSS Reference Spectral Data

The required reference source data for NODSS is effectively a subset of that required for the INM.
Spedificaly, NODSS requires asngle spectrum for each arcraft type corrected to areferenceatmospheric
conditionat a distance of 1000 ft. To satisfy this requirement, the same two-step correction process used
to develop INM N-D curves was used to develop reference spectra for NODSS. For each of the 39
microphone events, the as-measured, corrected, test-day spectrum obtained at the time of L, g, and the
test-day distance at closest-point-of-approach to the aircraft were identified. As was the case when
generating the INM Lsm N-D curve, the correction process only takes into account divergence and
atmospheric absorption (reference day temperature and rdaive humidity of 71.4 degrees F and 38.1
percent, respectively). Figure 11 presents the corrected spectra for each of the five aircraft types. These
spectra are the energy-averaged spectra for dl of the microphone events for a particular aircraft type.
Table 3 presentsa summary of the energy-averaged spectra data. In addition, Appendix D, FiguresD-1
through D-5 present, for each aircraft type, respectively, the individua spectrawhichmade up the energy-
averaged spectra shown in Figure 11.
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Figure 11. Reference Spectrafor NODSS

Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH

Table3. Summary of Reference Energy-Averaged Spectra
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH

Freguency

AIRCRAFT

(H2)

AS350

B206B

B206L

C207

DHC-6

50

63

80

100

125

160

200

250

315

400

630

800

1000

1250

1600

2000

2500

3150
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4. Speed Data Reduction

Aircraft speeds were calculated for atota of 104 events, representing Sx types of aircraft flying dong the
Zuni Corridor. A series of four key reference points were used to determine aircraft speeds dong the
Corridor. These points are shown in Figure 12, with their specific locations summarized in Table 4. At
the firg referencelocation, the Source-Site centerlinemicrophone, aircraft wereinitidly identified for speed
caculaions based on the aircraft observer logs maintained at the sSite. Time-of-day (TOD) information for
each arcraft event was determined usng the TOD associated with the orHine L, g, Measured at the
Source-Site centerline microphone (T,). Aircraft type and TOD data were a so collected at the second
referencelocation, the Cape Find Site(T,). Asdepicted in Figure 13 below, aunique landmark, identified
as Juno Temple on topographica maps (Reference Location 3), was used by the aircraft observer to
conggtently time-mark aircraft at the Cape Find Site. Theflighttime, T jgur (T2 - To), wasthencal culated
for corresponding arcraft events identified at the two Sites,
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L ocation # L ocation Latitude (degrees) | Longitude (degrees)
1 Source Site 36.02366 -111.88266
2 Cape Find 36.14639 -111.90972
3 Juno Temple 36.15005 -111.89203
4 Approximate Aircralt 36.16050 -111.83205

Location in Zuni Corridor
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Figure 13. View of Juno Templefrom Cape Final Site

For the caculaion of speed, the distance dong the Zuni Corridor associated with T, gy had to be
determined. Thefirst step in this process was to determine the approximate location of the aircraft dong
the Zuni Flight Corridor when they were identified by the observer dationed at Cape Find. This was
determined by estimating the intersection of the flight corridor and a projection defined by the observer
location and Juno Temple. The intersection point, Reference Point 4, isdso displayed in Figure 12.

Giventhe rdative position of boththe Source Site and the identified aircraft positionaong the corridor, the
distancethe aircraft traveled [ D] was calculated to be approximately 52,000 feet, or 9.9 miles. GivenD,
individud arcraft gpeeds were then calculated as follows:

Atsreraft 2@

~Juno Temple

Vac [Kts] = {D [ft] / T aer [Min]} X 60 [min/hr] X 1/5280 [mile/f] X 0.8684 [kts/mi]
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A summary of the average speed data for each aircraft type is presented in Table 5.4

Table5. Summary of Average Speed Data

Aircraft # Aircraft Average Speed (kts) Std. Dev. (kts)
AS350 9 114 8.6
B206B 6 131 1.0
B206L 26 123 6.4
C207 23 152 8.1
DHC-6 19 136 6.3
C210 1 85 ---

As a reasonableness check on the above average-speed data, a second, dightly different method for
determining the observation time at the Cape Find Site (T,") was also utilized. For a subset of the 104
eventsincluded in the above andysis, the on-line L, o, &t the Cape Find Site was first determined. Next,
the distance to closest-point-of-approach (CPA) onthe Zuni Hight Corridor was determined. Note that
it was assumed that the on-line L, 5., Wasemitted at this point. The time associated withthe on-line L gy
was then corrected for propagation time by subtracting 17 seconds to obtain the time the sound was
emitted at CPA ontheflight track. The new distance dong the flight track (fromthe Source Siteto CPA)
was determined to be 41,500 ft (D). This new distance dong with the new flight time was used to
recdculate arcraft speed. This methodology was

followed for 8 events’. Table 6 below presents a comparison of the speeds calculated for these events.

“Note that the total number of events displayed in the table is 84, rather than 104. Averages
and sandard deviations wereinitialy computed for the 104 events processed. Subsequently, al events
with speeds larger than two standard deviations from the average speed were discarded.

*Dueto the lower signa-to-noise (S/N) ratio at the Cape Find Site, correlation of aircraft at the
Source Site and the Cape Find Site proved to be extremely tedious. Consequently, The lower SN
ratio so meant that substantialy fewer events could be positively identified using this methodology.
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As can be seen, on average the two methods are closdly correlated.

Table6. Comparison of Acoustic- and | D-Based Aircraft Speed Calculations

Aircraft A‘g’;‘;‘?ﬁg"j |D-Based Speed (kts) |  Difference (kts)
C207 145 158 13
AS350 136 114 -22
AS350 119 128 9
AS350 91 112 21
B206L 107 125 18
B206L 120 121 1
B206L 110 121 11
B206L 144 127 -17
Average Difference (kts) 4.25
5. Comparison of Noise-Versus-Distance Data

This section presents a comparison of the INM reference noise-versus-distance data presented in Section
3.2.2 with that used in previous GCNP noise modding efforts documented in the February 2000 Find
Supplementa Environmental Assessment for GCNP.  Figures 14 through 18 present the differences
between the L, versus distance data devel oped as part of the current effort and that used in the previous
GCNP modding effort. A postivedifferenceindicatesthat levelsdeveloped in the current study are higher
thanthose usad in previous studies. As can be seen, dl difference vauesare postive. Differencesfor the
AS350 rangefrom X to Y dB. Differences for the B206B range from X to Y dB. Differences for the
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B206L rangefromX to Y dB. Differencesfor the C207 range from Xto Y dB. Differencesfor the DHC-
6rangefromX toY dB. Thisconsastently positive difference indicates that the aircraft operating in
GCNP are actudly dightly lower in level compared with reference sound levels used inprevious andysis.
This is an important observation in that it indicates that previous modeing efforts provided for a
conservative gpproach with regard to ng impacts.

Figure 14. Differencein L,e-Versus-Distance Data for AS350
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Figure 15. Differencein L,e-Versus-Distance Data for B206B

Figure 16. Differencein L,e-Versus-Distance Data for B206L
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Figure 17. Differencein L,e-Versus-Distance Data for C207

Figure 18. Differencein L,e-Versus-Distance Data for DHC-6
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Appendix A
Summary Spreadsheet for Reference Data

This appendix overviewsthe data contained within the summeary spreadsheet usedto develop the reference
information required for input to the three computer models. The spreadsheet includes the entire set of
observer-based aircraft event datalogged at the Source Site during the GCNP noise vdidation sudy. An
electronic copy of the spreadsheet is included with this letter report. The variables included in the
Spreadsheet are asfollows:

B

Kk kkhkkhkkhkkk

***xx DATE: Date the aircraft event observations were made.

*xxxx EVENT ID: A sequentid aircraft event designator.

*xxxx AIC Type: The specific type of aircraft observed, where:

*kkkx C207: CessnaModel 207 propeller airplane

***%%*x DH6: DeHavilland Model DHC-6 propeller airplane with quiet props

*xxxx B206L: Bell Model 206 Longranger helicopter

*xxxx B206B: Bell Model 206 Jetranger helicopter

*xxxx AS350: Aerospatialle Model AS350 helicopter

***%%  Operator: The commercia operator of the specific aircraft event observed, where:

***k%x  AGC: Air Grand Canyon

*xxx% PAP: Papilion Airlines

**xxx  GCA: Grand Canyon Airlines

*xxxx KEN: Kennai Helicopters

*#*x%% ROCKY: Rocky Airlines

xRk AS: Airstar

**xxx Direction: North to Sourth (N) up Zuni or South to North (S) Down Zuni.

*hkkx OBS Start: Field observed aircraft event start time - to the nearest minute.

***%*x OBSEnd: Field observed aircraft event end time - to the nearest minute.

**xx% Overlap?. Used as afirst cut to filter out potentially contaminated aircraft events for acoustic processing. 'Y means overlap,
N means no

**xx% overlap. N(1) means overlap times coincide at beginning or end of aircraft event. N(2) means times coincide at beginning
and

**xxx end of aircraft event.

**xxx Time @ Max: Time at maximum from manual analysis of online SLM time history data at the centerline microphone.
**x%%  Ground Speed: Ground Speed calculated from video tracking data

**k%% Temperature/RH : Temperature/RH at Source Site taken from nearest five minute sample. (Except: 9/12 #18, 26, 95, 97
where data was

*xxxx - taken from met station at Grandview)

**%xxVideo Track Regressions: Linear regression coefficients through video track data, where the X-Y regression would define the
track ***** through the microphone line (the XY intercept is the lateral offset when the AC passed the mic line) and the X-Z
regression would define ***** the altitude profile (the XZ intercept is the altitude of the AC when it passed the mic line).

***** The next group of columns contain the acoustic and AC position data on a per microphone basis

***x* On-Line Max LEQ: Thisisthe maximum 1 second LEQ for events processed in initia processing.

*xxxk - As-Measured LAsmx: The %2 second, slow-scale response, maximum A-wieghted sound level, corrected for calibration drift and
system
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**%xk frequency response.
*xxxx - AS-Measured SEL: The sound exposure level over the 10 dB-down duration of the event.

*xxxk - Altitude: The atitude of the aircraft over the microphone

***x%  SR: The distance from the microphone to the aircraft.

****x Beta The elevation angle of the aircraft

**x%%  AC Side: The side of the aircraft (Left or Right) which was facing the microphone, relative to the direction of flight.
***x%  Sound Exposure Level vs. Distance: The sound exposure level corrected for spherical spreading, atmospheric absorption
(reference day =

*xkxx 714 deg F, 38.1% RH) and duration at each of 10 INM reference distances at each microphone.

*xkxx Maximum A-weighted Level vs. Distance: The Maximum A-weighted sound level corrected for spherical spreading and
atmospheric

**x%%  gbsorption at each of 10 INM reference distances a each microphone.

*xxxk - A-weighted Spectrum Corrected to 1000 ft: The A-weighted, one-third octave-band sound pressure levels (50 Hz - 3150 Hz)
corrected

**x%%  for spherical spreading and atmospheric absorption to a distance of 1000 ft.

Appendix B
NMSIM Reference Spectral Time History Data

This gppendix presents example reference spectra time history data for each of the 5 aircraft types
represented. These datawill be used as input datafor NMSIM. Figures B-1 through B-5 present
example spectrd time history datafor the AS350, B206B, B206L, C207 and DHC-6, respectively.
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Figure B-1. Example Reference Spectral Time History for NMSIM, AS350
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Figure B-2. Example Reference Spectral Time History for NM SIM, B206B

Figure B-3. Example Reference Spectral Time History for NM SIM, B206L
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Figure B-4. Example Reference Spectral Time History for NMSIM, C207
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Figure B-5. Example Reference Spectral Time History for NMSIM, DHC-6
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Appendix C
INM Noise-Distance Data

This gppendix presents the individua N-D curves for the 39 microphone events, dong with the
associated energy-averaged curves. Figures C-1 through C-5 present the L,g versus distance curves
for the AS350, B206B, B206L, C207 and DHC-6, respectively. Figures C-6 through C-10 present
the Lasmy Versus distance data for the AS350, B206B, B206L, C207 and DHC-6, respectively.

-36-



Reference Source Data for Volpe Center Acoustics
Facility
Grand Canyon Noise Model Validation

Figure C-1. Reference L e-Versus-Distance Curvesfor INM, AS350,
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH

-37-



Reference Source Data for Volpe Center Acoustics
Facility
Grand Canyon Noise Model Validation

Figure C-2. Reference SEL-Versus-Distance Curvesfor INM, B206B
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH

Figure C-3. Reference L e-Versus-Distance Curvesfor INM, B206L
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH
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Figure C-4. Reference L e-Versus-Distance Curvesfor INM, C207
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH

Figure C-5. Reference L e-Versus-Distance Curvesfor INM, DHC-6
Corrected to 160 ktsat 71.4 degrees F and 38.1 Percent RH
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Figure C-6. Reference Lgn-Versus-Distance Curvesfor INM, AS350
Corrected to 71.4 degrees F and 38.1 Percent RH

Figure C-7. Reference L,gn-Versus-Distance Curvesfor INM, B206B
Corrected to 71.4 degrees F and 38.1 Percent RH
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Figure C-8. Reference Lgn-Versus-Distance Curvesfor INM, B206L
Corrected to 71.4 degrees F and 38.1 Percent RH

Figure C-9. Reference Lgn-Versus-Distance Curvesfor INM, C207
Corrected to 71.4 degrees F and 38.1 Percent RH
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Figure C-10. Reference Lag-Versus-Distance Curvesfor INM, DHC-6
Corrected to 71.4 degrees F and 38.1 Percent RH

Appendix D
NODSS Reference Spectral Data

This appendix presents the individua spectra for the 39 microphone events, along with the associated
energy-averaged spectra. Figures D-1 through D-5 present these spectra for the AS350, B206B,
B206L, C207 and DHC-6, respectively.
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Figure D-1. Reference Spectrafor NODSS, AS350
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH

Figure D-2. Reference Spectrafor NODSS, B206B
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH
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Figure D-3. Reference Spectrafor NODSS, B206L
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH

Figure D-4. Reference Spectrafor NODSS, C207
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH
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Figure D-5. Reference Spectrafor NODSS, DHC-6
Corrected to 1000 ft at 71.4 degrees F and 38.1 Percent RH
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