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PREFACE

During t he period, June 1995 t hrough March 1996, the U. S. Depart nent of
Transportation, Research and Speci al Prograns Adm ni stration, John A
Vol pe Nati onal Transportation Systens Center (Vol pe Center), Acoustics
Facility, in support of the United States Postal Service (Postal
Service) Ofice of Environnmental Policy & Managenent, conduct ed a Noi se
Characterization Study of the British Hovercraft Corporation Mdel
AP. 1- 88 Hovercraft (AP.1-88). This docunment presents the results of
t he study, including the neasurenment, data reduction and anal ysi s
procedures used to characterize the craft. Also presented, for the
pur pose of conparisonw ththe AP. 1-88 noi se data, is alimted anount
of measured noi se data for the Textron Marine & Land Systens Li ghter
Ai r Cushi on Vehicle-30 (LACV-30) hovercraft.

Speci al thanks are in order for several individual s whose hard work
contributed significantly towards the conpletion of this project.
Yvonne DaCunha Wecker, of the Postal Service Routing Policy and
Net wor ks Offi ce i n Washi ngton D. C., provi ded insightful manageri al
gui dance in all aspects of this project. TomRutl edge, of the Post al
Service Western Area DNO Seattl e Branch, aided in the day-to-day
| ogi stical details of the project as well as provi ded phot ographi c
docunment ati on of the testing for this docunent. Phil Mattson, M ke
Dyer and Rut h Potter of the Vol pe Center Environnental Engi neering
Di vi si on provi ded i nval uabl e proj ect coordi nati on and Ji mSt ewart of
Al aska Hovercraft i n Anchorage acted as techni cal contact with regards
to hovercraft nechanical / maneuverability issues.

Additionally, Bill Bow by of Bow by and Associ ates, I nc., provided
snownmpbi | e noi se dat a whi ch was used for characterizing hovercraft
noi se levels in terns of vehicles that are commonly found on the

Al askan Peni nsul a.



Successful conpl etion of this project would not have been possi bl e
wi t hout t he assi stance of t he af orenenti oned i ndi vidual s. The aut hors
extend their deepest gratitude.
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TERM NOLOGY

The followi ng terns are highlightedinthe mai n body of the docunent

usi ng bol df ace type:

General Acoustics

Acoustic Energy. The integral of squared, instantaneous frequency-
wei ght ed sound pressure over atinme interval. Acoustic energy is
arithnmetically equival ent to 10Nisetevel/10 where t he noi se | evel is

expressed in units of decibels (dB).

Acoustically Hard Surface. Any highly reflective surface in whichthe

phase of the sound energy i s essentially preserved upon reflection;
exanpl es include water, asphalt and concrete.

Acoustically Soft Surface. Any hi ghly absorptive surface in whichthe

phase of t he sound energy i s changed upon refl ecti on; exanpl es i ncl ude

terrain covered with dense vegetation or freshly fallen snow.

A- Wi ghting Adj ustnent. Afrequency-dependent adj ust ment whi ch de-
enphasi zes the high (6.3 kHz and above) and |ow (below 1 kHz)
f requenci es, and enphasi zes t he frequenci es between 1 kHz and 6. 3 kHz,

in an effort to sinulate the relative response of the human ear.

Deci bel (dB). Awunit of | evel which denotes the rati o between two
gquantities that are proportional to power; the nunber of decibelsis
ten-tines the base-10 | ogarithmof this ratio. For the purpose of this
docunent, the reference level is 20 ZPa, or the threshold of human
heari ng.

Grazing I ncidence. Alsoreferredto as 90-degree incidence, gazing

i nci dence occur s when sound waves i npi nge at an angle that is parall el

Xi



to, or grazing, the plane of the m crophone di aphragm (see Fi gure
below). This orientationis preferred for noving, or |ine-source
nmeasur enent s, si nce the m crophone presents constant incidence angleto

any source located within the plane of the m crophone di aphragm

}'Jilg
st L")

Masked Dat a. Test data obscured
by noise in H :\Iu_:jnel " ei ther the anbient
) H R )
envi ronment d ' (pre-detection
noi se) or t he . _ . . measur enent system

Figure i: Grazing |Incidence
( post - det ecti on noi se).

Sound Absorption. D ssipation or conversion of sound energy i nto ot her
forms of energy. For the purposes of this docunent, sound absor ption
by t he at nosphere and t he absor pti on of sound by vari ous surfaces is
conmmonl y di scussed.

St andar d- Day At nospheric Conditions. The at nospheric conditions corre-
sponding to 15°C(59°F) and 70 percent rel ative humdity, conmonly
referredto as the International Standard Atnosphere (I SA). For the
pur poses of this docunment, standard-day at nospheric conditions are al so

referred to as reference-day atnospheric conditions.

Noi se Descri ptors

Xi i



Day- Ni ght Aver age Sound Level (DNL, denoted by the synbol L,). Lgis
a 24-hour, tinme-averaged L, (see definition below), adjusted for
aver age- day sound sour ce operations. The adjustnent includes a 10 dB
penal ty for operations, denoted by the synbol N, occurring between 2200
and 0700 hours local time. Ly, is conputed as follows:

Lan = Lae + 10%1 0930( Ngay + Neve + 10XNygn) - 49.4 (dB),
wher e Lae = Sound Exposure in dBA (see
definition bel ow);
Npay = nunmber of operations between 077 and 1900
hours, |ocal tine;
Ny gt = nunber of operations between 220 and
0700 hours, local tinme;
and 49. 4 = a normalization constant which spreads the
acoustic energy associated with hovercraft
operations over a twenty-four hour period,
i.e., 10xlo0g, (86,400 seconds per day) =
49. 4 dB.

Maxi mumA- Wi ght ed Sound Level with Sl ow Scal e Response Characteristics
( MXSA, denot ed by the synbol L,g,). The maxi numA- Wei ght ed sound | evel
associ ated with a gi ven event (see Fi gure, next page). Slowscale
response characteristics effectively danpenasignal asif it wereto
pass through a lowpass filter with a time constant of 1000

mlliseconds.

Sound Exposure Level (SEL, denoted by the synbol L,). Lsiis equal to
tentimes thelogarithmto the base tenof theratioof agiventine
i nterval of nean-squared, instantaneous A-wei ghted sound pressure, to
t he squared reference sound pressure of 20:-Pa. Thetimeintegral nust
be | ong enough to i nclude a mgjority of the sound source's acoustic
energy. Asamninmm thisinterval shoul d enconpass the 10-dB down
poi nts. For the purposes of this docunent, L, was conputed usi ng data

Xiii



enconmpassed by the 15-dB down points (see Figure bel ow).

N

Figureii: Gaphical Representation of
L and Lasx Noi se Descriptors

Corrections to Acoustic Data

The foll owi ng correction factors, positive or negative, are addedto
t he as-neasured L,g, and Ly, as appropriate, toobtaintheir corrected

val ues (see Section 4).

At nospheri c Absorption Correction. Afrequency-dependent correction
factor (expressed in dB) which accounts for the difference in
at nospheri c absorption associated with the test-day atnospheric
condi ti ons and st andar d-day at nospheric conditions. It is conputedin
accordance with t he Soci ety of Autonotive Engi neers' (SAE) Aerospace
Research Report (ARP) 866A!.

Di stance-Duration Correction. Acorrectionfactor (expressedin dB)
whi ch accounts for the differencein event duration associated withthe
test di stance (fromsource, inthis case the hovercraft, to receiver),

and the reference distance. It is independent of frequency, andis



conputed as follows: 10x| 0g,0(d,ei/ diest) -

Di vergence Correction. Acorrectionfactor (expressedin dB) which
accounts for the difference in spherical divergence of the sound ener gy
associ ated with the test distance, and thereference distance. It is
i ndependent of frequency, and is conputed as follows:
20%] 0g910( dyest/ dyet) -

Ref erence Speed Correction. Acorrectionfactor (expressedin dB)
whi ch accounts for the differenceintest speed and a ref erence speed
of 20 kts. It is independent of frequency, andis conputed as fol | ows:
10x%] 0g919( Viest/ 20) .

XVv/ xXvi






1. | NTRODUCTI ON

During t he period, June 1995 t hrough March 1996, the U. S. Depart nent of
Transportation, Research and Speci al Prograns Adm ni stration, John A
Vol pe Nati onal Transportation Systens Center (Vol pe Center), Acoustics
Facility, in support of the United States Postal Service (Postal
Service) Ofice of Environnmental Policy & Managenent, conduct ed a Noi se
Characterization Study of the British Hovercraft Corporation Mdel
AP. 1- 88 Hovercraft (AP.1-88). This docunment presents the results of
t he study, including the neasurenment, data reduction and anal ysi s
procedures used to characterize the craft. Also presented, for the
pur pose of conparisonw ththe AP. 1-88 noi se data, is alimted anount
of measur ed noi se data for the Textron Mari ne and Land Systens Li ghter
Ai r Cushi on Vehicle-30 (LACV-30) hovercraft.

Section 1 presents an overvi ewof the study. Section 2 describes the
instrunentation enployed in the study. Section 3 describes the
met hodol ogy and procedures utilizedinthe study. Section 4 presents
t he dat a reducti on and anal ysi s procedures. Section5 sumarizes the
data and rel ated results of the study. Conclusions are drawn in
Section 6.

1.1 BACKGROUND

The Postal Serviceisinthe process of investigatingthe feasibility
of utilizing hovercraft totransport mail torenote villagesinthe
vicinity of Bethel, AK. As part of this investigation, the Vol pe
Center i s conducting an Envi ronnent al Assessnent (EA) of the proposed
action. Initially, it was i ntended to use a LACV-30 for transport
servi ce. However, significant environnmental concerns were rai sed with
regardtothis craft, inparticular, the possible adverse effect the
craft's operation woul d have on t he noi se envi ronnent i nthe surround-
ing villages. Previous studi es (Schoner? and Dvor nak®) have shown t he

LACV-30 to be conparableinnoiselevel tofirst-generation comrerci al

1



jet aircraft and current mlitary aircraft. Consequently, the Postal
Service decidedthat, if thisinitiative were to be undertaken, the
LACV- 30 coul d not be used, and the AP. 1-88 woul d be exam ned as a

potential surrogate craft.

Unli ke for the LACV-30, very few noi se data were avail abl e for the
AP. 1-88 hovercraft.4 Based on the small amunt of available
information, it was expected that the AP. 1-88 woul d be a qui eter craft
t han t he LACV-30, but just how nuch qui eter was not known. As a
result, the Postal Service requestedthat the Vol pe Center Acoustics
Facil ity conduct a conprehensive noi se characteri zati on study of the
AP. 1- 88.

1.2 OBJECTI VE

The obj ecti ve of the study was to col | ect sufficient datato character-
ize the noise of the AP.1-88 hovercraft for typical operating
procedures, shouldit beusedinthevicinity of Bethel, AK. It was
i ntended t hat t hese dat a be used to: (1) devel op t he noi se secti on of
t he EA which i s being prepared for the Postal Service by the Vol pe
Center, as discussedin Section 1.1; and (2) conpare the noi se |l evel s
of the AP. 1-88 to t hose of the LACV-30, as wel | as those of other, nore
common transportation vehicles, e.g., aircraft and surface

transportation vehicl es.



1.3 TEST HOVERCRAFT

Noi se neasur enent s were performed on bot h an AP. 1- 88 ( Manuf act ur er
Craft Nunber 8901) and a LACV-30 (Manuf acturer Craft Nunber 04). The
AP. 1- 88 was configured as it woul d be for the proposed mail transport
serviceinthevicinity of Bethel, AK However, several nodifications
tothe tested LACV-30 woul d be required before it coul d be used for
comrerci al service.

The AP. 1-88 is approximately 12 m(40 ft) wide by 21 m(70ft) | ong,
wei ghs about 25, 424 kg (56, 000 | bs) enpty, can carry up to 8, 264 kg
(16, 000 | bs) of cargo and 24 passengers, utilizes atotal of four
di esel marine engines; two for lift: Deutz 390 hp, Model BF10L413FC;
and two for propul sion: Deutz 500 hp, Model BF12L413FC. It can crui se
at speeds of up to 81 kmh (50 nph) (see Figure 1).

PO Varansy

Figure 1: The AP.1-88 Hovercraft

The LACV-30is approximately 12 m(40 ft) wi de by 24 m(80ft) | ong,
wei ghs about 29, 510 kg (65, 000 | bs) enpty, can carry up to 27, 240 kg
(60,000 | bs) of cargo, utilizes gas turbines to power its tw n-
propel | ers, and can crui se at speeds of up to about 97 kmi h (60 nph).
Its cargo deck is slightly larger than 150 n? (1, 600 ft?), and woul d
require nodification to facilitate passengers (see Figure 2).



PO Varansy

Figure 2: The LACV-30 Hovercraft

For t he purposes of the current study, both the AP. 1-88 and t he LACV- 30
wer e | oaded with approxi mately 4500 kg (5 tons) of cargo. It was
agreed upon by the Postal Service, Al aska Hovercraft Ventures JV
(Al aska Hovercraft) and t he Vol pe Center t hat 4500 kg of cargo was a
maxi muml oad for projected nail transport service on any gi ven day in
thevicinity of Bethel, AK. The cargo, inplenented as five bundl es of
salt on the LACV-30 and two full water tanks on the AP.1-88, was

securely fastened in the appropriate area of each craft.

Based on t he aut hors’ experiencew th aircraft noisestudies, it is
expected that the noisel evel associatedwith eachcraft will, toa
certai n degree, depend upon operating wei ght. Typically, for aircraft,
noi se |l evel s i ncrease wi th i ncreasi ng operati ng wei ght. Therefore, the
noi se | evel data presented herein may not be appropriate for cargo
| oads which differ significantly from 4500 kg.

1.4 TEST SITE

The noi se neasurenent test site was | ocat ed on t he nort heast tip of
Firelsland, whichis locatedin Cook Inlet, approxinately 14 km(9 m)
west sout hwest of downt own Anchorage, AK (see Figure 3). Figure 4

shows the rel ati ve | ocati on of Anchorage to Bethel, the base vill age

4



for proposed hovercraft mmil transport service.

NCFORACE
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Fi gure 3: Noi se Measurenent Test
Set-up (not to scale)

&

Figure 4: Relative Location of
Bet hel and Anchorage (not to scale)
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2. MEASUREMENT | NSTRUMENTATI ON

Thi s secti on descri bes the i nstrunentati on, acousti c and ot herw se,

enpl oyed in the study.

2.1 ACOUSTI C | NSTRUMENTATI ON

A bl ock di agram of the acoustic instrumentation is shown in Figure 5.

j\_

1= 1
e

Figure 5: Acoustic Instrunmentation

The noi se dat a acqui si tion systemconsi sted of two Bruel and Kj a& ( B&K)
Model 4155 one-half inch, free-field, el ectret-condenser m crophones
(M crophone 1 and M crophone 2, as shown i n Figure 5), each connect ed
to a General Radio Mdel 1560-P42 preanplifier. The m cro-
phone/ preanpl i fi er conbi nati ons were nounted i ninsul ated nyl on hol ders
and fastened to tri pods. The di aphragns of the m crophones were
positioned for grazing incidence, relativetothetest path of the
hovercraft at a height of 1.2 m(four ft) above ground level. In
addi tion, a cl ean B&K Model UA0237 wi ndscreen was pl aced at op each
m cr ophone to reduce t he ef fect of wi nd- gener at ed noi se. M crophone 1
was pl aced cl osest to the shore-line, andin nost cases M crophone 2
was positioned 31 m(100 ft) directly behind M crophone 1, onaline
per pendi cul ar to the hovercraft pass-by path. For theC-nni pass-by

measur enents, M crophone 2 was pl aced 61 m(200 ft) directly behind
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M crophone 1. M crophone 2 was used strictly to characterize the noi se
| evel drop-off rate, as a function of distance, at the test site.

Each mi crophone/ preanplifier systemwas connected directly, via 91 m
(300 ft) cables, toindividual channel s of a Larson Davi s Model 2900
dynam c, real -tine, one-third octave-band SpectrumAnal yzer (LD2900).

The LD2900 was progranmed to neasure and i nternal ly store t henmaxi mum
A-weighted sound Ilevel wth slowresponse tinme-weighting
characteristics (MXSA, denoted by the synbol Lasy) ", the A weighted,

one-third oct ave- band spectrumassoci ated with L »q, thesound exposure
| evel (SEL, denoted by the synbol L,) and t he A-wei ght ed, spectral

time-historyin?%¥secondincrenents. The dataintheinternal nenory
of the LD2900 were periodically transferred to a floppy disk.

The LD2900 al | owed t he neasur enent crewaccess to i nmedi ate on-1ine
noi se data, for both rel ative conpari son of individual events and
conparison with existing dataintheliterature (see References 2
t hrough 4). The on-line data were stored i n a nanner whi ch al | owed f or

| ater, off-line processing and anal ysis, if needed.

The anal og si gnal fromeach m crophone/ preanplifier systemwas al so fed
t hrough an anplification stage to a Sony Model TCD D10 Prol |l Digit al
Audi o Tape Recorder (DAT). The recorded data were used for off-1ine
reducti on and anal ysi s, as di scussed in Section 4. A headphone set
connected to t he DAT Recorder provided real -tinme audi bl e noni tori ng of

dataintegrity. The signal fromM crophone 1 was al so A-wei ght ed and

connected to a B&K Model 2317 Graphic Level Recorder (GLR).

The GLRwas set to produce a graphic tine-history recordi ng ( A wei ghted

noi se |l evel versus tine) at a paper transport speed of 1 nm's (0. 0394

As previously noted, all ternms defined in the Termnology section are
highlighted when they appear in the nain body of the text of this
docurent .



in/s). Thisrecording aidedinon-siteverificationof the acoustic
integrity of each event. Each event was | abel ed ontherecordingto
ease of f-1ine event correl ati on of GLRand DAT-stored dataw th t he
field-data | og sheets.

B&K Model 4231 sound-1 evel calibrators, which produce a signal of 1000
Hz at a sound-pressure | evel of 114deci bels (dB) re 20 ZPa, were used
to cal i brate each channel of the nmeasurenment system Passive m cro-
phone sinmul ators (dummy m crophones) were used to establish the
el ectroni c noi se fl oor of the noi se neasurenent system Ceteclvie
Model 1E-20B random noi se generators were used to determ ne the

frequency response of the noise neasurenment system

2.2 SUPPORT | NSTRUMENTATI ON

2.2.1 Meteorological Instrunmentation

Met eor ol ogi cal conditions, includingtenperature, relative humdity and
wi nd speed, were recorded prior to data collection, at 15-m nute
interval s thereafter, and during any noti ceabl e weat her changes, usi ng
a sling psychroneter and wi nd cup anenoneter. The wi nd speed data were
nmeasured to i nsure that noi se data were not col | ect ed when wi nd speeds
exceeded 19 knmi h (12 nph). Tenperature and hum di ty dat a wer e neasur ed
for the purpose of perform ng off-line data analysis and correction.

2.2.2 Communi cation Instrunentation

Mot or ol a Radi us, Mbdel GP300 portabl e radi os were used for communi ca-
ti on between the test hovercraft and neasurenent-site crewl ocated on
Firelsland. The measurenent-site crewandthe hovercraft crewhad
both a primary, and a backup radi o. As a further backup, a hand-held
radi o, conpatible with the hovercraft's on-board radi o was al so

avai l abl e at the neasurenent site.



2.2.3 Hovercraft Guidance/ Tracking I nstrunmentation

For the AP.1-88 tests, the on-board Echotec Mddel CTWMB51 d obal
Posi tioni ng System(GPS) recei ver was used t o bot h maneuver and track
the craft. Inchart node, the GPSreceiver all owed the sinultaneous
vi ewi ng of both the measurenent site and the "real-time" position of
t he hovercraft. A Raytheon Mddel 4804C col or radar systemwth
vari abl e range neter (VRM was used to augnment and backup t he GPS

system

For the LACV-30 tests, the on-board Rayt heon Mari ners Pat hfi nder Mobdel
1210 was used t o bot h maneuver and track the craft. This systemwas
quiteold, fairlydifficult to use and had no backup. Consequently,
for the LACV-30 pass-by tests, two fluorescent orange buoys were
anchored at a fi xed di stance of € nm to aidthe hovercraft crewin
follow ng the reference path. The buoys hel ped to i nsure that the
LACV-30 foll owed the strai ghtest possible path.
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3. EXPERI MENTAL APPROACH

Thi s section descri bes t he procedures and net hodol ogy used during t he
field nmeasurenents.

3.1 TEST SITE

The noi se neasurenent test site was | ocated on t he northeast tip of
Fire I sl and, between an abandoned Airstrip and North Point. This
| ocati on was desirabl e because of itsrelative shelter fromthe w nd,
reduced susceptibility to ocean-rel ated noi se di sturbances and
generally flat topography.

/////////

----------------

B i L E
----------------

Figure 6: Test Site (not to scale)

As seen in Figure 6, except for the final/initial segnment of the
approach/ departure measurenents, respectively, the hovercraft test
pat hs were entirely over water. Measurenents were nade over water, an
"acoustically hard" surface, so that ground-surface effects whichtend
to be conplicated and oftendifficult to quantify, coul d be negl ect ed.
I n addi ti on, one requi renment of the Postal Service contract with Al aska
Hovercraft is that the hovercraft routes belimtedto waterways inthe
vicinity of Bethel, AK. Consequently, over-water operations are

considered typical for the proposed mail transport service.
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3.2 M CROPHONE LOCATI ONS

Two ni crophones wer e depl oyed as shown in Figures 7 and 8 for pass- by

and approach/ departure operations, respectively.

Figure 7: Pass-by Test Set-up (not to scale)

The goal during nmeasurenents was to place M crophone 1 as cl ose as
possible to the shore-line. The extrenme tidal changes made it
necessary to nove t he m crophone positions at tines, creating known,
yet varied, distancestothe shore-line. This distance variation was

accounted for in the data reduction and anal ysi s.
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Fi gure 8: Approach/ Departure Test Set-up (not to
scal e)

3.3 TEST PROCEDURES

I n general, test procedures were consistent with the Vol pe Center's
fi el d-measurenent Test Pl an.® Specifically, radi o conmuni cati on was
used to coordi nate event i nformati on. Typically, the neasurenent-site
crewnotifiedthe hovercraft crewthat they were ready for an event.
After the craft was stabilizedinterns of position, speed and power
settings, as per the appropriate test procedure, the hovercraft crew
woul d then signal the beginning of the event. The start of data
col l ection was determ ned by the neasurenent-site operator's estimate
of the 15 to 20 dB down points of the A-weighted tine history,
avail abl e on-linefromthe GLR Radio silence was then observed from
t he nonment the hovercraft crewsignal ed t he begi nni ng of t he event
until the neasurenent crew signaled the end of the event. Radio
sil ence was di sturbed only when it was necessary t o decl are an event
"no good". An event was decl ared "no good” if it was determ ned t hat
sound fromsources ot her than the test hovercraft, e.g., aircraft,
birds, surf, etc., contam nated the data. Duetotherelatively close
proxi mty of the neasurenent site to Anchorage I nternational Airport,

a few events had to be repeated due to aircraft intrusion.
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Pass- by neasurenments were conducted with the hovercraft operating at
"typical", constant-speed, cruise conditions. Typical conditions were
mut ual | y agreed to by t he Postal Service, Al aska Hovercraft and t he
Vol pe Center, takinginto account proposed operating procedures inthe
vicinity of Bethel, AK. Areference crui se speed of 20 kts was chosen
for all pass-by neasurenents. The 20 kts reference speed was based on
speeds presented i nthe Al aska Hovercraft docunent: " Proposed Vil | age
Mai | Delivery Schedul e", a copy of whichis presentedin Appendi x A
The goal was to capture 6 events ineachdirection, i.e., left-to-right
and right-to-left, as viewed fromthe test site, at both thecC- and ¥«
nm di stances for only the AP. 1-88, and 6 in each direction at theC-
nm di stance only for the LACV-30. The purpose of neasuri ng pass- by
events withthecraft proceedinginbothdirections wastoelimnate
any directivity effectsinthefinal, averagedresults. As stated
earlier, the LACV-30 data will be used to corroborate previously
measur ed data, as wel |l as al |l owfor conpari son of noise level data for
t he AP.1-88 and LACV-30 hovercraft.

Appr oach/ departure nmeasurenents were conducted with the AP. 1-88
operating under "typical" accel erati on and decel erati on patterns.
Typi cal conditions were based on expect ed operating procedures to be
observedinthevicinity of Bethel, AK These i ncl uded bot h approach-
to-idle and approach-to-shutdown procedures, as well as their
correspondi ng departures. The goal was to capture 6 approaches and 6
departures, with the hovercraft begi nning and ending its respective
procedure froma di stance of C- and ¥Ynm fromthe shore-line. As was
the case with the pass-by events, the purpose of nmeasuring
approach/ departure events with the craft proceedingin both directions
was to elimnate any directivity effects in the final, averaged

results.

The entire neasurenent systemwas cal i brated at t he begi nni ng and end
of each neasurenent day, as well as at hourly interval s t hroughout the
day. Inaddition, the electronic noisefloor and frequency response of

14



the system were checked at the begi nning of each neasurenment day.
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4. DATA REDUCTI ON AND ANALYSI S

Thi s section descri bes t he procedures used to obtai nthe acoustic data
sets for the pass-by operations, as presented in Appendi ces B, C, and
D. Detail ed data reduction procedures were not necessary for the
approach/ departure data (see Section 5.2). The Vol pe Center enpl oyed
dat a reducti on, processing, and anal ysi s procedures whi ch conformto
est abl i shed ai rcraft and hi ghway noi se et hodol ogi es. ¢’ The el ement s

of these procedures are presented in detail bel ow

4.1 ON-LINE NO SE DATA

Initial on-site noiselevel data were obtai ned fromthe LD2900, whi ch
was programed to storethe followi ng data for each event: (1) the L xgy,
(2) the A-wei ghted one-third octave spectrumat time of Ly, and (3)
the L. These data were used for prelimnary on-site conparisons and
as a backuptothedigitally-recorded data. On-line noiselevel data
for the AP. 1- 88 pass- by operations are presented i n Appendi x B, Tabl e
B1.

4.2 METEOROLOG CAL DATA

As described in Section 2.2.1, neteorol ogi cal data were coll ected
peri odi cal |y t hroughout each measurenent day. During processing, these
data, using linear interpol ation over tine, were used to obtainthe
tenperature and hum dity associ ated with thelL,s, of each event. The
tenperature and hum dity associ ated with each event were utilized for
extrapol ation of masked hi gh-frequency data (see Section4.4.1) inthe
as- neasured case, andto elimnate any test-day at nospheric effectsin
the process of correcting the as-neasured data to standard-day
at nospheri c conditions. The tenperature and humdity data associ at ed

with each event are presented in Appendix B, Tables Bl and B2.
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4. 3 TRACKI NG DATA

Tracki ng dat a, i ncl udi ng speed and di st ance bet ween t he m cr ophone and
hovercraft at cl osest - poi nt-of -approach (CPA), were used i n conj uncti on
wi t h t est-day absorption coefficients for correction of the as-neasured
data t o st andar d- day at nospheric conditi ons. The speed and di stance
dat a neasur ed for each event are included in Appendi x B, Tabl es B1 and
B2.

4.4 DI G TALLY- RECORDED NO SE DATA
The DAT t apes wer e anal yzed at the Vol pe Center's Acoustics Facilityin

Canbri dge, Massachusetts. Figure 9is a bl ock di agramof t he acoustic

data anal ysis instrunentation.

Hewlell Pazkard
Vedel 33665A Anayzer

DAT

(714 o alaybark)

________________________________________

v

"A-Weighl" Bmie & Kjaer
Filer Macal 2317 B_F

Fi gure 9: Acoustic Data Anal ysi s I nstrunent -
ation

The recorded dat a were reproduced and fed into a Hew ett Packard, Model
35665A, Real -tine Dynam c¢ Si gnal Anal yzer (HP35665A). The start time
and durati on of each event were deternined by first listeningtothe
recorded dat a and observing the G_CRoutput. Care was takentoinsure
t hat no extraneous sounds contam nated the data to be anal yzed.
Cont i guous ¥ second recor ds of one-third octave-band Sound Pressure
Level s (SPLs) (25 Hz to 10 kHz) were linearly averaged, digitized and
stored by the anal yzer in conputer fil es over the operator-specified

duration for each event.
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Al so processed and stored in separate fil es were ¥ second records of
recorded cal i bration signals, pink noise signals and anbi ent dat a.
Systemgai n and cal i brati on adj ustnents were appliedto all recorded
data. Ti me-of -day was assi gned to t he m dpoi nt of each ¥ second dat a
record based upon the start tinme at the onset of the event and t he
i ndex number assigned to each data record.

The propagation di stances and rel ative position of the hovercraft at
the ti me of noi se em ssi on of each % second dat a record wer e conput ed
assum ng a straight-1linetest path, perpendicular tothe line defined
by the m crophones, given both the craft's speed and di stance at CPA.

4.4.1 Background Noi se

The | owest SPLs neasur abl e duri ng any gi ven event are limted by the
background noi se | evel s present during the event. Per the methodol ogy
of the Federal Aviation Adm nistration (FAA), background noiseis
consi dered t o be conpri sed of pre-detection and post-detecti on noi se.
By definition, pre-detection noiseincludes the anbi ent noi se | evel s at
thetest site, as well as el ectrical noi se present inthe neasurenent
system The concept of post-detection noiseis usedto addressthe
i ssue of instrunentation dynam c range, and represents the m ni nrum
val i d SPLs neasur abl e, usi ng a specifi c neasurenent/anal ysis system
For this study, the post-detection noiselevelswreidentifiedasthe
anplitude linearity limts for either the HP35665A, or the DAT
recorder, whi chever was greatest for each recordi ng and anal ysi s gain
configuration. As aresult of tests performed by the Vol pe Center, the
anplitude linearity limts for the HP35665A and t he DAT recor der were
determ ned to be 80 dB and 95 dB bel owful |l -scal e, respectively. If
not properly accounted for, background noi se can add, on an ener gy
basi s, to the noi se generated by the vehicl e beingtested, and as such

results in contam nated dat a.

Represent ati ve anbi ent data val ues wer e obt ai ned by anal yzi ng a 10-
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second, tine-averaged sanpl e of data recorded prior to each measur enent
event, absent of noise fromthe test hovercraft. These pre-detection
| evel s were conpared to t he post-detectionnoiselevelsinorderto
el i m nat e any val ues whi ch m ght be bel owthe m ni numvalid | evel s.
Adj ustments for the remai ni ng one-third octave-band, pre-detection
noi se |l evel s were t hen appliedto event data in the background-noi se

correction-procedure, as described bel ow.

One-third oct ave- band SPLs for each event were first tested agai nst the
post - detecti on noiselevels. Any one-third octave-band SPL t hat did
not exceed the post-detection noise |level by at |east 1 dB was
identified as bei ngnmasked. Non-rmasked one-third octave-band SPLs were
t hen t est ed agai nst the pre-detection noiselevels. Any SPL bel owt he
pre-detection |l evel plus 3 dBwas al soidentifiedas being masked.
(Note: These masking criteria are consistent with FAA net hodol ogy.)
Non- masked SPLs were corrected for the presence of background noi se by
perform ng an ener gy-subtracti on of the pre-detection noise fromthe
event SPL. In cases where the |l evel of a masked SPL occurred wi t hin
t he 3 dB wi ndow above t he pre-detection noiselevel, the SPL was set
equal to the |l evel of the pre-detection noise. In cases where the
| evel of a masked SPL was at or bel owthe |l evel of the pre-detection
noi se (or the post-detection noise plus 1 dB), the SPL was | eft
unchanged. Masked data val ues were reconstructed at alater point in
t he processi ng, usi ng spectral shapi ng procedures (see Section 4.4.3).
Note that sensitivity tests perforned during anal ysis indicate that the
ef fects of background noise onthis data set were negligible (i.e.,
typically less than 0.1 dB), confirm ng that the quality of the
recorded data is quite good.

4. 4.2 Frequency Response Correction

One-third oct ave- band frequency-response correcti ons were obt ai ned by
ener gy- aver agi ng a 30-second portion of the recorded pi nk noi se si gnal

fromeach tape. This set of corrections conpensates for deviationsin
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t he f requency response of the entire noi se neasurenent, recordi ng and
anal ysis system with the exception of the m crophone and wi ndscr een.

One-third octave-band corrections for m crophone frequency-response
obt ai ned f romi ndi vi dual m crophone cal i bration-data, were conbi ned
wi th m crophone and wi ndscreen i nci dence corrections, obtai ned from
publ i shed manuf acturer's data. AlIl of these corrections were then
appl i ed to t he unmasked portions of the anbi ent-adj usted, raw, spectral

dat a.

4. 4.3 Spectral Shaping

Dat a records wi t h masked hi gh-frequency bands (as identifiedin Section
4.4.1) were further adjusted by reconstructing the |l evels for the
masked bands vi a a frequency-extrapol ati on process consi stent wi th FAA
met hodol ogy. Utilizing one-third octave-band at nospheri c absorption
coefficients (for tenperature and humdity at the tine of Lag, f Or each
event), a new val ue for each of the masked bands in a record was
conput ed by cal cul ating the difference i nthe at nospheric absorption
coefficients of the masked and hi ghest -frequency non- nasked band. This
di fference was t hen appl i ed over the actual distance between t he source
and recei ver for each i ndividual record (cal cul ated usingthe craft's
speed, di stance at CPA, and the record ti me-of -day), and subtracted
fromthe | evel of the highest-frequency non-masked band (Note: This
nmet hodol ogy assunes t hat t he source spectrumis flat inthe region of
t he nasked data.) Sensitivity tests perforned during anal ysis indicate
t hat the effect of such frequency-extrapolationisnnegligiblefor this
dat a set, especi al | y when noi se descri ptors based on A-wei ghti ng (whi ch
m ni mzes the contribution of the high-frequency one-third octave-band
SPLs) are used.

4.4.4 Simulation of "Slow Scal e” Exponential Tinme Constant

The %2 second | i near data were further processed to sinul ate the effect
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of slow scaletinme-averaging as typically enployedintraditional sound
| evel nmeters, and commonl y used for anal yzi ng ai rcraft noi se. This was
acconpl i shed using the foll owi ng al gorithmfor a conti nuous exponenti al
function:

SPL; siow = 10x1 0g3{[ 0.4 x 107(SPL; ,,x0.1)] +
[0.6 x 10"(SPL(|.1), sow<0.1) 1}

wher e: | represents a ¥ second data record; and the subscripts
"LIN' and "SLOW represent the adj usted | inear data set and
the resultant sl owscale data set, respectively.

This cal culationis perforned separately for each one-third oct ave- band
from25 Hz to 10 kHz. It can be seen that each Y2second recordinthe
sl owscal e data set is conprised of an energy-percentage of the
correspondi ng | i near data record conbi ned wi t h an ener gy- per cent age of
t he previ ousl y-cal cul at ed, sl owscal e record, thus form ng a conti nuous
exponenti al tinme-averaging function whi ch accurately sinul ates the 1000
mllisecond tinme-constant enployed in slowscale netering systens.

The exponenti al | y- aver aged and adj ust ed dat a set (consecutive records
of 27 one-third octave-band SPLs, 25 Hz to 10 kHz), resulting fromthe
processing to this point, will be referred to herein as the "as-

measur ed" pass-by data set.

4.4.5 As- Measured Noi se Descriptor Conputations

The as- neasur ed, pass- by data set was further processedto yieldevent
noi se descriptors. ThelLy,fam |y of descriptors was conput ed usi ng 27

one-third octave-bands of data (25 Hz to 10 kHz) and i ncl udes:

Lae - Sound Exposure Level (abbrevi ated SEL), conput ed over the

15dB- down durati on of each event.
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Lask - Maxi mum A-wei ght ed Noi se Level (abbreviated MXSA).

The as- nmeasur ed descriptors for the pass-by operations are tabul ated in
Appendi x B, Table B2.

4.5 CORRECTI ONS TO REFERENCE CONDI TI ONS - SI MPLI FI ED PROCEDURE

In order to all owfor neaningful conparison w th noi se data of ot her
transportation vehicles, andto facilitate the assessnment of noi se
i npact on the environnent, processing was perfornmed to obtain a
"corrected" pass-by data set, representing the noisethat woul d be
gener at ed duri ng standardi zed operati ons andst andar d- day at nospheri c
conditions. The nethodol ogy of FAA' s "sinplified" correction procedure
was i npl enented. The focus of this procedure is to performatnospheric
absorption corrections onthe data spectrummeasured at the ti me of
Las- Divergence, speed, anddi stance-duration correctionfactors are

t hen conputed, and corrected noise | evels are derived.

4.5.1 Sinplified Correction Procedure (refer to Figure 10)

G ven:
- As- measured Lasy, and Lyg
- As- nmeasur ed one-third oct ave- band spectrumobt ai ned at the
time of Lagmy,
- Tenperature and hum dity at the tinme of Lagy,
- Test craft speed (V) and test di stance (d) at CPA (Assuned
to coincide with distance at the tinme of Lagy);

- Ref erence tenperature (15°C, 59°F) and rel ative humdity (70

% RH); and
- Ref erence speed (V,,=20 kts) and reference di stance
(d,es = 50,100, 200, 500, 1000, 2000, 5000 and 10000 m
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respectively).

Not e: Test conditions coincide with actual, fiel d-observed conditions,
i.e., the test distance equals the actual distance between the

m crophone and the hovercraft during a given event.

Steps 1 through 3 describe the process requiredto obtainthe corrected
one-third octave-band L, sSpectrum associated with reference

condi ti ons.

Figure 10: Correction Process
1. Calculate the test and reference atnospheric absorption

coefficients, " and "', ., per SAE ARP 866A (see Ref erence 1),
for each one-third octave-band (25 Hz to 10 kHz). These

coefficients represent sound attenuati on through t he at nosphere
in units of dB per 1000 ft.
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2. Adj ust each one-third octave-band i n t he as- neasur ed L,g, Spect rum
for the difference between the test and reference at nospheric
absorption coefficients (" and',4) over the test propagation
di stance, and for the difference between the test and reference
propagation distances (d and d,.).

3. Adj ust each one-third octave-band | evel obtainedin Step 2 for
di vergence over the difference between test and reference
propagati on paths. The resultant one-third octave-band SPLs
conprise the "corrected Lagx Spectrun', whi ch woul d have been
recei ved at the reference di stance under st andar d- day at nospheri c
conditions. The SPLs in each one-third octave-band are t henA-

wei ght ed and sumred, on an energy basis, to obtainthe corrected

I—ASm< ( I—ASrn((cor)) .

Steps 4 through 7 descri be the process requiredto obtainthe corrected
L, associated with reference conditions.

4. Cal cul ate ),, the difference between test and ref erence A-wei ght ed

sound | evel s associated with the Lpg, spectrum

)1 = I—ASm<(cor) - LASm(

5. Cal cul ate ), a speed correction for the difference between test
and reference vehicle speeds (V and V,,=20 kts):

)S = 10| oglO( V/ Vref)

6. Cal cul ate ), adistance-duration correction which accounts for

t he effective change i n event durati on based on test and ref erence
di stances (d and d,):

Do = 101 0gso(drer/ d)
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7. Comput € Lagcory, by adding the corrections obtainedin Steps 4

through 6 to the as-neasured L,

Lagcory = Lae + D1+ s + Do

Thi s procedure was repeat ed for each of the ei ght reference di stances
used by Schoner (see Reference 2), so as to provi de for easy conpari son
of the data sets. Corrected | evels for the pass-by operations are
presented in Appendi x C.
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5. DI SCUSSI ON OF RESULTS

Thi s section summari zes theresults of the study. Al related data can
be found i n Appendi ces Bthrough D. Table 1 presents a summary of the
tot al nunmber of events measured for the pass-by and approach/ departure
tests of the AP.1-88, as well as the pass-by tests of the LACV-30.

Table 1. Summary of Tests

AP. 1- 88 LACV- 30
d
Pass- by Appr oach/ Depart ur e Pass- by
(di stance, nm)
Nunmber Direction Nunmber Direction Nunmber Direction
C (232m 760f t) 7 left Vri ght 5 Appr oach 4 left6right
C (232m 760ft) 7 right Vleft 5 Departure 4 right Bl eft
Ya (464m 1520ft) 6 I eft Vri ght 6 Appr oach
Ya (464m 1520ft) 7 right Vleft 8 Departure
TOTAL 27 24 8

5.1 PASS- BY DATA

A summary of average-corrected AP. 1- 88 pass-by data, Ly and L oy VEr sus
distanceinneters, is presentedin Table 2. For conpari son pur poses,
simlar data are presented for the LACV-30 in Table 3. The data
presented in Tabl e 3 i ncl ude the LACV-30 data nmeasured i nthe current

study, as well as data presented in Schoner (see Reference 2).

The Schomer data were correctedinasimlar manner to t he Vol pe Cent er
dat a, except for the corrections for at nospheric absorpti on. Schomner
used ANSI S1.26-19788 whereas t he Vol pe Cent er used SAE ARP 866A (see
Ref erence 1), as recomended by t he FAA. Any rel ated di fferences are
expected to be quite small.
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Vol pe Center corrected data froma total of twenty-seven AP. 1-88 and
ei ght LACV-30 events were arithnetically averaged, separately for each
craft to devel op these Tables. Specifically, the data originally
measured at C- and ¥Yanm di stances (two di stances for the AP. 1-88
only) were used to devel op separat e noi se versus di stance tabl es for
each event for each craft (see Appendi x C). After devel opi ng t hese
tables, it was determ ned t hat there was not a significant difference
bet ween data originally measured at C- and Y~nm distances. In
addition, there was no significant difference between data nmeasured for
theleft and ri ght pass-bys of each craft. Therefore, it was deened
appropriate to average the data neasured for a gi ven craft, regardl ess
of neasured pass-by di stance or side of the craft, in devel opingthe

final Tabl es.

The di st ance val ues represent t he perpendi cul ar di st ance bet ween a
recei ver | ocati on and a hovercraft pass-by path whichis |ong enoughto
i nclude all significant contributions tothelydata. As discussedin
Section 4, the L, dat a have been corrected for divergence and non-
st andar d at nospheric conditions (i.e., conditions other than 15°C and
70%RH). Simlarly, thelL, data have been corrected for di vergence,
non- st andar d at nospheri c absor pti on, di stance-duration effects, and
off-reference operating speed (i.e., speeds other than 20 kts).
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Table 2. Summary of AP. 1-88 Pass-by Data
Di st ance Lasm Lae
(m (dB) (dB)
50 91.2 101.1
100 84.9 97.9
200 78.6 94. 6
500 69. 7 89. 6
1000 62.4 85.3
2000 54.3 80. 2
5000 41. 7 71.6
10000 30.7 63. 6
Table 3. Sunmmary of LACV-30 Pass-by Dat a
Schormer
Vol pe Center Data Difference in Lae
Dat a!
Dat a ( Schomner
Di stance (m [ Lae Lae
m nus Vol pe)
(dB) (dB) (dB)
50 111.7 119.9 122.9 3.0
100 105.5 115.5 118.8 3.3
200 99. 2 113.4 114.9 1.5
500 90. 3 108. 5 110.0 1.5
1000 82.9 104.1 105.7 1.6
2000 74.7 98.9 100. 4 1.5
5000 62. 4 89.7 91.4 1.7
10000 49. 2 80. 3 83.5 3.2

As can be seen, the AP. 1-88 i s consi derably qui eter than t he LACV- 30,
typically 17 to 21 dB, dependi ng upon di stance, and the particul ar
noi se descri ptor chosen for conpari son.
with the previously present ed as- neasured AP. 1- 88 on-1i ne dat a®, and
the AP.1-88 are

equi val ent to one operation of the LACV-30 in ternms of total sound

i ndi cates t

energy, i.e.

hat between 50 and 80 operations of

, the L, noise descriptor.
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It shoul d be noted that thereis excell ent agreenent between t he LACV-
30 nmeasur enent s made by Schoner and t he Vol pe Center' s neasur enents,
with Schoner's | evel s al ways being slightly higher. D fferences ranged
between 1.5 and 3.3 dB, dependi ng upon distance. These snall
differences arelikelyrelatedto variationsinwndconditions and
ground characteristics associ ated with the two nmeasurement studies.
Ot her factors may include craft variability due to maintenance
considerations, differencesincraft | oads during testing, and general

measur enent repeatability factors.

5. 2 APPROACH/ DEPARTURE DATA

Atotal of 24 AP. 1-88 approach and departure events were processed.
They wer e not, however, reduced as per Section 4. It was found t hat
t he acoustic energy associated with the segment of the ap-
proach\ departure operationw thinabout 120 m(400 ft) of the shore-
line domnated the overall Ly, regardl ess of starting di stance fromthe
shore-line, and thus the as-nmeasured data woul d be appropriateto

characteri ze the approach/ departure tests.

More specifically, correcting the data to standard atnospheric
condi ti ons over such a short di stance woul d have negli gi bl e ef fect on
the overall noiselevel. Toprovethis hypothesis, asensitivity test
was perfornmed using data froma fewtypi cal approach/ departure events.
The results showed that the effective change in the |level due to
correction to standard at nospheric conditions was |l ess than 0.1 dB.

Due to al ack of detailedtracking data for the craft, correction for
di vergence, di stance-duration effects, and of f-reference speed was
i npossi bl e. However, sincethe as-neasured data were dom nat ed by
noi se em ssi ons wi thin approxi mately 120 m(400 ft) of the shore-Iine,
t hese ef fects can be negl ected. Further, any small deviations inthe
craft'stest pathrelative to areference approach/ departure path woul d
be random and as such, statistically insignificant because of the
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| arge number of neasured events.

It was decided that the nost neaningful way to present the
approach/ departure data was as a single, arithmetically averagedLy
val ue, which includes the acoustic energy fromboth approach and
departure, for adistance at CPAof 31 m(100 ft). Thus, averagel,
val ues wer e conput ed i ndependently for the approach and departure
tests. These two average val ues were t hen added t oget her on an ener gy
basis, to obtain a combined L, for a single approach/departure
operation. Thel, val ue for one operation, defined as one approach and

one departure conbined, is as follows:

Approach/ Departure Average L, at 31 m (100 ft): 98.3 dB

I n cal cul ati ng the Ly val ue for an approach/ departure operation, two
departures were onmtted fromt he average. These departures i ncl uded
engi ne-start-up prior to departure (Events 2RD and 4RD), as opposed to
engi ne-idle. This type of departure operati on was perfornmedin an
attenpt to simulate all possi bl e scenari os of hovercraft operationsin
thevicinity of Bethel. However, it was determ ned that this type of
operation wouldrarely occur. The averagelL, val ue for the engi ne-
start-up departures was approxi mately 8 dB greater than t he averageL,

val ue for all other approach/departure events.
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5.3 SPECTRAL DATA

For conparati ve purposes, an average, un-wei ght ed one-third oct ave- band
spectrumis presentedin Figure 11 for the pass-by events of both the
AP. 1- 88 and LACV-30. The spectral data, taken fromthe DAT t apes, were
measured at the time Lygx OCcurred. The data have been corrected for
di ver gence and non- st andard at nospheric conditi ons to a di stance of 305
m (1000 ft).

The figure shows that the two craft have sim | ar spectral shapes, but
t he LACV-30' s sound | evel i s as much as 20 dB greater than that of the
AP. 1-88 i n several one-third octave-bands. Al so presented, i n Appendi X
D, are the corrected one-third octave-band spectral data for each pass-
by event, which were used to devel op t he average spectra shown in

Figure 11.

Figure 11. Pass-by Spectral Level Versus Frequency

5.4 ASSESSMENT OF COMMUNI TY NO SE | MPACT DUE TO HOVERCRAFT

Tabl es 2 and 3 (Section 5. 1) have been devel oped i n a manner consi st ent
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with data base devel opnment requirenents associated with aircraft
nodel i ng progranms, such as t he FAA' s I nt egrat ed Noi se Mbdel 9 and t he
U.S. Air Force's NO SEMAP Model . 1! These data, coupled with nore
det ai | ed hovercraft tracki ng and performance i nfornmati on, can be used
wi th such nodel s to performan i n-depth anal ysi s of hovercraft noi se
i npacts.

I n addi ti on, the pass-by noi se data presented inthese Tabl es, coupl ed
wi th the averagelL, for an approach/ departure operation, can be used
for performngrelatively sinple, yet quite accurate assessnents of
noi se i npacts for operations simlar to those proposed for mail
transport serviceinthevicinity of Bethel, AK Appendi x E presents
an exanple of this relatively enpirical assessnent nethodol ogy.
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6. CONCLUSI ONS

Thi s study was successful in gathering sufficient datato accurately
characterizethe noiseemtted by the British Hovercraft Corporation
Model AP. 1-88 Hovercraft. A noi se database has been est abl i shed whi ch
will allow for nodeling of hovercraft noise inpact.

It was confirmed that the AP.1-88 is significantly quieter thanthe
LACV-30, onthe order of 17to 19 dB, interms of total sound energy,
i.e., based on thelL, noi se descriptor. Additional conclusions are as

foll ows:

e The Ly associated with the AP.1-88 is conparable to that of
typical, general aviation-type aircraft. Specifically,
differences i n L, val ues at conparabl e di stances for the AP. 1- 88,
and two typical, dual -engi ne general aviation aircraft, the
Beachcraft- 58P and DeHavi | and- C6, operating at an ai rspeed of 160
kts and typi cal takeoff thrust | evel s, range between 2 and 5 dB%,
withthe AP. 1-88 | evel s being higher. Such snall differences are
barely perceptible to the human ear.

. For a di stance of 15 m(50 ft), a passenger car pass-by at 96 knm h
(60 nph), a medi umtruck pass-by at 64 km h (40 nph) and a heavy
truck pass-by at 32 kmi h (20 nph), are each approxi matel y equi va-
| ent to one AP. 1- 88 pass-by at a di stance of € nm (230 m 755
ft)12, based on the L,y noi se descriptor.

* For a distance of 15 m(50 ft), a 48 kmih (30 nph) snowmobil e
pass-by'®is approxi mately equi val ent to an AP. 1- 88 pass-by at C

nm (230 m 755 ft), based on the L, NOi se descriptor.

. In contrast, thelL, associ ated with a LACV-30 pass-by is nore in

linewithafull-power takeoff of an F-16 at conparabl e di st ances
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and an airspeed of 160 kts. 1!

The above concl usi ons are expected to be sonmewhat dependent on t he
desi gn and performance characteristics of the specific AP. 1-88 t est ed.
Consequently, A aska Hovercraft provided witten verificationthat the
tested craft configurationwas essentially identical tothat whichis
proposed for use in the vicinity of Bethel, AK (see Appendi x F).
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APPENDI X A.

PROPOSED MAI L DELI VERY SCHEDULE

Appendi x A presents the Proposed Mail Delivery Schedul e, an excer pt

fromthe Draft Operations Plan presented to the Postal Service by

Al aska Hovercraft.






APPENDI X B.
AS- MEASURED DATA

Appendi x B presents the as-neasured data for all events processed
These data i ncl ude test date and craft type, event nunber, tenperature
(°C), humdity (%RH), Lasx (dB) and L , (dB). Distance (nm) and

speed (kts) are also included for pass-by neasurenents.



Mar ch,

sgrcond
A e
Ve 26 Drafer
Aisanisties |56 1ry
Tabl e B-1. As-Measured LD2900 Pass-by Data
Test Met eor ol ogi cal Data As- Measur ed Data
Date / Event Tenper at ure Hum dity Di st ance Speed Lasmc Lae
Gaft 9 (% RH) (nni) (kts) (dB) (dB)
11 13 0 86 4 0 20 21 6 76 5 93 3
2R 131 85 5 0.20 20.5 70. 0 80 Q
3l 13 2 84 4 0 24 20 68 7 87 5
7R 13.5 82 2 019 19 674 87. 9
8l 13 7 81 8 Q24 22 69 5 89 3
9/ 25/ 95 9R 13.9 81.4 0.22 24 66.4 85.5
AP. 1- 88 101 14 4 77.9 0.24 22 7 67.3 84 5
Yenm 11R 14 7 74 Q 0 35 22 66 5 84 9
13R 151 706 0. 26 22.8 68. 6 85 Q
141 15 1 70 7 Q25 24 6 71 2 88 1
171 15. 3 71.1 0.25 20. 6 70. 7 89.1
18R 154 713 0.38 22 5 68. 9 83 8
191 15 5 71 4 0 25 24 2 71 8 89 3
1l 161 547 0.-125 245 746 Q1.9
2R 16 0 55 7 0 125 23 9 71 6 89 2
3L 15.8 56. 7 0.125 22.9 74. 4 91.8
6l 155 59 7 0.-125 23 1 74,1 Q2 1
7R 15 4 60 5 0 125 24 8 72 8 a0 2
9RrR 14.9 64.2 011 22 734 Q1.5
9/ 27/ 95 101 14 7 65 4 0 125 32 1 79 3 95 6
AP. 1-88
C- nni 11R 14. 7 65.8 0.125 23.8 73.8 91.5
121 146 66.3 0.-125 24 1 77.8 94 8
15R 14 5 66 9 0 13 23 75 6 91 7
161 145 671 013 25 78.2 95 6
17R 14 5 67 4 0 125 23 7 75 6 92 9
19R 13. 7 69.3 0.21 23.38 76.8 94. 4
201 13 5 69.8 0.-125 23 2 79.Q 96 4
1R 10 2 85 6 0 122 30 (est 96 1 107 2
21 101 85.Q 0.-125 30 (est 961 109 3
3R 10 0 86 0 Q 122 35 (est 97 1 109 5
i;é?// 22 41 9.9 86.3 0.125 35 (est 99.2 112. 0
C-nri 5R 9.8 86 4 0122 35 (est 90 6 1106
61 9 7 86 6 0 125 35 (est 100 5 113 4
7R 9.6 86. 7 012 35 (est 98, 7 1108
8L 9.6 86.8 0.122 35 (est. 100.7 113.6
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Tabl e B-2. As-Measured DAT Pass-by Data

Mar ch,

Test Met eor ol ogi cal Data As- Measur ed Data
Date / Event Tenper at ure Hum dity Di st ance Speed Lasm Lae
Graft (GlS)] (% RH) (nmi) (kts) (dB) (dB)
11 13 0 86 4 0 20 21 6 76 0 93 3
2R 131 85 5 0.20 20. 5 69.Q 88.Q
3l 13 2 84 4 Q24 20 68 3 87 5
7R 13.5 82.2 0.19 19 67.2 87.9
8l 13 7 818 0.24 22 69. 5 80 4
9/ 25/ 95 9R 13 9 81 4 Q 22 24 66 2 85 4
AP. 1- 88 101 144 779 024 22 7 671 85 §
Yenm 11R 14 7 74 Q 0 35 22 66 4 84 9
13R 15.1 70. 6 0.26 22.8 68.3 85.9
141 151 70. 7 Q.25 24 6 70 7 88 1
171 15 3 71 1 0 25 20 6 70 3 89 2
18R 154 713 038 22.5 68.5 88 8
19l 15 5 71 4 Q25 24 2 71 1 89 2
1L 16.1 54. 7 0.125 24,5 74. 4 91.8
2R 16.0 55 7 0.-125 239 714 80 3
3l 15 8 56 7 0 125 22 9 74 Q0 91 7
6l 155 59 7 0.-125 23 1 73.9 Q2.1
7R 15 4 60 5 0 125 24 8 72 6 90 2
9R 14.9 64,2 0.11 22 73.1 91.5
91271 95 101 14. 7 65, 4 0.-125 32 1 79 2 95 6
AP. 1-88
C- nni 11R 14 7 65 8 0 125 23 8 735 91 4
121 146 66.3 0.-125 24 1 77.3 4. 7
15R 14 5 66 9 013 23 75 3 91 7
161 14.5 67.1 0.13 25 78.0 95. 6
17R 14. 5 67 4 0.-125 23 7 75 3 Q2. 8
19R 13 7 69 3 0 21 23 38 76 3 94 3
201 13.5 69.8 0.-125 232 78. 6 96,2
1R 10 2 85 6 Q 122 30 (est ) 95 7 106 8
2L 10.1 85.9 0.125 30 (est.) 95.6 108.9
3R 10.0 856 Q 0122 35 (est.) 96. 5 109 0
9/ 27/ 95 a1 a9 86 3 0 122 35 (est ) a8 2 111 6
LACV- 30
C-nmi 5R 9.8 86 4 0122 35 (est ) 98, 7 1102
61 9 7 86 6 0 125 35 (est ) 99 8 112 9
7R 9.6 86. 7 0.12 35 (est.) 98.0 110. 3
8l 9.6 86,8 0.122 35 (est.) 100. 7 113.2

B-3
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Tabl e B-3. As-Measured LD2900 Approach/ Departure Data

Test Met eor ol ogi cal Data As- Measur ed Data
Date / Event Tenper ature Hum dity Lasmx Lae
Gart ) (% RH) (dB) (dB)
1LA 12 6 77 A4 86 7 Q8 Q9
2RD 1289 76 7 a0 1 105 2
aRA 13 3 75 3 81 0 95 9
4RD 13.6 74.5 85.9 102. 4
Sl A 141 73 3 81 8 [o NN 2}
6l D 14 2 73 0 83 0 97 8
9/ 26/ 95 SRA 148 71 2 70 8 (o] ~v]
AP. 1-88
Y nri 9RD 14 9 71 0 84 8 99 1
10LA 15.5 69.1 80.1 92.8
111D 15 4 69 1 79 8 Q3 6
14RD 15 1 69 4 81 2 96 3
19RD 146 80 7 82 9 (o]~ 2}
201 A 14 5 69 8 79 4 91 0
211D 14.4 69.8 80.0 93.0
21 A 149 660 79 O Q2 O
3D 14 9 65 6 85 5 ag 3
ARA 15 1 B84 7 79 0 Q2 6
S5RD 15 2 64 2 84 8 97 6
9/ 26/ 95 6LA 154 63.0 79.2 93.0
AP. 1- 88
C- i 7LD 155 525 871 09 4
SRA 15 7 61 3 78 3 93 1
ORD 15 89 681 0 889 8 a8 0
1014 15 9 60 0 78 4 93 1
11LD 16.1 59.2 84.8 97.5

B-4
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Tabl e B-4. As-Measured DAT Approach/ Departure Data
Test Met eor ol ogi cal Data As- Measur ed Data
CD:rataft/ Event Tenper at ure Humi dity L asmx Lae

9 (% RH) (dB) (dB)

1A 12 6 77 4 86 7 98 @

2RD 12. 8 76. 7 Q0.8 105. 0

3RA 13 3 75 3 81 4 a5 4

ARD 13. 6 4. 5 86.-1 102, 2

5LA 14 1 73 3 83 0 95 1

61D 14 2 73 0 82 9 97 5

9/26/ 95 8RA 148 71. 2 80. 0 Q4. 7
AP. 1- 88

Y nri 9RD 14 9 71 0 84 9 Q98 8

10LA 15. 5 69. 1 80. 3 92 0

111D 15 4 69 1 80 2 93 3

14RD 15 1 69 4 81 1 96 1

19RD 14. 6 69, 7 82 7 a5 4

201 A 14 5 69 8 79 4 Q0 0

211D 14. 4 69.8 80. 4 92 8

21 A 14 9 66 0 80 1 92 5

31D 14 9 65 6 84 9 98 0

ARA. 151 64. 7 79 1 92 13

5RD 15 2 64 2 84 2 96 7

9/26/ 95 6LA 15. 4 63. 0 79. 7 92 8
AP. 1- 88

C- nni 71D 15 5 62 5 87 3 Q99 3

8RA 15 7 61 3 78 4 92 9

ARD 15 8 61. 0 88 8 97 9

101 A 15 9 60 0 78 4 91 8

111D 16. 1 59.2 85.0 97. 4

B-5/B-6
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Appendi x C.

CORRECTED PASS- BY DATA

Appendi x C presents the corrected pass-by data for all events
processed. These data were corrected to 8 di stances, as di scussed in
Section 4. Tables G 1 and G 2 present the overall, average- corrected
data for each craft. The data presented in these Tables are i denti cal
to those in Tables 2 and 3 of Section 5.1.
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Table C-1. AP.1-88 Pass-by Data Table C-2. LACV-30 Pass-by Data
Overall, Average-Corrected Overall, Average-Corrected
Di st ance L Asmx Las Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 91.2 101.1 50 111. 7 119.9
100 84.9 97.9 100 105.5 115.5
200 78.6 94.6 200 99. 2 113. 4
500 69. 7 89. 6 500 90. 3 108. 5
1000 62. 4 85.3 1000 82.9 104. 1
2000 54.3 80. 2 2000 74. 7 98. 9
5000 41. 7 71.6 5000 62.4 89.7
10000 30.7 63.6 10000 49. 2 80.3
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Tabl e C-3. AP. 1- 88 Pass- by Dat a Tabl e C-4. AP.1-88 Pass-by Data
Event 1L, 9/25/95 Event 2R, 9/25/95
Di st ance L Asmx Lae Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 95.7 104. 0 50 89.9 99. 6
100 89.6 100. 8 100 83.7 96. 4
200 83.3 97.6 200 77.4 93.1
500 74.6 92.8 500 68.5 88. 2
1000 67. 4 88. 7 1000 61. 3 84.0
2000 59.4 83.7 2000 53.4 79.1
5000 46. 9 75.1 5000 41. 1 70. 7
10000 35. 4 66. 7 10000 29. 8 62.5
Tabl e C-5. AP. 1- 88 Pass- by Dat a Table C-6. AP.1-88 Pass-by Data
Event 3L, 9/25/95 Event 7R, 9/25/95
Di st ance L Asmx Las Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 89.6 98. 6 50 87.2 98. 3
100 83.5 95.5 100 81.0 95.1
200 77.3 92.3 200 /4.7 91.8
500 68. 6 87.6 500 65. 7 86. 8
1000 61.5 83.5 1000 58. 4 82.6
2000 53. 4 78.5 2000 50. 4 77.6
5000 40. 3 69. 3 5000 38. 3 69.5
10000 28. 2 60. 3 10000 28. 2 62.3
March, 1996
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"Tabl e C-7. AP. 1-88 Pass- by Data Table C-8. AP.1-88 Pass-by Data
et 8L, 9/ 25/ 95 Event 9R, 9/25/95

Di st ance L Asmx Lae Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 91.2 101. 3 50 87.4 97.5
100 85.0 98. 2 100 81.2 94. 3
200 78.8 94.9 200 75.0 91.0
500 69.9 90.1 500 66. 1 86. 2
1000 62. 7 85. 8 1000 58. 9 82.0
2000 54.6 80.7 2000 50. 8 76.9
5000 41. 5 71.6 5000 38. 2 68. 3
10000 29.9 63. 1 10000 27.0 60. 1

Tabl e C-9. AP. 1- 88 Pass- by Dat a Table C 10. AP.1-88 Pass-by Data

Event 10L, 9/25/95 Event 11R, 9/25/95
Di st ance L Asmx Las Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 88. 6 97.3 50 91.5 98.7
100 82.5 94. 2 100 85. 3 95.5
200 76.3 91.0 200 79.0 92.3
500 67.7 86. 4 500 70. 2 87.5
1000 60. 7 82. 4 1000 63.0 83.2
2000 53.0 77.7 2000 54. 8 78.1
5000 40. 6 69. 3 5000 41. 6 68. 8
10000 29. 4 61.1 10000 29.3 59.5
March, 1996



kapl,e C-11. AP. 1-88 Pass- by Data

(818

“Ey@gt 13R, 9/ 25/ 95

Tabl e C-12. AP.1-88 Pass-by Data
Event 14L, 9/25/95

d TSt ance L asmx Lae Di st ance L psme L o
nifhsnra iy 1) (dB) (dB) (m (dB) (dB)
50 90. 5 98. 3 50 92.5 100. 7

100 84. 3 95.1 100 86. 2 97. 4

200 78. 1 91.9 200 79.9 94. 1

500 69. 3 87.1 500 71. 2 89. 3

1000 62.1 82.9 1000 64.1 85.3
2000 54. 2 78.0 2000 56. 2 80.1
5000 41.7 69.5 5000 43.5 71.6
10000 30.3 61.1 10000 31.1 62. 2

Tabl e C-13. AP. 1- 88 Pass- by Dat a Tabl e G 14. AP. 1-88 Pass-by Data

Event 17L, 9/25/95 Event 18R, 9/25/95
Di st ance L asmx Las Di st ance L asmx L ae
(m (dB) (dB) (m (dB) (dB)
50 92.0 101.0 50 94. 3 103. 4
100 85. 8 97. 8 100 88.1 100. 2
200 79.5 94.4 200 81.7 96. 8
500 70.5 89. 5 500 72.7 91. 8
1000 63. 2 85. 2 1000 65. 4 87.5
2000 55. 3 80. 3 2000 57.4 82.6
5000 43. 4 72.3 5000 46.0 75.2
10000 32.8 64.7 10000 36. 2 68. 3
March, 1996

Tabl e C-15. AP. 1-88 Pass-by Data
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ent 19L, 9/25/95

igubist ance L Asm L e
Ad rislralior (m (dB) (dB)
Aedfisnea 130 iry
92.8 101.7
100 86. 5 98. 5
200 80. 2 95.1
500 71.1 90.1
1000 63. 6 85. 6
2000 55.4 80. 4
5000 43. 5 72.4
10000 33.2 65. 2

Tabl e C-16. AP. 1- 88 Pass- by Dat a Table G 17. AP.1-88 Pass-by Data

Event 1L, 9/27/95 Event 2R, 9/27/95
Di st ance L Asmx Las Di st ance L Asmx Lae
(m (dB) (dB) (m (dB) (dB)
50 89.4 100. 6 50 86. 6 98.1
100 83. 2 97. 4 100 80. 4 94. 9
200 76.9 94.1 200 74.0 91.5
500 67.1 89.1 500 65. 0 86. 6
1000 60. 5 84.7 1000 57.7 82.2
2000 52.2 79.5 2000 49. 6 77.1
5000 39.4 70.6 5000 37.0 68.5
10000 28. 6 62. 8 10000 26. 4 60.9
March, 1996

Tabl e C-18. AP. 1- 88 Pass- by Dat a
Event 3L, 9/27/95

Tabl e C19. AP. 1-88 Pass-by Data
Event 6L, 9/27/95



e

=

aaiSt ance L asrc L ae
il m) (dB) (dB)
et 50 89.5 | 100.6
100 83.2 97.3

200 76. 8 93.9

500 67. 4 88.5

1000 59.7 83.8
2000 51. 2 78. 4
5000 39. 2 70. 3
10000 29. 4 63.5

Tabl e C-20. AP. 1- 88 Pass- by Dat a
Event 7R, 9/27/95

Di st ance L aAsmx Lae
(m (dB) (dB)
50 88. 4 99.5
100 82.1 96. 3
200 75.7 92.9
500 66. 6 87.8
1000 59. 2 83.3
2000 51.0 78. 2
5000 38.6 69. 8

10000 27.9 62. 2

Tabl e C-22. AP. 1- 88 Pass- by Dat a

Event 10L, 9/27/95
Di st ance L Asmx Lae “
(m (dB) (dB) |

Di st ance L asmx L ae
(m (dB) (dB)
50 89. 4 100. 9
100 83. 2 97.7
200 76. 9 94. 3
500 67.9 89. 4
1000 60. 5 85.0
2000 52.2 79.7
5000 39.2 70. 7

10000 28.5 63.0

Table G 21. AP. 1-88 Pass-by Data
Event 9R, 9/27/95
Di st ance L Asmx Lae
(m (dB) (dB)
50 87.8 99.6
100 81.7 96. 4
200 75.4 93.1
500 66. 6 88. 3
1000 59.4 84.1
2000 51.3 79.1
5000 38. 4 70.1
10000 26.8 61.5
March, 1996

Tabl e G 23. AP.1-88 Pass-by Data

Event 11R, 9/27/95
Di st ance L asmx L ae
(m (dB) (dB)




A

a5 0 95.2 104. 7 50 89. 6 100. 7
e 00 89.0 | 101.5 100 83.4 | 97.5
i 1312 00 82.7 98.1 200 77.1 94.1
500 73.7 93. 1 500 68. 1 89. 1

1000 66. 3 88. 8 1000 60. 7 84. 8
2000 58. 1 83. 6 2000 52. 6 79.7
5000 45.7 75. 2 5000 40. 0 71.1
10000 35. 2 67.7 10000 28. 8 62.9

Tabl e C-24. AP. 1- 88 Pass- by Dat a Tabl e C25. AP.1-88 Pass-by Data

Event 12L, 9/27/95 Event 15R, 9/27/95
Di st ance L Asmx Lae Di st ance L asmx L Ae
(m (dB) (dB) (m (dB) (dB)
50 93. 6 104. 2 50 92.0 101. 3
100 87. 4 101.0 100 85.8 98.0
200 81.1 97. 6 200 79. 3 94. 6
500 72.1 92.6 500 70. 1 89. 4
1000 64.7 88. 2 1000 62.5 84.7
2000 56. 4 83.0 2000 54. 0 79. 2
5000 43. 9 74. 4 5000 41. 2 70. 4
10000 33.1 66. 6 10000 30. 2 62.5
March, 1996

Tabl e C-26. AP. 1- 88 Pass-by Dat a Table C 27. AP.1-88 Pass-by Data

Event 16L, 9/27/95 Event 17R, 9/27/95
Di st ance L asmx Lae Di st ance L asmx L Ae
(m (dB) (dB) (m (dB) (dB)
50 94. 3 105. 2 50 91.6 102. 3




e

il 00 88. 1 102.0 100 85. 4 99.0
e 00 81. 8 98. 7 200 78. 9 95. 5
500 73.0 93. 8 500 69. 6 90. 3
1000 65. 7 89. 6 1000 61.9 85. 5
2000 57.8 84. 7 2000 53. 3 80. 0
5000 46.0 76.9 5000 40. 8 71. 4
10000 36. 0 69. 9 10000 30. 2 63. 9

Tabl e C-28. AP. 1- 88 Pass- by Dat a Table G 29. AP.1-88 Pass-by Data

Event 19R, 9/27/95 Event 20L, 9/27/95
Di st ance L Asmx Lae Di st ance L asmx L ae
(m (dB) (dB) (m (dB) (dB)
50 96. 2 105. 4 50 94. 7 105. 4
100 90.0 102. 2 100 88.4 102. 2
200 83. 8 99.0 200 82.0 98. 7
500 75.0 94.2 500 72.8 93.5
1000 67.8 90. 0 1000 65. 2 88.9
2000 59.6 84.8 2000 56.9 83.6
5000 45. 8 75.0 5000 44.7 75. 4
10000 31.7 63.9 10000 34. 4 68. 1
March, 1996

Tabl e C-30. LACV-30 Pass-by Dat a Table C31. LACV-30 Pass-by Data

Event 1R, 9/27/95 Event 2L, 9/27/95
Di st ance L asmx Las Di st ance L asmx L ae
(m (dB) (dB) (m (dB) (dB)
50 109.9 115.9 50 110.0 118. 2
100 103.7 112. 7 100 103. 7 115.0




e

b{ﬁ%ﬁmoo 97. 4 109. 5
S5 00 88.6 | 104.6
Aofnrs 10 0 0 81.3 100. 3
2000 73.1 95. 1
5000 59. 8 85. 9
10000 47.1 76. 2

Tabl e C-32. LACV-30 Pass- by Dat a
Event 3R, 9/27/95

Di st ance L Asmx Las
(m (dB) (dB)
50 110. 4 118.6
100 104. 3 115.5
200 98.1 112.2
500 89. 3 107.5

1000 82.3 103.4
2000 74. 4 98. 6
5000 61.7 89.9
10000 49.1 80. 2

Tabl e C-34. LACV-30 Pass- by Dat a
Event 5R, 9/27/95

Di st ance L asmx Lae
(m (dB) (dB)
50 112.6 119.8
100 106. 3 116.6
200 100.0 113.3

200 97. 4 111.6
500 88. 4 106. 6
1000 81.0 102. 2
2000 72.6 96. 8
5000 59. 3 87.5
10000 47. 4 78.6

Table G 33. LACV-30 Pass-by Data
Event 4L, 9/27/95

Di st ance L Asmx Lae
(m (dB) (dB)
50 112. 3 121. 4
100 106. 1 118. 2
200 99.8 114.9
500 90. 9 110.0

1000 83.7 105. 8
2000 75.7 100. 8
5000 62.9 92.0
10000 51.0 83.1
March, 1996

Tabl e G 35. LACV-30 Pass-by Data
Event 6L, 9/27/95

Di st ance L asmx L ae
(m (dB) (dB)
50 113.7 122.6
100 107.4 118. 4
200 101.1 116.1




500 91.0 108. 3 500 92.2 111.1
1000 83. 6 103. 8 1000 84.8 106. 7
2000 75.1 98. 4 2000 76. 4 101. 4
5000 61. 6 88.9 5000 62.9 91.9
10000 48. 7 78. 9 10000 50. 6 82. 6

Tabl e C-36. LACV- 30 Pass- by Dat a Tabl e G 37. LACV-30 Pass-by Data

Event 7R, 9/27/95 Event 8L, 9/27/95
Di st ance L asmx Lae Di st ance L asmx Lae

(m (dB) (dB) (m (dB) (dB)
50 111.4 119.7 50 113.6 122. 6
100 105. 2 116.5 100 107. 3 119.5
200 98. 9 113.2 200 101. 0 116.1
500 89.9 108. 3 500 92.1 111. 2
1000 82.6 104. 0 1000 84.7 106. 8
2000 74. 4 98. 8 2000 76. 3 101. 4
5000 61.4 89.7 5000 62.9 92.0
10000 48. 9 80. 3 10000 50. 6 82.7
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Appendi x D.
Corrected One-Third Octave-Band Spectral Data

Appendi x D presents t he un-wei ght ed, one-third octave-band spectral
dat a neasured at the time of Ly, for all pass-by events. These data

were corrected to 305 m (1000 ft) and standard day atnospheric
conditions (15°C and 70% RH).
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Table D-1. Corrected One-Third Octave-Band (Un-wei ght ed)

Pass- by Spectr al

Data at 305 m (1000 ft)

March, 1996
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APPENDI X E.

ASSESSMENT OF COVMUNI TY NO SE | MPACT DUE TO HOVERCRAFT

As di scussed in Section 5.4, Appendix E presents a conputati onal
exanpl e of using the data measured in the current study to conpute
noi se |l evel s at areceiver |ocation subject to hovercraft operation
typi cal of those that are proposed in the vicinity of Bethel, AK
Conput ati ons are performed using theaverage day-ni ght sound | evel
(DNL, represented by the synbol L) descriptor. Thely, descriptor is
t he nost conmonl y used noi se descri ptor for assessi ng comuni ty noi se
i mpact. Assum ng all hovercraft operations occur bet ween 0700 and 2200
hours, | ocal tine, the general equation for Ly, can be sinplifiedtothe

fol | owi ng:

Ldn = LAE + 10xI OglO(N) - 49. 4 (dB),

where L= Sound Exposure Level, as definedinthe term nol ogy
section of this report
and N = nunber of operations between 0700 and 2200 hours, | ocal

tinme.

assum ng al | operations occur between 0700 and 2100 | ocal ti ne.
Al'so, given this assunption, Ly, = Laeq, 24n-

Not e: G ven the assunptionthat all hovercraft operati ons occur
bet ween 0700 and 2200 hours, local tine, Ly, i s equivalent to

Laeq, 24n» @ NOi se descriptor which is discussed bel ow

Figures E1 through E4 show“ Ly, or L g 24 Versus di stance for asingle
operation of the AP. 1-88 hovercraft. Figures El and E2 illustrate
pass- by configurationdata, Figure E2 zoominginonthe 50to 1000 m

range. These data are not hing nore t han a graphi cal representation of

E-1



the Ly data presented in Table 2 (Section 5.1), with a constant val ue
of 49.4 dB subtracted. The 49.4 dBis sinply a normalization constant
whi ch spreads the acoustic energy associ ated wi th hovercraft operati ons
over a 24 hour period, i.e., 10xl 0g,,(86, 400 sec per day) = 49. 4 dB.
Figures E3 and E4 i | | ustrat e approach/ departure configuration data,

Figure E4 zooming in on the 50 to 1000 m range.

The pass- by curves (Fi gures E1 and E2) are conservative esti mates t hat
assume propagati on over an " acoustical ly hard" surface (e.g. water or
concrete). Note: It is expected that propagation for the pass-by
operations will occur primarily over water inthe vicinity of Bethel,
AK, since the Postal Service has required that all operations
associ ated with the proposed nmai | transport service take place onthe

area wat erways.

Three curves are drawn for the approach/ departure data (Fi gures E3 and
E4). These were derived using a single, average val ue for all neasure-
nments, denoted by the "boxed asterisk.” The m ddl e curve, originating
at the known data point, represents sound absorption over an
"acoustically soft" surface. It is drawn assum ng a sl ope of 7.5 dB
per doubling of distance (dB/dd) which is considered typical over
ground types such as short-grass-coveredterrain. The lower curve
(greater ground attenuation effect, rethe 7.5 dB/ dd curve) represents
sound absorption over softer, nore absorptive ground, typical of thick
vegetation or terrain covered withfreshly fallen snow. The upper
curve (less ground attenuation effects, re the 7.5 dB/dd curve)
represents sound absorpti on over an "acoustical |y hard" surface. For
all conputations presented herein and for i ndependent application of
t he assessnent nethodol ogy presented in this Appendix, it is
recommended t hat t he upper, nore conservative curve be used, unl ess
detailedinformationis avail able. This conservative approach ensures
that any errors inherent inthe process will result in an over-predic-

tion of the noise | evels.



The following is a sanple Ly, conputation, typical of what may be

encountered for a village in the vicinity of Bethel, AK

G ven:

Step 1:

Step 2:

Not e:

only.

3 pass-by operations per week;

3 approach/ departure operations per week;

a pass-by distance to the nearest residential structure (at
cl osest - poi nt - of - approach) of 305 m (1000 ft);

a di stance of 61 m(200 ft) between | andi ng site and near est

residential structure;

Use the "Ly, O Lpeqan" curve (either Figure E1 or E2) to

obtain the Ly, value for a pass-by distance of 305 m
L4(pass-by) = 43.0 dB

Use t he upper nost "Ly, or Lapa curve (either Figure E3 or
E4) to obtain thely, val ue for an approach\departure at a
di stance of 61 m

Lq.(app/ dep) = 46.0 dB

The Ly, val ues found in Steps 1 and 2 are for one operation

The renmai nder of the steps nust be carried throughin order

to calculate a final Lg,.

E-3



Step 3: Usi ng "dB-addition", calculate the overall Ly,

43.0 dB + 46.0 dB = 10x| 0g( 1001430 + 100.1(46.0) = 47.8 dB

St ep 4: Comput e t he average nunber of daily approach/ departure
operations and pass-by operations.

3 approach/ departures per week = 0.43 operations per day

3 pass-bys per week = 0.43 operations per day

Not e: These cal cul ati ons assune that all operations occur between
0700 and 2200 hours local tinme. If thisis not the case, this

process is not applicable.

Step 5: Compute Ly, taking into account actual operations.

Lanw opsy = 47.8 dB + 10xl 0g;(0.43 + 0.43) = 47.1 dB
Final Ly, = 47.1 dB

Thi s final | evel can nowbe conpared with two commonl y ref erenced noi se
i mpact criteria, that of the FAA* and that of the Federal Transit
Adm ni stration (FTA)'>. FAA uses a 65 dBLy, |imt for determ ning
noi se-conpati bl e residential [and use. In addition, assum ng an
anbi ent noi se | evel of 40 dB as representative, FTAcriteria state that
"no i npact" occurs when project noiselevels, inthis case noiselevels
due to hovercraft operations, are |l ess than approxi mately 50 dB (“Lgs,
or Le”). In the case of the above exanple, both criteria are

sati sfi ed.
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Figure E-4. Lg» Or Laean VS. Distance - Approach/ Departure
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APPENDI X F.
STATEMENT OF HOVERCRAFT CONFI GURATI ON

Appendi x F presents a neno fromDave Seanman (Al aska Hovercraft) to Tom
Rut | edge (Postal Service) and Gregg Fl em ng ( Vol pe Center), dated
Sept enber 28, 1995. It certifies that the hovercraft used duringthe

study i s t he sane configuration as proposed for useinthevicinity of
Bet hel , AK.
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