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ABSTRACT

Data from a sound measurement survey conducted in 1981 within and in
the vicinity of Glacier Natiomal Park are analyzed and presented. Measure-
ments wers made of oil and gas seismic exploration activities in Flathead
National Ferest and Halena National Forest, including sounds from ahove
ground blasts, helicoptars and associated activities. Typical rafarence
sound lavels are identified for above ground blasts and helicopters, and
thaoratical procaduraes for estimating their propagation are davaloped, con=
sidering terrain and meteorological conditiona charactaeristic of Glaciar
National Park. A sample application of the predicticn method shows sound
lgvels from above ground blasts outside the Park remain significantly above
ambient lavels at locations inside the Park for leng durations. These
results corroborate anacdotal reports and biolegical studies which indicate
that sound from oil and gas exploration activities can be heard well inside
tha Park and could be affecting sensitive wildlife populacions in the area.
Recommendations for additional monitoring and modeling are outlined.
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SYMBOLS AND ABBREVIATICONS

Tha following syanbols and abbraviations ara used in this raport.
Many are based on astandards avallable from the American National Stan-~
darda Institute, Inec., and the American Soclety for Testing Matarials
(Harris, 1979). Dafiniticn of. these terms is provided in the Glogsary
at the and of this raport.

ANSI = Amarican National Standards Instituta

ARCO = Atlantic Richfiald Company

¢ - Spesad of sound

dB - Dacibel, the unit of measura for sound laveis

£ - PFrequency, in hartz, of a sound

Hz - Haxrtz, tha frequency, in cyclea per ascond, of a sound
I.A = A-waightad sound laval

I'A max - Maximum A=-waoighted sound laval

I"eq « Equivalent continuous sound laval

me - Maximum overall unwaeightad sound laval

me (oot) = Maximum unweightad sound lavel of a particular actave band
Loin - Minimum sound leval

Lx - Statistical lavel, tha sound laval sxceaded X% of tha time
m - Mater {3.28 faet in length)

NTAC = Nolas Technical Assistance Centur

PC - Personal computar (microcomputar)

p = Seund prasaure

r = Distance from sound source to receoiver

8 - Saconda, tha unit of measure for scund duration

SPL = Seund prassure laval

USEPA = U.8. Environmental Protsction Agency

USFS -~ United Statas Forast Servica

USFWS ~ Unitad States Fish and Wildlifa Saervica

USGS -« Unitad States Geological Survay

USNPE = United Statea Naticnal Park Service
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EXECUTIVE SUMMARY

As demands upon our natural rescurces have grown ovar rTacant
decades, public land managers have bean faced with the dilemma of
protacting araaa of spacial intersst such aa national parks, wildsrnass
arean, praserves, and wild and scenic rivers, while responding at the
sazia time to development and consumption prassures. Oneé such situation
exists in northwestsrn Montana. 011l and gas companies have bacoms
increasingly interested in locating and extracting petroleum rasarvas in
this area 1ln the vicinity of Glacier National Park. DPartially aa a
result of this pressure, Glacisr was rated as tha most threatenad
National Park in the Stats of the Park Report aubmitted to Congrass in
1980, Az a remult of thesa avents, the U.5. National Park Service
(USNPS), charged with the re‘aponsibnity of prasarving Glagiaer
unimpaired for futurs generations, falt it was important to document the
existing acoustic¢ anvironment of the Park, and to asamass the sound
lavels which are produced by ail and gas axploration activitias.

During the summer of 19581, tha Park Sarvice requeated scund lavel
monitoring assiatance from U.S. Environmental Protection Agency (USEPA)
Region VIII., In veoponse to this request, staff from the USEPA Region
VIIZ Noisa Qffice in Danver, Colorado and the USEPA Noise Technical
Assistance Centar at the Univarasity of Colorado in Boulder, Coleradas,
bagan a sound monitoring astudy in Glaciar Naticnal Park and the Flathead
and Helena National Forasts. ‘l‘h.a purpose of tha monitoring was to
davelop data on the impacts of sound from saismic axploration activitias
associated with oil and gas davelopment in tha vicinity of the Park.

In June of 1981, basaelina ambisnt socund lsvel measuraments weres
mada on the wastarn sids of the Park, and at locations in the northern
part of the Flathead National Forsst to the weat of tha Park. Duzing a
subsequent monitoring period in July 1981, scund lavel maasurementa wera
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mada at the sama monitoring sitas in PFlathead Naticnal Forast whils a
ssiamic crew using the shalleow shot methed of blasting (buried charges)
wag in tha vicinity. During thia period, monitoring was algo conducted
in tha Halena National ferast where a seismic crew waa using the Modi-
fiad Poultsxr (above ground}! method of blasting. It was planned to use
the data gatherad during the Helena portion of tha gtudy to davelop
projactionn on what the noise impacts on Glacier National Park would be
from abova ground bhlasting activitiss which commonly occur juat outsaide
the Park. This information was to be mada available to the Park Service
and othar federal iand managars for their usa in analyzing tha impacta
of oil and gas exploration activitias,

At ths end of August 1981, tha USEPA Noise Program was abolishad
and tha Regien's Noise Technical Asaiatance Canter was closad. Since
the noise study had net yat hean completed, the data tablaes, tape
recerdings, maps, fiald notes and other matarials amsociated with tha
study were stored at USEPA offices. In the meantima, while both the
USEPA and the USNPS looked for funding to finish the work, exploratien
and devalcpment prassuras on tha Park and nearby Natienal Forasts and
wilae:nea'n areas increassed, with 80 percent of the axploration projects
using the Modified Poulter method. In the aﬁmr of 1984, thae study waa
reoumad with money from USEPA. Engineering-Scienca, Inc., an anvirgon-
montal studiee firm with offices in Denver, Colorado, and Pasadana,
Californiz, was aakad to finish the data analysis and prapars thia
report under the diraction of Mr, Richard £, Burke, with tha asaistanca
of Dr, James D, Poch, Jr., whe had baan Diractor of the Noise Technical
Assistanca Cantar and had lad the monitering effort in 19871,

One of the first tagks involvad in the renawal of the study was to
reanalyza thes 'ta.pe recordings made in 1981 to detarmine if thera had
baen any data loss since 1981. The average differencs latween maximum
blast lavels analyzad in 1984 and thosa analy=zed in 1981 using the same
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tapesa was found to be lesa than one decibel (dB).1 Aftar tha quality of
the tapes was verified, sound levels for the ambient, blaats, and
helicopters ware analyzed in detall. Results of the analysos indicated
that ambient sound levels in tha western mection of the Park whers tha
monitoring was conductad rangad firom 20 to 35 4dBA. Using the propaga~
tion factors and application methods prassnted in this raport for a
ssmple cane, it was estimated that scund levels from above ground hlasts
outaids the Park could raach 60 dBA at a leocation five miles inoida the
Parik boundary, that is, 40 dBA or more above the Park's low background
lavala. Thip oatimate does not includa the additional enhancemant which
oftan resultas during morning hours dus to temperatura inversion condie
tiona, As cbaarved in the Halana National Porast, the suddan onsat of
abova ground blast sounds was startling, and tha sounds ramainod audible
for a reamarkable long langth of time. Tha measursd rata of dacay of the
maximun blaat sound level over time was found to be alower than expected
-~ about § dBA per smacond. Convearsaly, howaver, tha rata of decay of
the maximum blast scund lavela over distance was found to ba greatar
than expectad ~- about 22 dBA par doubling of distance, including
affacts of Iaunonphuric abaorption. Complex terrain and ground covar may

ba factors ralatad to thass findings.

Yhare underground blasting or ground vibration ara used in gaianmic
axploration, helicopters deminats the sound lavals in the wvicinity of
saismic projects and transpertation corridora. Helicoptara produca
sound lavals which could propagata gvar five miles into the Park befora
bacoming inaudible, as shown in the sample analysis, The rate of decay
of maximum helicopter sound levala ovar distance was found to lowar
than axpectad ~- about 2 to 3 dBA per doubling of distance. This result
is due to unknown factora which may include diractivity and cparating
moda of the sound sourca, location of the obasrvers ralative to the

aurrounding tarrain, or metnorological factors. Whan the obsarver is in

1311 sound levals in this raport are measurad in terms of declbalsa,

elthar A-weighted (dBA) or unweightsd (dB). If the lavels are averagad
on a legrythmic or anargy bas=is, they are raferrad to as avarade
levals, If they aras averaged on a atatistical or arithmatic haasls,
thay are raferrad to as arithmatic avarage lavels,
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a vallay and a hslicopter passes averhsad, audibility wasa found to be
limitad to tha time whon the helicoptar is within line of gight, Que to
the barrier affact of the intarvening mountains.

It should ba notad that thea propagation modals davalopsd and usad
in example astimatas in this study ara hasad upon very limited fiesld
data. Additional measuremonts made undar dJdifferent meteorologlcal,
tarrain, or aocurce/racaiver conditions may yield diffarsnt reaults,
Thesa findinga should tharafors only be considered as praliminazy until
they hava baen validatad by further atudy.

In the f£inal saction of tha raport, gpecifiec recommendationa for
further atudy are prasented. They include tha need for: additiocnal
analyais of tha propagation ¢f sound lavalas in the viecinity of Glacier
National Park; =refined acoustic wmoasuramentsz of peisnic eoxploration
asund sources at particular acurce/receptor locations and under worst
cape mataorological conditions; a study of the reactions of Park uasaers
and residents to sounds produced by seianmic activitiss; documantation of
the raaction of grizzly bears and othar animala to above ground blasts;
centralized collecticn of information on existing and proposed seismic
project locations and oparation matheods; development of a computer model
for projecting asound lavels and distances of audibility for futurs
projecta; gimplication of tha model for use with a hand calculater as an
initial screening tool prior to the anvironmental assagament ataga of a
projact; and finally, a atudy of the acund lavela produced by oil and
gas axtraction and processing activitiea, which are longar torn activi-
ties whooa impacts ars not addrensed in this repeort.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

This report concerns sound lavels measured in Flathoad National
Forast, Glacier Naticnal Park and Halena Naticnal Forast, located in
northwestarn Montana (Figure 1). During the summer of 1981, the U.S.
National Park Servica (USNPS) raquastad gound laval monitoring asspis-
tance frfom the U.S. Environmental Protaction Agancy (USEPA) Region VIII
Noise Office. Tha Park Service, charged with tha responsibility of
prasaerving Glaciar National Park unimpaired for futurs genaerationa, was
cancernad about the possible nolse impacts of the oil and gas axplora-
tion activitiea which wara c¢ccuring cutaide the Park (aee Appandix A.1}.
The spacial nature of the acouatic environmént of ths Park, tha unique
rasearch and recrasational opportunities offarad in the Pazk, and the
sansitive wildlifs populaticns which inhakit the Park wara all factors
which suggestad the importance of documenting axiating sound levels and
gathering new data on the sound lavals from blaating, heliceptars and
ralatad operations near the Park.

In gesponsa to the Park Sarvice's raqueat, ataff from USEPA and the
USEPA's Nolse Tachnical Assistance Center at the University of Colorade
at Boulder bagan a sound lavel nmenitoring study in Glacier National Park
and the Flathoad and Halena Naticnal Forasts. In Juns 1981, baseline
ambient sound laval measursmants wera made on the wastarn side of tha
Park, and at locationa in the northarn part of the Plathead National
Foreat to tha wast of the Park. During a submagquent monitering period
in July 1981, sound lgvel maasuraments ware made again in Flathead while
a asizmic crew using the shallaw shot mathod of blaating (buriaed
charges) was in the vwicinity. During this same perlicd, monitoring was
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alae conductsad in ths Helana National Forast wheres a asismic crew was
using the Modified Poultar (above ground) method of bhlasting., It was
plannad to use tha data gatharad during ths Halena portion of tha study
to davalop prnjeciions on what the noisa impacts would be from above
ground blasting which occurs cutsida the Park. This information was to
ba made avallabla to the Park Service and other fedaral land managers
for their use in analyzing tha impacts from oil and gas exloration
activities. )

1.2 PURPOSE

The primary purposes of this study are to describe the ambient
gound levels measured on the weatarn side of Glaciar National Park, to
report the gsound lavels from oil and gas activitien in the Flathead and
Helena Rational PForests, and to devalop estimating procedures for
predicting sound propagation from thome axploration activities for usa
in futura inpact assaasmants. Racreatiocnal unaes and grizzly bear
habitats and movemaents in and near the Park are alao asummarizad, The
report providesn a praliminary methed t’or eptimating haow aound lavals
from axploration might propagata from the Pl..athaad Natienal Foraat into
Glacier National ¥Park, and illustratas the method with an example.
Finally, tha raport suggesta how tha accuracy of tha findings prezsentad
might ba improved with further atudy.

After tho rafersnca sacticn (Chaptar 9), appendices ace provided at
ths end of the raeport which contain furthar detalls on the location of
axisting and plannad exploration activitics near Glacier Natienal Park,
o daseription of exploration msthods, supporting sound lsval and metaor~
ologlcal data, and other information partinent to the inveatigation. A
glossary of acoustical terms usad in the text is includsd after the
appandices.

1.3 REPORT SCOPE LIMITATIONS

It 43 hoped that the data and the mathodologies prassntad hers will
ba usaful as firat ataps in the assgssament of the acoustic impacts of
saiaumic axploration activities. U.S8. National Park Service decialon

R 111 3
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makars, othar faderal land managsra, racrsation and acoustic smpacial=-
ists, wildlife bilolcogists and others may wish to use this rasearch to
help in their assssament of impacts on sanaitive recreaticnal, wesearch
and wildlife uses of the Park; however, usars of this raport should take
into account its limitations. Particular caution sheuld ba axercissd in
applying the measured data and the apecific asound propagation entimitas
for Glaciar Natiocnal Park to projecta in othsr locations whare wind
conditions, temparature gradiente, terrain and oparational conditiona
ara Adiffarent than those avaluatad hare. Evan within the area avaluatad
in thia study, farther collection and analysis of data under a varisty
aof mateorological and oparational conditions is warranted to verify the
assunpticns and methodologies used. The atap=by-step procedure for
pradicting gound level propagation requires additional teating, and
bread application of the method ia not recommendad at this tima,
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CHAPTER 2

BACKGROUND ON FLATHEAR/GTACIER MEASUREMENTS

2.1 EXPLORATION ACTIVITY

A great deal of seismic exploration for oil and gas resourcas takes
place in the area of study. Typlcal obiectives of thase seismic axplor-
ations ara (U.5. Forast Service 1980}):

1.

2‘

To gather soismic data of sufficient datail and precision to
parmit an analysis of the subsurface geologic structure along
the 1lines of survey, and to datermine arsas whera gaclogic
charactaristice are faveorable for tha accumulation and

_entrapmant of oil and natural gas.

To gather salamic data which will permit a bettar interprata-
tion of tha ragicnal gaology, and improve knowledga of the
gaologie evolution of tha Northern Montana Ovarthrust Belt,
vhaera thage resources arasa known to exiat,

various mathoeds may be used in selsmic axploration (2aa Appendix

A for explanationa of thase zethods). They include:

R 1M

1. Dasep shot

2. WVibrcselas

3, Portadrill {(shallow shot)
4, Surfacs Charge

5. Modifiod Poulter Msthod
6, Cora Drilling

7. Rotary Drilling

8. Thumpayr Masthod

9. Dinozeisa
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Tha mathed usad meat oftan (80 to 90 percent) by axploration taams
in Plathead and Lawis and Clark National Forasta is the abova-ground
blasting tachnique known as the Modifiad Poulter mathod (Strathy 1984).
This omethod is the noisiast mathed of thosa shewn, and i3 discussed in
datail in Chapter 3., It is the mathod prafarrad by oexploration
companies in ruggad tarrain.

A_J.though it is used infredquently (cne par year or laesa), ths mathod
ugad during the pariod when noiss measursments wara taken in Flathead
National Foreat was the portadrsill methed (U.S, Poreat Service 1980).
This method uses amall, halicopter~portable drilla capable of drilling a
3~ to {~inch diameter hola (callad a ashot hola) to a dopth of 10 to 20
faet. Bach drill isg driven by a gasoline angine and fitted with an air
comprensor vhich 4is used to blow tho drill cuttinga (rock chips and

dust) out of the hola.

Tha ahot holas ara typically lcadad with a 3= to Sepound charge of
dynanite fittad with an alsctric ¢ap. The hola is backfilled to the
surfaca with drill cuttings and gravel if necassary. Shot holes ars
typically drilled avery 330 feat aleng tha seismic lina, which providas
axactly 16 holes par mila, .

Ton portadrills, each with a 3-person crew, ars usually naaded.
T™wo helicopters mova tha portadsilils along tha seismic line; cach
‘portadrill being movad ahead in leapfirog fashion from the moat racently
completad hole to a new shot hola at the front of the seismic line,
Eagch helicoptar pasmas a givan peint along tha line at least five timoa,
typieally at an altituda of about 400 feet (Kiafar 1984a). Halicopters
also transport the 30-person drilling crew to and from non-vwildarnsas
base camps. Such tripa ara normally flown at an altitude of about 1,000
faat (Kiaefar 1984a).

The apaad of holicoptors usaed in explaration dapends on their
activity (Kiefar 1984a):
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Funstion Spaad (knota)

Carrying equipnent 0«60
Working at the saiasmic line 0-30
ttnloadad ‘Ovar 60
Carrying pacple only 60-110

Typea of halicoptars which hava bean uged include Loma, A-Star,
Twin Star, Hughas 500, Beall L3, and Bell 206 Jat Rangar. The Loma
holicoptar waa used during the activity measursd in Flathead National

Forasat,.

On a4 large project, the peortadeill msthod raguires about 31 to 4
montha for drilling and loading shot holes (Strathy 1984). After a zet
of shot holes have bean drilled, a 25-~porson saismic c¢raw, using two
halicoptera, passes along the seismic line at a rats of about 1 to 3
milas par weak, loading and detonating the pubsurfaca charges and
racording tha saiamic data in the racording modula. It takes an extra
menth beyend tha time whan the last hole is drilled for a ssismic f£iald
crew to cempleta this work., Thug, a total of about 4-1/2 nonthe ara
neaded to completa a larga portadrill ssismic exploration program.
Sound levela from tha portadrill methoed ware not maasurad in thia
survay, howavar, sound from helicopters was measurad, as dascribed in
Chapter 4.

During the 3~ to 4-month drilling pericd, scund lavels incraase
during daytims hours in the local arsa of each shot hole dues to drill-
ing, vahicla traval, and other craw activities, and ovar a widar aroa
dua to helicopter traffic to and from the site. During the underground
doténation pariod, asound lavals incroass in each local araa momantarily
during the blaste, and over a wide arsa due to helicopter traffic.
During the antira poriod, sound lavels are increasad in the vicinity of
the bane camp due %o hslicoptar traffic, wvehiclas, and mimcallansocus
camp activitiaas,
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2,2 SITE DESCRIPTION

Tha following description of the physical charactaristica of the
Flathead/Glacier measurasmant sita aresa is primarily basad upon informa-
tion prasaontod in previocus anvironmental aasassments of the azes (U.S.
Forast Service 1980, U.S. National Park Servicae 1983).

Toapugraphy

The scanery of tha Flathead National Forast is spactacular and full
of phyaical variety. Daep vallaya eroded by astreams and sculpted by
glaciers result in narrow ridges and steap valleys. Thera are broad
expansas of alpine and aubalpina country with perennial snowfialds,
sparse vagatation, and steep and rocky tarrain. Intsarsparsed ara many
broad mountain valleys with mome heavy stands of timbar and acattaraed
mountain meadows.

Tha mountain ranges on both the Flathead and Glacier sidaa of the
North Fork of the Flathsad River contain ridges which run east~want,
Drainage winds, which occur during avening and aarly morning hours aa a

, resylt of djurnal temperatura changes, follaw this sagt-wast pattarn.

As a consoquence, early morning sounds gonarated in Flatheoad National
Forast are often channslad toward Glacier National Fark.

Weather

Wind direction during most daytime summer time pericds is from the
gouthwest (Glacier National Park 1980), This condition tands to anhance
sound level propagation from blasting activities in Flathead National.
Porest toward observera in Glacier National Park,

Maxisum temparaturas occasicnally reach 90+F in the vallsy of the
North Fork, but generally range from about &5*F to 75*F during the
exploraticon season. Minimum temperatures ganerally rangs from 30°F to
A5¢F during thia pariod.

Selamic exploration activity ia halted during pericda of thundar-
storm activity and excassive winda, aince helicopters cannot operata

under these conditions.
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Vagatation

The wvagataticn in the Flathead Hational Forast varias greatly.
Where tha tarrain is dominated by stsep rocky ridges and narrow vallays,
tha landscape is sparsely forostad. Much of the lower landa ars heavily
forastad, whils at the upper slesvations subalpine vegetation dominatss.
Larch, Douglas f£ir, and subalpine fir dotiinate the alopas, while in the
bottom lands spruce and ponderosa pine are found.

Thraatanad and Endangsrad Spacies

Species protectad by tho Endangered Spacies Act of 1973 which ars
knawn to inhabit the arsa incilude the grizzly bear, tha gray wolf, the
bald sagla, and the peregrine falcon. Somo of ths general affects of
oil and gaa exploration activities on thease wildlifa ara discusped in
Sections 6.1 and 6.2.

2.1 MEASUREMENT PROCEDURE

Maasuramsnt S{tam

Sound measuremant aites wera sslectad at 17 locationa in Flathead
National Porest and Glaciar National Park (figure 2)., Aftar tha mea-
suremant tapes wars played back, it was verified that none of the sites
galected was affsctad by other sound=genarating activitiea such as
legging or highway traffie. Tha measurament sitas comprised three
groupa.

Sitas 1 through 5, Five sites in Plathead Hational Foreat were
salectad for continuous scund lavel measurament, cftsar consultation with
Professor Charles Jonkal of tha Undivarsity of Montana and two of his
atudants, Dr, Chris Servhean and Mr. Bruce MclIntosh. Thasa threa
biologists wore knowladgsable about areas rapresentativa of bear habita-
tion, ainca thay had baean invalw'rad in trapping grizzly blears in the
Flathead National Farast, placing radio collarg on the bears, and
tracking the bears by radic as tha bears moved about thair habitat. tThe
fiva sites salactad in Flathead ara identified asa Sites 1 through 5 in
Pigure 2.
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Sitesa 6 through 10. Thase five sites ware locatad in Glaciasr
National Park. Tape recordings of about 30 minutes duration ware madas

at sach aita to characterize ambiant conditiona in the Park. In
addition, aoma 24~hour ascund level measursments wers mada. HNo audible

or visual ohservations ware made from thesa aites of oil/gaa exploration

activitias,

Sitea 1) through 17. Special tapa racordings and maximum scund

laval ;eadtnqn vwarae made at thess sites on days when axploration active
ity was taking placa to aasoss halicepter flyovars near Hernet Mountain
{FPigure 2). Theae helicopter operations wara obsarved to involve
tranaportaticn of saalamic taat _cqu.tpmnt and other mataerial used in the

axploration projact.

Equipmont

Scund measurament equipment usad at the Flathead/Glaclar aitas
includad six Digital Acousticas Company community noisa analyzers, and
various Ganeral Radio pracision sound lavel matara, Nagra and Uher tapa
racordaers, aling paychrome tars, Dwyer wind gaugea, and portable twao-way
radioca. A dotailed list of equipmant system éomponenta uyaad in the

praéram iz inecluded in Appendix C.

Fiva of tha Digital Acoustica analyzers wars sat up at Sitas 1
through § in Flathaad National Forest. They operatad continucusly feor
approximately ona waek, printing on paper tape a zrunaing summary of
aound lavel measuraments. A sixth Digital Acoustica analyzer was
deployad at soms of tha other sitags for shorter paricdas of time. The
Genaral Radio precision sound lavel matars wers tged at Sites 6 through
17, soma with tape racordars, The recordings were analyzad within a faw
days by playing theam through one of the nix Digital Accustica analyzars.
Windscrecns wers used on all microphones to minimiza interfarance with

the measurements by wind and insects.
Maagurament Procadurs

Maasuramanta ware made over two separate one-wask pariodas. From
Juna 26 to July 2, no axploraticn activity was taking place. Thage
meagurenentsa ars termad "ambiant"” measuremanta in this repor:. Two to
three weaksa latser, f£rom July 19 to July 25, the same aites wera rea-
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visitad, and aince exploration activity was observed during tha measure-
ment period, thase meaguramenta are tarmed “axploration measuremants."

Usually, at tha beginnil}g and end of each sound laval measurement
period, dry buld temparaturs and wat buld temperature wara masagurad for
subgaquant determinaticn of relativa humidity, and wind speed was noted.
The person making tha tapa raceording alse kapt a log in which distinc-
tive sounda wara identified and correlated pracissly with tima, Cali-
bratien of the systeom was ansurad by recording a calibration tone on
each tapa.

To moasure sound lovels from halicopters used in tha saeismic
exploration affort, tape recordinga ware made on Horpet Lookout near
Site 3 and in tho wvalleys on aither sida of tha Lookout. Sound lavels
from haliceptars wera measured aa they transported workars, equipment,
and suppliea to drilling and blasting onitaa in the Naticnal Foraat.
Helicopters wera also used to mova drilling rigs from ona site to tha
next, whare a few trasa had baan fallad to maka room for tha drilling
activity. A helicoptsr was also ussd to nove the data proceasing
cantar, which racorded ths saismic wava data racaivaed by tha geophones
arranged along the aseismic exploration line, A ﬁrga portion of this
halicopter traffic wags obaarved and meaaured.

The Digital Acountice community noise analyzers wera all programmad
to measure significant sounds from helicopters and othar oingle avents
associated with saigmie axploration. One of tha programoing options
invelves astablishing a thresheld and a tima interval abeve the thresh-
old, An avent muat axcaed the thrashold and remain above it for tha
established time interval to be idantified on tha papar tape racord.
This option was smployad ugsing thresholda from 65 to 75 4B, and a 10«
gacond minimum duration. A significant incresasa in tha number of such
avents was noticed from the firat msasuramsnt period to the sacond,

particularly at Sita 2,

Batween tha firat and sacond visita, the amount of water flowing in
the creeks of the Flathead National Forest diminished greatly. Soma
craaek beds which had contained rushing atreams dwindled to barely a
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trickle. This c¢hanga produced a markead dscrease in indigenous sound

laovala at sevaral of tha sites, as noted in Chaptar 4.

In addicion to tapa recordingm at most of Sitea 6 through 17, tape
racardings were also made at Sites 1 and 2 whare the Digital Accusticas
conmunity neoissa analyzasra ware deployad. Thasa briaf racordings,
ugually 10 to 15 minutes in duration, wara intendad to ba used for
octave band analysis of indigencus sounds,

Data Reduction

Aftar the measureamants wera complated, the rocorded data were
raduced using a Digital Acoustica analyzar. Statistical levelsn, qu,

1'J:mx ' I‘min

tabulated and atorad for later use. In Octobar 1984, thess tabulated
data wers entared onto an 1IBEM porsonal computer (PC), With tha uase of
the Lotus 1-2-3 software, the data wora lnput onte tha PC's spraad sheat
and ratained on diskettas in the form ashown in Appandix O, Ths compu~
terizad data were categerized according to the ssquenca of the original
1981 tables and aite numbers, as shown by the axample cutput in Table 1.
Copian of ths dinkettan have baoen provided to USEPA.

Each computer table indicatas acund source msasurad, the maasura«
ment armsa, the sits numbar, data, hour, type of msasursnant, mataorol-
agical factors, and system of equipment used, In tha exampla shown, "F¥
indicatan the measurements wore made in FPlathead National Forest and "A'"
indicates ambient sounda ware wmeasured, Al output waa checked for
accuracy and ravised accordingly.

Valuas in tha computer tablas waere usad to generats plets. For
inatance, the 7‘50 sound leval during hour 1100-1200 can be plocted for
daya 7/19 through 7/25 by rsading the valua in the Lgp column and tha
1100-1200 hours row in Tablas 60«65 (Appandix D).
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TABLE 1. SAMPLE MEASUREMENT DATA TABLE

LEVEL (abA)
MET

i g, g o o

870 T H W
HOURE Leg L,01 L.3 L1 LY L10 L33 LSO L90 L99 Lmw Lun DEV (F) (X) (V)

m=-De

Sl AT 44 Ad Ah A4 A3 A BT AD 0.0
A0 AN A4 A4 A A3 4D AT 44 AR Ou b
AN A4 A4 MY AT AT AD AT A0 4B 0.3
AR AD  AD A4 A4 A4 43 A3 J0 43 0.0
B3 AR A4 A 44 A4 A3 AT B4 43 0.8
B AN A4 A4 AN A4 A3 A T3 A3 0.8
G2 A3 A4 A% AV 44 4D AT 88 AR 0.6
49  AD 47 A7 AT AZ A3 AR 53 42 1.4
43 AG A0 AS A4 A4 A3 AR G7 AL 0.9
A0 4% AT A3 A2 42 AZ AL 87 M 0.0
S7 A9 A6 A0 A3 AD 42 AR &8 a1 é-;
B2 47 AT 44 AJ 43 A3 A2 N0 A2 0.8
0 63 HR M 43 42 A2 4R B2 4 Q9
70 36 33 A0 AG A A4 A3 76 A2 2.8
A AT AL 4% A3 A3 A A2 SR 42 0.8

48 A6 48 45 A4 43 A3 A3 51 A2 0.8
B4 A3 A3 A3 A2 A Ad 42 &7 42 0.6
A7 A4 A2 A3 AT AT 41 K1 50 AR 0.3
A0 A7 AT A3 A4 A3 A3 M1 853 A2 1.1
64 AS A4 44 43 A3 A3 A3 7D 42 1.1
AL AT 44 A% A1 A3 A3 42 B2 42 0.8

6787 0100-0200 A4
6/27 0200-0300 A4
G/87 0300-0400 44
6787 0A00-08000 A4
G787 ONO0-0LOO A4
&/87 06O0O-0700 A4
&/27 0700-0800 44
G787 0800-0900 Ab
6/27 0900-1000 44
6727 1000-1100 43
6787 L100-1R00 44
6/27 1200-1300 4D
G/87 1300-4400 44
G/27 1400~1300 04
A/87 1R00-1600 90
6787 1600~1700 44
G/27 1700-1H00 44
6727 1000~1900 44
&6/27 1300-2000 A%
G/87 E000-2100 A4
6727 2100-2200 44
6/27 2200-2300 46
6727 BADO-0000 44

P F Y 3 B 32 EY ENIINDE NN
L0 20 IO N I I B O I O I O B I BN BRI O}
L I I I O I O T O T IO I A I
UUUUBEUCUHUUEBEBUUEUUBE h-Eo R =~1 ]

FULEREN LA LA NS B E LN MY
-
-~
%
"
1]
o
-
-]
>
2]
&
[7]
L 4
L ]
-»
-
al
»>
F 3
"

BOURCE ARER METEOROLOOY
A — AMDIENT F ~ FLATHEAD NATIONAL FOREBT T = TEMPERATURE
E - EXPLORATION G ~ GLACIER NATIONAL PANK H ~ RELATIVE HUMIDITY .
= « NO DATA H ~ HELENA NATIONAL FOREST H - WIND 8PEED

EQUIPMENT SYBTENS A-0 (BEE APPENDIX)




CHAPTER 13

BACKGROUND ON HELENAR MEASUREMENTS

3.1 EXPLORATION ACTIVITY

The oil/qas exploraticn mathod used during the 1981 noise umtasura=
manta in the Helona Natienal Forasat was the Modified Poultar Mathed.
This method (National Park Servica, no data) typlcally consiats of
datonating a serles of SO0-pound shota of explosivas at shotpoints
located at 330~foot intarvala along the aeismic line. Each shot uaually
consists of 8 to 10 individual S-pound charges of explosive, sach
afifixad to a weoden lath so that the explosiva ig suapandad about 30 to
36 inches above the ground., For each ashotpoint, tha chargas ares dia-
tritutad evenly ovar a 165-foot intezval of the aeismic lina, that la,
the chargns ara separatad by 16 to 20 faef. Primacord ia psuspanded
botwean tham and attached to an slactric blasting cap and shooting wirs.
The individual chargas e¢xploda agquentially, aeparated by millissconds,
ag the ignition point travela down the primacord. No live shots arze
laft unattanded and at least four people ars positicnad around each shot
to ensure tha safaty of forast usara and forest animals.

Inplsmentation of this method normally ragquiras 29 peopla: 4
survayors, 3 for checking for firea, and 22 for layout, ahooting, and
plckup. The czow is responsible for laying cut tha seismie cabla and
geophonas; aatting up and detonating tha shot; recording tha aelamic
data; picking up ail cabla, flagging, and debris; and monitoring for
safaty and firs hazarnd,

" mypically, two helicoptars provide dally transportation of the crew
from nonwildarnoss campsitea to and from the seismic lins, and transport
egquipnent and supplies aleng the gaismic line. One helicoptar mst be
capable of moving tha recording modula which has a gross waight of 1,100

R 111 15

~y

[



[

o

“

Y

pounds. This recording module is movad foxrward in leapfrog fashion

along tha seiamic line avary one to three daya,

Onca the racording modula is lowarad to the ground in a natural
clearing along the saismic line, the seismic cables ara attached. Undar
favorable conditions saismic exploration can ba conductad for a distance
of up to five milas on aithar side of the recording module befora the
module must be moved.

When tha helicopters are transporting the recording module and
farrying other pleces of equipmant along the seismic lina, they f£fly at
an altitude of akout 400 feet {Xiafer 1984a). Thie altituda allovs a
piaca of aquipment hanging on 150 faet of cabls below the halicoptar to
clear a 100-foot tall stand of traas by 150 faet. When a halicoptar ias
taking passgaongera on longer flighta, auch as to and from the basa camp,
it flies at a higher speud and at an aléitudn of about 1,000 faot.

3.2 SITE DESCRIPTION

The following site deacription primarily inciludas sumzmarized
infornation from the Helana National Foreat Land and Reasurce Managaement
Plan, Draft Eavironmental Impact Statsment (0.5, Foraat Service 1985).

Topography

Tha Helana National Porast contains about 975,000 acraes. It
atraddles the Continental Divida and ancompasszes headwatara of both the
Missouri and Columbia River systems. The Forest axtands east from the
edge of tha opan grasaland country in the uppar reachea of tha Big and
Littla Blackfoot drainagea to the mora arid opan grasslands of tha
Missouri drainages.

Elsvations range from about 3,500 faat along tha Miasouri River
shora, to aaveral paaks over 9,000 fest. Gonarally, the low elavation
along the Foraat boundary ranges from 5,000 to 5,500 faat and normal
ridgotop elavations razaly axceading 8,000 feat. Most of the forant is
on slopes of 40 parcent or less, although ona«third of the land is 40 to
60 parcent slopa, and 3 parcant i1s ovar 60 percent u:!.ops.l
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Climatae

The Helana Natiocnal Forast has a continental type climata which
axhibits large variationa in tamparature and pracipitation. Temparas=
turas range from above 90°F in the summar to well below O0*F in the
wintar. Tho coldest temperatura aver rscorded in the lowar 48 atatas
{«70°F) ocecurrad nsar Rogurs Pasa on tha Helapa Forast in 1952.

This variation ia typical of the Northern Rocky Mountain Region,
- with brief pariods of axtrames on either end of the tamparatura acals.
Haavy precipitation is found on tha wast slopes of the Continantal
Divide == up to 60 Anches annually -~ as compazed to 10 to 12 inches of
moistura for portiona of the Dig Balt Mountains., Much of tha Foreat is
ralativaly dry, with vagetation being slow to racovar from impacts of
heavy use by man and animals.

Vagatation

the Forast exhibits a wida ranga of vagatative covar. On eaatarn
glopes, rolling grassland is interspersed with timber patches at the
lowar alavatione, progressing to mors solid timber on the etsaper aiddle
and upper slopaa, and %o subalpine typea or, bara ridgee in the highsr
alavations., Tha ragicn ia mors hsavily timberad on alopes wagt of tha
Divicda,

Approximataly 80 percent of the Helena National Forast has some
degrae of timber covar, Abcut 75 parcent of thia is suitable commezrcial
timberland, capable of producing 20 cukic feat per acre per yaar or
mora. The nonforestad portiona of the Helana ara divided roughly into
tha following catagories:

Meadows, grasslands and brush 83,000 aczres
Rock and scrae §5,000 acrus
Open watar and aquatic 2,500 acren
Alpine and harran 1,800 acrasa

Within the forastad portions of the Poreat, the moat commen ground
covar specias ars beargrasa, pinagrass, twinflower, snowbearry, huckle-
barry, rough flescue, grousa whortlaberry, bluebunch wheaatgrass, white-
bark pine, and menziasia.
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3.3 MEASUREMENT PROCEDURE

Moamuramant Sitan

Tha aound loval measuraments in the Halena Naticnal Foraat ware
made on July 16, 1981, a sunny day with nagligibls surface wind, along
the saismic exploration line at a location arranged by the National
Forast Servica. Figura 3 shovs moaaurement aites 18, 19, 20, and 21,
sach ceparatad by 330 feat along the line. Tha wmeasuramants began
befors noon and lasted until about 5:30 p.m.

Bafore ths scund measuremant period began, the seismic axploration
crew had alraady lajid ocut cables along the axploraticn line with geo=
phones and communication plugs located avary 165 faet. Each auch
gecphona location was identifiied with a number, such as 107%, indicating
1,079 intarvals of 168 feat from some refarance point. The gaophona
lacations wara nuabered sequentially, and each carried a clearly vizible

flag bearing its nunbkar.

Tha blaats bagan aeast of tha sound meagurament aquipmant,
approached the aquipment poaitions, omitted saveral gaophone locationa
in their iomediata vicinity, and continued toward the west as the day,
concludad., The flald bearing of the seisnmic line was 240 dagreos. It
crossad Cabin Guleh Road 4231 at a diastance of 8.1 miles from the paved
highway. The aound measurement sites ware at the intersaction of tha
saismic 1line and Cabin Gulch Road 423, whera the latter had a field
boaring of 300 degress. Iwo sound moasurement sitea wers sast of the
road, and two wara to the wast. )

Measuraementa wares taken in an area remote from othar major sourcos
of noisa, such as highway vehicles, aircraft, or camping. Nene of thasa
or othar extranacus zourcas intarfarad with the taps recordings made in

tha arxea.

Equipment

The wselsmic axploration crew allowed tha sound measuremant squip-
mant gparators te liaten in on thair ccmmunicationa, which provided a
fiva- to tan-gecond warning bafore sach blast. Thsa advanea warning
anablad the aquipmant oparators to diasconnact from the communicatien
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systam, turn off thair portable radioc squipment, and activiate tha sound
lavel measuring equipment in time to catch the blast,

Pour gsound measuring systame ware deployed on tha crown of a hill
along a straight lina about 25 faet nozrth of and parallel to the naismic
1lina. Each microphone was approximataly 5 faet above ground laval.
Each agyatam was oparatad with flat weighting, fast responsa, and was
racalibrated approximataly onca each hour. Tha calibration adjustmanta

ware genarally less than one dacibel.

The first system, a Digital Acoustics community noise analyzar, was
placed gpposita gacphona location 1082. The second oystam, a GenRad
Model 1982 precision socund laval meter, was placed cpposita gacphone
location 1084 {165 feet x 2 = 330 feet from the first system). The
third gyatam, a GenRad Model 1988 pracisicn sound lavel metar/Nagzra
Modal IV D tape racordar, waa placed opposita gaophona location 1086,
The fourth syatam, a GonRad Model 1933 precision sound leval metar/Nagra
IV ST tapa recordar, was placed oppesite gacphone location 1088,

The thizrd and fourth systems have a ranga salactor on tha sound
lovel mater which affecta tha voltaga tranamitted to thae tapa racorder.
In addition, each tape recordar has an inpu:' attanuation selactor. The
Nagra IVSJ, a twe channel racorder, has two such input attanuation

selectora, ona for each channel. By adjuating tha scund lavel mater.

ranga salactor and tha tapa recorder input channel attanuation salecs
tors, one channal was usually able to record tha proper signal to noise
ratio without saturation.

Moanurad Evants

The axploration crew in tha fiald atatad that aach blaat wasa
produced in tha following way. First, aeight atakas ware drivean into tha
ground along a straight line parallel to the maismic line, 50 to 75 faat
from it, and centarad on a gacphone, Tha line of astakan sxtendad about
100 feoat with 5 pounds of dynamite on each staks, Bach charge was
approximataly 4 feat above ground. It ia not known whether any detona-
tion delays wars used,

The saismic crew refarrad to each blast by the numbar of the

adjacant gaophone. Thus, from monitoring. their communications, the
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geophone location of sach blast was known, and hence ita diatance from
each of the sound level measuring systams could ba detarnmined.

The ocbsarveras stationad 825 to 5,280 faet from the blasts noticad
that each blast had a shagp, atartling, loud charactsr. Thay also
noticad each blast was audible a surprisingly long duration (8 to 14
seconds). Bacauss of shielding by tarrain and atmospherle propagation
factors, variationa in I‘mx of 10 to 20 decibala {for the same blaat)
among the measuring sitas ware coxmon, aven though the saparation
betwaeen obsarvation sitas was a maximum of 990 faat,

This saismic expleration activity alsc used a helicoptar. It £law
low and producad correspondingly high acund lavals which wers tape
recorded. The type of helicopter fiown during the measuramenta is not

known.,

Cate Reduction

After the measurements wera completed, the recorded data was
raducad ae dagcribed in Chapter 2. The computarized data were cata=
gorized in tha same manner as the Flathead/Glaciasr data, as ahown by the
axapple output in Tabla 2. All ocutput wnl.l.checkad for accuracy and

ravisad accordingly.
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TABLE 2. SAMPLE MEASUREMENT DATA TABLE

- Halena

Helicoptar Sound levels

HELICQPTER OCTAVE BAND LEVELS 8178 a1 (Helwna Natianal Forsst)

July 16, 194t Time 1 124543-124733
{Helicopter Passby)

filtar Leg Lma (=1
31.5 &7.8 72.5 ega.5
83 Tied 77,4 60.5
123 64.8 72,3 49.5
230 £3.3 78.9 8.3
500 4.0 77.6 Al
1000 57,3 T0.3 Al A
2000 46.9 91.0 3b.»
#0020 8.2 Hh.d b b
a0c0 8.3 2.8 28.0
16000 ' A7.7 41.3 37.8
All pass 73.: 81.1 E&.6

A=waighted 83.1 76.0 50.93

HELICORTER CCTAVE PAND LEVELS SITE 21 (Welena National Forsot)

July 16, 1881 Timm ¢ 161083-161653
(Helicopter hovaring at 5100 ft. adiscance)

filter ‘Lo Lbx ko Lmean L.O1 L.l L LS L1060 L3O L90
3.8 9.2 64.6 IV.2 %3.2 85 83 ] -3 61 39 a3
&3 4.0 £0,9 37.5 33.0 61 &0 59 =7 =6 3a 42
123 42.0 50.8 23,1 40.3 51 %0 48 46 44 44 34
230 3i.2 38,7 24.4 30.3 39 a7z 35 34 33 30 a7
200 21.9 40,6 £85.2 3J0.9 A1 40 39 36 34 30 28
1000 20.8 317.4 22.4 27.9 38 37 k1) 33 41 a7 28
2000 28.8 A7.85 20.1 22.7 28 &7 26 24 h F+ a1
4000 19.8 RW.7 18,3 19.6 29 2a 23 21 20 19 i8
aooe iG.6 25,6 1S.4 6.2 27 28 19 17 17 i6 i6
16000 13.1 16.3 1&3 13.1 17 i6 14 i3 i3 13 i
All pass 62.4 GRS 41,83 &1.1 &7 (-1 (1] -3 &3 &2 57
A~waightsa 33.0 39.8 27.3 I2.3 40 39 s 36 35 a2 29



CHAPTER 4

MEASUREMENT RESULTS

In this chaptar, the meaauramont data collectad at FPlathead,
Glaciar, and Heleana ara analyzad and important £indings gpummarized,
Results are prasentad nequentially for tha ambient, helicopters, saiasmic
blasta, and other sources of sound.

4,1 AMBIENT SOUND LEVELS

After all tha ambiant sound leval data wers tadulatad from tha
mneagurement results and vearified to be correct, a comprehenaiva atudy of
the rasults was mads. First, for the continuoua measursment sites
(Sitas 1 through 5), the variation of mound lavels over a 24~hour paricd
was examined for days with and without explofation activity. Neticeable
differances waere apparant batween daytime and avaning sound lavals, with
the transition typically occurring arcund the hours of 6:00 a.m. and
11:00 p.m. (8ee data tables in Appandix D). Sound lavels maasured
during the nighttime hours batween 11:00 p.m, and 6:00 a.m. wara
gonerally constant; tharafores, these hours wara choaen aa indicative of
background conditions during the twe moasuroment pariods. Avaragae
nightting sound levels for each day of tha measuremonts axa sahown in
Plgquras 4 through 8, Tha lavels axcoadad ona parcont .ot tha time (I.1J,
tan percant of the time (1.10). and 90 percont of tha time (Lgo) ara
shown, as well aa the energy equivalant laeval “"aq)" These tarma arza
further dascribued in the Glossary.

Sites 1 and 3 had the lowast daytima backgrounad (Lgo) lavals, aa
low as 15 to 25 dBA, Sitea 2, 4 and 5, dominated by the sound of watar
flewing nearby, had thea higheat background lavals, ranging from 35 to 40
dBA.
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Watar Runoff

The sound levels for nighttime hours shown in Pigurea 4 through 8
illustrats the dominance of watar scund lavels at Sites 1, 2, 4, and 5.
Thasa sitss are located closa to Thoma Craek (Sita 1), Trall Cresk (Site
2), and Red Meadow Croek (Sites 4 and 5), Site 3 is located on a
nountain top and, therafora, ias not near running watar,

For the watar-dominatad sitea, a larga diffarance 1s shown in the
figuras betwsan sound lavaels in June and July. Thia diffarence was
found to be directly relatad to the differenca betwaen runoff volumas in
tha two psricds. PFigura 3 showa the mman monthly values of water flow
of the north fork of the Plathead River, maasurad by the U.S, Geolagical
Survey at Columbia I!'an'a. Montana for tha past fiva years (USGS 1984).
The year 1981, when tha noise measuremants wara taken, APpEars to ba a
rolatively high water runcff year, although not the highast in the p&at
fiva years, Figura 10 illustratos water flov levals which have baan
neagurad over the past five yeara during tha June=July paricd (USGS
1984). Again, it is apparent that 1981 was a zralativaly high watar
runeff year for June-July, and the background sound laval measuresants
wara affacted accardingly. N '

The cbasrved influence of watar flow on the msasuramants ig not
indicative of normal ambient conditions axparienced by bears, humang, or
othar spacies in the study area, HRather, an analygis of the data shows
that ambient gsound lavels in tha study area are afifected by spring
runoff during a relatively short perind of time ({April to June), and
within a ralatively short dismtance from major cresks (about 1,000 faat).
During most of the year, and ovar most of tha study area, azbient lavels
ara axpectad to be a3 low as or lower than the lavals indicatad by the
Jitly measursments shewn in Figqures 4 through 8.

To batter dafine the low ambient lavels which occur during the
niddle and later portiong of tha exploration ssason, it ia recoomendad
that additional baselina ambient measuramants be carried out in areas
and during time parioda which are not asignificantly influenced by
running wator.
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Othar Infiuances

Variations ara obsarvad in the nighttime acund leval data presantad
in Figuras 4 through 8 which aras not obviously attributabla to changas
in watar runoff, At Site 3 (Figura 6}, a drop of 20 4B in both avarage
levals (Leq) and atatistical levels (L1. Lige "‘90’ was obgarvad over a
three~day periocd, and a similar rise wss obsarvad over the following
threa daye. Sita 3 is on a mountain top and is, theraefore, heavily
influanced by sounda generatad from greater distances than ara tha othar
sitan, Changes in relative humidity and othar metsorological factors
charactariatic of a frontal syatam moving through the area could hava
contributad to thetieé substantial changas in ambiant sound lavel.

Ambient Octave Band Lavals

Short gegments of tapa recordings made in PFlathead, Glaciaer, and
falena wara analyzed to obtain rapresantative octave band sound prassura
lavela of the ambient environment. These rasultas ars shown in Tabla 3
for 8itea 1, 2, 7, 8, 10, and 21. Thesa valuca are used in Clapter 6 to

eatimate audibility of aexploration nlct!.vity.

4.2 DAYTIME SOUND LEVELS DURING EXPLORATION'

Sound lavals measurad at tha five sites during the daytize explora-
tion activity are shown in Figures 11 through 15. The figuzas show that
tha acund lavals wora highest at all sites on tha sacond day of measura-
mant (July 20}, On thig data, ouch ssismic equipment was being f£lown 4in
:*.o begin ths axploration, and tho equipment was being set up. Lovelas
wara higheat at Site 2, the site nearast the drilling and blanting
activity., Here, daytime I.cq'n axcoadad 52 dB for three days in s row.
These lavals rapresaant a mdjor change in aound environmant, in spita of
the presence of water as a sound source near Site 2, In the remaining
sitas, daytime an'u ranged from 32 to 44 4B indicating that the

axploration activity was audible, but not always dominant,
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TABLE 3. AMBIENT OCTAVE BAND LEVELS

AMBLIENT OCTAVE DAND LEVELS
July &, 1941

fiiser Lag Lan Lkon  Lxsan L.01 L.t
Fiv%-1 39.1 &1.0 28.3 2%.R% 3] a?
&3 40.4 48.1 »0.2 33,8 o4 43
128 AR.9 47,0 MR8 306 40 a6
280 33.9 3%.9% an.4 2z 0 38
%00 T 39.0 1.3 3}9.0 J&.8 s 40
1000 1.4 a2 39.4 37.85 “2 40
1000 39.1 4,9 3%.0 373 L1 0
4000 8.5 A, 34,5 3.0 »3 L
2000 39.7 43.8 33.7 341 ~ LT ]
16000 T 2.1 28.3 2.1 B4, 8 29 28
All pass 80.2 &SR3 49.7 a2 [ &1
Aenmighted 4.0 A7.4 3.9 44,3 a8 Lid

AMBIENT CCTAVE DAND LGVELS 17K 2

July &, 1981

' OBITE 1

(Flathaad Nasiomnal Forasat)

Tima 3 103015~1 10048

Li L3 kIO L3O L%

(Flathmad Nasional Forsat)

Time 1 113523-120123

filser Laq Lo Lo Lemen L. 01 Lei ki L3 [ 1-] LS50 L90
3.8 #0.1 60.3 4.4 10,4 (1) =8 1] AT oR 33 31
63 32.5 S0.6 30.7 10,4 5y o4 a0 as a3 3 F1
1258 %1 I19%.3 83,2 12.» L] 37 e 35 0 29 28
230 Ja,1 0.8 JJ. 4 £0.3 L 1) 37 as! 13 33 Je 31
200 37.7 #1,0 2.2 28,0 ok 40 39 39 38 38 34
1000 J8.1 #1.0 3J7.7 20,2 AR »0 % 29 13 k1] a3
2000 3%3.0 A0.8 IM 8 BN 1 40 37 Je I8 33 az
4000 Ai.0 Ja.6 Jo,.& 244 39 Ja 33 a3 32 0 o8
4000 26.4 37.5 am.0 20.9 3a a7z as 29 27 25 a3
16000 2.5 29.3 2.2 1m0 30 28 26 a3 23 az 13
Al} pass 47.9% 43,8 43,4 3.3 [ 1) (13 1 ak S0 af &3
A=nwighiea .t 6.0 A3.7 31.3 47 L] 43 43 43 a2 39
AMBIENT OCTAVE RAND LEVELE SITE 7 {dlaciar National Park}

July 1, 19341

filter LEq Lmn Lan  Lesan L.O1 L.t
31.5 3.1 33.9 29.4 144 LT3 =2
83 43.2 61,9 27.84 17.4 [+ 61
123 6.7 S3.84 2%.2 17.0 T4 53
a0 27.6 45,7 I8.T 17,4 4k &3
300 #7.7 »1.8 36.% 20.4 A2 40
1000 2.4 40,7 2.4 194 a1 aa
2000 20.9 25.86 19.7 t6.a 36 33
000 3.4 1% 19.4 L4, 40 38
4000 1%.8 28.3 6.0 13,2 19 as
16000C 11.1 24.8 $0.7 10.2 a3 26
All pass 45.86 &:,7 33,1 31.3 62 [ 3]

A-wwighted At.T 48,5 29,9 24,3 &3

Tivm 1 120914=123914

L1 ] Lio LI L9

(continued)
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TABLE 3 (Continued}

AMBIENT OCTAVE BAND LEVELS 8ITE A (Glaciear National Park)
July @, 19481 Time 1 144716-145916

filtar l.mq Lok  Lmn  Lmean L.Q01 L. LI LS Li0 L30 LSO
31.3 332.3 S0.0 294 16.4 S1 s '3} 3a 37 28 ag
63 26.86 #4.4 26.6 15.4 43 LT3 33 33 3a 25 21
12 24,9 A1.1 22.8 13.1 42 as <} 29 =¥ d 23 20
REO 2.8 AR,7T EAN3 14.0 43 33 29 87 28 24 28
300 24,7 AJ.B 24.2 11,4 Ak a7 29 26 2% 24 a8
1000 0.8 33.8 18,9 8.0 a3 an &7 ae 21 18 17
2000 $8.4 2.5 14.0 4,3 36 33 a7 19 17 13 12
4000 18.7 39.6 14,7 LI 40 36 30 R4 i9 12 iR
8000 13.8 36.8 18.3 =4,7 37 1Y a7 19 13 i1 10
18000 Bed 81,6 BB Ah iz 19 18 8 [ 3 L]

All pass 36.8 S1.9 35.1 #R.3 22 AR 43 Al 40 34 31
R=weightad 25.6 47.7 B3.0 11.4 48 “g 33 29 a7 24 a3

AMBIENT OCTAVE BRAND LEVELS a17g 10 (Blacier National Rarik)
July 1, 1904 Tiem 1 142200-143200

filtar Laq Lmn on  Losan L.O1 L. % L3 Li0 LEO L9O
3.3 - 485.3 859.8 3I5.7 23.4 -3 a9 -74 81 50 31 27
&3 39.3 22,0 33.85 29,4 =5 oS4 13 43 &0 3t 29
123 2.3 A8.0 J0.4" B4.4 &7 45 43 a7 33 29 ar
£30 £9.3 A6 26.3 84,4 48 AS 37 3 29 27 26
500 30.9 41,6 30.7 27.4 LT} 29 3h a2 31 30 29
1000 ai.6 43,9 dl.4 29.0 L1} &0 b+ a3 3R a1 30
2000 R7.6 40,9 R7.1 RE.1 L2} 3a 3 29 28 268 28
4000 23,7 42.9 24.1 21.4 [ a1 32 28 27 23 22
£000 21.28 #1.2 19.0 17.8 A 37 a2 22 20 18 17
18000 16.9 2%t 6.7 18.3 28 23 19 18 18 16 15
All pasm A7.2 61.6 42,8 16.3 o 61 8 53 50 39 19

A=-rneiphtad 35.0 43,8 36.8 J2.5 Ah LH a8 36 36 34 33

L99
19

L99

25
27
26
a5
aa
29
a3
21
17
18
15
33

8. 0.

6.0
4.2
2.8
1.9
1.6
2.2
3.1
A, 0
3.‘
1.3
3.6
2.8

8.0

8.9
5.2
2.0
2.0
1.1
1.2
la
2.5
2.5
fad
2.8
i.0

AL L PR R YRR R R R R L RS L R R P R R SRR N T R XL R RS YL I P L L B R S Y RS R LSRR Y )

AMBIENT OCTAVE BAND LEVELS 8ITE 13 {Hulwna National Forast)
July 18, 1981 Time 1 12584%5-12%930
filtar Leg Lx  Lan

3t.8 0.4 63.3 22,3
83 27,0 33.2 2i.i
1238 24.6 34,3 0.4

a%0 8.3 J4.9 22,3 .
00 8.4 3J4.5 g22.2
1000 2.9 Jdd.2 2i.4
2000 2i.2 26.5 19.3
4000 18.4 26.3 ib.4
8000 14.0 21.6 2.4
16000 8.1 10,5 7.4
All pamss 6.0 42,5 J2.85

A~weightad 20.9 38.1 26.%

34
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4.3 HELICOBTERS

Halicoptar sound lavals were measured in both Flathead and Helena
National PForasts, Spectral values for helicoptar f£flybys measured in
Helena ara prasantad in Appendix D. The axact distancas of thesa flybya
ware not known, tharafora, this data wans not analyzed furthar, and data
measured in Flathead was uaad in the following analysis.

Maxigum lavals

Data on helicoptsra at Sitas 11 through 17 in Flathaad wera ool-
lactad at approximately known digtances from the fllight paths. Energy
averagag of tha flat and A-weightad maximun f£lyby levels taken at thasa

aiten ara shown in Tabla 4.

TADLE 4. MAXIMUM HELICOPTER SOUND LEVELS

Slant Distance Nunber of

Site to Halicopter, m Mcasurasonty I‘_E_mx‘ dBA me, ds

Tt 655 17 66.0 -

12 122 1 - 87.9
10 74.0 -
28 * 73.9 -

13 655 11 - 89.4

14 1,310 1 64.2 -

16 1,690 1 69.1 -

17 122 37 76.9 -

Based on thage data, the least squares £it waa obtainad for tha
following relationship betwaan me and distance:

an“ (r) = I‘Max (rc) - A log {r/ro). (1)
where z is tha receptor distancas,
zo is the referenca dintance, chomsen to ba 305 m,
me (ro) ia the maxizum A~waighted leval at the refarence
distanca, found to ba 71.4 dBA.
and A is the apatial attenuation cosfficient, found to be

8.0,
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This relationship indicates that halicoptar noisa decayed at tha
rate of 2.4 dBA per doubling of distance during thesa measuramants.
This low ratas of decay may ba dua to a combination of factoras, inciuding
tha directivity of helicopter aound and the vallay-like location of the

meaguremant sites.

Oetave Band Lavels

In order to ba able to estimata how halicoptsr sound levels are
attanuatad ovar distance from the maximum levels given abova, the
spsctral shapa of thn helicoptsr sound was analyzed, PFirat, for tan
flybya at Sitas 11, the maximum unwaightad laval in asach occtava band
which occurrad during tha avant, me(oct). was tabulatad. Then,  the
overall maximum sound prasaure loval, I nax (the result of adding all the
octava band lavels togethar), waa subtracted from each of tha occtave
band levals. These results are shoewn in Table 5., Since tha overall
lavel is higher than tha octave band lavein, the diffarences is a

nagative number.

Tha arithmatically avaraged spectral shapa shown in tha tabls
indicates that unweightad halicoptar scund lavela are highu't at the
loewer fraquenciea (31.5 to 125 Hz); that ia,' tha diffarenca betwaan tha
maximum octave band lavel and tha maximum ovarall lavel ia thae asmallest,
Corraspendingly, the scund lavela at the higher frequancies (1,000 to
2,000 Hz) are low. 3ince gound at lowar frequencias is attonuated lass
by the atmosphare and other factors than scund at higher fraquencies,
the dominanca of the low frequancy helicopter sound will increasa beyond
what iz shown in the table at greater distances from the helicopter.
Methoda for estimating this attentuation at larger diatances arge

provided in Chaptar 6.

4.4 BLASTS

Maximum Lavels

Maximum sound levals £or blasta measurad in Helana ars listad in
Table 6 for each of tha four measursment stations. Blasta wers rspeated
at some of tha shot points, and sound lavel resadings for thase replica-

tions wara found to be similar.
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TABLE 5.

Site 1! Halicopter Ovarflighe

HELICOPTER OCTAVE BAND LEVELS

Time 31.5Hz 63 Hz 125Rz 250 Hz 500 Hz 1000 Hz 2000 Hz
1:04 =7.0 -8.7 -9.8 =9.7 -1.7 ~8.0 =16.0
2:10 . -3.4 -4.6 -6.8 “6.4 ~7.6  =12.2 <25.5
3129 -8.0  =11.7 =9.0  ~11.8 ~5.4 -9.8 -21.5%
4:41 -4.7 -6.1 «5.,0 =5.3 ~1.3 2.3 «17.5
6:48 6.3 =11.6 -2.0 -8.5  =12.4  =13.1 27.8
8100 -6.7  =12.3 ~13.4 =16.0  =14.9  =17.8 =31.1
9:32 -8.8 -9,0 -3.2 ~5.2 7.1 -8.6 =20.2
14116 -3.4  -12.8 ~4,8 =8.7  ~12,8 =15.4 «29.6
15:19 -9.8  =10.9 -6.4 =9.2  «10.7  «11.9 «26.4
16:17 8.4 =11.9 -4.9  ~10.5 ~5.3  «10.5 -23.3
Arithmetic
Avarage =6.7  =10.0 ~6.5 ~9.1 ~8.0  =~11,0 ~23.9
Standard )

Daviation 2.2 2.8 3.4 3.2 4.6 4.3 5.1
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Shot
Paint

1069
1070
107
1072

1073
1074
1078
1076
1077

1096
1097

1098

1099
1100
110
1102
1103

1096

1097

TABLE 6.

MAXIMUM BLAST SQUND LEVELS

Sound Levals at Measurgment Sita, 48
{Shot point of aite in parenthaues)

18 (1082)

Lmax

102.9
10t1.6
104.3
102.5

108.4

93.3

92.7

94.3

952.8

99.2

19_(1084)

Lmax
119.9
118.5
117.2

117.0

117.4
118.7

119.6

118.6
115.4

115.3

109.,9
118.0
114.7
114.5
117.5

112.5

109.2

{continned)

43

20 _(1088)
Lmax

117.3

118.8
118.5

122.8

126.2
121.9

122.3

1171
1234
122.9
121.5
125.9

125.5

123.8

21 _(1o88)
L.max

97.0
96.7
98.2
96.7

100.2

104.8
102.4

1081

102.6
98.7

100.3

100.8

106.7

106.7



TABLE 6 (continued)
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18 (1082) 19 (1084) 20 _{1086) 21 {1088}
222;5 Loax Lmax Lmax Luax
1098 92.8 107.5 121.51 108.7
1099 - 108.3 118.5 108.6
1100 93.2 106.8 120.6 98.7
1101 - 104.5 119.7 98,7
1102 91.8 104.5 119,2 98.7
11023 98.4 109.8 17.7 28.7
1104 98.2 13,5 121,58 90.3
11058 97.1t t08.4 116.4 91.5
1106 - 104.8 111,3 -
1107 93.1 101,2 - -
1108 100,8 102.4 110.4 -
1109 91.9 98,0 106.2 --
1110 -- 98,3 101.6 -
1M 93.3 101.8 107.6 -
1112 ~~- 99.7 106.7 -
1113 - 98.4 106.0 -~
114 - 97.8 - -
44




Tha overall unwaightad maximum =ound prassura lavals (mej of
blasts measured at Sitea 18, 19, 20, and 21 were analyzsd to datermina
how the sound levels variad with distance. Tha analyais yialdad‘a
relntionship.nf the following form:

me(r) - me(rol - B log (r/ro) (2)
whare T is the diatance to tha racaivaer
ro is tha rafarence distancea, choaan to ba 305 m
me(ro) is the maximum sound prassure lavel at the raflazancs
diztance
and B ie the spatial attanuation ccafficient.

Uaing a least squarea fit to this eguation from the data in Tabla
6, the following rasults ware found for each measursnont sita:

Sita Location I‘max(ro" a8 B
18 1082 102.7 20,2
19 1084 127.0 43.5
20 1086 134.3 43.6
21 1088 111.9 41.7

The differance in overall sound prassure lavel maxima at tha
refarance distance varied by mors than 30 dB amcng the sites, Thase
ragults mean that the overall maximum sound prasaurs lavel deopands on
tha obsarvaticn point and the intervaning tarrain, not just on the
diatance botween scurce and observer. Tha data also indicate that the
ovarall maximum fSound presaurs laval fall approximately 13 4B par
doubling of distance (43 x log 2 « 13) for Sites 19, 20, and 21, but
only 6 dB par doubling of distanca for Sita 18.

Tapo recordings at Site 21 snablad a similar analyanis to be made of
paximum A-waightad sound lavels (I‘Amx) at losatien 1088, yielding
rasults of the form:

Lymax (z) = Lanax (r,} « C log (r/ro) (3}

whare I'Amax is 106.5 dBA for T, " 305 m (1,000 f£t},
and c is 74.2 d@BA.
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Thasa rasults indicats that the maximum A-weightad sound leval of
blaats fall approximately 22 dBA per doubling of distance (74 x log 2 =
22) for this observation point.

Octave Band Levels

Table 7 ohows the maximum octave band levalz and ovarall lsvals
{noted as "all pass" in the tabla) for blasts maasured at Sita 21, To
davelop information on hew these maximum lavaels dacay with distanca, the
contribution of individual fraquency bands to tha overall 1laval was
avaluatad, For ths ailx blasts in tha tabla for which data ”wu avail=
abla, the differance betwasn aach octave band lavel and the overall
lavel was ohtained. For instanca, for tha firat event shown in Tabla 7,
Blapt 1073, tha diffarencs butween tha lowest octave band laval (31.5
Hz) and the ovarall {(all pass} laval) ia 87.5 « 92.8 = 5,3 4B,

Thasa 4iffarences wara then arithmticnny' averaged for aach octave

. band 1evel and the overall level is (-5.3 « 2,3 « 0,0 « 2.0 -~ 3.4

- 2.,4)/6 » 22,6 dB., Valuez of thase averaga differances aatimated in
this way for esach cctave band ars shown below.

Octave Band, Hz 1.8 63 128 250 500 1,000

Lma (act) = Lpasx? dB «2.6 =7.1 =11.9 =15,1 =15.5 =14.8

Nota that levely measurad in the 2,000 Hz band wara too low to consider
for analynis.

Thene octava hand results may ba usad in coenjunction with the
ovaorall maxioum sound pressura lavel rasults given in the previous
subsection to eatimats maximum sound lavals as a function of distanca,
Nota that thase =raesulta are not adjusted for barriar influences or
tarrain. Such adjustmenta ara recommandad if mors datailed traatment of
the data is desired.

Quration

The "time above" results shown in Table 7 for blast sound lavels at
location 1088 yisld an average decay rate of & dBA/sec for blasta at
differant distances (Figurs 16}, The data also suggest, but do not
antablish convineingly, that the decay rate decrsases as the separation
batwaen gourca and receiver increases.
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TABLE 7.

HELENA BLAST MEASUREMENTS

Blagt Octave Band Levels and Durations

OCTAVE BAND LEVELS
July 18, 1981

timm apove

" Lmn = 3 aB
flilte, Mz Lmny dBb (apconas)
3.3 47,8
L] 8.9
123 a7
1730 76.3
S0 76.9
10006 13,49
2000 44,2
ail pass 92, 8
A=woignted 70.8 0.9

CETAVE BAND LEVELS
July 18, 13481

times above
Lhx =~ 5 ab

filten, Hz Lan, di i{s@cands)
3.5 90,3
63 as. 1
123 e
230 74.9
300 Th.8
1000 7,7
2000 k.2
all pasy .. 6

R=waighteo 0.7

]

OCTAVE BAND LEVELS
July LA, 1981

time above
Lax = 3 db
filter, Wz Lmx, dB {ssconan}
3.5 94,2 .
[ ] 84,8
a5 79.0
240 8.7
S00 Theis
1090 1.9
2000 5.3
all pads- 4,2

Re=wmigntea ?8.1

Blant 1073

{Helans Nationsl Forsat)

Time 1t 14000%

time abovw time abave tise apove
Lex = 10 a¥ Lmx = 13 di Lax = 20 gb
1,548 2814 .22
Q.774 1.372
3. 198
2. 000 3. 8l
Blast 1074 {Halana National Formed)
Time 1 LA0T48
tinn stove time sbove time abaove
Lax - 10 afy Ly = 13 ab Lax =~ 20 ab
-
Blast 107S (Heluma National Forest)

time abave

Loin = 10

Time § lAl314

tixe anove
Lan =~ 20 4B

tine above
ag Lo = 18 @b

(continued)
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time scove
Ly =~ 23 ad

time above
Loty = ¥ ab

timn adove
Lan - 23 aB

7y
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TABLE 7 (Continued)

QCTAVE DAND LEVELS Plast 1096a (Halana National Foreat)
July 16, 1941 Time 1 120136
tima 4above tinn above tinme adove tima above tive above
Lus ~ 5 40 Lax = 10 sb Low = 15 aB Lisx = 20 dBb Lax = 35 dB

filter, Hr Lna, all iseconas)

3.5 10i.8

[ > 0.4 1.072 1. 822 2, 448
123 98.2 0. 736 322 1.6844
130 4.2 0. 974 1.59a 2. k20
200 98,8 .
1000 3.3
2000 as.?
all pasa 10l.4
A=naightao 98.8 Q. 620 1. 084 1. 680 2. 346 2.380
OCTAVE DAND LEVELS Blaaw $100b (Hmlana National Farsse}
July 18, 1981 Time t 165120
tinwe agova time above time above tima atbove Timé ADOVE
. Lax = 3 ab Latx = 10 oB Lax - 13 ab Lax = 30 ab Laa = 13 db
filter, HT  Lanx, R {sEConds)
31.0 9.8 .
43 0.4 1.094 2eid2
123 46,0 Q. 730 1. 522
230 .7 C.T74 2.572
60 7%.¢
1000 2.8
2000 7 '
all pans 24.9 1. 497 J.072
A=weighted a1.% 0. 322 t.822
QCTAVE 2AND LEVELS Mlast 1308 (Helena National Foerast)
July 18, 1941 Time 1 180130
tine alove time above time above time shove tiue above
Lisw = & dB Lmy = 10 oBt Lan ~ 13 af Loaa = 20 ob Lux = 25 4B
filtar, Mz Lwx, dB {secondm)
3.8 a4%.0
[} £0.8 O. 44l 1. 470 2. 4al
125 8.0 0, S24 0. 948 1. 32k
250 T8, 2 0. 5924 1. 148 2.872
200 Th.
1000 70.9
2000 &4, 2
all pass .4
fumighteg T4, 2 Q, 724 1. 573

(continued)
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TABLE 7 {(Continued)

GCTAVE BAMD LEVELS Dlasts 1108 {Halana Mational Firaas)
July 16, 1981 Time ¢ 181000
tine agove tinme ADOvE time above tine agove timm abave
Lan - % abd Lex - 10 ab Lmn = {3 aB Lax = 30 B Lmn ~ 2% d¢B
filter, H2  Lax, ad (sprondse)
3t.9
al
tal
=]
3500
1000
do00
all gass .1
A-wmignten  63.3 1.188 1.853
f
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CURATION OF BLAST SOUND LEVELS
HELENA MATIQMNAL FOREST
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4.5 OTHER SOURCES

Banad on discuasions with obmervers of exploration projacta which
have taken place in the area, sound fr::m aquipmant and activities othar
than helicopters and blasts ars apparantly important only in the inmo-
diate arsa whaere they are located (Strathy 1984, Klafer 1984a). Trucks
ars drivan to and freom tha base camp providing water, fuel, sxplosives,
and other proviaiona, but the total numbar of visita 1 usually less
than cna par day, and would only be noticeabls by obsarvers near the
travelled road.

Tha cumulative effact of a large numbar of concurrent assianmic
projacts in tha Glacier Park area, including the increased number of
support Jobs, additional truck traval, and related activities, may
result in noticeabla incraases in the ovarall sound lavels sxpariencad
near the FPark boundary and in the many arecas in the National Foresta
which ara heavily sxplored. ' Thagse cumulative increasaes, howaver, wora
not invastigatsd in this atudy,.
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CHAPTER S

' PROPAGATION FACIORS

Socund propagation in the open air ia influenced by a number of
mechanisme. Seven of thase factors considerad applicable to the Glaciar
Park area are discuasad helew (Harrias 1979, and Foch 1980). Thesa
factors are:

1. Attenuation, Ad. due to geacatrical divergence from the source

2. Attenuatien, Ah' dua to barriezrs (mountaina) between asurca and
recaivar

3. Attonuation, A, due to atmespharic abaorbtion

4. Attanuntfon, ag. dua to the ground effect

5. Attanuation or anhancement, Aw’ dus to wind

6, Attenuation or enhancomant, At’ dua to tomparature gradiants

7. Enhancement, Ar. due to revarberzdtion

In this chaptar, each factor is connidarad with raspect to propaga=-
tion of the two primary sourzcea of exploration nolise: blants and
helicoptars, The factors are usad in Chaptser 7 to estimata ths sgound
level L at a recaiver uasing the following aequation:

I"I'o"‘a"‘b“‘a"‘g"‘w'“t"“t (4)

whern L iz the sound leval of tha source at a rafarance distance.

This equation may be usad in aither of two ways. The aocund lavel L
may ba darived for oach octave band, in which cuase the octave band
valuas for I'o and each attanuation factor must be applied consacutively
for each band. Than the total wvalua of I is obtained by adding the
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octave band ilavala (smee Appandix F), Or, in a sioplified and somawhat
laas accurata approach, the sound leval L may ba based on average
A«waightad (ses Glossary) valuas of the attenuation factors, in which
casa the equation would only ba applied onca with these factors.

S¢ that the reader may follow either approach, octave hand levals
and A«waightsd lavals ars provided for I’a in Chapter 4 and, wharaver
poasible, for the attanuation factors below, 1In most cases, aignificant
limitations rxastrict the accuracy and applicability of the methoads
prasantad for satimating each factor. These limitations ara noted whare

appropriate.

5.1 GEOMETRICAL DIVERGENCE

Limitations

Tha gaomatriecal divarganca factor described balow doa.n not take
into sccount the highor than normal decay rate feund in Chapter 4 for
blaste, or tha lowar than norzal rate found for halicopters., For
propagation in hoavily foreated arsas similar tc whare the measuromants
ware taken, a divaergence factor similar to those proposed in Chapter 4
(aquationz 1-3) ahould ba umad, which a.‘u.'a'ady takas into account the
atmospheric and ground effact factors described below, For propagaticn
over selativaly £iat, open areas with hard. aurfaces, the valuas
suggestad in this smectiocn axa probably more appropriate. Since measure~
ments wera not cenducted undexr tha latter conditiona, application of
thaga factors should be madae with diacretion,

Blaata

Above ground blasts are theoratically non=directicnal; that is, the
sound level of the blast should be equal in sach diraction if all other
factors are aqual., With this assumptien, this attsnuation factor ia for

propagation over a flat surfacs givean hy:

Ay = 20 log (r/z)) (5)
whara r iz the distance from source to raceiver
and £, is tha rafaranca distance, noted in Chaptar 4.
53
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If the blast charges ares locatad such that a large cliff or moun-
tain ia pehina tham, relative to the receivar, or if they are locatad in
a valley whose mouth opuns toward the recediver, than divargance of the
blaat sound would not be non-diractional. In tha extreme case, whare
chargas ara sat off at the haad of a ateep valley, propagation would bae
rostrictad to one dirsction, and, tharafors, the attanuation rata dus to

divargence would ba given by:

Aq

If thoza iz an incline of any sort bshind the source which could

= 10 log {r/:o) (6)

zaflact sound toward the receiver, an intarmediata value betwean equa=
tien (5) and (6) might be appropriata. if, on the other hand, the
elevation incraases immediataly in ths diraction of the racaivar,
aquation (5} ahould be usaed, and a harrier attenuatioen facter, Ah
{3ection 5.2), should be included.

Halicoptsrs

Tho normal altitude of halicopters flying in assismic activitias ia
100 to 1,000 feaet, although £lights above and below thase altitudea
commonly occur. At these avarage altitudes, zefloctive effaecta of tho
ground are only significant in tha 1local vicinity of the halicoptar and

net at great distancas.

The fact that helicoptar sound lavals ara gresater at ¢artain angles
than others, and tha fact that sound may be impinging on the recaiver
from differance altitudes and pointa along itz path, maka eatimates of
the appropriata divergance attanuation rather difficult. Cne suggene
tion, although untested, i3 to use agquation (6) when the halicoptar ia
in sight and the raceiver is on a flat hard aurfacs, and to usa equa-
tiena (1) or (5) under othexr conditiona.

5.2 BARRIERS

Attanuation of geund due to mountainous tarrain is medaled helow
bagod on standard barrier attenuation theory (Harris 1379).
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Limitations

Cortain limitations rastrict the accuracy and applicability of the
method for eatimating attenuation dua to mountains:

1+ This procadure is basad on a simplification of acousatical
propagation theory.

2. The procadura has not bean calibratad againat actual measurs-
mentas in tha Glacier Park area,

3. The procedurs iz dasignad to apply to tha case of a single
unbroken mountain range betwson source and raceiver under astandard

(20°C, 1 atmomphara) conditiona.

4., Other meteorological conditions, such as invarsions and wind
may altsr these raaults.

5. Attanuation dus to othar factors, such as wind, tenperature
gradionta, directivity, and reverbsration must he includad to estimata
tha ovarall level at the raceiver.

6. PFor heliceptara, if a uwountain rangs 13 alwvays batwean tha
pource and raceivar, tha lowast dJiffarence in altitude batwean the

. \
halicepter and tha mountain should be chosen (see Step 2, below). If a
oountain range ia not always hetwsen gource and zaceiver, then Ay = C.

Eptimn ting Frocadura
A atepsby=step procann ia described below for estimating attanua-
tion, by octave band lavels, due to mountainous tarrain,

{1) Detarmina ths plan view (map) distance from the
source to the top point on the mountain which is

in line with tha racaeiver -

{2) batarmine the diffarencs in height betwean the
source and tha mountain top

{3} PMnd thea glant distance betwaon the scurce and
the mountain point: [(112 + (232]1/2 =

(4) Datarmine the map cdistancs from the mountain

point to the recsiver -
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(5) Detarmine the differance in haight batwean the

meuntain point and the raceiver -
(6) Pind the slant distancs firom the mountain point

to tha receivar: [{4)2 + (5)2]1/2 e
(7) Find thae slant distance from source to raceiver:

(e + an? « 2y - 532 R
{8) Pind tha added path differenca due to the

nosntain: (3) + (6} = (7) N ——————
(9) Cheoss an octave band frequancy to analyzae:

31.5, 63, 125, 250, 500, 1,000, or 2,000 -
{10) Pind the Frasnel number for this octave band:
{11) Find the approximata attanuation of this occtave

band due te the mountain: 2{2 + log t10)]2 -
{12) Roturn to (9} and £ind the attanuation for tha

next cctave band -

*YJoa 564 1f measurements are in feat instead'of matars.

5.3 ATMOSPHERIC ABSORBTICN

Typical Sonditiona

The clomast continuous accurata weather racorda taken in the
Flathead National Porast/Glacier National Park arsa ara complied by tha
Polabridge Rangar 3tation in Glacler National Park. Thaso zacords,
which are compllad primarily for use in asneegsing forest f#fire riask,
include dally obearvations of temperaturs, relative humidity, .and
avarage wind speed and diraction, all at approximately midday. Valuas
of tomparaturs and humidity oeasured at Polabridga ovar the past four
yoare ara shown in Figquras 17 and 18, respeactivaly. Tesmperature and
hunidity measurad during tha noise measuramant prograd are shown in
Fiqures 19 and 20. To datermine typical propagation charactaristics in
tha azsa, temparature and ralative humidity data from Polabridge apan-
ning a period of thrae yeara ware convartad to atmespheric abserbtion
attanuation coafficients (sss Appendix E)}.
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Figurs 21 shows thase avaraga midday atmospharic attanuation
coafficients. The figure shows that tho attanuation rataas are rela-
tively constant for each frequency during the tims of day thay wvers
maasurad, Nota that these arae avarage, and not worst-case valuan.

Table 8 comparas tomparature and humidity values measurad in the
North Fork valley at Polabridga with values measursad at sound measura-
mont aitas in the mountains of Flathead National Forest on tha same day.
With thase 1limited samples of measuraments, no statistically atrong
correlations can ba developad. Howaver, in general, the table shows
that whon PFlathead temparatures are highar than tamparaturas at Pole-
bridga, tha humidity is lowar than at Folabridge, and when tamparatures
are lower at Fiathoad, the corrasponding humidity 4is higher. This
ragult is typical of aroas whers the abscluta humidity is conatant, but
whara tha relative humidity varias inversaely with tomperaturs, If valid
throughout the sunmar axploration season, the atmoapheric attanuation
coafficiants would be approximataly equal in tha two areas (Harzis 1979)
even though the individual mutagrological factors diffar, For this
reason, valuags shown in Piguras 21 from Polebrid.ge Rangor Staticn ara
used to estimate atmeospheric attenuation of sound in areas surrounding

Glaciar National Park.

Eatimating Progadure

Based on Figure 21 and Harzia 1972, the atmeapheric attanuation Aa.
for each octave band, at a racsiver distance r (vhere r is given in 100

motars) ia approximated by:
Octave Band (Hz) 1.5 63 125 250 500 1,000 2,000

a, (dB) 0.004r 0,01r 0.04r O.1r 0.2r 0.4x T

5,4 GROUND EFFECT

Sound is attanuated differantly ovar soft porous ground than over a
hard paved surface. The aneargy raflacting and abgerbing propertias of
the ground and tha metsorolegical conditiona close to the ground have a
complaex rols in attenuating, or in scme cases anhancing, the propagation
of amound, depending on the sound's fraguency and the helght of the
scurca and raceiver abova ground.
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TABLE 8. COCMPARISON OF TEMPERATURE AND HUMIDITY
AT POLEBRIDGE AND SOUND MEASUREMENTS SITES

Polaebridge
Data Maasurad Ranger Sound Moasuramant Sita
{1981} Pactor Station 1 2 3 4 5

6/26 Temp (*F) 62 72 79 €5 77 70
48“3) 33(13) 27(14) 42(16) 26(13) 41(19)

Hum (%)
b2 temp IEEI N - - U
/2 Tamp 72 67 67 67 - 73
Hum 41(13) 49(10) 49lt!) 47(13) - 40“6)
719 Tamp 78 53 62 62 72 66
Hum 42(13) 89(10) 85“” 59(12) 60“4) 77(15)
/23 Tamp 66 - - - 73 65
{13) (10) {11)
Hum a4 - - - 63 100
7/25 Tanp 68 49 51 a7 -
fum aa'™ 100t12) 10011 4get?)

Note: Numbera in parenthases indicata hour of sampling.
L]
Limitations

Thae wvaluea givan below flor octave band and A-waightaed ground
affact attanuation should anly be used in the following casas:

1. Halicoptars == oparating on thae ground only.

2, Blasts -- only when tha propagation path is net broken up by
valleys or mountains, and when there ara no wind or temparature invar-
alona. tYhen thars is rugged terrain to braak up the asound of blasts,
uge aquatien (2) to pradict tha combinad attanuation due to divargence

and ground surfaca.

Octava Band Lavela

The valuas given balew for the axcass attenuation due to ground
effact, A_, ara darived from maasuyraments ovar flat grassland, and they
are, tharafors, only approximata indicaters of the attanuation dua to
ground follage exparianced in the Glaciar National Park area. To
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detarmina Ag, take the attenuation value shown for the recaiver diatanca
and subtract the valus shown for the raference distance of the source
{08 Chapter 4).

Source«to- Ground Effact Attanuation, dB
Receiver Octave Bands, H2
pistance {m) 12% 250 500 1,000
+ 20 =1 0 1 0
30 -2 0 3 0
50 -3 0 5 0
100 -4 0 7 0
200 -5 1 ? 0
300 -5 2 ? 0
500 -7 5 8 1
1,000 1 15 4 4

Nota: A negative number indicates sound
levals would be increased (saae
aquation 4). From fHarzis 1979,

A-Waightad Lavals

At J.nrg'dumncu. dua to atmospharic abasorption, propagated sound
lavals are dominated by low fraquancy bands,, As a rassult, the offoct of
ground attanuation on A-waighted lovala is assumad to be similar to tha
effact on the unweighted sound pressure level. In studies conducted by
the Alr Force Heapons lLahoratery (ANSI 1983), at diatances greater than
a fow kilemeters, the total axcesa attenuation was numerically avaluatad

to be approximataly:

ﬂexca.‘ - "001 (7)

If this axcans im entiroly assigned to ground affact factor, than:
-DI1
Ag 20 1og(r/r°)
- 2 J.oq(r/roJ

whaze r is the distancea to the raceivar

and Ty is tha reference distanca.
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5.5 WIND

The affect of wind on gound propagatiocn is indspandent of frequen-
cy, 8o a aingle formulation for wind attonuation, Aw' ia provided hara
based on A«waighted lavala,

Limitationa

Tha steps shown include factora which ara basad on wind apeads
measurad at 8 matars abova ground lavel.

The method iz not appropriato in conditiona of thunderstorms or
guaty winda. Note that whan the wind is blowing from tha msource toward
tha receiver, the wind attenuation is negative; that is, a positivs
value will bo added to the raferance sound lavel of aquation (4).

A=tiaightad Levals

Estimata the wind atteanuation factor, A', with the following otapa
(from Foch 1980):
(1) Datermine the angla in degraes betwaen ths wind

and sourca-to-sourca line*

(2) Datarmine tha wind spead, in milea per hour at
approximataly fm {25 £t) above ground: =-
($:3] Multipl'.y: Coafne (1) x (2) x 0.5 -
{4) Datarmina tha racaiver dlstance -
{5} Datarmine the xaferance dimtance -
(6) Pind the legarithm of the ratio: log[{4)/(5)] -

{7) Pind the wind attenuation: A, = {3) x (68) x (=1)

*An angle of 0° indicatas tha wind is blowing diractly frem the aource
to tha roecaiver.

5.6 TEMPERATURE GRADIENTS

Measurements of combinad wind and temperaturs gradisnt effacts on
sound lavels from blasting hava shown that attenuation or anhancement
from thess factora is ralatad to the increase in the spaad of sound
betwaen the ground and the height at which the apeed ceages to incrsase
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{Poch 1980}, that ia, the invarsion height, Thiz relationship is
indapendant of fraquancy. Nota that if the wind is toward the recaivar,
tha attanuation wvalus will be negativae; that is, the rafarsnca sound

laval is increasad.

A-Weighted Lavele

Tha attenuation due to tamperaturs gradiants, J\t, is found from the
following ntepa:
{1) Datormine the angle betwean the wind and the

source=-to-recaiver line -
(2) DPatarmine tha increase in wind speed betwaen the
ground lavel and the height at which the apeed
ceasgea to inerease, in miles per hour -
{3) Multiply: cCoasine (1) x (2} x 0.2 -
(4) Dntam:‘.na the racaiver diatance =
(5) Datarmine thae rafarance distance =
{6) Pind tho logarithm of tha ratio: logl{d)/(%)]" -
{7} Pind the temperatura gradiant ﬁttam’mtiun:

A, = (3) x (6) x {=1)

5.7 REVERDERATION
]
The effact of reverberatien in increasing scund lavela obsarvad at

a receiver deponds in a4 complex way upon the topographical featuran
axisting near the cbaarvar. Virtually all the blast measurements taken
in Helena Natienal FTorest included ravsrberant paths, as indicatad by
the long durations of the sounds. Revarberatien may play an avan more
important role in apecial cases, such as whan an obsarver is locatad in
a rockelined canyon whila & helicopter passes ovarhead, or when a blast
charge is aituatad in a similar lecation. In thesa casos, ths raverbar~
ant anhancazent may be as much as 5 2B above the valuas expactad under

more atandard conditicnsa.

Reverbaration may play a rola in detarmining the duration of
blagts. Tha observad dacay rxats of approximataly & dBA/sec for blaata
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indicatas that, if tha maximpum A-waighted leval of a blaat is 90 dBA
inside Glacier National Park, then it will take about 11 seconda for the
blast to decay to 25 dBA, which rapresents tha limit of audibility for
typical aobiant conditions in the Park.
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CHAPTER &

ANALYSIS

6.1 PROBABILITY ANALYSIS

At any given location in the study area during tha exploration
goasen, sound lavaels from projact activitiss will vary in a continucus
fashion. In scme casas thasa changas dapand upon the activities tzking
placa and thes distance to tha aource. At timas, meterological factors
and othar scurces affact the obsarved accustical environment. Cne
oxampla of how aound lavels wvary over a ona hour period in tha study
area is mhown in Pigure 22, This fiqure indicatas the statistical
distrilmtion of aocund lavaels at twe points over an arbitrarily salectad
afternoon hour when ' shallow shot (Portadrill) seismic exploratien
activitias ware taking place 1/2 mile away ahd about 4 miles away. The
figurs alsc illuatratas how sound levals ware diatributad over axampla
aftarncen and avening hours at the samea locations in the absance of any
axploration activity.

Tha quiatast sound levels shown in the astatiatical distribution
example ware for the nighttime hour, when lavala rarely exceaded 30 d4BA.
In the absence of aignificant amcunts of man-made sourceas of nolsa,
daytime levals wara nearly as quiet, axceading 30 d&BA leas than 10
parcent af the tima. Whan axploration activity waa introduced into the
area, howavar, noisse firom. traffic and halicopters increased the madian
(Lso) and foroground sound lavela substantially. In thes a:ample shown,
for the same afterncon hour at the same site, lavaels increased by 10 to
15 4BA over most of the period when the explozatien activity wans
introduced at a distance of 4 milas from the a2its. The increass is
particularly noticeable in the highest levels (L5 and abova), This
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result is dee to tha loud, but interruptsd nature of helicopters and
other intrusiva activities.

At measurement aites closar to 3 geismic axploraticn projact, the
background lavails ”‘90’ ng) also aexperience siguificant increassa (20'
dBA) at 1/2 mila. At thiz short distance, road traffic, gaismic
drilling and halicopter flights all centribute to tha sound laval
d:l._nt::ibuticn. With median sound lavels above 55 4B, the site condition
bacomaa typical of a urban or suburban nnvi':nnment. Maximum levals
raach 70 ta B0 dB for short parioda of tima, and raraly drop below 40
dB,

It iz impertant to note that if abova-ground blasting wers usad,
instaad of tha shallow ahot activities fllustrated in the figura, it is
astimatad that the maximum lavals could risa abova 95 dB and bayond, at
the 1/2 mile distance. With tha above=-ground mathod, the increase in
background levels is likely to bo aimilar to that shown in the figura,
gince sipilax trafific and helicopter activitias would ba taking placa.

The diffarant gound laval diatributions shewn in the figure dJdomon=

'trate cna axample of the broad effect which large scale man mada

activitias have on the ambiant scund anvironient in the Glaciar National
Park area., In particular, thae eass with which a sound generating
activity quickly protrudes above tha vary low oxisting ambient lovals iz
appazent, To ba effactiva, methods of reducing audibility of such
intruaions must provide for control over hoth the frequent asa wall as
tha infraguant incidenta of sound ganeration.

Although the ovarall ambiant acund leval may axcead the sound laval
genaratad by a particular exploration activity, ths activity may still
be audibls (see discusaion on audibility in Appendix F). The sound from
helicoptars and blasta, aftar propagating ovar long distances, may have
lavels at the low fraqueancies which excaed ambisnt lavela in the same
octave banda, sven if tha total ovarall lavsl iz lewer than tha ambient.
Such a sound would ba audible. The corresponding effact on peopla cor
animals ia not avaluatad hara; howevar, it pay bs safely assuned that
sounda which do not contain octave band lavels which excead corraspond-

ing laevels in tha ambient, have no aignificant impact.
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6.2 EXAMPLE APPLICATION OF SOUND LEVEL ESTIMATE PROCEDURE

In Chaptar 5, a procedure was outlined which vas designed to
Provida a preliminary estimate of the sound lavela resulting from
helicoptar f£lights and blasts which occur during oll and gas exploration
activitias. This procedurs attempts to account for the major metsoro-
logical factors influencing sound propagation in tha study area, the
typical sound aemisaion charactaristics of the exploration aqtivitioas,
and the conditions of tha ambient environment.

An example application of this preliminary algorithm is provided in
this mection. In the oxample, aach aspect of the pradiction mathed 1ia
oxercised to illustrate how the varicus factoras ara applisd, Not all
posslble applications are illustrated, nor ara all potantial incons
aistancias and pitfalls illuminataed, Nona theless, the oxample 132 a
firat atep at providing a tcol flor use in assasaing potantial scund
impacta of proposad seismic projacts bafors they occur.

Example

In this example, a seismie line is proposed near tha Flathead Rivar
as shown in Flgura 23, It i3 deaired ta. eatimate socund lavals of
blaaf.ing at Racaptor Point 1 and helicoptars at Racaptor Point 2 inaids
Glaciar National Park. Receptor 1 is 5.0 milas to tha northeast of the
axploration activity and in line of sight with ‘the scurces. Recaptor 2
is 6.5 milas away and ia hidden behind a promentory lecated sne mils in
front of it. The ﬂeinﬁic blaats ars situated at an elavation of 3,850
feat, Racaptor 1 is at 4,500 feat, Recaptor 2 is at 4,750 feat, and the
alavation of tho intervening mountain ridge ia 4,900 fast.

Por the blaat calculation, assume that typical waather conditiona
pravail: wind ia frem the southwast at 4 mph, and the astimate is made
at midday. For the helicopter calculation, assuma that the activity
takes place in tha werning, during temperature invarsien conditions,

with the mame wind spaed.

From Chaptar 5, the maximum sound level at a raceptor distance, T

can be modaled from the simplifiad formulation:

me(r] - me{roi - Ad - Ag - Aw - at - Aa(oct] - Ab(act) {8)
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Rocegtor 1
Sinca thara are no barriera betwaan the scurca and recaiver, only
the atmospheric attanuation factor, Aa' will raquire octave band

analysis,

For blasta, tha propagaticn will oceur in the absence of diffusion
by foreamts or rugged tarrain. For thim casa, 1t is assumed that the
duration of the blaats will ba short, on the corder of 1/10 of the
Quration found in forasted areas, or about 1 sacond. Corraspondingly
the me ahould ba about 10 dB higher in tha opan field as it propagatas
without obatruction. For this reasen, from Chapter 4, a2 valus of 10 4B
is added to the L., of 111.9, giving Logs (1,000 £t) = 721.9 dB.

From Chaptar 5, the values of Ad and Ag are given by:

]

5 x 5,280
- e ha—
Ad s 20 log tr/rQ) 20 log ( 1,000 ) (N
= 28.4 dB
Ag = 2 log (r/ral = 2.8 4B (10)
With a wind apead of 4 mph:
A, » 20 (-0.0263 x 4) log (r/ra) - 3.0 (1)
$o far,
L-Lrnt"nd""‘g'aw
= 121:,9 =~ 28,4 ~ 2.8 + 3.0 = 93,7 dB (12)
Now, from Chapter 4,
Qctava Band, Hz 31.5 63 125 250 500 1,000
me(aet)' 4B 90.5 86.6 81.8 78.6 78.2 75.2
From Chapter 5,
aﬂ(oet), dn -0.3 -0,8 =3.1 -7.7 -15.5 -31.0
me(oct) 90.2 85.8 78.7 70.9 62.7 44.2
From Appendix F:
A=weighting, dB =39 -26.2 -16.1 8.6 -3.2 0
73
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Af tar subtracting tha A-waighting facters, we have
me(octl. d8 51.2 59,6 62.6 62.3 59,5 44.2

The sum of tha octave bands is {sae Appandix F for ths summation

procadure):

me = (7.4 dBA. {13}

Therafora, the maximum sound laval at Recapter 1 frem blasting
under normal weather conditiona is ostimatad to ba 67 dBA. This sound
laval i more than 40 dBA higher than tha typical ambilent sound leval
would inside Glacier Naticnal Park. Tha 40 4BA differanca corrasponds
to a 16=f01d incraasa in parcaivad loudnass of tha sound over the
background. Thia increase would ba easily noticed, The fact that this
blast would propagats over unforested and relatively omooth texrain
suggesta that tha duration of thia sound above the ambient would be only
a tew maconds, rather than the 8 to 14 oseconda expectad from blasts
prepagating ever rugged tarrian. Howaver, an instantanecus 40 dB change
in sound level, 5 miles inzide tha Park, ia certain to cause a atartling
regponse of soma kind to both humana and other spaciec with similar

hearing charactariatica, 1

Thia exampls corroboratas raports by miny users of tha Park, that
blasts in the Flathead are audible up to and including lecationz along
the Continantal Divida, in the middle of the Park. If effects of
invarsions wera taken ints account, tha sound l4vels and estimatad

izmpacts would ba evan graater.

Recaptor 2

from Chaptar 4, tha rafaraonce A-woightad scund lavel for helicop=
tors at a rafaronca distance of 300m is 70.0 dB. The spectzum given for
holicopters indicatas that the unwoightad reference level is 7.0 dB

highar, or:

Loge * 77.0 d8 (14)

The divazgence attenuation rata for helicoptars is approximataly:

Ad = 7,5 log tr/ro) = 11,5 d8 {15)
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The ground and wind attenuation factors ares the same asn above:
Ag = 2 log (r/r:o) = 3,1 d8 (18)
Aw = 20 {(«-0.0265 x 4) log (:-/rol » =3,3 dB (17}

Tha temperatura gradient ig assumad to ba 16.6°C (Holaworth 1979).
The ralationahip betwaan the change in temperatura dt and changs in wind
spaad du is approximated by:

o 2t 344 m/a _ 1600 s/hr -
du =<3 X 793 ex * 1609 m/mg ¥ 1431 4¢ (18

A\

The tamparatura gradient attenuation facter is tharafore from
Chapter 5:

A, m 0.2 = 1.31 x 16.6 x lag (r/roi = §.7 dB {(19)

As a subtotal, we have

L @77 =115 =3.1 + 3,3 + 6,7= 72,4 a8

This lavel 1is now dividad inte itz componant octave band levels,
based on Chaptar 4:

Qectave Band, Hz 31.5 63 125 250 500 1,000

Lo (00t), a8 6%.7 62.4 65.9 63,3 64.4 81,4

From Section 5.3, the atmoapharic attenuation at 10,460 m = 300 m =
10,160 m im:

Aa (ogt) -0.4 -1.0 -4,.1 -10.2 =20.3 =~40.6

me {oct) 65,3 61.4 61.8 52.1 44.1 20.8

The barriar attanuation factor is now detarmined as follews:

{1) Distanca from acurce ta ridge = 9265 m
{2) Haight of ridga abova sourca: (4900 = 3850) x 0.3048 = 320 m
(3) Siant diatance from scurce: [(9254)2 + (:’-20:))2]“/2 = 9260 m
{4) Distance from ridge to recsiver = 1207 n

{5) Haight of ridga abova racaiver: (4900 - 4780 x 0.3048 = 46 m

(6) Slant dimstance to racaiver: [(‘I20'7)2 + (-‘16)2]1/2 = 1208 m
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{7) Siant diatance from gscurce to raceiver:

[(9254 + 12072 + (320 - 46)%11/2 = 10465 m
{8) Path diffarance due to ridge: 9260 + 1208 = 10465 - 3n
{3) Cheosa scctave bands:
Octave band, Hz 31.5 63 125 250 500 1000
{10) Fresnal numbar
Ax (9177 = 0.5 1.1 2.1 4.2 8.5 16.9
{11} Attenuation of sach band
2{2 + leg (10)]2 - 5.8 8.3 10.8 13.8 17.2 20.8
Then,
me {oat) 59.5 53.1 5t.0 8.3 26.9
A-waighting =39 =26.2 =16.1 =8.6 =3,2
anax {oct) 20.5 26.9 34.9 29.7 23.7
and anax = 36.9 dBA, {20)

In this case, the barrier ahislded Racapter 2 from the scund of tha
helicopter, providing a substantial (about 12 dBA) reductien £in sound
lavel. In apites of this shialding, howaver, the rasultant sound level
romaina about 10 to 1% 4BA above the bachkground sound leval. This
incrsasa corrasponds to a doubling eor more of the parceived loudness of
the environment to scmecna in the Park., Thae heliceptar would ba clearly
audible for many minutas during its £light along the salamic line.

If the invaraion layer wara not in effect, the sound level would be
reduged to 30.2 dBA, which is much closaer to the lavels commonly exper=
iencad undar ambient daytime conditons. If tha cbasarver moved closar to
the zhalter of the mountian, tha barrier would have a graater afface,
raducing the intrumiva zound evan lowsr. Tha wind directien is almoest
always from the southwaest, but if thers were nc wind, then tha aound
laval would he about 2 4B lower, rendering the sound nearly inaudible if
all thase factors worked together.

on the other hand, with typical merning inversions and in the open
cauntry, helicoptar activity aleng the border of Glacler National Pazk
should be audible many milas inaide the Park, according to this modal.
Thia result indicatas that under normal conditions thia sound saocurce,
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although producing less dramatic maximum levels than blaats, can atill
intrude into ths ambisnt scund anvironment of the Park, many nilas
inaida the border, and maintain tha intrusion for evan longar pericds of

tiga.
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CHAPTER 7

AFFECTED POPULATIONS

Tha sound producad by oil and gas exploration activity haa the
potantial to affact humans as well as wildlife in tho Flathsad/Glacler
araa. Thia raport will not attempt to define thage affects in detail
sinca othar studies contain ccnaidarable authoritative information on
thesa topics (Schallanbergar and Jonkel 1979, Craighead 1979, Aune 1984,
and others). Rathar, ganeral descriptions ars providad which daacribe
recreational use, grizzly bear astivity, and the presenca of other
gpecias which may bBe sensitive to sound from asalamic exploration

projacta.

7.1 RECREATIONAL USES

Ona of the wvaluable rasourcas of Glaclar National Park, like many
National Parks, is the natural scund environment, which is charactarized
by quietuda, solitude and the absance of man-made noisa. Amblent sound
lavels monitored by the USEPA Raglon VIII Noise Program in both Grand
Taton and Bryca Canyon National Parkas ware as low as the background
lavols found in recording atudioa, Similar results were found in
Glacier. As the pervapivensss and loudnass of avaryday noise increase
in our scciety, the importanca of placea whers people can ssek rofuge
from thasa day=to=day noizas alsc incroases. The growing numbers of
visitors to our National Parks and wildernass areas aze indicative of
this societal need for quiet and solitude. At Glacier, visitation has
increasad opubstantially over the laat five yeara, from 1,446,236
visitors in 1979 to 2,204,131 visitors in 1983, Thasa racreationiats
angags in activities auch as camping, hiking, backpacking, pienicking,
wildlifs obasrvation, natura study, ski touring and fishing. As a unit
of the Intarnational Biosphere Raserva Systam established by the United
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Rations Educational, Sclentific and Cultural Organization (UNESCO), the
Park is also a spacial rasource for rasaarchers, both prasent and

furuza.

Primapily a geasonal racreational area, Glaciar racaivas its
haaviast uase from Juna through Saptember, These ara tha same months
during which seismic activity occurs. Noise from seismic exploaions is
audibla throughout ?he Park (Haradan 1984). This intrusicn alters the

racreational experience and is considersd intolerabla by acma,

The PFlathead National Forest offera a spectrum of recsreational
opportunities and areas which include some year-rzound activities. A faw
of the main recreational sites are illuatrated in Pigure 24. Heaviest
uge patterna ocgur freom June through September, with the majority of use
coping botwaan July 4 and Labor Day. In additicn, the general big game
hunting assgon brings an incraase in use in October and November. Tha
North PFork River, designatad as Wild & Scenic, roceivasm haavy use with
the majority of use confined largaly to the racreaticnal sagment froum
Camas Bridga, scuth.

Numarous dispersad camping arsas, such as Red Meaadew Laka, Mcosa
Laka and Upper Stillwater Lake, ara accessabla by roada and receive
light use. Tha Whitafish Divide, designated trail from Canyon Creek to
Warnar Lookout, is a ridgaline trail that pseparates the North Fork
drainaga from the ¥lathead Vailey. Currant uss along the wWhitefish

Divido iz low.

8ig Mountain ski area, a major developed racreation alte, located
along tha Whitafish Divida raceiveas a fair amount of asummer use. The
avarage operational season runa fzom Juna 18 to Saptamber 6. This use
includes riding the chairiifit to tha top of tha mountain and hiking down
on trail oxr riding the chairlifit back down, 7Tha chairlift also providesn
acceas to tha Whitafish Divide trail,

7.2 GRIZZLY BEAR ACTIVI?TY

The deacription below of various aspacts of grizzly bear activity
is taken primarily from one raferancs {Auna 1984). Other obaarvations
havse besan raportad by many authors, and no attenpt has bLeen made to
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evaluate alternative points of view or to summarize the lltaratura on
tha subjact. Rather, the obssrvations ara presentad for simple intro=-

ductory informational purposas only.
Habitat .

The area undar study provides a habitat that is very important to
the gqrizzly bear, including the Apgay Mountains and various areas in
Glaclar National Park (USFWS 1982)., FPigure 25 showa actual sitings of
grizzly bears in tha Flathoad National Forast and expacted areas of use
basad on habitat raquirements. Similar data exiates for Glacler National
Park. This information was obtained from a saismic invastigation from
Coal Creek north to Thoma, in the Flathaad National Forest and 1s not
all inclusive (Auna 1984),

Movamant

Tha alavational movament of individual bozra variea a groat deal,
but in goneral, beara ara found at lowar alavations during tha apring
{April to Juna) and at middle to high elevationa in the summer, During
QOctobar and November, alavations at which beara ara located increanas as
bears mova to subalpine and alpinn'a:unn.

Seismic activity involves movifg over a predatarmined geagraphical
iine and, tharafora, encompasses all alevational lavels.

Food
In total, grizzly beara use many differant hahitat types, dapanding
on tha ssason., Important grizzly foods during the apring come from

threa major greups including graminoida, forbs and mammals.

In tha fall, bears fead almeat continuously, and therafiera nead
protaction from disturbances which would restrict their activity to
nighttime hours (USPFWS 1982). Major taxcnomic groups from which griz-
2lies feed include shrubs (for bezrieal, trees (for pine nuts), and
mammals. A sharp decline in the importanca of graminoids and forba is
prominent during the fall,

During thea saummar, grizzlieas show greater diversity in theizr foeod
habita than in any other season, and raly heavily on foods from five

R 111 #



T 3 —{":.. TN AZET W Gy
A T
N VAN }" o T wee

i

RN S5 7 GRIZZLY BEAR SITINGS
LN\, V27720~  AND EXPECTED AREAS
2 S 8 OF USE

LEGEND
(D EXPEGTED AREAS OF USE

X SITINGS

52 =uad1a

\" i AN ﬁ“ B2
: SRR e
1P flb‘z k\} '\:\“ :“ i -
Y /\/_J_\kﬁ;\ﬁ ‘3\\1’*\\\ {‘h\ k\ I




major taxcnomic groups including shrubs (for barriss) graminoida, forbs,

mammals and insects.

Danning

Grizzly bears antar their dena from early Novembar to early
“bacember, Movement to den sltes occurs from early October to lata
November. Grizzly bears emerge from their dana from early March to the
middle of May. Raported den sites in tha South Pork of the Flathsad
Rivar ara ¢n the southwestarn to acutheastarn exposures on stsap slopas
from 29 to 41 dagraeas and in the alevational range from 5,800 to 6,670

fant.

Impacts of Saismic Activities

It has bean determinad that grizzly bears axe diaplaced from areas
around individual drill saitas on seiamic axploration prejecta (Aune
1984} .

The impacta of seismic activity on bears was surveyed in the Lewis
and Clark National Forast for approximataly two wonths in the late
© gummer and fall of 1983 (Aunae 1984). Thara ware six radio collarnd
famala grizzly bears in this project area du.:ing tha axploration. The
older bears spent tha mogt time nearest t¢ such activity while the
youngeat bears spent tha least time near to auch activity., The author
concluded that older adult bears may have more axperiance with human
activitias and are most habituatad to such. Their responaea to active
ities wara thought t& be more refined allowing tham to axploit habitat
with higher human activity lavels without reducing survival,

Throa major case atudies wara also conductad in tha Lawis and Clark
National Ferest during tha 1983 season (Auna 1984). In the first atudy
two radioc collared beazrs wara monitored for two hours during a midday
porlod whila seismic activities ware being conducted on a line about 6.4
kilometsrs (4.0 milas) distanca.: A helicoptsr landing zone was about
1.6 kilomatars (1 mile) from the beara' zadic location. The author
raported that the bears who wera monitorad ahowed no rasponse to saisoic
activities conducted 6.4 kilometers from their location, nor did thay
raspond to helicoptor activity near a landing zona at 1.6 kilometers
from their location. Howaver, they did respond to vehicla noise at 200
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matezrs from thalr location and te a fixed wing fly-ovar at 50 metars
altituda,

In tha second casa study, a bear was uxﬁanad to a low lsvel hali=-
copter flight by a day bed, Tha bear's rasponse was racorded and
evaning movements recordad. Tha author reportad that the bear acknowl-
edgad halicopter flighta at .2 kilomater distance asaccizted with
saiamic exploration. That avening the bear chosa to leave the area
travaling in a direction away frem the daytime activities of soismic
oxploration,

In the thizd and most comprahensiva casa, two bears ware monitorad
for two days prior toc a soismice lina ourvay into a key shrubflald-burn
area, one and ona=half daya during the axploration procesa, and for one
day follawing the asurvey. Both grizzly bears ware reported to respond
te helicoptar activity within .8 kilometsr of their location and wers
avakened f#rsm inactive mtatus, Both bears moved from theizr location
when the oxploration tock placa. At least thraa grizzlies and six black
bears wara present in the canyen before exploration. Aftar the explorae
tion precesa, which came half way up tha drainage, only ona grizzly ang
two black beara were present in the canyon. Neither grizzlies ner black
bears moved back into the arasa near the selsmic project for thrae dayan

aftar complaticn of the lina.

In a separata ntudy.' Kendall found that 82 percant of grizzlias
reactad to helicoptesr f£lighta at 100 to 1,000 fesat altitude (Haradan
1984).

Bears aloo react to noise from soimmic blasts, but thair response
is not as well documented aa reaction to noisa from aireraft. In cene
casa, a National Gecgraphic camara craw, filming a methar and her two
cubn faading on hucklaoberries near the boundary of tha PFark, saw tham
quit feeding and run for cover about 1/2 mile zway whan a blast occurred
about 2 milas from their foading aite on tha PFlathaad nide of the river
(Lange 1984).

In a atudy performed in Alaska, responsas of danning grizzly bears
to nolsge associated with winter aesismic survays and small fixod=wing
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alrcraft wara studied on the North Slope during 1978 te 1951 (Raynolds
1981)., Responaes of bears to potential disturbancea were measuraed from
changas in signal amplitude and temparatures of axternal radio cellars on
two grizzly bears in dens within 0.8 kilometar of seismle lines. In
addition, heart rates wers monitorad from implantad transmittsrs in two
grizzly baars; ona was sublectad to meismic ralatad disturbance, the
othar was not. Changes in heart ratas, radlo collar temperaturea, and

signal amplitude for denning grizzlies which occurred when salsmic

vehicles wera oparating near dena suggast that bears may respond to

noinas associatad with thase activitias,

Mid-wintar overflighta cf dana in small fixed-wing aircraft did not
causa a change in tha heart rate of twe female grizzlies with young
cubs. Sinea beara in this study wars rapeatadly located by aircraft
during 1977 to 1981, thare ware mora habituated to ovarflighta than
bears nevar axpoaded to thia type of disturbance., Howavaer, juat prior to
and aftor emerganca, the bears appeared to bea vary sanaitive to noise
disturbance from wmmall aircrafe, It wan recommendad that aircraft
ovarflighta be prohibitad balow 300 maters (1,000 feat) ovor known dens
batwaen t May and 15 May. Low laval flights in early aummar did causa
some increase in haart ratas, although no beh;vinral ch'.nnges wara nutad.
A prohibition of aircraft flying low (<150 matars) over bears was also

raconmended (Reynolds 1981},

Summary of Findings by Aune (Auna 1984}

Praliminary evidenca suggests that soma baars may be at least
tamporarily displacad from key feeding arsas by seismic exploration, and
baara' activity patterns ara affected hy saismic activitiss near thaiz
location. Individual bears may wvary in thoir tolarance to seisoic-

aspociated activity,

7.3 OTHER WILDLIFE

The atudy area provides some of the most productive and divarae
wildlife habitat in the nation as discussed balow (ARCO 1982), The arzea
is home for a number of throataned or andangered apscies, including the
Bald Fagle, Peragrine Falcon, and Grsy Wolf., The major effacts of the
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oll and gas sailsmic prospeacting oparation on these aspeciea and others,
as wall a3 bears, are:

a. Dlacemant in a atrass situation or adding additicnal strass
bacause of ather ongoing or axisting activities, such as timber
salas or forcing movament of one animal into tha home ranga of

anothar.

b. Tenmporary displacemant of a 1listsd species f£rom faeding,
ranting, danning or nasting arsas. Parmanent displacamont from
or abandonmant of denning or nesting asitas is possible in
ralation to the intansity duration and timing of tha distur-
bance occurring during oritical pariods in tha 1lifa cycla pf
the specian,

¢. Habituation and coanfrontation batween epecisea and human an-
tities, which could rasult in tha removal of tha individual

from the pepulation.

Some cccupied bald sagla nestas in Flathead and Glacisr National
Park have failad to produca young in racent years (Haraden 1984).
Seismic activity may ba ona of a numbar of pesaibla causas.

Other spaciea fcund in the area which may be sansitive to explora-
tion activities include: moocss, alk, mula daer, whitatailed daar, black
bear, mountain caribou and e¢ougar.

In 2 atudy on the affacta of saismic exploration on summering elk
in northcentral Montana it was found that elk movaments began to follow
a pattern of aveidance to halicopters and explosives (Olaon 1981).
Movemant for threatonad spacias may be mora difficult due to thelr moze
ragtrictiva habitat requirements (Martinka 1985). Summering elk in the
area studied apparantly have a great affinity for certain habitat typas
and locationa, as is indicatad by their willingness to ralccate in such
areas aftar seismic work was finished. The data auggests that a few
days of activity is tolarated but when that time 1limit ia exceeded alk
baegin a snarias of movements to aveid the diasturbance.

Tha quality of forage for wintaring alk is directly relatad to
guccessful reproduction. Energy expanditures during wintar months are
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critical to olk and any additional disturbances rasult in an enargy
daficit, both to the cow and her fatus, In savare casaa hard produc-
tivity suffars with total population levels falling within a faw ysars.

1t has been racommandad (Aune 1984) that ne seismic exploration be
allowed on wintar foraging arsas or adjacent tharmal cover from
Noveambar 1 to May 1, Thade dates provida flaxibility for alk to deal
with huntaxras, wintsr conditiona, and early calving perioda, Disturbance
of known calving grounds and spring nizgtnt:l.on zones ahould ba prevantad
from May 1 te Juna 0. This would snaura that calving elk and thoass
migrating with calves will be abla to establish on summer rangas bafora

gelsmic activity begina.
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CHAPTER 8

CONCLUSIONS

8.1 SUMMARY OF RESULTS

Some of the main findings of this mtudy ara summarized below. Tha
liat does not include all of the results which have bean presentad nor
does it include many conclugicns of an absoluta natura. It does note
aome of the mora .novel findings, and tharaby hopefully provides an
impatus for iomproving the assasament of sound lavels from saismic

axploration.

Genaral Findings

1. Por at least the last fiva years (1580-1984), a large numbar of
sainguic exploration projacts (about 15 to 2%),hkava taken placa sach year
over a five-month summar period near the bordars of Glaciar National
Park.

2., Sound levals from aniamic exploration activities are audible

inside Glacisr National Park during the fiva-month paried,

3, Intrusive scund lavala from above ground blasts may projact 40
dBA or more above tho Park'as low background levels of 20 to 25 QBA at a
distanca of five miles inside the Park boundary. Due to tho logarithmie
nature of decibals, blast lavals ars thus sixtesn or moers timas loudar
tha ambiant scunds in the park. This eatimate doas not includa the
additicnal enhancement which often rasults during morning hours due 2o
inveraion conditiona. Lowar lavals would be axparienced teward tha
cantor of the 'Park, and goma blagts aras heard avan in the most intarier
portions of the mountaina,
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4. Sound lavela from helicopters ara an additional source of
intruaive sound from exploration projects which can propagats cver fiva

miles into the Park bafoza bacoming inaudibla.

5. Grizzly bears and othar wildlife in the Park and in naighboring
forasts have been cbserved to react negatively —- alther by heading for
cover or fleaeing ~~ to socunds from scismic axploration activitises. The
ragponae of humans using tha Park and neighboring racreational areas to
thess sounda is not wall documanted, but is known to be occasionally
nagative.

6. Seismic blastas using the abova ground mathod would hava to ba
prohibited many milas from thae Park boundary foxr thare to ke no impact
on users and wildlife 4in the Park. Helicoptars could be allowad o
cparate ¢lossr than blasts, and balow ground blasting and ground vibra-
ticn mathods could be used evan nearar to the Park, without increasing
scund lavals inaide tha Park. Additional study would be raquirad to
datermine appropriate locations for thams rastrictiva boundariaes,

Maasuramant Program

7. Tape racerdinga of sound mauuremantn collegted in the summer
of 1987 and atorad until the summer of 1984 wnra varifisd to bo accurate
within an avarage of less than 1 4B whan analysea conducted with the

tapes in 1981 ware repeatad in 1984.

8. Tho cellaectad data contained a qgreat deal of information an
ambilent, blast, helicopter, and ovarall seisnic activity sound levals in
the Flatheadq, Glaciar, and Helana areaa.

9. Measuramant sitss near running streama were dominatad by sound
from running water during perioda of high water runcff (Apzil te Juna).

Blasts

10. Tha audden onsat of tha blamt sound was startling to obsarvers,
a8 was tha axtramely long duration of tha acund (8 to 14 meconda} as it
ravarbaratad bafors bacoming inaudible.

11, Ravarberation 1s a conaplecucus featurs of blast sound lavels in

the mountaineus, forastad arsas whara measursments ware takan.

0111 89

N



L

12. It was found in tho technical analysis of the data that the
decay rata of blast sound levalas over distance was dependant upon tha
location of obsarvera, who ware shieslded by tarrain in varying ways from
tha blasta,

13, THe absoluts maximum sound levels measured for the blasts also

depondod upen the shialding of the observer,

14, The tamporal rate of dacay of the maximum blast sound lsvel
over tima was found ta ba vary alow {(about 6 dBA/smac) and indepandent of
the distance and terrain batwesn tha blast and the obaerver. It appears
that this slov decay ratn may be dua to the ruggad and heavily forested
tarrain which act to diffuse and dalay the socund as it travels outward
from tha blatt.

15.'Ctmve:aely. the rata of decay of maximum blamt sound levels
ever distanca wag found to be somewhat greater than expected (about 6 to
13 @B per doubling of distance). This high rate of decay may, again, be
dua to the action of irragularities in the aurface over which the
mqnured hlasts propagatsd although atmoapheric absorption muat also

play a rola.

R .

16, Measuraments made undar diffarant nmetoorological, terrain, or
source/racaivar locations, may yield dififerant rasults than thosa
presentad in thin report., These findinge should therefore be used with

caution.

Halicopters
17. Where an underground blasting or ground vibration method is
used in seiamic exploration, helicoptexrs are likely %o be dominant

aourcas cf sound,

18. The rate of decay of maximum halicopter scund leavals ovar
distance was found to be lower than axpectad ~= about 2 to 3 dBA per
doubling of distance. This rasult is dua to unknown factora, which may
includa dinctiv'ity and oporating moda of the sound scurce, location of
tha absarvers ralativa to surrounding terrain, or meteorclogical

factors.
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19. When tha obsarver is in a vallay and a halicoptar passas
ovarhead, audibilty is genarally limitsd to the ¢ne to two minutes the
halicoptor is within lina of sight, dua to the barriar affect of the

intarvening mountains.

8.2 RECOMMENDATIONS FOR FUTURE STUDIES

Based on the limitad results cbtainad in this study, recomnanda=-
tions for future work ara limted balow in the areas of measurements,
analysis, and impact assesamant.

Heasurements

1. Mors accurate estimates of how sound levals propagata in the
Park area should ba davelopod using atmospheric tasting equipment such
as radio - and laser ranging davices te batter defino tha propagation
pedium, The decay of halicopter sound lavala in the study arsa should
ba 'teated undazr controllad flight conditions. Tha docay of blas? scund
lavels should be testad at a numbar of obmervation pointa which differ
in tarm2 of shieldipg from tha blasts by terrain.

2. Additional sound lavel measuremonta should be made to decument
tha affect of various seismic activities, mieoroloqicn conditiona and
racaptor locations, Conditiona measured should ineclude inversiena,
aearly morning hours, diffarant typaa of helicoptars, locations daap
innide Glaciar Park, and athar situations of intarest for validating
sound propagation pradictions. Measursment of oil and gas f£ield
production activitias is also of intarent.

3, Additional agbiant scund measuramants should be made at sitas
which are not locatad near running streams, and during poricds which arae

not chazactized by high runoff {April to June), in order to further
document the low amblent sound level conditiona axparienced during most

of the year in the atudy area.

Analysia
4. The data in this report and additicnal collacted data should ha

analyzad to provide a basis for pradicting audibility contours, Such
analyais sheuld intarprat the octave band rasults (particularly for
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blasting) in terms of known tarrain and metsorological conditons. The
ability to pradict scund levals and audibility (sea 2Appendix F} in
diffarent asituations would be of graat valus assaaming the potantial
impact of proposed seismis axpleration projacts.

5. The ‘pradict:l.on mathod outlined in tha zreport should be
improved, varified, and preparad for usa in project planning and
valuaticn. Spacifically a step=by-stap procadure should ba developad
which can be used with a hand-held ;nlcnlato: to previde an order-of=-
magnitude astimata of sound lavels from proposed halicopter and blast
activitiea. This procodurs would be used as a acreening tool prior to
the environmental assassment stage of a proposed projact. Sacondly, a
more datailed moda should be davaloped for use with a peraonal computer
which would aligw a greater gquantity of asund level, metacrolegical, and
terrain data to be usad as input, and would provide rzesults of greaatar
acguracy for use in estimating distances of audibility and daveleoping

appropriata impact mitigaticn measuras.

Impact Asssgomant

6, The reaction of racreational usars of the Park and neighboring
areas, as well as rosidanta and 'otha: viaf{toras, should be carsfully
sampled to determine the psycholegical reaponses and bahavioral
zeactions which intrualone of blaats and helicoptars may produce.

7. The reaction of bears to hallcoptars appaara to be documantad
in the literature; however, the reaction of baars to blasta L8 not as
well documanted. Studias which include field observation of how baearg

react to blast nolss from exploration projects aza warrantad.

8. The reaction of other thraatenad or andangered spacies to
blaats and halicopters should be observed and documantad., Sufficlant
activity probably exista during the exploration gseason for these
behavior pattarns to ba proparly identified.

9. Collaction of existing and prap'osud saismic projecta, loca-
tions, and umathodas by a singla agency or group iz needed to provids
battor documentaton of the axtant of acund impacts on the Park. The
collaction affort muat include activitias taking place in Canada,
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APPENDIX A

EXPLORATION ACTIVIIY

A.1 EXPLORATION PROJECTS NEAR GLACIER NATIONAL PARK

As phown in Pigure A.1, oll and gag axploration projects have been
undartaken or proposad on wvirtually all landa adjacont to Glacier
Naticnal Park, including Plathead Natiocnal Porent, Lawis and Clark
National Forest, Coal Creak State Forast, the Blackfest Indian Rassrva-
tion, British Columbila, Canada, and private lands. Thare activitiea
fraguantly tako place within one-half mile from tha Park boundary
(Haradan 1982). A small samplse of come of these _ueime activitics ara
discussad below, Not all aseismic exploration projects which have
occurred in tha Park vicinity ars included in this discuasion, These
which are discuesad indicata that a gresat dagrea of activity has
cecurrad and will continua to otcur in the azea for many years to coma.

Flathead National Foresat, Seigmic activitiss which hava taken
placa in Flathead National Foreoat ars described below based on conversa-
tions with the local Natiocnal Forast Service repragsontativa (Kelfer
1984b).

1. Pravicus Activitiea, About 330,000 acras, or 80 percant of the
Glaciar Visw Ranger Distriet (which ecovars the North Foxk watershed),
has been laased. An aatimated 20 to 25 projects have taken place in the
past fiva years, with the majority of seiamic activity occurring betwoan
Juna 1 and October 1. UbDuring the 1984 exploration aasason, thers waze
four projects in Plathead National Foreat including a projeact that
started initially in Lewis and Clark National Forant.

2. [Propased Activity. Appliecation for oil and gas explorations
are usually submitted to the National Forast Sarvice in PFebruary making

it difficult to pradict futura activity at tha time of thias report;
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haowsver, tha Naticnal Forast Sarvica estimates that activity will be
about tha sama for 1985 as it was in 1584,

Lawis and Clark National Fforest. Sealsmic activities describaed

balow ara basad on convarsations with the local National Foreat Sarvice

rapresaontative (Swanger 1984).

1. Previous Activitias. Moat of tha selamic testa have taken
place in the summer with very little activity during the wintar. Aan
estimated 10 to 20 projacts have taken place in the past five years.
During 1984, seismographic activity waa heavy from the firat of May to
the beginning of hunting seamson, OQOctober 16, and coverad an area con=
sisting of 17,000 acraa, aa shown Figurs A.1. The blasting methods used
includad daaep shét, Vibrosais, Portadrill, and above surface charge (tha
mest used mathed). During the season, five projects were undertaken.

2. Proposed Activity. An appllcation for drilling a wall four to
five milas socuth of the Glacler National Park has bean f£iled by American
Patrofina Company with the Forest Sarvice. Drilling depth is expected
to ba 13,000 feet. The uxpected atarting data for well production 4g t
July 1985, and it will ba oparatad for an unknown yuaber of years in tha
future, .

Coal Cresk Stats Forast. Saismic activitiea dascribed below aze

baged on informaticn from tha Daputy Area Managar, Departmant of State
Lands, Montana (Glasay 1984).

1. Preavicus Activities, Permitting for oil and gas exploration in
tha Coal Creak State Forant bugan in 1979 with ona project. In 1980 and
1981, no projactas took placa within a 25.p0ile ranga of the Glaciar
National Park border, In 1982, exploration was porformad by Mila Hi in
an area bout 28 miles from the Park bordar, In 1983, axploration waa
porformed by Consolidated Gaorax Gecphysica for FPhillips Patroleum and
Transcontinantal 3 1/3 milas frem tha Park border., The follewing
projecta tock placa during the summer of 1984.

a, Recky Mountain Geophysical under contract with Phillips 0i1l

Company performed sslasmic axploration comprising three miles of seismic
lina from Septsmber 24 to Qectober 15, 1984, using tha Modifiad Poultar

mathed.
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b. Seie~Port Exploration, Inc., under contract with Signal of
Montana, performed seismic exploration cemprising six miles of selsmic
line from August 17 to Octobar 1, 1984, using the Modified Poulter
mathod,

¢, Sels=Port Exploration, Inc., undar contact with Signal of
Montana, performed aeiomic axploration comprising one=quartaer wnile 'ot
paismic line from July 16 to August t, 1984, using the Medified Foultar
mathed,

d. Rocky Mountain Geophysical, under contract with Trana-Con

Energy, performad sesiamic activity comprising S5 1/4 mile of goismic lina
from Septamber 27 to Octobar 15, 1984, uaing the Modifiad Poultar
mathod, This projact is achedulad for complation in 1988,

2, Proposed Activities. Synex Corporation has proposad tha
drilling of a wildecat axploration oil well to a depth of 12,000 faot.
With approval from the Department of State Landa, thia project could

bagin as early aas July 1985,

Blackfeat Indian Reaservation. Selsmic activity is taking place

throughéut the Blackfaet Indian Reasrvation. In fact, some officials
baliava nearly the entira reservation is .‘l.an‘ad to variocus axploration
firma (Xaifer 1984}, A numbar of Indlan officiala wera contactad
ragarding detalls of thesa activities (Burke 1984}, but ne informaton
wag provided.

Alberta, Canada, According to tha Canadian Energy and Rescurcas
Departmont, Public Lands Diviaion, although activity has taken place
alsavhero in the province, thera has not been any anismic aexploration
within 25 milea of tha United States/Canadian border (Salche 1984).

British Columbia, Canada. 7Tha saismic activities discussed balow
are bagaed on Anformation supplied by the Managar of Fiald Oparationas,
Ministry of EBnorgy, Minas and Patrolaum Rescurcas (Johnson 1984).

1. Pravieus Activitien,

a. Shell Canada Rasourcas and Norcana Geophysical pexfaormed
saismic exploration from April {1 to April 14, 1984 using the Vibrosals

method.
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b. Cantina Fnargy Corp., and Gaophysical Servics, Inc. par-
formed selismic explorationa from April 1 to April 14, 1984 using tha
Vibroseis mathod.

€. Chavron Canada Ltd. and Saefal Gaophysical performad seismic
axploration from March 29 to April 14, 1984 using the Vibrosals methed.

d. Geo Data Corp. and Gaophysical S3Serxvice, Inc. parformad
gaismic axploration froum Mesrch 20 to Septembar 21, 1984 using the
Vibroseis method. .

¢. Raymond T. Duncan Qil Propertias Ltd, and Patty Ray Geo-
physical performad seismic exploraticn from June 14 to Saptember 25,
1984 using the Vibrosais msthod,

f. Shell Canada Resourcea and Nercana Gacphysical performad
gaignic axploration from July 4 to August 21, 1984 using dynamite.

g. Tha Cabin Creek coal mine is located pgix milas from the
northwaast cornar of Glaciar National Park. The mina site ia about 4,000
acras in aize and iz axpactad te produce 2.2 million tons of clean ccal
evar a poriod of 21 yeara {National Park Servicas, no data).

2. Propossd Activities. An open pitecoal mine which has basn
worked in the past and may be operated again in the near future ia
locatad 15 miles north of the U,S.-Canadz border and 50 miles west of

Watasrton Park,

Private landa. Scme gelsnic activity has taken place on private
lands auzround tha National Park, in particular in this arsa near the
town of Columbia Falls, although the aereaga invelvad is not known.
ARCO 0il performsd aaismic exploration in early 1984 on private lands in
this arca adjacant to Flathaad National Foraat,
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A.2 TYPES OF EXPLORATION ACTIVITY

The follewing descriptions of exploratory activity are taken from
the Glacier National Park Oil, Gas and Mining Activities in the Vallay
of the North Fork of Flathead River (US Naticnal Park Servics, no data).

1. Seismic Survays

These surveys use methods in which shock waves are artificially
inducad through -ths subsurfaca atrata and then reflectad by the wvarious
undarlying layers. Seismic surveys involve two basic measuramant
tachniquas, the rafraction and roflection mathoda. Tha basic dififarance
in the two mathoda lias in the spacing betwaen the shock sourca and tha
recordar. In the refraction meathod, opacing betwasn tha ahot hols and
the racordszr ranges firoa 2 to 8 milea, In the raflection mathod,
ingtrumont spacing is usually less than one nﬂ.:.a.' Saisuie refraction
survaying has only limitad usafulneaa for special geophysical pzoblema
and ia, therefora, not the primary method used today by moat saismic

Frewn.

Saismic raflection gurvays generally utilize an axplesive source te
ganerata shock wavea. Thare are a numbar of nonaxploaiva scurces
including mechanical impactors and vibrating. machines presently avail=-
abla. Evan with the advant of nonaxplosive  acurces, dynanits detonatad
in shot holas iz the expleoaive used by mora than 60 percent of land-
basad geismic craws {Dokzin, 1976), anad in the araa of atudy, 30 parcent
of all surveys usa above ground eaxplosives (Strathy, 1984, Kdiefar,
1984a}.

Saismic cperationa are axpensive =~ as high aa 5180,000 pexr crow
month =« and they involve the use of heavy 'equipment and parsonnal with
spa‘ci.‘.ic axpertise. The basic componants of a typical soiamic raflace
ticn survey oparation in the arsa of study are helicopters, a portablae
drill rig, a ramote magazina (for storing axploaivea), a portable
(12,000 1b) recording unit, scismomatars or gescphones, saismometar
cables, surveying equipment, and craw personnsl., Thasa components may
vary under specific terrain conditions (i.e., 3swamps, marsh, aand,
shallow watar) where specialized aquipment may be needad.

RN 100



In a typlcal survay operation using explaosivas, tha dynanlite wmust

ba pilantad in holas ranging from 10 faet to several handred faet in

depth, with an average hola diameter of 4 inches., The amount of dyna~-

"mite used may range from as little as one pound to savaral hundrad
poundns, dapending on tha nature of the subsurfacs mteﬂal. To maximizae

the snergy transmittsd into the earth, the axplosiva charges are tamped,

usually with a heavy drilling mud.

For a dascription of tha most usaed method in the study arasa, tha
abaova ground blasting technigua known as the Modified Poulter method,
plaasa sce Chaptar 3.

For a variety of reasons, including intsrast in reducing enviroen-
mantsl iopacts, several nonoxplosivae tachniquas have besn daveleped,
Threa techniques ara currently used: machanical weight dropping
{somatimea refarrad to by its trada name, "Thumpar®), the Dinocsein
(devaloped by Sinclair Research Labs), and tha Vibhrosein.

The Thumper usaa a 3J=ton slab of iron, mountad on a spacial truck
and dropped to tha ground frow a height of 6 to 9 faet. For any given
shot point, ap many aa 100 dropes may be mads at 10-foot intarvala every
10 to 12 geconds, Oftan two trucks may be used in tandem to spesd up
tha operation. Tha use of the Thumper, which was daveloped by Burton
McCullom in 1986, is not used much in the atudy area (Strathy, 1984),

Tha Dinoaeins aystex involvas an explosion of gas (propanes and
oxygen) which is datonataed inside a closed chamber. Theass chambers are
mounted beneath special trucks and ara loworod to the ground aurface
during detonation. In normal cpsrations, thrae or four trucka arxe used
aimultanscusly. It is also not used oftan in the study area.

The Vibroseis system induces an oacillatory signal through the
garth rather than an impulsiva signal as in explosive and othar non-
exploaive syptama, Tha ayatom, devaloped in the 1950s by Continental
0il Company, uses a 2-ton mass controlled by a prograsmed hydraulic
vibrator mounted on special trucka. Vibrosais operationa usually
includa four, trucks used simultanecusly either in parallal lines {for
open fiald operaticns) or in tandem {where confinaed to rcads). Because
tha signal fzom the Vibroseis is spread out over many seconda, it has a
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mich lowar amplitude leval than the pravicus systams, which generats
their impulas signals within a #aw millisaconds. This featurs makes tha
Vibroseis mora attractive for operation in populated araas or in areas
with ssnsitive anvironmental characteristics, and is occasionally usad
in the atudy area naar ragularly traveled roads.

2. Cora Drilling

Cora drilling is somstimes conductad in arsas whers additional
information is needed on tha aubsurfacs stratigraphy bafore decisions
can be made for more axtenaive axploratory drilling programa. Most cora
drilling ia conductad by small truck-mounted rige to deptha of 1,000
feet ox leas. Howavar, this tochnique can provida vital information on
basins with little develcopad gaclegic information. In such casaas,
"slin-hola® stratigraphic tasts can be mada by drilling to depths of
10,000 to 12,000 feet in order to obtain the entirs stratigraphic
profile of a basin., Undar such conditiona, the drilling oparaton
baccmaa quite extandivea., Slimehole drilling inveolves sumall diagpeter
rotary drilling techniques and does not usually involve caasing the wall.

EXPLORATORY DRILLING ) .

Unca surfaca and gubsurface geolegic data, and information gained
from the gecphyaical gurveys is interpreted and a structural trap
locatad, exploratory holas are drilled ta taat for the actual exiatance
of hydrocarbons., This operaticn ia referrad to as "wildcatting."

The following discusaion focuaes on the tachniques of the rotary
drilling method. As a detailed discussion of sach aapect and componant
of the drilling operation is bayond the scopa of thia raport, attenticn
will bBe given only to theome anpacts that are important to this atudy,

Although comparatively now, rotary drilling rigs now drill aver 90
percent of all United States wells. The earlier method, cabla tool
drilling, is now usad primarily in the drilling of amall, shallow watar

walla.

R111 102



In tha rotary wmethod, a rotating drill bit is connactsd to and
rotatod by a drill astring or pipe added in asctions aa drilling dapth
inersases, Cuttings from ths drilling procasa ars ramovad by a drilling
fluid or "mud," which is continuously circulatad through tha drill
string, out nezzles in the bit and back up to the surface in the annular
space betwaen the drill string and the walla of the bora hole. Onca
back to the surface, the raturnad fluid in divarted through a ssriea of
tanka that romove the drill cuttings and keep tha fluid well mixed. 1In
tha laat of thaoe tanks, the fluid is picked up by a pump and the whole
cycls is repeatad,
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APPENDIX B

DESCRIPTION OF MONITORING SITES

™

FLATHEAD/GLACIER SITES

Noise monitoring took place at 16 sitans. Sites 15, 11-14, 16, 17
wara locatad in tha Plathead National Forast and Sites 6-10 wara locatad
in tho Glacier Naticnal Park. No maasursmonts wera conducted at Site
15.

The following are daseripticns of the various sitas.

8ita 1 - Thoma Creaslk

Az shown in Figura D=1, at the and of this appendix, thias aite was
approximataly 3 milags scuth of the Canadian bordar, approximately 3
lmilu up Thoma Croek Road from Trail Crask Road, Downslops east from a
point aleng the road .25 mile north of tha fimat awitchback, and upslope

from the saot flork of Thema Creek, the ecuipment waa gat up in a heavily
timbarad, narrow drainage. Tha aite was 60 to 80 faat from a pack trail

heading noctheast., The microphone waa out in the cpen.
Sits 2 =~ Trail Craak

As ghown in Figure 8.2, this aits was approximately 5 miles acuth
of the Canadian berdear, 0.7 mila wast of Thoma Creek Road and 75 to 100
yards north of Trail Crask Road, upalepe and on the socuth aapect. Tha
oquipment was in a fairly danase foremt with deanse undarstory; the
nicrophone was under the canopy.

Site 3 - Hornmat lookout

As ahown in Figure B.3, this aite was approximataly 8 milas ascuth
off tha Canadian hordar, on top of Hornet Lockout, which i3 reached via
Whala Creck and Hornat Lockout Roada. The sita was 58 paces along a
fleld bearing of 20¢ from tha lookout, on the north aspact of tha slope.
The treas nsar the microphone wara approximataly 5 to 6 feat high; the
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underatory was wmainly bear grass and othar small grasses. The
microphone was in the opan.

Site 4 - Red Maadow Craek

As shown in Pigura B.4, this sita was approximately 14 milas south
of the Canadian border, along Red Moadow Crask Road about 2.5 milas wast
of tha first bridga. Tho site was 150 to 300 yards south of Rad Meadow
Craok on the north aapaect of an approximataly 1S-year-cld clear cut.
!Eh; understory was heavy and mainly firewead, =mall mcocuntain maplas,
fallen traas, and stumpa. The microphons waa in the opan,

Sita 5 - Rad Maadow Crack

As shown in Migure B.5, thiz gite was approximataly 15.5 nilas
scuth of the Canadian border, in an old claar cut at the head of Rad
Meadow Craak, 4 miles up Rad Meadow Creek Road from Sita 4 (juat abovae
the second bridge). Tha aita was 60 feat aouth of the road on a actith=
southwaat aspact, at the baga of the large avalanche chute approximataly
300 yarda north of Rad Meadow Creek. The microphona was in tha opan.

.84t 6§ - Rintla Lake’

As shown in Pigure B.6, thia gite was in the wastern part of
Glacier National Park, approximately 15 minutas by BDouldar Pasa Trail
northwaat of Kintla Lake Campground. The equipmant sat on a dead troes
about 3 foet off the trail and approximately 4 yards from the shora of a
omall cove of Kintla laka,

Sita 7 ~ Round Prairie

Aa shown in PFigure B,7, this gite was in the western part of
Glaciar National Park, 5 milag south of Xintla Lake and 4 milas aeast of
Trail Croek. The equipment was in a amzll grova of trees at the north
edga of tha prairie.

S8its 8 - Bowman Laka

Ag shown in Pigure 8.8, thin aita was in the wostarn part of
Glacier National Park, approximately 6 miles from Polaebridge Rangaz
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Station, and an approximataly S-minuts walk northweat from Bewman Lake
Campground alony West Lakes Trail, The squipmant waa in thae open on a
slight hill about 4 feet upnlope from tha trail.

Sita 9 - Dowman lake

As mhown in Pigure B,.8, this site was in the wastern part of
Glacier National Park at Bowman Lake Ranger Station, approximately 6
milas from Polabridgs Rangar Station and Entrance to the Park, Bowman
Lake Ranger Station waa along the shora on Bowman Lake Trail, approxi-
mataly 200 yards from the campground. Tha equipment waa on tha back
porch which faced northwast.

8ite 10 ~ Xintla Lake

Ag shown in Figura B.6, thia site was in the waoptern part of
Glacier National Park on a woocdad hill approximataly 200 yards northwast
and above Kintla Lake Campground. The campground and thae lake could be
seen from tha aita.

Site 11 = Tagae Creak

Az ehown in Pigure B.3, this site was in Wedge Canyon alcng Tepea
Craek Road, 21 paces sant of PFlag 20% on the east-weat nelismic 1l1lina,
Site 11 wag approximataly 0.4 mile west of Sita 12, which waa the
intercaction of the north-south and east-wast saismic lines.

Site 12 - Tapae Cregk
Aa shown in Figure B.3, thia site was in Wedge Canyon aleng Topece
Creak Road at tha intersection of tha nerthesouth and ¢ast-went seismic

linea. The site was marked by Flag 185 on tha sast-west selsmic line,
which runs along Tepes Crask. The corractad bearing Hornat Lookout was

112 deqraes,

Site .13 = Tepses Crask

As ahown in Figura 8.3, thia site waa in Wedge Canyon along Taopes
Craak Road, 10 pacas aeaat of Flag 164 on the caat-woest saismic line.
This site wap 0.4 mile cast of Site 12.

R 119 107



AT

Site 14 - Tepos Crask
As ahewn in Piguras B.3, this sita was in Wedge Canyon along Taopee
Craek Road at Flag 222 on the east-wont seimmic lina. Thia aits was 0.8

mile waat of Sita 12,

Sits 15 = None

8its 16 = Tapsa Creack

As ahown in Pigure 8.1, this sits was in Wadge Canyon along Tepaa
Creagk Road at Plag 233 on the sast-west saismic line. Thic aita was
1.05% miles waat of Site 12. Tha corractad bearing to Hornet lookoit was
89 degrees.

Site 17 - Whala Croak

As shown in Pigura 5.9, this sits was approximataly Q.2 mile weat
of ths intersection of the north=scuth seismic line and Whale Crask Road
in Plathead Naticnal Forest. Thae gits was approximately 1 mile east of
the ataging smita, which was at tha junotion of Whale Creek Read and the
road to Moosa Cresk. The ataging aite was approximately 8.7 milea west
of North Fork Read and 2.2 miles sast of Ninko Craak.
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APPENRIX C

EQUIPMENT

The following equipment was used in the noise monitoring program.

Systen
A=F

i

RN

EQUIPMENT LIST

COEEOI'IBH £

Digital Acocustics Community Noise Analyzer Modal 607-Pv.03
General Radio 1961-9610 1 inch Microphone

Ganeral Radio 1972-9600 Preamplifiar/Adaptor

General Radio 1562 Multi-Fraquency Scund Level Calibrator
Taylor Sling Paychrcomataer

Digital Accustice Community Nalse Analyzer Model 607-Pv.02
Ganeral Radio 1961-9610 1 inch Migrophene

Ganeral Radio 1972-9G00 Preanmplifier/Adaptor

Geneoral Radio 1567 Sound Leval Calibrator

Taylor Sling Psychrometar

Nagra IV-S7 Scientific Tape Racorder
Genaral Radiec 1933 Pracision Sound Level Metar & Analyzar
Genezal Radic 1961=9610 1 inch Microphona

" Taylor Siing Paychrometar

Genaral Radio 1562 Multi-Praquency Calibratos
Scoteh 176 Leow Noise Magnatic Tape

Nagra IV-8J Sciantific Tape Racorder

Goneral Radioc 193] Praclsion Sound Level Matar & Analyzer
General Radio 1961-9610 ! inch Microphene

Taylor Sling Psychrometar

Ganeral Radio 1562 Multi-Froquency Calibrator

Ampox 641 Professlonal Audioc Tapas, 5" and 7" reals

Nagra 1V=D Sc¢iantific Tape Racorder
General Radio 1988 Pracisicon Integrating Sound Laval Metar &
Analyzer

Ganeral Radio 1962-9610 1/2 inch Microphone

Ganaral Radic 1987 Minical Sound Lavel Calibrator

General Radic 1560-9642 Preamplifiar

Taylor Sling Paychromatar
Ampex 641 Profeasional Audio Tapea, 5" and 7" raals

18
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Digital Acoustics Community Noise Analyzer Modesl 607-Pv.03
Caneral Radio 1961«9610 1 inch Micrephonha

Gaonexral Radio 1972~9600 Preamplifiar/Adaptor

Gansral Radioe 1562 Multi-Fraquancy Calibrator

Ganeral Radio 1982 Pracision Sound Lavol Matar & Analyzar
Genaral Radioc 1962«5510 1/2 inch Microphone

Genaral Radio 1562 Multi-Fraequancy Calibrator

Taylor Siing Peychromater

Taylozr Wind Chill and Wind Spead Metar

Genaral Radio 1982 Praciasion Sound Level Mater & Analyzer
Gonaral Radioc 1962-9510 1/2 inch Microphone

Ganeral Radio 1972-9600 Preamplifier/Adaptor

Genaral Radio 1562 Multi=-Fraquancy Calibrator

General Radic 1988 Pracision Integrating Sound Laval Mater &
Analyzer

General Radio 1962=9610 1/2 inch Microphona

Ganeral Radic 1987 Minical Sound Level Calibrator

Ganaral Radioc 1560-9642 Preamplifier

Taylor Siing Paychronetaer

Genaral Radio 1988 Procision Integrating Sound Lovel Meter &
Analyzer

Genaral Radio 19629610 1/2 inch Microphone

Ganaral Radio 1987 Minical Sound Level Calibrator '
Ganeral Radio 1560-9642 Preamplifiew

Taylor Sling Paychromatar

Digital Acoustics Community Noise Analyzer Madal 607-Pv,03
Genaxral Radio 1961-9610 1 inch Microphona

Genaral Radio 1972-9600 Praamplifier/Adaptor

Goneral Radio 1562 Multi-Fraquancy Sound Leval Calibrator
Dwyor Wind Gauga

Ganaral Radio 1968 Precision Integrating Sound Lavel Matar &
Analyzer

Genaral Radio 1962-9610 1/2 inch Microphone

General Radio 1987 Minical Scund Loval Calibrater

Goneral Radic 1860-9642 Preamplifier

Tayloxr Siing Paychrowater

Dwyar Wind Gauge

Ganaral Radio 1985 CC Racorder

Ganaral Radic 1988 Pracision Integrating Sound Laval Matar &
Analyzer

Ganeral Radio 1962-9610 1/2 inch Microphans

Ganaral Radic 1987 Minical Sound Lavael Calibrator

Ganeral Radio 1560-9642 Praamplifiasr

Taylor Sling Paychromaotar
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APPENDIX D

MEASUREMENT RESULTS

This appandix contains moat of the 24=-heur data and soms of the
tape recorded sound lavel data collectad from the field. The following
kay ia usad in the index to identify the tablas in this Appendix:

Sound fSource A
E
H

Area (Location of P

the measuraments) G
Mat

W
Equipment A=M

Anbiant (nc exploration activity)
Exploration activity waa occurring
Helicoptar

flatheaad Naticnal Forast
Glacier Rational Park
Halana National Poraast

Tomperaturs, data waa taken
Humidity data was taken
Wind data was taken

Syatams identified in Appandix C

Data for sach aita were transcribed from typed copias of aguipoent

readouts onto computar diskattas. The transeription procesa was

‘reviewad and arrors wara corractad,
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IHDEX TO MEASUREMENT DATA TADLES .

Tabla Jound Std.

ta, Bource Ares Bite Cate Sound lavals Dav. lleura Mst Kguip,
' A ’ 1 ss26 Taq T1e Bye Bar Lyge Bgg yge Bgor Toge gy 1230-0030 T M A
P 1 es27 0030-0030 A
] 1 &/20 ' 0030-0030 A
1 1 &/29 0010-0030 A
s 1 6/ 0030~0010 Y
) 1 0030-0030 A
2 Y 0020-1020

o 1 2 Log Loy oy Lyo Tgs Byge Dage Bggr Lyge Spuge Ty X 1031-1038 2,0 1
9 A r 1 Boq 200 By Lge Bygr Bage Bygu Begr Tgge by 0020-1030 A
10 A ) 1 6/326 Bog Loge Bye by Lyge Doge Dy, Dgge Lgge Lpyes by X 1430-0030 T b
1" 2 &/M7 ! 0030-0010 n
12 2 o/ 0010-0030 2
1 2 s/29 ‘ ' ooa.0030  * B
14 2 /30 0010-0030 P
18 2 N £030-0030 B
16 2 /3 1521301 1,8 1
17 2 1 0010-=1110 )
10 1 &/26 . . 1620-0010 T, c
19 1 821 ' 00200030 ¢
0 3 asae 0030-0030 e
Y 1 620 00300010 c
22 3 630 : . 0030.0030 ¢
23 1 n \ 0030-0020 ¢
24 3 a2 0030-1310 1,1 c
s PR T 1020-0030  T,M b
26 4 8227 0020-0020 b
27 4 628 0030-0020 o
a8 4 o 0020-1720 T4 B
29 5 8/26 1905-0008 TN '
a0 5 627 _ 0005-0005 P
N 3 &/20 00050005 £
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-
INDEX TO HEASUIEMENT DATA TAULES (oontinusd) *
Tabla found -3
Ho, Hource Axan Bita Dats Bound Lavals Dav, lours et  Equip.
32 5 629 0005-000% £
1) 5  ©/30 0003=0005 L
4 s n 0005-0005 g
1 (I 771 0003-1603 7,1 [
36 [ & &/17 1240~1308 1T u
a7 & 6/ , 151921857 ¥ i
a & e/0 1053=1213  Tiw 1]
a9 6 11033138 "
40 [ 7 ] , 1104-1129 n
4t T 6/29 1301=1341 "
42 7 &/30 1407-1442 it
43 7N 12541312 M
a“ 1 W 12501328 '
4 & a/a8 1330-1248  THt 1
40 & 6/20 14031422 T 1
4 6 6/29 1448-1329 I ]
40 e M 1004-1126  TUW "
49 o /2 ¢ .o 1440-1500  TitW I
ug % 6/20 1557-1631 U u
51 [T Y] 153321603 7MW "
33 L I 7] 14221440 10 u
5 ¥ y L AL LagrBoore Loy Lo Bgo Fige Bype bgge Bigge Bggpn by 1000-ank T A
34 | /30 0000-0000 A
55 LI 771 0000-0000 A
54 ) R 0000-0000 A
57 U 77 0000-0000 A
50 1 00000000 A
LT 1 DO0D-130D U A
60 a W 1080-0030  *u n
3] 2 a0 0090-0050 b
62 2 Wn 0050-0050 B
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INDEN T0O MEASUREMENT DATA TADLES (continusd)

Tabila Sound std.
No. Bource Bite Dats Sound Levals Dav. Houts Hst  Equip.
6 P Y 0030-pas0 B
64 2 W 0050-0030
(1 1 WA 0030-0050 ]
6 2 1/as aoj0-it80 T o
Y] 1 1/ 1290-0050 c
(1] 3 1/120 00A0-0050 e
69 1 7 Q0800050 e
70 1 1422 00300090 c
" 1 un ' 0030-0050 c
72 I 7T ! 0080-0950  Tuw c
73 k] 1715 0050-0930  TUM <]
4 & T 1430-0030 T [}

] 4 70 0020-0030 D
76 4« U 0030-0030 "]
7 4« Wn 00300030 [\
78 4 N 0030-1020 W D
] L] /19 1200-0000 fU [
(i1} LI 77 1] . 0006-0000 E
81 s un ‘ 0000-0006 x
02 5 /22 0U00-0000 E
a3 5 7/23 00001900 20 3
04 1" 7724 . 1113-1413 3
0s 17 i 07501450 U H
6 ? k741! 1955.0055% r
67 7 719 00%3-0055 ¥
as 7 7/20 0045-008% 4
[ 1] T W 0085-0055 r
90 7 W/ 0055-005% r
o 7 /23 0085.0055 r
92 7 WM 0035-008% r
93 7 7/28 0n38-0853 T P

3}
y =] (] (W] ) <




INDEX TO MEADUREMENT DATA TAULES (continued)

Table found Btd.
Ho. fSourcae Araa Blia Date Sound Lavels Dav, lours Hat  Equip.
24 ] r 1 1/20,°1/31,1/2) 8EL, L, . Pur, ’nn A
1 2 1/20,/11,7/24 Tpax o
W21,/ l‘.“
96 1 1/20,1/1) Toax c
47 ’ 11} 1/22 'l'-s J
98 12 /a2 Loy . Taax K
29 12 a4 Loays DuT. l‘.“ 3
100 12 W24 LLUAE 3
101 1 Wai "u: L
102 " /32 Dpax L
103 111 Wi2 "Dpax K
104 ” Had 8XL, Loaxt ™ "
105 17 /34 1+ Lt ™ [}
1054 ] u Hi 718 l-.q. ax’ !'nn‘ Louant l.'m. l.-“, l.'. l.’. !.'D. t.”, H ]
L90, L9
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PAGE 1

a8 LEVEL {dbA}

oAB b MET
uni A e e
NET T BTD T H W
DAE g Houns Lag L.O1 L.1 L1 LS L10 L33 L350 L90 L99 Lmw Lmn DEV (F) (1) (W}
AF 1 6/26 0000-0100 - - - - - - - - - - - - - b - -
AF L 6726 OLOO-DBO0 = = = = = = = = = = = = o~ = « =
A F 1 6/86 O0200-0200 - - - - - - - - - - - - - - - -
AF § 6786 0300-0400 ~ - - - - - - -~ - - - - - - - -
A F 1 ars86 0A00-0300 - - - - - - - - - - - - - - - -
A F 1 6/86 0N00-0G00 - - - - - - - - - - - - - - - -
A F A 6/86 0600-0700 - - - - - - - - - - - - - - - =
A F & 6786 0700-0000 - - - - - - - - - - - - - - - -
AF ) 6/86 0000-0900 - - - - - - - - - - - - - - - -
A F 1 6/86 0900-1000 - - - - - - - - - - - - - - - -
AF 1 6/86 1000-1)00 - - - - - - - - - - - - - ~ - -
AF § &6/86 1100-J200 = - - - - - - - - - - - - - - -
AF 1 &/86 1200-4300 -~ - - - - - - L] - - - - - - - -
AF 1 6/80 1300-4400 47 - 54 LL) 47 LY L1 A6 4G &3 70 - - 7 13 -
AF 1 G/86 $400-1300 47 - -1 50 L1'] 48 46 AG A6 43 &R - - 7’ a3 -~
AF { &/26 1800~1600 &7 - a2 49 A0 47 47 A6 46 46 93 - - w3 -
A F L G/2G 1600~1700 A7 - 83 a0 48 47 47 A7 L1 48 OO - - m 3 -
AF 1 &/B6 1700-1000 47 - 49 40 47 A7 47 &7 46 46 =57 - - 02 - =-
AF § 6726 1000~1900 47 - 56 48 47 o7 47 47 46 46 63 - - mwm 3 -
AF 1 &/286 §900-2000 Ad - -k} 49 L] 47 47 o7 47 46 -1:3 - - 7 a3 -
AF L G/RG 2000-2100 L1 - A9 40 48 L1 47 &7 47 A7 G2 - - m’® 33 ~
nF 1 G/E6 2100-2200 47 -~ LT+ LT A7 A7 LY4 A7 47 46 Bo - - w7 a3 -
AF 1 6/B6 2800-2300 A7 - 47 A7 47 47 A7 47 46 46 40 - - 72 33 -
A F 1 &/86 2300-0000 47 - 47 47 47 . 47 47 47 A 46 4% - - ™ 3 -
A F 3§ G/RT 0000-0100 A7 - 47 a7 47 A7 47 47 A6 46 4D - - - - =
RF 1 G/87 0100-0200 AT -~ 47 o7 A7 47 47 47 A6 AL 49 - - - - =-
A F 1 6/27 0OROO-0300 47 - 47 47 A7 AT 47 47 A6 AG 49 - - - - -
A F 1 B/B7 0300-0400 47 - o7 &7 A7 A7 47 A7 47 AL AR - - - - -
AF 1 &/87 0400-0N00 &7 - 49 40 47 47 47 47 A7 AG 50 - - - - -
A F 1 6/87 0200-0600 &7 - 49 47 A7 &7 4“7 47 47 46 53 - - - -~
A F 1 B/87 OQROO-0700 49 - 59 -1 A0 L1 Al L] A7 456 64 - - - - -
A F ) 6/27 0700-0000 49 - u7 -1 49 49 A0 A0 40 Al 60 - - - - -
A F 1 6/27 0OHO00-0200 49 - 53 51 49 49 49 40 48 40 89 - - - - -
nF | G/87 0900-1000 49 - a1 -1] A9 49 Al AQ L1} 48 H6 - - - - -
A F 1 G/27 1000=-1100 Al - o559 49 44 48 A0 40 A8 &7 b4 - - - L
AF ) G/B7 1100-1800 49 - o6 52 A0 Al 48 48 40 LY 69 - - - - -
nNF § 6&/27 1£200-1300 00 - ki) j-1t] 49 A9 Ad AD 48 &7 ;1] - - - - -
AF | &/RT 1300-1400 4% - S50 49 40 L1 40 Ll ] 48 48 &0 - - - - -
AF 1 6/87 1400~1200 53 - 73 u7 30 AD 4N AB A7 A7 04 - - - - -
A F { G/27 18500-1600 1] - 1Y 29 11 -1} %39 A0 44 L 1] ™ - - - --
AF 1 6/87 1600~1700 A9 - o A9 £1:] AD 40 A Al 40 45 - - - - -
AF 1 &/27 1700-1800 449 - =11 ] A9 48 40 L1 40 Al ah i3 - - - -~ -
A F 1 &6/87 1A800-1800 A9 - 49 48 Al L1} 40 LT A8 “5 83 - - - - =
AF )y &/27 1900-2000Q 44 - 49 40 40 LY:] 1] L1 48 48 a1 - - - - -
AN F 1 6/27 BRO00O-£100 49 - -1 49 49 Al Al A8 L1 AD &9 - - - - -
AF | 6/27 2100-8200 49 - [} 13 50 49 49 Ab 40 &0 73 - - - - -
A F 1 6/87 BEOO-R300 49 - 49 40 AD L]:] L1 47 47 AG 63 -~ - - - -
AF I 6/87 £300-0000 AB - wo 43 48 L]:] L1dd LY} 47 L1-] 61 - - - - -
D O w2 [*) [T fd [ !

o=Com

IDIDIIPDDPITDDPIIZIDIDIDIDID SDDIDDIDDDDDDI I LI Y I 1 5 1 4011
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LR o R N A S A e BUNRMNLUEWNWWUR RN WRWELRWEN NreDd-
DPZTIDDDIDIDISDDIDOIDDIDID EDPDDDIDIIIIDDIIDDIIIDDDD DZCOO

PROE @& O6~Fab~8%
LEVEL (dDBAY

4] HET

A e et e 0 s

T BTD T H #

[ HOURB Leg L.O1 L. LI L3 LI0 L33 LSO L9O L99 Lmn Len DEV (F} (M) (W)
6728 0000-0100 40 - 49 A9 b A8 AR AD A7 A6 &0 -~ - = e -
&/8l 0100-0200 A7 - 47 AT &7 AT A7 AT A6 46 00 -~ - = = -
&/88 0O200-0300 4 - 49 49 Al AQ 4B Al AT A6 H7 - - = = =
&/B0 0100-0M00 47 ~ 40 4D A7 A7 A7 AT A& 46 O3 -~ - = = -
6788 0AQO-0ROG &7 - 52 350 A7 A7 A7 AT AL AL 58 - - = = -
G/20 0300-0600 &7 -~ 40 AT A7 47 47 A7 A6 A6 N1 - - . e -
£/28 0©GOO~0700 A7 - SA A9 AR AT AT AT AR A6 89 - - = = -
6720 0700-0000 9 - 81 A9 49 A9 48 4B A7 46 BT -~ - = = -
G780 0000-0900 49 - 53 20 A9 49 A9 48 A Ad U6~ - = = -
G/28 0900~1000 49 =~ S6 49 A9 49 A0 AD A8 AD &6 -~ - = & -
&/780 1000-1100 &9 - a8 M 49 A9 a8 AD AD A7 &0 - - w = -
&/28 1100-j200 A8 - a1 A9 Al A0 AD  AD A7 A 8D - - = = =~
6720 1800-1300 Al - -1 A0 Ab AD 40 AT A6 A6 U6 - - = = -
6/i26 1300-1400 48 - 83 00 43 A0 AD A7 AG 4% 859 -~ LI
E/28 1A00-1500 47 = S92 A9 a7 A7 4B AG  AD A3 B3 -~ - = = -
6720 1500-1600 47 - A9 AL A7 A7 ah AE AN A0 U6 - - = - -
&6/28 1600~1700 46 -~ 47 a6 4B AR 4GB A6 AS A3 M0 -~ - =, - =
&/28 1700-1800 AL =~ A8 A7 4b AL AG AG AT A B9 - - - = -
G/288 18001900 A7 - 408 AT 4G 46 A6 AG A6 A B9 -~ - - - -
6788 {900-2000 A7 =~ A% A8 A7 A7 46 A6 A6 AL BB - - = = -
G/88 ROCO-RI00 AL - AR 4B Ab AR AR AT AT AT B0 -~ - s = -
G720 2100-8R00 48 = -1 T -1 BT AL 4D A7 46 AL BR - - . = =
6/86 REBOO-R300 47 - AR AB Al A7 Ab AL AE AL AR - L
6/20 RI0C0-0000 A7 -~ AL A6 46 AL A6 A A6 A6 A7 -~ m = -

G/89 0000-0100 46
6/29 0100-0R00 AL
6789 0200~0300 46
6789 0300-0400 A8
&/729 0400~0N00  AD
G/29 0300-0GOO 40
G/29 O06G00=0700 47
G729 0700-0800 A7
G789 0400-0900 47
6/89 0900-1000 A7
6729 1000~1100 46
6729 1100-1RCO 47
G/29  {200~1300 47
G729 1300-1400 w7
G/29  1400-1500 A7
&/729 ID00-1600 46
6729 1600-1700 AG6
6789 1700-1800 4b
6/29 1A00-1900 7
6729 1900-2000 AS
6/29 RO00-2100 46
G/29 R100-2200 46
6729 32R00-2300 46
6729 2300-000Q 46

R N N
RN NN N
[0 0 B I B B | l‘l L0 T I R TG O I T N O TR A ]
Tt ll‘l trtrr R bR R EYIRERSE N YL YOS

FEMEMMAMANTM TN TN NT TERAMMNANATNLRRN AT NNNAUATTNLGY DOAID
Lol ol Ol N R T T e ey Lt ool ok o o R o R N N Rl o T Y el

L I B R R I O R N N A I I I R I R BB B I |
[
-*
>
]
>
=
>
-5
B &
-
-
t-d
-
w
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r
LI I N 2N SN S TN A N IO IO O O I O DI B I |
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OOt REOPRODCDRDDDOD DD R LAYINER R IR T LY IV LR KRN CR LN O LN KN LR TR 21 OO Rnrod>-
ZIP22TDPILIIDIDTIIIIDIDIID DIPODDISTODIDIZIDTIDIIDIDID LIZCOD
AATIANARAAMN AW A RRNATARNANNTT AN NN R AN AN MO ANTYN DM D

G

PRBE 3 OB-Fab-n%

LEVEL {(dDR)
MET

) 8Th T H W
HOURG Leq L.O) L.1 L LS L10 L33 L350 L90 L99 Lmn Lean DEV (F) (%) (V)

R k]
m=-z0

46 AB  AG 46 A6 A AL A0 AD
46 4B AL AR 46 A6 40 AT w7
46  AE A6 A 46 A6 4D AT A7
46 A6 A6 46 AL AL A0 AL A7
49 A7 A6 4B 46 46 A5 A0 SR
40 47 46 A6 46 A6 A% AR B
51 47 A7 A7 46 ABR A3 A0 6B
a1 48 AG AL 46 4B A3 43 02
57 S0 ad 48 4B AT A6 AL 64
S8 40 M) AR AL AT A6 A6 6B
G0 AR A7 Ah A6 A A3 46 &6
47 4B 4B 48 4B AT A3 A0 AL
Al AT A4S AT AT 04
AGC AT AN A4 A4 83
AD A7 AB AT AT AT A% M AT
893 b1 Al A7 AT AL AX AW 86
53 B0 46 43 AD AT A4 AF 63
Hh A0 A6 A6 AT AT AT A4 GR
49 A7 AB 46 AT AT A3 AN 07
A0 AG A6 4 AN AN AD 44 &3
S50 A7 Ab 43 A3 AD A3 43 OO
48 AL AD 43 A0 AD A3 A3 OB
AR A7 A7 40 AE A6 A3 A3 BNO
47 A7 AG AG A3 Al AT AD A8

G/30 0000~0100 46
6730 O100~0200 AB
6730 0200-0300 46
6730 0200-0400 4G
6/30 0A00-0H00  ABE
6/30 0N0G0-060O0 46
6730 0B00-0700 A&
G6/30 0700-0000 AB
&/30 0000-0900 4D
6730 0900~1000 &40
&6/30 1000-1100 A&
6730 1100~1R00 4B
6730 $RO0-1300 AL
6/30 1300-1400 A6
6/30 1400-1500 AL
6730 1300-1600 a6
6/30 1600~1700 A&
6/40 1700~1000 Al
6730 1800-1900 A&
G730 1900-2000 46
6£/30 ROQO-2100 44
G/30 B100-2200 AL
&/30 PLEO0-2300 4B
6720 2300-0000 46
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LI T T N O O T T T T T O T T T O O O B |

AT AG A AE  AS  AD AT A0 MR
=1} o 40 47 46 46 AT 48 59
=1 49 4B Al AL AD A5 A3 09
93 80 46 a6 46 AT A0 A0 6s
83 A9 A6 AG A0 AN AN AT 87
S0 A6 4B 48 43 43 43 A3 66
86 49 40 4% AN A3 A3 43 &3
S50 AL 4D AS AN AN AD AT 30
40 A7 A6 46 A8 403 48 A3 Si
A9 4B Ab 40 AD AN 4D A4 02
-1} A7 4B A6 AT A0 A0 A0 68
43 A8 4B AT A3 87
47 A 45 45 AS Al AS A% SR
A7 46 AT A3 A8 A3 AT AA A9
A7 A5 Ab 49 AL AT AN A4 U
A7 AL AT 47 4D AA AN AN T4
893 49D a7 46 AT 44 AN A4 HO
43 49 A 4G A0 4T A4 4» 0B
50 46 A% A9 AD A5 A4 A4 03
33 A7 A3 AD A0 A0 AA A4 GO
-1 A8 4B AL AT AT A4 A4 39
49 A7 Al 4% A4S AS AR A4 02
43 A0 45 AT AT 44 AL b 46
A5 A5 A5 43 4 hh AN AN AR

7/01 0000-0100 4Ad
7701 OC100-0R00 47
7/01 0200-0200 4G
7/01 0300-0400 A8
7701 0400-QU00  AS
7/01 0500-0600 46
7/01 0600=0700 AL
7/01 0700-0000 4G
7/0% 0800-0900 A6
7/01  0900-1000 L1
7/G1  1000-1100 46
7/01 1100-1200 A6
7701 1ROG~1300 A%
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7/01  1%00~1600 L
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7/01  1900-2000 43
7701 2000-2100 43
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7/01  B200-2300 43
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SRax

=i

A->T

7/8%
el
/25

/23
7725
7/83
7788
/25
7783
7/8%
15
7/23
7/25
7/85
7785
/85
/83
7/88
T/88
T/23
7725
7/85
7/8%

7719
7719
/19
1719
/19
7719
7/19
T7/1%9
7719
7719
7/19
7719
7719
7219
/19
7719
7719
719
7/19
7719
719
7719
719
7719

o
H{OURD Lag
0000-0100 20
0100-0200 24
0200-0300 ee
0300=-0400 22
0400-0500 B2
0800-0p00 25
0GO0-0700 26
0700~0000 33
0000-0900 34
09001000 a2
1000=~1 100 a6
$100~12800 40
1200~1300 =
1300-1400 ~
140041300 -~
1500~1600 -
1600=-1700 -
1700=3000 =
1800-5900 -~
1900-2000 -~
£2000-2400 ~
£100~2200 =
2800-2300 -
£300=-0000 =~
0000~0400 =~
0100-~0&00 -
0B00~-0300 ~
0300~0400 =
0400=0%00 =
0300~0600 =~
0600-0700 ~
0700=-0600 ~
0000=~0%900 ~
0900-4000 =~
1000=2100 40,3
1100«-1£060 39, )
1800=-1300 44,3
13001400 41,86
1400-1500 42.8
1500~ K00 40, 9
1600=-1700 20.8
1700-1000 39.2
1000~1900 349.0
1200-2000 30.2
2000-2100 39. 3
2100-2E00 30.9
8200~-2300 39.0
2300-0000 29,0

L.01
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L]
LEVEL {dDR)
LS Lio
30 88
26 24
e3 et
Bi 21
g2 a1
2o - za
23 28
aw 35
as  az
33 30
ET T
AZ A0
- -
A2 40
40 38
A3 41
42 40
a8 a2
4E 41
39 k1]
a0 39
as 3
3@ ap
40 29
as a9
32 a9
39 a9

L33 L3O
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trir e

L90
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F1r 1 v Rl e

86,3
59.4
571
Th.4
S6. 4
a33.2
S4. 4
0.5
558
46,5
34,3
41,1
40, G
S1.7

-y 1240 e

1
O6-Fub~0%
&8Th T

iLmn DEV (F)
20 3.8 49
20 2.3 A9
80 1.4 o9
20 0.7 439
20 0.6 49
BO 3.0 49
20 2.9 A9
Bl 5.9 a9
23 3.8 49
24 3.0 49
&2 5,9 49
32 2.7 49
6.8 1.6 62
46.0 1.7 &2
a6.8 &4 6R
a6.2 2.1 6R
36,2 8.7 &8
26,2 1.7 &8
38.1 1.1 68
36.0 1.4 G2
36,28 1.1 G2
a0 0.5 62
37.2 1.0 62
al.82 0.4 68
3.8 0.4 62
7.2 0.4 68

MET
H

(%) W
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100
100
100
100
100
100
100
100
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100
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Fi-DL

7/20
7/20
7/80
7/20
7/80
7/80
/80
/20
7/80
7/280
7/20
/&0
7/80
7/20
7/80
7/20
7/20
7420
/20
/R0
7/20
7/80
/20
?/80

7781
7721
7/21
/el
7/81
7781
el
72l
7781
1221
T/21
1721
43
T2l
7/21
w2l
el
17ai
7821
7en
/781
1721
Tret
12l

[

HOURG  Leg

0000-0100
010008200
0200-0300
0300-0400
0400~0500
05560-0600
0GG0-0700
0700-0000
0800-0900
0800-1000
1600~1100
1100~1200
1200~1300
1400~1400
14001500
1500~1600
1600-1700
1700~1000
1400-1900
19002000
2000-2100
2100-2200
B200-2300
2300~0000

0000~0100
0100~-0200
0800~-0300
03000400
0AGO-~0%500
0500-0600
0600-0700
07000800
0000~0900
09200~-1000
1000~1100
£100~1 200
1200~1300
1360~1400
1400-1300
LE00-1600
1600-1700
1700-1 {100
1800-1900
1900000
£000-2100
21002200
2200~2300
2300-¢0O00

J8.3
39.0
39.82
39.0
ag. 2
d49.1
S5. 4
47.6
41.6
56. 9
£0. 0
éa2.2
85.7
%n9,. 3
&2.9
62,0
a2.7
61.7
S9.0
39. 4
39.0
38. 48
8. a
38.8

ag. o
a9, 2
a9.8
a9.1
3%.a
392. 8
9.7
391
59. 8
8% 1
0d. 0
60. 0
-
50, 9
3. 4
&63.0
60.9
59. 0
4a. 7
a9, 1
.82
Ja. b
30. 9
da. o

W

L. Ot

LEVEL (dBA}
L5 Ll0 L33 LSo
ag an -~ 30
a@ 39 - a9
a3 as - 39
39 39 - aa
as a9 - 19
as a3 -~ Jg
46 40 - 39
41 3% - a9
42 A0 = 40
51 219 - as
61 %0 - 40
&3 59 - 49
80 A0 - a9
& 51 - 4l
66 87 =~ 50
61 A5 - AR
50 4l - 40
61 a4y -~ 3o
=8 43 -~ A2
40 39 -~ ap
39 B - ao
39 3 - an
as 3@ - as
393 3 - an
a’ I - 3s
ag 33 - ag
¥ B - 39
as a3 -~ a9
39 as - as
49 a9 - a9
58 39 -~ 39
3@ 39 - ay
&0 41 - a9
&3 42 -~ 39
53 “a0 -~ 40
63 57 -~ Ah
60 A1 - 40
&2 53 - A3
61 M1 - 44
&8 &1 - S6
&3 %6 - 49
G2 53 - a4
57 43 - 40
49 33 - an
2 B - an
39 aa -~ an
a9 as - ag
39 3a 36

i

L99

Lax

40. 4
40.7
40. 8
40.3
H0. B
42.6
79.6
70.5
87.3
4.1
83.3
0. 4
74.9
Bl.1
8i.9
84.3
7.8
4.0
86.9
an.2
S52.4
S2. 0
33.5
436

48.9
50.0
45,7
33. 3
50.7
&2. 1
Di. 4
4. &
go. 8
76.9
74,8
ag. 2
40. 4
77.5
80.7
aa. 1
7h6
2.6
84.0
6i.6
857.3
al.4
40,4
40,3

P

OGi-Fah=-82

Limn

ar.a
3, 1
348.8
a4, 06
17.2
38.0
4. &
37.8
30, ¢
.2
471
37.2
J7.8
. 2
ai. 2
. 0
7.2
6.2
36. 8
.
7.2
3.8
a.a2
38.0

3.0
as. 2
.2
ad. o
0.8
38.1
38,0
J8.0
ao. 2
30,0
3. 0
3.8
ar.e2
30. 4
3%.82
J.e
378
3.2
i7.2
3t.2
a7.e2
3I7ne
3.8
ar.a

BTD
DEV

003
0.3
0.3
0.3
005
0.6
E.4
4.0
2.1
&. 0
10. 2
i1.0
8.0
9lg
10.1
‘J-o
5.“
10. 2
9.0
.2
ol?
0: 4
On‘
0.4

0. 4
0. 4
0.3
0.3
G.6
L3
2,7
6.7
2.1
%9
1.0
10.3
8.0
2.3
a.4
11
10,1
G B
&.6
IIB
1.3
[}
o'a
0.3
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MR RRRGRREMmRRmEmmmn

L -5 -

T/22
/88
7/882
T/RR
T/2e
T/RE
T/e8
]
7/88
/82
/8
T/28
/o2
/82
T/R28
T/82
7/82
Tr2e
T/88
1/88
e
1788
?/82
T/8R

T/23
/83
7/83
/23
/23
/23
/23
Tr23
/23
T/23
7/23
r/23
7/23
T/23
/83
7/23
/23
7723
/23
T/R23
/23
/23
7/23
/83

HOURB Lwmqg

0000~0100
0100-0200
0200-0300
0200~0400
0460-0%500
0500-0600
0600-0700
0700-0400
08000900
05900-1000
1000~-1100
1100=1200
1200~1300
1300-1400
14001500
18500~1600
1600-1700
1700~1000
1800-1900
1900-2000
ROOQ-2100
2100-2200
£2800-2100
£300-0000

0000-0100
0100-0200
0200-0300
0300-0400
0400-0500
0B00~-0600
0600-0700
0700-00800
0800-0900
09001000
1000~1100
1100-1200
12001300
1300-1400
1400~1%500
15001600
1600~1700
1700-1800
1800-1900
1900-2000
2000-2100
£100-2200
2200-2300
2300-0000

aa.8
3a.9
3%. 6
0.9
3%.0
9.9
7.9
43.3
G6. 8
(23
&2,0
56.5
A7
53.0
A7.0
58,7
&0. 1
58.8
61.0
ia.0
39.0
3%.3
39. 4
30.7

a8.6
0.6
38.5
8.6
392.0
aalg
A6, 7
fil. 6
49,7
57.7
b2.3
86. 4
6.9
6841
48.0
39. 8
34.8
an.é
ha
38.6
6.7
48,7
30.0
39.7

LEVEL (dDR)

L5 Lio
a9 da
39 an
32 aa
a9 38
39 39
32 39
-1 39
392 a9
&6 U4
67 S1
63 a7
) 4l
A2 39
&0 D4
43 40
61 |-]
&1 oy
61 o1
59 42
30 30
392 a8
a9 ag
40 29
39 38
a8 a8
1) ab
3s 3o
38 a6
49 30
39 a4
40 i)
as 48
%50 3da
58 Al
55 34
a7 49
S0 43
g2 e
A0 39
a9 39
a9  a3a
3D 0
34 a5
a0 an
39 a4
49 a8
a9 a8
40 40

L33 %0
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38

Lon

AD. &
42, 7
40, 2
40, 1
44,9
61,3
81,6
63,3
os. 2
a4, 1
2. 4
7%. 8
&63.7
Ti.1
Ti.B
7M. 3
00. %
79.7
90.7
Si.2
6.3
0. 3
a1, 8
Al.7

40, 4
AC. B
40,7
AR.7
5i.8
47.0
67. 8
77.9
70, 1
bi2. 3
.6
ds. 2
84. 1
08.9
Tl 4
%2.0
#7.7
h3.0
60,9
47.3
a4, 7
43. 2
bh, &
45,2

06~Fab-45

Lmn

i7.2
7.8
3.8
0.0
7.8
ar.e
a4.8
8.2
ar.2
6. g
a7.0
6. 2
A6 3
ab. 1
as. e
36.2
i6.8
6.8
d6. B
6. 8
7.0
371 e
7.8
ar.e

k1431
ar.e
at.2
d7.2
a7.8
a7.8
37- e
ar.e
6.8
36.8
a8 8
A6. 2
7.8
s, g
7.2
7.8
a7.a
az.2
ar.a
7.8
7.2
a7.2
az.a2
a7.8

arp
DEV

0.3
0.3
0.3
0.3
0.5
1.2
4.0
2.7
12.1
it.p
10,6
7.9
3.8
9. 4
4.2
8.5
2.0
9.4
9.3
0.6
leh
.2
0.6
0.5

0.3
0.2
0.1
0.3
0,7
1} -}
(IR}
503
.0
0.8
7.8
7.9
als
10.7
5,3
0.7
0.7
0.3
L
ol&
0.6
0.3
0.3
o.ﬂ

—— .k e e 9

T H W
(F) {x} (W)

Iltlllllllllglllllllllll

MET

~

LN I N I I IO IO IO IO I B B |

I N N NN N NN RN

LI 0 T O T T RO NN TN T T T O T IO B A I A

L O T T T A O R O B R R A A O AR I I O ]

EUEEU:UDEUEUEGUDbﬂﬁlﬂﬂuvaﬂbﬂﬁ:ﬂaﬂﬂﬂﬁﬂﬂQUBGUUBEUBUGBEU-:ﬁﬂl




AsL

L

PRBE

mrop-
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RRRNRRDPRARPRKPRADPUNNNRRBRNERD RREPRAIDBRPROBRHDPDRN RN DR RLR Pl

G

M-i>o

724
T/24
T/24
T/24
7/24
/24
T/84
7724
/24
T/84
/84
/84
7724
/84
7724
TN
T/R%
7724
7/24
T/84
T/ah
T784
7/84
T/724

7/83
/8%
/83
T/an
7/83
7/85
/85
7785
T/8%
7785
77285
7785
T/8Y
T/28
77258
1725
7723
7725
7725
7725
/8%
/85
7723
1/8%

HOURE  Leg

0000-0100
0100-0B00
0200~0300
Q3000400
0400~0500
0%00~0L00
06G0-0700
8700-0000
0800~0900
0900-1000
1000-1100
1100~1200
1200~1300
1300-1400
1400=-:5300
1500~1500
1600~1700
1700-1000
18400~1900
1900-2000
£2000-2100
£2100-2200
28002300
2300-0000

0000~-0100
0100-0200
0200-0300
0300-0400
0400-0%00
05000800
0600-0700
0700-0000
0800~0%00
0900-1000
1000=1 100
1100~1200
1200-1300
1300~1400
1400~1500
1500~1600
1600-1700
1700-1000
10800~3900
1900-2000
2o00-2100
2100-2200
2R00-2300
2300~0000

[

41.3
43,0
44,5
44. B
44,9
45,0
45,0
7.5
47.1
€20.8
40.6
44, 4
A7.8
46.7
49, 1
61.2
ab. 0
57. 43
53,3
A0, 8
A2, R
41.3
44.8
Ad. B

44,6
A4 b
44,7
44.8
44,4
485.1
L
A8.5
45,58
43.6
‘7. ﬁ

L S R O I IO N I IO I I |

L. 01

Lty vttt

11t P b ET L

L

LEVEL (dDA)
LS LiO
42 41
Ak A3
A Aa
Ah A4
4% A4
AT A4
45 Ak
52 AN
45 A4S
54 44
52 40
42 a0
50 3y
S0 a9
53 42
sa =4
50 40
57 =
M2 a0
Al 4D
42 4B
A4 43
A4 4a
44 A
FY Y
44 44
YR Y
W a4
ok A4
Y Y
AL 4%
46 4%
46 4%
48 45
A8 46

FEVT LI L)L

L2

L33 L350

LI SO T N N U U T T Y N T N NS I T I 2N IO I R |

LN R A T N O RO O IO TR I I N O B R

L1}
42
ad
L1
h
LT3

[ I I I I B |

I N N R O AN T N A A 1

LN 2 I O B O O O I

L

44,7
45,9
47.0
47.0
48. 0
57.0
851.7
Tt 4
69,5
70.8
65. 9
60.6
67.1
633
&%. 2
86.8
£6. 4
Bl.4
7.8
56,1
60. 3
a3.1
26.7
33.1

Se. 6
33.6
52,7
Si.1
a5.1
53. 4
J4. 7
57.8
S508.7
50,3
70.8

OG~Feh-85

Lin

ag, a
368, 2
Al.2
43, 2
LLTE )
43,2
44.8
Ake 2
~ala
40. B
36.2
J6. 2
36. &
35. B
34. 2
JG. &8
A6. 2
Ja.2
at.a
3712
40.1
Al 2
AR 2
4. 2

43. 2
Ad. 2
41.B2
44,1
44.0
44.0
LLTY
44.0
44.0
43.2
43.8

LI O T I IO O IO N S |

870
DEV

0.2
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T
(F})

MET

H
{%)

100
100
100
100
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100
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100
100
100
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PRGE 9 OE~Fab-8%
L

TE LEVEL (dBA)

ADAB D MET
LNET T 8ty T oW
EDAE E HOUAG Leq L.O3 L.1 LI LS L30 L33 LH0 L90 L99 Lax Lmn DEV (F) (X} (V)
&7 E F 3 7/19 0000-0100 - T T T T S T
&7 E F 3 7/19 0100-0200 - - = = = = = = - .= e = e e .
67 € F 3 7/19 0200-0300 - B . T S
67 € F 3 7/19 0300-0400 - e e e e e m e e e e a == ==
G7 EF 3 7/19 D400-0%00 - e
67 £ F 3 T/19 0500~0600 ~ ~ e e e = e e e == . - = e -
67 £ F 3 7/19 0660-0700 - I e R S
&7 E F 3 7719 0700-0400 - T T T S R
67 E F 3 7/19 0000-0900 = . T . TN S S
67 E F 3 7719 0900-1000 - e T
67 E F 3 2719 1000-1100 - . T R T R
&7 E £ 3 7/19 1100-1200 - - m e e = e e e e = e m e ==
67 E F 3 7719 1200-1300 £87.3 39 33 30 B8% 26 - R% 24 23 A7.2 BA.1 2.4 6B 39 -~
67 EF 3 7719 1300-1400 33.3 49 43 38 36 30 -~ 23 26 23 54.8 £2.0 4.7 62 89 -
67 C F 3 7719 1400-1500 89,5 42 37 33 31 28 - 27 &3 23 47.1 221 2.8 G2 59 -~
67 C FAa 7719 1500-1600 28.3 41 30 31 23 26 - BY B4 23 50.9 @8.1 2.0 &2 40 -
67 E F 3 7719 1600-1700 28.9 41 37 32 30 @2 - P& 29 B4 90.7 1.1 27 && 859 -
67 E F 3 7719 1700-4800 35,3 D1 A4S 40 36 33 - 31 27 29 578 £3.0 AR &2 89 -
67 G F 3 7710 1000-1900 37,28 40 44 44 39 36 -~ 3% 32 31 5%.7 B9.§ 2,7 &2 89 -
87 EF 3 7/19 1900-2000 33.7 42 39 37 36 33. - 32 27 25439 241 d.4 &2 %9 -
&7 E F3 7719 2000~2100 33,1 4G 42 3% 37 4335 - 33 30 287 83.3 BG.1 3.0 62 89 -
G7 8 F 3 7/19 2100-8200 33,8 S0 47 43 A4 38 =~ 37 32 27 S4.4 BN 1 A2 G&2 50 -
67 EF 3 7/19 B200-2100 42,4 50 AD0 46 A% 43 - 41 20 283 36,3 821 67 &2 39 -
67 L F 4 7/19 8300-0000 41,7 54 81 47 44 41 - 3% 29 24 53.8 B0 &.4 62 %9 -
GOE F 3 7/B0 00DO-0L00 43,3 S4 S0 46 AG . 44 - A3 @9 24 95,0 2Ll 6.8 -~ -~ -
G0 E F 3 7/20 0100-0200 42.1 54 A9 47 46 A3 - 30 27 2% 92.8 83,1 73 - - -
60 € F 3 7/80 OR00-0300 B%.6 44 2% 233 31 &9 -~ 20 £3 24 30,8 83,1 2.6 - ~ =~
0 E F 3 7/R0 0300-0400 24,2 38 &89 a7 26 24 - 21 8@ 22 36.0 El.l 1.7 =~ ~- -
60 E £ 3 7/80 0A00-0M00 39,3 64 N1 36 B0 23 -~ B2 £2 82 6%.7 BL.7 S8 - ~ ~
&0 E F 3 7/80 0S00-0G00 26.7 43 36 31 @87 @23 - @3 g2 22 9.3 8l.1 A0 = - ~
GO E F 3 7/80 0ROC~0700 80,1 78 63 43, 42 34 =~ 31 23 P2 76.4 BB.i 8.1 - <= =
€2 E F 3 7/80 0700-0800 37.7 58 S2 38 @28 23 - @23 B2 22 64,7 BA.O H.6 -~ =~ -
& E F 3 7/20 000D-0000 44.8 83 87 40 43 30 =~ 35 22 P22 66.9 L1 0.4 - = -
&0 E F 3 7/80 0900-1000 41,3 GO 53 46 48 36 =~ 34 23 21 65.9 82,1 6.8 - ~ -
6 E F 3 7/80 1000-1100 42.9 60 5% A9 A4S B0~ BN 83 B2 G422 ®B 3 %l -~ - -
EBE F3 7/20 $100-1200 41,0 57 53 4B 44 31 - B5 P31 P2 &R2 2l 0.& - =~ -
G0 E Fa 7/80 1800-1300 44,82 63 6 49 A4S 36 - 34 31 EG 72,3 7.1 6.0 - = =
G0 E F3 7/20 13001400 42,8 &0 S5 43 44 34 ~ 32 23 BS 635.4 Bkl B.6 - = =
GBEF 3 7/80 14001300 41,06 61 S92 42 40 3% - 33 £ 24 60.2 BA.1 5.5 - - -
G0 E F 3 7/20 1500-1600 43,9 G2 B3 48 A% 40 = 37 31 29 658 BGO Gl =~ ~ =
G0 E F 3 7/20 1600-1700 42,0 &0 S6 40 43 32 - 23 £3 PE66.9 20,1 P.B - - -
COEF 3 7/20 1700-1000 39,1 S8 83 44 36 25 - 24 19 17 63.7 161 .5 - ~ -~
EGCEF 3 7/20 1000-1900 44.5 &2 56 S1 46 34 ~ 31 g% 2370,0 8.1 0.0 - = ~
£ E F 3 7/P0 1900-B00O 38,1 4% 41 37 38 30 - 29 g4y 22 53,5 21,0 4.4 -~ - -~
€0 E F 3 7/20 2000-2100 3.3 S0 42 39 37 35 - 34 20 34550 21 3,7 - = =
G E F 3 7/20 R100-2200 3.8 4% 48 30 37 34 - A1 2l 24 AT.4 221 LT - - -
GG EF 3 7/20 2200-3300 31.3 40 37 3% 34 31 -~ 29 25 &2 51,5201 3.4 - - =
60 E F 3 7/20 2300-0000 26.4 38 33 30 2% 26 -~ 23 10 16 A3 130 AL - = -

T=Om
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PARGE 10

mAARMARERAAERRAARAMAIRAORER RARGMARRARAMGRRABRRAMIANMMAN BZCoW
TRATATANTAANTAATNTNNNMABATATNNTY AATMI LN AN N MAN TR NNMAONIT DM D

R

HUNRUBWDRERWRWWULHRRBS DR WNWE WHRWUERBWRNUEROUEUWUERU NN ERW M-wD

nmaAab>c

721
el
/81
el
/a1
7781
1721
7/21
7/81
/8%
7/21
el
7721
Fril
/ak
/81
7721
vl
7781
/el
7/81
/el
/81
el

1/82
/88
728
/78R
/88
T/82
T/22
/e
T/22
T/RR
T/ea
T/88
7/82
r"ag
/a2
T/88
7/28
7722
/82
r/28
/82
T/82
1722
a2

HOURB Leg L.OL
0000-0100 19.0 &6
0100~0200 18.8 &3
0200~0300 18.9 BE
03000400 17.2 B4
0400~0800 AlL.6 GO
0500-0600 19.2 28
0600-0700 39.9 1)
0700-0000 28,1 AR
0800=-0900 40,2 57
0900~-1000 39.5 3B
1000-1100 21.8 51
1100-3800 36.8 T4
1200-1300 41.5 -1
1300=1400 39.6 66
1400-1500 A5.0 &2
1600~1600 40.9 59
1600~1700 26.28 U4
1700~-1800 42,4 £0
1800-1900 43,0 6e
1900-2000 33.1% 47
2000-2100 24.9 22
2100-2200 £7.3 A0
BEQO-R300 87.0 29
2300~0000 Jl.4 40

0000-0100 £G.0 34
0100-0200 2%.6 37
0£a0~-0300 8.8 3L
0300-0400 20.7 AR
0400~0500 17.0 34
0500-0600 17.9 36
0600-0700 4B.6 &0
0700-0400 2.2 82
0L00=-0900 #3.1 99
0900~1000 A1.7 59
1000-1100 40.7 50
1100-1200 38.1 13
1800~1300 27.4 A2
1300-1400 36.8 849
1400~1300 42.3 07
1500=-1600 23.7 56
1600~1700 39.7 S0
1700-1800 44.9 &0
1800-1900 42.3 &0
1900-2000 286 37
£000~2100 24.1 R
2100-2200 27.4 43
2200-2300 £7.4 a3
23000000 33,4 43

wt A

LEVEL (dBA}
L3 Li0
2 20
g0 18
21 19
19 17
By Bt
21 19
M 24
19 16
41 a0
3 26
29 23
35 B4
a8 BB

‘oap N
46 38
41 B9
ET
43 34
42 33
s X
27 23
26 24
29 &6
FERET!
30 . &7
TR 3
21 17
g 13
17 19
17 i3
A4 BB
2 19
47  £7
44 24
42 &%
ar es
0 a7
34 30
a6 38
as 31
a9 3
A7 A}
44 32
32 eo
23 go
29 g7
0 en
a7 a3

L33 L3O

LI N N O O T N N O O U T DO A I IO A OO I A

19
17
id
| 173
19
18
17
15

Lmn

£9. 3
36.3
4.1
30. 1
79.0
37. 4
64, B
47,9
63,8
66.9
a7
61,5
Gi. B
60,9
66, 4
66.3
61.8
&6. 8
69.0
fine B
36. &4
&0.6
45, 9
44.1

37.2
40. 4
37.9
Sl.3
44.3
41.3
64,1
80. 4
&3.0
&3.7
63.0
62.1
S0.3
&2.6
60. 0
S0. 4
61. 3
EG. 4
6. 9
A2. 6
60,0
54, 3
33.3
45. 6

0G-Fuh-83

Lmn

13.0
9.0
10.0
11.0
10.0
12.0
ii.0
2.0
9.0
16. 4
14.0
13.0
9.0
13.0
£0.1
2l.1
12.0
2.0
16.1
19.1
17.1
14.0
18. 1
14.0

13.06
128.0
2.4
2.0
9.0
10.0
11.0
182.0
12.0
9.0
9.0
14.0
18.1
2O, 1
E. )
19.1
£1.1
18.1
14,0
15. 3
9.0
9.0
13.0
10.0

87D
DEV

1.9
24
2.4
.0
5.0
e
10,1
3.9
10.6
7.8
8.3
7.3
9.9
9 1
&7
7!3
.2
97
a. 8
o.2
24
33
2.9
‘.q

he
O. 4
8.9
a.‘
a4
86
1.6

10,9
10,5

-]

L0 I IO T T 2O O T T O O OO AN |

Tt e et r i y1 1 rtrl v}

P11 3330 P FLREI NI ER RO

LI T O T N N N TR T IO T T A T IO AT O B B BN AN

noDoooODOEHODRODORONODOOO0O0 NOOOLGODONONLDDNGODODOONONND0 T=EDn



PABE 11 . O6&-Fabh-0Y

T8 LEVEL (UBA)

AOAS D MET
DURI A m———————————
LNET T BTD T H W
EDAE E HOURG Leg L.O1 L.& L1 LS L1O L33 LSO L90 L99 Lmu Lmn DEV (F} (%X} (V)
TLEF 3 7/23 0000-0100 36.9 43 44 43 42 35 -~ 32 B2 17 47.4 13,0 7.4 ~ e« =
70 EF 3 7/83 01000200 34.6 43 42 40 33 34 - 89 18 14 A6 9.0 Bl = = -
71 EF 3 7/783 ORCO~-0300 JA.2 Al 41 40 239 33 -~ [ 14 10 48.7 9.0 9.8 - - -
71 EF 3 7/23 0300~0400 EB.B% 40 33 30 17 1A =~ 13 10 9 420 %0 5.8 = - =
71 EF 3 2/23 0A00-0300 23.80 &85 46 27 14 13 -~ 13 11 9 62.7 hO Gob = - =
71 EF 3 7/83 0400-0600 8.7 30 28 18 17 15 - L& 12 11 36.3 90 Bt ~ =~ =
70 EF 3 7/83 0800-0700 A44.7 GO S5 48 A1 24 ~ 2l 17 1Y 64,7 10,0 9.8 = = =
TLEF 3 7/231 0700~0000 30.5 58 A3 23 21 17 - 16 13 11 86.2 9.0 5.3 - = =
TV EF 3 7/283 OR00-0900 42.1 87 83 49 46 23 -~ [ 16 14 &6.9 10.0 11.8 -~ - -
M1 EF 3 7/23 0900-1000 42.2 059 5S4 A9 46 86 - 19 iz 9 63.7 90188 ~ =~ -
71 EF 3 7/23 1000~1100 41.7 &9 49 4t 233 21 - 19 g 9 74.1 9.0 (.7 « - =
V1 EF 23 /23 1100-1800 61.7 o0& 71 63 60 N6 - S¢ &3 16 96.3 10.0 140 - - -
71 EF 3 7/23 1R200~-1300 47.6 69 U9 48 44 34 - 30 19 17 79.0 18,1 %9 = = =
71 EF 3 7/23 13003400 84,8 780 859 52 %0 45 - 4l 24 19 8%.0 17,0 %? -~ =~ =~
71 EF 3 T/23 1400-4%00 31.7 93 A5 30 24 19 -~ 18 16 15 8.3 13.0 5.8 - - =
7M1 EF 3 7/283 1500~1600 23.0 43 34 26 22 19 - 1h 15 14 8512 12,0 3.8 = « -
7 EF 3 7/2823 1600-L700 287.3 37 A a2 M &6 - 23 19 14 38.2 16,1 48 - - =
7V EF 3 /23 1700-1400 33.3 &Y% 44 30 28 ep3 - 20 16 185 0.5 14.0 S5 4 -~ =~ =
7L EF 3 7/&3 1800~1900 21,84 36 A 27 By 19 - 18 1€ 16 41.913,0 23 ~ -~ -~
7AW EF 3 /23 1900-2000 23.3 239 32 88 26 22 - 19 17 16 44,6 13.0 0 +» = =
71 EF 3 7/83 2000-2100 B0.3 44 37 32 31 26 - B 21 16 51.3172.1 40 - =~ =
70 EF 3 /83 B100-8200 JR.6 4l 3% 37 36 32 - 30 23 20 A2.1 18,1 4.8 -~ - =~
T EF a3 7/22 2200-8200 37.0 45 A3 41 40 30 - 47 32 &6 48,9831 A4 - = =
71 EF A 7/21 RI00-0000 37.5 44 42 41 40 a7 - g6 32 23 44.0 24,0 30 - = =
8 EF 3 7/24 Q000~0100 30.3 43 42 41 4 « 33 - A7 33 B0 44.0 841 3.0 =~ « =
72 EF 3 7/24 0100-0200 30,1 4% A3 M 40 J8 - 36 33 3 AhNER%L 2D -~ - =
78 EF A 7/24 0R00-0300 26.1 43 41 39 36 A& - 33 a2 30 43.780.1 B85 ~ = ~
72 E F 3 7/84 0300-0400 32.1 39 37 33 34 22 -~ 3 86 23 Al.8281.,1 ) = = @~
TR EF 3 7/84 0400-0500 36,0 83 J6 34 33 31 - 30 23 B3 72.7R4.Y 12 - - =~
72 EF 3 7/8% 0500=-0000 3.1 43 a7 33 34 32 - o 27 a4 Oo.481.1 2.9 ~ - =~
72 EF 3 7/84 0600-0700 B7.7 33 32 31 0 ar - 26 B3 2} 36l 1) BB - -~ -
72 EF 3 7/8k 07000800 9.3 &Y 33 4S5 32 27 - &€ R3 21 62.3 191 64 -~ =~ =
2 £ F 3 7/24 0000-0900 RG.0 4] 36 31 B9 &5 - 23 &80 19 494 §i7v.1 A0 - - -
TEEF 3 7/84 0900-1000 37.3 49 49 A4 A0 20 - 23 19 17 60.0 13,1 18 =« « =
T@EF 3 7/284 1000-1100 39,1 94 50 46 M3 89 - 24 19 15 0.0 14,0 9.8 -~ =~ -
@ EF 3 7/24 1100-1R00 37.5% 57 50 44 321 g3 - &2 B0 18 61.317.1 69 =~ =~ -
72 E F 3 /24 1800-1300 4.5 86 81 44 40 27 - e B2 21 62.919.1 7.0 - - -~
TREF 3 7/8% 1300-1400 37.6 56 50 43 M 28 - &2 20 18 62.91%7.1 1A -~ =~ =
T2 EF 3 7/284 1A00-1500 36. 4 N7 49 X7 2D 24 - 22 20 18 64,3164 30 - - -
T2 EF 3 7/84 1500-1600 31.8 51 43 34 3@ B0 - a 21 19 57,5 16.1 46 =~ =~ -~
72 EF 3 7/24 1600-1700 36.0 94 47 39 36 32 - 30 23 21 63.219.1 5,4 - = =~
T2 EF 3 7/84 1700~1000 44.6 39 &85 50 A7 43 - 40 28 g3 65.518.1 .6 -~ ~» -
Ta E F 3 7/24 1000-1900 45.0 56 OS2 49 48 45 -~ 44 40 37 62.233.2 Il -~ =~ =
T2 EF 3 7/2% (900-2000 445.6 42 &) 49 A0 A& - 44 39 34 B34 0.2 3.5 -~ - -
72 EF 3 7/24 BOOD-2100 AN, 7 50 49 4B 4B 46 -~ 44 41 30 N3.333.2 2.6 - -~ =
2 EF A 1/24 PLOO-B200 44.80 50 49 A7 47 45 -~ 43 40 36 53.5 32.2 B ~ =~ =
72 EF 3 7/84 2200-2300 44,9 50 49 A0 47 48 - 4 A0 37 H1.8 362 2.5 - - -
TR E F 3 7/24 B300-0000 42.2 4D ke 43 46 42 - U 3B 34 49.2 3).0 2.6 - - -
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PROE 1R 0G~Fuh~8%

LEVEL tdBA}
HET

et o g

8Th T
DEV (F)

-~

H W
[ HOUNE Lwg L.OL L10 L33 LSO L90 LS99 Lmn Lmun (%) V)
0000~0100 A40.1
0100~0200 41.1
0200~0300 37.0
0300~0400 38.0
0400~0800 37.2
0300~0600 J5.5

0800-0700 35.0

100
100
100
100
100
100
100

2.4 A7
2.3
2.9 4?7
3.4

3.8
1.2
23. 1
£3.0
2%.1 B.b
2.1 3.0 47
2.9 8h.1

33 46. 4
33 7.3
e 44,7
26 A7
29 47.1
24 97.0

AL A4 A3
46
43
L1 43 41 Al
AS 43
4 M
42

r/23
/83
/8%
T/83
125
1728
T/84%

191

RARRREAMAMARAMARNPDIRRRRRNNN OGO ERNMMREAMDEMT DD =34 ~%-1"]
TARAATANAMANNANADIANTNNNT A BN AT RN AT E RN AN DM D
PREEEIPLEPPIIIIIIP LIS KGLWEL 0 L 0 B L) G S0 T B G B R B [ R

C

/a3
7725
Tv7al
7/23
ey
7/83
ES
r/8%
723
TR
/83
75
/85
7/80
1788
7/83
7728

L9
1719
7/t9
7719
/19
7719
719
7719
7719
719
1719
1719
T/49
7719
1719
7719
7719
7719
7/19
1719
7719

0900-1000
1000-1100
1100-1200
1200~-1300
1300-1400
1400~1300
1500~1600
1600~1700
1700~1800
1800~1900
1900-£000
2000~-2100
2100-2200
BR00-2300
2300-0000

Q000-0100
0100-0200
0200-0300
0300~0400
0400-0500
0500-0600
0600O~-0700
9700-0400
0il00-0900
0300-5000
1000-1100
1100-3200
1200~1300
1300-1 400
1400-4500
1500-1800
i6G0o~1700
1700-14800
1800~1900
1900-2000
£2000-2100
1719 £100-2200
7/19 E200-2100
T/19 2300-0000

o)

[ N I A 2 I B A

-

‘ll

0700-0000 23, 3
0000-0900 24.8

3

42,5
Ad. 2
43. 4
A B

41.

7

43.3
AR A
42.2
42.5

W

40
a7

LI I I D N N R B B A

LI I I N N R B B I O |

t

PR X LN FLE/ Y
L R E o NN F ]

LI I I I R O I T I N I A |

TEIFANIRE S,
WWWoWOBED S

I I T N I O I N IO 2 O I A

L 700 T T T O IO O |

PLEYIOYYNOYVNYEYLEOYNOR

LB B ELLLREL Y
-

18R YL Y

LI T T U T T O O R TR RO O O T O IR BT |

trry v vyt v

LI 20 I N A I IO NN I N O B |

| I I R O I A B BN A

LI N R S N N R B N R I I |

£3.1
17.1

trrrvir vt
LI O IO IO IO I B I Y
L I A I RN N 2 N N N B B A

LN I I N N I O N O |
LI O I N T I I A I O |
L T I 2O O IO O B N |

a8 40.8 37.2
39 5.9 30.2
49 54,0 30. 1
29
40 J4.2 39.2
40 48.0 3%.1
40 Su.% 38
Al A7.9 40,2
40 A47.7 39.2
41 49,1 40.8

[

E3.7 8.2

1.1
o4

[ O O I I I I B O IO |
LI T N I I O O O B |

Pepeprrrr
DU-P=gOnR
-3 ~3
] ]

0.6

100
100

LI R I I I IO I N O A

L I I BN O IO O N O T O I I T O O T O |

L2 S T N A I I I IO T R R I R I T O B AN A |

LTI RN LI M HE I I DIODRODDNG D~EDM

(=R A -R-p-R-R-R-g-F - N I A I A R

‘.
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PAGE 13 ‘ Ob~Fat~-B5

TSH LEVEL {dDR)

ADASBE D MET
BuR1l A mem———————
LNET T 8TD H H
EDRE E HOURE  Lwy L0} L.} Lt L9 L0 L33 LE3O L90 L99 Lmn Lmn DEV (F) (%) (V)
M EF 4 7/20 0000-0100 42.8 A% A6 k4 43 42 - Az M) A1 43,9 402 Q.7 - - =~
M EF A 7/720 0100-0200 43.1 A3 AN A4 (13 43 -~ A2 A2 4L 4N5.08 40,0 0.7 - - =
TS EF & 7/20 0200-0300 42.3 44 44 43 43 - A2 41 40 45.2 29.2 0,9 - -~ =
TS5 EF 4 7/20 0300-0400 43,8 A7 4 44 44 A3 - A2 4l Al A9.6 A0,E 0.9 - ~ -
9 E F & T/20 0400-0500 A43.4 U8 AB A4 A3 A2 - AR 42 A} B3 ) H0.2 1.3 - - -
TS EF 4 7/80 0N00-0R00 43.3 U2 46 44 43 43 -~ 43 A2 41 6G1.38 41,0 Q0,9 = = =
78 E F A 7/80 0R00-0700 45.6 &1 6 49 45 a3 - 43 42 A1 69.8 1.0 .6 - - =~
TSR EF 4 7/80 0700-0B00 47.0 &% 61 A 43 A2 - 42 4l 40 67.6 39,2 2.4 ~ =~ -
I EF 4 7/20 B00~0900 46.8 67 30 40 a2 &) - A1 40 29 74.6 29,0 A,4 - -~ -
IS EF 4 /20 0900-1000 43.7 93 A9 47 46 A3 - L1} A0 386 63.1 a7.2 2.3 - -~ -
TS EF & 7/R0 1000-1100 43.1 49 AL A3 AR AL - 41 39 37 6.2 36.2 1.4 ~ - =
IS EF A T/20 J100-1200 A0.3 43 A2 M (3} 40 =~ 40 34 37 ¢a.48 6.2 t.4 =~ - -
W EF & /RO 1800~-1300 S0.3 71 -/ .1 49 A6 - 44 40 19 40,8 38.2 A2 - -~ -
TS EF & 7/720 1300-1400 41.6 40 46 43 A3 4 - A1 3% 38 52.7 35,0 1.8 ~« = =~
5 E F & 7/20 1400-1500 43.7 81 A9 A7 A6 43 - AZ 40 39 62.0 37.2 8.4 -~ - -~
WEF 4 /20 1300-1500 43.1 31 92 AT A3 AL - A 40 39 &1.8 dB.2 B0 - - -
ISEF 4 7/80 16001700 41,9 S& 850 A4 L1 L1 I AG 39 M a7.8 7.8 84 -~ = -~
IEF 4 7/20 1700-1800 41.6 85 80 A4 42 40 - 40 34 37 62.3 6.2 2.2 -~ -~ =
IS EF 4 7/80 1800-1900 48.1 G &G0 42 A0 M1 - 4} 49 36 75.83 378 32,7 - - -
TOEF A& 7/20 1900-2000 41.50 40 42 42 A2 M - 41 40 29 1.7 8.2 0. - -~ -
W EF 4 7/80 ROOO-2100 AR.2 47 43 41 A2 42 - A2 4L AG 31.2 3%.2 G.T7 - - -
TS EF & 1/20 £100-2200 42.6 B2 43 43 A3 42 - A2 M) 41 §5.6 A0.2 0.7 =~ -~ =~
TS EF & 7/20 BR00+B300 A2,8 44 44 43 43 AR - A2 4 Al AN.9 40,2 06 - =~ -
W EF 4 7/720 p200-0000 48,8 43 43 A3 A2 AR - A2 Al 41 AL, 8 40.2 O.8 =~ = =
76 £ F & 7/8) 0000-0100 4.0 41 43 A2 4B. 42~ AL 44 A0 44,3 40,2 O4 =~ -~ =
76 EF & il 0100-0200 42.5 44 AT AT 43 A2 - 42 M AD 48,0 A02 Gl = = =~
76 EF 4 7/21 0200~0300 48,7 44 4% A3 A3  ap - AR A1) 41 40.3 402 Q.6 ~ -~ -
76 EF 4 7/21 0300~0400 AR, 85 Ak 43 A3 43 a2 -~ LI T 41 A48 A0.2 O.6 -~ - -
6 EF & /21 0400-0000 A2.7 47 A% 44 43 42 -~ 42 41 41 82,1 A0.R O =~ - -
76 EF & 7/21 0N00-0E00 43.7 B2 40 44 44 A3 - A3 AR Al G5.2 A2, LB - - -~
W EF A4 /81 0RO0-0700 AG.7 G4 6O A A3 43 - L Y 4l 66:.8 41,1 89 - -~ -
76 E F & 7/21 0700-0000 42.3 N2 44 A3 42 42 - A2 M 40 56.9 40.2 0.8 - = =~
76 EF & 7/81 0D00-0900 41.7 S0 AN 42 AR 4L - 41 40 40 (1.2 39.2 0,9 - = =
76 EF &4 7/21 09001000 40,6 82 45 4B 4l 40 = A 38 AT 7.6 362 L8 ~» = =
TJ6 EF 4 7/21 1000-1100 40.6 N0 AN 42 41 40 - 40 34 37 61.8 6.0 RS - = =~
76 EF 4 /81 11001200 A1.6 46 A4 Kl 4B 41 - L1} 39 30 6l.2 26,2 1,2 - -~ =
WG EF & 7/ LB00-1300 41.3 A0 44 42 A2 At - 41 40 39 H2.4 7.2 1.0 -~ - =
T6 EF 4 7/21 1300~1400 43.3 %7 51 &7 45 4 -~ &1 39 30 63.0 27%.2 R.E6 ~ ~ =
6 E F 4 7/21 1400-1500 42.0 81 43 41 A3 42 - L7} 40 3% 4] 37.2 L - =~ =
V6 EF 4 7/21 1500-1600 4%.8 68 858 4 43 42 - AL 4G 39 AN.7 a2 A} -~ = =
76 E F 4 7/21 1GO0-1700 41.0 52 47 hE AL A - 40 38 38 80.0 36.2 1.6 -~ - -
76 E F 4 7/81 1700~1B00 43.6 61 S6 42 Al 40 - 40 A9 34 66.9 7.2 B.6 -~ - -
FC EF 4 /81 1800-1900 47,0 GO 57 43 A2 4L - At 40 39 72.0 A3.0 3.0 ~- - -~
76 EF 4 T/21 1900-2000 43,5 &1 A% 46 AT 42 - 42 41 40 59.3 a%.2 1.4 = = =
76 € F 4 /21 2000-2100 43.1 1 49 A6 AT 2 - 41 41 AQ 56.9 a%.2 1.9 - - -~
TEEF 4 T/21 21002200 48,82 42 43 A3 42 42 -~ A1 41 A0 50.0 40,0 0.8 -~ = =~
M EF & Wel £200-2300 42.1 43 A3 A3 42 a2 - 42 4 40 AB.2 40.2 0.8 ~ - -
TE EF 4 /21 2200~0000 42,2 4% 43 43 43 a2 - LT-SNE ¥ 40 45.0 40,0 0,6 -~ = =~

|-R-R-2-3-3-5-2-3-3-3-5.-3-3-3-3-F_-3 -F R F.N-F-¥.| Lg=2-R-d-R-3-3-1-3-3-R-3-0_3-R-F-R-F R -B.-F - W YRS Y.
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TIAVARAT AR AN NI NN ANANANRT AMAATNATITART NN TNNRNATNBNDNN S MDD

PEPIPIDIPILIPIIIPIPELILY OO LIPIOPINIPIPIISINPLIIr T-emD

M=-D=

7728
7/28
Trae
g2
72
7ae
7/ea
7722
77882
rae
78R
1rae
1/882
T7é8
/82
188
T8
Trea
r7eR2
Trag
T/8R
rae
/828
a8

7/23
7723
7/23
/783
/23
1723
1723
77283
7/23
Tras
7723
7723
7/83
1723
7783
723
T/83
723
/723
/23
7723
7723
7/83
1723

(&

HOURE Lag

0000-0100
0100-0200
0200-0300
0300~0400
0400~-0300
0500+~0600
QEO0-0700
0700-0000
08000400
0900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1%00
1800-1£00
1600-1700
§700~1800
1800-1900
1900~§000
E000~2100
£i00~-8200
2200-2300
2300-0000

Q0Q0-0100
0100+-0200
Q200-0300
0300-0400
0400-0500
0500~0E600
0600~0700
0700-0800
0800-0900
0900-1000
1600~1100
1100~1200
12001300
13001400
1400~-1500
1500~1600
1600-1700
1700-1000
1800-1900
1900-2000
2000-2100
£100-2200
2200-32300
2300-0000

ag. 4
42,5
Y]
42.6
42,0
AB.9
47,0
PN
40,3
40,3
39.9
Al 4
a9.4
a%. 3
Al
A7.2
AL G
4G, &
a1
ASL 4
42,9
41,9
A1, 0
A2 1
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r
-

LN S N T N I I Y A D I I U RO T OO SN N N I O I |

LEVEL (dBA}

L3 L10 L33 L300 L90 L99

04.35
80.3
83.0
fa2,8
4z.0
hi.g
77.9
ad. )
0.8
06, 1
40.9
o2.9
aa.3
79.9
%0
82.8
81.7
#1.7
1.8
81.1
40,3
aa.8
40. &
79.3
41.3
40.7
6. 1
80.7

NN NN NN NN
LI 2 I N N I N N I TN I NN N T I I T O IO A B
LI I B R D 2 U I O O R RN RN R IO O B B B N ]
LI O N I I T O N T DN DN D N N T IO I N R O |
LIN I I I 2 N D I I 2 T O R O IO T O O B B R I

Lon

76.9
70.5
7i.1
Th. 0
71.6
0.5
67.2
76. 8
73.7
£0, 5
2.1
3.6
5.0
69. 1
76. 8
7.8
.7
Tie k
78. 1
7.1
78. 9
2.7
T4 1
£9.8
73.8
70. 0
74,0
70, 6

Ln

48. 87
37.00
87.37
AL &2
AG. 1B
A0, £
39. 83
85,14
8. 12
91.78
£0. 50
85, 80
44,73
37. 75
32.735
51.00
A7.87
44,00
41.18
44,37
41,50
AL, 22
Sa. 62
47.00
5%, 00
44,75
84,75
42, 37

q871e T W
BEV (F) (%) (W)

L I N R N I I I A BN RN N R R R I A N N A ]

LI T I I I O I I D I AN DO T T T I T O T 2N IO I B I |

MET
H
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PROE §

mrep-

104
11}
101
1o
10}
161
104
101
104
104

o
108
ioe
102
o8
108
102
102
o
o2
1oR

103
103
103
103
103
103
103
103
103
103
103
103

oZcCon

TTITITIT=xT
MATARMNATNEBNETN DB D

FTIZTITITIXZITITX

TAMANRRERAN

MUWAMTENHRNN

m=>0

/882
Tre2
TR
T/88
TIRR
722
1788
7/8d
1782
a2
788

1782
/782
7/88
reR
/88
T/88
T¢22
7/88
7782
1/88
7/88

ER
e
T2
20
T/82
/e
7782
TrER
7782
T/82
T2
T/e8

=
g
-]

LI T B I B I O B |
L300 2 O R I B B B BN N |
LESHVI R0

VLAV ELENL S

LI I I I I B O B

LI I I B B O |

[ I A N I I I I B IO I

Ly

r
-
o

LErtT vt L2 I I T I OO O I B ]

r
[*]
W

L0 I O N I O I I O | LI I O O B N N BN |

LI T R O R I I A )

.

LEVEL {dDbA)

-
I ]
o

FTErss bty

r
[
<

o
jur}
-

Ly vt L T I T I O IO I S |

72.9
93.8
ar.6
8.0
79. 9
ai.o0
Bi.l
75, 8
.7
Th. 4
96.0

6.4
6.6
66.6
62,9
63.0
66.7
66, 3

63.4
60.3
63.6

90. 4
71.9
fd. 1
70. 1
Gh. 2
Lo.7
£9.8
69. 1
al. 4
63.3

70,0
. 72.9

O1-Nov-i4
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[¥A)

PRAGE 1
t s

A0 AN D
»p U p 3 n
L NE T T
£ DA E E
100 H F 17 /84
10 M F 47 7/24
i0a H F 17 7/84
10 H F 17 7724
106 H F 17 7/24
104 H F 17 778
106 H F 17 7/84
I0AH F 17 /B4
1A H F 17 T/Bé
10A M F 17 7/Ba
106 H F L7 7724
10 F 17 7/24
10AH F 17 7/84
106 H F 17 /24
10A H F 17 T/Ba
100 H F 17 7/8a
100 H F 17 /B4
10 H F A7 7/84
10V H F 17 7784
100 H F 17 7/BA
W06 M F 17 7/88
Iob H F 1T 7/2%
1OAMH F 17 7/84
100 H F 17 /B4
10M M F 17 7784
106 H F A7 /84
10 H F 17 7784
109 4 F 17 7/84
103 H B 37 7/Ba
105 H F A7 7/24
W3 W F 17 /84
109 H F 1T 7/Ea
OO H F 17 7/8s
163 H F 17 7/24
108 W F AT /24
IS H F 17 7/84
1008 H F

17 /24

HOURE

L N N R
B N R ]
N R

N N N R

[%-]

"l

L10

IR N N NN

L33

L I I I I T I I I |

LEVEL (dBA)

r
(e d
o

FEET YL I LN LA BB L L NIl

-
[
[

I NN

BEL

79.9
735.8
7.2
4.7
ai.2
86. 1
Tl b
72,3
a2. 4
as‘ g
aad. 4
a8.0
8.2
82.9
81.7
nnl a
80.3
9.5
89.1
8a.7
70.1
80.0
84. 4
90.9
86, 8
a7.4
7.5

a2,1
A7.4
a1.3
as.3
8.2
84.9
7.8
79.7
a7.6
7.1

Lun

9.0
66. 8
6.7
67.6
73.%
6.7
£3.7
67. 1
72.0
7. 4
72.3
76, 4
%7
74.5
75.9
4.9
74,8
£0. 4
7.6
7.6
8.7
.1
79.0
7.1
785. 9
.7
72, 9

73.6
1%.9
78,9
™7
7%.2
T4 3
0. 4
1.8
75. 2
70.1

U1~Nov-0a

Dur

S, 12
.37
16.37
21.487
78.75
&0, 12
10,68
18. 25
47.00
4,00
36,487
98,73
6. 37
b®. 00
44,00
98. 68
40,18
96. 83
96, 12
68. 62
10.37
41.80
78. 12
63,487
79, 62
61.73
76.37

sa, &3
63, 62
4%, 37
67,12
A, 18
a3, 12
29,80
43,5
.89, 75

24, 62

L)

810
DEV

LI I IS I B IO B I B |

T
(F}

L NN NN E N

LI S I I I B B B A

MET

v g

H
[} 3]

N
V)

L N N N E R

LN B B R RN B A B )

TeECRM

XTI XY XIARITIIIIIIITIZTXRTIZIXT T

IXZIXIZXTXIIX




* TABLE 106

Helicopter Sound Lavels

HELICORTER OCTAVE BAND LEVELS SITE A

July 16, 1981 Time 1 124543-124733
(Hgl icopter Passby}

{Helena National Forast)

e v £ e
: f

€ g st -

filter Lay Lmx Lun
34.5 &7.%5 72.5 &&2.5
[ 3] Tiuh 77.4 6&O0.S
125 G4.8 72,5 49.3
220 83.3 78.9 48.5
300 64.0 77.6 4AB.4
1000 7.3 70.3 A3 4
2000 48.9 91.0 3J8.4
4000 38.2 44,3 bk
8000 38.3 2.5 28.0
16000 37.7 H1.5 37.8
All pass 73.1 B81.1 68.686
A-waighted £3.1 76.0 T0.3

HELICOPYER OCTAVE DAND LEVELS

filcar

31. 8
[
128
23¢
500
1000
2000
4000
8000
16000
Rll pass
fA=~weighted

i

99.8
J4.0
&2.0
3.2
31.9
28.8
28.8
19.8
16. 6
13.1
62. 1
33.0

July 16,

1981

8ITE 21

Time 3 161032~161653

{(Heliccptar nNovering at S100 ft. distance)

Linx

-2
80.9
30.8
38.7
40.6
37. 4
az.5
2.7
5.6
16.8
66. &
39.8

=mn

az7.2
37.9
a3.1
24, &
@8.3
ai. 4
20.1
18.3
15. 4
12.3
41.5
7.3

20.8
S3.9
40,3
30.8
0.9
7.9
22.7
19.6
16.5
13.1
61.1
ae.s

Lmean L.0%1 L.1 L1

(centinued)

178

L3

LiQ

(MHalana National Farast)

4.1
2.}



Table 106 (continuad)

HELICORTER OCTAVE DAND LEVELS 0I17E 21 {Helena National Forast)
July 16, 1981 Time 1 184283-18923373
{Halicoptar Pasaby)
filtar Leq (W14 Lmn

31.5 7i.0 76.0 B£0.3
63 69.2 73.4 5. A
125 60,0 £&5.3 Sg2.4
2350 Gh.1 T71.0 44,4
woo 61.3 69.2 49.8
1000 56.8 835.3 #7. 4
2000 0.1 B7.4 A0.4
A000 46,2 49.3 AL, s
8000 AB. 4 #6.9 A6.2

18000 46,0 4AG.4 43,3 .

All pass 7h.2 78.3 63.3
A-waighted 60.6 67.8 49.4

MELICORTER OCTAVE DAND LEVELS atTe 24 {Helwna Natiocnal Foreat)
July 16, 1981 Time 1 154310=154418
. t{Helicoptar Passby)
filtar Leg [ kmn
L] .

31.% 7.8 7.2 823.2
=% 89.8 79.0 a5
. 1a%8 8.3 66.82 Ad. 4
: a=%o S6.8 &7.2 Ak.4
{ 200 6.6 63.7 sa.8
' 1000 850.3 87.9 37. 4
: 2000 41.56 48,1 33,3
; 4000 36.1 37.7 351
| 8000 35.9 37.9 35.4
‘ 16000 3.1 37.8 dhe

All pass 73.8 ai.4 &1.0
A-waightad 96.6 63.3 Al.4

{continued)
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Table 106 {continued}

L] .

| MELICOPTER OCTAVE DAND LEVELS BITE 21 (Helana National Formst)
v July 316, 198t Time t 154250-158005
;. (Helicoptar passby with load)

o tiltar Leg bLmx  Lmn

§ .4 83.8 91.5 66.5

i a3 a:.9 68,9 69.3

. 23 70.9 77.9 6i.3

B 2350 8,6 75.7 53.4

© . 500 - £57.9 76,0 561

. 1600 62,9 70.2 S

a 2000 SM.3 B3.4 AGA

v 4000 4h. 4 49,3 45,6

i 2000 49.9 48.3 5.2

! 16000 AS.0 A7.7 A b

b All pass 06.8 93.9 5.6

B A=-waighted B6.7 74,0 USeh

¥
Ty HELICOPTER OFTAVE PAND LEVELS gI17E 21 {Halana Natiomal Forest)
ok
'}*‘: ] July 18, 1941 | Time 1 163114~163204
; (Helicoptar Passby}
:: filtar Leag lmx Lon .
B .
i 21.4 73.1 Bh.h 49,5
i 83 70.9 T73.6 b, A
128 67.5 77«1 4L.0
b - aso 69.5 £80.8 #1.1
y 200 69.7 a2.8 40,1
1600 61.8 729 18.0
' 2000 9.8 65.6 Ju.e
4 4000 47,1 59.4 25,3
B 8000 27.6 45,9 35.4
g 18000 2%.4 37.7 e
e All pass 77.0 B88.7 &2.5
[ A=-weighted 87.4 79.2 42

-
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APPENDIX E

PROPAGATION FACTORS

The propagation factors listad bhelow weres obtained from matecro=
logical data supplied by the Polabridge Rangar Station, Montana. Thesa
data were enterad into & computer program to dJdetermine atmospherie
attenuation factors, by octave band, for esach day for which data was
availabla. The resulta wore transcribed by hand onto computer disk=
attes, The transcription process waa raviewad and arrors wera
corractoad.

The following key is usad in ths indax te identify the tables in

this Appendix: .

Source ' B Polebridge Ranger Station
L]
Area G Glacier National Park
Mat T Temparatiu'e
H " Bumidity
W Waind
181

R 1N
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- o - -
INDEX TO PROPAGATION FACTOR TABLES

Tabla 8cund
Neo. Scurco Aroa Site Data Sound Loveln Mat
106 - G P 6/3-20/78 Propagation Factora T
107 - ¢] o 6/29/79-1/24/78 Propagation Factors T,U
100 - G P 1/25/70-8/19/78 Propagation Factors .0
109 - G P 8/20/78-6/25/79 Propagation Factors T,
110 - G P 6/26/19-7/21/79 Propagation Factors T,
111 - [¢] P 1/22/19-8/16/19 Propagation IFactors 7,1
112 - ] P 8/17/19=5/29-80 Propagation Factors T,H
113 - G P 5/30/60-6/24/80 Propagation Factors 1
114 - G P 6/25/80-7/20/80 Propagation Factors T,
115 - G P ';/21/30-8/15/30 Propagaticn lactors T, i
ti6 - G P 8/16/80-8/31/80 Propagation Faotorp T,




ryl

RTroad-d

1.1
106
106
o5
196
G
o6
106
we
106
1¢6
106
e
106
106
126
[t
106
106
106
a6
1eb
ok
106
6
126

oMoz

| O A T T T 2 T A I O I OO T N Y I R RN |

>AaD
Mm@

TATMAUAMNGINAMNTNNNMARTAMAONNTAN
TCTPTTTDOTCOTVT DT DVOTDVODDD

m=lpo

178
/78
/78
778
/78
770
170
/70
/18

(CR-E N R R N

&710 278
6714 7740
&712 /78
G733 /70
&/1% 270
6715 /70
G716 270
&717 /74
Gy /74
G/49 /70
ar2e /78
G721l 274
/722 778
6723 770
&/84 774
6725 270
G/26 +70

HOURE 16

2. 003
0. o2
~0, 801
2,803
D. 204
-0, 081
D, 003
0. 287
0. 02
&, VB4
. 000
&, DYy
9. 008
[ ]
0. D25
0. 0%
2. D06
0. D24
O, 001
ol2
D, 003
0. Qo2
2. 06
0, 205
D. D04
. 800

L A T S O OO T T I N A N N O T N T O O O OO O BT
L 30 20 T T U D T DO TN DO D IO T N N A |
trrsv v brrr oo rEb1ire

ATMDEPHERIC ATTENUATION
COEFFICIENTR (DB/100OFT)

d1.5

2. 011
o. 009
2. 005
2.013
d.01@
S.a01
0015
. 017
2. 902
2.011
9. 004
0.013
.21
0.012
2.013
a.e11
. 817
03
0,008
2.027
. 01D
2. 210
.04
0.014
[- X334
d. 006

63

. 038
2. 236
. QIR
Q. 030
2. @40
&, 015
0. D43
D. Dha
2. 020
2. 236
2. 21
0. 239
0. D46
. 037
2. 938
2. 013
2. 950"
. 042
2. 036
2,970
2. d3R
0. 239
0. D4d
8. 043
D, D4D
o.038

125

0. 13z
0, 131
D.143
. 116
D, 135
0.274
0. 133
2.119
2. 008
D. 114
o, 990
o, 10
. 188
D. 118
. 112
@, 108
2. 153
0. 337
9. 138
D, 191
a. 105
B, 143
0. 120
2,137
0, 137
2. 157

250

Q. 418
Q. 4E6
Q. 481
o, 360
0, 4L4
0, 292
.37
0. 314
D, 304
D, 347
0.299
2, 349
Q. 300
9,315
a.ale
D. 314
Q. 425
[T ]
D, 4406
0.4B3
9. 320
B, 441
Q. 340
D, 420
. 416
o, 502

15-Nov-84

MET

BTD T H
10 1] DEV  {F) {%)

i. 006 - 1t 41.9
1. 042 - 79 Ad.2
1. 124 - g3 Jz2.98
2. 936 - 75 UB.9
0. 986 - 74 43.0
. 043 - 78 79.1
@ 7ali - & 83.2
0, 669 - B4 77.5
0. 753 - EQ £9.5
&. 029 - 67 6G4.3
2. 720 - E5 1d0.8
2,785 - 64 £2.9
.61} - A3 Blah
2. 7&h - 54 70.9
2. 676 - g4 B03.0
#7651 - 60 79.9
@, 758 - 61 360
&, 906 - 71 4k 2
1.023 - M 6.6
@. 794 - 71 E£4.9
9. 007 - s 72.8
9. 951 - T4 36.7
B. Tas - 61  65.7
9. 870 - 69 45, 4
2. 940 - 73 AR, 3
3.058 - bz 20.7

(1]

| I O T I S N N D RN R R N D N R BN N N NN BN DN N N BN ]

D=CDMm

LIS N N N N S T NS B T B N T D D I I N B DN B NN N NN B |



FRreo-

a7
107
187
187
a7
107
107
107
107
197
107
107
a7
ie7
197

MOmOoZ

[ I R A R I I I O O I N R R A R A B R I |

TRIAMNAN TN T RN NANNAAT R ANTNRTTN

-2 o k-

T o=t e Oy

TV TV T DO OOVYODDDODD

m-=oo

278
/70
/78
/78
/778
/70
/78
/78
/78
7178
718
/778
/70
/70
/78
/18
/78
Xl
778
ral
/78
/1
/78
/78
/78
/1

HOURS

LIS S T T N I T DO O T IO IO R N S A
LI I N T T N N T T T O I N |
LIRS A S I N N B N BN I B IO S I N B I T O

16

DRY BULE
-0.201
~0. 001

8, 026
[y 1)
2. 004
DAY HuLB
2,004
-8, 001
-9, 981
Q. 2o
2.006
8, 004
&, aps
@, 2v3
0, 24
DRY PuULBE
2,085
&, D34
@, ee1
2, 005
2,003
Q. 002
@, 083
9, 028
[

ATHMOBRHENIE ATTENUATION

COEFFIGIENTS (DB/1J2OFT)

a1, 5

TEMP.
o, 802
a.de2
2.Q14
2.811
[ 19}

TEMP.
0.011
Q. 001
9. 603
8. 032
0.015
. 014
0.014
. @10
&. 00d

TEMP,.
0.814
B.0il
0. Q06
.14
. 212
. Da4
2. 829
9. bHG
2. 352

&3

1’0

250

168 LEBS THAN MWET BUuLB TEMP.

YT
. 018
. 842
2.035
®.033

18 LESB THAN
2. 046
Q. 014
2,019
0. 015
B, 042
. 045
0.043
0,036
2,035

18 LEES TAAN
2,939
2,038
2.085
D, i
3. 042
2. 0&1
0, 03
8,419
@118

2,003
2,903
8,129
v, 112
0,108
HET DULE
D.114
2.070
2,0hé&
.07
0,129
8. 149
9,135

HET DULD
2,119
o, e
&, 897
@, 1348
V. 147
2. du¥
2, 105
&, &58
o, &78

2.2940
&, 298
2.3a7
8.339
@, 329
TEMP,
0. 347
2. 275
2.301
0. 278
.76
D. 421
3. 384
Q. 4}
0. 443
TEFP,
©.,363
2. 3339
Q. 307
0. daz
B. 432
&, 317
2. 348
&, Bag
. bLE

LE~Nov=-84

&TD T H
Sed  DEV {F} {%)

0. 778 - 62 a9.6
9,775 - & 09,8
0. 942 - 74 496
2. vk - &3 6&N.6
8. 794 - &4 TL.G
-~ ]
&. 829 - 67 A4 3
0. 004 - 65 95,1
0. 764 - (1) 89,7
2. 033 - R8 906
o, a59 - 69 53.7
@, 22 - &6 a6.B
D, 849 - 6 49,3
0. 991 - 76 A&
L. 42 - 79 3N.3
- ]
©. 926 - 7% DG.A
O, Do - 6% 67.6
9. 6Bl - Sk 94.2
0. 739 - 61 hB. 2
@, 804 - 7w 36.7
. g2 - 7 .4
@. 670 - 71 G663
1.7 - 70 15. 4
TN L} - a7 12,6

T=CDm

L I R A O A A I N I O I I O B I I B I



€8l

nre>-

106
108
108
108
190
148
108
190
108
isd
180
Y1
100
198
Y]]
ion
o0
FLH
108
198
104
¥
196
108
148
128

MO

LN I I I I R I I R I R I O R R R R B I |

AR TR AN AN A RN NN AN AN TN

bR -]

Fi~e s

TOTTTTOOYOPLVTDYTTDUUTDTODODOY

Mm-<EDD

T/e@
T/21
r/2z2
/23
T/E4
/245
7/86
as
as
as
14
[}74
o/
ars
s
as
4718
8711
o212
a/13
a/14
a/15
ars16
8/17
B/1é
8/19

ODNPW® LR~

/78
/74
/78
/8
/70
/74
/1a
/70
718
/78
/108
/70
/74
/18
Xl
/78
/710
/70
/10
/78
/18
/78
/70
'
/7
/70

HOURG

L I N I N I O B R I A I R A B R I B AV RN 2

R NN NN

L L e A I I e e A O I A N B I I A R I O )

16

2. 002
o, b2
Q. 005
2. 001
2. du3
2. 002
DRY EBULR
o, 206
0. 006
0. 003
&.023
2. 201
Q.01
0. 004
@, DO
-2, po1
. 001
O, D4
. paz
2. 003
0. DUS
2. 000
8, O06
0. 003
0. 25
2. 000

ATMOSFHERIE ATTENUATION

COEFFICIENTE (DD/10weFT)

31.5 63

0. 207 9,039
o. 08 2.032
9.013 2.938
0. 200 2,036
o011 0.0308
0. 203 2.0316

TEMP, IB LEEE THAN

0.014 B, 041
2. 215 2. 043
2.846 N1
2. 009 0,035
2. D6 2. 030
8. 008 . 035
2.811 2.837
0. QL v.032
0.903 .031
2.088 . D41
2. 01 &, 04d
2. 007 2. 027
B.2i2 0. 038
. b4 2. 043
. D24 2. 022
2,015 2. 243
2, 009 3,831
@, D14 2. 033
D.015 D. 041

b

183

?. 163
d.127
8,147
2,138
2.13a
2. 131
WET DuLb
@, lea2
0. 131
2.178
D. 1E6
. 123
9.135
0. 125
9. 132
B, 143
0. 163
9. 131
0, 096
2. 109
2. 135
2.093
v, 131
o 108
0. 117
0.119

258

@, 516

‘D. 429

2,359
0. 446
B.418
. 426
TEMP.
0.375
©. 378
@.492
2. 416
. 4d1
2,443
. 44
0. 448
0. 490
. LdS
2.407
2.316
2, 3z2
0,381
2. 303
¥, 359
©.316
@, 331
0. 330

18=Nov=84

MET

aTh T H
Sa0 DEV F) %)

1. 063 - a3 27.9
1.094 - 42 393
8. 896 - R 590
1. 023 - 70 36.6
1. 006 - 77 41.9
Lo @42 - 79 40.2
©.977 .- 777 Si.3
@, D4k - &0 53.1
a, 993 - 7% &6, 8
1.074 - a1 &l.h
1. 146 - as  30.4
1.042 - 79 ar.3
1.844 - o 43,7
1. 097 - e 36.6
L. LAE - a3 30.9
1. D27 - a1 g&.0
@. 986 - TR 44,3
o, 820 - GE  76.7
2. 759 - [ 73.@
0. 798 - 65 S1.1
9. 729 - 50 as.2
2.716 - &0 O6.e
0. 642 - 11 a7.9
o, 738 - 63 £9.9
o, 722 - 59 69,4
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Arep-=

189
129
189
189
ine
199
109
129
109
189
109
199
109
109
199
10%
109
29
129
109
19
129
109
Y]
109
109

=0z

r1 11 r v et rrrtrrrL

TMRATAMA T IANRATIMRA NN AMI AN

Dm=aD

Fi=l=m

PTTTOLVPYDODODDDVVBUTOLDOTUEYL

A=

b/2@
472y
a/aa
4723
Or&4
a/85
[T
ura?
dszi
H7E9
as32
a/31
9/ 1
ar 2
97 2
2/ 4
/16
ars17
br18
8719
u/29
1743
araa
uspd
bras
uses

/78
278
/78
/78
/1
/78
/74
L)
/78
/78
rr1a
/78
/78
7748
/78
/78
/79
/79
/19
/79
/79
r79
/79
1749
79
/79

HOURA
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2. 003
&. 205
Q. 2%
0. B0
Q. ddh
Q. 006
0. ¥25
2, 003
Q. 005
2. 003
9. 006
2. 00
D, D0S
0. 203
2. Q03
2. 200
D, ODh
. D25
@, 05
A, Dd4
o, D%
Q. D4
B, 204
2. 203
2. 203
2. 02

ATHOSPHERIC ATTENUATION
COEFFICIENTE (DE/100OFT)

3.4

2. 0id
2.013
2. 042
2. 018
2, 816
2. 014
2. D14
0. D14
0. D14
0. D&
0. D1LS
0. @04
0. Qi4
2.011
2.019
&, DOG
.013

Q.43

0. D14
2.0la
D.DlA
@, 818
. BIs
0. 012
. 011
2. 010

&3 185
?. 033 Q.10
o.0319 .O.118
0. 037 0. 110
B D2 . 129
. D43 3. 128
2.933 'd.147
2. 043 ©. 136
0. Q4D 2, 124
0. B41 A 125
0. 043 2. 134
0. da2 . 189
o, 02z @.093
0. D4D o 122
2. 838 2,132
2. pi2 2. 107
0. 836. A, 146
., o4 0. 152
2, 043 0. 138
2,043 . 139
?, 233 2. 108
0. D4k 2,135
B, B4 . L44
0,243 2. 146
0. a4l B, 143
D. 043 . 156
©, ¥39 2. 143

-1

2. 3105
0. 340
0. 315
b, 360
2. 338
2. 334
9. 391
9. 363
0. 367
2. 396
2,376
2. 309
2. 350
2,410
2, 34
S 474
2. 430
2. Ad1
@, 393
0. 311
2.370
D, 422
D, 423
8o 4R
. 4GB
D, 441

LS5-Nov-84
MET
BTD T H
G500 DEV F) {R)
o, 27 - 50 a7.7
0. 76Q - (1] 66, 2
D. 124 - -11] 70,9
D, 748 - 62 57, 4
o, 696 - 58 (IR}
9. 730 - [T £9.9
2. 833 - &7 4. 6
w. 057 - [ 57.6
. 042 - & 56.9
D908 - 74 AT 7
0. 859 - &9 83.7
o, 729 - 58 89.8
8. 769 - &3 62,3
1. 006 - 7 41.9
0. 857 - 7w 65,7
1. 045 - [il"] J2.3
0. O44 - &0 a5.a
2. 453 - 60 t A5G
0. 789 - 64 46,5
2.716 - 57 83.0
2.717 - 1] 5.8
3. 874 - .69 49,3
a. 8% - 1] 6.5
2, 891 - 70 AD. 1
®. 238 - 75 Al h
o, 981 - Ta 36.7

LI I I R R N A A D A T R B A R R R R B A |

=DM

LI I T O O T NN Y T TN N IO T T T G N T N T N T O



isl

FRred-
mp-=DZ
2RI P

110
112
110
112
(¥
L1
11
110
11d
e
110
112
118
1o
119
11d
11
110
118
112
119
112
1
119
1He
[y
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MUANMATTE AR NMNTNAMATRATAN

M=

TV OTTTTY DTV OO

F-DD

/79
/7713
/19
/79
/79
/79
/79
779
719
/79
/79
/79
/79
/779
719
/79
779
779
/79
/7%
719
779
719
/79
779
/79

HOURE
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0. 01
-1
2, 80
2. 000
2, 006
Q. a02
o, 07
2. 2%
2. 206
0,004
&, 20
2. 806
D.003
. 001
0. 209
-2, 001
[ N-['H]
Q. a0é
0. 00
2. 206
2.006
[T
-2, doz
=0, OdA
-0, 002
[

ATMOSFHERIC ATTENUATION
CUEFFICIENTR (DbB/12ORFT)

31,5

2. 009
0. 015
2.988
2,024
2.014
Q. 007
2.016
2.d12
0. 214
2,041
R. 023
D.014
0. 209
2. 004
0. 003
d.002
V.014
d.012
0. 003
$.018
D014
2.813
&. 082
-9.081
0. b2
2.013

63

0. 043
0. 042
2. 035
Q. @30
0. b4
0, 028
0. Dis
0. DA
2. 039
2. 837
2.8335
8. D42
2, ddv
Q. e
2. 018
2. a1
Q. 043
0. 043
&, BEd
2. D4}
Q. D4l
2. 039
2,027
0. Dk
0. 229
0. 038

0. 7@
Q. 127
2,125
2.135
0. 129
2, 184

L@ 126

Q. 144
@, 116
. 127
0. 128
@.189
0. 102
2, 290
S.003
3, 063
&.135
D, 146
©.0a%
& 124
8. 183
D, 124

‘9. 130

D, 146
2. 141
d.121

2. 519
0. 383
Q. 443
0. 471
@. 3E9
2.31%
0. 337
0. AR2
0. 365
2. 409
2. hBL
2,387
9. 334
@, 32
®, 308
2,298
@, 381
@, 483
2.311
0. 375
@, 39
9. 393
D 4TH
v. 536
9. 498
@. 308

1%-Nov~014%

ey ——

gTp T H
m0d  DEV F) {%)

1.932 - a2 @gbe
B, 954 - ™ Ge.2
1. 842 - 79 a7.3
1. 182 - [+ - T I P |
2. 411 - [T .-
0. 626 - 43 o0.3
@. 600 - 57 &3.6
2. 874 - E% 39.3
. 996 - 79 . &&.3
1,033 - 79 4l
1. 057 - D3 40.8
0. 942 - 74 406
2. 919 - h 640
2. 096 - Th 71l
0. Q40 - 74 74,9
0.775 - &2 A9.8
2. 794 - &3 5l
0. ASE - &4 38.5
[ 3k - 73 Th?
0.933 - T4 53.0
2. 901 - 72 GS.4
1. 024 - 79 461
1.213 - a4 32.8
1. B57 - 92 Bhah
1. 181 - a7 29.8
1.035 - 80  4G6.7
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Loiod

mreo>-

11l
111
11l
111
111
11l
i1}
iil
111
(333
114
111
11
11
111
111
1l
111
i
111
11
113
i
i1
i
111

A2

TP 1 R bV E S EY LY EL RS

DMaD

MUATMT AL R TN AN ATAANANTNNT

A=

TYTTTTOVPTVTDDDVTDDODOOTDOLTD

f-20

T2
7783
1/24
1/85
1786
1727
1720
/89
T/39
7431
os

ars

[:T4

ars

as
as

[~
~
CDSNDUP LR~

['T

a1e
6/11
4712
B’13
8714
a1y
&/1e

79
/79
/19
/79
/79
/19
179
/79
/19
/179
/79
/19
179
/79
/79
179
119
119
179
7%
/19
/79
7%
/79
k]
79

HOURB

P13 LB OFELNY BN LY R Ry
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16

9. 801
D, DO4
[ 1 H
. 004
2. 0
Q. 002
. 0w

-2, 031
D D04
0. 001
0. 000
2. 08l
0. 0Bz
2., 06
Q. 005
2. 001
0. 029
o, 027
Q. 00k

=D, 0d}
2. 0bi
2. 02
. 002
D, 005
. 0l4
D, DDS

ATHMOBPHERIG ATTENUATION
COEFFICIENTES (RE/1Q2DFT)

318

0. 001
@.a1
2. D06
2.011
0, 008
Q. 000
0. D04
[
. a0
0. 903
2. 204
Q. 000
2. 003
2. 015
Q.01
Q. 009
2. 006
.20
0. 010
Q. Q0%
o, 007
0. 0089
0, 203
D014
@, w32
&, 215

£3

2.014
2.033
&, 028
. 033
. 030
9.023
0. 020
2. 016
2. 031
S.014
0. 018
. 0353
2,836
2. 041
0. 036
Q0,042
2.036"°
2. 063
. 059
2,916
@, 035
9.239
.037
0. D42
@.078
0. 044

ies

2. 071
D. 108
D, 295
2. 108
0. 149
O, 127
0. a2
2.075
2,099
Q. 056
2.076
2. 135
2.1
O. 124
o. 11z
9. 161
0. 146
2. 203
0. 191
2, 157
D, 142
8. 147
©. 138
a, 1E2
2. 203
& 108

-1

2.202
.30
2. 322
Q. 329
0. 464
2, 429
2. 294
3. 204
2. 331
&.234
2.208
D443
0, 426
0.379
&, 369
0. 498
D.ATH
2. 560
[ -1
Q. 012
D, 459
D, 453
D, 436
0. 359
D AT?
2. S04

a ~
LS=Nov-84
HMET
&TD T H
®a@ DEV  {(F) %)
0. 897 - g3  73.7
0. 967 - 9 S58.0
®. asa - £9 73.4
0. 794 - 64 71.8
2,949 - 7  33.0
f. 094 - az  29.3
v.818 - &6 83.7
2. 869 - 72 82.3
2. 9745 - b1 =9.8
@. 050 - 70 91.6
9.923 - 8% &7.6
1. 242 - 79 3v.2
1« 042 - 79 408
Q. 966 ~ 76 5d.7
1. 259 - 83 48.3
9.993 - 79 239.0
1.045 - &3 a2.8
1.84l - a4 20.7
a.943 - 79 23.08
1. 294 - 84 E7.7
1.035% - 79 34.5
.959 - 70 244
0. 990 - 75 30.1
2. 769 - 61 62.3
@, o8 - 72 E2.9
0, 935 - 78 24.6
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ol

.~

nred-

e
iia
2
12

Y

12
11&
lie
i1a
12
a2
lia
112
1ia
L2
12
1ia
[ S 13
e
2
e
L2
iz
iR
112
iz

mop~0g
I2mad

| S I U T T T T T D NN T T NN AN BN N O RN N B

MATST AN TN AANTA N AT AR ANNTUET

M=l =m
m=>0

0/47
8718
8719
a/ea
b/el
araz
ars23
a/84
aras
a/86
asae
4780
as&9
u/3a
drdt
97 1
a9 2
9/ A
97 4
9 8
N/RA
S724%
u/26
5,27
5/28
we

TYPODOTOVODOVTOCTDDODTLUTOOODED

/73
/79
/79
/4
79
/79
/79
79
173
/79
479
19
/79
79
79
/79
/79
/119
/79
/79
140
/00
/82
/00
180
/80

HOURS

20 T N T U NS U O N U I N N DO D AN U N AN I N R R R |
LT T T T T A T T O N O IO N T O N N T I D A N |
Frdrirrt vttty bbb

6

0. @d1
0. 201
&8, 0%
9. 006
0, DOY
0. 023
0. Q02
[ T
&, D3
@, 02
0. D2Y
0., P2
0. 003
0. D01
0. pod
. 006
2. 003
D, D0
0. D26
Q, 00h
2.010
2. 00D
@, DS
0, 2009
0, Dv6
2,003

ATMDBRHEAIC ATTENUATION
COEFFICIENTE <DB/1000FT)

3.5

2, @48
2, k7
2. 013
Q.014
0. 014
.14
2, 009
@.012
0. B89
2. 014
D014
2. 009
0. 010
2. 000
2. B4
0. 015
.01
2. e0d
D.015
D.015
©. 22
2.817
2.913
0. 020
D.015
0. 209

63

?.039
2.035
2.030
Q.D42
3. 041
0. 041
2. 018
0. 036
b, 032
B. 043
Q. D43
Q. 030
. 0306
0. 033
0. 022
0. 043
2,848
2. 328
0. Shk
D Ba2
0. 252
2. D45
&, 039
0. D49
Q. DAk
0.031

125

2. 156
0, 142
2.116
8,127
D, 130
9,120
0. 1414
2.413
0. 191
2. 134
@, 134
2. 141
0. 136
2,135
0,293
0. 131
2,140
2. 237
0. 132
8. 123
2,130
2. 120
2,117
. 126
2,133
Q. 108

0, 490
9, 459
Q. 340
D, 374
9. 396
9.393
2, 439
2, 332
2.319
Q.96
2, 390
2,439
0, 4ES
D, 443
0. 309
@.37a8
. h2D
9. 308
2, 357
@, 349
2. 308
@, 309
2. 2l
0, 31
D. 3%4
2,316

15~Nov=-H4

MET

——— e

BT T H
See  DEV iF} (%)

1. 035 - a0 29.8
1. 935 - 79 34.8
0. 715 - £3 66,7
0.074 - 70 54,3
V. 964 - 75 Ab.9
0.977 - 7% 47,3
2.971 - ™ X.e
2, 767 - &2 7.0
0. 797 - &4  76.1
9, 992 - 71 47.7
0. 80% - W AT
3, 971 - s AT
0. 374 - 75 4.5
1. 042 - 79 37.3
0. 729 - 58 a9.2
0. D44 - &8 51
©. 904 - 4} A, 9
2. 753 - 68 A4.5
0. GBS - 50 Skl
8. 737 - &1 61.2
®. Bob - 49 &9.68
2. 623 - 50 081.7
8,579 - 46 Aa6.0
o, &8 - 52 7).2
0. 6456 - 56 S5a.3
8. B4 - 51 a87.9

—-————
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nroon-=

113
113
113
113
113
113
113
113
113
113
113
113
1113
113
113
113
113
113
113
113
113
112
113
133
113
113

MmO

LN N N I IR OO T TR T T T T T T T O O O B O O B |

MR EAN AR AT AN ORI TINT

Tmap

Ft == 0

TP OPY OO TV VY ODDDLTOUYOYD

B=-2op

/780
700
/80
/a8
/80
/00
/40
/08
/08
/80
/808
708
/80
/8@
/00
/b8
/860
/00
/60
/00
/80
/pha
U
/88
/0o
/82

HOURE

L2 T T T O 2 A U T IO TN IO TR N TR T T I A

LI N T T T U2 O IO IO IO IO B O B RN BRI}

L N e Er N I N R I A

-~ - - - - -
15-Nov-84
ATMOBPHERIC ATTENUATION
COEFFICIENTE (DB/10Q0FT) MET
ETD T H

16 2.5 &3 [¥3- 259 -1 DEV iF} (X)
Q. 087 D316 ?. 043 2.118 a.3ld 0.837 - 1] [ §
2, 005 0.014 2. 040 . 122 2,350 0,769 - 63 6.3
Q, 088 d.o18 0. D46 O, 125 Q. 326 O.66H - 55 [y IR )
0. 200 2.018 D. 045 D. 121 2. 2% 0,526 - &1 a3, &
Q. 007 2. Q16 D. 043 2. 1cd 2,302 0546 - 43 D&, @
Q, 006 [ 1"-31-1 B. D44 D. 140 2,353 2.643 - 5% Se. 8
0. D04 S, 210 D. 034 112 0.314 Q.618 - 49 a871.5
] D.AL4 O. D4k 2. 137 0. 265 0. 6% - -1 4.7
8. 205 Q.G D. 046 3, 145 0,330 @0.719 - =8 Al
9, 223 a. i 0. 046 2. 164 2. 479 .936 - 76 2% 4
. 083 2. 010 8. 039 &, 138 ©. 427 @, 957 - Th 39.8

NO DATA WAB ARECOADED LY THE NATIONAL PARK SERVICE
0, 206 [ 1931 9. QAR 0. 127 2. 349 O, Pad - =1 &0, 6
. 202 v.0ie 0. 041 0. 142 Q. 422 0.491 - 70 40, 1

DY LULD TEMP, LEGS THAN WET BULD TEmMP.
0. 026 2.015 Q. Q43 . 131 . 370 B.7719 - (-1} 54.3
[0 0. D18 @. 048 2. 132 @, 306 ©.879 - 70 0.6
Q, @08 .03 9. 039 0. 122 o, 363 ©0.4871 - mn s0.0
Q. 206 0. 015 B. 043 [ P < 1] 0. 346 ©.879 - 7 8. 6
.003 o,011 2. 043 2. 156 O. 466 0.930 - 70 dl.4
0. B2% D14 D.043 2. 134 2.396 &,900 - 7 &1.7
0, Od4 0. 013 . B4R o137 D 4008 D906 - T he, 2
9, 283 2,@11 . 043 2. 15R @, 466 ©.930 - ] 31. 4.
&, Q% 2. 013 . 037 &340 0.322 O.745 - (1] T4, 7
Q. S0Y o, 218 D. D43 0. 133 2. 371 ©.Tab - B2 93.2
Q, 203 S, 014 D, Ok Q. 147 R. 412 0797 - -1} 10.7
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1Tt1 18 83 33}



Lo

mreh-

114
114
il4a
114
1i4
14
1l4
Li4&
114
114
114
A14
114
L4
(3L}
114
1i4
114
(8L}
114
114
114
114
114
114
14

M DZ

L0 I IO O O I O O O I T I R A R B I B O

DAY
M3~ m
m->0

G6/25
6786
B/27
G738
6789
4730
77 1
77
T/

7
T/
1/
1/
7
7/71@
7714
712
7713
7714
T/718
7716
1747
74y}
1719
/780

sRNPREEN

MR RN NI AN AN TN AR A AN T T NI
TRV TDOVOTOVDODVLVOUDIDIDDYODOYD

/0%
/80
780
/780
/00
/80
/0%
/80
/80
/80
/00
/80
748
780
/00
700
/00
/8@
/700
/80
/80
/80
Pl
/00
sav
/68
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2. &6
. 003
0. 000
D, 006
0. D2
D, DG
2.003
o, 000
8. Y06
0. DOY
B, D05
2, 206
2. dat
2. 262
a. d02
D, 005
0. D03
9. 806
3. 001
o, 01
2.903
0. 903
2. Q05
2, 293
D, 008
d. 000

ATMDBPHERIC ATTENUATION
COEFFICIENTS (DRh/10290FT)

31.3

2. 015
2. 009
. 010
0.015
o.8l2
&.017
d.011
2.010
.07
2. 814
Q. 014
@. 017
©. 009
D. 205
0. 009
a.013
0. 915,
0. 015
0. 0¥6
9. 0L
0. 043
D. 014
0. 014
o. 012
2.013
8,003

63

8. D43
B. 031
2. 046
2. 043
2. D42
0. a5}
2. 043
2. 089
D. D54
D. Dhh
0. D44
2.052
0. 218
2. 214
0. D36
0. 037
0. D47°
Q. Q42
8. V2%
0. Q&6
0. 032
B. 043
8. 243
D. D41
2. 039
o. OB

128

9. 132
Q. 102
& 1284
o, 130
Q. 140
0. 16}
2. 156
Q. 191
0. 178
0. 137
@. 136
. 165
Q. 149
Q. 147
@, 1351
®. 111
Q. 152
2.123
2. 0497
2, 102
d. 121
2. 135
. 1359
Q. 140
@, 118
i, VB

25

2. 371
9. 311
9. 318
0, 359
. 418
O, 425
0. 466
o.322
0. 476
3. 302
0. Jag
0. 447
0, 464
B, 483
0. 426
0. 322
0. 419
9.3239
&, 3907
2. 309
2. 319
2. 38%
2. 330
0, 420
8. 340
Q. 304

500

2.763
2,728
o.6358
. 732

0.074°

9,849
.930
2,943
@. 476
8. 767
o.782
2.836
0. 949
1.000
1. 042
0. 745
@, 4035
712
D.6481
0. 6488
0.797
2. 849
o, 0i5
2. 308
0. 760
@, 753

aT1D
DEV

11T YT P Y BNy BNy N

o i

(F}

15-Nowv-84

MET
H
(%)

53.8
84.0
12.1
6.8
42.8
H.7
3l 4
£3.48
87.7
49.7
50. 4
0.2
3.0
3.3
4D, 2
TA.7
5.9
64.7
4.2
94,1
TE. 1
49.3
47.0
4.9
66. @
89.5
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APPENDIX P

ADDITIONAL ANALYSIS

This appendix containa additional analysea ¢f asound lavel data
which supplament tha technical procedurss preaented in the taxt. Tha
following topics ara conaidered:

1. Audibility of Sounds

2. A-Weighting

3. Legarithmie Addition of Scund Lavels
4. Ground Effsct

S+ Wind Speed

6. EBarrier Attenuation

AUDIBILITY OF SOUNDS

Complex sounds, such as hnntinq aounds® and indigencus sounds in
Glacier National Park, have acoustic anergy distributed in wvarying
amounta among ceonatituent f£raguencies, as tha octava' band rasulta in
this report indicaty. From the axistance of these varying distxibutions
follows an almont parsdoxical concluaion: a blasting acund whose scund
lavael is less than the asound leval of indigenocus sounds may, nevarthe-

lesd, be audibla.

A complex sound will be audibls in a background of masking sound if
it satisfies 'this tasmt: the complax sound must have mora acoustic
anergy in asome (any) critical band than tha magking sound doas.
ngpitical band™ has tachnical significance, but for our purposes, it is
approximataly the same as a one-third octave band. As long as tha
cemplax sound and masgking asound are smeothly varying ovar an octava (as
the data indicata thay are}, the tast rafarrad to above may be appliad

using ccetava bands rather than critical bands.
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It ia quite poasibls, aven likely after long range propagation, for
a blasting aocund to have more acoustic enargy inm a low fragquaency octava
barnd than indigencus acunds do. This may oecur even though the overall
bilasting sound laevel is less than tha overall indigenous aocund lavel,
due to the prasence of ralativo:l.y large amounts of acoustic anergy in
high frequency actava bands of the indigencus sound.

It 15 an if the octava bands vied against ona another. All indigoe
noua octava bands must win for tha blasting sound to beccme inaudible;
only one hlasting octava band noed win for the blaating sound to remain

audibla.

In applying theae ideas, which ara known as tha critical band plua
threshold methad, wo have tacitly assumed that tha rasultant sound leval
in an octave band 4s above ths hearing thrashold for that octave band.
This tacit asaumption is seldom, if avar, violated whan assoassing
audibility of blasting and other solomic axploration activiites in a
national park.

Audibility thua dependm on a cecmparison of octave band lavels. In
tha case of a sound dua to blaating far away, it is mpdrunt to assons
mataorological and tarrain e¢ffeacts on oach octave band separataly, sinca
ona ftypically finda ths highoat octave banda reduced most rapldly with
diatanca. ’

In general, the indigencus sound will have statistical variations
within its octave banda. Data elsawhare in thls raport, for example,
can be used to estimats the probability that indigencus lavels in tha
250 Hz octava band ara lese than, eay, 27 decibals under certain apeci-
flad conditiong. If, as a furthar exampls, the predicted blasting sound
has a 250 Hz octava band lavel of 27 decibels undar the same specifiad
conditiona, then wa may say the blasting asound would be audibla 50

percent of the time among health, young adults,
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A~WEIGHTING

A corraction in madea to the un-velghtad octave band lavel of a
acund using the A=waighted scale to account for the particular haaring
proporties of the human sar. Thasa correction factors ara listad below:

Oetava Band, Hz 31.5 63 125 250 500 1000 2000

A=-waightad
corraction, 4B -39 «26.2 =16.1 =B8.6 =1.2 (o] +1.2
LOGARITHMIC ABDITION OF SOUND LEVELS
Two sound lavels are added togethar in the follewing way:
L1/10 L2/10
I‘tatal = 10 log (10 + 10 ) (21)

GENERAL FORM OF THE ALGORITHM

Tha genezal form of the equation which gives thae anplitude oé sound
prossure, p, for a givan octave band at a distanca, 4, (neglacting the
affact of terrain barriers for the moment) ia the following:

p/p, = (a_paMa™a %4y} . 21,

whaera Py and dq ara the rafaerance prafsura’ and distanca,

rogpactively
n is a factor raprosenting the overail
attenuation rats
and a is the atmeapheric absorbtion for the occtava
band

Tha factor n is influenced by thrae other factors, ground affect,
temporatura invarsion, and wind, in the following way (Foch 1980):

_ne 1 +g+ 0,01 dt - {(0.0285u){Coa w) {22}

whazae g is a factor which accounts for tha effect of ground
raflection and surface discontinuities
dt i3 the differance in dagraas Xelvin, batween the
tamperature at the haight of the source and of tha

invarsion layer
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u is tho wind spasd in miles par hour
and “ is the angle batwean tha wind direction and tha

raceivar

GROUND EFFECY

In Chapter 5, the value of the attenuation lavel, Ag, is derived as

follown:
L = Ag = 20 log (4 /a ‘1*01)
= 20 109 ¢ /4 - 20109ta” '/ ) (24)
Ag = 2 log (d/doi (25)
whera 0.1 ia the corraction factor to gecmatric divergence due to

the ground afifact.

WIND SPEED

The eopirically detarumined valuos for wind attanuation givan in

foch 1980 can ba convaertad to an attonuation level, Au' as follows:
=h = 20 log (d /d"mozssﬁ Cen ‘”)
w o . .

A, = =20 (0,0265u Cos w) log(z/z,)

= =0,53(u Con w) :Loq(r/ro) (26)

BARRIER ATTENUATION

To calculats the attonuation of scund from a point source due to a
vary long barrior, firmt determine the Fresnel nuaber, N (Harria, 1979):

N= 1‘.2/||f)(cl1 - dz - d) (27)
whare w 1is the wavalength of the sound,

¢:|1 is the slant (direct) distance from the source to tha top
of tha barrier,
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dz is tha slant (diract) distanca from the top of the barrier
to the racaivex, .

and d is the distanca from the acurce to raecaivar.

With some limitation, this formula can be transformed for uses in
eatimating attanuation of a sound source dua to a mountain ridge. The
formula can be simplified to addrass individual actave bands dv noting:

woac/t (28)
whera £ is the avarage fraquancy of tha appropriate octave band

and ¢ is the apead of sound

Tha opeed of sound in air is approximately 3l4dm/sac (1127 ft/sec)
at a tamperature of 20*C (68°*F). The spasd increames at about 0.6
m/aac for 'ench 1*C increasa Ain tamparature. Tha tamparatura during
seiomic axploration, which occura during sunpar daytime hours, ia fairly
roprasentad by a valua of 20°C (68*F), With this choice of ascund speed,
in matric unita equation 1 becouwss:

N= (1/177)(61 + dz = 4d) {29)

Next, tha formula neads to be transforxmed to known field quune
titien, such as mountain top elevation, sourca height, and raceiver
location. Tha following aquations illuptrate the appropriata relatione

ships.
a, = (2 4+ 022 (30)
- o n 2 2,172
dz “h'l h2) + T, ) {31}
. 2,,21/72
d ({z, + 507 + 0% {3z2)

whara 7, is the plainview (map) distance from the sourcs to the

wountain tep

T, is the plainview (map} distanca from the mountain top to
tha recaivar
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h.l ig tha differancea in aelevation betwean tha mountain and
the source
and h2 is the differenca in slavation batwean the socurce and the
racaivaer

Aftor the appropriato value of N 1la found for each octave band frem
the above aquaticna, it remaina to usma these wvalues in astimating bazr~
riar attenuation. The appropriats relaticnship is illuastrated in othar
acouastical treatizea (Harris 1979), and ia moded hare by a aimplified
formula: .

A, = 2(10gN + 2)? (33)
whare Ab ia tha barrier attenuation, in decibela, of the appropri-
ate octave band
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GLOSSARY OF ACOQUSTIC ’I‘ERM51

amblent noiss: All-ancompassing noise associated with a given environ-
ment, being usually a composita of sounds from many sourcesa, near
and far. No particular sound is dominant.

audible frecquency: Any fraquency of a normally audible scund wava.
(Audible frequenciaes generally 1ie bewteen 20 and 20,000 Hz.)

auaibla gound: Sensation of hearing excitad by an acoustic cscillation.

A-waightad sound lavel: Tha aound level obtainad by uae of A-waighting.
The unit is the dacibel; unit aymbol, dB. Oftan, the unit symbol
ia follewad by the letter A, L.0., dBA to indicata that A-walighting

has baen used,

background noisa: HNolss from all acurcas othar than a particular acund
thnt.in of interest (e0.g., other than tha aound being msasursd)

contincus spectrum: A sound whoas components, are continuously distribe
uted over & range of fraquanciaa.

! Modified from Harria, 1979.
cycle par secend (cpa): A unit of frequency, same as hertz {(Hz): soe

froguancy,

decay rata: Tha rata at which gound pressure laval dacreasas {at a
givan point and at a given frequency) afitar a acurce of sound haa
stopped; the unit is the decidal per socond. Decay rata may vary
with tima,

dacibel: A unit of laval which danotas the ratio batween two <¢uantities
that ara proportional toe powar; tha number of decibels correapond-
ing to thia ratic ia 10 timas tha logaxithm (to tha basa 10) of
thia ratio. In many aound flalda, tha sound prassure ratioa ara
not proportional to the corraaponding pewar ratica, but it is
common practice to axtand the usa of the unit to such cases., Unit

aymbol: dBE,
divergancs lopa: tha part of the transmission loss duea to the
(divergance) apraading of the sound rays in accordance with the

configuration of the gystom, e.g., spherical waves emitted by a
point source.
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equivalant continuous acund lavel (I. The laval of a stsady sound
which, in a statad tims period a?ld at a statsd location, has tha
gama A=waightad sound enargy as the time-varying scund.

far field: That portion of the radiation field of & noisa gourca in
which the sound pressura laval dacreasas by & dB for each doubling
of diatance from tha acurca,

fagt ragponsa: A standardized metering circuit and metsr responoa which
han a tima conatant of about 1/8 second.

filter: A davice for meparating coumponenta of a signal on the baasis of
thair fraquencies. .

fras field: A pound field in a homoganacus isotropic madium whosae
boundarien exart a naegliglbla effact on tha sound waves. In
practice, it 48 a f£ield in which the effacts of the bhoundariaen axe
negligible ovar the fraquency randge of interest.

fraquency: Of a periodic phenomgnon, such as a sound wava, tha numbar

of times in | sec {i.a., the number of cycles per sound) that the

- phoencmenon ropaats iteslf. The unit of frequency is the hartz
{Hz), which corzaspenda to 1 cycle par sacond.

hartz (Az}: Sea fraquancy.

heurly avarage gound lavel The equivalent continuous gsound
leval, 1.¢., the time-avcgagad A=waightad gound laval, ovar a
l=hour time period, Uaually calculated Retween integral hours. It
pay be identified by the baginning and anding times, or by the
onding time only. ‘

instantanacus sound premgurs: At a point in a wmedium, tho differances
batwean the pressure axiating at the inatant considered and the

atatic pressure.

laval: The logarithm of the ratic of a given quantity to a rafaranca
quantity of the same kind. The basa of tha logarithm, the refar~
once quantity, and the kind of lavel muat be indicated. (The kind
of level iz indicated by use of a compound term such as sound power
laval or dound prassurs level. Tha refarance quantity remaina
unchangad, whather the given quantity is peak, root-maan-square, or
otherwise. The basa of the legarithm is uvsually indicatad by uae
of a unit of level associatad with that bage.)

micrebar: A unit of pressure aqual to 1 dyna/cmz {one millionth the
prassuze of the atmoaphera}.

near fiald: That portion of the radiation fiald of a nolse source which
lias batwasn tha sourca and the far field.

noisa: (1) Unwantad sound. (2) Sound, genarally of randem naturs, the
spactrum of which doas not axhibit clearly definad fraquency
components,
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noise expesurs: The integral of the squarad, A-waighted sound presgura
ovar the time which gound anergy is receivad,

octava: The fraequency interval botwaen two acunds whose basic fraquency
ratiec is 2.

octave~-band spactrum: A spectrum which i3 one cctave in width.

ovarall acund lavel: The total sound level rasulting from adding
togethar the individual sound levels in each octava band.

pascal: A it of prassure. Unit aymbol: Pa; ! Pa = ﬂ/mz = 10
dynea/ecz”. : .

peak sound preassure level: Tha maximum inatantanecua sound prassura
lavel during a atated time parioed or avent,

point source: A source that radiates seund as if it ware radiatad frem
a single point.

recaiver: A parson (or perscna) or equipment affacted by noisa.

raflactad sound: Sound that peraists in a apace as a rasult of repaated
raeflaction or scattaring.

raflection: Tha phencoanon by which a sound wavs is raturned from &
, surface separating two media, at an angla 'to tha normal equal to
the angla of incidenca.

rafraction: The phancmenon by which tha dizsct:l.on of propagation of a
sound wave 1a changed due to spatial variation in tha spaed of

sound.

refraction loan: In the transmisaion of sound through alr, that part of
the tranguission loss dua to rofraction rasulting from non-
uniformity of the medium.

raverbaration: The sound that paorsists in an encloaed space, as a
result of repeated reflection and/or acattering, aftar the socurce

of the aound has stoppad.
acattaring: The irragular diffraction of sound in many diractions.
gound: (1) An oscillation in pressure in an elastic medium which is
capable of aveking ths sensation of hearing. (2) Tha sensation of
haaring axcited by the acoustic oscillation, described abova.

sound analyzar: An apparatus for the determination of a sound spectrum,
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sound lavel: Thoe quantity, in dacibals, measurad by a instrument

satisfying a standard requirement, ¢.9., the Anmerican National
Standard Specification for Sound Lavel Meters S$1.4-1971. Fagt
tine-avaraging and A~fraquency weighting ara usually' underastood,
but it is good practica to spacify both the fragquency waighting and
tina-avaraging. The gound lavel meter with A-walghting is pro-
grassivly loss sansitiva to sounda of fragquancy balow 1000 Hz,
gomawhat as is the ear. With fast tims-averaging, the sound level
metor raspoends (particularly to recont sounda) almost as quickly as
doas the aar in judging tha loudnass of a sound, Sound leval in
dacibeln is 20 times ths logarithm to tha basa 10 of tha ratio of a
givan socund pressure to tha rafaranca sound prassure of 20 microe-

pascala.

spectrun: A description of a quantity as a function of froquency. The

torm Day be used to ailgnify a continuous range of cowmponanta
usually wide in axtant, which have some common characteristice, for
exampla, the audio-frequencgy spectrum.

wavalength: Of a pericd wave, tho diatance measurad psrpendicular to

the wave front in the direction of propagation, betwsan two
successiva points on the wave which are separated by ons period.

waighting: A prescribed ffaquancy responas provided in a sound leval

nater.

203

™




TECHNICAL REFORT DATA
{Please read Instructions on the reverse before completing)

1. NEFORAT NO, 2. 0. RECIFIENT'S ACGESSION NO,
EPA=908/1-85-001

4. TITLE AND SUBTITLE B, ARFORT OATE
Sound Levels from 011 and Gas Exploration Activities: Februarvy, 1985
Flathead National Forest, Glaciar National Park, |°- PERFORAMING ORGAN!ZATION CODE
Helena National Forest

7. AUTHGRIB) B, FERFOAMING ORGANIZATION REPOAT NO,
Jamaes D. Foch, Jr.,and Richard E. Burke RI11l

o, PEREQRMING ONOANIZATION NAMR AND ADDRESS 10, PHOGMAM ELEMENT NO,

Engineering-Science, Inc.

b

Pasadena, California 91124 11, GONTRAST/AMANT NG,
68=-01-6587
12. SPONGORING AGENCY NAME AND ADDAESS 13, TYPE OF REAORT AND PERIUD COVERED
U.5. Environzental Protection Agency Final
Ragion VIII 14. SFONSOAING AGENCY CODE

999 18th Street, Suite 1300
Denver, CO_  80202-2413
[1E, SUPFLEMENTAAY NOT B

0. ADSTRAGT

Data from a sound measursment survey conducted in 1981 within and in the vieinity
of Glacier National Park are analyzed and presented. Measursments were made of oil
and gos seismic exploration activities in the Flathead National Forest and Helena
National Forast, including sounds from above ground blasting, helicopters and
associatad activities. Typical reference sound levels are identified for above
ground blasts and helicopters, and theoretigal procedures for estimacing their
preopagation are davaloped considering the terrain .and metaorological conditions
characteristic of ths Glacier Park area. A sample application of the prediction
method shows chat sound levels from above ground blasts outside the Park remain
significantly above ambient levels at locations inaide the Park for long durations.

. These results corroborate anecdotal reporta and sevaral biological studies which
indicate that socund from oil and gas exploration activities can be heard well imside
the Park, and could be affecting sensitive wildlife populations in the area.
Recommendations for additional monitoring and modeling are cutlined.

KEY WORDS AND DOCUMENT ANALYSIS

la. DESCRIFTORS b.IDENTIFIERS/OPEN ENDED TEAMS [c. COSATI Field/Group
Sound levels National parks Flathead National Forest,
Noise levels Wilderness areas Halena National Forest, MT
011 fields Grizzly bears Glacier National Park, MT
Natural gas Bears Honkana
Blascing Wildlife
Halicoptars
Sound propagation
18. DISTAIBUTION STATEMENT 10, SECURAITY CLASS (Thit Reporr) 21, NO, OF PAGES
Unelassified 220
Distribution unlimited 70, SECURITY CLASE (Tl pages 23, PRICE
Unclassified

EPA PFoem 2220.] (fav, 4272) EAEVIOWS KDITION IS OBSOLETE




. Rail Systems
S | l
o T '

; Ratlrouds Rail Transit
i & Freight ® Subway and Elovated
{ & Shunting Operations @ Surfuce Raif . i
E o Long Distance Passanger P
: ong Bistance Pussenger ® Trolleys and Street Cars o
, o @ Hiqh Speed, Inter-city i
: Passengcr :
; 2 Commuter
: Growth of Rait Flect :
f Divsel Etectrle Lucomotives Trolleys :
yo D Surface
0 Passersger Traln Cars " { Subway and
£ 8 - Elovated
:‘ b 'E':]
g - '
: :
; 5 & i
. ;
i 3 =
i :
. Typleal Noist Levels
o 100
P 90 [~ Z 90-
o &
i % ] 2 i
i | 00§ z 4 B0 '
N & = wl o
! A
: 4wk 18 g 0 {E :
3 - 8 2 a o ;
5 8 - i . B 13 K] .
i A1) o o 60— S w= _g {
: a & @ S
: - o
b0 Nnin W=t s’ ] N 50N SNt armmtanes”
; 6O fr. Interior e Interior

FMlpupe 2-25, Characteristics of Rall Systems
. . 2-68 ' iy

AL



Exhaust Fans
¢

Vitveelfrait Engine

Siran— \-..‘_‘

Auxlitiary
Equipmuont

Wheellrail

Propulsion

AT System Wheelfrail
Motor Geaeralor Prapulsion
Air Compressor Air Blower

120

- o -
o -
_Iz 3 100
Ta 00 - 88 X
5 i 160
{.,: g B8O [~ ?-; 75 .
70 p= 5 3
- i 3
2 at
3 &
e e Siren Electric i,
Divzel-Eleetth Loco,  Trock Lewels From
Locomnative Haulod Vehiclos
Wayside Noise Lovels of Ruilrgad Equipmani
(D) with airconditioning
3 7 ;5“" At (2) without sir<onditioning
4 rost
23 ]
g K E o7 At
LD L) J rast
u-r

Subiurbian High Suburban Electrie

Hautedby  Spoed Cor System
Locamotive Inter-
City

Frein Vehicle Interior Noise Levels
Tranzit Car on Tio

10 ond Bullest Traekbed

;‘: ; 100 /-su:um.,.,.,

Swn oo 24

2% go

B 8| w1

ag 70 72 ﬂ ‘E'EJ 62
co 5 F’J_
50 A 123

At Actial Streot Propuls Aic A/C Motor Air
Grade Syrye- Care  sion Gloweer System Gien-  Come
turg Syswem erator pressor

[SU—
Subway Cars

Wayside Noise Levels for Rapid Transit Vehicles

Figure 2-26, Rail Vehiele Nelse Svurces




Railroads

10.5%

Transporiation Servicn and Equipment Product

‘9%-2

Railrnads
32.3%

Trucking &
Warrhouting
16.9%

Highway
41.5%

Aie Carrinrs Alr Cartiers

Highvay
2AL%

s

22103
"

HE

«Gv

1%
Trancpariation Servica aad Equipepant Transpartation Servies and Equipment Emplaymant
{5145 Eillion in 1970} R Capital nvestmany , {G.25 tAilian in 1370}
" ’ 15114 Bitlion in 1970 .
Paszen: r-Tr.ﬂf [
Frelghe Tealfic 3¢
[0.6  Air Froight Prisanger Troing "
Waterhasneg ~ Shon Tons uses P
14 [Passenger and Freight) had '7]
- Rail Feeight 403 ] At Corriers 133]
Trucking 05 } Puesanger Vehicly Mulng (Essirnstig) 8'.':5_!
H 1 | ] |- !
1 10 100 1030 1 10 100 1000
Ton—Milez ~ Uillions

Pazzenger Miles ~ Billicns

Figure 2-15. General Characteristics of the Transportation Industry in 1970

- | tptaeend [ ey vy oy
R Y T N T I G !

]

-4 * . " l‘

)

oI o T ot A o
S [ ol




aare

N— ——
o S
Y |

]

A ST 1 i i ey

s

T AT TR,

e,
}
[
taid

,.:...‘,._,_._,w‘
i ; +

L S e T T L Sur e VR

Table 2-11

RANK ORDERING OF SURFACE TRANSPORTATION SYSTEM
ACCORDING TO A-WEIGHTED NOISE LEVEL

Estimated
Typical A-Weighled Vohicle-
Notse ILevels at 50 {1{}) Milas in
dB re: 20pN/m? Urhan Aret.s
Billions
HIGHWAY
Medium and Heavy Trucks 84 (88) 19
Motoreyeles B2 (8E) NAQ)
Garbage Trucka 82 (85) ‘ 0.5
Highway Duses H2 (&0} 0.1
Automobiles (Sport, ete.) 75 (RG) 21
City Buses 73 (85) 2.2
Light Trucks 72 (26) &
Aulomobiles {Standard) GB (B4 335
RAIL
Freight n.hd Passenger Trains 94 NA(Q)
Raptd Trangit 86 0,33
Trolley Cars™* 80 0.03
Trolley Carg#* 68 0,03
RECREATIONAL VEUICLES
O[f-TRoad Motoreyeles 85
Snowmohiles B85
Inbonrd Motorboois 80
Outhoard Motorbouts ]

* DPre-\WWII

(1) Vidues luside parentheses are typical for maxinum
¥* Posti-WWIIT

accceleration. Al other values are for normal
cruising specds, Varitions of 5 df3 can be expeeted,

{2) Not availithle,
3-77
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