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ABSTRACT

Data from a sound moasuronont survey conducted in 1981 within end in

the vicinity of Glacier Naclounl Park are analysed and presented. Measure-

mon_s were made of oil and gas seismic ex_loration acrlvitles in Flachead Z

National Pnros_ and Helena National Forest, including sounds from above i

grnund blasts, helicopters and associated actlviries. Typical reference iJ

sound levels are identified for above ground blasts and helicopters, and

theoretical procedures for estimating choir propagation are developed, con-

_ sidering terrain and me_eorological conditions characteristic of Glacier

National Park. A sample application of the prediction method shows sound

levels from above ground blasts outside the Park remain siguificantl_ above

ambient levels a_ locations inside the Park for long durations. These

_ results corroborate anecdotal reports and biological studios which indicate

thac sound fro_ oil and gas exploration activities can be heard well inside

the Park and could be affecting sensitive wildlife populations in the area.

Recommendations for additional monitoring and modeling are outlined.
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6-

SYMBOLS AND ABBREVIATIONS

Tha following symbols and ab_evlatlons aza used in th_s _spor_,

Many a_e based on a_nda_ds availablm f_on the _o_ioan National S_an-

darde Inetitutes Zno,, and _he _i_n Societ7 fc_ Tsotlng _rials

(HazTIS, 1979), 9aflniticn o_.'choes te&'ma is pEovldsd in thu G1osoar 7

at the and of _hls EspoEt°

ANSI - AmaEic, an Notional StandaEds Zneti_ut_

_R¢0 - At.lanti= Riohfield Company

c - Speed o£ sound

dE - Dooi_ml, _hs unit of noamuEc for mound levels C

f - FTequnn_'ym in hQr_=, Of a sound

Nz - Hertz, _ frequency, in oyoloc per second, of u sound

LA - A-weightad mound level

LA max " Mnximu_ A-woighT_d sound level r'_

Leq -Equivalsnt ccnt'4nuous sound level

Lmn x - Maximum overall unwoightad sound love2

Lma x (cot) - Maximum unweigh_d sound level of a particulnE octavo b_nd

Lmln - Minimum sound level C

Lx - S_tlsT.i_l level, _hQ sound level exceeded Xq of _hQ ?.i_e

m - Meter (3.28 feel in length)

NTAC - Helena Tachnlcal Aeeletanca CentAE

PC - PoEaonnl OctopuS: (mioroooa_uCar) _

p - Sound prseeurm

r - Distance from sound aouEos tO receiver

• - Seconds, the unit o_ oeasu.=e for sound duration

SPL - Sound preoeu_o level _.

USEPA - U,S. Envirorum_ntal P=o_eotion Agent7

USFS - Unitad S_teo Forest Sa=vioe

USFWS - Unltod STa_n Fish and Wildlife Service

USGS - United S_atsa Geological Sudsy

USNPS - Uni_d States National Park Service
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EXECUTIVE SUMMARY ._

AS da_nda upon our natural resources have grown over raoan_

deoadaa, publio land managers have bean faced wi_h _ha dilan_ of

pro_o_ing areas of special lntarast such as national _rks, wilderness C

sEasal praan_vaaj and wild and acanio rivara ewhila responding a_ _hn

au_ _i_ _o davelo_nt nnd consumption prasaurae° Ona such situation

exists in northwastarn Mon_na° Oil and gas Companies have bQcoma

incraaming_ lntaraatsd in loc_ng and ax_so_ing _olau_ reserves in _"

• hia area in tho viaini_ of G_oiar _ional Park. Partiall7 aa a

rasul_ of _his premeura, Glacier was rated as the most _hrea_snsd

_ionsl _rk in tha 8_a of the Park Report submi_ad to Congress in

1980. A_ a rssul_ of _hese events, the U.S. Na¢lonal Park Sa_isa C'

(USNPS), charged with the raaponsiblll_ of pramerving Glacier

unin_airad for fu_u_s gennraciona, felt it was important Co document the

axia_/ng acoustic environment of the Park, and to assess the sound

levels which era produced by ell and gas exploration activities.

D_ring the summer of 1981, the Park S_Evlca requested SOUNd level

zonltorlng asslahenoa from U.S° Envlronzantal Protection _Rancy (USEPA)

Region VIIi° In response to thin request, staff from the USEPA Region tl

VIII Holes Offlca in Denver, Colorado and the USEPA Noise Technical

A_slstance Center at the Uelvarsi¢7 of Colorado in Boulder, Colorado,

began a SouNd monitoring n_ud7 in Gl_oiar National Park and _he _l_hesd

and Helena National _sreeta° The purpose of the monitoring w_a _o

develop data an the impacts of SOUNd from aelsnic exploration activities

associated wlCh oil and gas dsvslopmen_ in the viclnlt7 of the Park.

in June of 1981, heeellas ambient sound level measurements were

meda on the wester_ slds of _ha Park_ and at locations in _ho northern

pa_t of _he Plathaad Natlorlal ?orae_ to the west of the Park° During s

subssqua_ monitoring period in J_l 7 1981 _ sonnd level measure_nCa were
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_ade at _he same monitoring sites in Plothcod Notional Forest while •

seismic c_ew uolnq the shallow shot method of blao_Ing (buried cha_gso)

woo in the vlclnlty. Durlng this period+ monitoring was also conducted

in the Helena Nntlonnl Pc:act where a eelamio crew was using _he Modl-

fled Poulter (above gTound) _thod of blnmting. It was planned to use

the data gathered du_ing the Holann portion of the study CO develop
r',

projections on what the no/so im_acto on Glacier National Perk would be

from above wound blna_ing activitleo which _ommanly oncu_ Just cupids

the Por_. Thla info_on was to be made available _o the Park Service

and other fedora1 land _megere for thair ume in analyzing the impacto

of ell and gas exploration ontlvir4se.

At the and of Auguot 1981, the USEPA Noise Progrnm woo abolished

end the Region'e BoLas Technimel Aeela_nce Caner woo cloned. Since

_ the noioo study hod not yet been oonpletod, the data tables, tape

rono_dlngs, _pe, fiold nolo and e_hor _t_rlolo eooo¢le_d wi_h tha

a'cudy wore atored at USEPA offlnoe. In the moenti_, whilo bach the

USEPA and Cha USNPS looked for funding to flnloh the work, oxplorn_'4an

'_ and dovolop_nt pressure on the Pork and nearby Notional Foreo_ and
i --

wilderness areas inc_oamed, with 80 percent of _w o_plocn_ton pro+otto

using tho Modified Poultor aathod. In the s_n_r of 1984, tho s_ud7 wan

E@au_d with money fro_ USEPA. E_gineeEing-Soianon, Inc. _ an envlEss-

v_ _n_al a_cudieo fi_ wlth offices in Denver, Colorado, and Pasadena.

Callfo_la, WOO asked _0 finish thn d_a analysis end prepare this

report under the dlrectisn of Mr. Richard E. Bu_ke, wlth the assistance

of Dr. James D. Path, Jr. _ who hod been Director of _ho _olee Technical

Aosle,+_nno Caner and had lad the monitoring effort in _981.

Gee of the first _nako involved in the renewal sf the s_udF woe to

reanalyse ths "_lpo recordings _dc in 1981 CO ds_rmina if the_e had

: been any data loss slots 1981. The overage difference between m31mum

bloat Iovolc analyzed in 1984 and those analTsod in _981 using the sane

xi
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tapes was found to be lees than one decibel (de). 1 Afar tho quality of

the tapes was verified, sound levels for the e=bient, blasts, and

helicopters were analyzed in de,all. Results of the analyeos indicated

that ambient sound levels in _hs western ooctlon "of the Perk where the

monitoring was conducted ranged from 20 to 35 dBAo Using the propaga-

tion latices and appllc_tlon _thods presented in this report for a
b

sample case, it was eotlmatod that sound levels from above g_ound blasts

cupids the Park could reach 60 dBA at a locatlou five miles inside tho

Park bomlda_'y, _hat is, 40 dBA or more abovo the Pork,s low background

levels, This oetimnta dooo no_: include the additional enhancuent which _-

often results du_lug morning hours due _o tampocatu_e inversion condi-

tions. Ae observed in the Helena _a_ional Forest, the sudden onset of

above wound blast oou_ds was etar_lingp end the sounds ro_innd audible

for a romnrkahle long length of tins. The measured re_ o£ decay of _hR

maxlmum bleat sound level over tlme woe found to be slower than expected

-- About 6 dBA per second. Conversely, however, the rate of decay of

_hQ mximum blast sound levels over distance was found to be greater

than expected -- about 22 deA per doubling of distance, including (-:

offs=_ of a_moephQrlo obnorptlOno Complex tarraln and ground cover may

be factors re3.atad to those findlngo.

Whore u_derground blae_ng or ground vibration are used in seismic

oxploratlon, hslluoptore domlnnts the sound levels in the vicinity of (

oolsmlo projects and _ansportation oorrldoro. Hellooptore produce

sound lava_ which cOuld propegatm over five miles into the Park before

becoming i_udlble_ as shown in the sample analysis. The ra_ Of decay

of _xioUm helicopter sound levels over dlstancs was found _o lower _"

thsn expected -- about 2 to 3 d_A per doubling of dlsmnce. This resul_

is duo to unknown factors which may include dirsctlvi_y and operating

mode of _ho flound source, location Of the observers rolatlvo to the

su_roundlng terrain, or m_orologlcnl factors. When the observer is in

IAII sound levels in _his report are =secured in _e_'_s of decibels,

either A-welghted (dBA) or unwelghtad (de). If the levels are averaged

co e log_ythmlc or onorg 7 basis, they are referred to as overage

levels. If they are averaged on a statistical or arithmetic _sls,

they ere referred to as eri_hmetlc average levels.
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a valley and a helicopter _asses overhead, audlbili_y was found to be

limited to _e time when ths helicopter In within llne of sight, due to

the b_zTier offeo_ of the intervening moun_ainso

It should _ noted that the propagatlon models developed and used

in example neti_tes in _is Study are besad upon very limltsd field

data. _dditior_l msasu_e_n_s _de under different mo_aorologlcal,

regals, or aou_ca/rscsiver conditions my yiold dlffnrsnt results.

These findings should thernfore only be consldersd as prellm/na=y until

they have hess valldA_ad by fuTthor study.

In _s final sac_ion of ths repoTt, Speolfi= reoom.-_nda_onm for

further o_udy ate pTeasn_d. Thny include _be need for: additional

ar_lyeIs Of _hn pTopo_atlon of so_d levels in _ho vloini_y of Glaninr

No_ional PATk; rsfinsd acoustic monsuzemun_ Of eoIsmlo sxploraTAon

sound sou_csl at l_rticular eo_oo/recoptor locations and undor worst

c_Oo _tooToioglnal conditions; a study of _n remctlone of Park users

and roeidontn to sounds produood by seismic e=tivi_/es; doctt_n_ation of

ths cnsction of g=lzo17 _.ars and o*,hor anita.In to sbovs ground blnn_;

csn'_olized collection of information on axin_Lng and proposed sol'sic

proJnct locations and operation mothodm; developmont of a compu=er =odol

:i for pTo:}nntlng sound loweln and dlnMnnan of nudlbili_y for f_tm_e

i pro_eotn; _i_plinatlon of th_ modsl for use wlth S hend nal_l_tor as an

initial soroening tool prior co the snvironmon_l sasmnsmmr_t s_gs of a

pTo_ect; and finally, s stud7 of The sound ievsls producnd by oii and

gas sx_ao_on and processing activities, which its longer to1-_ antlvl-

tins whose impacts are not addressed in thla report.

, R 111



CHAPTER J _"

ZNTRODUCTZQN

1 • 1 BACKGROt_D

This rnport conce:-'ns oound lowell mar.Lrsd in Flnthoad National

Fn=smt0 Glac'_s_ Not4o_l Park and Helnnn National Fc=sn_p loc, a_od in

northwestern Hontann (Figure 1). During _n im_=s¢ of 1981, ¢_ U,S,

Notional Par}c Se_rvioe (USNP8) requested sound level monitoring annie-

Canoe f_osn the U. ct. Environmental ProComtlon Agent7 (USEPA) Rogion VIII

Noise O_fioe. The Perk Soz'vloe, charged with the rssponnibili_7 of

pz:'soorving Glacier Nstlonnl Park unimpairsd for future 9nnsraCions, woe

concerned abou_ _he poselbla noise _=pa¢_ of the oil and gas explore- _',

tins ae_tvll:lao which ware occuring outside _a Par)_ (ace Appendix A.1 ),

The special nn_s of the ocaus_to envi_on_nt of the Park_ _o unique

research and rsnrsattonnl oppor_unition offsrsd in r3e Pa_k, end the

ssnnltlve wildlife populat£onn which Inhnblt _he Park were all factors

which _ggsafmd _hs Icpor_nne of documentlng existing sound levels and

ga_hs=Ing new _ on thn oound levels from blasting, hslioop_re and

rsla_ad opsrn_ions near the Park.

L_
In Eeeponac ¢o the Park ServlcsJa request, et_ff from USEPA and the

USEPA'e Noise Technical _lals_anm_ Center at ths Unlvnrsit_ of Colorado

s_ Bould_ h_sn s sound level monitoring s_udy in Glacier Natlonnl Perk

and the plath0od and Hslens Nstlcn_l Forests. _n Juno 1981, haeellns

n_blsnt sound level _eamuremsn_s wore _de on the western side of thl

P_rk_ and a_ lop,ions in the northern part of _hn plathead National

Forss_ _o _ha wont of _hs Park. D_rln_ a subnsqusnt conltoring period

in Jul7 1981, sound level measurements were _ds again in Flathead while

a seismic crew unln_ _he ahall_w shot me,hod of blasting (buried

charges) was in _he vlclni_y. Du_ing this same period_ monitoring was

R 111 1 '-
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also conducted in _hs Helena Nstio_l FOreSt where a seismic o=sw was

uslnq the Modified Pouter (chore ground) method of blastlng. It was

planned to use the da_a ga_hored during the Helena por_len of the study

2o develop proJec_lona on what _e nolaa impacts would be from above

ground blasting which occurs outside the Pork. Thla Information was to

be madQ available _ the Park Soz'vlce and o_her federal land _nagars ..

for tholr umo in analTzlng the impacts from oil and gas axlora_£on

activities.

1.2 PURPOSE _

The primA_7 pul-pomaa of this e_udy ore I:o daacEiba the ambient

sound iav.lc msaourad on _ wae_z_ alda of Glacier National P&rK_ to

report _.ha go_d levels from oll and gas ac_Ivltlas in the Fl_hoad and

Hslona National Forests, and _o davolop estimating procedures for _'

pEedlctlng ROUnd pre_qat.ion from thoao oxploEatlon ac_ivitlso for USe

in EUtUEa Impa_ alaasamcn_s, Raorsa_ionnl unso and grizzly boat

hahit,st._ and _ovaman_ in and _aar _ Park _rs also s_ari=ed, The

E_por_ provides a pEalimi_z_ _hod for ofl_IE_ing how aou_d levels '_'
J

from oxplora_ion migh_ propaga_ from E_ P l_haad Ma_io_nl Fcrse_ into

Gl_clor Na_io_l Par_, and illusT_a_s _.ha _hod wi_h an example.

F_nnll7, _ho rspor_ sugges_ how _ha ao_c_y of the fifldlnga presan_d

mlgh_ be i_provod wi_h run,hoE study. _'

Af_E the rafe_anca sao_iofl (Chap_r 9}_ appendices are provided a_

•h_ and of 1:ha roport which connie further do_ails on the location of

existing and p_nned exploration nc_Ivi_ioo neat GL_olor Na_iG_l Pa_k_ C,,

a doscrlp_ion OE exploration methods, _uppor_ing sound l_vol and me_or-

ologlcal d_a, and other Info_ion p_r_ineo_ to th@ inves_iga_/on. A

glonsazS, of acoustical _e_m_ used in _ha _xt is included after the

cppandicoa. _.

1.3 REPORT SCOPE LIMITATIONS

It is hoped _h_ '¢hs dat_ a_d _ha cs_hodologioa presented here will

usef_l as _irs_ steps in "..he assessment of the a_ouetlc impacts of

seismic exploration aotlvi_ies. U.S. _;atlonal Park So.ice decision

R 111 3



_kars, other federal land _flagers, recreation end acoustic special-

ists, wildlife blologls_s and others ma7 wleh to use this research to

help in their aesaaamen_ og _!r)eo_ on sa_sltlve reoreatio_l_ research

and wildlife uses of the Park; howeverp users of this _eport should _ke

into account i_ llmi_ntlons, Particular caution should h_ exormlned in

i_ applying the meuou_ad _nM and the IpeCifiO sound propagation eeti_s

; for Glacier National Perk to proJo¢cn in other locaTAona where wind

conditionam _mpsra_u_e _cadlentg s _rreln and o_Eetlonel condi_/one
!

are different than those aval_TAd hers, Even wlthln the area evnltta_d

in this study, further ¢ollaotlon and enalyele of data under a variety

of ma_orologl_l end operatio_ml oomdi_ona £a we_Een_d _ varify thQ

aeaump_/ona end mo'r.hodologiea used. Thin a_p-by-e_sp procoduza far

p_sdinting sound level pcopagatton _oqui_oe eddl_io_al _a_/ng, sad

_ broad appll_tinn of tho _thod ia not rseo_nded at thin time,
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CHAPTER2 _"

BACKGROUNDON FLA'I_,kD/GLACZER MT,ASG'RENENTS

2.1 SXPLORATZONAC_ZVZTY

A g_U_ dOal Of aolamic axplorat_on foc oil and gaa rosouccoa :ako8

plato in Cha araA of a_udy. TFpi_I ob_a_C_va, of thoao nolaml¢ oxpZor-

a_/ona a_o (U.8. FocaaC So:rico 1980):

1. To gaChor seismic da_a of sufficient de:nil and pcQctsion co C

_mic an analys£a of cho nubaucfaco geologic ac_ucCuca along

tho linoa of aucvoy, and co daCa_mino .reaa whoa. _ologi=

characCoria=ica aro _avo_able _or cha .ccumulaCion and

ent=apmant o_ oil and nucu:al gas. _

2. To gachac ,alsm_e C_ which will _ic a _CT_E In_m_=eCm-

_ion OE _ha regional gQology, and impEova knowledga of the

gaologic evolution of _ha No_h_n Mon_an_ Ovec_hEusc Bel_, I_
whale th_ma _aaau.Tcas ore known I:oaxAa_.

Vacioua m_hod, m_y _ uaad in 8oiam_c axplo_aCion (_aa Appendix

A for oxpl_nacion_ of _me moChoda). Thoy include:
t_

1, Deep aho_

2. Vibroaela

3, Por_drill (shallow shot:)

4. Surface c_rge
5. Modlflad PoultaE Method

6. Cora DEillln_

7. Romzy D_illlng

8. Thumpor MoChad
9. Dinoaais

5 _
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The _Chod uead moe_ often (80 _o 90 percont) by explanation teams

An Flathead And Lawis end Clark Natlonsl Forests is _he above-ground

blasting tschnlqua known Am the Modified Poultcr _thod (StTathy 1984).

This method is the noisleSt method of those shown, and ii die.need in

detail in Chapter 3. It ks the method preferred by exploration

Aomi_nioe An 2.'uggod tsrrnln.

Although it in uesd infracluec_y (one per year or iAAa), tJ_ _thod

used du_lng _1o period when noise moacu_e_nts ware takes in _lath_ad

Na_/Arml Forest WAS _he pArtadrill mo_hsd (U.S. FArest Sorvioo 1980).

'_ Thl= mo_hod uacA s._ll, hallcop_r-portablo d_lllA c_pAblc of d_illlng a

3- to 4-inoh diameter halo (celled • shot hale) to a dep_ 0g 10 tA 20

feet. EAch drill £A dEiv0n hy a gacallno ongino And fittsd wi_h an air

¢cmprouaor which ks used _o blow the _Till cut,/ago (rock chipe and

d_t) OUt Ag tho hoiA,

The chat halos are typically loaded wi_h • 3- ts 5-pound AhargA of

dynamite fitted with sn elcoT_lc cap, The halo lc backfllled to _ho

cuc_aoa wi_h d_ill cu_t/ngs and gravel if nonaesazy, 5hot ho.lce are

_yplcally dEille'd ovary 330 foot el'cng the 8elsmlo lane, which providAa

exactly 16 holes par _£10.

Ton poEtadrills, Aach wi_J_ e 3-parson crew+ are usually needed.

t* TWO hcllooptAEc Nova the pAr_adrillA Along thc eolemlc floe; each

"portal.ill _iag moved Ahead In leapfrog fashion f_om the most recently

¢smplstCd holA _ a now shot hole at _m f=ont of =he esismio flee.

Each _lloop_r _osce A given point along th_ linc at least five Timos_

%) t_/ploall7 At an altitude of shout 400 feet (_iefer 1984A). Helloop_r8

Also tTannport the 30-poreo_ _LEilllng cre_ to and from noe-_ildaEneea

hosA comps. Such t_IpA Are noEm_lly flown at an altitude Af about I_000

fast (Kiefcr 1984a),

The speed Af holioopta=s used An exploration dApends on their

Activity (KlefAr 1984a):

6
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'_'unction S_ed (knots)

Carz_ing equipment 0-60
Working at the seismic line 0-30
Unloaded Over 60

Oar_ing people only 60-110

Types of helicopters which have been used include Loss, A-Star,

Twin Star, Hughes 500, Ball L3, and Bell 206 Jet P.mngnr. The Los

helicop_r was used daring the actlvi%7 measured in Flathasd Na_iocal

FOreSt.

On a large project, the por_a_ill _e_hod requires abou¢ 3 Co 4

month= for drilling and loading chat holes (S_athy 1984). _ter a set

of shot holes have been drilledp a 25-person seismic craw, using _wo

helicopters, passes along _he seismic line at a rate Of about I to 3

miles per week, loading and detonating the subsurface charges and C

recording _ seismic data in the reoonding module. It _aksc an exZza

month beyond Us tame when _hs last hole is drilled for a seismic field

c_ew to complete this work, T_ue, a total o $ about 4-I/2 months are

needed to complete a large porte_lll seismic exploration program, c

Sound levels from the por_adrill method were not measured in this

survey, however, sound from helicopters was meam=ed, as described An

chapter 4.
C

Ou_ing the 3- to 4-month drilling period, sound levels Jut:ease

during daytime hours in the local azca of each cho: hole due ¢o d_ill-

lng, vehicle ¢_avsl, and ocher crew activities, and over a wider area

due tO hallcop_er _sfflc ¢0 and _rom the slte, Duping the uaderg_ound L.
detonation period, sound Icvc_ increase in each local area monantaril7

durlng _he blasts, and over a wide area duo _o helicopter _=affic.

During the entire period, round levels are increased in th_ viclni%_ of

the haee camp due to helicopter tzefflc, vehicles, and miscellaneous

camp actAvi_.le=°

7
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2.2 SITE DESCRIPTION

The follOWing description cf the physical cheractarletlcs cf the

Flathscd/Glacler measurement site area ic prlmaEily based upon informa-

tion praeent0d in previous envlrcnmeuMl assessments of the area (U.S.

Forsm_ Se_vlce 1980, U.S. National Park Service 1983).

TcDog_phy

The scenery cf the Fla_head Nstlo_l Fcrest is ni_ctaculn= and f_il

cf phyalCnl varlatT. Deep valleys eroded by s_aams and aculp_d by

gl£olera result in _xTow rldgos and a_ep valleys. There are broad

sxp_nece cf alpine and aubalplse cau_t.'ry wi_h perennial cnowflelda,

e_'.'Se vego_tlunp and e_ep and rock7 T_Tsln. In.re.reed are m_ny

broad mountaln valleys wlth some heavy cTAnde of ti_bGE and e_t_red

mop.in _ndQwc,

The mountain rnngac on bcth the Flnthcad and Glacier aides of the

North For_ of _he Flatheed River ccn_in ridges which run east-went.

Drainage wlnd_, which occu_ during evening and early norning hours ee s

¢_ ,result CE diur_l temperature changes, follOW thls eaat-wes_ pat_.

ABa conae_efloej early morning sounds gana,ra_d in Fla_hasd Netiomal

Forcer are O_TAA channeled toward Glasi0r Hart.oriel Perk.

Weather

Wind dlrent1.on duZ'ing moot day1:i_e e_er ti_ p_rlcd_ is from the

euuthwect (Glaclcr Natlonal Per_ 1980). Thla condition tand_ to enhance

sound level pt'cpagat_.cn from bl_stlng aotlvltles in Plath_ed Nation_l

Forest toward chaeEvnre in Glaclcr NaT/offal _srk,

Maximum temperatures occasionally reach 90*F i_ _he valley of the

North Fo_k+ but generally range from about 65°P to 75'F during ":he

e_Ic_atleu seacon. Minimum .mperatmree generally range from 30*F tc

45"F du_ing this period.
!

Seismic e_laration aetiviW is halted during _ricds of thunder-

atorm activi_7 and excessive winds, since helicop_ere cannot operate

udder _hese conditions.

8
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Vegetation

The vege_tlan in the Flathead Natlcnal Forest varles greatly.

Where the T_rrcln is dominated My s'_'Aep rocky ridges and narrow valleys,

the landscape is sparsely fnrae_d. Much of the lower lands are heavily

fcree_d, while at the upper clevatlcns oubalpino vegetation dominies.

Larohp Douglas fiE, end eubalplne fir dominate the elopes, while in the C

bottom lands opz'uce and ponderosa pine are found.

Threatened and Endangered S?eoles

Speolee pro_ected by the Endangered Species Act of T973 which are _-

known ta Inhablt the a_ea Inolude _he _imzl 7 hear, the gT.'ay wolf, _ha

bald eagle, and the peregrlne falcon. Some cf the general effects of

ell and gee explcrcticn actlvltiee on these wildlife are dlocueeed in

Sections 6.1 and 6.2.

2.3 MEASUREMENT PROCED_TtE

_gacureme,,nt Si_eq

Sound measurement elias ware selected at 17 locatiene in Flathaad

Notional Pcreet and Olaclar'Netlasal Perk (_igure 2). After the mea-

surement _pee were played Mask, it woe varified that none af the sites

flelectod w&e effaced My other ecund-qenarstlng ao_Ivltlee ouch as _

logging Or highway _affl=. The measurement eiblo comprleod l:i"_ee

getups.

Sites I through S. Five si_ae in Fla_hesd Netlenal Foree+ yore

selected for contlnueus oaund iovel measurement, afar ccneultatlon _Ith _

Professor Charles Jankel of the Ufliverolt7 of Mon_ana and two cf hls

ntudante_ Dr. Chrle Servhecn and Mr. Bruce Hclntooh. These three

biologist were knowledgeable a_ut areas representative cf bear Mabita-

_icn, niece they had been involved in t_apping grizzly Means in the

Flethead Natienal Forest, placing radio collars on the bears, and

_aoklng the hears My radio as the bears coved about their habitat. The

five sites selected in Flathead are identlfled as Si_s 1 through 5 in
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Sites 6 through 10, These five sites were located in Glacier

National Park. Tape recordings o£ about 30 minutes duration were made

at each nlte to characterize ambient conditions in the Park. Zn

addition, some 24-hour sound level meeaurement_s were made. No audible

or visual obnervetionn were made from these sites of oil/gas exploration

sotlvltiss.

SiC.as 11 through 17. Special _apQ renordingn and maximum sound

level readings were made at these sites on days when exploration actlv-

it7 was taking place to assess helicopter flyovers near Hornet Mountaln

(Figure 2). These hsllaoptnr operations were observed to involve f,

_nanspor_atlon of melemia test aquipnent and other material used in the

exploration p,eject.

F_uipment

Sound mea_ament equipment used at the F1a_head/G1acier satan

incZuded six Digital Acoustics Company community noise analysers, and

various General RAdls pEn=isles sound level _tsra, Nsgra and Uhor tape

Eecordarn, sling psychroma_ern, Dryer wind gauges, and portable _wo-way C

radios. A de_ailsd list of eclulpment system componen_ used in the

program is included in Appendix C.

Five of the Digltal Acoustics analyzers were set up at Si_s |

through S in Flatheed National Forest. They operated continuously for

approximntely one week, printing on paper tape a rnnnlng summary of

sound level measurements. A sixth Digital Acoustics analyzer was

deployed a_ sons of the other sites for shorter periods of time. The

General Radio precision sound level se_re were used at Sites 6 through _'

17, SO_ with _ape renordsrs. The recordings were analyzed within a few

says _ playing them through one of _he six Digi_l Acoustics analyzers.

Windsoraona were used on all microphones I:o mlnimiz, interference wi_h

_he :oaeuremen_ by wind end insect:s,

Msaeurs_en t PrscQdura

Measuranente were made over _wo separate one-week periods. From

June 26 to July 2, no exploration activi_7 wee _aklng place'. These _.

mseeuramen_ are _r_ed "ambient" measurements in this report. Two to

_hree weeks later, free July 19 to July 25, th_ same sites were re-
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visited, and since exploration aotivi_, was observed during the measure-

ment period, these measurements are CQcmad "exploration meaaure_mnts."

Usually, at thz beginning and and of each sound level meacuramant

period, dzy bulb temperance and wet bulb tampsrs_uza were _eccurad for

suhsa_cnt dats_irmtion of rob*lye h_idit'/, and wind cpead was no_ado

no parson making the _apa racording also kept a log in which dlst/no-

tlva sounds were idantifled and co_*ral_tod prsoizcly wlt/1 time, Call-

hratlon of the _mtam was ensured by racordlng n calibration tons on

each tape.

*_ To measure sound Icvulc from hsliooptorc ucad in the mslcmic

a_lorutlon effort, tape rmoordlngs wars _do On Ho_mt Lookout near

Si_ 3 and in the vallAys on slthar slda of the Lookout. Sound levels

from hsllccptsrz wmra measured aa Ray _ansportsd worksrs_ aqulp_nt,

and auppllss to killing and blasting ni_s in the Nstlonal Forest.

Halicoptsrs Wsr4 Alto used _0 mOvo killing rlgc f_'om Ohm slta to the

naxtj whore a few _acs had bash fulled to make room for the drilling

activity. A hsllcoptar was also ucod to move the data processing

czntsE, which recorded the dclamlc wave _ rzczlvsd by t_ gaophonas

arranged alosg _ha salsmlc c_lorstlon line., A _£gc portion of this

hallcop_r *.raffle woo obzat_ad and _aeurad.

The D£gi_1 Acoustics ¢o_ni_7 nolsa analyzers wars all progra_ad

to mSASUXO sig_ifl_ant rounds from helicopters And Oth0E slngla avant_

associated with seismic oxplozntion. One of the programming options

involves ea_bllshing a threshold and a ¢.I_ interval above the thrash-

old. An svnnt must axcssd the th_mchold And re.in above it for the

as_blls_d tima interval to ba idantlfled on ths paper tape record.

This option was 0mployad using t_L_esholds from 65 tc 75 dB_ and a _0-

second minimum durations A cignlflcnnt increase in the hUmOr of such

evsn_ WAS noticed from ths first measurement pc_£od to the ascend,

psrtlCulsrlF at Si_ 2,

: Between the first and second visits, the amount of water flowing in

the Greeks of the Fl&thsad National Forest dimlnlehed greatly. Soma

creek beds which had contained _unhlng streams dwindled to barely a

12
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trickle. This change produced a marked decrease in indigenous sound

levels at several of _he alton, as noted in Chapter 4.
D

Zn addition to +ape rscordlnqs at most of Sites 6 through 17, tope

recordings wars aloe _ade at Sites I and 2 where the Digital Acoustics

oosmunlty nols_ analysers ware deployed. These brief recordings,

ununll7 1o to 15 minutom in do,atlas, wars intended to Me used foe _-

octavo hand analysis of indigenous sounds.

Data Reduction

After the measurements were completed, the recorded data were

red_osd using • DigiTAl Aoouatlcs analyser. Stetln_Ical levels, Lsq ,

Lmsx, Lmln, and other values (sea Symbols and Abbreviations) were

tol:_,zlat.sd and stored fee later usa. Zn Oc¢ohar 1984, 'these tobul_ted

data wore ontorad onto an I_ _ersonal co_uter (PC). Wi_h the use of

tho Lo_s I-2-3 nof_waso, the data wars input on_o the PC'S opened sheet

and sotalnsd on dlaksttos in the form shown in Appsndlx D. The ¢em_u-

tori_od data wars _ata_oEisQd according to the soquonca of _ha original

1981 tables and site nadirs, an shown bY' the example output in Table I. _.

Copies of the dlsMst_a have bnsn provided to USEPA.
e

EAch computer _bls indlcatos sound 8ourso maauuxsd, the _aesl,lrs-

mast area, the site number, data, hour, type of measurement, mateosol-

eqlcal fnctors, and 8ystam of equipment used. Is the example shc_r_, "F" C

Indi_atoo th_ _asursmento wor_ _ada in Flathoad National FOEOS_ and "A"

indlmatss ambient sound8 '*,ors _afl_Tado All OU'_:_.t was chocked for

ac_.1_acy and rsvlssd accordingly.

Values in the so_utsr _ablss ways used I:0 gsnersto plots. FOE

instance, ths LS0 sound level during hour 1100-1200 can he plotted for

days 7/19 thEouqh 7/25 by raadlng _hs _nlua in _he LS0 column and _he

I_00-1200 hours row An Tables 60-65 (Appendix D).

R 111 13 L



_
_

o
oo

oo
oo

ooo
oo

o
oo

o
IIl

_l
lll

|ll
ll|

_l
lll

lll
l

00
0

D
O

0
O

00
00

00
00

00
00

0
O

O
O

_O
O

D
_O

00
00

00
00

00
00

_O

_
r

i
III

lll
lll

lll
lll

lll
lll

ll
!

ii!
iii

iii
i!i

i!!
!ii

iii
ii

I
I

I
P

_
_

1,

,
I

I
'

,
I

'
'

'
I

,
,

I
I

,
'

,
I

l
,

l
,

I
_:

I_

I

)



CHAgTE_t3

BACKGROUNDON HELEN&HEASUR_ENTS

3.1 EXPLORATZ0_ACTIVITY

The Oil/gaS exploration method used dttrtng the 1981 noise measure- r-,
meat= in the Bolero Nottorull Forest was the Modlfted Pealer Method.

This =o_hod (Natiorml Park Ea_vioe, no d_) typically eoneiat= of

detonating a series o= SO-pound ahote of explueiveo at ehotpo£nte

loca_d at 330-foot 4u_rvale along the uaismic lane. Each shoe ua_lly _.,

oonu£ata of 8 to 10 individual S-pound she=gas of explosive, each

affixed to a wooden 3_ath so _he¢ the explosive is suspended abou_ 30 _o

38 inches above the ground. For each ehotpointl Cha c_rgea are die-

_ibu_d evenly ovu_ a 165-=oo¢ interval of t_z =oiemie line= Chat is, c

the nhargun a_a separated by 18 to 20 fse_. Primucerd is uuaponded

hot'dean _hem and ut_ched to an elect=rio blasting cop and ahooting wire.

The individual ¢t=rgae uxplode eequQntially, eaparated b7 millieaeonde,

au the £guition point travolu down _he primeeord. No live shots aye l:

left unnt_sndsd end at least £our people era positioned around each shot

to au=ure the _fe_/ a_ forest users and forest animals.

Zmplement=tion of this method nor_lly requites 29 people: 4

surveyors, 3 _or checking for firea, and 22 far layout, ehoutingp and

pickup. The crow £e ruponeible for 1eying out the ael=m£e cable and

gaophouee; setting up and detoruating the shot; recording the seismic

data; picking up all _bie, flagging, end debris; and men_toring fief

ee_eCy and firs ba=ard.

_ypieally, _O helicopters provide daily _reuepor_a_lon uf the crew

from nouwlldetuess snap=ires to and from the seismic line, and _ansport

equlp_=nt _nd supplies alon_ the se£emle llne. One hellcop_sr _st be

c_pable of moving the recordin9 module which has a gross weight of 1,100

I5
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pounds. This recording modulo in moved fsrvard in leapfrog fashion

along the seismic line every one to three days.

Once the recording modulo is lowered to the ground in o na_al

clearing along the naisnalcfloe, the seismic cables are attached. Under

favorable mondi_icno seismic exploration can be conduced for a dleeance

r_ of up to five miles on air.her cads Of the recording modulo before _'_o

module moot be moved.

When t;he hmlAcop_rx are transport;Aug the recording module and

ferrying o_hcr pieces of equlpmont; along the seismic lane, they fit at;

an sit;At'uric of a_'out; 400 feet; (Kiefor 1984a). This alt;ltudo allows a

piece of equipment; hanging on 150 feet of cable below the helicopter t;o

clear a 100-foot;_all o_and of _ees by 150 feet;. Hhen a hellccp_er is

caking paecongcro on longer flights, such aa ts and from the bane camp,

At; flies at; a higher speed and at; an elticuds of about; 1,000 feet;.

3,2 SITE DESCRIPTION

,_ The following oit;e description primarily includes cu_rlzed

information f:om _e Helena National Foroot Land and Rsaourco Management

Plan, Draft;Envlronmon_al _mpect S_a_mont; (_.S, Focaot;Sorvlco 1985).

_'cpoqraph_,

The Helena Nat;ional Forest con_aino about; gTSp000 acroo. Z=

o_addlcc the Coat;inertialDivldo and en=cmpaaeos headwaters of bo_h the

Miucu_i and Columbia River syoComo. The F0rsst;extends east; from t;he

0 edge of _ open gnaooland country in _he upper reaches of _he Big and

Little Blackfoot; drainages t;o ths more arid open graeolandn of the

Mioncurl dralnagco.

Elevatlono range from About; 3,500 feet;along the Missouri River

_J shore, to oevoral penk_ Over 9,000 foot. Gonsrell7, t;holow elovat;ion

along the Forest; _un_azy ranges from 5,000 ts 5,500 feet; and no_l

rldgot;opcloven.Ions rarely exceeding 8,000 feet. Most of the forest is

on olopoo of 40 percent; or less, although one-_hird of the land is 40 to

'-J 60 percent slope, and 3 percent is over 60 percent;slope.
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The Hs'lsnla Natlonsl Forest has a continental t3q_e cli_ts which

oxhlbi_ largo varlet.lens in temperature and p=ocipi_atlcn. Tam.ra-

diates range from a_ve 90*F in _hs summer to well below OaF in the

wln_r. The coldest tem_eratlIEs seer recorded in the Iowa= 48 stnOBs

(-70*P) occurred nose Rogers Pass on _he Helnr, a Forest In 1952.

Thle Variation el _lcal of the Nor_horn Rocky Mountain Reglonp

wi_h brief poric_ of sx_remom on oi_her end of the _mpa_a_s scale.

Henry precipi_stion is found cn _hs west slopes of _ CocCinen_al

DIvldo -- up _o 60 inch.$ Annually -- as COml_Srod _o 10 ¢c 12 Sachs. of

=ols_s fO_ po_t_OnC cf _ha Big B_I¢ Mo_Alne. Mnch cf _a FcEont ie

re_vsly d:5', rich vegetation being slav _o rncover from _mpsc_ of

hoar7 use by mn end anlmnla.

Vc_e_a tics

The Forest nxhibl_ a wide rnngo of vogn_tivs covs_, on sns_rn

_In_0_ _olllng grassland is In_orspsEeod wi_h ti_b4_ _tche_8 a_ _ho

low4r elavacioca_ p:ogrsn_ing cc _oce solid t.tm_r on _ a_epar _ddle _.

4nd uppcz' _lo_oa. end to su_lpins "_ype. or. _re ridges in C_o highac

s_evaCion,. The r_gicn lfl mc:e heavily timbeced on slopes _eat o! _o

Divide.

(*

Approx_ly 80 psrcen_ of the Hslsnn National Fo_ost has some

degree of _Imb_r cover. About 75 percent of this ie austria cc_orcial

ti_bOElend_ ca_blo nf p_cducicg 20 cubic feat _E acre pOE ysaz' ow

morn. The nonforaetod po_'ticns cf t.hs Helen_ a_'e d_.vidad roughly' into

tho foliowln_ categories:

Meadows| grasslands end brus_ 83_000 a_es

ROC_ end |lOres 55_000 aCSeS

Open wnto_ arid Ac_m_/c 2,500 acres

Alpine and ba:rrsn i_800 ac_ss

Wi_hln _he forested _rtions of _hs Poree¢, _ls _oe_ co_mon _ound

corse specie8 Are beeEg_aee_ plcsg_assj _wi_flowsE, SCOWbeEEy_ huckls-

be_ rough fscC_C_ grouse whortls_rzy, blueb_nch wheatgrese_ whiT_- L

hA_k pins, and _nzlesia.

17
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3.3 MEASOREMENT PROCEDURE

Measurement Sites

The sound level mcasurements in the Helena National Forest ware

made on July 16, 1981, s 8unn 7 day wi_h negliglble surface wind, along

the lielonSin exploration llne a_ a location u_sngcd by the National

Forest Servi_e. Figl1_e 3 shove measurement altos 18, 19j 29, end 21,

esoh separated by 330 fee_ along '_ho llne. The m_aeuremants began

before noon and lasted until abcu_ 6:30 p.m.

BornEo tJ_ sound mesouEamen_ period blgan_ the aoismio exploration

Crow had already lald ouc cables along cho oxploraClon llne with gee-

phones and oommuni_ation plugs located avaEy 165 feet. Each such

geophann lomation wa_ identified with a number, such as 1079, indlcattng

1,079 ln_rvulo of 165 font festa sore reference point. The geophono

locutions were numbered eoquantlullyp end each caE_lad • clearly vlnlhle

flag beu_:iag i_ number.
!,

i The blasts began ouaC of the sound _astu_omonlc equAl:mont.

'(_ Approached thu equlp_at pooltlono s omlCT_d oOvQEAI gcophons locations

in _helr i_dium vicinity, and oonClnuod .toWard _ho wea_ an the day

concluded. The field bearing of _.ha seismic iane was 240 dmg_eoc. ZC

orossed cabin Gulch Road 423 at a dieCanna of 9.1 milem from Chs paved

highway. The oound mncauro_en_ cites ws_e ac the inCoreeoClon of the

aoiomic llne and Cabln _-uloh _oad 423, whore the laC'cQr had a field

bearing of 300 dagrene. Two aound measurement sites we_a enaC of the

_nad, and 'L'wo ware t:o the wee'c,

Mna_u_eman_s were _aken in an area remote from ocher major sourcoe

of noima, such as highway vehiclee, aircraft, or camping. None of _hece

or o_:_ ext_aneoue sources inmacfered with _he tape recordings made in

uroa •

r_uipment

The csiamlc explorstlon c_ew allowed the sound measurement eqnlp-

mc_t Ops_tore CO listen in on chelr ccm_unlma_ions, which provided a

five- CO _en-second warning before each blame. The advance warning

enabled the equipmon_ operators co dlsconnecc from ths communicacion

18
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system, turn off Chair portable radio equipment, and activists the sound

level measuring equipment in time to cotch _he blast.

Four mound measuring sys_mx were deployed on _he crown of a hill

alomg a s_algh_ line about 25 feet north Of end parallel co the seismic

line. Each microphone was approximecel7 5 fmet above ground level.

Each steam was oparsCad with fla'_ weighting, fast rssponse, and was

racalib_o_od approxi_ly once sash hour. The calibration adJusC_onco

veto gomerolly laao t_n one dastba%.

'_'he first sTscom, a DI91col Acoua_ins no_muniCy noise analyzer, wee

plncad oppostto gaophona location 1082. The oeoond sya_m, n GsnRnd

Model 1982 preoision sound level motar, was placed opposl_ geophone

location 1084 (165 feet x 2 - 330 foeC from _ha _trac cys_m). The

nh_rd 6ystam, a Gonad Hodel 1988 precision sound level motar/_qagre

Modal ZV O _po remerdor, wca p_med oppos_ goophome loca_ton 1086.

The fourth oyocom, a Goofed Modal 1933 precision ooued level moSt/Negro

IV SJ cops recorder, wee p].acad opposite goophona locntinn 1088,

,_ The _hird and fourth systama have • range selector on _he sound

loyal moor which effsuca _ha voltage _snsmicted co the _ps rscorder.

In odd£_on, cash _po reoorder has an input a_nuatton calemcor. The

Negus ZVSJ_ a Owe ohancal recorder_ has owe ouch input at_nuncion

selaotoro, one for ssoh channel. By adjusting the mound level mawr

range selector and the _po recorder input nhnnnol ettenunCion sslan-

tore, one ohannal wan usunlly able to record _hs proper otgnol Co noise

ratio without _oCuratton.

+'_ Msesu_ed Events

The exploration crew in the field stated tha¢ eaoh blas_ was

produced in _ha following way. First, eight stakes were driven In_ the

_ ground along a s_alght llno parollel to _ha solcmlo lina_ _0 _o 75 feat

from it, end cantered on • gsophona. The llne of s_aksu extended about

100 foot wi_h 5 pounds of dyna_ita on each s_aks. Each charge woe

approxime_ly 4 fes_ above _ound. It is not _nown whether any defens-

e _i6n dt_iyo were used.

The sslsmlo crew rsfsrred _o each blast by the number of _he

ad_uosnt 9eophons. Thus_ from monitoring _holr communications, the

R111 20



geophona location of each blast was known, and hones it_ die.hoe from

each of the sound level measuring systems could be da_rmlncd.

The observers o_atlonad 825 I:o 5,280 feet from the blaa_ carload

_hAt oath blast had a sharp, c_rtllng, loud character. They also

not/cad each blast was audible a surprisingly long durntlon (8 to 14

seconds). BQCAQaO of shielding by' _r_ain and atmospheric propagation _.

factoEaj variations in Lea x o£ 10 to 20 doci_la (for the same bloat)

among the meanuclng olios ware common, avon though the soparatimm

ha_aan obeaEvat/on alcoa was a maximum of 990 foot.

This snismtc oxpl0Ea_ion activity Also used a helicopter. _t flaw C.

low end produced oozToopondlngly hlgh sound levels which waEa _po

recorded. The _ of helicopter flown duElng the measurements is not

k_own.

Data RQdu_tion

Afro= the mcaeuEementn wore complctsd_ the EamoEdod de_a was

=educed as _mcEi_d in Chapter 2. The computeElzcd dam ware cate-

goEIzmd in _ha oama _nn0= am .r.ho pla_haad/G1aclar dalai an shown by the c?

example .output in Table 2. All output wan. chocked foe accuxecy and

revlaad &ccoEdlngly.

C.
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CHAPTER 4

MEAS_ENT RESULTS

In this ohaptars the measurement de_ oollsotod at Plathoed_

Glaoler, and Helena ors analyzed and i_portan_ Eindlngm £11_Ei2ed, _,

ReSults are prooen_d noqusntially for the smblsnts hsllasp_rm_ sslsmlo

blomts0 and O_hSE UOUEOSO Of sound.

4.1 A_BZ_T SOUND LEVELS C,

Arise all thu omblsnt ao_d level data worn _l_7_d from the

msaatu_o_nt renulTB and VQrlflsd to _ nOEESOt| a cemprahanslva a_udy ef

ths results won _do. PIEst 0 foe ths oonttnuous _asure_nt si_e

(Si_u J through 5)j _hs'varLarlso of sound isvaln over a 24-hou_ _Eiod

was sxamlnud for dayu wi_h and withou_ exploration acttvltT. Notlcsahls

dif£ersnsss woes aploaz'sP, t _een dAyti_ and evaulng ns_d isvels_ wlth

the _&noltion tTpleelly oocu_rlnS around ths hours of 6:00 a.m. and
C

11:00 peN. (nee dn_ _blsn in AppOndlx S). Sound lavslm _asUEad

durlng the nlghttlsa hours bstwoen 11:00 p.=. and 6:SO a.mo ware

gsnsEslly sensing; _hsEsfor00 _haos hours wars nhosnn as indicative of

bankground conditions durLng _hs two mo:lauxo_t peria ,_-. Avmrage

nlghtti_ ssund invsla foe aaoh day oE ths _aeuroman_ are shown in

Fi_uEeu 4 _hEough S. Ths isvuls axossdsd one peruser oE _h_ tlms (LI) _

_en percent of the tlms (LI0) 0 and 90 psrcsnt sf the _imn (L%0) are

uh_ as well as the oueE_ equivalent iovsl (Lsq). Those _ aEs

further dannrl_d in ths Gle_azy.

S£_S I and 3 had _ho l_west daytime background (L%0) loveln_ as

low sn 15 to 25 dBA. Si_es 2, 4 End 5, domlnated by the sound o_ water

flowln_ nserby, had the hlghsst _ckg=ound levels, ranging f_nm 35 to 40

dBA.
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SITE 2 NIGH-I-TIME (2500 .....0600) LEVELS
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SITE 4- NIGHTTIME (2,300--0600) LEVELS
BASELINE AMBIENT EXPLORATIONAMBIENT
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Wa_r Runoff

The sound levels for nlghtT/me hours shown in Figures 4 through 8 c

illum_Tn_ the dominance of water sound IQvels at Sites I, 2, 4, and 5.

These si_a sea 10card close to Thorns Creek (Si_ I)e Trail Creek (SiR

2), and Red Meadow Creek (Sites 4 and 5). Site 3 in located on a

nountaln top and, _EQfoEoj is not near running wa_r.

For _hn wn_r-domlnated si_s, s largs diffnEonce is shown in _hn

figursn b@twnnn sound levels in June and July. Thin difference was

found to be dlrnctly 'cnlal:sd to thn difference _tweon runoff volumes in

_h@ _o porlodso Pigurn 9 shown the mean monthly values of wn_r flow

Of the north fork of the PIAT_ad Rivsr_ _ns_Esd h_ _hQ U,S. Gsolaqlcal

SUrVey at Columbla Palls, Maa_anA for _ho p@s_ five 7onEs (USGS 1984).

The yaar 1981, when _tm heine seaau_smen_ were _kan0 appaarn _o be a

relaT/voly high water ransff year, although not the highnnt in the _st r_

flvm years. Fig_IEQ 10 tlI_eT_S wn_r flow Invnln which havQ been

_anuEsd OVOr tha _s'_ flve yearn d_Eing Ehe June-July p_rlod (USGS

1984). Again, i_ in apl_ront _hat 1981 was a relatlvaly high wamr
C

1 _anoff year for June-July, and _h@ _ckground sound invel _@ASlLTOmea_

worn sffsoT_d aoc_rdlnglyo

Th_ observed influoncn of ws_r flow on the measurements la not

indlootlve of no_l ambient condltlone experienced _ b@ars, humans, or

o_hor _peclen in _ho 'study area. Rath.r, an an_lysle of the d_.l shows

_h_t ambimn_ sound levels in tha study area are affected bY sprang

_noff du_ing s _sla_ivsly sheet period of time (April to JUne), and

within a rnl_tlvnly short dln_nca from ma_oE ¢rnnks (about 1,000 fast). I.

D_ing moot of _ha ynSE, and over most of _h@ study seen, amhln_t levels

are nxp@ct_d to he as low an O_ lower _han _h8 levnls indicated _y the

July men_rsman_ shown in Figures 4 _hrough 8.

TO b_t_r d_flne the low ambient levels which oc_Ir du_ing the

slddls and later poE_iona of the exploration season, it is rsco_ndsd

_hat additlonnl _selina ambimn_ zeasurem_n_n he carried cut in areas

and during tlmn periods which are no_ significantly influenced h7

running ws_r.
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O_m_ _nfluenoee

Variations ere observed in the nighttime sound level data presented

in plgtucea 4 through 8 vhish are not obviously attribu_abls to changes

in water runoff. At Site 3 (Figure 6), e drop of 20 dB in both average

lsvelJm (Leq) and a_tisttcal le.vols (L1 D LIO, LgO) was observed over a
t_ee-_y period, and • similar rise wee observed over tha following

throe days. Si_ 3 la on a mountain top and is, therefore, heavily

ln£1uancad My sounds gafleruted from greater d£atences than are _ha arbor

eltea, Changes in rslnttve humidity/ and other _orologioa_ _actors

O oharac_ristAa of a frontal _7ste= moving through _e a=ea could have

con_ibu_md to chune au_eten"c_.nl changes in ambtan_ sound lsve%.

_bten_ Oo_vs Band Levels

Short _e_ente of tope rs=ordinga made in _lsthandm Glscter, end

_slsna wars annlyzed to abteln rap=eaantaCive cc_vs bend uound prsaauza

lsvsln of _a ambient environment. Tbeae raaul_ are shown In Table 3
r

._ for Ste-s 1, 2, ?, 8, 10, and 21. Thaea values ore used in Chap_r 6 to

eatl_a audibility O_ exploration activity.

i
4,2 DAYTIMESOUNDLEVEL_ DURING EXPLORATION"

: Sound levels oea_ed at _ _ive altos du_tng the daFtAme explo=a-r

! _ ties nativity are shown in Figures ll through 15. The figures show that

the sound levels were highest at a11 sites on the second day of meoeune-

mast ($uly 20). On this date, much seismic equipment was being flown in

_o begin ch_ exploration, end the equipment was being net up. Levels

O were highest aC Sits 2, the site nearaot _he drilling and blsc_ng

aotlviCy. Hare, daytime Leq,e exceeded 52 dB got three days An _ row.
_heee levels repmaoent a major change in sound envlronment, in spice o_

the p=eaenca of _aCer us a sound source near Site 2. Zn the remainlog

aires, daytime Loq*S ranged f=oo 32 to 44 dB indicating thaC the
exploration ootivit7 was audible, but not always do=inset.

32
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TABLE 3. AMBIENT OCTAVE BAND LEVELS c

_l.qn1[N'l' DC'r_l'JE gAND S.k'V_.S S|TI[ I (FlathlAd NattOPA| Forell_;)

Ju_y t, 15al T_m) I 10_015-_._0045

;militia, L.eq I.mm _ _msn I.,01 I.,_; [._ L.S L.IO I*._O t._)O I.g_l S.D*

_Z*_ 3S, 1 &l,0 38.3 ;tg°ll 6_ _' ._g 4_ 81 3_ 3;_ 30 3,&
40, *_ 4_S.?* _0. 2 35, m 46 4S 43 42 41 40 3a 37 I *3

_;_ 4J_.S 4?,0 41h8 3a*t '_a 46 '_5 44 ;*4 4_ 41 ;*0 Z,_
_:S.t 3g, f/ 3._°_i 33, _ 40 3_ 3? 48 311 3:S 34 3_, O.?

_00 " 311.0 4_.,3 311,0 36,1 _ 40 _*0 35 3_1 311 38 3? O,&

I_000 _1),1 40, _J 3*J*0 3?* 3 4_ _0 35 39 3g 3S 3_ 3_ O,
4;)00 _i° 2S _1_,*_ 31_,_S 3?, 0 '_3 4;_ 40 3g 3g 3& 21_ 3? O* 8
_Ot_ 3.'S,? _3, _ 3_. ? 34. 1 *4 _ 3? 311 3G 3_ 3._ 34 _*

_|1 palll _O*a U,3 4g.7 _7._ 83 61 _6 $3 _S_ 4t) 41_ 4? 1_7
R-ml:*llh_ad 4_S,_I #,?**, 4:1°_1 44.:5 _6 4? _ll *_S 4_S _t_ 4_1 45 0*3

_IIZEN_ _¢7A_1[ _ kl[Vl[LJ |XTE • (_rl_l;hl_*_ _tio_l Formlt)

_'l_r _,_q ;*_M _ I.ml0_ I..0_* 1..1 I._. _._S 1.10 L,_IO I._a _._3cJ _*Do

_1._ 40.1 60,3 3_.a 10.4 &l _ SO 4_ _ 3:S 3?. _._* _,2 _
63 3_._ =10,6 30,? 10._ "_ _,_ _ 3_ 33 3_ ;_l _3 **4

I::_O 34,1 40°_ 33,4 L'O.S 41 3? 3&* :l_ 3S 3_ ;;| _1 3._
_00 3?.7 _L.O 37._ It&,O ;*_ _,0 3_) 31) 3_ 3_1 34 a? _*?

_000 _ll._ 4_.D 3?*? i_B,£ 4_ 40 3_) 3¢J 3cJ 3_ 3S ;_ ;il,:_
;to00 3_* 0 40, 6 34, i ;l?, _, _,_ *_0 3? 3_ 3& 3:_ 3,1 ;l? i_. 1

_iDo0 ;_&,_l _?._S _ll, O ;tO.=S 3& 3? 3:S 2'3 27 2_ 23 _1 _,3
1|000 ;t;_._ _9.3 a_,_ _ll, O 30 &B 2S a_3 _3 _.Z _J |B _o,_ (_
_| pmll _?.$ _°_ 4_S,_ 33,_ &l_ &_ _ _ _0 4_ _3 34 4.1

_RBZI[NI' OCTAVE IlCmND_VLg.II IIZTI[ ? {(]14¢_ilp Nm|_onm I ._mpk)

Ju|_ lg |_J_Sl "f't*m _ 12411_*-_2S914

3|._1 36.1 _S3*9 ;Ig*(* _J*_. S_ Z2 _8 *_ 38 27 23 2Z _5.0

I_1¢1 31°? _l;l*& _°2 _7.0 _* _S3 SO 43 33 ZB _¢J /._ 7.1

1000 _.4 40.7 ;1_°*_ _J*4 4_* 2_ 3*W _17 _5 ;_. 23 @_ 2.0
_000 20*Sl 3_.6 Ig°7 Z6.* 3£ 33 30 _.3 _1 lg 18 _7 _o_

8000 _*J 3_._ _&*O 1_*_ 3S 38 3O _3 _'_ 14 13 13 3*"
_000 I1.1 24._* _0.7 _0o2 2_ _ |_ _.1 1_ _0 10 _.0 1.0
AI_ _IImR 4_.6 &lo? 3#S.! 31.3 62. 61 _1 S;_ _*? 3._ 3_ 3@_ 6.2:
R--me_*Oh_:lcl 3_._1 _4._ _cJ.9 _i_.@l *_ **3 _,1 3¢m 32 2_cJ _7 _7 ;2*8

(¢onnlnued)
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4.3 HELICOPTERS

HelAcoptar sound levels were measured in both Flnthsad and Helena

Net£onal FOreSts. Special values for helicopter flybys reassured in

Helsr_ are presented in Appendix D. The exact distances of these flybys

woes no_ k_awns therefore, thie d_ was not omelyzed furtheEj and da_

meast_od in Fln_head was used _ Ch_ follOWing a_lyois.

_xlmum Levels

DaTA on hollooptaEs at SAtan 71 _h_gh 17 An Fla_hsad were COl-

lasted at OppEoxi_taly k_owfldistances from the fllight _he. EnergFO
averages og the fla_ and A-wslghCad _s$mul flThy levels TAken at _hQoe

si_0 eES oh_ An Table 4.

!rD TABLE 4. MAXIMUM HELICOPTER SOUND LEVELS

Slant Dlo_nce N,._r of

Site co Haliceptar, m Y_=u_e_nta LAmax _ _nA Lmax, dB

iO 11 655 77 66.0• 12 122 11 - 8 .9
t ?0 74.0
i 26 * 73,9

13 6S5 11 89.4
f 14 1,310 11 64.2

!_ 16 1,690 11 69.1
17 122 37 76,9

_tood on t.hese data, _ho Zees_ |,_uares fit was obtained for the

!0 follOWing relationship between LAm_x end distance:

' I,_m_x (=) " L_ax (:rO) - A log (r/to), {1)

i where = As the receptor distance,

_ _e is _he =efe=sncs dAs_anco, chosen to be 305 _,

L_max (_o) ie the maxlmun A-wni_h_ad level at the Eefernnce

distance, found ta be 71.4 dBA.

and A is the e_tlel attenuation noefficlenC, found to ho

40
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This relatlcnmhip indlca_ee that helleoptar noise decayed at the

rate of 2.4 dBA per doubling of distnnco during these mmaeu_amonte.

This low rate of decay may be due to a combination of factors, including

tha direotivit7 of helicop_er ecund and the valley-like location of the

meaau_amon_ aitou.

Octavo Band Levels

In order ¢o be able CO estimate how hslicop_r sound levels are

attenuated over distance from _ha _oximum levels given above, the

epeeS.tel shape of the hollcop_or acund was nnalTzsd. Firat, for ten

flybys at Site 11, the maximum unwoighted level in each octave band r"

which oocurced du¢ing the event, Lmax(oct) , was tabulated. Then, the

overall maximum sound pressure loyal, Lmax (the result og adding all the

oc_ve bend loYOla togotbar), wee subtrao_d from each of _he oc_va

band levels. Theme results are shown in Table 5. Since the overall C

level is higher then the octave band levels, the difference ta a

naga civo number.

The arithmetically averaged spectral shape shown in the table C
indimate'a that unweightod helicopter sound levels are highee_ st the

lower frequencies (31.5 to 125 Hz); that is, _he difference bat'ween

maximum octavo hand level and the maximum overall level is the emolient.

Correspondingly, tbe sound levels at the higher frequencies (1,000 to

2,000 HZ) are low. Since sound at lower frequencies in attenuated lass

by _ho atmocph_ro and other factors than sound at higher frequencies,

the dominance of _ba low frequency helicopter sound will increono beyond

what ie ohown in the table at greater die.antes froa the hoZicop_r. C

Methodo for eltimating this at¢on_a¢lon It _Arger distances are

provided in Cbap_er 6.

4.4 BLASTS

MAximum Levels

MAximum sound levels for blasts measured in Helena are lis_d in

Table 6 for each of the four measurement stations. Blaa_S were repeated
at some of the shot points, and sound level rnadings for chess replica-

tions were found to be slmilar.
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T_J3L_ 5. _ELZCOP_ZR OC_AV_ B_D LZV_S

Si_ 11Hel_coptar Overflt_h_

ii i

_t_ 31,8 Hz 63 fl= 125 fl= 250 fl= 500 _z 1000 Hz 2000 H=

_ _._ 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 -7.8 -12.2 -25.5

3:21 -8,0 -11,7 -9.0 -11,8 -5.4 -9,8 -21.5

4:41 -4,7 -6.1 -8,0 -5,3 -1,3 -2,3 -17.5

6:48 -8,3 -11.6 -2,0 -8,5 -12,4 -13.1 -27.9

8:00 -6.7 -12,3 -13,4 -16,0 -14,9 -17.9 -31.1

i_'1 9:32 -8,8 -9,0 -3.2 -5,2 -7,1 -8.6 -20.2

14:16 -3.4 -12.8 -4.8 -8.7 -12.8 -15.4 -29.6

18:19 -9.9 -10.9 -8.4 -9,2 -10.? -11,9 -26,4

_ 16:17 -8.4 -11.9 -4.9 -10,8 -5.9 -10,5 -23.3

_vo=ago -6,? -I0.0 -6.5 -9,1 -9.0 -11,0 -23.9

9_nndnrd

. Dav_.ct'_t.on 2.2 2.0 3,4 3,2 4.6 4.3 5.1

42
_-_ R 111



C"

_ABLZ 8. MAXZMUM BLAS_ SOUND LEVELS

Sound Lova2n at _aat_'e_nz S£ta, clB
(Sho_ poin_ o_ slte in pa=en1:he_es)

18 (1082) 19 (1084) 20 (1086) 21 (1088)
5hot

Po£n¢ ;max Lmax Z,max _max

1059 -- 119,9 ....

1070 -- 118,9 ....

1071 -- 117.2 ....

1072 -- 117,0 117,3 --

1073 102,9 117.4 119,8 97.0

1074 101.5 118.7 118.5 96.7

1075 104.3 119.6 -- 98.2 i

1076 102.5 127.2 122.8 96.7

1077 10S.4 123.0 -- 100.2

1096 93.3 115,8 126.2 104.8

1097 92.7 115.4 121.9 102.4 ¢,3

1098 -- 115.3 122.3 105,1

1099 -- 109.9 117.1 102.6

1100 -- 115.0 123.4 98.7

1101 -° 114.7 122.9 100.3

1102 -- 114.5 121.5 --

1103 94.3 117.5 125.9 100.8

1096 92.8 112.5 125.5 106.7

1097 99.2 109.2 123.8 106.7 _--

(continued)
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TABLE 6 (oon_c._.nued)

18 (1082) 19 f1084) 20 (1086) 21 (1088)
i, Sho_

Poin_ Lma.___x Lmax Lmax Lmax

1098 92.8 107.5 121.91 108.7

1099 -- 10S.8 118,9 108,6
;t

1100 93.2 106.8 120.8 98.7

1101 -- 104.5 119,7 98.7

1102 91,8 104,5 119.2 98,7

1103 99.4 109.8 117.7 98.7

1104 99,2 113.5 121,5 90,3
i ,3

1105 97. I 108.4 116,4 91.9

1106 -- 104.0 111.3 -.

1107 93.1 101.2 ....
_
i 1108 100,0 102.4 110.4 ..

i 1109 91.9 98,0 106.2 --

i M 1110 -. 95.3 101.6 ..

1111 93.3 101.8 107.6

1112 .. 99,7 106.7 ..

It_ 1113 -- 98.4 106.0 ..
1114 -. 97.8 ....

ti
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The overall unwelghted maximum eound pressure levels (Leax) of

blasts maasu_cedat satan 18, 19, 20, and 21 were analyzed to datezmAne

how the sound levels varied with dis=anna. The analysis yielded a

relationship of the following fo_:

Lmaxlr) ,- I_max(r o) - B log (r/col (2)

where r le the distance to the receiver

t le the reference dlo_nce_ choeou _ Me 305 mo

Lmax(_o} la the _x_ e_nd prosguEe level at the reference
distance

and S ia the spatial at_nuat_on coefficient, c-

Uelng a leant squaroe fat to this equation from the data in Table

6, the following results were found for each maaau=e_nt site:

C

SAt- I_cation _max(ro), dS B

18 1082 102.7 20.3
19 1084 127.0 43.5
20 1086 134.3 43.6
21 1088 111.9 41.7 C

The difference £n overall sound prsesure loyal maxima at the

_cfereneo dis_anos varied by _ore then 30 _ among the ei_es. These

_saul_JB mean that the overall _axlmum sound proasuEs level depende on

the obcoEvatian point and _ in_rvenlng _r_aln, not _uet cn the

dlstanao hotwoan _ou_oe and obecEvoc. The data oleo i_dicste _ha_ the

overall maximum sound p_soaure level fall appcoxlmutoly 13 dB pa_ C

doubling of distance (43 x log 2 - 13) far Sites 19, 20, and 21, l_A_c

only 6 dB par doubling of distance for Slte 18.

Tape recordings at SAte 21 enabled a similar nnelyele to Me made of

maximum A-weighted hound levels (LAmsx) at location 1088, yiol_/ng
rseul_e cf the fo_m:

LAtex (El - L_X (ro) - C log (r/ro) (3)

where L_max is 10805 dSA for rO - 305 o (1,000 ft),
and C is 74.2 dBA.
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These results indlca_ that the uaxlmum A-walgh_-d sound level OE

blasts fell approxi=ately 22 dBA per doubling of distance (74 x log 2 -

22) for this obaarw_/on point.

octavo Band Levels

Table 7 ahowe _he mJximum octave hand levels and overall levels

(nereid as "all pane" in the _ahle) for blasts ma_o_ed at Sits 21. To

devalnp Info_tlon on how these m_xi_um lavala decay vi_h diatancej tho

non_:ri_u_ion nE individual Erequency bands to tim overall level was

evaluated. For the six blaetl in the table for which _n_a 'was avail-

r5 ebleD t/_ d/fEars.ca bat'dean each octave band level end tl_ overall

level was obtoinad. For £natonoe, for _m first event shown is TAble 71

Blaa_ 1073, the diffeuanca _waen the lowao_ ace'.ave band level (31.5

H=) and _ha overall (all pass) level is 87.5 - 92.8 - -9.3 riB.
%v

These dlffarances ware than nri_h_tlnally sveregod foe each ool".ave

• hand level and the overall level is (-9.3 - 2.3 - 0.0 - 2.0 - 3.4

- 2.4)/8 - -2.6 dB. VeluaO of ",:l'mee Average differancoa eStlua_d in

!_ this way for each octave band are shown below.

Octave _ndj H= 31.5 83 125 • 250 500 1,000

Lma x (oct) -LUAXj dB -2.5 -7.1 -11.9 -15.1 -15.5 -18.5

(,j Not:e l:h_t levele _ai_ad in the 2sO00 HZ band wa_a too 10w to G0nmider

for analynia.

These ootuva band results may he used in oonJunation wlth the

overall maxlmum sound presage level roeulta given in 1:ha previous

!i_ eubaent/on to aatiuata maximum sound levels as a funotio;l of diets.ca.

NOW that there raeul_ are not ud_t_etad for barrier influences or

terrain. Such ed_ua_men_ are recommended if more detailed _ua_mant of

"_hed_ la deelrod,

DUESt:Lon

The "tLme Above" reeulte shown in Table 7 for blast sound lavale at

location 1088 yield an average decay ra_ of 6 dBA/eac for blae_ at

dlffarant distonoaa (Figure 16). The da_a also suggest, hut do not

es_abllmb convincin917_ _hat the decuy rate decreases as ",.ha separation

baleen oourca and receiver increases.
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TABLE 7. HELENA BLAST MEASUREM._TS

Blast Octave Band Levels and Durations

¢-

o_r_v[ |_W_ LI_J[L_ "BISS_ |073 (He,in& National Forest)

July 16, 1981 T_mm I &4¢0_S

_Lml 4D_Vm tlme a_ov'n _mj &_ovm tlmD &oovo _mD loovl

_Llt|l** HI L_N_ dD (sscor_s)

31* = GT.
U a*. _ _. _a a. 814 3* _4 :

• _ _.? 0.774 L.372

SOG 7&* 9 _ :
1000 ?3. 9
IOOQ ta*_

sll _lsm _|*1 i

O_T_VE _qND _VE_B _lls_ IQ?_ (Me_m._ N_tto_l Fcr_t) _,
J_ly l&_ 19_1 Time # 1_0_46

3h_ _G. 3
18.1 C

2S0 7_,I
_00 74*&

IO00 ?a. 7
2000 _*

,11 pas_ cJi[*6

C

¢Y_'Avi[ lAND LEVG.| Blast 10"_ (Hulm_s Nat;;Q.II Forest)

July 16+ 1981 T_ml I _41a1,_ (._

t_me aDc)vll _i_ll aOoVll _?.mll IIDOVll _lll41 aDOYI _l s_ovI
t_N - _ ¢iO L*_eN- IQ d9 l_m - |5 :O L.m. - 20 d_ _,_.x - ._ a]_

?ll_lr_ HI: 6me, dB (sllcor<_s)

_J3 _8, G

1o00 ?1 •

(continued)
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m _._._ 7 Ccon_in_ed)

D_'_f[ _ L_l.a Blast 1096A (HI;e_ N_lzlonal FOrMIt_)

(1_ July l&. lgal Time 0 1=015G

i tlmm _l_ve _IN Al_v41 1:ira41 aDm*41 i:lmm allovm t_Me abovl
t.mN _ S dD Lm, - _0 al) _.mm - 1_ 6B _m - _0 dis _.mz - _ _B

_LI_IIPt HI tJtxt ClB (mXOMII)

31°S IOL°&
U IIBo & 1• 07;_ I ° JI;_12 &° 446

: _ 1|3 la. lt 0° ?_t4 1o322 1.6_6
aL_0 _$. ;t 0. _J74 1° _Sla 2. E_tO

;1000 _IG. 7
all ;_mm IO3.&
A_llLgfl_lO e_4°_ Oo G._0 |o OJl*_ 1o _1_0 _°3_6 3.3=0

i OCTAV( liked _[VI[I.B _18_ 11001_ (Hol_n_ NalLonal FarH¢)

11_ £6° 0 0o 7_0 _. _b_
_i I_0 7_. ? O. 774 3. :7_

_00 79. 0

2000 7:]* 7
_11 _ams _6°_ 1.1_';' 3.072
R--we_g_l_i al._l O. 3;12 $o82_

QCTRVE |RND t,._'VE_l Dlam_ 110_ (Helena Natl=;_al Poelt_t)

_uly lit Z_III Tl_ 0 _0130

_ _0 7_o

dr11 _m_ ej_°_

(con_:Lnued)i
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T_ 7 (Continued) c

OCTAVE IIG/_O _**I_S D1*ailk l_O& (Hal*en4 Na_l_nsL F._ellms) (--

July l&, _.'J_l 71rim ¢ 18ZGO0

_lWl A[lOvm _.MI aIDOVIB _*mll 8DOvm '_._l Jl;K)vdi t:lml) &DQVl)
L_X _ _5 6il t.mM _ _.0 aO !.ann _ L_S clB Lqtx _ _0 all L_N _ 2_ ctB

fl_._lr* t H_ t*MXt _lD (Sle_O_I_)

3_°5

ta5

_zQ
500
1ooo

_OOO
• _% ales ?a,l
A+_lzmnlllQ I_,g L, Z8_ I.I1_3 _.&_O

¢_
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4.5 OTHER SOURCES

Based on dim=usslnno wi_h obaervQrs of exp1oEatlon pEoJects which

have Oaken place in _ha aTeo, |ound fTom equlpm0n_ and actlvi_lao otheT

_han halioop_Ts and blas_ ate apparnntl 7 ImpoTtan_ only in the Imm_-

dlam area vhoEa _hay are loc_d (S_athy 1984, KIofar 1984a). Trucks

aTm _civan to and 2=am _ha Leo camp p_oviding wa_rl fuol_ ox_looivanl
c-

and other pEovlalonnp _I_ the to_l numhaT o2 vlni_ 19 uaually lena

r_mn one pot by, and would only _ noticeable by obao_vaEo neat the

'Cz'ava lled EOad.

Thn cumulative a_focC of a laTga numboc oe concurrent aninmio

p_o_anta in Oh, G1aolnT PaTk azoaj including the incTauaod numbo= o2

suppoT_ _obn. additional c_'uek _avnl. and Tolatod aotivirAao, may i

caeul'c in no_ioenbl, inoraaeaa in the ovacall hound iavalo oxpoTionood

near _o Park boun#a_, and in cha many aream in _ National Focnnt.a C.

whioh are heavily expiated. Theoa oumulativo incraanan, ho,,,,aver, worn

noC inve_'cigaced in t.hio a_dy. i

C_

C

c
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CHAPTER 5

pROpAGATION FACTORS

Sound p_o_sga_ion An _he open air is influenced by • number of
iN

mechanics. Seven of _hoss factors nonsldorsd appllCahl@ tO the G_CloE

Park area are disunaand below (Hs_IS 1979. and Foeh 1980). Those

facl:ors aEO:

¢_ 1. A_Onuation, Ad, dus to gssmo_lcal divs_gsncs from the SOtLTCO

L 2. A_Onuetion, _, duo to ha_iszs (moun_Ins) between oouccn and

r@csivmr

3, Attenuation, As. duo _o a_oophsrlc aheorhtion

.._' 4. A_tonua_on, AS. duo to _ho QTound effos_

S. A_nuAtlsn or snhsncemon=, Awp duo _o wind

6. A_tonuatlon or enhancement, A_ due _n tompara_LTs 9Tsdisn_

7. Enhancement, AE, duo _o rsvsrbor_lon

In thls c_p_,._, each fan,or in considered vlth rsspsc_ _:o pro_sqa-

tion of _hs _we p=inmE7 oou=ces of explo=ation noise: blen_s an ,_

hollcop_s_s. The fa_s _e used in Chnp_E 7 _o estimate the sound

level L a_ a _ecsivsr using _hs £nlZow_ng equation:

L - Lo -Ad - Ab - Aa - Ag - Aw -A_ + Ar (4)

whs_s Lo is _ho sound level of _hs source a_ • reference distance.

This aqua_ion may b4 u_sd In either of two ways. The sound level L

may ha derived for each octave band. in which case the OC_aVO band

values for L And each at_nuatlon factor mus_ ba applied conse_utlvely
o

for each band. Then the _n_l value of L is obtained by adding the
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octave band levels (nee Appendix F). Ore in a si_plified end soNawl_t

less oocurnta app_'.oaohj the sound level L may he based on average
r-

A-weighed (nee Glossary) values of the nt_nuation factors, in which

_aes _hs eqtmcion would only bg applied once with these factors.

So that th_ reader Nay follow either epproaohp oo_ve band levels

and A-walgh_d levels are provlded for Lo in Chnp_r 4 and, wherever

posnihlsp for the at_fluation factors below. In Nest ossss_ signiflcant

llmi_tions rashest the accuracy and applicahilit7 of the _thods

prasantsd for satlmati_g each factor. Those limltntlons are noted where

approprln te. c

5. _ GEOMZTRZCAL DIVERGENCE

Limlta tlonn

Tha gsoNatTiosl dlvergenca factor described below does not _aks

into account the hlghs_ than narmal dscsy rata found in Chnp_r 4 for

blaate_ Or the IOWSE than normal rats found for helicopters. For

propagation in heavily forested areas similar to where the massu_sNan_
C

worn 7_ksn 0 s divergence fa=toE sIG£1nr to those proposed in Chap_r 4

('squatlons I-3) should h. used, which sl_s_dy _kas in_O account the

atmsaphario and ground effsc_ factors described below. For propagation

over _alativoly flint, open areas with _ard surfaces, _ho Values

suggss_d in _h_e section are probably more appEoprlats. Sines _estLTa-

_mtn WOES act conducted under _hs lat_r oondlti_ns_ application Of

_hasa faotor_ should b_ made with dlso_tion°

Above ground blasts nee _hsors_Ically nsn-di_sotlonal; that is, the

sorted level oE the blest should be equal in each dlrsc_ion if all o_hsr

factors ere equal. With _hls assumption, thin attenuation factor in for

propsgatlon ovsE n fl_t surface given by:

Ad • 20 10g (_/r O) (5)

where r in the dln_nce from source to receiver

and ro is the reference distance, noted in chap_= 4.
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If the blast charges are loosed such that o large ollff or moun-

tain is behind them, relative to the reoelver, or if they are located in

• Valley whose mouth opens toward _he receivar, then divergence of the

blast sound would not be non-dlrectlo_al. Zn the extreme case, where

nhnrgoa are oat off at the hoed of a s_ep valleyp pcopagnt.lon would be

rost.Tio_d _o ono dIEectlons and, _herefore, _he at_nuatlon ro_s due to

dlvoEganca would _ given by:Ad"_0IO_(r/to) (e)
Zf _h@re An an incline of any sort behlnd the aouroe which could

e% reflect sound _owaEd the reoelver, an in_edlaTJ value _woen eq_-

tlon (5) and (5) might be appropriate. Zf. on the other hand. the

elevation Inoroaaea £mmedlately in the dlrection o_ the cecalver.

equation (5) should be used, and a _rrlar attenuation factor, Ah

(Section 5.2), ohould _ in¢ludod.

He llco?_=e

The no_l altitude of halicoptQro flying in oelsmlc activities is

100 to 1,000 feet, nl_iough fllgh_ above and below these altitnldea

commonly OOmLT. At _heae avoEage altitudes i refloctlvo effeo_ Of tho

ground are only olgnlficant An the local vlolni_y of the hellcopt.r and

not at grant dls_nncae.

The fact that h011cop_r sound levels are gTea_ at cor_aln anglea

t_n otbere_ and the fact _hnt sound may b_ impinging on the _aoelver

from dlfferenc@ altitudes and poln_ along it_ _th, mmko eetima_:ea OE

thn appropriate dlvergenon at_enuatlon ratber dlffi_ult. On. cnggee-

tlon_ although un_sted, le to uee equ_tlon (6) whnn th_ hellcopmr le

in eight and the rooelveE le on • flat hn=d flu_f.oe_ and to use e_-

tione (I) or (S) und_r o_her conditions.

5.2 BARRXERS

At_nun_ion of sound due co moun_alnoue _,rraln is modeled below

_eod on n_andard b_rler at_enu_tlon theory (Harris 1979).
!
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L £ml _ floss

Certain llmi_tlons rsetrlct the accuracy end applicability of the

method for estimating attenuation due to mountains:

I. This procedure is based on a simplification of acoustical

propagation thaocy,

2. The procedure has not been Callbratad against actual measure-

manta in the Glaclor Par_ area.

3. The prcsedu_s is designed to apply to the case of a elngle

unbroken mountain range betwaan So_ce and receiver under standard
cn

(20"C, 1 atmosphere) candl_Aonc.

4. Other matsorologlcal conditions, such as lnve_siona and wind

may altar thaoe reiults.

5. A_tanuntion duo _o o_ar factors, much as wind, tampema_ure

gradients m di_sntivi_, asd reverberation _uet _ Included to estimate

_ha overall level at _ho recelvar.

6. Par helicopters, if a meun_aln range Is always between the

SOtLTCS nod raociver, the loweot dlffsrsnce AS ul_/tude between the

hellcoptar and the _untaln should bo chosen" (see Step 2_ below). If a

mou_talfl range is not always betwaen eO_TCS usd receiver, _hen Ab i O.

Estlma _in_ Pl_ooodure C

A _top-b_'-s'P..ep prOCSSO is described belOW fo_ eoti_ating attenua-

tion, by octave hand levels, due to mountainous tarmain.

(I) Deta_mino the pian view (_p) distance from the _,

source Co the Cop point on the mountaln which In

in llne wlth the receives

(2) Determine _he difference in height between the

source and "_o sountain _op m

(3) Pind the cleat dletance between the mou_cu and

,+P.hemountain point: [(112 + 121211/2

(4) Determine the map dis_nce fro_ the mountain

point to _he =.celver
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(5) Det:az'_£na the d._._ference in height bet'_eon the

mountain po£nt and the receiver m

(6) Find the slant d:_.atonca from She mountain point:

to the _ece£ver: [(4) = ÷ (5)2] 1/2 ,.

(7) F.4.nd the slant distance from sauces to receiver:

([(1) ÷ (4)] 2 + [(2) - (5)]2) I/2 ,,

(8) Find _h8 added path d_ffarance due to the

mounto£n: (3) + (0) - (7) ..

(9) Choose an oel_va l_nd _recluonC'/ to a_lyze:

21.5, 63, 1=5, 2S0, 500, 1,000, O= 2,000

(10) Find the Frannal nu_= for thte octavo _nd:

(B) x (9)/177"

(1f) _lnd the approxi_ato at:tonuatinn of _hle octavo

_nd duo to _ maunto£n: 2(2 ÷ log (10)] 2

(12) Ro_urn to (9) and _ind thQ nt:_anunt_on for the

next octave _nd

*Uaa 564 if =aa_emanto arn in _eot: _natoad'o_ ma_ara.

5,3 ATMOSI_E_ZC ASSORB_ZON

_ _ical Cond£t:lnna

_ha eZoeeat: eont:_nuoue nenurata west:her records taknn In the

Fla_ad Na_£or_l FornnC/Glnniar Net:lena1 Park area axe compZ£ad _/ _ha

PoZabridga Ranger 8tot:ion £n Glacier NacionnZ Park, _hoao racordu,

which a=e compiled primarily for usa In aenaaa£ng incest _4ce r£ak,

SnnZuda dai_y oboa_va_lona of temperature, relative humidlY/, . and

average wind ephod and direct:ion, all at epproxl_toly midday. Values

of tonpa_a_ttra and humidity =assured at PoZebrtdga eva= t:ha pant: gout

Feaz:a arn nhmm An FlOrae 17 and 18, reapect:ivnly. Tampnra_a:a and

hu_idA_ _aaured du_£ng the neine mae_ura:nnt: preg:a: are nhown in'i
: Figures 19 and 20, To dataz-_tne tTpical propagation eh_ractorAetice in

" =ha area, tompara_:_:n and rel_t2ve hu_tdtt'/ da_ from Pola_ridgs span-

ning a parted of three years ve_e _onvertad t:o a_aepheric abeorbt:ton

attanuetton noa_ftnien _'' (see Appendix _).
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Figure 21 shows _hese average midda 7 aTaoepherlc attenuation

coefficients. The figures shows that the attenuation rates are' rela-

tively constant for each fraquenc7 during _he tlmo of day they were '_

cacsu_od. Nots _hAt these see average, and not worst-case VOlume.

Table 8 compares _mperatnnce and humidit_ Values measured in the

NOE_h Fork valley st Polahridge with values _oeuxsd at sound caesura-

most si_eo An the mountains of Flathesd Natlo_l Forest on tihs same Aay.

with _hoeo limited samples of caseu_emss_, no s_atletlcally s_ong

coEEelatloss can ba developed. However, An general, the _hlo shows

that whan Flathead tespsrs_u_eo arc higher than tamporstuEeo at Pole-

bridge, _ho humidit_ is lower _han at Polehrldgo, and when tampors_urs8

arc lower at Plathcsd, the cozToopmndAng humidity is higher, Thl8

result AS _ical of shear where _ho absolute humidi_ is constant, bu_
;

whmEo _hQ rmlativs humidi_ Varies inversely with tampa_s_ro. If valid

thrmsghout the c-_._-_r exploration season, _la s_moophcri¢ at_nuA_Lon

cos£ficien_ would be approxima_ly equal in _hs _'_oarose (Ba_io 1979)

even though _he individual meteorological factors dlffor. For this

reason, values shown An Pi_uro 21 fEo_ Poloh_i_go _Ingor Station are C,

usad _ estlmata a_moophcrlc stressor-Ion of sound in areas ournoundlng

Glaclor Nstlo_l PeE_.

Bs ti_ tin_ PTon.durs

Based on Pigu_e 21 s_d HU_TIS 1979, _ho a_moopheric at_anuatlos Aa_ " C,

for each oc_avo hand, at s re_elver distance r (where r is gives in 100

ca_._s) is spproxima_d _:

OCTave Band (Hz} 31.5 53 125 250 500 1,000 2,000 _.

Aa (riB) 0.004]: 0.01]: O.04_r 0.1r 0.2r 0.4]: .-"

5.4 GROUND EPPECT

Sound i8 st_n_atad differently ove_ soft porous ground th_n over a

hard paved surface. The energy roflsc21ng and absorbing propertlee of

the gerund and the motaorological conditions close _o the ground have a

complex role in attas_ting, on in some cases enhancing, the _ropogaticn

of sound, depending on _he sound's frequency and the holgh_ of the

source and rcreivcr above ground.
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TABLE 8. COMPARISON OF TEMPERATURE AND HUMIDITY
AT POLEBRZDGE AND SOUND MEASURF.MENTS SITES

PolobEidga

Data Managed R_ngaE Sound MooauEe_nt Site
(1981 ) Panto¢ Station 1 2 3 4 5

6/26 Tamp ('F) 62 72 79 65 77 70
8am (_) 48 (13) 33 (13) 27 (14) 42 (16) 26 (18) 41 (19)

6/29 Tamp 74 -
.um 29(13) . _:(IT) .

T/2 Tamp 72 67 67 67 73 _
Hum 41 (13) 49 (10) 49 (11) 47 (13) 40 (16)

7/19 Tamp 78 53 62 62 12_ 72 66
42(13) 89(10) 89(11) 60(14) 77(15)8urn 59 "

7/23 Tamp 86 - - 73 65
Hum 44 (13) - - 53 (10) 100 (11) ;

l
7/25 Tamp 68 49 51 2_ 47t91 "

Hum 48 (13) I00 (12) 100 (1 " 100" " -

NOne: Numb@=O in_=onChoooa indlca_ hour of oampllng.

.LSmi_ Clone

The values given below for ocCavn bond and A-welghtad ground _;_

o_fect oC_-nuatton oheuld eel7 be need in _ho following c_moa:

1. 8alicopcQrn -- operating on _ha gTound onlT.

2, BInoCS -- only when _hm propagation path is not b_ok_n up by

v_11nyo or moon.inn, and when thorn are no wind or tanpere_uro invar-

alarm. When there is _uggod Certain Co brook up the oound of blasts,

uao ncpmtlon (2) to prodlct _e co_binad o_£onu&_ion due to dlvorgoncn

end ground aureate.

OoCnva _nd Loyola

The valuoo given below for the axceee ec_enuaclon duo to ground

o_fant_ Agj era derived from maaauromonT_s over flaC grasaland, and t.huy
o_'o, therefore, only approximate indlcato_s of tho atcenua_:ion dua _o

g_:ound foliage experienced in the Glacier Notional Par_ area. To
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do_rmLne Ag, _ko the attenuat£on value _hown _or the reco£ve_ distance
end sub_rac_ the value shown _or _he re_erence distance o_ _he source

(see Chap,,or 4).

Source-_o- Ground Effec_ A_?.anuat._on D dB

flacon.rot Oc_vo Bande! HZ
. _ Dle,_nce (m) 125 290 S00 1,000

• 20 -I 0 I 0
30 -2 0 3 0
50 -3 0 5 0

100 -4 0 7 0
20O -S 1 7 0
300 -6 2 7 0
500 -7 5 5 1

: 1,000 1 15 4 4

Note: A negat£ve ntmbor Lnd£aa_e oour,d
t_ 1cYCle would I_ 'tncreeeed (sea

equn,_en 4). From HarrJ.e 19";'9.

A-Woi_h_d Lavlln

_!_ A_ _rge d£e_ncee! due to a.t=ocpher'tc nbeo_on, prol_gel:ed eound

lavele a_a do_i_d by lov f_equency b_ndo.. An a _eeul_:, _ e_fec_ of

ground et_anuaticn on A_a_eJh_ed lav'_le _e aoeu_d to be e:_.ln;: "co the

! effect on '_he unweLgh_d |cued pceeeu_'e level. Zn etudtae conducted by

_ ('_') ._che Air Force _eepone Z,_tborn'Cory (A,'qSZ 1983), n'c d_.oCnncen c_rcee.'._r than

_a few k_io=_e_ _:ho to_,_l oxceee e_._tta_/o_ v_o n_r_.cally ev_lu_ed

to be eppcoxi=nr.e1_':

• - -0.I (7)
r. (,3 ox_=elle

Z_' '.:h.te exooea in ent_.cely oseignod to ground e:_fact factor, than:

•, 20 log(r/re)'0"1Ag

- 2 log(r/r o)

whore _ le the die'cAeca 1:o 1:ha receiver

and c o _.e Cho re_ecenco d_e_nno.

64
; _ R 111

]



5.5 WIND

The effect of wind on mound propagation is independent of frequen-

cy, sO a single formulAtion for wind attonuation, Aw, Am provided hera

based on A-weighted levels.

LIMits floss

The steps shown include factors which ere based on wind mpaeds _-

_amtLTed at 8 ma_rm above 9Tound leVB1.

The method in not appropriate in condltione oE thunderstorm or

gus_ winds. No_ thnt.whRn _hm wind is blowing fro_ the source toward

the renslveE0 the wind attonuntlon is negatlws; that is, a positive

velum will ba added to the EsEeEense _ound feral OE eq_ion i4),

A-weighted Lovmlm

EetimA_ the wind attenuation factor, Aw, wlth the following mtspfl ('_

(fro_ Foch 1980):

(I) De_rmins the angle in degrees badmen the wind

And son+wcs-to-eourc-o _no t m

C,

(2) Dm_tmlne _ho wind _pemd, in milom per' hour at

approxi_sl7 8m (25 £t) above ground

(3) Hultiply: Coulee (I) x (2) x 0.53

(4) DoCermlne thm _:enmivmr die_ancm

(5) Determine the rmference die'Canes m

(6) Find the logarithm of the ratio: log({4)/(5}] -

(7) Find the wind attenuatlen: Aw - (3) x (6) x (-I) .

*An sn_im of 0" indlca_e the wind is blowing directly from thin sou.Tee
to _hs =osmlv_r.

5.6 TEMPERATURE GRADIENTS

Memmu_emontm of combined wind and temperature gradient effects on

sound levels from blasting have shown that a_tsnuatlon or enhance_nt

f_om theme factors is related to the increase in the speed of sound

ha_ween the ground and the height at which the speed ceases to increase
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(Pooh 1980}, that Is, the tnve_.'sion height. Thin relationship is

indepandon¢ of f=equaucy. Notl iha¢ if the wind is tnwocd inn =scelvsr,
p*

the at-tenua_ion value will _ angst-ire; thai; is, the reference sound

level in Increased.

A-Wcl_ht_d Leva Is

' _ The ot-t-nnunT/ou duo to tlspeEaCu=e g_adlent-e, Atp in found fEom the

following a_p_:

{1) DeCline the angle between the wind and the

' nnuEnn-t-o-EenniveE line

(2) Da_mino the incTnaes in wind speed _eon the
¢/¢o_nd levul and _ho height at- whloh the n_ed

nouaos t-o inoreono, in silos p4E hour

i_% (3) Mult-iply: Coolna (I) X (2) x 0,2

i
(4) Do_m£no the Enonivor dia_snna

_ (S) Detoz'm.ino the rcforeuco diet-,enno -
!i

i (6) Plnd _ha logaci_hm of _e rat-in: log[(4)/(5)] ' -'

_' (7) Pied thQt, sm_En_,Tn g:adlan¢ at_nnunt-lon:
,;

At. - (3) x (6) x (-1)

5.? REVERPERAT_ON

The affooC of =nvoEb_Ea¢icn in ino:san£ng sound levels obea_'ved an

a :_ocoi'vo_ depends in a oamplox way upon _hs t-o_ognaphionl fondu.fan

: ('_ oxlat-ing nan= ¢ha obna_va_. V_r_ually all the b,lz|nt-maaiuco_nt-s Oaken

in Helena NAt-local Forest- innludsd EaVSEbOEant- _',',',',',',',',',_esas Indicated by

t-h_ long ducatlono of t-he sound|. Reverb@Ear/on _y play an even _o

impoE_snt- _ols in special canna, s_ch AS when an obca_vor is located in
t_

• Eook-llnod c_oyon while s hslicop_eE !:,'4sons overhnod_ or when a bl_st-

charge _n oi_d in a olmilaE fount-lea. %n thOSe _,".Aeoe_ _O E_VOE_Z'-

Ant- nnh_noomon_ may' be as _t_ch _s 5 dB above the valuno expcnt_d under

moEs a_Andn_d nondltlOneo

Revo_'bnEation _y play a Eels in det-s_mlning _ha du_at-lon of

blaene. The observed decay rate of approximately 6 dBA/seu fo_ bl_e_n

R 111
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Indlca_s thatp if the maximum A-welgh_d loyal o! a blast is 90 dBA

inside Olncl4_ Natiorml Parko then it will take about 11 sc¢ondm foe the

blast to dGcay to 25 dBAm which rspresen_ _hm limit of audlblll%_/ for 4

tTplcal ambient conditions in _he PaEk.

F

C
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_ CHAPTER 6

ANALYSIS

6 • 1 PROBABILITY ANALYS_S

At any given location in the study area during the exploration

eooson_ sound levels from pro_en_ aotivities will vary in a continuous

fashion. Zn earns Cases _hooe changes depend upon the astivltles _king

pleas and the disSAnce to the sourse. At floes, netorologic._l factors

and other sources affe=t the observed acoustical environment. One

exnmplo of hOW sound levels Vary over a enn houE period in the study

area is shown in FlguEe 22. Thln figure Indicate the e_tieticel

dio_ibuE£on of sound levels at _wo points over an arbitrarily selected

eftsoon hour when' lhallow shot (PeEred=ill) esi_nln exploration

astlvitiee ware Taking place t/2 nile ewe7 ahd about 4 miles away. The

flqu_a also illumtJ:eteo how sound levels were die_i_u_ed over example

afternoon and evening hours at the sane ioca_iono in the absence of any

axplo_s tion eotivity,

The qu£otes_ sound levol_ shown in the s_atisCioal di_trttm_isn

example W@=O for the nlghttima hour, when levels rarely exceeded 30 dBA.

::_* In "che abashes of eignificant anson_ of _nn-_ade sources of noise,

ii dayt£_ levels were noarl7 es qulot, exceeding 30 dBA lose t_n 10

: percent of the time. When exploration activity was introduced into the

eros, however, soles from,_effio and helicop_Es increased the median

!_ (iS0} and foreground sound levels a!lhe_ntially. In the o:mmplo shown,

for the same afternoon hour st the sane site, levels increased by 10 to

15 dBA over sos_ of the period when the exploration eotivit7 wan

lntcoduced at a dle_anoo of 4 miles from the site. The increase is

i_ partlo41_rl7 noticeable In the highest level= (L5 _nd above), This

68
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DISTRIBUTION OF MEASURED SOUND LEVELS
1O0 ---
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result is due to the loud, hut interrupted nature of helicopters and

other intrusive activities.

At measurement sites closer to a seismic exploration project, the

background levels (Lg0 , 599) also experience slgnlfi_ant Increases (20

dBA) at I/2 mils. At this mhort distance, road trafflo, salamis

drilling and helicopter flights ell contribute to the sound level

dis_Ibu_/on. With median sound levels above 55 dB, the slts condlt_oN

bemo_a tVplcal of a urhan or suburban environment. Maxi_m levels

reach 70 to 80 dB for short periods of tlms, and rarely drop below 40

dB.

It is important to note that if above-ground blasting were used,

Instead of the shallow shot activities illuo_ated in the figure, it is

ec_4matsd _hnt "..ha maximum lavols could riss above 95 dB and beyond, at

_hm I/2 mils distanme. With the above-g_mund method, the increase in

background levels is likely to be similar to that mhown in the flgume,

slmmo similar _Tofflm and helicopter aotlvltlss would be taklng place.

The dlffersnt sound level die_i_utlonm shown in the fi_urs damon-
ee

• st_uto omo example of the broad effect which large scala _nn made

activities have on _ho ambient sound environment in the Slaolar National

PeEk area. In po=tloular, the ease with which u sound generating

/U activity quickly pro_-udea above the vs_ low existing ambient levels ie
apparent. TO be effective, mmthods of reducing audlbili_7 of such

ImT_USlONS must provlde fo_ coat.Tel over Moth the frequent as well as

the Infrequent inmidsn_ of sound gane_stlos.

Although the overall smblent sound level mey exceed the sound level

generated h7 s po_tlculam e_loration activity, the ectlvlt 7 may still

be audible (see dls_'usalon on audibilit7 in Appendix F). The sound _om

helicopters and blasts, after propagatlng over long distances, _ay have

levels st the low frequenclee which exceed ambient levels in _ho same

octavo bands, even if _he tn_l overall level is lower than the ambient.

Such a sound would be audible. The COrreSpoNdiNg effect on people or

animals is not evaluated here; however, it may be safely assumed that

_ sounds which do not oon_aln octave band levels which exceed o0zTsspond-

lag levels in the ambient, have no significant i_ct.
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6.2 EXAMPLE APPLICATION OF SOUND LEVEL ESTIMATE PROCEDURE

In Chapter 50 a procedure was outlined which was designed _o

provide a prellmlnary estimate of the sound levels resulting from

hellmop_r flights and blasts which occur during oil and gas exploration

antlv_tlsm. Thls procedure attempts to account foe the cain= metaoro-

logical factors influencing sound propagation in thu s_udy area, the

typic._l sound emlnnion characteristics of the sxploraT/on aotivl_iea,

and the condltlonn of the ambient environment.

An example application of thle preliminary algorlth_ le p=ovldsd in

thin section. In tho emempls, each aspuoc of the prediction method is

ame=niesd to illumtxsts how the various factorn are applied. Not all

possible opplica_/ona are lllua_atedj nor are all po_ntlal incon-

elntsnmisn and pitfalla illumlnatsd. Nonsthelesu, the example is •

first ntap at providing a tool for.use in essseslng pomn_al sound c_

4repasts of proposed eolemio proJeots haloes they occur.

ex.mple

In thla sxamplo| s eolsmlc llss is proposed near the Flathesd River

as nhown in Flgure 23. It is dsslred to estlmnte sound levels of

blaatlng at Receptor Point I and :'_lincptsra at Receptor Point 2 £nslds

Glacln_ _tio_£1 Park. P_meptor I is 5.0 miles to the no_thaamt of the

explcraticn ac_ivlt_/ and in llns of sight with "the sourcee. Roosptor 2

is 6.5 miloo away and is hidden behind a promontsry located one mile in

front of it. The ealsnlc blasts are slimmed at an elevation of 3,850

fsat_ Receptor I is at 4,500 feet, Receptor 2 is at 4_750 feet, and the

elovntion of _ha In_Evonlng moun_aln rldgs Is 4j900 fast.

FOE _ho blast ofll_lation, mseume that _ic_l weather conditions

prevail: wind la from _he southwest at 4 nphj and the estlcats is mad.

st midday. FOE the hellnoptsr calculation, aenuma that the amtlv£t_/

_ksa place in tha mornlng, durlng temperate Inversion conditions,

wi_h the sans wind spoed.

From Chap_r 5_ the maximum sound level at • receptor dlm_nes, r

con be modeled from the simplified formul_ion:

Lm_x(r) - L m{r O) - Ad - Ag - Aw - A t - As(oct] - Ah(oct ) (8)
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Receptor 1

Since _hera ore no bar_icro ]:ot'wno_ the source end receiver, only

the at=oepheric at_enuaC.ton factor, _, will" require oouve band 4

annlyelo.

For blasts, the p=opagattnn will occur in the absence of diffusion

by forests or _mgged taccnin. For _h_a cane, it te aeeu=nd tba¢ the

duration of the blaeto will be short, on _ha order of 1/10 of the

duration found in foreoted erase, or nbout I second. CarCeapondingly

the L x cheuld be &_ut 10 dB higher in the open field aa It propagate

without Obn_'uotIon. For _hLe tenons, fro_ ChApter 4j a value of 10 dE

in added to the Lmnx of 111,9, giving Lra f (1,000 f¢) - 121.9 dB.

FrO= Chcp_¢ 5e the vnluec of _d and Rg ere given by:
i

Ad - 20 log (r/: o) - 20 log (.S Xl,0005t290) (9) _:

• 29.4 dB

Ag m 2 leg (E/E o) - 2.0 dB (I0)

With a wlnd speed of 4 mph: (_

_W " 20 (-0.0265 x 4) log {r/rO) - -3.0 (11)

So farp C

L - Lra f - A d - Ag - A

• 121,9 - 28.4 - 2.9 ÷ 3°0 " 93.7 dB (12)

Now, from Chap_ 4,

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

LmX(OO_), dB 90.5 86.6 81.9 78.6 78.2 75.2

Fro_ CMpt_r 5, _..

An (oc'c), d_ -0.3 -0.8 -3.1 -7.7 -15.5 -31.0

Lunx(oct) 90.2 85.8 78.7 70.9 62.? 44,2

_ron Appendix F:

A-weighting, dE -39 -26.2 -16.1 -6.6 -3.2 0

?3
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Afar sub_Tactlng the A-weightlng factors, we have

LAmax(OSt) _ dB 51.2 59.5 62.6 62.3 59.5 44.2

Ths sum cf ths octave bands is (see Appendix P for the s1!m-_tion

procedure) :

LAmax - 67.4 dBA. (13)

ThsrsfOr., the maximum sound Isvsl at Receptor I fEo_ blae_Ing

under no_l wea_hsr conditions la estlma_d tc be 67 dSA. Thls sound

IovQI ic races _n 40 die higher than the _ical emblsn_ sound loyal

would Inclde GIAclsr Notlcrml Perk. Ths 40 dBA dlfferonco sorrscponds

_c n 15-fold tncroncs in ps_colvod loudness of _he sound over ths

baok_ound. This lncrsose would ha oasily noticed. The fact that _hls

blent would pEo_ga _" over unfcrss_od and rc_'tivaly amcoth te_ain

euggac_ tt_ _hs duEatlon cf _hlc sound &boys ths embi,n_ would bQ col7

_) a E_ flocond_, rather _n the 8 to 14 seconds expsc_ed from blaet._

propagating ovor z-_gged _s_i&n. Hawser, an instantanscue 40 dB cllango

in co_.u_d loyal, 5 miles Insldl _h_ PeEk, Ic onE.In tc CSUS_ • eTArEllng

roaponsa cf soma kind to both hu_na end other sp_nloo with llmilar

_i_'_ hosting nharao_Eia_ics. 1

_ Thi_ sxamplo corroboro_so re_oE_ by m_n_ unoro cf _ha Park| tha_

bl_ In the Fla_hsed ere audible up to and Including locatlcns along

i the Con_Insn_l Divlds, An tho middle of _he Park. If offoc_s cf

, l_verslcnc were _k_n In_o occount_ the sound idvols sod estimated

imp_cta would ba avon g:eatar.

Receptor 2

_cal C_p_r 4, the _sforoncc A-woigh_d sound level for helicop-

_rs at • tolerance distance o_ 300m in 70.0 dB. The apsc_um glven for

hsllccp_rs indicatss _hnt the unwsigh_d ref._oncs loyal is ?.0 dB

hlgh_r, Or:

LEa f • 77,0 dB (_4)

Ths dlvoEganco a_tanuntioc ra_ foe hellcopters is epproxima_ol7:

Ad - 7.5 log (r/r c) - 11.5 dR (15)
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The ground and wind attenuation factors are the same as above:

Ag - 2 log (r/r o) - 3.1 d8 (161 ,_

Aw - 20 (-0.0265 x 4) 10g (r/E o) - -3.3 dB (17)

The _=pera_tre gEadlant in assumed to he 16.6"C (HolzwoEth 1979).

The =QlaticrJhip between the change in tamp@EaSe dt and change in wind

speed du is epproxi_T_d by:

dt 344 _/c 3600 c/hE
du ---_x 2-_'K x 1609 _'mi " 1.31 dt (18)

The tempcraturm g_adlcnt attenuation factor is therefore from

A t • 0.2 x 1.31 x 16.6 x log (E/r O) - 6.7 dB (19)

AS a cnbl_otal I W@ _lvC

L • 77 - 11.5 - 3.1 ÷ 3.3 ÷ 6.7 " 72.4 da

Thin level in now divldod into ira component ochre band loyola,

based on Chepf..]: 4:

C_
Oc_va Band, H= 31.5 63 125 250 500 1,000

L_a x (:_ot), _LB 65.? 62.4 65,9 6_.3 64.4 61.4

_To_ Section 5.3, the a_moaphoric ct_nua_on at I0,4_0 m - 300 m -

10,160mIs: C

A (not) -0.4 -I.0 -4.1 -10.2 -20.3 -40.6e

Lmn x (oat) 65.3 61.4 61.8 52.1 44,1 20.8

The ba=_la= at_nuatlon fearer ie now dctRrminad aa fOIIOWO:

(1) Dietanca fZOm aouzce to ridge - 9265 m

(2) Height of ridge above source: (4900 - 3850) x 0.3048 • 320

(3) Slant distance from source: [(9254) 2 ÷ [320)2] I/2 • 9260 m

(4) Dial:once from z:tdge to receiver • 1207 m

(5) Holght of _idgQ above receiver: (4900 - 4750 x 0.3048 - 46 m

(6) Slant distance to receiver: [(1207) 2 ÷ (46)2] I/2 - 1208 m
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(7) Slant distance from source to receiver:

((9254 + 1207) 2 + (320 - 46)2] I/2 - 10465 m

(8) Path difference due to ridge: 9260 + 1208 - 10465 - 3 m

(9) Choose octave bends:

Octavo Mnd, HZ 31.5 63 125 250 500 1000

(10) F'resnal number

3 X (9)/177 " 0.5 1.1 2.1 4.2 6.5 16.9

(11} Attanmmticn of each band

2[2 ÷ Zmg (10)] 2 - 5.8 8.3 10.8 13.6 17.2 20.8

ThQn,

Lmx (mot) 59.5 53.1 51.0 38.2 26.9

_% A-weighting -39 -26.2 -16.1 -8.6 -3.2

L_X (oct) 20.5 26.9 34.9 29.7 23.7

and LAmax - 38.9 dBA. (20)

In this caos_ the barrier shielded Receptor 2 from the sound of the

!_ helicopter, providing a substantial (about 12 dBA) reduction In sound

level. %n oplta of _hls ahleldlng, however, the resultant sound level

remains about 10 to 15 dBA above the background sound level. This

incrscoo corresponds ta a doubling or more of the perceived loudness of

_t the envlror_ont to someone in the Park. The hellouptar would be clearly

audible for may m_nuta= during its flight along the seicmic %ins.

Zf _hs invoralon layer were not in effect, _he sound level would be

reduced to 30.2 dgA, which ia _uch closer to the levels co,mealy expor-

: ionced under ambient daytima conditons. If tba observer moved closer to

the shelter of the countian, the becTier would have • greater effect,

i reducing tbe intr_sivo sound even lower. The wind direction is almost

'_b* alwayn from the southwest, but if there wore no wind, _hon the sound
level would _ about 3 dB lower, rendering _he sound noorl7 inaudlblo if

all those factors worked together.

On the o_hcr hand, with tTplcal morning i_versions and in the open

countrT, hellooptar actlvlt7 along the border of Glacier Natlonal Park

should be audiblo many miles inside the Park, according to _hle model.

This result Indicates that under normal oondlt£one this sound source,
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although producing leu dramatic maxlmum levels than blae_B can still

_n_ruda into gha amb£an_ sound environment o_ _he Pa_k, many mile_ _-,

inside gh8 bo_dQ_t and maln_In the intraelon fat oven longer peflods of

i

¢'i
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! _ CHAPTER 7

The sound produced b7 oil and gas axploretion ae_£vit7 has _ho

po_n_lal _O affac_ humnno ae well an ¥11dlif0 in _ha Fln_haad/GIGeler

area. This ropor_ will no_ a_aap_ to define theoo ef£ec'r.e in de,all

slneo other e_udles oontaln cennldsEabla authoritative infe_tlon on

those _opicm (Sc_mllonborgar and Jor_ol 1979, CEalghaad 1979, Anna 1984,

b, and o_haEs). Re,hoE, general deecrlp_/ono are p_ovldad whloh dQacrlbe

raereo_o_l USa, _Eizmly boar activity, end _ha presence oS o_hQr
!

._ mpacies whlnh nay ha sensitive _o sound gro_ oolsmlc exploration

_' pro Joe,s.

7.1 RECREATIONAL USES

O_n of _he val_hla roeourcae ef Gl_nlor NAtion1 Park. llke _ny

_ Na_io_l Perks, is _ha r_a_al sound anvLTonm_n_, which Is ch_1"ac_rlsad

_/ _ula_uda| solitude and _ho absence of _n-_da soles. Amblan_ sound

levels monJ._oEad by _h_ USSPA Region vII_ Noise PTogram in bo_h Grnnd

TenOn end Bryce Canyon National Parka wore ae low as _h_ _aokgceund

i_ lavolo round in =e¢ordlng s_udloo. Simile_ ranul_e ware found in

Gl_olor. A_ _he p_vaslvacaoo a_d loudness of ave_ 7 noise increase

in ou_ aocla%'y, _ho impor_nce of places where _opla can seek refuge

frem _aa day-co-day noieee also increases. The growing number8 Of

vioi_ora _o O_E National Perks and wilderness AEeOO ATe indlc_ive ef

7.h_a oocie_l need foe qule_ and solitude. A_ Glacle_, vlsi_at_on has

lneraoeed auha_n_iolly ove_ _he lae_ Zive yearn, from 1,446,236

vlai_ora in 1979 _o 2,204,131 visitors in 1983. These racEes_ionie_s

engage in Activities such As camping, hlking_ backpacking, picnicking,

wildlife observation, nature study, ski _ouElng and fishing. An a uni_

of _he Zn_arn_iorml Biosphere Reserve System established by _he Uni_d
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Nations Educational, Scientific and Cultural 0rgeniza_ion (UNESCO)p the

Park is also s special resource far researchers, ho_h present and

future. Y

Primarily a seasonal recraatio_l area, Glacier receives i_

hsavlaet usa from June through September° These are the sam mon_he

d_Lring which seismic nativity mounts. Noise from ceimic explosions is c

audlbla _htoughout the Park (Haradnn 1984). Thl8 intrusion sl_rs _he

EocTeatlonal experience and is considered intolerable _ e6_a°

The FlathQod Nstlonal Forest offers s s_c_Im of recreational

oppoEtun_tlas and areas which innluds some year-round a=tlvltlss. A few

og the _In _ooEaational slims SEe illuat_a_d in Figure 24. Haavlest

USa _tT_e O0¢I_T from JunQ _h_ough Sep_e_r_ with _hQ _orlT t Of use

coming _twaan Suly 4 and Lsbor DAy° Zn addition, _ho general big ga_

hunting season brings an Increase in use in October and NOVember° The

North For_ RivsEt dosigna_d as Wild & Scenic$ rooolvas heavy USe wi_h

the _Jori_ of usa oonflnod largely to _hn racteatlonal eagmant from

Ca_s nrldga, south.
C

Numerous dispersed camping oresc_ such as Rid Naadow Lakep Moose

Lake and Uppe_ Stillwa_r Lake, are a_oae_hla by roads and reoalve

llgh_ use. The Whitefish Divide, dssigr'_t_d trail from Canyon creek r_

We_eE Lookout_ is a ridgeline _ail that cap_rat_s the North Fork C

dEe/saga from the Fla_head Valley. Currant use along _he Whitefish

Divide is low.

Big Mountain ski area, a _or developed recreation ei_ loCa_ed

along the Whit_ginh Divide Eaoaivse e fair smoun_ of summer use, The Lr

average O_OEA_O_I season _uns from June 18 to SCp_E 5. This USa

innlud_s riding the ohnirlift to the top of the mountain and hiking down

on =all oE riding the ohai_llft back down. The ohnirllft also provides

nooses to _ha Whi_fieh Divide _ail.

7°2 GRIZZLY BEA_ ACTZVITY

The doflcrlptlon below of various aspects of gri=zly hear activity

is _ksn primaril7 from o_o rsferenns (Auna 1984). Othsr obsarvatlone

hnv8 been reported by many eu_hore_ and no at_asp_ has been made to
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evaluate alterr_tlve points of view or to W_mm_rlze the li_rature on

the eubJact. Rather, _he obnoz_rmtiene are presented fo_ simple in_o-

duc_ory lnfozmational purposes only.

Habitat

The area under study provides a _bitat that im very important to

the _iszly boar, including the Apgaz Moun_alns and various areal in

Glacier Nmtlo_al Park (USFWS 1982). Figure 25 shows actual si_nge of

g_izsly _mzs in _he Flathamd Natlonal Forse_ and expected areas of use

based on hnbltat zequirs_nTJ. Similar da_ exla_ EOr GlacleE National

Park. This Info_tlon was obtalnsd from a seismic Inveetigatlon from _.

Coal Czuk north to Tha_a, in the Ylathmad National Forest and is not i

all inclusive (A_na |984).

Move_nt:

The slevatlonnl movement of individual bQare varies a great deslj :_

but in g0neral, bases are found at lowe_ elev_tlons during the spring i

(April T_ June) and at mlddls _o high elevations ia the summm=. During i
;

OctoJ_r and Novem_r, elovatlonz st which bears are located increases as ¢,!

bars _v_ t_ eubalplnz and slplno a;:eoa.

Salzmlc activity involves moving ove_ • prede_Emlnsd geographical

llne and, _h_refore, enczmpAaz4e all eleven/seal levels.

Peod

In _i, grizzly _zrm usa many different _mbi_'-_ W_Z, depending

on the season. Zmpor_nnt _izzly foods du_ing the 0prlng ¢o_ from

throe m_Jor cjroupe including _amlnoids, for_o end mammals. _,

Zn ths fall, b_aEa feed almost oontlnuouzly_ And therzfore need

pro_e_ioo from dis_bAnoefl which would Eee'C_iot their activity to

nlghtt_e ho_e (USFWS 1982), M_OE taxono_c g_omps from which _Im-

olios feed include shrubs (for b_rrlao), _Teee (for pine nut_), end

_am_is. A sharp dacllnz in the importance of _amlnoids and forbs is

prominent du_Ing the fell.

DtIEing the s_r, grizzlies show greater dlversi_7 is _helr food

h_blts than in any other eeoeon_ and rely heavily on foods from flve
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major taxonomic groups including shrubs (for ber_les) graminolds, ferbs,

mammals end insects.

Denning

Grizzly hears enter thai.- dana from early Novsmh.r to early

"Decs_DaE. Movsmnt to don ai_u ouches from early OctOber _o late

Novs_r. GEiuzly _ere s_Ega from _helr dens from 0oEly March to _he _

middle of May. Reportsd don mites in the South Fo_k of _he Flathoad

RIvsr mrs on the aou_lwes_En tm SOUt'.hmestaET_ axpmnu.Eea On sTOOp slo_s

from 29 to 41 de_ess end In tho mlevatiorml range from 5,800 to 6,670

fast.

Impacts of Selamlc Antlvltisa

It hns blan da_mlned tha_ grizzly boars era dleplaesd from areas

oromld individual drill ni_a on seismic explorer/on projects (Auna r

J984) •

The impem_ of seiemim e=tlvi_y on bases was surveyed in the Lewis

end Clnrk Natlonnl Poraat for approxi_tely "cwo _on_J_ in the late

a_r end fall of 1983 (Auna 1984). Thane wars six radio =oll_red ¢_

fe_la grizaly bears in _hla project arsa du_Ing tho exploration. Ths

older hoses spout the mout tlmQ nsorost tO ouch attlVlt 7 while the

youngest _era spent the least tim near to such aotlvlty. Ths author

concluded that older adult b_ara may hnva more axporianes wi_h human

actlvit/afl end era mes_ habituated to ouch. Their reoponoss to ectlv-

i_/oe were _hought to _ more roflnsd allowing _hsm _o axplolt h_bi_.It

wlth hlghor huron aetlvi_y levels without reducing au_v/vul.

Throe _or cross a_udiea ware also conducted In the Lewis and Clnrk

Matlomal Forsat du_ing _e 1983 asasON (Auna 1984). In the flra_ study

two radio ¢ollnrsd _ara were monitored for _wo hours during a midday

period _hile aalamle activitlea were b_Ing ¢onduttad on o line about 6,4 _.

kilometers (4.0 miles) distance.. A hslleop_r landing zone was about

1,6 kilometers (I mile) free the boers e radio loC_tiOn. The author

rspoEtsd t/mr She boers who were mONitOred showed no response to a01smic

activities conduoT_d 6.4 _il0moteru from thei_ iocat_on, nor did they

respond to hsllcop_r au_ivi_y near a landing Zona at 1,6 kilooe_sre

from their location, However, they did respond to vehicle noise at 200
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mo_arn from _hetr location and to o fixed wing fly-over at 50 maters

a It £ tt'.da.
r_

In _ho second case study, a beer woe exposed to a lc:Jw level heli-

copter'." flight by a day bad, The bear's response was recorded and

evening movomon_ recorded. The aucho_ tapered thn_ the boar ac_nawl-

edged halicop_ar flighca a.c .2 kilometer diaCnnco aeoooiaCed with

aaiemlc exploration. ThA.C evonlng _ho bear chose _o leave _io area

_avollng in a _EooTAon away from _hQ _ytimo aotivi_lee of oalsmlo

exploz_ .clone

Tn Eh@ .chlrd and Noe.C comprehensive _asoj _wo hears ware monitored

fOE _WO _ye prise _o a SOlSm40 llne survey into a key sh_abEiald-_

a_ea, one and one-halE days duping the" a_loEa_/on pEoceaam and foe one

day following the aul*vey, no.oh _izzly t:,laro ware raper.cod _ :oapond

'co halioop_c co.c'tviCy viC_in .8 kilomot, r of _oir loc,,_on and wore

awakened from inac.civQ statue. Both t:,aore mowd from _'te£r loca.c_on

when ch_ exploration took place. A.C least throe _clzzlina and a4x bla_k

beers wars pcoosnc in the canyon before exploration. A_',,r .cho explore-

.rich process, whioh c_ma half way up .cho dEalnage, only one grizzly on_

_o blac_ bears worn present Ln .che cnnyon. Nalther grlzzliao nor b1_ck

_o_ro _oved book In.co the area near (_ eoIO_Io proJeo.c for _2_Tae daya

afar sample.clan oE "_ho llne.

In a ea_ra_ study,' Kond_ll round .chat 82 peroon.c of grlzzliae

_:eao'cod .CO h@llooptor fllgh_ a.c _0O .Co 1,000 faa.c al_i_ado (Haradon

1984).

Bears ales ro_c.c to holes f:om oolamlo bloats, bu.c .choir response

le no_ as wall do_'umon_od a_ _eoo.clon .co no£ea from ai_oraf.c. In one

ease, s National Goagrophio a_morn _Tew, filming a mother and ha_ _w0

cuba feeding on huckla_Tio_ near the bouadaz7 of the Park_ saw _ham

quit reading and _In far savor about I/2 mile away whoa a bloat oo_u_Trad

ObOU.C 2 miles leon _hai_" feeding eL.Ca On _he Pl_h_ad olda of .cha river

(I_n_o 1984).

In a e_ady po_fo_-'mad in AlaskA, responses of denning grizzly bears
t_

_o nolao associated with wlntor oolemic surveys and small Zixad-wlng
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aircraft wars s_udLed on the North Slope during 1978 to 1981 (Reynolds

1981). Responses of bears to potential disturbances were measured from

ohnngen in olgnal amplltude and _mperaturo of ex_erml radio collate on

two grizzly bears in dens withln 0.8 kilomtsr of seismic lines. In

addition, heart rates were monitored from implan_d transmitters in _o

gr£z_ly _are; onQ was eubJssbed to seismic related dis_11r_nne_ the

o_h0r wan not. Changes in _art ra_so, radio collar tempermturesD and

elgn_l amplitude for dennlng _izzlles which mc_ed when seismic

vehicles wore OptEating near done suggest that bears _y respond to

nelson aeBocla_d wish Chess sctlvltlse.

Hid-wln_t OVQr£1igh_ mE dQnn in _Ii flxed-wlng alrcEmft d_d not

cause m o_ngm in The heart rote of two fe_la gEizzllos with young

c_bs. Sines beers is "this i_ud7 were repeatedly located by aircraft

during 1977 to 1981, there were morn habited to OVerflights than c

bears severn axpossd to this type of dls_ur_nne. Howsver_ _ust prior to

And After e_rgenno_ thn hear8 oppnared to bQ vary ssneitivm to anion

dln_LT_nco from 8_iI alrnEagt. It waft rsnommQndsd tha_ aircraft

overfllghtm _ prohlbi_d below 300 _ra (I,000 feat) over known dons C

b_woen I M_ 7 and 15 MAy. LOW level fllgh_s in early e-s_r did cause

emma increase in h_srt EA_OS, although no behavioral o_ngoe were n_tad.

A prohibition of aircraft flying low (<150 me_rs) over bears was also

recommended (Reynolds _981). _i

S-_"_T_ of Findln_n _ Auno (Aunm 1984)

PEalimlnary ovldonoa suggests _hat somo boars may bo at lease

temporarily displaQed from key f_edlng areas by enlsmlo exploratlon_ end

_aEe _ ac_Ivi_ patrol.s are affso_d by eai_io activities near _halr

location. Individual bears _y v_ry in _hslr tolerance to sei_mic-

aseonio_sd activity.

7.3 O_RER WZLDLZ_E

The stud7 area provides some of the most productive and diverse

wildlife _bi_at in The _tlon an discussed below (ARCO 1982), The area

is homo for m number of threatened or endangered opecies_ including the

Bald E_gle, Peregrine Falcon, and Grey Wolf. The major effects of The
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oil and gac se£mo£n prospecting operation on these species and othe_s_

£S WS3.1SO _C_nj Or@:

a. P_oomont in n o_.:ono sl_uAt:ion or adding sddit:iorml s_sss

booaumo Of or:her ongoing or exin?.._.ng aot:ivi_toaD much as t:Lml_r

solos or forcing movement: of one animal into _us homo range of

b. Tompo_ory dinplaoomon_ of • li8_d species from feeding,

rosting, donning or nno'c.ing a:mos, pcz':sacent: dicpLsoemsnt: _'roo

or ohondonment: o£ denning or nesting sit:so is possible in

relation t:o _he ln_no£ty duro'_.on ond riming of chs distur-

hence occurring during or£_ioc_ periods in the Ills cycls pf

"_o species.

o. _biCuntAon and nonfron_cion he,men species and humnn on-

tAt:ion, which could result in t:he rsmovo_ of cho £ndividua_

from r.ho populat:£on.

Some occupied bald angle nonce in F_at:hood and Glnoior Noc_onn_

Por_ hove failed CO .produce young in recent years (Hnrcdsn 1984).

Seismic ect:£viCy moy he one of a number 'of possible cacaos.

Ocher species found in the o=oa which rosy he sensitive to explore-

Clon so'clv:L'c._.ss inoludo: mooms, elk, mulo door, whl_t:ailcd door, black
m

heor_ mountie caribou end cougar.

In n St:udy on the effooca of seismic oxp3.oroCion on sum_oring eZk

£n nor_:hcnn_n_ _onC_n_ i_: was found t:_c o_ oovomont:n _gnn co _ollow

W n p_t:t:orn of nvo£danos _o hel£oop_rs end explosives (O_mon _981).

Hovsmant for t:h_so_onod species _ty he more difficult duo t:o choir more

rsc_ic_tvs hebi_'c requiremont:s (gart:inka 1985). Summ0r£ng elk in the

orna studied epp_ron_y _avo • greet offinity for certain b_bic_ tTpoa

end locate.one, os £c lndicatod b7 _hoir will£nguemo _ rnlooot:e in such

stone of_r seismic work was _n£nhod. The dace euggscc_ t_t: o few

days of aot:ivity is t:olorn_d but when _het: time licit in exceeded elk

begin n series of movements t:o ovoid _o disturbance.

The quality of forage for wint:ering elk is direc_y related t:o

suooemoful rsproduo'cJ.on. Energy oxpondit:urec during winter months ors
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critical to o_k and any eddiC.tonal disturbances result in an energy

deficit! both to the cow and her fetus. In aevere canen herd pcoduc-

Civi_y au_fern with to_al population levola falling wi_in a low yoareo

Zt hen _@n reeo_nded (_u_o 1984) ¢hac no $o£a_= exploraclon be

alloyed on winter foraging areas or adJacon_ thez_41 cover from

NovemI_r 1 to M4y I. Thoao d_toe provide flexibility for elk to deal

vi_h h_n_-_d, vin_r condi_._ona_ end early calving porlodm. Die_bance

of known calving q_ounds and opting migre_en zonea ahould bo p_ovancod

from M_y I ¢o Juno 30. _hie would annu_e _ calving ol_ end _hose

mi_ec_ng vi_h calvoa will bo able to es_abliJh on nu_r rungom before

ae.ta_.tc ac_.vi_7 bogina.

C,

I

C

c
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#,m CHAPTER 8

CONCLUSIONS

8.1 SUMMARY OF RESULTS

Scmo of the win findlngo oE thls a_udy urn summarized below. The

Zinc dose not include all og the rosul_ whish 2ova boon prn_ontnd nor

dose it include _n7 conclusions of an absolute nanu_n, It does note

.'_ some o! the .mrs .novel findlngo_ and thorelrt hopefully provides on

impetus for Improvlnq She £osossmon_ of sound levels from noiomic

exploration.

Gnnorol Findin_a

I. For at lannt the lao_ five years (1980-1984), n large number of

seismic exploration projects (about 15 to 25),hove taken place each yemr

over a fivn-mon_ summer porlod near the _rdore of Glacier National

Perk,

2, Sound levels from seismic exploration nctlvi_oa are nudibls

inoldn Gln=ioE _qa'l:io_l Pork during the flvn-con_h period,

3, Zn_¢uoive nounal levels from chore ground blan_ ma7 p_oJoct 40

dBA or more above the Psrk_a low bockground levels of 20 to 25 dSA at a

dintsnos of five miles inaldo the Park houndal-/, Due to the iognrithmlc

r_tm_n of doci_la_ blns_ levels are thus sixteen or more tlmoe louder

_hn noblest sounds in the perk. This oetlm_e does nat include the

addltlonnl enhnnooosnt which often results during morning hours duo _o

invorclon csndltlons. Lower levels would be exporiancod toward the

non,or of the Park, and some blasts are hoard even in _ha coo_ interior

portions of the moun_Inn,
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4. Sound levels from helicopters ere an additional source of

intrusive sound from exploration projects which can pro_gate over five

miles into thu Perk before b.moming innudlble.

5. Grizzly beers and other wildlife in the Perk and in nuighborlng

forsu_ have been observed to react negatively -- either by headlng for

cover or fleeing -- to sounds from seismic exploration activities. The

response of humane using the Park and neighboring ¢ooremtlonal areas to

_hemo sounds is sot well decremented, lmt is known _o be occasionally

nasa tlve.

6. Seismic blasts using the abovm g_unnd mQthod would _ave to be C"

prohibited many mllam from the Perk boundary foe thera co be no i_aot

on unarm end wildlife in the Park. Hellcop_rs could be allowed _o

operate closer than blunts, and below g_ound blasting end ground vibrs-
C

tion methods could be ueud even nearer to the Park, without ineraeeing

mound luvalm insldn the Park. Addltlonal e_udy would be rcquized to

dutermine appropriate io=etlons for thesO rse_ictlve boundariuc.

Measurement Pro_Tam C

7. T_pe _esordinge of sound _aSlLTeZSn_ colleoT_d is the e_r

of 1981 and stored until the c,,m_r Of 1984 were verified to be am_ra_

within an averagu of less then I dB when eunlysas conducted with the
i

i _peo in 1981 were repeated in 1984. C

8. Thu collum_d da_ con_lned o _rse_ deal of informatloo on

umbient, bluet, helloop_er, and ovurall seismic aotivlt7 sound levels in

the Feathered, Olaolor, and Hula_n areas.
C:

9. Measurement si_ee nuar running s_le_s were dominated by sound

from running wa_r during periods of high water runoff (April to June).

Blas_

10. Thm sudden onset of the blast sound was s_nrttlng to observers,

as was the en_unaly long durmtlon of the sound (8 _o 14 seconds) as it

reverberated before becoming inaudible.

11. Reverberation is e conspicuous feeture of blest sound levels in

the mountalnoue_ forested areas where meaeurezents were _ken.
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12. _t was found in _ho technical snnlysis of the da_ that the

decay rs_ of blast sound levels over distance was dependent upon the

loca_ion of observers, who wore shielded by _erraln in varying ways from

the blasts.

13. The nbnolu_'.e mxlmum sound levels measured for t}_ blast.5 also

depended upon _ho shielding of the obso_vsr.

14. The _smporal ro_o of decay of the mximum blanc sound level

over time was found t:o be vex7 slow (about 6 dBA/een) and IndepQndnnt of

_hn d£a_noa and _errain he_woan _hu blast and the observer. 'rt appears

that this sl0w decay rn_ may _ duo _o the rugged and heavily forested

_zTain which act to diffuse and delay the sound aa it _avelo ou_ward

from _hs blnot.

15. ¢onve|rnnIy, "_ha :rnto of decay of maximum blast sound levels
p_

ove_ dia_nea was _ound to be somewhat graoter chnn e_rpoctod (obou_ 6 to

13 dB par doubling of distance). This h_gh rata of decoy may, again, ba

duo to the action of irregularities in the surface over which the

:*4 manured blasts propagated although a_zoopherin absorption must also

play a ro%s.

16. Msuau_smou_ made under different m'stoorologin&ip tarraln, or

source/receiver lo_tons, may yield different results then those

i _ prosnn_d in _his report. These findings should _horafora he used wi_h

_u ties,

i
Helios?tern

17. Where an under,round blasting or ground vibration _hod is

uoad in ssiani¢ exploration, helicopters are likely to be dominnnt

souEsoo of 8ound.

18. The ra_s of dooay of noximum helicopter sound loyola over

dLs_nnn was found to b_ lower than expectod -- about 2 to 3 d_A pot

doubling of dia_nos. This ruult is due to unknown factors, which may

innludn dlrsntlvi_y and op_rating mode of the sound source, location of

the observers rslatlva to surrounding tsrreln, or m_eorologloal

feGtors,

9O
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19. When the observer is in a valley and s helicopter passes

overhead, audlb£1_y is generally llmitsd to the one to two m/nu_a the

hellocp_E is within llna of sight, due to the belier effect of the

£n_Eveulng moun_alne.

8.2 RECOMMENDATIONS FOR FUTURE STUDIES

Baaad on the llml_d results ohtalned in .this s_udy, recommends-

floes for fu_ra work are listed below in the areas of measu_a_n_ss

analyulss and 'linnet aesee_nto

Meesu2smants C

I. More accurate satiates of how sound levels propaga_ In the

Park area should ba developed using atmoepherlc _a_Ing equipment such

as radlo.and laser ranging davlcaa to bathe daflns _t_ prspagetton

modlum. The decay of helicopter 8cued levels in _he s_dy area should

b@ _ated under con_olled fllght conditions. The decay of blast sound

levels should bQ t.aeted at a n_r of observation poln._'ewhich differ

in _ma of ahlald£_g from the hlasT_ by _rraln.
C

2. Addl_ional sound level meanu_amont_ should be made _o document

tha effsut of v_rloua eslsmlo a¢tlvi_osj me'urological oondi_/ons and

receptor locations. Condltlona naasured should include inveralona_

surly mo_ing hours, d_ffsrsnt tTpse of hallcop_re, locations deep C

inalda Glaclsr Perk_ and other sl_untion8 of ln_rset for validating

mound propagation predictions. Measurement of ell end gas field

produotlon aotlvitlss 18 also of In.rest.

3. Addi_ion_l e_lant sound Zessuremsnta should ba _de a_ sltsa

which arc not located near _uunlng sT_aams_ and during psrloda which are

not cha_'.o'_ized by high runoff {April to Junc)_ in c_dar to further

do_u_nt _ha low ambient sound level conditions axperlenced du_ing most

of _he yss_ in tt_ s_udy area.

_nalysls

4. The _._ in _his report and addi_onal collected data .hould ba

analyzed _o provide a basis for pE,dlo_i_g audibillt_ contours. Such '-

a_Iysle should interpret the ochre band rasul_e (pe=tlculsrly for

9_
R 111 __



#q

blasting) in t_e_ af known to=rain and natearalaginal canditans. The

abiliW ta predict sound levels and nudibil£_'/ (sea Appendix F) in

different oi_a_anm wauld be of great value assessing the paCantial

impact af propaaad eetu_Ln axplonatioo praJaots.

5. The • prediction mthod au_lnad in the repart should be

improved, vazifiad t and prepared for usa in praJact planning and

valuation. Spscifisally o step-by-step pracadu=s should ho davalspad

which can be oaad with a hand-hold nalculator ta provida an ardar-af-

_gnituda asti_1".a of sound laval_ fram prapoaad holiaap_c and bLmat

sctivitAao. This p:ocadu_a would be used aa a acraaoing Cool prior ta

Cha anviram_on_l naHoamnt stags af a prapnasd praJaat. Secondly, a

more da_allad mode ahauld _ davslapad far usa wi_h a personal aamputar

whloh would allow a g_aotar _mntity af naund Isval_ _atQoralaglosl, and

W_ _'ruin data ta _Nzused aa input, and would pnovida raault_ of graaCer

accuracy far use in .otim_ting distances of audibility and developing

appropriate i_paot altigatiau oaaauras.

Zm_nC Asaaaamont
ev

6. The 'z'aac_ion of raaneatiarml usana af the Park and nelghbarlng

areas, aa wall aa Eesldance and 'other vls_tarsm should ba _nafull 7

sampled to dateline the plyahologloal raapanaas and bohovlaral

m naaatlona wh£ah £n_'uaiona of b_ata and holicop_ra m7 praduca.

7. The raso_Aen of basra to haZiooptare oppasra Co Me daunted

In tha li_oL'a_o; howsvor, tha _auctiao af basra to blaa_ lanoc aa

well docu_on_d. S_udiso whiah include field ab_a_v_tion af how boars

roast to b1_t noise fra_ exploration pro_onCn ana warranted.

8, _ha reaction of other threatened or endangered species ca

blasts and helicopters should be abaarvod and dacumantad. Sufficient

m ootiv£_/ probably exists during the axplo_stian aeaaan for these

bahaviar l:_ot_.a tO be properly idantifiad.

9. Collactian o_ existing and propaaad aaiamic pra_actn, loca-

tions, and m_thoda bT. a alngla agency or group ia needed ta provide

l_ttor da_mooT_t_ of _hs extant of _aund ispaats on the Park. The

collaoCla_ effort must ioolude actlvitlao taking place in canada.
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A

tmJ APPENDIX A

EXPLORA_ZON ACTZVZT_

A* ! E_PLORA_ZON PROJECTS NEAR GLACIER NATIONAL PARK

AS ohown in FtgI_o A.I_ oil end gas exploration _oJeeto hnve been

undertaken o= p=opo0ed on virtually all leeds adjacent to Glacier

National Perk, including Plathoed Netlomal Forest, LQWle end Clark

Notlo_l Foreet_ C_I Creek State Forast_ the Blackfeet Indian ReaeEVe-

tlon_ Bri_._oh Colu_hla, C_eadA, and priva_ lands. T_Ca aotlvi_om

f_equently _mke place wlChin one-half mile f=om the Park boundary

(Heredan 1982). A _ii osmple of emma of _heeo eeism£m nctlvltlee are

diec_oaod below, Not all seismic exploraHon p_o_sc_s which have

occtt_red in the PaE_ vioini_ are included in t_LiS dlscuselon.' Thane

which are dlenuoosd indicate that a grea_ degree of eotivlty has

oncu_ed and will eon_/nue to oo_ in _hs area foe many _ara _ Coma.

Plathand Net/anal Pcrset. Salomlm eetivILies w_ich _ve _aken

place in Flathoad Nmtiosal Forest ere damq.,"l.".4._dbelow heemd on convorem-

Clone wi_h _ lo_l National Forest Service rsp_aoae_va (Keller

1984b) •

1. Prsv_oua Activities, About 330,000 ac=e_ or 80 pmroent of _hs

Glanie_ View Ranger District (vhioh oove_e the _orth Fo=k wa_Eahad),

has haen leaned. An ee_ted 20 to 25 projects have mkan place in _tm

peo_ flva 7sare_ with the majored7 of oeim_ic eetlvi_, orc_x_ing _twaon

June I and Oetohar I. _Irlng the _984 exploration season, there woes

four p_o_emte in Pl_thond National FOreSt including a pEo_eet Chat

e_n=ted Inltiall7 in Lewis and Clark National Focaet.

2, P_opoced Activi_y. Appllcatton foe ol_ and gas exploretlo_

are umunll 7 selected _o the National Fo_eat Servlce in Febzua_y making

i It diffiCult to predie_ future actlvi_, at the t_me of t_is report;
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however, the National Forest Servlcs estlmatea that actlvi_7 will be

about the same for 1985 as it was in 1984.

Lewis and Clark National Foreat. Seismic activitlea deacrlbed

below are based on cnaveraationa with the loCal National Forest service

rcpremantative (Swangsr 1984).

I. Previous Activities. MOat of the seismic tests have taken

plans in the a-m,_r with vary iit_is activity du_iag _ha winter. An

eatimarJd 10 to 20 projects have taken place in the past five years.

During 1984, seismographic activity was heavy from the first of _,ay to

the beginning of bun_Ang season, October 16, and ccwred an area con- c

siatin9 of 17,000 acres, as shown Fig_s_a A.|. The blasting a|etheda used

included deep shot, vibcoseis, PorCad_ill, and above s_ucfacccharge (the

moat used method). During the season, five pzcJecT_ were undertaken.

C
2. Proposed Aotlvi_. An application for _rilling a well four to

five milsm sou_ of _ho Glacier National Park has Mean £1lad by A_erlcan

PaSTorise Company wi_h the Forest Secvlca. Drilling depth is expected

to be 13,000 feet. The expected sCarring date for well production ia I
C

July 1985, and it wil 't be operated for an unknm,wnlnuaber of years in the

Coal Creek State Forest. Seismic activities deacrihed below are

baaed on information from cha Dsput_ Area _anagsr, Department of Stats C

_nda, Montana (Giaasy 1994).

1. I_evioua Activities. Pc|reACting for oil and gas exploration in

the Coal Creek S+..te Forest began in 1979 with one project. In 1980 and

1981, no projects took place within a 25-nile range of cha Glacier

Hatiorml Park border. Xn 1982, exploration was pa|:fozmad _ Mill Hi in

an s_sa bout 28 miles from the Park border, Zn 1983, exploratio_ was

performed by ConaollcLa_d Geocex Geophysics far Phillips Pa_oleu_ and

Transnontlnsn_al 3 I/3 males from the Park border. The following

pro:lscte took _CS d_iag _hs at_u_ar of 1984.

a. Rocky Mouncain Geophysical under coat.Tactwith Phillips O£I

Company perfo_ad seismic exploration comprising three miles of selsmlc

line from September 24 to October 15, 1984, using the Modified Poulter

method.
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b. Sole-Port Exploration, Inc., under cone.race wi_h Signal of

MonCane_ performed eeisoic exploration co:prising six tulles of seism£c

llne from August 17 to October I, 1984, using the Modified Poulcor

m_thod.

¢. Sale-Port Exploration, Inc., under contact with Signal of

Mort.tones, performod seismic exploration oomprieing onn-..qunrtar mile of

omi_ai: line from JUly 15 _ August 1, 1984_ using the Modified Poule-r

thod.

d. ROCK7 Mountain Geophysical, under ¢ontJcnct vi_J_ Trann-Ccn

Energy, performed celamic actlviCy comprising S I/4 mile of oolomlm llno

from Scptombor 27 to 0ntobmr I';, 1984, ualng the Modified Poultor

mlthod. This project is nchodulod for on=pinfish in 1985.

2. Proposed Activities. SFnox Corporation has proposed tho

dcilling of n wildcat exploration oil well CO a dopCh of 12,000 foot,

With approval from ¢ho Dep_rment of StaTe Lands, thin project could

begin as oorly ea July 1985.

Ble_fent Indian Reservation. 8olsmln sctlvlt'/ in taking place

thEoaghott¢ ¢hn Blackfoot Indian P.aoorvn_Iono In fact, sc_ officials

baliove nearly the an*'4¢o rsnorv_,tio, in leo'sad ta various axploration

fir_a (Keller 1984). A number of _'ndlon offlcialo wore contacted

w regarding dntJalla of _eco _¢tAvltisc .(9uzka 1984), but no Informnmn e

woc previdodo

Al_erta! C.qTl_t_la, A=coEdlng CO _ C_fladlam Rnorc.Jy and R4eou=csn

! Do_rtmont, P11blln ?-,,ads Divlolonj although ectivlCy has taken place
:W
: .. nlIowhero in tho province, thorn has not been any seismic omplorat._on

within 25 milan of tJ1a United S_e/Canadian border (Snlcho 1984).

British ColuJibla t Car_ada. The seismic actlvitlss discussed below

are based on iofoz'_ntion supplied by The Masngor of Fiold Operntions_

Miniot_'y of Energy, Minos and Petroleum Resources (Johnson 1984).

I. l_aviouo A_tlvi_leo.

a. Shell Canada Resources and Norcarm Gecphyslcol performed

seismic sxplorstlon from April I co April 14, 1984 using _he Vlbrosels

eel:hod.
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b. Cantina _carg7 corp. and GeophysAmel Se_-_ioa, Xnc. per-

fox'mad seismic explorations from Aprll 1 CO April 14, 1984 using the

Vlb=osela _thod.

c. ChavTon Canada L_d. and Sefel Geophysical performed seismic

exploration f=om March 29 to April 14, 1984 using the ViM_naeim method.

d. Gee Data Corp. and Geophysical Service, Xnc. performed

seismic explo_atloo from March 20 to September 21, 1984 using the

Yi_oaais _ _hod,

o. Pay=ond T. Duncan Oil Proper_eo Ltd. and Pect'y Pay Gem- c_

physical perforated seiamlo explooation from June 14 _0 September 25,

1984 using cha Vibroaois _thod.

f. $hoZ1 Canada Reaou=cae end No=oana Geophysical performed

seiSmiC exploration from _ly 4 to August 21, 1984 using dy_ml_e. _'

g. The Cabin Cream coal mlna ia located six mils,: from the

northwest cocnac of Glacier National Park. The mine si_e io about 4,OOO

ace= in size and im expaocod co p=oduce 2.2 million Cone of clean coal C'
ave: a period of 21 yoa=s (National Park Service, no da_s).

2. P_.'o_esad Actlvitiea. An open pit. coal mine which has _en

worked In _ha pest sod may bs o_ra_cd agels in the near future im

1oca_d 15 milaa north of the u.s.-canada border and 50 miles vest of C

Wetarcon Park.

I_ivaCo Land=. Some aeilmio ao_.lviCy has oaken plaoa on privets

lands eu_unnd the Natlunal Park, in particular in this area near the

C_vn of Columbia Falle, althungh the acreage involved is noC known.

A_CO Oil pecfozmed oois_c erp_ountion in aarl_ 1984 on private lands, in

thle a=un adjacent to _la_head National Forest.
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A

A.2 TYPES OP EXPLORATION ACTZVZT¥

The follOWing descriptions of axplo_ato:? activity ors Oaken frac

_he Olaelnr National Park 011, Goo and Mining Aetivltlnm in tha Volley

of the North Fork of FIa_hood River (US Notional Pork Servlcop no da_e).

I, Solomle Su_e?o

Those Juz_leyn uoe mo_ho_ in which chock wavofl era ortiflclall7

Induced _hrough ._ho subsurface e_a_a and _hsn rafleotad by _ho varlouo

underlying layers. Selomlc otlrveyn involve _wo basic msanuroment

_4 _chniquan$ t.he refrn=tlon And reflection methodo. The _teio difforenea

in the t_O me,hods linn in the npanincj l:_twaen 1:he _hook source and tim

EeeoEdoEo Zn the rofraotion method, n_alng botwoen tho chat hole and

the reeordmr rangoo from 2 to 8 _iles. In the rsflectlsn mothod,

inn_'umnt npoolng is ust_slly lees _An one milan Sol.is ro_rne_ion

nuzveying hAe only llmi_od usofulnoee for epeolol goophyslool pEOb2OmS

end ia_ _hsrnfoEej not the prlzs_ry _thod used _o_7 _/ moot oelsmlc

_.rOWSo

tq Selemic refleotlon _voye gonsEnll7 uTAllco an explosive source _o

gonora_o ehOC]_ waves° ThorG ere • nnahar Of nonoxplosivs aoarcoe

inol_dlng mnchanlcnl Im_4e_ora and vibrating" machines presently avail-

ablo. Evon wi_h _ho advent of nonoxploslvn ,oourooe, dynaml_ dal:onntsd

in shot hclon is _o ex_lootvo uood by _ore _Jmn 60 porcon_ of lnnd-

b_nsd noiamie crews (Dohrin_ 1976), and in the area of o_u_7, 90 l:_rosn_

! O£ all _tEvoyo use abOVO _o_nd axploslvae (S_a_17_ 1984, Kiofar,
5

1g84a ) •

Seismic operations era expensive -- _s high an $180,000 per crow

month -- and they involva _e ueo of hoar7 _equipmont and porsonnel wish

op_clfic expertise. The basic componon_ of a Wplcal oolsmLc teflon-

tlon eu=voy o_orntlon in _ho area of a_u_7 are holleoptoro, 4 por_hlo
W

drill rlg_ n remote m_gozlno (for storing oxplosivee), • portable

(12j000 ib} rooordln_ u_It, sei_ometsr8 or geophonafl, sol.amour

cables, aucvaying equipment, and crew p_rsonnel. Those components m_y

vary under apeolf£c torraln conditlono (i.e., swamps, _rsh, sand,

shallow water) whore specialized aquipmon_ may be needed.
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Zn a L_pical survey opera,ion using oXplcalves, _o dynemite must

planed in holes ranging from 10 feet _o several hendrod feet in

depth, w£_h an average hole diomo_r of 4 inches, The amount of dTna- "_

mite uoed _F range from ss little as one pound to several hundred

pounda, depending on "_ho nature of the sub0urfane mntertal, To _ximtzo

the anozg7 _ane_tt_d into the earth, the explosive charges ere tamped,

u_mlly with a heavy drilling mud.

FOr a description of _ho Met used _thod in _ho a_ndF area, _ha

above _ound blasting _ohnique known ae the Modified Poulter _thod,

pleaea see ¢hnp_r 3,

For a yariat7 of reasons, including ln_rost in cAdu¢ing environ-

mantel t_1_¢tm, aevs:ral nonoxplcAlve _ohnlquoa have boon developed,

Three teahn£cluee arm cuErsntl7 mead: macheniCnl weight dropping

(eomotimae EefeETod tO by i_ _ade r_me, "Th"mp_r"}, "¢he Dinosols C

(devolopQd by Sinnlai_ Research L_bo), end the Vthroseia,

The Thumper usae a 3-_ofl slab of iron, mounted on a flpaclal t.Euc_

and dropped _o Cho _cound from • height of 6 co 9 foot, For any given
C

abet point, as _,any a_ 100 drops may I_ made at 10-foot ln._.nrvals ovaz_'

10 to 12 second_. Of!'.an _,so c.rucka m=y 1_ e.aed in _ndam 1:o speed up

_h_ operation. The use of the Thumper, vhloh was developed by Bur_on

McC_llo_ in 19_6, io not used mush in the e_dy araa (S_Tatby, 1984).

The Dinosala system involves an explosion of gas (propane end

oxygen) vhi=h la de_ona_d insldo a ulosod o_mhor. Those chambers are

mounted b_neu_h epanlal tT_a end ara lowered to the ground surface

during detonation. In normal operations, _hEeo or four _ucko are used

almul_ansously. It Is alan not used of_n in the s_udy area.

The Vlhrosalo system Induces an oooill_tory signal through the

earth ra_h_r th_n on i_ulelvo signnl as in explooivo and other non-

oXploclVO eyoTAm_, The system , devulo_d in the 1950S _ Contlnen_l

Oil Compe_r)', uses a 2-'_on mafia aon_ollod by a programmed hydreullc

vibrator mounted on apaolal t_eoks. Vibroeeis operatloae usually

include four, t_oko used slmUl_noously ei_hor in parallel llnoo (for

open field oparatlone) or in t_ndom (whore confined _o reeds). Because

the signal f=om the Vi_roeele Is spread out over many seconds, it h_e e
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much lower amplitude level than the previous s,/s_ms, which generate

their i_pulae signals within a few milliseconds. This fencers makes the

vihxcesis mere at_A*actlvafor operation in populated areas Or in areas

with naneltivs environmental uhacauteriatics, and is occaalonall7 used

in the e_udF area near regularly raveled roads.

2. raze Drillln_

Core drilling is acmetimes conducted in areas where addicional

information is needed on the auhaurfaoa a_atlgraphy hafocn decisions

can be made foe mere extenslve mxplocaco_y _illln_ pro_a_. Most core

drilling ia conducted My amall truck-mounted riga _o depths of 1,000

feet n_ Ioao. He.aver, this _chnique can p_ovido vi_l Info_a_tcn on

_aaina with little developed _oolcgic information. In much cases,

atolls-haZe" nC:atigraphic cos=: can be made by d:lllin_ CO depths Of

10+000 to 12,000 feet in order to obtain the entice atratigraphic

p_coflle Of a basin. Un4er much condlciona, the drilling oparatcn

becamm qua +_ sx_enslvs. SlAb-hole d_illing Involve _Ll dia_co:
_nCary drilling _chaiques and dcae not uauaLly involve Casing the wall.

EX_LO_qTOR_ DRZLLZNG

Once surface and Subsurface geologic da_a, and information gained

_ee fz'on the geophysical nucveym ie interpreted and a ntructucal t_ap

located, exploratez_ helen are d_illed _ test far _ha accrualexie_anca

, m£ hyd_ncacbonc. _hia operation ia refo_ced CO as "wildcatting."

The follc_in_ diameeolon focuses cn _he cochnicluea of the Coco_/

U drilling method. _ a de_ailsd diacumeion of each aapec_ and compenenC

of the d_lllin 9 operation is beyond the crape of thin =spout, at_n_Aon

will _e given only to those aspects that ace i_porCsnt to this s_udy.

_th_u_h comparatively now_ ro_a_y drillln_ riga now drill avec 90

peccan_ of all United S_a_ee wells. _he earlier me_hod, cable Cool

d_illing, ia now used primarily in the drilling of small, eh_lloW water

wmlla •
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In the retry _et.hod, e _oco_tng d_lll b£c is connac_:ed *.o and

=ot.at.ad by a d_£11 8Txtng o= p£pe added in eeot._one aa dr£111flg depth

£ncr_aeeo. Cu_t£ncje _zo= the dz'ilZing preteen o=e removed by" a drilllng

fluid oc "mud," which in continuously circulated through the dr_ll

nt._ingj out nozzlen £n 'the hit: end back up Co the eu.r£ece in the annu_r

Ipace between the drill eC_lng end the walle of the bore hole. Once

back to the I'.Irfecn, _ returned flu4d la dlver_d _J_ough • set:Leo of

Conka _t_ z'emovn r.ha dr£11 cuttings end keep _ fluid we1 't m_xad. In

ChQ Innt of t.l_ae Conkn_, 1:ha f_utd ie picked up by n pump end chl whole

t_/OlO £S ro_a_d,
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APPENDZXB

DESCRIPTION OF MONITORING SITES

•LAT_EAD/GLACZ ER SITES

No£_,o mon£_oring _ook place at 16 sit.no, Sin'.an I..5, 11-14, 16, 17

were lo_T_d IO the Fla_hoOd HO_/Onel FOrea_ and Si_aa 6-10 wore located _

in _o OlnoloE Nat/0r_l Pork. No moou_omon_ wore conducted at SAcra

15.

The follOwlng o=o dooeElpClono of _ho various saws.
c.

Si_ 1 - Thoa_ Crook

Am shown in Figure 9-1, at the and of "_hio appendix, r_.o ants wan

approximately 3 milan oou_.h of _he C_nedinn border, epprox.4._csly 3

milan up Tho_ua Crook Road from Trail Crook Road. DownnZopo east from a c

paine along c_o zoad ,25 mile nor_ of Cho finer awAce_ck, and upolopo

from Cha oaaC fork of Theme Crook, CI_ ecluApmont was ,at up in a heoviZy

timbered, narrow d_aAnego. The oi_e wee 60 to 80 feat from a pack r._ail

handing nor_eon_. The microphone woo out in C_ open. C

El.to2 - Troll Creak

As shown io Piguro 9.2, _hi_ site WOO npproxlma_-i7 S milan south

of the'Canadian _rde_, 0.7 mile wont of Theme creek Road and 75 co 100

yordo north of Trail Crook Rood_ upslope and on _ha eouth assoc,. The

equipment woo In a 5alrly donor foroe_ w£ch dense underscory; _he

oicEophono woo under _he _nopy,

SA_ 3 - Hornet Lookoo_

As eho_ in FA_o R.3, _hla sara was approximately 8 allen sooth

of the C_n_diao border, on top of Sorne_ Lookou% which is reached vie

Whale Crao_ and HOC_o_ Lookout Roads. Ths site was 58 paces along n ._

field bearing of 20* f_om _he lookou% on the notch an_set o5 the slope.

The _sea nearthe microphone were approxlma_el7 5 to S fee_ high; Cho
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_darotoEy was _inly boar grass and o_hQr small grasses. Tho

mi_ophons wan in ths open.
O

Ri_s 4 - Red Meadow Crook

A8 shown in Pig_TO B.4, _hls site was approxlm_ly _4 silos south

of _ha Canadian border, along Rod Meadow Crook Road abou_ 2.5 milan waa_

of _hQ first bE£dgo. Tho ai_ wan 150 _o 300 yar_ sou_h of Rod Meadow

cTssk on the north aspoot Gf an approxima_17 15-_ar-old olsar _t.

The undarstoEy was hsmvy and _Lnl7 firewood, small msun_In _ploop

fellah _ano, and st'_mpa. Tho mloEophono wan in the s_n.

Bits § - Rod Meadow Creak

Aa shown An Pigu_a B.5, th_s ai_ was approxL_ly 1S,5 _£1ss

south of tho Canadian bordar_ An =n old slant out at the _od of Red

_' MaodOw _aak, 4 milos up Rod Msodow Crook Road from S_._ 4 (_us'/: o_v.

! 1:ha Bsoond bridgo}, Tha al_a wa_ 60 foac _outk of _hs road on a sou_h-

i oou'_hwoat aspect, a'_ "d_o _os of _ho l_z_a aval_nnha chu_ approximacoly

300 yard_ nor'_h of Red Meadow Creek. The microphona was is _a open.

i _ Site 6 - Kin_Io Z,_ka'

AS shown An Figure B._ this _iEa wa_ i_ tho wsstsrn part of

Glaolar National Park, approxim_tsly _5 minuS:as by Boulder Paso Trail

nor_woat of KinCla L.ka Campground. The oqulpmsnr sat on o dsnd Hoe

o_ut 3 foo_ off _hs t_nll &nd approxi_ly 4 yard_ from ths SHOES of •

smelt nova o_ Kin_la Z_ko.

Si_ 7 - Round P_olria

AS shown in Figure B.?. thin si_s was An _hn wsstsrn pare of

Glaoi@r Natio_l Pork, 5 milan south of Kin_-la Lake and 4 milan oast of

TTall Crook. Tho squlpmsnt was in s small graYS Of _TOSS at (:ks sor'_h

(W adgo of _hs prnlrls.

Sits 8 - Bowman Lako

Aa shown in Figure B.8, this si_a wan An _hs gostsr|l p_r_ of

Glaolar Natlorml Park, approxlm_17 6 milan from Polsbrldgs Ranger
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STaclan, and an approxlmaceiy §*mlnuts walk northwest from Rowan Lako

campground along Wnnt LaknS T_n£1. Tho equipoant was in _ho n_n on a

81ighC hill a_ut 4 fsec upnlope from the _ail. '_

St"_ g - Bowman Laka

Ao nhnwn in Figuro B.8, thin sitn was in the vnstnrn pazE of

GlanlsE Nn_onnl Park at RowoAn Laka Rangnr Statlon, npprnxim_ly 6 ,"

milnn from P61oh_Idga RnngoE S_Eion and Enhance to tho Park. B_Wman

L_ko R_ngoE STatloA wan Along tha shorn o;1 Bowman Laka TEal1, approxl-

Oa_iy 200 yards from _ho oaml_JEou.'ld. Thq equi_ont van on thQ _

pooch whlah fa;1od northvnnC. ,._-

SIEa 10 - Kintla Lake

AS show;1 i;1 Figura B.6p thla sits was in thn wahinE;1 part nf

GLanlnE National Park 0;I a wondod hill 4ppEox_ly 200 yardm northw;1at C_

and above Kintta Lake Campground. The campg_round a;1d thn iAka could ]Do

sonn fz:om _ site.

Site 11 - TnF,oa Crook

C
ihQwn I;1 Fi_a B,3. this ai_ was in W;1dgo Canynn 41o;1g TOpos

Crook Raid, 21 _csn none nf Flag 20S on t_a east-wast _ni_Io llno.

SiCo 11 w4;1 approx£mataly 0,4 milo vast of Sitn 12, which WOn thn

i;1',',',_.nEno=tiorl of thQ noE_h-nnuth and east-wast anlnmio ll;1na.

SIEo 12 - TO,on ,C_ak

ohm_n I;1 Plgu_o B.3, thia ni_ was In Wodgo Canyon Along Topon

Crook ROAd at _ i_EOontion of _ho ;1orCh-oou_ and @no_vnnt 8nia_o
t_

llano. Tho oi_ was l_trknd by Flag 185 on th_ sanE-what notnmia ll;1a,

which E_na along Topo@ Crnnk. Tho oo_actod b_ar_ng llorno_: Laok_t wan

112 dogEOOa.

SLto. 13 - Tepee Cr_tek

An ahoAn in _iGu_n _.3, Chin si_ won in Wedge Canyon along Topee

Croa_ Rood, 10 paces nn_E of Flag 164 on thn east-wanE 8olnmlo floe.

This site WAS 0,4 niln east of Site 12.
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S£CO 14 - _o C::eetk

An mhovn In FLgu:a B,3p 7J_tm nt_a was in Wedge Canyon along Topee

C=ook Rood o_ Flag 222 on tho oaot-won_ oolitic line. _htn o£to was OoB

=11(= wo:_ of $£_a 12.

5£_.= 15 - NQne

SJ._a 16 - _to_msoC=ouk

': aa shown in PLc_:o B,30 _s o1_ woo in Wedga Canyon olong _opao

C_oqk _d m_ Flag 233 on tho ooa't-womtam'[omi¢ lino. _htm oiCa woo

i 4u_ 1.05 mLloo won?. o_ 8J.t.o 12. _ho coz_raotod booting 1:o Hornot Lookout: was

89 dog=ooo,

St'_O 17 - Whelm C]:uok

+ Ao ohovn in Figuro B,9, _'.hLo o£_s worn Ol_P_oxl_t.aZy 0.2 wiZo woo_

o5 _.ho lnca:oaccion o5 ",:hano=_h-oouCh ao_a_o 11no and _rh:lo Crook Road

£n P_chood Notional Format. _ho mica waa appro_Caly I milo omo_ o5

cho s_ging o£_:, which woo ac "_ _unoclon o5 _l_Za Crook Road and the

:ood Co mooeo crook, _ho a_.ag_ng a_c_ woo app:oxim_coly 8,7 :t.Zeo wooc

o5 North Fork Road and 2,2:110_ mane o_ N£nko C]:ook.

Io

t_
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FIGURE B.3
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HORNET LOOKOUT

AND
TEEPEE CREEK

111



FIGURE B.4



FIGURE S.5
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FIGURE B.6
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FIGUREB.8
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FIGURE B,9
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APPENDIX C

EQUIPMENT

The following equlpmon_ woe used in _he noise monitoElng pEo_om°

E_UZPMENT LIST

Sys_e= Componunt:

A - E Dlgi_l _:ount/Co Com=unl_7 SoLon _mlyzoc Modal 607-Pv°03

Gonooel R_dio 1961-9610 1 inch Mlorophonn
Gens=nl Radio 1972-9600 P'Esampllf_sr/Adep_o=

G:ns:ol Radio 1562 Nul_l-_Toquonc7 Sound Lovol Callbca_o:
TaylOE Sling PnychEn_t_E

Digltol A¢oun_l=s Community Nolso AnolyzeE Model 607-Pv.02
GoneEol Radio 1961-9610 1 lnoh Ml_nphono
Gens¢ol Radio 1972-9600 P=eamplifisE/A_p_or

GensEol Radio 1567 Sound Level CallbEo_o=
Taylor Sling P=TchEomato=

_ G NagEO ZV-S_ Snlontlfio Tape Racerdo_

.:: GonoEol Radio 1933 Prsnision Sound Level Motor S _olTzar
Gons¢ol Radio 1961-9610 1 inch Microphone

;_W Taylor Sling P_ohEo_r
!!

; General Radio 1562 Nul_£-FEsquency Callbra_oE
: Soo_¢h 176 Law Nolle Magne_/o Taps

_! I! Na_:o IV-SJ Snioo_ifio Topo Raoo=_:
Genornl Radio 1933 Preclslon Sound Loyal Mawr S ;molyzor

_ GonsEo1 Radio 1961-9610 1 inoh Mlorophono
: Taylor Sling P_nhEo_¢

General Radio 1562 Mul_i-_Toqueno7 Callhra_oE

Ampox 641 P_ofsoslonal Audio Topos, 5" and 7" _:sslo

i' _ I Negro IV-D Snlon_ifln Tope RecoEde=
Gonsoal Radio 1988 Prsolslon In_sg_oting Sound Level MeT_= &
Analyzer

GanoEol Radio 1962-9610 I/2 inoh Microphone
Oenor&l Radio 1987 Mloloel Sound Level CallbEo_or

General Radio 1560-9642 _Tsempllflsr

Teylor Sling Peyoh_oms_r
Ampex 64_ Pro_eooional Audio Topes, 5" and 7" reals
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Syotom Components

J Digital Acoustics C0_munity Nolle Analyzer Modul 607-Pv.03
General Radio 1961-9610 1 inch Mio=ophonn
General Radio 1972-9600 PruoApllfluc/Adaptor
General Radio 1562 Hulti-Fraguoncy Callbrator

GonuEal Radio 1982 PEeAinion Sound LQVOI MOtOr & Analyzer

Genornl Radio 1962-9610 1/2 lnAh MioEophone
Gonaral Radio 1562 MuI_L-PTQquoncy CalibrAtor
Taylor Sling Pmyoh_co_ta=
Taylor Wind Chill And Wind Speed MO_E

K General Radio 1982 _eolalon sound L.vol Mo_r & Analyzer

GenerAl Radio 1952-9810 I/2 inch Microphone

General Audio 1972-9600 PEoampllfl.=/AdaptoE C.
GenerAl Radio 1562 MUltL-FTOqUQncy CalibrAtor

L Guno_nl Radio 1988 PEeololon Zn_gratlng Sound Level Meter G
Analyzer

General Radio 1962-9610 1/2 inch Microphone
General Radio 1987 Hinlonl Sound LOVe1 Callhra_r

f?,
General Radio 1960-9642 PEaumpllfior

Taylor Sling Puyohromotuz'

M General Radio 1988 Proclolon In_gratlng SO_Uld L0Val MO.E &
Analyze=

Oanor&l Rad_o 1962-9510 1/2 inch Microphone ¢_.
Ganoral Radio 1967 Mlnical Sound Level CallbrA_o= 1

General Radio 1580-9642 PEaampllflaT
Tnyl0E Sling Pey_h_oNtoE

DigitAl Ac_Io_on Co_muni_ Woioo AnnlyzaE Modal 507-Pv.03

Ganorul Radio 1961-gG10 1 inch Mlo'_'ophona
OonArnl Radio 1972-9600 P=oAmplifloc/Adaptoc _
GQOOEAI Radio 1562 Mul_i-FEoq1_ncy Sound Level CallhEator

l_,_7or Wind Oauga

N General Radio 1908 Procislan _ntograting Sound Level Mator&
Armlyza=

Ganacal Radio 1962-9610 1/2 inoh Microphone c.
general Radio 1987 Minlool Sound Level Callhrator

General RAdio 1560-9642 1_aamplifioc
TAylor S11ng Puych_o_tor
D_yaE Wind Gouge

O GAneral Radio 1989 _ ROOQEdOE

GenerAl Radio 1988 Precision In_gra_ing Sound L_voI MU_E &
Analyzo=

Oenorol Radio 1962-9610 1/2 inch M_.cEophona
General Radio 1987 Minlc_l Sound Loyal Callbrat_r

General RAdio 1960-9642 P=a_mplifler
Taylor Sling PaToh_o_ot_=
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fq APPE_q_ZX D

MEASUREMENT RESULTS
,

i
Thla appondix con_ina =oac o£ the 24-hour da_ and soma of c_

!_ _pa roco_dod sound lovol da_ collae_d f=om _o f4old. The following

il koy ia usod in tho index _o identify _ha cable= in _a Appondix: r

Sound source A Aabiun_ (no exploration activity)

i- E ExploratJ, on &ctivL_y w_ul occu_tng

i_ H flalteop_ar

_'an (Loc'.aC:Lon o£ F Fla,_ho4td NACioflal Fo_oo'c

_ho _am_QmQflts) G Glaclar NAtlonal Park

fl Helena N_onal _o_m_

Mo_ T T=_Ca_u_. c_ wa _k_n

_ H H_Idi_y data Wa. mkon

;_ W Wind .4-C_ was Cakan

E_ulpmonl A-M S_l_.am_ idlflllflld in Appo_d_x C

_ _a_ fo= _ch s£_ wo=a _aflncci_od ZEO= tT_od =opia= of oquip_n_
$

rondou_._ onto cnmpu_._E disk_a. The _anacrip_on p_oc_aa waa

r_vi_wod nnd OEEOES WOrO _OIC'._n=t.od.

i

i

m

?
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•TABLE 106

Helicop_e_ Sound Levels

HFJ..]ICOATE8OCTAVE DAND I.EVEL8 BITE _ ¢Hel_na National _orll_;)

July I r-. 1_)01 Tlml | 124543-1a4733
(H_llco_t,, Palm,y)

fi 1';i, I.Iq I.mx t.mn

31°5 67.5 7;-_.5 6t_.5
63 71+4 77.4 60.5

125 a4.1_ ?2.5 45.5
250 63.3 75.5 4a. 5

_ 500 64.0 77.6 4ao4
1000 57°3 70+3 43.4
ZOOO 46.9 _1.0 36o4
4000 30.2 44.3 34.4
0000 38. S 42°5 3_.0

16000 37°? 41.5 37°_
A11 pill 75.1 01.1 66.6
R-ml)lnn#_ 63.1 76°0 _0.5

H2LI_:OOTEA OCTAVI_ 2ANi) I.EVI_._ gI7_ "21 (Hmll,a _a_lonal I%rn_)

J_ly 16+ 1"JO1 Time s 161053-16_6_3
(Hlll_p_a, novl_ln2 _ 5100 f_. _ll_lncl)

• +_ 't

• ! fll_lr I.mq LmX I.mn I._mln I.oO_ 1..1 I.! 1.5. 1.10 I._O t._JO t._5 2.0°

i 3_°5 _go_ 64._ 37°_ 5ao_ 65 63 63 6! 61 5_) [_3 40 4.1_i &:l Z_. 0 t_O.g 37° 5 53.0 &_ _0 59 57 5& S3 4g _0 3. k
: _2_ _2.0 _O°& _5° I 40°3 51 50 _0 4& _ _1 34 _7 4.

;150 31°;_ 3a°7 2_. 4 30._ 39 37 3_ 34 33 30 27. _5 _.3
_:_ 500 3_.9 400_ ;15°3 30._ *.1 *0 3g 3_ 34 30 _0 _6 2°5
_ _000 JO. 0 37° 4 22° #* 27° _J 31_ 37 30 3] 31 _7 25 23 _. 4
'_ 0000 _°0 _7°5 20° I I_.T 26 £7 _6 _4 2_ Z_ 21 ._0 1°0

i _000 I¢J. 0 _0.7 1_°3 1_o6 2_J ;_6 2_ 21 20 l_J 10 16 1°20000 16.6 lt5o6 15.4 16o_ _7 1_6 l_J 17 17 _& 16 15 0°6
. _: 10000 13° I 16.5 _2.3 13.1 17 16 14 13 13 13 1t_ 12 0°4

A11 Allm t2° _ 66.4 41° 5 61. _ 67 66 65 64 63 IE: 57 _3 4. 1
J A-_tlOh_la 33°0 3g°a 27.3 3_._ 40 3_ 3_ 3_ :15 3;_ 2_ _7 2._

!J (continued)

!
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Table 106 (cont:Lnued)

H_ZCOPI_R OCTRVE DRND LEV[LS £ZIT _1 (Hmlmna National Foremt)

July 16, lgal Time I 1_223-1_2353
(Hlll_opter PlS|DF)

ftl_m. LIq Lmx Lmn _;

31.S 7Z.O 76.0 GO. 5
63 6_.2 7_*4 _a. 4

lag 60,0 6_.3 S_*4
2'_0 &4,1 71.0 _,4
SO0 61.3 6g._ 4g, G

1000 |0.£ 6,_.3 4?.4 _i
JO00 _0.1 _7.4 4S.4 I
40_0 4&.a 4g. 3 4_.4
BOO0 4&,4 40, g 46,_ i

l&OOO 4&*O 46,4 45.3
All pass 74.1 7a.S 6_,5

R-w_lghtld _0.6 67.0 4g.4 j

I
_ELZCDDTER QCTAV[ _AND LEV[L5 SITE 2_. (Helena National Forest) i

July 10, 19al TI_ I l_43_g*19441g ib

¢Lltlr Lsq t.mx I.an ¢_!

31._ 70._ 7_.£ _._
g3 69._ 79.0 94,_

1000 _0*3 _7.9 37.#

4000 3&,1 37.7 39,1
0000 3S. 9 37._ 39,4

1_000 3_*1 37.9 34,4
RIZ pass 73.0 _1.4 Gl.O

A.-..elgnt_ S4.& _3.9 _1.4 i

[

(con_£nued)

17g



m

T_ole 106 (conCSnued)

H_.ICD_ 0_79_K _D _VEL8 8;T[ 21 _H@l@P_N_lonm_ Format)

2uly 160 _81 71me s 1_4aS0-155005

filtm, L.mq Lmx _n

63 0_.9 aS._ Gg.3
I_S 70. g 77._ 0_°3

li _00 &7._ 76.0 56.1
lO00 _a._ 70.1 5_.4

4000 4_.4 49.3 4S.

l&O00 4_o0 47.7 44.
All p_l_ _&._ 93.9 ?_._

_+ H_LZCO_TER0_rRv[ D;_D _[V[L_ S_T[ 2_ ¸ (Hell_ _a_lo_ll Forest)

_0 _uly 14_ 1941 . Time * 363_14-113_04(Hel i_op_lr P_ss_y )

fll_mP Lm_ t._x _n
i

_ 31._ ";'3.1 _*_ 4_._
• _+ _3 70.9 7_.6 40.;*

_m aso _s.e Jo.a +l.J
_' _00 6g. 7 _2._ 40.1
iI 1000 61.a 7t. 9 30*O

aO00 ff_.a 6%& 34,4
_j 4000 47* 1 _9,4 3S*
_+ aO00 37.6 4_5.¢J 3%4
t_ 16000 3_.4 37.7 33.*.
'; All _411 77, n _t_.7 _3.S

3

}i •

t
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APPENDIX E

PROPAGATION FACTORS

Tha propagation fnctors listad belov wece obCainod _'rom _t.eoco-

logicaZ data suppZiQd by _ho Polebr£dgo P.nngar S_._on. Mont..ann. Theaa

.'_-_ woco Qnt.cad into n co,purr pcogram to da_araino ,moaphQrie

aC_onuA:ion _ae_orn_ by oeCaw band, _oc aach day foc wh£c_ data van

ava/lablo. Thn canul_: woco trannc=tbad by hand onto _ompu_ac disk-

a_s. Tha _anmc_lptIon p_oconn was EQvLewad and a_'roc_ w_ce

Tho following koy £_ uaad in _ indax _o id_ncify _m _bion in

_l_a Ap_ndix:

_ SOU._ P PolobEidgo R_ngoc Sta_on

] AEaa G Gl_clac N_ional Pack

Ma_ T Tomp.ca_
q

[ H ' Humidi _/

W Wind

181
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INDEX TO PROPAGATIONFACTOR_ABLE5

i i i

Tablo Sound
No. Bourco Aroa -qlta I_to flound I_vala Not

106 - O P 6/3-28/78 Propagation Faotora _,1!

107 - Q P 6/29/?8-7/24/78 _ropaga tion Factor_ _,U

10D - G P 7/25/78-8/19/78 IPropa¢3atlon Faotora _,1!

109 - G P 8/20/78-6/25/79 l_rOlp_gatton Pactorm _,II

II0 G P 6/26/79-7/21/79 Propag_tlon _'_atot= t_ll

111 G P 7/22/'/9-8/16/79 Prorogation Faotor_ _,,11

112 n p 8/17/79-5/29-80 Pcopagatton t_aotorm _jl!

$13 C; p 5/30/80-6/24/80 tSropaga tlon Factora _,1!

114 g P 6/25/80-7/20/80 Propagation I_ACtOrM _,1!

115 G P ?/21/B0-8/15/80 P_opag_ tlon Faotor_ r_,ll

116 O _ 8/16/80-D/31/80 P_op_gatton F__tot'= _II
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APPENDIX F

_DDZTZONAL ANALYSIS
a

This appendix contains odd£_/ounl snalysaa oZ sound loyal _ta

which oupplomnt tho tsnhnlcal pEscoa'hlEon prosontsd in the taxi. Ths

fsllowlng toplsn ors oonslderod:
_a

I.. Audlbillty of Sounds

2. A-Wolgh_ng

3. Log&EitJ_nln Addltton of Sound Lsvala

m 4. GEound Egfoe_

_ §. Wind Spsod

6. BnZTIOE Attsnuntlen

AUDZBZLZTY 0_ SOUNDS

_ COmplOX oOUn'q", Such ne blast._.ng sounds" end _.ndiganouo sourlda in

G1no£o_ Natlonsl Pa_kD hnvn acoustic ann:T/ dlotxlbutad In vnrTlng

smounts among nono_i'Cuon_ f_squonoiss, as "cha octavo _nd EnnlI1Co in

th._.o EopeEt lndi_. _0_ _ha ox_.stsncs sg thsoo vaLeying diot:Elbu'_isns

i follows on almost paEadoxical ooneluolon: a blasting sound whoso sound

IQvsl is ios_a _hAn _ho sound Isvnl of Iodlganeuo soueda mayo nsvsEthQ-

_' I,SS_ bo oudlblSo
ile

A eomplox sound will ba oudlblo in • _ckgEouod sf masklng sound if

it odtlnflom '_hln toot: _hs complax asund musk hava moEo aonuot£o

onsEg./ in ooms (any} oEi_Iool bond than tho mssklng sound does,

• "CEi_ical band" h_o tashnlc£1 slg_Ifi_nss_ _E foe s_ puEpooos 0 i_ is

_ppEoxim_taly _hs unms as a sos-thiEf octavo _'_ndo AS long so tho

complex sound and m_nking sound sea smoothly Yawing ovsc on octavo (as

_ha data indlcets thmy aEs}, _hs _ot =snorted to above may be appllsd

• using eetsvs _nda _athsr _hnn original bands.

194
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Zt ie guit_ pounihlsD even likely a_cer long range p_opage_on, for

a blasting sound co have mere acouo_tn energy in a low f=squnncy encore

band than indigenoue enunde de. Thin may ocCUr even though the overall _,

blnotlng sound lavol in loam _han tha overall indigenous eound level,

due to _hn prmoancs of rela_tvnly large amounts of acoua_4c energy in

high froqtmncy octavo honda of the indigenoue nounal.

Z¢ le am if _o O¢COVe hande vied ngainet one another. All indigo- e'_

noua aecove bands muaC win for _he b_a_ng eoufid co become irmudible;

only one b_aCing naive band need win for the b_'aaCing eound to ten,sin

audlblm,

zn applying chose ldean, which ace known oe tha ori_oal band plue

threshold method, we hava coei_y aseumad _t tha reaulcont amend level

in an oo_va b4nd in above _ha hearing thrsehold for chac octavo b_nd,

Thle _elt aeeump_lon Im eeldom, if ever, violated when enhancing

eudibllit7 of b_at:lng and other anionic oxplaration acciviiCem in a

nn Cionn I park.

andihili_y _hua depends on e compariunn of occovn band levels. Zn

the ¢aaa of • eound duo co blaa_ng fac away, It is impotent _a aseeun ¢;

mocoaralo_ioal and 7._r_aln af_a_te on aamh amesvn band onp@_at._l_, aloes

one Cypi_liy _ind_ _ highaec oecovo honda reduced moat rapidly with

dlmconse.

_n general, the indigennua sound will have sco_s'c.-_.ea_, variactoun

within ice octavo _nds. Da_ elnewhorm in _hie report, for exnmpln,

nan be used ca aaC_ the probability chac indigenous levels in the

250 Ho accova bend are Lena than, say, 27 decibels under certain s_eci-

find conditions. Z_, as a further axanple, the predlmCed bl_eCing sound

has a 250 Ha nerve hand Zero1 of 27 damibele under _he nnmo opecifiad

conditions, than wm may say the hlnn_ing sound would be audible 50

percent of the ti_ among health, young adults.
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A-WEZGHTING

A cc_ecticn in made CO the un-walghted octave band level of a

49 sound using _ho A-walgh_ed acclc to account foe _ho p4rticulaE hserlng

pEopcEtlcit of _he human CAE. These ¢c_Eoctlon factcrit aEe lloyd below:

Octavo band, HZ 31.5 63 125 250 500 1000 2000

A-velghtad
CCETItCtiCn, dE -39 -26.2 -16.1 -8.6 -3.2 0 +I.2

LOGARITHMIC ADDITION O_ SOUND LEVELS

_it sound lcvol_ crO eddo,_ _go_heE in _ followlng way:

LI[O+_,1 " 10 log 110 L1/10 ÷ 10 L2/101 (21)

GEh'ERAL FO_t_l OF THE ALGORZTHN

Im
The gonsEal fern of _ho cquntlon which glvoe _hQ amplitude of sound

pEeCOU:_O, p_ re1" a giVclfl CC_VC ]=and at it *4_.e_ncc_ de (noglo(:t_ng tho

itffcet Of ta_In b_x:_'iitEs foe _'.hc moment) Ac the folloWing:

; (do/dnlc-e (d-d c )J{m P/Pc " , (21).

!_ whc;'.'it Po end d u aEn _ EofcEonca prc,_r_,rc ' and dicCanoc,

Eoepoe'_Lvc ly'

n *e A fectoE raprcitent/ng _he overall

a n tl:4mnu_ tiok'l marc

end • Am _hit aCmcaphoE_.c aboom:bticn foe the ccl".nvc

band

The fcctec n _e influenced by _hrcn OChitE faotoEc, gcound affect,

_ompore_o InvcEelcn, and w_ndm An the follcwlng WAy (FOCh 1980):

n m 1 + g + 0.01 d_ - (O.0265u)(Coe w) (22}

!'

' whoEo g An 4 facto= which ecccunte fc_ _hit affect of _ound

_•_ =cflcnticn cad _fcco diecitn_:_.nuihian

dt _.6 _o diffo_anca An ditg_ans Kelvln_ l:_mcwsen the

' t_mporcCucc at chc ha£cjht of the itcu_co nnd of the

invcra/,on l_ye_:'
tV

196
: R 111

/T



u is Us wlnd e_nd in miles per houc

and w 18 the anglo _ween tha wind dlrsotion and th,

EeceiveE

GR0_ID EFPEC_

In Chapear 5t the value of the ot_nuation levelt Ag, is deEived as
I

follows; _ I

L - Ag - 20 log (do/d 11+0.1)) !

log dQ/d * 201og(d0"I/d)_ (24) i
20

Ag - 2 log (d/do) (25) C_I

whs;:e 0.1 £O the oo_:sct:icm fac_ to gso_t_:£e divs|:gonco '4us to

t:hn g'zound allan1:,

WZMD SPEED

The a_irically ds_zminsd vnluee for wind att_muatlon givon in

Foch 1980 can _ oonvsE_d to on at_nuation Ioval_ Aw. as follows:

-A - 20 log (d /d ('0°0265u Cos w)) C_
V O

Aw - -20 (0.026Su Coo v) iogl=/rn)

- -0.53(u Co. w) log(:/_ 0) (26)

BARRIER ATTENUATION

TO _alclllat.o _he att.onuat/on o£ aound fEom a poJ.nt oouL'¢@ duo _o a

VO_y long barEioE| _IEe_ de_Rt'Y_ins T,hs F_Gnnol n_E! N (HaE_iS_ 1979):

N ,, (2/w)(dI ÷ d2 - d) (27)

where w is the wa_tslsng_hof the sound.

dI i_ the olnnt (diEo=_) dis_anoe fens the source _o the top

Of t_ _ETieE,

'_97R 1'11
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a

d2 is the a_n_ (di=ee_) dis_nco _=om _he _op o_ _he l_z_le=

_o =ha =ecoIve=,

m
and d is ChQ dls_nco _=om _he source _o =aoaivo=.

With _o_ limi_on. _hil _ocmu_ can bo Cz_nn_o_ed _o= uBe in

@o_Im_ng a_uatlon o_ A found _oucco duo to a moun_in =idgo. _he

_o_nu_ cnn bo =i_p11_led _o address indivldua% oe_vo bandn by notlng:

w ,. e/_ (28)

who=Q _ in _.ha ava=age _=aqu_ncy o_ _ha 4pp=op=i_o octavn _nd

_'_ and c £= _ _l_d o5 _ound

• ho slooed o_ sound In al= in opp=oxi=at.eZy 344m/sot (7127 5¢/sss)

sc = Compsr_Curs of 20"0 (68"F). _hs spssd ln¢=aasas sc shout 0.61

m/sac 5o= sash 1'¢ inc_=ssa in r_mpoz=_u_a. _ho t.ompo=a_ca du_ing
m
_. soiamLc expZor_¢lon, vhich occ-_s dur"ng au=m,= d_y'cima hours, is _al=zy

ropcQssn"d by a v_lua o5 20"0 (68'F). With =hi- =holes o_ sound sp,ead,

_ In _ic uni_a aqu_tion 1 becomos:

m (5/177)(d 1 4. d2 - d) (29)if"
_:i NSX¢_ _ 50_1|1_ h_acls _S _ _'Ar_a_s_'_od t,o knowr/ 5isid ql.mn*

_i _os, such o.m _sunt._in _.op aZov_ion, asu_c_ h_lght, and :_¢sivs=
_i loc_':.lon. _hs _ollc_lng scl'_,n_:lons Iilust=acs CI_ appcspria_:s =e1_r_Lon-

_ • ships.

_!i dl " (_'12 + h1211/2 (30)

h2)2 =22) 1/2i d2 " ((hl " + (311

" =212 _22 ) 1/2d " ((=I + ÷ (32)

wha=s r I Is _'m p1_invlsw (_p) dls_ancs 5=o= tha so.co= _o tho
mounCaln cop

_ r2 is =ha p"..invisw (_,_tp) dls_nco _co= _*:e mountain _.op to
!
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hl tu _e dl_e=ance in elev_ton batveen _he moun_tn and
th4 nourc:

and h2 Is _ d_g£erence in aleva_ton _veen Cho 80urce and t_

=ecalvlr

_tor _he approprlato valua of N la found for aach ochre bond g=o_

_o dbovo aquntlonsp J._ ¢liun:Lnn _o uaa thono vnluol In oa_lmttng h_:* _J
=_.ar a_onun'clon. '_ho apgroprtn_ rola_.onehlp la lllue_'a_,.d in oth4r

acou:¢lcal _eot._:on (_or'tt: 1979)_ and to =oded hare by' : :t:p?.l_i.=d

gormJl::

Ab - 2(logN + 212 1331 _-_

who=o A.b i_ 'cha bn_ri4= at_nunt:lon, in doctbel_ of _ opp_op_£-

_,_ ooC4vo b=nd I

t

1

C

C
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GLOSSARYOF ACOUSTIC TERNS|
a

ambient seine: All-4noompaooing noise aeooctatsd with a given environ-
mont, bQtng usually a compoelts of sounds from many sources, near
and far. No p4rT/culnr eound ie dominant.

:m audible frequency: Any frequency of a noz_ully audible sound wave.
(Audible frequencies generally lie bovteen 20 and 20,000 Ks.)

audible eound: Seneotlon o5 hearing oxcttsd by an ecouetio oscillation.

m A-waLghtsd sound level: The eound loyal obtsinad by usa of A-weighting.
The unit le _he daol_l; unit symbol, dB. Often, the unit symbol
10 _allowed by '_o letter &p i.a._ dBA to indlc:t*,, thnt A-woightlncj
hoe haon u_od.

background nolun: Noise from all sources other than : particular sound

m thnt is of inleraat (e.g., other than _ha sound being Meaucod)

contAnaua epocCr_:: A sound whuno components ere continuously distrib-
uted ovoc • range o_ frequencies.

1
• Modified fro= Harris, 1979.

Cycle pot ascend Cope): A unit of £rsquency, _=: ao her_= (Ha); see
frequent/.

decay rate: The race at which sound presence level decreases (at a
given point and at : given fraquancT) a£_=r a aourom o_ sound has

• stopped; the unit is the decibel pea uncond. Decay rots =ny vary
wlth time.

decibel: A unit o_ level which denotaB the ratio _t_aee two _nttttee
•d_at are proportlonnl to power; the null:or of decibels carte:pond-

: tng to this ratio £s 10 it=an _ lo_trithm (to the base 10) of
: _ th4n rails. Zn moray sound fields+ the eound preeauze ratio: are

not proportional to the oorreapondlng power ratloe, but ./.1: is
Common practice to ax_nd _ho usa o_ the unit to ouch emcee. Unit
sy_=ol: dB.

divergence 1see: the pert of 1:he transmission loss due to the
ge (divergence) spreading o_ the sound =aye An accordance with the

, configuration of the system, e,g.D spherlunl waves emitted by' a
point sott_oe,

20O



equivalent continuous sound Zsvel (L ) : The ievel of • e'_'.4ad7 sound
which, in a e_tmd t£_ _erlod _d st a eta_ed locatlon, has the
earns A-waigh_od sound energy an Me tims-ve_ing sound,

fa_ field: That portion of _e radiation field of a noise source in
which _ sound pressure level decreases by 6 dB for each doubling
of distance from _ sou=no.

fae_ response: A standardized _ring circuit end meter response which
hoe a tl_ consent of about 1/8 second.

fJ.l.r.Q=: A device for separating components of a signal on _ baals of
_lr frequencies,

free field: Asound field in • homogeneous isotopic _diu_ rhone
bounds=lee eme=t 4 negligible effect on the sound waves. In t_
prectioo_ iC ieo field in which _ho e£foc_ of the boundaries ere
negligible over _o frequency range of in_o_oot.

frequent: Of o _riodic phenomenon, mUch us o sound wave, the number
of t_non in 1 sac (i.e., _ho numbQr of cycles pc= sound) t_t _o
phenomenon =epnetl itself. The unit of frequenc_ in t_ hertz
(He), which corresponds to 1 cycle p4r second.

hart.1 (Hz): Soo frequency.

hourl7 ave=ago sound level (Llh): The equ_velent continuous sound
• loyal, i.e., the timo-avo_egmd A-weighted sound level, over a '='

1-hour b_ period+ Uo_lly _l_Lated _oen into_el hou_s. It
_y be identified b_ Me beginning end ending time, o= by
ending _i=4 only.

£ne_n_naouo sound pressure: At a point in • _ediu_, the difference
b_eon _ho presetLro oxio_ng st _he £ne_nnt oonside_od sod _ho _-_
o_ttn p=os=u_e.

level: The loga=t_ of _ho =e_to of o given qunntit_ _ • reference
quantit_ of _o sam_ kind. The besa of _ logarithm_ _'.o =afar-
once qu_nti_y, and the kind of level must he lndico_d. (The kind
of loyal in indica_d by usa of • compound _=_ such no sound po_e_
level o= sound pressure level. The reference qu4ntit_ romaine
unchnnged, whether the given qu_nr.t_y in pe_k, =oot-_en-equare. or
o_hoz_iao. The b_oe of the lognrich_ in usually indicted by use
of • unit of level associated wi_h that bees.)

m/crab, r: A unit of pressure equal to _ d?ne/c_ 2 (one millionth _e _
pceeau_e of _o atmosphere).

near field: That pore.ion of _he radiation field of a noise sou=co which
lies het_een the so_oe and ?._efar field.

noise: (1) U_wan_ed sound. (2) Sound, generally of random mature, the
spectrum of which does not exhihlt clearly daflned frequency
Commotion,s,
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noise oxpoauzo: Tha intagral Of the squared, A-welgh_sd sound pressura
ove_ _he time which sound enarg7 is received,

es octave: Tbe frnguoncy interval between _vo sounds whose basic frequency
radio is 2.

salvo-hand op_o_: A o_o_-um whloh is one octave in widCh,

overall sound level: The total sound level reoultlng £rom adding
4b together the lndividnal sound levels in suoh octavo )',nd.

paecal: A _it of pronouns. Unit symbol: PC; 1 PO - 1 _;/n2 - 10
: dynoo/nm .

peak sound prssm,_o lava1: Tbe _ximum instantaneous sound pressure
level duzing a s_aCed time period or avast.

point so_ce: a source _hnt rod£otes sound an if it wets rnd£uCed from
n elnglo point.

receiver: A parson (or persons) or 4quipmont affected by noise.

reflentsd nounal: Sound _hat psrolo_ in • o_os as • result of roan`cad
teflon`clanor ssat_ring,

,_ reflection: Tha pheno_non by which u sound wave is rot:urnsd from •

,*• ,surface oopare_/ng Do _dlaD at on anglo 'to _ho no_l equal to
_s anglo og incidence.

refract*on: The phan_snon by which tJ_ dtr"otion of propago_on of a
nounal wove in changed duo `Co spatial variation in chu opasd of

'_ sound.

i rofroctiun loan: In Cbe c.Tanamtesiun of sound through air, Ch4t part of
cho crunom£eeion loss duo 'co rsfroo'C.on roaul`cing _ron non-

'i unLfor_:L_.-t of _a _odlu_.

(: reverberation: TbO sound tha`c p'aroio,`ca £n an enclosed sp_ce, ao s
i • rooul_ of rs!_oted roflao_ion and/or scattering, after _h_ source

of the sound h_e o`copped.
i

scattering: The irra_ulon diffract/on of sound in may directions.

sound: (1) An oenillntion in pressure in an elastic _dium which is
_ • capable of avoking `ch_ sensation of hearing. (2) The sense`clan of

h_aring excited by _ho scouo_tc oscillation, described above,

sound analyzer: A_ apparatus for the de_erminn`cion of a sound aDect%-_m.
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sound level: The quantity, in decibels, measured by a instrument
satim_ying a s_ndard requirs_nt! s.g., the American Notional
S_ndard Specifi_tion for Sound Level Meters $1.4-1971. Fast
tima-_voreging end A-frequency woighttng ere usually' understood,
but At ia good practlca to specify buth the frequency wnight.tngend
time-averaging, The sound Iovol _T_r wlth A-wolgh_Isg is pro-
grsesivly less osneit4ve to sounds o_ frequency _low 1000 _,
sos,what as he the oar. With fee.._tittlme-evoraglng, _s sound love1

• _toE responds (par_icula=iy to recent sounds) almost as qlaloklyas
dose the ant in _udgleg _ loud,ass of • eou.nd. Sound level in _
dselboln ie 20 t_s the logarithm to the buso 10 of thQ ratio of •
given sound pressure to _he reference sound p_oeeu_s o_ 20 mlcro-
paosa_ o

apec_z_m: _ A doaorip_on a_ e ,:D_ntJ.W an a _unotion of _:equency. The
term _y be ueed to eignify • continuous range of components
usually wide in extent, wh:teh Imve some cu=_on cMrsc_rlsttcs, for

example, the audio-frequency epeacrum. _
f

wavelength: Of a l_riod wave• the die_noe _oaeursd perpendicular to !

the wave front in _hs d._.rsction of propegstion, between _o _i
successive points on the wave which are sopera_d by one period.

we£gh_tng: A preec_ib.d frequency rospones provided in a sound level
' motor.

C
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' Table 2-ii

"_'I I]ANII OltDf:Ri_(3 01" SURFAOF TRANSPOBTATION SYSTEM
ACCOIIDING TO A-Wk[ ,111LD NI. ISE LEVE b

i:-_t Esthnaled
Ty )lettl A-Weighled Vehicle-

Noise I/._vels at 50 ft(I) Miles In
i dB re: 20laN/m 2 Urban Arefe.s

Billions

; IIIGIIWAY

!2._ Medium and llea,,y 'frucks 8,I (8,) 19

Motorcycles 82 (86) NA (2)

C,,rl,,,ge 'ruoks '
:""_ lllgh',vay I_uscs 82 (SG) 0o1[, .

Automobiles(SporLetc.) 75 (86) 21

i "'r_e]$'2_ City Buses 73 (85) %2

_.:]!'_:'N Light T):ueks 72 (Sg) .77
_"....... Au.tomobiles (Standt_.rd} G9 (8-I) 335

.... 1tAIL

FreightandPassengerTrams 94 NA(2) 1

): " Ilapid Transit 86 0.3a _:

I", Trolley C_Irs_ 80 O.03 :i

{'_ Trolley Cars** 68 0.03 '

12]
_,1 Off-lloud M{_torcyeles 85
b_

i21
i_, I/Iboa2_d Motorbt)ats 80 ;

; -. Outboard Motorboats 80 i

•!' "] (1) Vahu:s leshle parenthc.ses _u'e typical for ma.',:ln,un, ' Prc-WWH
;i_ |';' uce_lorstioll. All oth_r values aru for l_,:)rmal _'* Po.c)t-W\VI[
I cruising speeds. Var[atiusuof 5 dBcan boexpeetud.

i :] (2) Not u,,aihd, le.
2-77
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